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ABSTRACT 

Ultraviolet irradiation (Pyrex filter) of a methanol solution of 6-deoxy-6-iodo- 
1,2:3,4-di-0-isopropylidene-a-D-galactopyranose (1) in the presence of sodium 
hydroxide led to rapid, almost quantitative conversion of 1 into 6-deoxy-1,2:3,4- 
di-0-isopropylidene-z-n-galactopyranose (2). The yield of 2 was found to depend 
on the solvent and on the energy of the light used for irradiation. The direct irra- 
diation of 1 in rert-butyl alcohol in the presence of sodium hydroxide gave 2 in only 
36% yield, together with 6-deoxy-1,2:3,4-di-U-isopropylidene-L-arabino-hex-5-eno- 
pyranose (4) in 32% yield. A mechanism is proposed in which the initial step is the 
light-induced homolysis of the carbon-iodine bond in 1 to a radical species Q and 
an iodine atom. The products formed from 5 depend on the relative ease of abstraction 
of hydrogen from the solvent. 

INTRODUCTION 

Although the naturally occurring carbohydrates are products of photo- 
chemical reactions, practical photochemical syntheses of carbohydrate substances 
in the laboratory are relatively rare I-’ In consequence, and also because of our‘ . 

interest in carbohydrates and in photochemistry, we have initiated a program for 
exploration of the possible utility of photochemical reactions in the study of sugars 
and sugar derivatives. The present paper describes, and discusses in detailj, the 
photochemistry of 6-deoxy-6-iodo-l,2:3,4-di-O-isopropylidene-~-~-galactopyranose 

(0 

RESULTS 

Direct ultraviolet irradiation (Le., without a filter; quartz Iamp duly) of 1 in 
methanolic sodium hydroxide under nitrogen for 2.0 h at 25” (see Expt. A, Table I) 
led to its complete distippearance, and, on removal of solvent, a milky white syrup 
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was produced_ This syrup was divided into an ether-soluble and an ether-insoluble 
fraction. When the ether-insoluble fraction was dissolved in water and rendered 
neutral, addition of silver nitrate caused the formation of a precipitate having the 
pale-yellow color characteristic of silver iodide. Column chromatography, on 
Florisil, of the ether-soluble fraction afforded two photoproducts; the major product, 

TABLE. I 

PIIOTOCHEhfBTRY OF ~-DEOXY-~-IODO-~,~:~.~-DI-~-ISOPROP~IDENE~-D-GALACTOPYRANOSE (1) 

Ekpt. Solvent Base aaWed Irradiation time, Yield of products, % 
h 2 4 

A 
R 
C 
D 

E 

Methanol 
Cyclohexane 
Cyclohexane 
rert-Butyl 

alcohol 
Benzene 

sodium hydroxide 2.0 
sodium hydroxide 2.0 
triethylamine 2.0 
sodium hydroxide 3.0 

sodium hydroxide 6.0 

83 none 
54 none 
48 none 
36 32 

none none 

isolated in 83% yield, was identified as 6-deoxy-1,2:3,4-di-0-isopropylidene-a-D- 
galactopyranose (2) by d irect comparison with an independently synthesized sample4. 
The minor photoproduct (3), isolated in 11% yield, had an i.r. spectrum almost 
identical with that of 2, but, in contrast to 2, compound 3 was significantly less volatile 
and was much less mobile both on column and thin-layer chromatograms. Deacetal- 
ated 3 was markedly less mobile on paper than 6-deoxy-D-galactose (deacetalated 2). 
Compound 3 has not yet been definitely identified; however, reasoning based on the 
available data allows a tentative assignment of structure to this compound (see 
DISCUSSION). 

This photochemical conversion has also heen achieved in cyclohexane in the 
presence of (a) sodium hydroxide (see Expt. B, Tab_le I) and (6) trimethylamine 
(see Expt. C, Table I). In each case, however, the yield of product was less than from 
the irradiation in methanol. No reaction occurred on irradiation of a solution in 
benzene (see Expt. E, Table I). 

A distinct change in the course of the reaction occurred when the irradiation 
of 1 was conducted in terr-butyl alcohol, a solvent that is a poor hydrogen-donor5*6’. 
In this case (see Expt. D, Table I), column chromatography of the irradiation products 
gave compound 2 (36%) and a second product (in 32% yield) which was found to be 
6-deoxy-l,2:3,4-di-O-isopropylidene-L-arabino-hex-5-enopyranose7 (4), identical by 
mixed m.p. and i.r. spectrum with an independently synthesized sample of 4. 

In Table II are given the yields of 6-deoxy-1,2:3,4-di-O-isopropylidene-a-D- 
galactopyranose (2) resulting from irradiation (of 1 in methanol) without a filter 
(quartz lamp only) and from those in which each of two different filters was placed 
between the light source and the reaction vessel. 
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TABLE II 

DEPENDENCE OF YIELD OF PRODUCT ON EXCITATION WAVELENGTH EMPLOYED, FOR THE IRRADIATION OF 

6-DEOXY-6-IODO-~,~:~,~DI-~-ISOPROPYLIDENEQ-D-GALACTOPYRANOSE (1) 

Erpt. Irradiation time, h Filter Yield of 2. % 

F 2.0 Vycof 78 
G 6.0 Pyrexb 97 

H 2.0 quartz’ 83 

nRemoves light of 1< 205 run. bRemoves light of A < 280 m-n. =Quart.z is transparent above 200 nm 
(% transmittance = 73 at 200 nm). 

DISCUSSION 

The results presented in the previous section clearly show that the irradiation 
of 6-deoxy-6-iodo-l,2:3,4-di-O-isopropylidene-cc-D-galactopyranose (1) under the 
proper conditions provides an excellent means for replacement of the iodine atom 
by a hydrogen atom. This photochemical reaction represents, as a synthetic process, 
a potentially attractive alternative to the well-known reductive procedure for accom- 
plishing such a substitution’, and may, therefore, be considered as one step in the 
general process for conversion of sugars into their deoxy derivatives. Although the 
possible synthetic utility of this reaction is clear, it is equally apparent from an 
inspection of Tables I and II that care must be taken in the selection both of the 
solvent and the energy of the light used in irradiation if the identity and yield of the 
photoproducts are to be controlled. 

The data shown in Table I describe the dependence of the photochemistry 
of 6-deoxy-6-iodo-l,2:3,4-di-O-isopropylidene-a-D-galactopyranose (1) on the solvent 
used in the irradiation. The formation of 6-deoxy-1,2:3,4-di-O-isopropylidene-a-D- 
galactopyranose (2) is greatest in methanol, somewhat less in cyclohexane, and 
completely nonexistent in benzene. In rert-butyl alcohol, the formation of 2 is 
accompanied by a reaction that produces 6-deoxy-1,2:3,4-di-O-isopropylidene-r- 
arabino-hex-5-enopyranose (4). Although complete understanding of the effect of 
the solvent on the photochemistry of 1 has not been achieved some insight into 
the usual changes brought about by use of different solvents can be obtained by 
considering the most probable mechanism for this reactions and the effect of the 
solvent on molecules reacting via this proposed pathway. 

In Scheme I is shown a proposed mechanism for the photochemical reactions 
observed on excitation of 1 in various solvents. The initial step in the process shown, 
regardless of the reaction solvent, is the light-induced homolysis of a carbon-iodine 
bond’ to give the radical species 5, as well as an iodine atom. Unlike the first step, the 
second step in the reaction sequence is critically dependent on the nature of the 
solvent. In methanol, an effective hydrogen-donor6’, the free radical 5 abstracts a 
hydrogen atom from the solvent, to produce 6-deoxy-1,2:3,4-di-O-isopropylidene- 
a-D-galactopyranose (2), together with a hydroxymethyl radical. In tefz-butyl alcohol, 
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where abstraction of a hydrogen atom is more difficult’* 6a, hydrogen transfer from 5 
to an iodine atom, to produce a molecule of 6-deoxy-1,2:3,4-di-O-isopropylidene- 
r..-arabino-hex+enopyranose (4), is able to compete effectively with the reaction 
giving 2. In benzene, which is an exceedingly poor hydrogen-donor, hydrogen abstrac- 
tion leading to 2 is, reasonably, not observed. The apparent failure, in benzene, of the 
iodine atom to effect the abstraction of a hydrogen atom from radical 5 (to give 4) 
is more difficult to rationalize; however, even though the explanation for this behavior 
still remains obscure, it is clear that any radicals formed by homolysis of a carbon- 
iodine bond in benzene tend to recombine. It seems unlikely that 1 is unreactive in 
benzene due merely to the failure of the carbon-iodine bond to undergo photo- 
chemical fragmentation. 

The energy of the light used for exciting 6-deoxy-6-iodo-1,2:3,4di-O-iso- 

propylidene-a-D-galactopyranose (1) also plays an important role in its photochemistry 
(see Table II). When the protons of higher energy are prevented from reaching the 
reaction mixture by the presence of a Pyrex filter, the-yield of 6-deoxy-1,2:3,4-di-0- 
isopropyhdene-rr-D-gdactopyranose (2) becomes almost quantitative. The exclusion 
of photons of very high energy also has the effect of terminating the photochemical 
side-reaction that results in the formation of compound 3. 

Although the structure of the minor product 3 from the irradiation of 1 has 
not yet been determined, the information available about this compound does allow 
some statement concerning its molecular framework. The i.r. spectrum of 3 is almost 

superposable upon that of 6-deoxy-1,2:3,4-di-0-isopropylidene-cr-D-galactopyr~ose 
(2), indicating a very strong similarity in structure between 2 and 3. Several additional 
observations are potential sources of further information about the structure of 3: 
(a) 3 does not distil at 130” (bath temp.)/O.2 torr, whereas 2 readily distils at 59-61” 
under the same pressure; (b) on t.1.c. of 2 and 3 on silica gel, 2 has a much greater 
mobiiity than 3; (c) the R, values, on paper, of the deacetalated products from 2 
and 3 aiso show the product from 3 to be less mobiie than that from 2. 

In comparing two molecules, lower chromatographic mobility and higher b-p. 
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are usually associated either with an increased polarity within the molecule or an 
increased molecular weight, or both. The fact that the i.r. spectra of 2 and 3 are so 
similar favors the supposition that 3 is a species having a molecular weight higher 
than that of 2, but suggests that 3 does not contain new, more-poIar bonding, because 
increased polarity in the bonding in 3 (as compared to 2) would produce corresponding 
changes in the infrared absorptions. Although, according to this reasoning, 3 should 
have a higher molecular weight than 2, this increased molecular weight is clearly 
not a resuIt of the incorporation of a molecule of the solvent into the starting material 
(or other reactive species) during photochemical reaction, as the same properties 
for the material designated 3 were found for the product5 formed in irradiations 
both in methanol and in cyclohexane. 

On the basis of these considerations and the fact that free-radical species are 
known to attack alkyl halides with expulsion of a halogen atom6b, we tentatively 
propose for the structure of compound 3 that shown in the following reaction 
depicting a probable process for the formation of 3. 

EXPERIMENTAL 

General procedures. - In each reaction, a solution of compound 1 was 
irradiated at 25”, with constant stirring, with the light from a loo-watt, Hanovia, 
high-pressure, quartz, mercury-vapor lamp which had been lowered into a water- 
cooled, quartz immersion-well. Prepurified nitrogen was passed through the solution 
for 1 h prior to irradiation, and a slow stream of nitrogen was continued during 
photolysis. The solvent was removed from each irradiation mixture by distillation 
ilz vacua below 30”, before column chromatography. T.1.c. was performed on silica 
gel (- 100 pm thick) on polyester sheets (Eastman Kodak Co., Rochester, N-Y.) 
with 1OO:l (v/v) benzene-tert-butyl alcohol as the developer and l-naphthol- 
phosphoric acid as the indicator lo. 

A. Direct irradiation in methanol in the presence of sodium hydroxide. - In a 
typical experiment, 1.000 g (2.78 mmoles) of compound 1 in 300 ml of methanol 
containing 390 mg of sodium hydroxide was irradiated for 2.0 h. No filter was used. 
T.1.c. of the crude reaction-mixture revealed, after treatment with l-naphthol- 
phosphoric acid, the presence of two products. The more mobile of these (RF 0.44) 
was salmon pink in color; the second product (RF 0.22) was blue-gray. 

After removal of solvent, 655 mg of ether-soluble, residual syrup was chromato- 
graphed on a column (2.5 x 80 cm) of Fiorisil, packed as a slurry in I :9 ether-hexane. 
The column was developed with the following solvents: 200 ml of hexane, 200 ml 
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of I:99 ether-hexane, 100 ml of I:49 ether-hexane, 100 ml of 1:24 ether-hexane, 
200 ml of 1:12 ether-hexane, and 600 ml of I:6 ether-hexane. The effluent was 
collected in IOO-ml fractions. 

Fractions 4-9 gave 551 mg of a clear syrup, and fractions 11-12, 80 mg of 
another clear syrup. The major product had b.p. 59-61”/0.2 torr; [a];’ -62” (a super- 
cooled melt; neat); rz;” 1.45053; jz~~~13 3.35, 3.44, 6.93, 7.27, 9.24, and 10.01 pm; 
R, 0.44 (I:100 tert-butyl alcohol-benzene). These constants are identical with those 
for a synthetic sample of 6-deoxy-l,2:3,4di-O-isopropylidene-a-D-galactopyran- 
ose4 (2). 

Anal. Calc. for C,,H,,O,: C, 59.00; H, 8.25. Found: C, 58.78; H, 8.21. 
A portion (390 mg) of the major product was deacetalated by refluxing a 

solution in I % aqueous sulfuric acid (16 g), followed by neutralization of the acid 
with barium carbonate, filtration, evaporation of the filtrate, and crystallization of 
the residue from ethyl alcohol (95%), to yield 147 mg of impure crystals. Recrystalli- 

zation from the same solvent afforded elongated plates, m.p. 139-142”, [a];’ +76.6” 
(c 1, water), identical by mixed m.p. and paper chromatography with an authentic 
sampie of 6-deoxy-?-D-galactopyranose4. 

Hence, the major product from the irradiation of 6-deoxy-6-iodo-1,2:3,4-di- 
O-isopropylidene-a-D-galactopyranose (1) is 6-deoxy-I ,2:3,4-di-O-isopropylidene-a- 
D-galactopyranose (2), formed in 83% yield. 

The minor product from the irradiation of 1 did not distil at 130” (bath)/0.2 torr, 
and had an i-r. spectrum essentially identical with that of 2. Deacetalation with 

aqueous sulfuric acid (1%) yielded a syrup of Rf- 0.16 on paper (with 2:2:1 butyl 
alcohol+thyl alcohol-water as developer, and detection with p-anisidine hydro- 
chloride to give a dark-green spot); 6-deoxy-a-D-galactose had R, 0.56 and gave a 
green-brown spot. On the basis of these data and the mechanistic consideration 

described in the DISCUSSION, the structure 3 is tentatively assigned to the minor 
photoproduct from the irradiation of 1. 

B. Direct irradiation in cyclohexane in the presence of sodium hydroxide. - 

Irradiation of a solution of 360 mg (1 .OO mmole) of 1 in 300 ml of cyclohexane 
containing 190 mg of sodium hydroxide for 2.0 h, followed by evaporation, gave a 
milky syrup. The ether-soluble portion of the reaction mixture was chromatographed 
on a column (2.5 x 80 cm) of Florisil, packed as a slurry in 1:9 ether-hexane. The 
column was developed with the following solvents: 100 ml of hexane, 100 ml of 
I:99 ether-hexane, 100 ml of l:49 ether-hexane, 100 ml of l:24 ether-hexane, 100 ml 
of .I:12 ether-hexane, and 500 ml of I :6 ether-hexane. The effluent was collected in 
lOO-ml fractions. 

Fractions 4-8 gave 128 mg (54%) of a clear syrup, identical in i.r. spectrum 
and t.1.c. mobility with 6-deoxy-l,2:3,4-di-O-isopropylidene-a-D-galactopyranose (2). 

Fraction 9 afforded 17 mg of a clear syrup identical in i.r. spectrum and t.1.c. mobility 
with the minor product, from the irradiation in methanol, that had tentatively been 

identified as 3. 
C. Direct irrudiation in cyciohesane in the presence of triethylanline. - Irradi- 
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ation of a solution of 360 mg (1 .OO mmole) of 1 in 300 ml of cyclohexane containing 
1.0 ml of triethylamine for 2.0 h, followed by evaporation, gave a yellow syrup. 
Column chromatography of the ether-soluble portion of the reaction mixture was 
effected on Florisil, exactly as described in section C. 

Fractions 4-8 afforded 120 mg (48%) of a clear syrup identical in i.r. spectrum 
and t.1.c. mobility with 2. 

A yellow solid that was isolated was identical (i-r. spectrum and mixed m-p.) 
with an authentic sample of triethylammonium iodide. 

D. Direct irradiation in tert-butyl alcohol in the presence of sodium hydroxide. - 
A solution of compound 1 (360 mg, 1.00 mmole) and sodium hydroxide (190 mg, 
2.3 mmoles) in 300 ml of tert-butyl alcohol was irradiated for 3.0 h as described 
under General Procedures. TLC. of the crude reaction mixture, followed by spraying 
with I-naphthol-phosphoric acid, indicated the presence of four compounds. The 
most mobile component had R, 0.79 and was pink, suggesting that it was unreacted 1. 
A bright-blue spot (RF 0.62) followed the pink one. The next spot was salmon pink 
and had RP 0.44, indicating that this compound was 6-deoxy-1,2:3,4_di-O-isopropyl- 
idene-cr-D-galactopyranose (2). Finally, the chromatogram showed a blue-gray spot 
near the origin. 

After removal of solvent, 204 mg of the ether-soluble, residual syrup was 
chromatographed on a column (2.5 x 80 cm) of Florisil, packed as a slurry in l:9 
ether-hexane. The column was developed with the following solvents: 400 ml of 
hexane, 400 ml of I:99 ether-hexane, 400 ml of I:49 ether-hexane, 400 ml of 1:24 

ether-hexane, 400 ml of I: 12 ether-hexane, 800 ml of I:6 ether-hexane, and 400 ml 
of 1:3 ether-hexane. The eihuent was collected in 20-ml fractions. 

Fractions 99-106 gave 35 mg of unreacted 1, identified by its i-r. spectrum 
and t.1.c. analysis. Fractions 130-156 afforded 75 mg (36%) of 6-deoxy-1,2:3,4-di-0- 
isopropylidene+D-galactopyranose (2), identified by i.r. spectrum and t.1.c. analysis. 
Fractions 114-124 gave 72 mg (32%) of colorless crystals, m.p. 76-81”. Recrystalli- 
zation from ethyl alcohol (95%) yielded pure compound, m-p. 85-86”, A:!:” 3.33, 
6.04, and 7.26 jlrn, identical (mixed m.p., t.l.c., and i-r. spectrum) with a synthetic 
sample of 6-deoxy-l,2:3,4-di-U-isopropylidene-8-L-arabino-hex-5~nopyranose7 (4). 

E. Direct irradiation in benzene in the presence of sodium hydroxide. - Irra- 
diation for 6.0 h of a solution of 360 mg (1.00 mmole) of 1 in benzene containing 
190 mg (2.3 mmoles) of sodium hydroxide, as described under General Procedures, 
gave, on removal of solvent, a colorless solid. The ether-soluble portion of this 
material was identical, in i.r. spectrum, m-p., and mixed m.p., with the starting 
material (1). 

F. Irradiation (Vycor filter) in methanol in the presence of sodium hydroxide. - 
The irradiation and isolation procedures were the same as those used in section A, 
except that a Vycor filter was placed between the light source and the reaction 
mixture. 

Fractions 4-8 gave 510 mg (78%) of a clear syrup identical in i.r. spectrum 
and t.1.c. mobility with 6-deoxy-1,2:3,4-di-O-isopropylidene-a-D-galactopyranose (2). 
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Fraction 9 afforded 18 mg of a clear syrup identical in i.r. spectrum and t.1.c. mobility 
with the minor product (3) from the direct irradiation of a solution in methanol 
(section A). 

G. Irradiation (Pyrex-filter) in methanol in the presence of sodium hydroxide. - 
The irradiation and isolation procedures were the same as those used in section A, 
except that a Pyrex filter was placed between the light source and the reaction mixture. 

Fractions 4-9 gave 635 mg (97%) of a clear syrup identical in i.r. spectrum 
and t.1.c. mobility with 6-deoxy-1,2:3,4-di-O-isopropylidene-a-D-galactopyranose (2). 
No other products were isolated. 

Test of the stabitity of 6-deoxy-6-iodo-I,2:3,4-di-O-isopropylidene-a-~-gaIacto- 
pyranose (1) under the conditions of reaction and isolation. - In order to test the 
stability of the starting material under the conditions of reaction and isoIation, 
compound 1 was treated exactly as described for direct irradiation in methanol in 
the presence of sodium hydroxide (section A), except that the light was not turned 
on. The isolation procedure was identical with that described in section A. Unreacted 
starting-material was isolated in quantitative yield. 
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A FACILE SYNTHESIS OF I$-ANHYDRO DERIVATIVES OF 
2-AZIDO-2-DEOXY+D-ALTROPYRANOSE AND 
3-AZIDO-3-DEOXY-P-D-ALTROPYRANOSE FROM THE CORRESPONDING 
METHYL a-D-ALTROPYRANOSIDE DERIVATIVES 

H~OYOSHI KUZUHARA, HIROSHI OHRUI, AND SAKAE EMOTO 

The Institute of Physical and Chemical Research, Yamato-machi, Saitama-ken (3apan) 

(Received January 24th, 1969) 

ABsTFtAcT 

The 2-p-toluenesulfonate (6) and the 2-benzoate (7) of 1.6-anhydro-3-azido- 
3-deoxy-B-D-altropyranose were prepared from the corresponding p-toluenesulfonate 
(4) and benzoate (5) of methyl 3-azido-3-deoxy-cr-D-altropyranoside by treatment 
with p-toluenesulfonic acid in hot benzene. Alkaline hydrolysis of 7 gave crystalline 
1,6-anhydro-3-azido-3-deoxy-P_D-altropyranose (9) In the same way, 1,6-anhydro-2- 
azido-2-deoxy-3-O-p-tolylsulfonyl-P-D-altropyranose (15) and 1,6-anhydro-2-azido-2- 
deoxy-3-O-methyl+D-altropyranose (16) were prepared from the corresponding 
methyl 2-azido-2-deoxy-a-D-altroside derivatives 13 and 14. No polymerized products 
of these 1,6-anhydro compounds were detected in spite of the acidic condition of 
this reaction. 

INTRODUCTION 

A lack of reactivity in nucleophilic displacements was recently noted with 
p-toluenesulfonates’ and chlorosulfates’ of 1,6-anhydrohexopyranoses. This is 
probably one of the reasons why nitrogenous groups have never been introduced 
directly into 1,6-anhydrohexopyranoses by displacement reactions with such nucleo- 
philes as ammonia, hydrazine, or the azide ion. Therefore various procedures that 
require a series of reactions have been developed to introduce nitrogenous groups 
into 1,6-anhydro sugars. The following procedures might be cited with 1,6-anhydro 
sugars: cleavage of an epoxide ring with ammonia3, reduction of an oxime derived 
from the corresponding ketose4, and oxidation with sodium periodate, followed by 
recyclization with nitromethane’. 

However, there have been a few examples where the nitrogenous group has 
been introduced into the sugar molecule before the formation of the 1,6-anhydro 
ring. One such rare example is 2-amino-1,6-anhydro-2-deoxy-fl-D-glucopyranose 
hydrochloride, which was isolated6 (together with- Zamino-2-deoxy+D-gulose 
hydrochloride) from the acidic hydrolyzate of the antibiotics streptothricin and 
streptolin B. 

In this paper, we present another example, describing a facile synthesis of 
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I$-anhydro-fl-D-altropyranose derivatives that have an azido group at C-2 or C-3. 
Altrose is known as one of the sugars that easily form 1,6-anhydro rings under 
acidic conditions by way of the favorable IC (D) conformation. Tlius, acid hydrolysis 
of methyl cc-D-altropyranoside was reported’ to give a mixture of 1,6-anhydro-/3-D- 
altropyranose and D-altrose in the ratio of 57~43. Furthermore, methyl a-D-altro- 
pyranoside derivatives possessing an azido group at C-2 or C-3 are easily accessible’. 
For these reasons, the altrose derivatives were chosen for the preparation of a 
1,6-anhydro sugar containing an azido group, which was required in the course of 
our study on the synthesis of optically active, polyamino compounds. 

RESULTS AND DISCUSSION 

Guthrie and Murphy* reported the preparation of methyl 3-azido-4,6-O- 
beuzylidene-3-deoxy-a-D-altropyranoside (1) and methyl 2-azido-4,6-O-benzylidene- 
2-deoxy-a-D-altropyranoside (10) by cleavage of the epoxides of methyl 2,3-anhydro- 
4,6-O-benzylidene-a-D-mannopyranoside and of methyl 2,3-anhydro-4,6-O-benzyl- 
idene-a-D-allopyranoside with sodium azide. Both epoxide compounds are easily 
prepared from D-glucose. 

Compound 1 was p-toluenesulfonylated * and benzoylated in the usual manner 
to give the 2-p-toluenesulfonate (2) and abenzoate (3); these substances were then 
hydrolyzed under mildly acidic conditions to give crystalline methyl 3-azido-3-deoxy- 
2-O-p-tolylsulfonyl-X-D-altropyranoside (4) and methyl 3-azido-2-O-benzoyl-3-deoxy- 
a-D-altropyranoside (5). In the same way, compound 10 was ptoluenesulfonylated * 
to the 3-p-toluenesu!fonate (ll), which was debenzylidenated to give methyl 2-azido- 
2-deoxy-3-O-p-tolylsulfonyl-or-D-altropyranoside (13). 

1 R=H 4R=Ts 
ZR=Ts 

6R=Ta,R’=H 
5R=Bz 

3R=Bz 
~R=Bz.R’=H 

8R=Br,R’=Ms 
9 R=RC-H 

OCH2 

phc<ii&sL .,GMe Rz 

OR HO 
10 R=H 13R=Ts 15 R=Ts 
1, R=Ts 14R=~e 16R=Me 
12 R=M~ 

The p-toluenesulfonylation and benzoylation had been carried out with an 
expectation of increasing the solubility of 4,5, and 13 in solvents such as chloroform 
and benzene that were to be used in the subsequent cyclization reaction. 

Aqueous p-dioxane containing a trace of suIfuric acid was used at 55” for the 
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removal of benzylidene groups from 2,3, and 11. These mild conditions seem superior 
to the usual hydrolysis with aqueous acetic acid, which sometimes causes acetylation 
of the hydroxyl groupg. 

Various conditions were examined for formation of the l&anhydro ring with 
4, 5, and 13. Compound 4 was recovered unchanged when its solution in p-dioxane 
was heated with Amberlite IR-120 @I+) resin with stirring. The treatment of 4 with 
boron trifluoride etherate in hot chloroform gave a mixture of 4, the 1.6-anhydro 
compound 6, and an insoluble product (probably polymerized 6). Treatment in 
hot benzene saturated with p-toluenesulfonic acid appeared to be most effective_ 
Under the latter conditions, t.1.c. showed that 3 to 4 h was sufficient time to change 
4, 5, and 13 into 1 ,6-anhydro-3-azido-3-deoxy-2-U-p-tolylsulfonyl-~-D-altropyranose 
(6), 1,6-anhydro-3-azido-2-U-benzoyl-3-deoxy-B-Daltropyranose (7), and 1 ,6-anhydro- 

2-azido-2-deoxy-3-p-tolylsulfonyl-B_D-altropyranose (15), respectively. 
It is noteworthy that these reaction conditions give neither the polymerized 

product of the 1,6-anhydro compound nor the free sugar; these are always obtained 
together with the 1,6-anhydro compound by the usual hydrolysis procedure with 
aqueous acid. 

Although compound 6 crystallized readily after the evaporation of the solvent, 
compound 7 resisted crystallization at first, and it was converted into the crystalline 
4-methanesulfonate (8). However 7 also crystallized after purification by column 
chromatography. Further, compound 7 was converted into crystalline 1,6-anhydro- 
3-azido-3-deoxy-P-D-altropyranose (9) by alkaline hydrolysis. 

Structural assignments of these 1,6-anhydro sugars (6,7, and 15) were achieved 
as follows: dramatic rotational changes towards a negative value during the cyclization 
reaction suggested that inversions at the anomeric carbon atom had occurred_ 
Elemental analyses of the products showed the loss of CH,OH from the molecules 
of compounds 4, 5, and 13. The azido, p-tolylsulfonyl, and benzoyl groups were 
found by i.r. spectra to be unchanged. Finally, the conformations of the products 
were determined from their n.m.r. spectra. The spectrum of 6 is shown in Fig. 1 
and interpreted in terms of first-order vicinal couplings. The doublet centered at 
z 4.48 having a splitting of 1.5 Hz was assigned to the anomeric proton on the basis 
of its chemical shift and its incomplete splitting, in which it resembles th,e case of 
2,3,4-tri-O-acetyl-l,6-anhydro-B-D-talopyranose reported by Horton and .Jewelll’. 
In the region of T 5.3-5.6, there are two multiplets that overlap each other in part. 
One of them, a typical quartet centered at z 5.48, was assigned to H-2 coupled with 
H-l (J1,Z = 1.5 Hz) and with H-3 (J2,3 = 9.0 Hz). The other multiplet of the 
overIapping signals was determined to be the H-5 signal after all other protons 
had been assigned. The C-4 proton gives a broad signal at z 6.02 that separated into 
a sharp quartet (J3 ,4 = 4.2, .T4,s = 2.4 Hz) on the addition of D20, with simultaneous 
disappearance of the broad signal at z 7.31 attributable to the hydroxyl proton. 
Both exo and endo protons at C-6 are observed in the region of r 6.1-6.3 as the Al3 
part of an ABX type of pattern. A quartet centered at z 6.39 having splittings of 
9 and 4.2 Hz was assigned to H-3. 
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The coupling constant of 9.0 Hz between H-2 and H-3 suggests that these 
protons are in the trans diaxial position. The n.m.r. data for 6 are fully consistent 
with the IC (D) conformation of the pyranose ring and cannot be rationalized in 
terms of a furanoid form. 

The n.m.r. spectrum of 7 is essentially similar to that of 6, suggesting that 7 
has the same conformation as 6. The H-2 and H-5 signals are well resolved in this 
case although the H-3, H-4, and H-6 signals overlap. 

Compound 15 also gave a well-resolved pattern in its n.m.r. spectrum, as 
shown in Fig. 2, indicating that 15 exists in the IC (D) conformation. 

in the series of 2-azido derivatives, the preparation of the 1,6-anhydro-3- 
benzoate was not attempted because of the possibility of acyl migration from C-3 
to C-4 and further to C-6, but the preparation of the 1,6-anhydro-3-O-methyl 
compound was carried out. Compound 10 was methylated with a mixture of barium 
oxide, barium hydroxide, and methyl iodide in N,N-dimethylformamide, to afford 
crystalline methyl 2-azido4,6-O-benzylidene-Z-deoxy-3-U-methyl-a-D-altropyranoside 
(12), which was debenzylidenated to give syrupy methyl 2-azido-2-deoxy-3-0- 
methyl-a-D-altropyranoside (14). Purified 14 was treated in the same way as 4,5, and 
13, giving syrupy 1,6-anhydro-2-azido-2-deoxy-3-O-methyl-ll-D-aitropyranose (16), 
which showed a large negative rotation, thus resembling compounds 6-9 and 15. 
The conformation of 16 could not be determined conclusively from its n.m.r. spectrum 
because the chemical shifts of H-2 and H-3 were so close. Consequently the H-l 
signal is not split as in 6,7, and 15, but appears as a somewhat broad singlet at r 4.64 
because of a virtual coupling with H-3. Nevertheless, the structural assignment of 
16 appears not unreasonable on the basis of the satisfactory elemental analysis and 
the related examples shown in the formation of 6, 7, and 15. 

In order to examine the applicability of the reaction of 1,6-anhydro-ring 
formation to another sugar, methyl 2,3-di-O-p-tolylsulfonyl-a-cr_D-glucopyranoside” 
[a derivative of the sugar that is the most unstable in the IC(D) conformation] was 
treated in a similar manner. This attempt, however, gave no 1,6-anhydro compound, 
and the starting material was recovered. 

EXPERIMENTAL 

General methods. - All melting points are uncorrected. Specific rotations were 
measured with a Perkin-Elmer 141 Polarimeter and a 3-dm tube. The i.r. spectra 
were recorded with a Shimadzu IRS-27 Model D i-r. spectrometer. The n.m.r. spectra 
were recorded at 60 MHz with a Japan Electron Optics C-60 Spectrometer with 
solutions in chloroform-d and tetramethylsilane as the internal standard. The t.1.c. 
was performed with Kieselgel G (E. Merck, Darmstadt) and the solvent system 
specified. 

Methyl 3-azido-2-O-benzoyl-4,6-O-beirzylidene-3-deo~y-a-D-a~tropyranoside (3). 

- Benzoyl chloride (8 g) was added to a solution of 1 (11.5 g) in pyridine (40 ml) 
with cooling (ice bath). The mixture was kept overnight at room temperature and 
then poured into ice-water (ca. 400 ml). The separated syrup was agitated until it 
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solidified. After filtration, the crude 3 was washed with water, dried, and recrystal- 

lized from isopropyl ether (ca. 300 ml), giving pure 3 (11.7 g). From the mother liquor 

an additional 2.0 g of 3 was obtained; total yield 13.7 g (88.9%), m-p. 136-137”, 

k-G4 -54.8” (c 3.80, chloroform); ,I=; 2100 (N3), 1730cm-’ (=C=O). 
Anal. Cdc. for CZ1HZLN306: C, 61.31; H, 5.15; N, 10.21. Found: C, 61.01; 

H, 5.11, N, 10.25. 
Methyl 3-azi~o-3-deoxy-2-O-p-tolylsulfonyl-cc-~-aItropyr~oside (4). - Aqueous 

sulfuric acid (1.2% w/w, 10 ml) was added dropwise to a solution of 2 (1.5 g) in 
p-dioxane (24 ml). The resulting transparent solution was kept for 24 h at 55” and 
then diluted with water (20 ml). After neutralization with a large excess of barium 
carbonate, the filtered solution was evaporated in vacua. During the evaporation, 
water was added to the solution two or three times for the complete reinoval of 
benzaldehyde. The resulting crystals showed on t.1.c. (ethyl acetate-n-hexane, 2: 1 v/v) 
one main product accompanied by traces of two other compounds. Recrystallization 
from water gave pure 4; yield 600 mg (49.4%), m.p. 132-134”, [a]:: ‘+52.8” (c 2.40, 
ethyl alcohol); 1:::: 3380, 3240 (OH), 2100 (N3), 1175, 1360 cm-’ (:SO,). 

Anal. Calc. for C,,H,,N,O,S: C, 45.04; H, 5.13; N, 11.26; S, 8.58. Found: 
C, 45.08; H, 5.02; N, 11.25; S, 8.47. 

Methyl 3-azido-2-0-benzoyi-3-deoxy-a-D-allropyranoside (5). - Compound 3 

(1.5 g) was treated inp-dioxane (25 ml) containing aqueous sulfuric acid (1.3% w/w, 
10 ml), as described above for 4, to give syrupy 5 which was chromotagraphed on 
silica gel (90 g) with ethyl acetate-benzene (3:4 v/v) as eluent. The purified syrup 

was suspended in a little water and allowed to crystallize overnight. Recrystallization 
from isopropyl ether gave pure 5; yield 720 mg (61.5%), m-p. 91-92”, [ali -2.6” 
(c 2.77, methanol); A,,, KBr 3540, 3400 (OH), 2100 (N,), 1715cm-’ (:C=O). 

Anal. Calc. for C,,H,,N,O,: C, 52.01; H, 5.30; N, 13.00. Found: C, 52.01; 
H, 5.19; N, 12.99. 

1,6-Anl~ydro-3-azido-3-deoxy-2-O-p-toly (6). - Com- 
pound 4 (1 g) was added to a solution of p-toluenesulfonic acid (1 g) in hot benzene 
(150 ml). The mixture was stirred for 4 h under refiux. After cooling, the reaction 
mixture was washed with water and dried over anbydrous sodium sulfate, and the sol- 
vent was removed in vacua to give crystalline 6; yield 680 mg (74.4%), which showed 
one spot on t.1.c. with chloroform-methanol (946 V/V) as solvent. It was recrystallized 
from a mixture of ethyl acetate and n-hexane; m-p. 107-log”, [a]g4 -75.9” (c 2.58, 
chloroform); I.ff!jl 3500 (OH), 2100 (N3), 1370, 1180 cm-’ (:SO,); n.m.r. data 
(see also Fig. 1): 7 4.48 (l-proton, incomplete doublet, Jl,Z 1.5 Hz, H-l), 2 5.48 

(l-proton quartet, J1,* 1.5 Hz, J2,3 9.0 Hz, H-2), z 6.02 (l-proton, broad singlet 
which separated into a quartet on addition of DzO, J3,4 4.2 Hz, J4,5 2.4 Hz, H-4), 
r 6.1-6.3 (2-proton, multiplet, exo and endo H-6), t 6.39 (l-proton, quartet, J2,3 

9.0 Hz, J3,4 4.2 Hz, H-3), 7 7.31 (broad singlet which disappeared on addition of 

D20, OH). 
Anal. Calc. for C,,H,,N,O&: C, 45.75; H, 4.43; N, 12.31; S, 9.38. Found: 

C, 45.52; H, 4.613 N, 12.26; S, 9.41. 
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- 1;6-Anhydrc-3-azido-2-O-benzoyl-3-deoxy-~-~-a~tropyranose (7). - Compound 
5 (4.3 g) was added to a solution of p-toluenesulfonic acid (5 g) in hot benzene 
(600 ml). The mixture was heated for 2.5 h under reflux. After the cooled solution 
had been washed with water, it was dried over anhydrous sodium sulfate and evapo- 
rated ln vacua td afford a yellow syrup (2.8 g) which showed one major spot accom- 
panied by one faint spot on t.1.c. (ethyl acetate-cyclohexane, 1:l v/v). The syrupy 
product (2 g) was chromatographed on silica gel (100 g), with the same solvent 
system as that used for t.l.c., to afford a glass, which was dissolved in a little ether. 
Rubbing the mixture gave crystalline 7; yield 800 mg (28.9% from 5), m-p. 116-l 18’, 

[aIF -2739 (~2.82, chloroform); dz: 3450 (OH), 2100 (N,), 1725 cm-’ (:C=O); 
n.m.r. data: r 4.35 (l-proton, incomplete doublet, J, ,2 1.2 Hz, H-l), ‘f 4.74 (l-proton, 
quartet, J9,2 1.2 Hz, Jzs3 9.0 Hz, H-2), 7 5.28 (l-proton, multiplet, H-5), z 5.77-6.25 
(4proton, multiplet, H-3, H-4, exo and endo H-6), r 7.14 (l-proton, broad doublet, 
OH). 

Anal. Calc. for C13H,3N30,: C, 53.61; H, 4.50: N, 14.43. Found: C, 53.51; 
H, 4.69; N, 14.45. 

on addition H-4 
otwater-dp_ fzl . 

Fig. 1. The n.m.r. spectrum of 1,6-anhydro-3-azido-3-deoxy-2-U-g-toIylsulfonyl-~-~-altropyranose 
(6) in chloroform-d at 60 MHz 

1,6-An~lydro-3-azido-2-O-be?tzoyI-3-deoxy-4-O-(nzetJz~~Isu~nyf)-~-D-altropyran- 
ose (8). - Methanesulfonyl chloride (1 g) was added to a solution of crude syrupy 7 
(2.1 g) in pyridine under cooling in an ice bath. The mixture was kept overnight 
at room temperature. After decomposition of the excess of methylsulfonyl chloride 
with a trace of water, the mixture was poured into ice-water. The resuhing soIid 
product was filtered off, washed with water, dried, and recrystallized from methanol 
to’give pure 8; yield 2.5 g (93.9%), m-p. 181-182” (dec.), [ali -229” (c 2.0, chloro- 
fcrmj; J.2: 2100 (Nj), 1740 (X=0), 1360, 1180 cm-’ (>SO,). 

Anal. CaIc. for C,,H,,N,O,S: C, 45.53: H, 4.09: N, 11.38; S, 8.67. Found: 
C, 45.31, H, 4.25; N, 11.27; S, 8.61. 

I,O:Anhydro-3-azido-3-deoxy-&maltropyrunose (9). - Aqueous sodium hydrox- 
ide (1% w/v, 9 ml) was added to a solution of 7 (600 mg) in ethyl alcohol (20 ml). 
After the mixture had been refluxed for 1 h, it was stirred with Amberlite IR-120 
resin (H+, 5 ml) and filtered. The filtrate was evaporated to dryness, and the resuhing 
residue was dissolved in water (10 ml), which was extracted with ethyl ether in order 
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to-remove beuzoic acid. The water solution was evaporated in uacuo to give crude 9 
which was chromatographed on silica gel (25 g), with chloroform-methanol (9416 v/v) 
as eluent. The chromatographed syrup was kept at 5” for several days to give crystal- 
line 9; yield 250 mg (64.9%), m-p. 94-96”, [cL];~ -209” (c 1.88, methanol); A=! 3500, 
3300-3200 (OH), 2100 cm-’ (N3). 

Anal- Calc. for C,H,N,O,: C, 38.50; H, 4.85; N, 22.45. Found: C, 38.68; 
H, 4.83; N, 21.88. 

Methyl 2-azido-4,6-O-benzyle-2-deoxy-3-O-methyl-~-~-altropyr~os~de (12). 
- TO a solution of 10 (2 g) in iV,N-dimethylformamide (20 ml) was added methyl 
iodide (5 ml), barium oxide (2.5 g), and barium hydroxide octahydrate (1 g). The 
mixture was stirred overnight under a reflux condenser at room temperature and 
then poured into water. After the mixture had been extracted with ethyl ether 
(ca. 200 ml), the extract was dried over anhydrous sodium sulfate and ‘evaporated 
in udcuo, giving syrupy 12 (1.95 g, 93%), which solidified after a few days and was 
recrystallized from isopropyl ether; m-p. 93-95’, [a]:’ f55.8” (c 1.08, chloroform); 
AEti 2100 cm- ’ (N3)_ 

Anal. Calc. for Ci5Hi9N305: C, 56.06; H, 5.96; N, 13.08. Found: C, 56.41; 
H, 5.51; N, 13.20. 

Methyl 2-azido-2-deoxy-3-O-p-toZy~sulfonyl-a (13). - Com- 
pound 11 (1.5 g) was treated in p-dioxane (40 ml) containing aqueous sulfuric acid 
(3%, 10 ml) as described for the preparation of 4, giving crude crystalline 13 which 
was recrystallized from water; yield 950 mg (78.5%), m.p. 134-136”, [ali +63.9” 
(c 2.69, ethyl alcohol); Lz: 3400-3300 (OH), 2100 (N3), 1365, 1175 cm-l (:SO,). 

AndI_ Cab for C14H19N307S: C, 45.04; H, 5.13; N, 11.26; S, 8.58. Found: 
C, 45.07; H, 5.09; N, 11.32; S, 8.59. 

MethyZ 2-dzido-2-deoxy-3-O-methyl-a-D-alrropyranoside (14). - Aqueous sul- 
furic acid (1.3% w/w, 9 ml) was added to a solution of 12 (800 mg), and the mixture 
was kept overnight at 55-60”. After neutralization with an excess of barium carbonate, 
the solution was evaporated in vacua to afford syrupy 14, which was chromatographed 
on silica gel (ca. 70 g), with cyclohexane-ethyl acetate (1:l and then 23 V/V) as 
eluent; yield 400 mg (69%), [a]g f67.9” (c 4.74, methanol); Lrnu (film) 3450-3350 
(OH), 2100 cm-’ (N3), 

Anal. Calc. for CsH15N305: C, 41.20; H, 6.48; N, 18.02. Found: C, 41.30; 
H, 6.30; N, 17.90. 

I,6-~I~ydro-2-azido-2-deoxy-3-O-p-tolylsulfon~l-~-~-altropyr~ose (1%. - 
Compound 13 (1.5 g) was treated in hot benzene (240 ml) containing p-toluene- 
sulfonic acid (1.5 g) as described for the preparation of 6. Evaporation of the benzene 
solution &Forded a yellow syrup that gave one spot on t1.c (chloroform-methanol, 
94:6 v/v) and crystallized after several days. It was recrystallized from a mixture of 
ethyl acetate and n-hexane; yield 700 mg (52%), m-p. 86-87”, [c&~ - 119” (c 2.74, 
chloroform); AEE 3500 (OH), 2100 (N3), 1360, 1180 cm- ’ (:SO,); n.m.r. data 
(see also Fig. 2): T 4.59 (l-proton, incomplete doublet, J1,2 1.5 Hz, H-l), z 5.46 
(l-proton quartet, J2,3 9.6 Hz, J3,4 3.9 I&, H-3), z 5.65-5.90 (I-proton-multiplet, 
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which collapsed to a quartet on addition of D,O, .J3,4 3.9 Hz, A+,5 2.7 Hz, H-4), 
r 6.1-6.3 (2-proton, doublet, exo and endo H-6), ?r 6.45 (l-proton quartet, Jr,, 
1.5 Hz, Jz.3 9.6 Hz, H-2), r 6.83 (l-proton doublet, which disappeared on addition 
of DzO, J4,0H 4.5 Hz, OH). 

Anal. Calc. for C13H1sN306S: C, 45.75; H, 4.43; N, 12.31; S, 9.38. Found: 
C, 45.92; H, 4.36; N, 12.40; S, 9.33. 

On addition H-4 
Of water-clp RI i-i-6 kxo.endol 

H--l 

6.00 600 zoo 7 

Fig. 2. The n.m.r_ spectrum of 1,6-anhydro-2-azido-2-deoxy-3-O-p-tolyls~fonyl-~-~-altropyranose 
(15) in chloroform-d at 60 MHz. 

I,6-Anhydro-2-azido-2-deoxy-3-O-nzef~zyZ-~-D-aZ~ropyr~ose(16).-Asuspension 

of 14 (2 g) andp-toluenesulfonic acid (2 g) in benzene (300 ml) was heated with stirring 
for 3 hat 80-90”. The mixture was washed with water (300 ml) after it had been cooled. 
The benzene solution was dried over anhydrous sodium sulfate and evaporated 
in cacao to afford syrupy 16 (400 mg). The washing (water solution) was neutralized 
with an excess of barium carbonate and concentrated to dryness after filtration. 
The residue was extracted with acetone (120 ml) and evaporated in carno, giving 
additional 16 (700 mg); total yield 1.1 g (64%). The syrupy 16 was chromatographed 
on silica gel (80 g) with cyclohexane-ethyl acetate (3:2 v/v) as eluent; A,, (solution 
in Ccl,) 3500 (OH), 2100 cm-’ (N3); n.m.r. data: r 4.64 (l-proton, singlet, H-l), 
7 5.87-6.10 (l-proton, multiplet which collapsed to a quartet on addition of DzO, 
J = 4.5 Hz, J4 5 = 2.4 Hz, H-4), 7 6.48 (3-proton, singlet, MeO), 7 7.19 (l-proton, 
d?zblet with 2.4 Hz splitting which disappeared on addition of D20, OH). 

Anal. Calc. for C,H11N304: C, 41.79; H, 5.51; N, 20.89. Found: C, 41.60; 
H, 5.61; N, 20.88. 
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OXIDATIVE ALKALINE DEGRADATION OF CELLOBIOSE* . 
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The nature and concentrations of products arising from the alkaline degradation 
of cellobiose were determined by varying the base, base concentration, sugar concen- 
tration, temperature, and atmosphere within the reaction vessel. In nitrogen, the 
oxidation reactions could effectively be eliminated_ By introducing oxygen at various 
concentrations, oxidation reactions to aldonic acids predominated. The major acids 
found from the reducing end were 3,4-dihydroxybutyric acid and isosaccharinic 
acid, whilst D-arabinonic and glyceric acids were formed from the nonreducing end. 
In the stopping reaction, the major bound acids were 3-O-/?-D-glycopyranosyl-D- 
arabinonic acid, 2-0-B-D-glucopyranosyl-D-erythronic acid, and 4-0-/I-D-gluco- 
pyranosyl-D-mannonic acid. The yields of isosaccharinic and aldonic acids varied 
as the base and sugar concentrations were changed, and this clearly illustrated that 
the conditions of alkaline degradation determined the proportions of products 
obtained. 

INlXODUCTION 

Numerous papers have been concerned with the effects of alkali on carbo- 
hydrates, and several reviews have dealt with epimerizations to other sugars’ or 
with rearrangements to isomeric saccharinic acidszm4. When cellobiose is treated 
with alkali in an inert atmosphere, a- and /3-isosaccharinic acidsS-’ (3-deoxy-2-C- 
hydroxymethyl-D-erythro-pentonic acid and 3-deoxy-2-C-hydroxymethyl-D-three- 
pentonic acid, respectively) are produced by a “peeling process”. Thus, cellobiose 
is split into two fragments, isosaccharinic acids from the reducing end and D-glucose 
(hereafter referred to as liberated D-glucose) from the nonreducing end. Simul- 
taneously, a “stopping reaction” occurs that involves the formation of a 3-deoxy- 
1,Zdiketo intermediate (3-deoxyglucosone4) still connected by a /?-(I +4)-linkage 
to D-glucose. The latter product is transformed by a benzilic acid type rearrangement 

*Presented in part at the 156th National Meeting of the American Chemical Society, Atlantic City, 
Sept. 1968. 
**Honorary Research Fellow, on study leave from Forest Products Laboratory, Madison, Wisconsin, 
U. S. A. 
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I 

into CL- and j?-metasaccharinic acids ‘-’ (3-deoxy-D-ribo-hexonic acid and 3-deoxy- 
D-or&no-hexonic acid, respectively) which render the molecule stable to alkali, 
thereby stopping the peeling process. In this case, D-glucose (hereafter referred to 
as bound D-glucose) remains as the nonreducing end. The acids which are linked 
to D-glucose after degradation are referred to as bound acids. 

In oxygen, however, there occur quite different reactions”. When simple 
monosaccharides are treated with alkali in the presence of an oxidant, aldonic acids 
containing one carbon atom less than the stat-tin, a sugars are obtained in good 
yield ‘-r6. For example, D-glucose gives D-arabinonic acid, and D-ribose gives D-ery- 
thronic acid. Likewise, when disaccharides are treated in oxygen-alkali, aldonic 
acids bound to the nonreducing moiety were isolated gn15- ‘*. For example, maltose 
lactose, and cellobiose all give bound D-arabinonic acid. Polysaccharides have 
also been reported to undergo this reaction ‘** *, and cellulose was found to contain 
end units of D-arabinonic acid after treatment with polysulfrde or sodium hydroxide 
in the presence of oxygen. Thus, two distinct types of reaction occur in alkali; rear- 
rangements to isomeric saccharinic acids, and oxidations to aldonic acids. These 
two reactions were studied with cellobiose when the base, base concentration, sugar 
concentration, temperature, and atmosphere were varied. 

EXPERIMENTAL 

Reaction conditions. - To determine the effect of different cations on the 
alkaline degradation, cellobiose solutions (0.2 mg/ml) were treated in air-tight 
bottles in barium hydroxide (0.04~) or sodium hydroxide (0.04~) for 48 h at 25” 
and for 6 h at 50”. At the end of these times, the reaction mixture was neutralized 
with Dowex-SOW x8 (H*) resin and frozen. The samples were assayed manually 
with glucose oxidaselg for liberated D-glucose and with 2-thiobarbituric acid2092’ 
for peeled isosaccharinic acid. Other products were determined automatically as 
described later. The results are shown in Table I. 

Degradations in which the atmosphere was varied were carried out in a 50-ml 
bubbling tower equipped with a reflux condenser and drying tube. The reactions 
under oxygen were done by bubbling oxygen into the reaction vessel throughout 
the degradation. Degradations in air were done in a closed vessel with no external 
gases added or removed. The degradations under nitrogen were performed by bubbling 
oxygen-free nitrogen (made by passing commercial nitrogen through a hot column 
of reduced copper) into the vessel during degradation. All of these degradations were 
in 0.04~ barium hydroxide with a sugar concentration of 0.2 mg/ml. The time and tem- 
perature of reactions were as reported previously. The results are shown in Table II. 
Degradations at various concentrations of sugar and alkali are given in Table III. 

Determination of products from alkaline degradation. - (I) Ion-excharzge sepa- 
rations. (A) Ammonium acetare. Aliquots (5 ml) of the solution after degradation 
and neutralization were pumped (0.6 ml/ min) by a peristaltic pump onto a column 
(6.6 x 30 cm) of Dowex-AGl x8 (2oo-400 mesh) resin in the acetate form. The 
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ALKALINE DEGRADATION OF CELLOBIOSE 21 

column was eluted with water (10 ml) followed by ammonium acetate (0.1~) to 

separate and elute the acids (see Table IV). 

TABLE IV 
RETENTION TIMES OF COMFOCINDS ON DOWEX AG-1 X8 (2OthfUO ~G?SU)~ 

compound Time to peak cenfre (min) Response in 

Standard Cellobiose Cysteine- 
Perioriate-pentane- 

I&SO4 assay 
2,1-dione assay 

Neutral sugars 30 + + + 
Cellobionic acid 80 - + + 
n-Glucose acids (no separation) - 80 + + 
a,/?-Isosaccharinic acids 95 + - + 
n-Arabinoaic acid 120 + - + 
3+Dihydroxybutyric acid 122 + - + 
Giyceric acid 1.50 + - + 

=Acetate form, elution with ammonium acetate (0.1~). 

(B) Acetic acid 22 Aliquots (10 ml) of the solution after degradation and . 

neutralization were concentrated to 0.5 ml and applied to a water-jacketed (30") 
column (0.5 x 122 cm) of Dowex-AGl x8 (200400 mesh) resin in the acetate form. 

TABLE V 
RETENTION TIME OF COMPOUNDS ON DOWWC-AGI x8 (200400 MESH) RESIN= 

Compound Time to peak centre (min) 

Standard Cellobiose Peeled Bound 
fraction fraction 

Neutral sugars 
2-Deoxy-DeryrJzro-pentonic acid 
3,4Dihydroxybutyric acid 
Bound D-glucose-acid no. 1 

(-D-marmonic acid) 
a-Isosaccharinic acid 
a-Metasaccharinic acid 
Bound D-glucose-acid no. 2 
(-D-arabinonic acid) 
&Metasaccharinic acid 
D-Ribonic acid 
Bound n-glucose-acid no. 3 
(-D-crythronic acid) 
n-Arabinoaic acid 
@-Isosaccharinic acid 
D-Mannonic acid 
u-Erythronic acid 
D-Tbreonic acid 
Giyceric acid 

40 
135 
16.5 

1.. 245 
260 + 
290 - 

.-_ 
400 
455 

.-. 
660 
660 
810 
820 
840 
870 

+ 
- 
+ 

360 
- 

525 
+ 
+ 

+ 
- 

+ 

- 
+ 

trace 

+ + 
+ 
- + 
- + 
- - 
+ - 

“Acetate form at 30°, elution with acetic acid (0.5~). 
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By using a positive displacement pump, the acids were separated and eluted with 
deaerated acetic acid (0.5~) at a flow rate of 0.8 ml/min (see Table V). 

(2) Automated derection of products. The eluate from the bottom of the columns 
described above was split into three equal fractions. One part went to a fraction 
collector, and another was analysed by the automated periodate-pentane-2,4-dione 
assay2’ for released formaldehyde employing the Technicon Autoanalyser. The 
third part was analysed by the automated cysteine-sulphuric acid assay24 for glucose. 
The colour developed in the two assays was simultaneously recorded at 520 nm. 
The am-o-?& of each eomp-omzl was determined by com@son of areas under peaks 
relative to standard runs.‘For determination of the concentration of bound acids, a 
standard of cellobionic acid was used. All of the results given in Tables I, II, and III 
are reported in weight percentages based on the starting cellobiose. 

(3) G.1.c. analysis. The collected, bound-acid fractions were hydrolyzed with 
hydrochloric acid (N, 2 ml) in a sealed tube for 18 h at 100”. Sodium hydroxide (N) 
was added until alkaline to ensure complete conversion into free acids. The solution 
was then pumped through a column (0.6 x 10 cm) of Dowex AG-1 x8 (200-400 mesh) 
resin in the acetate form. The column was washed with distilled water (10 ml) to 
remove neutral sugars, and then with ammonium acetate (M, 15 ml) to elute the acids. 
This solution was then passed through a column of Dowex-SOW x8 (H+) resin to 
remove the ammonium acetate, and hydrochloric acid (O-IN, 2 drops) was added to 

the eflluent to ensure a low pH for complete conversion into lactones. After 6 h, 
the solution was concentrated to dryness, water (1 ml) was added, and the solution 
was again concentrated. This procedure was repeated four times, followed by a 
final concentration with ethanol-benzene (4/l v/v). Trimethylsilyl etllers25 of the 
lactones26’27 were analysed by g.1.c. with a column (5 ft x 5 mm) of silicon ester 
(SE 30) (10%) on Celite (100-200 mesh) at 150”. 

All other fractions were combined and passed through a column of Dowex 
50-W x8 (Hf) resin. hydrochloric acid was added, and the mixture was worked up 
as given above. The results are given in Table VI. 

DISCUSSION 

The products observed from the alkaline degradation of cellobiose are consistent 
with the &alkoxycarbonyl mechanism proposed by Tsbellz8 (see Fig. 1). It has been 
shown that the 4-deoxy-2,3-hexodiulose (5) may be oxidized to 3,4_dihydroxybutyric 
acid amJ glycolic acid2 g* 3 c and in addition undergoes the benzilic acid type rear- 
rangement to isosaccharinic acid (6)2g-33. Likewise, the %deoxy-D-eryt/zro-hexos- 
ulose (2) has been rearranged to metasaccharinic acid (3)32* 33 and oxidized to 
2-deoxy-D-e@tro-pentonic acid33, and this may explain the trace of bound 2-deoxy- 
D-er@ro-pentonic acid found in the present degradation of cellobiose. Only trace 
amounts of bound acids were detected in the degradations performed under nitrogen, 
as compared with bound aldonic acids in the presence of oxygen, which illustrates 
the fact that the stoppingreaction involving aldonic acids producesa greater percentage 
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TABLE VI 

SEPARATIONOFTRIMEX-HYLSILATED DER~VATI~S BYG.L.C.= 

compowld 

Time to peak centre (min) 

Standard Peeled fraction Bound fraction 

Glyceric acid 
3,CDihydroxybutyro-l+lactone 
3+Dihydroxybutyric acid 
o-Erythrono-l&lactone 
~Ery~?XQ&c a&I 
2-Deoxy-D-erythro-pentono-1,4-lactone 
r+Arabino-1,4-lactone 
Isosaccharino-1,4-Iactone 

alpha 
beta 

Metasaccharino-1,Clactone 
D-Mannono-l&lactone 

5.5 
3.0 
9.5 
9.0 

I%.;0 
14.0 
24.0 

31.0 
34.0 
50.0 

112 

+ 
+ 

- 

- 
- 

+ 
f 
trace 
+ 

- 
- 
- 
+ 

Volumn (5 ft x 4 mm) of SE30 (10%) on Celite (100-200 mesh) at 150”. 

of bound materials. The bound aldonic acids were found to be stable under the con- 
ditions of degradation and once formed did not undergo further decomposition. 
The major bound acid is 3-O-~-D-glUCOpyranOSyl-D-arabinonic acid with lesser 

amounts of 2-O-B-D-glucopyranosyl-D-erythronic acid and 4-O-8-D-glucopyranosyl- 
D-mannonic acid. 

Several researchers have shown34- 3 6 h t at gluconic acid is not epimerized to 
mannonic acid in alkali at temperatures below loo”, so that the bound mannonic acid 
did not come from this source. D-Glucosone in alkali, however, gives good yields3’ 
of D-mannonic and D-arabinonic acids, and these two bound acids probably arise 
from this common intermediate. Thus, intermediate 1 can be converted into 4-O+ 
D-glucopyranosyl-D-arabiPlo-hexosulose which is then either rearranged to bound 
D-mannonic acid or oxidized to bound D-arabinonic acid. Part of the bound D-ara- 
binonic acid may come directly from the oxidation of intermediate 1. D-Erythronic 
acid was a product of the alkaline degradation of D-glucose’6* ‘*’ 38 under conditions 
where arabinonic acid was stable, showing that erythronic acid does not arise from 
arabinonic acid. D-Erythronic acid was a!so found as a major product from the 
degradation of D-glucosone3 ’ in sodium hydroxide, and this may account for most 
of its production as a bound acid. It may also be formed, in part, from a bound 
pentose (D-arabinose) or from direct, oxidative cleavage of intermediate 4. 

Table I shows that percentages of the various products change with the type 
of base used. Divalent cations catalyse the benzilic acid type rearrangement’ gw37*3 ‘, 
whereas monovalent cations favour fragmentation of the carbon skeleton. The yields 
of isosaccharinic acid are found to be higher in barium hydroxide than in sodium 
hydroxide, whereas the percentage of 3,4_dihydroxybutyric acid is higher in sodium 
hydroxide, especially at the higher temperature. 

Carbnhyd. Res., 11 (1969) 17-25 
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Fig. 1. Mechanism of the alkaline degradation of cellobiose. 

Table II shows that the most-important, single factor in controlling the type 

of products in alkaline degradation is the oxygen concentration within the reaction 
vessel. The yields of isosaccharinic acid decrease as the oxygen content rises, whilst 
the yields of bound acids, arabinonic acid, and 3,4-dihydroxybutyric acid increase. 
It is only under nitrogen that the oxidation reactions can effectively be eliminated. 

Finally, Table III shows how important the concentration of sugar and alkali 
are in the degradations. Isosaccharinic acid can almost be eliminated as a product 
of degradation by a tenfold increase in the alkali concentration. Of equal interest is 
the much greater yield of bound acids that are formed in preference to isosaccharinic 
acid under these conditions. This may be due to increased amounts of bound mannonic 
acid, w’hich also arises by the benzilic acid type rearrangement3’. 
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INDUCED EFFECTS UPON THE SULPHATE METABOLISM OF 
ACIDIC MUCOPOLYSACCHARIDES OF HUMAN SKIN - 

S. A. BARKER AND J.F. KENNEDY 

Department of Chemistry, The University of Birmingham, Birmingham 1.5 (Great Britain) 

(Received June 12th, 1965; in revised form, January 3rd, 1969) 

ABSTR4CT 

Factors affecting the inc&rporation of sulphate-35S into the acidic muco- 
polysaccharides of human skin have been investigated, and conditions for maximal 
incorporation defined. Using these conditions, the effect of ascorbic acid, methyl 
sulphoxide, hydrocortisone, triparanol, and vitamin A upon the sulphate-35S 
incorporation into each individual polysaccharide has been investigated, and the 
mode of action of these drugs is discussed. _ 

INTRODUCTION 

Characterisation of the acidic mucopolysaccharides’ of human skin and the 
advent of radioactive incorporation methods for their identification on a nanogram 
scale’ have made possible the investigation of induced effects upon their metabolism. 
The effects of ascorbic acid (vitamin C), methyl sulphoxide, hydrocortisone, tri- 
paranol (2-p-chloropl~enyl-l-p-[2-(N,N-diethylamino)ethoxy]phenyl-l-p-tolylethanol), 
and vitamin A are reported. 

METHODS AND RESULTS 

Determination of conditions for optimal incorporation. - pieces (50 mg wet 

weight) of human skin from one sample were cultured in duplicate on balanced salt 
solution/horse serum media containing sodium sulphate-35S as previously described2. 
In one series, the culture time was varied over the range O-120 h, using normal, 
balanced salt solution and a medium having a specific activity of 50 @/ml. In the 
second, the specific activity of the medium was varied over the range O-50 &i/ml, 
using 24-h cultures and normal, balanced salt solution. In the third, the total concen- 
tration of sulphate was varied over the range O-250 ,ug/ml, using 24-h cultures and 
a medium having a specik activity of 50 &i/ml. 

After treatment with liquid nitrogen for 10 min, the cultured tissue was dialystid 
against two changes of 0. lw sodium sulphate for 20 h at 20” to remove-nori-incor- 
porated sulphate- 35S, washed in water, and air dried at 20” to constant -weight. 
Tt was demonstrated that, for a particular sample of skin, the ratio of wet weight to 
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dry weight was constant, indicating the reliability of dry-weight measurement. 
Sulphate, liberated by hydrolysis conditions (10~ hydrochloric acid for 16 h at 100”) 
which dissolved the whole tissue, was precipitated as barium sulphate-35S in the 
presence of carrier barium sulphate, and the radioactivity was determined 
matic, planchet counting under conditions of infinite thickness (Figs. l-3). 

by auto- 

Fig. 1. Variation of incorporation with culture time. 

Fig. 2. Variation of incorporation with specific activity of culture medium. 

Fig. 3. Variation of incorporation with sulphate concentration of culture medium. 

When culture time was varied, the viability of the tissue was estimated as 
described2. (The estimated degree of viability was 100% for the first 48 h but 
diminished as follows: 72 h, 90% ; 96 h, 50% ; 120 h, lo%.) 

Investigation of induced effects. - Human skin was cultured for 24 h upon 
media having a total sulphate concentration of 22.26 pg/ml (normal, balanced salt 
solution) and a specific activity of 50 &i/ml, to which had been added one of the 
drugs. The final concentrations were: ascorbic acid, 187; methyl suiphoxide, 1.178; 
hydrocortisone, IO; triparanol, 100; and vitamin A, IO ,UM. The last three compounds 
were added as ethanolic solutions, the final concentration of ethanol being 0.1% ; 

viability was not affected by this concentration of ethanol. Control cultures with 
tissue from the same samples were carried out in each case, and after establishment 
of viability, the epidermis and dermis were separated_ 

The dried, homogenised, defatted tissue was subjected to proteolysis, and 
the extraction procedure was completed by mild treatment with alkali, protein 
denaturation, and dialysis’. The polysaccharide solution was fractionated on De- 
Acidite FF resin, and the incorporation into each polysaccharide was determined 
by scintillation counting of the dialysed fractions_ The results for both layers are 
expressed as a percentage of the incorporation into the control for each polysaccharide 
(Table I). Examples of the fractionation patterns are shown in Fig. 4. The following 
abbreviations have been used: chonciroitin 4-suIphate, CS4; chondroitin 6-sulphate, 
CS-6; dermatan sulphate, DS; heparin, HEP; keratan sulphate, KS; adenosine 
3-phosphate 5-phosphosulphate, PAPS. 
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Approximately 1% of the available isotope was incorporated when 200 mg 
of tissue were cultured on 1 ml of medium under the conditions previously described. 
The extent of incorporation into the epidermis was approximately 22nCilmg and 
into the dermis was approximately 6 nCi/mg dry weight. 

TABLE I 

INDUCED EFFECTS 

Drug Tissue layer Incorporation (percentage of control) 

Total CS-4 G-6 DS HEP KS PAPS 

Ascorbic acid epidermis 22 27 9 25 62 72 152 
dermis 24 32 7 13 36 - 121 

Methyl sulphoxide epidermis IO 9 7 19 9 7 20 
dermis 72 59 84 122 102 - 99 

Hydrocortisone epidermis 23 24 34 10 6 6 74 
dermis 87 70 53 428 9.5 - 102 

TriparanoI epidermis 85 83 85 52 86 60 25 
dermis 140 104 184 244 105 - 136 

Vitamin A epidermis 139 129 185 109 170 150 85 
dermis 143 209 102 191 100 - 98 

Eluate tml) 

Eluate (ml) 

Fig. 4. Effect of ascorbic acid on incorporation of sulphate -35S into the epidermal polysaccharides. 

DISCUSSION 

The reproducible results demonstrated that, whilst maximal incorporation 
was reached after 72 h, the tissue did not remain completely viable after 48 h. The 
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subsequent decrease in incorporation is explained by the further decrease in viability. 
Variation of the specific activity of the medium revealed that the incorporation 
was proportional to this factor. Incorporation could also be increased by a factor of 
1.5 when a total sulphate concentration lower than that of normal, balanced salt 
solution was used. The culture conditions finally selected (medium: normal, balanced 
salt solution, 50&i of 35S/ml- culture time, 24 h) were consistent with complete , 
viability, normal growth of tissue, shorter time of culture, and maximal incorporation_ 
The linearity of the relationships for incorporation/culture time and incorporation/ 
specific activity of medmm is advantageous, since, by correction, it allows comparison 
of results of different effects by using media differing slightly in these respects. 

Ascorbic acid gave decreased incorporation in both epidermis and dermis, 
whereas incorporation into adenosine 3-phosphate 5-phosphosulphate was increased. 
This is consistent with decreased formation of polysaccharide chain and concomitant 
accumulation of the activated form of sulphate. 

Of all the drugs investigated, methyl sulphoxide gave themost-striking result, 
in that it markedly inhibited incorporation into the epidermal polysaccharides. In 
both layers, the effect upon adenosine 3-phosphate 5-phosphosulphate was similar 
to the carbohydrate effect. It would appear that the drying, cracking, and scaling of 
skin resulting from the topical application of methyl sulphoxide3 is associated with 
its effect upon polysaccharide metabolism, since the polysaccharides are concerned 
with tissue structure. 

As found for other tissue4, hydrocortisone generally decreased incorporation 
into the polysaccharides. There was less effect upon incorporation into the activated 
form of sulphate. Although hydrocortisone penetrates some parts of the epidermis 
slowly, it penetrates the dermis quite easily’, and this may result in the increased 
incorporation into dermal dermatan sulphate, the polysaccharide associated with 
the fibrous lattice. 

Triparanol has been used to relieve hypercholesterolaemia but has been 
withdrawn from clinical use, since its side effects included dry skin, cataract, and 
hair abnormalities. The present results indicate that the drug is at least responsible 
for a change in mucopolysaccharide metabolism. Such a change would be expected 
to be associated with abnormal tissue growth. 

Vitamin A increased polysaccharide incorporation in both layers, consistent 
with the increased incorporation4 and polysaccharide formation6 found elsewhere. 
The activated form of sulphate maintained its normal level under this condition. 

This work illustrates the value of the method for investigation of induced 
elibcts upon mucopolysaccharide metabolism and its applicability to the pre-clinical 
trial of drugs. 
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DETERMLNATION PAR RESONANCE MAGNETIQUE NUCLEAIRE 
DU DEGRl? DE SUBSTITUTION DANS LES METHYL D-GLUCOPYRANO- 
SIDES PARTIELLEMENT METHYLES 

DID~R GAGNAIRE ET LEOON ODIFJI 

(Laboratoire de Chimie Organique Physique du Centre d’ktudes NuclPaires de Grenoble, et Centre 
de Recherches sur les Macromolkdes V&g&ales (C. N- R. S.). CEDEX- 53, 38:Grenoble-Care 
(France) 

(R-u le 27 janvier 1969) 

In order to establish a method of determination, by n.m.r., of the degree of 
methylation at each position in mixtures of partially methylated methyl glycopyranos- 
ides, the chemical shift for each of the ten signals due to the methyl groups of methyl 
2,3,4,6-tetra-U-methyl-cr- and fi-D-glucopyranoside has been determined. The 
chemical shift for each methyl group in both anomers was obtained by selectively 
deuterating the other four methyl groups. Five peaks corresponding tb the five methyl 
groups were observed for each anomer in the solvent mixture benzene-chloroform 
(6: 1, v/v). 

The method was tested on the product of hydrolysis of a tri-O-methylcellulose, 
and the peaks observed corresponded to those for methyl groups at O-2, O-3, and 
O-6. Examination of the product of partial methylation of methyl p-D-glucopyranoside 
indicated that the degree of methylation at positions 2,3,4, and 6 was 86%, 40%. 
28%, and 64%, respectively. 

SOMMAIRE 

Dans le but de mettre au point une methode de dosage par r.m.n. du degre de 
substitution des groupes mCthyles sur chaque position, dans des melanges de methyl 
glucopyranosides partiellement methyl&, nous avons determine, en r.m.n., les depla- 
cements chimiques des dix signaux des groupes methyles des methyl 2,3,4,6-tetra- 
O-m&hyl-cr- et B-D-glucopyranosides. Cette determination a Cte faite pour chaque 
anomtre et pour chacune des cinq positions, en deuteriant selectivement les quatre 
autres. Le solvant utilid, permettant d’observer en r.m.n. cinq pits methyles pour 
chaque anomere, est un melange de benzine et de chloroforme deuteries (6:l en 
volume). 

Un controle effectue B I’aide des produits d’hydrolyse dune tri-O-mCthyl- 
cellulose permet de verifier que les pits observes correspondent bien aux groupes 
methyles en positions 2, 3 et 6. Un dosage effectui sur le methyl b-D-glucopyranoside 
partiellement mCthylC sur les autres positions, donne les pourcentages de methylation 
suivants: 88%, 40%, 28%, 64% pour les positions respectives 2, 3, 4 et 6. 
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INTRODUCTION 

Le dosage des diffkents sucres obtenus par hydrolyse de polysaccharides 
partiellement m&hylCs se fait par la mCthode classique d’isolement par chromato- 

graphie quantitative des diE&entes espkces obtenues et leur dosage par voie chimique’. 
Le but de ce travail est la mise au point d’une m&ode de dosage par r.m.n. 

du degre de substitution des groupes methyles, sur chaque position, dans des mClanges 
de methyl w$ucopyranosides partiellement methyl&, sans separation de ceux-ci. 
II s’agit deproduits de m&hyIationpartielledes m&y1 a- et p-D-glucopyranosides. 

Le principe de l’analyse est simple: tout groupe hydroxyle non mCthylC est 
remplace par un groupe OCD,. Le dosage de l’intensit6 des pits des groupes mCthyles, 
aprks separation Cventuelle des deux isomkes, donne alors le pourcentage de substi- 
tution sur chaque position avant substitution du OCD,. Une methode analogue a 
CtC appliquCe par Goodlett’ dans le cas de 1’acCtate de cellulose par acCtylation 
stlective et totale de chaque position au chlorure d’ac&yle deutCriC. 

Cette mCthode exige, pour s’appliquer aux deux cas pr&Sdents: 
1) La recherche d’un solvant r.m.n. pour lequel les cinq pits mCthyles sont 

distincts dans Ies spectres de r.m.n. des methyl 2,3,4,6-tCtra-O-methyl-a-D- (1) et 

P-D-glucopyranosides (2). 

J& o 

(1) (2) 

2) L’identikation non ambigu& des cinq pits dans les spectres de r.m.n. 
(Figs. 1 et 2) de ces deux substances (1) et (2). 

x 

H,CO 
H-2=“o 

t-L$o H 
%+ 

H 
H 

H WOCCH, 
(1) 

Fig. 1. Spectre de r.m.n. r&Es6 i 100 MHz dans le m&age benzCznechloroi?orme-d (6:l) du methyl 
2,3,4,6-t&ra-O-mtthyk-D-glucopyranoside. 
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_H’ 
CPS 

I . I . 1 
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Fig. 2. Spectre de r.m.n. rt%lis& B 100 MHz, dans le melange benzkne-chloroforme-d (6~1) du mtthyl 
2,3,4,6-t&ra-O-methyl-B-o-glucopyranoside. 

3) Une methode rapide et totale de methylation des methyl a- et /I-D-gluco- 

pyranosides partiellement mCthylCs. 
La methylation totale peut se realiser par la methode de Kuhn et al3 en utilisant 

LCD, (commercial) comme agent mithylant. Aucun solvant courant ne r&pond a la 
premiere condition, mais le melange de benzene et de chloroforme deut&iCs (dans 
le rapport en volume 61) permet d’observer cinq pits bien skparQ dans les spectres 
de r.m.n. r&lids Zt 100 MHz des methyl 2,3,4,6-tetra-O-mCthyl-a- et j?-D-glucopyrano- 
sides (1) et (2) (Fig. 1 et 2). 

Enfin l’identification des cinq pits de chaque anomere a Ctb effect&e par 
synthese de huit derives selectivement deuterids, certains de ces composes ont itC 
prepares par Kochetkov et collaborateurs4 pour l’interpretation des spectres de 
masse des glycosides. 

Les pits des groupes methyles en position 1 sont caracttrises par methylation 
avec l’iodure de methyle deutCriC (ICD,) des methyl a- et j?-D-glucopyranosides: 
on obtient ainsi les deux methyl tCtramCthyl-&a- et /?-D-glucopyranosides. 

L’identification du groupe methyle en position 6 a ete faite en permethylant, 
par l’iodure de methyle deutCriC (ICD,), le 6-0-methyl-D-glucose obtenu par la 
methode de Hough, Jones et Magson’, conduisant ainsi aux deux methyl-d, 6-0- 
methyl-2,3,4-tri-O-mtthyl-d,-a- et j&D-glucopyranosides. 

L’attribution des signaux du groupe methyle en position 3 a CtC faite d’une 
faGon analogue en permethylant par l’iodure de methyle deutCriC (LCD,) le 3-O- 
m&hyl-D-ghcoSe prepare par la methode classique6, conduisant ainsi aux deux 
methyl-d, 3-O-methyl-2,4,6-tri-O-mithyl-d,-a- et j?-o-glucopyranosides. 

En&t, le 2,3-dimethyl-D-glucose commercial, permethyl par l’iodure de 
methyle deuttriC @CD,) nous a permis d’identilier les pits des methyles en position 2. 
On obtient ainsi les deux methyl-a, 2,3-di-O-mCthyl4,6-di-O-methyl-d,-cr- et &D- 

glucopyranosides. 
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Darts tous les cas, les melanges d’anomeres obtenus ont CtC &pares par chroma- 
tographie preparative sur couche mince. L’attribution des signaux du groupe methyle 
en position 4 rkwlte des identifications prCcCdentes. Tous les groupes mCthyles ont 
done CtC identifies de facon non ambigu&. 

On peut alors dresser la hste des deplacements chimiques, comptes a partir 
du tetramethylsilane, des signaux des groupes methyles dans les spectres de r.m.n., 
real&s dans le melange benzene et chloroforme deutCriCs (6:l en volume), des 
methyl 2,3,4,6-tetra-O-methyl-a- et /?-D-ghtcopyranosides* (1) et (2) (Tableau I). 

TABLEAU I 

DiPLACEMENTS CHIMIQUES DANS LES SPECl3tE.S DE R.M.N. DES SIGNAUX DES GROUPES MtiHYLES DES 

h&rHYL 2,3,4,6-ti~x~-0-~Pr~~~-z- ETA-D-GLUCOPYRANOSIDES~ 

Anom&e Groupes mPthyIes en position 

I 2 3 4 6 

a 3,20 3,26 3,56 3,46 3,22 
B 3,34 3,50 3.56 3,42 3,21 

nValeuz-s ia) mesurkes en p.p.m. B partir du t&ram&hylsilane comme standard dans Ie melange 
benzlne-chloroforzne (&I). 

Ces resultats sont bien illustres par le spectre du produit d’epimerisation du 
methyl 2,3,4,6-tetra-O-methyl-a-D-glucoside (Fig. 3). 

Un controle a CtC effect& a partir des 1,4-di-0-acetyl-2,3,6-tri-&methyl-z- 
et j?-D-glucopyranoses obtenus par acetolyse d’une tri-O-mCthylcellulose preparee dans 
ce laboratoire. Apres permCthylation par le sulfate de methyle deuterie (CD,),S04, 
on obtient les deux methyl-d, 2,3,6-tri-O-methyl-4-O-methyl-&a et /I-D-gluco- 
pyranosides (3) et (4) qui ont CtC isoles. 

CD3 . 

Sur leurs spectres de r.m.n. (Fig. 4) les pits ont Ct.6 design& en fonction des 
numeros des carbones du cycle glucosidique. On voit sur ces figures que des spectres 
realis& B 60 MHz donnent (quoique moins bien resolus qu’a 100 mHz) des pits 
distincts pour les groupes methyles en position 2, 3 et 6 pour chaque anomere. 

*Pour I’anom&e a, Casu et collaborateurs~ ont don& une identification identique pour les pits 
des groupes methyles obtenus dans CDCls et le Me=SO, mais les pits des groupes mtthyles en O-l 
et 6 sont alors confondus. 
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La methode de dosage recherchCe rksulte immediatement des resultats pr&C- 
dents. Si I’on a un melange de methyl CL- ou fl-D-glucosides partiellement methyl& 
en position 2,3,4 et 6, lepourcentage de methylation surchaque position s’obtient ainsi : 

methylation totaIe par ICD, (voir partie expkrimentale); 
realisation du spectre de r.m.n. du melange anomerique obtenu dans le 

melange de benzene et de chloroforme preddemment defini (de preference Q 100 MHz) 
et integration des neuf pits methyles. 

L’intensitt des pits correspondant aux groupes methyles en position 1 donne 
le pourcentage des anomeres u et /3, l’intensid des autres pits par rapport & ces deux 
pits donne le pourcentage de methylation de chacune des positions 2,3,4, et 6 dans le 
melange initial. Seuls les pits du groupe methyle en position 3 sont confondus pour 
les deux anomeres (voir Fig. 3) et I’on ne pourra determiner que le pourcentage 

Fig. 3. Spectre de r.m.n. rkalis.6 Zt 100 MHz, du melange obtenu par epimdrisation du methyl 2,3,4.6- 
t&ra-O-m&hyl-a-o-glucopyranoside. 

relatif B l’ensemble des deux anomeres pour la position 3, sauf si I’on &pare les deux 
anomeres. Par contre si I’on isole chaque forme anombrique, on pourra obtenir le 
pourcentage de methylation sur chaque position pour chaque anomere. Certains 
pits des groupes methyles se trouvant dans la mdme zone que ceux des protons des 
cycles, une correction peut Qtre effect&e a I’aide des spectres des methyl 2,3,4,6- 
tetra-O-methyl-d++ et P-D-ghicopyranosides. 

Un exemple d’application est don& ci-dessous : le methyl 8-D-glucopyranoside 
a CtC partiellement methyl& par la mtthode de Purdie’ qui utilise I’iodure de methyle 
en presence d’oxyde d’argent dans le methanol a 45”. L.e melange obtenu (16 isomeres 
au maximum) est totalement mCthylC par ICD3 selon la methode de Kuhn et Trisch- 
mann3 dans la N,N-dimethylformamide en presence d’oxyde d’argent a temperature 
ambiante. On obtient ainsi du methyl 2,3,4,6-tetra-0-methyl-D-glucopyranoside 
partiellement deutC& Son spectre de r.m.n. reali& dans le solvant prkedemment 
dChni (Fig. 5) permet de doser, par l’intensite des pits methyles, le pourcentage de 
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substitution sur chaque position du produit initial. Le pit du groupe methyle en 
position I qui correspond B une position entierement substituee sert de &f&ewe. 

50 PPMf+) 6.0 
s I 

7.0 

aa c?p& H 

64 ra 
3a 

3a &L w.o=50 a 
w.w= 250 

Fig. 4. Spectres de r.m.n. rWisCs 5 60 MHz, dans le melange ben&ne-chIoroforme-d (6~1) des 
methyl-da 2,3,6-tri-O-m&hyI-4-O-mQthyI-&x et P-D-ghxopyranosides. 

Les resultats obtenus, 88% de methylation pour la position 2, 40% de methy- 
lation pour la position 3,28% de methylation pour la position 4 et 64% de methy- 
lation pour la position 6, sont conformes a la reactivite pour chaque position. 

L’analyse de l’intensite des pits se fait en tenant compte du spectre dun 
kchantillon oti les positions 2, 3, 4 et 6 sont substituks par OCD,, c’est-g-dire le 
methyl 2,3,4&i-t&a-O-m&hyl-d,-j?-D-glucopyranoside obtenu par epimerisation du 
methyl 2,3,4,6-tetra-0-methyl-d,-u-D-glucopyranoside dans le mCthano1 acide comme 
l’a fait Capong. 

Cette mCthode de dosage des groupes methyles peut constituer une technique 
tr& utile dans des etudes cinetiques de mdthylation ou de d&mbthylation du glucose 
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Fig. 5. Spectre de r.m.n. r&Ike & 100 MHz, dans le melange benz&ne-chloroforme-d(6:l) du methyl 
2,3,4,6-tetra-U-methyl-p-n-glucopyranoside partiellement deuttrie. 

et des glucosides. Elle permet Bgalement I’identikation immediate d’un isomere 
partiellement methyl6 des methyl cc- ou @@ucopyranosides ou de tester sa pure& 
Mais son utilisation principale est dans le domaine des polymeres contenant des 
unites glucosidiques partiellement methylees en simplifiant considerablement l’analyse 
des melanges complexes qui peuvent resulter de leur hydrolyse en conduisant, apres 

permethylation par ICD,, a un compose unique (ou deux, compte term des formes 
anomtriques). Cette methode de dosage par voie physique des groupes methyles 
est B J’abri de certaines critiques formulees 2 l’egard des methodes habituelles. 

PARTIE EXPIkIMENTALE 

AGthyZation totale. - Les experiences de methylation sont toutes conduites 
selon la methode de Kuhn et Trischmann 3_ Pour obtenir la mbthylation avec des 
groupements OCD, ; on utilise l’iodure de methyle deutCriC commercial (Centre 
d’l%udes Nucleaires de Saclay, Service des Isotopes Stables). 

Chromatographie pr&parative des m&thy2 2,3,4,6-t&a-O-m&hyl-a- et j?-D-gko- 
pyranosides (1 et 2). - Les couches de silice sont d&o&es sur des plaques de verre 
de format 20 cm x 20 cm, selon la technique d&rite par Stahl. Pour 5 plaques, on 
utilise 60 g de silice-G Merck et 120 ml d’eau distill&e; les plaques sont ensuite 
s&hees A l’etuve B 130-140” pendant plusieurs heures (activite Brockmann voisine 
de 11). 

Le melange (50 mg) obtenu par methylation du D-glucose commercial est 
d&6 par 2 ml de chloroforme. Cette solution est d&posCe sur la plaque & 2 cm 
environ du bord inf&ieur, en une bande continue, obtenue par un jet d’une pipette 
de verre pr&lablement dtirde. La plaque est ensuite &I& verticalement dans un bat 
rectanguIaire par 100 ml d’un melange de benzene contenant -4% de methanol. 
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Lorsque le front de l’eluant arrive B environ 3 cm du bord superieur de la plaque, 
celle-ci est retiree et sechee. La plaque est revC1Ce en y pulverisant une solution de 
3,5,7,2’,4’-pentahydroxyflavone a 1% dans le methanol. Elle est ensuite Cclairee 
dans une chambre noire par une lampe UV. On observe une fluorescence B l’emplace- 
ment des produits. On observe ainsi 4 zones (A, B, C, D, a partir du front) qui sont 
&&es separbment par 20 ml de chloroforme. On obtient ainsi un sirop (20ne.A; 
29 mg) qui par trituration dans le pentane conduit a un produit blanc cristallise 
(24 mg), le methyl 2,3,4,6-tetra-0-methyl-fi-o-glucopyranoside, p.f_ 40°, [a];’ - 16”, 
(c 0,8, methanol), puis un sirop ligerement ambre (Zone B; 6 mg), le methyl 2,3,4,6- 
t&a-O-methyl-a-D-glucoside, qui presente un [a]r + 142” (c, 0,73, methanol). On 
obtient pour les deux anomeres un rendement global de 65% pour l’ensemble des 
operations de permdthylation et separation. La zone C contenait uniquement de la 
N,N-dimethylformamide (c.g.1. et r.m.n.) et la zone D fortement coloree, toutes les 
impure& du produit brut. 

Anomkrisation da methyl 2,3,4,6-tPtra-O-me’thyl-d3-cx-D-glucoside. - Le methyl 
2,3,4,6-tetra-0-methyl-d3-a-o-glucopyranoside (85 mg) est dissous dans 10 ml de 
methanol a 70” et 1 g de r&sine Amberlite IR-120 (Ht), prealablement activee sous 
forme acide, est ajoute. La suspension est agitee pendant 20 h en maintenant la 
temperature a 70”. La resine est Climinee par filtration et lake plusieurs fois par du 
methanol B 70” que l’on joint au filtrat. Le methanol est evapore sous pression 
reduite, le spectre de r.m.n. du melange d’anomkisation montre que 30% environ de 
l’anomere 01 ont Cte convertis en /3. Ce melange est chromatographie sur couche 
mince de silice par la methode prectdemment d&rite : on obtient d’une part le 
methyl 2,3,4,6-tetra-U-methyl-d,-B-o-glucopyranoside (18 mg) et d’autre part l’ana- 
logue fx (44 mg). 

Ace’tolyse d’une tri-0-mPthylceIlulose et perm&hyIation (d3) des produits d’acb 
rolyse. - La tri-0-methylcellulose (610 mg) est introduite dans un melange de 12,5 ml 
d’acide acetique, 12,5 ml d’anhydride acetique et 3,5 ml d’acide sulfurique concentre 
(d 1,84). On agite pendant 140 h a temperature ambiante. Le melange reactionnel est 
dilue par 100 ml d’eau distill&e, neutralise par le carbonate de sodium, puis extrait par 
le benzene en continu pendant 72 h. L’evaporation du benzene conduit a un sirop 
brun (325 mg) que la r.m.n. permet d’identifier B un melange de 1,4-di-O-acetyl-2,3,6- 
tri-O-mCthyl-a- et fl-D-ghICOSeS_ Ce produit (215 mg) est dissous darts l’acetone (5 ml) 
et trait6 a 60” par I,35 g de sulfate de methyle deuterie [(CD,),SO,] et 3,3 ml dune 
solution aqueuse d’hydroxyde de sodium B 30% rajoutke par portions de l/10 
toutes les 10 min. La temperature est maintenue a 60” ainsi que l’agitation pendant 
4 h, puis le melange est garde une nuit B tempkature ambiante. L’acCtone est chassee 
du melange reactionnel et le sulfate de sodium qui precipite est redissout par un peu 
d’eau distillee. La solution aqueuse est extraite par le chloroforme (3 x 50 ml). Les 
extraits de chloroforme sont laves successivement par une solution de carbonate de 
sodium, une solution saturee de chlorure de sodium et seches sur sulfate de sodium. 
L’evaporation du chloroforme conduit a un sirop bnm (99 mg) que la r.m.n. permet 
d’identifier aux dew methyl-d, 2,3,6-tri-0-mCthyl-4-0-methyl-d,-a- et /3-o-gluco- 
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pyranosides. L.es deux anomkres ont CtC isolts par chromatographie prt5parative sur 
couche mince par la mCthode pr&ckdemment d&rite. 
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ABSTRACT 

Analytical data are presented for the gum polysaccharides isolated from the 

resinous exudates from five Araucaria species; for three of these, two specimens 
from different geographical locations have been studied. The data are compared 
with those available for the only Araucuria species examined previously. The results 
indicate that the analytical differences between species of this Gymnosperm genus are 
not so great as are known to occur in genera of the Angiospermae. 

INTRODUCTION 

Chemical studies and comparisons of plant gums have tended, in the past, 
to reflect an academic interest; their infrequent application in other sciences has 

indicated that such studies should preferably be conducted and reported on a broader 
basis. 

Chemical comparisons and &s&cations of plant gums have been made’* ’ 
on the basis of their oligosaccharide structural units, and general types of gum 
structure have been compared with the botanical classification of the parent plant at 
the level of Order and Family3. This paper presents au analytical comparison of 
some gum polysaccharides from the genus Araucaria in relation to its botanical 
divisions: certain correlations on such a basis have recently been proposed4 for 
Acacia gum exudates. 

The genus Araucuria (Family, Araucariaceae; Class, Coniferales; Sub-division, 
Gymnospermae) contains fourteen species ‘. The polysaccharide found in the resinous 
exudate from Araucaria biziwillii has received detailed attention6. ‘; the presence of 
a polysaccharide in this exudate was first noted by Birch’. The presence of a gum 
polysaccharide in the resin from A. angztszzfiIiag* lo and in a water-soluble fraction 
of A. araucana resin l1 have also been observed. The terpenoid material in Araucuria 

resins has received little attention. 
The taxonomy of the Araucaria genus is shown in Fig. 1; the genus is divided 

into three sections on the basis5 of the morphoIogical- characters of the species 
(Fig. 2). The exudates from five Araucaria species, representative of its Colymbea 
and Eutacta Sections, have been studied and camped in- terms of the accepted 
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botanical divisions of the genus. Previous studies 6* ’ have indicated a large variation 
in the composition of two different Australian samples of A. bidzuillii gum. A specimen 
of this gum from a different geographical source has therefore been examined. In 
addition, for each of the species A. araucana, A. cunninghamii, and A.- heterophylla, 
two specimens from different sources were also obtained for comparison, in an 
attempt to ascertain whether the extent of the variation reported6- ’ for A. bidwillii 
gum is a general feature of the genus Araucaria. 

EXPERIMENTAL 

The sources of the exudates studied are detailed below; the full botanical 
nomenclature involved has been discussed elsewhere’ ‘. 

A. araucana I: from a single tree, Camperdown Park, Dundee (collected April 
1968). A. araucana IT: from four trees, Royal Botanic Gardens, Edinburgh (collected 
November 1967). A. bidzuillii: from a single tree, Kew Gardens, London (collected 
November, 1967). A. columnaris: from a single tree, Lushoto Arboretum, Tanganyika 
(collected October, 1962). A. cunnitzghamii I: from a single tree, Kew Gardens, 
London (collected November, 1967). A. cunninghamii II: from a single tree, Longuza, 
Tanganyika (collected March, 1968). A. heterophylla I: from a single tree, Royal 
Botanic Gardens, Edinburgh (collected February, 1968). A. heterophylla IX from a 
single tree, Tanga, Tanganyika (collected March, 1968). 

Extraction and purification of polysaccharides. - Each of the exudates was 
extracted with cold ethanol (6 x 2-litre portions for A. araucana II and A. columnaris; 
6 x 800-ml portions for the other samples)_ The residual material was dried, extracted 
with cold water (to give a ca. 2% solution), filtered, dialysed for 48 h, and freeze- 
dried; in each case, a small proportion of water-insoluble material remained, and 
it was extracted with 1% aqueous sodium borohydride13 for 24 h. The borohydride 
extracts were dialysed and freeze-dried; generally, this fraction contained ca. 1% of 
the total material extracted. For A. araucana, however, the borohydride fraction 
contained ca. 5% of the total, extractable material; this fraction (denoted A. arau- 
cana HI) obtained from A. araucana sample II was studied in addition to the water- 
soluble polysaccharides. After isolation, several of the polysaccharides gave cloudy, 
aqueous solutions which could not be clarified by filtration or centrifugation, probably 
because trace amounts of resin remained from the ethanol extractions; such solutions 
were clarified by passage through “Millipore” filters (pore-size 1.2 pm). 

Moisture contents were assessed by drying samples to constant weight at 105”. 
Nitrogen determinations were carried out by a semi-micro Kjeldahl method. Viscosity 
measurements were made at 25.0” in suspended-level, Ubbelohde, dilution visco- 
meters with polysaccharide concentrations of 4-2% (sequential dilutions) in hi 
sodium chloride. Ultracentrifugation (Beckman “ Spinco” Model E ultracentrifuge) 
was carried out at 44,770 r.p.m. with 0.5% solutions in 0.5~ sodium chloride; 
photographs were taken every 16 min. 

Weight-average molecular weights (H,) were determined at 25” and 516 nm 
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A. 

B. 

C. 

COLYMBEA Endlicher. 
A. angustifolia (Bertoloni) 0. Kuntze Qyn. A. brasiliensis A. Richard; Parana Pine; Candelabra 
Tree). 
A. araucana (Molina) K. Koch (syn. A. imbricata Pavon; Chile Pine; Monkey Puzzle). 
A. 5idwiZZii Hooker (Bunya-bunya). . 
INTERMEDIA C.T. White. 
A. kiinkii Lauterbach. 
EUTACTA Endlicher. 
A. balansae Bronguiart and Grisebach (syn. A. elegans Hart.) 
A. beccarii Warburg [syn. A. cunningbamii Becarrii (non D. Don); A. cunninghamii var. 

papuana Laut.] 
A. benderi Buchbolz. 
A_ biramuiata Buchholz. 
A. coZumnaris (Forster) Hooker (syn. A. cookii R. Brown ex Lindley). 
A. cunninghpmii D. Don (Hoop Pine, Moreton Bay Pine). 
A. heterophyf!a (Salisbury) Franc0 (syn. A. e_t-celsa (Lambert) R. Brown: Norfolk Island 

Pine). 
A. hrrmboldfensis Buchholz. 
A. muelleri Brongniart and Grisebach. 
A. rrdei Ferdinand von Mueller (syn. A. niepratschki Baumann ex Pynaert; A. wan gaerfii 
Hort. ex Dallirnore). 

Fig. 2. Botanical division of the genus Araucaria Jussieus. 

lvith a “SOFICA” Photogoniodiffusometer. The average of three determinations 
was taken for soIutions (0.2, 0.15, and 0.1% in M sodium chloride) ciarified by 
passage through “Miliipore” filters of pore-sizes 0.45 and 0.22 pm. 

Molecular-sieve chromatography was carried out on a “Biogel P300” column 
(47 x 5 cm) precalibrated with dextran fractionsI of known an. Polysaccharides 
(15 mg in 1 ml of 2M sodium chloride) were applied caremly at the top of the column; 
elution was with M sodium chloride. Fractions (2.1 ml) were collected, and examined 
by the phenol-sulphuric acid method’ 5. The values reported for u,, correspond 
to the apex of the main peak. Several of the polysaccharides showed a second, 
smaller peak at or near the void volume of the column; this value is reported as 
“m, (second peak)“. Because of the method of calibration used, the values obtained 
for m, cannot be taken as absolute values. 

Uranic acid contents, assessed as “hexuronic anhydride”, were determined 
by acid decarboxylation and an infrared technique’ 6* I’_ 

Chromatography was carried out on Whatman Nos. 1 and ~MM papers, in 
the following soIvent systems: (CI) benzene-butyl alcohol-pyridine-water (1:5:3:3, 
upper layer); (6) ethyl acetate-pyridine-water (l&4:3); (c) acetic acid-ethyl acetate- 
formic acid-water (3: 18: 1:4); (d) butyl alcohol-cthanol-O.1~ phosphoric acid 
(1:10:5); (e) butyl aIcohol-ethanol-O.lM hydrochloric acid (1:10:5). Systems (d) and 
(e) were developed from a thin-layer technique’ ’ for the separation of uranic acids; 
Whatman No. 1 papers which had been pretreated with 0.3~ sodium dihydrogen 
phosphate and then air-dried were used, and good separations of gIucuronic acid 
from galacturonic acid were obtained. 

Chromatograms were developed by spraying with a saturated solution of 
aniline hydrogen oxalate (ethanol-water, 1: I), and then heating for ca. 5 min at 120°. 
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Thin-layer electrophoresis was carried out on “Millipore Phoroslides” in 
0.05b1 ammonium carbonate and 0.05~1 borate buffers. PoIysaccharide soIutions 
(OS-1.0% in buffer) were applied as a thin band 2 cm from the cathode-end of the 
strip. Electrophoresis was carried out for 10 min in a “Phoroslide” cell, in conjunction 
with a Shandon “VOKAM” power unit (model 2541), at a potential gradient of 
50 volts along the strip. The polysaccharide bands were located by a modification of 
the periodate-rosaniline hydrochloride technique’ ‘. 

HydroIyses were effected by heating the polysaccharide (150 &g) with N or 2~ 

suIphuric acid (40 rnI) for 7.5 h on a boiling water-bath. Th= solutions were cooled, 
neutralised (BaC03), deionised (Amberlite IR-120 resin, Hf form) and concentrated 
to syrups. The 2N acid hydrolysates were examined for uranic acids in solvents (c). 
(Q, and (e); the N acid hydrolysates were examined for neutral sugars in solvents (a), 
(6), and (c), and for aldobiouronic acids in solvent (c). All of the polysaccharides 
studied showed chromatographic evidence for galactose, arabinose, rhamnose, small 
proportions of xylose and 3-0-methylrhamnose, and the acidic disaccharides 6-0- 
@-D-glucopyranosyluronic acid)-D-gaiactose and 6-O-(4-0-methyl-B-D-glucopyrano- 
syluronic acid)-D-galactose. GIucuronic acid and its CO-methyl analogue were the 
only uranic acids found. 

Periodate oxidations of solutions of the polysaccharides (1.5% in 0.25~ sodium 
metaperiodate) were carried out in darkness at room temperature. The formic acid 
released was estimated by titrating aliquots at intervals with 0.01~ sodium hydroxide; 
the reduction of periodate was estimated after 96 h by back-titration with standard 
sodium arsenite”. 

The analytical data obtained are recorded in Table I. 

DISCUSSION 

There have been few studies of gymnosperm exudates, undoubtedly due to 
the relatively small number of taxa comprising the Gymnospermae. The exudates from 
Encephalartos IongifoIius2’, E. latefrons22, and Wehuitschia mirabilis22 (see Fig. 1) 
have shown a high degree of complexity, and alI contain 3-0-methylrhamnose as a 
component. The presence of this sugar in A. bidwiflii gum was not previously noted6* ‘. 
This study indicates that 3-0-methylrhamnose is a component of all gymnosperm 
gums examined to date; since this comparatively rare sugar has not been found in 
any of the gums from Angiosperms examined so far, it may be a useful taxonomic 
marker12. 

The gum exudates from different species of Angiospermae genera, e.g., 
Acacia4* 23, AIbizia24* 25, and Prunus 2* 26* ’ 7 frequently vary quite widely in terms of 
composition and moiecuIar properties. The Araucaria specied studied here are, in 
comparison, much more closely aiike in terms of their analytical parameters. It is 
particularly interesting that the specimens of A. heterophylla from Edinburgh and 
from Tanganyika should be so closely alike; the same holds for the specimens of 
A. crmninghamii from Kew and from Tanganyika.~The main exception to this concerns 
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the composition reported6, ’ for the two Australian specimens of A. bidwillii gum. 
Paleo-botanical studies indicate 28 that the Aruucaria genus is much older in origin 
than Angiosperm genera, and there is histological evidencezgT that it may be in an 
evolutionary decline. This may account for the small size of the genus, and it,may be 
expected that the surviving species are similar, the more extreme members having 
become extinct. 

The ‘low intrinsic viscosity of the polysaccharides in comparison to M, indi- 
cates that the molecules are likely to be globular, rather than rod-shaped”? The 
relatively high ratios of M, to a, indicate a broad range of molecular weight. This 
is supported by molecular-sieve chromatography, where broad elution peaks were 
obtained, and several of the samples studied showed small peaks at or near the void 
volume of the column (denoted “mn second peak” in Table r). Such samples showed 
siightly asymmetric boundaries on ultracentrifugation, and this second component 
of higher molecular-weight may be responsible for the higher m, values obtained. 
Although this evidence tends to indicate the presence of two polysaccharide compo- 
nents, this feature was not shown by the specimens from A. columnaris, A. cunning- 
hamii I, and A. heterophylla I (see Table I). Elution patterns involving 2 peaks have 
been given 31 by column chomatography of freeze-dried, purified Acacia gums on 
“Sepharose 4B”; these Acacia gums are considered to be homogeneous’4V 32, and 
it is significant that the component of apparently higher molecular-weight was not 
found3 ’ when the gums concerned were examined before freeze-drying. The possible 
occurrence of a form of molecular aggregation during the purification and freeze- 
drying processes cannot therefore be overlooked. It is of interest, however, that, 
for A. bidwiilii, A. cunninghamii II, and A. heterophyila II gums, the higher molecular- 
weight peak occurred within the molecular-sieving range of the column. 

The borohydride-solubilised material, A. araucana III, differs from A. araucana 

LI in several respects. The large difference in molecular weight observed is in agreement 
with the effect observed’ ’ previously for Acacia drepanolobium gum. The other 
main differences between A. araucana II and A. araucana III, involving the arabinose 
and protein contents, may have arisen from borohydride extraction of the bark 
and other debris present in the water-insoluble material. 

Calculations of the ratios of neutral sugars assumed that the uranic acid residues 
were attached solely to galactose, since &romatography of the N acid hydrolysates 
in solvent (c) showed components having the same mobility as reference specimens 
of the aldobiouronic acids 6-0-(8-D-glucopyranosyluronic acid)-D-galactose, and 
6-O-(4O-methyl-B-D-glucopyranosyluronic acid)-D-galactose; these acids have been 
characterised in A. bidwiliii gum6, and, as evidence for other aldobiouronic acids 
was not found, this assumption was presumed to be valid The possibility that 
xylose arises as an artefact of hydrolysis and subsequent neutralisation can be 
discounted; a mixture (in the proportions found) of galactose, arabinose, rhamnose, 
glucuronic acid, and 4-0-methylglucuronic acid was subjected to the conditions of 
hydrolysis used, and no xylose resulted. 

The extent and nature of the heterogeneity previously found6* ’ for A. bidwilfii 
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=~um would not be expected to. be revealed by the techniques used here. The thin- 
layer electrophoresis experiments indicate that A. araucana gum contains two acidic 
components;-all other gums-showed one component. This basic differentiation of 
A. araucana gum from -the others studied is difficult to explain, although the other 
species examined, with the exception of A. coZzmnaris, showed a slight tendency to 
“tailing”. This phenomenon, under the conditions used by us, has not been observed 
for Acacia or Prunu.s gums, and, although possibly an experimental artefact, the 
tailing could beg due to a second, incompletely resolved, minor component_ 

From a chemotaxonomic point of view, there are no apparent, large differences 
between the species in the Colymbea and Eufacta sections of the genus Araucaria, 
although the CuZymbea species show slightly higher specific rotations and protein 
content, and a smaller release of formic acid on periodate oxidation. Further studies 
directed to discovering-the nature of any fine structural differences involved are in 
progress. 
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PART XXI*. PERIODATE OXIDATION OF METHYL ~h11~0-4,6-0-BENZYLIDENE-DEOXY-a-D- 

GLYCOSIDES HAVING THE &O, i?lan&‘O, AND &CO CONFIGURATIONS 

C. B. BARLOW AND R. D. Gurrnur** 

School of Molecular Sciences, University of Sussex, Brighton BNl 90 J (Great Britain) 

(Received January 15th, 1969) 

ABSTRACT 

A study has been made of the periodate oxidation of methyl amino-4,6-0- 

benzylidene-deoxy-cr-D-gIycosides in the allo, ghco, and marzno series. The results 

are compared with those for the oxidation of the corresponding diols and with those 

for cuprammonium complexing. 

INTRODUCTION 

Interest in the chemistry of the amino sugars has been stimulated to a large 

degree by their widespread distribution as structural components of many naturaliy 

occurring substances. Although the periodate oxidation of carbohydrates and their 

derivatives is of great use in structure investigation’, little work has been done on 

amino sugars. In view of the anomalous results of Weiss et al.*, the application of 

periodate oxidation to the determination of the ring-size of amino-sugar derivatives 

is of doubtful value. Also, in contrast to that for vicinal dials, the mechanism of the 

periodate oxidation of vicinal amino-alcohols has received very little attention. 

McCasland and Smith3 found that the relative rates of oxidation of cis- and frans-2- 

aminocyclohexanol could not be readily distinguished, and that cis-2-aminocyclo- 

pentanol was oxidised approximately four times faster that the tram isomer. To 

account for the pH dependence of the rate, the assumption was made that only the 

free, amino group reacted with periodate, and that the protonated form did not. 

Kov5r and his co-workers4 carried out the first detailed study of the kinetics of the 

oxidation as a method for the determination of relative configuration of stereo- 

isomers of vicinal amino alcohols. A mechanism, analogous to that for diol oxidations, 

involving an intermediate complex was proposed. An intermediate complex was also 

proposed by Dahlgren and Hodsdon’ for the oxidation of 2-aminoethanol, by 

anaIogy with ethylene gIyco1. 

To obtain a fuller understanding of the periodate-amino alcohol reaction, 

the oxidation of the series of amino-sugar derivatives l-6 has been studied: the 

*Part Xx: C. B. Barlow, R. D. Guthrie, and A. M. Prior, Carbohyd. Res., 10 (1969) 481-485. 
**To whom enquiries should be addressed 
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oxidation of compounds 7 and 8, which complete the series, will be described elsewhere. 
The methyl 4,6-O-benzyhdenehexopyranoside system was chosen in order that there 
should be only one possible site of oxidation; all of the compounds have one vicinal 
amino-alcohol grouping present in a pyranoside ring of known conformation. The 
preparation of these compounds has been described6. The course of the reaction 
was followed by determining the reduction of periodate by means of the titrimetric 
method7, and the experimental technique and conditions described by Honeyman 
and Shaw ‘_ 

Ph 

R’ RZ 

1 H NH2 

2H OH 

3H NHZ 

4H OH 

5NHZ H 
6OY H 
7 NH* H 
8OH H 

R3 R4 

OH H 
NHZ H 

H OH 
H NHz 
H OH 
H NH2 
OH H 
NH2 H 

JSXF’ERIMENTAL 

Kineric srudies. - (a) Experimental conditions. Analytical grade sodium meta- 
periodate was used for the oxidations. Because aqueous periodate solutions decom- 
pose in the presence of light ‘, the solutions of the thermostat were darkened with 
nigrosine dye. 

Most of the kinetic measurements were carried out at 25 +0.02” or 0 t0.02”. 
but some runs were at intermediate temperatures. For the titrimetric determination 
of second-order rate constants, an approximate, threefold excess of periodate to 
sugar was used. The solutions were 3.5 x 10 -3hr for the sugar and 10x 10-3~t for 
periodate. For the isolation of end products, only a small excess of periodate was 
generally used. 

The kinetic experiments were carried out in aqueous buffer solutions of approxi- 
mately constant ionic strength. Buffer solutions were prepared from analytical or 
purified reagent-grade chemicals and twice-distilled water. The pH of the buffer 
solutions was measured with a Pye “ Dynacap” pH meter, standardised against 
potassium hydrogen phthalate (O.O5hr), pH 4.0 at 0 and 25”, and against potassium 
dihydrogen phosphate-disodium hydrogen phosphate (0.025~), pH 6.98 at 0” and 
pH 6.86 at 25”. For pH measurements at 0”, the electrodes were immersed in ice- 
water for 1 h, and all solutions were precooled to 0”. The buffer solutions were found 
to be stable over the period of time that they were used. The buffer soiutions used 
were: A sodium acetate-acetic acid, pH 4.06, 25” and 0”, ionic strength 0.036 g. 
ions.Iitre- 1 ; B potassium dihydrogen phosphate(0.065&1)-sodium hydroxide(O.O35bf), 
pH 6.87, 25”, ionic strength 0.05 g.ions.litre-l; C sodium arsenate-hydrochloric 
acid’ ’ (O.OShQ, pH 5.65, 0”; D potassium dihydrogen phosphate-disodium hydrogen 
phosphate, pH 6.03, 8.45”; and E p,/?‘-dimethylglutaric acid-sodium hydroxide”, 
pH 5.35, 8.45O. 
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(b) Analytical determinations. Measurements were made over the whole of 
the reaction period, and also for some time after its “completion”, in order to 
determine the rate of over-oxidation. The periodate analysis was carried out by the 
Miiller-Friedberger method’. 

Detection and isolation of products of oxidations. - To obtain the carbohydrate 
product of the reaction, a slight excess of oxidant was allowed to react with the 
glycosides in concentrated solution_ The product crystallized from the reaction 
solution and was removed by filtration. The ammonia liberated during the reaction 
was determined by distillation into standard acid, and back titration with alkali’ ‘. 

RESULTS AND DISCUSSION 

Comparison of infrared spectra and mixed m.p. with an authentic sample 
showed that the carbohydrate product from oxidation of compounds l-6 is identical 
with thatI from periodate oxidation of methyl 4,6-0-benzylidene-a-D-glucoside. 
Qualitative and quantitative analysis showed that one equivalent of ammonia was 
produced in the reaction; overoxidation was very slow. The stoichiometric equation 
for the amino-glucosides, -mannosides, and -allosides can be written: amino sugar 
+P- --, “dialdehyde” +IO,- +NH, (where P- represents the oxidising species in 
solution). 

If the reaction between periodate and the vicinal amino-alcohol group involves3 
the non-protonated form and a negative periodate ion13 (assumed here to be IO,-). 
the reaction may be represented’ by equation (1). 

d(P) 
- - = kJAS)(IO,-) = k2(AS)(P)./(l+l/K,) 

dt 
(0 

where (AS) and (IO,-) are the concentrations of non-protonated, amino sugar and 
104-, respectively, k, is the true, second-order rate constant, (P)= isthe totalperiodate 
concentration as determined by analysis, and the factor (1 + l/K,) is the correction 
term for the availability of IO,- in the pH range 3-7. From the equilibrium ASH+ 
eAS+H+, the concentration of the non-protonated, amino sugar is given by 
(AS) = K,(ASH+)/(H+), where (ASH+) will be essentially the total concentration 
of amino sugar in the pH range 4-5, since the pK, values are of the orderls 6-8. 
Substitution of this expression into equation (1) gives 

-d(P)/& = k, KA (ASH+)(P),/(H’)(I -I- l/K,,) (2) 

= k’,(P),(ASH+) _ . (3) 

Equation (3) is a second-order rate equation, with k; being the experimentally 
determined rate constant. With a small excess of periodate (roughly threefold), all 
of the reactions studied proved to be strictly first order in both amino sugar and in 
periodate. at the concentrations of reactants used. 
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Fig. I. Variation of the true, second-order rate constant with pH for methyl 3-amino-4,6-0-bewl- 
idene-3-deoxy-a-D-glycosides in acetate buffer at 0”. 

In a study of the periodate oxidation of 2-aminoethanol, DahIgren and Hods- 
don5 showed that a plot of the pseudo-first-order rate constant L’S the pH gave a good 
straight line of unit slope with the expected intercept; indicating that equation (2) 
is valid for that reaction. Dahlgren’ ’ later reported a small increase in the rate 
due to general base catalysis by the buffer. To test the vaidity of equation (2) for 
the amino sugars, it was necessary to determine rate constants at several values of pH. 
If the increase in rate of reaction with increase in pH is due soIeIy to the increased 
amount of non-protonated, amino sugar available, the true, second-order rate 
constant k2 should be independent of pH. Fig. 1 shows the variation of k2 with pH 
for both methyl 3-amine-4,6-0-benzylidene-3-deoxy-m-D-glucoside (4) and the U&J 
analogue (2) at 0”. Oxidation of the amino sugars below pH 3.8 was not studied, 
because of the slowness of the reaction and of the possibility of hydrolysis of the 
benzylidene grouping. An accurate study at any pH greater than 5.4 was not possible, 
because the reaction was too fast for the titrimetric technique used. Fig. 1 shows that 
the rate constants are not independent of pH, especially over the range 4.7-5.4. 
In the oxidation of many simple 1.2-diols, a cyclic periodate complex is formed 
rapidly and reversibly from the reactants and decomposes slowly to the products’6’ l’. 
With more-complex l,Zdiols, there is considerable evidence that the formation of 
the cyclic ester is the rate-limiting step. The variation of the rate with pH for the 
oxidation of pinacoI in the absence of general acids or bases can be expIained in 
terms of this second mechanism1 ‘. General acid-base catalysis has been observedIg 
in the oxidation of some highly substituted I,2-diols, and it is reasonable to suppose 
that the catalysed step is the formation of the ester. Senent and Diez” found that 
the second-order rate constant for the oxidation of ethylene glycol, propane-1,2-dial, 
and butane-2,3-diol for various pH values did not show the same pattern, but 
showed a trend towards two maxima for the rate constant with increase in methyl 
substitution. As a simple comparison between a dioI and its substituted compounds 

t 
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is apparently not possible, the difference shown between 2-aminoethanol and the 
amino sugars is therefore not too surprising. Also, the oxidation of carbohydrates” 
having structures related to those of compounds l-6 shows a different mechanism 
to that for ethylene glycol’ 3. The degree of substitution alone in the amino sugars 
does not appear to be the greatest influence on the variation of the rate constant with 
pH. This is shown by the oxidation of methyl 4,6-O-benzylidene-a-D-glucoside at 25”. 
The second-order rate constant over the pH range 3.8-7.0 showed only a small, 
gradual decrease with increase in pH (Table I); by analogy with butane-2,3-dio12’, 
a minimum might have been expected at about pH 5. The similarity between the 
variation with pH of the second-order rate constants for the amino sugars and 
several a-dicarbonyl compoundsZ2 is most striking. It can be inferred from this 
comparison that the deviation from equation (2) is not due to anomalous behaviour 
of the -NH3+ G= -NH, + Hf equilibrium, but is more likely due to oxidation by 
alf periodate species, with possibly each individual reaction being base-catalysed. 
From Fig. 1, it can be seen that the k, values for the two amino sugars do not alter 
greatly over the pH range 4.04.4, the two curves being parallel. For comparative 
purposes, therefore, it appeared reasonable to study the oxidation of all of the 
amino-glucosides, -mannosides, and -aIlosides at a pH within this range. A pH 
value of 4.06 was chosen, because suitable rates of oxidation were possible, and it 
also enabled a comparison to be made with other results’. The relative rates of 
oxidation at pH 4.06 are shown in Figs. 2 and 3, and the k; and k2 values are given 
in Table II. 

TABLE I 

VARIATION OF THE SECOND-ORDER RATE CONSTANTS FOR THE PERIODATE OXIDATIO@ OF METHYL 4,6-o- 
BENZYLIDENE-X-D-GLUCOSIDE WITH PH AT 25” 

pH . . . . . . . . . . . .3.80 4.06 4.34 4.72 5.01 5.15 5.34 5.73 6.02*6.16 6.67* 6.93* 
10s ks (I.moZe-’ XC-‘) . . . .3.14 2.88 2.51 2.23 2.20 2.09 2.06 2.18 2.12 2.14 2.02 2.05 

%I acetate buffer, except those marked* when phosphate buffer was the reaction medium. 

TABLE I1 

EXPERIMENTAL, k’z AND TRUE k2, SECOND-ORDER RATE CONSTANTS (I . XlOLE-’ . SEC-‘) FOR THE PERIODATE 

OXIDATION OF THE ISOMERIC, AhllNO SUGARS AT PH 4.06 

Methyl 4,6-O-benzyfidene- 

deoxy-a-D-glycoside 

25= 

103 k’2 kz 

0” 

IO= k’s kz 

2-Amino-alloside (1) 16.7 23.09 *1.21 1.91 10.5 &to.52 
3-Amino-alloside (2) 1.23 4.90 *0.3 0.098 1.87 kO.17 

2-Amino-glucoside (3) 15.8 20.86 f 1.04 1.08 6.38 &to.54 _ 
3-Amino-glucoside (4) 14.9 17.95 Al.03 1.15 6.33 f0.31 
2-Amino-mannoside (5) 97.5 35.6 hl.7 9.6 13.0 f1.05 
3-Amino-mannoside (6) 69.3 148.4 +7.l 5.18 47.4 f3.1 
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0.4 Y I 
0 100 200 

Time tminl 

Fig. 2. Oxidation of methyl amino4,6-O-benzylidene-deoxy-a-n glycosida at pH 4.06 a.ld J’ 

0.4 ! 
0 5 10 

lO* min 

Fig. 3. Oxidation of methyl amino4,6-0-benzylidene-daoxyaD-glycosides at pH 4.06 and 0”. 

Fig. 4 shows the Arrhenius plot for methyl 3-amine-4,6-O-benzylidene-3- 
deoxy-cc-r)-glucoside (4) and the allo analogue (2). The graph showed straight lines 
over the temperature range O-25”, and thus permitted the activation energy to be 
obtained for all of the amino sugars. by using the rate constants at 0” and 25”. The 
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free energy and entropy df activation were calculated by using data-obtained-at 29, 
and are listed in Table III. All of the amino sugars have-essentially the same ptia- 
meters of activati& This is indicative that the rate-determining-step of each individual 
reaction lies on a reaction path that is common to all compounds. The Iarge- rate 
constants for the reaction are bome~ out by the relatively low value for dH* of 
6-7 kcal.mole- I. The large, negative LLS’ for the reaction is not inconsistent with 
the view that the rate-determining step is -the formation of .a cyclic iqtermediate. of 
periodate and amino alcohol. The method-used for determining the presence of tie 
complex in the work on ethylene glycol’ 3 fails with the dmino-alcohol group, due 
to the very low concentration of complex which would be present at any given 
time’. The oxidation of methyl 4,6-O-eth_vlidene:a-D-glucoside and -ma&oside 
appears to proceed through an intermediate. cyclic complex, the formation of which 
is rate determining’ 6. 

I I 
34 35 36 

Fig. 4. Arrhenius plot of the true, second-order rate constants for the oxidation of methyl 3-amino- 
4,6-O-benzylidene-3-deoxy-a-~glycosides at pH 4.06. 

TABLE III 

THERMODYNAMIC VALUES OF ACTIVATION AT 25” FOR THE OXIDATION OF THE AMINO SUGARS 

Metlz-sl4.dO-benz_vIidene- E, AH’ 
deoxy-r-D-glycoside (kcul.mofe-l) (kcaI.mole-1) 

As+ 
(C.U.) 

AG+ 
(kcohofe-1) 

2-Amino-alloside (1) 5.09 *0.73 4.50 37.2 *I.6 15.6 
3-Amino-alloside (2) 6.24 &I.01 5.65 36.4 &2.4 16.5 
2-Amino-glucoside (3) 7.67 51.04 7.08 28.8 &2.2 15.7 
3-Amino-glucoside (4) 6.75 +I.06 6.16 32.2 61-7 15.8 
2-Amino-mannoside (5) 6.52 ho.81 5.93 31.6 A2.1 15.3 
3-Amino-mannoside (6) 7.39 *o-97 6.80 25.8 fl.8 15.‘5 

The effect of conformation on the rate of periodate oxidation. - For the purpose 
of studying. the effect of conformation -of cyclic amino-alcohols on the rate of 
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periodate oxidation, second-order rate constants in aqueous buffer solution at 
pH 4.06 were determined for the amino sugars l-6. 

The effect of replacing a hydroxyl group in a vicinal dial by an amino group 
is known’ 3 to increase the rate of oxidation with periodate, and this has been observed 
for the amino sugars to an extent of lo2 to lo4 (cf. ref. 8). 

Although the rates of oxidation of the amino-allosides, -mannosides, and 
glucosides do not range greatly, significant differences between them can be seen. 
A consideration of the experimental, second-order rate constants shows that the 
3-aminoalloside has a k: value at least ten times smaller than those of the next 
compounds, the two aminoglucosides and the 2-arninoalloside grouped together. 
The aminomannosides distinctly have the largest rate constants. Correcting for the 
ionisation constants to give true, second-order rate constants, k,, does not affect 
the general order of relative rates, except for an interchange of the mannosides. 
For periodate cleavage of the C-2-C-3 bond to occur in compounds l-6, it is most 
probable that, as in diol cleavage, an intermediate, cyclic complex will be formed, 
in which the C-O and the C-N bonds of the hydroxyl and amino groups are rotated 
towards some degree of coplanarity. The ease with which this complex is formed or 
broken down will thus depend on the conformation of the amino and hydroxyl 
groups. However, the exact nature of the complex intermediate in diol oxidations 
is not known, and for amino-alcohol oxidation there is as yet no evidence for an 
intermediate complex. It is often difficult to interpret the kinetic effects of structural 
changes for multistage reactions, and this is particularly so for periodate oxidation 
of diols, because the rate has a complicated dependence upon equilibrium and rate 
constants. Details of the reaction mechanism and the non-bonded interactions which 
may occur in an intermediate complex have to be considered before rigid conclusions 
about structural effects are made. Levesley ef al.‘” have stated that kinetic evidence 
of (glycol-oxidant) complex formation should not be taken as diagnostic of cyclic 
complex formation. 

Cyclisation to form a complex involving equatorial and axial substituents 
would be expected to take place more easily than that involving two equatorial 
groups. The rate constants for the amino sugars roughly bear out this hypothesis, 
and fit the general pattern of diol oxidations in which cis groups are oxidised faster 
than trans groups. Both aminomannosides (eq-ax) have larger k2 values than any 
other amino sugar. The relative rates for the 3-aminomannoside and 2-aminomanno- 
side are of the order of 4:1 at 25”; the reason for this is not known. The k, values for 
the aminoallosides (eq-ax) might be expected to be larger than those for the amino- 
glucosides (eq-eq); the value for the 3-aminoalloside is unexpectedly low. If a cyclic 
intermediate is formed during the reaction, the 1,3-diaxial interaction between the 
groups attached to C-l and C-3 should favour a larger degree of complexing for the 
allosides than for the other amino sugars, because complexing will tend to alleviate 
this interaction. However, even if this is the case, the rate of breakdown of the com- 
plexes of the allosides might be slower than for the other compounds. The results for 
the oxidation of cyclohexane-1,2-dials in alkaline solution25 showed that the faster 
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oxidation of the cis- than of the trans-diol is due, not to ease of intermediate-complex 

formation, but to the rapid breakdown of this complex. As well as structural factors, 
the basicity of the amino group may also have an effect upon the rate of reaction. 
The increased basicity of an ammo group may favour the formation of complex 
intermediates but at the expense of their rate of breakdown. 

Comparison with cuprammomiq complexing. - The results from the cupram- 

monium studies6 on compounds l-6 show that the mannosides have the greatest 
degree of complexing, with the glucosides and allosides complexing to approximately 
the same degree. This order is the same as that for periodate oxidation. Although 
the data for cuprammonium compIexing concern equilibrium, and the data for 
oxidation concern relative rates, the close parallel found between the two types of 
reaction is thus not unexpected, since the geometrical requirements are very similar 
for the formation of a five-membered ring complex. Reeves26 found similar relation- 
ships between the extent of cuprammouium complexing and rate of oxidations with 
lead tetra-acetate for several classes of compounds having a vicinal diol grouping. 
However, too close a parallel must be avoided, since the cleavage reactions are 
multistage, with the nature of the rate-determining step possibly depending on the 
structure of the compound and reaction conditions. 
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ABSTRACT 

Selective N-(trifIuoroacetyl)ation of 2-amino-2-deoxy-D-ghrcose, followed by 
O-acetyIation, gave the anomeric 1,3,4,6-tetra-O-acetyl-2-deoxy-2-(trifluoroacetam- 
ido)-cr(and /I)-D-glucopyranoses (3 and 4). Conversion of 3 and 4 into the bromide, 
followed by condensation with 6-benzamido-9-(chloromercuri)-9&purine, produced 
6-benzamido-9-[3,4,~-tri-O-acetyl-2-deoxy-2-(trifluoroacetamido)~-~glucop~nosyl]- 
9H-purine and the corresponding B-D anomer. Removal of substituent groups was 
achieved by means of methanolic ammonia, giving the anomeric, crystalline 9-(2- 
amino-2-deoxy-a(and fi)-D-gIucopyranosyl)adenines. Application of this procedure 
IO 2-amino-2-deoxy-D-galactose gave, as the tinal products, 9-(2-amino-2-deoxy-r- 
D-galactopyranosyl)adenine and the corresponding B-D anomer, characterized as 
their crystalline dihydrochlorides. 

INTRODUCTION 

In the synthesis of nucleosides of 2-amino-2-deoxy saccharides, considerable 
difficulty has been experienced in the selection of an N-protective group which can be 
conveniently introduced and easily removed. The synthesis of purine nucleosides 
of this type presents special problems, since purine nucleosides, in contrast to 
pyrimidine nucleosides, are unstable to acid I. Thus, the N-protective group employed 
must be removable under basic or neutral conditions. The N-acetyl protective group 
was employed by Baker and co-workers2 for the synthesis of 9-(2-amino-2-deoxy- 
/I-D-allopyranosyl)-6-(dimethylamino)-9&purine. The removal of the N-ace@ group 
was effected by refluxing with aqueous barium hydroxide, but this procedure failed 
when applied to riuckoside d-erivat%es When& the 3-hydroxyl group b-ore a &-zzrr~ 
relationship to the 2-amino group. Stevens andco-workers also employed the N-acetyl 
protective group for the synthesis of pyrimidine nucleosides, where the stability of 
these nucleosides to acids allowed the removal of this protective group. The N-(benzyl- 
oxycarbonyl) and K(methoxycarbony1) protective groups were also employed by 
Stevens and co-workers for synthesis of pyrimidine nucleosides. -The N-bis(phenoxy)- 
phosphiny14 and the N-(2,4-dinitrophenyl)5 v 6 groups have been successfully employed 
in the synthesis of purine nucleosides of 2-amino-2-deoxy sugars. In all cases, the 
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iV-(2&dinitrophenyl) group gave both anomeric nucleosides, since it shows no 
tendency to participate at C-l. The N-bis(phenoxy)phosphiny14 and IV-(2,Cdinitro- 
phenyl)’ groups have also been employed in the synthesis of pyrimidine nucleosides 
of 2-amino-2-deoxy saccharides. 

We report herein the use of the trifluoroacetyl group as an N-protecting group 
in the synthesis of both anomers of 9-(2-amino-2-deoxy-D-glucopyranosyl)adenine5 
(SC and 7c) and of 9-(2-amino-2-deoxy-D-galactopyranosyl)adenine (13~ and 14~). 
We have previousIy reported the use of this group in the synthesis of a pyrimidine 
nucleoside*. 

REWJL-IS AND DISCUSSION 

In the present work, direct introduction of the N-(trifluoroacetyl) group into 
the unsubstituted saccharide was accomplished by selective acylation of the amino 
group with S-ethyl trifluorothioacetate. This reagent has been employed for the 
introduction of the IV-(trifiuoroacetyl) group into amino acids, for peptide synthesisq. 
Previous methods for the introduction of the N-(trifluoroacetyl) group in the sugar 
seriesss’0 required prior selective acetylation of the hydroxyl groups. 

Treatment of a solution of 2-amino-2-deoxy-D-glucose in methanol with 
S-ethyyl trifhrorothioacetate produced 2-deoxy-2-(trifluoroacetamido)-D-glucose (2a). 
By repeated recrystallization, the P-D anomer (2b) was obtained. Similar treatment 
of a solution of 2-amino-2-deoxy-D-galactose in methanol produced 2-deoxy-2- 
(trifhroroacetamido)-D-galactose (9a). In this case, the CL-D anomer (9b) was isolated 
by repeated recrystallization. 

By acetylating 2a with pyridine-acetic anhydride, crystalline 1,3,4,6-tetra-O- 
acetyl-2-deoxy-2-(trifluoroacetamido)-a-D-g!ucopyranose (3) and the corresponding 
crystalline P-D anomer (4) were obtained in yields of 40 and 45%, respectively. The 
latter compound was identical with authentic 4 previously prepared in this laboratory* 
from 1,3,4,6-tetra- 0-acetyl-2-amino-&deoxy-fi-D-glucopyranose hydrochloride’ r. 
The CL-D anomer (3) was found to be more dextrorotatory than 4, indicating qualitative 
agreement with the Hudson rules of rotation”. Anomeric assignments for 2b, 9b, 
10, and 11 were thus made on the basis of optical rotation. Acetylation of 9a produced 
crystalline 1,3,4,6-tetra-O-acetyl-2-deoxy-2-(trifluoroacetamido)-a-D-galactopyranose 
(10) and the corresponding crystalline P-D anomer (11) in yields of 46 and 37%, 
respectively. Treatment of 3 with hydrogen bromide in acetic acid produced the 
crystalline 3,4,6-tri-O-acetyl-2-deoxy-2-(trifiuoroacetamido)~-~-glucopyranosyl brom- 
ide (5) previously reported 8.1o_ Compound 5 was also prepared from a mixture of 
3 and 4, thus avoiding the isolation of the individual anomeric acetates. Similarly, 
treatment of 10 or 11, or a mixture of the two, produced syrupy 3,4,6-tri-O-acetyl- 
2-deoxy-2-(trifluoroacetamido)-a-D-galactopyranosyl bromide (12). 

Condensation of 5 with 6-benzamido-9-(ch.loromercuri)-2H-purine by the 
general procedure of Davoll and Lowy13 produced an anomeric mixture of fully 
substituted nucleoside derivatives which was separable, by preparative t.l.c., into 
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crystalline 6-benzamido-9-[3,4,6-tri- O-acetyl-2-deoxy-2-(trihuoroacetamido)-a-D- 
glucopyranosyllpurine (6a) and the corresponding, amorphous B-D anomer (7a) 

in yields of 6.6 and 26%, respectively. Both 6a and 7a formed well defined, crystai- 
line picrates (6b and 7b) on de-N-benzoylation with pick acid in isopropyl alcohol- 
methanol. Complete removal of all of the substituent groups from 6-benzamido-9- 
[3,4,6-tri-O-acetyl-2-deoxy-2-(trifluoroacetamido)-a(and /I)-D-glucopyranosyljpurine 
(6a and 7a) was achieved by treatment with methanolic ammonia at room temperature 
for 7 days, to give crystalline 9-(2-amino-2-deoxy-a-D-glucopyranosyl)adenine (SC) 
and the crystalline /SD anomer (7c), in yields of 89 and 86%, respectively. Both 
products exhibited physical constants identifiable with those for the compounds 
previously prepared in this laborato$. For each anomeric pair (6a, 7a; 6b, 7b; and 
6c, 7c), the CL-D anomer was the more dextrorotatory. 

NH&I NHCOCF, NHCOCF, NHCOCF, 

NHCOCF3 
14 

(0) R=Ac, R’- COCF3 , R”= Br 

(b) R=Ac. R’* COCF,, R”= C6HsN30, 
(C) R =R’= IS”= H 

(d) R=H , R’= R”= H&Cl 
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Condensation of 3,4,6-tri-O-acetyl-2-deoxy-2-(trifluoroacetamido)-a-D-galacto- 
pyranosyl bromide (12) with 6-benzamido-9-(chloromercuri)purine, by the procedure 
used for the corresponding 2-amino-2-deoxy-D-glucosyl bromide (5), produced an 
anomeric mixture of nucleoside derivatives. Separation by preparative t.1.c. gave 
crystalline 6-benzamido-9-[3,4,6-tri-O-acetyl-2-deoxy-(2-t~uoroacetamido)-a-D- 
galactopyranosylladenine (13a) and the corresponding amorphous P-D anomer (14a) 
in yields of 9.3 and 300/u, respectively. Both products gave crystalline picrates (13b 
and 14b) on de-N-benzoylation with picric acid in isopropyl alcohol-methanol. 
Deacylation of 13a and 14a with methanolic ammonia yielded 9-(2-amino-2-deoxy- 
r-D-galactopyranosyl)adenine (13~) and the corresponding’ P-D anomer . (14~) in 
yields of 83 and 81%, respectively. Both 13c and 14~ were amorphous but formed 
crystalline dihydrochlorides (13d and 14d) on treatment with dilute hydrochloric 
acid in methanol. Since a qualitative agreement with Hudson’s rules of rotation 
was shown by the nucleoside derivatives of 2-amino-2-deoxy-D-glucose (6a-c and 
7a-c), it was assumed that the corresponding derivatives of 2-amino-2-deoxy-D- 
galactose would show similar agreement. The anomeric assignments of the preceding 
nucleoside derivatives of 2-amino-2-deoxy-D-galactose were thus made on the basis 
of optical rotation, 13a-d being the more dextrorotatory of the respective anomeric 
pairs. 

The N-trifluoroacetyl group has thus proved to be a suitable N-protective 
group in synthesis of purine nucleosides of 2-amino-2-deoxy-D-ghxcopyranose and 
2-amino-2-deoxy-D-galactopyranose. As the N-trifluoroacetyl group could be directly 
introduced, without the need for prior selective substitution of the hydroxyl groups, 
and as it could be removed simultaneously with the O-acetyl groups, only five steps 
were needed to synthesize the nucleoside from the free ammo saccharide. The overall 
yields of 9-(2-amino-2-deoxy-a-D-glucopyranosyl)adenine (SC) and the corresponding 
P-D anomer (7~) were 5.9 and 22%, respectively, based on the glycosyl bromide (5), 
or 3.5 and 13%, respectively, based on 2-amino-2-deoxy-D-glucose hydrochloride (1). 
The overall yields of 9-(2-amino-2-deoxy-a-D-galactopyranosyl)adenine (13~) and 
the corresponding /I-D anomer (14~) were 7.7 and 24%, respectively, based on the 
bromide (l2), or 4.5 and 14%, respectively, based on 2-amino-2-deoxy-D-galactose 
hydrochloride (8). The overall yields of 6c and 7c, obtained by previous procedures, 
were 4.0 and 5.2%, respectively’, and 9.3% for4 7c, based on the particular N-pro- 
tected 2-amino-2-deoxy-D-glucosyl bromides used. 

The fact that both anomers of the nucleoside derivatives of 2-amino-2-deoxy- 
D-glucose and 2-amino-2-deoxy-D-gaiactose were obtained indicates that the N-tri- 
Auoroacetyl group does not participate strongly at C-l. The use of such a strongly 
participating group as N-acetyl14’ l5 has been found to give only the P-D anomers 
of purine nucleoside derivatives of 2-amino-2-deoxy-D-glucose. The a$ ratio was 
26~100 for the N-(trifluoroacetyl)-protected, anomeric nucleoside derivatives of 
2-amino-2-deoxy-D-ghtcose (6a and 7a), and 31:lCKl for the corresponding derivatives 
of 2-amino-&deoxy-D-galactose (13a and 14a). These results indicate that the N-(tri- 
fluoroacetyl) group probably participates to a slight extent at C-l. Steric factors 
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might also account for the preponderance of the P-D anomer. However, use of the com- 
pIeteIy nonparticipating iV-(2,4_dinitrophenyl) group gave a much higher ct$ ratio. 
Thus, condensation of 3,4,6-tri-O-acetyl-2-deoxy-2-(2,4-dinitroanilino)-~-D-gluco- 
pyranosyl bromide with 6-acetamido-9-(chloromercuri)purine gave5 the anomeric 
nucleoside derivatives in the CL$ ratio of 6O:lOO. In view of this result, a much higher 
a$ ratio for 6a:7a and 13a:l4a would be expected were the N-(trifluoroacetyl) group 
completely nonparticipating at C-l. 

EXPERIMENTAL. 

General methods. - Melting points were determined with a Thomas-Hoover 
apparatus. Specific rotations were determined in a 2-dm polarimeter tube. Infrared 
spectra were recorded with a Perkin-Elmer Infracord spectrometer. Ultraviolet spectra 
were recorded with a Bausch and Lomb Spectronic 505 spectrometer. X-Ray powder 
diffraction data (interplanar spacing, A; Cu Kcr radiation; R 1.539 A; Ni filter; 
camera diameter 114.6 mm; photographic recording) are expressed as relative 
intensities, estimated visually: m, moderate; s, strong; v, very; w, weak. Parenthetical 
numbers indicate the order of the most intense lines; 1, most intense; multiple 
numbers indicate approximately equal intensities. T.1.c. was performed with Desaga 
equipment, by use of Silica Gel G (E. Merck, Darmstadt, Germany), activated at 1 IO”. 
Unless otherwise noted, indication was by sulfuric acid; amounts of developers are 
by volume. Microanalyses were performed by W. N. Rond. Unless otherwise indicated, 
evaporations were performed under diminished pressure (water aspirator). 

2-Deoxy-2-(trifluoroacetamido)-D-ghcose (2). - A suspension of 2-amino-Z- 
deoxy-D-glucose hydrochloride (1, 10 g) in anhydrous methanol (50 ml) was treated 
with an equivalent amount of sodium methoxide in methanol (1.06 g of sodium 
dissolved in 10 ml of methanol), and the mixture was swirled until only a small 
residue (sodium chloride) remained. S-Ethyl trifluorothioacetate (10 g) was added. 
the mixture was kept for 24 h at room temperature, and the solution was evaporated 
to a solid residue which was extracted with hot acetone (300 ml), the insoluble 
materia1 being discarded. After the acetone extract had been cooled to room temper- 
ature, ether (200 ml) was added, and the mixture was refrigerated overnight. The 
white, crystalline solid which formed was recrystallized from acetone-ether, giving 
9.3 g (73%) of 2-deoxy-2-(trifluoroacetamido)-D-glucose (2a): m-p. 193-195” (dec.), 
[rz]h’ + 12 t I (initial, extrapolated) + + 15 + 1” (final; c 2.5, water). 

Anal. Calc. for C,H,,F,NO,: C, 34.92; H, 4.40; N, 5.09. Found: C, 35.04; 
H, 4.70; N, 5.37. 

Four additional recrystallizations from acetone gave the /l-D anomer (2b): 
m-p. 196-197” (dec.), [a]F -28 f2 (initial, extrapolated) + + 15 + 1 o (final ; 
c 1.5, water); E. !$j; 2.9-3.1 (OH, NH), 5.85 (N-trifluoroacetyl carbonyl), 6.4 (NH), 
8.6 (CF), 7.35, 7.6, 7.8, 8.23, 8.45, 9.08, 9.28, 9.6, 9.82, 10.1, 11.1, 11.32, 11.44, and 
13.64pm; X-ray powder diffraction data: 10.72 m, 9.41 vw, 6.81 m, 5.32~s (2), 
5.00 m, 4.60 vs (3), 4.23 s, 3.95 vs (l), 3.75 w, 3.68 s, 3.49 vs, 3.19 m, 3.08 w, 2.93 w, 
2.84vs, 2&s, 2.50 m, 2.37m, 2.31 vs, 2.21 w, 2.08 s, 1.99 w, 1.93 w, 1_86vw, 
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1.77 w, and 1.66 w. The physical constants of this compound were unchanged by- 
further recrystallization. 

Anal. Calc. for CsHIBF,NO,: C, 34.92; H, 4.40; N, 5.09. Found: C, 34.55; 
H, 4.29; N, 5.13. 

%-~euxy-2-(trz~~~roacetamido)-o-galacto (9). - A suspension of 2-amino; 
2-deoxy-r+galactose hydrochloride (8, 5 g) in methanol (25 ml) was treated with 
sodium (0.53 g) In methanol (10 ml) and S-ethyl trifluorothioacetate (5 g) by the 
procedure described in the preceding experiment. The yield, after recrystallization 
from acetone-ether, was 4.8 g (76%) of 2-deoxy-2-(trifluoroacetamido)-D-galactose 
(9a): m.p. 184-186’ (dec.), [a]:’ -t 68 +2 (initiaI, extrapoIated) -+ + 59 f 1 Q (final; 
c 2.9, water). 

Anal. Calc. for CsH,,FsNO,: C, 34.92; H, 4.40; N, 5.09. Found: C, 34.88; 
H, 4.65; N, 4.88. 

Four additional recrystallizations from acetone gave the a-~ anomer (9b): 
m.p. 192-193” (dec.), [CL];’ + 108 +2 (initial extrapolated) + +60 f1.5” (final; 
c 2.0, water); A,,, KBr 3.0-3.1 (NH, OH), 5.9 (N-triffuoroacety1 carbonyl), 6.42 (NH), 
8.62 (CF), 7.42, 7.68, 7.9, 8.28, 8.35, 8.8, 9.03, 9.18, 9.44, 9.56, 9.7, 9.98, 10.28, 
10.6, 11.06, 11.42, 11.75, 12.43, and 13.7 pm; X-ray powder diffraction data: 11,26vw, 
9.88 vw, 8.85 vw, 6.63 m, 5.56 s, 5.10 s (2), 4.77 w, 4.50 s (I), 4.31 s (3), 3.96 s, 

3.70 s (Z), 3.50 m, 3.31 m, 3.16 m, 3.01 m, 2.84 m, 2.68 w, 2.49 w, 2.39vw, 2.30m, 
2.22 w, and 2.06 w. The physical constants of this compour:d were unchanged by 
further recrystallization. 

Anal. Calc. for CsH12F3N0,: C. 34.92; H, 4.40; N; 5.09. Found: C, 34.79 ; 
H, 4.69; N, 4.78. 

1,3,4,6-Tetra-0-acetyl-Edeoxy-2- (triptcoroacetamido)-a(mtd j?)-D -ghtcopyranose 
(3 and4).-2-Deoxy-2-(trifluoroacetamido~D-glucose (2a, 2.Og) was dissolved in apre- 
cooled (0’) mixture ofpyridine (16 ml) and acetic anhydride (9 ml); the solution was 
kept overnight at room temperature, and then poured into iced water (30 ml), and the 
mixture extracted with dichloromethane (80 ml). The extract was washed succes- 

sively with N hydrochloric acid (until the acid was no longer neutralized), 15% aqueous 

sodium hydrogen carbonate soIution, and water, and dried (sodium sulfate). Evapo- 
ration of the solvent yielded a clear syrup which, by t.1.c. with ether as the developer, 
showed two major components (RF 0.47 and 0.57). The crude product was crystallized 
and recrystallized from methanol-water, to give 1.0 g (31%) of I ,3,4,6-tetra-0- 
acetyl-2-deoxy-2-(trifluoroacetamido)-8_ose (4) as a white, crystalline 
solid: m-p., and m.m.p. with authentic materia18, 166-167.5”; [a];’ -12 +l” (c 3.4, 
chloroform); lit.’ m.p. 167”, [a];2 -13” (c 2.4, chloroform). The X-ray powder 
diffraction data were identical with those for this compound previously prepared in this 
Iaboratory’. The compound was homogeneous by t.l.c., with ether as the developer, 
and corresponded to the faster-moving component of the crude product (RF 0.57). 

The mother liquors from the two recrystallizations of 4 were evaporated to 
yield a clear, syrupy residue which, by t.1.c. with ether as the developer, showed a 
major component (RF 0.48) and a minor component (RF 0.56). These two components 
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were isolated by resolution on 24 chromatoplates (200 x 200 x 9.25 mm), with ether 
as the developer and indication by iodine vapor. The two zones were removed, and 
extracted with acetone. Each acetone extract was evaporated, and the residues were 
dissolved in dichloromethane. The resulting solutions were successively washed with 
15% aqueous potassium iodide and water, dried (scdium sulfate), and evaporated. 
The residue from the faster-moving zone (RF 0.56) was crystallized from methanol- 
water, to yield an additional 0.45 g (14%) of 4: m.p. and m.m_p. 166-167.5”; [tx]g 
- 11.5 +2” (c 1.5, chloroform). 

The material from the slower-moving zone (RF 0.48) was crystallized from 
ether-hexane to give 1.3 g (40%) of 1,3,4,6-tetra-U-acetyl-2-deoxy-2-(trifluoro- 
acetamido)-c+D-ghxcopyranose (3): m-p. 124.5-126”; [a]2 +70 + 1 o (c 4.7, chloro- 
form); e: 3.0 (NH), 5.7 (O-acetyl carbonyl), 5.83 (IV-trifluoroacetyl carbonyl), 
6.4o\iH), U-8.25 (ester), 8.55 (CF), 6.9, 7.0, 7.3, 8.9, 9.4, 9.76, 10.4, 10.62, 10.8, 
11.1-11.2, 11.5, 12.95, and 13.7pm; X-ray powder diffraction data: 16.37v-w, 
10.53 s, 9.46 vs (I), 8.21 s, 7.06 m, 6.08 m, 5.49 w, 5.19 s, 4.82 vs (3), 4.66 m, 4.44 w, 
4.29 vs (3), 4.03 w, 3.78 vs (2), 3.52 s, 3.45 s, 3.25 vw, 3.02 vw, 2.92 m, 2.79 w, 2.64 w, 
2.52 m, 2.34 w, 2.22 vw, 2.17 w, 2.07 w, and 1.90 vw. This compound was homoge- 
neous by t.l.c., with ether as the developer. 

AnaZ. Calc. for C, ,H,,F,NO, 0: C, 43.35; H, 4.55; N, 3.16. Found: C, 43.19; 
H, 4.52; N, 3.49. 

1,3,4,6-Tetra-O-acet~~i-2-deoxy-2-(trz~uoroacetamido)-a(and fi)-D-galactopyrano- 
se (10 and 11). - 2-Deoxy-2-(trifluoroacetamido)-D-galactose (9a, 2.0 g) was acetylated 
with pyridine (16 ml) and acetic anhydride (9 ml) by the procedure described 
in the preceding experiment. _JIhe crude, syrupy product showed two principal 
components (RF 0.43 and 0.56) by t.1.c. with ether as the deveIoper. Three 
recrystallizations from methanol-water gave 1,3,4,6-tetra-O-acetyl-2-deoxy-2- 
(trifhroroacetamido) - cl-D -gdactopyranose (IO) as a white, crystalline solid, 
yield 0.97 g (30%): m-p. 155-156.5”; [a]k3 -I- 84 + 1” (c 2.1, chloroform); Ai”j 3.05 
(NH), 5.7 (O-acetyl carbonyl), 5.85 (N-trifluoroacetyl carbonyl), 6.4 (NH), 8.1-8.3 
(ester), 8.68 (CF), 7.32, 9.15, 9.34, 9.6, 9.9, 10.7, 11.1, 11.64, 12.2, 13.1, and 13.8,~m; 
X-ray powder diffraction data: 7.54 vs (I), 6.33 s, 5.35 m, 5.45 s, 5.01 s, 4.63 m, 4.32 vs 
(2), 4.10 s, 3.96 s, 3.79 w, 3.66 w, 3.51 s (3), 3.41 vw, 3.34 VW, 3.05 m, 2.91 w, 2.84 m, 
2.77 vw,2.59 vw, 2.51 m, 2.45 vw, 2.31 w, 2.23 vw, 2.17 m, and2.11 w. Thiscompound 
was homogeneous by t.1.c. with ether as the developer, and corresponded to the 
slower-moving component of the crude product (RF 0.43). 

Anal. Calc. for C16H,,F3NO10: C, 43.35; H, 4.55; N, 3.16. Found: C, 43.29; 
H, 4.40; N, 2.95. 

The mother liquors from the three recrystallizations of 10 were evaporated to 
yield a syrupy residue which, on t.I.c. with ether as the developer, showed a major 
component (Rf 0.57) and a minor component (RF 0.41). These two components 
were isolated by resolution on 24 chromatoplates (200 x 200 x 1.25 mm) with ether 
as the developer, by the procedure described in the preceding experiment. Crystaiii- 
zation of the material obtained from the slower-moving zone (RF 0.41) from methanol- 
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water yielded an additional 0.52 g (16%) of 10: m-p. and m.m.p. 155-156.5”, [&’ 
+ 84 4 1 o (c 2.1, chloroform). 

The material obtained from the faster-moving zone (RF 0.57) was crystallized 
from ether-hexane to give 1.2 g (37%) of 1,3,4,6-tetra-O-acetyl-2-deoxy-2-(tri- 

fhtoroacetamido)-B-D-galactopyranose (11): m.p. 130-131”; [cr]ki + 11 f lo (c 3.1, 
chloroform); R,, KBr 3.06 (NH), 5.7 (O-acetyl carbonyl), 5.8 (N-trifluoroacetyl carbonyl), 
6.36 (NH), 8.1-8.3 (ester), 8.65 (CF), 7.33, 8.45, 9.18, 9.66, 10.46, 11.2. 11.7, 13.52, 
and 13.9 pm; X-ray powder diffraction data: 13.05 m, 7.90 vs (I), 6.25 s, 5.71 s, 

5.40 IV, 5.17 s (3), 4.80 s, 4.54 m, 4.10 vs (2), 3.83 m, 3.70 m, 3.60 m, 3.43 m, 3.28 s, 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
2.08 m. This compound was homogeneous by t.1.c. with ether as the developer. 

Anal. Calc. for C16HZOF3N0, ,,: C. 43.35; H, 4.55; N, 3.16. Found: C, 43.52; 
H, 4.58: N, 3.57. 

3,4,6-Tri-O-acetyZ-I-deo~y-2-(triJuoroaceta?nido)-x-o-gZucopyra/?osyl bront- 
io!e8*10 (5). - Method (A). 1,3,4,6-Tetra-O-acetyl-2-deoxy-2-(trifluoroacetamido)-o 
D-ghICOpyranOSe (3, 2.0 g) was moistened with chloroform (1.0 ml), and acetic 
acid (20 m1) almost saturated at 0” with hydrogen bromide was added. The mixture 
was kept for 2 h at room temperature in a glass-stoppered flask, and was then dissolved 
in dichloromethane (30 ml). The solution was successively washed with cold, 20% 
aqueous sodium acetate solution and water, and dried (magnesium sulfate). Evapo- 
ration of the solvent gave a syrupy residue which was crystallized from ether-hexane, 
yield2.0 g(96%), m.p. 96-97”, [a]? + 125 3_ 1” (~2.7, chloroform); 1it.l’ m.p. 95-97”; 
fit.* m.p. 96”, [aIf) + 126” (c 2.92, chloroform). 

Me?hod (Z3). 2-Deoxy-2-(trifluoroacetamido)-D-glucose (2a, 0.8 g) was acetyl- 
ated with a mixture of pyridine (6.5 ml) and acetic anhydride (3.5 ml) by the procedure 
described for the preparation of 3 and 4. The crude, syrupy product was crystallized 
from ether-hexane, giving a white, crystalline material; yield 1.1 g (85%); m-p. 
116I21*. TLC. of the product with ether as the developer showed two components 
(& 0.45 and 0.56) which, presumably, were 1,3,4,6-tetra-U-acetyl-2-deoxy-2- 
(trifluoroacetamido)-U-D-glucopyranose (3) and its P-D anomer (4), the anomers 
having co-crystallized. 

The material was treated with acetic acid (1 .l ml) almost saturated at 0” 
with hydrogen bromide, according to the procedure used in the preceding experiment. 
Crystallization of the crude product from ether-hexane gave 5; yield 1.08 g (94%): 
m.p. and m.m.p. 96-97”; [a]$ + 127 +2” (c 1.4, chloroform). 

3,4,6-Tri-0-acetyl-2-deoxy- 2-(tr@loroacetantido)-o-gaiactopyranosyl bromide 
(12). - Method (A). 1,3,4,6-Tetra-U-acetyl-2-deoxy-2-(trifluoroacetamido)-a-D- 
galactopyranose (10, 1.0 g) was treated with acetic acid almost saturated at 0” with 
hydrogen bromide, according to the procedure used in the preceding experiment 
for the preparation of 5. A clear, syrupy product was obtained which formed a solid 
foam on removal of the last traces of solvent under diminished pressure in a vacuum 
desiccator, yield 1.02 g (97%): m.p. 60-62”; [a]k2 +146 f 1” (c 1.5, chloroform); 
AzG 3.05 (NH), 5.7-5.8 (U-acetyl and N-trifluoroacetyl carbonyl), 6.45 (NH), 

Cmbohyd. Res., 11 (1969) 63-76 



TRIFLUOROACETYL AS ANN-PROTECTIVE GROUP . 71 

8.1-8.3(ester),8.65(CF),7.3,9.2, 10.55, 11.1, 11.8, 12.9,and 13.7~m.Thiscompound 
was homogeneous by t.1.c. with 2: 1 ether-petroleum ether as the developer. Attempts 
to crystallize the product were unsuccessful. 

Anal. Calc. for C,,H,,BrF,NO,: C, 36.22; H, 3.69; N, 3.02. Found: C, 36.22; 
H, 3.90; N, 2.97. 

Method (B). 1 ,3,4,6-Tetra-U-acetyl-2-deoxy-2-(t~flucroacetamido)-~-D-galacto- 
pyranose (11, 0.50 g) was treated with acetic acid (0.50 ml) almost saturated at 0” 
with hydrogen bromide, according to the procedure used in the preceding experiment; 
yield 0.49 g (94%) of 12: m-p. 60-63”; [c&* + 144 +2” (c 1.1, chloroform). 

Method (C). 2-Deoxy-2-(trifluoroacetamido)-D-galactose (9a, 0.60 g) was 
acetylated with a mixture of pyridine (4.5 ml) and acetic anhydride (3.0 ml) by the 
procedure described for the preparation of 2 and 3. The crude, syrupy product was 
dissolved in methanol (20 ml), water (30 ml) was added, and the solution was con- 
centrated to half volume. After refrigeration overnight, a white, crystalline material 
formed; yield 0.58 g (60%): m.p. 126-130”. Further concentration of the mother 
liquor to about 15 ml, followed by refrigeration overnight, produced a second crop 
of crystalline material; yield 0.20 g (21%). m.p. 121-126”. Treatment of the combined 
material (0.78 g) with acetic acid (0.8 ml) almost saturated at 0” with hydrogen 
bromide, according to the procedure used in the preceding experiment, produced 
amorphous 12, yield 0.76 g (93%), m-p. 59-62”, [cz]~: + 143 22” (c 1.0, chloroform). 

6-Benzamido-9-[3,4,6-tri-0-acetyl-2-deoxy- 2- (trzjluoroacetamido) -or(arzdp)- r+ 

glucopyranosy&9H-purine (6a and 7a). - A mixture of 6-benzamido-9-(chloro- 
mercuri)-9I!I-purine’ 3 (8.0 g), cadmium carbonate (2.0 g), and Celite (2.5 g) in 
toluene (75 ml) was azeotropically dried by distillation of approximately one third 
of the solvent. To the hot suspension was added, with stirring, 3,4,6-tri-0-acetyl-2- 
deoxy-2-(trifluoroacetamido)-a-D-glucopyranosyl bromide (5, 2.6 g), and the mixture 
was refluxed for 8 h with stirring, and then kept overnight at room temperature. 
The mixture was poured into coId (0”) petroleum ether (b-p. 30-60”, 100 ml), and the 
precipitate that formed was collected by filtration, and extracted with chloroform 
(300 ml, total). The extract was successively washed with 30% aqueous potassium 
iodide solution and water, and dried (sodium sulfate). The solution was evaporated 
to a pale-amber glass (1.65 g) which, on t.1.c. with 5:2 chloroform-acetone as devel- 
oper, showed a major component (RF 0.35) and two minor components (RF 0.6 and 
0.8). The crude product was resolved by preparative t.1.c. on 24 chromatoplates 
(200 x 200 x 1.25 mm), with 512 chloroform-acetone as the developer and indication 
by U.V. light. The two slower-moving zones (RF 0.35 and 0.6) were excised, and 
extracted with acetone. Evaporation of the extract from the faster-moving zone 
(RF 0.6) gave a clear glass (0.25 g), which was crystallized from chloroform-isopropyl 
ether to give a gelatinous mixture that yielded 6-benzamido-9-[3,4,6-tri-O-acetyl-2- 
deoxy-2-(trifluoroacetamido)-cr-D-glucopyranosyl]-9W-purine (6a) as a white, crystal- 
line solid, yieId 0.23 g (6.6%): m.p. 169-172”, [a];’ + 105 +2.5” (c 0.7, chloroform); 
AKBr 3.1 (NH), 5.75 (0-acetyl, and N-trifluoroacetyl carbonyl)t 6.2, 6.35, 6.65, 6.9 Inax 
(aryl C=C, purine, NH), 8-l-8.3 (ester), 8.6 (CF), 14.1 (substituted benzene), 7.36, 
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7.55, 9.15, 9.6, 10.3, 11.2, 12.52, and 13.6pm; AEfz.f 211 (~21,000), 234 (E 13,550), 

and 282 m-n (s 19,500); X-ray powder diffraction data: 13.81 s (l), 11.95 m, 10.43 s (3), 

9.69 vw, 8.61 s, 7.45 m, 7.01 vw, 6.50 m, 6.05 m, 5.68 m, 5.28 w, 5.01 w, 4.82 m, 
4.60 m, 4.23 w, 3.84 w, 3.60 s (2), 3.32 m, 3.05 w, 2.81 vw, and 2.64 vw. This com- 
pound was homogeneous by t.1.c. with 3:l chloroform-acetone as the developer. 

Anal. Calc. for C,,H,,F,N,O,: C, 50.16; H, 4.05; N, 13.50. Found C, 50.19; 
H, 4.14; N, 13.70. 

Evaporation of the extract from the slower-moving zone (RF 0.35) gave a 
clear glass (1.04 g). Attempted crystallization from chloroform-isopropyl ether gave 
6-benzamido-9-[3,4,6-tri-O-acetyl-2-deoxy-2-(trifluoroacetamido)-~-D-~ucopyranosyl]- 
9U-puke (7a) as a white, amorphous solid, yield 0.90 g (26%): m-p. 148-153” 
(softening above 133”); [c& -50 2 1” (c 2.6, chloroform); ,I?,’ 3.05 (NH), 5.7 
(0-acetyl and N-trifhroroacetyl carbonyl) 6.2, 6.32, 6.65, 6.75, 6.9 (aryl C=C, 
purine, NH), 8.1-8.3 (ester), 8.6 (CF), 14.1 (substituted benzene), 7.32, 8.7, 9.3, 
10.8, 11.2, 12.2, 12.5, and 13.2pm; 222” 210 (&21,200), 234 (a 12,500), and 280 nm 
(E 19,700). This compound was homogeneous by t.1.c. with 2:l chloroform-acetone 
as the developer. 

Anal. Calc. for CZ6Ht5F3N609: C, 50.16; H, 4.05; N, 13.50. Found: C, 50.23; 
H, 4.03; N, 13.80. 

9-[3,4,6-Tri-O-acety!-2-deo_~yy-2-(tri~~~oroacetamido)-r-D-glucopyrarzos_vl]ndenine 
picrate (6b). - To a solution of 6-benzamido-9-[3,4,6-tri-0-acetyl-2-deoxy-2- 
(trifhtoroacetamido)-cr-D-ghtcopyranosyl]-9IY-purine (6a, 60 mg) in isopropyl alcohol 
(10 ml) was added a solution of picric acid (25 mg) in methanol (5 ml). The solution. 
was concentrated to about one third its volume by boiling (20 min), allowed to 
cool slowly to room temperature, and then refrigerated overnight. The yellow, 
crystalline solid which separated was filtered off, and washed with cold hexane; 
yield 60 mg (83%) m-p. 210-213” (dec.). Further recrystallizations from isopropyl 
akohol-methanol-petroleum ether (b-p. 60-l loo) afforded pure material: m.p. 
216-217” (dec.), [a]L2 +83 f2” (c 0.6, acetone), $$i 3.1-3.3 (NH, NH:), 5.75 
(0-acetyl and N-trifhtoroacetyl carbonyl), 5.92, 6.2, 6.4, 6.75, 7.05 (aryl C=C, 
purine, NH, NH’), 6.5, 7.6 (NO,), 8.1-8.25 (ester), 8.6 (CF), 14.0-14.3 (substituted 
benzene), 7.35, 9.6, 10.96, 12.66, and 13.4pm; X-ray powder diffraction data: 
11.63 s, 10.34 w, 8.23 vs (l), 6.94 m, 6.28 m, 5.79 w, 5.45 m, 5.25 m, 4.81 m, 4.49 m, 
4.32 m, 3.99 s (2), 3.81 w, 3.64 w, 3.47 m, 3.35 s (3), 3.20 vw, and 3.02 m. 

Anal. Calc. for C,,H,,F,N,O, 5: C, 40.17; H, 3.24; N, 16.86. Found: C, 40.39; 

H, 3.52; N, 16.68. 
9-[3,4,6-Tri-O-acetyZ-2-deox2-(trl~~oroacetanl]adenine 

picrate (7b). - A solution of 6-benzamido-9-[3,4,6-tri-O-acetyl-2-deoxy-2-(t~fluoro- 
acetamido)-/3-D-glucopyranosyll-9U-purine (7a, 0.20 g) in isopropyl alcohol (15 ml) 
was treated with picric acid (0.08 g) in methanol (8 ml) by the procedure described in 
the preceding experiment, yield 0.22 g (92%); m.p. 207-210” (dec.). Recrystallization 
from isopropyl alcohol afforded pure material, m.p. 212-214” (dec.), [a]:’ - 39 k 1 o 
(c 1.9, acetone); ;2,, xar 3.0-3.25 (NH, NH:) 5.72 (0-acetyl and N-trifluoroacetyl 
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carbonyl), 5.92, 6.2, 6.35, 6.68, 7.04 (aryl C=C, purine, NH, NH+), 6.5, 7.6 (NO,), 
8.1-8.3 (ester), 8.6 (CE), 14.1 (substituted benzene), 7.35,9.25,9.6, 11.0,12.25, 12.65, 
and 13.45 pm; X-ray powder diffraction data: 12.63 s (l), 10.28 m, 9.07 m, 7.05 m, 
6.44 m, 6.01 VW, 5.47 s (3), 5.00 s, 4.50 s, 4.22 s (2) 4.01 w, 3.83 w, 3.69 VW, 3.52 s, 
3.36 m, 3.25 w, 3.16 w, and 3.10 VW. 

Anal. Calc. for C&H,,FsN,O, s: C, 40.17; H, 3.24; N, 16.86. Found: C, 40.13; 
H, 3.16; N, 16.79. 

9-(2-Amino-2-deoxy-a-D-ghcopyranosyl)adenine (SC). - 6-Benzamido-9-[3,4,6- 
tri-O-acetyl-2-deoxy-2-(trifluoroacetamido)_urine (6a, 0.20 g) 
was dissolved in 40 ml of methanol almost saturated at 0” with ammonia. The 
solution was kept for 7 days at room temperature, after which it was concentrated 
to 5 ml and an excess of ether (50 ml) was added. The resultant, white, flocculent 
precipitate was filtered off, washed with ether, and recrystallized from methanol- 
ethanol; yield 0.085 g (89%): m.p. and m.m.p. with authentic material’ 242-244” 
(dec.), [alif’ +84 f2” (c 1.5, water); lit.’ m.p. 242-244” (dec.), [a];’ +83 56” 
(c 0.2, water). 

9-(Z-Amino-2-deoxy-j&D-glucopyranosyi)adeni~ze (7~). - 6-Benzamido-9-[3,4,6- 
tri-O-acetyl-2-deoxy-2-(~fluoroacetamido)-lJ-D-glucopyranosyl]-9W-purine (7a, 0.50 g) 
was deacylated with methanol (80 ml) almost saturated at 0” with ammonia, as 
described in the preceding experiment. The yield, after recrystallization from ethanol, 
was 0.205 g (86%): m-p. and m.m.p. with authentic material’ 185-188” (dec.), 

kG2 - 17 + 1” (c 2.3, water); lit.5 m.p. 186-188” (dec.), [a]k3 - 17 L-2” (c O-2, water). 

6-Ben=amido-9-[3,4,6-tri-O-acetyl-2-~ieoxy-Z-(~ripuoroacetan~ido)-a(and /?)-D- 

galactopyranosy&9H-purine (13a and 14a). - 3,4,6-Tri-0-acetyl-2-deoxy-2-(tri- 
fluoroacetamido)-D-galactosyl bromide (12, 2.0 g) was condensed with 6-benzamido- 
9-(cMoromercuri)-9IY-purine (6.0 g) in rel%.ucing toluene (50 ml) in the presence of 
cadmium carbonate (2.0 g) and Celite (2.0 g) by the procedure described for the 
preparation of 6a and 7a. A pale-amber glass (1.6 g) was obtained which, by t.1.c. 
with 5:2 chloroform-acetone as the developer, showed a major component (RF 0.33) 
and two minor components (RF 0.6 and 0.8). The crude product was resolved on 
24 chromatoplates (200 x 200 x 1.25 mm), with 5:2 chloroform-acetone as the 
developer and indication by U.V. light. The two slower-moving zones (RF 0.33 and 
0.6) were removed, and extracted with acetone. Evaporation of the extract from the 
faster-moving zone gave a clear glass (0.31 g) which was crystallized from chloroform- 
isopropyl ether to give a gelatinous mixture that yielded 6-benzamido-9-[3,4,6-t& 
O-acetyl-2-deoxy-2-(t~uoroacetamido)-a-D-gatactopy~nosylJ-9~-purine (13a) as a 
white, crystalline solid upon suction filtration; yield 0.25 g (93%), m.p. 140-144’ 
(softening above 130”), [c&’ + 120 +3” (c 1 .O, chloroform); &y: 3.1 (NH), 5.75 
(0-acetyl and IV-trifluoroacetyl carbonyl), 6.2, 6.35, 6.65, 6.76, 6.9 (aryl C=C, 
pm-me, NH), 8.1-8.3 (ester), 8.65 (CF), 14.1 (substituted benzene), 7.32, 7.55, 9.2, 
10.55, 11.1, 11.7, and 12.52pm; rl,,, EtoH 210 (s 22,300), 234 (s 13,300), and 282 run 
(E 19,500); X-ray powder diffraction data: 13.50 w, 9.98 s (1), 5.17 m, 4.42 m, 3.87 s(2), 
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. 3.55 w, and 3.33 s (3). This compound was homogeneous by t.1.c. with 3:l chloroform- 
acetone as the developer. 

Anal. Calc. for CZ6H,,F,N,0,: C, 50.16; H, 4.05; N, 13.50. Found: C, 50.21; 
H, 4.42; N, 13.42. 

Evaporation of the extract from the slower-moving zone (RF 0.33) gave a 

clear glass (0.94 g). Attempted crystallization from chloroform-isopropyl ether 
yielded 6-benzamido-9-[3,4,6tri-O-acetyl-2-deoxy-2-(trifluoroacetamido)- 
pyranosyll-9H-purine (14a) as an amorphous, white solid, yield 0.80 g (30%); 
m-p. 150-155” (softening above 135”), [a];' -34 + 1” (c 2.7, chloroform); Jz 3,05, 
5.7 (0-acetyl and N-trifluoroacetyl carbonyl), 6.2, 6.32, 6.65, 6.75, 6.9 (aryl C=C, 
puke, NH), 8-l-8.3 (ester), 8.65 (CF), 14.1 (substituted benzene), 9.2, 10.5, 10.85, 
12.55, and 13.2pm; AEAyF 211 (~20,900), 234 (.s 12,600), and 280 nm (c 19,900). 
This compound was homogeneous by t.1.c. with 2:l chloroform-acetone as the 
developer. 

Anal. Calc. for CZ6H,,F,N,0,: C, 50.16; H, 4.05; N, 13.50. Found: C, 50.21; 
H, 4.36; N, 13.56. 

9-[3,4,6-Tri-O-acetyI-2-deoxy-2-(triprtoe 

picrate (13b). - A solution of 6-benzamido-9-[3,4,6-tri-O-acetyl-2-deoxy-2-(t~fluoro- 
acetamido)-a-D-galactopyranosyi]~9IY-purine (13a, 50 mg) in isopropyl alcohoi 
(8 ml) was treated with picric acid (20 mg) in methanol (4 ml) as described for the 
preparation of 6b. The yield of crude product was 50 mg (83%); m-p. 177-182”. 
Further recrystallizations from isopropyl alcohol-methanoi-petroleum ether (b-p. 
60-llO”) afforded pure material; m-p. l81-185”, [a]E2 + 108 +4” (c 0.3, acetone); 
,IKB’ 3-l-3.3 (NH, NH;), 5.76 (0-acetyl and N-trifluoroacetyl carbonyl), 5.92, 6.2, 

Illax 

6.4,6.7,7.05 (aryl C=C, purine, NH, NH:), 6.5,7_6 (NO,), 8.1-8.3 (ester), 8.65 (CF), 
14.1-14.2 (substituted benzene), 7.36, 9.5, 11.0, 12.7, and 13.5 pm; X-ray powder 
diffraction data: 10.72 w, 9.51 s (2), 7.53 w, 6.73 w, 5.28 w, 4.63 m, 4.34 m, 3.93 s (1), 
and 3.50 s (3). 

Anal. Calc. for C,,H,,F,N,O, 5: C, 40.17; H, 3.24; N, 16.86. Found: C, 40.01; 
H, 3.35; N, 16.64. 

9-[3,4,6-Tri-O-acetyl-2-deoxy-2-(trz~uoroacetamido)-~-~gaIactopyranosy~~enine 

picrate (14b). - A solution of6-benzamido-9-[3.4,6-tri-O-acetyl-2-deoxy-2-(trifluoro- 
acctamido)-/I&D-gaiactopyranosyl]-9N-puri (14b, 0.18 g) in isopropyl alcohol 
(12 ml) was treated with picric acid (0.075 g) in methanol (7 ml) as described for 
the preparation of 6b. The yield of crude product was 0.19 g (88%); m.p. 203-205” 
(dec.). Recrystallization from isopropyl alcohol afforded pure material: m_p_ 205-207” 
(dec.), Mkg - 37 + 1.5” (c 1.3, acetone); I_= 3.05-3.3 (NH, NH,+), 5.75 (0-acetyl 
and IV-trifluoroacetyl carbonyl), 5.92, 6.2, 6-4, 6.75, 7.05 (aryl C=C, purine, NH, 
NH,+), 6.5, 7.6 (NO,), 8.2 (ester), 8.6 (CF), 13.9-14.05 (substituted benzene), 7.36, 
9.25,9.55,10.85, 12.7, and 13.5 pm; X-ray powder diffraction data: 11.05 w, 8.93 s (I), 
7.85 vw, 7.28 s (3), 6.51 m, 5.88 w, 5.44m, 5.05 m, 4.81 w, 4.59 w, 4.47 s, 4.36 w, 
4.19 w, 3.99 VW, 3.74 VW, 3.60 m, 3.40 s (2), 3.28 m, 3.21 vw, 3.09 w, 2.91 VW, 2.83 vw, 
and 2.73 w. 

Carbofzyd. Rex, 1 I (1969) 63-76 



~~~J~ROA~ETYLASAN~V-PROTE~TIVEGROUP 75 

A7laL Cab for C,,H2,F,N,0,,: C40.17; H, 3.24; N, 16.86. Found: C, 39.98; 
H, 3.36; N, 16.79. 

9-(2-Amino-2-deoxy-a-c-D-galactopyranosyl)adenine (13~). - 6-Benzamido-9- 
[3,4,6-tri-O-acetyl-2-deoxy-Z(trifluoroacetamido)-a-D-galactopyranosyl]-9W-purine 
(13a, 170 mg) was deacylated with methanol (40 ml) almost saturated at 0” with 
ammonia, as described for the preparation of 6c. Attempted crystallization of the 
crude product from methanokther gave a white, amorphous solid, yield 67 mg 
(83%); m-p. 198-208” (softening and swelling above 160”), [a]fj’ +134 +3” (c 0.6, 
water) ; AZ; 2.95-3.1 (OH, NH,), 6.08, 6.25, 6.35, 6.8 @urine, NH), 7.1, 7.52, 7.7, 
8.1, 8.22, 9.2, 11.38, 12.55, 13.55, and 13.95 pm; Azz 210 (s 18,900) and 262~1 
(s 14,500). This compound was homogeneous by t.1.c. with methanol as the developer. 

Anai. Calc. for CllH,6N605: C, 44.59; H, 5.44; N, 28.37. Found: C, 44.39; 
H, 5.48; N, 28.04. 

9-(2-Amino-2-deoxy-/II-D-galactopyranosyl)adenine (14~). - 6-Benzamido-9- 
[3,4,6-tri-O-acetyl-2-deoxy-2-(trifluoroacetamido)-8D-galactopyranosyl]-9H-purine 
(14a, 0.40 g) was deacylated with methanol (80 ml) almost saturated at 0” with 
ammonia, as described for the preparation of 6c. Attempted crystallization of the 
crude product from methanol-ether gave a white, amorphous solid, yield 0.155 g 
(81%): m-p. 211-220” (softening and swelling above 155O), [a]: tl9 f 1.5” (c 0.12, 
water); ,I:z 2.95-3.1 (NH,, OH), 6.08, 6.25, 6.35, 6.8 (NH, purine), 7.08, 7.3, 
7.53, 7.7, 8.0, 8.3, 9.22, 9.86, 11.3, 12.2, 12.55, and 13.75 pm; ;Zfi12, 210 (a 19,300) 
and 261 nm (E 14,800). This compound was homogeneous by t.1.c. with methanol 
as the developer. 

Anal. Calc. for C,,H,eN,O,: C, 44.59; H, 5.44; N, 28.37. Found: C, 44.29; 
H, 5.58; N, 28.54. 

9-(2-Amino-2-deo,ry-a-D-ga~actopyra~?osyl)ae dihydrochloride (13d). - To 
a solution of 9-(2-amino-2-deoxy-a-n-galactopyranosyl)adenine (13c, 40 mg) in 
methanol (30 ml) was added 0.40 ml of N hydrochloric acid. Several evaporations 
with methanol (to a volume of 5 ml) were made, to remove the excess of hydrogen 
chloride. The solution was concentrated to 5 ml, and warmed to about 60”. Isopropyl 
ether (5 ml) was then slowly added, and the mixture was allowed to cool slowly to room 
temperature, and then refrigerated overnight. The white, crystalline material that 
formed was recrystallized from methanokthanol, yield 44 mg (88%); dec. at 
208-209” (with some charring above X90”), [a]f: + 112 +3” (c 0.6, water); ;rz; 
3.0-3.35 (NH& OH), 5.78, 5.95,6.18, 6.3, 6.5, 6.7, 6.85(purine, NH3*), 7.05, 7.38, 
7.46,7.68,8.2,8.5,8.7,8.85,9.1, 9.4,9.62,9.88, 10.22, 11.43, 12.0, 12.5, and 13.64pm; 
lZHro 210 (e 17,800) and 261 nm (s 14,200); X-ray powder diffraction data: 13.92 s, nl3.s 
9.31 m, 8.41 VW, 7.25 s (1) 6.63 w, 6.33 w, 4.43 s, 4.22 s, 3.89 s (3), 3.60 s, 3.36 m, 
3.20s (2), 3.09vw, 2.89vw, 2.78 w, 2.69vw, 2.55 m, 2.37m, 2.23vw, 2.14 w, and 
2.01 w. 

Anal. Calc. for C,,H,&I,N,O,: C, 35.78; H, 4.91; Cl, 19.21; N, 22.76. 
Found: 35.70; H, 5.18; Cl, 19.27; N, 22.63. 

9-(Z-Amino-2-deoxy-fl-D-galactopyranosyf)adenine dihydrochloride (14d). - A 
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solution of 9-(2-amino-2-deoxy-8-I>-galactopyranosyl)adenine (MC, 0.10 g) in 
methanol (35 ml) was treated with M hydrochloric acid (1.0 ml) as described in the 
preceding experiment. The yield, after recrystallization from methanol-ethanol, 
was 0.115 g (92%); dec. at 190-192” (with some charring above 180”), [cz];’ +38 +2” 
(c 0.7, water); A.=: 2.95-3.4 (OH, NH:), 5.9, 6.0, 6.28, 6.66, 6.9 @urine, NH:), 
7.05, 7.38, 7.54, 7.78, 8.14, 8.75, 8.9, 9.1, 9.45, 9.8, 10.45, 10.66, 11.3, 11.8, 12.3, 
12.8, 13.12, and 13.8 pm; 11:;: 210 (e 18,500) and 260 mu (s 14,CKKl); X-ray powder 
diffraction data: 6.89 vs (I), 6.35 w, 5.93 m, 5.52 w, 5.14 s, 4.81 m, 4.51 s, 4.28 m, 
3.72 S, 3.59 S, 3.43 s, 3.25 s (2), 3.13 s (3), 3.00 m, 2.93 VW, 2.77 m, 2.67 vs, 2.52 w, 
2.43 m, 3.21 w, 2.26 vw, 2.13 w, 2.02 w, 1.90 VW, 1.84 w, and 1.76 w. 

Anal. Calc. for C,,H1sC12N604: C, 35.78; H, 4.91; Cl, 19.21; N, 22.76. 
Found: C, 36.02; H, 5.08; Cl, 19.39; N, 22.56. 
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ABSTRACT 

The structure of the acid-hydrolysed and alkali-degraded dextran used in the 
production of an iron-dextran complex has been determined. The dextran has 
acidic end-groups and, after purification by fractionation on anion-exchange columns, 
was found to possess a low moiecuIar weight (2500-6250) and no reducing properties, 
and to contain an average of one glucometasaccharinic acid residue per dextran 
chain. The evidence suggests that this acid group occurs at the former “reducing” 
end-group and protects the dextran against further attack by alkali. Approximately 
12% of the original dextran was not degraded by the alkali and remains as an impurity 
in the acid dextran. In spite of the extensive acid hydrolysis and alkali degradation, 
the dextran still contained around 5% of CC-(1+3)-D-glucosidic links. 

INTRODUCTION 

In recent years, interest has increased in the physical and biological properties 
of several complexes of iron ‘. A polymeric micelle of ferric hydroxide forms the 
basis of these complexes which are often of high molecular weight. Solids isolated 
from such complexes contain up to 40% of iron’. 

For many years, complexes of iron and carbohydrates, in particular dextran, 
have proved useful in the parenteral treatment of iron-deficiency anaemia. To produce 
a stable, non-toxic, iron-dextran solution, which is well absorbed from an intra- 
muscular injection site, requires the use of a dextran of low molecular weighs with 
the reducing end-group suitably modified Alkaline treatment of dextran gives a 
product which meets this requirement. 

Alkaline degradation of polysaccharides usually proceeds by a &alkoxycarbonyl 
mechanism, involving stepwise depolymerisation from the reducing end-group3 until 
an alkali-resistant linkage is encountered or some stable end-group is formeh. The 
alkaline degradation of 6-O-substituted sugars has been investigated4, but apparently 
not the degradation of dextran. We have examined the product isolated after alkaline- 

*Rowett Research Institute, Bucksbum, Aberdeen (Great Britain). 
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treatment of dextran and determined the nature of the stable end-group and branch- 
points. 

EXPERIMENTAL 

General methods. - Paper chromatography was carried out on Whatman No. 1 
and ~MM papers. The irrigants (v/v) used were (a) ethyl acetate-pyridine-water (2:1:2); 
(6) ethyl acetate-acetic acid-water (3:l:l); (c) butanone-water azetrope; (d) butyl 
alcohol-ethanol-acetic acid-water (45:5:1:49). Chromatographic spray reagents were 
p-anisidine hydrochJoride, alkaline silver nitrate, hydroxamic acid, and bromophenol 
blue. Electrophoretic examination of dextrans was carried out on the Antweiler 
micro-electrophoresis apparatus with barbiturate buffer (PH 8.6). Electrophoretic 
examination of oligosaccharides and monosaccharides was carried out on Whatman 
~MM paper with either 0.1~ borax or molybdate buffer’ (pH 5.0). Optical rotations 
were determined on aqueous solutions at room temperature with the Bendix NPL 
automatic polarimeter 143C. Reducing values were determined by the Somogyi 
method6. Equivaient weights were determined by iodometric titration of carboxyl 
end-groups. 

Preparation and isolation of alkali-degraded dextran. - The dextran used had 
a number-average molecular weight (MJ of ca. 3,000 and was synthesised by 
Leuconostoc mesenteroides NRRL B-512. To distinguish it from other fractions, 
this dextran is termed A. 

A solution of dextran A (200 g) in distilled water (final volume, 1 litre) was 
heated to 60”. While the solution was stirred continuously, 10~ sodium hydroxide 
(I 10 ml) was added at such a rate as to maintain a basicity of 0.9-1.1~ (determined 
by external titration against N HCI). Th e rate of uptake of alkali is shown in Fig. 1; 
no attempt was made to exclude oxygen from the reaction mixture. 
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Fig. 1. The uptake of 10~ sodium hydroxide during the alkaline degradation of dextran A at 60”. 

Complete neutralization of the resulting solution caused lactone formation 
which interfered with later fractionation procedures. Partial neutralization to pH 8 
with N hydrochloric acid avoided lactone formation. After dialysis of the partially 
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neutralised mixture against distilled water for 24 h, the solution was concentrated 
to C(I. 400 ml by evaporation in L;acao at 40”. Dropwise addition of the solution to 
ethyl alcohol (2 1) precipitated a light-brown solid (dextran B) which was collected, 
washed with ethanol and ether, and dried over phosphorus pentaoxide to yield 
material (130 g, 65%) having [c&, + 185” [Found: equivalent wt., 3,500; reducing 
sugars, 0.49% (ca. 10% of that of dextran A)]. 

Separation of acid and neutralfractions of dextran. - Dextran B (40 g) dissolved 
in water (200 ml) was applied to a column (60 x 5 cm) of DEAE cellulose (AC-). 
When the solution had percolated into the column, an interval of 20 h was allowed in 
order to maximise absorption. The column was then eluted with water (60 ml/h, 2 1) 
followed by 0.02~ potassium acetate (2 1). The carbohydrate content of each fraction 
(200 ml) was determined by optical rotation. 

The eluate was colourless, but a dark-brown material (~0.5%) remained 
on the column. This could only be removed by subsequent elution with 0.1~ sodium 
hydroxide. 

The appropriate fractions were combined and concentrated in uacuo. The 
dextran was then precipitated by dropwise addition to 5 volumes of ethanol. The 
potassium acetate eluate gave a non-reducing, acidic product [18 g, acid dextran 2 

W’OI- 
The fraction (22 g) from the water eluate was acidic and reducing. Two more 

fractionations of this product on DEAE-cellulose gave acid dextran fractions 
AD2 (9 g) and AD3 (4.2 g), and a product (7.6 g) from the water eluate which still 
had some acid properties. This last fraction was finally separated on a column 
(24 x 5 cm) of DEAE Sephadex A-50 (OAc-) by using water followed by 0.02~ 
potassium acetate. The potassium acetate eluate gave a fourth acidic dextran AD4 
(3 g), and the water eluate gave a neutral, reducing dextran, fraction 5 (4.6 g). 

Gel filtration of fractions ADl-4 and 5. - Samples (5 mg) of each of the 
dextran fractions were further fractionated by elution from a column (100 x 2.5 cm) 
of Sephadex G-50 with 0.1~ sodium chloride. Fractions (5 ml) were collected, and 
analysed with the anthrone reagent- 

Hydrolysis of the subfractions of dextran B. - A sample (2 g) of dextran ADI 
was hydrolysed with 0.5~ HzS04 (100 ml) for 16 h at 100”. The hydrolysate was 
neutralised with bar&m carbonate and passed down a column (10x 1 cm) of Zeo- 
Karb 225 (H +) resin. Chromatographic examination [solvents (b) and (c)] of the 
column eluate revealed the presence of glucose, small amounts of non-reducing 
components, and traces of lower oligosaccharides. As initial attempts to resolve 
these components by chromatography on an anion-exchange resin were unsuccessful, 
the hydrolysate was treated with excess of calcium carbonate at 50’ for 30 min to 
convert any lactones into the calcium salts. The mixture was centrifuged, and the 
solution was applied to a column (30 x 1.5 cm) of Amberhte :IR45 (OAc-) resin. 
Successive elution with water (600 ml) and 10% acetic acid (500 ml) gave two fractions 
that contained essentially neutral and acidic sugars, respectively. 

The acetic acid eluate was evaporated, and the residue was heated at 80” 
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in vacua to convert acids into lactones and then examined by paper chromatography 
in several solvent systems. In addition to some ghtcose, components were detected 
which were chromatographically indistinguishable from CL- and&glucometasaccharinic 
acid (bromophenol blue spray) and the derived lactones7 (hydroxamate spray). The 
lactones in the hydrolysate were isolated by preparative, paper chromatography 
[solvent (c)] and were characterised as follows: a-D-glucometasaccharinolactone, 
recrystallised from ethyl acetate, had m.p. and mixed m-p. 104” and [a], +26” 
(water); lit7, m.p. 104” and [a]n +25” (water); #?-D-glucometasaccharinolactone, 
recrystallised from ethyl acetate, had m-p. and mixed m.p. 91” and [a]n t6” (water); 
lit.7, m-p. 92’ and [al1> +8” (water). 

Periodate oxidation of dextrans AD1 and AD4. - Samples of ADI and AD4 
(97.8 and 92.1 mg, respectively) were oxidised with 0.025~ sodium metaperiodate 
in the dark at room temperature. After 8 days, periodate consumption was measured 
by the decrease in absorbance of the solution at 223 nm. Formic acid produced was 
measured by iodometric titration. 

The dextrans AD1 and AD4 utilised 1.81 and 1.98 moles of periodate per 
D-glucose residue and liberated 0.87 and 0.98 mole of formic acid per D-glucose 
residue, respectively. 

Smith degradation of dextran ADI. - A sample of dextran ADI (2 g) was 
oxidised in 0.16~ sodium metaperiodate (500 ml) for 15 days. After this time, the 
addition of excess barium carbonate removed the metaperiodate, and centrifugation 
of the mixture gave a clear supernatant which was deionized with Zeo-Karb 225 (H+) 
and IR45(HO-) resins. The solution was then reduced with sodium borohydride (I g) 
for 18 h. Cations were removed from the solution with Zeo-Karb 225 (H+), and, 
after evaporation, borate was removed from the residue by codistillation with methanol 
The resulting poiyalcohol was hydroIysed with 0.5~ sulphuric acid for 6 h at 100”. 
The cooled solution was neutralised with barium carbonate, centrifuged, deionised 
with Zeo-Karb 225 (H’) and IR-45 (HO-) resins, and concentrated in vacua at 40”. 

Paper chromatography of the hydrolysate in solvents (a) and (6) showed the 
presence of a large amount of glycerol and a much smaller amount of glucose. 

Enzymic hydroZy.sk of dextran B. - A solution of dextran B (2.1 g) in 0. Ibr 
sodium citrate (200 ml) was incubated for 5 days at 37” with an adaptively produced 
dextranase (66 mg) of PeniciZhm jimiculosum ’ (I.M.I. 79195; NRRL 1132). The 
hydrolysate was heated for 10 min at 100” and then deionised with Zeo-Karb 225 (H+) 
and IR-45 (HO-) resins. The eluate was concentrated and examined by paper 
chromatography with solvent (a). The major components consisted of isomalto- 
dextrins. In addition, there was a second series of oligosaccharides which had RG 
values for the lower members of 0.77, 0.42, 0.26, and 0.21. The faster moving of 
these components corresponded chromatographically to nigerose and U-a-n-gluco- 
pyranosyI-(I-,3)-O-a-D-gIucopyranosy1-Q --,6)-D-glucose. 

Graded acetolysis of dextran ADl. - A sample (2 g) of dextran ADI was 

treated with a mixture of acetic anhydride (14.4 ml), acetic acid (9.6 ml), and sulphuric 
acid (I.8 ml) for 48 h at 37”. The solution was then poured into ice-water (200 ml), 
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and the precipitate was collected and dissolved in chloroform. Continuous extraction 

of the aqueous solution with chloroform for 2 days gave additional acetylated 
material. .me combined chloroform solurions were washed with aqueous sodium 
carbonate and water, dried (Na,SOJ, and concentrated. 

A solution of the syrupy residue in methanol (100 ml) was treated wirh a 
solution of 0.2N sodium methoxide (100 ml)_ After storage for 3 h at 28”, the solution 
was acidified with acetic acid. Sufficient water was added to redissolve the resulting 
precipitate, and the solution was passed through a column of Zeo-Karb 225 (H+) 
resin. The eluate was evaporated in uacuo at 40”. 

A sample (0.8 g) of the product (1.62 g) dissolved in water (10 ml) was frac- 
tionated by elution with water from a column (60 x 3.8 cm) of Sephadex G-25. 
Fractions (10 ml) containing carbohydrate (located by polarimetry) formed two 
peaks, the tist of which contained polysaccharides of larger molecular weight. The 
fractions containing the second peak were combined, concentrated to a small volume 
in cacuo, and further fractionated by preparative, paper chromatography with 
solvent (a). 

Two homologous series of oligosaccharides were identified by their chromato- 
graphic behaviour in solvent (a). Straight-line plots were obtained of log [(I -KF)/RF] 
against the degree of polymerisation. The members of the major series tiere identified 
by their chomatographic behaviour as isomaltodextrins. They had R, values [solvent 
(a)] of 0.64, 0.34, and 0.12. The other oligosaccharides had RG values of 0.77, 0.46, 
0.21, and 0.07. The lower members of this series were characterised as follows: 
3-O-n-D-glucopyranosyl-D-glucose (nigerose) had [a], + 137” (lit.’ + 137”), the 
derived alditol had McIUcilol to.1 on electrophoresis in molybdate buffer, and the 
acetate had m.p. 147’ (lit.’ +1510); O-or-D-glucopyranosyl-( l-+3)- 0-a-D-gluco- 
pyranosyl-(I +6)-D-glucose gave two disaccharides on partial hydrolysis which were 
chromatographically indistinguishable from nigerose and isomaltose. Borohydride 
reduction of the trisaccharide gave a product having MGIueirolO.53 on electrophoresis 
in molybdate buffer. Partial hydrolysis of the derived alditol gave compounds which 
were chromatographically and electrophoretically indistinguishable from nigerose 
and isomaltitol. 

RESULTS AND DISCUSSION 

The reaction of alkali with a dextran (A) of low molecular weight was allowed 
to proceed until apparently complete, as indicated by cessation of alkali uptake 
(Fig. 1). Dextran B was formed which was acidic and had some reducing power. 
After fractionation on DEAE-cellulose and DEAE Sephadex A-50, several acidic 
fractions and one neutral fraction were obtained from Dextran B. Table I gives some 
of the properties of these fractions, and Fig. 2 gives the distribution of molecular 
size after gel filtration of fractions ADI, AD4, and fraction 5. 

Fraction 5 was indistinguishable from the original dex:tran A in reducing power, 
on electrophoresis in barbiturate buffer pH 8.6, and on gel filtration on Sephadex G-50. 
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TABLE I 

PROPERTIES OFTHEFIVEFRACTIONSISOLATED AFTER CHROMATOGRAPHYONDEAE-CELLULOSEOFALKALI- 
DEGRADEDDEXlR%N 

[Cr]D (dt?gn?eS) EQuivaIent weight 

ADI (46.4) +174 2,500 1,510 
AD2 (23.2) +188 3,640 
AD3 (10.8) f192 4,250 
AD4 (7.7) +197 6,250 4,860 
Fraction 5 (12.0) f199 - 

Fig. 2. Gel filtration of dextran B and sub-fractions ADI and AD4 on Sephadex G-50. 
- Dextran B , . . . . . . . . . ADI, - - - AD4. 

Thus, although the uptake of alkali appeared to have reached completion, the fact 
that 12% of the dextran remained unchanged indicates that this was not the case. 

The equivalent weight (3500) of dextran B shows an increase over the value 
(3000) of @, for dextran A. This increase probably occurs as a result of the method 
of preparation of dextran B. After acid hydrolysis, dextran A gave a proportion of 
oligosaccharides. The dialysis and the alcohol precipitation during the preparation 
of dextran B will tend to remove these smaller fragments, resulting in an increase 
in the average molecular weight of the product. 

The acid dextran fractions separated from dextran B had increasing equivalent 
weights from ADI to AD4 The number-average molecular weights determined by 
osmometry for ADI and AD4 showed similar increases. The reasons for this separation 
into fractions of increasing molecular weight was probably a result of the method of 
separation but w2s not investigated further. 

The alkaline treatment of sugars substituted at C-6 has been shown to result 
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in the formation of metasaccharinic acid 4. The alkaline treatment of dextran A 
resulted in some degradation with the eventual formation of a glucometasaccharinic 
acid end-group which stabilised the dextran against further attack by the alkali’. 

The gradation in equivalent weights, molecular weights, and elution volumes 
from Sephadex G-50 of fractions AD+%, and the presence of the isomeric gluco- 
metasaccharinic acids as the sole significant acidic products in ‘&e hydrolysates of 
these fractions, indicate that there is, at the most, only one acid group per dextran 
molecule. It appears unlikely that the alkaline treatment introduces any other 
modification into the dextran. 

The a-(1 -+3)-D-glucosidic link present in the original native dextran’ ’ persisted, 
despite the extensive acid hydrolysis in the production of dextran A. Periodate- 
oxidation results were consistent with a predominantly (l-,6)-linked structure. 
Inaccuracies inherent in this method did not allow us to make definite conclusions 
on these values alone. However, the finding of a small proportion of glucose in the 
hydrolysate after the Smith-degradation of AD1 indicated some (l-+3) branch-points 
in the molecule. From the value for periodate uptake, this branching must represent 
only a small percentage (ca. 5%) of the total number of D-glucose residues present. 

One of the disaccharide products after enzymic hydrolysis of dextran B was 
identified as 3-O-z-D-glucopyranosyl-~-glucose (nigerose). This could only have 
arisen from an cc-(1+3)-D-glucosidic link in the dextran chain. This was further 
confirmed by the identification, after partial acetolysis, of this same disaccharide 
along with the trisaccharide O-a-D-glucopyranosyl-(1+3)-O-z-o-glucopyranosyl- 
(l-+6)-D-glucose. 

These oligosaccharides were obtained by partial hydrolysis with two different, 
standard techniques. In view of this, they are unlikely to be artefacts produced by 
the method. Dextran B, therefore, contains (1 +3)-D-glucosidic links in the chain. 
These links must be of the a-D-configuration, since nigerose is an IX-~(1 +3)-linked 
disaccharide. 

It is noteworthy that the native dextran elaborated by Leucono.stoc mesenteroides 

NRRL B512 contains only 5% of r-(1+3)-D-glucosidic links”. The existence of 
5% of cr-(l-+3)-D-glucosidic branches in dextran B indicates that these branches are 
not preferentially hydrolysed during its preparation by hydrolysis and alkaline 
degradation. 

ACKNOWLEDGMENTS 

The expert technical assistance of Mr. J. M. GUM is acknowledged. Thanks 
are due to Dr. D. Rutherford of these laboratories and Dr. H. Weigel of the Royal 
Holloway College, London, for their helpful criticism and comments. Our thanks are 
also due to Dr. Weigel, for kindly supplying a sample of the P. funiculosunz dextranase, 
and to Professor W. Hunter, of the Chelsea College of Science and Technology, 
London, for carrying out determinations of molecular weight. 

Carbohyd. Res., 11 (1969) 77-84 



84 I. BREhINJ3t, J. S. G. COX, G. F. MOSS 

I P. SAL.TMAN, J. Chetn. E&c., 42 (1965) 682. 
2 T. G. SPIRO, L. PAPE, AND P. SALTMAN, J. Amer. Chem. Sot., 89 (1967) 5555. 
3 R. L. W- AND J. N. BEMILLER, Advan. C’arbohyd- Chem., 13 (1958) 289. 
4 J. KENNER AND G. N. RICHARDS, J. Chem. Sot., (1956) 2916. 
5 E. J. BOURNE, D. H. HUTSON, AND H. WEIGEL, J. Chem. Sot. (1961) 35. 
6 M. SO~~GYI, J. BioZ_ Chem., 160 (1945) 61. 
7 W. M. CORS~, Methods Carbohyd. Chem., 2 (1963) 480. 
8 E. J. BOURNE, D. H. HUTSON, AND H. WEIGEL, Biochem. J., 85 (1962) 158. 
9 M. STACEY AND J. M. WEBBER, Methods Carbohyd. Chem., 1 (1962) 339. 

10 J. C. RANKIN AND A. JEANES, J. Amer. Chem. Sot., 76 (1954) 4435. 

Carbohyd. Res., 11 (1969) 77-84 



cnrbabylirate R.smch 
Eketier Publishing Company, Amsterdam 
R-htcdinBelgium 

85 

SYNTHESE VON 2,4-DINITROPHENYLGLYKOSIDEN* 

W. HENGSTENBERGUND K. WALLENFEIS 

Chemisches Laboratorium der Universit~t Freiburg, Alberstr. 21 (Deurschfand) 

(Eingegangen den 18. Dezember, 1968; modifiziert den 10. Februar, 1969) 

ABSTRACl- 

2,CDinitrophenyl a- and j%D-galactoside, /?-D-glucoside, Ct-D-maMOSide, a- and 
@-L-arabinoside, D-D-xyloside, and 2-chloro-2-deoxy-/?-D-galactoside have been 
synthesized from the respective O-trimethylsilylglycosyl halides by the Koenigs- 
Knorr reaction; all of the glycosides are assumed to have the pyranoid structure. 
The glycosyl halides were prepared by treatment of the trimethylsilyl derivatives of 
the ethyl I-thioglycosides with bromine. The relative amounts of the anomeric 
forms of the glycosides produced in these syntheses are discussed in the context 
of mechanistic considerations. 

EINFi?HRUNG 

Bei der enzymatischen Spaltung von Glykosiden wird ausnahmslos die Bindung 
zwischen dem glykosidischen Heteroatom und dem C-l des Glykons gel&t. Man 
kann sich fragen, ob dies auf der “Spezifitat” des Proteins, d-h. der speziellen 
relativen Position von funktionellen Gruppen am Katalysator zu korrespondierenden 
am Substrat beruht, oder auf einer unter allen Umstanden bevorzugten chemischen 
Reaktivitat der Glykoside. Aus diesem Grunde schien es interessant, Glykoside 
herzustellen, die nukleophil bevorzugt auf der aglykonischen Seite des glykosidischen 
Heteroatoms gespalten werden. 2,4-Dinitrophenylglykoside sollten diese interessante 
Eigenschaft aufweisen. Die Tatsache, da13 ihre Herstellung aus den schon vor lingerer 
Zeit beschriebenen Acetylderivaten bisher nicht gelang, mag ein Hinweis hierauf 
sein. Sie kann aber such darauf beruhen, da13 2,4_Dinitrophenolat eine extrem gute 
Austrittsgruppe ist. Die Untersuchung der Solvolyse dieser Verbindungen unter 
verschiedenen Bedingungen, einschlieBlich der enzymatischen, machte die Aus- 
arbeitung einer neuen Synthese wiinschenswert, bei welcher der Schutz der Hydroxyl- 
gruppen unter milderen Bedingungen entfemt werden kaM als sie fiir Entacetylierung 
und -benzylierung gebraucht werden. Wir berichten in dieser Arbeit iiber eine 
Methode, die im Prinzip der Synthese nach Koenigs turd Knorr entspricht und als 
Schutzgruppe fiir die Herstellung der Halogenzucker die TrimethyIsilylgruppe2~3 

*KurzmitteiIung: Angew. Chem., 77 (1965) 623. 
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verwendet. Die erhaltenen Trimethylsilyl-glykoside lieBen sich hydrolytisch in die 
freien Glykoside iiberfihren’, ohne daB ein nennenswerter Angriff an der Glykosid- 
bindung erfolgte. 

ERGEBNISSE 

Zur Herstelhmg der Trimethylsilylhalogenosen muD man am C-l Halogen 
einfiihren, ohne daD die extrem siiurelabilen Trimethylsilylgruppen4 entfernt werden. 
Eine solche Methode hat Bonner’ zuerst angegeben, sie wdrde von Weygand und 
Ziema&, sowie van Wolfrom und Groebke’ weiter ausgearbeitet und angewendet. 
Hierbei werden an den Hydroxylfunktionen geschiitzte 1-Thioglykoside in unpolaren 
Lijsungsmitteln mit elementarem Brom umgesetzt, wobei unter Substitution der 
Thioalkylfunktion die geschiitzten Halogenosen entstehen. 

Der Mechanismus dieser Reaktion wurde an mehreren Beispielen untersucht. 
Banner’ und Weygand6 formulieren bei Glucosederivaten einen S,2 Mechanismus 
am C-l des Pyranoserings. Bei den acetylierten I-Thioglukosiden kann, wie Wolfrom 
und Groebke’ zeigen konnten, die Acetyl,oruppe am C-2 durch Nachbar,oruppen- 
beteiligung die Bildung einer &Acetohalogenose verursachen. Bei der Chlorienmg 
von acetylierten Ethyl-1-thiomannosiden isolierten dieselben Autoren Gemische von 
anomeren Acetochlormannosen. 

Nach diesen experimentellen Befunden sind exakte Voraussagen iiber den 
sterischen Verlauf der Halogenierung von 1 -Thioglykosiden nicht mit Sicherheit 
mtiglich, da diese Reaktion sowohl durch konformative, als such durch sterische 
und Nachbargruppeneffekte beeinfiul3t werden kann. 

So konnten bei der Bromierung oder Chlorienmg von &hyl-l-thio-tetra-O- 
trimethylsilyl-/3-D-gaIaktosid und anschlieDender Glykosidsynthese nach Koenigs 
und Knorr mit 2&Dinitrophenol und Silberoxyd in Benz01 nach dem Entfernen der 
Schutzgruppe siiulenchromatographisch 2&Dinitrophenyl a- und /I-D-galaktosid* 
(a$ = 1:l) in zusammen 22%iger Ausbeute isoliert werden. Das Reaktionsprodukt 
der Bromienmg des acetylierten Ethyl-1-thio-p-D-galaktosids wurde ebenfalls mit 
2&Dinitrophenol glykosidiert und lieferte 2,4-Dinitrophenyl-j?-D-galaktosidtetra- 
acetat, das gIeiche Produkt, das man bei der Glykosidierung von a-Acetobrom- 
galaktose erh&. Die Bromierungsreaktion auf &hyI-I-thio-tetra-O-trimethyIsiIyI- 
fl-D-glukosid angewandt, liefert nur 2,4-Dinitrophenyl-/.?-D-glukosid in lO%iger 
Ausbeute. 

Diese Art der Glykosidsinthese wurde auf weitere Hexosen und Pentosen 
ausgedehnt. Aus lithyl-1-thio-c+L-arabinosid erhiilt man ein Gemisch der anomeren 
2,4-Dinitrophenyl-L-arabinoside. Ethyl-1-thio-B-D-xylosid liefert nur 2&Dinitro- 
phenyl-/I-D-xylosid. Aus iithyl-l-thio-a- und B-D-mannosid konnten wit in beiden 
F5lIen nur das 2,4-Dinitropheny&a-D-mannosid aus der Reaktionsmischung isolieren. 

Untersuchungen iiber die Beteiligung der Hydroxylgruppe am C-2 des Galakto- 

*Bei diesen und allen weiteren dargestellten Glykosiden wird die Pyranosidstruktur angenommen. 
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sidmolekiils bei der Spaltung durch Alkali und jI-Galaktosidase veranlal3ten uns 
dazu, ein 2,4-Dinitrophenyl-/I-D-galaktosid zu synthetisieren, dessen Hydroxyl- 
funktion am C-2 durch eine “schlechte Nachbargruppe” z.B. durch H, 0CH3 oder 
durch Halogen ersetzt ist.’ Wir entschieden uns fiir das Halogen Chlor, da Tri-O- 
acetyl-2-chlor-2-desoxy-~-D-gaIaktopyranosyl-c~orid ’ (1) Ieicht aus Tri-0-acetyl-D- 
gal aktal durch Chlorierung darzustellen ist. 

Die Struktur von 1 wurde von Lemieux’ aus dem Kernresonanzspektrum 
ahgeleitet. Die Glykosidierung dieser Verbindung verlguft unter Bildung des ent- 

sprechenden P-D-Glykosids. Denselben Verlati nimmt die Glykosidierung des 
Chlorienmgsproduktes von Tri-0-trimethylsilyl-D-galaktal. Die eindeutige Struktur 
des 2,4-Dinitrophenyl-2-chlor-2-desoxy-B_D-galaktosids wurde durch das Kem- 
resonanzspektrum festgelegt (Abb. I). 

H-2,H-5.2+6 

4.9 5.0 5.85 6.0 

Abb. 1. Kernresonanzspektrum des 2,4-Dinitrophenyl-3,4,6-tri-O- acetyl-2-chlor-2-desoxy-8_D- 
galaktosids bei 100 Megahertz in Deuterochloroform. 

Zur Deutung des Spektrums (s, Tabelle II) wurde das analoge Spektrum des 
Methyl-tri- 0-acetyl-2-color-2-desoxy-B-D-galaktopyranosids herangezogen’. Das 
anomere Proton im entsprechenden 2,4-Dinitrophenyl-galaktosid ist von x - 5.5 
nach ‘c = 4.71 verschoben, w&end H-4, H-3, H-5, und H-6 unverzndert blieben. 
H-2, das in ein Quadruplett aufspalten sollte, ist schIecht zu vermessen, da es von 

TABELLE I 

WERTE DER PYRANOSIDISCHEN RINGPROTONEN IN 2,‘$-DINF1ROPHENYL-TRI-O-ACETYL-2-CHLOR-2- 

DESOXY+D-GALAKTOSID GEGEN TMS AL.5 INNERER STANDARD 

Protonen la 2a 3a 4e 5a G 

s-Werte 

J (Hz) 

4.71 5.80 4.90 4.61 5.85 5.85 

la2a 3a 2a 3a 4e 4e 3a 4e Sa 
8.5 10.5 3.5 3.5 3.5 
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TABELLE II 

PHYSIKALISCHE EIGENSCHAFTEN DER SYNTHETISCHEN 2,~DINITROPHENYL-GLYKOSIDE 

2,4-Dinitrophenyl-gtykosida F-P. Zen., = Ausbeuteq % 

a-r)-Galaktosid 158= 22 + 322 (c 0.66, Methanol) 
B-D-Galaktosid 150-151= - 105 (c 1, Methanol) 
B-D-Glukosid= IOO-Joie 10 -92.8 (c 1.06, Methanol) 
a-r>-Mannosid” 149f 28 +I61 (c J-00, Methanol) 
a-r-Arabinosid 167= -103 (c 1.05, DMF) 
P-L-Arabinosid I58c 32 +367 (c 0.69, DMF) 
B-D-XyJosid 158-159e 17 - fO5 (c 1.1, Methanol) 
2-Chlor-2-desoxy-p-D-galaktosid 15fS157e 2oh - 127 (c 0.89, Methanol) 
Tri-U-acetyl-2-chlor-2-desoxy+ 176-177s - 52 (c 0.98, Chloroform) 
D-galaktosid 
Tetra-O-acetyl-p-n-galaktosid 174-l 76s + 74 (c J -44, Chloroform) 
Tetra-O-acetyl-a-o-mannosid 175-1769 + 137 (c 1.69, Chloroform) 

&thy&I-thio-a+arabinosid : Gef.: C, 43.40; H, 7.30; S, 16.10. C7H1404S. Ber.: C, 43.20; H, 7.26; N, 16.50%. 

=Die Zuordnung der Konfiguration am C-l erfolgte entsprechend den Hudson’schen Regeln. aAusbeute 
bezogen auf iithyl-I-thioglykosid. CKristallisiert mit einem Mol Aceton. dEnth3lt nichtst6chiometdsche 
Mengen Aceton. (Asetongehiilt < I mol pro Formeleinheit). =Aus Methanol. fAus Aceton. BAus AthanoI. 
hAusbeute buogen auf o-Galaktal. 

‘t -6.15 in die Region von H-5 und H-6 verschoben worden ist. Die Verschiebung 
von H-l und H-2 ist wahrscheinlich auf den starken Abschirmungseffekt des 
2,CDinitrophenyLRests am C-l zuriickzufiihren. Eine Aufnahme des 2,bDinitro- 
phenyl-2-chlor-2-desoxygalaktosids bei 100 Megahertz war niitig, da im 60 Mega- 
hertz-Spektrum die Region H-4, H-l, und H-3 nur unvollstgndig in 6 peaks anstelIe 
von 8 peaks aufgespalten war. 

Uber die Natur und Eigenschaften der erhaltenen neuen Glykoside unterrichtet 
TabelIe Ki. 

DISKUSSION 

Der sterische AbIauf der Koenigs-Knorr-Reaktion mit Trimethylsilylhaloge- 
nosen ist verschieden von dem Reaktionsablauf mit den entsprechenden Acetyl- 
halogenosen. Eine Reaktionsienkung durch einen der Acetylgruppenwirkung 
entsprechenden Nachbargruppeneffekt ist fiir die TMS-Gruppe auszuschlieflen. 
In welchem AusmaD sterische Effekte, der anomere Effekt und gegebenenfdls der 
d2-Effektg fiir die Bildung von CL- und fl-Glykosiden verantwortlich gemacht werden 
kiionen, hgngt nicht nur von der Stabilitst der IntermedZrprodukte, sondem such 
von der kinetischen Situation ab, welche sich fiir die Umsetzung an der Silberoxyd- 
oberJZiche nur schwer voraussagen IHDt. 

Die Bildung von CL- und fi-Glykosiden beim Arabinosid und Galaktosid, 
sowie das Auftreten des cr-D-Mannosids ist wohI durch sterische Effekte kombiniert 
mit dem anomeren Effekt bedingt”. 
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Snmmenformel 
Molgewichr 

Ber. Gef; 

C H N CI c H N Cl 

41.65 4.08 8.10 

44.60 4.98 6.95 
43.76 4.74 7.24 
41.80 3.83 8.86 

41.80 3.83 8.86 
39.47 3.59 7.86 9.72 
44.10 3.90 5.71 7.23 

46.65 4.31 5.44 46.80 4.60 5.2 
46.65 4.31 5.44 46.77 4.51 5.67 

41.52 4.04 8.23 
41.71 4.12 8.21 
44.46 4.94 7.24 
43.81 4.63 7.32 
42.14 4.03 8.86 
41.92 4.10 8.91 
41.98 3.95 8.89 
39.41 3.96 7.83 9.6 
44.35 3.9 1 5.81 7.0 

Die Koenigs-Knorr-Reaktion verlauft nach Newth und Haynes” iiber einen 
SN1 Mechanismus. Das Carboniumion in der El-Konformation wird im FalIe des 
Galaktosids und Arabinosids durch die voluminijse TMS(Trimethylsilyl)-Gruppe am 
C-4 so abgeschirmt (Abb. 2), da13 der Angriff von der p-D-Seite bzw. von der a-L-Seite 
leicht gehindert ist. Der anomere Effekt fiihrt dazu, daB das stabilere a-D-Glykosid 
(/?-L-Glykosid) entsteht, wenn am C-l ein stark polarer Substituent eintritt. Der 
anomere Effekt wird jedoch beeintrachtigt durch die TMS-Gruppe am C-2, so da13 
im Fa!.le des Glukosids und Xylosids keine z-D-Giykoside isoliert wurden. Im Falle 
der 2,4-Dinitrophenyl-a-D-mannosidsynthese k&men der anomere Effekt und die 
sterische Beeinflussung des Reaktionsablaufs durch die axiale TMS-Gruppe am 
C-2 zusammenwirken (Abb. 2). 

,--. 
: TMS’, 

CH20T~S 

Abb. 2. 

EXPERIMENTELLER TEIL 

Die als Ausgangsmaterial dienenden I-Thioglykoside wurden nach oder 
analog zu Literaturvorschriften hergestellt ’ 2- 16. 2,4-Dinitrophenyl-tetra-O-acetyl- 
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B-D-galaktosid wurde nach Latham et al.’ dargestellt. Das entsprechende Mannosid- 
tetraacetat sowie das Acetat des 2,4-Dinitrophenyl-2-cNor-2-desoxy-/3-D-galaktosids 
wurden aus den freien Glykosiden durch Acetylierung in Pyridin mit Acetanhydrid 
bei 0” erhalten. 

SEulenchromatographie. - Zur Chromatographie eines lo- 2 molaren Ansatzes 
beniitigt man ungefihr 100 g Kieselgel. 2,PDinitrophenol eluierten wir mit Benzol, 
die 2,4-Dinitrophenyl-glykoside mit Wthylacetat. Die a-D-Verbindungen bzw. die 
/I-L-Verbindungen wandem iascher als die P-D- bzw. a-L-Verbindungen. 

Dibmschichtchromatographie. - Trennungen werden auf Glasplatten durch- 
gefiihrt, die mit Kieselgel G (Merck) beschichtet waren. Fiir freie 2,CDinitrophenyl- 
glykoside ist das Laufmittel Benzol-Methanol = 2:l gut gee&net. Auch Anomeren- 
paare k&men so leicht getrennt werden. Entwickelt wurde rnit iithyIatl6sung oder 
mit SchwefeMure im Trockenschrank. 

TrimethyIsiIyIierung von A-thyI-I-thiogtykosiden und D-Galaktal. - 10e2 Mole 
Substrat werden in 50 ml abs. Pyridin gel&t und mit 2 x lo-’ Mol Hexamethyl- 
disilazan und 2 x 10s2 Mel Chlortrimethylsilan pro freie Hydroxylgruppe versetzt. 
Die Reaktionsmischung erwtirmt sich auf ungefiihr 50”. Man IgiDt 2-3 Stunden 
stehen und engt am Rotationsverdampfer unter Feuchtigkeitsausschlti ein. Man 
I&t den durch Ammonchloridgetriibten Sirup in Tetrachlorkohlenstoff auf, filtriert ab 
und entfernt das LGsungsmittel. Es bleibt ein farbloses 01 zuriick. Ausbeute : quanti- 
tativ. 

Bromierung con trimethylsit’yiierten I-T/lioglyko.siden. - lo- ’ Mole trimethyl- 
silyliertes I-Thioglykosid werden in 30 ml abs. Tetrachlorkohlenstoff gel&t. Unter 
Riihrung Igi3t man 1.5 x low2 Mole trockenes Brom, gel&t in 10 ml abs. Tetra- 
chlorkohlenstoff unter FeuchtigkeitsausschluD bei Zimmertemperatur zutropfen. 
Die Bromfarbe verschwindet anfangs rasch, dann bildet sich im ReaktionsgefgB 
eine gelbe Triibung. Wenn alles Brom zugetropft ist, IB13t man noch 45 min weiter- 
riihren. Man engt am Rotationsverdampfer ein. Es bleibt ein von Brom schwach 
angeftibter, etwas triiber Sirup znriick, der stark nach Athylsulphenylbromid riecht, 
das im Qlpumpenvakuum bei 50” abgezogen wird. Der Sirup wird am besten sofort 
fiir die Glykosidsynthese weiterverwendet. 

Hydrolyse der -TMS-Schutzgruppen. - Der sirupase Glykosidierungsansatz 
wird in 250 ml Methanol gel&, man fiigt noch etwas Eisessig hinzu und versetzt 
mit Wasser bis zur bleibenden Triibung. Nach Igngerem Riihren bei Zimmertem- 
peratur verschwindet die Triibung, die dann wieder bei Zugabe von Wasser auftritt. 
Nach 4-5 stiindigen Riihren tritt beim Zufigen von Wasser keine Triibung mehr auf, 
die TMS-gruppen sind abgespalten. Die LSsung wird eingeengt, mit Methanol 
aufgenommen und mit 25 g Hyfio-Supercel versetzt. Das auf Hyflo absorbierte 
Produkt wird auf eine KieselgeIs~uIe aufgesetzt. 

Chlorierung von Tri-0-trimethyisilyb-galaktal. - 2 x 10m2 Mole Tri-O- 
trimethylsilyl-D-galaktal werden in 40 ml abs. Tetrachlorkohlenstoff gel6st. Bei 0” 
leitet man trockenes Chlor in die Liisung ein, bis eine bleibende Gelbftibung eintritt. 
Man entfernt iiberschiissiges Chlor durch Durchleiten van trockener Luft, engt am 
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Rotationsverdampfer ein und erhalt einen farblosen Sirup, der nach Koenigs und 
Knorr glykosidiert werden kann. 

Glykosidierung mit 2,4-Dinitrophenol und Silberoxyd. - 1.5 x lo- 2 Mole 
Z&Dinitrophenol, 6 g Gips, 6 g frisch bereitetes Silberoxyd werden 45 min. mit 
abs. Benzol geschiittelt. Die Suspension wird lo-’ Molen der TMS-halohexose 
vermischt und unter Feuchtigkeits- und LichtausschluD 20 Std. geriihrt. Man zentri- 
fugiert ab und w%cht den Niederschlag 2 ma1 mit Benz01 und 2 ma1 mit Methanol. 
Man siiuert mit wenig Eisessig an. Eventuell auftretende NiederschCige werden 
abfltriert, das Filtrat wird eingeengt. 
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ABSTRACT 

The reaction of 3,4,6-tri-O-acetyl-2-.U-(trichloroacetyl)-8_~-glucop~an~syl 
chloride with silver (dibenzyl phosphate) yielded 3,4,6-tri-O-acetyl-2-O-(trichloro- 

ace@)-cc-o-glucopyranosyl (dibenzyl phosphate) (2a). Hydrolysis of the trichloro- 
acetyl group of 2a, followed by acetylation, afforded 1,3,4,6-tetra-O-acetyl-P-D- 
glucopyranose 2-(dibenzyl phosphate). However, when 2a was subjected to deben- 
zylation followed by deacetylation, it furnished or-D-glucopyranosyl (dihydrogen 
phosphate), which was isolated as the crystalline brucine salt having physical constants 
identical with those reported in the literature. 

INTRODUCTION 

Sugar phosphates are known to be intermediates in a large number of biological 
proc-esses1~2, but only recently has their synthesis received much attention. So far, 
only a few methods are available for the preparation of glycosyl phosphates2-6. 
A new route to a-D-glucopyranosyl (dihydrogen phosphate) (7) is now described; 
the configuration at C-l was proved by known stereochemical transformations. 

DISCUSSION AND RESULTS 

a-D-Glucopyranosyl (dihydrogen phosphate) (7) was first synthesized by Cori 
et aL3 by the reaction of trisilver phosphate with 2,3,4,6-tetra-O-acetyk-D-glUCO- 

pyranosyl bromide and subsequent saponiiication of the acetyl groups; the a-D 

confirmration was assigned on the basis of its mutarotation’. Since then, two other 
workers have reported new approaches’ to the synthesis of 7, but this is fhe first 
proof of the structure based on its stereaspecific synthesis. The starting material 
for this synthesis was 3,4,6-tri-O-acetyl-2-O-(trichloroacetyl)-B-D-glucopyranosyl 
chloride 8 (1). Reaction of 1 with silver (dibenzyl phosphate)~ in benzene furnished a 

*Robert E. Harmon (U. S. Public Health Research fellow, 195%59), Ph.D. Dissertation, Wayne 
State University, Detroit, Michigan, 1959; C&lvin L. Stevens and~Robert E. Harmon, Abstrucrs 
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93% yield of 3,4,6-tri-O-acetyl-ZO-(trichloroacetyl)-cr-D-glucopyranosyl (dibenzyl 
phosphate) (Za). Removal of the trichloroacetyl group of 2a was effected with ammo- 

6 Za, R=COCCI3 
1 2tJ,R=H 

i 
30, R = P(OCH,Ph), 

? 
3b,R= r;COHl, 

niacal ether to give 3,4,6-tri-O-acetyl-a-D-glucopyranosyl (dibenzyl phosphate) (2b) ; 
this was acetylated with acetic anhydride in the presence of triethylamine. Migration 
of the (dibenzyl phosphate) group from C-l to C-2, followed by acetylation of the 
resulting free hydroxyl group on C-l, afforded 3a in a yield of 93%. Similar acyl 
migrations have been observed in several instances’ when there is a cis relationship 
between the groups on the adjacent carbon atoms involved in the reaction. The 
structure of 3a was proved by catalytic hydrogenation to 3b, which was found to be 
identical with” 1,3,4,6-tetra-O-acetyl-B-~glucopyranose 2-(dihydrogen phosphate). 

As this approach did not lead to the desired a-D-glucopyranosyl (dihydrogen 
phosphate), a new approach was investigated. The benzyl groups in 2a were removed 
by catalytic hydrogenation in the presence of palladium-on-carbon. When treated 
with dicycIohexylcarbodiimide, the resuhing 3,4,6-tri-O-acetyl-a-D-glucopyranosyl 
(dihydrogen phosphate) (4) formed the cyclic phosphate 5, isolated as a crystalline 
brucine salt. The formation of a cyclic phosphate indicated a cis reIationship between 

4 5 OH 

the dihydrogen phosphate group on C-l and the hydroxyl group on C-2 in 4. However, 
it did -not constitute a rigorous stereochemical proof of structure, as Khorana 
ef aLi have shown that the pyridinium salts of both a- and /3-D-glucopyranosyl 
(dihydrogen phosphate) give cyclic phosphates when treated with dicyclohexyl- 
carbodiimide. 

Finaily, 2a was catalytically hydrogenated in the presence of 5% palladium- 
on-carbon. The observed uptake of 5 moles of hydrogen per mole was attributed to 
debenzylation and to hydrogenolysis of the chlorine atoms of the trichloroacetyl 
group. The resulting compound 6 was deacetylated with a catalytic amount of 
sodium ethoxide in ethanol, to furnish 7, which was isolated as a crystalline brucine 
salt (in 89% overall yield for the two steps). The physical constants of the brucine 
salt of 7 were identical with those reported for the brucine saIt of a-r)-glucopyranosyl 
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(dihydrogen phosphate) by Cori et al. 3 and Wolfram et al. ‘. Subsequently, deacetyl- 
ation of 4 and formation of the brucine salt also furnished the brucine salt of 7. 

2. H2, Pdk -_ (1) NaOEt 

(2) DOWexSO X2 CHC, 

O’jjCHa OH 

ij 
6 

7 

Thus, the structure of a-D-ghlcopyranosy~ (dihydrogen phosphate), tentatively 
assigned as 7 by previous investigators, has now been confirmed by its stereospecific 
synthesis_ 

EXPERIMENrAL* 

3,4,6-Tri-0-acetyl-/I-D-giucopyranosyl chloride (1). - A mixture of 78 g 
(0.20 mole) of 1,2,3,4,6-penta-O-acetyl-/3-D-glucopyranose and 208 g (1 mole) of 
phosphorus pentachloride was heated for 2.5 h under reflux, or until the evolution 
of hydrogen chloride had ceased. The phosphoryl chloride, ‘phosphorus trichloride, 
and acetyl chloride were distilled off at 25’/0.2 torr, and thz resulting syrup was 
dissolved in 100 ml of hot isopropyl ether. On being cooled, the solution afforded a 
colorless, fluffy precipitate, which was filtered off and washed with cold 90% methanol 
(100 ml). Recrystallization from anhydrous ether furnished 47 g (50%) of colorless 
crystals of 1, m-p. 13S-138.5”. An analytical sample was obtained by one more 
recrystallization from ether, m-p. 138-138.5”; [a]k6 + 3.0” (c 3.0, benzene); vzF3 1770 
(COCI,) and 1739 cm-’ (COCH,). 

Anal. Calc. for C14H1&1409: C, 35.77; H, 3.43; Cl, 30.10. Found: C, 35.65; 
H, 3.70; Cl, 29.83. 

3,4,6-Tri-O-acetyJ-Z-O-(trichIoroacetyJ)-a-D-giucopyranosyJ (dibenzyi phosphate) 

(2a). - To a suspension of 4.0 g of powdered Drierite in a solution of 10.25 g 
(21.8 mmoles) of silver (dibenzyl phosphate) in 100 ml of anhydrous benzene was 
added 8.4 g (21.8 mmoles) of 1 with stirring. The mixture was heated for 12 h under 
refiux and cooled, and the silver salts and calcium sulfate were removed by filtration. 
The filtrate was washed successively with 5% sodium hydrogen carbonate solution 
and water, dried (sodium sulfate), and evaporated under diminished pressure to a 
syrup. Crystallization from anhydrous ether yielded 12.5 g (93%) of colorless crystals 
of 2a, m.p. 100-101”; [a]2 +60.5” (c 3.38, chloroform); vzp 1770 (OCOCls) 
and 1751 cm-’ (OCOCH,); negative Benedict test. 

Anal. Calc. for C,,H,&l,O,,P: C, 47.24; H, 4.24: Cl, 14.94. Found: C, 47.49; 
H, 4.30; Cl, 14.92. 

*The melting points are uncorrected. 
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Brucine salt of 3,4,6-tri-O-acetyl-a-D-gkopyranosyl I,t(dihydrogen phosphate) 
(5). F Catalytic hydrogenation of 0.3 g (0.53 mmole) of 2a was conducted as described 
for 4. The resulting compound (3b) was dissolved in 100 ml of anhydrous ether, and 

dicyclohexyhzarbodiimide (1 I8 mg) was added. The mixture was heated for 1 h under 
reflux and cooled, and the cyclohexylurea (0.12 g, m.p. 21 l-212”) was filtered off. 

Treatment of the filtrate with a solution of brucine tetrahydrate (248 mg) inp-dioxane 
afforded 0.36 g of 5, m.p. 169-171” (dec.); [a]g6 f24.0” (c 0.96, water); neutralization 

equivalent 756 (monobrucine salt). 
Anal. Calc. for C,,Hz6N,0,P: C, 55.10; H, 5.68; N, 3.67; P, 4.06. Found: 

C, 55.38; H, 5.97; N, 3.45; P, 3.84. 
Brucine salt of a-D-girtcopyranosy~ (dihydrogen phosphate) (7). - Procedure A. 

A solution of 2.0 g (2.81 nunoles) of 2a in 50 ml of p-dioxane was hydrogenated 
in the presence of 2.0 g of 5% palladium-on-charcoal. An uptake of 5 mmoles of 
hydrogen was achieved after 1 h. The catalyst was filtered off, and the filtrate was 
evaporated to dryness in vacua. The residue was dissoIved in 10 ml of absolute 

ethanol, and a solution of sodium ethoxide (from 0.69 g of sodium) in 10 ml of 

absolute ethanol was added, with stirring. After I h, the solvent was evaporated off 

in vacua; the residue was dissolved in 25 ml of distilled water and chromatographed 

with a column of 5 g of Dowex-50 X2 (H+), eluted with 100 ml of distilled water. 
The eluate was made basic with 0.5M brucine in methanol, and the solution was 

evaporated in vacua at room temperature. The residual solid was washed several 
times with chloroform (to remove excess of brucine), and the residue was recrystallized 
from water-acetone, to afford 2.0 g (87%) of colorless crystals of the brucine salt 
of 7, m-p. 175-178” (dec.), [ci]t,6 +0.5” (c 1.2, water); Iit4 m-p. 173-178” (dec.). 

Anal. Cab for C,,H,,N,O,,P-2H,O: C, 57.55; H, 6.49; N, 5.16; P, 2.85. 

Found: C, 57.86; H, 6.34; N, 5.22; P, 2.90. 

Procedure B. A solution of 0.30 g (9.53 mmoles) of 2b in 5 ml of p-dioxane 
was hydrogenated for 30 min in the presence of 0.30 g of 5% palladium-on-charcoal. 
The catalyst was filtered off, and the filtrate was evaporated to dryness in racuo. 

The residual syrup was dissolved in 5 ml of absolute ethanol, and the solution was 
treated with a solution of sodium ethoxide (from 35 mg of sodium) in 5 ml of ethanol. 
After 1 h, the soIution was evaporated to dryness in vacua at room temperature, and 
the residua1 sodillm salt was dissolved in 10 ml of distilled water and chromatographed 
with a column of 1.0 g of Dowex-50 X2 (H+). The column was eluted with 50 ml 
of water, and the eluate was made basic with 0.5~ brucine tetrahydrate in methanol, 

and processed as described in procedure A, to afford 0.5 g (89O/,) of colorless crystals 
of the brucine salt of 7, m.p. 175-180”, [a]k6 +0.7” (c 1.4, water). 

Anal. Calc. for C,,H6,N,0,,P-2H,O: C, 57.55; II, 6.49; N, 5.16; P, 2.85. 
Found: C, 57.30; H, 6.34; N, 5.16; P, 2.43. . 
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AJXXRA~ .. 

Stereospecific opening of the Brig1 anhydride, namelq, 3,&j-tri-O-acetyl-1,2- 
anhydro-a-D-glucopyranose, by hydrogen (dibenzyl phosphate) afforded 3,4,6-tri- 
O-acetyl+D-glucopyranosyl (dibenzyl phosphate). This was subjected to &benzyl- 
ation, followed by deacetylation, to furnish /?-D-glucopyranosyl (dihydrogen 
phosphate), isolated as the crystalline brucine salt having physical constants in 
agreement with those reported in the literature. 

INTRODUCTION 

The structure of B-D-glucopyranosyl (dihydrogen phosphate) (4) had been 

assigned by Zervasl and Wolf’rom et d2 on the basis of hydrolytic (including 
enzymic) and mutarotation studies. However, an unequivocal chemical proof of 
structure has not yet been reported. A proof of structure based on the stereospecific 

synthesis of 4 is now given. 

DISCUSSION AND RESULTS 

The starting material for this synthesis was the Brigl anhydride, namely, 
3,4,6-tri-~-acetyl-l,2-anhydro-a-D-glucopyranose3 (1). Reaction of this epoxide with 
alcohols and carboxylic acids has been shown 3n4 to furnish products resulting from 
epokide opening at C-l. Reaction of the Brigl anhydride 1 with hydrogen (dibenzyl 
phosphate) in benzene at 0” gave ?a. The structure of 2a as 3,4,6-tri-O-?XAyl$-D- 
glucopyranosyl (dibenzyl phosphate) was confirmed by cornparis& with an authentic 
sample prepared by th’e reaction of 3,4,6-tri-U-aceiil-&-gIucopyranosy1 chloride 
with silver (dibenzyl phosphate). Catalytic hydrogenation of 2a &krded crystalline 3 
in 82% yield. The tram relationship between the dihydrogen .phosphate soup on 
C-l and the hydroxyl group. on C-2 was indicated by the inability :of 3 to form a 
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cyclic phosphate on treatment with dicyciohexylcarbodiimide in ether under controlled 
conditions ‘. 

Acetylation of 2a with acetic anhydride in pyridine afforded 2b, identical with 
an authentic sample of 2,3,4,6-tetra-U-ace@-/I-D-glucopyranosyl (dibenzy1 phosphate) 
prepared by the method of Zervas’ and Wolfram et aZ_‘. Starting from 
either 2a or 2b, debenzylation by catalytic hydrogenation, foIlowed by deacetylation 
with a catalytic amount of sodium ethoxide in ethanol, gave the same compound, 4, 
isolated as the crystalline brucine salt. The physical constants of the brucine salt of 4 

20 or 2b 
(11 H,Pd/C 

(2) No0Et 
(3) Dowex-50 X2 (H? 

4 

agreed with those reported for the brucine salt of j?-D-glucopyranosyl (dihydrogen 
phosphate) by Zervas’ and Wolfrom et al. 2. Thus, the structure Of p-D-ghCOpyranOSy~ 

(dihydrogen phosphate), tentatively assigned to 4 by Zervas’ and Wolfram et al2 

on the basis of physical data, has now been confirmed by its stereospecific synthesis_ 

EXPFWMENTAL* 

3,4,6-Tri-O-acetyi-/I-D-gZucopyrano.syI (dibenzyf phosphate) (2a). - Procedure A. 

To a sohttion of 1.93 g (6.93 mmoles) of hydrogen (dibenzyl phosphate) in 12 ml 
of benzene at 0” was added a solution of 2.0 g (6.93 mmoles) of 3,4,6-tri-O-acetyl- 
1 ,2-anhydro-a-D-glucopyranose3 (1) in 12 ml of benzene at 0”. On stirring for 30 min, 
a colorless precipitate separated out; precipitation was completed by the addition 
of 10 ml of petroleum ether (b-p. 40-60”). Filtration yielded a coloriess solid, m.p. 
125-128”, in almost quantitative yield. Recrystahization from ether-petroleum ether 
(b.p. 40-60°) afforded 3.54 g (90%) of colorless crystals of 2a, m.p. 135-136”; 
[z]E +27.0” (c 2.96, chloroform); positive Benedict test on prolonged heating only. 

Anal. Calc. for C2,sH3,0,2P: C, 55.11; ET, 5.52. Found: C, 55.15; I-I, 5.59. 
Procedure B. To a solution of 1.8 g (4.62 mmoles) of silver (dibenzyl phosphate) 

in 150 ml of tetrahydrofuran was added, with stirring, 1.5 g (4.62 mmoles) of 3,4,6-t+ 
O-acetyi-j?-D-glucopyranosyl chloride, and the mixture was stirred in the dark for 
8 h at room temperature. The precipitated silver salts were filtered off, and the filtrate 

*The melting points are corrected. 
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was evaporated to dryness under diminished pressure at room temperature. The 
resulting syrup was crystallized from 10 ml of anhydrous ether, to afford -2.0 g (77%) 
of 3,4,6-tri-O-ace@-/?-D-glucopyranosyl (dibenzyl phosphate), m.p. 134-135”, [ali6 
+0.25” (c 1.4, chloroform). A mixture melting point with authentic 2a showed no 
depression. 

3,4,6-Tri-O-acetyl-j?-D-ghlcopyranosyi (dihydrogen phosphate) (3). - A solution 
of 5.0 g (8.84 mmoles) of 2a in 250 ml of ethanol was hydrogenated for 2 h in the 
presence of 2.5 g of 10% palladium-on-charcoal. The catalyst was removed by 
filtration, and the filtrate was evaporated to dryness under diminished pressure at 
room temperature. The syrupy residue was crystallized from anhydrous ether, to 
afford 2.8 g (82%) of colorless crystals of 3, m.p. 131-132”, [&‘j +33.6” (c 0.8, 
water). 

Anal. Calc. for C12HI,012P: C, 37.32; H, 4.96. Found: C, 37.38; H, 5.17. 
Nonreaction of 3,4,6-tri-0-acetyQ’?-D-glucopyranosyl (dihydrogenphosphate) (3) 

lvith dicyclohexylcarbodiimide. - To a solution of 169 mg (0.82 mmole) of dicyclo- 
hexylcarbodiimide in 30 ml of anhydrous ether was added 0.3 g (0.82 mmole) of 3, 
with stirring, and the mixture was stirred and heated for 1 h under reflux and allowed 
to cool to room temperature; 0.27 g of colorless crystals, m-p. 128-130”, was obtained. 
A mixture melting point with 3 showed no depression. 

2,3,4,6-Tetra-O-ace&&D-glucopyranosyl (dibenzyl phosphate) (2b). - To a 
mixture of 50 ml of chloroform, 10 ml of pyridine, and 19 ml of acetic anhydride 
was added 1 g (1.75 mmoles) of 2a with stirring, and the mixture was kept for 2 days 
at room temperature. The solution was washed successively with 10% sodium 
hydrogen carbonate solution, 10% sodium bisulfite solution, and distilled water, 
dried (anhydrous sodium sulfate), and evaporated to dryness under diminished 
pressure at room temperature. The resulting syrup was crystallized from ether-hexane, 
to afford 0.88 g (80%) of colorless crystals of 2b, m.p. 73-75”; after three recrystalli- 
zations from ether-hexane, it had m.p. 76-78”, [aIF -9” (c 2.12, chloroform); 
lit.* m.p. 76-78”, [a]k6 -9” (c 3.0, chloroform). 

Anal. Calc. for C,,H,,O,,P: C, 55.26; H, 5.47; P, 5.09. Found: C, 55.20; 
H, 5.42; P, 5.78. 

A mixture melting point with an authentic sample of 2,3,4,6-tetra-O-acetyl- 
/I-D-glucopyranosyl (dibenzyl phosphate) prepared by the method of Wolfrom et al. ’ 

showed no depression. 
&mine salt of fl-D-gfucopyranosyf (difrydrogen phospf~ate) diflydrate (4). - 

Procedure A. A solution of 1.84 g (1.5 mmoles) of 2b in 75 ml of absolute ethanol 
was hydrogenated in the presence of 2.0 g of 5% palladium-on-carbon. After the 
theoretical volume of hydrogen had been taken up, the catalyst was filtered off, and 
the filtrate was treated with a solution of sodium ethoxide (from 92 mg of sodium) 
in 10 ml of absolute ethanol. After 1 h, the solution was evaporated in t’cIczio at 40”. 
and the resulting syrup was dissolved in 25 ml of distilled water. Chromatography 
with a column of 5 g of Dowex-50 X2 (H’) by elution with water (100 ml) afforded 
a colorless solution; this was made basic with a 0.5 M solution of brucine in methanol, 
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and the solution was evaporated in uacuo at 40”. The resulting solid was washed 
with chloroform (to remove any excess of brucine), and crystallization from water- 
acetone afforded 1.55 g (98%) of coIorless crystals of 4, m-p. 157-160” (dec.). After 
two recrystahizations from water-acetone, it had m.p. 163-l 67” (dec.), [a]‘,” - 19.7” 
(c 1.0, water) ; lite2 [a]“,” - 20” (c 1.7, water). 

Anal. Calc. for C,,H,SN,0,,P_2H,0: C, 57.55; H, 6.49; N, 5.16; P, 2.85. 
Found: C, 57.30; H, 6.34: N, 5.34; P, 3.07. 

Procedure B. A sample of 1.0 g (1.76 mmoles) of 2a was successively subjected 
to catalytic hydrogenation, saponification, and brucine salt formation, as described 
for 2b (procedure A), affording 1.9 g (94%) of colorless crystals of 4, p1.p. 160-165” 
(dec.). After one recrystallization from acetone-water, it had m-p. 165-170” (dec.), 

bl2D6 - 19.0’ (c 1.0, water)_ 

Anal. Caic. for C,2H65N40,7P-2H20: C, 57.55; H, 6.49; N, 5.16; PI 2.85. 
Found: C, 57.75; H, 6.56; N, 5.19; P, 2.43. 

A mixture melting point with the product from procedure A showed no 
depression. _ 
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of skin and 

ABSTRACT 

A technique for the separation of the acidic glycosaminoglycans 
cartilage by stepwise elution from De-Acidite resin FF has been investigated by 
using 35S-labelled components isolated from cartilage grown in tissue culture. The 
overall recovery of radioactivity from the resin was 31-45%. The fractionation 
patterns obtained with different batches of nominally identical resin varied consider- 
ably. Possible explanations for these results are given. 

INTRODUCTION 

Studies of the changes that occur in mammalian, acidic glycosaminoglycans in 
pathological conditions, and of biologically induced changes in materials grown in 
tissue culture have stimulated the development of techniques for the isolation and 
fractionation of these macromolecules on a micro-scale_ Barker, Cruickshank, and 
Webb’ reported the separation, from 40 g of rat skin, of the acidic glycosamino- 
glycans and the strIphate donor molecule, adenosine 3-phosphate 5phosphosulphate 
(PAPS) bound to peptide2, using a single, calibrated column of De-Acidite resin FF 
(chloride form) by stepwise elution with increasing concentrations of sodium chloride. 
The small amounts of acidic gIycosaminoglycans in individual biopsy specimens of 
tissue preclude their estimation by calorimetric methods, but the separation pattern, 
based on scanning for radioactivity of an extract of tissue that had been cultured 
in the presence of sulphate- 35S was similar to that obtained calorimetrically with 
larger amounts of tissue extract.‘Subsequent work on the separation of acidic glycos- 
aminogIycans from guinea-pig ear cartilage also showed3 that coincident elution 
profiles were obtained by scanning calorimetrically and for radioactivity. We now 
report further investigations of this method, with particular reference to the recovery 
from the resin of the components of 3 ‘9labeIled tissue extracts. 

MATEXIAL-S AND METHODS 

Individual segments of tracheal cartilage from youpg adult, hooded rats were 
cuhured ’ for 24 h at 37” in a medium containing, among other components, sodium 
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sulphate- 3 5S (100 /.Ki/ml). The condition of the cartilage before and after culture 
was checked histologically_ The most efficient method for isolating radioactive 
components from the tissue involved mechanical disintegration of the defatted tissue 
with a ground-glass, tissue grinder (Galienkamp) and 0.1~ sodium acetate buffer 
(pH 7.5) containing calcium chloride (IO- 3~) and sodium azide (0.002%), followed 
by proteolytic digestion for 24 h at 37” with Pronase B (Calbiochem., Los Angeles, 
U. S. A.) on a slow shaker. Residual protein was removed by treatment with a 
mixture of chloroform and 3-methylbutan-l-01 (lO:l, v/v), followed by addition to 
the cooled, centrifuged, aqueous phase of trichloroacetic acid to 10%. The solution 
was centrifuged, and the supernatant was dialysed against running water for 16-24 h 
before concentration under diminished pressure at 25”. Insignificant amounts of 
radioactive material were extracted from the tissue residue after proteolytic digestion 
either with 0.5N sodium hydroxide or by further digestion with pronase. 

De-Acidite resin FF (batch 1, SRA 71, heteroporous, 100-200 mesh, 7-9% 
average cross-linking, Permutit Co.) was washed successively with N sodium hydrox- 
ide, water, N hydrochloric acid, and finally overnight with distillled water. This 
regeneration procedure is milder than that reported earlier I. Fresh aliquots (6 ml) 
of resin were packed in columns (diameter, 0.3-0.4 cm) for each fractionation 
experiment, and the same batch of resin was used for the fractionation and refract- 
ionation experiments described below, and for determining the point of elution of 
sodium sulphate-35S. 

An aliquot of the concentrated tissue extract was assayed for radioactivity 
by liquid scintillation with a Packard Tricarb 527 scintillation spectrometer. The 
scintillator solution contained naphthalene (260 g), 2,5-diphenyloxazole (32 g), and 
1,4-di-[2-(5-phenyloxazolyl)]benzene (1.6 g) in a mixture of 2-ethoxyethanol(l200 ml), 
1 &dioxane (1200 ml), and xylene (400 ml). A second aliquot was applied to a resin 
column and eluted sequentially with water (5 ml), 0.5~ sodium chloride (8 ml), 
1.25hr, 1.5w, and 2.0~ sodium chloride (10 ml of each), and 4.0~ sodium chloride 
(12 ml) during 3 h under pressure (3-5 lb/sq. in.) of nitrogen. Fractions (1 ml) 
were collected automatically, and an aliquot (0.5 ml) of each fraction was dialysed, 
and assayed for radioactivity_ A second aliquot was assayed for radioactivity without 
dialysis, and corrections for quenching were made by the channels-ratio method. 
The specific activity of the resin after elution in the usual way was determined after 
washing with water, mixing, and grinding to a fine powder in a tissue grinder. 
Different amounts of the dried resin were counted in the presence of scintillator and 
a thixotropic gelling agent, Cab-0-Sil (G-L. Cabot Inc., Boston, Mass., U. S. A.), 
and the counts were extrapoIated to zero mass of resin. 

35S-Labelled tissue extracts ‘were also fractionated on resin that had been 
saturated with a solution of the sulphated polysaccharide, carrageenan (Boots Pure 
Drug Co.), or with chondroitin Csulphate (Evans Biochemicals Ltd.), and eluted 
in the normal way prior to use. In another series of experiments, an 35S-labelIed 
extract of rat cartilage was fractionated in the normal way, and fractions from each 
peak (see Fig. 1) were pooled and dialysed, and separate aliquots were assayed for 

Curb&&. Res., 11 (1969) 103411 



F.R4CT~ONATION OF ACIDIC GLYCOSAMINOGLYCANS 

1 Q5M 1 125M 1 1.5M 1 20M 1 4.0,,, Isa”’ ‘,,‘T’“” NaC1 o-‘MHC’ 

105 

NaCl added 

Fig. 1. Fractionation of ass-labelled components of rat tracheal cartilage on De-Acidite resin FF 
by elution with increasing concentrations of salt. 

TABLE I 

REFRACnoN.4T‘oN ON DE-ACIDITE FF OF 35S-LABELLED COhlPONENTS FR0.M RAT CARTILAGE (SF.E FIG. 1) 

Distribution of 353 on refraciionation 
TIlbe No.= Componentb Uptake of F5c 

Tube No. %S content c % Recovery of =S 

8-12 PAPS 1.6 9-12 
13-21 

17-22 cs-4 22.4 17-22 
27-28 

26-31 CS-6 30.7 18-22 
26-3 1 

35-36 DS 4.5 6--:2 
16-17 
26-27 

45 H 1.5 17-21 
26-28 

52-53 KS 1.3 18-20 
26-29 

68-72 unknown 4.5 18-21 
27-30 
36-38 

46 100 

50 42 
8 

9 34 

59 

28 30 
21 

7 

28 43 
!7 

16 49 
18 

21 38 
37 

6 

=Only those tubes that comprised “peaks” of radioactivity have been considered. qentative iden- 
tification from elution position (see ref. 1). =.4s % of total 35S eluted from column. 
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radioactivity and refractionated. The results of these experiments are summarised 
in Table I. 

The point of elution and recovery of sodium sulphate-35S and of mixtures of 
sodium sulphate- 35S with sodium sulphate (218 pg) and with purified heparin 
(14pg) were also determined. Heparin (Evans Biochemicals Ltd.) was purified by 
precipitation with cetyltrimethylammonium bromide4, and a solution of the purified 
material in 3M sodium chloride was dialysed against running water and freeze-dried. 

In a separate series of experiments, aliquots of an 35S-labelled extract of rat 
tracheaI cartilage were fractionated by using a new batch of heteroporous De-Acidite 
resin FF (batch 2), nominally identical to that used in the experiments described 
above. Aliquots of the extract in water, 0.5~~ 1.25~, lS1&z, 2.0&r, and 4.0~ sodium 
chloride were applied to six separate columns (6 ml of resin), previously equilibrated 
with water or with sodium chloride of the appropriate molarity. Columns were 
eluted at atmospheric pressure initially with the solution (20 ml) used for equilibration, 
followed by stepwise, increasing concentrations of salt as in the normal elution 
sequence; e.g., the sample applied in 1.5~ sodium chloride was eIuted with 1.5~ 

(20 ml), 2.OM (10 ml), and 4.OM sodium chloride (12 ml). Fractions (1 ml) were collected 
automatically and anaIysed for radioactivity. The recovery of radioactivity from 
the column was calculated. 

RESULTS 

Fractionations of 35S-labelled extracts of rat tracheal cartilage indicated the 
presence of radioactive components whose elution positions from the column were 
identical with those’ of PAPS, chondroitin 4- and 6-sulphate (CS4 and CS-6), 
dermatan sulphate (DS), heparin (H), and keratan sulphate (KS). These areas in 
the histogram accounted for approximately 60% of the total radioactivity eluted from 
the column, the rest appearing as relatively high “background” radioactivity between 
these areas. Dialysed and non-dialysed aliquots of fractions had identical specific 
activities, thus showing that the fractions contained no dialysable radioactive 
components. However, in experiments with the so-called heteroporous resin’ 
(batch 1), including several in which tissue extracts from guinea-pig ear cartilage 
were used, approximately 35% of the radioactivity appIied to the column was 
recovered by using the described elution system. Direct comparison of fractionations 
on the so-called heteroporous and isoporous resins’ demonstrated a recovery of 
4045% of radioactivity from the isoporous resin, with the major peak appearing 
in 1.25~ sodium chloride, and a recovery of approximately 35% from the hetero- 
porous resin, with the major peak appearing in 1.5~ sodium chloride. Preparation 
of the resin as described, or by using hot 6~ reagents ‘, did not significantly alter 
the fractionation profile or the recovery of radioactivity for the heteroporous resin, 
but small differences were observed for the isoporous resin. 

The fractionation patterns obtained with different batches of nominally 
identical resin varied considerably, and the resolution of radioactive components on 
some batches was very poor. 
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Slower elution of the column at atmospheric pressure with the same solutions 
during 8 h, and elution with the same solutions at pH 3.5, did not improve the 
recovery of radioactive material. Approximately 5% of the total radioactivity applied 
to the column was recovered by elution with saturated sodium chloride (10ml) 
and saturated sodium chloride in 0.1~ hydrochloric acid (10 ml), subsequent to 
elution with the normal solutions, but approximately 50% of the radioactivity 
applied to the resin was not eluted with the solutions described, as was conlirmed 
by analysis of the resin for radioactivity. Approximately 20% of this residual activity 
was eluted from the resin by prolonged treatment with saturated sodium chloride 
in 0. IN hydrochloric acid. 

Similar recoveries of radioactivity were obtained on fractionation of extracts of 
guinea-pig skin that had been cultured in a medium containing, among other com- 
ponents, D-glucose- ’ 4C (uniformly labelled, 3 ,uCi/ml). Recoveries of 3 ‘S-labelled 
extracts were not improved by using resin that had been saturated with carrageenan 
or chondroitin 4-sulphate and eluted in the normal way prior to use. Such treatment 
might have saturated sites on the resin at which sulphated glycosaminoglycans were 
attached irreversibly. 

The 35S-labelled component of rat tracheal cartilage that had the same elution 
point as PAPS was refractionated on De-Acidite resin FF (chloride form) with a 
quantitative recovery of radioactivity, 46% of which was eluted at the same point 
as in the original fractionation (see Table I). For all other components, however, 
the total recovery of radioactivity from the column on refractionation was only 
30-50%. The refractionation experiments suggested that pooled Fractions 17-22 
and 26-31 (Fig. I) contained components that were incompletely resolved in the 
initial fractionation. For Fractions 17-22 and 27-31, respectively, 50% and 59% 
of the radioactivity eluted had the same elution point on refraction&ion. Apart 
from additional small “peaks” of radioactivity eluted as indicated in Table I, the 
rest of the radioactivity recovered from the column on refractionation of Fractions 
17-22 and 27-31 was eluted by 2~ or higher salt concentrations as a high “back- 
ground” activity showing no well-defined “peaks”. 

Refractionation of those components eluted with 2.OM or higher concentrations 
of salt in the original fractionation (Fig. I) gave a considerable spread of the point 
of elution of radioactivity. Furthermore, only a very small percentage of the radio- 
activity in these components had the same elution point on refractionation. Sodium 
sulphate-35S, and mixtures of sodium sulphate- 35S with unlabelled sodium sulphate 
or hcparin, were fractionated with quantitative recovery of radioactivity. The point 
of elution (Fractions 13-20) of the radioactive material was the same in each case, 
thus indicating that no irreversible association occurred between sodium sulphate-35S 
and heparin. Fractionation of an 35S-labelled extract of rat tracheal cartilage on a 
new, but nominally identical, batch of resin (batch 2) gave an elution profile essen- 
tially similar to that shown in Fig. 1, but a total recovery of radioactivity of only 18%. 
Quantitative recoveries of radioactivity were obtained when aliquots of the extract 
were applied to this resin in 1.25~, 1.5hf, 2.OM, or 4.OM sodium chloride. A low 
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recovery was obtained for the sample applied in 0.5~ sodium chloride and the 
elution profiie (Fig. 2) was considerably different from that of the control sampie 
applied in water. In all cases of high recovery, 90-100% of the activity was present, 
as a single peak, in the first few fractions of the eluant. For the sample applied in 
1.25M sodium chloride, a second peak (approximately 4% of the total eluted activity) 
appeared in the ISM sodium chloride eluant. An increased “background” of radio- 

activity was noted in this fractionation. For the sample applied in 0.5~ sodium 
chloride, the “background” activity was of the same order as that observed in the 

L 
10 2 

Fraction no. 

Fig. 2. Fractionation of a solution of 35S-labelled components of rat tracheal cartilage in 0.5hr 
sodium chloride on De-Acidite resin FF equilibrated in 0.5% sodium chloride. 

DISCUSSION 

It has been shown ’ p3 that calorimetric estimation of acidic glycosaminoglycans 
from skin and cartilage gave a similar elution protie to that obtained from radioactive 
scanning of extracts of the same tissue that had been cultured in the presence of 
sodium sulphate-35S or 14C-labelled sugars. Recent work6 on the fractionation 
and characterisation of acidic glycosaminoglycans from large amounts of human 
skin, using the described method on a larger scale, has also confirmed that the 
eiution positions of chondroitin 4- and Gsulphates, dermatan suIphate, and hyal- 
uranic acid are as previously reported I. 

The amounts of acidic glycosaminoglycans present in tissue extracts used in 
the present work, however, preclude the use of rigorous methods for their identifi- 
cation in column eluates and thus prevented precise investigations, either of the 
behaviour of these components on De-Acidite resin in experiments of this scale, 
or of the relationship between the positions of elution of radioactivity and of acidic 
glycosaminoglycans. Without such information, the interpretation of elution patterns 
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that are based solely on radioactive scanning is obviously limited, The low recoveries 
from the resin of 35S- and ’ 'C-labelled components, their behaviour on refraction- 
ation, and the marked differences in the properties of nominally identical resins. 
however, prompt a detailed consideration of the interaction of polyanions with, 
and the elution from, such resins. 

Ion exchange can be described generally in terms of a number of diffusion 
steps, and the exchange reaction, which, for the elution of an absorbed polyanion, 
may be summarised as: 

(1) PI-R=+ + zM+ A- f P’-zMi -i- RZfzA- (exchange reaction) 
(2) P’-zM” (exchange site) Z$ P’-zM+ (resin bead surface) 
(3) PZ-zM* (resin bead surface) + PZ-zMf (solution), 

I 

where P’- _ IS a polyanion, MfA- the electrolyte, and R’+ the ion-exchanger. Appli- 
cation of the law of Mass Action to (1) gives: 

(4) [P”-RZc]/[PZ-zM’] = constant/[M+A-]‘, 

assuming that [RZfzA-] is constant. Equation (4) is similar to that derived’ for the 
interaction of large organic cations, e.g., quaternary ammonium ions and certain 
dyes, with polyanions; [P”-RZf]/[P’-zM+] is the ratio of polyanion absorbed on 
the resin to that in solution. Graphical representation of equation (4) conveniently 
expresses the concept of critical electrolyte concentration (CEC), since the plot of 
[P’-R=*]/[P”-zM+] against l/[MfA-]’ for large values of z shows an inflexion point, 
the position of which on the l/[M+A-lr axis determines the value of the CEC. 

The chromatographic behaviour of polyions in general on ion-exchange resins 
may be controlled by diffusion following desorbtion. The times of half exchange 
with NH: ions on a polystyrene cation-exchanger for Na’, 1.25 min; N+(CH,),, 
1.75 min; Nf(C,H5),, 3 min; and C6H5Nf(CH3)2(CHZC6H5), 1 week *, support 
the view that the size of the ion is important, although the affinity of the polystyrene 

matrix for the aromatic nucleus may be partially responsible for the slowness of 
exchange of the last-named ion. For polyanions, reactions (2) and (3) would be 
diffusion-controlled. 

In the fractionations described, dilute, aqueous solutions of polyanions 
(acidic glycosaminoglycans) are added to the resin which is in a state of maximum 
swelling, and the potential between the resin and aqueous phases draws the polyanions 
into the resin matrix. Most of the absorbed polyanions will be drawn either into 
“cracks” in the resin beads or into regions which are not highly cross-linked_ On 
addition of the eluting electrolyte, the resin matrix shrinks, tending to trap the 
absorbed molecules, and the elution processes depicted above begin. 

Elution of a polyanion might be delayed or prevented since (a) it might be 
difficult or impossible to achieve a CEC in the region in which the polyanion is 
absorbed and (b) the desorbed polyanion might become entangled with the resin. 
The quantitative recoveries of radioactivity obtained with samples applied to 
De-Acidite resin in 1.5, 2.0, and 4.ohZ sodium chloride indicate that, under these 
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conditions, the polyanions are not absorbed on, and do not significantly penetrate, 
the resin matrix. Some penetration and absorption apparently occurred with the 
sample applied in 1.25~ sodium chloride. Samples applied to the resin in 0.5~ sodium 
chloride or water were consistently eluted with low recoveries of radioactivity and 
considerable “trailing” which may be attributed to slow diffusion of the desorbed 
polyanion out of the resin bead. Some “trailing” was noted for the sample applied 
in 1.25~ sodium chloride. 

The variability of pore and fissure size in the resin, and the constraint placed 
upon the system both by the semi-rigidity of the resin and by the size of the poly- 

anions, mean that any component polyanion in an extract of cartiiage would be 
distributed on absorption among a number of sites possessing different steric charac- 
teristics. The apparent CEC for desorption of a particular polyanionic species, as 
measured by the ionic strength of the eluant, probably differs from site to site in 
the resin. 

Whereas there is no significant difference in the CEC of the complexes formed 
by chondroitin Csulphate, chondroitin 6-sulphate, and dermatan sulphate with 
aqueous solutions of quaternary ammonium salts, the ion-exchange resin may be 

sensitive to the geometrical distribution of anionic sites on these three polysaccharides, 
and their reported separation on De-Acidite FF resin may be determined in part 
by this factor. 

The differences between batches of nominally identical resin are apparently 
related to the more-complex series of reactions that have to be considered in ion- 
exchange processes involving polyanions. A considerable proportion of the “trapped” 
radioactive components in resin that had been eluted with the described sequence of 
solutions was eluted on prolonged soaking in strong salt solution for 10 days. This 
supports the conclusion that elution of some of the polyanions is slow. The higher 
recovery of radioactive components from isoporous rather than heteroporous resin 
also suggests that steric factors are involved in the elution step, since the only difference 
between the two types of resin is the more regular distribution of cross-linking in 
isoporous resin. 

The main features of the separation of cartilage extracts by chromatography 
on De-Acidite FF as described may be summarised as follows. 1. Polyanions are 
drawn into the resin matrix and absorbed. 2. On addition of salt, the matrix shrinks 
and traps absorbed polyanions. The extent and nature of the trapping depends 
upon the degree of penetration into the resin matrix; the nature of the 
resin at the exchange site; and the shape of, and distribution of charges on, the 
poIyanion. 3. During elution, peaks of radioactivity appear as the CEC for the 
particular polyanion and absorption site is reached. The different elution positions 
for the chondroitin sulphates and dermatan sulphate may depend, in part, on the 
shape of the polyanions. 4. Complete separation of the polyanions is prevented 
by (a) the steric heterogeneity of the resin sites and (21) the slow rate of elution of 
much of the absorbed material. 

Conclusions that are compatible with those noted above have been made by 
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Knight ‘. Polyanions of defined structure and molecular weight are required for 
further investigations of these points. It is also particularly important that the 
structure of the eluted components be rigorously defined. 
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OF WATER-SOLUBLE GALACTOMANNANS 
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Buenos Aires, Baenos Aires (Argentina) 
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A quantitative relationship can be obtained between the rotatory power and 
the molar ratio mannosejgalactose for galactomannans having a structure consisting 
of a backbone of p-(1 +4)-linked D-mannopyranose units with side chains of m-(1+6)- 
linked D-galactopyranose residues, by using an equation based on the principle of 
optical superposition and derived originally by Time11 for native xylans. 

By adopting the usually accepted errors for the determination of optical 
rotations (+ 5” for polysaccharides) and the percentages of the sugar units (f 5%), 
the natural, water-soluble galactomannans can be grouped into two classes, namely, 
those for which the differences between the experimental and calculated rotations 
lie in the range of the experimental error, and those for which the above differences 
are higher than the experimental error. For the last class, the existence of structural 
details not considered in the basic pattern used for the correlation is suggested. 

INTRODUCTION AND DlSCUSSlON 

There is good evidence that the basic structure of water-soluble galactomannans 
isolated from different sources, especially seeds of Leguminosae, con& of a back- 
bone of /3-(l-+4)-linked D-mannopyranose residues with side chains of CC(1+6)- 
linked D-galactopyranose residues. Since these polysacchar ides have specific rotations 
that differ widely from - 54” [the value that is predicted for an itinitely long molecule 
composed exclusively of (l-,4)-linked /3-D-mannose residuesl], it is reasonable to 
assume that the deviations represent the contribution to the optical rotation by the 
appended D-galactose residues. 

The aim of this study was to use the principle of optical superposition to 
calculate rotations of hypothetical galactomannans (having the perfect structure 
mentioned above) as a function of the mannose/galactose ratio (M/G), and to compare 
these values with those obtained experimentally for natural galactomannans. 

Similar calculations have been carried out-by Timell’, on native xylans, using 
equation 1, which has now been adapted fir gaLactomannans: m-is the molar rotation 
of an unsubstituted D-mannose residue in the chain, y is the molar rotation of an 
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a-(l-&)-linked D-galactopyranosyl-D-mannopyranose unit in the chain, and cr is 
the molar ratio of mannose to the above aldobiose residue, 

C4,(163 +s)(l + ;) = m+p,tx (1) 

The factor 1163 + (163/r + l)] is the average residue weight of each mannose 
unit in the polymer backbone with the aldobiose averaged into each. A plot of the 
left-hand side of equation 1 for linear galactomannans of different galactose contents 
should yield a straight line of intercept 112 and slope ~1. 

The quantity m, available from the mannan oligosaccharide series’, is - 88.0. 
The quantity P is not available at present, since it could only be derived from the difle- 
rence in moIar rotations of the symmetrical tetrasaccharide O-j?-D-mannopyranosyl 
(l-4)-0-/3-D-mannopyranosyl-[(6+ I)-c-D-gaiactopyranosyll-(1+4)-D-mamrose and 
mannobiose. Timel12 obtained the approximate, corresponding vaIue for xylans 
by using the difference in molar rotations between the tetrasaccharide, 0-(4-U- 
methyl-a-D-ghrcopyranosyluronic acid)-(1 +2)- O-/I-D-xyIopyranosyl-(1+4)- O-/~-D- 
xylopyranosyl-(I +4)-D-xylose, and xylobiose. We tried this procedure, but, on 
looking at the members of the U-cr-D-gaIactopyranosyl-(l~6)-0-/3-D-mannopyranosyl- 
(1 +4)-O-/?-D-ma~opyranosyl-(1 -4) series, we found no relationship between the 
reported optical rotations and the degree of polymerization (see Table I). 

TABLE I 

ROTATORY POWERS AND MOLAR ROTATIONS OF OLIGOSACCHARIDES OF THE a-D-GALACTOPYRANOSYL- 

(&6)-P-D-MANNOPYRANOSYL-(k+$) SERIES 

OIigosacchridP [& (Wllfer) 
(degrees) 

4 Ref. 

G--&f + 124.6 +426.1 3 
G+M+M d-98.4 f495.9 4 

G+-M+M+M -7.0 -45.6 1 
G-+M--~M+M-+M -11.0 - 89.7 1 

“G- , , a-D-galactopyranosyl-(1+6)-; M--t, 8-D-maonopyranosyl-(lo)-. 

The quantity ,Q (+520.9) was then tentatively obtained from the difference of 
the moIar rotations of U-a-D-galactopyranosyl-( l-+6)-O-/3-D-mannopyranosyl-f1+4)- 
D-mannose (+ 495.9) and M* (- 25.0). To be sure that the same equilibrium mixture 
of anomers is present in sohrtion in both entities, M* was obtained as the difference 
of the molar rotations of mannotriose3 ( - 126.0) and mannotriito13 (- 101.0). 

The galactomannans are listed in Table II, together with the observed optical 
data, the caIcuIated rotations, and the corresponding values of (m+&). The 
experimental rotations were considered to be accurate to t5” (unless otherwise 
stated). In the calculations, an error of -C5% in the percentages of mamose and 
galactose (total error, f 10%) results in a maximum error of +6” for the calculated 
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rotations. Accordingly, differences of t 11” or less (& 17” in samples 6 and 8) between 
experimental and calculated rotations were considered to be meaningless. 

The best straight-line (Fig. 1, line II) calculated (Ieast-square method) by 
using the experimental rotations of ali the galactomannans listed in Table I showed 
values of m (-93.0) and p (+502.0) which are in good agreement with those 

(nz = -88.0 and ,u = t520.9) used in equation 1. If all the rotations, except those 
of samples 6 and 20 (galactomarmans from Medicago satiua and Ceratonia si!iqzria 
which, when reinvestigated, showed different rotations ; see samples 1 and 23, Table II), 
are used, p changed to +484-O (Fig. 1, line III). The above values confirm the well- 
known, basic structure used in the derivation of equation 1, but, if p= f484.0 has 
any significance, it suggests the presence of fme structural detaiis. 

500’ 
!m + uld 

e 

I 
CZI 
%I 

P 

-2004 

Fig. 1. The (m-l-,&) values versus the reciprocal (I/u) of the mannose to aldobiose residue ratio 
for galactomannans extracted with water from different sources. Galactomannans for which the 
differences between the experimental and calculated rotations (n) lie in the range of the experimental 
error (0); (b) are higher than the experimental error (I), and whose rotations are more negative 
than those predicted by using equation 1; and (c) are higher than the experimental error (o), and 
whose rotations are more positive than those predicted by using equation 1. Line I, calculated from 
equation 1 with m = -88.0 and ,u = f520.9. Line II, the best straight-line calculated (minimum 
square-root method) for the (m+,+) values of all the galactomannans listed in Table II. Line III, 
the best straight-line calculated for the (m+,@) values of all the galactomannans listed in Table II, 
except for those of Medicugo satica and Ceraronia siliquia (samples 6 and 20) which, when reinvesti- 
gated, showed different rotations. Line IV, the best straight-line calculated forthe (m+/c/a) values of 
the galactomannans for which the differences between the experimental and calculated rotations 
lie in the range of the experimental error. Line V, the best straight-line calculated for the (m+p/o) 
values of the galactomannans for which the differences between the experimental and calculated 
rotations are higher than the experimental error, and whose rotations are more negative than those 
predicted by using equation 1. 

When the experimental and calculated rotations were compared, it was found 
that, in fourteen cases (Table II, galactomannans 1,4, 5, 7-l 1, 15, 18, 19, and 23-25), 
the differences lay in the range of the adopted experimental error. The best straight- 
line (Fig. 1, line IV) calculated (least-square method) with the experimental rotatory 
powers of the polysaccharides gave values of 1~2 (-94.0) and p (+ 530.0) which are 
in very good agreement with those used in equation 1. 

Curbohyd. Res., 11 (1969) 113-118 
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The differences for the other galactomannans (Table IT, galactomannans 2, 
3, 6, 12-14, 16, 17, and 20-22) are higher than the experimental error and indicate 
the presence, in these molecules, of structural details not considered in the basic 
pattern used for equation 1. Deviation from an exact relationship between the 
rotatory power and the mannose/galactose ratio has been previously indicated for 
several galactomannam?. In eight cases (Table II, galactomarmans 2, 3, 12-14, 16, 
17, and 22), the polysaccharides show rotations that are more negative than those 
predicted. It is noteworthy that the distribution of the points in Fig. 1, corresponding 
to these substances, indicates a common fine structure that is related to the galactose 
content. The best straight-line (Fig. 1, Iine V) calculated for these points gave values 
of 111 = - 142.0 and p = +462-O, and it is interesting that the differences between 
the experimental rotations and those predicted on the basis of the above parameters 
(Table II) lie in the range of the adopted experimental error. The existence of some 
8-D-galactose residues (which must not be as chain ends) could be one way of explaining 
these lower rotations. It must be remembered, in this connection, that the galacto- 
mannan extracted with water from the kernel of Cocus nuczj2raZ4 (which was not 
included in Tabie IT, because its basic structure is largely different from that accepted 
for galactomannans extracted with water) has p-(1 44)-linked D-galactopyranose 
residues in the backbone, as well as j?-D-mannopyranose residues as chain ends. 
These structural variations seem to lower the rotations to unusual values (-S9.0°, 
NaOH solution). Methylation analysis of some of the galactomannans listed in 
Table II also indicated the presence of small proportions of 6-substituted D-galactose 
residues in the backbone “- ‘8*23, and of D-mannopyranose residues as chain 
ends 18*23_ 

Three galactomannans 10*20 (Table II; 6, 20, and 21) show higher rotations 
than those predicted from equation 1, but when two of them (from Medicago satha 

and Ceratonia siliqzria) were reinvestigated, the rotation values (TabIe II; 1 and 23) 
were in agreement with those expected from equation 1. 
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RAPID, SENSITIVE DETERMINATION OF PERIODATE 

GAD AVIGAD* 

Department of Biochemistry, Albert Einstein College of Medicine, Bronx, New York 10461 (U. S. A.) 

(Received April lOth, 1969) 

Periodate rapidly oxidizes the violet ferrous-2,4,6-tri-2-pyridyl-s-triazine 
complex to a colorless compound. This reaction serves as the basis for a simple 
procedure for the quantitative, calorimetric determination of periodate at the nano- 
molar level. Use of this assay was exemplified by a study of the course of oxidation 
of 1- to Zpmolar samples of several representative carbohydrates. 

INTRODUCTION 

Periodic acid is a powerful oxidant that has found many uses in analytical and 
organic chemistry1-4. Its ability to cleave 1,2-glycols provides a reagent extensively 
employed in carbohydrate chemistry5- ‘. 

A selection of methods is available for the determination of periodate in 
solution1*2*6* ‘. Titrimetric procedures10-14, which are relatively slow and sensitive 
only to pmolar levels of periodate per sample, are the most widely employed. 
Direct determination of periodate by U.V. spectrophotometry provides a sensitive 
method”-“, but it often cannot be applied effectively, owing to the presence of 
other compounds having high absorption in the same spectral region. Another 
spectrophotometric method, based on the oxidation of 1,2-bis(p-dimethylamino- 
phenyl)-l,Zethanediol, has recently been described’ ‘. Calorimetric assays for per- 
iodate that are based on the oxidation of aromatic amines havealso beensuggested’g920. 
These procedures are relatively slow, or involve the use of organic solvents and the 
formation of a colored product that is not very stable. 

In the present article, a simple, rapid, sensitive procedure for the assay of 
periodate is described. This method is based on the very fast oxidation of the stable, 
violet complex [Fe(TPTZ)~f] (1) of ferrous ion with 2,4,6-tri-2-pyridyl-s-triazine2 ’ 
(TPTZ) to yieid a colorless ferric derivative. The amount of residuil violet compound 
is determined calorimetrically. A convenient range for the assay of 5 to 200 nmoles 
of periodate is suggested. However, the method can readily be adapted for the deter- 
mination of one nmole of periodate. Compounds (other than periodate) usually 

*On leave from the Hebrew UniVersity, Terusaiem, Israel. 
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120 G. AVIGAD 

found in a standard oxidation system of a carbohydrate do not interfere with the 
assay. As measurements are made at 593 nm, the presence of such u.v.-absorbing 
materials as compounds containing unsaturated bonds, aromatic aglycons, purines, 
pyrimidines, and proteins does not interfere. The method may aiso be suitable for 
the assay of periodate in certain water-miscible, organic solvents. 

The present assay-procedure was found to be particularly valuable when only 
a small quantity (one to two irmoles) of the sugar to be examined was available, but 
a study of the kinetics of its oxidation by periodate was desired. 

EXPERIMENTAL 

Materials. - 2,4,6-Tri-2-pyridyl-s-triazine was obtained from the G. E. Smith 
Chemical CO., Columbus, Ohio 43223. The preparations of sodium metaperiodate 
used were analytical reagents from Fluka AG, Buchs, Switzerland, and Fisher 
Scientific Co., Pittsburgh, Pa. 

Spectrophotometry. - Readings were made with a Zeiss Model PMQII 
spectrophotometer, with cuvets having a I-O-cm light-path. A Gilford model 300 
spectrophotometer was occasionally employed (for rapid assay of a large series of 
samples). 

Reagents. - The violet solution of 1 was prepared as follows. TPTZ (75 mg, 
0.24 mmole) was dissolved in acetic acid (46 ml), and M sodium acetate (210 ml) 
and a freshly prepared solution of Fe(NH,),(SO,),. 6H,O (31.4 mg, 0.08 mmole 
in 100 ml of water) were added. The volume was then made to 1 liter with water. 
The solution should have pH 4.0-4.2 and E:‘,“, ~1.8. No apparent decrease in 
absorbance of the solution occurs during one month at room temperature. This 
reagent may be diluted with M acetate buffer (pH 4.0) to provide solutions of lower 
absorbance at 593 nm. 

A stock solution (50 mM) of sodium metaperiodate was prepared by dissolving 
NaIO,, (1.0695 g) in water (100 ml) in an amber-colored measuring flask or one 
wrapped in aluminum foil to ensure complete protection from light. This solution 
was kept no longer than a week at room temperature. Dilute solutions were freshly 
made daily with water, and these solutions were kept protected from light. 

Assay of the periodate. - In a standard procedure, sampIes containing 5 to 
200 nmoles of periodate were added to tubes containing 4.5 ml of the violet reagent (1). 
The volume was made to 5.0 ml with water, and the solution was well mixed. The 
absorbance of the solution was read at 593 nm, to determine the amount of residua1, 
violet 1. As this compound is very stable under the conditions employed, measure- 
ment of it can be made at one minute, or many hours, after a sample of periodate 
has been removed for analysis. This property proved to be especially convenient 
when several series of samples had to be taken at short time-intervals during a kinetic 
study of oxidation. 

Typical standard-curves for periodate are presented in Fig. I. The slope of 
the lines is the same, irrespective of the initial concentration of the violet 1 present 

Cuddzyd- Res., 11 (1969) 119-123 
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in the reagent (see Fig. 1A). Also, the slope can be proportionally increased when a 
smaller initial volume of the solution of 1 is employed for the assay of similar amounts 
of periodate (see Fig. 1B). It is apparent that the range and sensitivity of the method 
for periodate can readily be adjusted for the needs of any particular experiment 
over a range of concentrations of oxidant. Thus, the sensitivity can be increased 
to permit determination of one nmole of periodate. 

Fig. 1. Oxidation of 1 by periodate. A. Reaction conducted in a volume of 5 ml, but containing 
various initial concentrations of the violet, ferrous complex 1. B. Different volumes of a solution of 1 
used. Numbers near each line indicate number of ml of reagent employed. 

The decrease in the molar extinction coefficient of the violet 1 that is ‘caused 
by oxidation with one mole of periodate was found to be 37,000 under the conditions 
of assay described; this value corresponds to the oxidation of I.7 g-atoms of ferrous 
ions2 ’ (the maximum theoretical equivalent expected is 2.0). 

E#ect of cariotu compounds on the oxidation of 1 by periodate. - At a final 
concentration of 5 mu, formaldehyde, acetaldehyde, NaIO,, NaCIO,, KH,P04, 
Na,CO,, MgC12, and Tris do not interfere with the assay. Although 2 mM citrate 
does not decolorize the violet ferrous complex (l), concentrations higher than 0.2 mu 
lessen the sensitivity of its oxidation by periodate. Addition of ethylene(d&trilotetra- 
acetate) to the ferrous complex 1 at equimolar concentrations causes instantaneous 
decolorization”. The presence of any one of several such ions as Cu2+, Ag+, CN-, 
and NO; may interfere with 21 the stability of the reagent 1. 

The reaction can also be performed in the presence of any one of several 
water-soluble, organic solvents. Thus, pyridine (4%), acetonitrile (40%) and acetone 
(40%) do not interfere significantly with the reaction at concentrations lower than 
those indicated. NJGDimethyIformamide at concentrations higher than 1% lessens 
the extent of oxidation, whereas p-dioxane at 1% decolorizes the violet, ferrous 
complex (1). Several aliphatic primary alcohols decolorize the ferrous complex 1 and, 
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at very low concentration, inhibit the periodate reaction. Thus diethylene glycol, 
diethylene glycol monomethyl ether, methyl Cellosolve, and 2-chloroethanoi signifi- 
cantly interfere with the assay when present in a concentration as low as 0.2%. 

Methanol, ethanol, and propyl alcohol at final concentrations >0.05% 
exhibit an inhibitory effect on the extent of oxidation of the ferrous complex 1 
by periodate (see refs. 23 and 24). 

Kinetics of oxidation of mrious substrates. - As an example, a representative 
group of compounds containing the 1,2-glycol grouping was oxidized by periodate, 
and the course of the consumption of oxidant was estimated by the method already 
described (see Fig. 2). Each oxidation was conducted at pH 5.2, to ensure slow 
hydrolysis of any formyl esters formed 25+26. Similar oxidations at pH 3 to 8 could 

conveniently be analyzed by the present method, as the reagent was prepared in 

M acetate buffer at pH 4.0 to 4.2. 

2 3 A- 6 12 24 
Time (hours1 

Time (hours) 

C 
V 

1 2 3 A 5 

Time (hours1 

Fig. 2. Course of consumption of periodate during oxidation of different substrates- All reactions 
were conducted in the dark in 40 mM acetate buffer (PH 5.2). Samples (5 to 25 al) were withdrawn 
with a constriction micropipet and directly added to the violet, ferrous reagent (1) to determine 
the amount of residual periodate. A. Disaccharides (2 mhf) and tetrasaccharide (1 mhr) were oxidized 
with 15.4 m&i NaI04: 0, stachyose; 0, lactose; 8, a,a-trehalose; 31, sucrose. B. AIdopyranosides 
(2 mt.@ were oxidized with 10 mM NaI04: 0, methyl a-D-xylopyranoside: 0, methyl a-D-arabino- 
pyranoside; 0, methyl a-D-ghrcopyranoside; I, methyl a-D-mannopyranoside. C. Substrates 
(2 mM) were oxidized with 20.2 mM NafO;r for inositol (e)), D-glucitol (o), and D-ghtcose (a); 
with 10.1 mM for 2-deoxy-n-lyxo_hexose (8) and 3-O-methyl-D-glucose (a; with 7.9 mM for 
glycerol (A) and r-serine (8); and with 5 mM for ethylene glycol (v)_ 

in all cases (see Fig. 2), the course of the oxidation and the periodate uptake 
per mole of substrate correspond to the theoretical value predicted. As expected6*‘, 
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the oxidation of acyclic glycols is very fast compared to that of reducing sugars, 

involving the intermediary formation of formic esters (see Figs. 2 A, B). Also, 
cleavage between or-erythro-hydroxyl groups (distorted cis-hydroxyl groups) is 
faster than that of a-tizreo-hydroxyl group (distorted trans-hydroxyl groups),as is 
evident from the pattern of oxidation of glycosides (see Fig. 2C). 
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ABSTRACT 

4,6- O-Benzylidene-1,2-dideoxy-D-erythro-hex-l -enopyran-3-ulose has been 
preparedin good yield from 4,6-O-benzylidene-l,2-dideoxy-~-ribo-hex-l_enopyranose. 
Chromium trioxide in pyridine is the most satisfactory oxidant. The n.m.r. spectra 
of this and other unsaturated pyranoid derivatives suggest that the magnitude of 
the cis vicinal vinylic coupling constant is reduced when the double bond is between 
C-l and C-Z. This is attributed to the electronic properties of the ring oxygen atom. 

RESULTS AND DISCUSSION 

Recent work in this laboratory showed that 4,6- O-benzylidene-1,2-dideoxy-D- 
fhreo-hex-1-enopyran-3-ulose 1 could be readily formed in high yield by mild, 
acid-catalysed elimination of methanol from the pyranosid-3-ulose 2. Similar treat- 
ment of pyranosid-3-ulose 3 resulted in a low conversion into enone 4, as indicated 
by spectroscopic examination of the crude product. Isolation of enone 4 was not 
achieved, because the chromatographic mobilities of compounds 3 and 4 on silica 
gel were identical. 

6R’=OMe,R=H 
7 R’= H, R= OMe 

OH 

5 4 3 

In connection with a photochemica1 project’,. it became necessary to obtain 
enone 4, and de preparation of this compound is how reported. Two methods ‘of 
synthesis appeared to be suitabIe. One method invoked-selective- oxidation3 bf the 
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axial C-3 hydroxyl group in 1,2-dideoxy-D-ribo-hex-I-enopyranose, followed by 
benzylidenation. Alternatively, the C-3 hydroxyl group in 4,6-O-benzylidene-1,2- 
dideoxy-D-ribo-hex-l-enopyranose 5 could be oxidized. The latter method seemed 
favourabfe, since compound 5 is now readily available4a*b. 

The most satisfactory reagent was found to be chromium trioxide in pyridinesV6. 
Treatment of compound 5 with this reagent gave a 75-80% yield of product that was 
virtually uncontaminated with starting material. Recrystallisation gave pure 4,6-Q- 
benzylidene- 1,2-dideoxy-D-eryfhro-hex-I-enopyran-3-ulose 4 which showed an 
intense uItravioIet absorption at 262 nm, typical of cr$-unsaturated ketones’, and 
infrared maxima at 1700 and 1600 cm- *, also characteristic of this structural feature. 
The n.m.r. spectrum (CDCI,) is consistent with the structure assigned to compound 4: 
H-2 appeared at r 4.52 as a doublet (Jr ,Z 6.0 Hz), and the diagnostic’ enone j? hydrogen 
H-l, at r 2.70, was partly obscured by the signals for the phenyl protons. In C6D, 
(Table I), the signal for H-l (r 3.60, doublet, J1 ,t 6 Hz) is separated from the phenyl 
signals, and the same splitting is found in the H-2 doublet now observed at z 4.95. 
In all these respects, the compound clearly resembles the enone with the three structure 
1, and, for comparison, the n.m.r. parameters of enone 1 in CDCI, and CsD6 are 
recorded in Table I. 

TABLE I 

N.M.R. PARAMETER+ OF eryrhro- AND ~~~ZO-~,~-~-BE!NZYLIDENE-~,~-DIDEOXY-D-HEX-~-ENOPYRAN-~- 

ULOSES 

Enone CsH5 H-7 H-I H-2 H-4 H-S H-6 H-6’ 

@(CDCIs) 

4G.Dd 

WDQ) 

1GDd 

2.3-2.8 4.4 2.7 d 4.52 d 5.3-6.2 m 
m S J.I,z (6.0) Jz~(6.0) b I 

2.2-2.9 4.82 3.6 d 4.95 d 5.85-6.7 m 
m s Ji.z (6.0) Jz~(6.0) . 

2.4-2.7 4.35 2.47 d 4.44 d 5.30-6.0 m 
m S J1,2 (6.5) J2.1(w.s) 

2.3-3-O 4.80 3.33 d 4.80 q 6.26 6.88 6.06 6.78 

m S Ji.2 (6.5) J&1(6.5) bt bs AB (q of d) 
f2.4 (1.3) f4,5 (2-O) 5.01 &,S* (13.0) 

42 (1.3) Js.5 (2-O) 
le,,s (2.0) 

aMeasured with a Varian A-60D spectrometer; chemical shifts on T scale; s = singlet, d = doublet, 
t = triplet, q = quartet, m = multiplet * = width at half height, b = broad. Values in parentheses 
are splittings in Hz; these will be very close to JvaIues, since A/J is large enough for first-order analysis 
to appIyx6. These chemical shifts supersede those reported earlier’. 

A significant difference in the n.m.r. spectra of enones 1 and 4 is the long-range 
splitting of 1.3 Hz observed in the H-2 quartet of compound 1, compared to the 
smaller splitting (less than 0.2 Hz) in the H-2 doublet of compound 4. This splitting 
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is due to long-range coupling between H-2 and H-4. The difference in magnitude of 
the couplings must arise from the change in configuration at C-4 in these compounds. 
Anet * has observed a difference, similar to that described above, for J1,3 in the 
a 6 and /II anomers 7 of methyl 3,Pdideoxy-6-O-methyl-D-glycero-hex-3-enopyran- 
osidulose; the values reported’ were 0.7 and 0.2 Hz, respectively. Thus, a quasi equa- 
torial* proton shows strong (- 1.0 Hz) 4J coupling through the carbonyl group to 
the vinylic proton, as illustrated by compounds 1 and 6, whereas the quasi axial* 
proton couples only weakly, as shown by compounds 4 and 7. These changes in 
coupling constant with changes in orientation of protons are in agreement with 
observations in cyclohexanonesg. 

There is a striking difference between the magnitude of the vicinal vinyl 
couplings reported8 for compounds 6 and 7 and the enones 1 and 4. Compounds 6 
and 7 have J3,4 10.7 Hz. This is a reasonable value for a cis vicinal coupling constant. 
For compounds 1 and 4, however, the values for J,,* are only 6.5 and 6.0 Hz, 
respectively. Thus, the splitting is diminished by ca. 4 Hz when the double bond is 
between C-l and C-2. We find that this difference is not restricted to the enones 
discussed above. The reported’bJo vicinal vinylic couplings (Jf,3) in several isomeric- 
hex-2-enopyranosides are 10 Hz, whereas, for several derivatives of 1,2dideoxyhex- 
1-enopyranoses, the values for J1,2 are all very close to 6 Hz, and for tri-O-acetyl-D- 
glucal” Jl,t is 6.4 Hz, again a difference of ca. 4 Hz. 

The electronegativity of the ring oxygen atom is probably responsible for the 
diminished coupling. This conclusion is supported by the observation” that coupling 
of the cis-vicinal protons in substituted ethylenes (CH, =CHX) is 10.3 Hz when 
X is an alkyl group, but decreases to 6.7 Hz when X is an alkoxyl group. 

The suitability of other oxidants for the conversion of compound 5 into 4 
was examined. Manganese dioxide, a reagent recommended13 for oxidation of 
allylic alcohols, had little effect, and ruthenium dioxide attacked the double bond14. 
Methyl sulphoxide and the sulphur trioxide-pyridine complex, recently introduced 
by Parikh and Doering 15, did produce some enone, but the yield of 4 could not be 
increased above 30%. 

EXPERIMENTAL 

4,6-O-Benzyiidene-I,2-dideoxy-o-ribo-hex-I-enopyranose (5). - This compound 
was prepared in two steps 4b from methyl 4,6-O-benzyhdene-2,3-anhyd.ro+~- 
allopyranoside. 

4,6-O-benzyZidene-l,2-dideoxy-D-erythro-hex-I-enopyrarz-3-ztZose (4). - A solu- 
tion of compound 5 (5 g) in pyridine (10 ml) was added to the oxidant prepared 
from chromium trioxide (15 g) and pyridine (500 ml) at -5O. The mixture was 

*Dreiding models of compounds h and 4 indicated these orientations for H-4. The conformation 
is more certain in the case of compound 4, where the two six-membered rings are rruns fused. &et 
has proposed these orientations for H-l in compounds 6 and 7. 
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stirred for 18 h at room temperature, ether (700 ml) was added, and the mixture was 
titered. The titrate was evaporated to low bulk, methylene dichloride (100 ml) was 
added followed by ether (200 ml), and the mixture was filtered. The filtrate was again 
treated as described above. This afforded an off-white solid (3.8 g, 76%). Recrystal- 
lisation from isopropyl alcohol afforded compound 4, identical to the material 
preparedphotochemically*. It had m.p. 128-129”, [IX&, + 189” (chloroform); v_ 1700 
and 16OOcm-’ (C=C-C=O); i,,,, 262 nm (E 8.4x 103, ethanol); and the n.m.r. 
parameters are shown in Table I (Found: C, 67.5; H, 5.3. C,,H,.O, talc.: C, 67.2; 
H, 5.2%). 
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ABSTRACT 

Methods are described for the determination of barium and of sulphate in 
carbohydrates by using an EEL flame photometer. The intensity of the barium flame 
is unaffected by the presence of carbohydrates, and the barium content is determined 
by direct examination of a solution of the carbohydrate. Prior to sulphate assay, 
the carbohydrate ester is heated with nitric acid; hydrolysis with hydrochloric acid 
is unsatisfactory in some cases. The suIphate is then determined by precipitation as 
barium sulphate, followed by dissolution of the latter in ethylenediamine tetra-acetate 
solution and photometric assay. An alternative, more-direct method, in which the 
concentration of barium remaining after introduction of sulphate and centrifugation 
is measured, is less accurate. The methods have been successfully applied to a range 
of sugar and polysaccharide sulphates with 2-5 mg samples. 

INTRODUCTION 

A variety of methods’ have been used to determine the ester sulphate content 
of carbohydrates. Applied to suitable hydroiysates, the gravimetric (BaSO,) method 
is accurate but requires a skilful operator and a large sample. When sulphuric acid 
is liberated enzymically, it can often be determined satisfactorily by the calorimetric 
benzidine method’ or by turbidimetric3 or automatic titrimetric4 methods; in our 
hands, the barium chloroanilate method’ did not give reproducible results, possibly 
on account of its marked susceptibility to cationic interference. However, none of 
these methods used in enzyme studies was considered suitable for the analysis of 
carbohydrate sulphates themselves, and recourse was usually made to combustion 
analysis or to the 4’-chlorobiphenyl4ylamine method of Jones and Letham6. When, 
as a preliminary to the latter method, the initial hydrolysis was conducted in hydro- 
chloric acid, low results were often obtained7; more accurate values were recorded 
when the sample was subjected to an oxygen-flask combustion or treatment with 
fuming nitric acid. 

The need for a more convenient method for the routine determination of 
sulphates in carbohydrates led us to investigate procedures based upon the flame 
photometry of barium. The results are reported below. Recently, a frame photometric 
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method for (carbohydrate) sulphate assay based upon the calcium flame’ was 
reported. Although this method can be used to analyse for very small quantities of 
sulphate (O-30 ,~g), supplementary assay and treatments are necessary before it 
can be applied to substances containin, 0 uranic acids and interfering cations. 

RESULTS AND DISCUSSION 

Barium determination. - Initially, it was established, with standard solutions, 
that there was a linear relationship between Ba” concentration and the scale 
reading on an EEL flame photometer over the range 0.05-0.6 mg of Ba*+/ml. The 
addition to barium chloride solutions of a representative range of sugars (n-glucose, 
D-galactose, &amino-2-deoxy-D-glucose, and D-galacturonic acid) caused no alteration 
in the photometric responses, except at very high concentrations (36 mg/ml), well 
beyond the range normally encountered. This suggested that the barium content of 
barium salts of carbohydrate sulphates could be obtained directly by flame photo- 
metric examination of their solutions. That this was so was established experimentally; 
the vaIues for barium content determined photometrically for a range of carbohydrate 
sulphates were in excellent agreement with those obtained gravimetrically and with 
the theoretical values (Table I). 

TABLE I 

FLAMB PHOTOMETRIC DETERMINATION OF BAFUUM IN BARiUhf SALTS OF CARBOHYDRATE SULPHATFS 

Compound Barium (%) derermined by 
Calc. (%) 

Flame photo- Gravimetric 
metric method method 

n-Gahictose d(barium sulphate) 20.9 21.3 20.9 
u-Galactose 2,3&-(barium sulphate) 28.5 28.5 28.8 
Methyl a-D-galactoside 4-(barium sulphate) 20.0 20.4 20.1 
Methyl a-n-galactosidc 2,3-di-(barium sulphate) 27.6 27.5 27.9 

S.&hate determination. - Our first approach to sulphate assay was a direct 
one. The unknown solution containing sulphate ions was treated with a standard 
solution of barium chloride, and, after removal of the precipitated barium sulphate, 
the decrease in barium flame of the supematant was measured. A series of such 
determinations is shown graphically in Fig. I; in this experiment, the precipitate, 
formed at 100” under neutral conditions, was removed by centrifugation. In subsequent 
runs, some variation in experimental procedure was made, including precipitation 
under weakly acid conditions and/or in the presence of added barium sulphate, 
precipitation at room temperature, and accelerated ageing of the precipitate by 
alternative heating and cooling, and also removal of the -precipitate by filtration. 
The results were essentially similar. 

The flame photometric readings shown in Fig. 1 were higher than expected. This 
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was due to the presence of sodium ions; the non-linear effect of added Na’ (as NaCI) 
is shown in Fig. 2. The effect of potassium ions was even more marked, but the 
addition of various carbohydrates had no effect on the photometer reading. 

0.5 

Final concentration of sodium sulphote <g/i) 

Fig. 1. Barium flame of a barium chloride solution (dihydrate 1.0 g/l) after partial removal of barium 
as barium sulphate. 

I I 

0.2 0.4 

Concentration of added NaCl (g/i) 

Fig. 2. Effect on barium flame of added sodium chloride [NaCI added to a solution of BaQp2H20 
(0.5 g/l); initial photometer reading: 50.01. 

This simple difference method of sulphate assay is applicable to solutions 
containing carbohydrate, and sulphate in the range 50-500 p.p.m. However, since 
replicate values may differ by as much as 15 p.p.m., the method can be regarded as 
semi-quantitative only. Moreover, application of this method to sulphate assay of 
(nitric acid-hydrolysed) chondroitin sulphate gave grossIy anomalous results, and 
this is attributed to the presence of traces of KS. The latter had been introduced by 
exchange with Naf during a deproteinisation procedure involving kaolin, 
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Quantitative sulphate determination. - An alternative method of greater 
accuracy which was not susceptible to interference by adventitious cations was 
required, and methods involving measurement of the barium content of the precipi- 
tated barium sulphate, rather than the supematant, were considered. Callum and 
Thomas’ have described the solubilisation, for flame photometry, of barium sulphate 
inan aqueous solution of ammonium ethylenediamice tetra-acetate, and this procedure 
was investigated. 

Solutions containing known amounts of inorganic sulphate were treated with 
barium chloride, and the resultant precipitates were separated by centrifugation, 
washed, dissolved in ethylenediamine tetra-acetate (EDTA) solutions, and examined 
photometrically. Reproducible curves relating (linearly) sulphate concentration (over 
the range of 0.2-1-O mg of sulphate/ml) and flame intensity were obtained. The 
values were not influenced by the presence of carbohydrate (up to 20 mg/ml) in 
the solution from which precipitation was effected. 

Application to carbohydrate snIphates. - Published data” suggest that the 
susceptibility to acid hydrolysis of the ester linkage in carbohydrate sulphates differs 
widely. It was clearly desirable that a standard method of sulphate hydrolysis appli- 
cable to all carbohydrate suIphates should be evolved for use with the flame photo- 
metric assay. Earlier indications that liberation of sulphate ion is not maximal 
when hydrochloric acid is employed for hydrolysis were confirmed by applying the 
flame photometric method to suitable hydrolysate residues. The results are shown 
in Table IT. Although some variations, in both acid strength and duration of hydrolysis 
at loo”, were made, the results were low by comparison with those derived from 
elemental combustion analysis. 

TABLE II 

FLAME PHOTOhlETRIC DETERMINATION OF SULPHATE: HYDROLYSIS WITH HYDROCHLORIC ACID 

Compound Normolify Time of Sdphare content (%) 

of acid hydrolysis at 

100” (h) FIame Elemental 
photometry analysis 

D-Glucose 6-(barium sulphate)a 
Chondroitin 4-(sodium sulphate) 
Chondroitin 4-(sodium sulphate) 
Heparin (sodium salt) 
Mucilage from Louremia pinnati$da 

7 

; 
16 22.0 23.7 
12 6.3 12.8 

6 12 Il.2 12.8 
6 24 24.9 30.0 
6 16 11.3 15.1 

aContaining some free D-glucose. 

These data led us to employ the less specific but, as subsequently shown, 
completely reIiable method of oxidative hydrolysis with fuming nitric acid. A standard 
procedure was developed, in which, following the hydrolysis for 24 h at loo”, the 
nitric acid was removed by evaporation, and the residue was shaken with water 
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and treated with barium chloride. The precipitated barium sulphate was dissolved 
in EDTA and assayed as described above. 

To establish the total method, it was applied to a range of sugar and poiy- 

saccharide sulphates. In each case, a second value for sulphate content, based upon 
total sulphur analysis by an alternative method, was obtained. The results (Table III) 
show an excellent correlation and are in good agreement with the theoretical values 
in the case of the synthetic compounds. The method has been applied to both sodium 
and barium salts. Determinations were usually carried out in duplicate or triphcate; 
applied to compounds with a sulphate content of 10-40%, the method gave replicate 
values for sulphate content, which usually, to within 0.2%, were identical, and 
which rarely differed by more than 0.3%. 

TABLE III 

DETER~~INATIoN OF SULPHATE IN CARBOHYDRATE SULPHATES BY THE BaSO&DTA-FLAhlE PHOTOMETRIC 

METHOD 

Compound Sulphate (%) as determined by 

Flame Alternative 

phorometry method 

cute. (99) 

n-Galactose C(barium sulphate) 29.0 29.4a 

D-Galactose 2,3-di-(barium sulphate) 40.0 4o.F 
Methyl a-D-galactoside 4-(barium sulphate) 28.4 28.la 
Methyl cc-D-galactoside 2.3-di-(barium sulphate) 38.9 39.2= 
Chondroitin C(sodium sulphate) 15.0 15.4b 
Heparin (sodium salt) 39.0 38.ob 
Heparin (commercial sample) 29.9 3o.ob 
Mucilage from Larrrencia pimlatjfida 15.7 15.1b 
Porphyran from Porpbyra umbilicalis 11.7 11.T’ 

29.1 
40.2 
28.1 
39.1 

=Digestion with fuming nitric acid, followed by the method of Jones and Letham6. boxygen-flask 
combustion, followed by titration with barium perchlorate usingsulphonazo III indicator in acetonela. 

The method was also applied to mucopoIysaccharides containing native protein. 
With bovine albumin as standard, an estimate of the protein content was made by a 
quantitative biuret method _ 1 I In Table IV, the results are compared with those 
obtained by an alternative method of sulphur determination. 

DISCUSSION 

The EDTA method described has been adopted as a routine procedure in 
our laboratories. The apparatus and procedures are uncomplicated and accurate, 
and reproducible results are obtained immediately. The sample required, 2-5 mg in 
most cases, can be diminished if the final volume of EDTA solution is kept below 
2 ml or if its concentration is diminished, but there may be some loss in accuracy. 
It seems certain that further scaling down could be achieved by the use of a more 

refined photometer. 
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TABLE IV 
FLAME PHOTOMETRIC DETERhflNATlON OF SiJLPHATE: EFFECT OF PZlOTEIN 

Protein content 
(%) 

Sulphate content (%) 

Flame Combustion12 
photometry 

Chondroitin sulphate from trachea 15.2 13.7 12.8 
2.1 14.5 14.0 
0.5 15.0 15.4 

Chondroitin sulphate from nasal septum 13.6 13.9 13.0 

Some of the procedures described merit f=rther comment. Digestion of the 
barium salt of a sugar sulphate with nitric acid is expected to furnish equimolar 
amounts of barium sulphate and sulphuric acid. It was our intention, originally, to 
add sodium chloride to the digest to convert free acid into sulphate, in order to 
minimize losses by vaporisation during evaporation of the nitric acid. In practice, 
such an addition has proved unnecessary, even though temperatures as high as 360” 
(sand-bath) have been applied; sulphuric acid (98.3%) has b-p. 338”. This may be 
due to chemical or physical interaction of barium sulphate and sulphuric acid to form, 
substantially, a homogeneous matrix, with diminution of the vapour pressure. This 
caMot be ascribed to the formation of BaSO, . H2S04, as this acid salt decomposes ’ 3 
at 160”, but may be simply dissolution of the salt by the parent acid. Barium sulphate 
dissolves in sulphuric acid, even at 25” (15.9 g in 100 g of solution’4), and is readily 
soluble 1 ’ at 100”. Presumably, water is removed from the system, azeotropically, 
during the evaporation of the nitric acid. 

When, after removal of nitric acid, the residuum is cooled, some barium 
sulphate will remain in solution, probably as an equilibrium mixture of salts and 
complex acids’ 3 ; the remainder may separate from solution as acid salts’ 3~16 
together with barium sulphate. Some species will decompose when water is added. 
The results show that, whatever the form and number of phases prerent, transfer 
of sulphate (in salt or free acid form) from the reaction vessel is effected, quanti- 
tatively, by a brief treatment with water. Barium sulphate at this stage may be 
colloidal or in very fine suspension. 

Nitric acid, but not hydrochloric acid, has proved reliable for oxidative 
hydrolysis of samples prior to sulphate assay. The lack of specificity of this reagent 
must be borne in mind when, in addition to O- and N- sulphate groups, other sulphur- 
containing residues are present in the molecule. Though it has not yet been established 
by us, it seems that, in most cases, the method will provide a suitable means for 
total sulphur assay. It is possible that, in the case of some sulphate esters, e.g., those 
of simple sugars, prolonged hydrolysis with very dilute hydrochloric acid, or ion- 
exchange resins, will lead to complete liberation of ester groups as SO;-. This is 
being investigated. The use, as hydrolysing agent, of hydrochloric acid of higher 
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strength often leads to charring, and the unexpectedly low SO:- content of such 
hydrolysates may be due to reduction rather than to incomplete scission of the ester 
linkage. 

The semi-quantitative method described is more direct and has applications 
in routine monitoring and sulphatase studies, but, in its present form, lacks the 
accuracy of the alternative procedure. An obvious drawback is the interference 
observed with sodium and potassium, and probably other cations, consequent on 
the simple light-filtering device employed in the photometer. Prehminary studies 
on a Zeiss spectrophotometer (PMQl 1) fitted with a flame attachment (FAI), which 
utilises a quartz prism monochromator, suggest that the method has greater potential 
when allied to a more refined photometer. 

EXPERIMENTAL 

Flame photometer. - An EEL flame photometer (Evans Electroselenium Ltd.) 
fitted with a Wratten No. 77 filter and an EEL air compressor was used in this work. 

Determination of barium in barium salts of carbohydrate sulphates. - A sample 
containing 0. l-l .O mg of Ba’ + was dissolved in water and made up to 2 ml in a 
volumetric flask. The flame photometer was set to give zero deflection with distilled 
water, and full-scale deflection with the reference solution (BaCI,.2H,O) of highest 
concentration (usually containing 0.6 mg of Ba”/ml), and a calibration curve was 
constructed by using standard solutions of lower concentration. The unknown 
solution was then sprayed, and the deflection noted; the barium concentration was 
read from the calibration curve. Determinations made in duplicate or triplicate 
furnished identical results. The zero and full-scale deflections were checked between 
determinations by using water and the appropriate standard solution. 

Determination of sttlphate in carbohydrate sulphates. - (a) Semi-quantitative 
method. The solution (1 ml) of carbohydrate and SO;- (0.1-0.8 mg) was heated 
in a water bath at lOO”, and a solution of barium chloride dihydrate (0.2% w/v, 1 ml), 
also at 100°, was added. The solutions were mixed, maintained for 10 min at 100°, 
cooled, and, after a further 10 min, centrifuged at 3000 r-p-m. (10 min). The sulphate 
content in the supernatant (1.5 ml) was then determined by flame photometry. 
Prior to each determination, the zero and full-scale deflections were set against 
water and an appropriate barium chloride solutior~ A calibration curve was con- 
structed by treatment of standard solutions of sodium sulphate with barium chloride. 

(b) EDTA solution method_ - Ethylenediamine tetra-acetic acid (Hf form, 
5.0 g) was dissolved in a mixture of water (100 ml) and ammonia (sp.gr. 0.880,50 ml), 
and the volume was made up to 500 ml with water. 

The carbohydrate sulphate (2-8 mg) was treated with fuming nitric acid 
(1.5 ml) in a sealed, hard-glass tube (7 x 0.5 in.) for 24 h at 100”. The cooled tube was 
opened, and the nitric acid was removed by being heated for ca. 3 h at 330-360” on 
a sand-bath. The residue was shaken with water (1 ml) and transferred to a lo-ml 
conical centrifuge tube, quantitative transfer being effected by further washings 
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(2 x 1 ml). Aqueous barium chloride (dihydrate 1% w/v, 5 ml) was added, with 
mixing, and then 1 drop of cont. hydrcohloric acid (A.R.). After storage for 5 min, 
the tube was centrifuged at 3000 r.p.m. (10 min), and the supematant was rejected. 
The precipitate was broken up, and washed with water (5 ml), and the washings 
were removed by centrifugation. The precipitate was dissolved in aqueous ammonium 
ethylenediamine tetra-acetate, and the volume was made up to 2 ml. 

Ammonium EDTA.solution was used to set the zero of the flame photometer, 
and a calibration curve was constructed by using standard solutions of sodium 
sulphate, precipitating SOi- as BaSO,, and dissolving the latter in ammonium 
EDTA solution, as described above. The instrument was set to give full-scale deflection 
with the most concentrated solution (usually 1 mg of SOi-/ml). While maintaining 
the instrument settings (checking between readings), the readings were recorded for 
the unknown solutions, and the sulphate contents were deduced from the calibration 
curve. 
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Note 

A thiophene derivative from 1,2,3,5-tetra-O-acetyl- 

4-thio-D-ribofuranose’ 

R. L. WHISTLER AND D. J. HOFFMAN 

Deparrment of Biochemistry, Purdue Uniuersity, Lafa_vette, Indiana 47907 (U. S. A.) 

(Received March 7th, 1969) 

During the course of synthesis of a nucleoside by condensation of 2,3,5-tri-U- 
acetyl-4-thio-D-ribofuranosyl chloride with chloromercuri-6-(benamido)purine’, we 
have observed an interesting aromatization reaction leading to an optically inactive 
elimination product. The product has been identified as 4-acetoxy-2-(acetoxymethyl)- 
thiophene (1) by its i.r., n.m.r., and mass spectra. The i.r. spectrum lacks hydroxyl 
absorptions at 3300-3600 cm- I, and shows the presence of two acetyl bands at 
1745 cm-’ and 1765 cm-’ (the latter, characteristic of an aryl acetate) and has 
strong absorptions at 1550 cm- ’ and 3100 cm- I, characteristic of thiophene deriva- 
tives’. The n.m.r. spectrum of compound 1 is shown in Fig. 1. This spectrum integrates 
for 10 protons, and is composed of three singlet signals: two acetyl-methyl resonances 
at T 7.89 and 8.04, and a methylene resonance at 5.00. Two aromatic doublets at 

r 3.07 and 3.24 (J3,5 1.5 Hz, H-3 and H-5) are characteristic of 3,5-disubstituted 
thiophene derivatives3. Other disubstituted thiophene isomers have J>3. All of 
the principal, mass-spectral peaks expected of structure 1 are present in the mass 

3.0 4.0 ’ <.o ’ 6:0 7.0 8.0 9.0 2’ 

Fig. 1. The 60-MHz n.m.r. spectrum of 4-acetoxy-2-(acetoxymethylhhiophene (lj in carbon tetra- 
chloride. 

*This work was supported by the National Institutes of Health, Department of Health, Education, 
and Welfare, Bethesda, Md. Grant No. 5 ROI AM 11463 and by the Agricultural Research Service, 
U. S. Department of Agriculture. Grant No. 12-14-100-7662 (71). administered by the Northern 
Regionai Research Laboratory, Peoria, Ill. Journal Paper No. 3637 of the Purdue Agricultural 
Experimental Station, Lafayette. Indiana. 
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spectrum (m/e 43,84, 112, 130, 155, 172, and 214). One mode of cleavage is the loss 
of the acetylium ion to produce a strong m/e 43 peak, and another is the loss of 
ketene from the molecular ion to produce an intense M-42 peak, characteristic of 
en01 acetates4. 

Alkaline hydrolysis of 1 produces an unstable compound that has a phenolic 
odor and that gives a red color with ferric chloride. Thiophene-3-01 behaves in a 
similar way with ferric chloride ‘_ The formation of 1 from 1,2,3,5-tetra-O-acetyl- 
4-thio-D-ribofuranose (2) requires, for significant yields, the presence of both an 
acid and a base. Mercuric chloride, or di-(p-nitrophenyl) phosphate, as the acid, and 
6-(benzamido)purine or piperidine as the base, in NJ?-dirnethylformamide at 115”, 
gives 1 in 40-50% yield. A yield of -6% of 1 is obtained during the nucleoside 
synthesis in benzene at 80”. The formation of 1 takes place very slowly (as indicated 
by t.1.c.) at 115” in the presence of acid, and does not occur in the presence of base 
only. The requirement for both an acid and a base suggests that the mechanisms 
may occur through a C-l carbonium ion (or, less probably, by a concerted elimination) 
to yield a glyc-1-enose (3), which undergoes further elimination to produce the 
thiophene derivative (1). Since the postulated intermediate 3 was not revealed by 

I \ 
AcO OAC 

2 

J/AZ H - 

\ /- 

,/‘-” \ 
OAC 

t.1.c. examination during 
selected. 

the reactions, it must react rapidly under the conditions 

The acid-catalyzed, alkyl-oxygen cleavage of the 3-acetate would be expected 
to be facile, due to the formation of a comparatively stable carbonium ion (4) as the 
intermediate; from 4 thus produced, the stable product 1 is obtained by elimination 
of the C-4 proton. No comparable reaction is observed for a related oxygen analog. 
Treatment of l-0-acetyl-2,3-5-D-i-0-benzoyl-D-ribofuranose6 with piperidine and 
mercuric chloride in iV,N-dimethylformamide for 1 h at I1 5” gives a dark mixture 
that, in t l.c., remains at the origin, However, it is possible that a furan derivative is 
formed, and is rapidly degraded to products that do not move under the chromato- 
graphic conditions employed. 
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EXPERMENTAL 

Generai methods. - T.1.c. was performed with 7~3 (v/v) hexane-ethyl acetate 
as the irrigant, and detection by spraying with 5% sulfuric acid in ethanol and 
charring. The i-r. spectra (Nujol) were recorded with a Perkin-Elmer Model 337 
spectrophotometer. Optical rotations were determined with a Perk&Elmer Model 141 

automatic po1arimeter. N.m.r. spectra were recorded with a Varian Associates A-60 
spectrometer for solutions in carbon tetrachloride containing tetramethylsilane as 
the internal standard. Mass spectra were measured by Dr. F. Regnier with an 
LKB 9OOOA gas chromatograph-mass spectrometer. 

4-Acetoxy-2-(acetoxymethyl)thiophene (1). - To a solution of 1,2,3,5-terra-o- 
acetyl&thio-D-ribofuranose’ (2 g) in dry N,N-dimethylformamide (100 ml) were 
added mercuric chloride (110 mg) and 0.6 ml of freshly distilled piperidine. After 
the mixture had been refiuxed for 6 h, the N,N-dimethylformamide was removed 
under diminished pressure, leaving a dark liquid that was applied to a silica gel 
cohunn and eluted with 7:3 (v/v) hexane-ethyl acetate. Compound 1 moved faster 
than the starting material, and gave a dark-blue color on charring on a t.1.c. plate. 
After the solvent had been removed under diminished pressure, the product was 
further purified by passing it through another silica gel column with the same eluant. 
Removal of the solvent Ieft a fight-yellow liquid; yield 610 mg (46%); [a];’ 0 

(c 1.2, chloroform); RF 0.60. 
Anal. Calc. for C9H, .O,S: S, 15.70. Found: S, 15.77. 
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CARBOHYDRATE RESEARCH 

2-Deoxy sugars 
Part XVI. Improved preparation of methyl 2-deoxy-a-D-arabino-hexofur- 
anoside’ 

W- WERNER ZORFJACH, CLARITA C. BHAT, AND K. VENKATRAMANA BHAT 

Department of &o-Organic Chemistry, Gurf South Research Institute, New Iberia, Louisiana 70560 
(17. S. A.) 

(Received April 1st; 1969) 

Methyl 2-deoxy-a-D-arabino-hexofuranoside’ (2) is the starting compound 
for the preparation of 5,6-O-carbonyl-2-deoxy-3-U-p-nitrobenzoyl-r-D-arabblo- 
hexosyl bromide’, which has utility in the preparation of pyrimidine nucleosides 
that contain 2-deoxy+D-arabino-hexofuranose as the carbohydrate residue’ bPc. The 
furanoside may be readily prepared in cu. 30% yield by the direct methyl glyco- 
sidation of 2-deoxy-D-arabino-hexose, but its separation from the glycosidation 
mixture requires column chromatography on powdered cellulose, in which only 
about 1 g of the mixture can be handled at one time. The method is not suitable, 
therefore, for large-scale preparations of the furanoside (2). 

In order to find a way to facilitate the isolation of 2, we restudied a procedure 
described by Overend et ~1.‘. These workers converted Z-deoxy-D-arabilzo-hexose 
into its ciibenzyl dithioacetal (I), and demercaptalated the latter in dry methanol3 
to afford (it was claimed) solely “methyl 2-deoxyglucofuranoside” (methyl 2-deoxy- 
D-arabino-hexofuranoside). We repeated their experiment, and our results showed, 
with the aid of paper-chromatographic analysis, that the product was a mixture, 
consisting of approximately 50% of methyl 2-deoxy-a-D-arabino-hexofuranoside (2), 
the remainder being isomeric pyranqside(s). A similar demercaptalation of the 
diethyl dithioaceta14 la gave comparable results. 

Nevertheless, the yield of 2 from 1 or la was a marked improvement over 
that obtained by the direct methyl glycosidation’ of 2-deoxy-D-m-abino-hexose, and, 
because of the greater proportion of 2 formed in the demercaptalation procedure, 
it was possibIe to recover about haif of the compound by direct crystallization 
from a solution of the reaction mixture. Technically, in terms of time and effort, 
this procedure is a more efficient means for large-scale preparations of 2, if total 
recovery is not a desideratum. The remainder of 2 may be recovered, however, by 
p-nitrobenzoylating the syrupy residue to give the tris-p-nitrobenzoate (2a), which 
separates in almost quantitative yield from an acetone solution of the reaction 
mixture. 

*IIS work was supported by Grant No. GSRLNS257. from the Louisiana State Science Foundation. 
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If total recovery of 2 is the objective, it is more efficient to p-nitrobenzoylate 
the demercaptalation product, without prior separation by crystallization; an almost 
quantitative recovery (corresponding to the proportion of 2 estimated by chromato- 
graphy) of 2a is obtained. Deacylation of 2a to afford crystalline 2 is a simple 
procedure * b to execute; therefore, the conversion consisting of Zdeoxy-D-arabino- 
hexose+dialkyl dithioacetal (1 or la) +tris-p-nitrobenzoate (2a)dmethyl 2-deoxy- 
a-D-arabino-hexofuranoside (2) is a practical method for large-scale preparations of 2. 

By the latter method, we were able to secure an adequate supply of 2, making 
possible a scaled-up preparation of methyl 5,6-0-carbonyl-2-deoxy-a-D-arabino- 
hexofuranoside, an intermediate in the synthesis of the previously reported furanosyl 
halide’ employed in nucIeoside syntheses. As more product was formed on this 
occasion during the carbonylation of 2, another water-insoluble product was isolated 
which, from its elemental composition and i-r. spectrum, has been tentatively iden- 
tified as 3,3’-O-carbonylbis(methyl 5,6-0-carbonyi-2-deoxy-a-D-arabino-hexofurano- 
side) (3). 

&Hz 

I 
HOCH 

I - 
HCOH 

I 
HCOH 

I 
Ch,OH 

1, R=PhCH2 

C 

2, R’= H 

20 R = P -OzNC6H4! 
, 

lo, R= Et 

*<O;y 
d==O 

. G5 OCH 0 
0 

OMe 
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EXPERIMENTAL 

Demercaptalation of the dithioacetals (1 or la). - To 54 mmoles of either 
I or la in 200 ml of dry methanol were added 8 g of Drierite, 30 g of mercuric 
chloride, and 16 g of yellow mercuric oxide. The mixture was stirred for 3 h at room 
temperature, and frltered through a pad of Celite, and to the filtrate was added 25 ml 
of pyridine. The mixture was kept in a refrigerator overnight, the pyridine-mercuric 
chloride complex was filtered off, and the fihrate was stirred for 7 min with a small 
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amount of Rexyn 300 (Hf, OH-) ion-exchange resin*. The mixture was filtered 
through a pad of decolorizing carbon, the filtrate was evaporated to dryness under 
diminished pressure, and the resulting clear syrup crystailiied on storage in a vacuum 
desiccator (phosphorus pentaoxide). Paper chromatography of the syrupy product 
with water-saturated 9:1 butyl aIcohoI-toluene disclosed about 50% of methyl 
2-deoxy-a-D-arabino-htixofuranoside (2) (RF 0.43); the remainder consisted of the 
isomeric or-D-pyranoside (RF 0.35), slightly contaminated with what was most 
probably its anomer. 

ikfetf2yI 2-deoxy-cr-D-arabino-hexofuranoside (2). - (a) Via its tris-p-nitro- 

benzoate (2a). To 8.3 g (47 mmoles) of the syrupy product (obtained from the 
preceding experiment) in 190 IIII of dry pyridine at 0” was added 40 g (220 mmoles) 
ofp-nitrobenzoyl chloride. The mixture was stirred for 1 h at 0” and for 1 h at room 
temperature, and was then kept in a refrigerator for 3 days. After being warmed to 
room temperature, the mixture was slowly added, with efficient stirring, to 300 ml 
of saturated, aqueous sodium hydrogen carbonate. Ice-cold water (I .5 1) was added, 
the mixture was stirred for 1 h, and the resulting precipitate was filtered off, washed 
with water, and dried in a vacuum desiccator (phosphorus pentaoxide). Three 
recrystallizations from acetone gave 14.5 g of the p-nitrobenzoylated furanoside 2a 
(m.p. 142-144” and also 168-169”), corresponding to 4.1 g (ca_ 50%) of the unsub- 
stituted furanoside (2) present in the origina syrup. Deacylation of 2a was readily 
accomplished , lb affording 2 in almost quantitative yield. 

(b) By direct crystallization. The syrupy mixture of methyl glycosides (8 g) 
(obtained from the demercaptalation of-la) was dissolved in 80 ml of tetrahydrofuran, 
and ether was added to incipient turbidity, followed by the addition of one drop of 
tetrahydrofuran. The solution was nucleated, and the inside of the flask was vigor- 
ously scratched to prevent the separation of syrupy material. The soiution was kept 
overnight at room temperature, and the crystais that formed were filtered off and 
recrystallized from tetrahydrofuran-ether to which a few drops of pentane were 
added; yield of 2, 1.9 g (23% based on la), m.p. 76-80”. The syrup that remained 
after separation of crystalline 2 was p-nitrobenzoylated as described in the preceding 
experiment. The resulting tris-p-nitrobenzoate (2a) was recrystallized three times 
from acetone, to afford 6.2 g of pure product, corresponding to 1.8 g (21%) of the 
unsubstituted furanoside (2). The total yield of 2 was, therefore, 44%. 

3,3’-0-CarbonyZbis(methyI 5,6-0-carbonyI-2-deoxy-u-D-arabino-l;exojiranoside) 

(3). - A solution of 976 mg (5.5 mmoles) of 2 in 11 ml of dry pyridine and 8 1ml of 
dry carbon tetrachloride was cooIed to - lo”, and to this solution was slowly added 
dropwise, with stirring, 4.2 mi of a 15% (w/w) solution of carbonyl chloride in dry 
toluene. The mixture was stirred for 1 h at - IO” and for 1 h at room temperature, 
and was then poured, with stirring, into a mixture of 4 g of freshly prepared barium 
carbonate with 150 ml of crushed ice. After the ice had melted, the mixture was 
Ntered through a bed of Celite. (The filtrate contained the desired methyl 5,6-O- 

Tislier Scienfifk Co. 
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carbonyl-Z-deoxy-a-D-arabino-hexofuranoside.) The solid residue, which contained 
Celite, barium carbonate, and by-product (3), was repeatedly extracted with hot 
tetrahydrofuran. The extracts were combined and evaporated to dryness under 
diminished pressure, and the residue was recrystallized from acetone-ether-pentane 
to yieid 300mg of 3, m.p. 163-164.5”, [a]F +83.8” (c 1.35, acetone); ez 1815 
(cyclic carbonate carbonyl) and 1755 cm-’ (acyclic carbon&e carbonyl). 

Anal. Calc. for C17H22013: C, 47.01; H, 5.10. Found: C, 46.75; H, 4.97. 
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Note 

Gluconic acid end-groups in unbleached cotton cellulose 

KENNETH LARSON AND OLOF SAMUELSON 

Department of Engineering Chemistry, Chalmers Tekniska Htigskola, GLiteborg (Szceden) 

(Received February 12th, 1969) 

Great difficulties are encountered in the determination cf the structure of the 
end groups in unbleached cchulose. Firstly, the number of end groups is very small, 
and secondly, appreciable proportions of polysaccharides other than cellulose are 
present in the unbleached cotton’. These polysaccharides contain uranic acid units 
w.tich interfere with the determination of acidic end-groups present in the cellulose. 
In most cotton samples, the number of carboxyl groups is larger than the number of 
end groups calculated from molecular weight determinations, even in samples 
subjected to purification by extraction with hot alkali. No conclusions about the 
presence of carboxyl end-groups in undegraded cellulose can therefore be drawn 
from experiments of this type. 

A three-charnel analyzer coupled with chromatography on anion-exchange 
resins makes it possible to detect small amounts of aldonic acids in the presence of 
large amounts of uranic acids2. In one channel, all oxidizable acids are determined 
by chromic acid oxidation. In a second channel, the eluate is treated with carbazole 
which gives a strong reaction with uranic, but no reaction with aldonic, acids. The 
third channel is employed for periodate oxidation with subsequent determination of 
formaldehyde. Aldonic acids give a strong response, whereas uranic acids give no, 
or a very slight, response. 

A chromatographic study of the non-volatile, monoprotic acids isolated from 
a hydrolyzate of unbleached cotton revealed that a variety of acids were present. 
A chromatogram from a run in O.OShf sodium acetate is reproduced in Fig. 1. As 
expected, a Iarge amount of Ievulinic acid (L) was recorded. Another artefact is an 
anhydrosaccharinic acid (AS) found to be present in all hydrolyzates from cellulose 
prepared by the applied method 3. Galacturonic acid (Ga) was the preponderant 
uranic acid, which confirms that raw cotton contains appreciable proportions of 
pectic substances’. As expected from previous work4.‘, 2-U-(4-O-methyl-a-D-gluco- 
pyranosyluronic acid)-D-xylose (MGX) and 4U-methylglucuronic acid (MG) were 
present in large amounts. The chromatograms confh-m, moreover, the earlier obser- 
vation that cellobiouronic (C) and glucuronic (Gu) acids were present5. Another 
biouronic acid, with properties similar to those of 2-0-(4-O-methyl-a-D-glucopyran- 
osyluronic acid)-D-xylose, was indicated as well. No attempts were made to identify 
this acid. 
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Chart reading, mm 

MGX 

L- 
. --__----_-- 

_ _.__S’_-2‘.-_ -_d--’ ---------- 

“OL 100 Eluate volume,m! 

Fig. I. Separation of monoprotic acids isolated from 1.5 g of solvent-extracted Peruvian cotton. 
Column: Dowex l-x8; 23-24 ,~m: 1150 x 3.8 mm. Eluent: 0.08~ sodium acetate with acetic acid 
added to obtain pH 5.9; , chromic acid method; - - - -, carbazole method; -=-e---.-, 
periodate-formaldehyde method. 

a 

101 

A distinct peak with the position of gluconic acid (G) was recorded in the 

periodate channel. In 0.5~ acetic acid, gluconic acid appears at a retention volume 
very close to that of 2-O-(4-O-methyl-cr-D-glucopyranosyluronic acid)-D-xylose5, and 
a run in this medium showed that a distinct peak was recorded with periodate at the 
relevant position. Gluconic acid was isolated on a preparative scale from 100 g of 
cotton by chromatography in 0.08~ sodium acetate, which gave a mixture containing 
mainly 4-O-methylglucuronic acid. This mixture was rechromatographed in 0.5M 
acetic acid. A cleancut separation was obtained’. 

The purity of the isolated gluconic acid was checked on the automatic column. 
The distribution coefficients and the response indices’ agreed with those recorded 
with an authentic sample. The 1,4iactone was trimethylsilylated and studied by gas 
chromatography-mass spectrometry 6. The results confirmed that the isolated acid 
consisted of gluconic acid. 

To study whether the gluconic acid was present as end groups in the cellulose 
or in some non-cellulosic impurity, the raw cotton was purified by boiling with alkali7. 
The chromatograms showed that galacturonic acid had almost completely disappear- 
ed, but that appreciable amounts of the other uranic acids were still present. Peaks 
corresponding to gluconic acid were recorded in runs both in 0.08~ sodium acetate 
and in 0.5~ acetic acid. Chromatography of the sugar fraction obtained after hydrolysis 
revealed that appreciable amounts of xylose were present’. 

The alkali-boiled cellulose was further purified by subjecting it to a mild 
treatment with acid and a subsequent extraction with 6% sodium hydroxide at 
room temperature_ The chromatograms indicated that gluconic acid was present, 
although in a smaller amount than in the non-hydrolyzed sample. Likewise, 40- 
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methylglucuronic acid and 2- 0-(4-O-methyl-cL-D-glucopyranosyluronic acid)-D-xylose 
were present in about the same amounts as gluconic acid. The other uranic acids 
were not present in detectable amounts. The sugar analysis showed that small amounts 
of xylose were still presents, and that the total amount of aldoses other than glucose 
was about 0.05%. The gluconic acid was isolated on a preparative scale and identified. 

To ascertain that gluconic acid was not an artefact formed by oxidation during 
the hydrolysis or during the procedure used for its isolation, blank experiments 
were made with glucose under identical conditions. No gluconic acid was detected 
in the acid fraction which contained large amounts of levulinic acid, minor amounts of 
the anhydrosaccharinic acid referred to above, and trace amounts of some uniden- 
tified acids. Blank tests with gluconic acid showed that the losses were less than 10% 
during the whole procedure. The results indicate that the applied method gives a 
reliable determination of gluconic acid groups in cellulose materials. 

The amount of gluconic acid in the hydrolyzate from the raw cotton (purified 
by solvent extraction only) was 16 mg/lOO g of cotton. The corresponding figure 
obtained with the alkali-boiled, hydrolyzed, and cold alkali-extracted cotton was 4 mg. 

As shown previously, gluconic acid end-groups present in large amounts in 
bleached~cellulose are split off fairly easily during a partial hydrolysis of the cellulose4. 
In addition, low-molecular fragments of the cellulose molecules are extracted together 
with the non-cellulosic material during the extraction with cold alkali. For these 
reasons, a lower figure was expected with the hydrolyzed and cold alkali-extracted 
sample. Unfortunately, the removal of non-cellulosic material from the cotton was 
unsatisfactory, unless the sample was subjected to an acid treatment before the 
tinal extraction with alkali. Since the hydrolyzed and alkali-extracted sample con- 
tained only traces of other polysaccharides, it can be concluded that the presence 
of gluconic acid in the hydrolyzate can be ascribed to gluconic acid end-groups in 
the cellulose chains. 

The experimental results do not permit a decision about whether all, or only a 
fraction, of the gluconic acid groups in the raw cotton originate from the terminal 
units in the cellulose chains. It is likely that other end groups can be present as well. 
For these reasons, it is risky to apply determinations of gluconic acid groups in 
cotton to the determination of the degree of polymerization. 

EXPERIMENTAL 

The cotton samples were extracted with ethanol for 18 h and with dichloro- 
methane for 18 h, and air dried at room temperature. One of the samples (Peruvian 
cotton) was not purified further. Another sample (American cotton) was purified 
by alkali cooking’, then subjected to acid hydrolysis in boiling 0.05~ sulfuric acid 
for 3 h, and finally extracted for 2 min at room temperature with 6% sodium hydrox- 
ide. 

The cellulose samples were dissolved in hydrochloric acid and, after hydrolysis, 
the non-volatile, monoprotic acids were isolated as a group according to a method 
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described previously’. Chromatographic separations of the organic acids were carried 
out both on a preparative scale (100 g of cotton) and on automatic coIumns2. The 
chromic acid oxidation and the periodate oxidation (0.015,~ sodium metaperiodate 
buffered at pH 7.0; 25”; residence time, 2 min) were carried out as described previ- 
ously2. The length of the flow cell in the carbazole channel was increased to obtain 
a higher response with uranic acids.-The identifications were made as described in 

the papers referred to above3- ‘. 
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Reaction of carbohydrates with vinyl ethers; a differential hydroiysis’ 

M. L. WOLFROM**, S. S. BHA~ACHAIUEE, AND ROSA M. DE LEDERKREMER 

Department of Chemistry, The Ohio State University, Columbus, Ohio 43210 (U. S. A.) 

(Recived March 4th, 1969) 

In continuation of work on the reaction of vinyl ethers with carbohydrates1-4, 
we report herein two crystalline, fully substituted derivatives of glycosides, namely, 
methy 4,6-O-benzyIidene-2,3-bis-0-(1-ethoxyethyl)-a-~-glucopyranoside (1) and 
methyl 2,3,4-tris-O-(tetrahydro-2H-pyran-2-yl)-P_D-arabinopyranoside. In addition, 
we describe an analytically pure, but syrupy, pentakis-0-(I-methoxyethyl)-D-glucose, 
the ring size and anomeric form of which have not yet been established. An amor- 
phous, tetrakis(tetrahydro-2H_pyran-2-yl) ether of D-glucose has been reported’. 

pq$&@oP pQ*oMe 

2 
OEt 

_ HL!le + 2 CH3-CHO i- 2 C$kPH 
1 

The products of reaction of vinyl ethers with carbohydrates are acetals, and 
are therefore subject to acid-catalyzed hydrolysis; this hydrolysis has been studied 
for the vinylation products formed from starch4. We now report that the two 
I-ethoxyethyl groups of compound 1 may be removed almost quantitatively, without 
cleavage of the benzylidene group, by proper selection of the conditions of hydrolysis 
with acid. Such a differential hydrolysis may prove useful in the carbohydrate field. 

EXPERIMENTAL 

Methyl 4,6-O-ben~yiidene-2,3-bis-O-(l-ef~zoxyethy~-~-D-giuco~yranoside (1). - 
Methyl 4,6-0-benzylidene-c+D-glucopyranoside6 (2, 18.0 g) was suspended in benzene 
(50 ml), and a 2.5% solution (6 ml, dried over anhydrous sodium sulfate) ofp-toluene- 
sulfonic acid in ether was added. The mixture was stirred magnetically, and ethyl 
vinyl ether (70 ml, 13 molar equiv.) was added slowly. Complete dissolution occurred 

*The opinions expressed in this article are those of the authors, and are not necessarily those of the 
supporting agency. 
**Decaesed, June ZOth, 1969. 
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Preliminary communication 

Gas-liquid chromatography in the study of the Mailiard browning reaction 

hi. L. WOLFROM*and N. KASHIMURA 

Department of Chemistry, The Ohio State University, Cohlmbus, Ohio 43210 (KSA) 

(Received June 19t&1’969) 

In attempting to follow reactions of the Maillard browning type by g.1.c. techniqu’ 
the involaGlity of the amino compounds and their reaction products has presented diffi- 
culties. Development of new trimethylklylating agents’ has aroused our interest, and we 
find that a suithble trimethylsilylating agent for components qfthe Maillard browning 
reaction is 5:5: 1 (v/v) N,U-bis(trimethylsilyl)acetamide2, N-trimethylsilylim~dazole3-, 
and chlorotrimethylsilane. 

As a model system pertinent to studies on the nonenzymic brow&g of dried 
citrus juice, 1: 1 molar proportions of D-@ucose and 4-aminobut& acid were dis- 
solved in the minimal volume of water at room temperature, and the solution was imme- 

-1.0 
4-Aminobutyric acid 

o-Glucose 

Absybance at 490 nm 

Intermediate I 

-0.2 

Reaction time (min) 

- 0.8 

F&l. Rates of change of g.Lc. relative peak areas and of optical absorbance at 490 nm. 
.-_... . 

*Deceased June ZOth, 1969. Carbohyd. Res., li (1969) 151-152 
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diately freeze-dried. The solid product (Containing - 2.5% of water)was then heafed at 
100”. Portions of the mixture were trimethylsilylated in pyridine, at selected times, and 
the products were analyzed by g.l.c., with D-glucitol as the internal standard, by means of 

.a Beckman CC-5 instrument (equipped with a hydrogen flame detector) and a stainless- 
steel column (6 ft X 0.125 in) packed with 3% SE-30 on Chromosorb G (42-60 mesh). 
The results are shown in Figure 1. Three intermediates were detectable: they are arbitrarily 
designated I, II, and III. 

For convenient isolation, the reaction was interrupted at the point of maximal 
formation of intermediate I, and a suitable amount-was trimethylsilylated and subjected 
to chromatography on a column of silicic acid, under strictly anhydrous conditions, by 
successive use of benzene, 99: 1 (v/v) benzene-methanol, and methanol as developers, 
with monitoring by g.1.c. Intermediate I as its trimethylsilyl derivative was so isolated in 
99% purity. The chemical nature of this intermediate is under investigation. 
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Studies of lSN-labeled amino sugars. 
Synthesis and spectroscopy of derivatives of 6-amino-6-deoxy-D -glucose-6-*‘N 

B. COXON 

Insritufe forMateriak Research, National Bureau of Standards, Washington. D-C. 20234 (U.S.A.) 

(Received June 9th, 1969) 

The proton and fluorine magnetic resonance parameters of carbohydrates and 
their derivatives have provided invaluable information for structural and conformational 
analysis. However, the potential of the magnetic resonance parameters of other nuclei for 
such analyses remains largely unexplored. As part of a program for the synthesis and 
spectral and conformational characterization of isotopically labeled carbohydrate refer- 
ence materials of biomedical interest, a study of amino sugars labeled with Is N (enrich- 
ment > 99%) has been commenced. This program has been initiated by a synthesis of 
derivatives of 6-amino&deoxy-D-gludose-6-‘5N, which in its non-labeled form, occilrs as 
a component of the antibiotic Kanamycin’ . 

Reactions of either l,2:3,5-di-O-isopropylidene-6U-ptolyIsulfonyla-Dgluco- 
furanose’ (1) or 6-deoxy-6-iod~l,2:3,5-di-O-isopropylidene~-D-glucofuranose3 (2) with 
potassium phtalimide (1 .OS-1.2 molar equivalents) in eitherN,N-dimethylformamide or 
hexamethylphosphoramide gave 6-deoxy-l,2:3,5di_O-isopropylidened-phthalimido~~-D- 
glucofuranose (3) in yields of 80-83%. After two recrystallizations, 3 had a purity of 
99.6 mole %I, as determined by differential scanning calorimetry4. Treatment of 3 with 
hydrazine hydrate in ethanol gave 6-amino-6deoxy-l,2:3,5diU-isopropylidene~-D-gluco- 
furanose (4) characterized as its known’, crystalline, p-toluenesulfonate salt. The free 
amine (4) was also converted into its IV-acetyl derivative (5). 

Treatment of 1 ‘with potassium phthalimide-‘s N (l-05-- 1.2 molar equivalents) in 
hexamethylphosphoramide afforded 3-“1V in 84% yield. The mass spectrum of the amine . 
(4) contained prominent peaks at WZ/~ 244 (M-15: loss of Me). 229 (M-30; loss of 
Hz 14NCHz), and 30 (H, 14Ng=CHz ) whereas a similar spectrum of 4-“N showed intense 
peaks at ~z/e 245 (M-15 ; loss of Me), 57-9 (M-3 1; loss of Hz 15NCi-12), and 3 1 (Hz “NGCH1). 
A pressure-sensitive M+l ion was observed in some cases. 

The magnetic resonance parameters of compounds 3-5 and their “N-labeled deriv- 
ativeswere studied initially by p.m.r. spectroscopy at 100 MHz. Spectra of the N-acetyl 
derivatives 5 and 5-*‘N in pyridine& are shown in Fig.1 (a and b, respectively). It may be 
seen that, even in the presence of a basic solvent, NH proton exchange is sufficiently slow 
to allow observation of the J, N,H andJ6JNs couplings of 5, and additionally of J,s N, H 
91.3 Hz in 5-“N. The absence of quadrupolar broadening in the spectrum of the 
15N derivative facilitates measurement of the NH couplings. A selection of proton--“N 
coupling constants is given in Table 1. 
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-Fig.l. P.m.r. spectra of solutions in pyridineds at 100 MHz; the isopropylidene methyl resonances are 
omitted, (a) 6-Acetamido-6-deoxy-1,2:3,5~iU-isopropylidene~D-glucofuranose (S), (b) dacetamidw 
6deoxy-1,2:3,5diU-isopropylidene~-D-glucofurano~~-*s~ (S-?N> 

It has been suggested previously’ that the magnitudes of coupling constants 

between directly bonded ’ H and “N nuclei are determined mainly by Fermi contact 
interaction9 , and hence, by analogy with 13C-H co~plings’~, are proportional to the 
amount of s-character of the nitrogen-bond orbital. Substitution of the value JIs N,H 
91.3 Hz of 5-15Nin the empirical equation’ 

-9 = 0.43&N, H -6 

indicates that the s-character of the “N-to-hydrogen bond orbital is 33.3%. This suggests 
that the dipolar, canonical form of the acetamido group of 5-‘“N makes a predominant 
contribution (that is, the nitrogen atom is essentially fully sp*-hybridized). From Table I, 
it may be seen that the lsN-’ H coup * g hn s over three bonds are two to three times as large 

TABLE I 

COUPLING CONSTANTS (Hz, FIRST-ORDER) OF 6-AMINO-&DEOXY-1,2:3,5-DIU-ISOPROPYL- 
IDENEQD-GLUCOFURANOSE-6-%’ DERIVATIVES AT 100 MHz 

- _- -___-- --- 

Derivative Solvent sN-coupling constants a~ ’ 

4-‘5N CDCIS ‘Jg i!jN 1.5, *J6 l5N -0.5, *J6 EN -0.5 

5-=N _ G&N 3J5 IsN 1.5, *Je 15NCY0.5, ‘J15~ H 91.3, 3J~~ Me 

s-‘=N-d c CsDsN-D20 3J5 1f.N 1.7, *& EN -0.7, *J6 IsN -0.6, ‘J,,N Me 1.3 
(5:2 v/v) 

-______ 

a Measuremenfs from proton spectra. s Superscripts before J denote number of bonds separating the 
coupled nuclei. e N-deuterated. 
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as those over two bonds. However, previous work on other systems suggests that the 
magnitudes of such couplings are often enhanced considerably by the introduction of 
sp2- or sp-hybridized atoms’* I1 . Dependence on configuration’2*‘3, hydrogen bondingI 
and I5 pH is also possible. 
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Pr~Iinlinary communication 
The structure cif ac-D- tagatose and comparison with crystai structures of other 
ketohexoses 

S. TAKAGI and R. D. ROSENSTEIN 

CrysralIography Laboratory, Uttiversiry of Pitrsbur&. Pittsburgh. Pennsylvania 1.51313 (UA-4.) 

(Received May 31st, 1969) 

As part of a program in crystallography of carbohydrates, a series of crystal 
structures of ketohexoses has been determined in this laboratory, starting with cY-r-sorbo- 
pyranose' , which was found to have the IC (L) conformation (1). This conformation 

OH 

was subsequently found2 in 1: 1 methyl sulfoxide:acetonedb solution by n.m.r. The 
crystal structure of PD-fructopyranose3 also showed the IC (D) conformation (2), the 
same as 1 except for the hydroxyl group on C-S, and as the IC (D) form 3 in the crystal 
structure of 1 ,2:4,5-di-0-isopropylidene@D-fructopyranose4. 

hy$qgH20H gMe 
2 Me Me 

3 

We have now determined the crystal structure of cu-D-ragatose, obtained from 
Koch-Light Laboratories and recrystallized from aqueous solution by slow evaporation 
to dryness. The crystals are orthorhombic P2,2* Z1 with Q = 6.237, b = 6.539, 
c = 17.757 a, and Z = 4 molecules per unit cell. CuKor diffractometer intensities were 
collected withB-28 scans of 2O up to 130° in 28. Out of 755 independent reflections, not 
including systematic absences, 9 were below 20. The structure was solved by the non-centro- 
symmetric, direct method’ and refined by anisotropic full-matrix least squares’ to an R = 0.07 
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for all atoms except hydrogens. The conformation found is CZ (D) as shown in 4 &d the 
bond lengths and angles are given in 5 and 6. Hence, the D-tagatose sample studied, 
crystallized in this way, is pure a-D with the c1 (D) pyranose conformation. High-resolution 
n-m-r. measurements2 of tagatose in methyl sulfoxide solution showed about 80 percent 
of this anomer together with about 15 percent of /3-D-tagatose having the IC (D) con- 
formation. 

O-4-0-5 -61° 
4 

Thus all three ketohexoses have an equatorial primary aicohofic group and an 
axial hydroxyl group attached to C-2, and both D-fructose and D-tagatose have two axial 
hydroxyf groups, on C-2 and C-5, and on C-2 and C-3 respectively, on opposite sides of the 
mean plane of their pyranosc rings. The primary hydroxyf group in L-sorbose was found to 
be in two orientations, wit11 unequal occupancy, namely, in the Klyne and Prefog’ and 
Cahn. Ingold and Prefog’ notation. 63 percent Psc and 37 percent Msc with respect to 
the r&g-oxygen atom. The primary hydroxyf groups of D-fructose and D-tagatose are 
exclusively Msc wit11 respect to the ring-oxygen atom. With respect to the hydroxyf group 
on C-2, however, D-fructose is ap and D-tagatose is Psc while L-sorbose is 3:2 Msc:ap. The 
conformation of 1,2:4.5-di-O-isopropylidene-D-fructopyranose (3) is constrained in the 
Psc form. 

O(1) O(2) 

C(6) 

1.53 
I I 

1.52 

-O(5) 

oi41 

5 
Bond distances 
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Preliminary communication 

g-@-D -Apia-L-furanosyl)-2-chloroadenine* 

F. PERINI**, F. A. CAREY**+, and L. LONG, Jr. 

Pioneering Research Laboratory. U.S. Army Natick Laboratories, Narick, Massachusetts Oi 760 (U.S.A.) 

(Received June lOth, 1969; in revised form July lOth, 1969) 

The preparation of C-3 ‘-modified purine nucleosides has both chemical and 
pharmacological interest in view of the recent syntheses of such compounds. These systems 
often exhibit antibiotic and/or antitumor activity. Some of these compounds are cordycepin 
(3 ’ -deoxyadenosine)‘* 2, puromycin3 ,3 ‘C-alkylerythrofuranosyl nucleosides4n ’ and, 
most recently, a nogalose (a 3’-C-methyl-D-allopyranose) nucleoside6 _ Our program on the 
chemistry of apiose’ includes the production of nucleosides from this compound,which 
is one of the most widespread among naturally occurring branched-chain sugars. 

We now wish to report the first synthesis of an apiosyl nucleoside of unequivocal 
structure. 

The configuration at C-3 and C-5 of the D-apio-L-furanose system was locked by 
cyclocarbonation. Treatment of 1,2-O-isopropylidene-D-apio-L-furanose’ (1) with 
N,N’-carbonyldiimidazole in tetrahydrofuran gave (92%) 3,5-O-carbonyl-1,2-O-isopropyl- 
idene+D-apio-L-furanose? (2) m-p. 113-l 14”; [ol] g + 63.7”, (c 1.9, chloroform); 
hNujol 5.52 ,um (-o-CoO-). Sulfuric acid-catalyzed acetolysis of 2 in acetic acid-acetic max 
anhydride yielded (42-59%) crystalline 1,2-di-O-acetyl-3,5-0-carbonyl-or and j3-D-apio-L- 
furanose (3), m-p. 141.5-145”; [cr] g + 38.6O (~1.1, chloroform); hr$’ 5.50 pm 
(Cm) and 5.71 pm (OAc). The n.m.r. spectrum++ (chloroform-6) included: 6.44 
(0.3.proton doublet, J 1,2 4.5 Hz, H-l, 3O%c+anomer) and 6.13 (0.7-proton singlet, H-l, 
70% fl-anomer). A syrupy product, partially characterized as 1 ,1,2,4-tetra-O-acetyl- 
3,50carbonylapiose (4). (-N--49%) h,, 5.52 I.cm (&O-CO-O) and 5.71 pm (OAc); 
n.m.r. (chloroform+?): 6.96 (l-proton doublet, J r,; 3 Hz, H-l), was also formed during 
acetolysis‘of 2. 

Fusion of 2,6-dichloropurine (DCP) and 3 in the presence of dichloroacetic acid 
(Cl2 CHCOOH)’ at 160° was successful. This technique, as found in other systemsro8 r1 , 
gave a mixture (58%, after silica gel column chromatography) of cu&nomers, 2,6dichloro- 
9_(2’-O-acetyl-3’, 5’-O-carbonyl+and fl-D-apio-L-furanosyl)purine (5a and Sb), m.p. 

*Paper VI of a series of publications from this laboratory concerning the chemistry of apiose. 
**PRL Postdoctoral Research Fellow, 1967-1969. 
***Present address: Department of Chemistry, University of Virginia, Charlotresvrlle, Virginia 22901, 
U.S.A. 
TAcceptable elemental analyses were obtained for all crystaJhne compounds reported. Melting points 
are uncorrected. 
it100 MHz, with chemical shifts reported ir, 6 units from a tetramethylsilane internal standard. 
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OAc 

4 

O-C& OAc 

,OAc H-C+OAc 

H-C-C%W 

2 4 

5b 6 

115-120”; n.m.r. (chloroforms): 6.68 (O-32-proton doublet, Jr: 2’ 5.5 Hz, H-l ‘, 32% 
cu-anomer)12, and 6.26 (0.68proton doublet, J1: 2t 2.5 Hz, H-l’, 68% Danomer) “. The 
chromatographic mobilities of 5a and 5b were different but too similar to allow prep- 
arative-scale separation. 

Condensation of DCP with 3 in nitromethane at reflux’3J r4, in the presence of 
dichloroacetic.acid, gave only the pure branched-chain sugar nucleoside 5a (5 1%, after 
silica gel column chromatography); m.p. 177-177.5”; [LY] g + 55.0” (c 0.7, chloroform); 

hNujol 5.49 @-CO-O-), 5.70 (OAc) and 6.25: 6.41 ,um (C=N, C=C); XEtoH (pH 6) 255 

&%ier (E, 5660) and 274.5 nm (E, 9650). Formation of Sa in nitromz:‘;ane, a solvent 
which promotes /3-D anomer production in glycoside synthesisr5, was virtually stereo- 
specific, as shown by the n.m.r. data (cM.oroforma: 8.40 (l-proton singlet, H-8), 6.20 
(1-proton-doublet,J,: 2’ 2.5 Hz, H-l’), 5.67 (l-proton doublet, J1; 2’ 2.5 Hz, H-2’), 4.70, 
4.18 (Zproton AB quartet, J4; 4s 11 Hz, H-4’); 4.69,4.40 (2-proton AB quartet, J5; 5’ 
10 Hz, H-S’), and 2.22 (3-proton singlet, OAc). The P-D anomeric configuration was 
assigned to Sa due to’the observation of a narrow spacing (2.5 Hz) of the doubletI 
ascribable to H-1: Predominant formation of a fmzs nucleoside would be expected from 
2-U-acyl group participation16. 

Other Lewis acids, such as sulfamic acidI (76%) and boron tritluoride etherate 
(57%), also catalyzed the highly stereoselective fo&ation of 5a. Heating DCP with 3 in 
nitromethane for 1.5 day at 120” without catalyst, however, gave no product. It is 
known” that, in acidic media, DCP is hydrolyzed to xarithine. Under dry conditions, 
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.during the synthesis of 5a in the presence of dichloroacetic acid 27% of the DCP was 
converted into xanthine. 

The convenidnt synthesis of 5a opens the way to the production of various 

apiose nucleosides modified on the purine ring I8 Ammonolysis of 5a with saturated . 
methanolic ammonia in a sealed tube lsD lQ , followed by picrate formation and liberation 
of the base with an aqueous suspension of AG l-X4 (CO;-) anion exchange resin gave 
the useful deblocked apioside (49%), 9-@ -D-apio-L-furanosyl)-2-chloroadenine (6), 
m.p. 137-138O; [ar] g - 16.0” (c 0.5, methanol); $!$gl 3.00,3.20 (OH, NH), and 6.02, 
6.27,6.30 pm (NH, C=N, C=C); XKgH (pH 6) 266 nm (E, 15300); n.m.r. (deuterium 
oxide): 8.60 (l-proton singlet, H-8), 6.34 (l-proton doublet,J1; 2’ 2 Hz, H-1 )I*, 4.90 
(l-proton doublet, J1; 2’ 2 Hz, H-2’), 4.75 (2-proton singlet, H-5’), and 4.67,4.63 
(Zproton singlets, H-4’). 

Work on the synthesis of sever4 derivatives of 5a and 6 is in progress, and will be 
reported in full elsewhere. 
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Book review 

Synthetic Procedures in Nucleic Acid Chemistry. Volume 1; Preparation of Purines, 
Pyrimidines, Nucleosides, and Nucleotides: edited by W. WERNER ZOBBACH AND 
R. STUART TIPSON, Wiley, New York, 1968, v t.570 pp., 159s ($ 16.95). 

The extensive literature in synthetic nucleic acid chemistry is dispersed among 
a wide range of publications, some of them not readily accessible to the reader who 
lacks a knowIedge of Russian. There has been anurgent requirement for the unification 
of the more important, preparative procedures in book form. The editors of this 
volume, the first of a series, have done much to satisfy this long-felt need. 

The volume is divided into five sections: Purines and Analogs (52 pages); 
Pyrimidines and Analogs (62 pages) ; Nucleosides [A. Purine Nucleosides and Analogs 
(I68 pages); B. Pyrimidine Nucleosides and Analogs (160 pages)]; Nucleotides and 
Oligonucleotides (72 pages); Reagents, Intermediates, and Miscellaneous Compounds 
(20 pages). Within each section are numerous short chapters, written by experts in 
the chosen field, in which the preparation of individual compounds is used to illus- 
trate a general procedure. The experimental details are more complete than is cus- 
tomary in the journals. Each chapter also includes a short introduction detailing 
the synthetic method and mentioning any biological activity, and a bibliography 
covering the literature to 1968. In addition to the usual Author and Subject Index, 
the latter listing the individual compounds described, there is a useful Index of 
General Reactions. 

Books of this type are primarily sources of information on the preparation of 
known compounds and the application of these methods to related problems. 
However, they can also serve as a pointer to those areas in which further research 
is needed. From the numerous examples in the first two sections of the alkylation 
of purine and pyrimidine derivatives, it is clear, as one author states (D. T. Browne, 
p- 98), that the course of these reactions is often difficult to predict. A related topic, 
the prediction of the site of attack on the base by a sugar derivative, is only one 
aspect of the problem of nucleoside synthesis by such routes. The need for a general 
synthesis, which is totally stereoselective for one anomer, is apparent from a study 
of the many methods in the sections on nucleosides. 

Other major topics of synthetic nucleic acid chemistry are adequately repre- 
sented, with the possible exception of the synthesis of oligonucleotides, to which 
onIy two chapters, representing the work of the Czech school, are devoted. The 
final section could, perhaps, have been omitted, since only one of its eight chapters 
could not have been dispersed among the other sections, and that one (p. 527) could 
have been if the authors had chosen a pyrimidine, rather than a pyridine, glycoside 
as the end product. However, these are minor points. This volume is essential to all 
engaged in synthetic nucleic acid chemistry, and is highly recommended to the carbo- 
hydrate chemist, who wilI find the sections on nucleosides of particular interest. 

Chester 3eatty Research Institute, London 
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Carbohydrate Chemistry - Volume 1; A Specialist Periodical Report: The Chemical 
Society, London, 1968, x +293 pp-, 8% x 5 ‘/i’, cloth, jZ3.1O.s (f2 - Fellows). 

A recent innovation by the Chemical Society is the publication of Specialist 
Periodical Reports. Amongst the first to appear is Volume 1 of the series devoted to 
Carbohydrate Chemistry, and it is the intention that subsequent volumes will appear 
at yearly intervals. 

The report on Carbohydrate Chemistry not only constitutes a very significant 
development in the specialist field but is of importance to general organic chemistry, 
since it collates a wealth of data and presents it in a form which is readily assimilable 
to workers in other areas of organic chemistry. 1 

The Report has been compiled by Dr. R. D. Guthrie (Un&rsity of Sussex), 
with the assistance of Dr. R. J. Ferrier (Birkbeck College, University of London) 
and Dr. M. J. How (University of Birmingham), and contains a review of the literature 
published during 1967; there are almost 1200 literature citations. The reporters are 
to be warmly congratulated on the extent and thoroughness of the coverage, and on 
the high standard of presentation that has assured the success of the publication. 

The Report is divided into two parts devoted to (1) mono-, di-, and tri- 
saccharides, and their derivatives, and (2) macromolecules. In the first and major 
section of Part I, the literature data are presented according to 21 molecular types, 
e.g., free sugars, glycosides, ethers and anhydro sugars, acetals, and esters. Sub- 
sequently, there appear sections devoted to physical methods. Although other 
styles of presentation might have been used, the policy of liberal cross-referencing 
will largely deprive the critics of their ammunition. Part I of the report is profusely 
illustrated with formulae, and although the emphasis is placed on new facts, attention 
is appropriately given to the mechanistic implications wherever there is an element of 
novelty. 

The opening section of Part II is devoted to general methods and is followed, 
principally, by accounts of plant and bacterial polysaccharides, glycopeptides and 
proteins, and carbohydrate sulphates. 

Two criticisms can be made of an otherwise, first-class, specialist report. 
Firstly, the delay in publication; the preface is dated April 1968, but the volume 
apparently did not appear until 1969. Rapid publication is mandatory, in order to 
ensure the maximum impact of the specialist reports, and one hopes that the publi- 
cation time for Volume 2 will be much shortened. Secondly, whereas the text is 
singularly free from errors, the index is liberally sprinkled; the Reporters were not 
responsible for the index. 

Chester Beatty Research Institute, London A. B. FOSTER 
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ANNOUNCEMENT 

The Editors note with profound regret the death of Professor Melville L. 
Wolfram on June 20th, 1969. Professor Wolfrbm was a highly valued member of the 
Advisory Board from the inception of Cmbohydrate Research in 1965, and he continuea 
to give the journal the benefit of his advice when this Board was merged with the Editorial 
Board in 1969. 

We feel that his passing marks the end of an epoch; hence, as a-tribute to his 
accomplishments, we intend to publish an issue in his memory in the near future. 

CORRIGENDUM 

Carbohydrate Research, 10 (1969) page 474 line 3 and 4 should read: 

IC conformation)‘is the mirror image of that of compound 8 (or-~ configuration, CI 
conformation), as shown in Fig. 1 I An analogous situation obtains (Fig. 3) for 
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SYNTHESIS OF NEW SUGAR DERIVATLVES 
HAVING POTENTIAL ANTITUMOUR ACTMTY 
PART XII*. 1,2:5,6-DIEPITHIO-L-IDITOL AND SOlME DJZIVATMZS THEREOF 

J. KUSZMANN m L. VARGHA 

Research Institute for Pharmaceutical Chemistry, Budapest (Hungary)** 

(Received December ISth, 1968; in revised form, January 20th, 1969) 

ABSTRACT 

The synthesis of 1,2:5,6-diepithio-L-iditol and some of its derivatives, starting 
from 1,6-dibromo-1,6-dideoxy-D-mannitol, is described. 

~ODUCTION 

It is well known that some diepoxides possess cytostatic activity and inhibit 
the growth of experimental tumoursl. In the carbohydrate field, 1,2:5,6dianhydro- 
D-mannito12, in contrast to its 3,4-O-isopropylidene derivative3, shows significant 
cytostatic activity. Episulphides, which are analogous to epoxides, have been described 
in the carbohydrate field4, but diepithio compounds have not been reported. The 
possibility that diepithio derivatives might show biological and chemical behaviour 
similar to that of diepoxides prompted the synthesis of 1,2:5,6-cliepithiohexitols. 

RESULTS AND DISCUSSION 

Treatment of 1,6-dibromo-l,6-dideoxy-2,5-di-O-methanesulphonyl-D-man~tols 
(1) with potassium thiolbenzoate gave 1,6-di-S-benzoyl-2,5-di-U-methanesulphonyl- 
1,6-dithio-D-matitol (Z), the structure of which was proved by methanesulphonyl- 
ation to give 1,6-di-S-benzoyl-2,3,4,5-tetra-O-methanesuiphonyl-l,6-dithio-D-man- 
nitol (3), which was also synthesised by another route described beIow. Treatment 
of compound 2 with methanolic sodium methoxide gave a mixture of products, 
from which the desired diepithiohexitol could not be separated. Similarly, the reaction 
of the diacetate 5 of compound 2 with sodium methoxide gave a mixture, which was 
shown by t.1.c. [development with 4-&-nitrobenzyl)pyridine] to contain not less 
than 6 components, indicating the presence of different alkylating agents which 
couId be formed partly by the participation of the hydroxyl groups at C-3 and C-4. 

Because of these results, 1,6-dibromo-l,6-dideoxy-3,4-U-isopropylidene-2,5-di- 
O-methanesulphonyl-D-mannito15 (6) was chosen as a starting material in which 
the hydroxyl groups at positions 3 and 4 are protected by a base-stable group. 

*Part XI: Carbohyd. Res., 8 (1968) 157. 
**Budapest IV, Szabadsigharcosok u. 47. 
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In this case, the isopropylidene group has to be removed subsequently, without 
splitting the labile epithio groups. Although the isopropylidene group could not be 
removed from 5,6-anhydro-1,2-O-isopropylidene-a-D-glucofuranose or 1,2:5,6di- 
anhydro-3,4-O-isopropylidene-D-mannitol without cleavage of the epoxide rings, 
the formation6 of a moderate yield of 5,6-epithio-L-idose by mild, acidic hydrolysis 
of 5,6-epithio-1,2-O-isopropylidene-a-r_.-idofuranose indicated that epitbio rings are 
somewhat more resistant towards acids than are epoxide rings. ConSrmation of 
this supposition has now been obtained. 

The bromine atoms could be easily displaced from compound 6 by the benzoyl- 
thio group to give 1,6-di-S-benzoyl-3,4-O-isopropylidene-2,5-di-O-methanes~Iphonyl- 
1,6-ditbio-D-mannitol (7). With methanolic sodium methoxide, compound 7 gave 
crystalline compound 8 in good yield. Compound 8 was identified as 1,2:5,6diepithio- 
3,4-O-isopropylidene-L-iditol on the basis of analytical data, chemical properties, 
and the likely mechanism of formation involving Walden inversion at C-2 and C-5. 
The presence of strained epithio rings, indicated by an infrared band at 3075 cm-‘, 
was proved by conversion of compound 8 into the known 3,4-U-isopropylidene- 
1,2,5,6-tetrathio-L-iditol 1,2:5,6-bis(trithiocarbonate) (9). 

Carbuhyd Res., 11 (1969) 165-171 
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Compound 8 is very sensitive to bases and acids. In methanol solution, in the 
presence of sodium met&oxide or triethyiamine, it rapidly polymerised to an amor- 
phous product having a high optical rotation (-314’) and a molecular weight 
corresponding to a tetramer. Since the i.r. spectrum of this polymeric product 
showed no bands for SH or OH groups, its units must be linked by thioether bonds. 

The isopropylidene group of compound 8 could be removed, without splitting 
the epithio rings, by a short treatment with N methanolic hydrogen chloride to give 
1,2:5,6-ciiepithio-rAiito1 (10) in 70% yield. The structure of compound 10 was 
verified by its easy polymerisation in aqueous solution, by the positive reaction 
with 4+nitrobenzyl)pyridine, and by the i.r. spectrum which showed a band at 
3060 cm-’ (strained rings). The n.m.r. data of the di-O-acetyl derivative 11 further 
supported the assigned structure. Methanesulphonylation of compound 10 gave 
l,2:5,6-diepithio-3,4-di-O-methanesulphonyl-~-iditol (12), identical with the product 
obtained from l,6-di-S-benzoyl-2,3,4,5-tetra-O-methanesulphonyl-l,6-dithio-D-man- 
nitol (3) by treatment with sodium methoxide. Compound 3 was prepared from 
1,6-dibromo-l,6-dideoxy-2,3,4,5-tetra-U-methanesulphonyl-D-mannitol (13) by dis- 
placing the bromine atoms with thiolbenzoate groups. The di-O-methanesulphonyl 
derivative 12 reacts with carbon disulphide in the presence of 2 equivaIents of sodium 
methoxide to give, not the expected bis(trithiocarbonate) 14, but sodium methane- 
sulphonate (quantitative yield) and a syrupy compound, to which the structure 
2,3:4,5-diepithio-1,6-bis[~-(methoxytbocarbonyl)]-1,6-dithio-L-mannitol (15) was 
assigned on the basis of analytical data, its alkylating properties, and the probable 
mechanism of formation, involving compound 16 as an intermediate. 
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The epithio derivatives 8, 10, and 12 showed no cytostatic activity on Yoshida 
sarcoma (solid and ascites forms), Walker 256 carcinosarcoma, and Ehrhch ascites 
sarcoma in doses of LD,,/lO. The absence of in viva activity may be due to the 
ease of polymerisation of the episulphides. 

, EXPERIMENTAL 

Melting points are uncorrected. Thin-layer chromatography (t.1.c.) was carried 
out on Kieselgel G with chloroform-ethyl acetate, 3:1 (A), 3:2 (B), and 5:1 (C) as 
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solvent systems. Detection reagents used =were 0.1~ potassium permanganate-2N 
sulphuric acid (l:l), and 4-@ritrobenzyl)pyridine ‘. 1-r. spectra were recordedwith 
a U-R.10 instrument, and n.m.r. spectra with a JEOL J.N.M.-C-60 spectrometer. 
All evaporations were carried out in a rotary evaporator under diminished pressure. 
Light petroleum had b.p. 60-80”. 

1,6-Di-S-benzoyI-2,5-di~O-mefh~e~~FhonyI-~,6-dizhio-~-m~i~oi (2). - A solu- 
tion of compound5 1 (5 g) and potassium thiolbenzoate (10 g) in acetone (100 ml) 
was heated on a steam bath for 15 min, cooled, and filtered, and the atrate was 
evaporated to a syrup. The residue was dissolved in chloroform, and the solution 
was washed with 5% aqueous sodium hydrogen carbonate and water, dried (Na,SO,), 
and evaporated. The crystalline residue was triturated with ether and recrystallized 
from benzene (15 ml); yield, 3.8 g (61.3%); m.p. 106-107’; [a]fp -107.7” (c 1, 
chloroform); R, 0.4 (solvent B) (Found: C, 45.22; H, 4.73; S, 22.39. C,,H,60,,S, 
talc.: C, 45.66; H, 4.53; S, 22.16%). 

Methmresulphonylation of compound 2. - A solution of compound 2 (OS g) 
in dry pyridine (5 ml) was treated at 0” with methanesulphonyl chloride (0.5 ml)_ 
After 24 h at room temperature, the reaction mixture was poured onto ice, and the 
precipitate was altered off, dried, and recrystallized from ethanol to yield compound 3 
(0.4 g, 63%), m-p. 156-158” alone and in admixture with the compound described 
below. 

1,6-Di-S-benzoyZ-2,3,4,5-tetra-O-mefhanesuIpho~yZ-I,6-di~hio-D-mannifoI (3). - 
A solution of compound 13 (31 g) and potassium thiolbenzoate (18 g) in acetone 
(500 ml) was heated on a steam bath for 30 min. The precipitate, which formed 
immediately, was filtered off after cooling, and the filtrate was evaporated to 100 ml, 
treated with water until turbidity, filtered with charcoal, and diluted with water. The 
precipitated syrup solidified on storage at O’, and, after hitration and washing with 
water and ethanol, gave a crude product (35.5 g). Recrystallization from acetone- 
ethanol yielded compound 3 (26.5 g, 72%), m.p. 150-152”. This preparation was pure 
enough for the next step. Further purification was achieved by recrystallization from 
150 volumes of ethanol; m-p. 156-158”, [a]$’ +77.5” (c 1, chloroform), RF 0.4 
(solvent A) (Found: C, 38.96; H, 4.62; S, 25.98. C24H30014S6 talc.: C, 39.23; 
H, 4.12; S, 26.18%). 

3,4-Di-0-acetyi-1,6-dibromo-I,6-dideoxy-2,5-di-O-meth~e~~phony~-~-mannitol 
(4)_ - To a suspension of the dimethanesulphonate 1 (4.65 g) in acetic anhydride 
(5 ml), one drop of cont. HBr was added. A gentle, exothermic reaction took place, 
and the solution became clear in a few minutes. Next day, it was poured onto ice, 
and the precipitate was filtered off, washed with water, dried, and recrystallized 
from methanol (12 ml) to yield compound 4 (5.2 g, 95%), m-p. 99-lOO”, [a];’ + 13.7” 
(c 1, chloroform) (Found: C, 26.42; H, 3.85; Br, 28.82; S, 11.53. C,&IZoBr,OIoS, 
talc.: C, 26.28; H, 3.68; Br, 29.16; S, 11.69%). 

3,4-Di-O-~~ety~-~,6-di-S-benzoyl-2,5-di_-D-manni- 
tol (9. - A solution of compound 4 (5.5 g) and potassium thiolbenzoate (3.6 g) 
in acetone (50 ml) was treated as described for compound 2. Evaporation of the 
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was kept for 48 h at room temperature, and the crystalline precipitate was filtered 
off, and washed with methanol and water to yield a product (0.5 g), m.p. 142-146”. 
Recrystallization from bemene (6 ml) and light petroleum (3 ml) afforded compound 9 
as Yellow crystals (0.3 g; 11.6%, m.p. 147-148”), [a];’ +200” (c 1, chloroform); 
the m.p. was not depressed on admixture with the authentic trithiocarbonate4. 

I,2~5,d-Diepithia-L-iditol (10). - A solution of compound 8 (6.6 g) in N 

methanolic hydrogen chloride (400 ml) was kept for 10 min at room temperature, 
and then poured with vigorous stirring and cooling onto an excess (40 g) of solid 
sodium hydrogen carbonate. The filtered solution was evaporated below 30”, and 
the residue was treated three times with hot ethyl acetate. The united extracts were 
evaptiratecl, and the residue was recrystallized from dry chloroform (100 ml) to 
yield colorless needles of compound 10 (3.2 g). Evaporation of the mother liquor 
gave a second crop (0.5 g); total yield, 69.3%. On heating, the compound suffered a 
rearrangement at 118-l 19” to give material (probably polymeric) having no definite 
m.p. ; a slow decomposition started about 280”. The product had [a];’ +86.4” 
(c 1, chloroform), R, 0.15 (solvent A), vz; 3500-3300 (OH) and 3060 cm- ’ (epithio 
CH) (Found: C, 40.51; H, 5.84; S, 35.67. CsH,,0,S2 talc.: C, 40.42; H, 5.65; 
s, 35.97%). 

On boiling a solution of compound 10 (0.1 g) in water (5 ml), an insoluble, 
presumably polymeric material was formed. After 20 min, starting material was not 
detectable (t.l.c.), and, after cooling, the polymeric material (0.1 g) was filtered off. It 
had no i.r. absorption in the region of 3000-3100 cm- 1 (epithio CH) (Found: 
s, 33.70%). 

Acetylation of compound 10. - A solution of compound 10 (1.8 g) in pyridine 
(10 ml) and acetic anhydride (3 ml) was kept at room temperature overnight, and 
then poured onto ice. The solid precipitate was filtered off, washed with water, and 

dried to yield the crude ester 11 (2 g). This was extracted with hot methanol (20 ml), 
and water (10 ml) was added to the hltered extract to give compound 11 as needles 
(1.2 g, 46%), m.p. 124-125”, [a]:’ +35.4” (c 1, chloroform), RF 0.8 (solvent A), 
vKBr 3085 (epithio CH), 1725, 1225, 1085, 1060, and 1035 cm-’ (ester groups) mnr 
(Found C, 45.64; H, 5.44; S, 24.02. C10H1404S2 talc.: C, 45.78; H, 5.38; S, 24.45%). 
N.m.r. data: 6 4.90 (2-proton multiplet, H-3 and H-4), 3.05 (2-proton multiple& 

H-2 and H-5), 2.35 (4proton multiplet, H-l and H-6), 2.10 (6-proton singlet, 
acetyl Me). 

Methanesu~honylation of compound 10. - A solution of compound 10 (0.1 g) 

in dry pyridine (1 ml) was treated with methanesulphonyl chloride (0.1 ml) at 0”. 
The solution was kept at room temperature for 4 h and was then poured onto ice, 
and the precipitate was filtered off and washed with water. The crude product 
(0.15 g, m.p. 109-l 12’) was recrystallized from ethanol (2 ml) to yield compound 12 
(0.1 g, 53.2%), m.p. 114-l 16” alone and in admixture with the compound described 

below. 
1,2:5,6-Diepithio-3,4-di-O-methaneslrlpl~ (12). - TO a stirred SO~U- 

tion of compound 3 (14.8 g) in dry chloroform (200 ml), N methanolic sodium methox- 
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ide (40 ml) was added during a period of 10 min at 0”. The reaction mixture was stirred 
for 5 min and then poured onto a mixture of 5% aqueous sodium hydrogen carbonate- 
ice (1:lj. The chloroform Iayer was washed with ice-cold, aqueous sodium hydrogen 
carbonate and twice with cold water, dried (Na$O,j, and evaporated. The semisolid 
residue was treated with ether to give a crude product (4.8 g, 71.5%). Recrystallization 

from acetone-light petroIeum gave compound 12 (4.4 gj, m-p. 114-I 16”, [a]:’ +36.3” 
(c 1, chloroform), RF 0.5 (solvent A); v,KB; 3100, 3040, 3025 (epithio CH and CH,), 
3010, and 2935 cm-’ (methanesulphonyl CH3) (Found: C, 28.75; H, 4.50; S, 38.10. 
C,H,,O,S, talc.: C, 28.73; H,4.22; S, 38.35%). N.m.r. data (CD&j: 6 4.4 (2-proton 
multiplet, H-3 and H-4), 3.2 (2-proton multiplet, H-2 and H-5), 2.6 (Pproton multiplet, 

H-l and H-6), 3.15 (6-proton singlet, two methanesulphonyl methyl groups). 
Treatment of compound 12 with sodium O-methyl dithiocarbonate. - A solution 

of compound 12 (3.4 gj in dry chloroform (100 ml) was treated with carbon disulphide 
(6 ml) and N sodium methoxide (20 ml). The reaction mixture became turbid after 
a few minutes, and after 3 h, the precipitated sodium methanesulphonate was filtered 
off. The solution was washed three times with water, dried (Na,SO,j, and evaporated. 
Traces of solvent were removed from the syrupy compound 15 at lo- ’ mmHg and 100”; 

[4? -31.5” (c 1, chloroform), R, 0.9 (solvent A) (Found: S, 51.10; CH,O, 18.8. 
C,.H,,O,S, talc.: S, 53.65; CH,O, 17.28%). 

1,6-Dibromo-1,6-dideoxy-2,3,4,5-tetru-O-methanesz~~ho~zyI-~-~~zannitol (13). - 

A solution of 1,6-dibromo-1,6-dideoxy-D-mannitol (MYEZOBROMOL @, 30.8 gj in 
pyridine (200 ml) was treated at 0” with methane&phony1 chloride (38.5 ml). The 
reaction mixture was kept at room temperature overnight and then poured onto ice. 
The precipitated oil solidified on treatment with fresh water, and the product (58.5 gj 
was dissolved in acetone (50 ml). The solution was treated with charcoal, and diluted 
with ether (150 ml). The colorless crystals formed were filtered off and washed 
with ether; yield, 40.7 g. Evaporation of the mother liquor gave a further crop 
(9.5 gj; total yield, 80.5%; m.p. 105-107”, [a]? -l-29.1” (c 1, chloroform), RF 0.15 
(solvent A) (Found: C, 19.?3; H, 3.67; Br, 25.87; S, 20.88. C,oH,oBr20,,S, talc.: 
C, 19.36; H, 3.25; Br, 25.78; S, 20.68%). 
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ABSTRACT 

Kuhn methyl&ion of 2,3:5,6-di-O-isopropylidene-D-mamrofuranose affords a 
mixture of methyl 2,3:5,6-di- U-isopropyiidene-cr-D-mannoside and methyl 
2,3:5,6-di-O-isopropylidene-fl-D-m.annofuranoside, in the ratio 99:l. Treatment of 
the sodio derivative of the di-acetal with methyl iodide gave the same products, 
but the ratio was reversed and was 1O:l in favour of the B-D anomer. Convenient 
procedures for the synthesis of methyl c+D-mannofuranoside and methyl B-D- 
mannofuranoside from the corresponding di-acetals are described, and a synthesis 
of 5-O-methyl-D-maMOSe is also presented. 

INTRODUCTION 

The methyl D-marmofuranosides are difficult compounds to prepare and have 
only been obtained by tedious methods in low yield. For example, methanolysis’ 
of D-mannose yields, after extensive chromatography on cellulose powder, both 
anomers in low yield. Methyl a-D-mannofuranoside’ has been prepared by Purdie 
methylati’on of D-mannofuranose 2,3:5,6_dicarbonate. More recently, derivatives of 
methyl j?-D-mannofuranoside3 have been obtained by treating 5,6-di- U-acetyl-cz-D- 
mannofuranosyl bromide 2,3-carbonate with silver oxide and methanol, whereas 
the a-D anomer could be obtained by treating the compound with sodium methoxide 
in benzene. 

As part of a programme involving the investigation of the furanoid forms of 
carbohydrates, some mannofuranosides were required,. since, in the j?-D anomer, 
the all cis disposition of the hydroxy1 groups and the side chain could affect the 
conformation of the furanoid ring and also the anomeric equilibrium. It was therefore 
decided to attempt a synthesis of 5-O-methyl-D-mannose, since this compound 
cannot assume a pyranoid form. PerEn obtained 5-O-methyl-D-mannose by 
methyIation of 6-O-trityl-D-mannose ad-carbonate, followed by treatment with 
base, to yield methyl 5-O-methyl-6- O-trityl-a-D-mannofuranoside. Acid treatment 
then gave the required product. An alternative approach is now reported. 

*Present address: Department of Chemistry, Massachusetts institute of T&hnology, Cambridge, 
Mass., 7-J. S. A. 
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RESULTS AND DISCUSSION 

Kuhn methylation of the easily obtained 2,3:5,6-di-O-isopropylidene-cD- 
mannofuranose4 gave two products (weir separated by g.1.c.) in:th= ratio CQ. 99:l. 

Separation of these products by column chromatography on silicic acid gave first 
methyl 2,3:5,6-di-0-isopropylidene-a-D-mannofuranoside as the main component, 
followed by methyl 2,3:5,6-di-O-isopropylidene-/?-D-marmofuranoside. Both of these 
compounds have previously been reported crystalline5*6, but, in our hands, only 
the CL-D anomer crystallised. The structures of these compounds were confirmed 
when acid hydrolysis of each di-acetal gave the corresponding methyl D-manno- 
furanoside. Haworth and co-worker? have previously prepared methyl 2,3:5,6-di- 
0-isopropylidene-a-D-mannofuranoside by treating methyl a-D-mannofuranoside 
with acetone and anhydrous copper sulphate. 

Partial, acid hydrolysis of methyl 2,3:5,6-di-O-isopropylidene-a-D-manno- 
furanoside afforded syrupy methyl 2,3-0-isopropylidene-a-D-mannofuranoside, 
characterised as the 5,6_diacetate. Treatment of methyl 2,3-O-isopropylidene-a!-D- 
maMofuranoside with 1.1 moles of benzoyl chloride afforded an oily mixture of two 
components (t.l.c.), presumably the mono- and di-benzoates of methyl 2,3-O-iso- 
propylidene-a-D-mannofuranoside. Kuhn methylation of this mixture afforded an 
oil, which, on treatment with ethanolic sodium hydroxide, gave methyl 2,3-0- 
isopropylidene-5-0-methyl-a-D-mannofuranoside. From the yield (56%) of this 
material, the major product of benzoylation was the expected methyl 6-O-benzoyl- 
2,3-0-isopropylidene-a-D-mannofuranoside. Acid hydrolysis of methyl 2,3-O-iso- 
propylideneJ-0-methyl-a-D-mannofuranoside gave 5-0-methyl-D-mannose which 
gave a phenylosazone identical with that prepared from 5-O-methyl-D-glucose. 

Levene and Meyer’ investigated the Purdie methylation of 2,3:5,6-di-O- 
isopropylidene-a-D-mannofuranose and found that the CL-D anomer was the major 
product; however, they also observed that if the sodio derivative of the diacetal 

was allowed to react with methyl iodide, the major product was the /?-D anomer, 
together with a small proportion of the a-D anomer. This reversal of product ratios 
is quite remarkable. It is known that the crystalline starting material exists in the 
CC-D form’ and mutarotates very slowly, and it would thus be expected that Kuhn or 
Purdie methylation would afford mainly the CL-D anomer. It is difficult to explain 

why the sodio derivative should give the sterically less-favorable 8-D anomer on 
reaction with methyl iodide, unless some effect is causing the negatively charged 
oxygen atom to assume the /3 position 

In our hands, the product ratio for the methylation of the sodio derivative 
was 8.-a = lO:l, thus confirming the work of Levene and Meyer. On using the 
same separation technique as for the Kuhn methylation, we were able to obtain 
methyl 2,3:5,6-di-0-isopropyhdene-B-D-mannofuranoside. As expected (since all the 
substituents on the furanose ring are cis), the latter compound was very sensitive 
to acid and underwent partial hydrolysis with acid when stored in daylight in chloro- 
form sollltiolL 
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A comparison of the acid Iabilities of the cc and /? anomers of methyl 2,3:5,6- 
di-O-isopropylidene-D-mannofuranoside was obtained by storing each compound 
in 0.1~ hydrochloric acid for 65 h at 20”, the /3 anomer gave D-mannose and methyl 
8-Dmannofuranoside, whereas the CI anomer gave methyl a-D-mannofuranoside and 
methy 2,3- O-isopropylidene-cx-D-mannofuranoside. It is therefore clear that the 8-D 
anomer is more acid-labile than the CC-D anomer. 

As stated previousiy, methyl mannofuranosides are difficult compounds to 
synthesise in good yield. However, if the acid hydrolysis of the above diacetals 
could be stopped at the glycoside stage, an easy route would be obtained for the 
synthesis of these compounds. Thus, treatment of methyl 2,3:5,6-SO-isopropylidene- 
or-D-mannofuranoside with 0.05~ ethanolic hydrogen chloride for 120 h at 20” 
afforded a mixture of methyl or-D-mannofuranoside and methyl 2,3-O-isopropyhdene- 
or-D-mannofuranoside. Chloroform extraction of the mixture afforded the monoacetaI, 
and concentration of the aqueous solution gave methyl c+D-mannofuranoside. 
Similarly, mild, acid hydrolysis of methyl 2,3:5,6-di-O-isopropylidene$-D-manno- 
furanoside afforded methyl B-D-manuofuranoside which was characterised as its 
calcium chloride complex. 

EXPJXIMEN-JYAL 

. Melting points were determined on a Kofler microstage apparatus and are 
uncorrected. Analytical t.1.c. was performed with silica geI G on microscope sIides 
with various solvents. The compounds were detected by treatment with 1:9 chloro- 
sulphonic acid-acetic acid for ca. 10 rnin at 110”. 

For g.l.c., a 4-R. polyester (1.5% LAC-1-R-296 on Cehte) column was used in a 
custom-built instrument. The carrier gas was nitrogen, at a flow rate of 30-40 ml/min. 
The best operating temperature was 145”, with the injection block at 200”. The 
retention times of methyl 2,3:5,6-di-O-isopropylidene-X-D-mannofiranoside and 
methyl 2,3:5,6-di-O-isopropylidene+?-D-mannofuranoside were 4.3 and 9.5 min, 
respectively. 

Merhylation of2,3:5,6-di-O-isopropylidene-a-D-mannofu. - (a) The title 
compound (1 g), N,N-dimethylformamide (4 ml), methyl iodide (6 ml), and silver 
oxide (2 g) were stirred together for 14 h at 20”. After the frhered solids had been 
washed with chloroform, the combined filtrate and washings were concentrated 
in uacuo to yield an oil (1.2 g), which contained (t_I.c_, benzene+ther, 7~3) two 
components (ratio ca. 99:1, g.1.c.) with higher mobility than the starting material, 
and the complete absence of the latter. The compounds were separated by using CC4 
100-200 mesh MaIlinckrodt silicic acid (15 g) and benzene-ether (7~3) as irrigant; the 
first component, methyl 2,3:5,6-di-U-isopropyhdene-a-D-mannofiranoside (0.84 g), 
b.p. 85”/0.1 rnmHg, crystahised completely on storage at 0” and had m.p. 23”, [c&’ 
+58.2” (c, 3.8, 1,1:2,2-tetrachloroethane), [a];' + 50.1” (c 4.65, chloroform), [aID 

+70.3” (c, 1.85, methanol); lit.‘, b. p. 125”/0.04 mmHg (bath temp.), m-p. 24”, [a] 2 
+68” (c 2.8 in methanol). 
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Further elution then afforded methyl 2,3:5,6-di-U-isopropylidene-~-D-manno- 
fkranoside (0.02 g), b.p. 115”/0.5 mmHg, [a]:: - 49.3” (c 0.83, 1,1:2,2-tetrachloro- 
ethane), [z]F -58.9” (c 2.0, chloroform); lit.’ [c@ -42.2’ (c 5.36, 1.1:2,2-tetra- 
chloroethane). P.m.r. data (chloroform-d): methyl 2,3:5,6-di-U-isopropylidene-a-D- 
mannofuranoside, 6 1.33 (singlet, 3 protons), 1.38 (singlet, 3 protons), 1.47 (singlet, 
6 protons), 3.33 (singlet, OCH, protons), 3.84.9 (multipiet, 7 protons); methyl 
2,3:5,6-di-U-isopropylidene-p-D-mamrofuranoside; 6 1.37 (singlet, 6 protons), 1.43 
(singlet, 3 protons), 1.53 (singlet, 3 protons), 3.53 (singlet, 0CH3 protons), 3.55-4.9 
(multiplet 7 protons). The two compounds are readily distinguished by the glycosidic 
methyl signals or the isopropylidene signals. 

(b) The title compound (1 g) was dissolved in benzene (20 ml), and a few 
pieces of sodium were added. After storage for 15 h at 20”, the unreacted sodium 
was removed, and the solution was concentrated to yield an oil, to which methyl 
iodide (10 ml) was added. After refluxing for 24 h, water (20 ml) was added, and the 
resulting solution was extracted with benzene (3 x 20 ml). The extract was washed 
with water (2 x 15 ml), dried @Ia,SO,), and concentrated to yield an oil (0.7 g) 
which contained (t.1.c.) the same products as in (a), but in the reversed ratio, uiz. 
a$ = 1O:l (g.1.c.). The compounds were separated as described in experiment (a). 

Comparison of acid lability of anomeric methyl 2,3:5,6-di-O-isopropyIidene-D- 
mannofkranosides. - Each glycoside (0.1 g) was dissolved in 3:l aqueous ethanol 
(1.5 ml), which was 0.1~ with respect to HCI. After storage for 65 h at 20”, the 
solutions were neutralized with IRA-400 resin (HCO,) and concentrated to yield, 
in each case, an oil which was examined by p.m.r. in D,O with acetone as internal 
standard. 

For the B-D anomer, three resonances were observed in the anomeric region: 
(a) 6 5.1, J,,z 1.5 Hz; (b) 4.8, J1 ,* 1.0 Hz; (c) 4.8, J,,2 4.5 Hz. The first two resonances 
correspond to those reported9 for D-mannose (6 5.25, .I1 ,2 1.7 Hz; 6 4.97, 5, .2 1 .O Hz), 
and the latter corresponds to that for methyl j?-D-mannofuranoside’” (S 4.8, J,,2 
4.2 Hz). 

For the a-o anomer, no resonances corresponding to mamrose were observed, 
but a strong resonance at 6 4.9, J1 ,2 4.0 Hz, indicated that the hydrolysis had stopped 
at the methyl a-D-mannofuranoside stage. 

Methyl 2,3-0-kopropylidene-a-D-mannofiwanoside. - Methyl 2,3:5,6-di-O- 
isopropylidene-a-D-mannofuranoside (4 g) was dissolved in ethanol (50 ml), and 
0.2N HCl(50 ml) was added. After storage for 30 h at 25”, examination of the reaction 
mixture by t.1.c. Ibenzene+ther (l:l)] showed traces of starting material, together 
with a single component of lower mobility. Neutralisation of the mixture with 
IRA-400 resin (HCO,), followed by concentration of the solution after separation 
of the resin, gave an oil which was dissolved in benzene and extracted with water 
(3 x 15 ml). Concentration of the aqueous extract gave syrupy methyl 2,3-O-iso- 
propylidene-a-D-mannofuranoside (2.5 g, 73%). 

Acetylation with pyridine-acetic anhydride gave methyl 5,6-di-O-acetyl-2,3- 
O-isopropylidene-a-D-mannofuranoside, which was recrystallised from water or light 
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petroleum (b-p. 40-60”); m-p. 54-W, [c& +57” (c 1.3, chloroform). Anal. Calc. 
for C14H2tOs: C, 52.8; H, 7.0. Found: C, 53.1; H, 6.97. P.mr. data: S 5.3 (octet, 
H-5), 3.3 (singlet, 3 protons, OMe), 2.05 (singlet, 6 protons, acetyl groups), 1.44 and 
1.33 (singlets, CMea). 

Methyl 2,3-0-isopropylidene-5-0-methy(-cr-D-n7a. - A cooled 
solution of methyl 2,3-O-isopropylidene-a-D-mannofurannofuranoside (1.35 g) in pyridine 
(40 ml) was treated with benzoyl chloride (0.84 ml). After storage for 3 days at 0”, 
the solution was concentrated under diminished pressure at 60”, and water (25 ml) 
was added. After extraction of the aqueous solution with chloroform (3 x 20 ml), 
the organic extract was washed with dilute HCl until the washings were acid, and then 
with dilute, aqueous sodium hydrogen carbonate and water. The dried (MgS04) 
extract was concentrated to yield an oil (1.97 g) which was shaken for 14 h with 
iV,N-dimethylformamide (15 ml), methyl iodide (30 ml), and silver oxide (5 g). The 
solids were filtered off and well washed with chloroform, and the resulting titrate 
and washings were concentrated to yield an oil (1.9 g) which was dissolved in ethanol 
(15 ml), and 20% sodium hydroxide solution (5 ml) was then added. After heating 
on the steam bath for 4 h, the solution was neutralised with carbon dioxide and 
extracted with chloroform (3 x 20 ml). The dried (MgSO,) extract was concentrated 
to yield an oil (1 g) which crystallised spontaneously. Examination of the material 
by t.1.c. benzene-ether (3:2)] showed the presence of two components, the minor 
of which corresponded to methyl 2,3-O-isopropylidene-a-~-mannofuranoside. The 
material was fractionated by using CC7 100-200 mesh Mallinckrodt silicic acid as 
absorbent and ethyl acetate as irrigant. Fractionation was monitored by t.l.c., and the 
initial fraction (0.8 g) crystallised upon evaporation of the solvent and was recrystallised 
from light petroleum (b.p. 40-60”) to yield methyl 2,3-O-isopropylidene-S-O-methyl- 
a-D-mannofuranoside (0.55 g, 56%) m-p. 54’, [cz]i4 +76’ (c, 0.25 chloroform)_ 

Anal. Calc. for C,,H,,O,: C, 53.2; H, 8.1. Found: C, 53.5; H, 8.2. 
Methyl u-D - mannofuranoside. - Methyl 2,3:5,6-di- O-isopropylidene-a-D- 

mannofuranoside (0.67 g) was dissolved in absolute ethanol (4 ml), and 0.1~ hydro- 
chloric acid (4 ml) added. After storage for 5 days at 20”, the solution was neutralised 
with IRA-400 resin (HCO,), filtered, and extracted continuously with chloroform 
to yield, on concentration, an oil (0.41 g)_ Concentration of the aqueous solution gave 
an oil (0.12 g) which crystallised spontaneously; recrystallisation from propyl alcohol 
yielded methyl a-D-mannofuranoside (0. I g), m.p. 119”, [a];” + 114.4” (c 0.7, water); 
lit.“, m.p. 120-121”, [a]k4 +109” (c 1.0, water). Investigation of the chloroform- 
soluble component showed it to be homogeneous and to have the same mobility as 
methyl 2,3-O-isopropylidene-a-D-mannofuranoside. 

Methyl p-D-mannofuranoside. - Methyl 2,3:5,6-di-U-isopropylidene-/3-D- 
mannofuranoside (1.79 g) was dissolved in absolute ethanol (20 ml), and 0.033~ 
hydrochloric acid (50 ml) was added. The reaction mixture was stored at 25O and 
monitored by t.1.c. [ethyl acetate-methanol (23:1), detection with iodine vapour]. 
After 22.5 h, the starting material had disappeared, and three components, all 
having lower mobility than the starting material, had appeared. The reaction mixture 
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was neutralised with IRA-400 resin (HCO;) and then extracted continuously with 
chloroform for 1.5 h. Concentration of the extract yielded an oil (0.12 g), which 
was shown by t.1.c. to contain the more-mobile components of the hydrolysate and 
none of the slow-moving material. The aqueous extract was concentrated in vacua 

at 50” to yield crude methyl j?-D-mannofuranoside (1.06 g), [c&’ - 80.6” (c 2.2, water). 
The p.m.r. spectrum in D,O showed a doublet at 6 5.0, .J1,2 4.2 Hz. 

Preparation of the calcium chloride complex of methyl fi-wmannofuranoside. - 

Crude methyl p-D-mannofuranoside (0.94 g) was mixed with 70% calcium chloride 
solution (3 ml), whereupon precipitation began almost immediately. After addition 
of cold propyl alcohol (2 ml), the mixture was stored overnight at 0” and then filtered, 
and the crystals were washed with absolute ethanol and dried in vacua over anhydrous 
calcium chloride to give the complex (1.31 g), [a]‘,” -54.7” (c 1.35, water); lit-l’ 

t!G? -58.5” (c 1.71, water). 

5-0-Methyl-o-mannose. - Methyl 2,3-0-isopropylidene-5-U-methyl-E-D-man- 
nofuranoside (0.25 g) was dissolved in 0.2~ HCl and heated for 1.5 h at 80-90”. 
The hydrolysate wzs then neutralised with IRA-400 resin (HCO;) and concentrated 
to yield syrupy 5-O-methyl-D-mannose (0.18 g) which, on treatment with phenyl- 
hydrazine hydrochloride and sodium acetate, gave 5-O-methyl-D-arabino-hexose 
phenylosazone, m.p. 131”; in admixture with the phenylosazone formed from 5-O- 
methyl-D-glucose, the product had m.p. 130-131”. 
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ABsTRAc-r 

The crystalline barium acid salt of heparin (after conversion into the sodium 

salt) was oxidized with periodate, whereby its D-&CUrO& acid residues were 

destroyed. The oxidized material was reduced with borohydride; the product was 
treated with acid, and then deaminated with nitrous acid. From the deamination 
mixture, 2,5-anhydro-aldehydo-D-mannose 6-sulfate was isolated as its crystalline 
brucinium salt, and identified by comparison with authentic material. This work 

definitively places the two sulfate groups (per tetrasaccharide unit) on C-6 of the 
2-amino-2-deoxy-D-glucose residues, and shows that the D-glucuronic acid residues 

are not sulfated. 

INTRODUCTION 

It has been established2 that, in the heparin molecule, D-glucuronic acid units 

are polymerically condensed with I&amino-2-deoxy-D-glucose units in a-~-(1 +4)- 
linkage, and that 2-amino-2-deoxy-D-glucose residues are likewise attached to 
D-glucuronic acid residues by cr-D-(1+4)-linkages. It is now apparent that a consider- 
able proportion of L-iduronic acid residues is also present in heparin3w4. There is 

some evidence for the placement of some of the sulfate groups in heparin, although 

not all of this evidence is definitive. It is generally accepted that there are five sulfate 
groups per tetrasaccharide unit in this heteropolysaccharide. This number agrees 
best with the sulfate content found5 and with the fact that the periodate consumption 
of the crystalline barium acid salt6 of heparin (after conversion into the sodium salt) 
indicates the presence of one glycol group per tetrasaccharide unit5, necessarily 
located in a uranic acid component. Two of the five sulfuric acid groups are present 
as sulfoamino groups5*‘- g that are readily hydrolyzed by acid, and, consequently, 

samples of processed heparin have a very small content of free amino group’* ‘. 

By isolation and characterization of 2-amino-2-deoxy-3-O-methyl-D-glucose after 

hydrolysis of a partially methylated heparin, NominC and co-workerslo have shown 

that the 3-hydroxyl groups of the 2-amino-2-deoxy-D-glucose residues are not 

sulfated. In confhmation of this conclusion, they also found that, on periodate 

oxidation, all of the nitrogen content of a de-IV-sulfated heparin is liberated as 

*Deceased, June 20th, 1969. 
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ammonia. The strong anionic character of the polyelectrolyte heparin renders its 
complete methylation impossible. Accordingly, these methylation techniques cannot 
be used for the location of all of the substituent sulfate groups in heparin. Deaminative 
scission (with nitrous acid) of adjacent glycosidic bonds in polvsaccharides con- 
taining 2-amino-2-deoxyhexose residues’ ’ has been applied by Foster, Stacey, and 
co-workers” to de-N-sulfated heparin. They obtained, presumably, an equimolar 
mixture of mono- and di-sulfated disaccharides, and the results they obtained on 
periodate oxidation of the mixture suggested the presence of 2- and 6-sulfate groups 
in heparin. 

Any substituent group, such as a sulfuric ester, on C-6 of the 2-amino-2-deoxy- 
D-glucose residues in heparin, being antiparallel to the amino function, should not 
alter the course of the deamination with nitrous acid13, and sulfated derivatives 
of 2,5-anhydro-a&/z@-D-mannose would be the products expected. 

RESULTS AND DISCUSSION 

The sodium salt of heparin, purified through the crystalline, barium acid salt3, 
was oxidized with sodium metaperiodate’ until exactly one molar proportion of 
the oxidant had been consumed per tetrasaccharide unit. After the inorganic salts 
had been removed by dialysis, the oxidized heparin was treated with sodium boro- 
hydride, to reduce the dialdehyde polymeric units, and the product was dialyzed. 
The periodate-oxidized, borohydride-reduced heparin was recovered as a white 
powder (A) by lyophilization. 

Acid hydrolysis of the barium acid salt of heparin (after conversion into the 
sodium salt), by a modification of the method of Monier-Williams’4, had shown’ 
that both D-glucuronic and r..-iduronic acid residues are present in the heparin 
molecule. When the same procedure was applied to the periodate-oxidized, boro- 
hydride-reduced product from the crystalline barium acid salt of heparin, only 
L-iduronic acid was found; D-glucuronic acid was absent. Therefore, all of the 
D-glucuronic acid residues in the polymer had been cleaved by the periodate oxidation; 
and, from this, it follows that all of the D-glucuronic acid residues in heparin contain 
periodate-oxidizable a-glycol groups and therefore are not sulfated. This proof is 
based on the results of chromatography, but both D-glucuronic acid and r..-iduronic 
acid have been identified2B3 as crystalline derivatives, and paper chromatography is 
known to be a sensitive method for the detection of compounds of established 
identity. 

It is known that linkages in periodate-oxidized, borohydride-reduced poly- 
saccharides are more readily hydrolyzed than those in the original polysaccharidei5. 
It was therefore possible to obtain the residual heparin material free from the periodate- 
oxidized, borohydride-reduced heparin by mild hydrolysis of A .with acid, which 
caused removal of the sulfoamino groups and the oxidized unit, but no significant 
cleavage of the remaining linkages. These linkages were then cleaved further by 
nitrous acid deamination’ r* 12, and the resultant mixture was investigated. 
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Paper electrophoresis of the deamination product in borate solution revealed 
the presence of four distinct components having Mo 1.27, l-02,0.84, and 0.65. When 
de-N-sulfated heparin was similarly deaminated, paper electrophoresis showed the 
presence of only two components, having Mo 1.27 and 1.02, presumably correspond- 
ing to the mono- and d&sulfated disaccharides12. The presence, in the deamination 
product of the heparin mod%cation, of the fraction of Mo 1.02, inferred from its 
mobility’ ’ to be the monosulfated disaccharide, probably resulted from the removal 

of the secondary sulfate groups during the hydrolysis with dilute acid”. 
The fraction of Mo 0.84 was identical in paper electrophoretic and chromato- 

graphic mobility with 2,5-anhydrO-aldehydb-D-mannose 6-(sodium sulfate) (1) 

prepared by direct sulfation of 2-amino-2-deoxy-D-glucose hydrochloride18 followed 
by deamination with nitrous acid l2 . This fraction was then isolated from the deamin- 
ation product of heparin by preparative paper-chromatography, and was converted 
into the crystalline brucinium salt, whose X-ray powder diffraction pattern was 
identical with that of the corresponding authentic brucinium salt. The i.r. spectrum 
of 1 showed a strong, clearly delineated band at 816 cm-l characteristic of an 
equatorial sulfated primary hydroxyl group, and thus of a 6-sulfate” of a D-aldo- 
hexopyranose in the CI (D) conformation. 

EXPERIMENTAL 

Periodate oxidation of heparin (sodium salt) foflowed by reduction with sodium 
borohydride. - The sodium salt of heparin (0.49 g, 0.4 mmole), purified2 through 
the barium acid salt, was dissolved in water (4 ml) in a lo-ml volumetric flask, 
aqueous sodium metaperiodate solution (5 ml, 0.2~) was added, and the total volume 
was brought to 10 ml with water. A blank was prepared similarly. The oxidation 
proceeded at room temperature in the dark. The periodate consumption was followed 
spectrophotometrically20 at 223 nm by use of O.l-ml aliquots of the solution diluted 
to 250 ml. After deduction of absorption due to iodate ion, the results were (h, mole 
of 10, consumed per mole): 19,0.5; 42.5,0.77; 48,0.86; and 94,1.22. In a preparative 
experiment, 2.46 g of the sodium salt of pused heparin was treated for 65 h with 
periodate solution, as just described, the excess of oxidant was decomposed with 
ethylene glycol, and the solution was dialyzed for 3 days against running water. 
The nondialyzable fraction, reducing to Fehling solution, wits concentrated to a 
small volume and freeze-dried, to yield 2.02 g (83%) of a white powder. Reduction 
of this material with sodium borohydride (2 g) in water (100 ml), followed by dialysis, 
concentration, and freeze-drying, gave 1.69 g (84%) of a nonreducing material (A), 
[a]g3 -l-51” (c 1.0, water). 

Anal. Calc. for C24H33N2Na7035S5- H,O: C, 23.08; H, 2.86; N, 2.24; S, 12.84. 
Found: C, 23.82; H, 3.54; N, 2.48; S, 12.46. 

Hydrolysis of periodate-oxidized, borohydride-reduced heparin. - The periodate- 
oxidized, borohydride-reduced product (100 mg) was hydrolyzed for 2 h at room 
temperature with 0.4 ml of 72% sulfuric acid. The solution was then diluted with 
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water to give a concentration of 3% of sulfuric acid, and was reflmed for 2.5 h, as 
previously described3 for the barium acid salt of heparin (after conversion into the 
sodium salt). Paper chromatography of the hydrolyzate was performed in two 
solvent systems by use of two indicators 3. Whereas, previously, both D-glucuronic 
acid and L-iduronic acid and their lactones bad been detected3, only r-.-iduronic acid 
and its lactone were now found. 

Deaminotion of partially acid-hydrolyzed, period&e-oxidized, borohydride- 
reduced heparin (sodium salt), and isolation of 2,5-anhydro-aldehydo-D-mannose 
tL(brucinium sulfate) (1). - The heparin modilication A (0.24 g) was rcfluxed for 3 h 
with 0.04~ sulfuric acid (20 ml), to effect de-N-sulfation and hydrolysis of the acetal 

HO 

M+t mu+ ot brucinium’ 

linkages in the oxidized units. After the solution had been cooled to room temperature, 
a solution of barium nitrite monohydrate (0.50 g) in water (10 ml), was slowly added, 
with gentle shaking. More sulfuric acid (4 ml, 0.5~) was added to the solution, 
to generate nitrous acid, and the stoppered flask was kept undisturbed for 2 h. The 
excess of nitrous acid was then removed under diminished pressure, and sticient 
barium carbonate was added to neutralize the acids. After removal of the precipitated 
inorganic salt by filtration, the clear filtrate was passed through a column (1 x 15 cm) 
of Amber&e IR-120 (II’) ion-exchange resin. The acidic effluent was made neutral 
with 0.01~ sodium hydroxide, and was concentrated to 10 ml. Paper electrophoresis” 
on Whatman No. 3 MM paper (12 cm x22 cm) for 4 h at 500 V (0.1~ borate) gave 
four distinct components as revealed by indicationwith alkaline silver nitrate solution: 
Mo 1.27, 1.02, 0.84, and 0.67; the relative intensities of these spots, as estimated 
visually, were 45, 30, 15, and lo%, respectively. The zone having i& 0.84 was 
identical in mobility with 2,5-anhydro-D-mannose 6-(sodium sulfate), prepared as 
described later. The solution was then applied to 8 sheets of Whatman No. 3 MM 
paper (23 cm x 57 cm), and these were developed for 3 days with 9:3:2 (v/v) ethyl 
acetate-acetic acid-water22. Because of the presence of nitrate, the resolution of the 
four components was very poor. Narrow strips were then excised from the middle 
of that band similar in mobility to authentic 2,5-anhydro-aldehydo-D-mannose 
6-(sodium sulfate) on guide strips, and these were eluted with water. Evaporation 
to dryness under diminished pressure at 25” gave a white powder (13 mg) whose 
i.r. spectrum* showed poor resolution in the 6-15qm region. The remaining material 
(11 mg) was then extracted with hot 95% ethanol (20 ml), and the extract was ccntri- 
fuged. Evaporation of the alcoholic solution afForded a pale-yellow gum (7 mg) 

*Recorded with a Perk&Elmer Infracord infrared spectrometer. 
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which, on paper eleotrophoresis, showed a single spot having A&. 0.84; Jzz 6.18 
(CHO), 7.90 (OH), 8.83, 9.90 (SO, ester), 9.30, 10.60, 10.40, 10.18, 13.70 (equatorial 
primary SO, ester), and 13.00 pm. An aqueous solution (10 ml) of this gum was 
de-ionized with Amberlite IR-120 (E-I’) ion-exchange resin (1 x4 cm), and the acidic 
effluent was brought to pH 8 with alcoholic brucine solution and concentrated, 
without warming, to about 1 ml by means of a stream of nitrogen. Water (15 ml) 
was then added, and the excess of the alkaloid was removed by successive extraction 
with chloroform (3 x 20 ml) and ether (2 x 20 ml). The aqueous solution was decolor- 
ized with carbon, the suspension was filtered, and the filtrate was concentrated, as 
before, to about 0.5 ml. Acetone was added to incipient turbidity, and the solution 
was refrigerated. Tiny clusters of bladed needles formed within three days. The 
supematant mother-liquor was withdrawn by means of a small pipet. The crystals 
were successively washed with 60% aqueous acetone (3 x 1 ml) and acetone, and 
dried under diminished pressure over Drierite to yield 4 mg, m.p. and m.m.p. 200-201” 
(dec.); X-ray powder diffraction data identical with those of the authentic 2,5-anhydro- 
aldehydo-D-mannose @brucinium sulfate) (1) described next. 

Authentic 2,5-anhydro-aldehydo-D-nzajuzose’ 3 6-(brucinium sulfate) (1). - 
Following essentially the sulfation procedure of Saito and co-workers”, 2.16 g of 
2-amino-2-deoxy-D-glucose hydrochloride was slowly added, at 0”, to 15 ml of sulfuric 
acid. Chlorosulfonic acid (1.3 ml) was then added dropwise, with stirring, during 2 h. 
The sulfated product was precipitated by adding the solution to ether (100 ml, 
cooled with solid carbon dioxide), washed with cold ether (3 x 100 ml), and dissolved 
in iced water (80 ml). After neutralization of the solution with barium carbonate and 
centrifugation, the resultant clear, supematant liquor was concentrated under 
diminished pressure at 40” to a small volume, and freeze-dried; yield 1.6 g. The 
sulfated amino sugar (800 mg) was dissolved in sulfuric acid (0.025~, 50 ml), and 
the solution was refluxed for 2 h. After being cooled to room temperature, the 
solution was treated with barium nitrite monohydrate (1.75 g), followed by 0.5M 
sulfuric acid until no further precipitation occurred. The flask was swirled gently and 
stoppered, and the solution kept for 2 h. The excess of nitrous acid was removed 
under diminished pressure, the acid solution was made neutral with barium carbonate, 
the suspension was centrifuged, and the clear, supematant liquor was passed through 
a Millipore filter. After concentration of the solution to about 20 ml, paper electro- 
phoresis (0.1~ borate, at 500 V for 3 h) showed three components, having Mo 0.01 
(2,5-anhydro-&&ydo-D-mannose), 0.84, and 1.47, the second preponderating. The 
barium salt of the deaminated sugar sulfate was de-ionized with Amberlite IR-120 
(H+) ion-exchange resin, and the acidic effluent was made neutral with sodium 
hydroxide (0.01~). The solution was concentrated to 10 ml, and spotted on 12 sheets 
(23 cm x 57 cm) of Whatman 3 MM paper; these were developed for 3 days, as before. 
The middle portion of the band having Ro 0.24 was excised, and eluted with water. 
The aqueous solution was evaporated to dryness, and extracted with hot 95% 
ethanol, the extract was centrifuged, and the clear, alcoholic, supematant liquor 
was evaporated to a pale-yellow gum (47 mg). On paper electrophoresis, this material 
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showed a single spot, MG 0.84; 1_, KBr 6.18 (CHO), 7.90 (OH), 8.83, 9.90 (SO4 ester), 
9.30,10.60,10.40,10.18,13.70(816cm-’ , equatorial primary SO, ester), and 13.00 pm. 

The substance (44 mg) so purified by paper chromatography was de-ionized 
with Amberlite IR-120 (II+) ion-exchange resin, and the column was washed with 
water until the final effluent was neutral. The eluate was brought to pH 8 with alco- 
holic brucine solution, and the solution was concentrated to a small volume at 25” 
(to remove the alcohol), and diluted with water (20 ml). The solution was decolorized 
with carbon, the suspension was filtered, the filtrate was successively extracted with 
chloroform (4 x 30 ml) and ether (3 x 30 ml), and the aqueous phase was concentrated 
to about 1 ml. Acetone was added to incipient turbidity, and the solution was warmed 
at 40” until it became clear, cooled to room temperature, and refrigerated. Crystals 
formed the next day; yield 25 mg, m.p. 199-201” (dec.); X-ray powder diffraction 
data*: 12.81 (vs, 3), 8.67 (s), 7.50 (vs, l), 7.03 (s), 6.46(m), 5.98 (m), 5.68 (m), 
5.37 (m), 4.96 (w), 4.37 (s), 4.02 (m), 3.90 (m), 3.77 (s), 3.55 (vs, 2), 3.38 (w), 3.21 (w), 
and 3.06 (m). 

Anal. Calc. for C2,H,,N,0S: C, 54.80; H, 5.66; S, 5.04. Found: C, 55.05; 
H, 6.23; S, 5.40. 
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ABSTRACT 

Comparisons have been made, on two polysaccharides, of three methylation 
procedures. On the evidence of molecular weights determined by vapour-phase 
osmometry, and methanolysis products identified by g.l.c., it is concluded that the 
sodium hydride-methyl sulphoxide-methyl iodide system has advantages over the 
classical Haworth-Purdie procedures for the poIysaccharides studied. The sodium 
hydroxide-methyl sulphate-methyl sulphoxide procedure gave products having 
lower molecular weights and extra g.1.c. peaks, and shouId be viewed with some 
caution. 

INTRODUCTION 

Methylation studies continue to play an important role in polysaccharide 
structure determina tion. In addition to the classical Haworth’ and Purdie’ techniques, 
which often require many additions of reagent, more recent methods have been 
reported to give improved yields with fewer treatments3-6. 

The sodium hydride-methyl sulphoxide-methyl iodide system has been shown 
to have advantages for some neutral and acidic‘s polysaccharides. It has led to at 
least one correction of earlier data ‘. However, with Acacia Senegal gum, which 
has significant proportions of L-rbamnopyranose residues as end groups attached to 
C-4 of D-glucuronic acid residues, loss of 2,3,4-tri-O-methyl+rharnnose and probably 
2,3-di-O-methyl-D-glucuronic acid occurs’. 

It has been suggested 6*7 that the performance of the above-mentioned system 
be assessed on a wider range of-polysaccharides. Also, methylations of the same 
polysaccharide by different methods, for comparison, should be informative. In 
accordance with these ideas, we have used three different procedures to methylate 
the hemicelluloses of the tropical pasture species Cynodon plectostachyus and Setaria 

sphacelata. The methods employed were: (1) Haworth’ followed by the Purdie’ 
procedure, (2) sodium hydride-methy sulphoxide-methyl iodide6 (completion by 
Purclie method), and (3) sodium hydroxide-methyl sulphoxide-methyl sulphate’ 
(completion by the Purdie method). : 

The methanolysis products of the methylated polysaccharides were examined 
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by gas-liquid chromatography (g.l.c.), and the number-average molecular weights 
(M,) were determined by vapour-phase osmometry (v.p.o.). 

RESULTSANDDISCUSSION 

Full structural studies are still in progress, but work done to date indicates 
that both hemicelluloses consist essentially of a backbone of /I-linked D-xylopyranose 
residues, to which are attached, as side-chains, residues of L-arabinofuranose and 
&lucuronic acid or one of its methyl ethers. 

After methylation, the polysaccharide samples were precipitated from chloro- 
form solution by pouring into light petroleum (b.p. 60-807. No fractionation of the 
precipitated material was carried out, as it was desired to compare by vapour-phase 
osmometry the M,, values of all the molecular species present. The v-p-0. results are 
summarised in Table I. 

TABLE I 

N-~BER-AVERAGEM~LECULAR'WEIGHTS(M~ OF Setufiu Am Cynodon POLYSACC~DES 

SOmpk? MethyIation 

procedure 
Mean M, Methoxyl (%) Yield to/.) 

Setaria 1= 9,300 f350b 38.8 39 
Setaria 2 9,400 f350b 38.9 100 

Setaria 3 8,500 f35ob 38.3 Cjmdon 1 6,700 f300c 38.6 :; 
Cynodon 2 7,500 f30ob 38.8 90 
Cynodon 3 5,300 *300= 38.9 62 

aNumbers refer, respectively, to the methods listed in the introduction. bMean of two samples. 
CMean of three samples. 

The methanolysis products of all six samples included the methyl glycosides 
of the following sugars (as shown by g.1.c.): 2,3,4-tri-0-methyl-D-xylose, 2,3,5-tri-O- 
methyl-L-arabinose, 3,5-di-0-methyl-L-arabinose, 2%di-O-methyl-D-xylose, and 2-0- 
methyl-D-xylose. 

In the samples methylated by procedure 3, there also appeared three minor 
but detite peaks; two were between those of the tri- and di-0-methylglycosides, 
and one between the di- and mono-O-methylglycoside peaks. These could not be 
identified. Yields from methods 2 and 3 were higher than from method I_ 

It is concluded that the sodium hydride-methyl sulphoxide-methyl iodide 
procedure is superior to the Haworth-Purdie procedures for the polysaccharides 
studied. Yields for the former were much higher, and, in the case of Cynodon, the 
molecular weight was markedly higher. In the sodium hydroxide-methyl sulphoxide- 
methyl sulphate method, the lower molecular weights and extra g.1.c peaks indicate 
that some degree of degradation occurred. The method would appear to be unsuitable 
for such polysaccharides, at least under the conditions described herein. 
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.Paper chromatography was carried out on Whatman No. 1 paper with the 
following solvent systems (v/v): (a) ethy1 acetate-pyridinewater (10:4:3), (b) butyl 
alcohol-ethanol-water (4:1:1), (c) butyl alcohol-benzene-pyridine-water (5: 1:3:3, 
.upper layer). Alkaline silver nitrate and p-anisidine hydrochloride were used as 
spray reagents. 

G.1.c. was carried out isothermally at 160” on columns (5 ft. x l/S in.) of (a) 
ethylene glycol succinate (14% by wt.) on acid-washed Chromosorb W, 80-100 mesh, 
and (b) butane-l&ho1 succinate (15% by wt.) on the same support. The carrier 
gas was nitrogen at a flow rate of 35 ml/mm, and the chromatograph a Varian- 
Aerograph model 1520, fitted with flame-ionization detectors. 

Vapour-phase osmometry readings were carried out on a Hewlett-Packard 
Model 302 with a 37” non-aqueous probe. The solvent was recrystallizable benzene. 
A standard curve was constructed by using various molalities of monodisperse 
polystyrene (JI” 4,800; M,IM,< 1.10. Pressure Chemical Co., Pittsburgh, Pa.). 

Isolation of the polysaccharides. - Isolation and purification procedures for 
both hemicelluloses were essentiaUy as described by McIlroy’. 

Cynoribn hemicellulose had [a]2 -97.3” (c 0.51, 4% sodium hydroxide) 
(Found: uranic anhydride by decarboxylation, H; ash, 2; OMe, 0.46%). Hydrolysis 
by N sulphuric acid, followed by paper chromatography in solvents (a)--(c), indicated 
the presence of xylose, arabinose, traces of glucose, and an aldobiouronic acid. 
Setaria hemicellulose had [a]k4 -92” (c 0.3, 4% sodium hydroxide) (Found: uranic 
anhydride, 3-4; ash, 3; OMe, 1.3%). Hydrolysis and chromatography, as before, 
established the presence of xylose, arabinose, traces of glucose, and an aldobiouronic 
acid. 

Partial hydrolysis by 0.02N oxalic acid for 3 h at 100” yielded, for both poly- 
saccharides, hydrolysates containing only arabinose (paper chromatography). Com- 
plete hydrolysis of the degraded polysaccharides, precipitated by ethanol (5 vol.), 
yielded xylose, a trace only of arabinose, and aldobiouronic acids. 

Methyiations. - (I) Haworth-Purdie procedure. For Cynodon hemicellulose, 
5 additions of the Haworth and 4 of the Purdie reagents were required for complete 
methylation, whereas Setaria required 5 treatments of each. 

(2) Sodium hydride-methyl sulphoAde-methyl iodide. The following procedure 
gave the best results, e.g., for Setaria. Freshly distilled methyl sulphoxide (150 ml) 
was allowed to stand in contact with dried Linde type 4A molecular sieve for 1 h. 
It was run slowly from the drying column directly into a 250-ml three-necked flask, 
fitted with mechanical stirrer and condenser, and flushed slowly with dry nitrogen. 
The hemicellulose (2 g) was added quickly, and dissolved by stirring and warming to 
50°_ Sodium hydride (4 g) was added in portions over 2.5 h (the vessel containing 
the sodium hydride was attached to the reaction flask and was thus flushed with dry 
nitrogen during this time; additions were made by tilting the sodium hydride vessel 
and tapping the vessel sharply). 
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Stirring was continued for a further 4 h at 50”, by which time evolution of 
hydrogen had ceased. To the solution, cooled to room temperature, was added 
methyl iodide (20 ml) during 75 min. Stirring was continued overnight (14 h). Two 
further additions of sodium hydride (2 g) and methyl iodide (10 ml) were made on 
successive days. Chloroform (200 ml) was then added to the reaction mixture, a 
drop of which gave a neutral reaction when added to water and spotted on indicator 
paper. The chloroform solution was filtered free of sodium iodide and extracted 
thoroughly with water (total volume, 2 litres) to remove methyl sulphoxide. This 
procedure avoided emulsion formation, which occurred when the reaction mixture 
was poured into water and extracted with chloroform. 

The chloroform solution was dried (MgSO,) and evaporated to yield 2.03 g 
of product (Pound: OMe; 37-O%), which still showed some hydroxyl absorption in 
the infrared. A flier methylation by the Purdie method, followed by precipitation 
from chloroform solution by pouring into cold, light petroleum (b.p. 60-80°) yielded 
2.0 g of nearly white, fluffy product (Found: OMe 38.9%), showing virtually no 
absorption in the hydroxyl region of the infrared. 

For Cynodon hemicellulose, the yield was 1.8 g from 2.0 g of starting material 
(Found: OMe 38.8%); no hydroxyl absorption in the infrared. 

(3) Sodium hydroxide-methyl suphoxide-methyl sulphate. The procedure 
adopted was similar to that of Srivastava et al.‘, e.g., for Seiaria hemicellulose. 
The polysaccharide (18) was dissolved (under nitrogen at 60”) in. freshly distilled 
methyl sulphoxide (50 ml). Sodium hydroxide (25 g) and methyl sulphate (40 ml) 
were added over 8 h at room temperature. Stirring at room temperature in an atmos- 
phere of dry nitrogen was carried out for a further 16 h. The mixture was then heated 
for.1 h at S&90” to destroy excess of methyl sulphate, cooled to about 5”, and neutrai- 
ized with 20% sulphuric acid to pH 7. Sodium sulphate was removed by titration 
and washed with chloroform. The yellow, aqueous methyl sulphoxide solution was 
extracted with chloroform in a liquid-liquid extractor for 24 h. The chloroform 
extract was re-extracted with water (5 x 200 ml) to remove methyl sulphoxide, dried 
over anhydrous magnesium sulphate, and evaporated to yield 0.7 g of polysaccharide 
(Pound: OMe 32%). This required three Purdie treatments to complete methylation 
(Yield: 0.65 g; OMe, 38.3%; no hydroxyl absorption in the infrared). 

For Cynodon hemicellulose, the final yield was 0.62 g from 1.0 g of starting 
material. One Purdie treatment was needed to raise the methoxyl content to 38.9% 
and remove hydroxyl absorption in the infrared. 

Vapour-phase osmometry. - Readings were carried out on duplicate or triplicate 
samples (see Table I). Benzene was added to a known mass of polysaccharide, a 
small, weighed stopper was inserted, and reweighing was carried out immediately. 
Samples were taken rapidly into the osmometer syringes; AR readings for each 
individual- sample were repeated until three consecutive readings were within 1%. 

Methanolysis was effected in 3% methanolic hydrogen chloride for 18 h at 60” 
in a sealed tube. After neutralization by silver carbonate, samples were injected 
directly into the gas chromatograph. 
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ABSIXACT 

A synthesis of the naturally occurring 3-deoxy-D-mrmno-octuiosonic acid by 
the Wittig reaction is described. Condensation of tetra-O-acetyl-aldehydo-D-arabinose 
with (tert-butoxyoxalyl)methylenetriphenylphosphorane leads to an unsaturated 
acid (2), which, with aniline hydrochloride in the presence of N-benzylideneaniline, 
affords the epimeric enaminolactones 3. The enaminolactone 3a having the D-??WZ?XI 
con@uration was converted into 3-deoxy-D-manno-octulosonic acid. The g.1.c. 
properties of derivatives of 3-deoxyoctulosonic acids are discussed. 

INTRODUCTION 

3-Deoxy-D-manno-octulosonic acid is a constituent of the cell-wall lipopoly- 
saccharides of gram-negative bacteria. This acid is chemically bonded to the poly- 
saccharide and lipid components' and is responsible for the immunospecificity2 of 
the biopolymer. Previously, it has been synthesised by the condensation of D-arabinose 
with oxaloacetic acid3*4 or its di(tert-butyl) ester’, in a manner similar to that used6*’ 
for the preparation of N-acetylneuraminic acid. We now describe a new synthesis of 
3-deoxy-D-manno-octulosonic acid. 

FWXJLTsANDDlXXJSSION 

The condensation of tetra- O-acetyl-al&/z~&-D-arabinose with (tert-butoxy- 
oxalyl)methylenetriphenylphosphorane in boiling toluene gave tert-butyl 5,6,7,8- 

tetra-O-acety~-3&dideoxy-D-arabino-octtios-3-enonate (1). Upon treatment with 
trifluoroacetic acid, this ester was converted into the free acid 2, which was used in 
the following reaction step without additional purification. The reaction of the 
L-enantiomer of acid 2 with aniline hydrochloride in glacial acetic acid afIords8 a 

mixture of enamin olactones, accompanied by degradation products. Ancattempt to 
remove the hydrogen chloride and water that are formed in this reaction, by using 
the molecular sieve Linde 5A (the reaction was carried out in N,AMimethylformamide), 
was unsuccessful, because of the ion-exchange properties of the absorbent; the 

free arylamine reacts with acid 2, with the predominant formation of an enamino- 

lactam (cf. ref. 9). 
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The removal of hydrogen chloride and water from the reaction mixture was 
therefore accomplished by addition of N-benzylideneaniline; this Schiff’s base 
readily reacts with water under acidic conditions to form aniline hydrochloride and 
benzaldehyde. The lactonisation of acid 2 was carried out in the presence of 0.2-0.5 mol. 
of aniline hydrochloride and 1 mol. of N-benzylideneaniline, under mild conditions, 
to give ca. 40% of a nearly equimolar mixture of the D-manno- (3a) and D-gluco- 
enaminolactones (3b). 

From the mixture of enaminolactones, the individual C-4 epimers were isolated 
by fractional crystallization. Their properties correspond to those of the L-enan- 
tiomers *. Methanolysis of the D-manno-enaminolactone 3a, followed by acid hydro- 
lysis, led to 3-deoxy-D-manna-octulosonic acid (4), which was identical with the 
natural product (comparison of ammonium salts4). 

Difficulties are encountered in the chemical and biochemical3 identification of 
3-deoxyglyculosonic acids. Thus, for example, ammonium 3-deoxy-D-manno- 
octulosonate5, and penta-O-acetyl-3-deoxy-D-manno-octulosonic acid4 or its methyl 
ester3 are obtainable in the crystalline state in only 5-10% yield. We therefore 
studied the possibility of identifying 3-deoxyoctulosonic acids by gas-liquid chromato- 

graphy- 
Methanolysis of individual enaminolactones or of the corresponding acids 

resulted in homogeneous (paper chromatography and electrophoresis) products 
having protected carbonyl and carboxyl groups. Several compounds, namely, methyl 
esters of methyl furanosides and pyranosides, and possibly the y-lactone dimethyl 
acetal of a 3-deoxyoctulosonic acid (c$ ref. lo), might be expected to be formed 
upon methanolysis. Indeed, the i.r. spectrum of the methanolysate had a band at 
1780 (y-lactone) in addition to that at 1745 cm-’ (ester group). Trimethylsilylation 
of the methanolysis product and examination by g.1.c. revealed three products 
which were tentatively identified as the compounds mentioned above. Onmethanolysis, 
followed by silylation, the manno and gZuco epimers gave three components on g.1.c. 
when a polar, stationary-phase column was used (Fig. 1). The first two peaks had 
different retention times (Table I), thus enabling 3-deoxy-D-manno- and -D-gluco- 
octulosonic acids to be distinguished. The third components possessed almost the 
same retention times for both epimers and appear- to have a y-lactone dimethyl 
acetal structure. An attempt to prevent lactone-acetal formation, by replacement of 
enaminolactone by the corresponding acid, resulted only in a decrease in the intensity 
of the third component. With a nonpolar stationary phase, both isomers gave the 
same g.1.c. pattern, consisting of two peaks. 
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Fig. 1. G.1.c. separation of derivatives of 3-deoxy-D-manno- (A) and -D-ghco-octLdoSonic acids (B). 

TABLE I 

RETENTION nhnzi 0~ 3-DEoxu-D-manno- AND -gluco-0crvLosornc ACID DERNATNES, ~~ELATI~E ~0 

MJZITIYLTETRA-&I'FU~~ETHYL~ILYLQ-D-GLUCOPYRANOSIDE(~= ~.~MIN) 

Compound Retention time 

manna isomer 2.71 3.32 5.74 
gluco isomer 2.16 2.82 5.73 

ExPERlMENTAL 

General. - Thin-layer chromatography (t.1.c.) was performed on silica gel 
KSK, and detection was effected with cont. sulphuric acid or aqueous potassium 
permanganate. Melting points were determined on a Kofler micro-heating stage. 
G.1.c. was performed with a Pye Argon Chromatograph, equipped with a p-ionisation 
detector, and glass cohtmns (120 x 0.5 cm) packed with 5% (w/w) of poly(neopentyl- 
glycol succinate) on Chromosorb W (80-100 mesh) (polar phase) or with 5% of 
silicone gum rubber SE-30 on DMCS-treated Chromosorb W (60-80 mesh) (nonpolar 
stationary phase) at 180”; the flow rate of argon was 50 ml per min. Solutions were 
evaporated under diminished pressure at 40”. 

tert-ButyZ 5,6,7,8-teira-O-acetyl-3,4-dideoxy-D-arabino-octulos-3-e~zo~re (1). - 
A solution of tetra-O-acetyl-aldehydo-D-arabinose (2.50 g) and (tert-butoxyoxalyl)- 
methylenetriphenylphosphoranell (3.82 g, 1.2 mol.) in dry toluene (100 ml) was 
heated under reflux for 4 h The pale-yellow solution was taken to dryness, the 
residue was treated with ether (50 ml), and the precipitated triphenylphosphine oxide 
was removed by filtration. The titrate was evaporated, and the residue placed on a 
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column of silicic acid (250 g). The column was washed with regularly increasing 
concentrations of ether in benzene (O-30%). Fractions containing pure substance 
(Rp 0.8, benzene-ether 1:1) were combined and evaporated to give the ester I(2.93 g, 
84%) as a syrup, [a];’ + 12.1” (c 5.04, benzene) (Found: C, 54.33; H, 6.42. C,,H,BO,, 
talc.: C, 54.05; H, 6.35%). 

2-AniZino-Q-(R)- and 4-(S)-(~arabino-tetra-acetoxybutyZ)-2-bu?en4-oiide.s (3a 
and 3b). - A solution of ester 1 (0.95 g) in trifluoroacetic acid (10 ml) was kept for 
40 min at room temperature and then evaporated to dryness. Benzene (3 x 5 ml) was 
distilled from the residue, and the yellow, syrupy acid 2 obtained was dissolved in 
glacial acetic acid (30 ml). Aniline hydrochloride (55 mg, 0.2 mol.) and iV-benzyl- 
ideneaniline (390 mg, 1 mol.) were added, and the solution was heated for 2.5 h 
at 60”. The red solution was taken to dryness, the residue was dissolved in benzene 
(50 ml), and the filtered solution was washed with 2~ hydrochloric acid (3 x 15 ml), 
water, saturated, aqueous sodium hydrogen carbonate, and water, dried (MgSO,), 
and evaporated. The residue was chromatographed on a column (30 x 1.5 cm) of 
silica gel by elution with benzene (100 ml) and benzene-ether 713 (150 ml). The 
appropriate fractions were combined and evaporated to yield a syrupy mixture of 
enaminolactones 3a and 3b (440 mg, 44.5%) which was treated with ether (5 ml). 
After storage overnight, the enaminolactone 3b was collected by titration, and the 
crystals were washed with boiling ether (2 x 3 ml) to give the analytical sample of 3b 

(150 mg); m.p. 145-146”, [a]g4 +23” (c 2.42, chloroform); the L-enantiomer’ has 
m.p. 145-146”, [alp -25” (c 1.94, chloroform) (Found: C, 57.10; H, 5.50; N, 3.16. 
C22H25N0,0 talc.: C, 57.01; H, 5.44; N, 3.02%). 

The mother liquor from the separation of 3b was evaporated, and a solution of 
the residue in ether (2 ml) was kept overnight at room temperature to give an addi- 
tional crop of 3b. The residue obtained from the resulting mother liquor was dissolved 
in benzene and chromatographed on a small column of silica gel by elution with 
benzene-ether (7:3). Crystallisation of the product from ethyl acetate-light petroleum 
gave enaminolactone 3a (120 mg), m-p. 115-117”, [a]g -53” (c 2.14, chloroform); 
the L-enantiomer* has m-p. 115-117”, [a];’ +50” (c 2.5, chloroform) (Found: 
C, 57.08; H, 5.51. C22H,,NOIo talc.: C, 57.01; H, 5.44%). 

Ammonium 3-deoxy-D-manno-octzdosonate. - A solution of enaminolactone 3a 

(100 mg) in 10 ml of 0.2~ methanolic hydrogen chloride was heated under reflux 
for 2 h, water (2.5 ml) was added, and the solution was heated for 1 h at 80”. The 
cooled solution was neutralised with silver carbonate, altered through a pad of 
Filter Cel, and passed through a column (3 x 0.7 cm) of cation-exchanger KU-S(H+) 
(prewashed with 80% methanol) by elution with 80% methanol (50 ml). Methanol 
w‘as distilled from the eluate under diminished pressure, and the residual, aqueous 
solution was treated with 0.1~ NH,OH to pH 0.9. After storage for 24 h at 0”, 
the solution was carefully neutralised with KU-2 resin to pH 7.0, filtered, decolorised 
with charcoal, and freeze-dried. The residue crystahised slowly (2 months) from 
85% aqueous acetone (20 ml) at 0” to give several mg of ammonium 3-deoxy-D- 
ltUInno-octulosonate, m.p. 120-123” (dec.); iit4 m.p. 121-123”. 

C?z&&&. Res., II (1969) 193-197 



3-DEOXY-D-mannO-OCTUO~C ACID 197 

Methanolysis of enaminolactones. - Enaminolactone 3a or 3b (IO-15 mg) was 
heated under reflux with 5 ml of 0.2N methanol&z hydrogen chloride for 2 h. The 
cooled solution was neutralised with siIver carbonate, filtered, passed through a 
column (1.5 x 0.7 cm) of KU-2(H+) (p rewashed with methanol), eluted with methanol 
(10 ml), and evaporated. The product obtained migrated as a single spot (RF 0.65) 
on a paper chromatogram in the solvent system butyl alcohol-acetic acid-water 
(4:l:l); it could be detected with periodate-benzidine and hydroxylamine-ferric 
chloride reagents. This product was trimethylsiIyIated according to the literature 
procedure’*. 
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ABSTRACT 

An extension is reported of the evaluation of ruthenium tetroxide as an oxidant 
for the conversion of partially protected carbohydrates into glycosulose derivatives. 
It has been demonstrated that free hydroxyl groups in benzoic -and toluene-p- 
sulphonic esters, and in N-acetamido derivatives of glycosides can all be oxidised 
successfully by the reagent. It has been shown also that the oxidant converts l&3,6- 
dianhydrohexitols into the corresponding 2,Idione; no significant selectivity in the 
oxidation of e&o-and exo hydroxyl goups was noted. 

Comment is made on the abnormally high optical rotation of the bis(2,4- 
dinitrophenylhydrazone) of 1,4:3,6-dianhydro-D-tree-hexo-2,5diulose. 

INTRODUCTION 

Recently, we reported ’ P2 on ruthenium tetroxide as an oxidant for a single 
hydroxyl group in partially protected sugars. Generally, yields of oxidation products 
were very good with alkylidene or arylidene derivatives, and this has been confirmed 
by other workers 3. Apart from our report’ of the successful oxidation of methyl 
3,4,6-tri-U-benzoyl-a-D-glucoside to methyl 3,4,6-tri-U-benzoyl-a-D-arabino-hexo- 
pyranosidulose, less work seems to have been done with sugars partially protected 
by acyl groups. In this paper, we report on the oxidation of some partially acylated 
glycosides and of some 1,4:3,6dianhydrohexitols. 

RESULTS AND DISCUSSION 

Both methyl 2,3,6-tri-O-benzoyl-a-D-galactopyranoside4 (1) and the analogous 
glucosideS 2 could be oxidised with ruthenium tetroxide to give pure, crystalline 
methyl 2,3,6-tri-0-benzoyl-a-D-xylo-hexopyranosid4ulose (3) in good yield (81 and 
79%, respectively). The pyranosidulose 3 afforded a 2,4;dinitrophenylhydrazone 4. 
These yields of the ulose 3 were better than that obtained when methyl sulphoxide 
and acetic anhydride were used; it is noteworthy that Gabriel6 recently reported 
difficulty in isolating this pyranosidulose from the Me2SO-AC20 oxidising medium. 
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These oxidations further exemplify the conclusion* that ruthenium tetroxide appears 
to oxidise axial and equatorial hydroxyl groups with equal ease. 

Other benzoates which can be oxidised successfully with ruthenium tetroxide 
are methyl 3,6-di-O-benzoyl-2-deoxy-c-ar&no-hexopyranoside and phenyl 3,6-di- 
O-benzoyl-2-deoxy-or-D-Zyxo-hexopyranoside. 

The toluene-p-&phony1 group is stable towards the oxidant, since methyl 
4,6-O-benzyIidene-2-O-toluene-p-suIphonyI-a-D-glucoside can be converted into the 
hexopyranosidulose 5 with ruthenium tetroxide. However, in this case, the oxidation 
procedure has no advantage over the method used previously’. 

The reagent can be used to oxidise ?cetamidoglycosides. For example, methyl 
2-acetamido_4,6-O-benzylidene-2-deoxy-a-~-gIucoside yielded the acetamidoglyco- 
sidulose 6, in this case, by use of a catalytic amount of the tetroxide in the presence 
of metaperiodate solution. The method gives a reasonable yieId, but not so good 
as that reported’ by the use of the Pfitzner-Moffatt reagent. 

Although ruthenium tetroxide will oxidise two suitably located hydroxyl 
groups within a molecule, attempts’ to thus prepare an ‘cr-diketone’ from methyl 
4,6-O-benzyfidene-cr-D-glucopyranoside have failed so far. The product remains 
strongly attached to the ruthenium oxide. On the other hand, 1,4:3,6-dianhydro- 
hexitoIs are oxidised, but there is no useful discrimination between endo and exo 
hydroxyl groups. This lack of selectivity contrasts with the selective, platinum- 
catalysed oxidation of en&-hydroxyl groups’ ‘. 

We were interested in studying the oxidation of the dianhydrohexitols, because 
of the dearth of information available about the related carbocyclic system, bicyclo- 
[3.3.0]octa-2,6-dione. Consequently, 1,4:3,6-dianhydro-D-man&of (7), -L-iditol (8), 
and -D-giucitol (9) were oxidised by RuO, under identical conditions, and, in each 
case, the oxidation product (10) was isolated as the bis(2&dinitrophenylhydrazone) 
(11) (yields, 53,43, and 48%, respectively). Although a trend indicating some prefer- 
ence for oxidation of endo over exu hydroxyl groups might be read into these results, 
we prefer not to do so, because the variation is only ca. 10% for the oxidation of the 
endo-endo derivative 7 and the exo-exo compound 8, and, in no case, was a 2&dinitro- 
phenylhydrazone of a mono-ulose obtained. 

The molecular rotations for some anils derived from the diulose 10 are listed 
in Table I. It is clear that the bis(2,4_dinitrophenylhydrazone) I1 has a remarkably 
high optical rotation and one much larger than that ([a],, +466") of the p-nitro- 
phenyIhydrazoneof4,6-U-ethylidene-1,2-O-isopropylidene-D-xylo-hexopyran-3-ulose, 
which was the subject of recent comment”. Also, it is much larger than that ([a],, 
+ 100°) of the 2,ddinitrophenylhydrazone (4) derived from the uIoside 3 or that 
([a&, t238O) of the 2,4_dinitrophenylhydrazone prepared from methyl 3,4,6-tri-U- 
benzoyl-a-D-xyZo-hexopyranosidulose’. The explanation of the large rotation of 
compound 11 must be that the light used (sodium D-line, 1589 nm) for the meas- 
urement was of a wavelength close to that at which the compound exhibited a 
Cotton effect. Compound 11 gives a typkai ultraviolet spectrum for the 2&dinitro- 
phenylhydrazone chromophore (Fig. 1). The 0-r-d. curve (also shown in Fig. 1) 
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shows several Cotton effects in the wavelength range 220-330 nm, but, at 385 nm, 
a positive Cotton effect of large amplitude (a = 111,300) is centred*. This appears 
to be associated with the electronic transition which gives rise to the shoulder on the 

TABLE I 

SPEClFlC AND hfOLECULAR ROTATIONS OF SOME NITROGENOUS DERNATIVES OF 1,4:3,6-DIANHYDRO-D- 
three-riaxo-2,5-DrtJLosE 

Derivative bdD Wwees) Soluent 

Bis(2,4-dinitrophenylhydrazone) + 1670 CHCls (c 0.1) 8383 
Bis@-nitrophenylhydrazone) + 582 Me&O (c 0.02) 2400 
Bis(phenyihydraxone) + 770 CHC13 (c 0.1) 2480 
Bis(l-naphthylhydrazone) i- 934 CHCi3 (c 0.04) 3940 
Dioxime i- 207 EtOH (c 0.06) 356 

nm 
250 300 400 500 

I 

I 1 

46 * . ’ . . ’ 40 34 28 22 
an-’ x 10-3 

Fig. 1. Ultraviolet and o.r.d. curves of compound 11 in p-dioxane. 

*It is because of the large amplitude that this o.r.d. spectrum could be measured with such a strongly 
absorbing compound. 
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250 

46 42 36 _, 3’4 30 26 22 
cm X lO-z 

Fig. 2.O.r.d. curve of the bis(p-nitrophenylhydrazone) of the diuhse 10, measured in &iotine. 

nm 
250 300 400 500 

‘j&j; 3’s ~4 ““. 1 
30 26 22 

-’ x 10-3 cm 

Fig. 3. Ultraviolet and o.r.d. curves of compound 4 in p-dioxane. 

long-wavelength absorption band. The bis(p-nitrophenylhydrazone) of the diulose PO 
shows only a weak Cotton effect at shorter wavelength (Fig. 2). 

The 2,4-dinitrophenylhydrazone of the uloside 3 has the ultraviolet spectrum 
shown in Fig. 3. The o.r.d. curve of the compound shows a Cotton effect with a 
large amplitude (a = 78,000), belt this is centred at shorter wavelength {i.e., 238 run) 
than for compound 11. 

Although the large, specific rotation of compound 11 is explicable by reference 
to its o.r.d. curve, the reason why this compound should exhibit a long-wavelength 
Cotton effect is, at present, a matter for speculation. Little Work in this connection 
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has been done with 2,Pdinitrophenylhydrazones. Although Guthrie and co-workersl’ 
have found interesting results with phenylazo sugars, comparisons with our work 
are not meaningful, because of the difference in complexity of the two types of 

chromophore. 

082 082 

1 

NO2 

5 R=p-MeC&iq6020 

6 R=NHAC 

7 8 

In some way, the large optical rotation of compound 11 would seem to be 
attributable to the o-nitro group, since the bis(p-mtrophenylhydrazone) of the 
diulose 10 does not have such a large rotation. However, the effect is not due solely 
to the presence of the 2&dinitrophenylhydrazone residue, regardless of its molecular 
environment, since the optical rotation of compound 4 is unexceptional. It is note- 
worthy that o-nitrophenyl glycosides , have been found to have abnormally high 
optical rotations which exhibit a marked dependence on temperature, but the reason 
for this behaviour is not understood’ 3. The phenomenon is being further investigated. 

EXPERIMENTAL 

Unless stated to the contrary, optical rotations were measured on chloroform 
solutions. Infrared spectra were determined with a Perkin-Ehner Infracord model 137; 

solids were dispersed in KBr discs, and gums were smeared on such discs. Ultraviolet 

spectra were measured with a Unicam SP 500 or 700 spectrometer on solutions 
in ‘Spectrosol’ grade solvents. N.m.r. spectra were obtained with a Varian A-60 
spectrometer. 0.r.d. curves were measured (solutions inp-dioxane) with a Bellingham 
and Stanley (Polarmatic 62) instrument. T.1.c. plates were coated with silica gel G 
(Merck), and compounds were located14 with an ethanolic solution of anisaldehyde 
(0.1%) and sulphuric acid (5%). 

Me&y1 2,3,6-tri-0-ben,a-~xylo-hexopyranosid~-z~Iose (3). - (a) Methyl 
2,3,6-t+ O-benzoyl-a-D-glucopyranoside (2) (6 g) in methylene chloride (50 ml) was 
oxidised with ruthenium tetroxide (from 3.1 g of RuO,) in carbon tetrachloride 
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(200 ml) for 4 h. RecrystaIIisation of the product from light petroleum (b-p. 60-80”)- 
ether gave the title compound (4.8 g, 79%) as needles, m.p. 121”, [cc]n +172” (c 1.8, 
methylene dichloride), v,, 1700 cm- ‘. 

Anal. Calc. for C28H2409: C, 66.6; H, 4.8. Found: C, 65.6; H, 5.0. 
The same compound was obtained in 64% yield by carrying out the oxidation 

of the glucoside 2 (5 g) with methyl sulphoxide (25 ml) and acetic anhydride (18 ml). 
(6) Likewise, methyl 2,3,6-tri-0-benzoyl-a-D-galactopyranoside (1, 3 g) could 

be oxidised in methylene chloride with ruthenium tetroxide (from 1.5 g of RuO,) 
in carbon tetrachloride. After 4 h at room temperature, excess ,of oxidant was 
destroyed by addition of isopropyl alcohol (1 ml), and the filtered solution was 
washed with water (2 x 50 ml), dried (Na,SO,), and evaporated. The residue was 
recrystallised as above to give the uiose (2.3 g, 81%)) m.p. 121”. Oxidation of 
compound 1 (2 g) with methyl sulphoxide (8 ml) and acetic anhydride (5 ml) for 

8 h gave the ulose (1.41 g) in 72% yield. 
Treatment of crude ulose 3 (0.4 g) with 2&dinitrophenylhydrazine (0.16 g) 

in ethanol (50 ml) containing hydrochloric acid (0.002~) for 1 h at 75” gave the 
2&dinitrophenylhydrazone 4 (0.2 g) as yellow crystals, m-p. 131-132”, [cz]n + 100”; 
V max 3370 (NH), 1730 (ester C =0), and 1600 cm-‘; n.m.r. data [(CD,),SOJ: T 6.41 
(3H, methoxyl); 5.0 (3H, H-6, H-6’, and H-5); 4.67 (l-proton doublet, 3.5 Hz, H-l); 
4.2 (l-proton quartet, 3.5 and 7.8 Hz, H-2); 3.62 (l-proton doublet, 7.8 HZ, H-3); 
1.7-2.8 (17-proton multiplet, three benzoyl groups and two protons of the dinitro- 
phenylhydrazino residue); 0.97 (l-proton doublet, 2.5 Hz, proton situated between 
the two rLtro groups); 6 11.8 (broad NH signal). 

Anal. CaIc. for Cs4H2sN40i2: C, 59.6; H, 4.1; N, 8.2. Found: C, 59.6; H, 4.4; 
N, 7.8. 

Merlryi 3,6-di-O-benzoyI-2-deoxy-a-D-threo-hexosid~-~Zose. - A solution of 
methyl 3,6-di-O-benzoyl-2-deoxy-a-r-D-arabino-hexopyranoside1 ’ (5 g) in dry carbon 
tetrachloride (40 ml) at 0” was treated for 5 h with ruthenium tetroxide (from 3 g 
of the dioxide) in carbon tetrachloride. Excess of oxidant was eliminated by addition 
of isopropyl aIcoho1 (1.5 ml), and the filtered solution was dried (Na,SOJ and 
concentrated to a syrup which was triturated with 60% ethanol. The resulting prisms 
were recrystalhsed from light petroleum (b-p. 60-80”)-ether to afford the title 
compound (3.4 g, 68%), m-p. 88-89”, [a&, -k 125” (c 1, methylene dichloride), 
V m3x 1700 cm-r. 

Anal. Calc. for C&Hz,,07: C, 65.6; H, 5.3. Found: C, 65.5; H, 5.3. 
Phenyl 3,6-di-O-benzoyl-2-deoxy-cr-D-threo-hexosid~-utose. - A solution of 

phenyl3,6-di-O-benzoyI-2-deoxy-a-c-D-Zyxo-hexopyranoside (2 g) in methylene chloride 
(20 ml) was treated at 0” with a solution of ruthenium tetroxide (from 1.2 g of the 
dioxide) in carbon tetrachloride for 45 min. The product was isolated as described 
previously and was recrystahised from light petroleum (b-p. 60-80”)-ether to give 
the titIe compound (0.91 g, 48%) as needles, m.p. 118”, [a],, + 153O (c 1, methylene 
dichloride), which soon became hydrated. 

Anal. Calc. for C,,H,,O,: C, 69.7; H, 5.0. Found: C, 69.7; H, 5.1. 
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Methyl 4,6-O-benzyIidene-2-O-toIuene-p-sulphony~-a-D-ribo-hexopyranosid-3- 
ulose (5). - Methyl 4,6-O-benzylidene-2-O-toluene-p-sulphonyl-a-D-glucopyranoside 
(2 g) was oxidised for 20 h in the usuaJ manner with ruthenium tetroxide (prepared 
from 0.66 g of the dioxide). The crude material (1.46 g) isolated was recrystaliised 
from methylene dichloride (8 mJ) and light petroleum (b.p. 40-60”) (25 ml) to yield 
starting material (0.91 g). The mother liquors were concentrated to a residue which, 
after recrystaliisation (twice) from ethanol, gave compound 5 (0.3 g), m-p. 164166”, 
[I&, +42” (c 0.5, N,N-dimethylformamide); lit.7, m.p. 165-167”, [o(]n +45” (N,N- 
dimethylformamide). 

Treatment of the starting material with sodium metaperiodate and a catalytic 
amount of ruthenium dioxide afforded less product. 

MethyI 2-acetamido-4,6-0-be~~yZidene-2-deoxy-x-D-~bo-~zexopy~anosid-3-~~ose 

&I- - A solution of sodium metaperiodate (2.3 g) in water (150 ml) containing 
ruthenium dioxide (0.06 g) was mixed with methyl 2-acetamido-4,6-0-benzylidene-2- 
deoxy-a-D-giucoside (1.5 g) in methylene chloride (300 ml). The mixture was stirred 
for 4 h at room temperature, and the pH was maintained at 6-7 by addition of 2N 

aqueous sodium hydroxide. When t.1.c. monitoring showed the absence of starting 
material, the solution was treated with isopropyl alcohol (1 ml), filtered, and concen- 
trated to a solid residue (1.1 g) which, on recrystahisation from acetone-light 
petroleum (b-p. 40-60”), afforded compound 6 (0.87 g, 58%), m-p. 227-229’ (dec.), 

[a]Zp +88” (c 1.1); v,,, 3400 (NH), 1770 (C = 0), 1660 and 1565 (amide) cm-’ ; 

lit. ‘, m.p. 227-228” (dec.), [a&, + 110” +4” (N,N-dimethylformamide). 
Anal. Calc. for Cr6H19N06: C, 59.8; H, 5.96; N, 4.4. Found: C, 59.4; H, 6.45; 

N, 4.2. 
l&3,6-Dianhydro-D-tbreo-hexo-2,5-dizdose b&(2,4-dinitrophenyihydrazone) (11). 

- This compound was prepared from the 1,4:3,6_dianhydrides of D-mannitol’ 6 (‘7), 
L-iditol’ 7 (S), and D-gIucitol’8 (9), in separate experiments under identica: conditions. 
The dianhydride (0.58 g) in methylene chloride (500 ml) was treated, in the usual 
way, with ruthenium tetroxide prepared from ruthenium dioxide (1.1 g). After 4 h, 
the reaction was termina ted by addition of isopropyl alcohol (0.5 ml). The mixture 
was filtered, and the dioxide was washed with acetone. The combined titrate and 
washings were evaporated to a residue which was treated with 2,4dinitrophenyl- 
hydrazine. The bis(dinitrophenylhydrazone) had m.p. 245-246” (dec.), [& + 1670” 
(c J), irrespective of the starting material; lit.” m-p. 248”. N.m.r. data [(CD,),SO]: 
r 5.24 (4proton, broad signal, pair of methyJene groups); 4.16 (2-proton, broad 
signal, two bridge-head methine protons); 2.12 (l-proton doublet, 10 Hz, proton 
adjacent to the hydrazino substituent); 1.09 (l-proton doublet, 2.5 Hz, the proton 
between the two nitro-groups); 1.54 (l-proton quartet, 10 and 2.5 Hz, the remaining 
aromatic ring proton); 6 11.6 (broad NH signal). 

Anal. cak. for C,&&,N,Olo: C, 43.0; H, 2.8; N, 22.3. Found: C, 43.0; 
H, 2.7; N, 21.95. 
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ABSTRACT 

Glycopeptides from the Lorenzini jelly of two species of elasmobranch have 
been prepared and their sugar and amino acid components assayed. Preliminary 
structural studies are reported. 

INTRODUCi-ION 

The ampullae and tubes of the organs of Lorenzini, specialised sense organs 
that occur in elasmobranch fish, are filled with a hyaline jelly that contains a protein- 
polysaccharide complex designated’ as ‘Lorenzan sulphates’. An electrophoretically 
homogeneous polysaccharide purified from papain digests of the jelly from Squahs 
acanthias was reported to contain 2-amino-2-deoxyglucose, 2-amino-2-deoxygalactose, 
galactose, sulphate, acetyl groups, and peptide, and traces of hexuronic acid. It 
was considered to be structural!y more closely related to keratan sulphate than to 
the chondroitin sulphates. Subsequent, comparative, analytical studies’ showed 
that the crude jelly from a number of elasmobranch species contained different 
proportions of the above components, and that the ratio 2-amino-2-deoxyglucose:2- 
amino-2-deoxygalactose varied from 8:l to 1:8. The present paper describes more- 
detailed analytical studies of glycopeptides obtained by pronase-digestion of the 
jellies from Raja clavata (Ray) and Cetorhinus maxirnus (Basking shark). 

MATERIALS AND METHODS 

Collection of jelly. - Jelly from freshly caught specimens of Raja clavata 
was expressed from the pores by pressure on the skin surface with a spatula. Contami- 
nation with surface mucins was avoided, and material from several fish was pooled. 
A sample of the jelly from a single specimen of Cetorhinus maximus was collected 
by dissection. In both cases, the wet jelly was stored at -2.5” prior to homogenisation 
and dehydration with acetone in a high-speed macerator. 

*Present address: Unilever Research Laboratory, Colworth House, Shambrook, Bedford, Great 
Britain. 
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Preparation and purification of glycopeptides from acetone-dried jelly. - 

Pronase B (Calbiochem., 60 mg) in 0.1~ Tris (pH 8, 250 ml) containing CaCl, 

@m~j was added to acetone-dried Imenzini ielLy (2.~ & and the s~Lutim_ was 

incubated for 24 h at 37” and then clarified by centrifugation, dialysed, and freeze- 
dried. The product was re-incubated with pronase as described. The centrifuged, 
diafysed product-mixture was concentrated by fi-eeze-drying, and pused by gel 
chromatography on Sephadex G-100 (Figs. la, lb), by stepwise elution from DEAE- 

Sephadex (Cl- form) in 0.1~ Tris buffer, pH 8, with increasing concentrations of 
sodium chloride (Figs. 2a, 2b), and finally by gel chromatography on Bio-Gel P-300 
(Figs. 3a, 3b). Fractions of column eluates were collected automatically and scanned 
for carbohydrate with phenol-sulphuric acid3 (Method A, absorbance measured 
at 490 mu), for protein by the method of Lowrie et ~1.~ (Method B, absorbance 
measured at 650 nm), and for absorption at 260 nm (Method C). The fractionation 
schemes, with yields, are summarised in Fig. 4. Glycopeptides from Rc#z clauara 
and Cetorhinus maximus are designated by R and S, respectively, followed by a 
number related to the elution point of the glycopeptide from DEAE-Sephadex. 

Analytical methods. - The electrophoretic homogeneity of 1% (w/v) solutions 

of the glycopeptides at pH 5, 7, and 8 was investigated by using a Carl Zeiss Jena 
IDDR electrophoresis apparatus. 1.r. spectra were determined on discs containing 
glycopeptide (1.5 mg) and KBr (300 mg). The following solvent systems were used 
for paper chromatography (Whatman No. 1 paper): (A) pyridine-ethyl acetate- 
acetic acid-water’ (5:5: 1:3); (B) butanone-acetic acid-saturated, aqueous boric acid6 
(9:l:l). 

Absorbance 

1.%.0.3 

1.0.Q2 

Lorenrini 
, glYcOPeutides 0 

i! :- t: .-? . . L ; : 

1.5-0.6 b 
‘5. _.‘. 

:- 
:: 

1.0.,0.4 i 

500 1000 15OO 

Volume of eluate (ml) 

Fig. 1. Elution of pronase-digested Loretini jeIIy 
chloride solution. Fractions assayed by methods A 
(b) Cetorhinus maximus. 
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AbSOrbonce 
0.3, 

1 2 3 4 5 6 7 a 

Volume of eluant (litres) 

1.0 

a 

0.5 

Absorbance [NaCl] 

0.6. 

1 2 3 4 5 6 7 8 
Volume of eluant (litred 

b 

Fig. 2. El&on of Lorenzini glycopeptides (see Figs. Ia, lb) from DEAE-Sephadex. Fractions 
assayed by methods A ( 1, B (- - - -), and C (--O---Q-). Sodium chloride concen- 
tration (-o-o- ). (a) R&a clavara, (b) Cerorhinus maximus. 

Glycopeptides (l-2 mg) were .hydrolysed in 2~ sulphuric acid (1 ml) at 100” 
(sealed tube) for 6 h, and the neutraiised [Ba(OH),] hydrolysate was analysed by 
paper chromatography with solvent A. Part of the hydrolysate was heated with 
ninhydrin solution’, concentrated, and analysed by paper chromatography in 
solvent B. Paper eIectrophoresis* (Whatman 3MM paper) was carried out in acetate 
btier, pH 6.0. 

Gas-liquid chromatography (g.1.c.). Basic components in glycopeptide hydro- 
lysates were absorbed on Dowex-50 (Hf) resin. Neutral components, eluted from 
the resin with water, were converted9 into alditol acetates and analysed by using a 
temperature-programmed, Pye 104 gas chromatograph and a column packing of 
2% ECNSS-M on Gas Chrom Q (60-80 mesh, Applied Science Lab. Inc., State 
College, Pa., U. S. A.) heated from 150-200” at IS”/min. 

Chemical anaZyses. -Reducing sugars were determinedxo by using alkali ferri- 
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resin. Total 2-amino-2-deoxyhexose was determined by the method of Gatt and 
Berman13. To determine the enantiomeric nature of galactose and 2-amino-2- 
deoxygalactose, glycopeptides were hydrolysed (2~ hydrochloric acid, lOO”, 6 h) in 
sealed tubes, and neutral and basic components of the hydrolysate were separated 
by using Dowex-50 x 8 (H+) resin. Neutral components were eluted with water and 
analysed for galactose by the cysteine-sulphuric acid method, and for D-galactose 
by using D-galaCtOSe oxidasef4. Basic components were eluted with 2~ hydrochloric 
acid, and the acid was removed by rotary evaporation with addition of water, 
followed by concentration to dryness in vacuu over potassium hydroxide. An aliquot 
of an aqueous solution of the residue was analysed for content of 2-amino-2-deoxy- 
D-gdaCt.OSe by reaction with D-galactose oxidase. Hexuronic acid was determined 
by a modification” of the Dische’ 6 carbazole reaction. Acetyl group analysis was 
by the method of Ludowieg and Dorfman”, and sulphate analysis by the method 
of Jones and Letham’ *. Phosphorus was determined by the method of Dryer er al.“, 
and ash (as sodium) by flame photometry. Amino acid residues present after hydro- 
lysis of glycopeptides with 6~ hydrochloric acid for 22 h at 111” under nitrogen in 
a sealed tube were determined by using a Technicon autoanalyser. Prior to hydrolysis, 
the glycopeptides were treated’ ’ with performic acid to oxidise cysteine and methion- 
ine residues to cysteic acid and methionine sulphone, respectively. 

Rechromatography of glycopeptides SI, S2, S3, and R3 on DEAE-Sephadex. 
Solutions of glycopeptides (2 mg) in 0.1~ Tris buffer, pH 8 (S2, S3, and R3), or 
0.05~ Tris buffer, pH 8 (S 1), were eluted from DEAE-Sephadex (Cl- form, 75 x 1 cm) 
in the appropriate buffer, by using buffer (30-60 ml) followed by a salt gradient 
determined by the elution properties of the original glycopeptides on DEAE- 
Sephadex. Fractions (2 ml) were collected automatically, and aliquots were scanned 
by the phenol-sulphuric acid assay. The salt concentration in the eluate was deter- 
mined conductimetrically. The elution profiles obtained are shown in Fig. 5. For 
S2, the contents of appropriate tubes were pooled, dialysed, and freeze-dried to give 
fractions S2a b c d e. 9 ,, , 

RESULTS 

Preparation of glycopeptides. - Free protein was removed from the pronase- 
digest of pooled Lorenzini jelly (Raja clavata) by fractionation on Sephadex G-100 
(Fig. la). Three glycopeptides (R2, R3, and R4), obtained from the carbohydrate- 
containing components of the digest by stepwise elution of the mixture from DEAE- 
Sephadex with 0.25,0.5, and M sodium chloride (Fig. 2a), each contained a component 
that absorbed strongly at 260 mn. This material was removed from glycopeptides 
R3 and R4 by chromatography on Bio-Gel P-300, but purification of glycopeptide R2, 
of apparently lower molecular weight than R3 or R4, was not possible by this method 
(Fig. 3a). Glycopeptides R3 and R4, thus purified, were electrophoretically homo- 
geneous at pH 5,7, and 8, and were totally excluded from Bio-Gel P-300. Fractionation 
on DEAE-Sephadex of the pronase digest of an individual sample of jelly from 
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Fig. 5. Elution of Loretini glycopeptides R3, Sl, S2, and S3 (see Figs. 3a, 3b) from DEAE-Sephadex 
Fractions assayed by method A ( ). Sodium chloride concentration (-o-•-). 

Cetorhinus maximus gave four components (Fig. 2b), one (Sl) of which was eluted 
with buffer alone. The elution points of the three other components (S2, S3, S4) 
of the digest corresponded with those of glycopeptides R2, R3, and R4, respectively. 
Glycopeptides Sl, S2, and S3 contained an impurity, apparently similar to that 
found in glycopeptides from Ruja clutiafa, which was removed by fractionation on 
Bio-Gel P-300 (Fig. 3b). The purified glycopeptide S3 was totally excluded from 
Bio-Gel P-300, and the apparently high molecular weight fractions of S2 and S3 
were selected for further investigations. Glycopeptides Sl, S2, and S3, thus purified, 
were electrophoretically homogeneous at pH 5, 7, and 8. 

Infrared analysis. - The spectrum of the crude jelly from both species showed 
absorption bands at 1240 (S=G stretching, characteristic of sulphate), and 1640 and 
1540 cm-’ (strong, acetamido groups). The latter absorption bands were present 
in the spectra of all of the purified glycopeptides, but the intensity of the absorptions 
due to sulphate in the glycopeptides from Cetorttinus maxinzus increased in the order 
Sl <S2<S3, and in the glycopeptides from Raja clavata in the order R2< R3<R4. 
Absorption bands in the region 780-820 cm-l in the spectra of all of the glyco- 
peptides may be diagnostic of equatorial, rather than axial, sulphate ester residues. 

Chemical analyses. - Acid hydrolysis of glycopeptides R3, R4, Sl, S2, and 
S3 liberated components indistinguishable (paper chromatography) from galactose, 
2-amino-2-deoxyglucose, and 2-amino-2_deoxygalactose, together with a component, 
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tentatively identified, from its paper-chromatographic mobility, as a disaccharide. 
Visual estimation of chromatograms of hydrolysates of identical amounts of the 
glycopeptides indicated that the ratio of the two 2-amino-2-deoxyhexoses in all of 
the glycopeptides was different. This was subsequently con5rmed by quantitative 
analyses (Table I). Treatment of glycopeptide hydrolysates with ninhydrin yielded 
components indistinguishable (paper chromatography) from lyxose and arabinose. 

TABLE I 

CHEMICAL ANALYSES OF GLYCOPEPTIDES OBTAINED FROM PRONASE-DIGESTED JELLY OF Cetorhinus 
maximus (Sl, S2, S3) AND Raja clavata (R3, R4) 

Component @moIesJmg)a Glycopeptide 
SI s2 s3 R3 R4 

D-GalactoseC 1.85 1.77 1.99 2.17 1.44 
6-Deoxyhexose (as fucose)e 0.12 0.20 0.25 0.04 0.04 
Total hexosamined 1.40 1.39 1.70 1.65 1.33 
2-Amino-2-deoxyglucosee 0.31 0.68 1.43 1.38 1.21 
2-Amino-2-deoxy-D-galactosd I.09 0.71 0.27 0.27 0.12 
Reducing sugar 1.61 0.97 0.37 0.45 b 

Acetyl 1.74 1.58 1.84 1.74 1.26 
Sulphate 0.18 0.31 1.31 1.74 b 

Ash (as Na) 0.23 0.87 2.87 2.48 2.91 
Phosphorus 0.10 0.06 0.04 0.04 b 

Threoniue 1.05 0.84 0.14 0.26 0.16 
Glutamic Acid 0.03 0.05 0.06 0.16 0.10 
Proline 0.29 0.22 0.13 0.07 0.16 
Alanine 0.06 0.07 0.13 0.08 0.04 
Valiue 0.21 0.18 0.06 0.17 0.03 
Isoleucine 0.31 0.22 0.02 0.06 0.04 
Lysine 0.33 0.23 0.03 0.05 0.03 
Peptide 2.28 1.81 0.57 0.85 0.56 

~Values are not corrected for ash content. bNot determined. Wysteine-sulphuric acid assay. dGatt 
and Berman assay. eBy difference. ‘By D-galactose oxidase. 

A minor component of hydroIysates of Sl, S2, and S3 had a simiIar mobility 
to that of fucose or xylose. The presence of fucose, and absence of xyiose, in S2 was 
confirmed by g.1.c. Paper-eIectrophoretic analysis of glycopeptide hydrolysates did 
not reveal anionic, reducing sugars. 

The glycopeptides examined gave unexpectedly high values for reducing sugar, 
as estimated from their reactions with alkaline ferricyanide. Quantitative analyses 
of the purified glycopeptides for sugars, amino acids, and other components are 
summarised in Table I. Maximal release of 2-amino-2-deoxyhexose was obtained by 
hydrolysis of glycopeptides with 4~ hydrochloric acid for 4.5 h at 100” or with 
2~ hydrochloric acid for 10 h at 100”. 

Analysis, using D-galactose oxidase, of the neutral and basic sugars liberated 
on hydrolysis and subsequently separated on an ion-exchange resin showed that 
galactose and 2-amino-2-deoxygalactose were present exclusively as the D-enan- 
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tiomer. The molar ratio of galactose to hexosamine in all of the glycopeptides analysed 
was CQ. 1.2: 1 and that of hexosamine to acetyl was ca. 1: 1. 

The glycopeptides from Cetorhinus maximus contained less sulphate than 
those from &z&z davata, consistent with the infrared spectroscopic data. Calorimetric 
analyses of the glycopeptides from both species indicated a hexuronlc acid content 
of 2-3% (w/w). The colour produced had d,, 530 mn, typical of that given by 
authentic D-glucuronic acid. Similar analyses of galactose, in amounts found in the 
glycopeptides, gave an identical colour equivalent to 2-3% hexuronic acid. The 
absorption spectra given by the glycopeptides and of galactose in the assay were 
identical. Thus, the colour reaction given by the glycopeptides was probably due to 
components other than hexuronicacid. 

The peptide contents of the whole jelly from Ruja clavata and Cetorhinus 
maximus were 20 and 40%, respectively. The distribution of amino acids in hydro- 
lysates of the jelly from both species was notable for the absence of cysteine,methion- 
ine, and tyrosine, and for the presence in the jelly of Cetorhinus maximus of excessive 
amounts of threonine. The most-sulphated glycopeptides contained the least peptide 
(Table I), and all of the glycopeptides showed the expected disproportionate distri- 
bution of amino acids. 2-Amino-2-deoxy-D-galactose and threonine were present in 
approximately equimolar amounts in all of the glycopeptides, and the amount 
of these components was particularly large in glycopeptides Sl and S2. 

Chemical analyses suggested that the glycopeptides derived from each species 
could be remesented by a spectrum of molecules from those of high 2-amino-2- 
deoxy-D-galactose and peptide contents and low sulphate and 2-amino-2-deoxy- 
glucose contents, to those of low 2-amino-Zdeoxy-D-galactose and peptide contents 
and high sulphate and 2-amino-2-deoxyglucose contents. Further evidence for this 
trend was obtained by fractionation of glycopeptide S2 by gradient elution from 
DEAE-Sephadex. The analyses (Table II) showed a similar spectrum to that given 
by Sl, S2, and S3, but with a narrower range. Insufficient material was available for 
amino acid analyses of these subfractions of S2. The elution profiles for all other 

TABLE II 
CHEMICAL ANALYSES OF SUBFRACTIONS OBTAINED FROM GLYCOPEPTIDE a2 BY CHROLIATOGRAPHY ON 

DEAE-~EPHADM 

Subfraction Total hexosamine Component (molar ratio to galactose) 
Z-Amino-Z- Z-Amino& Sm’phate Fucose 
deoxyglucose deoxy-D- 

galactose 

=a 0.77 0.18 0.59 0.11 0.08 
=b 0.78 0.19 0.59 0.12 0.09 
s2, 0.80 0.37 0.43 0.19 0.10 
S2d 0.83 0.36 0.46 0.40 0.11 
s2. 0.84 0.58 0.27 0.43 0.11 

s2 0.79 0.38 0.40 0.18 0.11 
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variations, apparently related to charge density, to 
chemical analyses of subfractions of glycopeptides 

DISCUSSION 

The glycopeptides obtained by pronase-digestion of the Lorenzini jelly from 
both Baja clavata and Cetorhinus maximrrs are sulphated, and all contain the same 
monosaccharide components, namely D-galactose, 2-amino-2-deoxyglucose and 
2-amino-2-deoxy-D-@lactose (probably as the IV-acetylated derivatives), and fucose, 
and the same amino acids. Quantitative analyses, however, suggest that, for each 
species, the glycopeptides can be represented by a spectrum ranging from molecules 
of high 2-amino-2-deoxy-D-galactose and peptide contents and low 2-amino-2- 
deoxyglucose and sulphate contents, to those of low 2-amino-%deoxy-D-galactose 
and peptide contents and high 2-amino-2-deoxyglucose and sulphate contents. 
Further evidence for this is provided by analyses of subfractions of S2 obtained by 
chromatography of that glycopeptide on DEAE-Sephadex. The similarity of the 
analytical values for glycopeptides 53 and R3 may reflect the presence of certain 
similar structural features in the jelly from the two species, which was not evident 
from analyses of the whole jellyI. Analytical data indicate that the polysaccharide- 
protein complex(es) in the Lorenzini jelly are structurally more complicated than 
those of’the glycosaminoglycans of ground substance. 

The conclusion that terminal, non-reducing, D-galactosyl residues occur in all 
of the glycopeptides, as indicated by reaction with D-g&LctOSe oxidase, was supported 
by qualitative, immunochemical studies of S2, which precipitated part of the antibody 
from Type XIV antipneumococcal serum 21. The high values given by the glyco- 
peptides in the alkaline ferricyanide reaction for reducing sugars indicate the presence 
of alkali-labile linkages which, on cleavage, expose reducing sugar residues. Highest 
“reducing sugar” values were given by those glycopeptides containing large amounts 
of 2-amino-2-deoxy-D-galactose and threonine, and these glycopeptides probably 
contain alkali-labile 2-acetamido-2-deoxy-D-galactosylthreonine linkages between 
carbohydrate and peptide. The structural importance of O-glycosyiated hydroxy- 
amino acids in glycoproteins and sulphated glycosaminoglycans is well known22. 
Detailed studies of the alkali-lability of the glycopeptides isolated from the two 
species of elasmobranch are reported in the following paperz3. 

The composition of the Lorenzini jelly from fish of the same species may 
vary in a number of ways, e.g., age-dependent variations, variations among the 
ampullae or groups of ampullae of one specimen, and variations along- the length 
or across the diameter of the ampulhuy tubes. All of these factors are relevant when 
considering analyses of the pooled jelly from Raja clavata used in this work, ahhough 
Doyle’ observed no major difference in the composition of jelly from four specimens 
of Squalus acanthias. The use of jelly from one specimen of Cetorhinus maximus 
eliminates one such variable. The observed difference in charge density of glyco- 
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peptides obtained from the two species may reflect the different methods used to 
extract the whole jelly. Thus, jelly from Cerorhinus maximus was taken from the 
whole length of the ampullary tube, whereas that from I?@ clavata was inevitably 
rich in jelly from the distal(pore) end. Variations in the potassium and urea contents 
of the Lorenzini jelly along the ampullary tube have been reported24. 

Glycopeptides produced by proteolytic digestion of the whole jelly are amenable 
to structural analysis, but whether such products are derived from one (or more) 
protein-polysaccharide complex(es) in the whole jelly cannot be determined from 
the present work. 
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STUDIES ON STARCHES OF HIGH AMYLOSE-CONTENT 
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WITH METHYL SULPHOXIDE 
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ABSTRACT 

A method has been developed of separating maize starches of different genotypes 
quantitatively into their component material. Pretreatment of the granular starches 
with methyl sulphoxide is followed by the formation of a stable, aqueous methyl 
sulphoxide dispersion from which the amylose component can be rapidly precipitated 
as an easily centrifugeable complex with butan-l-01. The residual starch material 
has been subfractionated by the formation of the iodine complex at low temperatures. 
Properties of the different starch fractions from this fractionation scheme have been 
examined, and the results are briefly considered with regard to current theories of 
maize starches of high amylose-content. 

INTRODUCTION 

The most successful procedures which have been suggested for fractionating 
amylomaize starch appear to involve dispersion of the starch into aqueous solution 
as an essential first-stage’. Separation of the components can be made then by the 
addition of a complexing agentlB3, by ultracentrifugation4, and by self-precipitation 
of the linear component’, but quantitative fractionation is difficult to achieve. 

Efficient and effkctive fractionation of a starch depends on the completeness 
with which the granular structure can be disrupted without degradation occurring. 
We have found that pretreatment of the hydrated granules with methyl sulphoxide 
is the most satisfactory method of achieving this for amylomaize starch. This pre- 
treatment has been used here, and fractionation conditions have been developed 
to ensure rapid precipitation of the amylose-butan-l-01 complex in a form that 
can be isolated by low-speed centrifugation. In this manner, amylose products have 
been obtained in high yield and purity from maize starch, and from amylomaizes 
having apparent contents of amylose varying between 57 and 75%. Starch material 
which did not form a complex with butan-l-01 has been subfractionated with iodine 
at low temperatures. The properties of the components resulting from this fraction- 
ation scheme have been examined. 

*For Part IX, see Carbohyd. Res., 6 (1968) 241. 
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EXPEFUMENTAL. 

Materials. - The laboratory isolation and purification of the starches used in 
this work have been described in detai16. Starches were stored in water under toluene 
at 20”, and were fractionated within a few months of isolation. 

Fractionation procedure. - (a) Pretreatment and dispersion of starch. Defatted 
starch granules were thoroughly washed ir, and centrifuged from, distilled water, 
to yield a well-drained sediment containing ca. 40% of moist&e. They were then 
dissolved in methyl sulphoxide (0.4% of water) with continuous stirring for 3 h at 
room temperature, the concentration being adjusted for the starch type, Le., amylo- 

starches &S%, regular maize 2.5-3%, and waxy maize l-5-2% w/v. 
Water (2 vol.) was then added, and the starch was precipitated with acetone 

(3.5 vol.), dehydrated with acetone, and dried to a fine, friable powder in a stream 
of nitrogen. The pretreated starch was then redissolved in methyl sulphoxide to the 
above concentrations. 

(b> Formation of butan-l-o/ complex. The methyl sulphoxide solution was 
stirred continuously while the complexing agent [7 vol.; water containing butan-l-01 
(6% by volume), and sodium chloride (0.1% by weight)] was added. The mixture 
was allowed to stand at room temperature until there was incipient sedimentation of 
the complex under gravity (ca. 30 min). Centrifugation at 1500 g for 15 min then 
yielded the butan-l-01 complex (Cl) and supematant liquor (Sl). 

(c) Recrystallization of complex CZ. A solution of the complex, Cl, in water 
(O-2-0.3%) was warmed to X)-55”, and then butan-l-01 (to saturation) and sodium 
chloride (0.1%) were added with stirring. After 4 h at room temperature, the complex 
(C2) was removed by centrifugation (20 min; 1500 g). The supematant liquor 
contained fraction S2. 

This recrystallization procedure was repeated to yield complex C3 and super- 

natant liquor S3. The final butan-l-01 complex (C3) was stored at room temperature. 
Fractions S2 and S3 were combined, the butan-l-01 was removed by concen- 

tration on a rotary evaporator at 35” under diminished pressure, and the poly- 
saccharide, S(2+3), was precipitated, and washed and dried with acetone. For 
examination, the product was dissolved in methyl sulphoxide to 2% concentration. 

(d) Subfractionation of supernatant liquor SI. The supematant liquor was 
immediately concentrated 8-fold on a rotary evaporator at 35”, and the polysaccharide 
was precipitated with acetone, washed, and redissolved in methyl sulphoxide to 
yield a 2% solution. Iodine (1.3% in methyl sulphoxide) was then added in an amount 
equivalent to 25% by weight of the polysaccharide content of the mixture. The 
iodine-glucan complex was produced on the addition of two volumes of buffer 
@H 6.8; phosphate, Q.04~), and the mixture was aged for 18 h at 4”. The dense, 
black iodine-complex (Sla) was removed by centrifugation at 4” (10 min at 1500 g). 
Sla was dissolved in water, then precipitated and washed several times with acetone 
to remove iodine, and finally dried with acetone. The supem&?=: Zquors @lb) 
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were treated similarly. Both polysaccharides were dissolved in methyl sulphoxide 
before examination. 

(e) Sgbfractionation of S(2+3). The methyl sulphoxide solution of fraction 
S(2+3) was treated with iodine as above to yield the iodine-complexable fraction 
S(2 + 3)a and the non-complexable fraction S(2 + 3)b. 

Characterization of the fractionation products. - The methods used to charac- 
terize the starch products have been described earlier3*7-9. Concentrations of the 
starch fractions at different stages in the fractionation scheme were determined by 
hydrolyzing aliquots to D-glucose, and estimating the reducing power with alkaline 
ferricyanide. 

RESUJLTS AND DISCUSSION 

The starches used in this work were waxy maize (WM), regular maize (RM), 
and five samples of high-amylose maize starch (HA57, HA62, HA67, HA70, and 
HA75), where the number represents-the reputed percentage of amylose. 

Fractionation procedure 

Prelimir~ary ultracentrifuge experiments showed that re-solution of methyl 
sulphoxide-pretreated starch in methyl sulphoxide is essential to ensure complete 
disorganization of the granular structure of amylomaize starches. Viscosity measure- 
ments showed that solutions of the starches in this solvent are stable, and that 
molecular degradation is unlikeIy. In the initial dispersion, a high starch:soIvent 
ratio was required, in order to ensure that interaction between the swollen granules 
would occur under the mild shearing effects of stirring. The optimum ratio varied 
with starch type. 

Addition of water to these methyl sulphoxide solutions of amylomaize starch 
produced an aqueous dispersion, which was stable for several hours at room temper- 
ature if the polysaccharide concentration was in the range of 040.5%. The further 
addition of aqueous butan-l-01 containing sodium chloride then caused amylose- 
butan-l-01 complex formation which was complete within one hour; the presence 
of a trace of electrolyte caused rapid formation of a complex which could be removed 
by low-speed centrifugation. These butan-l-01 complexes were readily soluble, which 
enabIed the recrystallized complexes to be obtained in high yield and purity. 

The material in the supernatant liquors from the recrystallizations [fraction 
S(2+3)] was unstable in aqueous solution, and it was removed by precipitation and 
dissolved in methyl sulphoxide for further study. 

The clear, supematant liquors after removal of the butan-l-01 complexes 
(fraction Sl) were unstable at room temperature, and tended to develop turbidity. 
This instability was avoided by immediately concentrating the solution to yield a 
stable, aqueous methyl sulphoxide dispersion. These solutions were then separated 
into an iodine-complex forming and non-forming fraction. The complex formed more 
rapidly at low temperatures, and control of pH was required to avoid degradation, 

Cmbohyd. Res.. 11 (1969) 217-224 



220 G. K. ADIUNS, C. T. GREENWOOD 

but a high ionic strength had to be avoided as it caused total precipitation of the 
poIysaccharide. Iodine had to be very carefully removed from ah of the subfractions, 
in order to avoid its interference in later characterization experiments. 

Fractionation yiel& 

Small-scaIe fractionations of ca. 1 g of starch gave reproducible yields of 
the different fractions as shown in Table I. Larger scale preparations carried out to 
obtain additional amounts of the minor fractions for detaiIed analysis occasionally 
showed significant physical losses. 

TABLE I 

YIELDS OF COMPONENTS OBTAINJZD ON FFtACl-IONAIION 

Fractiona 
Percentage of original starchb 

WM RM HA57 HA62 HA67 HA70 HA75 

Cl 
c3 

S(2+3) 

S(2 f3)a 
S(2 + 3)b 
Sl 
Sla 
Sib 

0 27 55 59 64 68 7i 
0 25 51 55 59 63 65 

0 2 4 4 5 5 6 
0 n.d.c 3 n-d. 4 4 n.d. 

0 n.d. 1 n.d. 1 1 n.d. 
99 73 45 41 36 32 29 

2 4 36 35 30 27 25 

96 68 9 6 6 4 4 

%X Experimental section. bWM = waxy-maize starch; RM = regular maize starch; HA = high- 
amyiose maize starch, with the number representing the reputed amylose-content. Cn.d. = not 
determined. 

Properties of the fractions 
The properties of the butan-I-01 complexes, fraction C3, shown in Table II, 

are those of normal amylose. The high degree of purity of each sample was shown 
by its almost complete conversion into maltose under the concurrent action of B-amy- 
lase and Z-enzyme, and the high levels (ca. 20%) of iodine affinity. The value of the 
Iimiting-viscosity number was found to decrease with increase in the reputed amylose 
content of the starch, which may indicate a corresponding trend in change of molecular 
size. 

It is also significant that, although the yields of normaI amylose were directly 
proportional to the apparent amylose content of the parent starch, the amounts for 
the amyIomaize starches were much smaller than those reputed to be present. 

The properties of the supernatant liquors from the recrystallization of the 
amylose, fraction S(2+3) are shown in Table III. This fraction was only a minor 
component of-the starches, and was difficult to assess accurately; the iodine afhnities 
were apparently high, but incomplete conversion into maltose by the concurrent 
action of j?-amyIase and Z-enzyme suggested that the material consisted of amyIose- 
Iike polymer with some branched component. Subfractionation with iodine confirmed 
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TABLE 11 

PROPERTIES OF THB RECRYSTALLIZED AMYLOSE-BUTAN-I-OL COMPLEXES, FRACTION C3 

starcIP RM HA57 HA62 HA67 HA70 HA75 

Percentage of starch 
Iodine affinity, %, 20” 
Iodine affinity*, %, 2” 
[B]-Limitb 
rJ+zj-Limitc 
[ql (ml&) in MezSO 
[qJ (ml.g-I) in 0.15~ KOH 

25 51 55 59 63 65 
19.8 20.1 20.4 20.6 19.9 20.7 
20.1 20.4 n.d. 21.0 20.8 n.d. 
83 81 79 84 79 80 

100 97 
142 115 1:: ;: 

98 98 
94 89 

266 155 130 138 130 122 

=As in Table I. b@‘j-Lirnit = % conversion into maltose under action of &unyIase. VtZl-Limit 
= % conversion into maltose under concurrent action of fl-amylase and Z-enzyme. 

this concept and showed that the sample was probably a mixture of short-chain 
amylose and amylopectin-like material (see Table III). 

TABLE III 

PROPERTIES OF FRACZIONS S(2 + 3) AND THEIR SUBFRACXIONS S(2 + 3)U ANJJ S(2 + 3)b 

Starcha Fraction Percentage 1.A.q %, 2” I-PI” [B+ZP Chain lengfh 
of starch limit limit (enzymic) 

RM 
HA57 

HA67 

HA70 

S(2+3) 
S(2+3) 
S(2 + 3)a 
S(2 + 3)b 
S(2+3) 
S(2+3)a 

S(Zf3)b 
S(2+3) 
S(2 + 3)a 
S(2 c 3)6 

2 11.9 
4 n-d. 
3 16.0 
1 0.2 
5 n.d. 
4 16.5 
1 n-d. 
5 n.d. 
4 17.8 
1 0.2 

74 
78 
83 
n-d. 
n.d. 
80 
51.5 
75 
86 
54 

92 n.d. 
87 n-d. 
99 n.d. 
n.d. n-d. 
n.d. n.d. 
96 90 
n.d. 19 
88 n.d. 
97 120 
n.d. 22 

~AS in Table II. b1.A. = Iodine alZnity. 

TABLE IV 

PROPERTIES OF THB TOTAL NON-BUTAN-I-OL-COhIPLEXNG COMPONENTS, FRACTION s1 

Star& 

Percentage of starch 
Iodine aiiinity, %, 20’ 
@j-Limit5 
[,s+Zj-Limit= 
Chain length, en&c 
Chain length, periodate 
[q] (ml.gl) in Me630 

WM RM HA.57 HA62 HA67 HA70 HA75 

99 73 45 41 36 32 29 
0.05 0.15 ca. 2.3 n.d. n.d. ca. 4.2 n.d. 

56 58 53 n-d. 65 64 65 
57 61 68 n.d. 77 77 79 
18 29 34 n.d. n-d. 45 44 
23 26 38 n.d. 42 37 45 

170 120 84 n.d. 70 70 68 

aAs in Table IT. 
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Table IV shows the properties of the materials from the supernatant, SI. The 
waxy and regular maize fractions behaved as typical, normal amylopeetins, whereas, 
in agreement with earlier reports in the literaturelS3, the corresponding fractions 
from the amylomaize starches had iodine afhnities, &amylolysis limits, and average 
chain-lengths which were abnormally high. 

In agreement with earlier studies3, the subfractionation of these anomalous 
samples by the formation of an iodine complex resulted in the isolation of material 
which behaved as essentially short-chain, linear amylose (jkzction Sk), as shown in 
Table V, and material having the characteristics of normal amylopeetin Viaction Sib; 
see Table VI). 

TABLE V 

PROPERTIES OF SUB-?FRAcIIONS, Sk3 

Starcha WM RM HA57 HA62 HA67 HA70 HA75 

Percentage of starch 
Iodine affinity, %, 2” 
@Limit= 
@+21-Limit= 
Chain length, enzymic 
[q] (ml@) in MezsO 
Instability*, % 

2 4 36 3s 30 27 2s 
5.2 4.1 10.8 n.d. 13.8 14.7 14.7 

95 94 92 9s 89 92 90 
96 96 93 9s 93 93 90 
46 58 88 52 52 110 61 
18 22 n.d. 24 n.d. 48 46 
68 76 70 n.d. n.d. 88 9s 

=As in Table II. bExpressed as the percentage of centrifugable material after 8-h ageing, 6”, 2 mg/ml 
in 10% v/v aqueous methyl sulphoxide. 

TABLE VI 

&7&P WM RM HA57 HA62 HA67 HA70 HA75 

Percentage of starch 
Iodine afiinity, %, 20” 
Iodine atiinity, %, 2” 
m-Limits 
@+ZJ-Limit0 
Chain length, enzymic 
[7j] (ml-g-l) in Me&O 
Instabilityg, % 

96 68 9 6 
0.05 0.2 0.1 n-d. 
0.2 0.3 0.3 0.4 

54 5s 57 56 
54 56 57 n-d. 
16 24 26 24 

175 159 120 160 
2 2 3 n.d. 

6 
n.d. 

0.3 
54 
5s 

liid’ 
2 

4 4 
n.d. 0.15 

0.4 0.3 
n-d. 54 
57 54 
27 22 
n.d. 154 

S n.d. 

aAs in Table IL 

The amount of norrual amylopectin in the amylomaize starches was low and 
decreased with increase in the reputed amylose-content of the starch. In contrast, 
fraction Sib became a major component of the starches of high amylose-content. 

Solution stability 
The stabilities of aqueous solutions of the starch fractions as a function of 

time and temperature were measured in terms of the proportion of material remaining 
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in solution after eentrifugation. The results for the mjor fractions are shown in 
Table VII. 

TABLE VII 
STABILITY OF AQUEOUS SOLUTIONS= OF STARCH FRACZ-IONS 

Fraction Temp. Eme 
(cIefletx) (h) 

Sotubilitfl 

WM RM HAS7 HA62 HA67 HA70 HA75 

Amylose (C3) 20 8 - 94 96 90 94 88 90 
20 24 - 88 81 80 86 80 88 
6 20 - 75 69 71 68 57 70 

ControlC 35 <l - loo loo loo loo 100 loo 

Intermediate (Sla) 20 8 78 64 79 n.d. n.d. 72 75 
20 20 58 60 69 59 48 46 59 

6 8 32 24 30 n.d. n.d. 12 41 
6 20 20 16 27 19 28 12 29 

ControlC 35 <l 98 97 98 99 n.d. 94 96 

Amylopectin (Sib) 20 26 
6 8 

ControlG 35 <I 

100 98 98 97 98 96 96 
98 98 97 n.d. 98 95 n.d. 

100 98 99 100 100 96 100 

aConditions: methyl sulphoxide solution (c, 20 mg.ml-r) diluted to 10 vol. with buffer (pH, 6.8; 
O.Olhr .McIlvaine). *Percentage of polysaccharide in supernatant liquor after centrifuging for 20 min 
at 1500 g. cSolution centrifuged immediately after dilution of methyl sulphoxide solution. 

All of the amylose fractions, even from the aqueous methyl sulphoxide solutions, 
showed degrees of stability which were time and temperature dependent. This has 
been observed also in aqueous solutions of the butan-l-01 complexes. 

The shortchain, amylosic materials, fraction Sla, were very unstable in these 
neutral, aqueous solutions, whereas the amylopectin fractions, Sib, were relatively 
highly stable. 

The minor fraction S(2+ 3)a was not examined in detail, but experiments on this 
material from regular maize and HA70 showed the percentage solubility after ageing 
for 6 h at 60” to be 25 and 16%, respectively, indicating a high degree of instability. 

In qualitative terms, it was evident that the instability of aqueous amylostarch 
dispersions’* 5 is mainly due to the presence and behaviour of intermediate, short- 
chain material, and, to a lesser extent, to the behaviour of the amylose-type component. 

Iodine-titration behaviorw 
It was found that the anomalous iodine-titration curvess.1o of theamylomaize 

starches could be readily reproduced from admixtures of the fractionation products. 
For example, for starch HA70, a 64:5:27:4 mixture of fractions C3:S(2+3):Sla:Slb 
was found to give a curve identical to that for the parent starch. 

In agreement with earlier resuIts8’10, although the titrationcurves of the whole 
starch were abnormal, mixtures of the normal amylose and amylopectin components 
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possessed experimental iodine affinities which were in agreement with calculated 
values; for starch HA70, a 70:30 and 30:70 mixture of fractions C3 and Sib had 
observed iodiEe affinities of 13.7 and 6.2%, respectively, and the theoretical values 
calculated from the iodine affinity of the individual components were 14.0% and 6.1%. 

Conclusions 
The results of the new fractionation procedure presented here are in general 

agreement with the concept that we have developed earlier in this series3- 5v7* 8* lo. 
We regard the abnormal properties of amylomaize starches as being due, almost 
exclusively, to the presence of short-chain, amylosic material. The amount of this 
fraction increases with increase in the reputed amylose-content of the starch, and it 
may account for as much as 30% of the total. This material is inherently unstable in 
aqueous solution and is difficult to handle and adequately characterize. 
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ABSTRACT 

The automated spectrofhrorimetric determination of formaldehyde, released by 
periodate oxidation, as 3,5-diacetyl-1,4-dihydro-2,6_dimethylpyridine is described. 
The application of the method, with modifications where necessary, to the monitoring 
of various procedures for fractionation of carbohydrates is outlined, and the sensi- 
tivity of the automated method is compared with the less-sensitive calorimetric 
method. The response of various amino acids in the assay system has been investigated 
and reveals the applicability of the method to serine in particular and the caution 
necessary in periodate oxidation of carbohydrates in the presence of free amino acids. 

INlXODUCTIOM 

Since the reaction was first noted’, periodate oxidation has become an extremely 
useful tool for the identification and structural elucidation of many carbohydrates. 

Formaldehyde has been quantitatively measured by a variety of methods, 
although not all of these are suited to use in conjunction with small-scale, periodate- 
oxidation studies. Although it is commonly identified and determined by its reaction 
with dimedone’-‘, the method is not very quantitative when compared with colori- 
metric and fluorimetric procedures. Formaldehyde has been determined colorimetri- 
c&y by using chromotropic acid6, phenylhydrazine-potassium ferricyanide7, and 
the Hantzsch pyridine reaction ‘. The last method has been automated ‘. Fluorimetric 
determination has been carried out manually” by using J-acid (6-amino-l-naphthol- 
3-sulphonic acid) and by the Hantzsch reaction”. 

The present paper describes the automated fluorimetric determination of 
formaldehyde by a modification of the Hantzsch reaction. The application of the 
devised method to the identification and determination of carbohydrates, glyco- 
proteins, and amino acids is discussed. 

EXPERIMENTAL AND RESUL--B 

The automatedfluorimetric determination offormaldehyde. -(a) Instrumentation. 
Formaldehyde released by periodate oxidation was determined by condensation with 

Carbohyd. &s., 11 (1969) 225-231 



226 H. CHO TUN, J. F. KENNEJDY, M. STACEY, R. R. ‘WOODBURY 

ammonia and Pentane-2,4-dione, and the product, 3,5-diacetyl-Wdihydro-2,6- 
dimethy~pyridiue, was determined ff uorimetricatiy. Tech&on Modular Autoanalyser 
equipment was used to automate the whole process, and a schematic representation 
of the assembly is shown in Fig. I. The various reagents were pumped, at the rates 
shown, by using a peristaltic pump, SanrPle~ air, and periodic acid reagent were 
mixed, and oxidation was allowed to proceed for 7 min at 20”, before excess of 
periodate was destroyed by the addition of arsenite reagent. Ammonium acetate and 
pentane-2,Pdione reagents were separately added to the flow stream in that order, 
and the mixture was heated for 30 min at 70”. The mixture was cooled to 20”, and 
the fluorescence intensity was measured continuously by passage .through the fiuori- 
meter flow-cell. The excitation and emission filters used were 420 and 480 nm, 
respectively; these were the nearest filters obtainable to the actual values, found by 
an independent fluorimetki, of 410 and 510 nm, respectively. 

lX?bubbler 

Fig. 1. Schematic representation of automated system for the fluorimetric determination of formal- 
dehyde. Sample, 0.10; air, 0.16; periodate, 0.015; sodium arsenite, 0.10; ammonium acetate, 0.05; 
pentane-2&dione, 0.05; flow cell, 0.32 ml/m& 

(b) Reagents. 0.015~ Periodic acid solution neutralised to pH 7.5 with cont. 
ammonia (sp. gr. 0.880), mixed in the ratio 1O:l with M sodium phosphate buffer, 
PH 7S (the solution, when stored in a dark-caloured bottle away from direct suntight, 
was stabIe for one month); 0.25~ sodium arsenite, adjusted to pH 8.0 with cont. 
hydrochloric acid; 2~ ammonium acetate; 0.06~ pentane-2,kiione (freshly redistilled) 
in 0.07M acetic acid. 

Application of the automated method to carbohydrates. - (a) Neutral carbo- 
hydrates. A mixture of maltose and D-glucose (2 pg each) were. separated” on an 
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ion-ex~hsi~n colum of AG-SOW x2 @if, 2flfMOO ruesIz, 150 x0.6 cm) resin, and 
the aqueous &ate was monifored autamaticallq’ for formaldehydi= released on 
periodate oxidation. The elution profile was identical to that obtained by calorimetric 
monitoring of lOO+g samples of the same compounds, fractionated under identical 
conditions. 

(I+ B&c cu&oky&r&s. Separation of a mixture of 2-amino-2-deoxy-D-glucose 
and 2-amino-2-deoxy-D-galactose was carried out by fractionation1 3 on a column of 
AG-SOW x8 (H, 2oo-400 mesh, 79 x0.6 cm) anion-exchange resin pre-equilibrated 
with 0.3~ HCl. The sample was eluted with 0.3~ HCf at a flow rate of 0.16 ml/tin, 
and the eluate was monitored automatically foi formaldehyde released on periodate 
oxidation. On account of the low pH of the eluate, an additional stage was introduced 
into the analytical system, the column eluate being neutralised with 0.3~ NaOH prior 
to periodate oxidation. This application has been extended to the separation and 
identification of the constituent 2-amino-2-deoxyhexoses ‘of follicle-stimulating hor- 
mone. Follicle-stimulating hormone (100 pg) was hydrolysed in 3.9N HCl for 9 h 
at lOO”, and the hydrolysate was fractionated as described above (Fig. 2a). The method 
was also apphed to the determination of the constituent 2-amino-2-deoxyhexoses of 
acidic mucopolysaccharides and their protein complexes by hydrolysis, under the 
same conditions, followed by fractionation; e.g., dermatan sulphate (Fig. 2b) which 
contains 2-amino-%deoxy-D-gzdactose. 

Fig. 2. Fractionation of hydroIysates of (a) follicle-stimulating hormone and (6) dermatan sulphate- 
pfotein on AG-SOW x8 (H+ form): (1) Neutral or acidic sugars, (2) 2-amino-2-deoxy-D-glucose, 
(3) 2-amino-2-deoxy-D-gaactose, and (4) amino acids. 

Fractions corresponding to peak 4 (Fig. 2a) were combined, and concentration 
and removal of HCI was effected by rotatory evaporation in vacua (bath temperature 
37’). Fractionation on the Technicon amino acid autoanalyser showed that all of 
the naturally occurring ammo acids were present, but application of the Elson- 
Morgan assay 14*15 for 2-amino-2-deoxyhexoses showed that the sample did not 
contain a 2-amino-2-deoxyhexose disaccharide. 

Application of the automatedmethod to alditols. - A mixture of ethylene glycol, 
propane-:-1,2-&o& glycerol, erythritu& and mannitol in 86% ethanoI (v/v) was chro- 
matographed16 on a column (60 x 0.45 cm) of AG-1 x8 resin (SO:-) resin which 
had been pre-equihbrated with deaerated 86% ethanol at 50”. The eluate was moni- 
tored automatically for formaIdehyde released on periodate oxidation. The arsenite 
reagent in the analytical system was replaced by a solution of butane-2,3-diol 
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(20 ml/We). The elution profile was identical to that obtained by calorimetric 
monitoring of larger samples of the same compounds fractionated under identical 
conditions. 

Application of the automated method to polysaccharides and glycoproteins. - 
Synovial fluid (100 ~1) from a psoriatic arthritis patient was diluted with 0.2M NaCl 
(600 ~1) and fractionated on a Porasil F column (75-100 mesh, average pore-diameter 
> 1500 A, 100 x 1 cm). The Porasil was deaerated under water before packing into 

the column, and was then equilibrated with 0.2~ NaCl. By using the same solution, 
the samples were eluted at a flow rate of 0.7 ml/mm, and one seventh of the eluate 
was monitored automatically for formaldehyde released on periodate oxidation 
(Fig. 3a). A further portion of the eluate was monitored automatically” by the 
carbazole assay” for uranic acids. The magnitude of peak B decreased by 84% 
when an equal aliquot of this synovial ffuid was fractionated after dialysis against 

0.005~ phosphate buffer pH 6.9 (5 x 1-litre) for 24 h at 4”. An authentic sample of 
hyaluronic acid (Koch-Light Laboratories) was similarly fractionated (Fig. 3b). 

Fig. 3. Fractionation ot (a) synovial fluid, and (b) hyaluronic acid on Porosil F column: (- - - -), 
fluorimetric formaldehyde assay; ( ), calorimetric carbazole assay. 

Fractionation of pure samples of orosomucoid and human-serum albumin on 
the same column showed single peaks in the high molecular weight region when the 
eluate was monitored by the periodate oxidation-formaldehyde assay, whereas alginic 
acid gave no response. Concentrations as low as 20 pg of glycoprotein/ml could be 
determined by the analytical method. 

Application of the automated method to amino aciak - Solutions of fifteen 
ammo acids, representing the various classes of ammo acids, were subjected to the 
automatic analysis of formaldehyde released by periodate oxidation, by direct 
sampling into the assay system. The periodate reagent in the assay system was then 
replaced with water, and the solutions were resampled (Table I). 

DISCUSSION 

The numerous advantages of automation of analytical methods include 
increased accuracy over the corresponding manual methods. On the other hand, 
automation does not necessarily lead to increased sensitivity, but the pentane-2,4 

dione assay for formaldehyde has the advantage that the chromophore, which is 
usually measured calorimetrically, is also fluorescent, and this added property is a 
great advantage when increased sensitivity is required. 

Although the calorimetric method has been adopted previously for the direct 
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TABLE I 

FCESPONSE OF AMINO ACIDS M THE ASSAY 

Amino acid Moles of formaldehyde/mole Amino acid Moles of formakiehyde/moole 
of dmino acid . of amino acid 

Oxidised Unoxidised Oxidised Unoxidised 

Isoleucine o.oooo 
Proline 0.0018 
Histidlne 0.0250 
Aspartic acid 0.0250 
Serine 1.1500 
Tyrosine 0.0000 
Tryptophan 0.0045 
Leucine 0.0000 

0.0000 
0.0000 
0.0017 
0.0007 
0.0224 
O.OOOO 
0.0000 

0.0000 

Arginine 0.0031 0.0000 

Lysine HCI 0.0018 0.0000 
Valine o.ooo9 0.0000 

Hydroxyproline 0.0094 0.0000 
Cystelne HCI 0.1120 0.0027 
Methionine 0.0027 0.0000 
Threonine 0.0032 0.0006 

fluorimetric assay l1 of formaldehyde, certain modifications were necessary to facilitate 

its application to the in situ measurement of formaldehyde released on periodate 

oxidation. The principal problem is the undesirably high, background fluorescence 
which can arise from the pentane-2,4-dione reagent, and from heating at too high a 
temperature before determining the ftuorescence intensity. To overcome this problem, 
the pentane-2,4-dione reagent ’ was added in two stages (ammonium acetate and 
pentane-2&dione reagent in acetic acid); the background fluorescence of these 
freshly prepared reagents was less than that of freshly prepared, combined reagent, 
and background fluorescence did not increase on storage. Also, the heating-bath 
temperature was lowered to 70”; it has been shown” that the Hantzsch reaction 
will proceed at lower temperatures, but the temperature selected here is consistent 

with a reaction time that is acceptable for automated analysis. Iodate ion is known 

to interfere in fluorescence studies, and this will affect the sensitivity of the method. 

The present method is 100 times more sensitive than the calorimetric version. 

The method is suited to the continuous monitoring of column eluates, and when 

applied to acidic (or basic) eluates, it is necessary to introduce a neutraiisation stage, 

since the 0.1~ buffer of the periodate reagent is unable to cope with pH extremes. 
A suitable increase in the buffer concentration is not practicable, since it leads to 
the formation of a precipitate on addition of arsenite. In the case of eluates containing 
organic solvents, arsenite is not a suitable reagent for destruction of excess of periodate, 
but is best replaced by an agent that is soluble in the organic soivent. Although all 
ion-exchange resins tend to leak continuously, these small amounts of ultraviolet- 
active material did not have any adverse effect upon the assay method. 

The application of the method to analysis of the fractionations described requires 
little enlargement. The increased sensitivity is of obvious advantage, e.g., the consti- 
tuent 2-amino-2-deoxyhexose of an acidic mucopolysaccharide can now be identified 
and determined quantitatively on as little as 2 pg; this is an improvement on the 
method we have previously described13. 

On account of the increased sensitivity of the method, the possibility existed of 
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detecting certain polysaccharides by liberation of formaldehyde from the terminal 
reducing sugars. Such a response would be dependent on the nature of these reducing 
units. -Direct assay of authentic hyaluronic acid gave an apparent yield of 0.5 mole 
of formaldehyde/mole of disaccharide repeating-unit. This is far too high to be 
accounted for by oxidation of a terminal, reducing 2-amino-2-deoxy-Dglucose residue. 
Hyaluronic acid is susceptible to oxidation only at the C-Z-C-3 glycol group”, 
since the amino group of the 2-amino-2-deoxyhexose residue is protected by the 
acetyl group. Because the oxidation time in the method is only 7 mm, there is no 
question of over-oxidation of hyaluromc acid which is oxidised only very slowly, 
even in the presence of added, inert electrolyte to diminish the electrostatic effect 
produced by the carboxylate groups1 ‘. Fractionation of synovial fluid on Porasil F 
showed two components (Fig. 3a), of which A gave a true reaction and B a non- 
specilic reaction in the automated carbazole assay”. Clearly, in this case, as in the 
case of dialysed synovial fluid and authentic hyaluronic acid, compounds other than 
hyaluronic acid were giving rise to a formaldehyde response. Since the hyaluronic 
acids gave no response, it seems that the hyaluronic acid is (a) protected at its reducing 
residue by an amino acid or peptide not giving a formaldehyde response, or (b) pos- 
sesses D-glucuronic acid as the terminal, reducing residue. In the latter case, the 
conclusion that such an end unit would not contribute positive material on oxidation 
is supported by the lack of response of alginic acid. Orosomucoid, which contains 
lO-12% of ALacetylneuraminic acid at its non-reducing terminals, and serum albumin, 
which contains 2-amino-2-deoxy-D-glucose and mannose, both responded. 

However, it was evident, from the fractionation of hydrolysates of glyco- 
proteins, that amino acids were also responding to some extent in the assay system. 
Table I shows that almost all amino acids tested were giving some response, although, 
in many cases, this was quite small. The response of serine is expected, because it 
contains the HOH&-CH(NH,)- group which is oxidisable to formaIdehyde. The 
response of cysteine hydrochloride can similarly be attributed to the presence of the 
a-aminothiol group. Thus, thioformaldehyde will be released and could condense 
with the ammonia and pentane-2,4-dione reagents to give the usual condensation 
product, 3,5_diacetyI-l&dihydro-2,6dimethylpyridine, although at a different reaction 
rate. Threonine, which is also an a-aminoalcohol, gives acetaldehyde on oxidation, 
which can condense with the ammonia and pentane-2,4-clione reagents, but at a 
lower rate, to give a similar kind of condensation product, namely, 3,5-diacetyl-1,4- 
dihydro-2,4,6-trimethylpyridinesy20. This compound has an absorption maximum 
at 388 nm*. Since the response is very small, the condensation product may be 
regarded as having excitation and emission spectra which do not coincide with that of 
3,5-diacetyl-I ,Pdihydro-2,6-dimethylpyridine. The slight response of some of the other 
amino acids may be due to fluorescence of small amounts of impurities or due to the 
condensation of products from non-specific oxidation with the pentane-2,4-dione 
reagent. Since a substituted ammonia can participate in the Hantzsch reaction, these 
fluorescences, and those of the unoxidised acids, may also be due to involvement of 
the amino acid nitrogen atom in ring formation. 
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Clamp and Hough21 have shown that all a-amino acids are oxidised by 
periodate, but at rates that depend upon pH. Of the amino acids that gave formalde- 
hyde response in the present work, only cysteine is oxidised when both the carboxyl 
and amino groups are substituted, as in a polypeptide chain; however, serine at an 
N-terminal chain-end would respond. Therefore, careful attention must be given to 
interpretation of the results of periodate oxidation when free amino acids are present, 
particularly with respect to possible degradation of glycoproteins, by processes other 
than periodate oxidation, during the automated reaction. 

The method described for the determination of formaldehyde released on 
periodate oxidation should prove useful in structural studies involving monitoring 
of carbohydrates, glycoproteins, and some amino acids, particularly in work on a 
microgram scale. 
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ABSTRACT 

A synthesis of hamamelittin (the 1’,5-di-U-galloyl derivative of 2-C-hydroxy- 
methyl-D-ribofuranose) is reported. 

INTRODUCTION 

Recently, we described a synthesis of D-hamamelosel, which is a branched- 
chain sugar occurring naturally in hamamelitannin. Originally, this tannin was 
isolated from the bark of Witch Haze1 (Hamamelis virginiana L.)‘, but, more recently, 

it has been obtained from Spanish Chestnut (Casranea sativu)3 and the American 
Red Oak (Quercus rubr~)~_ Degradative studiesss6 have established that the tannin 
is the 1’,5-di-O-galloyl derivative (1) of 2-C-hydroxymethyl-D-ribofuranose (hama- 
melofuranose). Now, we report a synthesis of hamamelitannin which confirms this 
structural assignment. 

DISCUSSION 

Treatment of D-hamamelose’ with 0.1% methanolic hydrogen chloride under 
reflux gave methyl 2-C-hydroxymethyl-D-ribofuranoside (2) in almost quantitative 
yield. Since this product consumed two molecular equivalents of sodium periodate, 
the furanoside structure was indicated. The p.m.r. spectrum of the material was 
consistent with a mixture of a- and /&D anomers in approximately equal amount. 
Attempts to separate the anomers by cellulose or basic ion-exchange chromatography 
were unsuccessful. 

Acylation of the furanoside mixture 2 with tri-O-benzylgalloyl chloride 
(2.05 mol. equivalents) in pyridine at -25” led to a mixture containing mainly 
di-U-acylated material, with traces of tri- and mono-U-acylated products. Since it is 
well known’ that, under these conditions, primary hydroxyl groups are more reactive 
than those that are secondary or tertiary, the major products were expected to be the 

*Part VIII: R. J. Ferrier, W. G. Overend, G. A. Rafferty, H. M. Wall, and N. R. Williams, J. Chem. 
sot. (c), (1968) 1091. 
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1’,5-di-O-galloyl derivatives 3 and 4. These isomers were isolated and separated by 
fractional crystallisation and column chromatography. 

Catalytic hydrogenation of compounds 3 and 4 yielded crystalline methyl 
1’,5-di-O-galloyl-2-C-hydroxymethyl-a-~-ribofuranoside (5) and the P-D anomer (6), 
respectively. These compounds had the same melting points and RF values as were 
recorded by Mayer et al. 6 for the two methyl glycosides prepared from hamameli- 
tannin. The identity of the CC-D anomer and the minor glycoside prepared by Mayer 
and his co-workers6 was further confirmed by co-chromatography. 

The phenolic hydroxyl groups in these hamamelitannin glycosides were methyl- 
ated smoothly with diazomethane to give the corresponding bis(tri-U-methylgalloyl) 
derivatives 7 and 8. Compound 8 consumed one mol. equivalent of periodate to 
aff’ord the cyclic derivative 9, the melting point and optical rotation of which are 
identical with the values reported in the literature6 for this substance. 
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Attempts to hydrolyse se1ectiveIy the glycofuranosidic linkage in the glycoside 6 
or its hexabenzyl ether 4 under mild conditions were unsuccessful, since, in each 
case, extensive, concomitant hydrolysis of the ester groups occurred. This difficulty 
was avoided by applying the same sequence of reactions to the benzyl glycoside 
derivatives and finally producing the free furanose sugar by catalytic hydrogenolysis 
of the glycosidic linkage. 

An anomeric mixture of benzyl 2-C-hydroxymethyl-D-ribofuranosides (10) 
was obtained by treating r>-hamamelose with 1% hydrogen chloride in benxyl 
alcohol for 120 h at SO”. Oxidation with sodium periodate served to confirm the 
furanoside structure of this mixture (2.01 mol. equiv. of oxidant consumed in 1 h). 
On catalytic hydrogenation, the mixture of glycosides was converted into D-hamamel- 
ose. On storage, partial crystahisation of the syrupy glycosides occurred, and the 
B-D anomer could be separated in solid form. Selective acylation of this crystalline 
glycoside with tri- U-benzylgahoyl chloride yielded the crystalline benzyl j?-D-glycoside 
(11) of hexa-U-benzylhamamehtannin, which, on hydrogenation over 10% palladium- 
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on-charcoal, gave crystalline hamamelitannin (1); this was shown to be identical 
with the natural product. 

ExPEFuMJBTAL 

Al1 liquid ratios are volume/volume. Melting points are uncorrected. Infrared 
spectra were obtained on a Perkin-Elmer Inf’racord Spectrophotometer, model 137: 
syrups were measured as liquid films on potassium bromide discs. P.m.r. spectra were 
recorded on a Varian A-60 spectrometer with deuteriochloroform as solvent (unless 
otherwise stated) and tetramethylsilane as internal standard. Paper chromatography 
was performed on Whatman No. 1 paper with the following solvent systems: (A) 
butanone saturated with water: (B) the organic phase of butyl alcohol-acetic acid- 
water (4:1:5), (C) N acetic acid. Ammoniacal silver nitrate spray was used to locate 
spots on the chromatograms. Thin-layer chromatography (t.1.c.) was performed with 
Kieselgel G (Stahl) activated for 12 h at 50”. The following solvent systems were 
used: (a) benzene-acetone (9:1), (b) ethyl ether-ethyl acetate (9:l); (c) ethyl acetate; 
(6) ethyl acetate-ethanol (4~1); (e) chloroform-ethyl acetate (7:l). Spots were detected 
by using either anisaldehyde-sulphuric acid-ethanol (1:1:20) or sulphuric acid-ethanol 
(1:1) at 150”. Periodate consumption was estimated by the spectrophotometric 
method *. D-Hamamelose was prepared essentially by the method previously 
described’, but modified to improve the overall yield from D-arabinose by the use of 
the toluene-p-sulphonic acid-molecular sieve method ’ for isopropylidenation of 
methyl fi-D-arabinopyranoside, and by replacing chromic oxide by ruthenium tetrox- 
ide” in the oxidation stage. 

A4ethyI Z-C-hydroxymefhyl-D-ribofiranoside (2). - 2-C-Hydroxymethyl-D- 
ribose (4.6 g) was heated under reflux in methanol (230 ml) containing hydrogen 
chloride (0.1%) for 17.5 h. (Trial experiments indicated that these were optimal 
conditions for the preferential formation of furanosides.) The cooled solution was 
neutralised with Iead carbonate, filtered, and concentrated under diminished pressure 
to a colourless syrup (4.9 g, 99%), [f& -5.2” (c 1.0, methanol), R, 0.12 (solvent A), 
single spot (3 h) showing slight separation after 24 h. P.m.r. (methyl sulphoxide-d,) 
data: z 5.36 and 5.46 (a- and fl-anomeric protons, ratio 1:l). On oxidation 1.98 mol. 
equiv. of sodium periodate were consumed in 2 h at room temperature. 

Anal. Calc. for C7Hr406: C, 43.3; H, 7.3; OMe, 16.0. Found: C, 43.0; H, 7.0; 
OMe, 15.75. 

Hexa-0-benzy~hamamelitannin methyl a- and fl-D-glycoside -(3 and 4). - A 
solution of tri-O-benzJgalloy1 chloride’ ’ (22.3 g, 0.0485 mole) in dry tetrahydrofuran 
(270 ml) was added dropwise over 1.75 h to a magnetically stirred solution of com- 
pound 2 (4.6 g, 0.0236 mole) in dry pyridine (150 ml) at -25”. The solution was 
stored at this temperature for 67 h, allowed to attain room temperature, and stored 
for a further 6 h. Crystalline pyridinium chloride was removed by filtration, and the 
filtrate was concentrated under diminished pressure (bath temperature, 40”) to a 
syrup which was dissolved in dichloromethane (1500 ml). The solution was washed 
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(stable even oa drying at 64” in uacuo) (0.4 g, 76%), m-p. 206-208”, [& -30.6” 
(c 2, ethanol), RP 0.54 (solvent B), 0.35 (solvent C); v,,, 3300 (OH), 1700 (C=O), 
760 and 740 (aromatic) cm- ’ ; liL6, m.p. 206-209”, RP 0.54 (solvent B), 0.35 (solvent C), 

b]D -29.4” (c 2.0, acetone); n.m.r. data (methyl SU&3hOxide-d6, containing D,O): 

z 2.90(s) (aromatic protons), 5.20(s) (H-l), and 6.75(s) (CH,-0). 
Anal. Calc. for C21H22015- H20: C, 48.8; H, 4.7; OMe, 6.0. Found: C, 49.1; 

H, 4.4; OMe, 6.2. 
Hexa-O-methyihamametitannin methyl a-D-glycoside (7). - A solution of the 

glycoside 5 (0.1 g) in acetone (6 ml) was methylated with an ethereal solution of 
diazomethane (10 ml, N 1%) at 0”. After storage for 16 h at 0” and for 2 h at room 
temperature, the solvent was evaporated to give a syrup which was fractionated on a 
column of silica gel (30 g) with solvent c to yield compound 7, in syrupy form, as the 
major fraction. On trituration with acetone, this fraction slowly crystallised. Recrystal- 
lisation from ethyl ether-acetone (20:1) yielded compound 7 as colourless needles 

CO.06 g, 53%), m.p. !&95”, [& +43.0” (c 0.5, ethanol). 
Anal. Calc. for Ct7HS4014: C, 55.7; H, 5.9; OMe, 37.2. Found: C, 55.6; H, 6.0; 

OMe, 37.0. 

Hexa-0-methy~hamamelitannin methyl B-D-glycoside (8). - A solution of com- 
pound 6 (0.5 g) in acetone (8 ml) was treated similarly with ethereal diazomethane 
(30 ml, -0.1%) to afford a syrup which was purified on a column of silicagel (60 g) 

with solvent c. Compound 8 was obtained as a syrup which slowly crystallised on 
trituration with methanol. Colourless prisms (0.27 g, 47%) were obtained on recrystal- 
lisation from acetone; m.p. 162.5-163.5”, [aID -28.5” (c 2, acetone); n.m.r. data: 
r 2.63(m) and 2.71(m) (aromatic protons), 5.04(s) (H-l), 6_09(n1) (aromatic O-Me), 
and 6.62(s) (OMe at C-l). Mayer et 01.~ gave m.p. 161-162”, [LY]~ -20.5” for this 
compound. 

Anal. Calc. for C27H34014: C, 55.7; H, 5.9; OMe, 37.2. Found: C, 55.5; 
H, 6.0; OMe, 37.1. 

When compound 8 (0.95 g, 1.63 mmoles) in p-dioxane (20 ml) was treated with 
sodium periodate (0.46 g, 2.03 mmoles) in water (6.6 ml), oxidation occurred. After 
storage for 24 h at room temperature, the solution was diluted with water (70 ml) 
and kept at 0”. The crystals which separated were recrystallised from acetone-ether 
(1:2) to give the oxidation product 9 (0.6 g, 61%), m.p. 120-122”, [a]D - 17.3” (c 1.0, 
p-dioxane); n.m.r. data: z 2.66(m) and 2.72(m) (aromatic protons), 5.30(s) (H-l), 
6.08(m) (aromatic CH,-0), and 6.47(s) (a&al CHJ-0). Mayer et aL6 gave m.p. 

12&121”, [& - 17.0” for this compound. 
Anal Calc. for C,,H,,O,,: C, 54.2; H, 5.7; OMe, 36.3. Found: C, 54.25; 

H, 5.8; OMe, 36.1. 
Attemptedpartial hydrolysis of compounds 5 and 6. - The glycoside (5 or 6) 

was heated under reflux in aqueous sulphuric acid of varied concentration in the 
range 0.1 to ~-ON, and, in each case, the solution was analysed at hourly intervals by 
neutralising a sample with barium carbonate and examining it by paper chromato- 
graphy (solvent B). Under all of the conditions examined, hydrolysis to hamameli- 
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tannin (R;, 0.32) was accompanied by extensive formation of gallic acid (RF 0.60) 
and hamamelose (RF 0.27). Simiiar treatment of the hexabenzyl ether (4) of compound 
6, foliowed by catalytic hydrogenation of the _benzyl groups, again yielded gallic 
acid as a major product, with only traces of the tannin. 

Benzyl 2-C-hydroxymethyl-j3-D-ribofuranoside (10). - A suspension of 2-G 
hydroxyrnethyl-D-ribose (8.04 g) in benzyl alcohol (480 ml) containing hydrogen 
chloride (l%, w/v) was stirred for 120 h at 50-W (bath). The cooled solution was 
neutralised with potassium carbonate and filtered, and the benzyl alcohol was 
removed by distillation at SO” (bath)/O.l mm. Chromatographic separation on silica 
gel (1.5 kg) (solvent 6) of the residue afforded benzyl 2-C-hydroxymethyl-D-ribo- 
furanoside (10 g, 80%) as a syrup, [a&, -4.8” (c 0.9, ethanol), R, 0.74 (solvent A) 
(Found: C, 57.6; H, 6.9%). On storage of the syrup, partial crystallisation occurred, 
and the crystals were colIected and recrystallised from ethyl acetate as colourIess 
needIes (2-O g, 16%), m-p. 9X5-96.5”, [a], - 115” (c 1.0, ethanol); v,,, 3300 (OH), 
750 and 730 (aromatic) cm- ’ ; n.m.r. data (methyl sulphoxide-d,, containing D,O): 
r 2.66(s) (aromatic protons), 5.18(s) (H-l), and an AB system centred at 7 5.40(q) 
@enzyl CH2, coupling constant 13 Hz). From Hudson’s rules, the crystalline glycoside 
was assumed to be the B-D anomer. 

Anal. Calc. for C1sH1s06: C, 57.8; H, 6.7. Found: C, 58.0; H, 6.4. 
On sodium periodate oxidation at room temperature, the syrupy glycoside 

consumed 2.01 molar equivalents of oxidant in 1 h. In the same time, the crystalline 
glycoside consumed 2.0 molar equivalents of the oxidant. 

Hydrogenation of benzyl 2-C-hydroxymethyl+rP-ribofuranoside (0.1 g) in 
ethanol (20 ml) in the presence of 10% palladium-on-charcoal (2 g) gave 2-C-hydroxy- 
methyl-D-ribose as the only product. 

Hexa-0-benzylhamamelnin benzyl B-D-gj’ycoside (11). - Tri- U-benzylgalloyl 
chloride (4.67 g) in dry tetrahydrofuran (45 ml) was added dropwise to a stirred 
solution of crystalline benzyl 2-C-hydroxymethyl-fi-o-ribofuranoside (1.34 g) in dry 
pyridine (30 ml) at -40”. After storage for 65 h at -3O”, then for 3 h at O”, and 
finally for 3 h at room temperature, the reaction mixture was worked up in the usual 
way to afford a syrup (containing crystals) which was shown (t.I.c., solvent a) to 

contain three components. Fractionation on silica gel (550 g) with solvent u gave 
(i) a waxy solid (1.5 g), assumed to be a tri-O-galloyl derivative, and (ii) another 
waxy solid (3.0 g), assumed to be the required di-O-gaIloy1 derivative (ll), .which, 
after recrystallisation twice from ethyl acetate-acetone-chloroform (6:3:5), was 
obtained as colourlcss, fibrous needles (1.2 g, 22%), m.p. 174.5-176”, [ali-, -20.6” 
(c 0.0, ethyl acetate); v,._ 3300 (OH), 1700 (C = 0), 1575,760 and 730 (phenyl groups) 
CIll--‘; n.m.r. data: z 2.47-2.87(m) (aromatic protons), 4.78-4.96(m) (benzyl CH,), 
and 5.03(s) (H-l). Refractionation of the mother liquors on silica gel yielded a 
further 0.6 g (11%) of product. 

Anal. Calc. for C69H62014: C, 74.3; H, 5.6. Found: &, 74.0; H, 5.4. 
Hamatielitannin. - A solution of fl-D-glycoside 11 (1.0 g) in ethyl acetate 

(450 m1) was hydrogenated over 10% palladium-on-charcoal (1.0 g). When hydrogen 
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uptake ceased (tier 1 h), the filtered solution was concentrated under diminished 
pressure to a syrup which crystallised on trituration with water. Recrystallisation 
from water furnished colourless needles (0.25 g, 58%), m.p. 145-147.5” (after drying 
in uacuo at 100°), [a&-, f31.3” (c 1.5, water), RF 0.26 (solvent B), 0.32 (solvent C); 
Y mar 3400 (OH), 1700 (C=O), 760 (phenyl) cm-l; n.m.r. data (methyl sulphoxide-d,, 
containing D,O): z 2.95(s) (aromatic protons). Mayer et aL6 reported m-p. 145-147”, 
[aID +32.6”, for this compound. An authentic sample of hamamelitannin showed 
the same RF values on paper chromatography, gave an identical infrared spectrum, 

and was identical by mixed m.p. with the synthetic material. 
Anal. Calc. for Cz,H,,O,,: C, 49.6; H, 4.2. Found: C, 49.4; H, 4.3. 
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ABSTRACT 

Condensation OF tetra-U-acetyk-D-glucopyranosyl bromide withpnitrophenyl 

4,6-O-benzylidene-/?-D-glucopyranoside followed by appropriate deblocking reactions 
gives rise to an approximately equimolar mixture of p-nitrophenyl @,ophoroside 
and pnitrophenyi Plaminarabioside. The two glycosides are readiIy separated and 
isolated in pure form by cellulose-column chromatography. 

lNTRODUCl-ION 

Our interest in carbohydrate-protein conjugates as model substrates for inves- 
tigating the interaction of phytohemagglutinins’*2 and for studying the immuno- 
genicity of carbohydrates3 prompted us to prepare the /3-sophorosyl and /?-laminara- 
biosyl-p-azophenyl-protein conjugates. Carbohydrate-protein conjugates are gener- 
ally prepared by the diazo couphng of p-aminophenyl glycosides to tyrosyl, histidyl, 
and lysyl side chains of a protein carrier4. p-Nitrophenyl glycosides, precursors for the 
synthesis of p-aminophenyl glycosides, are generahy prepared by the method of 
Hererich’ or that of Koenigs and Knorr6. Since sophorose and laminarabiose are 
relatively rare oligosaccharides, the general methods for the preparation of the 
p-nitrophenyl glycosides of these oligosaccharides were found unsuitable. This 
communication describes a facile, simultaneous preparation of the p-nitrophenyl 
/Qlycosides of sophorose and kminarabiose. 

Melting points were determined on a Fisher-Johns melting-point apparatus 
and are uncorrected. All evaporations were conducted in vucuo at 35-40” with a 
rotary evaporator. Silica gel (type G) for t.1.c. was purchased from Brinkmann 

*This research was supported by Grant AM-10171 from the National Institutes of Health. 
iPresent address: Department of Pediatrics, Medical Center, Case-Western Reserve University, 
Cleveland, Ohio. 
this work was done while this au&or &as an Established Investigator of the American Heart 
Association. To whom enquiries concerning this paper should be sent. . 
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Instruments; components were detected by spraying with 50% (v/v) ethanol-sulfuric 
acid followed by charring in an oven at 120”. Paper chromatography was carried out 
on Whatman No. 1 paper with butanone-water azeotrope as the solvent system. 
Localization of p-nitrophenyl glycosides was accomplished by examination of paper 
chromatograms under ultraviolet light. 

p-Nitrophenyl 4,6-O-benzylidene-/?-D-glucopyranoside. - To a solution of 
p-nitrophenyl j?-D-glucopyranoside (10 g, 33.2 mmoles) in formic acid (50 ml) was 
added benzaldehyde’ (60 ml). The reaction mixture was stirred vigorously for 5.5 tin 
and was immediately neutralized with 30% aqueous potassium carbonate. Petroleum 
ether @.p. 30-60”, 2 1) was added and the product that separated at the interface 
was filtered, and washed throughly with petroleum ether and subsequently with 
water. The product (10.8 g, 88.5%), was recrystallized from 95% ethanol; m.p. 
l&I-lS5”, [c&5 -46.2”(c 1.0, acetone). Lit.’ m.p. 184-lSY,[a]~ -44.9”(c 2,acetone). 

p-NitrophenyZ4,6-O-benzyZidene-2-0~2,3,4,6-tetra-0_a- 
B-D_slucopyrano.side. - To a mixture of p-nitropheny! 4,6-O-benzylidene-&D-gluco- 
pyranoside (10 g, 25.2 mmoles), Drierite (15 g), and silver carbonate (15 g) in dichloro- 
methane (150 ml, dried over molecular sieve), which had been stirred for 0.5 h, was 
added tetra-0-acetyl-cz-D-glucopyranosyl bromide (13.4 g, 32.7 mmoles) and iodine 
(1.7 g). The reaction mixture, protected from light, was shaken on a Burrell Wrist- 
Action Shaker at room temperature. The progress of the reaction was followed by 
testing for ionizable bromide and by t.1.c. (solvent: benzene-methanol, 9:1, v/v). 
After 28 h no further ionizable bromide was detectable, and the reaction mixture 
was atered through a thin layer of Norite and concentrated to a syrup. Purscation 
of p-nitrophenyl 4,6-O-be~lidene-2-0-C2,3,4,6-tetra-O-acetyl-~-D-giucopyranosyl)- 
fl-D-@ucopyranoside (henceforth called sophorose adduct) by crystallization proved 
to be difficult inasmuch as the sophorose adduot had a strong tendency to co-crystal- 
lize with p-nitrophenyl 4,6- O-benzylidene-P-D-glucopyranoside. However a small 
amount of sophorose adduct (760 mg) was obtained as fine needles by dissolving 
the reaction mixture in hot ethanol and adding water until the first sign of turbidity. 
Crystallization ensued at room temperature, and the crystals that formed within 
5 min were filtered immediately. The process was repeated (2 or 3 times) until the 
product could be shown to be chromatographically homogeneous; yield 760 mg, 
m-p. 170-171”. 

Anal. CaIc. for C,,H,,NO,,-HzO: C, 53.7; H, 5.29; N, 1.9. Found: C, 53.6; 
H, 5.69; N, 1.51. 

p-Nitrophenyl ~-~-(~,~,$,6-tetra-~-acetyZ-~-D-gZ~co~yr~o~y~-~-D-gZ~copyrQno~- 
ide. - ‘Ile sophorose adduct (100 mg) was dissolved in 50% aqueous acetic acid 
(5 ml) and refluxed for 20 min. Acetic acid and benzaldehyde were removed by 
repeated evaporation under diminished pressure with frequent additions of water. 
The white crystalline solid that formed was recrystallized from 95% ethanol; yield 
40 mg (46%), m-p. 207-208”. 

Anal. Calc. for C26H39N017: C, 49.5; H, 5.24; N, 2.2. Found: C, 49.29; 
H, 5.33; N: 2.09. 
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p-Nizrophenyl #?-sophoroside and p-nitrophenyl jl-laminarabioside.-Tk reaction 
was effected as described earlier and the reaction mixture was filtered through 
Charcoal-Celite and concentrated to a syrup. No attempt was made to crystallize 
the sophorose adduct at this stage. The syrup was dried in vacua for 8-10 h at 40” 

in a vacuum oven (yield 21 g) and dissolved in anhydrous methanol (50 ml). Sodium 
methoxide in methanol (l%, 1 ml) was added, and the mixture was kept for 90 min 
at room temperature. The reaction mixture was neutralized (acetic acid) and concen- 
trated to a syrup. The deacetylated product was debenzylidenated by dissolving it 
in 50% aqueous acetic acid (100 ml) and refluxing the solution for 30 min. Acetic 
acid and benzaldehyde were removed by repeated evaporation in the presence of 
water, and the reaction product was concentrated to a syrup. The syrup was dissolved 
in water (100 ml) and extracted with chloroform; the chloroform layer was discarded. 
Cations were removed from the aqueous phase by treatment with Amberlite IK-120 
(HC) resin and the water was removed by evaporation to afford a thick syrup (10.2 g) 
(p-nitrophenyl jMaminarabioside andp-nitrophenyl &sophoroside may be co-crystal- 
lized at this stage from aqueous ethanol). Paper-chromatographic examination 
(butanone-water azeotrope) showed the presence of p-nitrophenyl P-D-glucopyranos- 
ide (Rf 0.47), p-nitrophenyl j?-laminarabioside (Rp 0.16), p-nitrophenyl fi-sophoroside 
(RF 0.1 l), and glucose (at the origin). The p-nitrophenyl glycosides were readily 
detected by examination of the chromatogram under ultraviolet light; D-glucose 
was visualized by an alkaline silver nitrate spray. 

Separation of p-nitrophenyl/3-sophoroside and p-nitrophenyl jHaminarabioside 
by chromatography on cellulose. - The deblocked reaction mixture (0.5 g) was 
applied to a cellulose powder (Whatman cellulose powder, standard grade) column 
(48 cm x 1 cm), and the column was developed with butanone-water azeotrope at a 
flow-rate of 20 ml per h. Fractions (5 ml) were collected and monitored for the 

presence of carbohydrate by paper cb.romatography_ The following components were 

identifled: p-nitrophenyl fl-D-glucopyranoside (fractions lO-29), p-nitrophenyl 
/3-laminarabioside (fractions 35-56), p-nitrophenyl fl-laminarabioside and p-nitro- 
phenyl j3-sophoroside (fractions 58-62),p-nitrophenyl fi-sophoroside (fractions 63-80). 

p-NitrophenyI j34zminarabioside. -Fractions (35-X$ which contained p-nitro- 
phenyl fi-laminarabioside (RF 0.16), were pooled and concentrated to afford a crystal- 
line mass. Recrystallization from 90% ethanol gave the pure product (105 mg), 
m-p. 235-236”, [a]h5 -87” (c 0.5, water). 

Anal. Calc. for C,sH,sNO,,: C, 46.7; H, 5.41; N, 3.02. Found: C, 46.7; 
H, 5.53; N, 3.13. 

The compound was characterized as p-nitrophenyl /?-laminarabioside on the 
basis of the following experiments: partial acid hydrolysis (0.33N H,S04 for 30 min 

at 100’) gave products migrating with mobilities corresponding to laminarabiose, 

p-nitrophenyl 8-sglucopyranoside, D-glucose, p-nitrophenol, and unhydrolyzed pro- 

duct. Treatment with almond emulsin gave glucose, p-nitrophenol, and a trace of 
p-nitrophenyl P-D-glucopyranoside. 

p-NitrophenyZ/3-sophoroside. - Tubes (63-80), containing the slower-moving 
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component (RF 0.1 1), were combined and concentrated to yield a crystalline product. 
The compound was recrystallized from 90% aqueous ethanol giving the pure sub- 
stance (87 mg), m.p. 261-262”, [c&~ -67.9” (c 1, water). 

And. Calc. for C,eHzsNO,,: C, 46.7; H, 5.41; N, 3.02. Found: C, 46.53; 
H, 5.65; N, 2.85. 

The product was identical by m.p., mixed m.p., and specific rotation with a 
sample of p-nitrophenyl &sophoroside prepared by condensing hepta-O-acetyl- 
sophorosyl bromide and p-nitrophenol. Partial acid hydrolysis (0.33N H2S04 for 
30 mm at 100’) gave products migrating with sophorose (neither the reference nor 
the sample reacted with triphenyltetrazolium chloride reagent ‘), D-glucose, p-nitro- 
phenol, pnitrophenyl B-D_glucopyranoside, and the unhydrolyzed product. Treatment 
with almond em&in gave D-ghCOSt2 and p-nitrophenol. 

p-Aminoghenyl fl-sophoroside. - p-Aminophenyl fi-sophoroside was prepared 
by catalytic hydrogenation of p-nitrophenyl j3-sophoroside. Platinum oxide (100 mg) 
was added to a solution of p-nitrophenyl fl-sophoroside (500 mg) in 50% aqueous 
methanol (150 ml). Th e reduction was conducted at atmospheric pressure for 1 h. 
The catalyst was Gltered and washed, and the titrate was concentrated to a syrup 
under diminished pressure. The syrup was dissolved in a minimum quantity of water, 
abs. ethanol was added, and crystallization was allowed to proceed in the cold; 
yield, 380 mg; m.p. 211-212”. 

Anal. Calc. for ClBH2,NOll: C, 47.9, H, 6.45; N, 3.1. Found: C, 47.66; 
H, 6.63; N, 2.87. 

Determination of the ratio of p-nitrophenyl b-sophoroside to p-nitrophenyl 
/3-iaminarabioside. - Unfractionated, deblocked reaction mixture (1 mg) was applied 
to Whatman No. 1 paper, and the chromatogram was developed with butanone- 
water azeotrope. The regions corresponding to p-nitrophenyl fisophoroside and 
p-nitrophenyl Q-laminarabioside were excised and equilibrated with 10 ml of water. 
Sugar concentrations were determined by the phenol-sulfuric acid procedure”, 
employing p-nitrophenyl p-sophoroside and p-nitropheny1 fl-laminambioside as 
standards. The ratio of p-nitrophenyl fl-laminarabioside to p-nitrophenylp-sophoros- 
ide was found to be 1:l. 

DISCUSSION 

Although sophorose occurs in Nature (pods of Sophora japonica”) and as 
residues in a (1 +2)-j3-D-g1ucan’2, it is more readily prepared by chemical syn- 
thesis’ “T’ ‘. Laminarabiose, also a rare saccharide, has been prepared by the partial 
acid hydrolysis of laminaran’6 and by the Koenigs-Knorr condensation of tetra- 
O-acetyl-a-D-glucopyranosyl bromide with 4,6-U-ben@dene-1,2-O-isopropylidene- 
D-glucose , ” l,2,4,6-tetra-U-acetyl-j?-D-glucose18, or 5,6-di-O-acetyl-1.2~O-isopropyl- 
idene-D-glucoselg, with subsequent removal of protecting groups. 

A comparative study of the protecting groups available for the synthesis of 
sophorose was recently reported by Koeppen”. This author claimed that the Hel- 
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ferich and Zirner procedure14, of condensing 1,3,4,6-tetra-O-acetyl-a-D-ghxo- 
pyranose with tetra-O-acetyl-a-D-glucopyranosyl bromide in the presence of a 
suitable catalyst, is the method of choice despite the lower yields, because of the 
advantage of producing a peracetylated glycosyl halide as an intermediate, useful 
for the synthesis of glycosides. As shown herein, the Freudenbergzl*” procedure 
is quite versatile inasmuch as use of the preformed glucoside obviates a further 
condensation step in the synthesis of the p-nitrophenyl glycoside of sophorose. 
Furthermore the method has the advantage of yielding at the same time the p-nitro- 
phenyl glycoside of iaminarabiose. 

In a previous report l 3 on the synthesis of sophorose from the condensation 
of tetra-O-acetyl-a-D-glucopyranosyl bromide with methyl 4,6-O-benzylidene-a-D- 
glucopyranoside, no mention was made concerning the possibility that laminarabiose 
was also formed. However, when the corresponding benzyl glucoside was employed 
as one of the reactants, laminarabiose as well as a trisaccharide [3,6-di-O-(8-D-gluco- 
pyranosyl)-D-glucopyranose] was formed . l5 In the present synthesis we have shown 
that equivalent amounts of p-nitrophenyl laminarabioside and sophoroside are 
formed, and it is quite probable that the aglycon moiety has a directive influence in 
affording the equimolar mixture of these two glycosides. 
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ABSTRACT 

A method is described for the structural analysis of disaccharides by gas-liquid 
chromatography (g.l.c.)-mass spectrometry. A disaccharide mixture is reduced to 
the corresponding alditols, and analyzed as the U-trimethylsilyl derivatives by g.1.c. 
Simultaneous recording of the mass spectra allows the determination of the position 
of the intermolecular bond, the molecular weight, and certain other structural 
details. The use of borodeuteride instead of borobydride in the reduction stage is 
essential for the interpretation of the mass spectra. The monosaccharide components 
are identified by g.1.c. after isolation of the 0-trimethylsilyl derivatives of the disac- 
charide alditols by small-scale, preparative g.1.c. The method is applied to the analysis 
of disaccharides containing both simple and amino sugars. 

l-NTRODUCTION 

Although analysis of small oligosaccharides as their 0-trimethylsilyl (TMS) 
derivatives’ by gas-liquid chromatography (g.1.c.) offers several advantages as 
compared to the use of other chromatographic techniques, this method has not been 
widely employed in the study of biochemical problems. Gas-chromatographic 
retention times of the anomers of reducing sugars and of their borohydride-reduction 
products have ordinarily formed the basis for qualitative identificationszV3. This type 
of identification usually requires some previous knowledge of the composition of 
the mixtur.: and availability of reference materials. Effective utilization of the sensi- 
tivity, goo;: resolution, and automation offered by g.1.c. has not been possible in 
oligosacch:$de analysis, because of the lack of reliable small-scale methods for the 
characteri?Q*ion of the compounds separated by g.1.c. 

Recent studies on mass spectrometry (m-s.) of the TMS derivatives of simple 
mono- and oligo-saccharides4# ’ as well as on combined gas-liquid chromatography- 
mass spectrometry (g.l.c.-m.s.) of the TMS derivatives of amino sugars and sugar 
alditols6 have shown that direct analysis of the gas-chromatographic effluents with 

*Presented in part at the Third Annual Meeting of Finnish Medical Societies, March 28-29, 1969, 
Hekinki. 
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m.s. can be successfully used for the identification of carbohydrates. However, 
because of the insensitivity of m.s. towards the stereochemical differences in mono- 
saccharides, conclusive determination of the structure of an unknown oligosaccharide 
is not yet possible without its preparative isolation_ 

Separation of the TMS derivatives of anomeric disaccharides by g.1.c. approxi- 
mately doubles the number of the peaks in the chromatograms and increases the 
probability of peak overlapping. If the mixture is reduced to the corresponding 
alditols with borohydride or borodeuteride prior to analysis, single peaks are obtained. 
As the anomeric composition of sugars is seldom of interest in biochemical problems, 
analysis of oligosaccharide alditols gives practically the same information as analysis 
of reducing oligosaccharides. The use of alditols in structural analysis diminishes 
the amount of work and, in addition, leads to considerable simplification of mass- 
spectral interpretations and monosaccharide analysis. 

The method described below involves the reduction of a disaccharide mixture 
with borodeuteride, and analysis of the derived alditols as TMS derivatives by g.l.c.- 
m.s., followed by small-scale, preparative g.1.c. and identification of the mono- 
saccharide components of the purified fractions with g.1.c. That the method can also 
be applied to the analysis of disaccharides containing amino sugars is of special 
importance, because of the widespread occurrence of amino sugars in the complex 
carbohydrates of animal and bacterial origin. 

EXPERIMENTAL 

D-Glucose, D-galactose, D-mannose, 2-acetamido-%deoxy-D-glucose, 2-acetam- 
ido-2-deoxy-D-galactose, 4-O-/?-D-galactopyranosyl-D-glucose (lactose), ~-O+D- 
glucopyranosyl-D-glucose (cellobiose), 4-0-a-D-glucopyranosyl-D-glucose (maltose), 
6-O-B-D-glucopyranosyl-D-glucose (gentiobiose), and 6-O-a-D-galactopyranosyl-~- 
glucose (melibiose) were obtained from commercial sources. 2-Acetamido-2-deoxy- 
4-U-(8-D-galactopyranosyl)-~-glucose (N-acetyllactosamine) and 4-0-(2-acetamido- 
2-deoxy-D-galactopyranosyl)-D-galactose (D-GalNAc-(1 +4)-D-Gal) were gifts from 
Dr. Adeline Gauhe, Heidelberg, Germany, and Dr. D. Shapiro, Rehovoth, Israel, 
respectively. All of these sugars were equilibrated in water for a minimum of two 
days, and their purity (as TMS derivatives) was checked by g.1.c. 3-O-/&D-Gluco- 
pyranosyl-D-glucose (laminaribiose) was prepared from laminarin by hydrolysis 
with 0.1~ H,SOt for 3 h at 100”. Analysis by g.l.c.-m.s. showed that, in addition to 
laminaribiose5, a small amount of an unknown disaccharide alditol was also liberated 
by the hydrolysis. As the presence of the latter compound (10% of the amount of 
laminaribiose) did not interfere with g.l.c., the hydrolyzate was not further puriiied. 

Disaccharide alditols were prepared by treatment of the reducing sugars 
(0.1 mg) with 4 mg of ICBH, in an aqueous borate buffer (1 ml, pH 8.2) for 18 h 
at 4”, followed by acidification with acetic acid, removal of cations with Dowex-50 
(?I+), and evaporation with dry methanol. Deuterated analogues’ were prepared 
similarly with NaBD, in buffered deuterium oxide. However, if H,O was substituted 
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for DzO, the yield of the deuterated derivative was not lowered to a noticeable degree, 
indicating that the use of D20 is probably unnecessary. 

TMS derivatives were made by treatment of the carbohydrates with a mixture 
of chlorotrimethylsilane, hexamethyldisilazane, and pyridine (1:2:10) for 3 h at 70”, 
followed by evaporation in a nitrogen stream and extraction into hexane. All silylation 
reagents were redistilled before use. 

Perkin-Elmer Model 900 and F & M Model 400, gas chromatographs, equipped 
with flame-ionization detectors, were used in the experiments. G.l.c.-m-s. was per- 
formed with an LKB Model 9000 Gas Chromatograph-Mass Spectrometer with 
helium as carrier gas. The energy of the bombarding electrons was 70 eV; the ionizing 
current was 60 pamps. The total mass-range covered was from m/e 40-1000. Glass 
columns (2 or 3.5 m x 3.5 mm), filled with packings of 2.2% SE-30 on Gas Chrom S 
(IO@-120mesh), 3% QF-1 on Gas Chrom Q (SO-100 mesh), 3% XE-60 on Gas 
Chrom Q (SO-100 mesh) (supports and phases from Applied Science Laboratories 
Inc., State College, Pennsylvania), and 1% OV-22 OE Supelcoport (SO-100 mesh, 
Supelco Inc., Bellefonte, Pennsylvania), were employed in g-l.c. and g.l.c.-m.s. 

In preparations with g.l.c., the fractions were collected by means of a Pasteur 
pipette attached to the jet of the flame-ionization detector on the basis of relative 
retention times established by a previous test run. After the purity of the fractions 
had been checked with g.l.c., they were methanolyzed in N dry methanolic HCl for 
16 h at 70”, and the methanolysis products were acetylated with pyridine-acetic 
anhydride (1:l) for 1 h at 70”. Retention times of alditols and methyl glycosides 
prepared from the corresponding reference monosaccharides served as a basis for 
t.1.c. identifications. No correction factors for the peak areas were used in the quanti- 
gative calculations. 

RESuL-rs 

Analysis of disaccharide alditols with g.l.c. - Table I shows the relative retention 
times of a number of disaccharide alditols analyzed as their TMS derivatives with 
g.l.c., using four different stationary phases. Although complete separation of all of 
the derivatives could not be achieved with any single column, analysis with two 
columns, e.g., OV-22 and XE-60, permitted the quantitative estimation of every 
disaccharide alditol shown in Table I from their mixture. The effect of deuterium 
substitution on the retention times of the disaccharide alditols was negligible. 

AnaIysis of disaccharide alditois with g.Lc.-m-s. - Partial mass spectra of the 
TMS derivatives of the disaccharide alditols are presented in Table II. Ions below 
m/e 450 and above m/e 700 (see below) are largely omitted from the list. 

Peaks of highest intensity (m/e 73, 103, 147, 204, 217, and 361) were found in 
the low mass-range of the spectra. Because the relative intensity of the ion at m/e 217 
showed the least variation, as compared to that of ions of greater m/e, all intensities 
are expressed as a percent of this ion. 
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The molecular ions (at m/e 992 for simple, and 961 for amino sugar-containing 
disaccharide alditols) were seen only exceptionally. Fragments at M-15, M-90, 
M-(15+90), M-103, M-(103 +90), and M-147 were present in most of the spectra. 
Although the intensity of these ions was low (less than 8% of the intensity of zzz/e 217, 
usually less than O-5%), they permit the assignment of the molecular weight. As was 
to be expected6, the intensity of these ions was greater in the spectra of the nitrogen- 
containing disaccharide alditols. 

The molecular weights of the hexose and alditol units can be established by 
examining peaks analogous to those at m/e 451 and 361 in the spectra of the TMS 
derivatives of disaccharides 4g5. Disaccharide alditols composed of a simple hexose 
and alditol show, in addition to the ions at m/e 451 and 361, prominent peaks at 
m/e 525 (451 i-74) and at 435 (361+74), corresponding to the calculated difference 
between the molecular weights of the two units. In the spectrum of N-acetyl-lactos- 
aminitol, the two latter peaks are replaced by ions at m/e 494 (525 -31) and at 
404 (435-31), owing to the presence of the Wacetylamino group in the alditol 
moiety. In the spectrum of n-GalNAc-(1+4)-~-&&o& the presence of the N-acetyl- 
amino group in the hexose unit analogously leads to the appearance of intense peaks 
at m/e 420 (451-31) and 330 (361- 31). In the spectra of the two nitrogen-containing 
disaccharide alditols, the ions arising from the simple hexose or simple alditol units 
were of weak or only moderate intensity. Reduction with borodeuteride increased the 
m/e of the ions at 525, 435, 494, and 404 by one unit, which further confirms that 
they must arise from the alditol moiety. 

For the assignment of the position of the intermolecular bond, the ion at 
m/e 307 (276 in the spectrum of N-acetyllactosaminitol) is of great importance, 
since it seems to arise exclusively through cleavage of the bond between C-3 and C-4 
in the alditol moiety (Fig. 1). The change m/e 307-308 (m/e 276+277) observed 
after borodeuteride reduction of (l-4)- and (1 -&)-linked disaccharides clearly 
distinguishes these from (1 43)-linked disaccharides. The presence of the ion at 
m/e 276, and the absence of the ion at m/e 307, in the spectrum of Wacetyliactos- 
aminitol is, even without deuterium labeling, sufficient to exclude the possibility of 
a (l-+3)-bond in the molecule. 

451: (525 (526) 

______--_________ 

205(206) 

__ ______ iGgr,czj 

CH20TMS(CHDOTM S) 

Fig. 1. O-Trimethylsilyl derivative of cellobiitol. 

Although the intense ions at nz/e 685 and 595 could arise through primary 
cleavage of the C-3-C-4 bond of the alditol unit, this path of fragmentation seems 
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to play a subordinate role in the generation of these ions. Firstly, these ions were 
absent from the spectrum of N-acetyllactosaminitol, which, on the other hand, 
displayed peaks at m/e 654 and 564 (655 and 565 in the deuterated species). Secondly, 
the peaks at m/e 685 and 595 (686 and 596) were present in the spectrum of D-GalNAc- 
(l-+4)-D-Gal-01, which correspondingly lacked the ions at m/e 654 and 564. Finally, 
reduction of simple (I *4)- and (l-+3)-linked disaccharides with borodeuteride 
resulted, in both cases, in almost complete conversion of the ion at m/e 685+686 
and of the ion at m/e 595+596. As the ions at m/e 685 and 595 are present in the 
mass spectrum, in spite of the N-acetylamino group attached to C-2 of the hexose 
moiety, it is evident that this substituent and probably also C-2 are eliminated during 
the generation of these ions. The fragmentation mechanism is probably the same 
as the one that leads to the ions at m/e 611 (M-307) and 521 (M-307-90) in the 
spectra of TMS derivatives of simple disaccharides. The ions at m/e 685 and 595 
in the spectra of (l-+-linked disaccharide alditols were not affected by deuterium 
labeling, which clearly differentiates (l-+6)- from (l-+4)- and (l-3)-linked structures. 
In this particular case, primary cleavage of the C-3-C-4 bond in the alditol unit 
probably presents the greatest contribution to the formation of these fragments. 

A fragment of 205 mass units can be formed by primary cleavage of two 
different C-C bonds of (1+3)- and (I-+4)-linked disaccharide alditols. Approxi- 
mately half of the intensity of this ion (somewhat less in the case of laminaribiitol) 
was converted into the ion at m/e 206 by deuterium labeling, which further indicates 
that a C-C bond adjacent to the glycosidic bond is not easily cleaved_ The proportion 
of the deuterated species was higher in the spectra of (l-+linked disaccharide 
alditols. Although the presence of the isotope peaks of the prominent ion at m/e 204 
somewhat complicates the estimation of the intensities, the ions at m/e 205 and 206 
can be used in the differentiation of (l-+6)- from (l-+4)- and (1+3)-linked structures. 
The ion at m/e 174 in the spectrum of N-acetyllactosaminitol was changed to m/e 175 
in the deuterated species and is evidently formed by cleavage of the C-2-C-3 bond 
of the alditol moiety. 

Examination of ions at m/e 787 (M-205), 697 (M-205-90), and 607 (M-205- 
2 x 90) as well as at m/e 666 and 576 (M-205-90 and M-205-2 x 90 from D-GalNAc- 
(1+4)-D-Gal-01) showed that conversion of these ions into the next higher m/e in 
the deuterated derivatives was not detectable in the spectra of (l-&)-linked, and 
less than 50% in the spectra of (1+4)-linked, disaccharide alditols, but almost 
complete in the spectrum of laminaribiitol. This result gives additional support to 
the hypothesis tbat cleavage of a C-C bond next to the glycosidic linkage does not 
occur readily. These ions are useful in the differentiation of (I-&)-, (l-+4)-, and 
(1+3)-linked disaccharide alditols. 

The ions at m/e 643 in the spectra of simple disaccharide alditols and at m/e 612 
in the spectrum of N-acetyllactosaminitol were completely converted into m/e 644 

and 613, respectively, after reduction with borodeuteride. These ions must contain 
the alditol unit and are probably analogous to the ion at m/e 569 in the spectra of 
simple disaccharides’. The intensity of the prominent ion at m/e 539 (508 in the 

Curbohyd. Res., 11 (1969) 247-256 
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spectrum of D-GalNAc-(1+4)+Gal-ol) was unchanged by deuterium labeling. As 
the ion at m/e 539 was also found to be constantly present in the spectra of simple 
disaccharides, it Seems reasonable to assume that it contains the monosaccharide 
unit of the molecule. Peaks at m/e 668, 656, 655, 566, and 565 were found in the 
spectra of simple (l-3)- and (1+4)-linked disaccharide alditols. Their intensities 
{O-2.6% of the intensities of m/e 217), as well as the extent of deuterium substitution, 
showed differences, which can possibly be of value in the determination of the position 
or con@uration of the glycosidic bond. The origin of these ions is unknown. 

Because the majority of the ions below m/e 450 are produced by independent 
fragmentation of the two units, their examination gives relatively little information d 

about the overall structure of the disaccharide alditol. Some of these ions (e.g., 
m/e 173), however, may be useful in obtaining additional information about the. 
structure of the monosaccharide units. 

Differences in the stereochemistry of the monosaccharide units had very little 
influence on the mass spectra of the disaccharide alditols. On the other hand, as 
was to be expected on the basis of studies with disaccharides4*5, the configuration of 
the glycosidic bond was found to have a more distinct effect on the intensity of a 
number of ions. However, it was not possible to establish general rules for the assign- 
ment of the confignration of the glycosidic bond, owing to the limited number of 
sugars analyzed and to lack of knowledge of the detailed fragmentation mechanisms. 

Analysis of the monosaccharide components of disaccharide alditols. - Table III 
shows that the acetates are suitable derivatives for the g.1.c. identification of the 
methanolysis products of disaccharide alditols. The procedure was tested by reducing 
a mixture of melibiose, N-acetyllactosamine, and D-GalNAc-(1+4)-~-Gal (0.05 mg 
of each) with borohydride and subjecting the disaccharide alditols as TMS derivatives 
to preparative g.1.c. (stationary phase: QF-1). The purity of the fractions was checked 
by g.1.c. immediately after isolation of the peaks, using two different stationary 
phases. The methanolysis products obtained from the purified TMS derivatives were 
identified by g.1.c. as methyl D-galactoside and D-glucitol (l:l), methyl D-galactoside 
and 2-amino-2-deoxy-D-glucitol (0.9:1), and methyl 2-amino-2-deoxy-D-galactoside 
and U-gaIacito1 (O-8:1), respectively. 

DLSCUSSlON 

The suitability of mass-spectrometric techniques for the analysis of the TMS* 
derivatives of reducing oligosaccharides4V ’ provides a definite improvement in the 
methods for the study of polymeric carbohydrates. The molecular weight of a disac- 
charide, and the position and possibly the configuration of the intermolecular bond, 
as well as the sequence of monosaccharides of different molecular weight can be 
deduced from careful examination of the spectra of reducing disaccharides. However, 
preliminary studies by g.l.c.-m-s. of several simple and nitrogen-containing disac- 
charides indicated that the rules proposed previously4.5, e.g., for the assignment of 
the intermolecular bond, may not always be easily applicable. Furthermore, difhculties 

Carbohyd. Res., 11 (1969) 247-256 
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will be encountered in the interpretation of these spectra if more than one disaccharide 
is present in the same chromatograpbic peak. 

Determination of the sequence of monosaccharide units of equal molecular 
weight requires, after preparative isolation of the TMS derivative of a reducing 
disaccharide by g.l.c., hydrolysis of the silyl groups without breakage of the glycosidic 
bond. An experiment with the TMS derivative of lactose showed that it is possible to 
accomplish such hydrolysis. The liberated disaccharide was reduced with borohydride 
and hydrolyzed, and the products were identified as galactose and glucitol. However, 
the process is complicated; also, the hydrolysis of trimethylsilyl groups may present 
difficulties, owing to the acid lability of some amino sugar-containing disaccharides 
and the low solubility of TMS derivatives in polar solvents. 

Analysis of disaccharides as their reduction products instead of reducing 
disaccharides was found to offer several advantages. The mass spectra of the disac- 
charide alditols arc simpler to interpret, because of the possibility of deuterium 
labeling, which is of special importance in the analysis of unknown biological mixtures, 
where overlapping of peaks in g.1.c. cannot always be predicted and avoided. The 
presence of disaccharide alditols as single peaks also diminishes the possibility of 
overlapping. Furthermore, the component monosaccharides and their sequence can 
be determined by g.l.c., after complete hydrolysis or methanolysis of the TMS 
derivatives following their purification by g.1.c. 

In the present work, methanolysis was employed instead of hydrolysis, because 
of the low solubility of the TMS derivatives in water, although the latter alternative 
is probably also feasible. The monosaccharide components were analyzed as acetates 
because of the poor g.1.c. resolution of the TX?3 derivatives of si.mple alditols. The 
g.1.c. analyses of monosaccharides can be supplemented, if considered necessary, 
with simultaneous recording of the mass spectra. Although disaccharides coutaining 
(1+2)- or (1+5)-linkages, or disaccharides composed of pentoses or deoxy sugars 
were not studied, it is probable that such sugars are equally suitable for structural 
analysis by the present method. 
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REACTION OF METHYL 4,6-U-BENZYLIDENE-3-C-METHYL-2-U-p-TOLYL- 
SULFONYL-a-D-ALLOPYRANOSIDE WITH SODIUM METHOXIDE IN 
METHYL SULFOXIDE: SYNTHESIS OF 6-DEOXY-3-C-METHYL-3-U- 
METHYL-D-ALLOSE (2-HYDROXY-D-CLADINOSE) 

G. B. HOWARTH, W. A. SZAREK, AND J. K. N. JONES 

Depmfmenf of Chemisfry, Queen’s Universify, Kingsfon, Ontario (Cam&) 

(Received March 27th, 1969) 

ABSTRACT 

Treatment of methyl 4,6-U-benzylidene-3-C-methyl-2-Urp-tolylsulfonyl-a-r-D- 
allopyranoside (1) with an excess of sodium methoxide in dry methyl sulfoxide gave 
a complex mixture from which four crystalline compounds have been isolated: 
methyl 4,6-U-benzylidene-3-C-methyl-a-D-allopyranoside (2) and its 3-U-methyl (3), 
2,3-di-U-methyl (4), and 2-U-methyl (5) derivatives. Compound 3 was converted 
into 6-deoxy-3-C-methyl-3-U-methyl-D-allose (2-hydroxy-Dcladinose, 8) by a route 
which involved opening of the benzylidene ring by N-bromosuccinimide. 

INTRODUCTION 

In the course of our studies on the synthesis of branched-chain sugars, it was 
necessary to prepare methyl 3-C-methyl-2-U-methyl-g-o-allopyranosidel. A report 
by Ball et uL2 that equatorial methanesulfonates of carbohydrates can be converted 
into ethers with retention of configuration, by reaction with a&oxides in methyl 
sulfoxide, led us to apply this reaction to methyl 4,6-U-benzylidene-3-C-methyl- 
2-U-p-tolylsulfonyl-a-D-allopyranoside’ (1); the anticipated 2-U-methyl derivative 
Q, after de-U-benzylidenation, would give the required compound. The present 
report describes our results from the reaction with sodium methoxide, and the 
conversion of one of the products (3) into 6-deoxy-3-C-methyl-3-O-methyl-D-allose 

(2-hydroxy-D-cladinose, 8). 

1 d=Tsr ti=H 
2 R’=R*,H 

3 R’=H, R%Me 
4 R’=R*=Me 

5R’=Me.@ H 

Carbohyd. Res., 11 (1969) 257-262 
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RJZSIJLeTS AND DISCUSSION 

Treatment of 1 with an excess of sodium methoxide in anhydrous methyl 
sulfoxide gave a complex mixture from which four compounds were isolated in 
crystalline form by chromatography on silica gel. These compounds are methyl 
4,6- 0-benzylidene-3-C-methyl-a-D-allopyranoside (2) and its 3-O-methyl (3), 2,3-cli- 
O-methyl (4), and 2-O-methyl (5) derivatives. Compound 2 was identified by com- 
parison of its physical constants and infrared and n.m.r. spectra with those of an 
authentic sample prepared previously ’ ; the structure was confirmed by resulfonation 
of 2 to give the starting material 1. Treatment of 2 with methyl sulfate and sodium 
hydroxide in tetrahydrofuran gave a d&O-methyl derivative that was identical with 
compound 4; the structure of the latter compound is, therefore, that of methyl 
4,6-O-benzylidene-3-C-methyl-2,3-di-O-methyl-a-~-a~opyranoside. Methylation of 
compounds 3 and 5, which were shown to be monomethyl ethers by n.m.r. spectro- 
scopy and elemental analysis, gave in each case compound 4, a result that establishes 
that 3 and 5 are positional isomers. Compound 3 was assigned the structure of 
methyl 4,6- 0-benzylidene-3-C-methyl-3- 0-methyl-a-D-allopyranoside, since the same 
compound was obtained by methylation of 1 and removal of the sulfonic ester by 
base. It follows that compound 5 must be methyl 4,6-0-benzylidene-3-C-methyl-2- 
0-methyl-a-D-allopyranoside, an assignment which was corroborated by the con- 
version of au authentic sample 1 of methyl 3-C-methyl-2- O-methyl-a-D-allopyranos- 
ide* into 5 by treatment with benzaldehyde and zinc chloride. The n.m.r. spectra 
of compounds 2, 3, 4, and 5 were consistent with the assigned structures; in each 

case Lz was equal to 4 Hz, which indicated that the equatorial-axial orientation 
of H-l and II-2 had been maintained. 

The formation of the four compounds above can be accommodated by the 
mechanism proposed by Ball ef ~1.’ for the reaction of methanesulfonates with 
alkoxides in methyl sulfoxide. According to this mechanism, the initial step in the 
reaction with 1 would be a nucleophilic attack by methoxide on the sulfur atom of 
the p-tolylsulfonyloxy group to produce methyl p-toluenesulfonate and liberate a 
carbohydrate oxide anion, which would exist as a dianion in the basic medium. The 
second stage of the reaction involves a competition between methoxide and the 
carbohydrate anion for the methyl p-toluenesulfonate. The formation of more of 
the 3-methyl ether (3) than the 2-methyl ether (5) (see Experimental section) is 
consistent with the greater nucleophilicity of the tertiary oxide anion. 

Recently, a synthesis of the branched-chain sugar L-cladinose (2,6-dideoxy- 
3-C-methyl-3-0-methyl-L-ribs-hexose) was reported3. In the present work, compound 
3 was converted very readily into 2-hydroxy-D-dadinose (6-deoxy-3-C-methyl-3-0- 
methyl-D-allose, 8). Treatment of 3 with N-bromosuccinimide4?5 in boiling carbon 

*Although, as indicated in the Introduction, the reaction with sodium methoxide in methyl sulfoxide 
was applied to 1 with a view to the preparation ultimately of this compound, its synthesis was 
achieved also by another routd. 
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tetracbloride, in the presence of barium carbonate, gave a high yield of methyl40- 
benzoyl-l-6-bromo-6-deoxy-3-C-methyl-3-O-methyl-a-~-~opyranoside (6). Removal 
of the benzoyl group at C-4 by catalytic hydrolysis, followed by debromination with 
lithium ahnninum hydride, afforded methyl 6-deoxy-3-C-methyl-3-O-methyl-a-~- 

ahopyranoside (7). Acid-catalyzed hydrolysis of the glycoside 7 gave syrupy Zhydroxy- 
D-ckdinose (S), which formed a crystalline tri-acetate (9). Paper-chromatographic 
data for compound 8 are given in Table I. 

EXPERIMENTAL 

General methods. - Melting points were determined on a Fisher-Johns 
apparatus and are uncorrected. Optical rotations were measured with a Bendix 
ETL-NPL automatic polarimeter, Type 143A, at 20 +2”. 1-r. spectra were measured 
on a Beckman-IRSA spectrophotometer. N.m.r. spectra were determined at 60 MHz 
in chloroform-d with tetramethylsilaue as inter& standard. Silica Gel G was used 
for cohnnn chromatography. The term “petroleum ether” refers to the fraction of 
b-p. 60-80”. 

Reaction of methyl 4,6-0-benzylidene-3-C-methyl-2-O-p-rolyl~~onyZ-~-D-alZo- 
pyranoside (1) with sodium methoxide in methyl sufixide. - To a solution of com- 
pound 1 (ref. 1) (3 g) in dry (molecular sieves) methyl sulfoxide (300 ml) was added 
sodium methoxide (3.1 g), and the mixture was stirred for 1 h at 70”. The dark-brown 
reaction mixture was poured into water (500 ml), and the aqueous solution was 
extracted with chloroform (3 x 300 ml). Concentration of the extracts, after they 
had been washed with water and dried (magnesium sulfate), gave a syrup (1.6g) 
which yielded from chloroform-petroleum ether a crystalline product (0.66 g), m-p. 
196-198”. Two recrystallizations from this solvent mixture gave analytically pure 
methyl 4,6-U-benzyhdene-3-C-methyl-a-D-allopyranoside (2), having the same 
physical constants and i.r. and n.m.r. spectra as ihose previousljr reported’ for this 
compound. A portion of 2 (20 mg) was treated withp-toluenesulfonyl chloride (30 mg) 
in pyridine (0.2 ml). After 24 h at room temperature, the product was isolated in the 
usual mariner and recrystallized from ether-petroleum ether; the crystals had m-p. 
138-139”, not depressed on admixture with authentic methyl 4,6-0-benzylidene-3-C- 
methyl-Z O-p-tolylstdfonyl-a-D-ahopyranoside (1). The i.r. and n.m.r. spectra of the 
product and of 1 were identical. 

Concentration of the chloroform-petroleum ether mother liquors above 
yielded a syrup, which was chromatographed on silica gel, with 2:3 ethyl acctate- 
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petroleum ether as eluent. The tist component was a solid, which was recrystallized 
from n-pentane-petroleum ether to give methyl 4,6-O-benzylidene-3-C-methyl-3-G 
methyl-c+D-allopyranoside (3) as needles; yield 250 mg (12%), m.p. 96-97”, [a&, + 86” 
(c 0.3, chloroform); Amnx KBr 2.85 pm (OH); n.m.r. data r 2.5-2.9 (5-proton multiplet, Ph), 
T 4.7 (l-proton singlet, benzylidene-methine H), z 5.4 (l-proton doublet, Jl,t 4 Hz, 
H-l), 7 6.56, 6.61 (3-proton singlets, C-l OMe and C-3 OMe), T 8.6 (3-proton singlet, 
C-3 Me). 

Anal. Calc. for C16Hz206: C, 62.0; H, 7.1. Found: C, 61.8; H, 7.2. 
The structure of compound 3 was confirmed by its preparation from 1 as 

follows. A mixture of 1 (100 mg), sodium hydroxide (600 mg), and methyl sulfate 
(1 ml) in tetrahydrofuran (2 ml) was stirred at room temperature overnight. The 
methylated product was obtained as a syrup; i. giy 6.25, 7.4, 8.4 ,XII (sulfonate), 
no absorption attributable to OH. A solution of this material in dry methanol (5 ml) 
containing sodium (200 mg) was heated for 1 h at reflux temperature. The product 
was isolated in the usual manner, and after recrystallization from n-pentane- 
petroleum ether was identical with compound 3 (m.p., and i.r. and n.m.r. spectra). 

The second component eluted from the silica gel column was methyl 4,6-0- 
benzvlidene-3-C-methyl-2,3-di-O-methyl-~--D-allopyranoside (4), and was obtained as 
needles after recrystallization from n-pentane; yield 52 mg (2%), m-p. g&95”, 
[a],, +90" (c 0.4, chloroform); no absorption in itsi.r. spectrum (KBr) attributable 
to OH or sulfonate; n.m.r. data: r 2.5-2.9 (5-proton multiplet, Ph), r 4.55 (l-proton 
singlet, benzylidene-metbine H), T 5.2 (l-proton doublet, J1,* 4 Hz, H-l), r 6.5-6.6 
(9 protons, C-l OMe, C-2 OMe, and C-3 OMe), ‘F 8.5 (3-proton singlet, C-3 Me). 

Anal. Calc. for C,,H,,O,: C, 63.0; H, 7.4. Found: C, 62.7; H, 7.4. 
Compound 4 was obtained also by methylation of methyl 4,6-O-benzylidene- 

3-C-methyl-a-D-allopyranoside (2) with methyl sulfate and sodium hydroxide in 
tetrahydrofuran. 

The third component eluted from the column was methyl 4,6-O-benzylidene- 
3-C-methyl-2-O-methyl-a-D-allopyranoside (5). Two recrystallizations from ether- 
petroleum ether gave prisms; yield 105 mg (5%), m.p. 142-143”, [ah, +89” (c 0.2, 
chloroform); ,I:!: 2.85 pm (OH); nm.r. data: r 2.5-3-O (5-proton multiplet, Ph), 
o 4.6 (l-proton singlet, benzylidene-methine H), z 5.2 (l-proton doublet, J1,2 4 Hz, 
H-l), T 6.55, 6.6 (3-proton singlets, C-l OMe and C-2 OMe), T 8.6 (3-proton singlet, 
C-3 Me). 

Anal. CaIc. for C16Hz206: C, 62.0; H, 7.1. Found: C, 61.7; H, 7.2. 
Methylation of compounds 3 and 5 with methyl sulfate and sodium hydroxide 

in tetrahydrofman gave in each case methyl 4,6-0-benqdidene-3-C-methyl-2,3-di-O- 
methyl-a-D-allopyranoside (4). 

Methyl #-O-benzoyI-6-bron~o6-deoxy-3-C-methyl-3-O-methy~~-~-a~~opyranoside 

(6-J - Methyl 4,6-O-be~~dene-3-C-methyl-3-O-methyl-a-D-allopyranoside (3) 
(126 mg) and N-bromosuccinimide (80 mg) in dry carbon tetrachloride (5 ml) 
containing barium carbonate (350 mg) were heated for 30 mm at refhrx temperature. 
The reaction mixture was filtered, and the titrate was concentrated to a syrup, which 
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crystallized from ether-petroleum ether. Recrystallization from this solvent mixture 
gave 6 as needles; yield 125 mg (79%), m.p. 124125”, [& +84” (c 0.7, chloroform); 
;2=: 2.85 (OH), 5.8 (OBz), 6.25 pm (Ph); n.m.r. data : o 1.8-2.0, 2.3-2.6 (muhiplets, 
5 protons, Ph), r 5.1 (l-proton doublet, Jl,z 4 Hz, H-l), z 6.5, 6.7 (3-proton singlets, 
C-l OMe and C-3 OMe), r 8.8 (3-proton singlet, C-3 Me). 

Anal. Calc. for C,,H,,Br06: C, 49.4; H, 5.4; Br, 20.6. Found: C, 49.3; H, 5.1; 
Br, 19.9. 

MetJjyl 6-deoxy-3-C-methyI-3-O-metl?yl-cc-D-allopyranoside (7). - A solution 
of compound 6 (50 mg) in dry methanol (2 ml) in which sodium (20 mg) had been 
dissolved was kept overnight at room temperature. The debenzoylated product was 
isolated in the usual manner as a syrup which was heated then for 5 h at reflux 
temperature with lithium al~nium hydride (50 mg) in tetrahydrofurau (2 ml). 
The reduced product was purified by chromatography on silica gel, with ether as 
eluent. Compound 7 was obtained as a syrup; yield 18 mg (68%), [c&, + 101” (c 0.7, 
chloroform); n.m.r. date: z 5.15 (l-proton doublet, J1,2 4 Hz, H-l), r 4.5, 6.55 
(3-proton singlets, C-l OMe and C-3 OMe), r 8.7 (3-proton singlet, C-3 Me), r 8.72 
(3-proton doublet, J 6 Hz, C-5 Me). 

Anal. Calc. for CgH1s05: C, 52.5; H, 8.8. Found: C, 52.3; H, 8.6. 
6-Deoxy-3-C-methyl-3-0-methyl-D-allose (2-hydroxy-D-cladinose) (8). - A 

solution of the glycoside 7 (18 mg) in 2~ hydrochloric acid (1 ml) was heated for 
4 h at 90”. The solution was neutralized with Duolite A-4 resin (OH-) and concen- 
trated to give the free sugar 8 as a clear viscous syrup; yield 14 mg (83%), [ar], +5’ 
(c 0.5, water). The syrup was shown to be chromatographically homogeneous in 
Eve solvent systems (see Table I). 

TABLE I 

CHROhfATOGRAPHIC DATA FOR %HYDROXY-D-CLADINOSE= (8) 

Soloent system 
W) 

3:1:3 Butyl alcohol-ethanol-water 1.74 
3:1:3 Ethyl acetate-acetic acid-water 2.24 
6:4:3 Butyl alcohol-pyridine-water 1.54 
4~15 Butyl alcohol-ethanol-water 2.01 

l&4:3 Ethyl acetate-pyridine-water 1.16 

aPaper chromatography was carried out by the descending method on Whatman No. 1 filter paper. 
The chromatograms were sprayed with a 1:l mixture of vanillin (1% in ethanol) and perchloric 
acid (3% in water), and heated6; a pink spot appeared which changed to grayish blue within 24 h. 

I,2,4-Tri-O-acetyZ-6-deoxy-3-C-methyI-3-O-~nethyl-~-a~Iopyranose (9). - A solu- 
tion of 8 (10 mg) iu 2:3 acetic auhydride-pyridine (0.5 ml) was heated for 30 min at 90”. 
The product was isolated in the usual manner, and recrystallized from ether- 

petroleum ether to give prisms; yield 12 mg, m-p. 138-139”; Z.5:: 5.65, 5.7 pm (OAc). 
Anal. Calc. for C,,H,,O,: C, 52.9; H, 6.9. Found: C, 52.8; H. 6.9. 
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Note 

Benzylidenation in basic medium: the reaction of methyl 
2,3-di~0-methyl-6-O-toluene-p-sulphonyl-~-D-glucopyranoside 
and 3-chloro-1 -propanol with benzaldehyde 

N. BAGGEIT, Mb. MOSIHUZZAMAN, AND J. M. WEBBER 

Chemistry Department, The University, P. 0. Box 363, Birmingham I5 (Great Britain) 

(Received March IOth, 1969) 

Cyclic acetals are generally prepared by the acidcatalysed condensation of 
carbonyl compounds with hydroxylic substrates, and the nature of the product is 
thermodynamically controlledl. Under these conditions, both diastereoisomers of 

a 2-phenyl-1,3-dioxane derivative are not usually obtained2, and the formation of 
cyclic acetals spanning vicinal, rrans-hydroxyl groups is rare3. However, it has been 
shown that benzylidenation under basic conditions is kinetically controlled and 
gives products that are unusual because of their thermodynamic instability. Thus, 
diastereoisomeric 4,6-0-benzylidene derivatives have been prepared by the reaction 
of benzylidene halides with certain methyl 2,3-di-O-methylhexopyranosides in the 
presence of base”. Methylene derivatives of vi&al trans-dials have been obtained 
in analogous reactions with methylene halideS. The yields of acetals in these 
reactions were not high (CCL 30%), and it was therefore of interest to seek an alter- 
native method of preparation subject to kinetic control. 

The proposed route, involving the intramolecular displacement of a suitable 
leaving group (e.g., chloride or sulphonate) by a hemiacetal anion, is shown in Fig. 1. 

CH20H 

I 
CH2 + PhCHO + a:- == - PhCH 

I 
CH2 X 

Fig. 1. 

It has been suggested6 that this route is followed in the formation of cyclic 
acetals by treatment of a-fluoroketones with halohydrins in the presence of potassium 
carbonate, but it was not clear whether the method could be extended to reactions 
of benzaldehyde, which forms hemiacetals to only a small extent’. However, the 
feasibility of the proposed scheme was demonstrated when 2-phenyl-1,3-dioxane 
was obtained, albeit in low yield, by treatment of 3-&loro-1-propanol with a 3-molar 
excess of benzaldehyde and potassium terr-butoxide in terf-butyl alcohol at 37”; a 
major by-product was benzyl alcohol. Similar treatment of methyl 2,3-di-O-methyl- 
6- O-toluene-p-sulphonyl-a-D-glucopyranoside (1) gave approximately equal amounts 
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(ca. 35% combined yield) of the diastereoisomeric forms of methyl 4,6- O-benzylidene- 
2,3-di-O-methyl-a-II-glucopyranoside. The acetals were fractionated by chromatogra- 
phy on silica gel and were identical with the known diastereoisomers4. The yield of 
acetals was not significantly affected by use of a larger excess of reagents (12 molar 
proportions), and this indicated that suBicient benzaldehyde had been employed to 
overcome the losses by conversion into benzyl alcohol. The use of a longer reaction 
time or a higher reaction temperature also had no sign&ant effect on the yield 
of acetals. 

Under the strongly basic conditions used in these reactions, the halide or 
sulphonate may also (a) undergo elimination to give an olefin or (b) form an anhydro 
compound by intramolecular displacement, and these side-reactions probably 
account for the low yield of acetals. It has been shown’ that, for certain cyclic 
derivatives, these displacement reactions are much slower than for acyclic analogues, 
and, in particular, (trans-2-hydroxycyclohexyl)methyl p-bromobenzenesulphonatc 
gave no oxetane. This observation may account, in part, for the fact that the yieId 
of methyl 4,6-O-benzylidene-2,3-di-i--methyl-a-D-glucopyranoside was higher than 
that of 2-phenyl-1,3-dioxane. 

The foregoing method of benzylidenation is complememtary to the benzylidene 
halide method4, but the low yield of acetals makes it of limited preparative value. 
In the examples described above, the displacement occurs at a primary carbon atom, 
and attempts at a similar displacement of the secondary sulphonyloxy group in 
cis-2-hydroxycyclohexyl p-bromobenzenesulphonate were unsuccessful. This reaction 
was of interest as a possible route to cyclic acetals spanning vicinal trans-diol groups. 
Provided that acetal formation involves intramolecular displacement by the hemi- 

acetal group, the lack of reaction agrees with the finding of Sicher et aLg that neigh- 
bouring-group participation by the benzamido group does not take place in a series 
of c+cyclohexyl derivatives. 

Attempts to prepare cis-2-hydroxycyclohexyl p-bromobenzenesulphonate by 
the published’ ’ method, using 2-3 molar amounts of acid chloride for 30 rnin at 
5-lo”, gave a product that was not chromatographically homogeneous. Chromato- 
graphic separation gave crystalline cis-1,2-di-p-bromobenzenesulphonyloxycyclo- 
hexane, m-p. 125-126”, followed by cis-2-hydroxycyclohexyl p-bromobenzenesul- 
phonate, m.p. 75-76”. Mori” gave m.p. 110.6” for the latter compound. Use of 
molar proportions of p-bromobenzenesulphonyl chloride for 10-15 min at 0” gave 
the monosulphonate in 60% yield. Similar conditions of sulphonylation were used to 
prepare the syrupy 6-toluene-p-sulphonate 1 [characterised as the 4-(p-phenyl- 
azobenzoate)] from methyl 2,3-di-O-methyl-a-D-glucopyranoside; longer reaction 
times produced mixtures of mono- and di-sulphonates, as indicated by t.1.c. 

EXPERIMENT& 

TLC. was performed with silica gel G (Merck 773 l), and separated components 
were detected with iodine vapour. Silica gel for column chromatography refers to 
Datison (U. S. A.) grade 950,60-200 mesh, and alumina refers to the type H material 
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supplied by P. Spence Ltd. Optical rotation at 5461 A was determined with an 
Ericsson ETL-NPL 143A automatic polarimeter at a path length of 1 cm. N.m.r. 
spectra were recorded with a Varian A-60 instrument. G.1.c. was performed with a 
Pye Argon instrument [poly(ethylene glycol adipate) column at 150’]. 

2-Phenyl-1,3-dioxane. - Freshly distilled benzaldehyde (8 ml) and a M solution 
of potassium tert-butoxide in terf-butyl alcohol (85 ml) were added batchwise (0.8 
and 8.5 ml, respectively, at 30-min intervals) to a stirred solution of 3-chloro-l- 
propanol (2.5 g) in tert-butyl alcohol (20 ml) at 37”, the s6lvents were evaporated, 
and the residue was partitioned between water and ether. The ether extract was 
dried (MgSO,) and evaporated to a liquid (5 g). Examination by g.1.c. revealed peaks 
corresponding to those for the title compound and benzyl alcohol, in the ratio of 
ca. 1:5. The liquid was fractionated on alumina (500 g), and elution with hexane- 
benzene (1:2) afforded the title compound (0.43 g, lo%), m.p. 42-43” (from hexane), 
mixed” m-p. 42-43”. The infrared spectrum of the product was indistinguishable 
from that of an authentic specimen. Further elution with benzene gave a liquid 
product that was indistinguishable from benzyl alcohol. 

Metlzyl 2,3-di-O-metltyZ-6-0-toluene-p-suIphonyl-cr-D-glucopyranoside (1). - 
Toluene-p-sulphonyl chloride (1.9 g, 10 mmoles) was added to a cooled solution of 

methyl 2,3-di-U-methyl-cr-D-glucopyranoside’2 (2.22 g, 10 mmoles) in dry pyridine 
(10 ml), and the mixture was stirred for 10 min at 0”. The solution was diluted with 
water (200 ml) and extracted with chloroform (2 x 100 ml). The chloroform solution 

was washed with dilute hydrochloric acid, dried (MgSO,), and evaporated to give 
the title compound as a colourless, chromatographicahy homogeneous syrup (2.5 g, 
68%), v_ (3500 (OH), 1360 and 1190cm-l (OSO,) (Found: S, 8.7. C16Hz408S 
talc.: S, 8.5%). 

By the usual method13, the product was converted into the p-phenylazo- 
benzoate (73%, m-p. 112-113” (from ethanol), [a]$g1 f 16.2” (c 1.0, acetone) 
(Found: C, 59.5; H, 5.5; N, 5.0; S, 5.5. C,,H,,N,O,S talc.: C, 59.55; H, 5.5; 

N, 4.8; S, 5.5%). 
Diastereoisomeric forms of methyl 4,6-0-benzylidene-2,3-di-0-mefhyl-cr-D-ghco- 

pyranoside. - Benzaldehyde (14 ml, 10% solution in rert-butyl alcohol) and a M 

solution of potassium tert-butoxide in tert-butyl alcohol (16 ml) were added in 
portions during 4 h to a solution of methyl 2,3-di-U-methyl-6-U-toluene-p-sulphonyl- 
a-D-ghrcopyranoside (2.5 g) in tert-butyl alcohol (50 ml). The temperature was 
maintained at 37” overnight. After evaporation of the solvents, the crude reaction 
product was partitioned between saturated aqueous sodium chloride and ether. 
The ether extract was dried (MgSO,) and evaporated to a syrup (2 g) which was 
then fractionated on a column of alumina (150 g). Elution with benzene-ether (9:l) 
gave a crystalline product A (0.4 g, 34% on the basis of reacted starting material), 
m.p. 115-l 18”, which showed (t.1.c. ; benzene+ther, 1: 1) components having 
RF 0.65 and 0.73. Subsequent elution with ether-methanol mixtures gave syrupy 
starting material (1.0 g). The n.m.r. spectrum of product A (Ccl,) showed benzyl 
proton signals at z 4.09 and 4.65, in the ratio of 3:5. Product A (780 mg) was refrac- 
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tionated on silica gel (100 g) with benzene-ether mixtures, and fractions (SO ml) 
were examined by t.1.c. Fractions 17-19 (242 mg, eluted with benzene-ether, 4~1) 
contained a single component (& 0.73), and recrystallisation from ether-hexane gave 
the title compound ~‘unusual”, (S) diastereoisomer4], m.p. and mixed m.p. 126’, 
[LX]? +X32” (c 0.4, acetone); the n.m.r. spectrum (Ccl,) showed a single benzyl 
proton signal at z 4.09. Fractions 20-22 (373 mg) contained both components, but 
fractious 23-28 (183 mg; eluted with benzene-ether, 4~1) contained a single component 
(I& 0.65), and recrystallisation from ether-hexane gave the title compound [“usual”, 
(R) diastereoisomer4], m.p. and mixed m.p. 121-122”, [IX];’ +95” (c 0.5, acetone); 
the n.m.r. spectrum showed a single benzyl proton signal at o 4.65. 

cis-2-Hydroxycyclohexyl p-bromobenzenesalphonate. - p-Bromobeuzenesul- 
phony1 chloride (2.56 g) was added to a solution of cyclohexane-ci.s-l,2-dio114 
(1.16 g) in dry pyridine (6 ml). The mixture was shaken for 10 mm at CQ. 0”, diluted 
with water, and extracted with chloroform. The chloroform solution was washed 
repeatedly with dilute hydrochloric acid, dried @&SO,), and evaporated to a syrup 
(2.54 g) which was fractionated on a column of silica gel (200 g). Elution with benzene 
gave cis-1,2-di-p-bromobenzenesulphonyloxycyclohexane (0.43 g, 8%); m.p. 125-126” 
(from ether); v_ 1590 (aryl), 1370 and 1190 cm-’ (OSO,) (Found C, 39.0 ; H, 3.3; 
Br, 29.0; S, 11.6. C18H18Br206S2 talc.: C, 39.0; H, 3.25; Br, 28.9; S, 11.55%). 
Subsequent elution with benzene-ether (4:1) gave the title compound (1.73 g, 60%); 
m.p. 75-76” (from ethyl acetate-hexane); v,, 3500 (OH), 1590 (aryl), and 1370 
and 1190 cm-’ (OSO,) (F ound: C, 42.8; H, 4.6; S, 9.5. C,,H,,Br04S talc.: C, 43.0; 
H, 4.5; S, 9.55%). 
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In previous work’, the author’s interest in serine glycosides was stimulated by 
enzymic studies on the biosynthesis of glycoproteins2 and sphingoglycolipids3. In 
the gangliosides and cerebrosides, the hydroxyl group at C-l of N-acylsphingosine 
is iinked to either D-glucose or D-galactose. Earlier in oivo isotope-experiments had 
shown that C-l, C-2, and the amino group are derived from C-3, and C-2, and the 

amino group of serine, respectively4. 1n Z&J studies suggested that L-serine was 
condensed with hexadecanaldehyde, with concomitant loss of the carboxyl group, 
to yield sphiugosine’. However, it appeared possible that an alternative pathway 
existed, namely the condensation of an O-glycosyl-L-se&e with hexadecanaldehyde 
to give psychosine. In order to examine this hypothesis, the author has earlier 
synthesized serine glycoside derivatives as potential substrates’. 

In 1966, Davidson et ~1.’ coupled 2,3,4-tri-O-acetyl-a-D-xylopyranosyl bromide 
with N-benzyloxycarbonyl-L-serine benzyl ester by the Koenigs-Knorr procedure 
to obtain 3-O-fl-D-xylopyranosyl-L-serine_ The a-D-anomer was isolated from the 
mother liquor as a by-product. More recently, Derevitskaya et al. l1 synthesized 3,4,6- 
tri- U-acetyl-a-D-glucopyranose 1,2- 0-[2’-(benzyloxycarbonylamino)-2’-(methoxy- 
carbonyl)ethyl orthoacetate] by condensing tetra-U-acetyl-a-D-glucopyranosyl brom- 
ide with N-benzyloxycarbonyl-r>L-serine methyl ester. In the present work, the 
synthesis of 3-&X-D-ghlcopyranosyl-L-serine was undertaken to determine the 
configurational relationship between the hydroxyl group at C-l of N-acylsphingosine, 
and D-glucose in the ganglioside. 

The procedure consisted of the following steps. 
(a) N-Benzyloxycarbonyl-L-serine benzyl ester (2) was condensed with 3,4,6-tri- 

U-ace@-2-O-nitro+D-glucopyranosyl chloride (1) in the presence of silver carbonate, 
a catalytic quantity of silver perchlorate6, and Drierite. The product was obtained 
in 75% yield by column chromatography, and was crystallized. 

(b) Hydrogenolysis of the crystalline mass removed both benzyl and benzyl- 
oxycarbonyl protecting groups, and the resulting serine derivative was isolated as a 
crystalline solid in 90% yield. 

(c) After deacetylation with methanolic ammonia, the desired 3-O-D-gluco- 
pyranosyl-L-serine was obtained as an amorphous, white solid in 75% yield. The 
overall yield was 50%. 
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Under the conditions used for the condensation, essentially the Koenigs-Knorr 
reaction, the r@icosylserine derivative was expected to be the a-D-anome?. As 
shown in Table I, a comparison of the optical rotations of the synthetic compounds 
with those of the corresponding methyl a- and /?-D-glycosides and 3-O-/I?-D-gluco- 
pyranosyk-serine indicates that the product was indeed the a-D-glucoside. 

TABLE I 

COMPARISON OF MOLAR ROTATIONS OF KNOWN GLUCOSIDDES AND SYNTHETI C SERINE GLUCOPYRANOSIDESa 

Compound [W Mol. Wt. [MID 

(degrees) (degrees) 

3-O-B-n-Glucopyranosyl-L-serinel -23.0 267.2 -6,146 
Methyl (3-D-ghIcopyranoside -6,640 
Methyl a-D-glucopyranoside + 30,860 
3-O-D-Glucopyranosyl-L-serine +93 267.2 + 24,850 

FIXe molar rotations of the D-glucosyl-L-serines were not corrected for the contribution by the 
L-serine ([MID = -717” in water); the effect of pH on the rotations was not studied. The rotations 
of the methyl D-glucopyranosides are literature values8. 

EXPERIMENTAL8 

General merho&. - Melting points are uncorrected. Optical rotations were 
measured with a Perkin-EImer Model 141 polarimeter and a Rudolph Model 80 
polarimeter. The thin-Iayer chromatograms were examined with a Chromato-Vue 
(Ultra-Violet Products, Inc.). 

Determination of benzyl groups was performed by measuring the absorbancy 
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of the compound at 257 run, with 4% chloroform in ethanol. Carroll’s anthrone 
method” was used for determining sugar concentrations. Activated silicic acid, 
200-325 mesh (Unisil, Clarkson Chemical Co.) was employed, without pretreatment, 
for chromatography. T.1.c. was conducted with 4% (v/v) methanol in benzene on 
fluorescent Silica Gel GF254. Benzyl groups were detected on the chromatograms in 
U.V. light as dark areas on a fluorescent, yellow background. The acetylated sugars 
gave orange spots on a pale yellow background with the spray reagent of Tate and 
Bishopg. 

N-BenzyZo~carbo~yZ-3-O-(3,4,6-tri-O-acetyI-2-O-nitro-a-~-glucopyr~o~~-L- 

serine benzylester (3). - N-Benzyloxycarbonyl-L-serine benzyl ester (6.6 g, 20 mmoles) 
was dissolved in dry ether (200 ml), and stirred for 10 min with anhydrous silver 
carbonate (9.9 g, 33 mmoles) and Drierite (20 g, 150 mmoles). The 3,4,6-t&0- 
acetyl-2- 0-nitro-B-D-glucopyranosyl chloride (7.4 g, 20 mmoles) and silver perchlorate 
(1 g) were then added, and the mixture was stirred in the dark, with the exclusion of 
moisture, for 48 h. The reaction mixture was Gltered, and the filtrate was diluted 
with benzene, washed with cold, saturated, sodium hydrogen carbonate solution 
(100 ml), and then washed at least three times with water, dried (sodium sulfate), and 
concentrated to a syrup under vacuum. T.1.c. of the syrup showed zones that had RF 
values (given in parentheses) identical with those of the compounds indicated: 
3,4,6tri-O-acetyl-2-O-nitro-~~glucopyranosylchloride(0.83), N-benzyloxycarbonyl- 
3-0-(3,4,6-tri-O-acetyl-2-O-nitro-cc-D-glucopyranosyl)-L-serine benzyl ester (O-64), 
2,2’-di-0-nitrotrehalose hexaacetate* (0.42), N-benzyloxycarbonyl+serine benzyI 
ester (0.32), 3,4,6-tri-0-acetyl-2-0-nitro-D-glucose (0.24). 

The desired condensation product, characterized by the presence of both 
aromatic and acetyl groups, migrated between the unreacted 3,4,6-tri- 0-acetyl-Z O- 
nitro-j&D-glucopyranosyl chloride and the N-benzyloxycarbonyl-L-serine be&l ester. 
Isolation of the desired product was achieved by chromatography on a silicic acid 
column similar to that reported by Kum and Roseman’. The product was obtained 
as a syrup; yield 9.9 g (75%). The final product crystallized during a 3-month period, 
but it could not be recrystallized. The product was analyzed for the sugar moiety 
by the anthrone method, with the corresponding sugar as standard, and for the benzyl 
group by measurement of the absorbance at 257 nm, with N-benzyloxycarbonyI+ 
serine benzyl ester as standard. It was found that the product contained 1 moIe of 
a glucose per mole of serine. 

*By-products having RF values similar to those of octa-U-acetyl-p-D-glucopyranosyl /I-D-gluco- 
pyranoside (trehalose octaacetate) and 2,3,4,6-tetra-O-acetyl-8-D-giucose were observed in the 
reaction mixture of 3,4,6-tri-O-acetyl-2-O-nitro-8-D-glucopyranosyi chloride and N-benzyIoxy- 
carbonyl+serine benzyl ester. In the previous workl, examination of the syrup obtained from the 
tetra-O-acetyla-D-glucopyranranosyl bromide-N-benzyloxycarbonyEL-serine benzyl ester reaction mix- 
ture by t.i.c. (silica gel G) showed the following components (RF): tetra-O-acetyl-a-D-glucopyrano- 
syl bromide 0.84; trehalose octaacetate 0.34; ZV-benzyloxycarbonyl-L-serine benzyl eSter 0.33; and 
2,3,4,6-tetra-0-acetyl+D-glucose, 0.18. In contrast to the findings of the previous work, the 
by-product having RF of 0.42 appeared to be 2,2’-di-0-nitrotrehalose hexaacetate. 
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3-0-(3,4,6-Tri-O-acetyI-~-~gIucopyrano.sjZ)+.-serine (4). - N-Benzyloxycar- 
bonyl-3-U- (3,4,6-tri-O-acetyl-2- 0-nitro-cr-D-glucopyranosyl-L-serine benzyl ester 
(3.5 g) was dissolved in a mixture containing ethanol (orp-dioxane) (80 ml) and water 
(20 ml), and hydrogenated at a slight overpressure in the presence of a 10% palladium- 
on-charcoal catalyst (0.2 g). The absorption of hydrogen essentially ceased after 
about 3-4 h (corresponding to consumption of 3 moles per mole in removing 1 nitro 
group and 2 benql residues). Following filtration to remove the catalyst, the solution 
was concentrated, giving a syrup that crystallized spontaneously. The crude, crystal- 
line product, yield 1.87 g (90%), which was recrystallized from water-acetone, had 
m-p. 186-188”, [a];’ + 134.9” (c 2, water). 

Anal. Calc. for C15HZ3NO11 (393.34): C, 45.80; H, 5.85; N, 3.56. Found: 
C, 45.82; H, 6.11; N, 3.56. 

3-o-a-D- Gkopyranosyl-L-serine (5)_ - 3-0-(3,4,6-T+ O-acetyl-a-D-gluco- 
pyranosyl)-L-serine (0.7 g) was suspended in anhydrous methanol (50 ml), cooled to 
0”, and mixed with methanol (50 ml) saturated with ammonia at 0”. The mixture 
was slowly brought to room temperature, and was maintained for 5 h at room 
temperature. The colorless solution was concentrated in a vacuum, at 30-35”, where- 
upon the residue solidified. The amorphous white solid, yield 0.36 g (75%), which 
could not be crystallized, had [a]fp +93” (c 2, water). 

AnaL Calc. for C9H,,N08 (267.24): N, 5.24. Found: N, 5.19. 
T.1.c. (4: 1:5 set-butyl alcohol-acetic acid-water) revealed only one ninhydrin- 

positive component. 
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In previous work’, the author’s interest in serine glycosides was stimulated by 
enzymic studies on the biosynthesis of glycoproteins2 and sphingoglycolipids3. In 
the gangliosides and cerebrosides, the hydroxyl group at C-l of N-acylsphingosine 
is iinked to either D-glucose or D-galactose. Earlier in oivo isotope-experiments had 
shown that C-l, C-2, and the amino group are derived from C-3, and C-2, and the 

amino group of serine, respectively4. 1n Z&J studies suggested that L-serine was 
condensed with hexadecanaldehyde, with concomitant loss of the carboxyl group, 
to yield sphiugosine’. However, it appeared possible that an alternative pathway 
existed, namely the condensation of an O-glycosyl-L-se&e with hexadecanaldehyde 
to give psychosine. In order to examine this hypothesis, the author has earlier 
synthesized serine glycoside derivatives as potential substrates’. 

In 1966, Davidson et ~1.’ coupled 2,3,4-tri-O-acetyl-a-D-xylopyranosyl bromide 
with N-benzyloxycarbonyl-L-serine benzyl ester by the Koenigs-Knorr procedure 
to obtain 3-O-fl-D-xylopyranosyl-L-serine_ The a-D-anomer was isolated from the 
mother liquor as a by-product. More recently, Derevitskaya et al. l1 synthesized 3,4,6- 
tri- U-acetyl-a-D-glucopyranose 1,2- 0-[2’-(benzyloxycarbonylamino)-2’-(methoxy- 
carbonyl)ethyl orthoacetate] by condensing tetra-U-acetyl-a-D-glucopyranosyl brom- 
ide with N-benzyloxycarbonyl-r>L-serine methyl ester. In the present work, the 
synthesis of 3-&X-D-ghlcopyranosyl-L-serine was undertaken to determine the 
configurational relationship between the hydroxyl group at C-l of N-acylsphingosine, 
and D-glucose in the ganglioside. 

The procedure consisted of the following steps. 
(a) N-Benzyloxycarbonyl-L-serine benzyl ester (2) was condensed with 3,4,6-tri- 

U-ace@-2-O-nitro+D-glucopyranosyl chloride (1) in the presence of silver carbonate, 
a catalytic quantity of silver perchlorate6, and Drierite. The product was obtained 
in 75% yield by column chromatography, and was crystallized. 

(b) Hydrogenolysis of the crystalline mass removed both benzyl and benzyl- 
oxycarbonyl protecting groups, and the resulting serine derivative was isolated as a 
crystalline solid in 90% yield. 

(c) After deacetylation with methanolic ammonia, the desired 3-O-D-gluco- 
pyranosyl-L-serine was obtained as an amorphous, white solid in 75% yield. The 
overall yield was 50%. 
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Under the conditions used for the condensation, essentially the Koenigs-Knorr 
reaction, the r@icosylserine derivative was expected to be the a-D-anome?. As 
shown in Table I, a comparison of the optical rotations of the synthetic compounds 
with those of the corresponding methyl a- and /?-D-glycosides and 3-O-/I?-D-gluco- 
pyranosyk-serine indicates that the product was indeed the a-D-glucoside. 

TABLE I 

COMPARISON OF MOLAR ROTATIONS OF KNOWN GLUCOSIDDES AND SYNTHETI C SERINE GLUCOPYRANOSIDESa 

Compound [W Mol. Wt. [MID 

(degrees) (degrees) 

3-O-B-n-Glucopyranosyl-L-serinel -23.0 267.2 -6,146 
Methyl (3-D-ghIcopyranoside -6,640 
Methyl a-D-glucopyranoside + 30,860 
3-O-D-Glucopyranosyl-L-serine +93 267.2 + 24,850 

FIXe molar rotations of the D-glucosyl-L-serines were not corrected for the contribution by the 
L-serine ([MID = -717” in water); the effect of pH on the rotations was not studied. The rotations 
of the methyl D-glucopyranosides are literature values8. 

EXPERIMENTAL8 

General merho&. - Melting points are uncorrected. Optical rotations were 
measured with a Perkin-EImer Model 141 polarimeter and a Rudolph Model 80 
polarimeter. The thin-Iayer chromatograms were examined with a Chromato-Vue 
(Ultra-Violet Products, Inc.). 

Determination of benzyl groups was performed by measuring the absorbancy 
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of the compound at 257 run, with 4% chloroform in ethanol. Carroll’s anthrone 
method” was used for determining sugar concentrations. Activated silicic acid, 
200-325 mesh (Unisil, Clarkson Chemical Co.) was employed, without pretreatment, 
for chromatography. T.1.c. was conducted with 4% (v/v) methanol in benzene on 
fluorescent Silica Gel GF254. Benzyl groups were detected on the chromatograms in 
U.V. light as dark areas on a fluorescent, yellow background. The acetylated sugars 
gave orange spots on a pale yellow background with the spray reagent of Tate and 
Bishopg. 

N-BenzyZo~carbo~yZ-3-O-(3,4,6-tri-O-acetyI-2-O-nitro-a-~-glucopyr~o~~-L- 

serine benzylester (3). - N-Benzyloxycarbonyl-L-serine benzyl ester (6.6 g, 20 mmoles) 
was dissolved in dry ether (200 ml), and stirred for 10 min with anhydrous silver 
carbonate (9.9 g, 33 mmoles) and Drierite (20 g, 150 mmoles). The 3,4,6-t&0- 
acetyl-2- 0-nitro-B-D-glucopyranosyl chloride (7.4 g, 20 mmoles) and silver perchlorate 
(1 g) were then added, and the mixture was stirred in the dark, with the exclusion of 
moisture, for 48 h. The reaction mixture was Gltered, and the filtrate was diluted 
with benzene, washed with cold, saturated, sodium hydrogen carbonate solution 
(100 ml), and then washed at least three times with water, dried (sodium sulfate), and 
concentrated to a syrup under vacuum. T.1.c. of the syrup showed zones that had RF 
values (given in parentheses) identical with those of the compounds indicated: 
3,4,6tri-O-acetyl-2-O-nitro-~~glucopyranosylchloride(0.83), N-benzyloxycarbonyl- 
3-0-(3,4,6-tri-O-acetyl-2-O-nitro-cc-D-glucopyranosyl)-L-serine benzyl ester (O-64), 
2,2’-di-0-nitrotrehalose hexaacetate* (0.42), N-benzyloxycarbonyl+serine benzyI 
ester (0.32), 3,4,6-tri-0-acetyl-2-0-nitro-D-glucose (0.24). 

The desired condensation product, characterized by the presence of both 
aromatic and acetyl groups, migrated between the unreacted 3,4,6-tri- 0-acetyl-Z O- 
nitro-j&D-glucopyranosyl chloride and the N-benzyloxycarbonyl-L-serine be&l ester. 
Isolation of the desired product was achieved by chromatography on a silicic acid 
column similar to that reported by Kum and Roseman’. The product was obtained 
as a syrup; yield 9.9 g (75%). The final product crystallized during a 3-month period, 
but it could not be recrystallized. The product was analyzed for the sugar moiety 
by the anthrone method, with the corresponding sugar as standard, and for the benzyl 
group by measurement of the absorbance at 257 nm, with N-benzyloxycarbonyI+ 
serine benzyl ester as standard. It was found that the product contained 1 moIe of 
a glucose per mole of serine. 

*By-products having RF values similar to those of octa-U-acetyl-p-D-glucopyranosyl /I-D-gluco- 
pyranoside (trehalose octaacetate) and 2,3,4,6-tetra-O-acetyl-8-D-giucose were observed in the 
reaction mixture of 3,4,6-tri-O-acetyl-2-O-nitro-8-D-glucopyranosyi chloride and N-benzyIoxy- 
carbonyl+serine benzyl ester. In the previous workl, examination of the syrup obtained from the 
tetra-O-acetyla-D-glucopyranranosyl bromide-N-benzyloxycarbonyEL-serine benzyl ester reaction mix- 
ture by t.i.c. (silica gel G) showed the following components (RF): tetra-O-acetyl-a-D-glucopyrano- 
syl bromide 0.84; trehalose octaacetate 0.34; ZV-benzyloxycarbonyl-L-serine benzyl eSter 0.33; and 
2,3,4,6-tetra-0-acetyl+D-glucose, 0.18. In contrast to the findings of the previous work, the 
by-product having RF of 0.42 appeared to be 2,2’-di-0-nitrotrehalose hexaacetate. 
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3-0-(3,4,6-Tri-O-acetyI-~-~gIucopyrano.sjZ)+.-serine (4). - N-Benzyloxycar- 
bonyl-3-U- (3,4,6-tri-O-acetyl-2- 0-nitro-cr-D-glucopyranosyl-L-serine benzyl ester 
(3.5 g) was dissolved in a mixture containing ethanol (orp-dioxane) (80 ml) and water 
(20 ml), and hydrogenated at a slight overpressure in the presence of a 10% palladium- 
on-charcoal catalyst (0.2 g). The absorption of hydrogen essentially ceased after 
about 3-4 h (corresponding to consumption of 3 moles per mole in removing 1 nitro 
group and 2 benql residues). Following filtration to remove the catalyst, the solution 
was concentrated, giving a syrup that crystallized spontaneously. The crude, crystal- 
line product, yield 1.87 g (90%), which was recrystallized from water-acetone, had 
m-p. 186-188”, [a];’ + 134.9” (c 2, water). 

Anal. Calc. for C15HZ3NO11 (393.34): C, 45.80; H, 5.85; N, 3.56. Found: 
C, 45.82; H, 6.11; N, 3.56. 

3-o-a-D- Gkopyranosyl-L-serine (5)_ - 3-0-(3,4,6-T+ O-acetyl-a-D-gluco- 
pyranosyl)-L-serine (0.7 g) was suspended in anhydrous methanol (50 ml), cooled to 
0”, and mixed with methanol (50 ml) saturated with ammonia at 0”. The mixture 
was slowly brought to room temperature, and was maintained for 5 h at room 
temperature. The colorless solution was concentrated in a vacuum, at 30-35”, where- 
upon the residue solidified. The amorphous white solid, yield 0.36 g (75%), which 
could not be crystallized, had [a]fp +93” (c 2, water). 

AnaL Calc. for C9H,,N08 (267.24): N, 5.24. Found: N, 5.19. 
T.1.c. (4: 1:5 set-butyl alcohol-acetic acid-water) revealed only one ninhydrin- 

positive component. 
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In a synthesis’ of 2,4-di-O-methyl-D -mose from the 3-0-tosyl** derivative 
of methyl 6-0-trityl-cr-D-mannopyranoside, a fraction (17%) containing the 2- and 
4-0-tosyl derivatives was also reported. 3,4-Di-O-methyl-D-mannose has now been 
obtained from the faster-moving, minor component (methyl 2-0-tosyl-6-O-trityl-a- 
D-mannopyranoside) by successive methylation, detosylation, detritylation, and 
hydrolysis, and 2,3-di-0-methyl-D-mannose was similarly prepared from the slower- 
moving component (methyl 40-tosyl-6-0-trityl-ar-D-mannopyranoside). 

The constitution of the d&O-methyl sugars was deduced from their mode of 
synthesis. Confirmation was provided as follows: (a) demethylation in each case 
produced mannose; (b) the high MG value (0.48) in borate buffet for the former 
di-O-methyl sugar showed that position 2 was unsubstituted, and the lower Mo value 
(0.17) for the latter sugar showed that this position was substituted. S,CDi-O-methyl- 
D-mannose was obtained crystalline, and 2,3-di-0-methyl-D-mannose was character- 
ized as the known 1,4,6-tris(p-nitrobenoate). 

Although the 3,4- and 2,3-dimethyl ethers have long been known as constituents 
of the hydrolysis products of methylated polysaccharides containing mannose 
residues involved in 1,2,6 and 1,4,6 branch points, respectively, the synthesis of 
3,4-di-O-methyl-D-mannose has not been reported previously_ However, during the 
progress of this study, alternative syntheses of these and several other di- and tri- 
methyl ethers of D-mannose have been achieved by Bhattachajee and Gorin2. 

EXPERIMENTAL 

The general experimental methods have been described previously3. Rotations 
were measured on a Perkin-Elmer 141 polarimeter. 

Fractionation and methylation of the mono-O-tosyl derivatives of methyl 6-O- 
trityk-D-mannopyranoside. - The mixture of monosulphonates’ (3.4 g) was sepa- 
rated by t.1.c. (60 plates, 20 x20 x0.3 cm) with ethyl acetate-light petroleum (b-p. 
60-SOO) (45). After three developments, the sugars were located by spraying with 

*Contribution No. 125 of the Food Research Institute, Canada Department of Agriculture. 
**Tosyl = toluene-p-sulphonyl. 
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water; the plates were dried at room temperature, and the two components were 
recovered, after discarding the overlapping middle zone, by extraction with acetone- 
chloroform (1:l). Filtration and evaporation gave as the faster-moving component, 
methyl 2-O-tosyl-6-O-trityl--n-D-mannopyranoside (A, 0.954 g), [a]: + 5.4” (c 2.06, 
chloroform); and methyl PO-tosyl-6-0-trityl-cr-D -mannopyranoside (B, 0.922 g), 
[a]:: +45.6” (c 2.11, chloroform). 

Treatment of A (0.954 g) with methyl iodide (10 ml) and silver oxide (1 g) 
gave a product which, after seven additional methylations, yielded an impure solid 
(0.77 g, 77%), which was purified by t-1-c. in acetonechloroform (1:15) and then 
crystallized from isopropyl ether-ether to give methyl 3,Pdi-0-methyl-2-0-tosyl-6- 
O-trityl-c+D-mannopyranoside (l), m-p. 160-161”, [a]F +3.6” (c 1.31, chloroform). 

Anal. Calc. for C,,H,,O,S: C, 67.94; H, 6.19; S, 5.18; 0CH3, 15.05. Found: 
C, 68.24; H, 6.51; S, 5.28; OCH,, 15.24. 

On similar methylation, B (0.912 g) yielded methyl 2,3-di-0-methyl-4-O-tosyl- 
6O-trityl-cc-D-mannopyranoside (2) (0.882 g, 91”/0), which, after crystallization from 
isopropyl ether, had m-p. 146-147”, [a];’ -I- 35.1” (c 1.44, chloroform) (Found: 
C, 67.92; H, 6.34; S, 5.12; OCH,, 14.96). 

Methyl 3,4-di-0-methyZ-6-0-tritykx-D-mannopyranoside (3). - A solution of 
ether 1 (0.439 g) in benzene (7 ml) was mixed with a solution of sodium merhoxide 
[(sodium (0.70 g) in dry methanol (15 ml)], and the solution was boiled under reflux 
for 22 h. Isolation of the product in the usual way3 yielded compound 3 (0.307 g, 
89%), [a];’ i-51.2” (c 1.75, chloroform). 

Anal. Calc. for C28H3206: C, 72.39; H, 6.94; OCH3, 20.04. Found, C, 72.71; 
H, 7.04; OCH,, 19.91. 

MethyZ 2,3-di-O-methyl-6-O-trityi-a-D-mannopyranoside (4). - Ether 2 (0.569 g) 
was similarly detosylated to give compound 4 (0.38 g, 90%) which crystallized from 
ethanol and had m-p. 177-178”, [a&’ +76-l” (c 1.05, chloroform) (Found: C, 72.45; 
H, 6.99; 0CH3, 19.97). 

Methyl 3,4-di-0-methykwxnannopyranoside (5). - Trityl ether 3 (0.305 g) 
was dissolved in acetic acid (7 ml), water (3 ml) was added, and the turbid suspension 
was stirred for 7 h. Isolation of the product, in the usual way3, gave glycoside 5 
(0.139 g, 94%), [a]h’ i-72.5” (c 0.9, water) (Found: 0CH3, 41.86; Di-O-methyl 
hexoside talc.: 41.9). 

MethyZ 2,3-di-0-methyl-copyranoside (6j. - Trityl ether 4 (0.360 g) 
was similarly detritylated to yield a syrup (0.194 g, 93%), [a];’ +37-l” (c 1.31, 
chloroform) (Found: OCH,, 41.9); lk4 [aID +43.5” (chloroform). 

3,4-IX-0-methyl-D-mannose. - Glycoside S (0.125 g) was hydrolyzed with N 
sulphuric acid (2.5 ml) for 16 h at 100”. Neutralization (barium carbonate), filtration, 
and evaporation gave a syrup (0.113 g, 96%). Paper chromatography (solvent A) 
and paper electrophoresis showed a single component having RG and MG values of 
0.39 and 0.48, respectively. Demethylation’ @h boron trichloride gave mannose. 
The sugar crystallized from ethyl acetate, on seeding with an authentic specimen, 
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and had m.p. and mixed m-p. 73-74”, [cx]~~ + 12.2 (5 min) + +5” (2 h, equil.); 
fit 6*7, m.p. 70-73”, [& + 18 + + 6”. . 

2~-Di-O-meihyI-D-mannose. - Glycoside 6 (0.174 g) was simiIarly hydrolyzed 
with N sulphuric acid (4 ml) to yield a syrup (0.145 g, 89%), [a];’ -21.7” (c 1.17, 
water); lik4 [c.& - 15.8’. Paper chromatography (solvent A) and paper electrophoresis 
showed a sir&e component having RF, R,, and Mc values of 0.25, 0.33, and 0.17, 
respectively; demethylation produced5 mannose. 

To a solution of 2,3-di-0-methyl-D-mannose (0.032 g) in dry pyridine (1 ml), 
was added freshIy crystallized p-nitrobenzoyl chloride (0.090 g). After 24 h at 40°, 
the product was isolated* and purified on a small column of silica gel with acetone- 
chloroform (1:15), giving a product which, after crystallization from methanol, had 
m.p. and mixed m.p. 194-195”, [CC]:’ i-42” (c 0.9, chloroform); lit.‘, m.p. 194”, 
[a]o +65” (chIoroform). An authentic sample of 2,3-di-0-methyl-1,4,6-tri-0-p-nitro- 
benzoyl-D-mannose showed [a]2 i-41.6” (c 0.9, chloroform). 
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Catalysis of the Amadori rearrangement1 has been effected by a variety of 
acids2-4, such compounds as ethyl malonate or phenylacetone (which contain acti- 
vated methyIene groups5), and tertiary amine salts6. A mechanism involving N-proto- 
nation of the glycosylamine, followed by prototropic shifts and loss of a proton from 
the tautomeric cation, has been proposed3*‘. Qther suggested mechanisms involve 
addition of the proton to the glycosylamine ring oxygen’, and rearrangement of 
the Scbiff’s base of 3,4:5,6-tetra-O-benzoyl-aldehydo-D-glucose andp-toluidine through 
the corresponding 1,1-his@-toluidino) derivative. By tracer techniques, it was proved, 
however, that this mechanism is not valid in the ease of glycosylamines having free 
hydroxyl gro~ps’~. 

We now report that complexes of amines with such Lewis acids as boron 
trifluoride and its derivatives accelerate the rearrangement, and that 1,2:5,6-d&0- 
isopropylidene-D-arabino-hex-3-ulose and acetoin also react with amines and different 
catalysts in an Amadori rearrangement. 

The rates of the rearrangements of 4,6-O-benzylidene-N-phenyl- (1) and 
-N-(p-tolyl)-D-glucosylamine (2) in absolute p-dioxane at 85” in the presence of 
different catalysts were measured by titration with Tillman’s reagent6 under a nitrogen 
atmosphere. In the case of an acid-base-catalyzed rearrangement, the rate should be 
accelerated by the addition compounds of amines with Lewis acids. As shown in 
Fig. 1, triethylborane has no effect, whereas difluoro(phenyl)borane shows a weaker 
catalytic activity than acetic acid. The tist-order rate constant of the rearrangement 
of glycosylamine 2 was increased from 4.2 x 10s4 min- ’ to 9.0 and to 12.5 x 10e4 
min-l - m the presence of diffuoro@henyl)borane by addition of pyridine and triethyl- 
amine, respectively. The rate constant (1.3 x 10s3 min- ‘) for compound 1 in the 
presence of acetic acid was increased about 1.3 times by the addition of aniline, 
pyridine, or triethylamine. The linearity between the amount of product formed and 
the reaction time indicates that the simultaneous destructive reactions6 are essentially 
being supressed under the conditions used, especially in the initial reaction stage. 

As shown in Fig. 2, boron trifluoride and ethoxydifluoroborane showed stronger 
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Fig. 1. Amadori rearrangement of 2 mmoles of 1 (lines 5-9) and 2 (lines l-4) in 50 ml of pdioxane 
at 8.5 &O-S” in the presence of (1) 1 mmole of triethylborane; (2) 3 mmoles of difluoro(phenyI)- 
borane; (3) 9 mmoles of pyridine in addition to (2); (4) 3 mmoles of triethylamine in addition to (2); 
(5) 1 mmole of acetic acid; (6) 3 mmoles of triethylamine in addition to (5); (7) 4 mmoles of pyridine 
in addition to (5); (8) 5 mmoks of aniline in addition to (5); (9) 2 mmoks of acetic acid. 

catalytic action than acetic acid in the initial reaction stage, but color formation 
occurred due to the destruction of glycosylamine 2 and the product. The addition 
of pyridine, however, caused a decrease in both the initial reaction and decomposition 
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Fig. 2. Amadori rearrangement of 2 rnmoles of 2 in 50 ml of pdioxane at 85 f0.5” in the presence 
of (1) 0.5 mmole of acetic acid; (2) 0.2 mmole of boron trifluoride; (3) 0.4 mmols of boron trifluoride 
and 2 mmoks of pyridine; (4) 0.5 mmole of ethoxydifiuoroborane; (5) 4.75 mmok of pyridine in 
addition to (4); (6) 1.7 mmoles of triethylamine in addition to (4). 
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rates. Triethylamine showed a remarkable acceleration of the initial rate and the 
suppression of decomposition reactions. From a consideration of the results men- 
tioned above, it seems most reasonable to conclude that the Amadori rearrangement 
is an acid-base-catalysed reaction in which the balance of the acidity aod basicity 
in the reaction system controls simultaneous and consecutive reactions. 

On the other hand, the Amadori rearrangement is considered to be general 
in the reaction of a-hydroxycarbonyl compounds with amines, wherein a carbonyl 
group is generated in place of an or-hydroxyl group. Such a structural change has 
been conclusively proved in the reaction of benzoin’ 1 and ketosesr 2 with amines. 
Moreover, Paulsen et al.” reported that 5-amino-5-deoxy-D-xylose rearranges 
easily to 1,5-dideoxy-1,5-imino-D-three-pentulose hydrate through a cyclic Schiff’s 
base structure in a neutral or acidic solution. In the course of a study of the dimer- 
isation of N-arylaldimines 14, the authors obtained evidence that the Amadori 
rearrangement occurs with 1,2:5,6-di-O-isopropylidene-D-arabino-hex-3-ulose (3) in 
the reaction with amines. 

By partial acetylation of 1,2:5,6-di-O-isopropylidene-D-mannitol, we obtained 
the corresponding monoacetate which was oxidized with methyl sulfoxide and acetic 
anhydrider s to the PO-acetyl derivative of compound 3, which was then deacetylated 
with methanolic ammonia. Because of its instability, compound 3 was used without 
further purification. Condensation of ketose 3 with an excess of aniline or phenyl- 
hydrazine in methanol, in the presence of ammonium chloride or acetic acid, followed 
by chromatography on silica gel, gave the corresponding 4-anilino+deoxy (5) or 

I I 
HCOH 

I 
4 R=CH3 CHNHR’ 

a 

6 R=tgx , R’=NHP~ 

R 
7 R= CHJ, R’=Ph 

4-deoxy-dphenylhydrazino derivatives (6). Similar condensation of acetoin (4) and 
two moIar equivalents of aniline gave J-aniline-2-butanone (7). The structures of 
compounds 5,6, and 7 were ascertained by the characteristic i.r. absorptions of the 
carbonyl group and the hydrogen atom attached to nitrogen. Cirect condensation 
of acetoin and excess of aniline in the presence of boron trifluoride, under a nitrogen 
atmosphere, at higher temperature afforded N-(3-anilino-2-butylidene)aniline (the 
disubstituted derivative), which was gradually oxidized by air to the Schiff’s base of 
biacetyl. These results, together with Carson’s observation1 6 that the biacetyl S&X’s 
base is produced in the reaction of acetoin with cyclohexylamine, indicate that other 
examples of the Amadori rearrangement of a-hydroxycarbonyl compounds could 
result from suitable selection of reaction conditions. 

EXPERIMENTAL 

Melting points are uncorrected. Solutions were evaporated under diminished 
pressure at a bath temperature not exceeding 40”. Optical rotations were measured 
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as a pale-brown syrup (2.4 g, 20.6%); t.l.c., RF 0.42 (benzene-ligroin-acetone, 3: 1: 1) ; 
r4;2 -44.5” (c 0.72, methanol); vNs 3350 (N-H), 1742 and 1670 cm- ’ (C= 0). 

AnaZ. Calc. for CrsHzsN0~ - H20; C, 58.20; H, 7.87; N, 4.07. Found: C, 58.50; 
H, 7.79; N, 3.77%. 

4-Deoxy-1,2:5,6-di-O-isopropyli&ne-4-phenyihy&razio-r,-arabino(rmd~or D- 

lyxo)-hex-_?-close (6). - A solution of ketose 3 (2.5 g, 9.6 mmoles) and phenyl- 
hydrazine (3.1 g, 28 mmoles) in 10 ml of methanol was reiluxed for 3 h in the presence 
of a few drops of acetic acid. The syrup obtained by evaporation was chromato- 
graphed on a silica gel column by elution, in turn, with benzene-ligroin, benzene, 
benzene-acetone, and acetone. Evaporation of the last fraction gave compound 6 
as a pale-brown syrup (1.8 g, 54.5%); [a]:: -70” (c 1.08, methanol); Pdy 3350 and 
3250 (N-H), 1740 and 1680 cm-’ (C=O). 

AnaL Cak. for C18H26N205: C, 61.70; H, 7.48; N, 8.00. Found: C, 61.40; 
H, 7.49; N, 8.12%. 

3-Aniline-2-butanone (7). - A solution of acetoin (4.4 g, 50 mmoles), aniline 
(9.9 g, 106 mmoles), and one drop of boron trifluoride etherate in ethanol (30 ml) 
was refluxed for 2 h and evaporated. Distillation of the residual syrup gave compound 
7 (2.7 g, 33.4%) as a pale-yellow liquid; b-p. llPllS’/l mm; 1~22~ 3350 (N-H), 
1710 and 1690 cm-’ (C=O). 

Anal. Calc. for CIOH13NO: C, 73.59; H, 8.03; N, 8.08. Found: C, 73.59; 
H, 8.36; N, 8.15%. 

N-(3-AniZ~no-2-butylidene)aniline. - A mixture of acetoin (4.4 g, 50 mmoles), 
aniline (18.6 g, 200 mmoles), and one drop of boron trifluoride etherate was refluxed 
for 3 h under nitrogen, and immediately distilled to give the title compound as a 
pale-yellow liquid (2.9 g, 24.3%); b.p. 162-163O/2 mm; eat* 3360 (N-H) and 
1663 cm-’ (C=N). 

Anal. Calc. for Ci6H18N3: C, 80.63; H, 7.61; N, 11.76. Found: C, 80.06; 
H, 7.72; N, 11.67%. 

Gradual oxidation of this liquid by air produced the SchifF’s base of biacety124, 
m-p. and mixed m.p. 138”. 
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The action of potassium methanethioxide on methyl 2-bromo-2-deoxy-B-D- 
glucopyranosidel (1) gave a crystalline compound2 which, after hydrolysis and 
treatment with phenylhydrazine, did not give an osazone. On the basis of this 
evidence it was assumed that the compound was the 2-methylthio derivative. Pre- 
sumably this compound would be methyl 2-S-methyl-2-thio-B-D-mannopyranoside, 
formed by an S,2 reaction. Alternatively, the compound could be either methyl 
2-S-methyl-2-thio-/I-D-glucopyranoside or methyl 3-S-methyl-3-thio+D-altropyranos- 
ide, formed by ring opening of the intermediate methyl 2,3-anhydro-j?-D-maMo- 
pyranoside, assuming normal trans ring-opening of epoxides. This latter possibility 
was favored by the author, as it is known that treatment of 1 with ammonia3 gives 
methyl 3-amino-3-deoxy-B-D-altropyranoside. 

The reaction was repeated by treating the triacetate of 1 with ethane-, w-toluene-, 
and triphenylmethane-thiol. Different thiols were used as it had been found4 that 
the products of opening the epoxide ring in certain pentofuranose derivatives gave 
different products depending on the nature of the thiol. The products of the reactions 
were desulfurized and the resulting deoxy compounds were shown to be identical in 
chromatographic behavior, i.r. spectra and optical rotation. N.m.r. spectral analysis 
of the deoxy sugar and its acetate’ showed the H-l signal as a doublet. It was con- 
cluded that the deoxy sugar is methyl 3-deoxy-j?-D-arabino-hexopyranoside and that 
the reaction products with the thiols are methyl 3-S-alkyd-3-thio-j?-D-altropyran- 
osides. 

ExPERIMFxrAL 

General metho&. - T.1.c. was performed on Kieselgel G (Merck) with 5 or 
20% methanol in benzene as irrigant. Paper chromatography was run on Whatman 
No. 1 paper with 8:2:1 ethyl acetate-pyridine-water as solvent. Melting points were 
determined on an electrically heated Kofler block. 1-r. spectra were measured with 
a Perkin-Elmer Model 137 spectrophotometer. N.m.r. spectra were measured with 
a Varian A-60 spectrophotometer. Chemical shifts are given in o units at 60 MHz 
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downfield from tetramethylsilane as internal standard. All evaporations were done 
under vacuum below 50”. 

MethyZ 3-S-ethyl-3-thio$-makropyranoside. - Methyl 3,4,6-tri-0-acetyl-2- 
bromo-2-deoxy-fi-D-glucopyranoside’ (3.83 g, 10 mmoles), ethanethiol (3.10 g, 
50 mmoles) and methanol (150 ml) containing sodium (1.15 g, 50 mmoles) were 
refluxed overnight. The solution was neutralized with acetic acid and evaporated. 
The residue was taken up in water(50 ml),and the solution was extracted continuously 
with chloroform. The extracts were evaporated to give the title compound (2.4 g, 
lOO%), m.p. 108-109”. It was recrystallised from ethyl acetate; m.p. 112”, [a]g 
-40.4” (c 1.01, water): n.m.r. data (I&O); z 5.23 (l-proton doublet, J1,2 1.8 Hz, 
H-l), t 6.50 (3-proton singlet, OC_H,), z 7.31(2-proton quartet, J 7.0 Hz, SC&CH,), 
z 8.76 (3-proton triplet, SCH,CE&). 

Anal. CaIc. for C,H,sO& C, 45.4; H, 7.8. Found: C, 45.3; H, 7.6. 
Methyl 2,4,6-tri-O-acetyl-3-S-ethyZ-3-thio-~-D-aZtropyranoside. - The foregoing 

compound was acetylated in pyridine with acetic anhydride to give a syrupy acetate, 
which was purified by chromatography on a column of silica gel with 5% methanol 
in benzene as the eluant ; [a]&’ - 64” (c 1.39, chloroform.); n.m.r. data (CDCL,): 
7 5.11 (l-proton doublet, J1,2 2.0 Hz, H-l), z 6.50 (3-proton singlet, OCI-I,), 7 7.35 
(2-proton quartet, J, 7.0 Hz), z 7.84, 7.90 (3- and 6-proton singlets, OCOCg3), 
T 8.74 (3-proton triplet, SCH,ClX~). 

Anal. Calc. for C,SH,,O$: C, 49.4; H, 6.6. Found: C, 49.6; H, 6.8. 
Methyl 3-S-benzyi-3-thio-8-maZtropyranoside. - The triacetate of 1 (3.53 g, 

10 mmoles), w-toluenethiol (1.83 g, 15 mmoles) and methanol (30 ml) containing 
sodium (0.345 g, 15 mmoles) were refluxed overnight. The solution was processed 
in the same manner as described above. The title compound was obtained as a 
syrup. TLC. (20% methanol in benzene) showed one main spot, R, 0.30, and two 
minor spots, RF 0.49 and 0.68. The product was chromatographed on a column of 
silica gel with 15% methanol in benzene as eluant to give a syrupy product; yield 
2.70 g (90%); [a]h’ -29.5’ (c 4.26, chloroform). 

Anal. Calc. for C,4H,,0$: C, 56.0; H, 6.7. Found: C, 56.1; H, 6.7. 
MethyZ 3-S-triphenylmethyl-3-thio+?-D-altropyranoside. - The triacetate of 1 

(2,50 g, 7.1 mmoles), triphenylmethanetbiol(1.96 g, 7.1 mmoles) and methanol (20 ml) 
containing sodium (0.18 g, 7.1 mmoles) were refluxed overnight. The compound 
was isolated as described above; it was a syrup which subsequently crystallized. 
It was recrystallized from ethyl acetate; yield 2.51 g (80%), m-p. 165-166”, [c@ 
- 155” (c 1.1, pyridine). 

Anal. Calc. for CZBHZBO,S: C, 68.9; H, 6.2. Found: C, 69.2; H, 6.3. 
MethyZ 3-deoxy-/?-marabino-hexopyranoside. - The alkylthio compounds 

prepared above were refluxed in ethanol with Raney nickel (30 x weight) for 6 h. 
The solutions were filtered through Celite, and the filter was repeatedly washed with 
hot ethanol. The filtrates were evaporated to syrups which showed one main com- 
ponent, RF 0.11 (t.l.c., 20% methanol in benzene). The products were chromato- 
graphed on a column of silica gel with 20% methanol in benzene as the eluant to 
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give the desulfurized glycoside; [@ -49” (c 1.07, methanol), n.m.r. data (D20): 
z 5.45 (l-proton doublet, A,2 1.8 Hz, H-l), r 6.51 (3-proton sir&et, OC&)_ 

Anal. Calc. for C7Hra05: C, 47.2; H, 7.9. Found: C, 47.3; H, 7.8. 
Methyl 2,4,6-trCO-acetyI-3-deoxy-8-D-arabino-h. - The above 

compound was acetylated in pyridine with acetic anhydride to give a syrupy acetate. 

T.1.c. (5% methanol in benzene) showed one main component, R, 0.38. The syrup 
was purified by chromatography on a column of silica gel by using 5% methanol in 

benzene as the eluant to give the product, [a]? -63” (c 1.2, chloroform); n.m.r. 
data (CDCI,): 7 5.39 (l-proton doublet, J1,2 2.0 Hz, H-l), 7 6.50 (3-proton singlet, 
0CI-T3), 7 7.83 and 7.92 (3- and 6-proton singlets, OCOC&). 

And. Calc. for CIJ&,O,: C, 51.3; H, 6.6. Found: C, 51.6; H, 6.9. 
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In connection with a study of structure-activity relationships’ involving sub- 
strates of hexokinase isozymes of normal and cancerous tissue’, the complete series 
of deoxyfluoro-o-glucopyranose derivatives was required. The 2-, 3-, and 6-fluoro 
derivatives have been described3, and the cr- and /I-D-ghrcopyranosyl fiuorides are 
known4. We now report on the sole remaining member of the series, 4-deoxy4 
fluoro-D-glucose. 

Treatment of 1,6-anhydro4U-toluene-p-sulphonyl-~-D-glucopyranose5 (1) 
with KHF= in boiling ethylene glyco1 for 75 min [monitoring by t.l.c., Kieselgel 
(Merck, 7731), ether-ethyl acetate (3: l)] gave 1,6-anhydro4deoxy4fluoro-p-D_ 
glucopyranose (3, 47%; presumably via the epoxide 2, cf. ref. 6), m.p. 118-120” 
(from acetone-ether), [a]n -53” (c 2, water) (Found: C, 44.35; H, 5.45; F, 11.3. 
C,H,FO, talc.: C, 43.9; H, 5.5; F, 11.7%). The diacetate 4 (85%, using pyridine- 
acetic anhydride) was a liquid, b.p. 120-140” (bath)/0.15 mmHg, [c& - 49” (c 1.7, 
chloroform) (Found: C, 48.35; H, 5.25; F, 7.35. C,,H,,FOs talc.: C, 48.4; H, 5.25; 
F, 7.65%). 

&q - [ids_ ‘-~~fen;~ 

1 2 3R=H SR=H 7 
4R=Ac 6R= AC 

Hydrolysis of the fluoro-anhydride 3 with refluxing N hydrochIoric acid for 
16 h [t.l.c. monitoring, ether-ethyl acetate (5:1)], followed by neutralisation with 
silver carbonate, gave 4deoxy-4-fluoro-D-glucose (5, 56%), m.p. 187-189” [from 
ethanol-light petroleum (b-p. 40-60”)], [c~]D t26 (9 min)+ +49” (76 h, equil., c 1, 
water), RG 2.53 on Whatman No. 1 paper with butyl alcohol-acetic acid-water 
(5:2:3) and detection with alkaline silver nitrate (Found: C, 39.85; H, 5.95; F, 10.3. 
CsH,,FOS talc.: C, 39.55; H, 6.05; F, 10.45%). Treatment of the fluoro sugar 5 
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with sodium acetate in boiling acetic anhydride for 20 min, followed by elution of 
the isolated product. mixture from Kieselgel (Merck, 7734) with light petroleum 
(b.p. 4&60”)-+ther (1:2), gave the P-D-tetra-acetate 6 (31%), m.p. 127-129” (from 
ethanol), [a]n L32’ (c 0.5, chloroform) (Found: C, 48.3; H, 5.65; F, 5.7. C,,H,,FO s 
talc.: C, 48.0; H, 5.4; F, 5.4%). 

The structure of 4-deoxy-4-fluoro-D-glucose was unequivocally established on 
the basis of n.m.r_ data for the /I-D-tetra-acetate 6, for which the relevant coupling 
constants (Hz) were obtained from a spectrum, for a solution in deuteriochloroform, 
measured with a Varian HA-100 spectrometer operating in the frequency-sweep 
mode for ‘H resonances and (at 94 MHz) in the locked, field-sweep mode forrpF 
resonances: .Js,2 8.1, J2,3 9.5, J3,4 8.8, .I& 10.0, J5,6. 2.5, J5,e” 4.4, .7s_,6- 12.4, 
.TF,3 14.5, J&49.5, J’,5 -2.6, JFs6. ~1.6, Jp_6" - 1.5. The magnitude of the vicinal 
H-H couplings are indicative’ of ?rc?ns di-axial relationships and therefore of the 
gluco configuration. Also of importance are the relativery small magnitudes of 

JF,3 and JF.5 which are consistent with an eq fluorine atom 3anked by ax protons_ 
A complete anaIysis of the n-m-r. spectrum of the ffuoro-anhydride 4 was also 

possible. With the exception of the “F-IH couplings, the ‘H n.m.r_ spectrum is 
remarkably similar to that of 2,3,4-tri-U-acetyl-1,6-anhydro+r+ucopyranose 8_ 
Although, for compound 4, the vicinal F-H and H-H couplings do not permit 
unequivocal assignment of configuration at C-4, an assignment is possible on the 
basis of 4J values. The values JF,cie,,do 0.7 and JF,~ciexo 4.4 Hz accord with the known9 
stereospecificity of 4J, 19F-lH couplings, provided that the fluorine atom at C-4 
is assigned to an axial position (7). This would give rise to a near-planar W arrange- 
ment of F-4 and exe-H-6, with the consequent, relatively large couphng as observed. 
The absence of a JF,2 coupling in compound 4 is also consistent with an axial dispo- 
sition of F4_ 

A fuIi analysis of the n_m.r. data will be presented elsewhere_ 
The low yield in the conversion of 1,6-anhydro-o-glucose into the Ptoluene-p- 

suIphonate largely deprives the above synthesis of convenience as a route for the 
large-scale preparation of 4-deoxy-4-fiuoro-D-glucose, and ahernative synthetic 
approaches are being investigated. 
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(b.p. 4&60”)-+ther (1:2), gave the P-D-tetra-acetate 6 (31%), m.p. 127-129” (from 
ethanol), [a]n L32’ (c 0.5, chloroform) (Found: C, 48.3; H, 5.65; F, 5.7. C,,H,,FO s 
talc.: C, 48.0; H, 5.4; F, 5.4%). 

The structure of 4-deoxy-4-fluoro-D-glucose was unequivocally established on 
the basis of n.m.r_ data for the /I-D-tetra-acetate 6, for which the relevant coupling 
constants (Hz) were obtained from a spectrum, for a solution in deuteriochloroform, 
measured with a Varian HA-100 spectrometer operating in the frequency-sweep 
mode for ‘H resonances and (at 94 MHz) in the locked, field-sweep mode forrpF 
resonances: .Js,2 8.1, J2,3 9.5, J3,4 8.8, .I& 10.0, J5,6. 2.5, J5,e” 4.4, .7s_,6- 12.4, 
.TF,3 14.5, J&49.5, J’,5 -2.6, JFs6. ~1.6, Jp_6" - 1.5. The magnitude of the vicinal 
H-H couplings are indicative’ of ?rc?ns di-axial relationships and therefore of the 
gluco configuration. Also of importance are the relativery small magnitudes of 

JF,3 and JF.5 which are consistent with an eq fluorine atom 3anked by ax protons_ 
A complete anaIysis of the n-m-r. spectrum of the ffuoro-anhydride 4 was also 

possible. With the exception of the “F-IH couplings, the ‘H n.m.r_ spectrum is 
remarkably similar to that of 2,3,4-tri-U-acetyl-1,6-anhydro+r+ucopyranose 8_ 
Although, for compound 4, the vicinal F-H and H-H couplings do not permit 
unequivocal assignment of configuration at C-4, an assignment is possible on the 
basis of 4J values. The values JF,cie,,do 0.7 and JF,~ciexo 4.4 Hz accord with the known9 
stereospecificity of 4J, 19F-lH couplings, provided that the fluorine atom at C-4 
is assigned to an axial position (7). This would give rise to a near-planar W arrange- 
ment of F-4 and exe-H-6, with the consequent, relatively large couphng as observed. 
The absence of a JF,2 coupling in compound 4 is also consistent with an axial dispo- 
sition of F4_ 

A fuIi analysis of the n_m.r. data will be presented elsewhere_ 
The low yield in the conversion of 1,6-anhydro-o-glucose into the Ptoluene-p- 

suIphonate largely deprives the above synthesis of convenience as a route for the 
large-scale preparation of 4-deoxy-4-fiuoro-D-glucose, and ahernative synthetic 
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AND THE ACTION OF AN a-L-ARABINOFURANOSIDASE ON THESE 
POLYSACCHARIDES 
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A method, involving chromatography on DEAF-cellulose and gel-filtration 
on Sephadex G-50, is described for purifkation of the r_-arabinan from a crude 
beet arabinan preparation. From the purif?ed L-arabinan a (l-,5)-linked L-arabinan 
was prepared by treatment with an a-r.-arabinofuranosidase from Aspergihs niger 
and was characterized as a linear polymer. The L-arabinofuranose residues in these 
L-arabinans were hydrolyzed by action of the a-L-arabinofuranosidase, and the 
L-arabinose residues in wheat L-arabino-D-xylau and a small proportion of those 
in gum arabic were also susceptible to hydrolysis by the enzyme. 

INTRODUCTION 

Although polysaccharides containing L-arabinose residues are widely distri- 
buted in plant hemicellulose fractions, enzymes that degrade these polysaccharides 
have not been studied so extensively as the pectolytic enzymes. 

An L-arabinan is commonly found in pectic substances and its structure has 
been well characterized by Hirst and Jones’, and by others2*3. Enzymic cleavage 
of L-arabinan was first described by Ehrlich and Schubert4. Recently, we have studied 
enzymes produced by AspergiZZus niger5’6 and other microorganisms’. One enzyme was 
highly purified from the culture filtrate of A. niger, and was characterized as an 
a-L-arabinofuranosidase6. When L-arabinan was hydrolyzed with a-r..-arabino- 
furanosidase, L-arabinose was liberated and the hydrolytic data showed that a-( I + 3)- 
linked r_-arabinose residues of the L-arabinan moiecule, attached along a main 
L-arabinose chain as a single unit side-chains, are selectively cleaved. However, the 
mode of action of this enzyme on the (1+5)-a+arabinosyi linkages in the substrate 
was not clearly estabhshed. This report deals with the preparation and characteri- 
zation of (1+5)-L-arabinan, together with an improved procedure for preparation 
of the parent L-arabinan. The results obtained from the action of the a-L-arabino- 
furanosidase on various polysaccharides containing L-arabinose residues are also 
described. 

*Department of Agricultural Chemistry, Kagawa University. 
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RESULTS AND DlSCUSSION 

Hirst and Jones’ reported that acetyIation and deacetylation are effective 
procedures for separation of L-arabinan from D-galaotan. These procedure are, 
however, rather tedious and could also cause a marked change in the L-arabinan 
preparation, if moisture is not carefuhy excluded. We set out to prepare a pure sample 
of L-arabinan, with a minimum of degradation, for preparing (l-,5)-L-arabinan 
and for investigation as a substrate for the a-L-arabinofuranosidase. 

Crude beet arabinan was used as the starting material. It had [cx]~: -S7” 
and contained residues of L-arabinose (73.7%), D-galactose (22-O%), and a small 
proportion of D-galacturonic acid. Preliminary experiments showed that fractionation 
of the crude arabinan by alcohol was not successful, little separation of the L-arabinan 
from contaminating polysaccharide being achieved. Chromatography on O-[2- 
(diethyIamino)ethylJceUulose (DEAE-cellulose), however, led to successful fraction- 
ation, as shown in Fig. 1. The crude arabinan gave two main polysaccharide fractions 
by DEAE-cellulose chromatography. The polysaccharides that were not adsorbed 
had an L-arabinose content of 93.6% and [cr]h5 -12S”, whereas the fraction eluted 
with 0.1~ hydrochloric acid contained L-arabinose, D-galactose, and D-galacturonic 
acid residues. The latter fraction was not examined further. 
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Fig. 1. Fractionation of the crude beet arabinan on DEAE-cellulose (OH- form). 

The L-arabinan preparation thus obtained contained a small proportion of 
D-galactose residues, as reveaIed by paper chromatography of an acid hydrolyzate. 
Removal of this contamination was effectiveIy achieved by gel-filtration on Sephadex 
G-50. As shown in Fig. 2, polysaccharides having a high content of L-arabinose 
were eluted faster than those containing D-galactose residues, although they were 
not completely separated from each other. The polysaccharide obtained from the 
appropriate fraction showed the accepted characteristics’* e for a pure L-arabinan 
(see TabIe I), and methylation analysis indicated that it had a branched structure, 
as first proposed by Hirst and Jones *. Fig. 3A shows the gas-liquid chromatogram 
of methanolysis products from the methylated L-arabinan (OMe, 38.8%), wherein 

Carbohyd. Res., 11 (1969) 293-301 



ACTION OF AN (r-L-ARABINOFURANOsI 295 
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Fig. 2. Fractionation of the partially purified L-arabinan on Sephadex G-50. Polysaccharide content 
-O-O-, Pentosan content 4 - 4, Optical rotation [c@ . 0 . . 0 . 

TABLE I 

PROPERlnS OF l-SIR L-ARAHNAN AND THR (I++L-ARARrNAN 

L-Arubinan (k-S)-L-Arabinan 

Sugar components 

Solubility in water 

[a]$ (water, c, 1.0) 
Intrinsic viscosity [q] 
Density 
Periodate consumption 

(per sugar residue, in 48 h) 

L-arabinose (97.8%) 
D-ffalaCtOSe (1.1%) 
very soluble, 4.2 g/ml 

-161° 
19.5 g-cm-l 
1.593 g.cm-a 
0.697 mole 

L-arabinose (98.3%) 

3.5 x 10-s g/ml at 25”, soluble 
after heating at above 90” 
- 148” 
23.7 g-cm-l 
1.524 g-cm-a 
1.067 mole 

methyl glycosides of 2,3,5-tri-O-methyl-, 2,3-di-O-methyl- and mono-0-methyl-r;- 

arabinoses were detected in molar proportions of 34.3:31.7:34.0. From the observed 

6 8 

Time (min) 

Fig. 3. Gas-liquid chromatograms of methanolyzed products obtained from the fully methylated 
L-arabinan, (A), and the fully methylated (I++L-arabman, (B). (1) Methyl 2,3,5-tri-O-methyl- 
L-arabinoside, (2) Methyl 2,3-di-O-methyl-L-arabinoside, (3) Methyl 2-O-methyl-p(?)-L-arabinoside, 
(4) Methyl 2-0-methyl-a(?)-L-arabinoside, (5) Methyl 0-methyl-L-arabinoside. 
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behavior on the gel, it is considered that the fraction of lower molecular weight 
probably has a linear or slightly branched structure, consisting mainly of galactose 
residues, as suggested by Hough and Powell’. When the arabinan was incubated 
with a-r=arabinofuranosidase, the side-chains of the L-arabinan molecule were 
easily hydrolyzed, and the resulting linear polymer of r.-arabinose was precipitated 
from the reaction mixture by lowering the temperature after the extent of hydrolysis 
reached 35% or a little more. The linear polysaccharide, designated (1+5)+arabinan, 
consisted of only L-arabinose (98.3%) and had a negative optical rotation of [a]g 
- 148”. Its properties, contrasted with those of the parent L-arabinan, are listed in 
Table 1. The data show that the (145)-L-arabinan has a straight-chain structure 
with a-L-glycosidic linkages, and this structural evidence was indicated more clearly 
by a gas-chromatographic examination of methanolysis products from the methylated 
(1+5)+arabinan (OMe, 37.1%). As will be seen in Fig. 3B, a large proportion of 
methyl 2,3-di-O-methyl-L-arabinoside (91.3%, in molar proportion) was detected, 
while methyl 2,3,5-tri-O-methyl- and methyl mono-O-methyl-L-arabinosides were 
present in small proportions (2.3 and 6.5%, respectively, in molar proportion). 
With t-his evidence for a (1+5)+arabinan, the specificity of the a-L-arabino- 
furanosidase was examined. 

Some properties of the a+arabinofuranosidase from A. nig.d have been 
reported already. The present study was undertaken to gain more knowledge of 
the action and the specificity of the enzyme. The enzyme preparation used was 
highly purified and its homogeneity was proved by ultracentrifugal analysis6. Beside 
the parent r_-arabinan and the (1+5)-L-arabinan described above, wheat L-arabino- 
D-xylan and gum arabic (Acacia Senegal gum) were used as substrates. Wheat 
I.-arabino-D-xylan consists of L-arabinose (35%), D-xylose (61%), and D-galactose 
(4%) residues, and gum arabic of L-arabinose (27%), L-rhamnose, D-galactose, 
D-galacturonic acid, and a trace of unidentified sugar residues. Hydrolysis curves 
of these polysaccharides as a result of enzyme action are shown in Fig. 4. 

60 

Time (h) 

Fig. 4. Hydrolysis curves of polysaccharides containing r-arabinose residues with the a+arabino- 
furanosidase from A. niger. 
L-Arabinan u, (1-+5)-r-Arabinan -o-o-, 
r_-fUabino-D-xylan -v-v-, Gum arabic -&-_o- . 
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The parent r.-arabinan was hydrolyzed rapidly to the extent of about 30% and 
thereafter hydrolysis was slow. On the other hand, the (l-+5)-~arabinau was 
hydrolyzed linearly with time, at a rate less than one tenth of the initial rate of 
hydrolysis of the parent L-arabinan. In both cases, hydrolysis to >90% was attained 
after incubation for 30 h and L-arabinose was detected @papergram) as the sole product. 

From these results it is clearly established that the cc-L-arabinofuranosidase has 
hydrolytic activity for both a-(1-+3)- and a-(1 45)~linked, non-reducing, terminal 
L-arabinofuranose residues, and does not act on the internal a-L-arabinofuranosyl 
linkages. On this account, it will be appreciated9 that the difference in the rate between 
hydrolysis of the L-arabinan and (l-S)-L-arabinan depends largely on the number 
of non-reducing, terminal groups in each polysaccharide. 

Wheat L-arabino-D-xyhm was also hydrolyzed with the enzyme and the release 
of L-arabinose in the digest was observed by paper chromatography. As the reaction 
progressed an amorphous precipitate formed, which was found to be a polysaccharide 
consisting mainly of D-xylose residues. There is thus convincing evidence that the 
enzyme is capable of hydrolyzing L-arabinosyl linkages in L-arabino-D-xylan, because 
L-arabinose residues in this polysaccharide are present as non-reducing, terminal 
groups, in the furanose form, and must be attached to the main D-XylOSe chain by 
a-r,-glycosidic linkages l”*ll. Since this work was concluded”, substantial evidence 
for an ct+arabinofuranosidase (partially purified from Pectin01 R-10) has been 
reported by Neukom, et al. l3 They observed that incubation of L-arabino-D-xylan 
with their enzyme preparation caused formation of a white precipitate, which 
consisted of a D-xylan containing only traces of L-arabinose. 

When the enzyme acted on gum arabic, a small proportion of L-arabinose 
was released and the reducing value increased. After prolonged incubation the 
hydrolysis accounted for about 5% of the L-arabinose residues of this gum. There 
are some reports’4-‘6 suggesting that the most of the L-arabinose residues are 
present in the furanose form, but nothing is yet known about the localization of 
these residues. The result, however, strongly suggests that some linkages in the 
gum are terminated by a-L-linked, arabinofuranose residues. 

On the basis of these enzyme data, susceptibility to the a-L-arabinofuranosidase 
can be used as evidence for non-reducing, terminal, L-arabinofuranose residues in 
polysaccharides. 

EXPERIMENTAL 

Materials. - DEAE-Cellulose was purchased from Brown Co., U. S. A., and 
Sephadex G-50 (fine grade) from Pharmacia Fine Chemicals, Sweden. Crude beet 
arabinau was prepared by the method of Hirst and Jones’. Wheat L-arabho-D-xylan 
was obtained according to the method of Neukom et ~1~‘~~‘. Gum arabic was 
purchased from Wako Pure Chemical Industries, Japan. a-L-Arabinofuranosidase 
was obtained from a culture filtrate of Aspergilius niger by means 6f fractional 
precipitation with ammonium sulfate, gel-titration on Sephadex G-100, and column 
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chromatography on DEAE-cellulose, DEAF-Sephadex, SE-Sephadex, and hydroxy- 
apatite’. The enzyme had a specific activity of 420 units per mg of protein. One 
activity unit has been defined as that amount of enzyme which will hydrolyze 1 pmole 
of phenyl a-L-arabinofirranoside per min at 40”, pH 4.0. 

General analytical methods. - Quantitative determination of polysaccharides 
was made by the phenol-sulfuric acid methodlg. The pentosan contents were 
determined by the calorimetric orcinol methodzO. The reducing values of enzymic 
digests were measured by the Somogyi-NeIson methodz1*22. Total acid hydrolysis 
of polysaccharides was carried out in 0.25~ sulfuric acid for 16 h at 100”. Paper 
chromatography of sugars was effected on Toyo filter paper No. 51A by the ascending 
method with the following solvent systems: 12~5~4 ethyl acetate-pyridine-water; 
and the upper layer of a 4:1:5 butyl alcohol-acetic acid-water. Spots were developed 
with aniline hydrogen phthaIatez3 or alkaline silver nitrate24. Gas-liquid chromato- 
graphy of methyl glycosides was conducted with a Hitachi gas chromatograph, 
type K53, with a flame ionization detector, and a stainless-steel colunm (0.3 x 200 cm), 
which was packed with 5% dimethyl silicone gum (SE-30) on 80-100 mesh, acid- 
washed Chromosorb W. Nitrogen was used as the carrier gas and the pressure at 
the inlet was kept at 0.5 kg.cm -‘. The temperatures of the injection block and the 
oven were maintained at 250” and 200”, respectively. For quantitative analysis, the 
detector response to the amount of material applied was tested by using authentic 
samples of methyl 2,3,5-tri-O-methyi- and methyl 2,3-di-U-methyl-L-arabinosides. 
The peak areas on the charts were confirmed to be directly proportional to concen- 
tration, irrespective of the nature of the glycoside. 

Purification of the L-arabinan. - Crude beet arabinan (10 g) was dissolved in 
water (200 ml) and applied to a column (3.8 x 53 cm) of DEAE-cellulose (OH- form) 
and eluted successively with water, 0.1~ hydrochloric acid and 0.1~ sodium hydroxide 
(1000 ml of each). Fractions were analyzed for polysaccharide content (Fig. 1). 
The polysaccharide eluted at 300-900 ml was dialyzed against water, concentrated, 
and precipitated with alcohol. On vacuum dryness it gave a pale yellow glass (5.4 g). 
Further puri&ation was performed by gel-filtration on Sephadex G-50. The arabinan 
(5 g), dissolved in water (200 ml), was passed through a column (3.8 x 60 cm) of 
the gel under gravity flow with water. Fractions were analyzed for polysaccharide 
and pentosan contents, and for optical rotation @]$s). The elution pattern is shown 
in Fig. 2. On the basis of pentosan content and optical rotation, the fraction ehrted 
at 32&560 ml was pooled, concentrated, and the product was precipitated with 
alcohol. Drying the precipitate gave a hygroscopic material (2.1 g). 

Preparation of (1+5+arabinan. - The purified L-arabinan (10 g) was 
dissolved in 0.02 M citrate-phosphate buffer, pH 4.0 (400 ml), and the a-carabino- 
furanosidase (500 units) was added. The reaction allowed to proceed at 40’ and 
was monitored by the increase in reducing value. After the extent of hydrolysis 
attained 30% (about 6 h of incubation) the mixture was cooled to 20” and incubated 
at this temperature for a further 16 h. These treatments led to formation of an 
amorphous pre,cipitate and the extent of hydrolysis was 38%. The reaction mixture 
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was then heated for 5 min at 100” to inactivate the enzyme, and alcohol was added 
to 80% concentration. The precipitated polysaceharide was dissolved in hot water 
(200 mI) and reprecipitated by keeping the solution for 24 h at 2”. Drying the product 
gave a white powder (5.6 g). 

Characterization of the L-arabinan and the (1 dS)-L-arabinan. - Sugar 
components. A sample (100 mg) was hydrolyzed in 0.25~ sul_furic acid (5 ml) for 
16 h at 100”. After neutralization with barium carbonate, the clear hydrolyzate was 
subjected to paper chromatography. Each of the sugars located on the paper was 
eluted with water and determined by the phenol-sulfuric acid method’ ‘. 

Solubility. Solubility in water was measured polarimetrieally at 25”. 
OpticaZ rotation. This was observed by a direct-reading polarimeter at 25 +2”. 
Iittrinsic viscosity. The viscosity was measured at 25” in an Ostwald viscometer 

with a water flow-time of 57 sec. Measurements at several dilutions were made. 
From a graph showing the variation of tl,Jc with C, the intrinsic viscosity, [q], was 
determined by extrapolation to zero concentration (c is the concentration and 
q,r the specific viscosity). 

Density. The determination was made in a pycnometer of 50-ml capacity at 20”. 
Periodate consumption. A sample (100 mg), dissolved in water (25 ml), was 

treated in the dark at 20” with 0.2~ sodium metaperiodate (25 ml). SampIes (5 ml) 
were withdrawn at intervals, and the amount of periodate consumed was determined 
by the Fleury-Lange method’*. 

MethyZation analysis. The L-arabinan and the (1+5)-L-arabinan were first 
acetylated, and then methylated by the Haworth methodZ6 followed by thePurdie 
method2’. A sample (5 g) was suspended in pyridine (200 ml) and acetic anhydride 
(60 ml) was added. The mixture was heated for 5 h at 80” and then poured into 
ice-water (1000 ml). The resulting precipitate was washed with cold water and dried 
under diminished pressure. The acetylated t-arabinan, dissolved in acetone (50 ml), 
was simultaneously deacetylated and methylated at 40” by the dropwise addition 
of 30% aqueous sodium hydroxide (100 ml) and methyl sulfate (40 ml). The reaction 
was conducted for 20 h in an atmosphere of nitrogen. After cooling in an ice bath, 
the solution was neutralized with M sulfuric acid and dialyzed against water for 24 h. 
Evaporation of this dialyzed solution gave a sticky material, which was dissolved 
in acetone and methylated three additional times in the same manner with methyl 
sulfate and sodium hydroxide. The reaction mixture was then extracted with chloro- 
form (4x 100 ml). The chloroform solution was dried on anhydrous magnesium 
sulfate and concentrated under diminished pressure. The partially methylated 
L-arabinan so obtained was dissolved in methyl iodide (30 ml), and silver oxide (25 g) 
was added during 4 h to the stirred solution at 50”. After it had been stirred for a 
further 2 h, the methylated product was extracted as mentioned above. Four treat- 
ments with methyl iodide and silver oxide were required to give a fully methylated 
L-arabinan (the methoxyl content was not raised on further attempted methylation). 
Each sample (100 mg) of the methylated L-arabinans was hydrolyzed in a sealed 
tube with 3% methanolic hydrochloric acid (4 ml) for 7 h at 100”. After neutralization 
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with silver carbonate, the methyl glycosides were extracted with chloroform (3 x 5 ml) 
and the chloroform solutions were concentrated to a small volume (1 ml). Portions 
(OS-l.0 pl) of the concentrates were analyzed by gas-liquid chromatography, 
with authentic samples of methylated methyl arabinosides as reference compounds 
(Fig. 3). 

Action of a-L-arabinofuranosidase on poIysaccharides containing x_-arabinose 
residues. - Samples (100 mg) of the polysaccharides: L-arabinan, (1+5)+arabinan, 
wheat L-arabino-D-xylan, and gum arabic, were dissolved in water (10 ml). To each 
of the solutions, 0.1~ citrate-phosphate buffer, pH 4.0 (5 ml), a-L-arabinofuran- 
osidase (60 units in 5 ml) and a few drops of toluene were added, and the mixture 
was incubated at 40”. At intervals, portions (1 ml) were removed and analyzed for 
reducing value and sugars released by the Somogyi-Nelson method*‘*** and paper 
chromatography, respectively. In all experiments, L-arabinose was the only product, 
and its amount corresponded to the values calculated from the increase in reducing 
value. Therefore, in Fig. 4, the extents of hydrolysis are expressed as equivalents 
of L-arabinose released by the action of the enzyme on the polysaccharides. 
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ABSTRACT 

The behavior of diphenylformazans, 2-oxo-1,3-bis(phenylhydrazones), 1,2-b& 
(phenylazo)ethylene, and the phenylhydrazone of Poxo-l-phenyl+phenylazo-3- 
pyridazinecarboxaldehyde on protonation has been examined spectrophotometrically. 
These compounds form purple, blue, or green protonated cations. The nature of the 
spectral changes suggests that the highly colored cations have resonance-stabilized 
structures. Phenylosazones and bis(phenylhydrazono) compounds that cannot form 
resonance-stabilized cations on protonation do not usually give the blue-color 
reaction. Structures are proposed for the cations derived from diphenylformazans 
and certain 2-0x0-1,3-bis(phenylhydrazones). 

Treatment of the red, enolic tautomer of Z-oxo-1,3-bis(phenylhydrazono)- 
cyclohexane with per&lo& acid in acetic acid yields a new, stable, dark-blue, crystal- 
line salt. Dissolution of this salt- in acetic acid, followed by addition of ice-water, 
yields a previously described yellow hydrate of the keto tautomer. Dissolution of 
the hydrate in ethanol and warming regenerates the red, enolic tautomer. 

E.s.r. measurements of colored solutions of 2-0x0-l,3-bis(phenylhydrazones) 

or diphenylformazans did not show the presence of radical species, thus indicating 

the ionic character of the products formed on protonation. 

INTRODUCTION 

Ketazine bis(hydrazones), azo dyes, enolic phenylhydrazono-phenylazo com- 
pounds’ - ‘, and similar compounds show characteristic absorption bands that change 
in both wavelength and intensity on addition of strong acids; and these changes 
provide a means of studying the compounds in Solution. All of the compounds that 
give intense colors with bathochromic shifts are, on protonation, capable of forming 
resonance-stabilized cations, whereas the compounds that do not give intense colors 
presumably lack the capacity to form such resonance-stabilized structures. 

*For Part II, see ref. 2. 
**Presented, in part, at the 150th National Meeting of the American Chemical Society, Atlantic City, 
New 3ersey, September, 1965. 
***Present address: Chemistry Department, American University, Washington, D. C. 20016 
(U. S. A.). 
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The bathochromic shifts and intense colors could arise either from resonance- 
stabilized cations or from free-radical structures. E.s.r. measurements of a solution 
of protonated 1,3-bis(phenylhydrazones) (compounds 2 to 7) showed no radical 
intermediates; hence, the colors must arise from polar structures similar to resonance- 
stabilized salts of azine bis@henylhydrazones)6, other 1,3-bis@henylhydrazones)‘, 
or the aznnium salts of Paminoazobenzenes **‘. The bathochromic shift is due to the 
energy difference between the normal and excited states being less for the cation 
than for the parent compound. This is explained in terms of more extensive delocal- 
ization of the electron in the excited state of the cation. Phenylhydrazones, phenyl- 
osazones, and certain phenylazo compounds lacking auxochromic groups do not 
usually show substantial bathochromic shifts on treatment with strong acid. In 
marked contrast, p-aminoazobenzene and related azo compounds show considerable 
spectral changes under similar conditions. Thus, p-aminoazobenzene in ethanol 
absorbs in the region at 380 to 440 nm; addition of a strong acid to this solution 
shifts the visible band to 500-540 nm and gives another band at 320 nm. From studies 
of the properties of a series of related compounds, Lewis8 concluded that the band 
at 500 to 540 nm arises from the azonium ion and the band at 320 nm from the ammo- 
nium cation. 

Recently, Eistert and co-workers’ studied a series of related 1,3-bis@henyl- 
hydrazono) compounds and obtained similar salts, The compounds that we have 
studied are listed in Table I, and are described in the sections that follow. 

D-~amzose diphenylfonnannz18 (1). - Treatment of 1 in acetic acid with 
perchloric acid results in a bathochromic shift from A.,_ 455 to 550 nm; the color 
changes from orange-red to purple-blue. Removal of the strong acid, or lessening 
of the acidity by dilution with alcohol or water restores the orange-red color. In 
the course of time, the original purple-blue color of a solution of 1 fades. This was 
to be expected, because, on treatment with warm mineral acids, phenylformazans 
rearrange to benzotriazineslg, and, on oxidation, yield colorless tetrazolium saltszo*21_ 
Furthermore, the formazans exist in several geometric forms depending on different 
orientation about the C=N and N=N bonds, and isomerization is reported to take 
place on irradiation with visible light’ 4. 

Ph 

FN< 
R-aN_N/H 

\ 
Ph 

1 R= -(CHOH),CH20H 

- Ph-N--N=cj-N=;--Ph 

R 

la R=-_(CHOH),CH~OH 
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Diphenylformazans have a phenylhydrazono group and a phenylazo group 
attached to the same carbon atom. The neutral molecule, for example, D-mamose 
diphenylformazan, has a chelate structure 1 in which the imino hydrogen atom 
spans the phenylhydrazono group and the phenylazo group”‘. Apparently, strong 
acids rupture this chelate, and the resulting, resonance-stabilized cation may have 
a structure encompassing the resonance forms depicted in la. 

The electron system for the cation of a diphenylformazan, la, encompasses 
17 atoms, but only two of the resonance forms are illustrated. Delocalization of 
tbe positive charges over the resonance system in la may account for the batho- 
chromic shift found in the spectrum of I on protonation. A labile proton may be 
attached to any one of the four nitrogen atoms. In la, the protons are shown attached 
to the alpha nitrogen atoms (Le., adjacent to the phenyl rings), because, when the 
protons are in this position there is less separation of unlike charges than when the 
protons are attached to the beta nitrogen atcms. Sharing of the proton between 
the nitrogen atoms is possible, but not probable, because this would require a cis 

structure for the phenylazo moiety instead of the more stable trans structure. The 
resonance-stabilized structure for the cation includes both of the phenylhydrazono 
groups. 

Phenylhydrazono-phenylazo compounds (2 through 8). - These compounds, 
like the phenylformazans, have a phenylhydrazono group joined in a resonance 
structure with a phenylazo group. On treatment with strong acids in acetic acid, they 
give purple, blue, or green colors. In l-phenylazo-3-phenylhydrazono-I-cyclohexene 
(2), the phenylazo and phenylhydrazono functions are joined through a vinyl group, 
whereas, in compounds 3 through 7, these functions are joined through an enol 

group. 
Compounds 2 through 8 have the following structures. 

Ph-N = N-C = C-C = N-N-Ph 

I 
R’ 

2 R = -CH&HaCHz-; R’ = H 
3 R = -CH+ZH2CH*; R’ = OH 
4 R = -CH(OH)CH(OH)CH(OH)-; R’ = OH 
5 R = -CH&H(COaH)CHp; R’ = OH 
6 R = -CH#H*-; R’ = OH 
7 R=-H,-H;R’=OH 

8 R = 1:; a ;R’=OH 

Compound 3 differs from 2 merely in the presence of a hydroxyl group, instead 
of a hydrogen atoll, attached to C-2 and, as might be expected, the absorption 
spectra of the two compounds are similar, both in the absence and presence of a 
strong acid. 
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Compound 3, a typical 2-oxo-1,3-bis(phenylhydrazono) derivative, exists in 
two forms, a red enolic form 3a and a yellow hydrate’ 3b. When perchloric acid 
was added to a concentrated solution of 3 in acetic acid, a crystalline, blue salt was 
obtained. By mixing the blue, crystalline salt 3c with cold, aqueous acetic acid, 
yellow hydrate 3b was regenerated. As reported previously*, on heating in toluene, 
the yellow hydrate changes to the red, enolic form. The salt 3c contains, by analysis 
and titration, one equivalent of perchloric acid per mole of 3; hence, the formation 

of the blue cation presumably involves addition of one proton. 
Introduction of perchloric acid (approx. 75 mu) to 3 in acetic acid caused a 

shift of the main peak in the visible spectrum from 1_ 485 nm (37,000)* to I_ 565 nm 
(78,500). Strong bathochromic shifts of this character were found for other compounds 
having conjugated phe _iylhydrazono-phenylazo structures, with the possible exception 
of compound 8. 

Presumably, the bathochromic shifts and the intense colors found for com- 
pounds 2 through 7 arise from conjugated, resonance-stabilized cations having 
structures of the type depicted. 

Ph-z=N--C=C-C=N-N-Ph - 
‘i’ T ‘i &- H 

7 
Ph-N-N=C-CC=C-N=N-Ph 

I I 8 
OH OH 

In the light of recent studies by Eistert and co-workers’, treatment of Mer- 
ling’s ’ l azo compound 2 with strong base (potassium hydroxide in an aprotic solvent, 
nameIy, NJV-dimethylformamide or methyl sulfoxide) also produces a deep-blue 
solution; the amphoteric character of compound 2 and other formazan vinylogs 
was ascribed’ to the formation of resonance-stabilized anions 2-2a. The absorption 
spectrum of anion 2-2~~ should resemble the resonance-stabilized cation spectra of 
2-0x0-1,3-bis(phenylhydrazones), indicating some amphoteric character of com- 
pounds 2 to 7. 

Ph 
‘N=N NYN/Ph 

E) - 

Ph\N,N 
KQ 

8 

2 20 

Surprisingly, compound 8 did not give a strong bathochromic shift under t$e 

conditions that gave a strong bathochromic shift with compounds 2 to 7. On heating 
in acid solution, 8 gave a colored solution which may have involved a resonance- 
stabilized cation. The inertness of 8 presumably arises from restriction of resonance 
by steric hindrance in accord with the conjugated, bicyclic indane structure_ However, 

*Molecular extinction coefficients are given in parentheses. 
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restriction of conjugation by steric hindrance has also been notedz2. Inspection of 
a model of 8 revealed that a structure consisting of three carbon atoms fused to a 
phenyl ring involves considerable angular strain, and that a resonance-stabilized 
structure of the type postulated for compounds 1 to 7 can be formed only by 
distortion of the normal bond-angles. This fact accounts for the unusual behavior of 8, 
and demonstrates the usefulness of the particular spectral measurements for structural 
studies. 

7 
H$=N-NPh 

‘i 
HC=N-NPh 

HO 

PhN=N ‘Ph 

7 
HC=N-NPh 

9b 

HC-N=NPh 

The results for compound 9 (4-oxo-1-phenyl-Sphenylazo-3-pyridazinecarbox- 
aldehyde’) also illustrate utilization of the color reaction in structural studies. On 
treatment with perchloric acid in acetic acid, compound 9 gave a purple color which 
changed to an olive-green. By protonation of 9, a resonance-stabilized, monovalent 
cation 9a and a divalent cation might be expected. The monovalent cation 9a has a 
conjugated phenylhydrazono-phenylazo structure that, on further protonation, may 
yield a resonance-stabilized structure 9b. Delocalization of the positive charges in 
the resonance forms of 9b may account for the intense purple color found experi- 
mentally. 

In some instances, the lack of a strong bathochromic shift in the spectrum of 
a compound on treatment with strong acid serves as an indication of structure. 
Thus, the lack of a strong bathochromic shift in the spectrum of the bis(phenyl- 
hydrazone) of tetrahydro-5-hydroxy-5,6-diphenylpyran-2,3,4-trione was our first 
evidence that this compound is not a 3-oxo-2,3-bis@henylhydrazono).derivative2*23. 

In continuation of this study, we have examined the behavior of l,Zbis- 
(phenyla.zo)ethylene (12) on protonation. This compound has an extended, conjugated, 
resonance structure both as the free base and as the divalent cation (12a). The 
n-electron system extends over 18 atoms, and many resonance forms may be involved. 

The principal resonance form of base 12 is somewhat like those of the cation 
12a. In forming the cation, protonation of the nitrogen atom would be expected to 
cause displacement of the absorption bands to shorter wavelengths, because of the 
restrictive effect of the protons attached to the nitrogen atoms on the resonance 
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12a 

structure of 12a as compared with 12. Protonation of 12 was, indeed, accompanied 
by a hypsochromic shift and slightly higher intensity (See Tab& I.) Presumably, 
protonation of either the alpha- or the beta-nitrogen could occur, The protons are 
shown attached to the alpha-nitrogen atoms in 12a because, in this compound, there 
is a wider separation of charge in the principal resonance form than in the other 
isomer. In addition to the resonance-stabilized structure depicted, a radical structure 
is possible. In fact, e-s-r. monitoring of_ the protonation reaction of 12 (perohloric 
acid in acetic acid) at room temperature revealed the presence of a radical; the one- 
line spectrum (width 4 gauss, g = 2.0032) developed rather slowly. The low intensity 
of the es-r. spectrum, the lack of hyperfme structure, and the slow development 
suggest that resonance may arise from a side reaction. 

ExPERIMrnWAL 

The previously known compounds listed in Table I were prepared by the 
methods described in the references cited and their properties were checked as 
described in our earlier paper’. Visible spectra were recorded with either a Beckman* 

*Mention in thii article of certain commercial instruments or chemical compounds does not con- 
stitute endorsement by the National Bureau of Standards. : .- 
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DK-2 or a Cary 14 Spectrophotometer, The spectrum of each compound in acetic 
acid (ma to 10~~ solution) was lirst recorded. It was then recorded in a perchloric 
acid mixture prepared by adding 0.1 ml of 70% aqueous perchloric acid to 5 ml of 
a solution of the compound in acetic acid. The spectra were recorded 2 to 3 min 
after addition of the perchloric acid. 1.r. spectra were recorded with a Perkin-Elmer 
grating Model 257 spectrophotometer, and e.s.r. spectra with a Varian Model 
4500 EPR Spectrometer, with lOO-kHz field modulation and use of a Varian 
Model V-4548 aqueous-solution samplecell. 

2-Oxo-2,3-bis(phenylhydrazono)cyclohexane perchlorate (3~). - A solution of 3 
(307 mg, 1 mmole) in warm acetic acid (5 ml) was cooled in an ice-water bath, and 
a solution of perchloric acid (OS ml of 70% aq. HCIO,) in 2 ml of acetic acid was 
added dropwise, with stirring. The dark reaction mixture was stirred for an additional 
15 min, whereupon dark-blue crystals of 3c (330 mg, 81%) formed. The crystals 
were separated, and washed successively with acetic acid (2 ml) and ether (3 ml). 
The analytical sample was recrystallized from a small volume of acetic acid by 
concentration in vacua. The compound can also be recrystallized from acetic acid- 
ether-acetone containing a trace of perchloric acid; a sample dried for 2 h at 
78”/0.1 torr had m.p. 136-137” (red melt). 

Anal. Calc. for C,sH,BN,O* HClO,: C, 53.14; H, 4.71; N, 13.77. Found: 
C, 53.30; H, 4.65; N, 13.70. 

Compound 3 (30.6 mg, 0.1 mmole) in 15 ml of 90% aqueous acetic acid required 
10.08 ml of 10 lll~ per&lo& acid for neutralization; this indicates that the salt 
contains one equivalent of perchloric acid per mole of 3. 

Perchlorate 3c showed #di 3240s (NH, OH), 1600s (phenyl ring), 1572~ 
(N=N), 1555~ (N-H, bending), 1508s @henyl ring), 1490s (phenyl ring), 1460s 
(phenyl ring), 1421~ (N=N), and 1130m and 1160m cm-’ (Ph-N)25. Fingerprint 
region: 1358s, 1335s, 124Os, 118Ow, 107Os, lOlOw, 9&s, 92Ow, 880m, 868w, 84Ow, 
76Os, 74Osh, and 700s cm- ‘. 

Treatment of 3 in glacial acetic acid with concentrated sulfuric acid gave a 
dark-blue, crystalline salt (shift from nz: 485 to 562 nm); treatment of 3 with 
trifluoroacetic acid gave a deep-green salt (shift from Aztp 485 to 560 nm). Although 
the salts were not analyzed, it is presumed that they have a resonance-stabilized 
structure. 
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IMPROVED SYNTHESIS OF N-ACETYLNEURAMINIC ACID 

M. J. How*, M. D. A. HALFORD~, M. STACEY, 

Deparrmenr of Chemistry, The University, Edgbaston, Birmingham 15 (Great Britain) 

AND EL VICIYBS (IN PM3.T~ 

Koch-Light Laboratories, Cob&rook, Bucks (Great Britain) 

(Re&wxi March Filth, 1969) 

The overall yieid and stereoselectivity of the aldol condensation reactions of 
2-acetamido-%deoxy-D-glucose and 2-acetamido-2-deoxy-D-mannose with oxal- 
acetate at pH 10 are improved by the incorporation bf borate ion in the reaction 
mixture. Borate ion inhibits the alkaline epimerisation of various 2-acylamino-2- 
deoxyaIdoses. 

WTRODUCTION 

EAcetamido-3,5-dideoxy-D-glycero-D-gaCacto-nonulosoni acid (N-acetylneur- 
aminic acid, 1) has been synthesised by reaction of 2-acetamido-2-deoxi-D-mannose 
(2) and pyruvate or oxalacetate at pH_ 10. Under these conditions, 2 partially epimerises 
to 2-acetamido-2-deoxy-D-glucose (3), and four diastereoisomeric N-acetylnonulos- 
aminic acids (1, 4-6) are obtained. Yields of 1 of 11.5% have been reported’, but 
none of the other isomers has been isolated in the crystalline state. 

The present paper describes a simple modification of this aldol reaction that 
results in improved yield and greater stereoselectivity. 

ExPERIMENTAL 

Spectrophotometric anaIyses. - N-Acetylnonulosaminic acids were determined 
by the method of Warren’ using acid 1 (Koch-Light Labs., Ltd.) as standard. The 
amount of acid 1 in mixtures of N-acetylnonulosaminic acids was calculated from 
analyses of the mixture before and after treatment with N;acetylneuraminic acid 
aldolase (N-acetylneuraminate pyruvatelyase, EC. 4.1.3.3.) prepared3 from pigs’ 
kidneys. 2-Acetamido-2-deoxyhexoses were determined by the method of Reissig 
et al.‘, and pyruvate was determined’ by using lactic dehydrogenase (L-lactate: 
NAD oxidoreductase, EC. 1 .I .1.27., Koch-Light Labs., Ltd.). 

Paper chromatograms (Whatman No. 52) were developed with solvent A @rtyI 
alcohol-pyridine-water, 6:4:3), and components were detected with alkaline silver 

*Present address: Unilever Research Laboratory, Colworth Ho&z, Shambrook, Bedford (Great 
Britain). 
XFresent address: Laboratory fir mbohydrate Research,_ Massachusetts deneraI Hospital, Boston, 
_?&_&W QZS 14 @.L s, -Q= 
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nitrate, Ehrlich, or periodate-thiobarbituric acid reagents. RNANA values of sugars 
refer to distances moved relative to acid 1. 

2-A.mino-2-deoxyaldose derivatives. - 2-Acetamido-2-deoxy-D-mannose mono- 
hydrate, (m.p. 128”, [a];’ + 10.2” (c 5.0, water); lit.G, m-p. 128”, [ali +9-S”) was 
prepared from 2-acetamido-2-deoxy-D-glucose by epimerisation in dilute aqueous 
NaOH at pH 11. 2-Deoxy-2-propionamido-D-glucose (7), 2-deoxy-2-propionamido- 
D-mannose (S), 2-butyramido-2-deoxy-D-glucose (9), 2-deoxy-2-formamido-D-glucose 
(lo), and 2-acetamido-2-deoxy-D-xylose (11) were kindly provided by Dr. R. G. Plevey. 

Ox&acetic acid was prepared ’ from ethyl sodio-oxalacetate (R.D.H. Ltd.). 
Investigation of the alkaline epimerisation of sugars 2 and 3. - Solutions (final 

volume, 1 ml) of sugars 2 (25 mg) or 3 (25 mg) in (a) water and (b) 0.1~ sodium 
tetraborate, each containing pentaerythritol (1 mg) and adjusted to pH 10 with 10~ 
sodium hydroxide, were incubated for 18 h at room temperature. Aqueous solutions 
of sugars 2 and 3 without alkali were treated similarly. The solutions were eluted from 
columns of Dowex-50 x8 (Hf, 2 ml) with water (4 ml), and the eluates were concen- 
trated under diminished pressure to 2 ml, and methanol (3 x 1 ml) was evaporated 
from the residue. The O-trimethylsilyl derivatives’ of the dried products were analysed 
by g.1.c. with a Pye 104 temperature-programmed chromatograph and a 10% SE 30 
column packing, maintained at 150’ for 5 min after injection of the sample and then 
heated to 210” at 4”/min. 

Polarimetry. - The changes in [a]n of solutions (c 2.5) of various 2-acylamino- 
Zdeoxyhexoses in water, aqueous sodium hydroxide (pH lo), and O.lM sodium 
tetraborate (pH 10) were determined. Initial readings were obtained 2-4 min after 
the addition of solvent. 

Reaction of 2-acylamino-2-deoxyaldoses with oxalacetate atpH 10 in the presence 
or absence of borate ion. - (a) Reactions of sugars 2 and 3. In a typical experiment, 
a soIution of sugar 2 or 3 (50 mg, 0.23 mmole) in water (1 ml) was added to a solution 
or absence of borate ion. - (a) Reactions of acids 2 and 3. In a typical experiment 
a solution of acid 2 or 3 (50 mg, 0.23 mmole) in water (1 ml) was added to a solution 
of oxalacetic acid (100 mg, 0.76 mmole) in water (1 ml) or 0.2~ sodium tetraborate 
(1 ml) adjusted to pH 10 with 5~ sodium hydroxide. Solutions were incubated for 
18 h at 18”, and the pH was maintained at 10.0 during the first 3 h. After 18 h, the 
pH of the solution was adjusted to pH 6 with acetic acid, and the solution was diluted 
to 250 ml with water. Solutions containing sugar 2 or 3, and oxalacetate, in alkali 
and in alkaline borate, were incubated, acidified, and diluted similarly. Aliquots from 
test and control solution9 were anaIysed by the method of Warren (Table I). In a 
similar experiment, the product mixture after acidification with acetic acid was eluted 
from a column (10 x 1 cm) of Dowex-1 x8 resin (formate form) with water, until the 
eluate gave a negative colour reaction for 2-acetamido-2-deoxyhexose, followed by 
0.3~ formic acid. Fractions (10 ml) of the acid eluate were collected automatically, 
and aliquots were assayed by the method of Warren using 0.3~ formic acid as blank. 
Fractions that gave positive reactions for N-acetylnonulosaminic acids were pooled, 
and concentrated under diminished pressure to one-half volume, and formic acid 
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was removed by repeated evaporation with water and finally by freeze-drying. An 
aliquot of a solution of the product in 0.05~ potassium phosphate buffer (pH 7.2) 
was analysed for N-acetylnonulosaminic acids, and separate aliquots were incubated 
for 30 min at 37” with a solution containing sufficient iV-acetylneuraminic acid 
aldolase, in the same buffer, to degrade completely alI of the N-acetyhronulosaminic 
acids expressed as acid 1. Solutions containing (a) acid 1 plus enzyme in buffer, 
(6) acid 1 in buffer, (c) enzyme in buffer, and (d> buffer alone were treated similarly. 
After incubation, all solutions were heated for 2 min at 100” and centrifuged, prior 
to analysis of an aliquot of the supernatant for content of N-acetylnonulosaminic 
acids. The results are summarised in Table II. Ahquots of the solutions before and 
after incubation with i%acetylneuraminic acid aldolase were also analysed for 
pyruvate. 

(b) Reactions of sugars 7-16. 2-Acylamino-2-deoxyaldoses (7-11) were treated 
with oxalacetic acid, in the molar proportions described above, in dilute sodium 
hydroxide (pH 10) or 0. IM sodium tetraborate (pH 10). After 18 h, the solutions were 

TABLE I 

REAcTlONs OF OXALACETA~ A-ND PYRWATE UIM 2-ACYL,MNO-2-DEOXYALD.OS~, IN THE PRESENCE 

AND ABSENCE OF o.lM SODIUM TETRABORATE, AT PH 10 

Sugar Nacleophile Warren-positive materiala (%) 

NaOH, pH IO 0.1~ Sodium tern&orate, pH IO 

2 
3 
7 
8 
9 

10 
11 
2 
3 

Oxalacetate 6 15 
Oxalacetate 3 20 
Oxalacetate 0.5 13 
Oxalacetate 8 20 
Oxalacetate 2.5 15 
Oxalacetate 1 10 
Oxalacetate 4 25 
Pyruvate 0.5 3.6 
Pyruvate 0.5 4.2 

aExpressed as N-acetylneuraminic acid. 

TABLE II 

PERCENTAGE YIELDS OF N-ACBTYLNONULOSAMINIC ACIDS AND N-ACETYL- NIC ACID PROM 

REACTIONS OF SUGARS 2 AND 3 HrITH OXALACETATE IN THE PRESENCE AND ABSENCE OF 0.h SODID?.l 

TETRABORATE 

sugar N-acetylnonufosaminic a&f@ in (A) (%) N-acetyInewaminic acidb in (A) (%) 

NaOH, pH 10 0. I M Sodium tetra- NaOH, pH 10 0-h Sodiwn tetra- 
borate, pH IO borate, pH 10 

2 6 15 34 87 
3 1 22 74 15 

UBy Warren assay. bBy Warren assay after incubation with N-acetylneuraminic acid aldolase. 
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adjusted to pH 6 and eluted from Dowex-1 x8 (formate form) as described, and the 
formic acid eluate was analysed by the method of Warren. The results are summarised 
in Table I. 

Reactions of sugars 2 and 3 with pyruvate at pH 10 in the presence or absence 
of borate ion. - Solutions of sugars 2 and 3 (25 mg, 0.11 mmole) in water 
were separately mixed with solutions of sodium pyruvate (B.D.H. Ltd., 45 mg, 
0.41 mmole) in dilute sodium hydroxide (1 ml) or 0.2~ sodium tetraborate solution 
(1 ml) at pH 10. After incubation for 18 h at room temperature with addition of 
alkali to maintain pH 10, the solutions were adjusted to pH 6 with acetic acid, and 
diluted to 25.0 ml with water, and aliquots were analysed for N-acetylnonulosaminic 
acids (Table I). 

Large-scale preparation of acid 1 and isolation of an isomer. - A solution of 
oxalacetic acid (390 g) in water (2600 ml) was adjusted to pH 10.0 by addition of 
10~ sodium hydroxide, with cooling to maintain the temperature at 20”. Sodium 
tetraborate (230 g) and the monohydrate of sugar 2 (650 g) were added, and the pH 
was adjusted to 10 and maintained at this value by autotitration. Additional oxalacetic 
acid (95 g) was added after 3 and 4.5 h, and the pH was adjusted to 10.0. After 46 h, 
the reaction mixture was neutralised @H 6) with glacial acetic acid, and the solution 
was eluted from Zeokarb 225 @If form, 45 x 17 cm) and De-Acidite FF (formate 
form, 45 x 15 cm) resins. The latter resin was washed with water (200 1) prior to elution 
with 0.3~ formic acid (250 1). Fractions that gave a positive reaction for N-acetyl- 
nonulosaminic acids were pooled and concentrated under diminished pressure at 25” 
with frequent addition of water. The resulting syrup (490 g) was dissolved in solvent A 
by addition of extra pyridine and eluted from a cellulose column (52 x 45 cm, 33 kg 
of cellulose) with solvent A. Paper-chromatographic analysis of the eluate showed four 
components, the major of which had R NANA 1.0. Fractions that contained mainly 
acid 1, as shown by paper chromatography, were pooled and concentrated under 
diminished pressure with frequent addition of water. Crystaliisation of the residue 
from 80% acetic acid gave acid 1 (181 g, 21.6%), m.p. 183” (dec.), [a];’ -34” (c 1.0, 
water); lit.‘, m.p. 183” (dec.), [a], -32” (Found: C, 42.73; H, 5.90; N, 4.59; 
C,,H,gN09 talc.: C, 42.73; H, 6.15; N, 4.53%). 

Isolation of an isomer of acid 1. - Approximately one-tenth of the acetic acid 
mother liquors from the large-scale synthesis of acid 1 were concentrated under dimin- 
ished pressure at 25” with frequent addition of water to remove acetic acid. Paper- 
chromatographic analysis of the resultant solution, which contained ca. 4.5 g of 
N-acetylnonulosaminic acids (Warren assay), showed two major components, 
RNANA 1.0 and 1.3 in solvent A, and three minor components, RNmA 0.2,0.7, and 1.6. 
Only the major components reacted with all three spray reagents. A chromato- 
graphically homogeneous product, RNANA 1.3, was isolated as a syrup by chromato- 
graphy of an aliquot of the solution on a column of cellulose (Whatman Chromedia 
CF 11, 54 x 4 cm) previously washed with water, 0.1~ hydrochloric acid, and water, 
and equilibrated with solvent A. 
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RESULTS AND DISCUSSION 

The Warren assay for N-acetylnonzdosaminic acids. - Periodate oxidation of 
N-acylnomrlosaminic acids and N-acyloctulosaminic acids in 3~ phosphoric acid, 
and of 2-deoxy-2-ketoaldonic acids having more than 5 carbon atoms, e.g., iso- 
sacoharinic acid [3-deoxy-2-C-(hydroxymethyl)pentonic acid], yields fi-formylpyruvic 
acid which reacts with 2-thiobarbituric acid to give a chromophore having & 549 nm. 
Malonaldehyde and formic acid, which may be produced on periodate oxidation of 
certain carbohydrates, also give coloured products having &,, 532 and 450 nm, 
respectively, with 2-thiobarbituric acid. Solutions of acid 1 in water, 0.1~ sodium 
tetraborate, and 0.2~ boric acid gave identical molar extinction coefficients and 
absorption spectra (J_, 549 nm). Solutions of sugars 2 and 3, after incubation for 
18 h in aqueous sodium hydroxide (pH 10) or in 0.1~ sodium tetraborate (PH lo), 
gave a chromophore having ,I_ 450 nm in the Warren assay, attributable to the 
production of formic acid on periodate oxidation, but no chromophores due to 
P_formylpyruvic acid or malonaldehyde, thus indicating that alkaline rearrangement 
of sugars 2 and 3 to isosaccharinic acid or metasaccharinic acid (3deoxyhexonic 
acid) had not occurred. Analyses of solutions of sodium oxalacetate, after incubation 
at pH 10 for 18 h in the presence and absence of 0.1~ sodium tetraborate, showed 
weak absorption (&,, 450 nm). 

Eflect of borate ion on alkaline epimerisation of 2-acyhmino-2-deoxyaidoses. - 

The specific optical rotations of solutions of various 2-acylamino-2-deoxyhexoses 
in 0.1~ borate (pH 10) were constant with time, whereas they changed rapidly in 
aqueous sodium hydroxide (pH 10) and more slowly in water (pH 5.5). The O-(tri- 
methylsilyl) (TMS) derivatives of the a- and P-D anomers of sugars 2 and 3 (presumably 
in the pyranoid ring form) were separated by g.1.c. Analysis of the TMS derivative 
of the crystalline a-D anomer of sugar 3 showed one component, whereas analysis 
of mutarotated 3 showed two components, the major of which had the same retention 
time as the TMS derivative of the Q-D anomer of 3. G.1.c. analysis of the TMS deriva- 
tive of the crystalline D-D anomer” of sugar 2 showed two components, the major 
of which was assumed to be the TMS derivative of the &D anomer*. Analysis of 
mutarotated sugar 2 showed that the U-D anomer was preponderant. Treatment 
of sugars 2 or 3 with aqueous sodium hydroxide (pH 10) gave a mixture of products 
shown by g.1.c. to contain the CL-D anomer of 2 and the a- and /?-D anomers of 3. 
Analysis of a solution of sugar 2 in 0.1~ sodium tetraborate (pH lo), after 18 h 
at room temperature, showed only one component, indistinguishable by g.1.c. from 
the (X-D anomer of 2. Analysis of a solution of sugar 3 treated similarly showed the 
presence of the a- and B-D anomers of 3 as major components, with a small proportion 
of the CC-D anomer of 2. 

These results indicate that, in the presence of tetraborate ion, the alkaline 
epimerisation of 2-acylamino-2-deoxyaldoses is inhibited, or, in some cases, prevented 

*It is assumed that the second component arises by mutarotation of 2 in pyridine solution. 
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completely, and suggest that, in alkaline borate solutions, sugar 2 exists mainly as 
the a-D anomer. Previous workers’ 1 have studied the changes in the equilibrium 
specific rotation caused by the addition of either sodium or potassium tetraborate to 
solutions of such simple sugars as D-glucose, and concluded that D-glucose, for 
example, forms three borate _complexes, according to the concentration and the 
tetraborate-D-glucose ratio. The effect of tetraborate on the mutarotation of such 
sugars was not reported, and the studies were not extended to such sugars as 2 and 3. 

Eflect of borate ion on aldol reaction of oxalacetate or pyruvate with 2-acylamino- 

2-deo.xyaIdoses. - Initial experiments showed that the overall yields of N-acyl- 
nonulosaminic acids were increased in the presence of borate ion, as was the yield of 
N-acetyloctulosaminic acids from the reaction of sugar 11 with oxalacetate under 
similar conditions (see Table I). Improved yields of N-acetylnonulosaminic acids 
were obtained from the reactions of sugars 2 and 3 with pyruvate in the presence of 
borate at pH 10, but the overall yields were less than those obtained in similar 
reactions using oxalacetate rather than pyruvate. 

The observed effect of borate in suppressing or preventing the alkaline epimer- 
isation of sugars 2 and 3, and other 2-acylamino-2-deoxy aldoses, suggested that 
the reaction between such sugars and oxalacetate or pyruvate at pH 10 would be 
more stereoselective in the presence of borate ion. 

No quick method was available for the analysis of the relative amounts of 
each of the diastereoisomeric N-acyl-nonulosarninic or -octulosaminic acids obtained 
by condensation of sugars 7-11 with oxalacetate as described. All of the isomeric 
N-acetylnonulosaminic acids arising from the reaction of sugars 2 or 3 with oxalacctic 
acid would be expected to react in the Warren assay. Only isomer 1, however, is 
degraded by A’-acetylneuraminic acid aldolase and, assuming that none of the other 
isomers inhibited the action of the enzyme, it was possible to analyse reaction mixtures 
of isomeric N-acetylnonulosaminic acids For content of acid 1 by using the Warren 
reaction before and after incubation with N-acetylneurarninic acid aldolase. In all 
cases, treatment of mixtures of XacetyInonulosaminic acids with N-acetylneuraminic 
acid aldolase resulted in the production of pyruvic acid equivalent to the amount of 
acid 1 degraded. In the reaction of sugar 2 with oxalacetate at pH 10, the overall 
yield of N-acetylnonulosaminic acids obtained in the presence of borate ion was 15%, 
of which 87% was acid II, whereas, in the absence of borate ion, the overall yield 
was 6%, of which 34% was acid 1. In similar reactions using sugar 3, the overall 
yields of N-acetylnonulosaminic acids obtained in the presence and absence of borate 
ion were 22 and I%, respectively, of which 15 and 74%, respectively, were acid 1 
(Table II). These resuIts show that the stereoselectivity of the reactions in the presence 
of borate ion was greatly increased, but that the epimeri’sation between sugars 2 and 3 
was not completely supressed. 

Large-scale synthesis of acid 1 and isolation of an isomeric N-acetylnomdos- 

aminic acid. - Crystalline acid 1 was isolated in 21.6% yield from the reaction of 
sugar 2 with oxalacetate at pH 10 in the presence of 0.1~ sodium tetraborate. The 
yield obtained routinely’ ’ under similar conditions in the absence of borate is 
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approximately 10%. The increased yield, with respect to that obtained during the 
small-scale reactions, probably reflects differences in the reaction conditions. Chro- 
matographic analysis of the mother liquors from the large-scale synthesis revealed 
components, having paper-chromatographic mobilities (relative to that of acid 1) 
of 1.0 and 1.3, which reacted with alkaline silver nitrate, Elson-Morgan reagents, 
and periodic acid-thiobarbituric acid reagents. The latter component, isolated as a 
glass by chromatography on cellulose, had the same extinction coefficient as acid 1 
in the Warren assay. Its infrared spectrum (KBr disc) was very similar to that of a 
sample of freeze-dried acid 1, but not so well-defined. The isomer was not degraded 
by N-acetylneuraminic acid aldolase and did not inhibit the action of the enzyme. 
The stereochemistry of this isomer at C-4 and C-5 was not determined. 

Both the overall yield and the stereoselectivity of the aldol condensation 
reactions of sugars 2 and 3 with oxalacetate at pH 10 have been improved by the 
incorporation of borate ion in the reaction mixture. In addition, the yield of products 
from the reaction of a series of other 2-acylamino-Zdeoxyaldoses was similarly 
increased. The influence of borate ion in such reactions is not easily defined, due to 
its possible involvement in complex formation with starting material, products, or 
reaction intermediates. One effect of borate is to diminish markedly the alkaline 
epimerisation of sugars 2 and 3. BGeseken’ 3 inferred that, for cyclic carbohydrates, 
only vicinal cis-hydroxyl groups could complex with borate ion in aqueous boric 
acid, but the observation that 2,3-di-O-methyl-D-glucose, the furanoid and pyranoid 
forms of which have no vicinal cis-hydroxyl groups, can form a complex with borate 
in alkali suggested that other types of interaction with borate ion can occur’4. From 
a systematic study of the electrophoretic mobility of derivatives of simple sugars in 
alkaline borate buffer, Bouveng and Lindberg’ ’ suggested that ihe alriehydo form of 
certain sugars is the principal one involved in complex formation, with the hydroxyl 
groups at C-2 and C-4 sterically most favourable for complex formation. For some 
sugars, however, e.g., methyl a-D-glucofuranoside and 1,2-O-isopropylidene-er-D- 
glucofuranose, it has been proposed13 that complex formation involves the hydroxyl 
groups at C-3, C-5, and C-6, and that the vicinal cis-hydroxyl groups at C-l and 
C-2 of 4-O-methyl-a-D-glucopyranose were most probably involved in complex 
formation for that sugar. 

Recent studies in these laboratories have indicated the value of ‘H and 1 ‘B 
n.m.r. studies in the elucidation of the structure of complexes between simple sugars 
and borate ion at a range of pH values, and it is hoped that such studies will give 
information on the mode of action of borate ion in the syntheses described in this 
paper. 
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ABSTRACT 

The reaction of methyl 4,6-U-benzylidene-a-D-glucopyranoside 2,3_carbonate 
(1) and the corresponding 2,3_thionocarbonate (2) with various nucleophiles was 
investigated. Under proper conditions, 1 and 2 reacted with methnuol, benzyl alcohol, 
a-toluenethiol, ammonia, piperidine, and glycine to give the corresponding 2-0- 
and 3-O-carbonyl and thiocarbonyl adducts, which were obtained in crystalline form. 
In each reaction product the 2-isomer was preponderant. 

INTRODUC’IION 

The vicinal diol group at C-2-C-3 of D-glucopyranose rincs can be converted 
into a five-membered cyclic carbonate’ or thionocarbonate’. Ahhough formation 
of the carbonyl bridge between the rrans-diequatorial hjdroxyi groups introduces 
considerable torsional strain into the pyranose ring, the conversion proceeds readily, 
and excellent yields of the crystalline, cyclic derivatives result. With slight modification 
of the procedure developed for the formation of such groups in simpIe giucoside 
derivatives, the rrans-fused cyclic group can also be introduced into polysaccharides2*3. 
We considered that these cyclic derivatives, because of the nature of the carbonate 
group and because of the strain introduced in their formation, should provide 
highly reactive centers that would react with a variety of alcohols, thiols, and amines. 

A preliminary report4 noted the reaction of methyl 4,6-O-benzylidene-a-D- 
glucopyranoside 2,3-carbonate (1) with methanol, a-toluenethiol, and piperidine. 
Now the ring opening reaction of 1 has been extended to include benzyl alcohol, 
ammonia, and glycine. In addition, the reaction of the various nucleophiles with 
methyl 4,6-0-benzylidene-a-D-glucopyranoside 2,3_thionocarbonate (2) has been 
investigated. In each reaction the products have been characterized and the ratio 
of 2-O- to 3-O-substituted isomers formed has been determined. 

DISCUSSION 

Previously ‘, we employed ethyl chloroformate and triethylamine to convert 
methyl 4,6-U-benzylidene-a-D-glucopyranoside into 1 in 89% yield. We now report 
that a 98% yield is achieved by replacing ethyl chloroformate with phosgene. 

*This is a laboratory of the Northern Utilization Research and Development Division, Agricultural 
Rezarch S&ce, U. S. Dq-ef.~Z of Agriculture. 
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Treatment of 1 and 2 with alcohols, thiols, and amines gave the corresponding 
carbonyl and thiocarbonyl adducts. The position of substitution (C-2 or C-3) was 
assigned from n.m.r. data. The strong deshielding effect that the carbonyl and 
thiocarbonyl groups have on the hydrogen atom, attached to the same ring-carbon 
atom that bears the substituent, results in low-field signals, which are readily identified. 
Substitution at C-2 gave l-proton quartets centered at T 4.64.8 for various carbonyl 
derivatives and at z 3.9-4.2 for various thiocarbonyl derivatives. Substitution at 
C-3 gave l-proton, apparent triplets centered at 7 4.1-4.3 and 7 3.1-3.5 for the 
carbonyl and thiocarbonyl products, respectively. Complete spectral analysis for 
each product, as well as for 1 and 2, and for the epimeric &-fused derivatives, will 
be reported elsewhere. 

Alcohds. - Ring opening of the carbonate group of 1 by alcohols occurs 
readily in the presence of triethylamine. Conversion of I into a mixture of the corre- 
sponding 2- and 3-U-methoxycarbonyl derivatives was quantitative. Densitometric 

+ 3-isomer 

c-o OCR 

// II 
X X 

1 x=0 R=OMe, OCHph, SCH,Ph 

2 x=s NH,,NC+,o.NHCH,CO,Me 

measurements of the mixture indicated 2.2 parts of the 2-isomer to 1 part of the 
3-isomer. When parallel experiments were conducted with a c&fused carbonate, 
methyl 4,6-O-benzyfidene-a-D-mannopyranoside 2,3-carbonate, the rate of ring 
opening (based on i.r. spectroscopy) was about one-half’ that observed with 1. This 
result might be expected since the cis-fused derivative is less strained. With an 
exocychc carbonate group, as in 1,2-0-isopropyiidene-a-D-glucofuranose 5,6-car- 
bonate, no ring opening was observed. 

Methyl 4,6-0-benzylidene-a-r@ucopyranoside 2,3&ionocarbonate (2) under- 
went reaction with methanol similar to that observed with 1. A 96% conversion of 2 
into a mixture of the 2- and 3-O-methoxythiocarbonyl isomers was obtained in 
1.5 h at 25”. Analysis of the mixture revealed 2.6 parts of the 2-isomer to 1 part 
of the 3-isomer. When 2 was refluxed with methanol in the absence of triethylamine, 
ring opening was complete within 2 h and afforded the 2- and 3-isomers in a ratio 
of 0.8 to 1. 

Ring opening of the carbonate group of 1 with benzyl alcohol in the presence 
of triethylamine gave a quantitative yield of the 2- and 3-0-benzyloxycarbonyl 
derivatives. The mixture obtained contained the 2- and 3-isomers in a- 1.8 to 1 ratio. 

a-Toluenethiol. - Compounds 1 and 2 reacted with a-toluenethiol and tri- 
ethylamine at ambient temperature to afford the corresponding (benzylthio)carbonyl 
and (benzylthio)thiocarbonyl derivatives in 86 and 95% yieldsj respectively. The 
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ratio of isomers formed from the thiol was essentiaily the same as that from benzyl 
alcohol. Identities of the four components were established by their n.m.r. spectra 
and those of the 2-0-(benzylthiol)carbonyl and 2- and -\-f%(benzylthiol)thiocarbonyl 
derivatives, by comparison with authentic samples. 

Ammonia and amines - Reaction of 1 and 2 wi!h ammonia and amines 
proceeds readily to afford the corresponding carbamoyl and thiocarbamoyl derivatives. 
Treatment with liquid ammonia gave immediate and quantitative conversion into 
the 2- and S-carbamates and 2- and 3-thiocarbamates. In each mixture, the-ratio 
of the 2- to 3-isomer was about 1.5 to 1. The carbamates showed characteristic 
absorption for the carbamoyl group near 1675-1700 cm- I, whereas the thiocarbonyl 
derivatives exhibited strong absorption near 1610-1620 cm- ’ for the thiocarbamate 
group. The latter derivatives also exhibited characteristic absorptkn in the U.V. 
at 244 nm (E 11.500). ! 

Dissolution of 1 and 2 in piperidine at 25” also gave immediate and quantitative 
conversion to the corresponding piperidino derivatives. The mixture from 1 favored 
the 2-isomer by 1.8 to I, whereas with 2 the ratio was 3.6 to 1. The i.r. spectra of 
the 2- and 3-0-piperidinocarbonyl derivatives showed strong carbonyl absorption 
near 1690 cm- I, but the 2- and 3-0-piperidinothiocarbonyl products had chizrac- 
teristic absorption near 1475-1510 cm -r. The U.V. spectra of the thiocarbonyi 
derivatives showed strong absorption at 253 nm (a 16,500). 

The reaction of 1 and 2 with glycine was accomplished in a water-acetone 
system in the presence of triethylamine. T.1.c. indicated that reaction was complete 
within 1 min at ambient temperature. When the triethylamine was omitted, no 
reaction was observed. The yield of product from 2 and its sulfur content suggested 
that the derivatives were present as the triethylammonium salts. The i.r. spectrum 
also showed that the carboxyl group was present in salt form (1620 cm-‘). Difficulty 
encountered in attempts to resolve the mixture into the 2- and 3-isomers was attributed 
to the salt form and was overcome when the products were converted into the methyl 
esters. Conversion into the methyl esters resulted in carbonyl absorption near 1700- 
1750 cm- ‘. The glycine methyl ester derivatives of 1 and 2 were resolved by prepara- 
tive t.1.c. and yielded crystalline isomers. In each mixture, the 2-isomer was prepon- 
derant. 

EXPERIMENTAL 

Melting points were determined in a Thomas-Kofler* melting point apparatus 
and are uncorrected. Optical rotations were measured with a Rudolph polarimeter 
with 1-dm tubes. 1.r. and U.V. spectra were measured with Perkin-Elmer Models 137 
and 202 spectrophotometers, respectively. N.m.r. measurements were made in 
pyridine-d, by means of a Varian HA-100 n.m.r. spectrometer with tetramethyl- 

*The mention of firm names or trade products does not imply that they are endorsed or recommended 
by the Department of Agriculture over other firms or similar products not mentioned. 
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silane (s 10.0) as the internal reference standard. Silica Gel G was the adsorbent 
for t.1.c. Densitometry was performed on charred t.1.c. plates by means of a Photovolt 
Model 530 densitometer. 

Methyl 4,6-O-benzylidene-a-D-ghxopyranoside 2,bcarbonhte (1). - TO a 
solution of methyl 4,6-O-benzylidene-a-D-glucopyranoside (30 g) inp-dioxane (200 ml) 
was added benzene (400 ml) and triethylamine (64 ml). The solution was stirred 
while phosgene (20 g) in benzene (150 ml) was added dropwise during 1.5 h. The 
contents of the flask were filtered, and the filter cake was washed with three lOO-ml 
portions of benzene. The benzene extracts were combined with the original filtrate, 
and the whole was extracted several times with water. The organic layer deposited 
crystals upon refrigeration; yield, 32 g (98%). Comparison with authentic 1 confirmed 
the identity of the product. 

Reaction of 1 with methanol. - To a solution of 1 (0.30 g) in chloroform 
(1 ml) was added methanol (0.5 ml) and triethylamine (0.2 ml). The solution was 
kept at room temperature, and samples were withdrawn periodically to obtain an 
i.r. spectrum. Initially, there was carbonyl absorption only for cyclic carbonate (near 
1830 cm-‘), and after 40 min, only for acyclic carbonate (near 1760 cm-‘). T.1.c. 
(3:1 chloroform-acetone) con&rued the absence of 1 and revealed two components 
having RF values less than that of 1. Evaporation of the solution gave a solid (0.33 g, 
100%) which was separated by preparative t.1.c. into the known5 2- and 3-O-methoxy- 
carbonyl derivatives. 

During previous studies4, we observed that methoxycarbonyl derivatives were 
formed when solutions of 1 in methanol were heated under reflex. In attempts 
to repeat our work, we noted variable results, which appeared to reflect the purity 
of the 1 preparation. With preparations of 1 recrystallized two or three times, no 

ring opening occurred during several h at reflux in methanol. When trace amounts 
of triethylamine were added to the refluxing solutions, then ring opening proceeded 
rapidly. Since triethylamine was employed in the synthesis of 1, presumably in those 
preparations where ring opening occurred without addition of the amine, traces of 
the amine may have been present as a residue from preparation of 1. 

Reaction of methyl 4,6-O-benzylidene-a-r-D-mannopyranoside 2,3-carbonate with 
methanol. - The title compound6 (0.150 g) in chloroform (0.5 ml) was treated with 
methanol (0.25 ml) and triethylamine (0.1 ml) at ambient temperature. Samples 
were withdrawn periodic&y and an i-r. spectrum obtained. Initially, there was 

carbonyl absorption only for cyclic carbonate (near 1820 cm- ‘) and after 50 min 
the intensities for cyclic and acyclic were nearly equal. A physical mixture containing 
equimolar amounts of the cyclic and acyclic carbonates exhibited carbonyl stretching- 
frequencies of equal intensities. 

Treatment of 1,2-0-isopropyiidene-a-D-glucofuranose 5,6-carbonate with methan- 

&ll) 
. - A solution of the title compound’ (50 mg) in chloroform (1 ml) and p-dioxane 

was treated with methanol (1 ml) and triethylamine (0.4 ml) at 60”. After 
treatment for 30 tin the compound w+s recovered unchanged. 

Reaction of2 with methanol. - (a) A solution of 2 (0.50 g) in chloroform (5 m.~) 
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was treated with triethylamine (I ml) and methanol (1 ml). T.1.c. revealed that 
reaction was complete in 1.5 h when the solution was kept at 25”. Evaporation under 

diminished pressure afforded a syrup (0.53 g, 96%), which was resolved into two 
components by preparative t.1.c. (chloroform). The component of higher R, (Zisomer) 
had mp. 167-168” (benzene-hexane), [or]k4 +75” (c 0.8, chloroform); ,J~~~no’ 229 nm 
(E 8,870); n.ar. data: o 4.22 l-proton quartet. 

Anal. Calc. for C,,H,,O,S: C, 54.3; H, 5.6; S, 9.0. Found: C, 54.0; H, 5.6; 
s, 8.8. 

The 3-O-methoxythiocarbonyl isomer had m.p. 125-126” (benzene-hexane), 
[ct]2D -I- 129” (c 0.8, chloroform); jIz:y’ 230 nm (E 8600); n.m.r. data: r 3.55 l-proton, 
apparent triplet). 

Found: C, 54.0; H, 5.6; S, 8.7. 
(b) A solution of 2 (0.50 g) in methanol (20 ml) was heated under reflux, and 

the progress of the reaction was monitored by t.1.c. (chloroform). Conversion into 
the 2- and 3-isomers was complete in 2 h. During this treatment there was some 
decomposition of 2 to the free diol. 

Reaction of 1 with benzyl alcohol. - After compound 1 (1.0 g) was dissolved 
in a mixture of triethylamine (5 ml) and benzyl alcohol (5 ml) in a closed vessel, 
it was placed in an oven at 75” and heated for 25 min. Almost all of the amine was 
removed under diminished pressure, and then the solution was added to water (250 ml) 
to remove excess benzyl alcohol. The semisolid mass that separated was dissolved 
in acetone (25 ml) and again added to water (200 ml). The precipitate was dissolved 
in chloroform (25 ml), and the solution was dried (sodium sulfate). Evaporation of 
the chloroform gave a syrup (1.36 g, lOO%), which showed two components on t.1.c. 
(19:l chloroform-acetone). An i.r. spectrum had carbonyl absorption only for 
acyclic carbonate. Refrigeration of a solution of the syrup in ether (50 ml) gave 
crystals of the compound of lower R, (3-isomer), m.p. 154-l 55” (chloroform-hexane), 
[CZ]~~ +68” (c 1, chloroform); n.m.r. data: z 4.22 (l-proton, apparent triplet). 

Anal. Cab for C,,H,,O,: C, 63.5; H= 5.8. Found: C, 63.2; H, 5.6. 
The compound having the higher RF value (Zisomer) was isolated by prepara- 

tive t.1.c. and gave m.p. 105-107” (chloroform-hexane), [aJE4 f90” (c 1, chloroform); 
n.m.r. data: z 4.8 (l-proton quartet). 

Found: C, 63.5; H, 5.9. 
Reaction of 2 with benzyl alcohol. - When 2 was treated with benzyl alcohol 

under conditions similar to those used for 1, considerable decomposition of 2 
occurred to give the free dial. The 2- and 3-O-benzyloxythiocarbonyl derivatives 
were obtained quantitatively when a soiution of 2 (0.50 g) in chloroform (1 ml) was 
treated with triethyylamine (0.5 ml) and benzyl alcohol (0.5 ml) for 50 min at 25”. 
The two products were separated by preparative t.1.c. (2:1 ether-hexane). The 
3-isomer (lower RF) gave m.p. 148-150” (chloroform-hexane), [a]h4 +55” (c 0.9, 
chloroform); Azty1 235 nm (E 8,550); n.m.r. data: 7 3.48 (l-proton triplet). 

AnaZ. Calc. for C2aHz407S: C, 61.1; H, 5.6; S, 7.4. Found: C, 61.1; H, 5.6; 
s, 7.3. 
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The 2-isomer (higher RF) had m-p. 127-130” (chloroform-hexane), [a]g4 +68’ 
(c 1.4, chloroform); I.~~~“o’ 235 nm (s 8,600); n.m.r. data: ‘c 4.2 (l-proton quartet). 

Found: C, 61.0; H, 5.4; S, 7.3. 
Reaction of 1 with a-toluenethiol. - a-Toluenethiol (0.5 ml) and triethylamine 

(0.3 ml) were added to a solution of 1 (700 mg) in chloroform (1.5 ml). After the 
mixture had been kept 0.5 h, an i.r. spectrum of a portion of the solution showed no 
absorption for cyclic carbonate. The amine and chloroform were removed under 
diminished pressure, and the residue was washed with water and with hexane (three 
l-ml portions). The residue was dissolved in chloroform and dried (sodium sulfate); 
the chloroform was then evaporated to yield a syrup (840 mg, 86%). An ether solution 
of the residue to which hexane had been added produced crystals of the higher RF 
2-isomer. When crystallized either from hexane, ether-hexane, or ethyl acetate-hexane, 
the needles obtained had m.p. 109-110”. When the melt was allowed to solidify and 
was then reheated, a m.p. of 122-123” was recorded. Elemental analysis of the 
original needles suggested that the compound had occluded 0.5 mole per mole of 
hexane. The product of m-p. 122-123” gave [ali f89.5” (c 1.5, chloroform); n.m.r. 
data: r 4.8 (l-proton quartet). 

Anal. Calc. for C,,H,,O,S: C, 61.1; H, 5.6; S, 7.4. Found: C, 61.0; H, 5.7; 
s, 7.1. 

The 3-isomer recovered by preparative t.1.c. had m.p. 158-160” (methanol- 
water), [a]h4 +67.5” (c 1.2, chloroform); n.m.r. data: r 4.01 (l-proton apparent 
triplet). 

Reaction of 2 with a-toluenethiol. - A solution of 2 (700 mg) in chloroform 
(1.5 ml) was treated with a-toluenethiol (0.3 ml) and triethylamine (0.2 ml). After 
this mixture had been kept for 0.5 h, the amine was removed under diminished 
pressure, and the residue was decanted into water (100 ml). The syrup that separated 
was washed first with water and then with a small volume of hexane. Finally, the 
syrup (920 mg, 95%) was dissolved in chloroform, dried (sodium sulfate), and 
resolved into the 2- and 3-(S-benzyl dithiocarbonates) by preparative t.1.c. (1: 1 ether- 
hexane). The identity of the 2-(higher RF) and 3-isomers was established by com- 
parison with authentic samples * and by n.m.r. spectroscopy (l-proton quartet at 
r 3.91 for the 2-isomer and l-proton triplet at r 3.09 for the 3-isomer). 

Reaction of 1 with ammonia. - Compound 1 (1.00 g) was charged into a 
sidearm test-tube immersed in a solid carbon dioxide-acetone bath. The sidearm 
was fitted with a length of tubing to prevent entrance of carbon dioxide from the 
bath. The mouth of the test tube was fitted with a stopper containing an inlet tube 
through which ammonia was introduced. After about 2 ml of ammonia had been 
condensed, the tube was removed from the bath and excess ammonia was removed 
under diminished pressure to yield a solid (1.04 g, 99%). T.!.c. (2:l ether-acetone) 
of a portion of the solid residue revealed only two components. Extraction of the 
solid with acetone removed the compound of higher R,. The residue showed only 
the compound of lower R,, which was identitied as the 3-carbamate isomer, m.p. 
235-237” (acetone), [ali + 96” (c 0.4, methanol); n.m.r. data: r 4.1, (l-proton triplet). 
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Anal. Calc. for C,sH,,N07: C, 55.5; H, 5.8; N, 4.3. Found: C, 55.4; H, 5.9; 
N, 4.3. 

The acetone extract afforded the Zcarbamate upon addition of hexane, m.p. 
203-206”, [a]L4 + 110” (c 0.6, acetone); n.m.r. data: r 4.65 (l-proton quartet). 

Found: C, 55.4; H, 5.9; N, 4.3. 
Reaction of2 with ammonia. - The reaction of 2 with ammonia was conducted 

as for that with 1. Evaporation of excess ammonia gave a solid (1.1 g, 99%) which 
was separated by preparative t.1.c. (ether) into the 2- and 3-thiocarbamates. The 
component of lower RF (3-isomer) gave m.p. 202-203” (acetone-hexane), [a]k4 +70” 
(c 1, acetone) ; Az$o1 244 run (E 11,600); n.m.r. data: r 3.2 (l-proton triplet). 

Anal. Calc. for C15H19N06S: C, 52.8; H, 5.6; N, 4.1; S, 9.4. Found: C, 52.7; 
H, 5.8; N, 4.1; S, 9.2. 

The 2-isomer gave m.p. 105-107” (acetone-hexane), [ali r-84” (c 1, acetone); 
A .gi:““’ 244 run (E 11,400); n.m.r. data: z 3.92 (l-proton quartet). 

Reaction of1 wit/z piperidine. - Compound I (250 mg) was dissolved in piper- 
idine (1 ml). Conversion of 1 to the two carbamates was immediate as indicated by 
t.1.c. (1:l ethyl acetate-hexane). Evaporation of excess piperidine afforded a semi- 
solid mass (320 mg, lOOO/,), which produced crystals from an ether-hexane solution. 
Several crops of crystals were collected, all of which were homogeneous with respect 
to the component of higher RF (2-isomer), m-p. 148-150” (ethyl acetate-hexane), 
[c&4 f79” (c 0.9, hl c oroform); n.m.r. data; o 4.73 (l-proton quartet). 

Anal. Calc. for C,,H,,NO,: C, 61.1; H, 6.9; N, 3.6. Found: C, 61.3; H, 7.1; 
N, 3.5. 

Evaporation of the solution after removal of the last crop of crystals of the 
2-isomer gave a syrup that produced crystals of the 3-isomer on dissolution in ethyl 
acetate and addition of hexane to the point of cioudiness. Recrystallization (ethyl 
acetate-hexane) gave product having m.p. 10&l lo”, [a]g4 +23O (c 0.4, chloroform); 
n.m.r. data: r 4.19 (l-proton, apparent triplet). 

Found: C, 61.3; H, 7.0; N, 3.5. . 
Reaction of 2 zuith piperidine. - Dissolution of 2 (2.0 g) in piperidine (5 ml) 

gave the 2- and 3-O-piperidinothiocarbonyl derivatives. Although t.1.c. in 19:l 
chforoform-acetone revealed only a single component (having an R, value lower 
than that of 2), two components were observed with I:1 ether-hexane as solvent. 
Evaporation of excess piperidine gave a semisolid residue (2.50 g, 99%). Crystals 
of the compound of higher RF (2-isomer) were afforded when the residue was dissolved 
in ether and hexane was added to the point of cloudiness. Recrystallization from 
chloroform-hexane gave m-p. 179-182”, [a]f;’ + 53” (c 0.5, chloroform); AZ:?’ 253 run 
(E 16,500); n.m.r. data: r 3.98 (l-proton quartet). 

Anal. Calc. for C,eH,,NO$: C, 58.7; H, 6.6; N, 3.4; S, 7.8. Found: C, 58.6: 
H, 6.7: N, 3.4: S, 8-O. 

Additional crops of crystals were mixtures of the two isomers. These were 
combined with the residue that resulted on evaporation of the ether-hexane solution. 
Further separation of the two isomers was accomplished by preparative t.1.c. The 
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isomer of lower Rr gave m.p. 159-161” (ether-hexane), [cc]k4 - 53” (c 0.5, chloroform); 
1 ‘zXno 253 run (E 16,500); n.m.r. data: z 3.2 (l-proton, apparent triplet). 

Found: C, 58.5; H, 6.5; N, 3.4; S, 8.0. 
Reaction of2 with glycine. - A solution of glycine (1.0 g) in water (20 ml) was 

treated with triethylamine (2 ml) and a solution of 2 (l.Oig) in acetone (25 ml). 

Initially, the reaction mixture was cloudy but within several seconds became a clear 

yellow. After stirring for 1 min, t.1.c. (19: 1 chloroform-acetone) showed no 2. Acetone 
(100 ml) was added to precipitate almost all of the unreacted glycine, which was 
removed by filtration. The filtrate was evaporated and the residue was extracted with 
acetone and filtered. The yield (1.53 g) of solid recovered on evaporation of the 
acetone filtrate and au i.r. spectrum (carbonyl at 1620 cm- ‘) suggested that the 
glycine adduct was recovered as the triethylammonium salt. The sulfur content 
(6.4%) was consistent with the proposed structure (theory for the salt [C,,H,,N,O,S] 
is 6.4% and for the free acid [Cr,H,,N08S] is 8.0%). The diEculty encountered 
during attempts to separate the 2- and S-isomers was overcome when the components 
were converted into their corresponding methyl esters. The esters were formed by 
treating the product in acetone with Rexyn RG-51 (H+) until carbonyl absorption 
of the product was approximately 1700-1750 cm- ’ and then, after filtration and 
evaporation, by treating the solid with a benzene solution of diazomethane. The 

diazomethane was added in small increments until a yellow color persisted. Although 
insoluble initially, the solid became soluble in benzene as reaction with diazomethane 
occurred. The two isomers were separated and isolated by preparative t.1.c. (ether). 
The Zisomer (higher RF) gave m.p. 146-148” (isopropyl alcohol-hexane), [c&4 +70° 
(c 0.8, chloroform); ALy 244 mu (E 11,300); n.m.r. data: ‘I: 3.92 (l-proton quartet). 

Anal. Cak. for C,eH,,NOBS: C, 52.4; H, 5.6; S, 7.7. Found: C, 52.2; H, 5.6; 
s, 7.9. 

The 3-isomer (lower RF) gave m.p. 152-154” (isopropyl alcohol-hexane), [cx]~~ 
+33” (c 0.6, chloroform), $,$““’ 244 nm (E 11,000); n.m.r. data: o 3.22 (l-proton, 

apparent triplet). 
Found: C, 52.1; H, 5.6; S, 7.9. 
Reaction of 1 with glycine. - This reaction was conducted similarly to that 

used for 2 except that the ammonium salt was converted into the methyl ester without 
treatment with resin. When the benzene solution was kept at 25”, crystals of the 
3-isomer were deposited, which had m.p. 177-178” (ethanol), [a]L4 +77” (c 1, 
chloroform); n.m.r. data: T 4.12 (l-proton triplet). 

Anal. Calc. for C18H,,N09: C, 54.5; H, 5.8. Found: C, 54.5; H, 5.8. 
Crystals of the 2-isomer were obtained when the mother liquor was evaporated 

to a syrup and the syrup was dissolved in ethanol; m-p. 184-l 86” (ethanol), [ciJg4 + 58” 
(c 1, chloroform); n.m.r. data: r 4.12 (l-proton quartet). 

Found: C, 54.4; H, 6.0. 
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NUCLEOPHILIC DISPLACEMENT REACTIONS IN CARBO-HYDRATES 

PART XII’. THE REACTION OF 6DEOXY-2,3-@ISOPROPYLIDENE-4-O- 

METHANESULPHONYL-CTALOPYRANOSE WlTH SODIUM METHOXIDE 

J. S. BRIMACOMBE*, F. HUNEDY, AND A. K. AL-RADHI 

Chemistry Department, The University, P-0. Box 363, Birmingham 15 (Great Britain) 

(Received April llth, 1969) 

Oxidation of benzyl 6-deoxy-2,3-U-isopropylidene-cmannopyranoside (3) 
with ruthenium tetroxide in carbon tetrachloride gave benzyl 6-deoxy-2,3-O-iso- 
propylidene-a-r..-Zyxo-hexopyranosid4ulose (4) in excellent yield. Ketone 4 was 
reduced stereospecifically, with sodium borohydride in methanol, to yield benzyl 
6-deoxy-2,3-O-isopropylidene-a+talopyranoside (5), which was converted into the 
crystalline Pmethanesulphonate 6. Catalytic debenxylation of methanesulphonate 6 
gave 6-deoxy-2,3-O-isopropylidene-4-O-methanesulphonyl-cr-L-taIopyranose Q, 
which, on solvolysis with sodium methoxide in methanol at room temperature, 

was converted into 1,4-anhydro-6-deoxy-2,3-O-isopropylidene-a-~-mannopyranose 
(1,5-anhydro-6-deoxy-2,3-O-isopropylidene-B-L-mannofuranose) (9, 58%), methyl 
6-deoxy-2,3-0-isopropylidene-cr+talofuranoside (12, 26%), and methyl 6-deoxy- 
2,3-0-isopropylidene-a-L-mannofuranoside (14, 12%). The mechanisms of formation 
of these products are discussed. 

INTRODUCTION 

In a previous paper*, we reported that 6-deoxy-2,3-@isopropylidene40- 
methanesulphonyl-cr+mannopyranose (1) was converted smoothly into l&anhydro- 
6-deoxy-2,3-O-isopropylidene+L-talopyranose (2) on treatment with sodium methox- 
ide in methanol at room temperature. Although details of the mechanism of this 
intramolecular displacement were not ascertained, it was suggested2 that formation 
of the l+anhydro ring-system was favoured by the fact that the C-Me group and 
the 1,3dioxolane ring adopted an exe-configuration in the transition state with 
respect to the dioxabicyclo[2.2.1]heptane ring-system under formation. In a continu- 
ation of these studies, we have examined the products resulting from similar treat- 
ment of 6-deoxy-2,3-O-isopropylidene4O-methanesulphonyl-a-~-tr-L-talopyranose (7). 
This reaction is particularly interesting, since, although the C-l alkoxide ion has 
free access to the methanesulphonate group in the boat conformation 8, both the 
C-Me group and the 1,3dioxoIane ring are required to assume an endo-contiguration 
with respect to the bicyclic ring-system under formation. It was of interest to establish 

*Present address: Chemistry Department, The University, Dundee DDl 4HN, Great Britain. . 
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whether the non-bonded interactions developed in the transition state between the 
endo-substituents were of sufhcient magnitude to divert the reaction to alternative 
pathways involving the alrlehydo-form 10. This information is important to a fuller 
understanding of the solvolysis of related sulphonates with sodium methoxide in 
methanol. 

DISCUSSION 

Oxidation of benzyl 6-deoxy-2,3-0-isopropylidene-a-L-manno pyranoside’ (3) 
with ruthenium tetroxide3 gave the syrupy ketone 4 in nearly quantitative yield. 
Reduction of ketone 4 with sodium borohydride in methanol proceeded stereo- 
specifically to give a crystalline alcohol that was readily distinguishable from com- 
pound 3 (by g.l.c., physical constants, etc.) and which is, therefore, benzyl 6-deoxy- 
2,3-0-isopropylidene-cr-~talopyranoside (5). The stereochemical course of this 
reduction was anticipated, since metal hydride reductions of methyl 6-deoxy-2,3-0- 
isopropylidene-a-L-lyxo-hexopyranosid4ulose and its oxime are highly stereo- 
selective in favour of the L-&do epimer4-‘, and Collins and Overend have pointed 
out the preference for attacking nucleophiles to approach the carbonyl group from 
the direction remote from the axial substituent at C-2. Treatment of 5 with methane- 
sulphonyl chloride in pyridine afforded benzyl 6-deoxy-2,3-0-isopropylidene40- 
methanesulphonyl-a-r.-talopyranoside (6), which, on catalytic debenzylation, afforded 
crystalline 6-deoxy-2,3-O-isopropylidene4O-methanesulphonyl-a-L-talopyranose (7). 

5 R=H 
6R=Ms 

The reaction of methanesulphonate 7 with sodium methoxide in methanol at 
room temperature yielded a mixture which was shown by g.1.c. (Fig. 1) and t.1.c. 
to contain one major component, together with at least three minor components. 
Although these products could not be resolved completely by either preparative 
g.!.c. or chromatography on silica gel, it was possible, nevertheless, by a combination 
of these methods to obtain sufficient quantities of three of the components to effect 
their identitication. The major product (58%, estimated by g.1.c.) was separated 
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from the mixture by preparative g.1.c. and was purified by sublimation. Its molecular 
formula was determined as C9Hi404 by elemental analysis and by accurate mass 
measurement of the top peak* at m/e 171 (M-15) inits mass spectrum_ Absorptions 
attributable to either C = C, OH, or sulphonic ester groups were absent from its 
infrared spectrum, and, on acid hydrolysis, it gave a single, reducing sugar which 
was indistinguishable from 6-deoxy-L-mannose on paper chromatograms. These data 
are compatible with the structure 1,4-anhydro-6-deoxy-2,3-U-isopropylidene-a-~- 
mannopyranose (1,5-anhydro-6-deoxy-2,3-O-isopropylidene-~-~-ma~ofuranose) (9), 
and this assi,onment of structure was supported by n.m.r. spectroscopy. In addition 
to verifying the presence of the isopropylidene and C-Me groups, the n.m.r. spectrum 
showed a narrow doublet (J2JXz) at low field which was ascribed to the bridgehead 
proton H-l. The size of the coupling between the exe-proton at C-2 and the vicinal, 
bridgehead proton is the same as that found9 between similar protons in l,&nhydro- 
2,3-O-isopropylidene-ot-D-lyxopyranose, although it is less than that (3.2-6.0 Hz) 
found’“*l’ in bicyclo[2.2.l]heptane derivatives. Although the coupling between 
these protons may be small, it is evidently indicative of the exoconfiguration of the 
non-bridgehead proton, since the coupling of en&-protons with vicinal, bridgehead 
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protons is zero in bornane’c, norbornane”, and structurally related carbohydrate 

25 20 15 10 5 
Retention time (min) 

Fig. 1. Gas-liquid chromatogram of the solvolysis products from 6-deoxy-2,3-O-isopropy1idene-P 
0-methanesulphonyl-a-r-talopyranose (7). The percentages of the products formed were estimated 
as 9 (58%), 12 (26%), 14 (12%), and unidentified components (4%). 

One of the minor components (ca. 26%) was obtained as a chromatographicahy 
homogeneous syrup, and it liberated 6-deoxy-L-talose (chromatographic identification) 
on acid hydrolysis. A clear indication of its structure was provided by the presence 
of a resonance attributable to a methoxyl group at r 6.52 in its n.m.r. spectrum. 
Mechanistic considerations (see below) suggest that this compound is probably 
methyl 6-deoxy-2,3-O-isopropylidene-or+talofuranoside (12); confirmation of this 
assignment was provided by comparison of its chromatographic and spectroscopic 
properties with those of an authentic sample13 and by formation of the known, 
crystalline S-benzoate’ 3 13. An essentially similar approach was used to characterise 
another minor component (12%) which was shown to give 6-deoxy-L-mannose 
(chromatographic identification) on acid hydrolysis. Accurate mass measurement of 
the iop mass peak’ at m/e 203 (M -15) showed that the compound is isomeric with 12. 
Again, a salient feature of the n.m.r. spectrum (Fig. 2) was the presence of a methoxyl 
resonance at T 6.70, and the general structure of this component was deduced from 
its n.m.r. spectrum and that of the derived trichloroacetylcarbamate (see inset, Fig. 2). 
The latter derivative was formed rapidly in situ by the addition of trichloroacetyl 
isocyanate to a solution of the compound in deuteriochloroform; complete reaction 
was discerned by the appearance of a resonance, corresponding to one proton, at 
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low field (7 ca. 1.80) due to the presence of the NH proton. The multiplet centre at 
z 5.95 (Fig. 2) is shifted well downlield (z 4.78) in the derived carbamate (see inset, 
Fig. Z), and, on this evidence, it can be assigned to the proton residing on the same 
carbon atom as the hydroxyl group 14. It is also clear from the spectrum that this 
proton is coupled to the C-Me group and is, therefore, located at C-5. This required 
the compound to be a methyl 6-deoxyhexofuranoside and, furthermore, the appear- 
ance of the anomeric proton as a singlet (at z 5.09) signified” a trots-relationship of 
H-l and H-2. The combined chemical and spectroscopic evidence indicate that this 
compound is methyl 6-deoxy-2,3-0-isopropylidene+L-mannofoside (14), and 
this assignment was established by comparison of the n.m.r. spectrum with that of 
an authentic sample, prepared by gas-liquid chromatographic separation of the 
anomeric furanosides obtained by acid-catalysed acetonation of 6-deoxy-L-mannose 
in the presence of methano116a, and by formation of the kn~wn’~~ Stoluene-p- 
sulphonate 16. The other minor component(s) (ca. 4%) were not isolated in a suG- 
ciently pure form to permit meaningful characterisation. 

)Me 

le 

TM 

-M 

1 2 3 4 5 6 ‘7 a 9 r 1 

Fig. 2. N.m.r. spectrum (CDCb) at 100 MHz of methyl 6-deoxy-2,3-O-isopropyiideneu+manno- 
furanoside (14) and the lower region of the spectrum of the derived trichloroacetykarbamate 15. 
The following coupling constants were derived for 15 by first-order methods and by ignoring the 
slight second-order perturbation shown by H-3 and H-2: A.2 - 0.5. J2.3 6, J&4 3.7, J4,s 7.5. and 
Is.6 6.7 Hz. 

It is clear from the preponderance of anhydro sugar 9 among the products 
of solvolysis that non-bonded interactions engendered in the transition state between 
the en&-substituents, while undoubtedly having an influence on the cpurse of the 
reaction, are not sufficiently severe to divert the reaction completely to -other routes. 
This result has a bearing on previous observations’ regarding the rearrangement of 
6-deoxy-2,3-O-isopropylidene-5-O-toluene-p-sulphonyl-L-mannofuranose (17) with 
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sodium methoxide. This reaction yields’*” principally methyl 6-deoxy-2,3-0-&o- 
propylidene-/?-o-allofuranoside (19) r&z the acyclic epoxide 18, but the anhydro sugar 21 
is not observed as a product of the solvolysis. Its absence was attributed2 either to 
steric and/or electronic interactions preventing the approach of the C-l alkoxide 
ion from within the V-shape formed by the trioxabicyclo[3_3_0]octane ring-system, 
or to adverse steric interactions, which would be introduced in the transition state 20, 
between the en&-hydrogen atom and the dioxolane ring. The geometry of the 
transition state 20, which would result in the formation of anhydro sugar 21, closely 
resembles that which gives rise to anbydro sugar 9 and which also contains the more 
unfavourable interactions between endo-substituents, due to the en&-configuration of 
the C-Me group. Hence, it is reasonable to assume that the formation of anhydro 
sugar 21 from the rhamnose sulphonate 17 is prevented more by factors affecting 
the nucleophile’s approach to the rearside of the sulphonate group than to unfavour- 
able interactions between the endo-substituents in the transition state of the displace- 
ment reaction. 

Me 

Me 

Me 

Me 

20 21 

It is significant that both of the minor products contain a glycosidic methoxyl 
group which must have been introduced by way of the acyclic form 10. In the formation 
of taloside 12, loss of the methanesulphonyloxy group occurs with retention of co&i- 
guration and ring contraction. There are several analogies g*12*17* ’ * to indicate that 
this compound arises by aldehyde-group participation in the opening of an inter- 
mediate epoxide 11, in the manner shown. Formation of the rhamnoside 14, on the 
other hand, involves both a ring contraction and an inversion of configuration at 
C-4. This can be achieved by neighbouring-group participation by the aldehyde 
group in displacing the methanesulphonyloxy group (i.e., X0+14). An analogous 
mechanism rationaliseslg the ready solvolysis of 2,3,5-tri-0-benzyl40-toluene-p- 
sulphonyl-aldehydo-D-ribose, in sodium methoxide-methanol, to give a mixture of 

Cmbohyd. Res., 11 (1969) 331440 



NUCLEOPHILIC DISPLACEMENT REACTIONS. XII 337 

the anomeric methyl 2,3,5-tri-O-benzyl-L-lyxofirranosides. In our case, the presence 
of the isopropylidene ring probably accounts for the preferential formation of the 
cr-glycoside 14. 

EXPERIMENTAL 

Thin-layer chromatography (t.1.c.) was performed on silica gel, and detection 
was effected with vanillin-sulphuric acid 2o Paper chromatography was performed . 

by downward irrigation with ethyl acetate-pyridine-water (8:2:1), and the com- 
ponents were detected with aniline hydrogen phthalate2’. N.m.r. spectra were 
measured in deuteriochloroform (tetramethylsilane as internal reference) at 60 and 
100 MHz with either a Varian A-60 or Perkin-Elmer R-14 spectrometer, respectively; 
infrared spectra were recorded for Nujol mulls with a Perkin-Elmer 257 spectrometer. 
Analytical gas-liquid chromatography (g.1.c.) was carried out on a Pye 104 instrument 
at a column temperature of 130”, and preparative g.1.c. on a Pye 105 instrument 
with flame-ionisation detection at a column temperature of 160”; a column packing 
of 10% silicon ester-30 on CeIite was used in both cases. Molecular weights were 
measured on an A.E.I. MS-9 mass spectrometer by using a direct-insertion technique. 

Ben.& 6-deoxy-2,3-0-isopropyl~de~e-cr-L-lyxo-hexopyranosid-4-ul (4). - 

Ruthenium dioxide dihydrate3 (4.3 g) was added to a solution of sodium meta- 
periodate (60 g) in water (600 ml), and the mixture was shaken vigorously until 
conversion into the tetroxide was complete. The aqueous solution was extracted with 
carbon tetrachloride (4 x 200 ml), and the combined extracts were added gradually 
to a stirred solution2 of 3 (7 g) in carbon tetrachloride (100 ml). On complete 
addition, the solution was stirred for 1 h, whereupon t.1.c. (acetone-toluene, 3:7) 
showed that all of the starting material had reacted, and isopropyl alcohol (140 ml) 
was then added. Solid material was filtered off after 30 min, and the solvents were 
removed to yield ketone 4 (6.8 g), [a]o - 113” (c 1, chloroform), v,,, 1740 cm-l, 

as a chromatographically homogeneous syrup (Found: C, 65.2; H, 6.6. C,sH2,,0, 
talc.: C, 65.7; H, 6.9%). 

Be?zzyl6-deoxy-2,3-0-isopropyiidene-a-L-ralapyranoside (5). - To a solution of 
ketone 4 (6.7 g) in methanol (140 ml) sodium borohydride (1.35 g) was gradually 
added, and, on complete addition, the solution was stirred for 30 min at room 
temperature. Ethyl acetate (40 ml) was then added, the solvents were removed, and 
the residue was partitioned between water (250 ml) and ether (500 ml). The aqueous 
layer was extracted further with ether (2 x 100 ml), and the combined organic layers 
were dried (MgSOJ and flltered. Removal of the solvent and distillation of the 
residue gave taloside 5 (6.6 g), b.p. 135-140”/0.1-0.2 mmHg, which crystallised on 
standing and, on recrystallisation from light petroleum (b.p. SO-100°), had m.p. 
4547”, [aID -74” (c 1, chloroform) (Found C, 65.6; H, 7.4. C16H2205 talc.: 
C, 65.3; H, 7.5%). Compound 5 was readily distinguished from the mannoside 3 
by g.1.c. (column temperature, 200”), the retention times of the components being 
10.4 and 9.5 min, respectively; g.1.c. also demonstrated the absence of 3 in the original 
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reduction. N.m.r. data: z 2.70 (5 aromatic protons); 4.90 (l-proton singlet, H-l); 
5.38 (AB quartet, J 12 Hz, benzyl methylene protons); 8.44, 8.65 (3:proton singlets, 
CMe2); 8.68 (3-proton doublet, .75,6 6 Hz, CMe). 

Hydrolysis of 5 (50 mg) with N sulphuric acid (2 ml) on a boiling water-bath 
for 2 h, with paper chromatography of the neutralised hydrolysate, revealed that 
6-deoxy-L-talose4 was the only reducing sugar formed. 

Benzyl 6-deoxy-2,3-0-isopropylidene-4-O-meih~e~~honyl-u-L-~aiopyranoside 
(6).-A solution of compound 5 (6.6 g) in pyridine (150 ml) was treated withmethane- 
sulphonyl chloride (10.8 ml) for 24 h at room temperature, and methane sulphonate 
6 (6.8 g), m.p. 138-139” [frbm ethyl acetate-light petroleum (b-p. 40-60”)], [aID -46” 
(c 1, methanol), was then isolated in the usual way (Found: C, 54.6; H, 6.4; S, 8.8. 
C17Hz407S talc.: C, 54.8; H, 6.5; S, 8.6%). N.m.r. data: 7 2.70 (5 aromatic protons); 
4.93 (l-proton singlet, H-l); 5.38 (AB quartet, J 12 Hz, benzyl methylene protons); 
6.94 (3-proton singlet, OMs); 8.43, 8.65 (3-proton singlets, CMe,); 8.64 (3-proton 
doublet, JSS6 6 Hz, CMe). 

6-Deoxy-2,3-0-isopropylidene4-O-~zet~z~esu~honyl-a-L-taiopyra?zose (7). - A 
solution of the glycoside 6 (4.2 g) in methanol (400 ml) containing 10% palladium- 
calcium carbonate (8.4 g) was shaken in the presence of a slight overpressure of 
hydrogen for 24 h at room temperature, and t.1.c. (acetone-toluene, 3:7) then showed 
that all of the starting material had reacted. The catalyst and solvent were removed, 
and the residue was extracted with chloroform (100 ml). Evaporation of the solvent, 
with recrystallisation of the residue from chloroform-light petroleum (b.p. 40-60”), 
gave compound 7 (2.3 g), m.p. 124-125”, [a],, + 13” (c 1, chloroform), v,,, 3400 cm- 1 
(OH) (Found: C, 43.0; H, 6.5; S, 11.3. C,,H,,O,S talc.: C, 42.6; H, 6.4; S, 11.3%). 
N.m.r. data: 7 4.63 (broad, l-proton singlet, H-l, a-D anomer); 6.88 (3-proton 
singlet, OMs); 8.42, 8.60 (3-proton singlets, CMe,); 8.63 (3-proton doublet, JSe6 
6 Hz, CMe). 

Treatment of 6-deo_ry-2,3-O-isopropylidene-4-O-methanesulphonyl-u-L-~alo- 
pyranose (7) with sodium methoxide in methanol. -A solution of methanesulphonate 7 
(2.5 g) in N sodium methoxide in methanol (50 ml) was set aside at room temperature 
for 4 h, during which time complete reaction had occurred. The solution was neutral- 
ised with carbon dioxide, the solvent was removed, and the residue was extracted 
with ether (50 ml) which was dried (MgSO,). Concentration of the filtered extract 
afforded a syrup (1.72 g) which g.1.c. (Fig. i) showed to contain at least four com- 
ponents; the amounts of the products formed were estimated from the gas-liquid 
chromatogram as 9 (58%), 12 (26%), 14 (12%), and unidentified product(s) (4%). 
These compounds had retention times of 13.8,21.7, 19.4, and 25.1 min, respectively. 

A portion (0.4 g) of the product mixture was subjected to preparative g.l.c., 
and this gave 1,4-anhydro-6-deoxy-2,3-U-isopropylidene-cc-~-mannopyranose (9) 
(0.15 g) which was sublimed at 75”/15 mmHg to give the pure compound, m-p. 3941”, 
[aID + 128.5” (c 1, in chloroform) (Found: C, 58.1; H, 7.7. C9H1404 talc.: C, 58.05; 
H, 7.5%). The mass spectrum of 9 contained a top mass peak at m/e 171 (M-15) 
(ref. 8) which was shown by accurate mass measurement to correspond to the 
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molecular formula C&,0, 171.067551; Calc.: N.m.r. data: 
4.57 (l-proton J rs2 Hz, H-l); (H-2, H-3, and H-5); 

(3-proton doublet, 7 Hz, 8.37, 8.66 singlets, CMe,). 
of 9 mg) in (0.3 ml) 2~ sulpburic acid ml) on 

boiling for h a sugar which was indistinguishable from 
6-deoxy-L-mannose on paper chromatograms. 

A second portion (0.4 g) of the product mixture was chromatographed over 
silica gel (acetone-toluene, 3:7) to give, inrer alia, a fraction containing anhydro 
sugar 9 and a small proportion of compound 12. Preparative g.1.c. afforded a pure 
sample (20 mg), Ealo -50” (c 1, methanol), of the minor component which was 
identified as methyl 

J2,j 3.5 H-2); 
6.52 (3-proton singlet, 8.52, (3-proton singlets, CMe3; (3-proton 
doublet, J5,6 Hz, CMe). 3 (50 mg) gave methyl 5-0-benzoyl-6- 
deoxy-2,3-0-isopropylidene-a-L-talofuranoside (13) (25 mg), m.p. and mixed m.p. 
93-95” (lit.‘3 m.p. 93.5-95”); the i-r. spectrum of the benzoate was indistinguishabie 
from that of an authentic sample. 

The foregoing separation on silica gel also yielded a fraction containing only 
the glycosides 12 and 14, which was subjected to preparative g.1.c. This procedure 
gave a smah amount of methyl 6-deoxy-2,3- O-isopropylidene-a-L-mannofuranoside 
(14) (8 mg) as a chromatographically homogeneous syrup. Accurate mass measure- 
ment of the top mass peak at m/e 203 (M-15) (ref. 8) in the mass spectrum gave 
a molecular formula of CgH1505 for this ion (Found: 203.089021; talc.: 203.091941) 
which signified the molecular formula C,,H,,O, for compound 14. The n.m.r. 
spectrum of compound 14 is shown in Fig. 2, and it was identical with that of an 
authentic sample separated (by g.1.c.) from a mixture of methyl 6-deoxy-2,3-0- 
isopropylidene-a- and p-L-mannofuranosidesX6”. 

Acid hydrolysis of compound 14, as previously described, afforded a reducing 
sugar which was indistinguishable from 6-deoxy-L-mannose on paper chromatograms. 
Toluene-p-sulphonate 16, prepared from 14 in the usual way, had m.p. 83-84” which 
was not depressed on admixture with an authentic sample @it16’ m-p. 83-84”). 
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PRIMEVERULOSE (6-O-B-D-XYLOPYRANOSYL-D-FRUCTOSE) AND SOME 
DERIVATIVES THEREOF 

DAVID RJTHERFORD*AND NELSON K. RICHTMYER 
National Institute of Arthritis and Metaboiic Diseases, National Institutes of Health, Bethe&, 
Mmyland 20014 (U. S. A.) 

(Received April 12th, 1969) 

Primevernlose (6-O-,G-D-xylopyranosyl-D-fructose) has been prepared by the 
partial rearrangement of - primeverose (6- O-B-D-Xylopyranosyl-D-glucose) with 
aqueous ammonia followed by separation of the two disaccharides on a cellulose 
column. The syrupy primeverulose had [c&O - 27.5” in methanol, and was character- 
ized by its crystalline (2,Qlichlorophenyl)hydrazone. Some derivatives that are com- 
mon to both primeverose and primeverulose, namely, the phenylosotriazole, phenyl- 
osotriazole hexaacetate, and (2,5dichlorophenyl)osazone, are also described. 

INTRODUCITON 

Primeverose (6- O-B-D-xylopyranosyl-D-glucose) was discovered ’ as a consti- 
tuent of the phenohc glycosides primeverin and primulaverin in 1912, and later 
in a number of other glycosides from plant sources. Wallenfels and Lehmann2 
isolated primeverose itself from an aqueous extract of ripe carob beans (St. John’s 
bread;. Ceratonia siliqua L.), and Begbie and Richtmyer3 isolated primeverose from 
an aqueous extract of the dried roots of Primula oJkinalis Jacq. In these last two 
cases, the possibility of an enzymic hydrolysis of a primeveroside to yield primeverose 
carmot be excluded. 

Inasmuch as D-glucose and D-fructose often occur together in plants, it-seemed 
possible that their 6-O-/3-D-xylopyranosy1 derivatives might also occur together in 
some plants. To aid in the search for primeverulose (6-O-p-n-xylopyranosyl-D- 
fructose) in plant extracts, we rearranged primeverose to that ketose by mild treatment 
with aqueous ammonia. The mixture of primeverose and primevernlose was readily 
separated on a cellulose column, and the primeverulose was obtained in a yield -of 
12.5% as a chromatographically homogeneous, colorless syrup having [a];’ -27.5” 
(in methanol). The sugar was identified as a ketose by its characteristic color-reaction 
on a paper chromatogram sprayed with the orcinol-hydrochloric acid reagent, and 
the phenylosazone prepared from it was identical with the phenylosazone prepared 

*Associate in the Visiting Program of the National Institutes of Health, March 1966 to April 1967. 
Present address: Fisons Pharmaceuticals Limited, Loughborough, Leicestershire, England. ~ 
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from primeverose. It was further characterized by its erystahine (2,5-dichlorophenyl)- 
hydrazone. Also prepared were the phenylosotriazole, the phenylosotriazole hexa- 
acetate, and the (2,5-dichlorophenyl)osazone, common to both primeverose and 
primeverulose. 

FXPERIMENTAL 

Optical rotations were measured with a Perkin-Elmer 141 pohuimeter. Melting 
points were observed in capillary tubes. Paper chromatography was conducted with 
Whatman No. 1 filter paper by the descending method at room temperature, with 
6:4:3 butyl alcohol-pyridine-water. 

Primeverulose (6-o-j?-D-xylopyranosy&D-fructose) from primeverose (6-O-/3-~- 
xylopyranosyl-D-glucose). - Primeverose p-heptaacetate was synthesized directly 
from 1,2,3,4-tetra-O-acetyi-6- U-trityl-&D-glucose (35.44 g, 60 mmoles) and tri- O- 
ace@-or-D-xylopyranosyl bromide (20.35 g, 60 mmoles) with silver perchlorate 
(12.50 g, 60 rmnoles) and Drierite (7.5 g) in nitromethane (100 ml), according to 
the general procedure of Bredereck et al. a. The yield of product, crystallized from 
ethyl alcohol, was 19.12 g (48%). The melting point was low (200-204’), but was 
raised by one recrystallization from chloroform-methanol5 to 213-215”, alone and 
also when mixed with authentic primeverose heptaacetate*‘. 

Prior to the rearrangement to primeverulose, 20 g of the recrystallized fl-hepta- 
acetate was deacetylated with methanolic sodium methoxide for 3 days at 5”. The 
resulting solution was made neutral with a little carbon dioxide, and evaporated 
in vacua to remove methanol and methyl acetate. The syrup, containing about 
10.3 g of primeverose, was dissolved in distilled water (200 ml), and the solution 
was diluted with concentrated aqueous ammonia (50 ml), kept for “0 h at 37”, and 
evaporated in vacua to a syrup. A solution of the syrup in water was passed down 
a column of Amberlite MB-3 ion-exchange resin, and the eluate and washings were 
evaporated to a thick syrup that weighed 9 g. Paper chromatography showed several 
spots besides those for unchanged primeverose and for the expected primeverulose. 

The 9 g of syrup thus obtained was dissolved in a small volume of methanol, 
and 5.54 g of primeverose was recovered by crystallization. The mother liquor was 
evaporated to a syrup (2.95 g) that was put on top of a cellulose column (92 x 4 cm) 
and eluted with aqueous butyl alcohol of successively increased concentration, 
15-ml portions of eluate being collected. Butyl alcohol that was one-quarter saturated 
with water removed substances that had the same mobilities onpaper chromatograms 
as D-XylOSe (fractions 251-290) and D-glucose (fractions 41 I-510); half-saturated 
butyl alcohol eluted the primeverulose (fractions 751-1010): and saturated butyl 
alcohol eIuted the primeverose (fractions 1491-1690). 

The primeverulose fractions were combined, and evaporated to give 1.29 g 
of a colorless syrup (12.5% from prirneverose P-heptaacetate), [c&’ -27.5” (c 2.6, 

*Kindly supplied by Dr. George H. Coleman (see ref. 5). 
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methanol). The material gave a single spot on paper chromatograms sprayed with 
ammoniacal silver nitrate or with orcinol-hydrochloric acid; with the latter spray 
(2% of orcinol and 3% of concentrated hydrochloric acid in butyl alcohol; heated 
3 min at lOO-llO”), the color developed was orange changing to green, 
the same as that given by D-fructose alone. The mobility of primeverulose 
under these conditions was 0.79 relative to D-fructose, 0.91 relative to D-glucose, 
and 1.52 relative to primeverose; the mobility of primeverose was 0.59 relative to 
D-glucose_ 

Gas-liquid chromatography (performed with an F & M Model 5750 Research 
Gas Chromatograph equipped with a flame-ionization detector; copper column 
(200 x 0.5 cm) packed with 15% by weight of 2,2-dimethyl-1,3-propmediol (neopentyl 
glycol) succinate polyester on Gas-Chrom A, 60-80 mesh; column temperature, 
200”; flow rate, 120 ml of helium/n&t) showed only one peak for the per(trimethyl- 
silyl) (TMS) ether of primeverulose. The retention times of the TMS ethers of 
primeverulose and primeverose, relative to that of a-D-&hrcOse, were 15.2 and 27.9, 
respectively. The retention times relative to sucrose were 1.59 and 2.94, respectively. 

6-0-B-D-XylopyranosyI-D-arabino-hexrrlose phenylosazone j?om prime~errdose. 
- A mixture of 59 mg (189 pmoles) of primeverulose, 1 m’; of water, 65 pl(660 pmoles) 
of phenylhydrazine, and 38 ~1 (664 Imoles) of glacial acetic acid was heated for 2 h 
on a steam bath; yellow needles began to separate within 15 min. After being kept 
overnight at room temperature, the mixture was atered, and the solid product was 
washed successively with several portions each of 10% aqueous acetic acid, water, 
cold ethyl alcohol, and ethyl ether. The phenylosazone weighed 57 mg (62%), and 
its i.r. spectrum (KRr disk) was identical with that of the phenylosazone prepared 
similarly from primeverose. The “instantaneous melting point” (the lowest temper- 
ature at which the compound, in a capillary tube, decomposed within 5 set when the 
tube was plunged into a bath at a preset temperature) was estimated to be about 228”; 
Goris et al.’ reported the “instantaneous m-p.” as 224-226” (Maquenne block). 
The specific rotation of the phenylosazone prepared from primeverulose was [aIF 
-98.9 (15 min)-+ - 53.6” (1 week, constant; c 1, pyridine); the rotation of the 
phenylosazone prepared from prheverose was [a]F - 101.3 (6 nun)-+ -54.2” 
(1 week, constant; c 1, pyridine). Helferich and Rauch6 reported that the phenyl- 
osazone from primeverose had [alp - 109.7” (pyridine). 

6-O-p-D-Xylopyranosyz-D-arabino-hexulos phenylosotriazole. - A suspension 
of 0.93 g (1.9 mmoIes) of the phenylosazone prepared from primeverose in a 
solution of 0.52 g (2.1 mmoles) of copper sulfate pentahydrate in 100 ml of 
water was boiled for 30 min. The light-brown and bright-red precipitates were 
filtered off, and the yellowish solution was stirred with 2 g of barium carbonate for 
1 h. The mixture was filtered and the solution was then deionized with Amberlite 
IR-120 and Duolite A-4 ion-exchange resins, and decolorized with a small amount 
of Darco X carbon. The suspension was filtered, and the tiate was evaporated in 
uacuo to a foamy syrup (0.57 g, 76%). Crystallization was induced by rubbing the 
syrup with ethyl acetate. Two recrystallizations from ethyl alcohol yielded 0.34 g 
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of the phenylosotriazole as clusters of line needles, m.p. 165-166”, [a];’ -49.0” 
(c 1, water). 

Anal. Calc. for C1,H2JNJOs: C, 51.38; H, 5.83; N, 10.57. Found: C, 51.23; 
H, 5.79; N, 10.74. 

6-0-j3-D-XyiopyranosyZ-D-arabino-hexzdose phenylosotriazole hexaacetate. - 

Acetylation of 0.1 g of the phenylosotriazole with 3.5 ml each of acetic anhydride 
and pyridine for 3 days at room temperature yielded the hexaacetate as a syrup in 
quantitative yield. Crystals were obtained after several weeks, and these were 
recrystallized four times from aqueous ethyl alcohol. The &ral product (fine needles, 
86 mg, 53%) had m.p. 91-92” and [&,’ -50.4” (c 1.2, chloroform). 

Anal. Cak. for C29H35N3014: C, 53.62; H, 5.43; N, 6.47. Found: C, 53.74; 
H, 5.42; N, 6.37. 

6-0-/I-D-XyIopyranosyl-D-arabino-hexziiose (2,5-dichZorophenyi)hydrazone. - A 
solution of 0.25 g (800 pmoles) of primevermose and 0.35 g (2.0 mmoles) of (2,5- 
dichlorophenyl)hydrazine in 5 ml of methanol was evaporated on a steam bath 
until crystallization occurred (30 min). Methanol was added, the solution was 
evaporated, and the process was repeated (total time, 1.5 h). The dry, crystalline 
residue was broken up with a spatula, extracted several times with ethyl ether by 
decantation, and then filtered off and washed further with ethyl ether. The air-dried 
product (yellow needles) weighed 0.37 g (98%) and melted at - 180” (dec.). The 
elemental analysis was obtained first on this material. 

Anal. Calc. for C,,H,,Cl,N,O,: C, 43.32; H, 5.13; N, 5.94; Cl, 15.05. Found: 
C, 43.50; H, 5.00; N, 5.88; Cl, 14.83. 

It was later found that the product could be recrystallized by dissolving it in 
warm methanol and adding five volumes of petroleum ether. The m.p. was then 
N 195” (dec.). 

Anal. Calc. for C1,Ht4ClzN209: C, 43.32; H, 5.13; Cl, 15.05; N, 5.94. Found: 
C, 43.47; H, 5.13; Cl, 14.80; N, 6.09. 

As the i-r. spectra (Nujol mulls) of the unrecrystallized and the recrystallized 
sampIes were identical, and yet the m.p. of each sample remained unchanged after 
several months, it seems probable that the unrecrystallized sample contained a 
trace of impurity that accelerated its decomposition. The specific rotation of the 
recrystalhzed sample was [a]? -34.3 (6 rnin)-+ -16.3” (4 weeks, constant; c 1, 

pyridine)_ 
6-0-fi-D-Xylopyranosyl-n-arabino-hexzllose (2,5-dichZorophenyi)osazone. - A 

mixture of 0.15 g (481 pmoles) of primeverose, 0.34 g (1.92 mmoles) of (2,5-dichloro- 
phenyl)hydrazine, 0.11 ml (1.92 mmoles) of glacial acetic acid, and 10 ml of water 
was heated for 10 h under a reflux condenser on a steam bath. The mixture was kept 
overnight at 5”, and then filtered; the solid product was washed several times each 
with 10% acetic acid, water, cold ethyl alcohol (which removed some dark material), 
and ethyl ether. The yellow needles of the (2,5dichlorophenyl)osazone weighed 
0.16 g (53%) and melted at 222” (dec.). The rotation was [alp -49.9 (7 mm)-, -22.4” 
(2 weeks, constant; c 1, pyridine). 
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/lnaZ. Calc. for C2,H26CI,N,0,: C, 43.97; H, 4.17; Cl, 22.57; N, 8.92. Found: 
C, 43.9!); H, 4.29; Cl, 22.20; N, 9.02. 
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ISOMERIZATION OF D-GALACTURONIC ACID IN NEUTRAL, AQUEOUS 

SOLUTION 

BENGT~ARLSSON AND OLOFSAMUELSON 

Department of Engineering Chemistry, Chalmers Tekniska Hc?gskoIa, G6teborg (Sweden) 

(Received April 15th, 1969) 

An aqueous solution of D-galacturonic acid at pH 7 was heated for 5 h at 
1 loo, and the ,isomerization products were separated by anion-exchange chromato- 
graphy. The main product was identified as D-arabino-5hexulosonic acid, and the 
others as D-taluronic, r..-x&-5-hexulosonic, L-xyZo4hexulosonic, D-guluronic, 
+iduronic, and D-arabino4hexulosonic acids. 

INTRODUClTON 

Upon isomerization of D-galacturonic acid in calcium hydroxide solution, 
Ehrlich and Guttmann’ observed that D-arabino-5-hexulosonic acid was formed. 
Siddiqui and Purves2 isolated n-taluronic acid from the reaction in sodium hydroxide, 
whereas Fisher and Schmidt3 reported_ the formation of L-altruronic acid after 
heating D-galacturonic acid at pH 7. 

In earlier papers4s5, it was shown that D-glucuronic acid, when heated in a 
neutral, aqueous solution at llO”, gave rise to several hexuronic and hexulosonic 
acids. The appearance of these acids could be explained by Lobry de Bruyn-Alberda 
van Ekenstein transformations6. Similar experiments made with D-galacturonic acid 
are described in the present paper. 

EXPBRIMENTAL 

An aqueous solution of the sodium-salt of D-galacturonic acid (6 g of D-galac- 
turonic acid per 60 ml; pH 7), prepared in the same way as in the earlier experiments 
with D-glucuronic acid, was kept for 5 h at 110”. 

The resulting organic acids were separated by anion-exchange chromatography 
in acetic acid on a column (20 X870 mm) of Dowex l-X8 (25-32 e) resin, and the 
isolated fractions were studied by anion-exchange chromatography combined with a 
three-channel analyzer’, in which the eluate was analyzed automatically by chromic 
acid oxidation, the carbazole reaction, and periodate oxidation with subsequent 
determination of formaldehyde. TWO of the fractions were rdchromatographed on a 
preparative scale, as described below, on the followingcolumn s: Dowex l-X8 
(acetate, IO x 920 mm) and Dowex l-X8; (borate, 15 x 800 mm);’ 
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ISOMERIZATION OF D-GAL4CTURONK! ACID 349 

The isolated acids were trimethylsilylated, and studied by g.1.c. (QF-1) and 
by g.l.c.-mass spectrometry4. The acids were also reduced with sodium boi’ohydride as 
described by Perry and Hulyalkar ‘. The identity of the. aldonic acids formed was 
established by anion-exchange chromatography using the three-channel analyzer, 
by g.l;c. of their fully trimethylsilyl substituted 1,4-lactones on a QF-1 columng:‘o, 
and by mass spectrometry l1 The identifications by g.l.c.-mass spectrometry were _ 

carried out by G6ran Petersson. 

SEPARATION AND IDENTIFICATION 

A chromatogram from an isomerization experiment at 110” is given in Fig. 1. 
It is seen that five significant elution bands (Sl-S5) and one trace compound (SllO) 
were recorded. The bands were isolated from a run on a preparative scale in M acetic 
acid and rechromatographed in acetic acid, 0.08~ sodium acetate, and 0.12~ sodium 
tetraborate on analytical columns. Bands Sl, S3, and S5 gave single bands in all 
eluents, whereas band S2 was resolved into two bands both in sodium acetate and 
in tetraborate. Band S4 gave two seriously overlapping bands in sodium acetate and 
three well-separated bands in tetraborate. The individual acids (S2:Al and S2:A2) 
contained in band S2 were isolated on a preparative scale by rechromatography in 
0.05~ sodium acetate. Those contained in band S4 were obtained in a preparative 
run in 0.12~ sodium tetraborate (S4:Bl; S4:B2; and S4:B3). 

A tentative identscation of four of the nine isolated acids was made from 
their volume distribution coefficients ID,) calculated from the peak elution volumes’ 2 

Chart reading.mm 
51 

~~~_____------ A-_.,-L---_--_--_--_A_ _A____ 

o! 
.? =a 

Eluote volume, ml 

Fig. 1. Separation of isomerization products Formed after 5 h -at 110”: coiumn (6% 67Urnm) of 
Dowex l-x8 (24-27 pm) resin eluted with M acetic acid at 4.4ml.mh1-~.cm-? (1) Chromic acrd 
oxidation, (2) carbazole method, and (3) periodateformaldehyde method._ 
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and from the response indices7*13 in the carbazole and periodate-formaldehyde 
channels (Table I). Additional identification was obtained from g.1.c. and mass 
spectrometry by comparison with authentic samples, and by determination and 
identification of the aldonic acids formed after reduction with sodium borohydride 
(Table II). The acid contained in band Sl had [LY]~~ +50.5” (c 0.7, water) which is 
in agreement with that for D-galacturonic acid14. 

TABLE II 

DI~XRIBUTION COEFFICIENTS OF REFERENCE SUBSTANCES (f) AND OF ALDOMC ACIDS FORMED AFTFSR 

REDUCTION OF ISOMERIZATION PRODUCTS (S) 

Reduced acid Reference acid 

Sl Galactonic 

Distribution coeflcient, ID, 

0.5~ HOAc 0.08~ NaOAc 

S r S r 

12.2 12.1 8.3 8.5 

S2zAl Galactonic 12.1 12.1 8.5 
Altronic 12.6 12.6 8.3 8.3 

s2:A2 Gluconic 13.2 13.3 8.1 8.0 

s3 Altronic 12.7 12.6 8.2 8.3 

S&B1 GIuconic 13.3 8.1 8.0 
Idonic 13.4 13.4 7.5 7.5 

S4:B2 Idonic 13.5 13.4 7.6 7.5 

S4:B3 Altronic 12.7 12.6 8.3 8.3 
Idonic 13.5 13.4 7.6 7.5 

s5 Galactonic 12.1 12.1 8.5 
Gluconic 13.4 13.3 8.3 8.0 

One of the other acids (S3) gave color reactions and gas-liquid cbromatograms 
typical of uranic acids. The elution behaviour of the acid differed from that of 
uranic acids studied previously by ion-exchange chromatography. Upon reduction, 
a single aldonic acid, identified as altronic acid, was obtained. The results show that 
the isolated acid was taluronic acid. The mass spectrum cotirmed that it was a 
hexuronic acid. The optical rotation, [alp -2” (c 0.6, water), was witbin the range 
expected from the rule given by Bose and Cbatterjee’5. 

The color responses of the acid contained in band S2:Al were similar to those 
recorded with 5-hexulosonic acids. A comparison of the mass spectra and gas-liquid 
chromatograms of this acid with those obtained with xylo-5-hexulosonic acid (S4Bl) 
indicated that the acids were diastereomers. Altronic and galactonic acids were 
obtained in about equal amounts after reduction, which shows that band S2:Al 
consisted of arabino-5-hexulosonic acid. 
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The acids contained in bands S4:B3 and S5 gave periodate-formaldehyde 
response indices intermediate between those of Ihexulosonic and aldonic acids, and 
carbazole &actions weaker than those of 5-hexulosonic and hexuronic acids. Mass 
spectrometry showed that the acids -did not belong to any of, these groups. Upon 
reduction, two aldonic acids were obtained, in approximately equal amounts, from 
each of the bands (Table II). The results conclusively show that the acid contained 
in band S4:B3 is arabino4hexuIosonic acid, and that band S5 contained x&-4_ 
hexulosonic acid which has not been reported previously. Both products were obtained 
as amorphous powders. 

Since no isomerization products were found having inverted configuration at 
C-4 or C-5 relative to galacturonic acid, it can be concluded that the absolute confi- 
gurations of the acids are those listed in Fig. 2. 

57 65%) 
CHO 
I 

HCOH 
I 

HOCH 
I 

HOCH 
I 

HCOH 

I 
CO,H 

D-galacturonic acid 

S2:Al (ll%,.) 53 El’,.) 

CHO CtqH 
I I 
c=o HOCH 
I I 

HOCH HOCH 

I I 
HOCH HOCH 

I I 
HCOH HCOH 

I 
CO,H 

I 
CC&H 

o-arobino-5-hexulosonic acid D-toluronic acid 

s4:91 (8%) 

55 (2%, s2rA.2 (2%) 
CH,OH CHO 
I I 

HCOH HCOH 
I c=o I 

HCOH 
I I 

HOCH HOCH 

I I 
HCOH HCOH 

I 
C02H 

I 
CO2H 

HOCW 
I 

HCOH 

HOCH 

I 
HCOH 

I 
C02H 

L-xylo-4-hexulosonic acid o-guluronic acid o-iduronic acia 

CH2OH 
I c=o 
I 

HCOH 

I 
HOCH 

I 
HCOH 

I 
CO,H 

~--.xy~o-5-hexulcsonic acid 

CH+OH 
I 

HOCH 

I 
c=o 
I 

HOFH 

H!OH 
I 
CO2H 

D-ar~ino-4-hexuIosonic acid 

Fig. 2. Acids identified after isomerization at 110”. The relative amounts are given in parenthesis. 

The trace compound SllO exhibited properties differing widely from those 
observed with hexuronic and hexulosonic acids. The amount was too small for 
identification, and this compound, which could not be detected when the isomer- 
izations were carried out at lOO”, will not be discussed further. 

DISCUSSION 

The appearance of alI of the identtied acids (Fig. 2) can be explained-by Lobry 
de Bruyn-Alberda van Ekenstein transformations. As expected, and also observed 
in the experiments tiith D-glucuronic acid, the 5-hexulosonic acids are the preponder- 
ant ketoacids. Among these, D-arabino&hexulosonic acid is formed directly from 
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the starting material, and, as can be seen from Fig. 3, appreciable proportions were 
present after one hour at 100”. The formation of the xylo form requires epimerization 

at G3, and, as expected, this compound was formed more slowly. Both possible 
forms of the isomeric 4-hexulosonic acids were formed, but detectable amounts 
were not recorded until the heating had proceeded for about 5,h at 100’. With glu- 
curonic acid, only L-ribo4hexulosonic acid was formed in detectable amounts’. 

0 0 100 200 
Eluate 

Reaction 
time, h 

300 
volume , ml 

400 500 600 

Fig. 3. Separation of isomerization products formed at 100” after various reaction times. D-Galact- 
uranic (Sl), D-arabino-5-hexulosonic and D-guluronic (S2), n-taluronic (S3), L-xylo-5hexulosonic, 
o-iduronic and D-arabinu-4-hexulosonic (S4), and L-xyIo4hexulosonic acids (S5). The curves refer 
to the reaction with carbazole. Conditions: See Fig. 1. 

The three possible uranic acids having inverted configurations at C-2 and C-3 

were formed. The same reaction pattern was observed with D-glucuronic acid4. In 
both investigations, the C-2 epimer was the major product. 

The total amount of uranic and hexulosonic acids produced from D-glucuronic 
acid at pH 7 was larger than that obtained with D-galacturonic acid under identical 
conditions. In addition to the isomerization products, small proportions of other 
types of compounds are formed l6 , but it is ourside the scope of this paper to discuss 
these products. A comparison- between the remaining amounts of unchanged glu- 
curonic and galacturonic acids may be of interest, however. The results given in 
Fig. 4, together with thou obtained in parallel experiments with glucose, galactose, 
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and 4-O-methyl-D-glucuronic acid, show that the overall rate of reaction increases in 
the order D-galactose e D-glucose < D-galacturonic acid < D-glucuronic acid < 4-O- 
methyl-D-glucuronic acid. It is evident that the presence of a carboxyl group at C-6 

favors the transformation, and that a methoxyl group at C-4 has an accelerating 
effect. 

0 5 
Reactian time (h) 

Fig. 4. Isomerization experiments at 100” and pH 7. Remaining starting material as a function of 
reaction time: (1) 4-O-methylglucuronic acid, (2) glucuronic acid, (3) galacturonic acid, (4) glucose, 
and (5) galactose. 
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AUTOMATED, CONTINUOUS ANALYSIS FOR CONCENTRATION OF 
TOTAL CARBOHYDRATE AND REDUCING END-GROUP IN THE 
FRACTIONATION OF DEXTRAN ON POROUS SILICA BEADS 

S. A. BARKER, B. W. JXur, AND P. J. SOMERS 

Department of Chemistry, The University, Birmingham I5 (Great Britain) 

(Received April 17th, 1969) 

ABSTRACT 

The use of automated, continuous analyses for the concentration of total 
carbohydrate and reducing end-group to monitor the eluate in the fractionation of 
samples of dextran on porous silica beads is described. The two elution curves 
obtained were used to plot a calibration graph for the fractionation of that particular 
sampie, and hence enabled us to make a calculation of the molecular weight distri- 
bution. Significant deviations from the S-shaped curve, used previously as the 
calibration graph, were noted. The mutual interaction of the molecules in the poly- 
saccharide sample is suggested to account for these effects. 

INTRODUCXION 

The fractionation of polydisperse homopolymers by molecular weight may be 
achieved with molecular-sieve materials (gel-permeation chromatography). Molecular- 
sieve columns are usually calibrated by the elution of samples of known molecular 
weight, the eluate being monitored by an assay giving the weight of material. The 
distribution of the unknown sample may be assessed from its elution pattern and the 
calibration curve. 

It would be convenient to monitor the fractionation by assays giving both 
the concentration of sample and the number of molecules. This would obviate the 
need for previous calibration, asthe two assays would give the molecular weight of 
the species eluted at any point. The fractionation of dextran on porous silica beads 
has been described previously’. In the present investigation, the same separation 
system has been employed, using an automatic, continuous, reducing end-group 
assay, in addition to a cysteine-sulphuric acid assay2 for total hexose concentration. 

EXPERIMENTAL 

Reducing end-group assay. - In the manual assay3, an aqueous solution-of 
sodium carbonate and potassium cyanide (solution 1, * 0.53% of Na2C03, 0.065% 
of KCN; 1.0 ml) and an aqueous solution of potassium ferricyanide (solution. 2; 
0.05% of K,Fe(CN&; 1.0 ml) were added. to an aqueous solution of a reducing 
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carbohydrate (5-50 ,uM; 1.0 ml) in a stoppered test-tube. The solution was heated 
for 15 min at lOO”, and then cooled, and an acidic solution of ferric ammonium 
sulphate and sodium Iauryl sulphate (solution 3a; 0.15% of FeNH4(S0&, 0.1% of 
sodium Iauryl sulphate, 0.05~ H,S04; 5.0 ml) was added AIternativeIy, a solution 
having five times theconcentration of solution 3a(solution 3b; 0.75% of FeNH,(SO,),, 

0.5% of sodium lauryl sulphate, 0.25~ H,S04; 1.0 ml) was added. The soIution was 
shaken, and, after 15 min, the absorbance was determined at 700 nm. The assay 
was calibrated with standard solutions of D-glucose, using both solutions 3a and 3b. 
The development of colour with time, at various concentrations of D-glucose, was 

also measured. 
Calibration of reducing end-group assay with isomaltose and isomaltotriose. - 

Samples of isomaltose and isomaltotriose were prepared from a dextran hydrolysate 

by separation on a charcoal column4 and on a column of AG Dowex-SOW x2 (Lit) 

ion-exchange resin5. The purity of the oligosaccharides was checked by paper 

chromatography (Whatman No. 1; butyl alcohol-pyridine-water, 6:4:3). Stock 
solutions of the oligosaccharides were prepared, and their concentrations were 
accurately measured by the cysteine-sulphuric acid assay6, using a standard solution 

of D-glucose for calibration. The reducing end-group assay was calibrated with 

solutions of isomaltose and isomaltotriose (Z-13 /cg/mI) by using solution 3a. 
E#ect of a constant amowzt of dextran on the reducing end-group assay. - The 

isomaItotriose calibration was repeated by adding to each sample a constant amount 
of an aqueous soIution of dextran (3.6 mg/ml, 200 ~1; j@m 153,000). 

Automation of the reducing end-group assay. - The automated assay used 
identical reagents to those employed in the manual assay. Technicon AutoAnalyzer 
modular equipment was used throughout, and a schematic representation is shown 
in Fig. 1. The coIumn eluate was sampled continuousIy and mixed with solution I 
and with solution 2. The reaction stream was heated for 1.5 min at 95”, cooIed, and 
debubbled. The stream was recycled and added to solution 3b, and, after mixing, 
its absorbance was measured at 660 nm. 

The automated cysteine-sulphuric acid assay’ for total hexose content is also 
shown in Fig. 1. The column eluate was sampled and mixed with water. After debub- 
bling, the sample solution was recycied and added to the cysteine-sulphuric acid 
reagent. The reaction stream was heated for 3 min at 95”, cooled, and debubbled, 
and the absorbance was measured at 420 nm. Care was taken to keep the waste 
from the two assays separate, in order to avoid the production of hydrogen cyanide 
gas- 

Fractionation of dextran samples on porous silica beads. - Porasil-D (75-100 
mesh) from Waters Associates (instruments) Ltd. (Stockport, Cheshire, Great Britain) 
was packed as a slurry in deaerated water into a column which was fitted at the 
bottom with a No. 3 sintered-glass disc. The column was vibrated manually until 
the bed had reached a minimum volume (76.5 ml; 1.084x 82.5 cm). Aqueous 
solutions of dextran fractions (Pharmacia) (4-10 mg; 200 pl), having narrow distri- 
butions of molecular weight, were loaded onto the column and eluted at 10 ml/h/cm’ 
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by using the Technicon peristaltic pump. The eluate was continuously monitored 
for both total carbohydrate and end-group content, using the automatic cysteine- 
sulphuric acid and ferricyanide assays. These assays were frequently calibrated with 
standard solutions of D-glucose. 

Solution 2 
Solution 1 

Air 

Sample 

Air 

Water 

Air 
Cysteine 

Hz’iO, reagen 

Air 
Solution 3 

Waste 

Recorder 

Fig. 1. Schematic representation of automated system for determination of concentration of total 
hexose and reducing end-group in column eluates. Reagent composition and flow rates: (n) total 
hexose determination; air (0.32 ml/min), sample (0:?3 ml/min), water (1.06 ml/min); recycled sample 
(0.10 ml/min), air (0.32 ml/min), L-cysteine hydrochloride (0.07% w/v) in sulphuric acid (86% v/v, 
0.53 ml/min); (b) reducing end-group concentration; reagent concentrations as in text; air (0.16 
ml/min), sample (0.10 rnl/min), solution 1 (0.10 rni~inin), solution 2 (0.10 mi/min); recycled reaction 
stream (0.23 ml/n&), air (0.16 ml/min), solution 3 (0.10 ml/min). 

RESULTS 

Calibration of the ferricyanide assay with D-glucose gave a linear plot of 
absorbance against D-glucose concentration, using both solution 3a and 3b. The 
development of colour in both cases was complete in less than 15 min. The calibration 
of the assay with isomaltose and isomaltotriose also gave linear graphs of absorbance 
against concentration, and the gradients of these lines were used to calculate the 
reducing powers of oligosaccharides, relative to ~-glucose. The addition of a constant 
weight of dextran to the calibration samples of isomakotriose gave a linear graph, 
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having the same gradient as 
on the ordinate. . 

Isbell and co-workers’ 

S. A. BARKER, B. W. HATT. P. J. SOMERS 

the previous calibration, but with a different intercept 

have shown that dextrans have higher reducing powers 
than expected in comparison with the corresponding monosaccharide when assayed 
with alkaline copper reagents, and they suggest that this may be due to alkaline 
degradation of the partially oxidized product. The reducing powers of D-glucose, 
isomaltose, and isomaltotriose were measured with the ferricyanide assay, as these 
sugars may be regarded as the monomer, dimer, and trimer of the dextran poly- 
saccharide. 

If it is assumed that the reducing power of the a-D-( I-6)-linked oligosaccharides 
increases geometrically with increasing chain length in the assay used, the reducing 
power of dextran could be represented by the sum to infinity of ageometric progression: 

(1 +r+rz+r3+...) = +r _ 

Relative to D-glucose, isomaltose has a reducing power of 1.495, and isomaltotriose 
a reducing power of 1.78, times greater than theoretical, giving a mean value of 
r = 0.505 -+O.Ol. Thus, dextran could be expected to have a reducing power, relative 
to D-glucose, of 2.02 times greater than theoretical. 

Previously’, calibration curves for columns of molecular-sieve materials have 
been constructed by plotting the retention factor (elution volume/total bed volume) 
for the elution of 50% by weight of the dextran sample against the logarithm of 
the molecular weight at 50% on the cumulative weight-distribution curve for that 
sample, supplied by Pharmacia. Fig. 2 shows the curve obtained by applying this 
treatment to the present resuhs. Also shown is the graph of the 50% retention 

; 5 0.9 

Fi \=\\\ 

,D 

s 
‘“, 0.5- 0” 
0 P 
s . 
(L ma- - . 

I I I I 
10 50 100 500 

Molecular weight [x IO’] 

Fig. 2. Calibration graphs for fractionation of dexiran on Porasil-D. -0- Dextran D-WA& 9,4W 
0.9 mg), -o--- Dextran D-SO (A&, 73,000, 4.0 mg), -+- Dextran D-l 50 (a, 153,000, 3.8 ms), 
-I- Dextran p-500 (lri, 37O,WO, 9.6 mg), T-A--- ii&, for sample from absorbance ratio 
at 50% eiution by weight, -1- j$& at 50% from Pharmacia data for’cumulative weight distri- 
bution,plotted against-SO% eIution by weight of the sample. - .-- ’ 
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factor plotted against the molecular weight (am) at that point, calculated from the 
absorbance ratio of the two assays. 

Mn Absorbance 
[x 104 

400 0.20 - 

300 0.15- 

0.8 

Retention factor E’ution v”‘ume 
C Totol bed volUme I 

Fig. 3. Fractionation of Dextran D-150 <&& 153,000, 3.8 mg) on Porasil-D: --- reducing 
end-group assay; - total hexose assay; -& calibration line constructed from nTi, values 
calculated from absorbance ratio of the two assays. 

The two curves from the assays obtained by fractionation of the samples 

(e.g., Fig. 3) were used to calculate the molecular weight at the various retention 
factors, and these are shown in Fig. 2. The ratio of the areas under the two curves 
for a sample were used to calculate the number-average molecular weight (a”)), and 
these values are given in Table I, together with the Pharmacia j@,, vahxs. 

TABLE 1 

Sample it& Urom 
Phnrmacia) 

A??;, at 50% elution Mol. Wt. at SO% &?,, from 
from absorbance by rueight of area ratio 
ratio sampI& 

i@, (from 
Pharmacia) 

D-10 9,400 6,460 7,500 6,120 6,200 
D-80 73,000 49,800 60,000 45,500 4GooO 

D-150 153,000 loa,ooo 136,000 96,200 95,000 
D-500 370,ooo 208,OOO 280,OOO 182,000 185,000 

Walculated from the distribution curve for cumulative molecular weight, supplied by Pharmacia. 

DlSCUSSION 

Molecular-sieve columns may be calibrated by the elution of samples having 
a narrow range of molecular weights, the plot of elution volume against the logarithm 
of the molecular weight giving an S-shaped curve. An assessment of the molecular 
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weight distribution of an unknown sample may be made by its elution from a column, 
previousIy cahbrated with the appropriate samples. The assumption is made that 
the distribution of a sample does not affect the elution position of any particular 
polymer species in that sample. This assumption, while probably valid to a first 
approximation for dihtte sampIes, is doubtful with samples of higher concentration. 

The present work continues the investigation of the fractionation of dextran 
samples on porous silica beads. In or&r to obviate the necessity for prior calibration 
of the cohunn, a method was developed for the direct determination of a molecular 
weight parameter of the dextran mole&es in the column eluate. The elution of a 
sample was monitored by two assays, one giving a response proportional to the 
number of molecules, and the other giving a response proportional to the weight of 
sample, thereby enabling values of m,, to be calculated. Thus, the two elution curves 
could be used to calibrate the column for that particular sample (Fig. 3). A moIecular 
weight distribution for the sample may be directly obtained from this calibration 
graph and the elution curves, the molecular-sieve material being used solely as a 
fractionation medium. 

Table I shows the comparison of the ii& values given by Pharmacia with the 
A??n values calculated from the ratio of the areas under the two elution curves. The 
comparison also shows the consistency of the assumption that dextran has a reducing 
power that is 2.02 times greater than the value theoretically calculated from that 
of D-glucose, in the assay used. n,, values for the whole sample may also be obtained 
conveniently by direct sampling. Previously, the molecular weight of a species eluted 
at the volume corresponding to half the sample by weight was equated with the 
molecular weight at 50% on the Pharmacia plot of cumulative molecular weight 
distribution, in order to avoid the assumption that the molecuIar weight of the species 
eluted at the peak couid be equated with aW. The molecular weights at 50% from 
the Pharmacia cumulative graphs, and the values of a;, obtained from the elution 
profiles at 50% by weight, are also shown in Table I. 

Comparison of the S-shaped curve, obtained in the usual way, with the graphs 
of the molecular weights obtained by monitoring the column eluate with the two 
assays suggests that the elution volume of any particular molecular weight species 
is dependent on tbe distribution in the rest of the sample. For example, Fig. 2 shows 
that dextran molecules having a molecular weight of 100,000 are eluted at three 
widely different positions in the three samples fractionated (Dextran D-80, D-150, 
and D-500) 

Laurent’ has shown that solutions of polymers of high molecular weight, 

such as dextran and hyaluronic acid, have molecular exclusion properties similar 
to solid-phase molecular sieves. Also, Hellsing g has demonstrated that the elution 
volume of human serum albumin, chromatographed on Sephadex G-200, is increased 
as the concentration of a neutral polymer (such as dextran) in the eluent is increased. 
Further, he has confirmed Laurent’s earlier conclusion that a solution of a polymer 
of high molecular weight has molecular exclusion properties that are identical with 
those of a gel of the same polymer, having a low degree of cross-linking as in Sephadex 
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G-200. Thus, elution of a sample on a solid-phase molecular sieve with an eluent 
containing a polymer of high molecular weight, which is itself wholly or partly 
excluded from the stationary phase, is equivalent to fractionating the sample by 
cWribution between two molecular sieves. If the polymer is partially included in the 
stationary phase, its exclusion properties must be considered in addition to those of 
the stationary phase. 

As a sample of a dextran polymer is eluted on a column of porous silica beads, 
it is fractionated primarily on the solid-phase molecular sieve, on a basis of molecular 
size. Superimposed on this process will be, presumably, the effect of the mutual 
interaction of the polymer molecules. A species of any particular molecular weight 
will not occur solely at one point in the elution curve; instead, longitudinal diffusion 
and other effects will cause molecules of the same weight to be distributed over a 
certain volume, and hence those molecules will be eluted down the column in the 
presence of molecules of greater and lesser molecular weight. Previously, it was 
assumed that the mutual interaction of the species in the sample was minimal, and 
that the elution curve for the whole sample could be represented theoretically by 
the addition of the elution curves of each molecular weight species eluted alone. 
The present results, obtained by using samples that are approximately ten times as 
concentrated as those used in earlier workr, show that this assumption is not valid 
for such samples. Relatively high sample concentrations were necessary for the 
reducing end-group assay. 

During fractionation, a species having a particular molecular weight will be 
affected both by molecules of greater and lesser molecular weight. Molecules of 
lower molecular weight have a higher concentration in the stationary phase than in 
the mobile phase, and the activity of the particular species in the stationary phase 
is increased, i.e., it is excluded to a greater extent_ Molecules of greater molecular 
weight have a higher concentration in the mobile phase, and this increases the 
activity of the particular species in that phase, i.e., it is included to a greater extent 
in the stationary phase. These opposing effects would tend to cancel in the middle 
range of the sample, where the concentrations of the molecules of higher and lower 
molecular weight are approximately equal. But, at the lower side of the distribution, 
the total effect will be to retard the elution of the small species, and, on the higher 
side, the larger molecules will be accelerated. Thus, the plot of the logarithm of the 
molecular weight against elution volume, instead of following the appropriate part 
of the calibration curve, would be expected to give a graph having an increased 
gradient, as has indeed been found in the present study. The S-shaped curve, con- 
structed from the calibration points in the usual way, as in Fig. 2, is valid for the 
analysis of elution curves only when the assumption can be made that the mutual 
effect of molecules being eluted is zero. If their interaction with each other is signifi- 
cantly large, the calibration curve for the sample on that column must be calculated 
from the determinations of molecular weight on the eluate. 
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ABSTRACT . . 

The p-bromophenyl /3-giycosides of cellobiose, lactose, and maltose have been 
prepared ria their hepta-O-acetyl derivatives, by an adaptation of Griebel and 
Helferich’s method’ for the preparation of phenyl B-lactoside. In preliminary experi- 
ments, it was found that this version of the Koenigs-Knorr reaction gave better 
results in the synthesis of aryl glycosides of disaccharides than the method outlined 
by Rosenmund and Giissow’ for the synthesis of aryl glycosides of monosaccharides. 

INTRODUCTION 

The preferred conformations of the monosaccharide six-membered ring are 
fairly well understood3. However, an understanding of the preferred conformations 
of polysaccharide molecules awaits detailed knowledge of the molecular geometry of 
the glycosidic linkages between sugar residues. X-ray diffraction studies of oligo- 
saccharides have already given some information about the geometry around the 
glycosidic oxygen-atom ‘-r2. The interpretation of X-ray diffraction data is simplified 
if a heavy atom can be incorporated in the structure. It is best if the ratio of the square 
of the atomic number of the heavy atom to the sum of the squares of the atomic 
numbers of the remaining atoms is about unity 13, although ratios .as .low as cu. 0.2 
have been successful’ 4. 

In 1959, Corbett and Kidd 1 ’ attempted to make heavy-atom derivatives of 
cellobiose and lactose for subsequent study by X-ray diffraction. The 2-chloro, 
2-bromo, and 2-iodoethyl j3-glycosides of cehobiose and lactose were made ria 

their hepta-U-acetyl derivatives. Unfortunately; the best compound for study, 
2-bromoethyl B-cellobioside, was hygtoscopic and unsuitable for X-ray work. The 
derived, quaternary ammonium bromide of 2-bromoethyl /3-cellobioside, (2+cello- 
biosyloxyethyl)trimethylammonium~~bromide, was also hygroscopic. Corbett and 
Kidd also made &cellobiosyItrimethylammonium bromide by treating the aceto- 
bromo derivative of cellobiose with trimethylamine, followed by deacetyiation. 
X-ray structural anaiyses of the +bromophenyl)hydrazone of L-arabinose1.6 and 
D-glucose l7 have been carried out; in each case, the sugar residue is in the pyranoid 
form. However, a study of D-ribose (p-bromo$henyl)hydrazone showed that the 
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sugar residue exists in the acyclic form l8 The aim of the present investigation is to . 

obtain, by X-ray structural analysis, a knowledge of the molecular geometry of the 
glycosidic linkage between sugar residues in the pyranoid or furanoid form, for 
which p-bromophenyl /3-glycosides of disaccharides are suitable compounds. 

It has recently been reported l g that the dichloro derivatives of 3,4-di-O-acetyl- 
D-arabinal, when treated with sodium phenoxide in benzene, gave a mixture 
of phenyl 2-chloro-2-cleoxyglycosides in addition to 3,4-di-0-ace@-2-chloro-D- 
arabinal. Although it is possible that this reaction could be adapted to the synthesis 
of pbromophenyl glycosides of disaccharides, the production of a mixture of glycos- 
ides is a drawback, and therefore only the methods of Griebel and Helferich’, and 
Rosenmund and Giissow2 were explored. 

RESULTS AND DISCUSSIoN 

Rosenmund and Giissow” have reported a two-stage synthesis ofp-bromophenyl 
tetra-O-acetyl-/?-D-glucopyranoside via penta-0-acetyl-/3-D-glucopyranose. A similar 
method has been used for the preparation of o- and pchloro- and bromo-phenyl 
fl-glycosides of D-glucuronic acid 2 ‘. An attempt was made to adapt this method to 
a three-stage synthesis of aryl j?-glycosides of disaccharides. Octa-0-acetyl-P-lactose 
was heated at 140” with phenol and etched aluminium foil to give phenyl hepta-O- 
acetyl+Uactoside (18%); cf. the yield of 54% obtained from the reaction of the 
acetobromo derivative of lactose with phenol in alkaline, 50% aqueous acetone2’. 
The synthesis ofp-bromophenyl/3-glycosides of cellobiose, lactose, and maltose was 
therefore attempted by this adaptation of Griebel and Helferich’s extension of the 
Koenig+Knorr reaction. 

The acetobromo derivatives of ccllobiose, lactose, and maltose were treated 
withp-bromophenol and potassium hydroxide in 50% aqueous acetone. The resulting 
p-bromophenyl hepta- 0-acetyl-fl-glycosides were deacetylated with boiling 0.1 N 
methanolic sodium methoxide to give the p-bromophenyl fi-glycosides of cellobiose 
and lactose as spherulite crystals, and p-bromophenyl /3-maltoside as an amorphous 
solid. 

An interesting fact about these reactions is the comparatively low yield of 
aryl fl-glycoside. The hcpta-0-acetyl derivatives of p-bromophenyl fl-cellobioside and 
p-bromophenyl /3-lactoside were formed in 60 and 52% yields, respectively. An even 
lower yield of 42% was obtained for p-bromophenyl hepta-0-acetyl-j.?-maltoside. 
Yields in glyjrcosidations could be diminished by elimination side-reactions; thus, it 
was recently reported’” that on treatment of the acetoiodo derivative of methyl 
D-ghIcuronate with various phenols in alkaline, aqueous acetone, a ca. 50% yield of the 
acetylated “2-hydroxylgIucuronai” was obtained. A similar eliminative was observed 
when the acetobromo derivative (1) of cehobiose was treated with dimethyIamine23. 
Moreover, when 1 was treated with trimethylamine to give (hepta-O-acetyl-&cello- 
biosyl)trimethyIamine bromide, a small amount of elimination to the Zsubstituted 
cehobial was also shown to OCCI,I~~~. 
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ExpERlMENTAL 

Melting points are uncorrected. Rotary evaporations were carried out at or 
below 40”. Specific rotations were determined at 589 nm with a Perkin-Elmer 141 
polarimeter at 23”. N.m.r. spectra were measured on a Perkin-Elmer R-10 spectro- 
meter; tetramethylsilane was used as internal standard for carbon tetrachloride, and 
sodium 3-(trimethylsilyl)propanesulphonate for deuterium oxide. The acetobromo 
derivatives of the disaccharides were obtained by the literature methods24*2s. 

Phenyl hepta-0-acetyZ+Zactoside. - (a) Phenol (5 g) was melted and treated 
with etched alumiuium foil (0.1 g). After the aluminium foil had completely dissolved, 
octa-O-acctyl-fl-lactoside (2 g) was added, and the mixture was heated for 2 h at 140”. 
The cooled mixture was dissolved in chloroform, and this solution was extracted 
with 2N sodium hydroxide (4 x 50 ml), washed with water, dried (Na,SO,), and 
evaporated. Crystallisation of the residue from ethanol gave phenyl hepta-O-acetyl- 
/3-lactoside (350 mg, 18%), m.p. 160-161”, [L&, -22.5” (c 1.62, chloroform), lit.‘*26, 
m.p. 162”, [a]u -23”. 

(6) A solution of phenol (1 g) and potassium hydroxide (0.6 g) in water (6 ml) 
was mixed with hepta-O-acetyl-a-lactosyl bromide (2 g) in acetone (6 ml), and left 
for 24 h at room temperature. The mixture was evaporated, the residue was taken up 
in benzene (30 ml), and the solution was washed with 2N sodium hydroxide (4 x 50 ml) 
and water (3 x 50 ml), dried (CaCl,), and evaporated. Recrystallisation of the residue 
gave phenyl hepta-U-acetyl-/Mactoside (1.1 g, 54%), m.p. and mixed m.p. 160-161”, 

blD -22.7”. 

p-Bromophenyl hepta-O-acetyZ-j-gzycosides of disaccharides. - A solution of 
p-bromophenol (4.8 g) and potassium hydroxide (1.5 g) in water (15 ml) was mixed 
with hepta-O-acetyl-a-cellobiosyl bromide (5 g) in acetone (15 ml), and left for 24 h 
at room temperature. After evaporation of the acetone, a solution of the residue in 
benzene (100 ml) w2s washed with 2~ sodium hydroxide (8 x50 ml) and water 
(6 x 50 ml), dried (CaCi,), and evaporated. Recrystallisation of the residue from 
ethanol gave p-bromophenyl hepta-O-acetyl+celIobioside (3.55 g, 60%), m.p. 
235-237”, [aID -26.3” (c 1.40, chloroform); n.m.r. data (Ccl,): t 2.52-3.22 (quartet 
due to para-substituted phenyl group), 4.65-6.25 (sugar ring protons), 7.90-8.04 
(acetyl groups); integration gave a ratio of 1:3.65:5.3 (theoretical ratio, 1:3.50:5.25) 
(Found: C, 48.61; H, 5.08. C32H39Br018 talc.: C, 48.53; H, 4.95%). 

In like manner, p-bromopheny1 hepta-U-acetyl-/3-lactoside (52%) was obtained 
havingm.p. 161-162”, [a], -22.0" (c 1.61, chloroform); n.m.r. data (Ccl,): o 2.52-3.22 
(quartet due to para-substituted phenyl group), 4.60-6.30 (sugar ring protons), 
7.85-8.03 (acetyl groups); integration gave a ratio of 1:3.50:5.20 (theoretical ratio, 
1:3.50:5.25) (Found: C, 48.37; H, 4.93%). 

p-Bromophenyl hepta-O-acetyl+maltoside (42%) was similarly obtained 
having m.p. 172.5173.5”, [aID +44.4” (c 1.60, chloroform); n.m.r. data (Ccl,): 
z 2.56-3.26 (quartet due to para-substituted phenyl group), 4.60-6.20 (sugar ring 
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protons), 7.90-8.02 (acetyl groups); integration gave a ratio of 1:3.60:5.30 (theoretical 
ratio, 1:3.50:5.25) (Found: C, 48.56, H, 4.86%). 

p-&~W&f?z~~ ,#-&X& & i&!&z&& - *@X&e& h@a-Q- 
ac~tylj3-celIobioside (3.4 g) was-. deacetylated by :refluxing with 0.01~ methanolic 
sodium methoxide (12 ml); anhydrous. conditions were- maintained by addition of 
2,2$imetboxypropane (0.5 ml) to methanol (20 ml), which was used to dilute a stock 
solution of 0.1~ methanolic sodium methoxide to the .required strength. After 
cooling, the precipitate was collected, and recrystallised from ethanol to givep-bromo- 
phenyl fi-cellobioside (1.65 g, 77%), m.p. 221-224”, [aIn -48.6” (c 1.73, water); 
n.m.r. data for O-deuterated compo&d (D,O): t 2.43-3.07 (quartet due to para- 

substituted phenyl group), 4.89-6.59 (sugar ring protons2 (Found: C, 43.28; H, i.,l8. 
~i~g~~~O,i~ ~ C, 4a__45 ; ~ 5~7%)~ _ 

In a similar manner, p-bromophenyl fl-lactoside-(79.5%) was obtained having 
m.p. 252-254” (from ethanol), [c&, - ?7.3” (c 0.74, water); n.m.r. data for O-deuterated 
compound (D,O): 7 2.45-3.08 (quartet due to para-substituted phenyl group), 
4.85-6.57 (sugar ring protons) (Found: C, 43.40; H, 4.97%). 

p-Bromophenyl /$maltoside, prepared by the above method, was precipitated 
from ethanol as an amorphous solid (73%) having [cc],, + 34.5” (c 1.43, water); n.m.r. 
data for U-deuterated compound (D,O): 7 2.47-3.10 (qugrtet due to para-subitituted 
pheny1 group). 4.88-6.60 (sugar ring protons) (Found: C, 43.20; H, 5.14%). 
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ABSTRACT 

The first synthesis of Pamino4deoxy:D-hexuronic acid has been achieved. 

Tritylation of methyl 4-azido-4-deoxy-a-D-glucopyranoside (1) gave-the 6-trityl ether 
(2) which was converted into its 2,3-dibeuzoate (3) and deritylated to methyl Cazido- 
2,3-di-O-benzoyl-a-D-glucopyranoside (5). Oxidatiqn of 5 afforded the glucuronic 
acid derivative 6 which upon esterification to 7, followed by reduction and beuzoyl- 

ation yielded methyl (methyl 4-benzamido-2,3-di-0-benzoyM-deoxy-c-gluco- 

pyranosid)uronatk (81, the structure and conformation of which were. firmly esta- 
blished by n.m.r. analysis. De-benzoylation of methyl (methyl dazido-2,3-d&0- 
benzoyI4deoxy-a-D-glucopyranosid)uronate (7) with sodium methylate to 9, fol- 
lowed by de-esterification and subsequent hydrogenation -fiorded crystalline methyl 
bamino-4-deoxy-a-D-glucopyranosiduronic acid (ll), the structure of which was 
established by esterification atid benzoylation to 8. WAcetylation of 11 fielded 
methyl 4-acetamido4deoxy-a-D-glucopyranosidur&ic acid (14) which was esteriCed 

and Deracetylated to the methyl.esteil6. Deiivative 16 was also obtained by hydro- 

genation and peracetylation of 9. Epimerization at C-5 was not observed in the cou- 
version of 7+11, which suggests that a total synthesis of the gougerotin-derived 
C-substance from the 4-amino4deoxy-hexuronic acid deriv&ives‘reported herein is 
feasible.. 

The nucleoside antibiotics’, gougtkotjn’ and blast&din S3 contain Qamino- 
Pdeoxy-D-hexopyranuronic acid moieties. The structures of these antl%lotlcs have 
recent& been firmly established*. As part ot’ our programs designed toward the 
totaL syntheses of these antibiotics, we have- investi&ated the cfietistry or” an&s_ 
deoxyhexuronic ‘acid dkivatives. *though interesting biologkar propeties have 
been reported for aminodeoxyhexkonic acid-con&i&g poIysaccliAridesb~ *, rite;- 
a_t.ure on the chemistry of the monotiers is sparse. To our best knowledge, only 

*This investigation was supported rn part by fiids from tiie N&on& Cancer liistitute, IVacfonal 
Institutes of Health, U. S. Public Health Service (Grant Nb. CA-08748). - , 
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three exxamples of aminodeoxyhexuronic acids had been reported, namely, the 2-amino- 
2-deoxyuronic acid derivatives of the glltco6, galacto7, and manno a configuration. 
Of these, the former two were prepared p* lo by catalytic oxidation of their corre- 
sponding hexosamine derivatives prior to their discovery in Nature. More recently, 
a 5-amino-5-deoxy-D-ahofuranuronic acid has been discovered as a component of 
the nucleoside antibiotics, the polyoxins’ lo, and 3-amino-3-deoxy-D-allouronic 
acid’ lb was prepared chemically. No other aminodeoxyhexuronic acid has either 
been synthesized chemically or (except for the above-mentioned nucleoside anti- 
biotics) been found in Nature. This paper deals with the fist chemical synthesis 
of a 4amino4deoxyhexuronic acid, namely, 4-amino4deoxy-D-glucuronic acid 
from methyl or-D-gafactopyranoside. 

Conversion of methyl a-D-galactopyranoside” to methyl 4-azido4deoxy-cr- 
D-glucopyranoside (1) was achieved in 4 steps, in improved yields, using a modifi- 
cation5 of the procedure of Reist et al. 1 3 in which hexamethylphosphoric triamide 
was employed as solvent for nucleophilic displacement of the 4-mesyloxy function 
by an azide group. Attempts to oxidize compound 1 with either platinum-on-carbon’4 
or platinum black ‘* lo were unsuccessful. 

Tritylation of 1 gave a yield of about 70% of the crystalline 6-trityl ether 2 
which was benzoylated in high yield to 3. On a preparative scale, 3 was isolated in 
70% overall yield from 1 without isolation of the intermediate 2. Detritylation of 3 
in 80% acetic acid afforded 5 and a by-product (6%). This by-product was charac- 
terized as the 6-acetate 4 by the identity of its n.m.r. and i.r. spectra with those 
of the product obtained by direct acetylation of 5. All attempts to crystallize chromato- 
graphically-homogeneous 5 or its 6-acetate 4 were unsuccessful. Oxidation of 5 
with potassium permanganate in a mixture of acetic acid and acetone’ ‘, followed by 
esterification of sirupy 6 with diazomethane gave the methyl ester 7 as a chromato- 
graphically-pure syrup in S-60% overall yield from 5. 

Hydrogenation of ester 7 in the presence of palladium-on-charcoal in methanol 
afforded two products in approximately equal amounts, as judged by t.1.c. Benzoyl- 
ation of this mixture gave only a single crystalline product (8) and trace amounts of 
other products which were not further characterized. These observations are best 
explained by partial 0-N benzoyl migration during the reduction of 7. Addition 
of triethylamine to the reaction mixture prior to the hydrogenation of 7 prevented this 
transbenzoylation. The n.m.r. spectrum (in chloroform-d) of 8 showed two methoxy 
resonances a! 6 3.48 (a@ycon) and 6 3.79 (ester). The aromatic proton signals 
(between 6 7.2 and 8.2) integrated for 15 protons corresponding to three benzoyl 
groups. On addition of deuterium oxide, the lower field NH doublet (6 6.78; J4,uH 
g 9.5 Hz) disappeared and the higher field H-4 quartet (6 4.87) collapsed to a triplet 
(J3,4 ~9.5). Signals for H-2, H-3; and H-5 were observed at d 5.48 (quartet, Jls 

~3.5; Jz,3 s 9.5), S 6.03 (triplet, Jz,3 Y Jjr4 Y 9.5), and 6 4.47 (doublet, J4,5 E 10.0) 
respectively. These data establish the axial orientation for H-2, H-3, H-4, and H-5, 
and the equatorial orientation for the anomeric proton consistent with the D-glzrco 
configuration in the CI conformation for 8.. 
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Methyl 4-amino-4-deoxy-cr-u-glucopyranosiduronic acid (11) was synthesized 
from 7 in good overall yield. Treatment of 7 with sodium methoxide in methanol 
afforded the crystalline, debenzoylated product (9) which was de-esteritied with 
aqueous alkali to give 10 in high yield. Catalytic reduction of the azido derivative 10 
gave methyl 4-amino-4-deoxy-cr-D-glucopyranosiduronic acid (ll), as the crystalline 
monohydrate, in 83% overalt yield from 9. The structure of 11 was established by 
esterification of the latter with diazomethane to give 12 (not isolated), followed by 
benzoylation to a crystalline product which was identical with 8. 

OEZ 

i 

Of32 

i 

OBZ 
5 

Catalytic hydrogenation of the azido derivative 9 in presence of palladium- 
on-charcoal gave the ammo sugar 13 which, without isolation, was N-acetylated 
to give the 4-acetamido derivative 15. Acetylation of 15 gave the peracetylated 
derivative 16 which was isolated in crystalline form only after passage through a 
Silica Gel G column. Compound 16 was also obtained by direct acetylation of 13. 

Treatment of the 4-amino4deoxyuronic acid derivative 11 with aqueous 
alkali and acetic anhydride yielded methyl bacetamido-4-deoxy-c-D-glucopyranos- 
iduronic acid (14) in crystalline form. Esterification of 14 with diazomethane yielded 
15, identical with-that obtained by N-acetylation of 13. 

It should be noted, that compounds 9 and 11 were the sole products obtained, 

even though strongly basic conditions were employed during these reactions, that is, 
no isomerization at C-5 to the fi-L-i& configuration was observed. Such an epimeri- 
zation might have been expected on the basis of a reported’ 6 epimerization of 
alduronic acids at C-5 which occurred when the acids were heated in aqueous solution. 
Perry and Hulyalkar 1 7 later- failed to observe this epimerization by g.1.c. A simple 
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explanation for the apparent absence of C-5 epimerization in our case may be 
rationalized on the basis that the a-D-ghC0 configuration for the uranic acid deriva- 
tives 9+11 is thermodynamically more stable than the corresponding B-L-id0 confi- 
guration. 

The data herein suggest that it should be possible to synthesize the gougerotin- 
derived C-substance [I-(4-amino-edeoxy-B_D-glucopyranosyluronic acid)cytosine] 
from some of the glucuronic acid derivatives described in this report. Studies directed 
toward the total synthesis of gougerotin are in progress. 

EXPERIMENTAL 

Mc!ting points were determined with a Hoover-Thomas capillary apparatus 
and are corrected. Thin-layer chromatography (t.1.c.) was performed on microscope 
slides coated with Silica Gel GF 254 (Merck), and preparative layer-chromatography 
(p.1.c.) on 2 mm layer plates of Silica Gel PF 254 (Merck) in the indicated solvent 
systems. Compounds were detected with U.V. light and/or by spraying with 20% 
(v/v) H,SOh in ethanol, followed by heating to 1_30”. All evaporations were carried 
out in vacua. 

N.m.r. spectra were obtained on a Varian A-60 instrument, using tetramethyl- 
silane as an internal standard: Chemical shifts are reported in p.p.m. (a), and signals 
are quoted as s (singlet), d (doublet), t (triplet), q (quartet), or m (complex multiplet). 
Coupling constants are first order. i-r. spectra were determined on a Perkin-Elmer 
model 221 spectrophotometer. Elemental analyses were performed by Spang Micro- 
analytical Laboratory, Ann Arbor, Michigan. 

MethyL 4-azido-4-deoxy-a-D-g~ucopyranoside Cl). - Methyl 2,3,6-tri-U-benzoyl- 
4-O-mesyl-a-D-galactopyranoside’3 (104 g, 0.178 mole) was dissolved in hexa- 
methylphosphoric triamide (250 ml) and treated with sodium azide (42 g, 0.645 mole) 
at 80” with stirring. After 16 h, the reaction was diluted with an ice-water mixture 
(4 1). The precipitate was filtered off, washed with water, and dissolved in methylene 
chloride, and the solution was dried with magnesium sulfate. The solvent was 
evaporated, and traces of methylene chloride were removed by azeotropic distillation 
with methanol. The colorless residue was dissolved in methanol (700 ml), M methanolic 
sodium methoxide (20 ml) was added, and the mixture was kept overnight at room 
temperature. 

Dowex 50-W (H+, previously washed with methanol) was added to neutralize 
the reaction. The resin was filtered off, and the filtrate was evaporated to dryness. 
The residue was partitioned between water and ether. The aqueous layer was separated 
and evaporated to a syrup which was then dissolved in hot acetonitrile (cc 100 ml). 
The crystals were filtered off (299 g, m.p. 63-#“), and dried over phosphorus 
pentoxide, for 24 h at 40”, under vacuum to yield anhydrous material (27,7 g, m.p. 
107.5-i 10”; ht. 13, m.p. 108-1090). From the mother liquor, an additional amount 
of crystalline 1 (6.8 g) was obtained for an 80% overall yield of 1. 

Methyl 4azido-4deoxy-6-O-trityl-a-D-glucopyranoside (2). - A solution of 1 
(8.8 g) and chlorotriphenylmethane (14.0 g) in dry pyridine (35 ml) was heated on the 
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steam bath for 1 h, and then stirred overnight at room temperature. The solution 
was diluted with chloroform and washed twice with water, sodium hydrogen car- 
bonate solution, and water. After drying (magnesium sulfate), the chloroform solution 
was evaporated to a thick syrup, which was crystallized from benzene to give 2 in 
three crops (12.7 g, 69%), sintering at IOO”, m.p. 102-104”. Recrystallization from 
benzene-petroleum ether (30-609 gave an analytical sample, sintering at 100°, 

m.p. 102-IOY, [cc]2 +87” (c 0.9, chloroform); ,I::; 2.7 (OH), 4.7 (Ns), and 9.6 ,um 
(C-O-C); n.m.r. in chloroform-d: 6 2.75 (OH, s, 2), 6 3.46 (OMe, s, 3), S 3.24-3.81 
(ring and CH, protons, 6), 6 4.91 (H-l, d, 1, JL,2 -3 c.P.s.), and 6 7.27-7.68 (trityl, 15). 

Anal. Calc. for Cz6H,,N,0s: C, 67.66; H, 5.90; N, 9.10. Found: C, 67.59; 
H, 5.93; N, 9.06. 

Methyl 4-mido-2,3-di-O-benzo~~l-4-deoxy-6-O-trityI-a-o-glucopyra~~oside (3). 

From 2. - A solution of 2 (5.00 g) in pyridine (25 ml) was cooled in an ice-bath_ 
Benzoyl chloride (4.5 ml) was added dropwise, and, after stirring for 2 h at room 
temperature, the pyridine solution was diluted with chloroform and treated as in 
the preparation of 2. Concentration of the chloroform solution and removal of the 
residual pyridine by azeotrope distillation with water gave a syrup which crystallized 
on addition of ethanol. The crystalline residue was recrystallized from ethanol to give 
4.74 g of 3, m.p. 163-165”. Concentration of the mother liquor yielded an additional 
1.15 g of 3 for an overall yield of 81%. A sample for analysis was recrystallized from 
ethanol, to give cube-like crystals, m.p. 164-165“, [or]$ +114’ (c 1.0, chloroform); 
,I::: 4.7 (NJ, and 5.76 pm (ester carbonyl). 

Anal. Calc. for C,,H,,N,O+ C, 71.74; H, 5.27; N, 6.27. Found: C, 71.67; 
H, 5.31; N, 6.29. 

From 1. - Compound 1 (14.5 g, 0.066 mole) and chlorotriphenylmethane 
(23.6 g, 0.088 mole) were dissolved in dry pyridine (100 ml). The mixture was heated 
on a steam-bath for 3 h, then stirred overnight at room temperature. To the reaction 
mixture was added benzoyl chloride (25 ml), and, after 2 h, the mixture was poured 
into a stirred ice-water mixture. The precipitate was dissolved in chloroform, and 
washed with water, aqueous sodium hydrogen carbonate, and water. Evaporation of 
the chloroform extract, followed by azeotropic removal of pyridine with water and then 
with ethanol gave a crystalline residue. Recrystallization of the residue from acetone- 
ethanol gave 3 (32.2 g, 74%, m-p. 160-162°) of sufficient purity for the next step. 

Methyl 4-a~ido-2,3-di-O-benzoyl-4-deoxy-cc-D-gZz~copyranoside (5). - A sus- 
pension of 3 (3.35 g) in 80% aqueous acetic acid (30 ml) was heated at reflux for 
30 min, and the resultant clear solution was kept in an ice-bath for 1 h. After removal 
of the triphenylcarbinol by titration, the filtrate was evaporated to a syrup which 
was chromatographed” on Silica Gel G (150 g) with 5:l benzene-ethyl acetate as 
the eluent. Eluted first from the column was the 6-O-acetyl derivative 4 (0.15 g, 6%) 
which :vas obtained as a clear syrup, [ot]L6 + 158” (c 1.0, chloroform); JfLT 4.7 (N3)? 
5.75 (e.;ter carbonyl), and 6.9 pm (aromatic); n.m.r. in chloroform-d 6 2.16 (AC, s, 3) 
6 3.42 (OMe, s, 3), 6 3.82~.00 (H-4, H-5, m, 2), 6 4.46 (H-6, H-6, d, 2), 6 5.19 
(H-l, d, l), 6 5.25 (H-2, q, l), 6 6.00 (H-3, t, l), and 6 7.12-8.12 (aromatic, 10). 
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Continued elution of the column with the same solvent pair yielded the major 
product 5 (1.9 g, 91%) as a clear syrup which resisted all attempts at crystallization, 
[a]h6 + 182” (c 1.7, chloroform), AZ:: 2.45 (OH), 4.7 (Na), and 5.75 pm (ester carbonyl); 
n.m.r. in chloroform-d: 6 2.50 (OH, s, 1 proton exchangeable with D,O), 6 3.40 
(OMe, s, 3), 6 3.80-4.03 (H-4, H-5, m, 2), S 5.12 (H-2, q, l), 6 5.20 (H-l, t, 1), 6 5.99 
(H-3, t, I), and 6 7.17-8.10 (aromatic, 10). 

Acetylation of 5 with acetic anhydride in pyridine gave the 6-O-acetyl derivative 
4 which was identical in all respects (t.l.c., i.r., and n.m.r.) with the material previously 
described. 

Methyl (methyZ4-azido-2,3-di-O-benzoyZ~-deoxy-cr-D-gIucopyr~osi~uro~a~e (7). 

- Compound 5 (1.90 g) was dissolved in a mixture of acetic acid-acetone (1: 1,40 ml) 
and powdered potassium permanganate (1.00 g) was added with stirring over a 
period of 10 min. After stirring of the reaction mixture for 1 h at room temperature, 
additional potassium permanganate (0.50 g) was added, followed by another charge 
(0.50 g) after 1 h. The dark suspension was stirred overnight at room temperature, 
after which the excess permanganate was decomposed with sulfur dioxide. The 
resultant gel was evaporated to a volume of ca 10 ml to which was added water 
(150 ml). The aqueous suspension was extracted thrice with methylene chloride 
(100 ml), and the combined methylene chloride extracts were washed four times 
with water (100 ml). After drying (magnesium sulfate), the methylene chloride solution 
was evaporated to a clear syrup which was dissolved in methanol (25 ml), cooled, 
and treated with an excess of diazomethane. The solution was evaporated to dryness 
and chromatographed’ * on Silica Gel G (100 g) with benzene-ethyl acetate (15:l) 
as the eluent. 

Fractions eluted just prior to the methyl ester 7 were contaminated by a substance 
moving slightly faster on t.l.c., which was not apparent on thin-layer plates and 
tended to elute with the major product from the column, thereby lowering the yield 
of chromatographically-homogeneous ester 7 to about 5560%. Fractions contami- 
nated with the faster-moving component were partially separated in another experi- 
ment. The minor product did not show an azide band in the i-r. spectrum, and was 
not investigated further. Homogeneous 7 was obtained as a clear syrup, [a]h6 + 152” 
(c 1.0, chloroform); Azz 4.7 (Ns), 5.75 (ester carbonyl), and 7.9 w (ester C-O-C). 

MethyZ (methyl 4-benzamido-2,3-di-O-benzoyl-4-deoxy-a-D-giucopyranosid)- 

uronate (8). - A solution of 7 (0.583 g) in methanol (25 ml) was hydrogenated at 
atmospheric pressure and room temperature in the presence of 10% paltadium- 
on-carbon (75 mg). T.1.c. (9:l benzene+ethyl acetate) at 1.5 h indicated the presence 
of starting material, in addition to two slower-moving components in approximately 
equal amounts. Hydrogenation was continued for an additional 45 min, at which 
time no more starting material could be detected by t.1.c. Filtration of the catalyst, 
followed by evaporation of the filtrate gave a syrup to which pyridine was added, 
and then benzoyl chloride (1 ml). After being stirred for 2 h at room temperature, the 
solution was poured into ice-water and extracted with chloroform, and the chloro- 
form solution was washed with water, sodium hydrogen carbonate solution, and 
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water, and dried (magnesium sulfate). After filtration of the salts, the chloroform 
solution was evaporated to dryness, and the pyridlne was removed by azeotropic 
distillation with water, and then with ethanol to give 560 mg of a partly crystalline 
residue. T.1.c. (5:1 benzene-ethyl acetate) indicated the presence of a single major 
spot, along with traces of faster-migrating impurities. Crystallization of this residue 
from ethanol gave 363 mg (55%), of crystalline tribenzoate 8, mp. 216-217”. A 
sample for analysis was prepared by recrystallization of 8 from ethanol to afford 
needles, m-p. 217-218”; [a]h6 + 101” (c 1.1, chloroform). 

Anal. Calc. for C,,H,,NOs: C, 65.28; H, 5.10; N, 2.63. Found: C, 65.18; 
H, 5.17; N, 2.54. 

When the hydrogenation of 7 was conducted in the presence of triethylamine, 
the time required for reduction was reduced to N 1.5 h, as indicated by t.1.c. In 
addition, only a single spot was noted prior to benzoylation. T.1.c. of the benzoylation 
mixture prior to isolation of crystalline 8 indicated the presence of a single spot, 
unaccompanied by traces of impurities. 

MethyI (methyl 4-azido-4-deoxy-u-D-gIucopyranosid)uronate (9). - To 7 (6.9Og) 
in methanol (75 ml) was added a solution of sodium (45 mg) in methanol (20 ml), 
and the mixture was stirred for 3 h at room temperature. Dowex 50-W resin (H+, 
previously washed with methanol) was added, the neutral solution was filtered, and 
the resin washed with methanol. The combined filtrates were evaporated to a thick 
syrup which was partitioned between water and ether. The aqueous solution was 
evaporated to a clear syrup which was dried by several azeotropic distillations with 
benzene, and finally crystallized from benzene-petroleum ether (30-60’) to give 
3.16 g of 9 (85%), sintering at 79”, m-p. 80-81’. A sample for analysis was recrystal- 
lized from the same solvent pair to give fine needles, sintering at 80”, m.p. 82-83”, 
[a]g6 + 166” (c 1.0, chloroform). 

Anal. Calc. for CsH13N306: C, 38.87; H, 5.30; N, 17.00. Found: C, 39.71; 
. H, 5.14; N, 16.81. 

Methyl 4-mnino-4-deaxy-cr-D-glucopyranosiduronic acid (11). - To a solution 
of 9 (1 .OO g) in water (5 ml) was added dropwise M sodium hydroxide (4 ml). Dowex 
50-W (H+) was added and the acidic solution hltered from the resin. The resin was 
washed with water (3 x 5 ml), the combined filtrates were treated with triethylamine 
(6 drops), and the mixture was hydrogenated in presence of 10% palladium-on- 
carbon (95 mg) for 1.5 h. After removal of the catalyst by filtration, the solution 
was evaporated to a crystalline residue which was recrystallized from water-ethanol 
to give 0.76 g of 11 (83%), as the monohydrate which did not melt below 250”. 
Recrystallization from water-ethanol, followed by drying in presence of phosphorus 
pentoxide for 18 h at 100” gave an analytical sample of the monohydrate, [a]fp 
+95” (c 1.1, water). 

Anal. Calc. for C,H,,NO,-HzO: C, 37.35; H, 6.72; N, 6.22. Found: C, 37.46; 
H, 6.73; N, 6.28. 

A solution of 11 (200 mg) in methanol (25 ml) was treated with an excess of 
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diazomethane, and subsequently benzoylated in pyridine in the usual manner to give 
crystalline 8, identical in all respects to the material obtained previously. 

Methyl 4-acetamido-4-deoxy-a-wglucopyranosiduronic acid (14). - TO a 
solution of 11 (414 mg) in water (5 ml), cooIed in an ice-bath, was added M sodium 
hydroxide (3 ml) followed by acetic anhydride (0.3 ml). Rapid stirring and cooling 
were continued for 15 min, Dowex 50-W (H+) was added, and the stirring continued 
for 5 min. After atration, the solution was evaporated to give a crystalline residue 
which was recrystallized from ethanol to give 382 mg of 14 (71%) as the mono- 
ethanolate as determined by the n.m.r. spectrum in D,O, sintering at - 125”, m-p. 
133-137” (with effervescence), [a]E6 + 117” (c 0.5, water). A sample for analysis 
was dried in uacuo for 24 h at 100”. 

Anal. Calc. for C,HIsNO,: C, 43.35; H, 6.07; N, 5.62. Found: C, 43.55; 
H, 6.40; N, 5.26. 

MethyZ (methyl 4-acetamido-4-deoxy-cc-D-gZucopyranosid)uronic acid (15). - 

A solution of 9 (500 mg) in methanol (25 ml) containing triethylamine (5 drops) 
was hydrogenated in the presence of 10% palladium-on-carbon (60 mg) for 1 h. 
After removal of the catalyst by Eltration, acetic anhydride (0.5 ml) was added to 
the filtrate, and the clear solution was stirred for 1 h at room temperature. Evapo- 
ration gave 15 which was purified by p.1.c. with 6:l chloroform-methanol as the 
developing phase to yieId a foam, [or]h6 +92’ (c 0.79, chloroform), which crystallized 
on prolonged standing at room temperature. Recrystallization from ethanol- 
petroleum ether gave fine needles, m-p. 159-160”. 

Anal. CaIc. for Ci,,HI,NO,: C, 45.645 H, 6.45; N, 5.27. Found: C, 45.70; 
H, 6.47; N, 5.24. 

Methyl (methyl 4-acetamido-2,3-di-O-acetyZ~-deoxy-a-D-glucopyranosid)uro~zate 
(16). - A’ solution of 14 (200 mg) dissolved in methanol (15 ml) was treated with 
an excess of diazomethane at 0”. After evaporation of the solution to dryness, the 
residual syrup was dissolved in pyridine, and acetic anhydride (1 ml) was added. 
The solution was stirred overnight at room temperature, and then it was poured 
into water and extracted with chloroform. After the chloroform extract had been 
washed in the usual manner and evaporated, compound 14 (193 mg) was obtained 
as a foam h 82% yield. A sample for analysis was purified by p.1.c. with 4:l ethyl 
acetate-acetone as the developing solvent; [a]g6 + 107” (c 1.3, chloroform); n.m.r. 
in pyridine-d,: 6 1.94,2.02,2.05 (AC), 6 3.26 (aglycon OMe, s, 3), b 3.82 (ester OMe, 
s, 3), 8 4.40-5.50 (H-4, H-5, m, 2), 6 5.20 (H-l, d, l), 8 5.33 (H-2, q, 1, Jr,, -3.5, 
J 2.3 -99.5 c.p.s.), 6 5.98 (H-3, t, 1, J3,s - 10 c.P.s.), and 6 9.15 (NH, d, 1, J&u -9.5 
c.p.s.). 

Anal. CaIc. for C14HtlN09: C, 48.41; H, 6.10; N, 4.03. Found: C, 48.29; 
H, 6.06; N, 3.84. 

The n.m.r. spectrum (in pyridine-d,) and t.1.c. of this compound were identical 
to those of the compound obtained by reduction of 9 in methanol containing tri- 
ethylamine, followed by acetylation in pyridine. After the reaction mixture had been 
processed in the usual manner, the product was chromatographed on silica gel G 
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with 41 ethyl acetate-acetone as the eluting solvent. In this case, complete removal 
of the solvents gave 16 in a crystalline form, but it could not be recrystallized. 
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ABSTRACT 

Benzoylation of benzyl 4,6-0-benzylidene-B-D-galactopyranoside (1) with one 
equivalent of benzoyl chloride in pyridine-dichloromethane solution yields prefer- 
entially the 3-benzoate 3. Under alkaline conditions, benzoate 3 can be converted, 
in high yield, into the 2-benzoate 5, thus providing an example of acyl migration 
towards C-l. 

INTRODUCTION 

The 2- and 3-benzoates of benzyl 4,6-0-bemlidene-p-D-galactopyranoside 
were required as potential intermediates in the synthesis of D-galactose 2-phosphate 
and D-galactose S-phosphate’. Although the phosphates were finally synthesized by 
an alternative route’, we now report some points of interest arising from the benzoates 
themselves. 

RESULTS 

Treatment of benzyl 4,6-O-benzylldene-/?-D-galactopyra~roside~*~ (1) with one 
equivalent of benzoyl chloride, in pyridine-dichloromethane solution at O”, gave a 
crystalline monobenzoate, m.p. 179-180”, as the main product. Thin-layer chromato- 
graphy (t.1.c.) of the crude product showed the presence of unreacted diol 1, diben- 
zoate 2, and a monobenzoatewith R, value lower than that of the major product. 
The diol was easily recovered from the mixture, and the yield, allowing for this, 
was 64-78%. 

The crystalline monobenzoate was assigned structure 3, based on the following 
evidence. Toluene-p-suIphonyIation yielded a sulphonate 4, m.p. 171-172”, which 
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was converted into the epoxide 7 by means of sodium methoxide in methanol. It 
has been established4 that 3,6-anhydrohexoses are major reaction products when 
methyl 2,3-anhydrohexopyranosides are hydrolyzed in dilute sulphuric acid. Treat- 
ment of epoxide 7 under these conditions led to exactly the same products as were 
formed by hydrolysis of methyl 2,3-anhydro$-D-talopyranoside. The two hydrolysates 
showed identical paper-chromatographic behaviour, 3,6-anhydroidose being the 
major product, together with traces of idose and galactose. On a larger scale, 3,6- 
anhydro-1,2-U-isopropylidene-/3-D-idofuranose4 (8) was isolated after treatment of 
the hydrolysis products with acetone and sulphuric acid. This proved that the epoxide 
had the tale configuration (7) and that the benzoate is the 3-benzoate 3. The possibility 
of benzoyl group migration prior to sulphonylation 5 was precluded by showing that 
the monobenzoate formed no other products (t.1.c.) when allowed to stand in dry 
pyridine solution for 7 days. Further work on the isomeric monobenzoate (see below) 
confhms the assignment. 

/-O-Q 
PhQLO 

C\“% 

0 OCl+Ph 0 

4- Itr 0 

@ 

0 
HC 

%L 

7 
8 

Boume ef aL6 found that treatment of methyl 4,6-O-benzyhdene-a-D-gluco- 
pyranoside 2-benzoate (10) with alkali gave the isomer% 3-benzoate (11) in high 
yield. Under similar conditions, the 3-benzoate 3 gave an isomeric compound, 
m-p. 188-189”, in high yield, which was shown to be the Zbenzoate 5. Toluene-p- 
sulphonylation of benzoate 5 gave the sulphonate 6 which, with sodium methoxide 
in methanol, yielded the anhydroguloside 14. Paper chromatograms of the dilute 
acid hydrolysates of compound 14 and of authentic methyl 2,3-anhydro-4,6-U- 
benzylidene-a-D-gulopyranoside were indistinguishable4. The formation of 3,6- 
anhydro-D-galactose (15) was substantiated by the isolation of 3,6-anhydro-D-lyxo- 
hexulosephenylosazone after treatment of the hydrolysate of 14 with phenylhydrazine4. 

Ph--po/-y2 

bz35& 
9 R’z R*zH 

10 
, 

R=H;R*eBz 
11 R’=Br Rm=H 6~ 

12 R’= CFaCO, Rx= H 
13 R’= AC, R-=CF$O 

+?E 

l-l 

14 15 

With one equivalent of beuzoic anhydride, glycoside 1 yielded a mixture of 
the dibenzoate 2, the two monobenzoates, 3 and 5, and the unreacted diol. No 
single component preponderated (t.l.c.), and attempted fractional crystallization was 
ineffective. In view of the comparative ease of obtaining the two esters by the earlier 
methods, no attempt was made to separate this mixture chromatographically. 
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DISCUSSION 

Differences in the reactivities of the secondary hydroxyl groups of carbo- 
hydrates towards acylating agents are well recognized’* *. The alkyl4,6-O-benzyl- 
idene-aldohexopyranosides, in which only the C-2 and C-3 hydroxyl groups are 
available for reaction, have shown interesting variations in reactivity order on 
acylationg - l’. Methyl 4,6-0-benzylidene-cc-D-glucopyranoside (9), for example, 
undergoes preferential acylation of the C-2 hydroxyl group by benzoyl chloride or 
toluene-p-sulphonyl chloride in pyridine ‘- l1 Reichstein and his co-workers found, . 

however, that 3-esters were the major products when methyl 4,6-0-benzylidene-a 
(or /I)-D-galactopyranoside was treated with one equivalent of an acid chloride in 
pyridine’ 4- l’, and the present results are in agreement with this. 

Lemieux and McInnesi8 showed that, in 1,4:3,6-dianhydro-D-glucitol, it is the 
sterically hindered en&-5-hydroxyl group which reacts preferentially with toluene-p- 
sulphonyl chloride in pyridine. Only this hydroxyl group is capable of intramolecular 
hydrogen bonding”, and subsequent work by Foster and his colleagues1g*20 has 
shown that this effect is important in the selectivity of the reaction. Hughes and 
Speakman21 have invoked a similar hydrogen-bonding effect to explain the results 
of toluene-p-sulphonylation of 1,2-O-isopropylidene-Z-D-ribofuranose compared with 
the xylo isomer. Schwarz ” has suggested that the reactivity of the Zhydroxyl group 
in methyl a-D-ghrcopyranosides, towards acyl chlorides in pyridine**’ 1*23, is due to 
formation of an intramolecular hydrogen bond with the axial C-l methoxyl group. 
The formation of the 3-benzoate 3, from glycoside 1, wouId then be due to hydrogen 
bonding of the equatorial 3-hydroxyl group to the axial oxygen atom on C-4. It may 
be significant that Reichstein’ 4- ’ ‘, with the methyl 4,6-0-benzylidenegalactosides, 
found, in most cases, a higher proportion of 3-ester in the b- than in the a-series in 
which both 2- and 3-hydroxyl groups may form a hydrogen bond. It is interesting, 
also, that toluene-p-sulphonylation of the 3-benzoate 3 required a longer period 
(8-10 days) than the Zbenzoate 5 (2 days). The difference in selectivity of benzoyl 
chloride and benzoic anhydride, in pyridine, towards glycoside 1 is not surprising 
in view of earlier work11S2’. 

The generalization has been madez4 that acyl migrations in carbohydrate 
esters takes place in a direction away from C-l, but exceptions exist”, and there 
seems to be no general theoretical basis for this 26*27. The conversion of 3 into 5 
is a case of migration from O-3 to O-2 in a pyranoside. Another case was the reported 
migration of a trifluoroacetyl group during conversion of 12 into 13 by means of 
acetic anhydride in pyridine 28S2g but the evidence is less direct. Lemieux26 and 
Angya12’ have emphasized the re;ersibility of acyl migration and the intluence of 
external factors on the apparent equilibrium. The conversion of 3 into 5 was carried 
out under non-equilibrium conditions, in that 5, the less soluble isomer, crystallized 
during the reaction. The high yield of 5 was not necessariIy a consequence of the 
greater stability of 5 compared to 3. We therefore examined the interconversion of 
3 and 5 in aqueous acetone under homogeneous conditions2’. Examination of the 
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neutralised reaction mixture by t.1.c. showed that the 2-benzoate 5 was the more 
stable, but only to a slight extent. When the interconversion of 10 and 11 was 
examined in the same way, there was no strong preference for the 3-benzoate II, 
despite the high yield of 11 which may be obtained from 10 under crystalliing 
conditio&. 

EXPERIMENTAL 

1.r. spectra were determined for KJ3r discs. Paper chromatography was carried 

out on Whatman No. 1 paper in butyl alcohol-pyridine-water (3:1:1, v/v). Reducing 
sugars were detected by aniline hydrogen phthalate3’. Silica gel G (Merck) was 
used for t.1.c. with benzene-ether (4~1, v/v) as the developing solvent; compounds 
were detected by charring with sulphuric acid or by exposure to iodine vapour. 
Evaporations were carried out at 40”, in vacua. All melting points are uncorrected. 

BenzyI 2,3-di-O-benzoyI-4,6-O-benzyZidene-8_D-gaIactopyranoside (2). - A 
solution of the dial**’ 1 in pyridine was treated with an excess of benzoyl chloride 
for 4 days at 0” in the usual manner. The crude product was recrystallized from 
ethanol to give the dibenzoate 2 (69%), m-p. I77-178”, [c&i + 118” (c 1.2, chloroform) 
(Found: C, 71.7; H, 5.5; C34H3008 talc.: C, 72.1; H, 5.3%). 

Ben& 3-0-benzoyZ-4,6-0-benzyZidene-8_D-galactopyr~o~~de (3). - A solution 
of the diol 1 (12.06 g) in anhydrous pyridine (35 ml) and dichloromethane (65 ml) 
was treated dropwise, with stirring at -.S’, with a solution of benzoyl chloride 
(4.63 g, 0.99 mol.) in dry dichloromethane (60 ml) during 1.5 h. The mixture was 
kept overnight at 0” and then for 2 days at room temperature. It was then diluted 
with dichloromethane (100 ml) and extracted successively with 3N suIphuric acid 

(2 x 250 ml), saturated, aqueous sodium hydrogen carbonate (200 ml), and water. 
Evaporation of the dried (sodium sulphate) extract gave a colourless residue which 
was treated with boiling benzene, and the solution was allowed to cocl overnight 
to room temperature. A colourless crystalline solid was removed by filtration, 
washed with benzene, and recrystallized from methanol to yield the unreacted diol 1 

(4.2-4.8 g), m.p. 207-209”. 
The combined benzene filtrate and washings were evaporated to dryness, and 

the residue was recrystallized from propan-2-01 to give the 3-benzoate 3 (6.0-7.3 g, 
64-78% based on reacted diol), m.p. 179-180”, [c&* +64.6” (c 1.6 chloroform), 
V 1695 cm-l (hydrogen bonded COPh) (Found: C, 69.8: H, 5.7. C27H2607 talc.: 
C:a;O.l; H, 5.7%). 

BenzyI 3-0-benzoyZ-4,6-0-benzylidene-2-O-toIuene-p-suZpJzo~yJ-~-D-gaZacro- 

pyranoside (4). - A solution of the 3-benzoate 3 (1.1 g) in dry pyridine (10 ml) was 
treated with toluene-p-sulphonyl chloride (1.0 g) for 8-10 days at room temperature 
and then poured into ice-water (120 ml). The resulting buff-coloured precipitate 

was recrystallized from propan-Zol-acetone and then from ethanol to give 4 (1.2 g, 

SlS%), m-p. 171-172”, [a]:: + 89.5” (c 0.95, chloroform) (Found: C, 66.5; H, 5.1. 
C3aH32OloS Ca.hZ.: C, 66.2; H, 5.2%). 
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Benzyl 2,3-anhydro-4,6-0-benzylidene-j?-D-talopyranoside (7). - A solution* of 
the sulphonate 4 (1.4 g) in methanol (35 ml) was treated with 2.7~ sodium methoxide 
(9 ml) and then heated under reflux for 75 min. During the course of the reaction, 
a precipitate was formed. At the end of this time, water (25 ml) was added, Bnd the 
mixture was kept for 1 h at 0”. The resulting, white solid was recrystallized from 
ethanol-acetone to give 7 (0.7 g, 93%), m-p. 207-209”, [IX]:* -88” (c 1.23, NJ?- 
dimethylformamide) (Found: C, 70.4; H, 5.7. C2,,H2e05 talc.: C, 70.6; H, 5.9%). 

Hydrolysis of 7. -(a) The epoxide 7 (10 mg) inp-dioxane (2 ml) was heated in a 
sealed tube with 0.1~ sulphuric acid (2 ml) for 3 h at 100”. The cooled hydrolysate 
was neutralized (BaCO,) and centrifuged, and the supernatant was evaporated to 
dryness. The residue was dissolved in water (0.5 ml) and examined by paper chromato- 
graphy. The main products were 3,6anhydroidose and idose, together with a trace 
of galactose, and were identical with those from the hydrolysis of methyl 2,3-anhydro- 
j?-D-taloside4. 

(b) The epoxide 7 (0.8 g) in p-dioxane (10 ml) and 0.1~ sulphuric acid (12 ml) 

was heated on a water bath for 3 h at 100”. The solution was neutralized (BaC03), 
filtered, and evaporated to a syrup, which was dehydrated by re-evaporation with 
several portions of benzene and finally by storage in vacua over P,O,,. The dry 
syrup was shaken with acetone (220 ml) containing cont. sulphuric acid (1 .l ml) 
for 30 min. The solution was neutralized with solid, anhydrous sodium carbonate 
(22 g) overnight. The filtered solution was evaporated, and the residue was recrystal- 
lized several times from benzene to give 3,6-anhydro-1,2-O-isopropylidene-&D- 
idofuranose (8) (0.26 g, 56%), m-p. and mixed m-p. 102-105”, [a];’ -23.8” (c 1.3, 
water). The i-r. spectrum was identical with that of an authentic sample4. 

Benzyyl2-0-benzoyZ-4,6-0-benzyZidene-8_D-galactopyranoside (q. - A solution 
of the 3-benzoate 3 (I .O g) in acetone (50 ml) was treated with 0.05~ sodium hydroxide 
(50 ml). A precipitate formed immediately, and the mixture was allowed to stand 
for a further 1 min at room temperature, whereupon ice-water (40 ml) was added. 
The precipitated product was collected by hltration, washed well with water, and 
dried in vacua. Recrystallization from ethanol gave the benzoate 5 (0.81 g, Sl%), 
m-p. 188-I 89’, [ali -1-24’ (c 1.0, chloroform), v,, 1733 cm-’ (COPh) (Found: 
C, 69.8; H, 5.8. C2,H2s07 talc.: C, 70.1; H, 5.7%). 

Benzyl-2-O-benzoyZ-4,6-O-benzyIidene-3-O-toZ~ene-p-s~~p~zo~~yI-~-~-gaZacto- 

pyranoside (6). - A solution of the 2-benzoate 5 (0.4 g) in dry pyridine (10 ml) was 
cooled to - 10” and treated with toluene-p-sulphonyl chloride (0.8 g). The mixture 
was kept overnight at 0” and then for 2 days at room temperature. It was then poured 
into ice-water (6Oml), and the resulting, pink precipitate was recrystallized from 
propan-2-01 to give 6 (0.48 g, 89.5%), m.p. 184-185”, [ali t-63” (c 2.0, chloroform) 
(Found: C, 66.5; H, 5.0. C34H32OxOS talc.: C, 66.2; H, 5.2%). 

Benzyf 2,3-anhydro-4,6-Q-benzylidene-8_mguIopyranoside (14). - A solution of 
the sulphonate 6 (0.33 g) in dry methanol (7 ml) was treated with 2.7~ sodium methox- 
ide (2 ml) and then heated under reflux for 90 min. The mixture became pale yellow 
during the course of the reaction. At the end of this time, water (10 ml) was added, 
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and the methanol was removed in uacuo. The aqueous residue was extracted with 
chloroform (5 x 50 ml), and the combined extracts were washed well with water. 
Evaporation of the dried (sodium sulphate) extracts gave a cream residue that was 
recrystallized from propan-2-01 to give 14 as needles, (0.13 g, 73%), m.p. 151-152” 
(sublimed), [a]:’ -124” (c 0.55, chloroform) (Found: C, 71.1; H, 6.2. CzoHzo05 
talc.: C, 70.6; H, 5.9%). 

Hydrolysis of 14. - (a) The epoxide 14 (10 mg) was hydrolyzed with 0.1~ 
sulphuric acid (1.1 ml) in a sealed tube for 1 h at 100”. After neutralization with 
barium carbonate, the product was examined by paper chromatography. The main 
product was 3,6-anhydrogalactose, together with traces of galactose and idose, 
and the chromatogram was indistinguishable from one of a similar hydrolysate of 
methyl 2,3-anhydro-4,6-O-benzylidene-a-D-gulopyranoside4_ 

(b) The epoxide 14 (0.5 g) and 0.1~ sulphuric acid (10 ml) were heated for 
1.5 h at 100”. After cooling, the mixture was extracted with ether, and to the aqueous 
fraction was added acetic acid (1.5 ml), anhydrous sodium acetate (0.7 g), and 
phenylhydrazine hydrochloride (0.7 g). After 30 min at loo”, the mixture was cooled 
and then left at 0’ overnight. The precipitate was collected, washed with water, 
2N acetic acid, and finally ice-cold methanol. The yellow crystals (0.054 g) had m-p. 
212-215’ and an ix. spectrum identical with that of authentic 3,6-anhydro-D- 

lyxo-hexulose phenylosazone4. m-p. 213-215”: a mixed m-p. was not depressed_ 
Treaiment of benzyi 4,6-0-benzylidene-/3-D-galactopyranoside (1) with benzoic 

anhydride. - A solution of the diol 1 (2.0 g) in dry pyridine (15 ml) was treated 

portionwise at 0” with benzoic anhydride (1.26 g, 1 mol.) during 1 h. The mixture 
was kept overnight at 0” and then for 2 days at 37”. It was then poured into ice-water 
(200 ml), and the resulting, white precipitate was collected by filtration and dissolved 
in chloroform (100 ml), and the extract was washed successively with 3~ sulphuric 
acid (2 x 100 ml), saturated, aqueous sodium hydrogen carbonate (2 x 100 ml), and 
water. Concentration of the dried extract gave a white residue. Treatment with 
benzene, followed by recrystallization from propan-2-01 as described above for the 
3-benzoate 3, gave a crystalline product_ T.1.c. indicated that the material was an 
intimate mixture of the two monobenzoates 3 and 5 and the dibenzoate 2. 

Treatment of benzyl 4,6-O-benzylidene+LD-galactopyranoside rnonobenzoates 

with dilate alkali under homogeneous conditions. - A solution of the benzoate (3 or 5, 
200 mg) in acetone (60 ml) was treated with 0.05~ sodium hydroxide (20 ml) for 
1 min at room temperature. The mixture was neutralized with acetic acid in acetone 
and evaporated to dryness. The product was dissolved in dichloromethane (25 ml), 
washed with water (2x 10 ml), dried (sodium sulphate), and evaporated to give a 
white residue. Examination by t.1.c. showed that equilibrium between 3 and 5 had 
been established with a slight (CL 10%) preponderance of 5 

A similar experiment was carried out with the monobenzoatesl ‘_16 10 and Xl. 
At equilibrium, there appeared to be about equal amounts of 10 and 11. 
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AFSTRACT 

The cell-wall D-mannans of Candida parapsiiosis, Endomycopsis Jibuliger, 
Saccharomyces rouxii, Torulopsii apicola (Hajsig strain), and Torulopsis bombi were 
degraded with an exo a-D-mannosidase from Arthrobacter GJM-1 to their a-(1+6)- 
linked D-mannopyranose main-chains, as demonstrated by p.m.r. spectroscopy. 
D-Galacto-D-mannans from Candida iipolytica, Torulopsis gropengiesseri, Torulopsis 
lactis-condensi, Torulopsis magnoliae, and Trichosporon fermentans could be degraded 
to polysaccharides containing mainly 6-O-linked a-D-mannopyranosyl residues 
following preferential removal of their enzyme-resistant, D-galactopyranosyl non- 

reducing end-units with acid. The D-mannans of Saccharomyces Zodderi, Citeromyces 
matritensis, and Pichiapastoris could also be enzymically degraded to polysaeeharides 
containing predominantly a-(1 +6)-linked D-mannopyranosyl residues after hydrolysis 
of most of the &D-linked residues in their side chains with acid. The exo a-n-manno- 
sidase, as would be expected, produced /I-D-mannose on splitting of an a-(1+2)- 
linked D-mannopyranose tetramer. It is, however, very selective in its action since 
it did not cleave a-D-Manp-(l+2)-~-D-Manp-(1+2)-~-D-Manp-(l-+2)-a-D-Manp- 
(l-+2)-D-Man. Apparently a D-mannopyranose non-reducing end-unit and two 

consecutive a-D-mannopyranose residues are required by the enzyme for cleavage 

of a substrate to take place. 

INTRODUCTION 

Recently, work has been carried out on the identification and classification of 

yeasts by the chemical structures of their cell-wall polysaccharides. A D-mannan’-4, 
o-galacto-D-mannan4*‘, or a D-mannose-containing heteropolymer6” may be 
isolated from nearly all species following extraction of the cell-wall with hot aqueous 
alkali. From all of the yeasts investigated, the polysaccharides contain a main chain 
consisting of o-mannopyranose residues, which can be linked a-D-(1 +3), a-D-(1 -6) 
or can contain alternating p-D-(1+3) and &D-(1+4) linkages. Two of the three 

*Issued as NRCC No. 10976. 
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main-chain types, the a-(1 +3)-D-mannopyranose6*7 and the alternating p-(1+3) 
and /3-(1 +4)-D-mannopyranosel are readily characterized by chemical techniques_ 
The former type of main chain can be isoIated from a branched polysaccharide by 
removal of the side chains by one or more Smith degradations’, the number required 
depending on the chemical structure of the side chains. The latter type of P-D-linked 
chain has only been found as a linear polysaccharide’. On the other hand, a-(1 +X5)- 
D-mannopyranose main chains have been unambiguously demonstrated in only a 
few D-mannans 3 B4 and D-galacto-D-mannans 4s5. The standard techniques used in 
structural studies on the polysaccharides give, in most cases, equivocal results. For 
example, the D-mannan of Saccharomyces roux-ii, on methylation followed by 
hydrolysis, gives 2,3,4,6-tetra-O-, 3,4,6-tri-0, and 3,4-di-0-methyl-D-marmose in an 
approximately 1:l:l molar ratio. Coupled with the isolation of an a-(l-+2)-linked 
D-mannopyranose trisaccharide on partial acetolysis, structures of the D-mannan 
can be proposed varying from I, having an a-~-(1 +)-linked main chain to II having 
a main chain containing &D-(1 42) and a-~-(1 +6) linkagesg*“. Gorin and associates 
have recently investigated the structures of several other D-mannans and D-galacto- 
D-mannans and have shown, by similar methylation-fragmentation and partial 
acetolysis techniques, that they contain D-mannopyranose residues which exist in 
the 2-O-, 6-O-, and 2,6-di-O-substituted forms and as non-reducing end-units, and 
contain successive a-~-(1 42) linkages2-5. 

A technique has now been provided by G. H. Jones and C. E. Ballou that can 
lead to the isolation of an a-D-(l-+6)-linked mannan chain from D-mannans following 
enzymolysis’1*‘2. Arrhrobacter GJM-1, a soil bacterium, when grown on a medium 
containing the D-mannan of baker’s yeast (.Succhzromyce.s cerevisiae), produces an 
inducible, exoceliular a-D-mannosidase that can preferentially remove individual 
D-mannose substituents of the side chains of the yeast D-mannan. Similar degradations 
were carried out on D-mannans from Candida steilatoidea and Hoe&era brevis. The 
present publication describes (A) the properties of crude exo a-D-mannosidase 
(which differ somewhat from those of the purified enzyme used by Jones and Ballou), 
(B> the degradation of several D-mannans and D-galacto-D-mannans (previously 
partly characterized) to fragments containing predominantly a-D-(l-,6)-linked 
D-mannopyranosyl residues, and (C) the characterization of P-D-mannose as the 
hexose anomer formed on enzymolysis of an a-(l-+2)-linked, D-mannopyranose 
tetrasaccharide. 

RESULTS AND DISCUSSION 

Properties of the crude exo or-D-mannosidase from Arthrobacter GJM-I. - 
Jones and Ballo~‘~*‘~ degraded D-mannans with a purified exoceIIuIar exo a-~- 
mannosidase preparation from Arthrobacter GJM-1. Since the crude enzyme has 
the required property of removing side-chain residues from D-mannans, a purification 
step was not calrried out for the present investigations. However, some differences in 
properties between the two preparations were observed. It was found that the crude 
a-D-mannosidase degraded the a-D-(146)~linked mannan main chains of Sclzizo- 
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saccharomyces octosporus D-galacto-Dmannan and S. roux2 D-mannan, whereas the 
purified preparation of Jones and Ballou only removes D-mannose side chains12. 
Their enzyme preparation can attack a-D-(1 -&)-linked mannose oligosaccharides, 
but not the main chain of S. cerevisiae D-mannan. Initially our degradations of the 
D-mannans of S. octosportn and S. rouxii proceeded at rates that were somewhat 
less than that for the D-mannan of S. cerevisiae, as evidenced by the production of 
D-mannose (Fig. 1). Only limited degradations of each of the two main chains took 

S.ROUXll MAIN CHAIN 

I _ I_/’ 
0 50 100 I50 300 600 

TIME (mini 

Fig. 1. Degradation of yeast D-mannans with a-D-mannosidase. The relative initial degradation 
rates were: yeast D-mannan (S. cerevisiue), 1.0; S. ronxii D-mannan, 0.9; S. octosporus main chain, 
0.285; S. rouxii main chain, 0.18. 

place, presumably because the exo enzyme reached resistant units in the chains. Since 
the main chains were partly vulnerable to attack, a limited degradation time of 10 h 
was used (activity of crude enzyme in 1% solution, 0.169 units/ml; specific activity, 
0.422). This is sufficient to degrade the 7-unit, a-(1+2)-linked, D-mannopyranosyl 
side chain of T. bombi maMan completely. The corresponding a-D-(l-2)-linked 
octasaccharide isolated following partial acetolysis undergoes complete degradation 
to D-mannose in 6 h. _ 

The crude preparation contains enzymes other than a-D-mannosidase. Jones 
and Ballou, when using a purified a-D-mannosidase lacking phosphatase and protease 
activity”, noted that the extent to which several D-mannans from Candida spp. were 
hydrolyzed was inversely proportional to their phosphorus content12. (Kloeckera 
brevis D-mannan, which is heavily phosphorylated, proved an exception). Disc- 
electrophoretic examination of our crude enzyme at pH 8.3 showed six major and 
seven minor protein components. One of these components was an active alkaline 
phosphatase [a 1% solution of the crude lyophilized enzyme had 3.78 units/ml at 
pH 7.0 (4.12 units/ml at pH 8.5), specific activity 9.451. 
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B. Enzymolysis of D-mannans and acid-degraded D-galacto-D-mannans and 

D-mannans. - Some of the D-mannans, for which some structural information is 
available, could be degraded with the crude exo a-D-mannosidase to their cx-(1+6)- 
linked D-mannopyranose main chains. These are from Endomycopsis fibuZiger4, 

Saccharomyces rouxiig*lo, Torutopsis apicola (Hajsig strain), Torulopsis bombi4, 

and Candida parap.siZosis’3. The end-products were characterized, following their 
isolation by deionization followed by ethanol precipitation, by the H-l proton 
magnetic resonance @.m.r.) signal at 7 4.57 (J 1 Hz). This signal. has the same 
chemical shift as that of H-l of ar-D-(l-Q-linked mannans formed by partial acid 
hydrolysis of the D-gaiacto-D-mannan of Schizosaccharomyces octosporzrs3, and by 
partial enzymoiysis of the D-marman of S. cerevisiae’2. Addition of sodium borate 
shifts the signal downfield by approximately 10 Hz because of the formation of a 
2,3-substituted borate complex2. These properties distinguish the H-l signal from 
those of cr-D-(142)~linked (T 4.20) and CY-D-(1 -3)~linked (7 4.35) polymers, which 
do not exhibit such a large downfield shift on the addition of borate2. 

The above direct enzymoiysis technique could not be used on D-gaiacto-D- 
mannans having D-gaiactosyi side chains and D-mannans containing p-linkages in 
the side chains. D-Gaiacto-D-mannans containing D-gaiactopyranose non-reducing 
end-units isolated from Trichosporon fermentans ‘, Tondopsis magnoliae, Tontlopsis 

gropengiesseri, Candida lipolytica, and Torulopsis lactis-condensi4 were resistant to 
the action of the crude cr-D-mannosidase. Mannans from Saccharomyces lodderi, 
Citeromyces matritensis, and Pichia pastoris’, which contain &linkages in the side 
chains were similarly resistant. The D-mannan of Trichosporon acuZeatu.m2 appears 
to have a minor proportion of &D-linked residues, as evidenced3 by a small signal 
(13%) ar a relatively high field of 7 4.62. It was only partially degraded by the CC-D- 
mannosidase because of the lack of accessibility of the &D-linked units. In order to 
render each of these poiysaccharides vulnerable to attack by a-D-mannosidase, it 
was first necessary to remove the D-galactopyranosyi residues or @-D-linked residues. 
This was accomplished by partial acid hydrolysis with 0.33~ sulf’uric acid at 100’. 

The a-D-galactopyranosyl end-units in T. fermentans, C. lipolytica, and T. lactis- 
condensi D-galacto-D-mannans were mostly removed by partial hydrolysis, only traces 
of D-gaiactose residues remaining in the degraded polysaccharides. fi-D-Gaiacto- 
pyranosyl end-units in the D-galacto-D-mannans of T. gropengiesseri and T. magnoliae 

were indicated by methylation-fragmentation analyses and the D-gaiacto+-mannans 
appear to be B-D-linked since acid degradation gives polymers having higher specific 
rotations than the starting materials uabie I). &Linked D-mannopyranosyi residues 
should be absent since H-l signals at higher field than 7 4.53 were not detected in the 
parent D-galacto-D-mannan. On partial hydrolysis the j3-D-gaiactopyranosyi non- 
reducing end-units were completely removed from T. gropengiesseri and T. magnoliae 
D-gaiacto-D-mannans, but the D-mannan from the latter appeared to be contaminated 
with a trace of a D-glucan. 

The p-linked D-mannopyranosyi side-chain residues in the D-mannans of 
S. lodderi, C. matritensis, and P. pastoris were mostly removed, since the acid- 
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TABLE I 

YIELD AND SPECIFIC ROTATIONS OF ACID-DEGRADED, CELL-WALL POLYSACCHARIDES AND THE OVERALL 

YIELDS OF ENZYME-DEGRADED POLYSACCHARIDES 

Polysaccharidea (reference) Acid-degraded D-~anflcl~ Enzyme-degraded 
Yield (%) [aIn, degrees D-?XL7nnaIl 

cc, 0.5%) Yield (%) 

D-Galacto-D-mannans 

Candida lipolytica CBS 599 (4) 45 +86 17 
Torulopsis gropengiesseri NRRL-Y 1445 (4) 22 + 740 8 
Toru~opsis Iactir-condensi CBS 52 (4) 29 f77 7 
Tondopsis magnoliae CBS 166 (4) 16 f69C 3 

Trichosporon fermentans PRL 2263 (5) 31 f92 27 

Mannaus haviug /k?-D-hkageS 

Citeromyces ma!ritensis CBS 2764 (3) 
Pichia pastoris PRL 63-208 (3) 
Snccharonzyces Iodderi JPV 193 (3) 
Trichosporon acaleatum IGC 3551 (4) 

19 
33 
47 
40 

l 44 11 
+57 22 
+69 17 
+71 30 

cc-D-linked mannam 
Candida parapsilosis BMCl (3, 13) 
Endomycopsis fibaliger NCYC 13 (4) 
Saccharomyces roaxii PRL 41 l-64 (9, 10) 
Torcdopsis apicola (Hajsig strain) CBS 2868 (4) 
Torulopsis bombi 3 19-67 (4) 

30 

z 
36 
11 

UCBS, Centraalbureau voor Schimmelcultures, Yeast Division, Delft, The Netherlands; PRL (also 
BMC), Prairie Regional Laboratory, National Research Council, Saskatoon, Saskatchewan, Canada: 
NCYC, National Collection of Yeast Cultures, Brewing Industry Research Foundation, Nutfield, 
Surrey, England; JPV, Collection of J. P. van der Walt, Pretoria, South Africa; IGC, Gulbenkian 
Institute of Science, Oerias, Portugal; NRRL, Northern Regional Research Laboratory, USDA, 
Peoria, Illinois, USA. bundegraded polysaccharide4 has [a]n f46”. =Undegraded polysaccharid@ 
has [a]n f42”. 

degraded D-mannans had specific rotations close to the value of +88” reported 

for an a-D-linked mannan l4 In addition, the H-l p.m.r. signals of the degraded . 

D-mannans contain greatly decreased proportions of the high-field signals that are 

characteristic of j.?-D-mannopyranoside linkages (Fig. 2). The yields of acid-degraded 
polysaccharides are presented in Table I. 

Most of the above acid-degraded polysaccharides could then be degraded by 
the cz-D-mannosidase to polysaccharides giving predominantly H-l signals at approxi- 
mately x 4.57, which were shifted downfield by addition of sodium borate. The lack 
of complete degradation to pure a-(l-6)linked D-mannopyranose main chains is 
probably due to the incomplete removal of a-D-m.aMosidase-resistant, side-chain 
residues. The H-l p.m.r. spectra of the polysaccharide substrates, the degraded 
polysaccharides formed on partial acid hydrolysis, and the products formed on 
enzymolysis are presented in Fig. 2. 

The isolation of fragments consisting predominantly of a-(l-&)-linked 
D-mannopyranose units from D-mannans of E. fibz&er4, P. pastoris, and C. matri- 
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tensis and the D-galacto-D-mannan of T. fermentans5 is useful, since it means that 
the predominating structures, previously postulated on the basis of chemical evidence, 

H-l SPECTRUM OF 

GALACTOMANNAN 

H-l SPECTRUM OF 
ACID-DEGRADED 
POLYSACCHARIDE 

H-l SPECTRUM OF 
POLYSACCHARIDE 2 

AFTER CONSECUTNE i 

ACID AND ENZYME 
DEGRADATION 

!i iz 

,3 - LINKED 

D- MANNAN 

H-I SPECTRUM OF 
ACID-DEGRADED 
POLYSACCHARIDE 

t 
d 

H-I SPECTRUM OF 
POLYSACCHARIDE 

AFTER CONSECUTIVE 
ACID AND ENZYME 

OEGRAOATION I 

Sacchvomyces Cikwomyees 
bdderi matrilenso 

Pictlra 
posiarrs 

Trichaspoam 
aculealum 

Fig. 2. P.m.r_ spectra of D-galacto-o-mannans, /?-linked D-mannans and the polysaccharides formed 
on successive degradations with acid and D-mannosidase. 
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TABLE IL 

NATURE OF SIDE CHAINS IN D-MANNOSE-CONTAINING POLYSACCHARIDSS HAVING a-(l-6)-D-MANNO- 

PYRANOSEMAIN CHAINS 

Source of D-mannose- 
containing pofysaccharides 

Largest side-chain subsriluents linked 
a-D-(1+2) to a-(I~-D-munnopyrartose 
main chain 

Polysaccharide con- 
rains 6-O-subsrimed 
a-D-mannopyranose 
residues according lo 
T 4.57 signal 

D-Galacto-D-maImaIls 

Candida lipolytic& a-D-Gafp-(l-2)-D-Manp 

Torulopsis gropengicsseri4 P-D-Galp-(I+-?)-c-D-Manp-(l-+2)-D-Manp 

Torulopsis Iactis-condensi4 a-D-Galp-(lea-D-Manp-(1+2)-D-Manp 

Toralopsis magnolia& a-(l-+2)-linked, g-unit D-Manp side chain 
terminated by Galp non-reducing end-unit 
with &D-linkage 

Trichosporon fermentam” a-D-Galp-(1+2)-D-Manp 

D-&bnnanshaving~-D-linkages 

Citeromyces matritensis3 fi-D-Manp-(I+2)-~-D-Manp-(I-+2)-D-Manp 

(linked p-D-(l--t2)-tO main chain) 

Pi&a pastori a-D-Manp-(l+2)-/?-D-Manp-(l+2)-~-D- 

Manp-(1+2)-n-Manp 
Saccharomyces [odder3 - 
Trichosporon aculeatum” a-D-Manp-(1+2)-a-D-Manp-(l-+2)- 

r-D-Manp-(1+2)-a-D-Manp-(l--z-2)-D-Manp 

r-linked D-IRaIlllaIlS 

Candida parapsilosis3*13 
Endongycopsis fibrdige9 
Saccharonr_vces roI~_xiis~10 
Tordopsis apicoIa4 

Torulopsis bomb3 

Not known 
u-D-Manp-(Ids)-D-Manpand-D-Manp 

ar-D-hknp-(1+2)-D-Manp 

a-D-Manp-(i-+2)-&-D-Manp-(1--+2)-x-D- 

Manp-(1+2)-a-D-Manp-(l+2)-D-Manp 

a-(l-+2)-Linked, 7-unit D-Manp 

side chain. 

+ 

+ 

trace 

are now confirmed. It should be emphasized, however, that on the basis of present 
data, the possibility of 6-O-substituted branch-points in the side chains is not 
eliminated and our postulated structures may be oversimplified. 

The isolation of main-chain fragments from D-mannose-containing polysac- 

charides is useful when considered in the light of partial acetolysis data previously 
published (references presented in Table II). The nature of the oligosaccharides 
isolated from each polysaccharide show the structures of the side chains that are 
attached by a-D-(l-+2)-links to the a-D-(1+6)-linked mannopyranose main chain 
(Table II). Some of these polysaccharides contain very long side chains, up to 9 units 
ia length. Since many yeast D-mannans and D-galacto-wmannans contain a-(14)- 
D-mannopyranose main chaim, it is evident that the wide diversity of H-I p.m.r. spectra 

from polysaccharides having this backbone is caused by differences in side chain 

structure. 
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Two D-mannans from Hansenula subpeIIicztlo.sa and Candida catemdata were 
only partly degraded by the a-D-mannosidase, with only small increases in the 
H-l p.m.r. signal at r 4.57, characteristic of the a-(1 --$)-linked D-mannopyranose 
chain. In cases where a polysaccharide gives an H-l p.m.r. signal at z 4.57, this is 
taken as evidence of unsubstituted 6-O-linked, a-D-mannopyranose main-chain 
residues. This is of particular interest since the specific rotations of the undegraded 
D-mannans, + 71 o and + 1 IO”, respectively4, indicate a preponderance of a-D-manno- 
sidic linkages and few, if any, enzyme-resistant /?-D-linkages. It therefore appears 
that not all a-linked D-mannopyranose residues can be cleaved with the exo a-D- 

mannosidase. 
C. Mechanism of enzymolysis of u-(1 -+2)-linked D-mannopyranose tetramer. - 

Oligosaccharide fragments obtained by partial acetolysis of the above polysaccharides, 
and which contain either /3-D-mannopyranose or D-galactopyranosyl residues, were 
not attacked by the crude a-D-mannosidase. This contrasts with the breakdown of 
oligosaccharides containing only a-(1 *2), or mixed M-_(1+2) and a-(1 4.3) D-manno- 
pyranose residues (refs. 1 I, 12, and Table III). The resistance of 2-O-linked tetra- 

TABLE III 

SPECIRCITYOFACnONOFCRUDEEXOQ;-D-MANNOSIDASEOFOLIGOSACCHARIDES CONTAINING 

D-MANNOSERESIDUES 

Oligosa~chariaks degraded by crude z-D-mannosidase 

1 a-D-Manp-(l-2)-D-Man9 

2 a-D-Manp-(I--t2)-cx-D-~anp-(~~2)-cc-D-~anp-(~--t2)-D-Man~ 

3 a-D-Manp-(I~2)s-D-Manp(l-t2)~-D-M~p-(l~~)~-D-Manp-(l--t2)a-D- 

Manp-(1+2)+x-D-Manp-(l-t2)-D-Man4 
4 a-D-Manp-(1+3)-a-D-Manp-(l-2)-D-Man4 _ 
5 a-D-Manp-(1~3)a-D-Manp-(l--t2)-cx-D-Manp-(I~2)a-D-Manp-(1~2)-D-Man4 
6 a-(l+&Linked D-mannopyranose main chains from S. ocrosporus3 and S. rouxii. 

Oligosaccharides resistant to the crude a-D-mannosidase 

7 a-D-Manp-(I~2)-8-D-Manp(l~2)-8-D-Manp-(l~2)-D-Man3 
8 a-D-Manp-(1-t2)-8-D-Manp-(1~2)-B-o-Manp-(I~2)a-D-Manp-(1~2)-D-Man3 

9 ~-D-Manp-(l-t2)-~-D-Manp-(l-t2)-D-Man3 

10 15-D-Manp-(l-t2)-B-D-Manp-(l-+2)-B-D-Manp-(l~2)-D-Man3 
11 a-D-Galp-(l-2)-D-Mans I 
12 a-D-G~p-(~+2)a-D-bfanp-(k+~)-D-h&& 
13 a-D-Manp-(l+6)-D-G1g 

saccharide 7 and pentasaccharide 8, which contain a- and /?-linkages (Table III) 
to cleavage by an exe-enzyme at the non-reducing, a-D-linked end demonstrates 
a high degree of specificity for the. enzyme. Since the bacteria1 enzyme attacks 
pnitrophenyl a-D-mannopyranoside slowly and methyl a-D-mannopyranoside not at 
all” it appears that the enzyme requires an a-D-mannopyranose non-reducing end 
and two consecutive a-D-mannopyranosyl residues. The enzyme resembles an exo- 
amylase from microorganisms that can cleave amylose, but not methyl a-D-gluco- 
pyranoside’4*‘5. 
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Jones and Ballour have shown that degradation of branched-chain oligo- 
saccharides (from the D-mannan of S. cerevisiae) with the exo a-D-mannosidase 
proceeds in a stepwise fashion starting from the non-reducing ends. Further studies 
of the reaction mechanism have now been made by using the p.m.r. technique of 
Eveleigh and Perlin I6 An a-(1 +2)-linked, D-mamopyranose tetrasaccharide was . 

used as substrate rather than a polysaccharide since it gave an H-l p.m.r. spectrum 
that is better defined. The a-D-mannosidase had been concentrated for the p.m.r. 
spectrum by precipitation with ammonium sulfate. Enzymolysis gave &D-mannose 
(showing an H-l signal at r 4.65, J 1 Hz) and a high proportion of trisaccharide 
(paper chromatogram) in the early stages (4min). After j?-D-mannose had been 
formed in 14% yield, a-D-mannose (r 4.40, J 1 Hz, H-l), resulting from mutarotation, 
could be detected (Fig. 3). The occurrence of anomeric inversion at C-l is similar 

ZERO TIME 4 MINUTES 6 HOURS 

Fig. 3. Course of D-marmosidase enzymolysis of a-(1+2)-linked D-mannopyranose tetrasaccharide, 
as followed by p.m.r. spectroscopy of the H-l region. 

to the findings for polysaccharases by Eveleigh and Perlin16. They stated that, in 
general, D-glucanases of the exo type, which attack from the non-reducing chain-end, 

ra . 
-D--ManP --I 

2 
a-D-Monp 

I 

4. 
2 

-a-0-Monp - 

I 

1 -=-D--Manp-(I-r21-=-D-Manp-(f~6)- II 
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cause inversion of anomeric configuration, whereas D-glucosidases and D-glucanases 
of the endo type, which attack the chain randomly, give products in which the 
anomeric configuration of the substrate is retained. One apparent exception to these 
generalizations is an endo-dextranase, which gives products in which the configuration 
of the product differs from the substrate l7 Although the enzyme of Jones and . 
Ballou was originally called an a-D-mannosidase”, it does not degrade glycosides 
of D-mannopyranose, but can degrade a-(l-+6)-linked D-mannopyranose main 
chains (see above). It therefore has some of the properties of an exo a-D-mannanase 
and the crude enzyme may possibly be named an a-1+(2, 3 or 6)-D-mannanase 
preparation (according to a private communication from E.T. Reese). 

EXPERIMENTAL 

Measurement of p.m.r. spectra. - The H-l spectra of polysaccharides were 
obtained from D20 solutions at 70” by using a Varian lOO-MHz spectrometer and 
a sweep width of 1000 Hz. The concentration of polysaccharide used was 10%. 
Tetramethylsilane was used as an external standard and was contained in a capillary 
tube mounted coaxially inside the p.m.r_ tube. Chemical shifts are expressed on the 
r scale. 

Partial acid hydrolysis of D-mannose-containing polysaccharides. - In a typical 
experiment the polysaccharide (0.60 g) was treated ‘.I ’ for 18 h in 0.33~ sulfuric acid 
(6 ml) at 100°. The degraded polysaccharide was precipitated by addition of ethanol 
(50 ml). The precipitate was centrifuged and washed successively once with ethanol 
and twice with acetone. The yields, specific rotations, and sugar compositions of the 
products are recorded in Table I. The sugar compositions of acid-degraded poly- 
saccharides and enzyme-degraded polysaccharides were determined by hydrolysis 
with N H2S04 for 18 h at 100” followed by paper chromatography with butyl alcohol- 
ethanol-water (4Qll: 19 v/v) as solvent and p-anisidine hydrochloride as spray 
reagent. 

Preparation of exo a-D-mannosidase of Arthrobacter GJM-I. - The enzyme 
was obtained by growth of the microorganism on a medium of baker’s yeast D-mannan 
according to the method of Jones and Ballou l1 For enzymolysis of D-mannans, . 
a crude preparation was used consisting of exocellular medium that had been lye- 

philized following diaIysis against phosphate buffer. A 20% solution of enzyme in 
DzO was examined by p.m.r. spectroscopy and was shown to be carbohydrate-free. 
Some of the enzyme was purified by fractional precipitation by ammonium sulfate 
up to a concentration of 55%, and was utilized in the enzymolysis of an a-(1+2)- 
linked D-mannose tetrasaccharide to p-D-mannose (see below)_ 

Enzyme assays. - A minor modification of the a-D-mannosidase assay 
procedure of Jones and Ballou was used”. The assay mixture consisted of yeast 
D-mannan (400 pg), calcium chloride (0.1 pi) in 0.1~ potassium phosphate buffer 
(0.50 ml, pH 6.8) and enzyme, which was diluted to 1 .O ml with water. After incubation 
for 10 mm at 30”, alkaline Somogyi-Nelson” copper reagent (0.5 ml) was added. 
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The reaction mixture was heated for 30 min at 100” and reducing groups were 

estimated by using the arsenomolybdate reagent2’. An approximately linear relation- 
ship between enzyme concentration and product was found up to 45% substrate 
degradation (Fig. 1). Repeated assays showed that the initial reaction rate was 
slightly lower than the rate attained after 0.5% degradation of the substrate. A unit 

(U) of activity is defined as that amount of enzyme which causes the release of 

1 fimole of D-mannose (or its equivalent) per min under these conditions. One U 
equals 85.8 units of Jones and Ballou ‘I_ Specific activity is defined as unit of activity 

of enzyme per mg of protein 21 Alkaline phosphatase was assayed by using p-nitro- . 

phenyl phosphate as a substrate*“. A unit is defined as the release of 1 pmole of 

p-nitrophenollmin; the molar absorbancy index for p-nitrophenol in M Tris buffer 
(pH 8.0) equals 1.62 x 104. 

Enzymolysis of polysaccharides. - The substrate (50 mg) was dissolved in 

water (2 ml) and treated with crude enzyme having an activity (in 1% solution) of 

0.169 U/ml; specific activity 0.422. After the required time the enzyme ~8s deacti- 
vated for 10 min at 100” and salts were then removed by adding mixed resins consisting 

of Amberlite IR-120 (H+) form and Dowex-1 (hydrogen carbonate form). The 

filtered solution was then evaporated to approximately 0.3 ml and could be applied 

directly to the paper chromatograms. The polysaccharide residue was precipitated 

by addition of excess ethanol and the residue, after centrifugation, was washed with 

ethanol and then with acetone. The yields of products, based on the original poly- 

saccharides, are presented in Table 1. The specific rotations of the enzyme-degraded 
polysaccharides in Hz0 are + 80” (+ 15”). 

Enzymolysis of a-linked D-mannopyranose tetrasaccharide. - Enzyme (4.9 U) 

that had been precipitated by ammonium sulfate (30-55%) was added to a solution of 

the tetramer (30 mg) in D,O (0.7 ml) at 30” and the enzymolysis was followed by the 
change of the H-l signals in the p.m.r. spectrum. Initially j&D-mannose (H- 1, T 4.65) 
was formed, but anomerization to a-D-ITKinIIOSe (H-l, 7 4.40) was detected after 

4 min. The H-l signals of the two anomers were distinguishable from those of the 

starting material (7 4.19, 4.25, and 4.52), and other degradation products having 

similar chemical shifts, namely 2-O-a-D-mannopyranosyl-D-mannose and a tri- 
saccharide having a-(1 +2)-linked D-mannopyranose residues (Fig. 3). The trisac- 

charide and D-mannose were detected on paper chromatograms [solvent: 2:1:1 (v/v) 
butyl alcohol-ethanol-water; spray: ammoniacal silver nitrate] after 6 min. 
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LIGHT-SCATTERING STUDIES ON AQUEOUS SOLUTIONS OF AMYLOSE 
AND AM-YLOPECTIN* 

W- BANKS, C. T. GREENWOOD, AND 3. SLOSS 

Department of Chemistr-v, The University of Edinburgh (Great Britain) 

(Xeceived May Sth, 1969) 

ARSTRACT 

Light-scattering studies have been made on amylose and amylopectin in water. 
True scattering intensities of the solvent were obtained by degrading the polysac- 
charide solutions with alpha-amylase in the light-scattering cell. This technique 
enables the molecular parameters of size and shape to be obtained more speedily 
and accuratefy than hitherto. In addition, information regarding the contribution 
of dust to the scattering intensity of a polymer solution was obtained. 

lNlTZODUC77ON 

In view of the reported differences in the hydrodynamic bebaviour of amyJose 
in aqueous potassium chloride’ and in pure water2, we have recently extended our 
light-scattering studies to the Iatter solvent. However, we then found much greater 
difficulties in obtaining linear graphs of c/R, against sin’ 8/2, and couldnot decide 
whether the observed curvature was real or was an artefact caused by dust in solution. 
To distinguish between these possibilities, we applied a technique similar to that 
introduced by Stainsby3. 

Experiencing similar difficulties whilst working with collagen in aqueous 
solution, Stainsby obtained the true solvent-scatter by adding a minute amount of 
the enzyme trypsin to the protein solutions. The peptides resulting from treatment 
with trypsin were too small to scatter light, and so the difference between the apparent 
solvent(water)-scatter and that remaining after enzymic digestion represented the 
contr:bution of dust in the collagen solution. 

Our variation of this elegant technique is to use alpha-amylase to degrade 
aqueous solutions of amylose and amylopectin to maltodextrins that are too small 
to scatter light to any appreciable extent. 

EXPERIMENTAL 

Amylose and amylopectin fractions were isolated from potato and cereal 
starches, as previously described4*‘. Bacterial (A. O~JZ~) alpha-amyiase was obtained 
from the Sigma Chemical Co., St. Louis, Missouri, U. S. A. 

*This is Part 48 in the Series “ Physicochemical Studies on Starches”; Part 47: European Polymer J., 
in the press. 
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Preparation of solutions. - Amylose solutions were prepared by dissolving 
the hard-packed butan-l-01 complex in boiling water, boiling being continued for 
30 min whilst the solution was flushed with nitrogen to remove butan-l-ok The 
finai concentration of amylose was ca. 0.35%. 

Amylopectin solutions were obtained directly from the starch dispersion, 
after removal of the amylose as the thymol compIex4. Residual thymol was removed 
by shaking the aqueous solution with chloroform, and the chloroform in turn was 
removed by passing nitrogen through the solution. The concentration of amylopectin 

was ca. 0.4%. 
Enzyme solution was prepared by dissolving the solid in water to give a 0.1% 

solution, having an activity of 20 units per ml (the unit of activity was defined as 
the amount of enzyme which will release 1 mg of maltose from a solution of AnalaR 
soluble-starch (0.5%) in 3 tin at pH 6.9 and 20”). 

Clarifjcation of solvent and solution. - Water was clarified by distillation from 
an all-glass still. Water distilled directly into the light-scattering cell gave a scattering 
envelope as good as water which was distilled, and subsequently filtered through 
sintered glass (G5). 

Solutions of amylose and amylopectin were clarified by ultracentrifugation 
(the force fields used are detailed in the next section) for 1 h, and subsequent filtration 
through a G4 sintered-glass filter. In the case of amylopectin, the solution was 
diluted five-fold prior to filtration. 

Alpha-amylase solutions were clarified by ultracentrifugation at 20,OOOg for 
75 min. Aliquots were withdrawn from the centrifuge tube by syringe, the needle 
of which did not penetrate more than 0.5 cm below the surface of the solution. 

Light-scattering. -The apparatus was built by the Phoenix Precision Instrument 
Co. to the design of Brice, Halwer, and Speiser 6. Cylindrical cells were employed in 
conjunction with the narrow-slit system. Angular measurements were made between 
30 and 135”, and corrections were applied for backward reflections’. The green 
mercury line (& = 5461 A) was used throughout. 

The refractive index increment (dn/dc) was measured with a Brice-Phoenix 
differential refractometer; dn/dc was 0.150 ml per g for both amylose and amylopectin 

in water at 5461 A. 
The light-scattering technique used was as follows. The scattering envelope 

of the solvent (25-35 ml) was measured at 5”-intervals from 30 to 50”, then at 
IO”-intervals to 130”. and also at 135”. An aliquot (3 ml) of the clarified amylose. 
or amylopectin, solution was added to the solvent, mixing was achieved by gentle 
shaking, and the measurements were repeated. A small drop of alpha-amylase 
solution (formed at the tip of a syringe needle) was then touched onto the surface 
of the solution in the light-scattering cell. After mixing, the cell and its contents 
were incubated for 30 min at 20” before the readings were repeated. Control experi- 
ments showed that the angular scatter reached a constant limiting-value after about 
10 rain, and that this limit was not affected by further addition of enzyme. 

Treatmerlt of the data. - The scattering due to the polymer is the excess of the 
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solution-scatter over the solvent-scatter. In these experiments, there are two distinct 
values for scattering due to solvent: (a) the scatter of the water distilled into the 
cell (apparent solvent-scatter), and (6) the scatter of the solution resulting from 
alpha-amylase treatment (true solvent-scatter)_ Plots of c/R,, where Re is the Rayleigh 

ratio at angle 8, are shown on the basis of both apparent and true solvent-scatter. 
Values of c/R, were extrapolated to 0 = 0, and M, obtained from 

where K contains various optical constants. The root-mean-square radius of gyration 

@T)* was obtained from the equation 

(,z)+= (S/Z)* x 565, 

where S is the limiting slope of the plot of c/R0 against sin’ 812 as 0+0, andl is the 
intercept at c = 0. 

RESULTS AND DISCUSSION 

Fig. la shows a graph of c/R, against sin’ 0/2 for oat amylose, calculated on 

OI 0.25 a50 0.75 
Sin* 9/2 

Fig. 1. Graph of cJRc as a function of sin”- tIJ2 for oat amylose in water on the basis of (a) apparent 
solvent-scatter, and (b) true solvent-scatter. (The parent amylose solution was centrifuged at 20,000 g.) 

the basis of the apparent solvent-scatter. At angles below 80”, a pronounced downward 

curvature occurs. Three explanations may account for this effect: 

(I) The presence of microgel, or aggregates, of amylose molecules. 

(2) The curvature is a measure of the breadth of the molecular weight distri- 
bution. For a monodisperse system of Gaussian coils of degree-of-polymerization iV, 
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the angular distribution of the scattered light is given by’ 

P(6) = (2/N2u2) [Nu- 1 +exp (-ZVu)], 

where u = p2b2/6, b being the length of the statistical element, p = (4 rr/%) sin (e/2), and 
,I is the wavelength of light in the medium. 

If P-l(0) is graphed as a fun?ion of Nu, there is an asymptote y defined by 
y = NuJ2++. However, this asymptote is normally observed only with very large 
macromolecules, Le., those having radii of gyration of the order of 850 A. Thus, 
curvature may be used as a measure of the width of the distribution ‘. Similarly, 
curvature will result from monodisperse coils which are branched. Thus, it is possible 
to obtain useful information from the curvature in Fig. la only if it results from 
either polydispersity, or branching. 

(3) The downward curvature at low angles results directly from the presence 

of dust which has been introduced with the amylose. An attempt may then be made 
to obtain molecular parameters by extrapolation of the linear portion of the curve, 
i.e., at angles greater than 70”. 

Molecular parameters obtained on the basis of each of these explanations are 
given in Table I. If the curvature in Fig. la is real, m, is defined by the intercept A, 

TABLE I 

hlOLECULAR PARAhfETERS OBTAINED FROM FIG. b2 ON THE BASIS OF VARIOUS ASUMPTIONS 

Assumption IiT_ x IO-G @,‘I% A Rn x IO-6 

Curvature real, due to 
(1) Association 
(2) Breadth of distributions 

Curvature an artefact, due to dust 

2.86 1770 - 
2.86 1770 0.69 
1.38 535 - 

and, in the specific case of being due to a broad distribution, m,, may be obtained 

from intercept B. On the other hand, if the curvature is an artefact, the intercept B 
may be taken as a measure of MYI. Thus m, may be 1.38 x lo6 or 2.86 x 106, depending 
on the assumption. A sample of this amylose had earlier been converted into the 
triacetate under conditions of minimal degradation, and its molecular weight deter- 
mined by light scattering in nitromethane solution5. The value obtained corresponded 
to ii?, = 1.23 x IO6 for the native amylose. This is much smaller than the values 
obtained from intercept A in Fig. la, but is in reasonable agreement with that from 
intercept B, suggesting the curvature is an artefact. 

Fig. lb shows the graph of c/& against sin 2 e/2 for the same amylose solution 
as in Fig. la, but now on the basis of true solvent-scatter. The curvature at low 
angles has disappeared, and the graph is linear over the entire angular range. The 
intercept corresponds to S%, = 1.26 x 106, in excellent agreement with the value of 
1.23 x lo6 derived from the acetate, and the root-mean-square radius of gyration is 
500A 
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If the curvature shown in Fig. la had been real, it should have been repeated 
in Fig. lb. Downward curvature is due to the photomultiplier “seeing” large inten- 
sities of light at low angles. Any high intensities due to molecular aggregates, or to 
very large moIecules, will disappear on adding alpha-amylase. Fig. 2 shows the 
experimental data in the form of the intensity of the scattered light as a function of 

Angle of viewing .8 

Fig. 2. Graph of light intensity (arbitrary units) as a function of angle for (a) water, (6) water+ 
amylose, and (c) water + amylose + alphaiamyl&e. 

Angle 07 viewing, 9 

Fig. 3. Graph of !ight intensity (arbitrary units) as a function of angle for water ( x) and water+ 
alpha-amylase (0). 

angle for (a) water, (6) water + amylose, and (c) water + amylose + alpha-amyiase. 
Vastly more light is scattered at low angles in (c) than in (a), and so scattering material 
is present which is not attacked by alpha-amylase, and may therefore be regarded 

as non-amylaceous, i.e., it is contaminating dirt. 
In this technique, it is of course essential that the excess scattering due to the 

added alpha-amylase can be ignored. Fig. 3 shows a graph of the scattering intensity 
as a function of the angle of viewing for water, and for water plus alpha-amylase. 
Even at low angles, the difference between the two is so small that the addition of 
the enzyme does not contribute to the observed scattering intensity. 
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We have shown that ii?, (1.38 x 106) obtained from Fig. la by neglecting the 
data for low angles-is comparable to that (1.26 x 106) obtained from Fig. lb, in 
which all of the angles are included. To investigate whether this observation is 
generally valid, we have used a fraction of amylose of low molecular weight, and also 
an amylopectin of high molecular weight. The results for the amylose are shown 

0 

Sin2 G/2 
0.50 

Fig. 4. Graph of c/R0 against sin’ 812 for amylose (4~) and amylopectin (4b). Points have been). 
calculated on the basis of apparent solvent-scatter (0), and by using true solvent intensity (0). 

in Fig. 4a, and those for the amylopectin in Fig. 46, and the corresponding molecular 
parameters are given in Table II. 

TABLE II 

MOLECULAR PARAMETERS FOR AMYLOSE AND AMYLOPECTIN 

Component 

Amylose 
Apparent solvent 
True solvent 

Amylopectin 
Apparent solvent 
True solvent 

0.292 260 
0.202 135 

27.4 1095 
24.9 1035 

A very high error (-50%) is associated with the approximation involved in 
extrapolating the‘linear portion of the graph based on apparent solvent-scatter in 
Fig. 4a. The present technique is being used to its limit to give the graph based on 
true solvent intensity, and this explains the scatter of points about the line in Fig. 4a. 
(At 30”, the true solvent-scatter is approximately 70% of the solution-scatter_) 

In the case of the amylopectin, contaminating material contributes very little 
to the total intensity of light scattered, even at the low angles. Hence, the values 
based on apparent solvent intensity and true solvent intensity differ by less than 10%. 

CurZ~ohyd. Res., 11 (1969) 399406 
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Our calculations are based on a zero vaiue for the second virial coefficient (A,) 
for both amylose and amylopectin in water. This is known to be correct for amylo- 
pectin in water”, and for amylose iu neutral, aqueous potassium chloride’, but 
finite values of A2 have been reported for amylose in water*. Table III shows c/R0 
as a function of angIr for 3 different values of c. In each case, the data refer to true 
solvent-scatter. Within experimental error, the values are identical, confirming that 
AZ is zero for amylose in water. 

We conclude that this extension of Stainsby’s technique3 provides an accurate 
method of determining the size and shape of the starch components in neutral, 
aqueous solutions. Further, our studies have shown that ignoring the downward 
curvature at low angles, and extrapolating the linear portion of the c/R0 against 
sin’ e/2 graph, may Iead to errors as high as 50% for molecular weights of the order 
of 105. 
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GLYCOSYL ESTERS OF AMINO ACIDS 
PART I. SYNTHESIS OF l-o-(2-ACETAMlDOACYL)-2,3,4,6-TETRA-o-ACETYL-B-D- 

GLUCOPYRANOSES 

A. KORNHAUSER AND D. KEGLEVIC 

Tracer Laboratory, Institute “Ruder BosIcoviP, Zagreb (Yugoslavia) 

(Received May 9th, 1969) 

AElsTR4cr 

The synthesis of crystalline l-O-(2-acetamidoacyl)-2,3,4,6-tetra-O-acetyl-~-D- 
glucopyranoses by the silver salt and dicyclohexylcarbodiimide method is described. 
The structure of the esters was assigned on the basis of elemental analyses, optical 
rotations, and i-r. and n.m.r. spectra. On alkaline hydrolysis, the C-l ester bond of 
the glucosyl esters is cleaved before complete deacetylation of the molecule takes 
place. 

INTRODUCTION 

Recent progress in glycoprotein chemistry has stimulated studies of the synthesis 
of simple model compounds corresponding to portions of these biopolymers. There 
are, in general, three possible types of sugar-protein linkage: (a) the “N-acylglyco- 
sylamine” linkage (the amide bond) is well established in glycoproteins, and it has 
been extensively studied’ in a number of model compounds; (b) the “ 0-glycosidic” 
linkage has also been detected in glycoproteins’, and model compounds of this 
type, involving an ether linkage between a sugar and the hydroxyl group of serine3S4 
and threonine5, have been prepared; (c) there is no evidence so far for the natural 
occurrence of the third possible type, the “glycosyl ester” linkage6, involving the 
C-l hydroxyl group of the sugar moiety and the carboxyl group of the amino acid, 
and no model compounds have been described in detail. Although acetylated glucosyl 
esters of N-acetylglycine and DL-alanine, prepared by the silver salt and dicyclo- 
hexylcarbodiimide @CC) method, have been reported’, no experimental data have 
been published. 

We now report on the synthesis of some 1-O-(2-acetamidoacyl)-2,3,4,6-tetra- 
0-acetyl-/I-D-glucopyranoses. 

RESULTS AND DISCUSSION 

Glucosyl esters of IV-acetylamino acids (l-5) were synthesized in two ways, 
by using (a) the silver salt method, and (b) the DCC method. Method (a) was carried 
out by treating tetra-0-acetyl-a-D-glucopyranosyl bromide with the appropriate silver 

Carbohyd. Res., 11 (1969) 407411 
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salt of an N-acetylated amino acid in refluxing dry benzene; when the reaction was 
conducted at room temperature, distinctly lower yields of glucosyl esters were 
obtained. The reaction failed when tetra-0-acetyl-a-D-glucopyranosyl chloride was 
used as the sugar component. In method (b), the condensation of 2,3,4,6-tetra-O- 
acetyl-D-glucopyranose and the corresponding N-acetylamino acid was performed 
in the presence of DCC with tiethylamine as the catalyst; with pyridine or without 
any catalyst, no reaction took place. 

Y* 

b 

CH,OAc CyOAc 

0 0 OCOCHR 0 OH 

OAC + AgOOCCHR - 

0’ 

OAc - Ok 

0 

f HOoccm 

I 
NHAc I 

AcO Br NHAC AC0 AcO NHk 

OAC OAC 0A.c 

l-5 
‘I R=H 
2R=Me 
3 R=Et 
4 R = MeSCH2CHt 
5 R = PhCHz 

With the exception of 3, the products (l-5) were obtained in crystalline form 
(Table I), each of which showed a low, positive rotation in chloroform. The yields 
obtained by method (6) were slightly superior to those from (a). The i-r. spectra 
revealed absorptions characteristic of amide (3400, 1660 and 1540 cm- I, NH, 
amide I and II) and ester carbonyl (1770 and 1740 cm- ‘, 0-acetyl and C-l ester 
linkage) functions. The n.m.r. spectra of the crystalline products in Table I contained 
a doublet (7 Hz) centered at T 4.1 S-4.22 characteristic of the rrans-diaxial arrangement 
of H-l and H-2, thus indicating the /I-D configuration of the compounds. 

The mother liquors obtained after crystallization of the B-D anomers contained 
small proportions of oily products which showed chromatographic mobilities 
identical to those of the corresponding crystalline esters in all of the solvents tried. 
The elemental analyses and i.r. spectra were consistent with the structure of the 
relevant glucosyl ester, but the optical rotations were distinctly more dextrorotatory 
than those of the P-D anomers. N.m.r. data revealed the anomeric composition of 
these oils, since, in addition to the doublet (7 Hz) at 7 4.2 attributed to H-l of the 
/?-D anomer, there appeared, after deuterium exchange of the broad amino N-H signal, 
a well-defined doublet (3 Hz) at T 3.60-3.80, as would be expected for an Q-D anomer. 
From the n.m.r. spectra, it could be estimated that the total yields of the a-D anomers 
formed by methods (a) and (b) were 5-S% and S-12%, respectively. 

The finding that method (a) gave amino acid glucosyl esters predominantly 
having the B-D configuration accords with the generally accepted mechanism for 
the silver salt method’. On the other hand, from the few available data dealing with 
the DCC syntheses of glucosyl ’ and glucosyluronic acid esterslo, the formation of 
anomeric mixtures, as well as of pure 8-D anomers, could be expected; the formation 
of the latter was presumed to be a consequence of the steric hindrance associated 
with a bulky aglycone group. In the present investigation, one has also to take into 
account that the reaction was performed with tetra-0-acetyl-o-glucose in which the 
B-D anomer was preponderant. 

Carbohyd. Res., 11 (1969) 407-411 
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The acetylated amino acid glucosyl esters (1, 2, 4, and 5) were stable in the 
crystalline state as well as in neutral and slightly acidic solutions. However, as 
expected”, in alkaline media, even under very mild conditions, the cleavage of the 
C-l ester bond took pIace. T.1.c. examination of various alkahne sohttions of the 
glucosy1 ester 2 reveal e d a sequence of reactions involving initial, rapid hydrolysis 
of the C-l ester bond (liberating Wacetylalanine), followed by slower and successive 
cleavage of the remaining glucose 0-acetyl groups. The acetylated glucosyl esters of 
N-acetylamino acids cannot, therefore, be converted by alkaline hydrolysis into the 
free glucosyl esters. 

EXP-AL 

General. - Melting points are uncorrected. Solvent evaporation was performed 
in a rotary evaporator in vacua at (40”. Column chromatography was conducted on 
silica gel (0.2-0.5 mm, E. Merck). Thin-layer chromatography (t.1.c.) was performed 
on silica gel G (B. Merck). The following solvent systems were used: ether-acetone- 
light petroleum (5:l:l) (A); benzene-methanol (5:l) (B); isopropyl alcohol-light 
petroleum-water (5:2.7:1) (C); butyl alcohol-acetic acid-water (65:25:15) (0). 
Detection was effected by spraying with a 10% (v/v) solution of sulphuric acid in 
water and subsequent heating, with ninhydrin, or with Bromocresol green (0.1% in 
ethanol + 1 drop of morpholine). 1.r. spectra were determined on a Perkin-Elmer 
Model 137 spectrometer; n.m.r. spectra were obtained with a Varian A-60A spectro- 
meter, using tetramethylsilane as the internal standard. Tetra-0-acetyl+D-gluco- 
pyranosyl chloride was obtained by the TiCl, method12. Silver salts of N-acetyl- 
amino acids were obtained by the general procedure ’ 3 for substituted silver benzoates, 
using 5 rnmoles of the appropriate N-acetylamino acid. After one recrystallization 
(ethanol-water, l:l), the silver salts were analfiically pure. 

Preparation of 1-0-(2-acetamidoacyl)-2,3,4,6-tetra-O-acetyl-~-gtucopyr~~oses. - 
(a) SiZver salt method. In a three-necked flask equipped with a stirrer, reflux condenser 
(CaCl,), and a dropping funnel, 2 mmoIes of the appropriate silver salt of the 
N-acetylamino acid were added in 25 ml of dry benzene. The suspension was refluxed, 
and a solution of an equimolar amount of tetra-0-acetyi+D-glucopyranosyl bromide 
in 10 ml of dry benzene was added with stirring. The reaction, which was monitored 
by t.1.c. (in solvent A, the glucosyl ester appeared as the slowest moving spot, RF -0.3), 
was complete after ca. 2 h. The reaction mixture was titered, and evaporated in vacua, 
and the residual oil was eluted from a column (30 g) of silica gel by using solvent A. 
After displacement of the unchanged bromide, followed by tetra-0-acetyl-D-glucose, 
the glucosyl ester emerged. The first fractions of glucosyl ester, still contaminated 
with some tetra-0-acetyl-D-glucose, were purified by fractionation on a second 
column. The fractions containing chromatographically homogeneous glucosyl esters 
were combined and evaporated, and the oily residue was crystallized from dry ether- 
acetone (5:l) by the addition of light petroleum. 

(b) Carbodiimide (DCC) method. -A solution of ALacetylamino acid (2 m1~01es) 

Cddzyd. Res.. 11 (1969) 407-411 
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in 5 ml of N,N-dimethylformamide was added gradually to a solution of tetra-0- 
acetyl-D-glucose (2 mmoles, [a] D + 10” (c 1, chloroform)), DCC (2 mmoles), and 
0.1 ml of dry triethylamine in 5 ml of dichIoromethane, and kept for 12-24 h at 
room temperature. The N,N’-dicyclohexylurea (75-90%) was filtered off, and the 
solvent was evaporated. The oily residue was dried over sulphuric acid and then 
submitted to chromatography on silica gel, as described under (a). 

Hydrolysis of I-O-(2-acetamidoacyl)-2,3,4,6-tetra-O-acetyl-~-D-giucopyra?zose (2) 
- (a) A solution of 230 mg (0.5 mmole) of ester 2 in 10 ml of hydrochloric acid (1: 1) 
was refluxed for 1 h, and then evaporated irt tiacuo. The residue, dissolved in 10 ml 
of hot water, was treated with charcoal and filtered. The solution was passed through 
a column of Dowex-50 x8 @I+), and the amino acid was eluted with 2~ ammonium 
hydroxide; on evaporation, 70% OF chromatogr2phically homogeneous alanine was 
recovered. 

(J!J) Batches of 0.01 mmole of glucosyl ester 2 were treated with 0.5, 1.0, and 
2.0 equivalents of either 0.01~ sodium methoxide in dry methanol or 0.1~ sodium 
hydroxide in acetone at 25”. The reaction progress was followed by t.1.c. in solvents 
(A) and (0). With 2.0, 1.0, and 0.5 equivalents of the reagent, the splitting of the 
C-l ester bond was practically complete after 5,20, and 60 min, respectively, regardless 
of the base used. 
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2-DEOXY SUGARS 

PART XVII. PYRIMIDINE NUCLEOSIDES DERIVED FROM 2-DEOXY-B-D-&x0-HEXOPYRANOSE* 

W. WERNER ZORBACH, SILVANO L. DE BERNARDO, AND K. VENKAIRAMANA BHAT 

Department of Bio-Organic Chemistry, Gal/ South Research Insritate, New Iberia, Luuisiana 70560 
(CL S. A.) 

(Received May 20th, 1969) 

ABSTRACT 

A new, crystalline O-acylglycosyl halide of 2-deoxy-D-lyxo-hexose has been 
prepared by the following sequence of reactions: methyl 2-deoxy-a-D-lyxo-hexo- 
pyranoside+methyl 2-deoxy-6-O-trityl-a-D-Zyxo-hexopyranoside+methyl 3,4-O-car- 
bonyl-2-deoxy-6-O-trityl-a-D-lyxo-hexoside-,methyl 3,4-0-carbonyl-2-deoxy-a-D- 
Zyxo-hexopyranoside+methyl 3,4-O-carbonyl-2-deoxy-6-O-p-nitrobenzoyl-a-D-lyxo- 
hexoside-,3,4-O-carbonyl-Zdeoxy-6-O-p-nitrobenzoyI-a-~-Zyxo-hexosyl bromide. 
The new halide was treated with 2,4_dimethoxypyrimidine by the Hilbert-Johnson 
procedure to afford 1-(3,~O-carbonyl-2-deoxy-6-O-p-nitrobenzoyl-~-~-lyxo-hexosyl)- 
4-methoxy-2(H)-pyrimidinone, which underwent ammonolysis to yield I-(2-deoxy- 
/3-D-f’yxo-hexopyranosyl)cytosine. Demethylation of the pyrimidinone, followed by 
deacylation, gave the corresponding uracil nucleoside. I-(2-Deoxy-fi-D-lyxo-hexo- 
pyranosyl)thymine, the C-4’ epimer of l-(2-deoxy-/3-r+arubino-hexopyranosyl)thymine 
(a powerful and specific inhibitor of a pyrimidine phosphorylase obtained from 
Ehrlich ascites tumor cells) was prepared in a manner similar to that for the uracil 
nucleoside. 

INTRODUCTION 

I-(2-Deoxy-P-D-arabio-hexopyranosyl)thymine r’2-deoxy-D-glucosylthymine”]’ 

is a powerful and specific inhibitor of a non-specific pyrimidine nucleoside phos- 

phorylase obtained from Ehrlich ascites cells’. It also enhances incorporation of 
2’-deoxy-5-iodouridine into the 2’-deoxy-D-ribonucleic acid (DNA) of cat tissues 
in vivo, by inhibition of a “uridine-deoxyuridine” phosphorylase present thereinj. 
In terms of the carbohydrate component of the synthetic nucleoside, the structural 
requirements for inhibition of the enzyme(s) appear to be highly specific. Although 
“2-deoxy-D-glucosylthymine” is a powerful inhibitor, the corresponding j?-D-ghItio- 

pyranosyl nucleoside is without effect’=. Also ineffective as an inhibitor is I-(2-deoxy- 
#?-D-ribo-hexopyranosyl)thymine [“2-deoxy-D-allosylthymine”]2b.“, the structure of 
which differs from that of “2-deoxy-D-glucosylthymine” only with respect to a reversal 

l Tbisworkwaslargelysupported bytheLouisianaStateScience Foundation, GrantNo. GSRI-NS257_ 
Exploratory work, on the conversion of2 into 7, was performed at Georgetown University, Wash- 
ington, D. C., under support of U. S. Public Health Service Grant No. CA5180 from the National 
Cancer Institute. 
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of configuration at C-3 of the carbohydrate component. On the basis of the latter 
situation, it is logical to predict that l-(2-deoxy-/?-n-xyZo-hexopyranosyl)thymine 
(having, therefore, the same configuration at C-3 of the sugar residue) would likewise 
be ineffective; consequently, this nucleoside has been eliminated as a candidate for 
phosphorylase inhibition studies. However, the effect brought about by a reversal of 
configuration at C-4 of the carbohydrate fragment of “2-deoxy-D-glucosylthymine” 
has not yet been determined, and it is for this reason that we undertook the prepa- 
ration of a thymine nucleoside that contains a 2-deoxy-j-o-Zyxo-hexopyranose 
(C-4 epimer of 2-deoxy-P-D-arabino-hexopyranose) residue. In addition to describing 
the thymine nucleoside, we now report the preparation of two additional 2-deoxy-j3- 
D-lyxo-hexopyranosyl (“2-deoxy-P-D-galactopyranosyl”) pyrimidine nucleosides; 
each of the three was synthesized via a uniquely constituted, crystalline 0-acyl-2- 
deoxyglycosyl halide, the preparation of which has been accomplished in six steps, 
starting with the commercially available “2-deoxy-D-galactose”. 

DISCXESION AND RESULTS 

We have shown5 that p-nitrobenzoic esters of Zdeoxy sugars yield stable, 
crystalline 0-acyl-2-deoxyglycosyl halides: these may be prepared by the simple 
expedient of stirring the p-nitrobenzoic ester in dichloromethane presaturated with 
anhydrous hydrogen halide. The p-nitrobenzoyloxy group at C-l is rapidly replaced 
by halogen, and, because of its very low solubility in dichloromethane, the liberated 
p-nitrobenzoic acid separates in almost quantitative yield. Filtration of the suspension 
and evaporation of the filtrate affords the desired halide as a solid residue which 
may readily be obtained in crystalline form. 

By this method, we were successful in preparing crystalline halides of acylated 
digitoxose (2,6-dideoxy-D-ri60-hexose)5, 2-deoxy-D-arabino-hexose6, and 2-deoxy-D- 
ribo-hexose7, each of which was employed successfully in a modified Koenig+Knorr 
synthesis of cardiac glycosides6-8 containing the respective sugar residues. The 
utility of the three halides was further demonstrated in the synthesis of some 2-deoxy- 
aldohexopyranosyl nucleosides ’ ; for the pyrimidine nucleosides thus obtained, the 
Hilbert-Johnson procedurei was the method of choice, because basic conditions, 
which tend to eliminate the elements of hydrogen halide from the p-nitrobenzoylated 
glycosyl halide, are avoidedl. Also, the three halides are of sufficient reactivity to 
condense readily at room temperature with either 2&diethoxy- or 2,44imethoxy- 
pyrimidines, and, in each case studied, the reaction was highly stereoselective, 
affording the &D anomers. Although it-is unlikely that at least small proportions of 
the other anomers were not formed, these were not observed under the conditions 
by which the reaction products were processed. In one instance, involving the con- 
densation of 2-deoxy-3,4,6-tri-O-p-nitrobenzoyl-a-D-arabirzo-hexosyl bromide with 
2,44iethoxypyrimidine’ l, removal of unreacted pyrimidine by extraction left a 
crystalline residue that was almost pure 8-r, nucleoside (protected), not requiring 
further puri%ation. 

Because of the aforementioned success in the preparation of such pyrimidine 
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nucleosides, it appeared desirabIe to perform, in an analogous manner, the synthesis 
of some pyrimidine nucleosides containing “Zdeoxy-D-galactose” residues_ 2-Deoxy- 
o-&xc-hexose (“2-deoxy-D-galactose”, 1) was readily converted into an anomericaIly 
pure tetrakis-p-nitrobenzoic ester, which underwent reaction with hydrogen bromide 
in dichloromethane to afford crystalline Z-cieoxy-3,4,6-tri-U-p-nitrobenzoyl-a-D-lyxo- 
hexosyl bromide that reacted readiIy with methanol in the presence of silver carbonate 
to give, by inversion, methyl 2-deoxy-3,4,6-tri-O-p-nitrobenzoyl-j3-r+xo-hexoside ‘. 
In sharp contrast, the new haIide faiIed to condense with 2,4diethoxypyrimidine, 
even on heating the mixture at 75”, and in no experiment could even trace amounls 
of materid identifiabIe as protected nucleoside be recovered from the reaction mixture. 
We have explained this faihne’ on the grounds that the approach of the dialkoxy- 
pyrimidine to C-l of the halide is hindered by the axiaIly oriented p-nitrobenzoyloxy 
group on C-4, and that the same group in the corresponding halides prepared from 
digitoxose, “Zdeoxy-D-glucose”, and “Zdeoxy-D-allose” is an equatorial substituent; 
consequently, with the latter, C-l is unhindered, and the condensations proceed in 
the normal way. 

Because of the failure with 2-deoxy-3,4,6-tri-O-p-nitrobenzoyI-a-D-Iyxo-hexosyl 
bromide in the Hilbert-Johnson synthesis lo, we strove to prepare an acylated glycosyl 
halide of 2-deoxy-D-lyxo-hexopyranose in which the substituent at C-4 would have 

jhH,oH_ $E&_ ;:&*M. _ 

1 2 3 

il 
fr=Ph-,C : pNBr=p-OzNCsH_,C- 

the smallest possible bulk, thus overcoming the steric resistance dispIayed by the 
p-nitrobenzoylated bromide. 2-Deoxy-D-Zyxo-hexose (1) was converted into the known 
methyl 2-deoxy-a-D-Zyxo-hexopyranoside” (2) in improved yield13, and unimolar 
tritylation of 2 afforded, in good yield, the 6-trityl ether (3), accompanied by a small 
proportion (about 5%) of another product, the composition of which agreed with 
that of a ditrityl ether of 2. The second trity1 group is, most probably, located on 
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O-3 (equatorial), tritylation on O-4 being precluded because of the axial orientation 
of the hydroxyl group at this position. Furthermore, it is unlikely that a second 
trityl group would enter at O-4, because of the proximity of the 4- and 6-positions, 
which would cause severe crowding. 

Treatment of 3 with carbonyl chloride gave the expected methyl 3,4-O-carbonyl- 
6-O-trityl-a-D-lyxo-hexoside (4) as a crystalline product. Quantitative detritylation 
of 4 in glacial acetic acid with one molar equivalent of hydrogen bromide ’ 4 was 
almost instantaneous, resulting in 5 as a syrupy product, which was, nevertheless, 
homogeneous on thin-layer chromatograms. Compound 5 reacted with p-nitro- 
benzoyl chloride in pyridine to yield the 6-p-nitrobenzoate (6). In the conversion of 6 
into 3,4-O-carbonyl-6-O-p-nitrobenzoyl-a-~-Zy_xo-hexosyl bromide (7), the concen- 
tration of hydrogen bromide is critical. With dichloromethane presaturated with 
hydrogen bromide5, only -60% conversion of 6 into 7 was observed (t.1.c.) after 
24 hours. When a I:1 solution of 30% hydrogen bromide-acetic acid and dichloro- 
methane was employed, for example, gross decomposition of the product occurred. 
However, when the conversion was performed in dichloromethane under conditions 
in which both the concentration and the time of reaction were carefully regulated, 
excellent yields of crystalline 7 were obtained. Provided that the new halide was 
recrystallized, it proved to be extremely stable, and could be stored under anhydrous 
conditions for relatively long periods of time. 

From past experience in this Laboratory, it has been shown that, when the 
Hilbert-Johnson synthesis lo is conducted on a large scale, the yield of protected 
nucleoside becomes very low. It is, therefore, more efficient to scale down the synthesis 
and to repeat the reaction on the same basis as many times as is necessary to consume 
the total amount of halide to be employed. Accordingly, several small-scale reactions 
between 7 and 2&dimethoxypyrimidine (8) were performed, in which the two com- 
pounds reacted readily at room temperature (the reaction being judged.complete in 

8 .R=H 

/ 

Q.R=H 
9a.R = Me 

12.R= H ll.R= H 
lS?o.R=Me 

10 
lla,R= Me 
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30 min) to afford the acylated pyrimidinone* (9) in yields of 55-60%. Ammonolysis of 
9 was readily effected in methanol presaturated with ammonia, to yield I-(2-deoxy+ 
D-lyxo-hexopyranosyl)cytosine (10). DemethyIation of 9 afforded the acylated uracil 
nucleoside (fl), which, on deacyIation in methanol with methoxide ion, gave 1-(2- 
deoxy-J-D-fyxo-hexopyranosyQuracil(l2). Because 2,4-dimethoxy-5-methylpyrimidine 
@a) is a solid at room temperature, it was necessary to heat a mixture of 7 and 8a 
to effect intimate mixing; as with 8, the reaction was complete in aboui 30min, 
giving comparable yields of the pyrimidinone* (9a). Demethylation of 9a, followed 
by removal of the protecting groups of the acylated intermediate (lla), afforded 
I -(2-deoxy-j-D-Zyxo-hexopyranosyI)thymine (12a). 

The D-D configuration for the thyrnine nucleoside (12a) has been assigned on 
the basis of its n.m.r. spectrum, which showed, for the anomeric proton, a quadruplet 
{two doublets) centered at r 4.4 (Jo,= 9 and Ja,e 3.5 Hz). An analysis of the n.m.r. 
spectrum of the cytosine nucleoside (10) was somewhat complicated, owing to the 
fact that one of the doublets of the quartet (centered at z 4.38) for the anomeric 
proton was obscured by the peak for the C-5 proton of the pyrimidine ring (r 4.25). 
However, a carefu1 examination of the peaks and the integration curve indicated 
that the doubiet was obscured by one-haff of the doublet for the C-5 proton, giving 

J, 
,“it”h 

-9 and .I,,, -3.5 Hz, indicative of a /3-D-nucleoside. This fact, taken together 
the rotational data, compared with those for both the protected and unsub- 

stituted thymine nucleosides (9a and 12a), confirm the 8-D configuration for 10, 
from which, that of the uracil nucleoside (12) must follow. 

Tests with “uridine+leoxyuridine” phosphorylase disclosed that the thymine 
nucleoside (llza) was compieteIy inactive as an inhibitor**, and these results are in 

agreement with the structure-activity relationships for the enzyme, as set forth by 
Etzold et al. “. 

EXPERIMENTAL 

AU melting points were determined with a Kofler hot-stage, optical rotations 
were measured with a Rudolph Model 80 polarimeter, i.r. spectra were recorded 
with a Perkin-Elmer Model 457 spectrophotometer, and n.m.r. spectra were recorded 
on a Varian Model A-60 spectrometer, with methyl sulfoxide-d, as the solvent. 

T.1.c. was performed on 250+m, silica gel (Camag DF-5) plates, and the 
following solvents were employed: A, I:1 ethyl acetate<yclohexane; B, 1:4 ethyl 
acetate-cyclohexane; C, 1:4 cyclohexane-ethyl acetate; D, 1:l:S butyl alcohol- 
2,2+trimethylpentane_ethyl acetate, and E, upper layer of 3:5:6:10 2,2,4_trimethyl- 
pentane-water-ethyl alcohol-ethyl acetate. The spots were visibilized either with 
U.V. light, or by spraying with 80% aqueous suvuric acid and charring at 110” for 
5 min. 

*As discloskd by t.l.c., the crude reaction product was contaminated with about 5% of what was 
probably the anomer. 
+* The authors are indepted to Dr. P. Langen, institut fir Biochemie, Deutsche Akademie der 
Wissenschafien zu Berlin, for performing the inhibition tests. 

Curbohyd. Res.. 11 (1969) 413-423 



418 W. W. ZOFtBACH, S. L. DE BERNARDO, K. Y. BHAT 

Methyl 2-deoxy-60-trityba-D+xo-hexopyranoside (3). - To a solution of 10 g 
(56.5 mmoles) of methyl 2-deoxy-a~D-Zyxo-hexopyranosidel 3 (2) (m.p. 115.5-l 17’) 
in 220 ml of anhydrous pyridine was added 19.7 g (70.5 mmoles) of freshly prepared 
chlorotriphenylmethane. The mixture was stirred under exclusion of moisture until 
it became homogeneous, and it was then kept in the dark for 4 days, during which 
time the reaction was monitored periodically by t.1.c. (solvents A and B). The mixture 
was slowly poured, with vigorous stirring, into 1.9 1 of ice-water, and the amoahous 
precipitate that separated was filtered off, and washed thoroughly with water. The 
solid was dissolved in 1 liter of dichloromethane, and the solution was washed with 
two 3oci-ml portions of water and dried with sodium sulfate. The solvent was evapo- 
rated off at 35” under diminished pressure, and the residual pyridine was removed by 
co-evaporation with three 100~ml portions of toluene. The residue was dissolved 
in the minimal volume of dichloromethane, and pentane was added, in small portions, 
until a gel-like precipitate had formed; on standing, the gel became crystalline, and 
pentane was added until its total volume was 1.5 times that of the dicbloromethane 
solution. The resulting crystals were collected by filtration and dissolved in hot ethyl 
acetate, followed by the addition of a small volume of cyclohexane and sufficient 
pentane to double the volume of the solution, giving 14.9 g of pure 3, m-p. 11 l-l 12”. 
By carefully processing the mother liquors, there was obtained an additional 4.01 g 
of product, m.p. ! 09.5-l 11.5”, bringing the total yield to 80%. 

An analytical sample was prepared by chromatographing 1.25 g of 3 on a column 
(4 x 50 cm) of 250 g of Silica Gel (E. Merck AG, Darmstadt; 0.05-0.2 mm); elution 
was performed with I:8 cyclohexane-ethyl acetate, 6-ml fractions being collected 
from the time of appearance of triphenylmethanol. The chromatography was moni- 
tored continuously by t.1.c. with solvent @ (RF of 3, 0.44), and, from fractions 30-55, 
1.05 g of chromatographically homogeneous product was obtained; [ali +53’ 
(c 1.00, dichloromethane). 

Anal. CaIc. for CzBH,,O,: C, 74.26; H, 6.71. Found: C, 74.11; H, 6.81. 
MerhyZ 2-deoxy-3,6-di-O-trityl-cr-D-lyxo-hexopyranoside. - The liquors remain- 

ing from the preceding experiment were combined and evaporated to dryness, 
leaving a residue which was digested with 160 ml of boiling 1:15 tetrahydrofuran- 
ethyl alcohol. The solid was filtered off, to give 3 g (8%) of the ditrit-j’l derivative, 
m-p. 232-235”. An analytical sample was prepared by dissolving the material in the 
minimal volume of warm tetrahydrofuran, followed by the addition of ethyl alcohol, 
to afYord pure product, m.p. 235-237”, [a]k3 +46.1” (c 1.0, chloroform), v;:‘~ 
3590 cm- 1 (CHOH); t.1.c. with solvent II, RF 0.36. 

Anal. Cabs. for C45H4t05: C, 81.54; H, 6.38. Found: C, 81.78; H, 6.84. 
~~~~2~~3,~-O-CU~b~~~~-2-de~xy-6-O-trityl-cr-D-~~XO-~~X~~~~~ (4). - To a SOhtiOn 

of 18.9 g (45 mmoles) of 3 in 300 ml of dry pyridine in a 500-ml flask (fitted with a 
dropping funnel) and precooled to - 18” (ice-salt bath), was added dropwise, during 
1 h (vigorous magnetic stirring), 75 ml of a 19% (w/w) solution of carbonyl chloride 
in toluene. The mixture was stirred for 2 h at - 18”, and was then poured into a 
stirred suspension of 25 g of freshly prepared barium carbonate in 2 1 of ice-water, 
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stirring being maintained until the ice had melted. The liquid was decanted from 
the oily residue that collected on the bottom of the beaker, and was extracted with 
three 800-ml portions of dichloromethane. The residue in the beaker was extracted 
with three 200-ml portions of dichloromethane, and all extracts were combined, 
thoroughly washed with water, dried (sodium sulfate), and Ntered through a bed of 
Celite 545; the fltrate was evaporated under diminished pressure at 35”. Residual 
pyridine was removed by co-evaporation with three 50-ml portions of toluene, the 
resulting syrup was dissolved in ether-tetrahydrofuran, and the solution was treated 
with Darco G-60 decolorizing carbon. The suspension was filtered on a bed of 
Celite 545, the filtrate was evaporated to dryness under diminished pressure at 35”, 
and the syrup was dissolved in IO0 ml of ether. Crystallization was effected by the 
portionwise addition of small volumes of pentane during 3 days (with refrigeration), 
yielding 16.85 g (83.5%) of product (4), m.p. 132-134.5”, sufficiently pure for the 
following conversion. 

An analytical sample was prepared by chromatographing 600 mg of the 
product on a column (4 x 50 cm) of 220 g of Silica Gel (E. Merck AG, Darmstadt; 
0.05-0.2 mm). Elution was performed with solvent A, and the effluent was monitored 
continuously by t.1.c. (solvents A and C). Collection &-ml fractions) was begun 
with the first appearance cf product in the eluate, and the pure compound (4) was 
collected in fractions l-25. Evaporation of the solvent and recrystallization of the 
residue from ether-pentane gave 480 mg of 4, m-p.* 135-136”, [a]g -25.0” (c 1.05, 
dichloromethane). 

Anal. Calc. for C,,H,,O,: C, 72.63; H, 5.87. Found: C, 72&;-H, 5.94. 
Methyl 3,4-O-carbonyl-2-deoxy-cr-~-lyxo-ltejcop (5). - To a solution 

of 12.35 g (27.7 mmoles) of 4 (m.p. 132-134O) in 50 ml of glacial acetic acid precooled 
to 0”, was added, with vigorous stirring, 5.0 ml (28 mmoles) of a freshly prepared, 
35% (w/w) solution of hydrogen bromide in glacial acetic acid. The mixture was 
filtered after 10 set, and the crystalline bromotriphenylmethane was washed with 
10 ml of acetic acid. The filtrate was poured, with stirring, into a solution of 8 g of 
sodium hydrogen carbonate in 600 ml of water, and solid sodium hydrogen carbonate 
was added, in small portions with stirring, until the solution had pH 5. The mixture 
was filtered through a bed of Celite 545, the Celite was washed with 100 ml of water, 
and the filtrate was extracted with twelve 5OO-ml portions of 1:3 ethyl alcohol- 
chloroform. The extracts were combined and dried-(sodium sulfate), the solvent was 
evaporated off under diminished pressure at 35”, and the residue was co-evaporated 
with three lOO-ml portions of toluene and then with three lOO-ml portions of absolute 
ethyl alcohol. The syrupy product (5) weighed 5.08 g (90%), and was virtually 
homogeneous by t.1.c. (solvents C and 0). 

It was further purified by chromatographing 500 mg on a column (4 x 55 cm) 
of 200 g of silicic acid (Mallinckrodt), elution being conducted (collection of 5-ml 
fractions) with solvent D. From fractions 150-280, there was obtained 450 mg of 

*On ecc&on, the compound melts at 95-IOS’, crystallizes again at 105-l lo”, and remelts at 13%136”. 
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pure 5 (t.l.c., solvent D), which resisted all efforts to crystallize it; [ali f54.6’ 
(c 1.03, chloroform), v;!$~ 3630 (CH,OH) and 1815 cm-’ (C=O). 

MethyI 3,4-0-carbonyl-2-de~x~xyd-O-p-nirrobenzoyl~lyxo-hexoside (6). - To 
a solution of 5.1 g (25 mmoles) of 5 in 120 ml of dry pyridine, precooled to O”, was 
added 5.76 g (31.2 mmoles) of p-nitrobenzoyl chloride, and the mixture was stirred 
for 30 mm at 0” and then at room temperature to effect complete dissolution. After 
being kept in a refrigerator for 24 h, the mixture was slowly poured, with stirring, 
into 500 ml of 5% aqueous sodium hydrogen carbonate, and the resulting suspension 
was stirred for 15 min and then diluted with ice-water. After the ice had melted, the 
solid that formed was collected by filtration, washed well with water, and then dried 
in a vacuum desiccator (phosphorus pentaoxide). The crude product was dissolved 
in 120 ml of dichloromethane, the solution was treated with Darco G-60 decolorizing 
carbon, and the suspension was filtered through a bed of Celite 545, followed by 
washing with a small volume of dichloromethane. The f&rate was concentrated to 
about 120 ml and, on portionwise addition of about 200 ml of pentane, there was 
obtained 6.9 g (78.5%) of product (6), melting at 150-151.5” and homogeneous by 
t.l.c. (RF 0.50) with solvent C. An analytical sample was prepared by recrystallization 
from dichloromethane-pentane; m.p. 151.5-152.5”, [ali f26.5” (c 1.09, dichloro- 
methane). 

Anal. Calc. for CIgH15N09: C, 50.99; H, 4.28; N, 3.96. Found: C, 51.19; 
H, 4.24; N, 3.86. 

3,4-0-Carbonyl-2-deoxy-6-O-pnitroben~oyf-a-D-lyxo-hexosyz bromide (7)_ - To 
a solution of 2.0 g (5.7 mmoles) of 6 in 20 ml of dry dichloromethane was added 
2.5 ml of a freshly prepared, 36% (w/w) solution of hydrogen bromide in glacial 
acetic acid. Separation of crystalline product (7) was observed in -45 min and, 
after 1 h, examination of the reaction mixture by t.1.c. (solvent C) showed complete 
disappearance of the starting compound (6) (RF 0.51) and presence of the bromide 
(RF 0.40) as the sole carbohydrate component. Dry ether (30 ml) was added, followed 
by 30 ml of dry pentane after 15 min. After the mixture had been kept for an addi- 
tional 20 mm, the separated halide (7) was collected by filtration and washed with 
five IO-ml portions of dry ether; it had m.p. 120-122” and was of sufficient purity 
for the nuc!eoside syntheses that follow *. Recrystallization was effected by dissolving 
it in 75 ml of warm dichloromethane and adding 30 ml of dry ether. After 15 min, 
50 ml ofpentane was added, to afford 1.72 g (75.4%) of 7, m.p. 120-122”, [a]%3 + 64.5” 
(c 0.53, dichloromethane). (In small-scale preparations, with 75-150 mg of 6, the 
yield of 7 was 90-94%.) 

I-(3,4-0-CarbonyI-2-deoxy-6-O-p-nitroben~oyZ-~-~-l~o-hexosyZ)~-~ze~hoxy- 

2(IH)-pyrimidinone (9). - The bromide (7) (750 mg, 1.85 mmoles) was divided into 
threeequal portions, and each was added, with mixing, to 1 g of 2,4_dimethoxypirimid- 
ine’ 6 (S), in a small, stoppered test-tube. The bromide dissolved rapidly, and the pale- 
yellow solution solidified completely within 20-30 min. The mixtures were transferred 

*The product must, however, be scrupulously free from hydrogen bromide. 
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to a 125-ml Erlenmeyer flask by rinsing with ether, additional ether was added to 
bring the volume to 100 ml, and the mixture was stirred to effect complete dissolution 
of unreacted 8. The resulting, amorphous precipitate was collected by filtration, 
washed with ether, and recrystallized twice from a small volume of dichloromethane- 
ether-pcntane; yield of 9, 460 mg (55%), m-p. 222-225”, [a]k3 + 106.8” (c 1.01, 
dichloromethane); homogeneous by t.1.c. [RF 0.29 (solvent 0) and R, 0.68 (solvent E)]. 
An analytical sample, m-p., 223-225.5”, was obtained by an additional recrystalli- 
zation from dichloromethane-ether. 

Anal. Calc. for C19H1,N301,,: C, 51.01; H, 3.83; N, 9.39. Found: C, 50.89; 
H, 3.82; N, 9.23. 

I-(i-&?oxy-j?-D-lyxo-hexopyranosyl)cytosine (10). - A solution of 300 mg 
(670 pmoles) of 9 in 25 ml of anhydrous methanol presaturated with ammonia was 
heated in a pressure flask for 12 h at 85-90”. The solvent was removed under dimin- 
ished pressure at 30”, the residue was partitioned between 15 ml of water and 15 ml 
of chloroform, and the chloroform layer was discarded. The aqueous layer was 
extracted (to remove the p-nitrobenzamide) with two 15-ml portions of chloroform 
and three 15-ml portions of ether, and stirred with a small amount of decolorizing 
carbon, and the suspension was filtered through a bed of Celite 545, followed by 
washing with a small volume of 1:l ethyl alcohol-water. The filtrate was evaporated 
to dryness under diminished pressure, and the residue was dissolved in 1 ml of water, 
followed by addition of 4 ml of absolute ethyl alcohol; crystallization was completed 
by the portionwise addition of 20 ml of ether during 1 day; yield of 10,153 mg (89%), 
m-p. 246-250” (dec.), [aIf: +55.6” (c 0.55, water); homogeneous by t.1.c. (RF 0.04, 
solvent I?). Two additional recrystallizations from water (1.5 ml)-cthyl alcohol 
(5 ml)-ether (20 ml) gave analytically pure 10, m.p. 251-253”. 

Anal. Calc. for C,.H,,N,O,: C, 46.69; H, 5.88: N, 16.33. Found: C, 46.51; 
H, 5.91; N, 16.18. 

I-(3,4-O-CarbonyI-2-deoxy-6-O-p-nitroben~oy~-~-D-lyxo-hexosy~~~raci~ (11). - 
To a solution of 279 mg (624 pmoles) of 9 in 15 ml of dichloromethane was added 
5.2 ml of a 39% (w/w) solution of hydrogen chloride in absolute ethyl alcohol, the 
demethylation being complete in 2 h, as disclosed by t.1.c. with solvent D. The solution 
was concentrated to a small volume by evaporation in uacuo at <20”, diluted with 
dichloromethane, and reconcentrated by evaporation. This procedure was repeated 
several times and the solution was then evaporated to dryness, leaving a residue 
which was suspended in 10 ml of dichloromethane and dissolved by addition of 
methanol. The solution was treated with decolorizing carbon, the suspension was 
filtered through a bed of Celite 545, and the crude product (11) was precipitated from 
the filtrate by addition of ether. After being atered off, the solid was suspended in 
dicbloromethane (10 ml) and dissolved by addition of methanol (1 ml); portionwise 
addition of ether gave 152 mg (57%) of 11, m.p. 234-235.5” (dec.), [a]k3 +80.9” 
(c 0.503, 1:9 methanol-dichloromethane). 

Anal. Calc. for C,sHISN30,c: C, 49.89; H, 3.49; N, 9.70. Found: C, 49.79; 
H, 3.47; N, 9.69. 
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I-(Z-Deoxy-B_D-lyxo-hexopyranosyZ)uraciZ (12). - To a stirred suspension of 
142 mg (330 pmoles) of compound 11 in 15 ml of dry methanol was added 200 ~1 
of M methanolic sodium methoxide. After 2 h, the mixture was stirred for 10 min 
with 1 g of Dowex-SOW X8 (H+) ion-exchange resin, and filtered, and the resin was 
washed with methanol. The titrate was evaporated to dryness under diminished 
pressure at 30”, the residue was partitioned between 15 ml of water and 15 ml of 
ether, and the ether layer was discarded. The aqueous layer was washed with three 
15-ml portions of ether, and stirred with a small amount of decolorizing carbon, 
and the suspension was filtered through a bed of Celite 545. The filtrate was evapo- 
rated to dryness, and the residue was co-evaporated with absolute ethyl alcohol 
to afford 50 mg (59%) of crude, hygroscopic nucleoside (12), which was chromato- 
graphically homogeneous by t.1.c. (RF 0.16) with solvent E. The compound was 
dried by co-evaporating it three times with absolute ethyl alcohol; it was then dissolved 
in 2 ml of absolute alcohol, and ether was added to incipient turbidity, affording 
crystalline 12, m.p. 217.5-220”, [or]i3 + 15.1” (c 0.10, water); similar recrystalli- 
zation gave an analytically pure sample. 

Anal. Calc. for C10H14N,06: C, 46.51; H, 5.46; N, 10.85. Found: C, 46.73; 
H, 5.41; N, 11.09. 

I-(3,4-0-CarbonyZ-2-deoxy-6-O-p-nituobenzoyZ-~-D-lyxo-Zzexosy~~-~etZzoxy-5- 
methyl-Z(ZH)-~yrj~idinone (9a). - The bromide (7) (850 mg, 2.11 mmoles) was 
divided into three equal portions, and each was added, with mixing, to 850 mg of 
premelted 2,4-dimethoxy-5-methylpyrimidine I6 @a) in a small flask, which was then 
evacuated for 4 min at 60”. The vacuum was disconnected, each flask was stoppered 
and kept for 30 mm at 60”, and the resulting solid (from each of the experiments) 
was transferred to a 125-ml Erlenmeyer flask with the aid of ether. Sufficient ether 
was added to bring the total volume to 100 ml, the suspension was stirred until 
complete dissolution of unreacted 8a was effected, and the remaining solid was 
filtered off and washed with ether. Two recrystallizations from dichloromethane- 
ether-pentane gave 575 mg (59%) of chromatographically pure (t.l.c., solvent E) 
9a, m-p. 213-216”, @Ii3 + 101.4” (c 1.38, dichloromethane). An additional recrystalli- 
zation from dichloromethane+ther afforded an analytical sample, m.p. 215-218”. 

Anal. Calc. for C,,H, ,N,O,,: C, 52.06; H, 4.15; N, 9.11. Found: C, 52.00; 
H, 4.01; N, 8.91. 

1-f3,4-0-CarbonyZ-2-deoxy-6-O-p-nitrobenzoyZ-~-D-I~o-~exo~yZ)tZzy~zjne (lla). 
- To a solution of 500 mg (1.08 mmoles) of the pyrimidinone 9a in 12 ml of dry 
dichloromethane was added 5 ml of a 39% (w/w) solution of hydrogen chloride in 
ethyl alcohol, and the mixture was stirred for 6 h at room temperature. The product 
(250 mg) t’hat separated (fraction A)* was collected by filtration, and the filtrate was 
evaporated to dryness at 40” under diminished pressure. The resulting residue was 
dissolved in 10 ml of 1:9 methanol-dichloromethane, and sufficient ether was added 

*This fraction is sufkiently pure (m.p. 255-260”) for conversion into the unsubstituted nucleoside 
12a. 
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to precipitate virtually all of the product (140 mg) in the solution; this was combined 
with fraction A, and dissolved (with heating) in 75 ml of 1:4 methanol-dichloro- 
methane. The volume of the solution was diminished to about one-third by boiling, 
yielding 338 mg (70%) of lla, m.p. 260-265”, [a]? +86.2” (c 0.21, 1:4 methanol- 
dichloromethane). 

Anal. Calc. for C19H1,N301,,: C, 51.01; H, 3.83; N, 9.39. Found: C, 51.65; 
H, 3.67; N. 9.20. 

I-(2-Deoxy-fi-D-lyxo-hexopyranosyl)thymine (12a). - A suspension of 336 mg 
(750 Itmoles) of compound lla in 40 ml of 30 mM methanolic sodium methoxide 
was stirred for 4 h at room temperature. To the resulting solution was added 2 g of 
Dowex-SOW X8 @-I+) ion-exchange resin (100-200 mesh), the suspension was stirred 
for 10 min and filtered, and the filtrate was evaporated to dryness at 45” under 
diminished pressure. The residue was rinsed into a separatory funnel with 15 ml of 

water, and the solution was extracted with 4 x 15 ml of ether, treated with a little 
Darco G-60 decolorizing carbon, and the suspension filtered. The filtrate was evapo- 
rated to dryness at 50” under diminished pressure, leaving a crystalline residue which 
was dissolved in 1 ml of water; 10 ml of absolute ethyl alcohol and sufficient ether 
to produce turbidity were then added. The solution was kept overnight in a refriger- 
ator, and the crystals that formed were collected by filtration, to give 173 mg (82%) 
of pure 12a, m.p. 252-254”, [ali +38.7” (c 0.95, water). 

Anal. Calc. for C,,H,,N,OB: C, 48.53; H, 5.92; N, 10.29. Found: C, 48.34; 
H, 5.97; N, 10.12. 
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During the oxidation of some D-galactopyranose derivatives with methyl 
sulphoxide-acetic anhydride ’ l ‘, an attempt was made to prepare 1,3,4,6-tetra-0- 
acetyl-D-&xc-hexopyranosulose (1) from 1,3,4,6-tetra-O-ace@-a-D-galactopyranose 
(2j. The required product was not formed, instead a high yield of S-hydroxy-2- 

(hydroxymethyQpyran4one diacetate (kojic acid diacetate) (3) was given. The same 
product was formed by simiiat treatment of 1,3,4,6-tetra-U-acetyl-cr-~glucopyranose 
(4). The formation of kojic acid dibenzoate (5) from I-0-acetyl-3,4,6-tri-O-benzoyl- 
D-arabino-hexopyranosulose (6) was also investigated, in an attempt to clarify the 
mechanism of formation of kojic acid derivatives from monosaccharides. 

Although the true biochemical significance of kojic acid (7) has riot been f&y 
ehtcidated, its formation represents the simplest conversion of sugars into y-pyrones. 
These are of interest, since many complex pyrones e.g., flavones, flavanoh, and 
furochromones, are widely distributed in the plant kingdom. The chemical synthesis 
of kojic acid derivatives from sugars has been described a number of times3. Since 
the y-pyrone structure does not contain any asymmetric carbon atoms, its formation 
is independent of the configuration of the original sugar. This is demonstrated below, 
and had eariier been shown by chemical synthesis from D-glucose4 and D-gaIactose5. 

Treatment of the tetra-acetate 2 with methyl sulphoxide-acetic anhydride at 
room temperature gave kojic acid diacetate (3) in 84% yield. The infrared spectrum 
of the product exhibited three carbonyl bands, and that occurring at 1666 cm- ’ 
@yrone carbonyl group) is characteristic of a,/3,a’$’ unsaturated, six-membered, ring 
ketones6. Those at 1752 and 1772 cm- ’ are attributed to a normal saturated ester 
group and to a vinybc ester, respectively. It is known that viny& esters show a 
marked enhancement of the carbonyl frequency, regardless of whether the double 
bond is normal or part of an aromatic ring system’. Definite phenolic character has 
been attributed to the C-5 hydroxyl group in kojic acid 8. 

Deacetylation of compound 3 in methanolic ammonia at 0” gave kojic acid (7), 
further characterized as the known lo phenylosazone. 

Treatment of 1,3,4,6-tetra-O-acetyl-cr-D-glucopyranose (4) under the same 
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conditions described for the galactose compound 2 gave kojic acid diacetate (3) in 
81% yield. 

?qo&c lGOAC H-Q e*oqH.o~c 

OH 0 

1 2 R’=OAC, R”= H 3R=Ac 
6 

4 R’= H , R-=OAC SR=Bt 
7R=H 

Assuming that the ketone 1 is initially produced by oxidation of the C-2 
hydroxyl group in the acetate 2, the formation of kojic acid diacetate (3) may be 
explained as follows. @-Elimination of the acetate group on C-4 would lead to the 
enone 8, which can enolise to give the conjugated diene-diol monoacetate 9. Intra- 
molecular migration of an acetyl group from C-3 to C-2, to give the isomer 10, would 
then facilitate a second /?-elimination, @in, = rise to the product 3, stabilized by 
resonance. The migration of acyl groups in partially acylated sugars’ l-l3 and 
similar compounds l4 is well established_ The formation of diacetate 3 from the 
tetra-acetate 4 would proceed in the same way. 

It has also been noted’ ’ that certain gIycopyranosiduloses undergo facile 
eliminations to give stable enones. Attempted purification of the hexopyranosidulose 
11 (obtained by the oxidation of the corresponding glycoside with ruthenium tetroxide) 
on silica gel led to the enone 12, which is structurally very similar to the proposed 
enone intermediate 8, and was considered to be formed from the ketone 11 by an 
elimination reaction. 

H 0 082 0 

The above route agrees with an earlier suggestion16. It can also explain an 
alternative mechanism9 which assumed that a proton acceptor is the essential factor 
in the conversion of osone hydrates into kojic acid derivztives. The formation16”7 
of tetra-acetoxybenzene from inosone pentacetates could be explained in an analogous 
manner. 
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Previouslyls, it had been shown that treatment of l-O-acetyl-3,4,6-tri-U- 
benzoyl-D-arabino-hexopyranosulose (6) with pyridine failed to yield kojic acid 
dibenzoate (5) Treatment of 6 with methyl sulphoxide-acetic anhydride has now 
given the dibenzoate 5 in 64% yield. Its formation under these conditions, with the 
appearance of a benzoyl group at C-5 in the y-pyrone ring, adds support for the 
intramolecular migration step in the proposed mechanism. The same dibenzoate 5 
was formed when the ketone 6 was treated with acetic anhydride in pyridine. It is 
thought probable that acetate ions may be effective in promoting the eliminations 
described above. The formation of acetate ions has been proposed from the reaction 
of methyl sulphoxide with acetic anhydridels2. 

The reactions described provide an easy route to kojic acid derivatives from 
hexoses. Since free tautomeric equilibrium between the groups on C-2 and C-3 is 
possible in ketone 1, the results indicate that methyl- sulphoxide-acetic anhydride 
may be unsuitable for the preparation of hexopyranos-3-uloses from 1,2,4,6-tetra- 
0-acylhexopyranoses. 

ExpERIhENTAL 

Methyl sulphoxide was redistilled from calcium hydride under diminished 
pressure. T.1.c. was performed on silica gel (Kieselgel G); detection was by iodine 
vapour. 1-r. spectra were determined for KBr discs. 

Treatment of 1,3,4,6-tetra-O-acetyl-a-D-galactopyranose (2) with methyl sulphox- 

ide-acetic anhydride. - The tetra-acetate lg (6.96 g) in methyl sulphoxide (60 ml) 
was treated with acetic anhydride (40 ml) and kept for 48 h at 20”. Removal of excess 
reagents and by-products at 70-75”/0.5 mm gave an oil, which crystallized sponta- 
neously on cooling. Recrystallization from isopropyl ether-dichloromethane gave 
5-hydroxy-2-(hydroxymethyl)pyran-Pone diacetate (3, 3.8 g, 84%), m.p. 101-102”; 
lit.’ m.p. 103”; AEzt,‘,“” 255 pm, E,,, 11,000 (CA data in ref. 9) [Found: mol. wt. m/e (M+) 
226.048 1. C, ,-,H1 ,,06 talc.: 226.04781. The m.p. was not depressed on admixture with 
the diacetate described below, and the i.r. spectra of the compounds were identical. 

Treatment of 1,3,4,6-tetra-O-acetyl-a-D-glucopyranose with methyl suiphoxide- 

acetic anhydride. - Treatment of the tetra-acetatelg (6.96 g) in the same way as 
described above gave the diacetate 3 (3.66 g, Sl%), m-p. 100-102”. 

Acefylation of kojic acid (7). Kojic acid (2 g) suspended in dry pyridine (5 ml) 
was treated with acetic anhydride (6 ml) and kept for 2 days at room temperature. 
Diisopropyl ether (25 ml) was added to give a crystalline precipitate which was 
kept at 0” overnight. The product was collected by filtration, washed well with 
ice-cold ether, and recrystallized from diisopropyl ether-dichloromethane to give 
kojic acid diacetate (3, 2.3 g, 73%), m-p. 101-103”. 

Deacetylation of kojic acid diacetate (3). - The diacetate 3 (2 g, prepared 
from 2) was treated for 18 h at 0” with methanol (15 ml) previously saturated with 
anhydrous ammonia. The excess ammonia was removed by aeration, and the solution 
was concentrated. Recrystallization of the-residue from ethyl acetate-methanol gave 
kojic acid (7) as needles (61%), m.p. 150-152”; lit.“’ m.p. 152-153”. 

Carbohyd. Res., 11 (1969) 424-427 



NO-I-B 427 

Treatment of a portion of the product with phenylhydrazine in aqueous acetic 
acid gave the known phenylosazone, m.p. 169-170” (from aqueous ethanol); lit. 1 ’ 
m-p. 169.5-171”. 

Treafmenr of I-O-acetyl-3,4,6-triO-benzoyl-D-arabino-he~opyranos~~ose~” (6). 

- (a) With methyl sulphoxide-acetic anhydride. Compound 6 (1.5 g) in methyl 
sulphoxide (10 ml) was treated with acetic anhydride (7 ml) as described above. 
Recrystallization of the product from diisopropyl ether-dichloromethane gave kojic 
acid dibenzoate (5, 0.63 g, 64%), m.p. 134-136”; lit.4 m.p. 136”. 

(6) With acetic anhydride-pyridine. Compound 6 (1 g) in acetic anhydride (I 0 ml) 
and pyridine (10 ml) was kept for 14 h at 60”. Evaporation in zlacuo at 45” gave the 
dibenzoate (S, O.? g, 61%), m.p. 135-136”. 

ACKNOWLEDGhlENTS 

The author thanks Drs. J. G. Buchanan and N. A. Hughes for helpful discussion. 

REFERENCES 

1 J. D. ALBRIGHTAND L. GOLDMAN, J. Amer. Chem. Sot., 87 (1965)4214. 
2 J. D. ALBRIGHT AND L. GOLD&UN, J. Amer. Chem. Sot., 89 (1967) 2416. 

3 A. BEBLIK, A&VI. C’arbohyd. Chem., 11 (1956) 145, for complete review. 
4 K. MAURER, hr., 63 (1930) 25. 
5 K. MAURER AND A. MULLER, Ber.. 63 (1930) 2069. 
6 R.N. JONES, P. HU~IPHRIES, AND K. DOBRINER, J. Amer. Chem. SOC., 72 (1950) 956. 
7 E.J. HAR-IVELL, R.E. RICHARDS, AND H. W. THOMPSON, J. C/rem. SOC., (1948)1436. 

8 T. SODA, T. KNIIRA, AND O.YODA, J. Cllem. SOC. hpan, 61 (1940) 1227. 
9 M. STACEYAND L.M.TuRToN,J. Chem.Soc_,(1946) 661. 

10 W. M. CORB~, J. Chem. Sot., (1959) 3213. 
11 E. FISCHER, Ber., 53 (1920) 1621. 
12 J. M. SUGIHARA, Adaan. Carbohyd. Chem., 8 (1953) 1. 
13 E. J. BOURNE, A-J. HUGGARD,AND J.C.TATLOW, J. Chenz.Soc_,(1953)735. 
I4 S. J- ANGYAL, P. T- GILHAM, AND G. J. H. MELROSE, J. Chem. Sot., (1965) 5252. 
15 P. J.BEYNON, P. M. COLLINS, P.T. DOGANGES, AND W.G. OVEREND, J. Chem. Sot. (C),(1966) 

1131. 
16 H.S. ISBELL, J. Res. Nor. Bur. Srand., 32 (1944)45;cf.A. J. FA~IADI,C~~~.CO~~WI. (1967)441. 
17 T. POSTERNAK, HeIu. Chim. Acm, 24 (1941) 1045. 
18 K. MAURF.R AND W. PETSCH, Ber.. 66 (1933) 995. 
19 B. HELFERICH AND J. ZIRNER, Ber., 95 (1962) 2604. 
20 D. BARNARD AND F. CHALLENGER, J. Chem. Sot., (1949) 110. 

Carbohyri. Res., 11 (1969) 424.427 



428 Carbohydrare Research 
Elsevier Publishing Company, Amsterdam 

Printed in Belgium 

Note 

Eine einfache Darstellung von 2-Desoxy-L-glycero-L-guboctarskre- 
1,4 :8,5-dilacton 

I. DIJONG 

Organ&h-Chemisches lnstitur der West. Wilhelms-Uniuersitrit, 44 Miinster, Westf. (Deatschland) 

(Eingegangen den 3 1. M&z, 1969) 

Die Lactone lgngerkettiger ZDesoxyaldons$iuren sind bisher nur wenig unter- 
sucht worden. So konnten z. B. Wolfrom und Mitarbeiterl 2 3 4 5 QPenta-O- , , , , 
acetyI-D-gluconsgure-chlorid mit Diazomethan in das entsprechende Diazoketon 
iiberftien, aus dem durch Wolff-Umlagerung mit Silberoxid in w&iger Liisung 
2-Desoxy-3,4,6,7-tetra-O-acetyl-D-gluco-heptons~ure-1,5-lacton entstand. 

Die einfache Synthese des 2-Desoxydilactons 4 mit einer Kette von 8 C-Atomen 
gelingt, wenn man 6-Cyan-6-desoxy-a- oder /3-D-glucose2 (1) unter den iiblichen 
Bedingungen in w%riger Lijsung mit einem geringen uberschul3 an Natriumcyanid 
zur Reaktion bringt. Durch Acetylierung erhglt man aus 4 leicht das Tri-O-acetyl- 
Derivat 5. Das Dilacton 4 ist insofem von Interesse, als seine offenkettigen De&ate 
mit reaktiven Endgruppen und einer aktivierten Methylengruppe (an C-2) Ver- 
wendung finden kiinnen ftir die Synthese hydroxylhaltiger Carbocyclen mit bekannter 
Konfiguration an den Asymmetrie-Zentren. 

Bei der Darstellung der Titelverbindung 4 wird eine Zwischenstufe 2 durch- 
laufen, die sowohl eine Cyanhydrin-Gruppierung als such eine Nitril-Funktion im 
Molekiil enthglt. Es ist iiberraschend, da13 unter den Bedingungen der Cyanhydrin- 
Synthese such die Nitrilgruppe verseift wircl, obwohl die Hyclrolyse von Nitrilen im 
allgemeinen sch&fere Reaktionsbedingungen erfordert als die Verseifung von 
Cyanhydrinen. 

Aus der Mutterlauge von 4 konnte das als Zwischenprodukt vermutete Mono- 
lacton 3 nicht isoliert werden und such IR-spektroskopischliel3 sich3 nicht nachweisen. 
Falls das 7-Cyan-7-desoxy-D-g@cero-D-g&-heptons&re-1 &lacton (3) in nennens- 
werter Menge vorliegt, sollte im IR-Spektrum eine Bande bei 2250 cm- ’ auftreten, 
die bei allen f&her dargestellten und untersuchten Derivaten der anomeren Methyl- 
glykoside der 6-Cyan-6-desoxy-D-glucopyranose und -D-glucofuranose3 beobachtet 
wurde. Es ist also nicht erforderlich, besondere Hydrolysebedingungen bei der 
Synthese des gesuchten Dilactons 4 anzuwenden. Die Struktur von 4 ergibt sich 
aus folgenden spektroskopischen Daten und aus seinem chemischen Verhalten : 

im IR-Spektrum beobachtet man 2 CO-Valenzschwingungsbanden bei 1760 und 
1780 cm- ‘. Durch Untersuchungen von Boume und Mitarbeitem4 an zahlreichen 
Aldons&re-l,C und -1,5-lactonen ist bekannt, da13 l&Lactone zwischen 1765 und 
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1790 cm- l und die 1,5-Isomer-en zwischen 1726 und 1760 cm-’ absorbieren. Die 
Verbindung 4 ist in wZl3riger LBsung stabil und zeigt keine iinderung des Drehwertes. 
Die stark negative Drehung von 4 ([a];’ -89”) und der positive Drehwert des 
Diamids 8 @]k4 +18”) sprechen nach Hudson5 ebenfalls Er die Struktur eines 
1,4:8,5-dilactons. Das NMR-Spektrum des Tri-O-acetyl-Derivates 5 bei 60 MHz 

OH 
1 

4 
Me*CO _ 

H+ 

- CN - 
I 

CH2 
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HOCH 
YO I 

HOCH 3 

I 
HCOH 

5 R=Ac 

I NY_MeOH 0 

t 
6 

P 

NHyMeOH 
c\ c, NH2 

I = 
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HOCH 
HFOH 
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in Deuteroaceton zeigt einen starken rr-Beitrag zur geminalen Kopplung der 
H-2-Methylenprotonen (.I2 ,*. 19 Hz), der charakteristisch ist fiir Fiinfring-Ketone 
(H-2,2’: r 6,75-7,93 ppm; J2,3 7,0 Hz, J2.,3 3,2 Hz). Die Glykolspaltung zwischen 
C-6 und C-7 mit Perjodat erfolgt momentan. Hierbei entsteht eine unbestandige 
Verbindung, die mit fuchsinschwefliger S&n-e reagiert. Fehlingsche Losung wird 
reduziert. Mit Schwefels&rre als Katalysator bildet sich in Aceton die Mono-O- 
isopropyliden-Verbindung 6. Hierdurch ist bewiesen, da13 die Hydroxylgruppen an 
C-6 und C-7 im Dilacton 4 cis-orientiert sind, d.h. 4 besitzt L-glyceru-L-gulo-Konfi- 
gyration. Die Ketalisierung zur Monoaceton-Verbindung 6 verlauft iiberraschend 
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langsam. Selbst nach 14 Stdn. lHt3t sich die Ausgangsverbindung 4 noch nachweisen. 
Sie ist durch Umkristallisieren von 6 nur schwer zu entfemen (vgl. den gefimdenen 
C-Gehalt von 6). 

Sowohl4 als such das Mono-U-isopropyliden-Derivat 6 bilden mit Ammoniak 
in Methanol schon unter milden Bedingungen (Raumtemperatur) sehr schnell die 
Diamide 7 und 8. Signifikante Unterschiede in der Stabilitat des Lacton- und des 
2-Desoxylacton-Ringes in 4 und 6 sind unter diesen aminolytischen Bedingungen 
also nicht zu beobachten. Dies ist insofem ungewiihnlich, als systematische Unter- 
suchungen an verschiedenen 2-Desoxyaldonsaure-1,4- und I,S-lactonen und ihren 
O-Methyl&hem gezeigt haben, daB sich 2-Desoxyaldonsaure-lactone allgemein van 
normalen Lactonen durch eine besondere Stabilitgt gegeniiber Ringiiffnungs- 
reaktionen (z. B. Hydrolyse) unterscheiden 6-8. Mit der Leichtigkeit, mit der sich 
beide Lactonringe des 2-Desoxy-L-glycero-L-gulo-octars~ure-l,4:8,5-~lactons (4) 
Bffnen lassen, ist eine wesentliche Voraussetzung fiir die Synthese von substituierten 
Carbocyclen erfiillt. 

JXPERIMENTELLER TJZIL 

Z-Desoxy-L-glycero-L-gulo-octars~ure-l,~on (4). - 6-Cyan-6-desoxy- 
a&D-glucose (13,6 g) wird in Wasser (120 ml) gel&t und mit Natriumcyanid 
(3,72 g, 1,l Aquiv.) versetzt. Nach 20 Stdn. bei Raumtemperatur wird die schwach 
gelb gefgrbte Lijsung mit Amberlite (IR-120; Hf) behandelt und das Eluat imvakuum 
eingedampft. Der teiIweise kristalline Riickatand wird mit wasserfreiem AthanoI 
verrieben, abgesaugt und gut mit Athanol gewaschen (6,26 g, 40%). Es wird aus 
iithanol unter Zusatz von wenig Wasser umkristallisiert (5,45 g); Schmp. 219” 
(Braunung ab 192’), [a];’ - 89,3” (c 1,415, Wasser). 

Ber. fiir C,H,,O,: C, 44,04; H, 4,62. Gef.: C, 44,30; H, 4,81. 
3,6,7-Tri-O-acetyI-Z-desoxy-L-gIycero-L-~lo-octa~s~ure-~,4:8,5-dilacton (5). - 

Das Octarssure-1,4:8,5-dilacton 4 (0,3 g) wird in wasserfreiem Pyridin (4 ml) geliist. 
Die gekiihlte Lijsung wird mit Essigsaureanhydrid (2 ml) versetzt und tiber Nacht 
bei Raumtemperatur aufbewahrt. Das Acetylierungsgemisch wird im Vakuum 
entfemt und der Riickstand aus AthanoI umkristallisiert (0,36 g, 76,3%); Schmp. 
183-185’ (Brlunung ab 174’), [c&~ -71,9’ (c 0,21, pyridin). 

Ber. fiir C,,H,,O,,: C, 48,84; H, 4,68. Gef.: C, 48,87; H, 4,65. 
2-Desoxy-6,7-0-isopropyliden-r_-, olycero-L-gulo-octars&re-1,4:8,SdiZacron (6). 

- Das Octars%ue-1,4:8,5-dilacton 4 (5 g) wird in- Aceton (400 ml) und konz. 
Schwefels%tre (8 ml) 14 Shin. bei Raumtemperatur geriihrt. Die rotbraune Liisung 
wird mit Calciumhydroxid (80 g) geschtittelt (ca. 1 Stde.). Das hellgelbe neutrale 
Filtrat wird eingedampft und der Riickstand in &hanol gel&t. Beim Abktihlen 
erfolgt bald Kristallisation, die durch vorsichtige Zugabe van Petrokither vennehrt 
werden kann. Es wird abgesaugt und gut mit Petrolather gewaschen (1,9 g, 32,1 Oh). 
Nach mehrfachem Umkristallisieren aus Ethanol-Petrolather: Schmp. 137”, [a]E6 
-89,7O (c 1,346, Pyridin). 

Ber. ftir C,,H,,O,: C, 51,16; H, 5,47. Gef.: C, 50,44; H,.5,62. 
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2-Desoxy-6,7-O-isopropyliden-L-glycero_L (7). - Das 
6,7-O-Isopropyliden-1,4:8,Edilacton 6 (1,3 g) wird in ammoniak-gesgttigtem 
Methanol (30 ml, wasserfrei) geliist und iiber Nacht bei Raumtemperatur auf bewahrt. 
Hierbei bilden sich wenige gut ausgebildete Kristalle. Die Kristallisation wird durch 
Anreiben und Kiihhmg beschleunigt. Nach 10 Stdn. wird abgesaugt (1,l g). Aus der 
Mutterlauge lgf3t sich durch Zugabe von &her weiteres 7 gewinnen. Gesamtausb. 
1,25 g (84,8%); Schmp. 129”, [a]L2 +40,4” (c 1,22, Pyridin). 

Ber. fti C,,H2,N20,: C, 44,02; H, 6,90; N, 9,57. Gef. C, 44,OS; H, 6,90; 
N, 9,26. 

2-Desoxy-L-glycero-L-gulo-octahiure-diamid (8). - Das Octarsgure-1,4:8,5- 
dilacton 4 (1 g) wird in ammoniak-gesgttigtem Methanol (10 ml, wasserfrei) gel&t. 
Nach ca. 1 Stde. beginnt die Abscheidung von 8. Nach Kiihlung iiber Nacht: Ausb. 
1,I 5 g (100%). Es wird aus AthanoI-Wasser umkristallisiert; Schmp. 159-161” 
(B&mung ab 15Y), [ajg” + l&5” (c 1,025, Wasser). 

Ber. fiir CBH16N20,: C, 38,09; H, 6,39; N, 11,ll. Gef.: C, 38,02; H, 6,70; 
N, 10,76. 
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The condensation of 2-amino-2-deoxy-D-mannose 
with 2,4-pentanedione. N.m.r. analysis of the reaction product’ 
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The enamine derivatives 1 and 2 are condensation products formed from 
2-amino-2-deoxy-D-maose and %amino-2-deoxy-D-glucose, respectively, in an 
alkaline solution of 2,4-pentanedione’-3. These compounds, in neutral or basic 
solutions (pH 9.5), undergo cyclization to produce substituted pyrrole derivatives, 
one of which is 3-acetyl-2-methyI-5-(D-u~~~~~~-tetrahydroxybu~l)py~ole2 (3). 

1 2 3 P& 

7 1:66 Sk.0 6.00 4.60 400 

~p_m. from Me,‘5 

R 

*This work was supported in part by X.7. S. Pubiic HeaIth Service Grant AM-10126. 

Carbohyd. Res., 11 (1969) 432-434 



NOTE 433 

Structures for 2 and 3 have been proposed and established by nm.r. spectrosc~py~. 
The structure of 1 has been, however, inferred from chemical composition and 
i.r. analysis. This report is to complement a previous study on these compounds3 
by presenting proof of the structure of 1 by n.m.r. analysis. 

N.n~.r. analysis. - The structure of the enamine derivative of 2-amino-2-deoxy- 
D-mannose (1) was determined by comparing its 220-MHz n.m.r. spectrum with 
that of 2. The doublet at S = 5.64 in the spectrum of 2 is assigned to H-l. The 
splitting of 3.5 Hz observed in this signal is also seen in the resonance at S = 3.96, 
which corresponds to H-2. The two large spin-couplings of 9 Hz in the H-2 absorption 
are due to the two equal spin-interactions of the two protons whose resonances occur 
at 6 = 4.55 and 11.66. The signal at 6 = 4.55, which is assigned to H-3, appears 
as a triplet (JzS3 = J3,4 = 9 Hz) because of the equal spin-interactions of H-3 with 
those of H-2 and H-4. The low-field resonance at 6 = 11.66 corresponds to the 
intramolecularly hydrogen-bonded amino proton, whose signal appears as a doublet 
because of coupling with H-2. Another triplet having a coupling constant of 9 Hz 

tJ3.4 = J4.5 = 9 Hz) is attributed to H-4. The eight-line pattern at 6 = 4.67 corre- 
sponds to H-5, which is spin-coupled to H-4 with a coupling of 9 Hz and also to 
the C-6 protons with couplings of 2.5 and 5.5 Hz. Signals of the C-6 protons occur 
at 6 = 4.47 and 4.35 as two pairs of doublets. From the n.m.r. spectral data of the 
ring protons in 2, it is clear that the bonds to H-2, H-3, and H-4 are all axial, whereas 
the one to H-l is equatorial. Therefore, the pyranoid ring of the enamine derivative 2 
of 2-amino-2-deoxy-D-glucose has the a-D-configuration and CI (D) conformation. 

In the spectrum of 1 the signal caused by H-l appears as a doublet (splitting 
- 1 Hz) at S = 5.60. The resonance patterns and the chemical shifts of the H-l 
resonances in the two compounds are very similar, indicating that both 1 and 2 
have H-l equatorial. The triplet of doublets representing the axially oriented H-Z, 
which was so evident in the spectrum of 2, does not appear to be present in the spectrum 
of 1. The NH doublet that was observed for 2 is also present with 1, although at 
somewhat lower field. This indicates that H-2 in 1, although adjacent to the amino 
hydrogen as in 2, is disposed equatorially rather than axially, and its n.m.r. signal, 
being more lowfield, must be located in the undecipherable region near 4.45 p_p.m. 
where the resonances caused by H-4 and H-6 also occur. The pair of doublets at 
6 = 4.90 is assigned to the axially oriented H-3. The large coupling of 9 Hz is caused 
by the spin interaction of H-3 with that of the axially situated H-4, and the smaller 
coupling of 3.5 Hz is attributed to spin-coupling between H-3 and the equatorially 
oriented H-2. The multiplet resonance pattern at 6 = 4.73 is once again assigned to 
H-5, as in the spectrum of 2. The broad signals at 5.09 and 5.06 p.p.m., in the n.m.r. 
traces of 1 and 2, respectively, are assigned to water present as an impurity in the 
pyridine-d,. The sharp signals near 5.02, 2.14, and 2.05 p.p.m. in the spectra of 1 
and 2 represent the olefinic, allylic methyl, and acetyl-group protons, respectively. 
The proximity of the chemical shifts of these protons in the two compounds conclu- 
sively shows that the protons in question have almost identical chemical environments. 
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Book review 

The Metabolic Roles of Citrate, Biochemical Society Symposium Number 27: edited 
by T. W. GOODWIN, Academic Press, London and New York, 1968, ix + 144 pp., 
4Os, S 4.80. 

Carbohydrate chemists will already be familiar with the central and important 
role of the Tricarboxylic Acid Cycle in the function of aerobic, cellular metabolism. 
The cycle, as first enunciated by Krebs and Johnson in 1937, was based on their 
demonstration that citric acid was formed from oxaloacetate and pyruvic acid; 
this condensation, now known to be mediated by acetyi-CoA, made a sequence of 
individual reaction-steps into a cycle, and provided the important link between the 
catabolism of carbohydrates to pyruvate and the terminal oxidation of this substrate 
to carbon dioxide and water. This experimentally verifiable explanation of the total 
combustion of carbohydrate, and the nature of the cyclic process associated with it, 
has had such a profound impact on subsequent developments in biochemistry that 
the Biochemical Society decided to arrange a Symposium specifically to pay tribute 
to Sir Hans Krebs. This volume is a permanent record of this tribute and consists 
of a collection of papers by distinguished biochemists, all of whom are actively 
engaged in the study of the many ramifications of the TCA cycle. 

After the opening remarks by the Chairman, Professor F. Dickens, an infor- 
mative and interesting bibliographical sketch is given by H. L. Kornberg. This is 
followed by: “Studies on Purified Citrate Enzymes”, by Paul A. Srere, in which the 
author describes work carried out in his own laboratories on the structure and 
mechanism of citritase synthase, citritase, and citrate cleavage enzyme, the three 
enzymes that catalyse the aldol cleavage of citrate, thereby providing an alternative 
role for citrate as an acetyl group generator. “Citrate and the Citrate Cycle in the 
Regulation of Energy Metabolism” by D. E. Atkinson outlines some of the principles 
of metabolic control and, in particular, the importance of adenylate/ATP levels in 
the regulation of the balance of the energy-yielding and energy-requiring processes 
of the TCA cycle. Further aspects of control are dealt with in “Control of Citrate 
Synthesis in Mitochondria”, by P. B. Garland, in which the interrelationship between 
fatty acid oxidation and the TCA cycie in isolated mitochondria is discussed with 
particular reference to the controls regulating the synthesis of citrate or acetoacetate 
via the common intermediary ace@-CoA. Another important role of this latter 
substrate is dealt with in “Citrate and the Conversion of Carbohydrate to Fat” by 
J. M. Lowenstein. In a lucidly presented paper, Lowenstein discusses the various 
control mechanisms that determine whether foodstuffs are combusted or converted 
into fat via acetyl-CoA. The role of citrate as a metabolic regulator is reviewed and 
discussed in “Citrate as a Metabolic Regulator in Muscle and Adipose Tissue” 
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by P. J. Randle, R. M. Denton, and P. J. England. The activity of phosphofructo- 
kinase and acetyl-CoA carboxylase are known to be influenced by citrate, and the 
authors describe their recent studies of the regulation of phosphofructokinase and 
glycolysis by citrate in the rat heart, using perfusion techniques to determine substrate 
level concentrations. The problem of relating extra- and intra-mitochondrial meta- 
bolism is examined in “Metabolic Control in Mitochondria by Adenine Nucleotide 
Translocation” by M. Klingenberg and E. Pfaff. These authors elaborate further on 
their scheme for the translocation of adenine nucleotides between the imler mito- 
chondrial membrane or matrix and the outer mitochondrial membrane, which is 
considered to be mediated by an adenylate translocase. The properties of this system 
provide the basis for the exchange and concentration of substrates between the 
intramitochondrial and cytoplasmic compartments. Finally, the transport of sub- 
strates across the mitochondrial membrane is further examined in “Penetration of 
the Mitochondrial Membrane by Tricarboxylic Acid Anions”, by J. B. Chappell 
and B. H. Robinson, in which the elegant techniques developed for following the 
penetration of mitochondria by substrate anions are presented, and a mechanism 
for the transfer of citrate from the cytoplasm to inside the mitochondrion is proposed. 

Each article, which serves as an exceilent, up-to-date review as well as lucidly 
illustrating recent metabolic methodology, will be welcomed by research workers in 
the field, fmal-year biochemistry students, and those involved with the teaching of 
intermediary metabolism. Molecular cybernetics would aptly describe the general 
theme of the Symposium, which can be unreservedly recommended to those with 
a general background in biochemistry and an interest in the factors that regulate 
and control chemical events in the living cell. The Biochemical Society and the 
organiser of the Symposium, Professor T. W. Goodwin, are to be congratulated on 
bringing together a worthy tribute to one of the world’s outstanding biochemists. 
The book, which also contains an author and subject index, is modestly priced at 40s. 

Bath University N. F. TAYLOR 
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P M R. SPECTRA AND CONFORMATION OF ACYCLIC CARBOHYDRATES 
ISOMERIC 3,4,5,6-TETRA-ACETOXY-tranr-l-NITRO-I-HEXENES 

J M WILLIAMS 

Department of Chemistry, Wtu~ersrty College, Swansea (Great Brltam) 

(Recewed Apnl29th, 1969) 

The vzcmal couphng constants derzved from the p m.r. spectra of the title 
compounds are consrstent wrth the planar, zzgzag conformatron of the carbon 
skeleton (C-2-C-6) for the D-arabmo Isomer but not for the D-x$0 and D-rzbo rsomers 
The latter possess an unfavourable, non-bonded Interaction between acetoxyl groups 
on alternate carbon atoms m the vgzag conformation Some of the p m r spectra 
provide examples of deceptively sample ABX type systems 

INTRODUCl’ION 

It has often been assumed ‘J that the most stable confoimatron of acychc 
carbohydrates 1s that m whzch the carbon skeleton adopts a planar, zrgzag confor- 
mation, but the evrdence czted m support of thus assumptron has been unsatzsfactory 
Sample alkanes and substrtuted ethanes have been crted’ as model compounds, but 
thus has ignored the non-bonded Interaction between substrtuents attached to ahernate 
carbon atoms of the same conGguratzon (1) Such non-bonded mteractrons (hereafter 
referred to as echpsed p-mteractzons) m a perfectly planar, vgzag conformation are 

2 
1 

entrrely analogous to 1,3-draxial mteractrons m the charr form of cyclohexane, and 
the energy of such mteractrons 1s avarlable from work on cyclohexane3 (and pyranose4) 
systems. The importance of such echpsed rnteractions m the conf’ormatrons of polymer 
chams and such model compounds as 2&drsubstrtuted pentanes, 2,4,6-tnsubstrtuted 
heptanes, and substrtuted propanes and butanes 1s well recogmsed’ 

In 1965, when thrs work was started, the conformatron of only one acychc 
carbohydrate denvatrve [2-(arabzzzo-tetrahydroxybutyl)qumoxahne] in solutron had 
been studred The vrcmal couphng constants denved from the p m r. spectrum of 
tms compound were conszstent w&h the planar, zigzag conformatron, w&h contams 
no unfavonrable eclipsed /I-mteraction between hydroxyl groups More recently, 
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not stabmse the planar, zigzag conformatron is indicated by analysrs of its p m r. 
SpCkUP. 

The foregomg results clearly demonstrate that the predominant conformation 
of acychc carbohydrates of type 2 IS not the planar zigzag when this conformation 
possesses substltuents attached to alternate carbon atoms having the same configu- 
ration Non-bonded mteractrons between such substltuents destabllrse the planar, 
zigzag conformation Ekher generahsatlons’ 2 concernmg the planar, zrgzag con- 
formation of acyclic carbohydrates are thus mvahdated for acetrc esters m solution 

APPENDIX 

The appearance of the H-3 multlplet m the spectra of the arabzno isomer 1s 
worthy of comment In an ABX system, there are SIX X transrtrons two of whxh 
(14 and 15) are often of low intensity In the spectrum of the acetone solutron at 
60 MHz, H-l, H-2, and H-3 form a deceptively simple ABX subsystem, m which 
couphng of H-3 (X) with H-l (A) and H-2 (B) gives a triplet which IS further spht by 
couphng with H-4 to gve a qumtet However, m the spectrum of the deuterochloro- 
form solution, couphng of H-3 urltt H-l and H-2 gives only two hnes (the observed 
trrplet being due to further coupling wrth H-4) Tlus IS due to the coalescence of 
hnes 10 and 12 and also lines 11 and 9 The condition for such hne comcrdence is: 

JAX •l- JBX = W+1J*x --Jnx~)++J&Jo 5 - W31JAx-Jnx~)2+J&lo 5 

The right-hand srde of this equation represents the separatron of hnes 10 and 11. 
Tlus separation increases urlth 6, and when 8-$~~- J,,IB JAB it becomes appro- 
mately 1~~ - &,I Thus, no coalescence of hnes IO and I2 can occur rf 1~~ + .7-ux I 
> IJ~-J~~I. Therefore, the condition for coalescence of lines 10 and 12 (also 9 
and 11) IS that .JAx and JBx have opposite signs The variation of the X hne positrons 

JAX+ J,-= Jnx- Jex J,+Jex 'JAX-Jw 

\ 

.__- 

Fig 4 Vacation of X-lme poslhons wth 6 for ABX systems 
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wrth 6 (m umts of JAB) is plotted m Fig 4 for ABX systems m which JAx and JBx 
have the same and opposrte agns. The value of 6 for whrch hne coalescence occurs 
is indrcated hy the dotted hne. The X srgnal IS a doublet when, m additron, hnes 14 
and 15 have neghgtble mtensrty. 
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THE FORMATION OF AN UNSATURATED HEPTONX ACID DURING 
THE WOLFF REARRANGEMENT OF I-DEOXY-I-DIAZO-D-g&o- 

HEPTULOSE PENTAACETATE 

DANIELCHARON 

Instztut de Wochimre, Facult& ah Sciences, Orsay (France) 

(Received February 28th, 1969,111 revsed form, May 22nd. 1969) 

ABSTRACT 

Apphcation of the Worn rearrangement to an acetylated a-dlxazoketone 

(3,4,5,6,7-penta-U-acetyI-l-deoxy-l-d~azo-~-gZuca-heptulose), usmg sdver oxrde as 
catalyst, gave an Q-unsaturated acid (trans4,5,6,7-tetra-0-acetyl-2,3-dideoxy-D- 
arabmo-hept-2-enonic acid) in good yield, instead of the expected, saturated /3-acetoxy 
acid. The structure of this new compound, estabhshed by spectroscopic data, was 
confirmed by degradation studies 

INTRODUCTION AND DISCUSSION 

A general method, based on the Wolff rearrangement’ of dlazoketones, for 
Iengthemng the carbon cham of carboxyhc acids has been desctlbed by Arndt and 
Elstert* In the carbohydrate field, this reaction apparently has been applied only 
m the syntheses of dl-O-acetyl_Pdeoxy-L-ihreo-pentmc acid dnnethyl ester3 and of 
a compound beheved4 to be the S-lactone of tetra-O-acetyl-2-deoxy-D-gluco-heptomc 
acid. 

In connection with other work, 2-deoxy-D&co-heptomc aced was reqmred, 
and repetition of the synthesis described by Wolfrom et aL4 gave, mthout mculty, 
the reported product. However, the structure of this compound has EOW been estab- 
lished as trans-4,5,6,7-tetra-O-acetyl-2,3-d~deoxy-D-arabmo-hept-2-enon~c acid (5) on 
the basis of the follomg evidence 

The I P rspectrum of compound 5 shows bands (1690 and 3200 cm- ‘) m&ca- 
tive of a free carboxyl group. Treatment with diazomethane affords a crystalline 
methyl ester 8, the 1 r. spectrum of whch shows no band due to hydroxyl groups 
Hydrogenation over Adams’ catalyst resulted m the uptake of 1 mol of hydrogen 
by compound 5 to gve a crystalhne ac:d 7, w1t.h concomitant loss of the I r band at 
1630 cm-’ assIgnable to a C=C bond. There was also a shift m the carbonyl 
band (1690+1710 cm’ ‘) consistent mth the loss of a&unsaturation. Deacetylation 
of compound 5 gave a product having a U.V. absorption (A,, 201 nm, e 12,800), 
charactenstic’ of an c&msaturated carboxyhc acid. l%s absorption disappeared 
upon hydrogenation. 

Deacetylation of compound 7 and treatment of the product (9) w& periodate 
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at room temperature resulted m the uptake of 3 mol of oxidant and the release of 
2 mol of fornuc acid and no carbon loxlde Further oxldatlon \mth bromme gave 
succimc acid. These data are consistent wth structure 9 
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The n m r. spectrum of compound 5 contams signals attributable to an acldlc 
proton and to tram olefinic protons (S 6 90 and 5 92, J 15 5 Hz) 

Treatment of compound 5 with zmc chloride and acetlc anhydnde gave an 
acetylated lactone 6, elemental analysis of which was consistent with the formula 
C,,H,,O, The n m r. spectrum of compound 6 m&cated the absence of an acid 
proton and the presence of cis (J6 Hz) ethylenrc protons, the chemical sMts (S 7 4 
and 6 2) of whch indicated* that the double bond was CL,~ to a carbonyl group 
The i r. spectrum of compound 6 contamed, m addltron to an acetate carbonyl band 
(1750 cm- ‘), a strong carbonyl band at 1785 cm- 1 assIgnable to an c&unsaturated 
y-lactone In the mass spectrum of compound 6, ions m/e 83 and 217 of high mtenslty 
were observed, ansmg by cleavage of the C-4-C-5 bond All of these data are con- 
slstent mth structure 6 

It IS generally consldered that, m the Wolff rearrangement, the key mtermedlate 
IS a ketene, denved from the mltial drazoketone via a carbeneg, this ketene, upon 
reaction mth water or alcohol, then YeIds the correspondmg deoxy acid or ester. 
However, the ketene 2, denved from the carbene 1, contains a good leavmg group 
situated at the B posItIon to the carbonyl function, the loss of an acetate ion from the 
mtermedlate carbamon 3 will therefore lead to the formation of the olefimc acid 5. 
The mechamsm proposedlO to explain the formation of cmnam~c and crotomc acid 
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derrvatives from the correspondmg lazoketones IS probably not a major pathway 
when sliver oxide IS used to lmtiate the rearrangement, smce free olefimc acids were 
not formed when the catalytic rearrangement was camed out m methanol, free 
acids a. well as esters can be expected to appear as a result of random attack of the 
nucleophlle on the suggested mtermedlate 

Since the nature of the product m the Wol.iT rearrangement 1s largely determmed 
by the relative rates of competitive reactions, It 1s possible that conltions may be 
found wluch will yield Zdeoxyaldomc acids. 

EXPERIMENTAL 

Unless otherwise stated, all solvents were removed zn uaczzo. I r. spectra were 
recorded with a Leltz spectrometer (KBr pellets) N m r spectra were obtamsd with 
a JEOL spectrometer at 60 MHz for ca 20% soluhons m deutenochloroform, wth 
tetramethylsllane as Internal reference. The mass spectra were measured v@h an 
Atlas (CH-4) spectrometer. Optlcal rotations were determmed at 2552” wth a 
Perkm-Elmer 141 polarlmeter. All named products gave single spots on t 1 c 
(Qeselgel G; ethyl acetate-benzene, 30 70, methanol-benzene, 2 98, detection with 
30% sulphunc acid at 120°) 

4,5,6,7-Tetra-O-acetyyl-2,3-dzdeoxy-D-arabmo_hzc aczd (5). - Freshly 
prepared salver oxide (8 g) was added to a suspension of penta-O-acetyl-l-deoxy-l- 
dmzo-D-gZzrco-heptulose l1 (45 g) m water (1600 ml), and the nuxture was heated to 
60’. More sdver oxide (8 g) was added, m small potions with shaking, durmg 15 mm 
After a further 30 mm at 60”, the cooled nuxture was filtered, and the filtrate was 
decatlomsed wth Amberhte IR-120 resin (H+) and kept for 2 days at 2” The product 
5 (26.5 g) was atered off, washed urlth cold water, and dried (PZO,) Acid 5 had 
m p 130” (raised to 132” after one recrystalhsation from toluene), [x]g4 +39” (c 2, 
chloroform), ht 4, m p 129-130”, [aID +40” (Found C, 50 11, H, 5 63; sapomficatlon 
value, 5 eqmvalents C15H20010 talc C, 50 00; H, 5.60, sapomfication value, 
5 equivalents). I r_ data vmnx KBr 1625 (C= C ConJugated), 1690 (C= 0 c&unsaturated 
carboxylrc acid), 1740 (acetyl C= 0), 3200 cm-l (carboxyl OH). N.m.r. data; 6 10.8 
(H-l); 6.9 (l-proton quartet, .J2 3 15 5, J3 4 5 Hz, H-3); 5.92 (l-proton quartet 
J2 3 15 5, J2 4 I 6 Hz, H-2), 5.7-5 (complex multlplets, H-4, H-5, H-6), 4 2 (2-proton 
multlplet, H-7, H-7’); 2 15, 2 10 (smglets, 12 protons, 4 CH,). 

5,6,7-Trz-O-aceiyI-2,3-dzdeoxy-D-arabmo-hept-2-~ono~acto~ze (6) - The acid 5 
(100 mg) was added to acetic anhydride (2 ml) contammg freshly fused zmc chlonde 
(50 mg). The Illlxture was kept for 68 h at room temperature and then washed with 
water (10 ml) The aqueous layer was extracted mth chloroform (3 x 5 ml), and the 
combmed extracts were dned (Na,SO,) and evaporated. Toluene was duaed several 
times from the residue which was then crystalhsed from the same solvent at 2” to Bve 
compound 6, m p. 135-140” (Found C, 51.55, H, 5 33, 0, 42 60. C,,H,,Os talc - 
C, 5194; H, 5 32, 0, 42 62%) I r data v,,, “I4 1750 (acetyl C=O) and 1785 cm-l 
(C = 0 a,/?-unsaturated-y-lactone) N m r data 6 7 42 (l-proton quartet, J1,* 6, 
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mamtamed at 7 with aqueous sodmm hydroxtde. After 3 h, bromine (3ml) and 
sufficient aqueous sodmm hydroxrde to brmg the pH to 7 were added The solutton 
was kept overmght, concentrated (to 50 ml), and then kept overmght at 2” Banum 
bromrde (3 3 g, dehydrate) was added to the filtered solunon, winch was then kept 
for 24 h at room temperature. Bat-rum succmate (2 g), shghtly contammated wrth 
rodate, was filtered off. A further quanttty of bar-mm succmate (1 g), free from iodate, 
was obtained by addrtton of further bar-mm brormde (3 3 g) to the filtrate which was 
kept overnight at room temperature, heated to borlmg pomt, and titered A portron 
of this salt (250 mg) was suspended m water (25 ml) and decatronised wrth Amberhte 
IR-120 (Hc) resm The tihered solutton was concentrated to dryness, and the restdue 
was crystalhsed from a few drops of water at 2” to grve suuxmc acid, m p and 
nuxed m p_ 185186”, the I r. spectrum was rdentrcal with that of an authentrc sample 
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THE CHEMICAL SYNTHESIS OF POLYSACCHARIDES 
PART I. DEVELOPIbEiNT OF THE METHOD AND SYNTHEZZS OF GENTIODEXTRINS 
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Department of Chemrstry, Umversrty CoiIege, GaIway (Ireland) 

(Recaved July 18th, 1968, m revlsed form, May 23rd, 1969) 

ABSTRACT 

Methods have been developed for the specific synthesis of ohgosacchandes 
by using partially acetylated denvatlves of D-glucose When 1,2,3,4-tetra-O-acetyl- 
fl-D-glucopyranose was fused with a catalytic amount of toluene-p-sulphomc acid, 
1,6-anhydro-fl-~glucopyranose, gentioblose, gentiotrlose, and gentiotetraose were 
the maJor sugars recovered followmg de-acetylation of the reactlon nwrture. With 
zmc chlonde as catalyst under more forcmg condmons, larger proportlons of gentlo- 
dextrms, some of wbch were of the polysacchande type, were formed. Two poly- 
saccharide preparations have been exammed and shown to be mainly composed of 
/3-(l-+6)-hnked D-glucopyranose residues 

INTRODUCTION 

The uneqmvocal chenucal synthesis of ohgo- and poly-saccharides owes Its 
slow development, most probably, to the difficulty m obtamng suitable mter- 
mediates’ J However, ohgosacchandes contammg only one type of lmkage have been 
syntheslsed from a single reactant rn a Koemgs-Knorr type reaction3, and stereo- 
specific syntheses of polysaccharrdes have recently been reportedGg5 A new method 
for the synthesis of polymers contammg only one type of hnkage, by the melt- 
polymerlsatlon of partially acetyiated glucose derivatives m the presence of suitable 
catalysts, has been reported6 We now report on the development of thus method 
and its apphcatlon to the preparation of two (1-6)~hnked D&cans and a homolo- 
gous senes of 8-D-(l-,+hnked ohgosacchandes from 1,2,3,4-tetra-U-acetyl-P-D- 
glucopyranose 

DISCUSSION 

Imtially, paper-chromatographic analysis showed that zmc chloride and 
toluene-p-sulphomc acid were both effective catalysts In the formation of ohgosac- 
chandes by the polymensation of 1,2,3,4-tetra-O-acetyl-fl-~glucopyranose. Expen- 
ments were then carried out to determme the relative action of the two catalysts on 

*Present address An Foras Taluntals, Sods D~vlslon, Johnstown Castle, Wexford (Ireland) 
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polymer incorporatmg (1 +6)-linked D-glucopyranose residues only, the calculated 
values are 2 00 and 1.00, respectively 

Methylation anaZyszs of polysaccharzde Pl. - Polysaccharrde PI (400 mg) was 
successtvely methylated by the Haworth method (twice) and by the Purdle method 
(8 trmes). The product (130 mg) had [a],, + 14 5” (c 3 04, chloroform) and was 
msoluble m water (Found. OMe, 41.9%). Followmg methanolysts of a porhon 
(91 mg) m bothng, methanohc HCl (4%, 10 ml) for 4 h, wrth subsequent hydrolyses 
of the glycosrdes m aqueous N HCl (10 ml) for 6 h on a boding-water bath, methyl 
ethers (77 mg) were recovered. A portron (20 mg) was fractronated on Whatman No 1 
paper, and resolved methyl ethers were quantrtattvely esttmated by the hyporodtte 
procedure”, gtvmg dt-, trt-, and tetra-0-methyIglucose m the ratto 1 0 7 7 1 3 
Fractronation of a second portron (35 mg) on a cellulose column gave 1,2,3,4-tetra- 
U-methylglucose (2 0 mg), RG 1 00, 2,3,4-tn-O-methyl-D-glucose (19 1 mg) which 
was charactensed as the “amhde”, m p 140-141” (ht 23 145O), and a dt-O-methyl- 
glucose (4 0 mg), R, 0 54 (ht 22 0 52 for the 3+dlmethyl ether) and &f, 0 28 
(ht.24 0 31) 

Preparatzon and examznatzon of polysaccharzcie P2. - fl-D-Glucose tetra-acetate 
(14 0 g) was heated with zmc chlonde (700 mg) zn vacua for 10 mm at 140-145” The 
recovered product was dralysed agamst tap water for 48 h, and polysacchartde P2 
(820 mg) was obtamed as described for PI It was non-mobile on development m 
solvents A and B for 48 h, and had [a]n -2 9’ (c 3 4, water) Hjpotodtte oxtdatlon 
gave a DP value of 8 25, whereas penodate oxtdatron resulted m consumption of 
2 02 moles of penodate and release of 0 98 mole of fonmc actd per glucose restdue 

P2 was methylated by the Haworth method (twrce) and the Purdle method 
(9 times), gtvmg a product (200 mg) havmg [a],, + 8 1 o (c 4 7, chloroform) (Found 
OMe, 42 7%) Hydrolyses of a portton (160 mg) m formic actd (98%, 20 ml) on a 
borhng-water bath for 9 h, followed by treatment m hot water, gave methyl ethers 
(148 mg) These were resolved on cellulose, glvmg 2,3,4,6-tetra-U-methyl-D-glucose 
(11 mg), [cc]n +80” (ht 23 + 82”), charactensed as the “amhde”, m p and mixed m p 
131-133” (ht 23 135-136“), 2,3,4-tn-O-methyl-D-glucose (91 mg), [a] ,,+62 7” (ht 23 

+60"), charactensed as the “amhde”, m p 142-144’; and a d&-methyl-D-glucose 
(3 mg), R, 0 54 and Mo 0 28 
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AUSTRACT 

When the tetra-0-acetyl denvatrves of D-glucopyranose havmg a free hydroxyl 
group at C-2, C-3, or C-4 were separately fused wrth a catalytrc amount of toluene-p- 
sulphomc acid, or zmc chloride, ohgosacchandes mcorporatmg (l-+2)-, (l-+3)-, 
or (l-+4)-hnkages, respectrvely, were formed By usmg toluene-p-sulphomc acid, a 
homologous senes of ohgosacchandes mcorporatmg fi-D-lmkages only was detected, 
whereas zmc chlorrde gave a product wrth an overall 2 I or 3.1 ratro of fi- to IT-D- 

hnkage configuratrons Sophorose, lammarrbrose, maltose, and cellobrose were 
charactensed as then crystalhne acetates, and kojrbiose, lammantrrose, and cello- 
tnose were rdent:fied by then chromatographrc mobrhtres and optrcal rotations 

INTRODUCTION 

The abrhty of toluene-p-sulphomc acrd and zinc chlonde to catalyse the for- 
matron of ohgosacchandes mcorporatmg jI-(1 -+6)-hnked D-glucopyranose resrdues 
from 1,2,3,4-tetra-O-acetyl-/I-D-glucopyranose was described 1x1 the previous paper’ 
Smce D-glucose tetra-acetates are readlly avarlable, addrtronal expenments were 
carried out wrth a vrew to opemng up a general route for the syntheses of ohgosaccha- 
rides contarmng only one type of h&age. Such products would be of vaIue for 
comparatrve purposes m the structural exammatron of polysacchandes We now 
report on the specrficrty of the method and rts apphcabrhty to the synthesis of ghtcans. 

DISCUSSION 

Prehmmary expenments indicated that dr- and ohgo-saccharides were readrly 
formed when 1,3,4,6-tetra-0-acetyl-lr-~glucopyranose~, or 1,2,4,6-3, or 1,2,3,6-tetra- 
0-acetyl-P-D-glucopyranose4 was heated with zmc chloride; toluene-p-sulphomc 
acrd, although not as effechve as zmc chloride, also catalysed the formatron of 
ohgosacchandes from the /3-n-tetra-acetates 

In large-scale expenments (3-4 g of material), a nurture of each acetate and 
catalyst was heated zn vacua for 10-20 mm at 120”. The deacetylated product mrxture 
was fractionated on charcoal-Cehte, and the results were as follows 1,3,4,6-Tetra-O- 
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(b) The tetra-acetate (3 0 g) was treated for 20 mm at 120”/~12 mmHg With 
0 25% of toluene-p-sulphomc acid Following de-acetylation, the sugars were eluted 
from a column (50 x200 mm) of charcoal-Cehte_ Fractions (500 ml) were collected 
and exammed 

Fractrons 2-4, eluted urlth water, contained salts 
Fractions 6-12, eluted with water, contained D-glucose (890 mg) No material 

was eluted with 5% aqueous alcohol. 
Fractions 22-26, eluted with 10% aqueous alcohol, contained a nuxture 

(35 mg, [a],, +50”) of lammanbiose and a second sugar (MG 0 25) which was neither 
mgerose nor 5-O-/3-D-glucopyranosyl-D-glucosel. 

Fractions 2740, eluted with 10% aqueous alcohol, gave larmnanblose (100 mg), 
[aID +21°; ht lo + 20.4’. It yielded a /&acetate having m p 160 5-161 5”, [aID - 29”) 
ht lo, mp 160-161”, [aID -28 6”. 

Fractions 50-56, eluted with 15% aqueous alcohol, gave laminaritrlose (30 mg), 
[aID + 3”, ht lo + 2 4” 

Fractions 57-66, eluted with 50% aqueous alcohol, gave a rmxture (189 mg) 
of triose and hgher olrgosacchandes (DP 4-7) whose mobMles were chromato- 
graphlcally ldentlcal v&h the mam components of the lammarm hydrolysate 

Polymermatzon of 1,2,&d-terra-O-acetyl-fi-D-ghfcopyrctnose - (a) The tetra- 
acetate (100 mg quantities), when heated for 30 mm at 100” or 120”/- 12 mmHg 
with 0 25% cf toluene-p-sulphomc aad, gave D-glucose, celloblose and/or maltose, 
and a senes of ohgosacchandes The more pronounced of these (DP 3-C) had chro- 
matographlc moblhties snmlar to those shown by cellodextrms obtamed by acetolysls 
of cellulose l1 

(b) The tetra-acetate (3 0 g) \vlth zmc chloride (150 mg) was heated for 15 mm 
at 120”/- 12 mmHg The product was deacetylated with methanollc sodmm methox- 
Ide and placed on a column (50 x 300 mm) of charcoal-Cehte Fractions (500 ml) 
were collected followmg stepwise elution with water and aqueous alcohol 

Fractions 3-5, eluted with water, contained salts 
Fractions 7-13, eluted urlth water, contained D-glucose (510 mg) characterised 

as the penta-acetate, m.p 130-131”. 
Fractions 22-37, eluted urlth 5% aqueous alcohol, contained a nuxture (83 mg, 

[aID + 16”) of maltose and substance YCprobably’ 5-O-8_D_glucopyranosyl-D-glucose) 
Fractions 38-44, eluted v&h 5% aqueous alcohol, gave maltose (68 mg) 

It yielded a p-acetate, m p. and mured rap. 158”, [a],, + 60”, ht.“, m p 159- 
161”, [crlD t60 5”. 

Fractions 46-50, eluted urlth 5% aqueous alcohol, contamed a nuxture (97 mg, 
[aID i-50”) of maltose and celloblose, as shown by lonophoretic exammation. 

Fractions 51-65, elutcd unth 5% aqueous alcohol, gave celloblose (225 mg), 
[aID +34”, ht.13 +35” It formed a /3-acetate, m p 195-197”, [aID - 14”, lit 12, m p 
197-199”, [aID - 15 7”. 

Fractions 66-84, eluted v&h 15% aqueous alcohol, gave a rmxture of at least 
two tnsacchandes, mth some celloblose, and was not further exammed 
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Fractions 85-98, eluted with 15% aqueous alcohol, gave a chromatogra- 
ph~cally pure tnsacchande (108 mg), [c& +22’, ht.14 +23 2’ for cellotrxose 
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PARTIAL METHYLATION OF METHYL CC-D- MANNOPYRANOSIDE. 
PREPARATION AND DISTRIBUTION OF MONO-, DI-, AND TRI- 

METHYL ETHERS OF D-MANNOSE* 

NOBUHlKO HANDAt AND REX MONTC~OMERY~ 

Deparrmenr of Bzochemrstry, Umverszty of Iowa, Iootca Cxty, Iowa 52240 (U S A ) 

(Recewed May 23rd, 1969) 

AEISTRACT 

The parhal methylahon of methyl a-D-mannopyranoslde produced a nurture 
of methyl ethers that was fractionated by extraction mth chloroform, followed by 

t 1 c. on a columu of hydrocellulose. Ethers that are d&cult to separate by this 

procedure were converted mto thex U-trityl or U-isopropyhdene denvahves, or one 
component was removed by oxidation urlth penodate to ad the Isolation of pure 

matenai By combmahons of these procedures, It has been possible to IsoIate the 
2,3,4,6-tetra-, 3,4,6-,2,4,6-, 2,3,6-, and 2,3,4&I-; 2,6-, 3,6-, and3,4-d1-; and 2-, 3-, and 

6-methyl ethers of D-mannose The partial methylahon of methyl a-D-manno- 
pyranoslde by the procedures of either Haworth, Kuhn, or Hakomon gave the same 
methyl ethers but the degree of substitutron at each posllon ddfered markedly. 
Methyl sulfate and so&urn hydroxide gave a relative subshtuhon m the order 
6-OH>2-OH> 3-OHSA-OH, whereas methyl lo&de and sdver o_ulde m N,N- 
dlmethylformanude gave the order 2-OH > 3-OH >4-OH> 6-OH and methyl lo&de 
and methylsulfinyl carbamon m methyl sulfoxlde gave 2-OH > 6-OH > 4-OH > 3-OH 
The reachons were carried out w&h hmhng amounts of methylahng reagents and 
were not hme controlled 

INTRODUCTION 

The apphcahon of methylahon techniques to the structural eluadation of 
ohgosacchandes and polysacchandes has been apphed mdely m spite of its hmita- 
tlons In early work, the lsolatlon of unknown methyl ethers as cleavage fragments 
from the hydrolysis of methylated polysaccharldes frequently gave enough matenal 
to estabhsh the positions of the methoxyl groups by chermcal means, so that the 
proof of structure of these ethers by synthesis was not cntical With the mtroductlon 
of more dehcate rmcroanalmcal procedures, such as g l-c, for the analysis of such 

96Thls work was supported by research grants HE 06717 and GM 14013 from the Natlonal Institutes 
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3,6-Dz-O-methyl-D-mannose Fraction 1, Table III, was chromatographcally 
pure and the 3,6-dunethyl ether m fraction 2 could be Isolated from the 2,6-dlmethyl 
isomer by periodate oxldatlon of the methyl glycostdes followed by rechromatography 
of the free sugars. 3,6-D1-O-methyl-D-mannose was Isolated from fraction 2 m this 
way as a syrup (59 mg), [a];' ' +22 4” (c 1 82, water); [a];’ 5 +32 4” (c 1 86, 
methanol). 

2,6-Dz-0-met/z~Z-D-mannose Fraction 3, Table III, gave a methyl glycoslde 

[al2d d + 50 3” (c 0 64, methanol). A sample (70 6 mg) was converted mto 6-U-methyl- 
D-arabmo-hexuiose phenylosazone m p_ 169-172”, not depressed upon adnuxture 
with an authentic sample, [ali -70 5 + -39 6” (c 1 10, ethanol, after 15 h), 
[Iit 19, m p. 172 [aID -68 6 + -48 0” (ethanol)] 

6-O-Mefhykwmznnose Fraction 5 gave a syrup, [a]&* + 14 0” (c 2 25, chloro- 
form) pit 19, [aID + 15 3” (chloroform)] whzch was converted m part mto the methyl 
glycoslde, [a]: 5 +83 5" (c 0 58, methanol) and IS part mto the 6-O-methyl-D- 
arabmo-hexulose phenylosazone m p. 172-175”, not depressed upon adrmxture with 
an authentic sample, [a]2 ’ -65 2 + -45.0” (c 1 25, ethanol, after 15 h) 
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A SYNTHESIS OF 2,3,4,6-TETRADEOXY4(DIMETHYLAMINO)-D- 
eryrhro-HEXOSE (FOROSAMINE) AND ITS D-three EPIMER* 

ESTER L AUXANO~ AND D HCIRTON~ 

Deparfment of Chenustry, The Ohlo State Unwerstty, Columbus, Ohlo 43210 (U S. A ) 

(Recewed May 24th, 1969) 

ABsrR4cT 

Oxrdatron of methyl 2,3,6-tndeoxy-a-D-erytizro-hexopyranosrde (methyl a-arm- 
cetosrde, 1) gave the 4-ketone 2, whrch was converted mto the oxrme 3 and (p-mtro- 
phenyl)hydrazone Hydrogenatron of 3 in ethanohc hydrochlonc acrd over platmum 
gave a 2 3 nuxture of methyl 4-armno-2,3,4,6-tetradeoxy-cr-D-erJ,thro 
hydrochlorrde and the D-three Isomer whrch, on IV-dlmethylatron gave methyl 
2,3,4,6-tetradeoxy4(~methylamlno)-a-D-er~~~r~-hexopyranos~de (8) and the D-t/ZreO 

isomer (11) Hydrolysis of 8 gave crystalhne 2,3,4,6-tetradeoxy_4-(dlmethylammo)- 
D-erythro-hexose (forosamme), and hydrolyses of 11 gave 2,3,4,6-tetradeoxy4 
(drmethylammo)-o-Oreo-hexose Reduction of the ketone 2 wrth hthmm alurmnum 
hydrrde regenerated the starting alcohol 1 stereospecrfically. Base-catalyzed deutermm- 
exchange converted ketone 2 mto tts 3,3-dtdeuterro derrvattve. Treatment of 2 wrth 
base, and subsequently with @-mtrophenyl)hydrazme, m the presence of deutenum 
oxrde, gave a 3,3,5-trrdeuterro @-mtrophenyl)hydrazone derivatrve 

INTRODUCTION 

Forosamme’ ’ 1s one of three sugars found in the spmunycms (A, B, and C) 
Isolated from Streptomyces ambofacrens3 The gross structure of forosamme was 
estabhshed by degradation ‘, and rts stereochemistry was proved by synthesrs4. 
Ethyl 2,3,6-tndeoxy-4-O-(methylsulfonyl)-a-c-D-erythro-hexopyranosxde, obtainable’ m 
2% overall yreld m 8 steps from D-glucose, was converted through two successive 
mversron reacttons at C-4 mto the 4-azrdo4deoxy analog and thence, m -0 1% 
overall yield from D-glucose, mto 2,3,4,6-tetradeoxy-4-(drmethylammo)-D-ery&o- 
hexose (forosamme) 

A prevrous paper from thts laboratory6 recorded a convenrent preparation of 
methyl 2,3,6-tndeoxy-a-D-eryrhro-hexopyranowde (methyl a-amlcetoslde, 1) from 

*Supported, m part, by the National Institutes of Health, Pubhc Health Service, Department of 
Health, Education, and Welfare, Bethesda, Md 20014, Grant No GM-11976-05 (The Oh10 State 
Umverslty Research Foundation ProJect 1820) 
TStauffer Chemical Co, Fellow, October, 1967-June, 1968 
~To whom mqmnes should be addressed 
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alnmin~ hydnde (250 mg, 6.6 mmoles) After 2 h at room temperature, the excess 
reductant was decomposed by the dropwrse addrtron of ethyl acetate (5 ml) The 
solutron was washed successively with 0 01~ hydrochloric acrd (10 ml) and saturated, 
aqueous sodmm hydrogen carbonate (50 ml). The basic, aqueous layer was washed 
wnh three 50-ml portrons of chchloromethane, and the extracts were combmed, 
drred (magnesium sulfate), and evaporated to a chromatograplucally homogeneous 
syrup, yield 430 mg (78%), [a];’ + 145 &- 1” (c 1 1, water) Exammation of the 
product by gl c and by t 1 c (1-l dxchloromethanc-ether or drchloromethane) 
showed that only one component, correspondmg to methyl 2,3,6-tndeoxy-a-D- 
erytlzro-hexopyranosrde (methyl a-amrcetosrde, 1) was present Its 1 r. and n m r. 
spectra were superposable on those of authentrc 1. 

MerhyZ 2,3,6-trIdeoxy-4-0-(3,S-dx~ztrobenzoyl - 
A mixture of the foregomg reductron product (150 mg, 1.03 mmoIes) and 3,5-cbmtro- 
benzoyl chlorrde (285 mg, 1 23 mmoles) m pyndme (10 ml) was strrred for 18 h at 
room temperature The mixture was poured over ice-water (50 ml), and the resulting 
crystallme product was filtered off, washed several trmes with water, and dned, 
yreld 206 mg (59%) The product was recrystalhzed twce from methanol to grve 
analytrcally pure material, m p 99-loo”, [cc]~ + 132 f 1” (c 0 25, chloroform) 
The product was rdentrcal by muted m p , I r spectrum, and X-ray powder Wractron 
pattern with authentrc methyl 2,3,6-tr~deoxy40-(3,5-dm~trobenzoyl)-or-D-erythro- 
hexopyranosrde obtamed 6 from methyl a-amrcetosrde X-ray powder drffractron 
data 7.84 s (I), 5 95 m, 5 74 m, 5 14 w, 4 76 m, 4.51 m, 4.31 s (2), 3 93 m, 3 71 s (3), 
349vw, 331 vw, 3 15w, and296w 

Methyl 2,3,6-tr~deoxy-3,3-dldeuterro-a-D-glycero-~~exopyr~o~zd4-l~lose (5) - 

A solutron of ketone 2 (40 mg, 0 28 mmoIe) m chloroform-d (0 4 ml) was shaken 
for 12 h at room temperature with 0 25 M sodmm deutenoolude m deutermm oxide 
(-0 05 ml) The n m r. spectrum of the resultant product mdrcated that It was the 
3,3-drdeuterro derrvatrve 5, n.m r data z 5 08 (l-proton trrplet, Jl,z = Jl,z = 

4 5 Hz), r 5 73 (l-proton quartet, H-5), r 6 52 (3-proton smglet, OMe), z 7 69, 
7.99 (l-proton broadened quartets, J2 2e 15 Hz, H-2,2’), r 8 68 (3-proton doublet, 
J, 6 6 8 Hz, H-6) 

Methyf 2,3,6-trzdeoxy-3,3,5-trrdeuteno-a-D-gl (p-nz- 
trophenyZ)hydrazone (6). - To a solutron of the ketone 2 (190 mg, 1 32 mmoles) 
m acetone-d, (0 5ml) was added a 025br solution of sodmm deutenooxrde m 
deutermm oxrde (1 ml). The mrxture was kept for 12 h at room temperature, the 
acetone-d, was evaporated off, and the mrxture was extracted with two lo-ml 

portions of carbon tetrachlonde. The extracts were combmed, washed with two 2-ml 
portions of deutenum oxide, dned (magnesium sulfate), and evaporated. To the 
resultant syrup was added (p-mtrophenyl)hydrazme hydrochlorrde (296 mg, 156 
mmoles), deutermm oxrde (5 ml), pyrrdme (3 ml), and methanol (3 ml) The mrxture 
was stirred for 24 h at room temperature, and then evaporated to dryness The 
residue was &ssolved m benzene (50 ml), washed wnh two 20-ml portions of water, 
dned (magnesmm sulfate), and evaporated The resrdue was crystalhzed from ethanol- 
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water to sve yellow crystals of 6, yield 180 mg (46%), m 157-157 5”, AZ: 3 00 p. 
(NH), 6 30 (C=N), 13 3, 14 A pm (phenyl) The X-ray powder dlffractlon pattern 
was superposable on that of 4 
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MIGRATION OF THIOLTHIOCARBONYL GROUPS IN SELECTIVELY 
PROTECTED METHYL or-~-GLUCOPYRANOSIDE XANTHATES* 

D TRIMNELL, W. M DOANE, C R RUSSELL, ANo C E Rnrr 
Northern RegIonal Research Laboratory l *, Peorm. Ilbnors 61604 (U S. A ) 

(Reserved Apnl3rd, 1969, m revsed form May 2Sth, 1969) 

ABsTRAcl- 

A scnes of benzylxanthate esters of methyl a-D-glucopyranoside selccUvely 
methylated at varrous hydroxyl groups was synthesized. The esters were converted 
into the correspondmg xanthate salts, and their behavror was mvestrgated under 
alkahne condmons typ1cal of xanthation medra. Results reveal that nngratron of 
throlthlocarbonyl groups from the 2- or 3-position to the 6-position proceeds via 
the hydroxyl group at C-4 Direct mtgratlon across the pyranose rmg from the 
2- or 3-pos1Uon to the 6-posltlon was negh@bk The (beuzylthro)ttiocarbonyl posrtron 
for each ester was rdenttied by n.m r. spectroscopy. Primary substitution caused the 
signals for the two protons at C-6 to be displaced dodeld by about 1 0 p p m , 
and secondary substnutron caused a 2.4-p p m. dowfield shrft of the srgnals for 
protons at C-2, C-3, and C-4. 

INTRODUCTION 

An earlier report’ showed that the course of xanthatron of methy a-Dgluco- 
pyranosrde and starch was srmrlar. In each system, mrgration of throlthrocarbonyl 
groups from the secondary posrtrons to the pnmary posrtron was rapId?. Mrgratron 
of the thtolthtocarbonyl substrtuent from C-2 to C-6 m the monosaccharide proceeded 
vra C-3. Only traces of the C-4 tkolthiocarbonate (xanthate) were found during 
transposrtron from C-2 to C-6, wkch suggests that the mrgratron proceeded enher 
rap1dly through C4 to C-6 or duectly from C-3 to C6. 

We now report studres undertaken to elucrdate fully the pathway of nngratron 
of tlnoltluocarbonyl groups m methyl a-D-glucopyranosrde xanthates For thrs purpose 
we prepared the followmg selectively substituted S-benzylxanthates- methyl 3-U- 
[(benzylthio)t~ocarbonyl]-2-O-methyl-a-D-glucopyranosrde (la), methyl 3-O-[(benzyl- 
t~o)t~ocarbonyl]-2,4-dl-O-methyl-a-D-glucopyranoslde (2a), methyl 2-G and 3-0- 
[(bcnzylthro)tbiocarbonyl]-4-O-methyyl-a-D-glucopyranosrdes (3a and 3b), and methyl 

*To be presented at 158th Meetmg of the Amencan Chemtcal Society, New York, N Y , September 
7-12, 1969 
**Thrs 1s a laboratory of the Northern Uttition Research and Development Dlnslon, Agruzultural 
Research Service, U S Department of Agrxculture 
imgration refers to groups attached to oxygen atoms at the carbon postions specified 
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These Isomers were clearly drstmgmshable by their i-r. and n m r. spectra and 
RF values 

Mzgratzon studzes wzth 3a, 3b, and 3~. - Compounds 3a, 3b, and 3c were 
sublected to the same senes of reactlons as wnh la and 2a, and the products were 
separated by preparative t-1 c. From 3a (0 50 g) was recovered 0 26 g (52%) on 
rebenzylation The Illlxtlire contamed 3a (50”/), 3b (50%), but not 3c From 3b 
(79 mg) was recovered 34 mg (43%) on rebenzylatron. The murture contamed 3a 
(37%), 3b (55%), and 3c (8%) From 3c (30 mg) was recovered 22 mg (73%) on 
rebenzylatron. T.1.c. showed prrmanly 3c and traces of 3a and 3b In each serfes, the 
ester losses were accounted for as carbon disulfide and trithiocarbonate 

Me&y2 2,3-dz-O-methyl-a-D-ghtcopyrunoszde - The hexane-soluble fractron 
recovered from methylr&on of methyl 4,6-0-benzyhdene-a-D-glucopyranoslde (see 
first sectron of Expcnmental) consisted mainly of methyl 4,6-U-benzyhdene-2,3-dr-0- 
methyl-a-D-glucopyranoslde Adsorption of this fractron onto SI~ICIC acid from 
chloroform solution followed by desorptron with hexane selectively removed tlus 
component (14 1 g), m p. 121-123”, [a]:: +96 2” (c 0 45, acetone), lit 5 m p 122”, 
[a]h' +98” (c 0 43, acetone). Mild, acrd hydrolysis of tlus derrvatrve (12 1 g) gave the 
trtle compound (8 23 g), m p. 81-84”, [c# + 143 3” (c 1 29, water); ht l5 m p 
83-85”, [a]n + 142 6” (water) 

Methyl CO-[(benzyZthzo)thzocarbo~zyl]-2,3-dz-O-lnethyZ-~-~-gIzzcopyr~zos~de (4a) 
- Methyl 2,3-dl-O-methyl-a-D-glucopyranoslde (5 00 g) was tntylated to give methyl 
2,3-di-O-methyl-6-O-trrtyl-a-D-glucopyranoside (8 7 g), recrystalhzatlon from ethanol 
gave product, m-p. 172-174O, [c&4 +66 6” (c 1 11, chloroform); ht l6 m-p_ 169-170°, 
[cc]n +66.4” (chloroform) This product (3.00 g) was xanthated and S-benzylated m 
methyl sulfoxide and purified by preparative t 1 c wnh 4% ethyl acetate in chloroform 
to give methyl 4-O-[(benzylt~o)t~ocrbonyl]-2,3-d~-O-methyl-6-O-tntyl-a-D-gluco- 
pyranosrde (2 52 g), m p 132-135”, [a]i6 -1-70 3” (c 1.65, chloroform). 

Anal Calc. for Cs6H3s06SZ C, 68 5; H, 6 1; S, 10 2 Found C, 68 7; H, 6 2; 
S, 10 0. Detntylation of this derivative with hydrochlonc acrd m methanol” gave 4a 
(0 89 g), m p. 77-80”, [a]:: + 16 7” (c 1 20, chloroform) 

Anal_ Cab for C!,,H,,O,S, C, 52 6; H, 6 2, S, 16 5 Found C, 52 7, H, 6 3, 
S, 16.5. 

Methyl 6-O-[(benzylthro)thicarbonyl]-2,3-dz-O-~et~yZ~-~-gZucopyr~zoszde (4b) 
- Methyl 2,3-dr-U-methyl-a-D-glucopyranosrde (1.00 g) was xanthated and S-benzyl- 
ated m methyl sulfoxrde and then partrally purrfied with slhc~c acid as described for 
2a Preparative t 1 c (2 3 ethyl acetate-carbon drsullide) afforded the title compound 
as a syrup; yield 0 56 g (32%), [a]:’ f67 4” (c 1.46, chloroform) 

Anal. Found, C, 52 3; H, 6 3; S, 16 4 
Migration studies with 4a and 4b - Compounds 4a and 4b were sublected to 

the same series of reactrons as Ia, 2a, and 3a-3c, and the products were separated by 
preparatrve t 1 c. From 4a (124 mg) was recovered 77 mg (62%) of ester mixture on 
rebenzylation The ester mixture contained 4a (4%) and 4b (96%) From 4b (97 mg) 
was recovered 78 mg (80%) of ester mixture on rebenzylation The ester mixture con- 
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tamed 4a (3%) and 4b (97%) Losses of ester m each case were accounted for as 
carbon doulfide and tnthocarbonate. 
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THE INTERACTION OF POLYSACCHARIDES WITH IODINE 
PART I. INVPSTIGATION OF THE GENERAL NATURE OF THE REACTION 

BLANCHE D E GAILLARD*, NORMAN S THOMPSON, AND -J MORAK 

Carbohyhate Chembtry Group, The Institute of Paper Chemwry, Appleton, Wisconszn 54911 (U S A ) 

(Received February 19th, 1969, rn revned form, May 28th, 1969) 

ABSTRACT 

A comparison of the interaction of a commercrally avarIable xylan, a o-galactose- 
deficient galactoglucomannan from Engelmann spruce holocellulose, a htghly 
branched “amylord” from tamarmd seed, and a commercral amylose preparatron 
from potato starch, m concentrated aqueous calcmm chlonde solutron showed that 
all four of these polymers reacted wrth rodme-potassmm todrde solutron to give 
a blue product that was soluble at low concentratrons of reagents In agreement wrth 
data m the literature, other highly branched polysacchandes such as cherry gum 
and D-galactose-nch galactoglucomannans dxd not react wrth lodme under these 
comhtrons Quahtatrve tests showed that rodme and calcium Ion, as well as poly- 
saccharide, were present in the rsoiated complexes, and spectrophotometnc measure- 
ments showed the dependence of complex formatron on the concentratron of todme 
and polysaccharrde as well as on the time and temperature of reaction Although 
the polysaccharrdes reacted to grve a dark blue, starch-hke coloratron wrth iodme, 
potentrometnc trtration showed that only the xylan was complexed wrth iodme m a 
manner sxmrlar to that of amylose, whrle galactoglucomannan and “amylord” bound 
rodme m a looser fashton typrcal of poly(vmy1 alcohol)-rodme complexes The 
rodme content of the complexes from xylan, “amylord”, and galactoglucomannan, 
unhke the rodme content of the amylose complex, was found to vary wrth the concen- 
tration of the reactants, mdrcatmg the absence of a preferred sto&tometry. 

INTRODUCTION 

Many hnear polysaccharides have been shown to gave a blue coloratron wrth 
iodme when they are drssolved m concentrated aqueous calcmm chlorrde solutron, 
although they wrll not do so when drssolved m salt-free aqueous solutrons’ Research 
has shown that highly branched polysaeeharrdes do not react wrth rodme under 
these circumstances, but a lrrmted degree of branchmg does not prevent the formatron 
of a colored product. It has also been shown that other multtvalent ions may be 

*Present address. Department of Anrmal Physiology, Agncultural Unlr+rs~ty, Wagenmgen, The 
Netzlerhds 
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recorded wrth a Bausch and Lomb 1.5meter grating spectrograph The hne mtensrtres 
of the elements were measured on a Jarrel Ash mrcrophotometer and the concen- 
trations of elements were denved from the hne mtenstttes 

Potentiometrrc tltratzon of bound zodme. - A stock solutton contanung 40 to 
50 mg of polysacchande was added to a solutton composed of 4.15 g of potassmm 
rodtde m 5 ml of water The solutron was made up to 50 ml wrth stock calcmm 
chlonde solutton A blank solutron was prepared by dtssolvmg 4 15 g of potassmm 
Iodide m 5 ml water and dtlutmg to 50 ml wtth stock calcmm chlonde solutton 
The two solutrons were stored m a refrigerator until used. Tttratrons were conducted 
m an rce bath wtth undduted stock todme solutton, wtth a Leeds and Northrup 
Student type of potentrometer m combmatton wrth a senstttve galvanometer and 
bnght platmum and normal calomel electrodes. 

Spectrophotometrzc determmatlons - All extincttons were measured m a 
Beckman DU spectrophotometer at 610nm wtth conventtonal l-cm cells The 
mcrease m extmctton wtth tune was followed by usmg polysacchande soluttons 
contatmng 5 mg of polymer m 10 ml of standard calcium chlonde solutton at 4” and 
at 30”. After storage overmght, the stock iodme solutron, was &luted w&h a tenfold 
excess of stock calcmm chlonde solutton An ahquot (2 5 ml) of thts solutton at the 
requtred temperature was added to the polymer solutron, and the extmcttons were 
measured m the spectrophotometer at 15, 30, and 60-mm intervals 

The effect of sodmm sulfate on the mcrease m extmctron coefficient of the 
aqueous solutton of “amylord” and todme with ttme was followed by measurmg 
the changes caused by adding 5 ml of sodmm sulfate solution (20 g/100 ml) to a 

solutton prepared by mwng 0 5 ml of rodme solution (3 ml of stock todme solutton 
diluted wrth water to 10 ml) with 1 ml of soWton contatmng 0 26% of polymer 

The comparrson of the mtenstttes of colors developed at low todme concen- 
trattons was accomphshed by preparmg a senes of soluttons m whtch the polymer 
concentratron ranged from 0 001 to 0 010% The solvents were prepared by dtlutmg 

2 5 ml of cooled (4”) stock todme solutton w&h 25 ml of cooled (4”) stock calcmm 
chlonde solutton, and the extmctlons of the complexes were measured at penodtc 
intervals until they had reached then maximum values 

Stock soluttons of combmed polysacchande and todme were &uted wrth 
stock calcmm chlorrde solutton to gtve combined concentrattons of polymer and 
Iodine rangmg from 0 01 to 0 04% (the concentration employed dependmg upon the 
mtenstttes of the colors produced by the polysacchande) The percentage of Iodine 
relative to the combmed we&t of polymer and lodme ranged from 10 to 90%. The 
development of color was measured m the Beckman DU at the pomt of maxtmum 
development wrth trme 
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ABSTRACT 

Sucrose, a &sacchande with two interglycoside bonds, was hydrolyzed with 
acid in H2180 Through a kmetic study of the labehng of D-glucose urlth “0, an 
estnnate was made of the relative stabllifies of the two bonds It was found in agree- 
ment with the known greater labkty of fructofuranosldes compared to glucopyranos- 

Ides that for every glucopyranosyi-oxygen bond spht three fiuctofuranosyl-oxygen 
bonds were hydrolyzed. 

INTRODUCl-fON 

Glycosldes, m general, undergo acid hydrolysis at the glycosyl-oxygen bond’. 
Sucrose 1s an unusual hsacchande m that both constituent sugars are hnked through 
ther respective anomenc-carbon atoms, a cucumstance which raxses the question 
of the relative suseeptibfities of the two glycosyl-oxygen bonds to acid hydrolysis. 
Studies on the formatIon of dextran and levan by the transferases dextransucrase 
and levansucrase have shown that sucrose can donate either D-glucosyl or D-fructosyl 
residues depending on the enzyme involved’ From structural consxderauons, 
however, the D-fructofuranosyl-oxygen lmkage should be the more labile and kmetic 
studies on acid hydrolysis of sucrose suggest that this is the weaker bond3 In a 
more beet approach to tb problem, described m tbs report, hydrolysis m H,l*O 
was exammed, the extent of mcorporation of IsO into D-glucose servmg as a measure 
of glucosyl cleavage 

Comphcating ths simple approach is the fact that incorporation of “0 into 
D-glucose can also occur by D-fructosyl deavage The tie requrred, however, for 
D-glucose to acqutre label from the medmm 1s a basis for Merenbatmg-these two 
processes which are outhned in the followmg diagram; D-fructose has been onutted, 
smce it was not Isolated for ‘*O-measurement m these studies 

D-glucopyranosyl +O+ D- fructofuranosyl 

o_g,“yfy 
4 o- glucose-‘=o 
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EvaIualron of f. - The percent eunchment of ’ 8O, observed for the D-glucose 
isolated from the sucrose hydrolyzate, relatrve to solvent “0, was plotted on the 
same graph (Frg 6, 8~ ) It IS seen that, on the average, these points define a curve 
begmnmg at 25% D-@ucos~-~ ’ 0, correspondmg tof = 0.75. 

DISCUSSION 

In their study of sucrose inversion by cation-exchange resins, Bodamer and 
Kumn5 found that it was necessary to include a small quantity of anion-exchange 
resm to remove the soluble acid, wluch led to homogeneous catalysrs They measured 
the energy of activation of hydrolysis A wrth and wrthout the ad&txon of anion 
exchanger, and found the lower energy (18,300 c-al per mole) in its presence compared 

to 27,600 cal per mole m presence of IR-120 resm alone. In the present study with 
IR-120 resin, well washed before use and without amon exchanger, the reactron 
mtxture was never more acid than pH 5, m contrast to pH 3 observed by Bodamer 
and Kumn under the same cond~trons Consistent with thrs absence of soluble acid 
was the low energy of activation of 16,700 cal per mole calculated from the slope 
(Frg. 7) of the equation 

A 
1ogN = 

2.303RT 
-I- constant 

A = 2.303 x R x Slope = 16,700 cal per mole 

The hydrolytic rate constant, El, was measured at 38, 60, and 100” 
It can be seen from Fig 6 that, wnh increasing time, the evaluation of f by 

comparison of the values observed for D-glucose enrrchments with those calculated 

I t 1 

26 2.8 10 3.2 

f x IO’ 

Fig 7 Energy of activation of hydrolysis of sucrose by the cation-exchange resm Amberbte IR-120 
The log of the hydrolytic rate-constant H 1s plotted agamst lo3 tmes the reciprocal of the absolute 
temperature 0 For measurement of H at 38” and 60”, water at the reqmslte temperature was 
crrculated through the funnel Jacket, the condenser and Wood’s metal cone were ormtted The 
resm was dropped from a spatula mto the reamon mture, at zero tune 
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becomes mcreasmgly ambiguous, untrl at 180 set no chorce IS possible On the other 
hand, although the choice becomes clearer with decreasmg tune as seen from the 
mcreased spread of pomts, the data become iucreasmgly less rehable Two factors 
account for these errors maccuracy m tnnmg the reaction reproducrbly at shorter 
trme-Intervals, and less accnrate measurement of “0 abundance resultmg from 
the lower mcorporahon of Isotope and greater contammatron of o-glucose by sucrose 
Most of these errors have been mtmnuzed by the use of a specral apparatus (Frg 1) 
for ting the reaction, and by chromatographtc exammatron of the Iabeied D-glucose 
for impunties, estunated quantitatively where present 

In a study of the stabrhty of sample giycosxdes to aced hydrolysis, Haworth 
and Hrrst’e found that furanosIdes are 100 tunes as lablle as pyranosldes. Sucrose 
was hydrolyzed at a rate comparable to that of the furanosrdes, suggestmg the 
greater lab&y of the fructosyl-oxygen bond The present studres make a drrect 
attack on thts problem, and lead to the same conclusron That the ratro of fructosyl 
to glucosyl bonds cleaved IS 3 to 1 m these studies, and not 100 to 1 as suggested by 
the earher stud.res, may be the result of an effect of the coextstrng pyranosyl-oxygen 
bond obviousIy absent from the srmpIe glycosrdes AltematrveIy, the time for 
exchange of “0 mto nascent D-glucose by reactron C may be constderably shorter 
than mdrcated by the study of the Isolated exchange-reactron, m which case the 
farmly of theoretrcal curves would be m error and lead to an erroneously hrgh estrmate 
of D-glucosyl cleavage 
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PART II INTRODUCTION OF ENDOCYCLIC DOUBLE BONDS INTO PENTOSES AND HEXOSES 

S DIMITRIJEVICH AND N F TAYLOR 

Blochemrstry Group, School of Blologrcal Scrences, Bath Unwersrty, Bath (Great Brrtam) 

(Received March lOth, 1969, m rewed form, June 12th, 1969) 

ABSTRACT 

The actron of sodmm xodrde m acetone on methyl 4-U-benzyl-3-deoxy-3-lodo- 
2-U-tosyl-&xylopyranosrde (1) IS described At room temperature, methyl 4-U 
benzyl-2,3-drdeoxy+L-glycero-pent-2-enosrde (2) and methyl 2- U-benzyl-3,~dideoxy- 
/3-L-glycero-pent-3-enosrde (2a) were formed. At lower temperatures (O-57, the 
actron of sodmm rodrde m acetone on 1 produces only the expected 2,3-alkene 2, 
and a mechamsm, based on conformatronal analysrs, IS suggested to account for thus 
fact The action of sodmm Iodide m acetone on methyl 4-U-benzyl-3-deoxy-3-rodo- 
2-U-tosyl-6-U-trrtyl-a-D-glucopyranosrde 112, made from the rodohydrm 9 obtamed 
by the action of methylmagnesmm rodtde on methyl 2,3-anhydro-4-U-benzyl-6-U- 
tntyl-a-D-allopyranoside (S)] is also described The structure of the rodohydrm 9 
was estabhshed by nuld, acrd hyclrolysrs, followed by sequentral hydrogenolysrs, 
to yield methyl 3-deoxy-a-D-r&o-hexopyranostde Treatment of 12 wrth sodium 
rodrde m refluxmg acetone yrelded a crystallme alkene, which has an n m r spectrum 
consistent wrth the structure of methyl 4-U-benzyl-2,3-drdeoxy-6-U-tntyl-a-D- 
erytlrro-hex-2-enosrde (13) Thts structure was further confirmed by CIS hydroxylatron 
of 13 wtth neutral potassnrm permanganate, followed by catalytrc hydrogenolysrs, 
to grve methyl cc-D-mannopyranosrde 

INTRODUCTION 

A number of methods are now avarlable for the mtroductlon of a double bond 
mto carbohydrates Thus, based on the general method of Corey and Wmter’, 
selected czs and termmal vicmal &ols may be converted, UZ(I their thronocarbonates, 
mto unsaturated sugars2 3. Selected frans vmnal drols may also be converted mto 
unsaturated sugars by the actron of potassmm ethylxanthate on their drsulphomc 
esters or epoxrdes ’ Altematrvely, ehmmatron of rrans vrcmal tosylated rodohydrms 
oEer a route for the mtroductron of endocyclic double bonds into sugarssg6 We now 
report on the syntheses and rearrangement of methyl 4-U-benzyl-2,3-dideoxy+r_- 
glycero-pent-2-enosrde (2) and the syntheses of methyl 4-U-benzyl 2,3-drdeoxy-6-U- 
t~~l~-o-eryrhro-hex-2-enoside (13) from tram vrcinal tosylated rodohydrms. 
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recrystalhsed from methanol-acetone to grve compound 13 (O-55 g, 88 3%), m p. 130*, 
[ali i-72.3” (c 0.82, chloroform) (Found- C, 80.4; H, 6.8. C3sHs204 oalc C, 80.5; 
H, 6 5%); n.mr. data: z 6 8 (2-proton quartet, H-6,6’), 6 53 (3-proton smglet, OMe), 
6 0 (Zproton multiplet, H-4,5), 5.62 (2-proton quartet, benzyhc Ha), 5.1 (l-proton 
doublet, H-l), 4 10 (2-proton quartet, H-2,3), 2.85 (IS-proton multrpiet, Ph,), 
2 53 @-proton multipiet, Ph). 

Methyl #-0-benzyl-6-O-trityI-mxnannopyranosde (14). - A solution of com- 
pound 13 (0 5 g) in acetone (10 ml) was cooled to 4” and treated dropwrse (wrth 
stirring in an atmosphere of nitrogen) wrth cold (4”) 0.5% potassium permanganate 
(24 ml) in 10% aqueous acetone On completion of the addrtron, the treatment was 
repeated, and the reactron was allowed to proceed overmght. The filtered solutron 
was then evaporated under dnninished pressure to give a colourless syrup, whrch 
crystallised on addition of methanol. Recrystalhsation from methanol gave compound 
14 (0 48 g, 83 8%), m p 127 0 ra]k” +46 9” (c 0 68, chloroform) (Found- C, 75 32; , t 
H, 6 41. C38H3406 caic . C, 75 26; H, 6 51%) 

Compound 14 (0 3 g) was added to a suspensron of 5% palladium-on-charcoal 
(2.0 g) m ethanol (100 ml), and the resultmg nnxture was treated at 50” with hydrogen 
at a pressure of 6 atmospheres for 20 k The Gltered nuxture was then evaporated 
under chminished pressure, the residue was dissolved in water (20 ml), and the resuItmg 
solution was washed wrth ether (3 x 50 ml) The aqueous solutron was then evaporated 
under dimrmshedpxessute to give a syrup whxh, on ad&tion of methanol and standmg, 
crystallised. Recrystalhsation from a small volume of methanol gave methyl a-D- 
mannopyranoside (0 1 g, 90 8%), [a]? +82” (c 1.5, water), m.p 193” alone or in 
admu&ure wrth an authentrc samplel*. 
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AJ3STRACT 

The mutarotatron of c+ and /‘J-D-glucose in dry pyndme was followed gas 
chromatographrcally Kmetrc treatment of the data for a wide range of concentratrons 
of D-glucose showed the reaction to be tit-order m the startmg anomer wrth a 
ummolecular dependence on the total concentratron of D-glucose Thus, the muta- 
rotation of D-glucose m dry pyndme appears to be autocatalytlc, and a stencally 
acceptable mechanism for the reaction IS a modification of the mechanrsm of Swam 
and Brown Specific rotatrons of the D-ghCOpyIXUOSe anomers in dry pyndme were 
calculated to be + 152” for cr-D-glucopyranose and + 11” for B-D-glucopyranose 
At equrhbnum, [a& = +72”, and the drstnbution of a- and /LD-glucopyranose IS 
43% and 57%, respectrvely. 

INTRODUCXION 

The mutarotatron of D-glucose m water has been extensively mvestigated’ -’ 
In contrast, relatrvely few studres of this reactron m non-aqueous solvents have been 
pubhshed ‘-’ It IS known to be a reversrble, first-order reactron’ * m whrch the 
rate-determining step has been postulated to be formatron of the free aldehyde3. 
The reaction shows general acrd and general base catalysrs3 4 and requires the presence 
of both an acrd and a base 3-5 For most studres, mutarotatrons have been followed 
polarrmetrrcally. An exception IS a recent report m which the results obtamed by 
followmg the mutarotatron reactron of D-glucose m water by gas chromatography 
of tnmethylsrlated ahquots were found to be m agreement wrth polarrmetric results2 

Studies of the mutarotatron of D-glucose m non-aqueous solvents have employed 
mamly the 2,3,4,6-tetra-CLacetyl and 2,3,4,6-tetra-O-methyl denvatlves, which show 
rate constants comparable to those for free D-glucose The first-order rate constant 
for the mutarotatron of D-glucose m pyndme has been reported’s6 as 0 0008 nun-r 
and approxrmately 0 001 nun-’ More recently, the dependence of the rate on a 
second-order term has been recogmzed for the mutarotatron of 2,3,4,6-tetra-U- 
acetyl-D-glucose m pyrulme7 and for that of 2,3,4,6-tetra-O-methyl-D-glucose m 
pyrrdme’ 
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antrlogarrthm of the mtercept are Independent of the base used for the logarrthms 
The equatron for the hnear plot in Frg 2 can be derrved from the general expression 
for the mutarotatron reactron (Eq I) and Its rate expressron (Eq 2) In Eq 2 the factor 

.-da- GLUCOSE 

oL------ 
JO 

2010+j*3;o 

Rg 2 Plot of log (,4 L+X’I) (7s log [Gr] for the mutarotatlon of D-glucose m dry pyndme 

for concentratron of pyndme, which IS essentrally constant m all reactrons IS Included 
m k; + k& Assummg that D-glucose (or or p, that IS. [G,]) acts as a catalyst, whrch IS 
reasonable m view of the data m Frg 1, we arrrve at Eq 3, whrch IS m hnear form 
when expressed logarrthmrcally (Eq 4) In Eq 4 the slope, n, represents 

Eq. I 

Eq. 2 

Eq 3 

k 

A+nGr+mP T 
B + nG, + i>lP 

- dA/d: = k;[A];&]“- k;[B][G,]” 

(k’:-i-&) = [G,l”(k; +k;) 

P = pyndxne 

%I 4 log (k’;+kg = n(log [G,]) +log(k;+ki) 

the moleculanty of the catalytrc D-glucose m the mutarotatron and the intercept at 
n(log [GJ) = 0 represents the log,, of the pseudo-bimolecular, reaction rate-constant, 
k; + k; These values, calculated by the standard regressron of log [GJ on log (k’; +A$), 

are n = 1.026 and log (k; +ki) = - 3 3207, from which k; +k; = 4 78 x 10m4 

1 mole-’ h-r The correlatron coefficrent for thus lmear plot IS 0 983 
Thus the mutarotatron of cy- or /?-D-glucopyranose m dry pyrrdme 1s first-order 

m that anomer used as the starting matenal and shows a urumolecular dependence 
of the rate on total concentratron of o-glucose Thus latter fact mdrcates that catalytxc 
partrcrpatron of D-glucose m its own mutarotatron m dry pyridme 1s independent of 
the stenc drsposrtron of the hydroxyl group at the anomerrc center of the catalyst 
molecule 

Drrect measurement of the effect of pyrrdme on the rate of mutarotatron IS 
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not possrble wrthout altenng the reactron system and with It, posabIy, the manner 
m which pyndme partrcrpates m the mutarotatlon In benzene, the mutarotatron of 
2,3,4,6-tetra-O-methyl-D-glucose is reported to be first-order in pyrrdme*. 

The data presented are m agreement with the mechamsm for mutarotatron 
postulated by Swam and Brown * Here pyndme functions as the base and D-glucose 
(a or /I) functions as the acid as well as the reactant, m a thud-order reactron In 
thrs respect, the more acrdrc, anomerrc hydroxyl groups would be expected to be 
more active participants m this reaction than the less acrdrc, alcohohc hydroxyl groups 
However, the difference m acid strength between the a and #? anomenc hydroxyl 
groups 1s too small to be apparent m the data obtained 

In the Swam and Brown mechamsm the hydroxyl group of D-glucose that 
partrcrpates as an acrd catalyst would bear a tranwtory, full negative charge that 
could presumably gam httle stabrhty from the solvent pyrrdme We suggest the follow- 
mg modrficatron of 

e 

the Swam and Brown mechamsm m which one hydroxyl group 
6 - 

H\ y” - -“\_ ‘i’ 
2 O-n 

\ 
3 

B 

functrons as both the acid and the base In this mechanism, the protons are transferred 
to oxygen atoms with assistance from the solvent pyrrdme, m a more or less concerted 
manner The resultmg, six-membered, cychc transmon-state 1s stermally favored 
This mechanism suggests that mutarotatron can occur, very slowly perhaps, m any 
solvent so long as the sugar 1s m some degree soluble m the solvent 

ACKNOWLEDGMENTS 

We are indebted to Dr T. E Acree, Dr C Y Lee, and Mr R. M. Butts for 
recording most of the gas chromatograms We thank the Natronal Institutes of 
Health for financral support 

REFERENCES 

1 W Pxchfm AND H S ISBELL, Advan CarbohJd Chem , 23 (1968) 11 
2 R BENTLEY AND N BOTLOCK, Anal Btochent , 20 (1967) 312 
3 T M LOWRY,J Clzem Soc,127(1925)1371 
4 J N BRONSTED AND E A GUGGENHEIU,J Amer C11enr Sor,49 (1927)2554 
5 T M LOWRY AND I J FAULhNER,.! Cizenr Soc,127(1925)2883 
6 T M LOWRY AND E M RICHARDS,J Chem Soc,127(1925)1385 
7 A M EASTHA~I,E L BLACKALL.ANDG A LATREMOUILLE, J Anter Chent Soc,77(1955)2182 
8 C G SWAIN AND J F BROWN, JR, J Amer Chem Sot , 74 (1952) 2534 
9 A DE GRANDCHAMP-CHAUDUN, Compt Rend, 247 (1958) 1511, Ann Pharnt Franc ,26 (1968) I 15 

10 C C S~EELEY, R BENTLEY,M MAKITA,AND~ W WELLS, J Anter Chem Soc,85(1963)2497 
11 C Y LEE,T E ACREE, AND R S SHALLEVBERGER, Carbohyd Res,B (1969)356,T E ACREE, 

R S SHALLENBERGER, C Y LEE, AND J W EINSET, Carbohyd Res, 10 (1969) 355 
12 A A FROST AND R G PEARSOY, Ktttettcs and Mechantsnt, 2nd Ed , John Wdey and Sons, New 

York, 1961, p 185 

Carbohyd Res , 11 (1969) 541-545 



Car~drare ReseardI 

REACTION OF ALKYL VINYL ETHERS WITH D-GALACTOSE 
DITHIOACETAL 

M. L WOLFROM* AND G G PAREKH 

Depariment of Chemrstry, The Ohlo Stare Umversity, Columbus, Ohro 43210 (U S A ) 

(Remwed April 9th, 1969, m rewsed form, June 16th, 1969) 

547 

DIETHYL 

ABSTRACT 

D-Galactose &ethyl &thloacetal was brought mto reaction, under acid catalyas, 
wrth each of several alkyl vmyl ethers in eqmmolar quantities The maJor reaction 
product, 5,6-O-ethyhdene-D-galactose &ethyl &tioacetal, was Isolated and Its 
structure was proved by reductive desulfurizatlon with subsequent periodate oxtdation 
ti structure was confirmed by mass spectral data. When ethyl vmyl ether was used, 
the mmor reactlon-product was 6-@(l-ethoxyethyl)-D-galactose &ethyl Ithoacetal. 
A pathway is proposed for this reaction. 5,6-O-Ethyhdenc-D-galactose &ethyl acetal 
was partially demercaptalated to ethyl 5,6-O-ethyhdene-1-thio-a-D-galactofuranoside, 
whose structure was con&med through its synthesis by the reaction of rsopropyl 
vmyl ether wth ethyl 1-tluo-a-D-galactofuranoslde under acid catalysis 

INTRODUCTION 

Vinyl ethers react with hyclroxyl groups, under acid catalysis, to form mixed 
acetalsl It has been reported’ that the acid-catalyzed reactIon of methyl vmyl ether 
mth ethylene I-tioglycol gave Zmethyl-1,3-oxatholane. Watanabe3 obtamed 
excellent yields of oxazohdmes by the reactlon of butoxyethyl vmyl ether with 
ethanolammes m the presence of mercunc benzoate. Shostakovshi and co-workers4*’ 
Isolated l-0-(1-ethoxyethyl)-2,3-O-ethyhdeneglycerol and 1,2 3,4-di-O-ethyhdene- 
pentaerythntol as the mam reaction-products in the acid-catalyzed reaction of ethyl 
vmyl ether mth glycerol and pentaerythritol, respectively. The synthesis has been 
reported6 of methyl 4,6-O-ethyhdene-a-D-glucopyranoslde by the reactlon of alkyl 
vinyl ethers mth methyl cr-D-glucopyranoslde under acid catalysis A reaction 
mechamsm for the formatlon of the ethylrdene denvative was proposed. 

In the present paper, extension of such a reaction of alkyl vmyl ethers (2) 
wth D-galactose dxethyl htluoacetal (1) IS described.. This work was undertaken to 
mvestigate the posslblhty of protectmg the terminal 5- and 6-hydroxyl groups of 
an acychc hexose denvative in order to synthesize a furanoid structure The analogous 
formation of furanord forms m the pentose series, by suitable protectxon of the 
terminal hydroxyl group, 1s well established, and has been used especmlly in the 

*Deceased, June 20th. 1969. 
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where R = Et, Me&H, or Me&. 

syntheses of nucleosrdes’ * In the model compound chosen herem, rmg closure by 
partial demercaptalatron wrth mercunc chlondeg should gave a l-thtofuranostde, 
posstbly in higher yield than IS obtained’ ’ l1 when the termmal5,6 pontoons are not 
protected 

EXPERIMENTAL 

General methods - Meltmg points were determined with a Thomas-Hoover 
apparatus Specrfic rotations were determined in a 2-dm polanmeter tube I r. spectra 
were recorded wrth a Pet&n-Elmer infrared spectrometer. N m r spectra (with 
tetramethylsrlane as the Internal reference-standard) were recorded with a Vat-ran 
A-60 spectrometer or, by J H Lauterbach, on a Varian HA-100 spectrometer, 
wrth assignment of chermcal shrfts by decouphng Mass spectra were recorded with 
an MS-9 mass spectrometer by C R. Wersenberger under the duectron of R. Doug- 
herty X-Ray powder &ffractlon data gwe mterplanar spacings, A, CL&X ralatlon, 
i. I 539 bL, nickel filter, camera diameter 114 6 mm, photographic recordmg Relatrve 
mtenatxes were estimated vrsually: m, moderate, s, strong, v, very, w, weak, paren- 
thetrcal numerals indicate the order of the most intense hne- 1, most mtense, multiple 
numbers mdtcate approxrmately equal mtensitres Ascendmg t-1 c was performed on 
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progress of the reaction was momtored by t 1 c , the best results were obtained when 
only 0 3 molar equivalent of mercurrc chloride and 5 molar eqmvalents of mercuric 
oxrde were used m aqueous acetone The results obtamed on using various proportions 
of mercunc chlonde and mercunc oxrde at 35-40” are tabulated m Table III. 

4 -is HcfqEt + &HOH 
I’ 

HCO 
,CHCHS I' 

H2C0 HP' 

,CHCH3 

9 IO 

t 
Me&OCH = CH2 

H+ 

HtOH 

&OH 

11 

The Q-D anomeric con&ration of C- 1 m ethyl 5,6- O-ethyhdene- 1 -t.hIO-a-D- 
galactofuranoside (9) was estabhshed through synthesis of 9 by the reactron of 
isopropyl vmyl ether with syrupy ethyl l-tluo-a-D-galactofuranosrde (ll), of estab- 
hshed structure’ ‘, prepared according to Wolfram and co-workers ’ r The crystalhne 
products obtamed by each of these two methods were identical m meltmg pomt, 
i r. and n m r. spectra, and X-ray powder lffractron pattern The specmc rotations of 
the two products were shghtly different, [a]“, +69” (chloroform) for the product 
from 4, and [a] ‘z f77’ (chloroform) for that from ethyl l-tluo-a-D-galactofuranosrde 
(ll), due to the dtEerence m the proportions of the two drastereoisomers resuhmg 
from the creation of the additronal asyrnmetnc center at the carbon atom m the 
5,6-O-ethyhdene group The difference m the proporttons of the two lastereoisomers 
was imhcated by the g I c pattern of their per(trrmethylsily1) ethers, but the two 
peaks detectable were msufficiently separated for an exact estimation of their relatrve 
proportions. 

Although the yreld of crude 9 obtamed by the partial demercaptaIation of 4 
was -7O-75% (see Table III), only 37% of the pure crystalline product was obtained 
by partition chromatography Thrs difference may have been due to the added 
lsomerrsm provided by the asymmetry of the ethylidene carbon atom m the acetal 
The yield of crystalline 9 (-40%) IS comparable to that (43%, as the crystalhne 
tetraacetate) reported by Wolfram and co-workerslo for the partial demercaptalation 
of D-g&CtOSe drethy1 dithioacetal(1) Thrs reactron has been found to be hfficultly 
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reproducible, but a reasonably reproducrble yreld of 48.5% was estabhshed’ ’ by 
partial hydrolyses of the dnhtoacetal 1 wrth acrd 

There IS probably a h_rgher proportron of furanold matenal present in the 
partu&demercaptalation reaction-product than IS represented by the yield of l-thio- 
furanoslde, because a portton very probably becomes completely demercaptalated 
without loss of the ternunal, cychc-acetal group. Such a possrble product (10) was 

indrcated by chromatographic evrdence, but it was not charactenzd. 
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The use of the periodate-Schiff spray reagents in the 
linkage arlalysis of oligosaccharides 

A R ARCHIBALD AND J G BUCHANAN 

ikkrobrologxal Research Laboratory, Department of Orgamc Chemstry, The Umversdy, Newcastle 
upon Tyne NE2 7RU (Great Brrramn) 

(Received April 18th, 1969, m rewed form, May 19th, 1969) 

Barker and IUS colleagues have recentry described a nucromethod for the 
lmkage analysis of ohgosacchandes, based on thin-layer chromatography of their 
alkahne-degradation products ‘. In thrs note, we summase some of the methods 
which have been used m tbs laboratory for hukage analysis, usmg the perrodate- 
SCM spray reagents’ for the exammatlon of ohgosacchandes and their degradation 
products 

Characteristic colours are produced when various carbohydrates and their 
denvatrves are exammed by the penodateSchd7. reagents’ By usmg these reagents, 
the posltlon of hnkage m hexose-contaimng &saccharides can be estabhshed by 
paper chromatography of the disaccharide and Its simple degradation products In 
some cases, the method may be extended to higher oligosaccharides 

Periodate oxidation of (I+2)-hnked dlsacctides gves a substituted malon- 
aIdehyde derivative so that such compounds Bve an intense yellow colour urlth the 
periodat&Wnff reagents, whereas oxxdatlon of the reduced chsacchande does not 
@ve malonaldehyde Thus, koJibiose and koJltriose Bve intense yellow colours3 
w&m 40 mm of bemg sprayed, whereas the alcohols derived by pnor reduction 
\nth sochum borohydnde give a purple colour nnmeaately, due to the formatIon 
of formaldehyde’, and ths colour changes to purple blue withm 1 h Sumlar behavxour 
IS observed with 2-O-cc-D-glucopyranosyl-D-galactose and 2-O-methyl-D-galactose4 
Neither (l-&)-linked &saccharides, nor the alcohols denved from them, give rise 
to malonaldehyde mtermdates, and such compounds grve blue and purple-blue 
colours, respectively, wth the spray reagents 

Production of malonaldehyde intermedates on oxidation of (l-+3)- and 
(l-+4)-linked hsacchandes requres prior hydrolysis of the fonmc ester group 
formed on C-5 of the reducmg termina 1 sugar by cIeavage between C-l and C-2 
Thus does not occur under the brief oxldatlon condltlons used, so that maltose, malto- 
triose, cellobiose, and laminmblose3 all gve bIue colours with the spray reagents The 
denved alcohols, however, produce formaldehyde and malonaldehydes, Ieadmg either 
to purple spots with a yellow “halo” (when larger chromatograpluc samples are used) 
or yellow spots when the concentration IS low * The(l+3)-and(1+4)-hnkeddlsaccha- 
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rides are therefore clearly distmgmshed from those havmg (l-+2)- and (1 

Staplzylucoccrcs Zactzs 13, and of the capsular polysacchande6 from 
Pneumococcrrs Type 11A Thus, degradation of 3-O-methyl-D-glucose forms a 

sacchanmc acrd wluch Bves a purple-blue colour, whereas that produced by degra- 
dation of 4-O-methyl-D-galactose gives an intense yellow colour. Degradation of 
glucose and lammanblose gves a product havmg slmtlar chromatograpluc properties 
to that formed from 3-O-methylglucose, whereas degradation of maltose, celloblose, 
and clutoblose Bves, m addition, an intense yellow spot of smular chromatographc 
moblhty. 

The above procedures penmt the rapid demonstration of the position of 
linkage m any hexopyranose Gsacckde and may, m suItable cases, be extended 
to tigher ohgosaccharides A total of Iess than 1 mg 1s required for the complete 
exammation, and the methods described have proved useful m thts laboratory for 
the rapid, prehminary ldentlficatlon of small quantltles of ohgosacchandes denved 
from bactenal polymers 

EXPERIhENTAL 

Me&o& - Paper chromatography was carried out with Whatman No. 1 

paper and propyl alcohol-water-cone ammoma (7 2-l) as solvent Compounds were 
detected by the periodate-Scab reagents’. 

Sugars and therr borohjdrlde redwtron products. - DI- and ohgo-saccharides, 
and the alcohols derived from them by reduction with borohydnde, were exammed 
chromato,oraphicalIy, wth the results given in the textzm4. 

AZkaZzne degradatzon of sugars - The sugar sample (1 0 mg) was dissolved in 
N sodium hydroxide (0 10 ml) and heated for 3 h at 100” m a sealed glass tube After 
bemg cooled, the solution was passed through a small column contammg Dowex-50 
(NH:) resin (1 ml) wIuch was then washed wrth water (5 ml) The eluate was evapo- 
rated to dryness zn uacuo and assolved m water (10-15 PI), and the solution was 
apphed to a paper chromatogram (5 ~1 per spot) 

The saccharimc acid obtained from 4-U-methyl-D-galactose gave an intense 
yellow spot, RG 0 90, wluch developed \Wh.m 5 nun after spraymg \nth SclufF’s 
reagent ‘l&s compound was clearly lstinguished from those produced from glucose 
or (1+3)-hnked hsacchandes which gave a maJor spot of RG 0 88 and a minor 
spot of Ra 0 96, both purple m colour In ad&tion to, and largely obscurmg, these 
two spots, (l-+4)-hnked hsacchandes gave the strong yellow spot, which clearly 
dlstmguishes them from (143)~hnked disaccharides 
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Heterocyclic amino sugar derivatives 
Part III’. Epimino and oxazolidinone derivatives of 
2-amino-%deoxy-D-allose 

WILLIAMD RHOADS ANJBPAULH GROSS 

Department of Chemrstry, Unroersrt> of the Pacrfic, Stockton, Cahfornra 95204 (U S A ) 

(Received May lst, 1969) 

In a recent study of the reactlons mvolvmg nelghbormg groups at C-2 and C-3 
of 2-ammo-2-deoxy-D-glucose and 2-ammo-Zdeoxy-D-altrose denvatlves’, the sterlc 
reqmrements and reactlon condltrons for tndentate nelghbormg groups were estab- 
hshed m order to obtam 2,3-eplmmes or 5-membered heterocycles The dlaxlal trams 
drsposltlon of the leavmg group and of the nelghbormg group, the axial arrangement 
of the glycosxdlc groups, and the high baslclty of the reagents are known to favor 
epmune formation’. Goodman has revlewed the Influence of the conformatlon on 
these competlttlve reactIons’. 

In the ehmmatxon of the mesyloxy group of benzyl2-acylammo-4,6-O-benzyl- 
Idene-2-deoxy-3-O-methylsulfonyl-P_D-glucopyranosldes, only the baslclty of the 
reagent was found to be of importance Sodmm Isopropoxlde, which IS more basic 
than 1s the previously used sodmm ethoxlde”, was selected as the reagent. It had been 
used for the preparation of 3,Pepoxldes of 2-ammo-2-deoxy-D-galactose and 
-D-allose3, and later4 of 2,3-epmunes by anchunencally asslsted ehmmatlon of 
sulfonyloxy groups Irrespective of the substituent on the mtrogen atom, compounds 
5-7 gave only hen@ 4,6-O-be~lldene-2,3-ldeoxy-2,3epunmo-8-~-~op~nos~de 
(l), although the leavmg and partlclpatmg groups had a dlequatonal dlsposltlon, 
and no axial glycosldlc group was lundermg ‘*’ form&on of a 5-membered hetero- 
cycle Phenyl oxazohne, which could have resulted from 5, and oxazohdmone, which 
could have resulted from 7, were shown to be absent m the respective reactlon 
nuxtures The epmune 1 was characterued by i%tolylsulfony1(2), N-(2,4_dnutrophenyl) 
(3), and N-acetyl(4) denvatlvcs Attempts to cleave the epnnmo rmg of the syrupy, 
but chromatographcally pure, N-acetyl derlvatlve 4 with ammoma gave only 1. 

When a weakly basic reagent, potassnun acetate in aqueous 2-cthoxyethano1, 
was used, compounds 5-7 formed 5-membered heterocycles Whereas a stable phenyl 
oxazohne had resulted6 from treatment of the N-benzoyl derlvatlve 5, the methyl 

*For the prewous paper III tixs series, see K Mlyal and P H Gross, J Org Chem ,34(1969) 1638 
From the Ph D thesis, W D Rhoads, Uruverslty of the Pacific, February, 1968 
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oxazohne, presumably resultmg from the N-ace@ denvatlve 6, was hydrolyzed under 
these condrtron@. The N-(benzyloxycarbonyl) denvatrve 7 gave the oxazohdinone 8, 
whrch was rdentrcal wrth an authentrc sample6 When the benzyhdene group of 8 
was spht off, the resulting 9 could not be obtamed m crystalhne form The N-acetyl-dr- 
O-acetyl derrvatrve 10 and the 6-O-trrtyl derivative 11 were well characterized The 
latter compound is useful for drsacchande syntheses. 

/OCH2 
PhCH 

10 0 

% 

O o=%‘=“_ ph(--~C%Ph CC<e’%ph _ RIRchph 

NH 

‘c’ ‘C’ 

1 R=H 5R=Ez II II 
2 R=TS 6 R=Ac 0 0 

3 R = 2 4-dmrro,,henyl 
4 R=AC 

7 Q = benZylQxycarbanyl 
e 9 R=R*=H 

10R =R-=Ac 
11 R = H R-z ,r 

ExPFBIhfENTAL 

Meltmg pomts were determmed on a Thomas-Hoover meltmg-pomt apparatus 
model No 6404 H, and are uncorrected Optrcal rotatrons were measured wrth a 
Rudolph polanmeter, model No 956 Infrared spectra were recorded with a Perkm- 
Elmer Spectrophotometer, model 337, on potassmm bromrde peliets. All compounds 
were found to be homogeneous and drfferent from then precursors by thm-layer 
chromatography on S&a Gel GF (Merck) wrth chloroform contammg a sufficient 
portron of ethanol or hexane to produce &-values between 0 2 and 0 7 The spots 
were visualized by spraymg wrth sulfuric acid (lO-15%) m methanol, and heatmg 
at 120” The mrcroanalyses were performed by Alfred Bemhardt of the Mrkro- 
analytrsches Laboratonum, Max-Planck-Instrtut fur Kohlenforschung, Muhlherm, 
Germany. 

Benzyl 4,6-O-benzyI~dene-2,3-drdeoxy-2,3-ep~?n~no-~-~-al~opyranos~de (1) - 
Sodium (0 23 g, 10 mmoles) was dissolved m 2-propanol (10 ml) and anhydrous 
droxane (30 ml)_ Benzyl2-acylarmno-4,6-O-be~hdene-2-deoxy-3-O-methylsulfonyl- 
P-D-glucopyranosrde (4 mmoles, acyl = benzoyl’, acetyl’, or benzyloxycarbonylg) 
was added to tins solutron, and the mrxture was heated for 18 h at reflux, cooled, 
and filtered The filtrate was evaporated rn vacua, and the resrdue was treated wrth 
water The precrprtate was titered off and recrystalhzed from methanol to give 
flaky crystals (0.8 g, 62%), 149”, [a]:: (c 1.0, YE:. 3320 
740 and (Ph) cm- 

AnaZ Cab C,,H,,N04 C, 80; H, 24; N, 15; 0, Found 
C, 93; H, 38; N, 20, 0, 02. 

The denvatrve, benzyl 2,3-acetyleplmino+-O-benzyhdene-2,3- 
drdeoxy+D-allopyranosrde was prepared 1 (0 g) wrth (5 ml) 

acetrc anhydnde 29 g) 20”. After 3 days, the resultmg solution was poured 
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onto me, whereupon 4 precrpitated as a syrup It was washed with ice-cold water, 
dned by azeotroprc evaporatron zn vacua with ethanol and toluene, and gave a syrup 
(0 37 g) which was found to be homogeneous and different from 1 on t 1 c.; e 1710 
(N-AC) cm- ‘. The N-H absorptron at 3320 cm- r shown by 1 was absent m the 1 r. 
spectrum of 4 

Benzyl 4,6-O-benzyZ~dene-2,3-d~deoxy-2,3-(p-toZylsuifonyl)epzmino-8_~-allo- 

pyranostde (2). - A solution of 1 (OS g, 1 52 mmole) m anhydrous pyndme (10 ml) 
was treated urlth ptoluenesulfonyl chlonde (0 35 g, 18 3 mmoles) at 10”. After 12 h 
at 0°, the nurture was poured onto me, and the resultmg precrprtate was Gltered off 
and recrystalhzed from a large volume of 2-propanol to grve white needles (0.44 g, 
60%), m.p 266-267”, [a]g6 - 17 5” (c 1.0, pyndine), F& 1330, 1160 (sulfonamrde), 
755,730, and 710 (Ph) cm-‘. 

Anal Calc. for C,,H,,NO, C, 65 70; H, 5 51; N, 2 84; 0, 19 45 Found 
C, 65 58; H, 5.56; N, 2.94, 0, 19.68 

Benzyl 4,6-0-benzyZzdene-2,3-drdeoxy-2,3-(2,4-d~ni~rop~eny~epzmino-~-~aZlo- 

pyranoszde (3) - A rmxture of 1 (0 5 g, 1.5 mmole), sodmm hydrogen carbonate 
(1 g), l-lluoro-2,Pdrmtrobenzene (0.3 g, 1 8 mmole), and N,N-tiethylformamrde 
(7 5 ml) was stnred for 22 h at 25” Ice-water was added, and the resultmg precrpltate 
was filtered off It was recrystalhzed from 2-propanol to gave hght-yellow crystals 
(0 39 g, 51%); m.p 72-74”, [a]E3 -271” (c 1.0, pyndme), v= 1600, 1525, 835 
(dlmtrophenyl), 1340 @‘h-N), and 700 (Ph) cm- ’ 

Anal. Calc for C,,H,,N30s: C, 61.78, H, 4.59, N, 8.31; 0, 25 32 Found 
C, 61 54, H, 4 95, N, 8 22; 0,25 44 

Benzyl 4’,6’-O-benzyIldene-2’-deoxy-B-D-allopyranosrdo[2’~’ 4,5+2-oxazolrd- 

znone (8) - Renzyl 4,6-0-benzyhdene-2-(benzyloxycarbonyl)ar3-O- 
methylsulfonyl-j3-D-allopyranoslde (7) (3 0 g, 54 mmoles) and potassmm acetate (3 g) 
m 2-ethoxy-ethanol (90 ml) contarmng 5% of water was heated for 5 days under 
reflux The reaction mrxture was kept 24 h at 0” and filtered The filtrate was evapo- 
rated zlz vacua, and the syrupy resrdue was treated with excess water. The tan crystals 
whrch formed were collected, washed wnh water, dried, and recrystalhzed twrce 
from absolute ethanol to grve 0 9 g (43%) of long, white needles, m p. 205-206”, 
[# + 13” (c 1.0, pynhne), v,,, KBr 3300,175O (oxazohdmone), no amide II absorptron, 
and 700 (Ph) cm- ’ The identity w.tth authentic matena16 was establrshed by com- 
panson of the 1 r spectra (rdenrlcal), rmxed m p. 206”, and identical mobihty on t 1 c 

Benzyl 4’,6’-dr-O-acetyi-2’-deoxy-~-~-alZopyranosrdo[2~,3’~4,~~-~-acetyl-2-oxa- 

zolzdmone (10) - To a soluhon of 8 (0 6 g, 1 6 mmole) m glacral ace&c acid (22 ml), 
water (12 ml) was added dropulse during 50 mm at 80”. The solvents were removed 
in vacua and then by coevaporatron with ethanol and toluene The residual syrup, 
presumably benzyl-2’-deoxy-/3-D-allopyranosido[2’,3’ 4,5j-2-oxazohdmone 9 was 
found to be d&erent from 10 and homogeneous on t 1 c It was drssolved m pyridme 
(5 ml), treated with acetrc anhydnde (4 3 g, 42 mmoles) for 4 days at 20”, and poured 
onto ice The syrupy precipitate was treated with water, drred azeotropically wnh 
ethanol and toluene, and recrystalhzed from 2-propanol to give white flakes (0 21 g, 
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32%), m p. 89-91”, @]E3 + 39” (c 1.0, pyndine); ei 1785 (O-AC), 1740 (oxazo- 

&&none), 1695 (WAC), and 705 (ph) cm-‘. 

Anal. Calc for Cz0Hz3N09 C, 57.00, H, 5.50; N, 3 33; 0, 34 17. Found 
C, 57.09; H, 5 58, N, 3.16, 0,34 53. 

se?zzyZ 2’-deoxy-6-~-triphenyi~ethyl-~-D-a~~opyranos~do[2’,~’ 4,5]-2-oxazolid- 
inone (11) - A solutton of 9, prepared from 8 (0 6 g) as above, 1x1 pyndme (2 ml) 
was shaken wrth chlorotriphenylmethane for 24 h at 25”. The mixture was poured 
into ice-water, and the precipitate was collected, dned, and recrystallized from a 
mixture of toluene, ether, and hexane to gve svhte crystals (0 2 g, 24%), m p. 215-217O, 

Call2,2 -9” (c 1 0, pyndme); ei 3400, 1760 (oxazohdinone), and 705 (Ph) cm-l. 
Anal. Cab for C,,H, ,NO, C, 73 72, H, 5 81, N, 2 61; 0, 17 86 Found 

C,7388, H, 581,N,280,0, 1793 
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Periodate oxidation of methyl 4.6-O-benzylidene-a-D-alloside 
and -/.I-D-mannoside 

C B BARLOW AND R D GUTHRIE 

School of Molecular Scrences, Untversrty of Sussex, Brrghton BNI 9Q3 (Great Bratarn) 

(Received May Sth, 1969) 

The penodate oxldatlon of methyl 4,6-0-benzyhdene-a-D-alloside and -/3-D- 
mannoslde in aqueous solution has been studled for comparison mth the oxldatlon 
of ammo sugars’, and as an extension of the work of Honeyman and Shaw’. Second- 

order rate constants at pH 4 06 and 25” were determmed, by the usual procedure 
(cf- ref l), and are given m Table I 

TABLE I 

SECOND-ORDER RAlE CONSTANTS FOR THE PERIODAm OXIDATION OF METHYL 4,6-O-BENZYLIDENB-D- 

GLYCOPYRANOSIDES, AT pH 4 06 AND 25” 

Methyl C,6-O-benz) hdene-o-glycoszde 1@kz (1 ntoie-1 see-l) Ref 

a-Alloslde 
a-Mannoslde 

p-Maunonde 
a-Glucoslde 
&Gluconde 
,%Guloslde 
a-Guloslde 
a-Galactoslde 
j3-Galactomde 

190 
I59 
82 

2 88 

1 13 
35 5 

319 
3 69 
2 09 

- 
2 

Honeyman and Shaw’ found that for compounds having an equator& C-2 
hydroxyl group, such as the methyl 4,6-0-benzyhdene-D-glycosldes of gulose, glucose, 
and galactose, methyl 4,6-0-ethyhdene-D-glucos~de, and methyl 4-O-methyl-D- 
glucopyranoside, the second-order rate constant for the a-D anomer was greater 
than that for the B-D anomer Thus rate hfference between anomers m whxch the 
methoxyl group IS amal for the a-D form and equatorial for the 8-D form was 
explamed2 as due to a larger “stenc interference” to complex formation wth 
penodate when the methoxyl group IS equatonal than when It 1s axial The exact 
nature of tbs sterrc interference was not hscussed. 

The rate constant for penodate oxldatlon of the j? anomer of methyl 4,6-0- 
bewhdene-D-rnannoslde has now been shown to be greater than that for the 
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o! anomer. T~LS result is the first comparison between anomenc pyranosldes possessing 
an axial C-2 hydroxyl group, and suggests that interference from the axial aglycone 
m the LY-D anomer must now be greater than that from the equatonal one in the 
P-D compound This is consistent with the earher tidmgs, m that the anomer havmg 
the czs-1,2 arrangement of groups IS oxldlsed more rapidly, but does not allow a 
detaded explanation of the results. 

The oxidation results for methyl 4,6-U-benzyhdene-or-o-alloslde complete a 
stereochemxcal senes, the aho, ghco, and manno compounds havmg already beeE 
stud&’ Of the rate constants for the four glycosides, that for alloslde IS the largest 
Thus result IS not mconslstent with the Idea of a cychc penodate&ol complex, as 
suggested for the other compounds ’ The greater rate constant of the alloslde may 
be explamed by greater ease of complexmg wth periodate brought about as a means 
of rehevmg the 1,3-chaxlal mteraction between the C-3 hydroxyl and C-l methoxyl 
groups The same explanation could account for the much faster oxldatlon of methyl 
4,6-U-benzyhdene-a-D-guloslde with respect to its j3 anomer*, smce the former 
compound agam has a 1,3-diax~al interaction m the CI conformatlon 

The rate constant for the alloslde relative to those for the other d101s 1s con- 
slstent with the results obtamed for the ammo sugars’. As the ammo group present 
m the two arnmo-allosides may help to form a more stable penodate-sugar complex 
than would a hydroxyl group, the 1,3-&axlal Interaction favourxng the lmtlal complex 
formatIon may be masked 

In view of the above data, the study of methyl 4,6-O-benzylrdene-p-D-alloade, 
and the correspomhng a- and B-D-talopyranosxdes would be of great interest It IS 
prechcted that the jL?-D-alloslde w111 be oxlchsed at a slower rate than Its a-D anomer, 
once the latter has the cz.+l,2 groupmg. 

ACKNO NL.EDGMENTS 

We thank Dr P. Garegg for a sample of methyl 4,6-U-benzyhdene-B-D- 
maEEopyranoslde, and the S R C. for the award of a research studentsbp (to C B B ) 

REFERENCES 

1 C B BARLOW AND R D G~~RIE, Carboh~cj Res, 11 (1969) 53 
2 J HONEYMAN AND C J G SHAW, J Chem Sot, (1959) 2454 

Curbohyd Res , 11 (1969) 565-566 



567 

Note 

2-Deoxy sugars 
Part XVIII. The anomers. of 3&(2-deoxy-D-lyxo-hexopyranosyloxy)- 
3 4/I-hydroxy-fi#Lcard-20(22)-enolide’ 

W. WERNER Z~RBACH,!~LVANO L. DEBERNARDO.AND K. VEMCATRAMANA BHAT 

Department of Bio-Organic Chemistry, Gulf Sorrth Research Insfitute, New Iberia, Louisiana 70560 

(U. S. A.) 

(Received May ZOth, 1969) 

The work described constitutes an extension of our earlier studies’ designed 
to obtain a series of cardiac gIycosides having minimal structural variations in the 
sugar component in the hope of clarifying the relation between the structure of the 
carbohydrate residue and the cardiotonic activity of the cardiac glycoside. In parti- 
cular, we have shown that the 2-deoxy-fi-o-arabinohexoside and the 2-deoxy-Z&D- 
ribo-hexoside of digitoxigenin [3/?, 14fl-dihydroxy-S/3-card-20(22)-enolide, l] have 
approximately- the same potency, and it appears, therefore, that a reversal of the 
configuration at C-3 of the carbohydrate residue has no effect. However, for all of 
the glycosides of digitoxigenin (1) thus far studied (see Table I, Ref. l), the hydroxyl 
group on C-4 of the sugar residue is an equatorial substituent, and it is for this 
reason that we undertook the synthesis of the title glycoside (4-OH axial), differing 
from the 2-deoxy-fl-D-arabina-hexoside only with respect to a reversal of configuration 
at this carbon atom. 

To this end, and also with a view to synthesizing some pyrimidine nucleosides 
containing 2-deoxy-/3-o-Zy.ro-hexopyranose residues, we undertook, and were success- 
ful in, the preparation of crystalline 2-deoxy-3,4,6-tri-O-p-nitrobenzoyl-a-D-lyxo- 
hexosyl bromide2. In contrast to similarly constituted halides of other 2-deoxy- 
hexoses’, the new halide failed to condense with dialkoxypyrimidines, even at 
elevated temperatures, and, because of this situation, it appeared unlikely that the 
bromide would have utility in the synthesis of cardiac glycosides. 

We have attributed the failure of the p-nitrobenzoylated halide to form 
ZV-glycosyl derivatives to the axially oriented p-nitrobenzoyloxy group on c-4, which, 
apparently, causes C-l to become a hindered position2. Accordingly, we sought to 
prepare a halide of 2-deoxy-D-Zyxo-hexose in which the substituent at C-4 would 
have the smallest possible bulk, and, subsequently, were successful in converting the 
sugar, in six steps, into crystalline 3,4-O-carbonyl-2-deoxy-6-O-p-nitrobenzoyl-a-?- 
Zyxo-hexosyl bromide3 (2). The latter halide readily underwent reaction with dialkoxy- 

*This work was supported by Giant No. GSEU_NS257+ from the Louisiana State Science Foundation. 
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Quantitative determination with periodate of compounds subject to 

non-Malapradian oxidation 

Part HI. Cyclohexanehexols 

S ROBERTSARFATIANDPATRICIASZABO 

Instltut de Brochanre, Faculte des Scrences, 91 Orsay (Frame) 

(Received May 23rd, 1969) 

It IS well known ’ - ’ that perrodate oxmatrons of the mosrtols are “anomaious” 
under the usual condttrons of oxrdatron, instead of reductron of SIX molar eqmvalents 
of the oxidant and formatron of SIX equivalents of fornuc acrd, about 6 7 equrvaients 
of perrodate are reduced and about 5 equivalents of fornuc acrd are formed Carbon 

droxlde IS also a product m these oxrdatrons and IS formed, m all probabrhty, from 
glyoxyhc actd, which has been shown to be an mtermedrate in the periodate oxidation 
of my0-mosito13~4 and which 1s known to be oxi&sed by penodate to carbon dtoxrde 
and formrc acid’ - ’ 

We now report that when drlute solutions of mosrtols m 0 IN sulphuric acrd 
are oxuirsed wrth penodate at 0” (“cold acid” methodg), each mosttol reduces 
exactly SIX molar equivalents of periodate Glyoxyhc acid, whrch 1s not oxrdrsed by 
perrodate rn these conditions lo, IS formed m amounts whxh vary shghtly accordmg 
to the lnosltol oxldxsed (Table I) 

TABLE I 
PERIODATEOXIDATIONOFINOSlTOLS 

Inosztol (cycloriexanehexol) Eqara of IO, reduced Equro of glyoxylrc acid formed 

L-chrru-(1,2,4/3,5,6) 60 085 

muco-(1,2,4,5/3,6) 59 08 
myo-(1,2,3,5/4,6) 60 07 
w-(LW,4,5/6) 5 95 07 
scyllo-(1,3,5/2,4,6) 5 95 0 66 

It 1s generally accepted that the first mtermedrate m the penodate cleavage 
of cychtols IS a hexodialdose, whrch may then be further oxrdrsed either rn the strarght- 
cham fonn or as a cychc tautomer Possible pathways for the oxrdatron of mosrtols 
ma either of these forms have been proposed by Schwarz4. From the strarght-chain 
form, giyoxyhc acrd 1s formed vza hydroxymalonaldehyde/tnose reductone, whereas 
the cyclic form would yreld a formrc ester of hydroxymalonaldehyde, which upon 
hydroxylatron, cleavage by penodate, and hydrolyses would also yield glyoxylic 
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acid. In the conditions of the cold acid method, oxzdatzon of the mositols by any of 

the mechamsms proposed by Schwarz would entart the reduction of SIX moIar 
equivalents of periodate, since glyoxyhc acrd IS then not attacked by penodate. The 
question as to whzch pathways are actually mvolved thus remains open However, 
we have shown9 that, m these condztzons, over-oxzdatzon, i e , hydroxylatron, of 

malonaldehyde does not occur. Moreover, we have mferred” from these results 
that the methyl ether of hydroxymalonaldehyde, formed during the penodate oxrdatron 
of carbohydrate methyl ethers, also does not undergo a hydroxylatzon reactzon, but 

rather forms, by enohsation, tnose reductone methyl ether. Free tnose reductone, 
formed by hydrolysis of this ether, IS then oxrdlsed stouAiometncally to yeld formrc 
and glyoxyhc actds Slmrlarly, rt can be expected that the formic ester of hydroxy- 
malonaldehyde mentroned above will enohse to gave tnose reductone fornuc ester. 
As zt zs known” that enol esters ace easily hydrolysed, cleavage of the hydroxy- 

malonaldehyde ester could proceed by tlus pathway rather than by the hydroxylatzon 

reactron. 
It IS mterestmg to note that Angyal and McHugh”, who exammed the zmtial 

rates of reactzon of the mosztols wrth periodate, found that epz-inosltol reacted 

extremeIy rapidly wsth pcrrodate, whereas, m our condrtrons, thrs mosttol reacts 
relatively slowly (Fig. 1) Both mosrtols (zzz~~- and epz-) which react more slowly 

with periodate m our condrtzons have, if then most favoured conformatron IS con- 

sidered, an axzal hydroxyl group flanked by two equator& hydroxyl groups, a 
feature which has been conszdered’ 2 to be unfavorable for raped reaction wrth 

penodate, whereas no such groupings are found m the two mosrtols (znuco- and 

L-chiro-) which rapidly reduce penodate 

Fzg 1 Penodate oxzdatzon of tchuo- (-0-), mm- (-_v-), myo- (-@-), and epz- (-Cl--) 
mosrtols. 
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EXPERIMENTAL 

Penodate oxldatlons at 0” m 0.1~ sulphunc acid (6 x lo- 4~ m substrate and 
6 6 x lo- 3M in sodmm penodate)‘, and glyoxyhc acid determmatlons” were carried 
out as desmbed previously L-clzzro-mositol was prepared from (-)-quebrachtol’ 3. 

ACKNOWL,EDGMENTS 

We thank Professor S J Angyal for g&s of epz- and m2(co-mosltols, Dr V Plou- 
veer for the scyllo-inosltol, and Dr S D Gero for the (-)-quebrachltol We also 
thank the Lgue Nationale FranGase contre le Cancer for a grant (to S R S ) 

REFERENCES 

1 S J ANGYAL AND L &ERSON, Advun Carbohyd Chem , 14 (1959) 135 
2 T POSTERNAK, Les Cycfrtok, Hermann. Pans, 1962, pp 44, 68. 
3 P FLEURY AND L LEDIZET, Bull Sot Chm Wol, 37 (1955) 1099 
4 J. C P. SCHWARZ, Chem Ind (London), (1955) 1388 
5 C F HIJEBNER, S R AMES, AND E C BUBL, J Amer Chenz Sot, 68 (1946) 1621 

6 P FLEURY AND G BON-BERNA=, J Pharm Cbem [S], 23 (1936) 85 
7 D B SPRINSON AND E CHARGAFF, J BIOI Chem , 164 (1946) 433 
8 L HOUGH,T J TA~oR,G H S THOMAS,AND B M WOODS, J Chem Sot, (1958)1212 
9 P SZABO AND L SZABO, Carbohyd Res, 4 (1967) 206 

10 J P Gw, M T ROKICKA, AND P SZABO, J Chem Sot (C), (1969) 909 
11 L F FIESER AND M FRASER, Advunced Orgumc Chemszry, Remhold, New York, 1962, p 410 
12 S J ANGYAL AND D J MCHUGH, J Chem Sot, (1957) 1423 
13 C TANRET, Compt Rend, 109 (1889) 908, cf S J ANGYAL AND R M HOSKINSON, Merhods 

Carbohyd Chem , 2 (1963) 87 

Carboh,d Res , 11 (1969) 571-573 



Carbohydrate Research 
ELewer Publuhmg Company, Amsterdam 

Prmted m B&m 
574 

Note 

The reaction of yiids of maleimide with derrvatives of D-ribose 

ROBERT E HARMON, GEORGE WELLMAN, AND S K GUPTA 

Department of Chemrstry, Western Mrchlgan Umversrty, Kalamazoo, Mchrgan 49001 (U S A ) 

(Received June 12th, 1969) 

Because of the importance of long-cham monosacchandes as mtermedlates m 
the synthesis of other carbohydrates, we have mvestlgated the reactlon of tnphenyl- 
phosphoranyhdenesuccmnmde’ (la) and Its N-phenyl derlvatlve lb with derIvatlves 

of D-nbose The reactlon of D-nbose with the yhds la and lb was studled m order 
that mtermedlates for the total synthesis of the antlblotlc Showdomycm’ might be 
prepared The reactlon of resonance-stablhzed yhds with several monosacchandes, 
as well as with acetylated aldehydo monosacchandes, has been reported3 

Attempts to cause unprotected D-rlbose and D-glucose to react directly with 
the yhds la and lb were unsuccessful Smularly, the reactlon of acetylated aldehydo- 
D-rlbose and a/de/zydo-D-glucose wth these yhds did not lead to any Isolable product 
In contrast, reactlon occurred between 2,4 3,5-dl-0-benzyhdene-aldehydo-D-rlbose (2) 
(prepared by the procedure of Potgeter and MacDonald’) and the yhds la and lb, 

and respectively afforded 3a and 3b, each m -85% yield When 3a was treated with 

0 

,a R=H 
,b,R=Ph 

30 
HCljh~0 _ 

+ 

0 

I 
C!-$OH 

4 

3o,R=H 

3b,R=Ph 

10 -I- 

Lo 
I 

.t”\ 
“,lY”‘” 

I cn,o* 
5 
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aqueous hydrochlonc acrd, selectrve hydrolysis of the 3,5-O-benzyhdene group 

occurred, yteldmg 2,4-O-benzyl~dene-l-deoxy-l-(2,5-d~oxo-3-pyrrolIdmylrdene)-~- 

nbltol(4) Compound 4 could also be prepared by the reaction of 2,4-O-benzyhdene- 
aldehydo-D-nbose4 (5) with the yhd la 

In summary, the reaction of yhds la and lb dertved from malenmde and 

N-phenylmaleinnde with benzyhdene-protected aki’e@do-D-nbose (compounds 2 and 

5) gves the correspondmg Wtttrg reactron-products 

Melting pomts were determined with a Thomas-Hoover meltmg-point appa- 
ratus and are corrected The elemental analyses were performed by Galbraith Labo- 
ratories, Inc , Knoxville, Tennessee 37921. A Beckman IR-8 spectrophotometer was 
used for recordmg the I r spectra The yhds la and lb were prepared by the procedure 
of Heyda and Theodoropulos’ The method of Potgieter and MacDonald4 was 
used for preparing the D-nbose derivatives 2 and 5 

2,4 3,5-Dz-O-benzyZzdene-Z-deox21_l-(2,5-d~oxo-3-pyrroI~d~nyIzdene)-~-r~bzrol (3a) 
- To a solutron of 2 (1 7 g, 5 mmoles) m ethanol (200 ml) was added the yhd la 

(1 7 g, 5 mmoles) mth stn-nng. After 1 h, the solutron was concentrated under 

dummshed pressure to 75 ml, and cooled to 10” The whtte precrpltate thus obtained 

was filtered off, dned, and crystalhzed from absolute ethanol, to yield 1 7 g (86%) 
of colorless needles, m-p. 194195”, [a]c5 -94 1” (c 0.12, ethanol) VP=?’ 3180 (NH), 
1770, 1730, 1680 cm- ’ (C = 0) 

Anal. Calc. for Cz3H2iN06 C, 67 80, H, 5 16, N, 3 44 Found C, 67 81, 
H,53l,N,340 

2,4 3,5-D~-O-benzyhdene-l-deoxy-l-(2,5-dzoxo-I-phe~tyZ-3-pyrrobd~nyl~dene)-~- 
rzbitoZ(3b) - Reactron of the yhd lb with 2 by the foregomg procedure afforded 
3b m 85% yield, m p. 212-213”, [oL]~~ - 143 2” (c 0 38, ethanol), ez’ 1770, 1710, 

1680 cm-’ (C=O) 
Anal Calc for C2aH2eN06 C, 72 04, H, 5 17, N, 2 90 Found C, 72 25, 

H,532,N,291 
2,4-0-Benzyhdene-I-deoxy-1 -(2,5-droxo-3-pyrroZIdznyZzdene)-D-rrbrtol (4) - 
Method A To a solution of 3a (3 g, 7.3 mmoles) m methanol (300 ml) was added 

concentrated hydrochlonc acid (3 ml) The solutron was stinad for 5 h at 30”, and 
then evaporated under dmumshed pressure to an oil, this was tnturated with cold 
water, and the resulting precipitate was crystalhzed from water to yield colorless 
needles which, after bemg dned at 1 loo/O I mmHg, afforded 1 6 g (63%) of 4, 
m.p. 189-190”, VT*:’ 3500 (CH), 3380 (NH), 1760, 1720, and 1680 cm-’ (C = 0). 

Anal Calc for C,,H,,NO, C, 60 18, H, 5 36, N, 4 38 Found C. 59.93; 
H, 531; N,422 

Method B Reaction of 5 with the yhd la by the procedure used for the prepa- 
ration of 3b afforded a 51% yield of 4, m p 189-190” The m p of a mntture of the 
products from Methods A and B was undepressed, and the I r spectra of the two 
samples were superposable 
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Preliminary communication 

Reaction of glycosyl chlorides with silver tetrafluoroborate 

K IGARASHI, T HONMA, AND J. IRISAWA 

Shronogz Research Laboratory, Shronogr & Co. Ltd , Fztk~hmma-ku, Osaka (Japan) 

(Recewed June 3Oth, 1969) 

Recently, there has been a marked increase m interest m the synthesis of 
fluormated carbohydrates’. 

We have found a new method for the synthesis of glycosyl fluorides under 
very m&l, homogeneous con&tions When a glycosyl chloride (200 mg) was added 
to an Ice-cold solution of srlver tetrafluoroborate’ (138 mg, ca 1 2 mol ) m anhydrous 
ether or toluene (7 5 ml) under anhydrous conltions and wn.h sturmg, srlver chloride 
was unmelately precipitated. Cold, saturated, aqueous sodium hydrogen carbonate 
(3 ml) was then added, the orgamc layer was separated, and the aqueous layer was 
extracted nnth drchloromethane The combmed orgamc solutrons were washed wnh 
water, drred, and evaporated The product was crystalhzed from ether and hght 
petroleum (b p. 30-50°) after preparative t 1 c on silica gel with benzene-ether (1 1) 
The results are summarized m Table I. 

TABLE I 

REACl-fON OF GLYCOSYL CHLORIDES ‘WITH SILVER TETRAFLUOROBORATEa.b 

Formula 1 Anomem Solvent Reaction tune Yield (%) of 3 Isolated 

R’ R’ configuration (nun) a B 

H Cl a Ether 15 
Toluene 60 

H Cl B Ether 15 
Toluene 60 

Cl H CL Ether 15 
Toluene 60 

Cl H B Ether 15 
Toluene 60 

H OAc a Ether 15 

60 5 177 
763 ,lC,~ 

62 15 
772 -1* 
70 18 
91 -l&Y 

72 8 19 8 
91 -l”,I 

49 24 

aMolar ratlo of glycosyl chlonde and salver tetrafiuoroborate was 1 1 2, unless othemse stated 
*Unless otherwlse stated, compounds obtamed were proved to be xdentlcal wth authentic samples 
(see ref 1) ‘Two molar eqmvalents of sliver tetraiiuoroborate were used because of the slower 
reactlon rate *Quantitative analysis by g 1 c showed that a- and /3-D-glucosyl fluorides were obtamed 
m a ratlo of 95 5 4 5 eQuantxtatlve analysis by g I c showed that cz- and /?-D-mannosyl fluorides were 

obtamed m a ratio of 98 9 1 1 ‘3,4,6-Tn-O-acetyl-2-chloro-2-deoxy-~-D-mannopyranosyl fluoride 
showed m p 88 5-89 Y, [a]% -44 8 *to 8” (c 1, chloroform) 
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When the reactron was camed out m ether, anomerzatron was not observed, 
and the a- and p-n-glycopyranosyl fluondes obtained correspond to the kmetically 
controlled products For reactions m toluene, the anomerzatron is so fast that an 
eqmhbrated rmxture is obtained It 1s well known3 that boron trifluonde not only 
forms a very stable complex w&h ether (but not with toluene) but also has a tendency 
to coordmate wrth reactive fluorine atoms of orgamc compounds to yield tetra- 
fluoroborate ion_ In ether, the reaction of glycopyranosyl fluorides 3 and boron 
tnfluonde-etherate, giving the glycopyranosyl tetrafluoroborate ron-pan 2, wmch 
IS assumed to be the reactron Intermediate, is prevented owmg to the stability of 
the boron trriluonde-etherate but, m toluene, the reaction can easily take place. 

An unexpected result was observed m the reactron of tetra-O-acetyl-U-D- 
glucopyranosyl chloride with silver tetrafluoroborate m ether The products were 
2,3,4,6-tetra-O-acetyl-c+ and -/I-n-glucopyranosyl ff uondes, but the cychc acetoxonmm 
tetrahuoroborate4 4 cou!d not be obtamed The glucosyl fluorides were also obtained 
m similar yields when compound 4 was dissolved m ether at 0” 

Further mvestrgauons are m progress 
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Preliminary commumcation 

Pyranoid compounds bearing parallel and cross-oriented dienol ether 
linkages 

J KISS 

ChemrcalResearch Deparrment, F Hoffinann-La Roche & Co , Lrd , BaseI (Swrtzerhuf) 

(Received September 20th. 1969, m revised form, November 6th, 1969) 

Accordmg to the stab&y prmclple of Brown and coworkers’, 6-membered 
rmgs havmg an endocychc double bond are more stable than those havmg an exocychc 
double bond Th.~s sltuatlon contrasts mth that for knernbered rings having an olefmlc 
hnkage, for which an exocychc double bond stablhzes, and an endocycbc one lab&es, 
the rmg Thus stab&y prmclple has thus far been proved m the field of the carbocychc 
olefins’ We have studled Brown’s stab&y pnnclple for some lsomenc sugar derlvatlves 
havmg an endo- or exe-cychc enol ether l&age m the pyranold or furanold rmg, and 
the results of these mvestlgatlons w111 be reported elsewhere3 

The questlon of ring stab&y m this field IS Important, because, dunng the 
past decade, some classes of natural products have been dlscovered that have a smnlar 
kmd of (a) unsaturated, pyranold structure contalnmg an enol acetal h&age (e g , 
bacterial and enzymlc degradation products of mucopolysaccharrdes4, and enzyrmc 
degradation products of pect&), or (b) unsaturated,furanold structure contalnmg an 
enol acetal lmkage (e g 6 , Angustmycm--4) 

In the present commumcatlon are reported the preparation and charactenzatlon, 
and some prehmmary m&c&Ions concernmg the stablhty, of some pyranold compounds 
having a dlenol ether h&age 

The dlenol ether 3 (methyl 40acetyl-2,6anbydro-3,5-drdeoxy-D-gycero- 
hex-2,5-dlen-1-onate) havmg parallel double bonds was obtamed by a rmld p-elmunatmn7 
of methanesulfonate at 20” caused by actlon of the theoretical amount of alkah 
(sodmm methoxlde or alkah acetate m methyl suIfoxlde) on methyl 4-Gacetyl-2,6- 
anhydro-5-deoxy-3_O-(methylsulfonyl)-D-lyxo-hexSen-l-onate (2), m p 75-76’, 
[ar] g-34 3” (C 0 66, chloroform), obtamed by reduction of the correspondmg l-deoxy 
I-bromo-uronate’ (1) with zmc-acetic acid by the method of E Fischer* 

Compound 3 proved to be unstable, and it polymerized unmedlately, hence,we 
did not mvestlgate (a) the extent to whtch spontaneous polymenzatlon is the result Of 
the two double bonds, whch are parallel to each other, (bj the effect of the substltuent 
on C-4, which IS III an allyhc posltlon on both sides, or (c) the effect of the carboxyl 
group In tti polymenzatlon However, 4H-pyrang , for example, 1s lughly unstable at 
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Meso20~Br yem*og5j - [ &] _ Polymeric 
prOdUCtS 

cat 

1 2 3 

4 5 6 

room temperature m the presence of polymerrzatlon lnhlbltors m an atmosphere of 
Inert gas at -7O”, zt can be stored for only a few days On the other hand, the 1 ,2-double 
bond of glycals prevents rhe pyranozd nng from bezng unstable Furthermore, the 
4,S-unsaturated 4-deoxyhexopyranoslduronates’ (smular to compound 2, which contains 
a bonded acryhc ester h&age m the pyranold ring) are also stable 

It was desued to test the stab&y of the pyranozd rzng when the two enol ether 
double bond are cross-onented to each other, I e , III a rmg bearing endo- and exo-cychc 
double bonds Such a system can be obtamed from 3,4-dz_O-acetyl-l$anhydro-2,6- 
&deoxyd-lodo-D-urabmo-hex-l-ezutol(4), [a] g-37” (c 0 42, chloroform), RF 0 64 
by t 1 c on S~hca Gel with 3-7 (v/v) acetone-petroleum ether (b p 40-4S”), by 
treating It with dry sliver fluonde m dry pyndme by the method of Helferzch and 
Hnnmen’o , to give the new compound 5, havmg exu- and endo-cychc double bonds 
Compound 5 1s stable It can be punfied by column chromatography on Flonsll or by 
vacuum dzstlllatlen (b p S6--57”/0 02 torr) to give a colorless 011, ?zg 5 1 4752, [ol]g 
-198” (c 0 58, chloroform) At 0”, zt crystalhzes, m p 40”, vgti 3112,898 (methyhdene), 
1754,123O (ester), 1674 and 1653 cm-’ (-C=C-), XEttH 226 nm (Ed 8 6), o r d data 
(Cotton effect) [ar12& -126O (McqO -267’), [cu]$& -178” (Mss9 -377”), [a!]& -1,378” 

(MXZ -2,921°, mm), [cy]22& 
max 

2 
, bl%, +7,277” (M~17 

+2,880° (Mzss +6,105”, sh), [&o +8 284” (M2zo 17,562”, 
1~5,427~) [c 0 210,9mM, methanol (Dr K Noack)] , c d data 

ii& H 239 (A, +O 734), 215 (A, i-6 23), hpzH 235 (AE +O 576), XpoH204 [25’, c 0 525 
(Dr K Noack)] _ The 100~MH z n m r, spectrum (obtained by Dr G. Englert) was measured 
m benzene-de doublets at T 3 8 (H-l), T 5 18 and 5.44 (H-6 and H-6’), quartets at r 4 39 
(H-4), 4 78 (H-3) and 5 0 (H-2),Jl ,2 6 0 Hz, J, ,3 5 0 Hz, J3 ,4 3 2 Hz, J2 ,4 1 5 Hz, J6,6t 

I 3 Hz, J1,6 0 1-O 3 Hz, andJ,,, 

(Hz) conformatzon 
0 +- 0 3 Hz Hence, compound 5 exists m a half-chair 

0 
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The mass-spectral behavior of 5 was studied (by Dr. W. Vetter) with an AEIMS9 
mass spectrometer. The main direction of fragmentation proved to be the loss of a molecule 
of acetic acid [the resulting fragment(s) having a molwt. of 1521; the product then 
decomposes by splitting off a molecule of ketene, giving stable system(s) having a mol.wt. 
of 110 (e.g., a pyrillium ion having a r-electron sextet)rr . 

3,4-Di-O-acetyl-l,5-anhydro-2,6dideoxy-D-fhreu-hex-l,5dienitol (5) is stable at 
room temperature (without the use of any polymerization inhibitor or an atmosphere of 
inert gas). The two acetyl groups can be split off by catalysis with sodium methoxide in 
methanol without decomposition or polymerization. The resulting l,S-anhydro-2,6- 
dideoxy-D-rhreo-hex-1,5-dienitol(6) can be purified by column chromatography or by 
vacuum distillation [b-p. 90-95°@ath)/0.3 torr, Hickman still] ; [a]8 -169 (C 0.2, 
chloroform); ~2:; 3380,1042 (OH), 1670,1653 (‘-C=C-), and 868 cm-’ (methylidene); 
hE&%H 22.5 nm (emM 10.3); o.r.d. data (Cotton effect): [ar]a& -94” (Mew -1209, [&I$& 
-138” (MsR9 -176”), [or]& -3,270” (M2& 4,185”, mm), [at]f$ 0”, [u]&, 13,878” (l&e 
17,763”) Lc 0.253, methanol (Dr. K. Noack)] ; cd. data: XgeH 246 (A, +0.086), h=H 
243 (A, + 0”) hEe,OH 227-224 (Ae -3.88), XpsH 219-215 (Ac -3.42), X$$$)H 206 
(Ae -5.53) at 2S0 [(c 0.2528 (Dr. IL Noack)] . 

According to these preliminary observations, cross-orientation of two double 
bonds in a 6-membered ring system is a stabilizing factor; this phenomenon tin be 
designated a type of “cross homoconjugative effect”. From the point of view of the 
stabi!ity theory of Brown’ , it may be proposed that, in a l ,S-anhydro-2-deoxy-hex-l-enitol 
(glucal) system similar to a saturated, 5membered ring system, the introduction of a second 
double bond in an endocyclic enol ether position lab&es, and, in an exocyclic position, 
stabilizes, the &membered ring (pyranoid) compounds.. 

We intend to test the validity of this suggested rule by study of further examples 
of substituted pyranosides, dnd also to investigate the same question in unsaturated, 
S-membered ring, enol acetal furanoid systems by introducing a second double bond in the 
endo- and the exe-cyclic position**. 
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Book review 

Chemzstry and Enzymology of Marine Algal Polysaccharzdes, by ELIZABETH PERCIVAL 

and RICHARD I-I MCDOWELL Academxc Press Inc, London and New York, 1967, 
x11+219 pp , 60/-(812.00). 

The long history of the study of marme algal polysaccharides has led to the 
gradual reahzation that these polysacchandes are somewhat different m composltlon 
from these polysacchandes of land plants Algae synthesize a wide variety of fascl- 
nating polysaccharides, some of wluch, such as the sulfated galactans, and fucoidan, 

are umque to the red and brown seaweeds, respectively. The general nature of the 
polysacchandes found in the common marme algae has been known for many years, 
and IS described in numerous works of reference The more recent work, which 1s 
largely the result of rapxdly developing mvestlgations dunng the last decade, 1s 
widely scattered, and has been brought systematically into one volume for the first 
time m this book 

Nme chapters are mcIuded; they are (1) Polysacchandes m hvmg marine aIgae, 
(2) Elucidation of the structure of polysacchandes, (3) Food storage polysaccharrdes 
of the Phaeophyceae and Crysophyceae, (4) Other neutral polysacchandes, food 
reserve and structural, (5) Algmic acid, (6) and (7) Sulfated polysaccharides containing 
neutral sugars, (8) Polysacchandes contammg uronlc acid and ester sulfate, (9) Some 
comparisons of algal mth other polysaccharides 

The book has been wntten by Dr Ehzabeth Percival (Royal Holloway College, 
London), a well-known International authonty m the chemistry of marme algal 
polysaccharides, and Dr Richard H McDowell (A&ate Industries Ltd , London) 
The production is excellent; each chapter has an extensive blbhography m which 
the hterature 1s covered well mto 1967, and there is a good SUbJeCt index 

The emphasis in the book 1s on structure and the general relatlonshlps of 
polysaccharides as they occur in the algae, rather than on commercral products from 
seaweeds. However, some space 1s given to the propemes and uses of alginates, agar, 
and carrageenan Attention IS also given to the action of enzymes from vanous 
sources on some of the alga1 polysacchandes and products derived from them 
Although we are very far from understandmg the complete metabohc processes 
mvolved m the hfe cycle of the algae, the book wfi provide a useful basis for further 
work 

Although general knowledge of orgamc and physical chermstry IS presumed, 
chapter (2) IS devoted to a detaded explanation of all recent techmques employed m 
polysacchande chermstry The book IS intended for the chermst and bloloast engaged 
in any aspert of phycological research, but it WIII also be of value to persons in those 
mdustries &at make use of plant gums and mucilages. 

Kyoto Technzcal Unzuerszty CHOJI ARAKI 
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ANNOUNCEMENTS 

(1) The Vth International Symposmm on Carbohydrate Chermstry w111 be held m 
Parls from 17th to 22nd August 1970 The programme ~11 Include 30 lectures and 
12 round-table dlscusslons The Symposmm 1s open to all persons interested m the 
chenustry and blochemrstry of carbohydrates. 

Prehmmary programmes and reglstratlon forms are available from the Secretary 
F Percheron, 4 Avenue de l’Observatolre, 75-&u Vie, France 

(2) The Jomt IUPAC-IUB Comrmsslon on Blochemlcal Nomenclature (CBN) 
decided m 1968 to include Enzyme Nomenclature wlthm its field of work After carefully 
consldermg the document “Enzyme Nomenclature Recommendations (1964) of the 
Intematronal Urnon of Brochermstry on the Nomenclature and Classlflcatlon of Enzymes, 
together with then Units and the Symbols of Enzyme Kmetlcs”, CBN decided, at its 1969 
meeting, that the time was appropnate for a revlslon and an extension of Gus report It has 
therefore set up a Comrmttee which has been asked to work towards a revlslon of “Enzyme 
Nomenclature”, mcludmg the addltlon of newly-described enzymes, by 1971 The convene1 
of the Comnuttee 1s Professor E C Webb, Department of Blochenustry, The Unlverslty of 
Queensland, St Lucia, Bnsbane, 4067 Austraha It would be helpful to the Comrmttee lf 
all blochermsts who have sugestlons to make m ths field, either of enzymes which are 
omltted from the exlstmg report or who wish to draw attention to errors m the exlstrng 
report or of improvements m the exlstmg names, would send them directly to Prof 
E C Webb as soon as possible and preferably before March 31;t, 1970 

0 HOFFMANN-OSTENHOF 

Charrman, IUPAC-IUB Jomt Comnusslon 
on Blochermcal Nomenelature 

CORRIGENDUM 

Grbohyd Res , 10 (1969) page 314, equation (2) should read 

2k2 - (k,(l) + k3(‘)) k&l) +k3(2) 
ek2 ‘(l-0$ = e-(ks(‘) + k&2) - k2)t _ 

2k2 - 2(&(l) + k$)) UC, - 2(k$) + k3c2$ 
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