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ABSTRACT

Ultraviolet irradiation (Pyrex filter) of a methanol solution of 6-deoxy-6-iodo-
1,2:3,4-di-O-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-O-isopropylidene-«-D-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 zerz-butyl alcohol in the presence of sodium hydroxide gave 2 in only
36% yield, together with 6-deoxy-1,2:3,4-di-O-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 (5) and
an iodine atom. The products formed from 5 depend on the relative ease of abstraction
of hydrogen from the solvent. i

INTRODUCTIGN

Although the naturally occurring carbohydrates are products of photo-
chemical reactions, practical photochemical syntheses of carbohydrate substances
in the laboratory are relatively rare!™3. 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 detail3, the
photochemistry of 6-deoxy-6-iodo-1,2:3,4-di-O-isopropylidene-a-D-galactopyranose

a@. :
RESULTS )

- Direct ultraviolet irradiation (i.e., without a filter; quartz lamp only) of 1 in
methanolic sodium hydroxide under nitrogen for 2.0 h at 25° (see Expt. A, Table I)
led to its complete disappearance, 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

Ry

Florisil, of the ether-soluble fraction afforded two photoproducis; the major product,

TABLE 1
PHOTOCHEMISTRY OF 6-DEOXY-6-10D0-1,2:3,4-DI-(O-ISOPROPYLIDENE-X-D-GALACTOPYRANOSE (1)

Expz. Solpent Base added Irradiation time, Yield of products, %
h 2 4
A Methanol sodium hydroxide 2.0 83 none
B Cyclohexane sodium hydroxide 2.0 54 none
C Cyclohexane triethylamine 2.0 48 none
D tert-Butyl sodium hydroxide 3.0 36 32
alcohol
E Benzene sodium hydroxide 6.0 none none

isolated in 83% yield, was identified as 6-deoxy-1,2:3,4-di-O-isopropylidene-«-D-
galactopyranose (2) by direct comparison with an independently synthesized sample®.
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 significantlyless 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 been achieved in cyclohexane in the
presence of (a) sodium hydroxide (see Expt. B, Table I) and (5) 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 fert-butyl alcohol, a solvent that is a poor hydrogen-donor?:2,
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-1,2:3,4-di-O-isopropylidene-L-arabino-hex-5-enopyranose’ (d4), 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-6-10D0-1,2:3,4-D1- O-1SOPROPYLIDENE-(t-D-GALACTOPYRANOSE (1)

Expt. Irradiation time, h Filter Yield of 2, %
F 2.0 Vycor® 78
G 6.0 Pyrex?® 97
H 2.0 quariz® 83

“Removes light of 2 << 205 nm. *Removes light of 4 << 280 nm. “Quartz 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-1,2:3,4-di- O-isopropylidene-a-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-1,2:3,4-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-L-
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 reaction 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-donor®?, 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 terz-butyl alcohol,
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where abstraction of a hydrogen atom is more difficult® %, hydrogen transfer from 5
to an iodine atom, to produce a molecule of 6-deoxy-1,2:3,4-di-O-isopropylidene-
L-arabino-hex-5-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-1,2:3,4-di-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-O-
isopropylidene-a-D-galactopyranose (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-O-isopropylidene-a-p-galactopyranose
(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.)/0.2 torr, whereas 2 readily distils at 59-61°
under the same pressure; (b) on t.l.c. of 2 and 3 on silica gel, 2 has a much greater
mobility than 3; (c) the R, values, on paper, of the deacetalated products from 2
and 3 also show the product from 3 to be less mobile than that from 2.

In comparing two molecules, lewer 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-polar 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 result 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 products 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 atom®®, we tentatively
propose for the structure of compound 3 that shown in the following reaction
depicting a probable process for the formation of 3.

H,C CH,
Me,C—0 Me,C—0O )__0

] ]

N I T I 4
? [o]
O—CMee O—Cme,
3
EXPERIMENTAL
General procedures. — In each reaction, a solution of compound 1 was

irradiated at 25°, with constant stirring, with the light from a 100-watt, Hanovia,
high-pressure, quariz, 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
in vacuo below 30°, before column chromatography. T.l.c. was performed on silica
gel (~100 um thick) on polyester sheets (Eastman Kodak Co., Rochester, N.Y.)
with 100:1 (v/v) benzene—ferr-butyl alcohol as the developer and I-naphthol-
phosphoric acid as the indicator*®.

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..c. of the crude reaction-mixture revealed, after treatment with 1-naphthol-
phosphoric acid, the presence of two products. The more mobile of these (R 0.44)
was salmon pink in color; the second product (R 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 Florisil, packed as a slurry in 1:9 ether—hexane.
The column was developed with the following solvents: 200 m! of hexane, 200 mi
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of 1:99 ether-hexane, 100 ml of 1:49 ether-hexane, 100 ml of 1:24 ether-hexane,
200 ml of 1:12 ether-hexane, and 600 ml of 1:6 ether—hexane. The effluent was
collected in 100-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; [«]2° —62° (a super-
cooled melt; neat); n3°® 1.45053; ASHC! 3.35, 3.44, 6.93, 7.27, 9.24, and 10.01 um;
R 0.44 (1:100 tert-butyl alcohol-benzene). These constants are identical with those
for a synthetic sample of 6-deoxy-1,2:3,4-di-O-isopropylidene-a-D-galactopyran-
ose? (2).

Anal. Calc. for C;,H,,0s: 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 1% aqueous sulfuric acid (16 g), followed by neutralization of the acid
with barium carbonate, filiration, evaporation of the filtrate, and crystallization of
the residue from ethy! alcohol (95%), to yield 147 mg of impure crystals. Recrystalli-
zation from the same solvent afforded elongated plates, m.p. 139-142°, [«]2° +76.6°
(c 1, water), identical by mixed m.p. and paper chromatography with an authentic
sample of 6-deoxy-=-D-galactopyranose?.

Hence, the major product from the irradiation of 6-deoxy-6-iodo-1,2:3.4-di-
O-isopropylidene-a-p-galactopyranose (1) is 6-deoxy-1,2:3,4-di-O-isopropylidene-a-
D-galactopyranose (2), formed in 83% vield.

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
aqucous sulfuric acid (1%) yielded a syrup of R, 0.16 on paper (with 2:2:1 butyl
alcohol—ethyl alcohol-water as developer, and detection with p-anisidine hydro-
chloride to give a dark-green spot); 6-deoxy-a-D-galactose had Ry 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 (1.00 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 x80 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
1:99 ether-hexane, 100 ml of 1:49 ether-hexane, 100 ml of 1:24 ether—hexane, 100 ml
of '1:12 ether-hexane, and 500 ml of 1:6 ether-hexane. The efluent was collected in
100-ml fractions.

Fractions 4-8 gave 128 mg (54%) of a clear syrup, identical in i.r. spectrum
and t.l.c. mobility with 6-deoxy-1,2:3,4-di- O-isopropylidene-a-D-galactopyranose (2).
Fractior 9 afforded 17 mg of a clear syrup identical in i.r. spectrum and t.l.c. mobility
with the minor product, from the irradiation in methanol, that had tentatively been
identified as 3.

C. Direct irradiation in cyclohexane in the presence of triethylamine. — Irradi-
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ation of a solution of 360 mg (1.00 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.l.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 ters-butyl alcohol was irradiated for 3.0 h as described
under General Procedures. T.Lc. of the crude reaction mixture, followed by spraying
with 1-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 (R 0.62) followed the pink one. The next spot was salmon pink
and had R 0.44, indicating that this compound was 6-deoxy-1,2:3,4-di-O-isopropyl-
idene-x-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 x80 cm) of Florisil, packed as a slurry in 1:9
ether-hexane. The column was developed with the following solvents: 400 ml of
hexane, 400 ml of 1:99 ether—hexane, 400 ml of 1:49 ether-hexane, 400 ml of 1:24
ether-hexane, 400 ml of 1:12 ether-hexane, 800 ml of 1:6 ether—hexane, and 400 ml
of 1:3 ether-hexane. The effluent was collected in 20-ml fractions.

Fractions 99-106 gave 35 mg of unreacted 1, identified by its i.r. spectrum
and t.lL.c. analysis. Fractions 130-156 afforded 75 mg (36%) of 6-deoxy-1,2:3,4-di-O-
isopropylidene-a-D-galactopyranose (2), identified by i.r. spectrum and t.l.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°, ASHC!s 3,33,
6.04, and 7.26 um, identical (mixed m.p., t.l.c., and i.r. spectrum) with a synthetic
sample of 6-deoxy-1,2:3,4-di- O-isopropylidene-f-L-arabino-hex-5-enopyranose”’ (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 ir. spectrum
and t.l.c. mobility with 6-deoxy-1,2:3,4-di-O-isopropylidene-«-D-galactopyranose (2).
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Fraction 9 afforded 18 mg of a clear syrup identical in i.r. spectrum and t.L.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.l.c. mobility with 6-deoxy-1,2:3,4-di- O-isopropylidene-a-D-galactopyranose (2).
No other products were isolated.

Test of the stability of 6-deoxy-6-iodo-1,2:3,4-di-O-isopropylidene-a-b-galacto-
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 isolation,
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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ABSTRACT

The 2-p-toluenesulfonate (6) and the 2-benzoate (7) of 1,6-anhydro-3-azido-
3-deoxy-f-p-altropyranose were prepared from the corresponding p-toluenesulfonate
(4) and benzoate (5) of methyl 3-azido-3-deoxy-a-D-altropyranoside by treatment
with p-toluenesulfonic acid in hot benzene. Alkaline hydrolysis of 7 gave crystalline
1,6-anhydro-3-azido-3-deoxy-pg-p-altropyranose (9). In the same way, 1,6-anhydro-2-
azido-2-deoxy-3-O-p-tolylsulfonyl-fS-p-altropyranose (15) and 1,6-anhydro-2-azido-2-
deoxy-3-0-methyl-g-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 ketose®, and oxidation with sodium periodate, followed by
recyclization with nitromethane®.

However, there have been a few examples where the nitrogencus 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-f-p-glucopyranose
hydrochloride, which was isolated® (together with- 2-amino-2-deoxy-S-p-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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1,6-anhydro-p-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. Thus, acid hydrolysis
of methyl a-p-altropyranoside was reported’ to give a mixture of 1,6-anhydro-g-p-
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-
benzylidene-3-deoxy-a-D-altropyranoside (1) and methyl 2-azido-4,6-O-benzylidene-
2-deoxy-z-D-altropyranoside (10) by cleavage of the epoxides of methyl 2,3-anhydro-
4,6-0-benzylidene-a-b-mannopyranoside and of methyl 2,3-anhydro-4,6-0-benzyl-
idene-z-p-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 2-benzoate (3); these substances were then
hydrolyzed under mildly acidic conditions to give crystalline methyl 3-azido-3-deoxy-
2-0-p-tolylsulfonyl-z-D-altropyranoside (4) and methyl 3-azido-2-O-benzoyl-3-deoxy-
a-p-altropyranoside (5). In the same way, compound 10 was p-toluenesulfonylated ®
to the 3-p-toluenesulfonate (11), which was debenzylidenated to give methyl 2-azido-
2-deoxy-3-O-p-tolylsuifonyl-a-D-altropyranoside (13).

OCH, CH,OH
/ io: :o
PhCH\ RO 00
e} OMe HO OmMe
Ny N3 RO

1R=H 4R=Ts 6R=Ts,R=H
2R=Ts SR=R82z 7R=Bz,R=H
3R=8Bz B8R=pgz,R'=Ms
9 R=R'=H
OCH3 CH,OH
/ He CH, o)
PhCH\ N3 N3
o OMe HO OMe N3
OR OR
OoRrR HO
10 R=H 1I3R=Ts 15SR=Ts
13 R=Ts 1aR=Me 16 R= Me
12 R=Me

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 sulfuric 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 acetvlation
of the hydroxyl group?.

Various conditions were examined for formation of the 1,8-anhydro ring with
4, 5, and 13. Compound 4 was recovered unchanged when its solution in p-dioxane
was heated with Amberlite IR-120 (H™) 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.l.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-O-p-tolylsulfonyl-§-D-altropyranose
(6), 1,6-anhydro-3-azido-2-0-benzoyl-3-deoxy-f-p-altropyranose (7), and 1,6-anhydro-
2-azido-2-deoxy-3-p-tolylsuifonyl-#-p-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-f-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 anaiyses of the products showed the loss of CH3;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 ai
7 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 the case of
2,3,4-tri-O-acetyl-1,6-anhydro-f-D-talopyranose reported by Horton and Jewell®.
In the region of 7 5.3-5.6, there are two multiplets that overlap each other in part.
One of them, a typical quartet centered at = 5.48, was assigned to H-2 coupled with
H-1 (J;,; = 1.5 Hz) and with H-3 (J,,; = 9.0 Hz). The other multiplet of the
overlapping 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 = 6.02 that separated into
asharp quartet (/3 4 = 4.2, J4 s = 2.4 Hz) on the addition of D,0O, with simultaneous
disappearance of the broad signal at 7 7.31 attributable to the hydroxyl proton.
Both exo and endo protons at C-6 are observed in the region of = 6.1-6.3 as the AB
part of an ABX type of paitern. A quartet centered at 7 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 frans 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 /C (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-azido-4,6-O0-benzylidene-2-deoxy-3-O-methyl-a-D-altropyranoside
(12), which was debenzylidenated to give syrupy methyl 2-azido-2-deoxy-3-O-
methyl-a-D-altropyranoside (14). Purified 14 was treated in the same way as 4, 5, and
13, giving syrupy Il,6-anhydro-2-azido-2-deoxy-3-0O-methyl-S-p-altropyranose (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-1
signal is not split as in 6, 7, and 15, but appears as a somewhat broad singlet at = 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 1S.

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-p-glucopyranoside!!
[a derivative of the sugar that is the most unstable in the /C(b) conformation] was
trested 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 i-dm tube. The i.r. specira
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.l.c.
was performed with Kieselgel G (E. Merck, Darmstadt) and the solvent system
specified.

Methyl 3-azido-2-O-benzoyl-4,6-O-benzylidene-3-deoxy-a-D-altropyranoside (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°,
[2]3* —54.8° (c 3.80, chloroform); AXBr 2100 (N;), 1730 cm™* (=C=0).

Anal. Cale. for C,;H,,N;O4: C, 61.31; H, 5.15; N, 10.21. Found: C, 61.01;
H, 5.11, N, 10.25.

Methyl 3-azido-3-deoxy-2-O-p-tolylsulfonyl-a-D-altropyranoside (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 vacuo. During the evaporation,
water was added to the solution two or three times for the complete removal of
benzaldehyde. The resulting crystals showed on t.l.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]3? +52.8° (¢ 2.40,
ethyl alcohol); AXBr 3380, 3240 (OH), 2100 (N;), 1175, 1360 cm ™’ (=SO,).

Anai. Calc. for C,,H,;,N;0,8: 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-O-benzoyl-3-deoxy-a-D-altropyranoside (5). — Compound 3
(1.5 g) was treated in p-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°, [aJ33 —2.6°
(¢ 2.77, methanol); AKBr 3540, 3400 (OH), 2100 (N3), 1715¢cm™* (>C=0).

Anal. Calc. for C{;H;,N;04: C, 52.01; H, 5.30; N, 13.00. Found: C, 52.01;
H, 5.19; N, 12.99.

1,6-Anhydro-3-azido-3-deoxy-2-O-p-tolyisulfonyl-g-p-altropyranose (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 reflux. After cooling, the reaction
mixture was washed with water and dried over anhydrous sodium sulfate, and the sol-
vent was removed in vacuo to give crystalline 6; yield 680 mg (74.4%), which showed
one spot on t.l.c. with chloroform—methanol (94:6 v/v) as solvent. It was recrystallized
from a mixture of ethyl acetate and n-hexane; m.p. 107-109°, [«)3* ~75.9° (¢ 2.58,
chloroform); AKBr 3500 (OH), 2100 (N;), 1370, 1180 cm™! (>SO,); n.m.r. data
(see also Fig. 1): 74.48 (l-proton, incomplete doublet, J, , 1.5 Hz, H-1), ¢ 5.48
(1-proton quartet, J, , 1.5Hz, J, 3 9.0 Hz, H-2), 7 6.02 (1-proion, broad singlet
which separated into a quartet on addition of D,0, J; 4 4.2 Hz, J4 5 2.4 Hz, H-4),
7 6.1-6.3 (2-proton, multiplet, exo and endo H-6), 7 6.39 (l-proton, quartet, J, 3
9.0 Hz, J; 4 4.2 Hz, H-3), ©7.31 (broad singlet which disappeared on addition of
D,0, OH). .

Anal. Calc. for C,3H,;sN3OgS: C, 45.75; H, 4.43; N, 12.31; S, 9.38. Found:
C,45.52;: H, 4.61: N, 12.26; S, 9.41.
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1,6-Anhydrc-3-azido-2-O-benzoyl-3-deoxy-B-D-altropyranose (7). — Compound
5 (4.3 g) was added to a solution of p-toluenesulfonic acid (5g) 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 in vacuo to afford a yellow syrup (2.8 g) which showed one major spot accom-
panied by one faint spot on t.l.c. (ethyl acetate—cyclohexane, 1:1 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. 116-118°,
[2]p® —273% (¢ 2.82, chloroform); AXBr 3450 (OH), 2100 (N,), 1725 cm™~! (C=0);
n.m.r. data: 7 4.35 (1-proton, incomplete doublet, J, , 1.2 Hz, H-1), = 4.74 (1-proton,
quartet, J; , 1.2 Hz, J, 3 9.0 Hz, H-2), 7 5.28 (1-proton, multiplet, H-5), © 5.77-6.25
(4-proton, multiplet, H-3, H-4, exo and endo H-6), 7 7.14 (1-proton, broad doublet,
OH).

Anal. Calc. for C,3;H,3N;05: C, 53.61; H, 4.50; N, 14.43. Found: C, 53.51;
H, 4.69; N, 14.45.

on oaddition H-4
of water~d, _

H-6 (exo0, endo)

- 1 1
5.00 800 700 T

Fig. 1. The n.m.r. spectrum of 1,6-anhydro-3-azido-3-deoxy-2-O-p-tolylsulfonyl-f-p-altropyranose
(6) in chloroform-d at 60 MHz.

1,6-Anhydro-3-azido-2-O-benzoyl-3-deoxy-4-O-(methylsulfonyt)--p-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 rocm temperature. After decomposition of the excess of methylsulfonyl chloride
with a trace of water, the mixture was poured into ice-water. The resulting solid
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.), [«]3® —229° (¢ 2.0, chloro-
form); 2XBr 2100 (N;), 1740 (=C=0), 1360, 1180 cm™ ! (=S0O,).

Anai. Calc. for C, H;sN;0,8: C, 45.53; H, 4.09; N, 11.38; S, 8.67. Found:
C, 45.31, H, 4.25; N, 11.27; §, 8.61.

1,6-Anhydro-3-azido-3-deoxy-S-D-altropyranose (9). — Aqueous sodium hydrox-
ide (1% wfv, 9 ml) was added to a solution of 7 (600 mg) in ethy! alcohol (20 mi).
After the mixture had been refluxed for 1h, it was stirred with Amberlite IR-120
resin (H™*, 5 ml) and filtered. The filtrate was evaporated to dryness, and the resulting
residue was dissolved in water (10 ml), which was extracted with ethyl ether in order
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to remove benzoic acid. The water solution was evaporated in vacuo to give crude 9
which was chromatographed on silica gel (25 g), with chloroform-methanol (94:6 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°, [a]2® —209° (c 1.88, methanol); AXEr 3500,
3300-3200 (OH), 2100 cm™ ! (N,).

Anal. Cale. for C;H,N;0,: C, 38.50; H, 4.85; N, 22.45. Fouad: C, 38.68;
H, 4.83; N, 21.88.

Methyl 2-azido-4,6-O-benzylidene-2-deoxy-3-O-methyl-a-D-altropyranoside (12).
— To a solution of 10 (2 g) in N,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 vdcuo, giving syrupy 12 (1.95 g, 93%), which solidified after a few days and was
recrystallized from isopropyl ether; m.p. 93-95°, [«]Z! +55.8° (¢ 1.08, chloroform);
AKBr 2100 cm ™1 (N).

Anal. Calc. for C,sH,;gN;05: 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-tolylsulfonyl-a-p-altropyranoside (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°, [«]3® +63.9°
(c 2.69, ethyl alcohol); AXBT 3400-3300 (OH), 2100 (N3), 1365, 1175 cm™* (>S0,).

Anal. Calc. for C,,H,gN;0,S8: 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.

Methyl 2-azido-2-deoxy-3-O-methyl-a-D-altropyranoside (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 vacuo to afford syrupy 14, which was chromatographed
on silica gel (ca. 70 g), with cyclohexane—=thyl acetate (1:1 and then 2:3 v/v) as
eluent; yield 400 mg (69%), [a]3’ +67.9° (¢ 4.74, methanol); A, (film) 3450-3350
(OH), 2100 cm ™! (N,).

Anal. Cale. for CgH,;sN;05: C, 41.20; H, 6.48; N, 18.02. Found: C, 41.30;
H, 6.30; N, 17.90.

1,6-Anhydro-2-azido-2-deoxy-3-O-p-tolylsulfonyl-fB-D-altropyranose (15). —
Compound 13 (1.5g) 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 afforded a yellow syrup that gave one spot on t.l.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°, [«]3° —119° (c 2.74,
chloroform); AX8r 3500 (OH), 2100 (Nj3), 1360, 1180 cm™! (>SO.); n.m.r. data
(see also Fig. 2). ©4.59 (1-proton, incomplete doublet, J, , 1.5 Hz, H-1), 75.46
(1-proton quartet, J, 3 9.6 Hz, J3 4 3.9 Hz, H-3), 7 5.65-5.90 (1-proton -multiplet,
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which collapsed to a quartet on addition of D,0, J; 4 3.9 Hz, J,; 5 2.7 Hz, H-4),
1 6.1-6.3 (2-proton, doublet, exo and endo H-6), 7 6.45 (l-proton quartet, J;
1.5 Hz, J, 3 9.6 Hz, H-2), 7 6.83 (1-proton doublet, which disappeared on addition
of D,0, J; on 4.5 Hz, OH).

Anal. Calc. for C,3H,N,0.S: 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 74
of water-dp H=-6 (exo0,endo)

H-5,H-3

S

1 1 I
800 600 700 7T

Fig. 2. The n.m.r. spectrum of 1,6-anhydro-2-azido-2-deoxy-3-0-p-tolylsulfonyl-S-p-altropyranose
(15) in chloroform-d at 60 MHz.

1,6-Anhydro-2-azido-2-deoxy-3-O-methyl-B-D-altropyranose (16).— A suspension
of 14 (2 g) and p-toluenesulfonic acid (2 g) in benzene (300 ml) was heated with stirring
for 3 h at 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 vacuo 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 vacuo, 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; 4, (solution
in CCl,) 3500 (OH), 2100 cm™~! (N;); n.m.r. data: t 4.64 (1-proton, singlet, H-1),
1 5.87-6.10 (1-proton, multiplet which collapsed to a quartet cn addition of D,O,
J3.4 = 4.5Hz, J, s = 2.4 Hz, H-4), 7 6.48 (3-proton, singlet, MeO), 7 7.19 (1-proton,
doublet with 2.4 Hz splitting which disappeared on addition of D,0, OH).

Anal. Calc. for C;H,;N;0,: C, 41.79; H, 5.51; N, 20.89. Found: C, 41.60;
H, 5.61; N, 20.88.
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ABSTRACT

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 3-0O-f-b-glycopyranosyl-D-
arabinonic acid, 2-0-p-D-glucopyranosyl-p-erythronic acid, and 4-0-g-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.

INTRODUCTION

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 acids?~%. When cellobiose is treated
with alkali in an inert atmosphere, o- and p-isosaccharinic acids®~7 (3-deoxy-2-C-
hydroxymethyl-D-erythro-pentonic acid and 3-deoxy-2-C-hydroxymethyl-D-threo-
pentonic acid, respectively) are produced by a “peeling process”. Thus, cellobiose
is split into two fragments, isosaccharinic acids from the reducing end and p-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-
1,2-diketo intermediate (3-deoxyglucosone®) still connected by a f-(1-+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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intc a- and fB-metasaccharinic acids’~® (3-deoxy-D-ribo-hexonic acid and 3-deoxy-
p-arabino-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 starting sugars are obtained in good
yield 2-18, For example, D-glucose gives D-arabinonic acid, and D-ribose gives b-ery-
thronic acid. Likewise, when disaccharides are treated in oxygen-alkali, aldonic
acids bournd to the nonreducing moiety were isolated 2:15~18_ For example, maltose
lactose, and cellobiose all give bound bD-arabinonic acid. Polysaccharides have
also been reported to undergo this reaction >13, and cellulose was found to contain
end units of p-arabinonic acid after treatment with polysulfide 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 (0.04N) or sodium hydroxide (0.04n) for 48 h at 25°
and for 6 h at 50°. At the end of these times, the reaction mixture was neutralized
with Dowex-50W x8 (H™) resin and frozen. The samples were assayed manually
with glucose oxidase!® for liberated D-glucose and with 2-thiobarbituric acid?°-2!
for peeled isosaccharinic acid. Other products were determined automatically as
described later. The results are shown in Table L.

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 0.04N 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 II1.

Determination of products from alkaline degradation. — (1) Ion-exchange sepa-
rations. (A) Ammonium acetate. Aliquots (5 ml) of the solution after degradation
and neutralization were pumped (0.6 ml/min) by a peristaltic pump onto a column
(0.6 x30 cm) of Dowex-AG1 x8 (200400 mesh) resin in the acetate form. The
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column was eluted with water (10 ml) followed by ammonium acetate (0.1m) to
separate and elute the acids (see Table IV).

TABLE 1V
RETENTION TIMES OF COMPOUNDS ON DOWEX AG-1 x8 (200—400 MEesH)2
Compound Time to peak centre (imin) Response in 3
Standard Cellobio Cystei Periodate-pentane-
andar 10se ystemne— 2,4-dione assay
H>S0, assay .
Neutral sugars 30 + + +
Cellobionic acid 80 — + +
p-Glucose acids (no separation) - 80 + +
«,f-Isosaccharinic acids 95 + - +
p-Arabinonic acid 120 + - +
3,4-Dihydroxybutyric acid 122 + - +
Glyceric acid 150 + - +

@ Acetate form, elution with ammonium acetate (0.1M).

(B) Acetic acid*?. 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-AG1 x8 (200400 mesh) resin in the acetate form.

TABLE V .
RETENTION TIME OF COMPOUNDS ON DOWEX-AG1 x8 (200400 MEsH) RESING
Compound Time to peak centre (min)
Standard Cellobiose Peeled Bound
fraction Jraction

Neutral sugars 40 + — —
2-Deoxy-p-erythro-pentonic acid 135 - - trace
3,4-Dihydroxybutyric acid 165 + -+ -
Bound p-glucose-acid no. 1

(-pD-mannonic acid) 245 — -
«-Isosaccharinic acid 260 + + —
«-Metasaccharinic acid 290 — — -
Bound p-glucose-acid no. 2
{(-p-arabinonic acid) 360 - —
B-Metasaccharinic acid 400 - - -
p-Ribonic acid 455 — - -
Bound p-glucose-acid no. 3 -
(-p-erythronic acid) 525 - -
p-Arabinonic acid 660 + + +
pB-Isosaccharinic acid 660 + + -
p-Mannonic acid 810 - - +
p-Erythronic acid 820 + - -+
p-Threonic acid 840 - - —
Glyceric acid 870 + + —

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

(2) Automated detection 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
assay??® for released formaldehyde employing the Technicon Autoanalyser. The
third part was analysed by the automated cysteine-sulphuric acid assay?* for glucose.
The colour developed in the two assays was simultaneously recorded at 520 nm.
The amount of each compound was determined by comparison of arcas 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 I
are reported in weight percentages based on the starting cellobiose.

(3) G.l.c. analysis. The collected, bound-acid fractions were hydrolyzed with
hydrochloric acid (N, 2 mi) 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 (200400 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-30W x8 (H™) resin to
remove the ammonium acetate, and hydrochloric acid (0.1N, 2 drops) was added to
the effluent 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 sclution
was again concentrated. This procedure was repeated four times, followed by a
final concentration with ethanol-benzene (4/1 v/v). Trimethylsilyl ethers?® of the
lactones?%-27 were analysed by g.l.c. with a column (5 ft x5 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 (H*) 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 {rom the alkaline degradation of cellobiose are consistent
with the f-alkoxycarbonyl mechanism proposed by Isbell?® (see Fig. 1). It has been
shown that the 4-deoxy-2,3-hexodiulose (5) may be oxidized to 3,4-dihydroxybutyric
acid and glycolic acid? 239 and in addition undergoes the benzilic acid type rear-
rangement to isosaccharinic acid (6)*°~3!. Likewise, the 3-deoxy-p-erythro-hexos-
ulose (2) has besn rearranged to metasaccharinic acid (3)32' 33 and oxidized to
2-deoxy-D-erythro-pentonic acid33, and this may explain the trace of bound 2-deoxy-
D-erythro-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
SEPARATION OF TRIMETHYLSILATED DERIVATIVES BY G.L.C.%

Time to peak centre (min)

Compound Standard Peeled fraction  Bound fraction
Glyceric acid 5.5 + -
3,4-Dihydroxybutyro-1,4-lactone 3.0 + -
3,4-Dihydroxybutyric acid 9.5 -+ -
p-Erythrono-1,4-lactone 9.0 - -+
o-Erythronic acid 12.0. - -
2-Deoxy-p-erythro-pentono-1,4-lactone 14.0 - trace
D-Arabino-1,4-lactone 24.0 + +
Isosaccharino-1,4-lactone

alpha 31.0 + —

beta 34.0 + -
Metasaccharino-1,4-lactone 50.0 - -
D-Mannono-1,4-lactone 112 - +

Column (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 3-0-f-D-glucopyranosyl-p-arabinonic acid with lesser
amounts of 2-0-f-D-glucopyranosyl-D-erythronic acid and 4-0-f§-D-glucopyranosyl-
D-mannonic acid.

Several researchers have shown3#~36 that gluconic acid is not epimerized to
mannonic acid in alkali at temperatures below 100°, so that the bound mannonic acid
did not come from this source. b-Glucosone in alkali, however, gives good yields3?
of p-mannonic and D-arabinonic acids, and these two bound acids probably arise
from this common intermediate. Thus, intermediate 1 can be converted into 4-0-f-
b-glucopyranosyl-D-arabino-hexosulose which is then either rearranged to bound
D-mannonic acid or oxidized to bound D-arabinonic acid. Part of the bound p-ara-
binonic acid may come directly from the oxidation of intermediate 1. p-Erythronic
acid was a product of the alkaline degradation of p-glucose*®: *8- 38 ynder conditions
where arabinonic acid was stable, showing that erythronic acid does not arise from
arabinonic acid. p-Erythronic acid was also found as a major product from the
degradation of D-glucosone®”? 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?°-37-39,
whereas monovalent cations favour fragmentation of the carbon skeleton. The vields
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.
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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 amounis of bound mannonic
acid, which also arises by the benzilic acid type rearrangement3”.
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ABSTRACT

Factors affecting the incorporation 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 polysaccharlde 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-chlorophenyl-1-p-[2-(N, N-diethylamino)ethoxy]phenyl-1-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->°S as previously described?.
In one series, the culture time was varied over the range 0-120 h, using normal,
balanced salt solution and a medium having a specific activity of 50 uCifml. In the
second, the specific activity of the medium was varied over the range 0-50 uCi/ml,
using 24-h cultures and normal, balanced salt solution. In the third, the total concen-
tration of sulphate was varied over the range 0-250 ug/ml, using 24-h cultures and
a medium having a specific activity of 50 zCi/ml.

After treatment with liquid nitrogen for 10 min, the cultured tissue was dlalysed
against two changes of 0.1M sodium sulphate for 20 h at 20° to remove.non-incor-
porated sulphate-3°S, 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 (10N hydrochloric acid for 16 h at 100°)
which dissolved the whole tissue, was precipitated as barium sulphate-3°S in the
presence of carrier barium sulphate, and the radioactivity was determined by auto-
matic, planchet counting under conditions of infinite thickness (Figs. 1-3).

B
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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
described®. (The estimated degree of viability was 100% for the first 48 h but
diminished as follows: 72 h, 90%; 96 h, 50%; 120 h, 10%.)

Investigation of induced effects. — Human skin was cultured for 24 h upon
media having a total sulphate concentration of 22.26 ug/ml (normal, balanced salt
solution) and a specific activity of 50 uCi/ml, to which had been added one of the
drugs. The final concentrations were: ascorbic acid, 187; methyl suiphoxide, 1.178;
hydrocortisone, 10; triparanol, 100; and vitamin A, 10 zM. 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: chondroitin 4-sulphate, CS-4; chondroitin 6-sulphate,
CS-6; dermatan sulphate, DS; heparin, HEP; keratan sulphate, KS; adenosine
3-phosphate S-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 22 nCi/mg 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 CS-6 DS HEP XS PAPS

Ascorbic acid epidermis 22 27 9 25 62 72 152
dermis 24 32 7 i3 36 — 121
Methyl sulphoxide epidermis i0 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 95 —_ 102
Triparanol 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 — o8
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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 viabie 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 (inedium: normal, balanced
salt solution, 50 uCi of 3°Sjml; 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 medium 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 S-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 the most-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 sulphoxide? is associated with
its effect upon polysaccharide metabolism, since the polysaccharides are concerned
with tissue structure.

As found for other tissue?, 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 incorporation* and polysaccharide formation® 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
effects upon mucopolysaccharide metabolism and its applicability to the pre-clinical
trial of drugs.
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(Recgu le 27 janvier 1969)

ABSTRACT

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-O-methyl-a- and f-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 to 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
0O-6. Examination of the product of partial methylation of methyl f-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 méthode de dosage par r.m.n. du degré de
substitution des groupes méthyles sur chaque position, dans des mélanges de méthyl
glucopyranosides partiellement méthylés, nous avons déterminé, en r.m.n., les dépla-
cements chimiques des dix signaux des groupes méthyles des méthyl 2,3,4,6-tetra-
O-méthyl-u- et f-D-glucopyranosides. Cette détermination a été faite pour chaque
anomeére et pour chacune des cing positions, en deutériant sélectivement les quatre
autres. Le solvant utilisé, permettant d’observer en r.m.n. cing pics méthyles pour
chaque anomére, est un mélange de benzéne et de chloroforme deutériés (6:1 en
volume).

Un contrdle effectué a 'aide des produits d’hydrolyse d’une tri-O-méthyl-
cellulose permet de vérifier que les pics observés correspondent bien aux groupes
méthyles en positions 2, 3 et 6. Un dosage effectué sur le méthyl f-p-glucopyranoside
partiellement méthylé sur les autres positions, donne les pourcentages de méthylation
suivants: 88%, 40%, 28%, 64% pour les positions respectives 2, 3, 4 et 6.
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INTRODUCTION

Le dosage des différents sucres obtenus par hydrolyse de polysaccharides
partiellement méthylés se fait par la méthode classique d’isolement par chromato-
graphie quantitative des différentes espéces obtenues et leur dosage par voie chimique®.

Le but de ce travail est la mise au point d’une méthode de dosage par r.m.n.
du degré de substitution des groupes méthyles, sur chaque position, dans des mélanges
de méthyl D-glucopyranosides partiellement méthylés, sans séparation de ceux-ci.
11 s’agit de produits de méthylation partielle des méthyl «- et f-p-glucopyranosides.

Le principe de I’analyse est simple: tout groupe hydroxyle non méthylé est
remplacé par un groupe OCD;. Le dosage de I’intensité des pics des groupes méthyles,
apres séparation éventuelle des deux isomeéres, donne alors le pourcentage de substi-
tution sur chaque position avant substitution du OCD;. Une méthode analogue a
été appliquée par Goodlett? dans le cas de I’acétate de cellulose par acétylation
sélective et totale de chaque position an chlorure d’acétyle deutérié.

Cette méthode exige, pour s’appliquer aux deux cas précédents:

1) La recherche d’un solvant r.m.n. pour lequel les cinqg pics méthyles sont
distincts dans les spectres de r.m.n. des méthyl 2,3,4,6-tétra-O-méthyl-a-D- (1) et
p-D-glucopyranosides (2).

CH,OCH; CH,OCH;
O, O, QCH3
OCH3 OCH4
OCH, OCH; OCH3
OCH;

1) 2)

2) L’identification non ambigué des cing pics dans les spectres de r.m.m.
(Figs. 1 et 2) de ces deux substances (1) et (2).
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Fig. 1. Spectre de r.m.n. réalisé 2 100 MHz dans le mélange benzéne—chloroforme-d (6:1) du méthyl
2,3,4,6-tétra- O-méthyl-x-b-glucopyranoside.
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Fig. 2. Spectre de r.m.n. réalisé 3 100 MHz, dans le mélange benzéne—chloroforme-d (6:1) du méthyl
2,3,4,6-tétra- O-méthyl-g-p-glucopyranoside.

3) Une méthode rapide et totale de méthylation des méthyl «- et f-D-gluco-
pyranosides partiellement méthylés.

La méthylation totale peut se réaliser par la méthode de Kuhn et al.? en utilisant
ICD; (commercial) comme agent méthylant. Aucun solvant courant ne répond 2 la
premiére condition, mais le mélange de benzéne et de chloroforme deutériés (dans
le rapport en volume 6:1) permet d’observer cinq pics bien séparés dans les spectres
de r.m.n. réalisés 4 100 MHz des méthyl 2,3,4,6-tétra-O-méthyl-a- et f-D-glucopyrano-
sides (1) et (2) (Fig. 1 et 2).

Enfin I’identification des cinq pics de chaque anomére a été effectuée par
synthése de huit dérivés sélectivement deutériés, certains de ces composés ont €té
préparés par Kochetkov et collaborateurs* pour I'interprétation des spectres de
masse des glycosides.

Les pics des groupes méthyles en position 1 sont caractérisés par méthylation
avec I’iodure de méthyle deutérié (ICD;) des méthyl «- et S-pD-glucopyranosides:
on obtient ainsi les deux méthyl tétraméthyl-d,-e- et f-D-glucopyranosides.

L’identification du groupe méthyle en position 6 a été faite en perméthylant,
par 'iodure de méthyle deutérié (ICD,), le 6-O-méthyl-D-glucose obtenu par la
méthode de Hough, Jones et Magson®, conduisant ainsi aux deux méthyl-d; 6-O-
méthyl-2,3,4-tri- O-méthyl-d;-e- et f-D-glucopyranosides.

L’attribution des signaux du groupe méthyle en position 3 a été faite d’une
fagon analogue en perméthylant par I’iodure de méthyle deutérié (ICDj) le 3-O-
méthyl-D-glucose préparé par la méthode classique®, conduisant ainsi aux deux
méthyl-d; 3-0-méthyl-2,4,6-tri-O-méthyl-d,-«- et f-D-glucopyranosides.

Enfin, le 2,3-diméthyl-D-glucose commercial, perméthylé par l'iodure de
méthyle deutérié (ICD5) nous a permis d’identifier les pics des méthyles en position 2.
On obtient ainsi les deux méthyl-d; 2,3-di-O-méthyl-4,6-di-O-méthyl-d;-- et f-p-
glucopyranosides. )
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Dans tous les cas, les mélanges d’anoméres obtenus ont été séparés par chroma-
tographie préparative sur couche mince. L’attribution des signaux du groupe méthyle
en position 4 résulie des identifications précédentes. Tous les groupes méthyles ont
donc été identifiés de facon non ambigué.

On peut alors dresser ia liste des dépiacements chimiques, compiés a partir
du tétraméthylsilane, des signaux des groupes méthyles dans les spectres de r.m.n.,
réalisés dans le mélange benzéne et chloroforme deutériés (6:1 en volume), des
méthyl 2,3,4,6-tétra-O-méthyl-a- et B-p-glucopyranosides* (1) et (2) (Tableau 1).

TABLEAU 1

DEPLACEMENTS CHIMIQUES DANS LES SPECTRES DE R.M.N. DES SIGNAUX DES GROUPES METHYLES DES
METHYL 2,3,4,6-TETRA-O-METHYL-0- ET f-D-GLUCOP YRANOSIDES®

Anomére Groupes méthyles en pasition

1 2 3 4 6
-4 3,20 3,26 3,56 3,46 3,2
B 3,34 3,50 3,56 3,42 3,21

aValeurs (J) mesurées en p.p.m. & partir du tétraméthylsilane comme standard dans le mélange
benzéne-chloroforme (6:1).

Ces résultats sont bien illustrés par le spectre du produit d’épimérisation du
méthyl 2,3,4,6-tétra-O-méthyl-a-p-glucoside (Fig. 3).

Un controle a été effectué i partir des 1,4-di-O-acétyl-2,3,6-tri-O-méthyl-a-
et f-pD-glucopyranoses obtenus par acétolyse d’une tri-O-méthylcellulose préparée dans
ce laboratoire. Apreés perméthylation par le sulfate de méthyle deutérié (CD3),SO,,
on obtient les deux méthyl-d; 2,3,6-tri-O-méthyl-4-O-méthyl-d;-a et f-p-gluco-
pyranosides (3) et (4) qui ont été isolés.

CH,OCH;, CHOCH3
o) CD3
OCH3 QCH;
OCD, OCb3 oCD3
OCH3 OCH3
(3) 4

Sur leurs spectres de r.m.n. (Fig. 4) les pics ont été désignés en fonction des
numéros des carbones du cycle ghicosidique. On voit sur ces figures que des spectres
réalisés a 60 MHz donnent (quoique moins bien résolus qu’a 100 mHz) des pics
distincts pour les groupes méthyles en position 2, 3 et 6 pour chaque anomeére.

*Pour I'anomére «, Casu et collaborateurs? ont donné une identification identique pour les pics
des groupes méthyles obtenus dans CTDClj et le Me,SO, mais les pics des groupes méthyles en O-1
ct 6 sont alors confondus.
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La méthode de dosage recherchée résulte immédiatement des résultats précé-
dents. Si ’on a un mélange de méthyl «- ou f-p-glucosides partiellement méthylés
en position 2, 3,4 et 6, le pourcentage de méthylation sur chaque position s’obtient ainsi :

méthylation totale par ICD, (voir partie expérimentale);

réalisation du spectre de r.m.n. du mélange anomérique obtenu dans e
mélange de benzéne et de chloroforme précédemment défini (de préférence & 100 MH2)
et intégration des neuf pics méthyles.

L’intensité des pics correspondant aux groupes méthyles en position 1 donne
le pourcentage des anoméres o et B, I'intensité des autres pics par rapport a ces deux
pics donne le pourcentage de méthylation de chacune des positions 2, 3, 4, et 6 dans le
mélange initial. Seuls les pics du groupe méthyle en position 3 sont confondus pour
les deux anomeéres (voir Fig. 3) et ’on ne pourra déterminer que le pourcentage
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Fig. 3. Spectre de r.m.n. réalisé 2 100 MHz, du mélange obtenu par épimérisation du méthyi 2,3,4,6-
tétra- O-méthyl-x-D-glucopyranoside.

relatif & ’ensemble des deux anomeéres pour la position 3, sauf si I’on sépare les deux
anoméres. Par contre si ’on isole chaque forme anomérique, on pourra obtenir le
pourcentage de méthylation sur chaque position pour chaque anomére. Certains
pics des groupes méthyles se trouvant dans la méme zone que ceux des protons des
cycles, une correction peut étre effectuée a I'aide des spectres des méthyl 2,3,4,6-
tétra-O-méthyl-d;-o- et B-D-glucopyranosides.

Un exemple d’application est donné ci-dessous : le méthyl f-pD-glucopyranoside
a été partiellement méthylé par la méthode de Purdie® qui utilise ’iodure de méthyle
en présence d’oxyde d’argent dans le méthanol & 45°. Le mélange obtenu (16 isomeéres
au maximum) est totalement méthylé par ICD; selon 1a méthode de Kuhn et Trisch-
mann® dans la N,N-diméthylformamide en présence d’oxyde d’argent 4 température
ambiante. On obtient ainsi du méthyl 2,3,4,6-tétra-O-méthyl-D-glucopyranoside
partiellement deutérié. Son spectre de r.m.n. réalisé dans le solvant précédemment
défini (Fig. 5) permet de doser, par I'intensité des pics méthyles, le pourcentage de
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substitution sur chaque position du produit initial. Le pic du groupe méthyle en
position 1 qui correspond 2 une position entiérement substituée sert de référence.

SO PPM(T) 60 70
1 u T

et e
3:50 3[00 2?0 2!00 1‘=i° <ps
| OCH3
oaco
2 ﬂ (=Y:] mCo OCD;
H:,CO

3|E>o 3[00 2?0 cns
T i
50 PPM(&) 40 30

Fig. 4. Spectres de r.m.n. réalisés 2 60 MHz, dans le mélange benzéne—chloroforme-d (6:1) des
méthyl-ds 2,3,6-tri- O-méthyi-4- O-méthyl-d3-z et §-p-glucopyranosides.

Les résultats obtenus, 88% de méthylation pour la position 2, 40% de méthy-
lation pour la position 3, 28% de méthylation pour la position 4 et 64% de méthy-
lation pour la position 6, sont conformes a la réactivité pour chaque position.

L’analyse de l’intensité des pics se fait en tenant compte du spectre d’un
échantillon ou les positions 2, 3, 4 et 6 sont substituées par OCD3, c’est-a-dire le
méthyl 2,3,4,6-tétra- O-méthyl-d;-B-D-glucopyranoside obtenu par épimeérisation du
méthyl 2,3.4,6-tétra- O-méthyl-d,-z-D-glucopyranoside dans le méthanol acide comme
I’a fait Capon?.

Cette méthode de dosage des groupes méthyles peut constituer une technique
tres utile dans des études cinétiques de méthylation ou de déméthylation du glucose
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Fig. 5. Spectre de r.m.n. réalisé 4 100 MHz, dans le mélange benzéne—chloroforme-d (6:1) du méthyl
2,3,4,6-tétra- O-méthyl-f-p-glucopyranoside partiellement deutérié.

et des glucosides. Elle permet également P'identification immédiate d’un isomere
partiellement méthylé des méthyl «- ou B-D-glucopyranosides ou de tester sa pureté.
Mais son utilisation principale est dans le domaine des polyméres contenant des
unités glucosidiques partiellement méthylées en simplifiant considérablement I’analyse
des mélanges complexes qui peuvent résulter de leur hydrolyse en conduisant, aprés
perméthylation par ICD;, a un composé unique (ou deux, compte tenu des formes
anomériques). Cette méthode de dosage par voie physique des groupes méthyles
est a I’abri de certaines critiques formulées a 1’égard des méthodes habituelles.

PARTIE EXPERIMENTALE

Méthylation totale. — Les expériences de méthylation sont toutes conduites
selon la méthode de Kuhn et Trischmann?3. Pour obtenir la méthylation avec des
groupements OCD;; on utilise I’iodure de méthyle deutéri€é commercial (Centre
d’Etudes Nucléaires de Saclay, Service des Isotopes Stables).

Chromatographie préparative des méthyl 2,3,4,6-tétra-O-méthyl-a- et -D-gluco-
pyranosides (1 et 2). — Les couches de silice sont déposées sur des plaques de verre
de format 20 cm x 20 cm, selon la technique décrite par Stahl. Pour 5 plaques, on
utilise 60 g de silice-G Merck et 120 ml d’eau distillée; les plaques sont ensuite
séchées & I’étuve a 130-140° pendant plusieurs heures (activité Brockmann voisine
de 11). :

Le mélange (50 mg) obtenu par méthylation du p-glucose commercial est
dilué par 2 ml de chloroforme. Cette solution est déposée sur la plaque 4 2cm
environ du bord inférieur, en une bande continue, obtenue par un jet d’une pipette
de verre préalablement étirée. La plaque est ensuite éluée verticalement dans un bac
rectangulaire par 100 ml d’un mélange de benzéne contenant 4% de méthanol.
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Lorsque le front de I’éluant arrive & environ 3 cm du bord supérieur de la plaque,
celle-ci est retirée et séchée. La plaque est révélée en y pulvérisant une solution de
3,5,7,2',4'-pentahydroxyflavone 3 1% dans le méthanol. Elle est ensuite éclairée
dans une chambre noire par une lampe UV. On observe une fluorescence 4 I’emplace-
ment des produits. On observe ainsi 4 zones (A, B, C, D, a partir du front) qui sont
éluées séparément par 20 ml de chloroforme. On obtient ainsi un sirop (Zone A;
29 mg) qui par trituration dans le pentane conduit & un produit blanc cristallisé
(24 mg), le méthyl 2,3,4,6-tétra-O-méthyl-g-p-glucopyranoside, p.f. 40°, [«J2° —16°,
(c 0,8, méthanol), puis un sirop légérement ambré (Zone B; 6 mg), le méthyl 2,3,4,6-
tétra- O-méthyl-a-D-glucoside, qui présente un []3° +142° (¢, 0,73, méthanol). On
obtient pour les deux anoméres un rendement global de 65% pour I’ensemble des
opérations de perméthylation et séparation. La zone C contenait uniquement de la
N,N-diméthylformamide (c.g.l. et r.m.n.) et la zone D fortement colorée, toutes les
impuretés du produit brut.

Anomérisation du méthyl 2,3,4,6-tétra-Q-méthyl-d3-a-D-glucoside. — Le méthyl
2,3,4,6-tétra-O-méthyl-d;-a-D-glucopyranoside (85 mg) est dissous dans 10 ml de
méthanol a 70° et 1 g de résine Amberlite IR-120 (H™), préalablement activée sous
forme acide, est ajouté. La suspension est agitée pendant 20 h en maintenant la
température a 70°. La résine est éliminée par filtration et lavée plusieurs fois par du
méthanol & 70° que ’on joint au filtrat. Le méthanol est évaporé sous pression
réduite, le spectre de r.m.n. du mélange d’anomérisation montre que 30% environ de
I’anomére o ont été convertis en f. Ce mélange est chromatographié sur couche
mince de silice par la méthode précédemment décrite : on obtient d’une part le
méthyl 2,3,4,6-tétra-O-méthyl-d;-f-pD-glucopyranoside (18 mg) et d’autre part I’ana-
logue o (44 mg).

Acétolyse d’une tri-O-méthylcellulose et perméthylation (d) des produits d’acé-
tolyse. — 1.a tri- O-méthylcellulose (610 mg) est introduite dans un mélange de 12,5 ml
d’acide acétique, 12,5 ml d’anhydride acétique et 3,5 ml d’acide sulfurique concentré
(d 1,84). On agite pendant 140 h a température ambiante. Le mélange réactionnel est
dilué par 100 ml d’eau distillée, neutralisé par le carbonate de sodium, puis extrait par
le benzéne en continu pendant 72 h. L’évaporation du benzéne conduit 4 un sirop
brun (325 mg) que la r.m.n. permet d’identifier 2 un mélange de 1,4-di-O-acétyl-2,3,6-
tri- O-méthyl-a- et f-D-glucoses. Ce produit (215 mg) est dissous dans 1’acétone (5 ml)
et traité a 60° par 1,35 g de sulfate de méthyle deutérié [(CD;),S0,] et 3,3 ml d’une
solution aqueuse d’hydroxyde de sodium a 30% rajoutée par portions de 1/10
toutes les 10 min. La température est maintenue 4 60° ainsi que ’agitation pendant
4 h, puis le mélange est gardé une nuit a température ambiante. L’acétone est chassée
du mélange réactionnel et le sulfate de sodium qui précipite est redissout par un peu
d’eau distillée. La solution aqueuse est extraite par le chloroforme (3 x 50 ml). Les
extraits de chloroforme sont lavés successivement par une solution de carbonate de
sodium, une solution saturée de chlorure de sodium et séchés sur sulfate de sodium.
L’évaporation du chloroforme conduit a un sirop brun (89 mg) que la r.m.n. permet
d’identifier aux deux méthyl-d; 2,3,6-tri-O-méthyl-4-O-néthyl-d;-a- et f-D-gluco-
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pyranosides. Les deux anomeéres ont été isolés par chromatographie préparative sur
couche mince par la méthode précédemment décrite.
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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 Araucaria 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 classifications of plant gums have been made!s2
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 an 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 proposed* for
Acacia gum exudates. ’

The genus Araucaria (Family, Araucariaceae; Class, Coniferales; Sub-division,
Gymnospermae) contains fourteen species®. The polysaccharide found in the resinous
exudate from Araucaria bidwillii has received detailed attention®’7; the presence of
a polysaccharide in this exudate was first noted by Birch®. The presence of a gum
polysaccharide in the resin from 4. angustifolia® 1° and in a water-soluble fraction
of A. araucana resin'! have also been observed. The terpenoid material in Araucaria
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 basis® of the morphological characters of the species
(Fig. 2). The exudates from five Araucaria species, representative of its Colymbea
and Eutacta Sections, have been studied and compared in-terms of the accepted
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botanical divisions of the genus. Previous studies®- 7 have indicated a large variation
in the composition of two different Australian samples of 4. bidwillii gam. A specimen
of this gum from a different geographical source has therefore been examined. In
addition, for each of the species 4. araucana, A. cunninghamii, and A.- heterophyila,
two specimens from different sources were also obtained for comparison, in an
attempt to ascertain whether the extent of the variation reported® 7 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 II: from four trees, Royal Botanic Gardens, Edinburgh (collected
November 1967). A. bidwillii: from a single tree, Kew Gardens, London (collected
November, 1967). 4. columnaris: from a single tree, Lushoto Arboretum, Tanganyika
(collected October, 1962). A. cunninghamii I: from a single tree, Kew Gardens,
London (collected November, 1967). A. cunninghamii I1: from a single tree, Longuza,
Tanganyika (collected March, 1968). A. heterophylla 1. from a single tree, Royal
Botanic Gardens, Edinburgh (collected February, 1968). A. heterophylla II: 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 11 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 borohydride'? for 24 h. The borohydride
exiracts 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 4. arau-
cana II1) 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 um).

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 M
sodium chloride. Ultracentrifugation (Beckman “Spinco” Model E ultracentrifuge)
was carried out at 44,770 r.p.m. with 0.5% solutions in 0.5M sodium chloride;
photographs were taken every 16 min.

Weight-average molecular weights (M) were determined at 25° and 516 nm
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A. COLYMBEA Endlicher.
A. angustifolia (Bertoloni) O. Kuntze (syn. A. rasiliensis A. Richard; Parana Pine; Candelabra
Tree).
A. araucana (Molina) K. Koch (syn. 4. imbricata Pavon; Chile Pine; Monkey Puzzle).
A. didwillii Hooker (Bunya-bunya).

B. INTERMEDIA C.T. White.
A. klinkii Lauterbach.

C. EUTACTA Endlicher.

A. balansae Brongniart and Grisebach (syn. A. elegans Hort.)

A. beccarii Warburg [syn. A. cunninghamii Becarrii (non D. Don); A. cunninghamii var.
papuana Laut.]

A. bernieri Buchholz.

A. biramulata Buchholz.

A. columnaris (Forster) Hooker (syn. A. cookii R. Brown ex Lindley).

A. cunninghamii D. Don (Hocp Pine, Moreton Bay Pine).

A. heterophylla (Salisbury) Franco (syn. A. excelsa (Lambert) R. Brown; Norfolk Island
Pine).

A. humboldrensis Buchholz.

A. muelleri Brongniart and Grisebach.

A. rulei Ferdinand von Mueller (syn. A. niepratschki Baumann ex Pynaert; 4. van gaertii

Hort. ex Dallimore).

Fig. 2. Botanical division of the genus Araucaria Jussieu5.

with a “SOFICA” Photogoniodiffusometer. The average of three determinations
was taken for solutions (0.2, 0.15, and 0.1% in M sodium chloride) clarified by
passage through “Millipore” filters of pore-sizes 0.45 and 0.22 ym.

Molecular-sieve chromatography was carried out on a “Biogel P300” column
(47 x 5 cm) precalibrated with dextran fractions'* of known M,. Polysaccharides
(15 mgin 1 ml of 2m sodium chloride) were applied carefully 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!®. The values reported for M, 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.

Uronic acid contents, assessed as “hexuronic anhydride™, were determined
by acid decarboxylation and an infrared technique®:17.

Chromatography was carried out on Whatman Nos. 1 and 3mMM papers, in
the following solvent systems: (@) benzene-butyl alcohol-pyridine-water (1:5:3:3,
upper layer); (b) ethyl acetate-pyridine-water (10:4:3); (c) acetic acid-ethyl acetate—
formic acid-water (3:18:1:4); (d) butyl alcohol-ethanol-0.1M phosphoric acid
(1:10:5); (e) butyl alcohol-ethanol-0.IM hydrochloric acid (1:10:5). Systems (d) and
(e) were developed from a thin-layer technique'® for the separation of uronic acids;
Whatman No. 1 papers which had been pretreated with 0.3M sodium dihydrogen
phosphate and then air-dried were used, and good separations of glucuronic acid
from galacturonic acid were obtained.

Chromatograms were developed by spraying with a saturated solution of
aniline hydrogen oxalate (ethanol-water, 1:1), and then heating for ca. 5 min at 120°.
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Thin-layer electrophoresis was carried out on “Millipore Phoroslides™ in
0.05M ammonium carbonate and 0.05M borate buffers. Polysaccharide solutions
(0.5-1.0% in buffer) were applied as a thin band 2 cin 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®®.

Hydrolyses were effected by heating the polysaccharide (150 mg) with N or 2N
sulphuric acid (40 ml) for 7.5 h on a boiling water-bath. Tke solutions were cooled,
neutralised (BaCO3), deionised (Amberlite IR-120 resin, H¥ form) and concentrated
to syrups. The 2N acid hydrolysates were examined for uronic acids in solvents (c).
(d), and (¢); the N acid hydrolysates were examined for neutral sugars in solvents (a),
(b), and (¢), and for aldobiouronic acids in solvent (¢). All of the polysaccharides
studied showed chromatographic evidence for galactose, arabinose, rhamnose, small
proportions of xylose and 3-O-methylrhamnose, and the acidic disaccharides 6-0-
(p-p-glucopyranosyluronic acid)-b-galactose and 6-0-(4-O-methyl-B-D-glucopyrano-
syluronic acid)-D-galactose. Glucuronic acid and its 4-O-methyl analogue were the
only uronic acids found.

Periodate oxidations of solutions of the polysaccharides (1.5% in 0.25M sodium
metaperiodate) were carried out in darkness at room temperature. The formic acid
released was estimated by titrating aliquots at intervals with 0.01N sodium hydroxide;
the reduction of periodate was estimated after 96 h by back-titration with standard
sodium arsenite?2°.

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 longifolius®!, E. latefrons??, and Welwitschia mirabilis** (see Fig. 1)
have shown a high degree of complexity, and all contain 3-O-meihyirhamnose as a
component. The presence of this sugar in A. bidwillii gum was not previously noted®: 7.
This study indicates that 3-O-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
marker!2.

The gum exudates from different species of Angiospermae genera, e.g.,
Acacia* 23, Albizia** 23, and Prunus® 2627 frequently vary quite widely in terms of
composition and molecular properties. The Araucaria specied studied here are, in
comparison, much more closely alike 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. cunninghamii from Kew and from Tanganyika. The main exception to this concerns
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the composition reported® 7 for the two Australian specimens of A4. bidwillii gum.
Paleo-botanical studies indicate?® that the Araucaria genus is much older in origin
than Angiosperm genera, and there is histological evidence?®: 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 M, 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 “M,, second peak” in Table I). 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 Y (see Table I). Elution patterns involving 2 peaks have
been given3! by column chomatography of freeze-dried, purified Acacia gums on
*“Sepharose 4B”; these Acacia gums are considered to be homogeneous'#: 3%, 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-
diying processes cannot therefore be overlooked. Tt is of interest, however, that,
for A. bidwillii, A. cunninghamii I1, and A. heterophylla II gums, the higher molecular-
weight peak occurred within the molecular-sieving range of the column.

The borohydride-solubilised material, 4. araucana 111, differs from A. araucana
I1 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 Il and A. araucana II1, involving the arabinose
and protein contents, may have arisen from borohydride extraction of the bark
and other debris present in the water-inscluble material.

Calculations of the ratios of neutral sugars assumed that the uronic acid residues
were attached solely to galactose, since chromatography of the N acid hydrolysates
in solvent (¢) showed components having the same mobility as reference specimens
of the aldobiouronic acids 6-O-(f-D-glucopyranosyluronic acid)-D-galactose, and
6- O-(4- O-methyl-f-pD-glucopyranosyluronic acid)-D-galactose; these acids have been
characterised in A4. bidwillii gum®, 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 neuiralisation can be
discounted ; a mixture (in the proportions found) of galactose, arabinose, rhamnose,
glucuronic acid, and 4-O-methylglucuronic acid was subjected to the conditions of
hydrolysis used, and no xylose resulted.

The extent and nature of the heterogeneity previously found®:? for A. bidwillii
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sum would not be expected to _be revealed by the techniques used here. The thin-
layer electrophoresis experiments indicate that 4. 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. celumnaris, showed a slight tendency to
“tailing”. This phenomenon, under the conditions used by us, has not been observed
for Acacia or Prunus gums, and, although possibly an experimental artefact, the
tailing could be 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 Eutacta sections of the genus Araucaria,
although the Colymbea 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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NITROGEN-CONTAINING CARBOHYDRATE DERIVATIVES
PART XXI*. PERIODATE OXIDATION OF METHYL AMINO-4,6- O-BENZ YLIDENE-DEOXY--D-
GLYCOSIDES HAVING THE allo, manno, AND gluco CONFIGURATIONS

C. B. Bartow AND R. D. GUTHRIE**
School of Molecular Sciences, University of Sussex, Brighton BNI 90Q 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-a-D-glycosides in the allo, gluco, and manno 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 naturally
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.2, 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 diols, the mechanism of the
periodate oxidation of vicinal amino-alcohols has received very little attention.
McCasland and Smith® 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 trams 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.
Kovar and his co-workers* 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
analogy with ethylene glycol.

“To obtain a fuller understanding of the periodate-amino alcohol reaction,
the oxidation of the series of amino-sugar derivatives 1-6 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-benzylidenehexopyranoside 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 described®. The course of the reaction
was followed by determining the reduction of periodate by means of the titrimetric
method’, and the experimental technique and conditions described by Honeyman
and Shaw?®.

21 =2 rR® R4
H NHz OH H

H OH NHy H

H NH, H  OH
H OH H NH3

ONOO D WN -
2
I
N
I

H On
O+ H H NHx
NHy, H OoH H
OH H NHy H
EXPERIMENTAL
Kinetic studies. — (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 +0.02°.
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™3Mm for the sugar and 10x 107 3M 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 (0.05M), pH 4.0 at 0 and 25°, and against potassium
dihydrogen phosphate-discdium hydrogen phosphate (0.025M), 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 solutions used
were: A sodium acetate-acetic acid, pH 4.06, 25° and 0°, ionic strength 0.036 g.
ions.litre™ !; B potassium dihydrogen phosphate(0.065M)-sodium hydroxide(0.035M),
pH 6.87, 25°, ionic strength 0.05 g.ions.litre™'; C sodium arsenate~hydrochloric
acid!? (0.05m), pH 5.65, 0°; D potassium dihydrogen phosphate-disodium hydrogen
phosphate, pH 6.03, 8.45°; and E B,B’-dimethylglutaric acid-sodium hydroxide!©,
pH 5.35, 8.45°.
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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 1-6 is identical
with that'? from periodate oxidation of methyl 4,6-O-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” +10;~ +NH; (where P~ represents the oxidising species in
solution).

If the reaction between periodate and the vicinal amino-alcohol group involves®
the non-protonated form and a negative periodate ion'3 (assumed here to be 10,7).
the reaction may be represented’® by equation (1).

— ——= = k2 (AS)(10,7) = k2 (AS)(P)r/(1+1/Kp) )

where (AS) and (IO, ™) are the concentrations of non-protonated, amino sugar and
10, ™, respectively, k, is the true, second-order rate constant, (P)r isthe total periodate
concentration as determined by analysis, and the factor (1 + 1/Kp) is the correction
term for the availability of 10,~ in the pH range 3-7. From the equilibrium ASH™
=AS+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 order'* 6-8.
Substitution of this expression into equation (1) gives

~d(P)/dt = k, K, (ASH*)(P)/(H")(1+1/Kp) )

= k3(P)r(ASH™). ' €))

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. 1. Variation of the true, second-order rate constant with pH for methyl 3-amino-4,6-O-benzyl-
idene-3-deoxy-x-D-glycosides in acetate buffer at 0°.

In a study of the periodate oxidation of 2-aminoethanol, Dahlgren and Hods-
don® showed that a plot of the pseudo-first-order rate constant vs 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 validity 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 solely to the increased
amount of non-protonated, amino sugar available, the true, second-order rate
constant k, should be independent of pH. Fig. 1 shows the variation of k, with pH
for both methyl 3-amino-4,6-O-benzylidene-3-deoxy-a-D-glucoside (4) and the allo
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*®-*7.
With more-complex 1,2-diols, 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 pinacol in the absence of general acids or bases can be explained in
terms of this second mechanism® 8. General acid-base catalysis has been observed!®
in the oxidation of some highly substituted 1,2-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-diol,
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 diol and its substituted compounds

3
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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 1-6 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-diol2°,
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 o-dicarbonyl compounds?? is most striking. It can be inferred from this
comparison that the deviation from equation (2) is not due to anomalous behaviour
of the —NH;" = —NH,+H™ equilibrium, but is more likely due to oxidation by
all 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 4.0-4.4, the two curves being parallel. For comparative
purposes, therefore, it appeared reasonable to study the oxidation of all of the
amino-glucosides, -mannosides, and -allosides 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 k, values are given
in Table II.

TABLE I

VARIATION OF THE SECOND-ORDER RATE CONSTANTS FOR THE PERIODATE OXIDATIONY OF METHYL 4,6-0-
BENZYLIDENE-Z-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*
103 ko (I.mole=.sec™?) . . . .3.14 2.88 2.51 2.23 2.20 2.09 2.06 2.18 2.12 2.14 2.02 2.05

2fn acetate buffer, except those marked* when phosphate buffer was the reaction medium.

TABLE II

EXPERIMENTAL, k’2 AND TRUE k2, SECOND-ORDER RATE CONSTANTS (1 .M0OLE~! .sECc™1) FOR THE PERIODATE
OXIDATION OF THE ISOMERIC, AMINO SUGARS AT PH 4.06

Methyl 4,6-O-benzylidene- 25° o°
deoxy-a-D-glycoside

13k’ ke I3 k’s ko
2-Amino-alloside [(¢)) 16.7 23.09 +1.21 1.91 10.5 +0.52
3-Amino-alloside (2) 1.23 4.90 +0.3 0.098 1.87 +0.17
2-Amino-glucoside (3) 15.8 20.86 +1.04 1.08 6.38 +0.54
3-Amino-glucoside (4) 149 17.95 +1.03 1.15 6.33 +0.31
2-Amino-mannoside (5) 97.5 356 +1.7 9.6 13.0 4-1.05
3-Amino-mannoside (6) 69.3 1484 +7.1 5.18 474 4-3.1
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Fig. 2. Oxidation of methyl amino-4,6-O-benzylidene-deoxy--D elycosides at pH 4.06 aad
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Fig. 3. Oxidation of methyl amino-4,6- O-benzylidene-deoxy-a-p-glycosides at pH 4.06 and 0°.

Fig. 4 shows the Arrhenius plot for methyl 3-amino-4,6-0-benzylidene-3-

deoxy-a-p-glucoside (4) and the allo analogue (2). The graph showed straight lines
over the temperature range 0-25°, 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 of activation were calculated by using data-obtained-at 25°,
and are listed in Table III. All of the amino sugars have essentially the same para-
meters of activation. This is indicative that the rate-determining step of each individual
reaction lies on a reaction path that is common to all compounds. The large rate
constanis for the reaction are borne out by the relatively low value for AH* of
6-7 kcal.mole™!. The large, negative AS¥ for the reaction is not inconsistent with
the view that the rate-determining step is the formation of a cyclic intermediate. of
periodate and amino alcohol. The method -used for determining the presence of the
complex in the work on ethylene glycol®? fails with the amino-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-etbvlidene-a-D-glucoside and -mannoside
appears to proceed through an intermediate. cyclic complex, the formation of which
is rate determining!®.

12\
(2) 4)
FO.6
=
1.0 N
~
x Lca
o i
o
0.8
i
H
T T T
34 35 36
10% 0 -1
= O

Fig. 4. Arrhenius plot of the true, second-order rate constants for the oxidation of methyl 3-amino-
4,6-0-benzylidene-3-deoxy-a-p-glycosides at pH 4.06.

TABLE I
THERMOD YNAMIC VALUES OF ACTIVATION AT 25° FOR THE OXIDATION OF THE AMINO SUGARS

Methyl 4,6-O-benzylidene- Ea AHF AS#F AG*
deoxy-x-D-glycoside (kcal.mole™1) (kcal.mole™1) (e.1) (kcal.mole™t)
2-Amino-alloside (¢} 5.09 4+0.73 4.50 37.2 +1.6 15.6
3-Amino-alloside (¢3] 6.24 4-1.01 5.65 36.4 +2.4 16.5
2-Amino-glucoside (3) 7.67 +1.04 7.08 28.8 X2.2 15.7
3-Amino-glucoside (4) 6.75 +1.06 6.16 32.2 1.7 15.8
2-Amino-mannoside (5) 6.52 +0.81° 5.93 31.6 +2.1 15.3

3-Amino-mannoside (6) 7.39 1+0.97 6.80 25.8 +1.8 155

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 1-6.

The effect of replacing a hydroxyl group in a vicinal diol by an amino group
is known?? to increase the rate of oxidation with periodate, and this has been observed
for the amino sugars to an extent of 102 to 10* (¢f. 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-aminoalloside 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 1-6, 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-aicohol 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 er al.2* 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 hypocthesis,
and fit the general pattern of diol oxidations in which cis groups are oxidised faster
than zrans groups. Both aminomannosides {eg-ax) have larger k, 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 aminoaliosides (eg-2x) might be expected to be larger than those for the amino-
glucosides (eg-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-1 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-diols in alkaline solution?®> showed that the faster

Carbohyd. Res., 11 (1969) 53-62



NITROGEN-CONTAINING CARBOHYDRATES. XXI 6l

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 amino group may favour the formation of complex
intermediates but at the expense of their rate of breakdown.

Comparison with cuprammonium complexing. — The results from the cupram-
monium studies® on compounds 1-6 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 complexing concern equilibrium, and the data for
oxidation concern relative rates, the close parallel found between the two types of
reaction is thus not unexpscted, since the geometrical requirements are very similar
for the formation of a five-membered ring complex. Reeves?® found similar relation-
ships between the extent of cuprammonium 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-(irifluoroacetyl)ation of 2-amino-2-deoxy-p-glucose, followed by
O-acetylation, gave the anomeric 1,3,4,6-tetra-O-acetyl-2-deoxy-2-(trifluoroacetam-
ido)-a(and B)-p-glucopyranoses (3 and 4). Conversion of 3 and 4 into the bromide,
followed by condensation with 6-benzamido-9-(chloromercuri)-9 H-purine, produced
6-benzamido-9-3,4,6-tri- O-acetyl-2-deoxy-2-(trifluoroacetamido)-«-D-glucopyranosyl}-
9H-purine and the corresponding S-D anomer. Removal of substituent groups was
achieved by means of methanolic ammonia, giving the anomeric, crystalline 9-(2-
amino-2-deoxy-a{and f)-D-glucopyranosyl)adenines. Application of this procedure
10 2-amino-2-deoxy-D-galactose gave, as the final products, 9-(2-amino-2-deoxy-o-
D-galactopyranosyl)adenine and the corresponding f-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’. 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-workers? for the synthesis of 9-(2-amino-2-deoxy-
p-p-allopyranosyl)-6-(dimethylamino)-9 H-purine. The removal of the N-acetyl group
was effected by refluxing with aqueous barium hydroxide, but this procedure failed
when applied to nucleoside derivatives wherein the 3-hydroxyl group bore a trams
relationship to the 2-amino group. Stevens and co-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 N-(methoxycarbonyl) protective groups were also employed by
Stevens and co-workers for synthesis of pyrimidine nucleosides. The N-bis(phenoxy)-
phosphinyl* and the N-(2,4-dinitropbenyl)®'® 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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N-(2,4-dinitrophenyl) group gave both anomeric nucleosides, since it shows no
tendency to participate at C-1. The N-bis(phenoxy)phosphinyl* and N-(2,4-dinitro-
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 trifiuoroacetyl group as an N-protecting group
in the synthesis of both anomers of 9-(2-amino-2-deoxy-b-glucopyranosyl)adenine®
(6¢c and 7¢) and of 9-(2-amino-2-deoxy-D-galactopyranosyl)adenine (13c and 14c).
We have previously reported the use of this group in the synthesis of a pyrimidine
nucleoside®.

RESULTS AND DISCUSSION

In the present work, direct introduction of the N-(trifluoroacetyl) group into
the unsubstitufed saccharide was accomplished by selective acylation of the amino
group with S-ethyl trifluorothioacetate. This reagent has been employed for the
introduction of the N-(trifluoroacetyl) group into amino acids, for peptide synthesis®.
Previous methods for the introduction of the N-(trifluoroacetyl) group in the sugar
series 8:10 required prior selective acetylation of the hydroxyl groups.

Treatment of a solution of 2-amino-2-deoxy-D-glucose in methanol with
S-ethyl trifluorothioacetate produced 2-deoxy-2-(trifluoroacetamido)-p-glucose (2a).
By repeated recrystallization, the f-D anomer (2b) was obtained. Similar treatment
of a solution of 2-amino-2-deoxy-D-galactose in methanol produced 2-deoxy-2-
(trifluoroacetamido)-p-galactose (9a). In this case, the a-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-glucopyranose (3) and the corresponding
crystalline f-p 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- O-acetyl-2-amino-2-deoxy-f-D-ghicopyranose hydrochloride!’.
The a-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 f-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-(trifluoroacetamido)-a-p-glucopyranosyl brom-
ide (5) previously reported 8:10. 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-(chloromercuri)-2H-purine by the
general procedure of Davoll and Lowy!? 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-(trifluoroacetamido)-a-D-
glucopyranosyljpurine (6a) and the corresponding, amorphous f-D anomer (7a)
in yields of 6.6 and 26%, respectively. Both 6a and 7a formed well defined, crystal-
line picrates (6b and 7b) on de-N-benzoylation with picric 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 B)-D-glucopyranosyllpurine
(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 (6¢c)
and the crystalline §-p anomer (7¢), in yields of 89 and 86%, respectively. Both
products exhibited physical constants identifiable with those for the compounds
previously prepared in this laboratory®. For each anomeric pair (6a, 7a; 6b, 7b; and
6¢, 7¢), the «-D anomer was the more dextrorotatory.

cnzou cuzoa CHZOA:: CH,0AC
OH — OH —
OAc
NH,CI NHcocr_,, chocr5 NHCOCFS
1
(0) x+ /3 NHR

NHR"
(b) 3 N/‘IN\> N/
N

N
N
CH0AC ROH,C ROHz
0,
OAc — OR
AcO ar RO
5 =

|
)
NHCOCF, NHR’

(a) R=Ac,R'= COCF3 ,R Bz
(b)R=A4c , R'=COCF, ,R"=CgH N0,
{C) R=R'=R"=H

cnzon cuzou CHZOAc cnzonc

O OAc
OH ~—— OH — OAc
OAe

NH;Ci NHCOCFS NHCOCF3/1 NHCOCF3

8 (a) u+/3 ~ NHR B
b) NHR N

( % . »lej[\>
> SN

HZOAc ROHZC N ROR,C

RO o
+ OR
8r
NHCOCF3 NHR'
14
12 13 (a) R=Ac, R'=COCF3 , R”=Bz

(o) r=ac, R’ "« COCFy, R" = CH N30,
(< R=R=R H
(d) R=H, R'=R"= H,CI

Carbohyd. Res., 11 (1969) 63~76



66 M. L. WOLFROM, P. J. CONIGLIARO

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-p-glucosyl bromide (5), produced an
anomeric mixture of nucleoside derivatives. Separation by preparative t.l.c. gave
crystalline 6-benzamido-9-[3,4,6-tri- O-acetyl-2-deoxy-(2-trifluoroacetamido)-o-bD-
galactopyranosylladenine (13a) and the corresponding amorphous f-p anomer (14a)
in yields of 9.3 and 30%, 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-
a-D-galactopyranosyl)adenine (13¢) and the corresponding f-p anomer (14c) in
yields of 83 and 81%, respectively. Both 13c and 14c 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-p-
galactose would show similar agreement. The anomeric assignments of the preceding
nucleoside derivatives of 2-amino-2-deoxy-p-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-glucopyranose 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 svnthesize the nucleoside from the free amino saccharide. The overall
yields of 9-(2-amino-2-deoxy-«-D-glucopyranosyl)adenine (6¢) and the corresponding
B-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-x-D-galactopyranosyl)adenine (13c¢) and
the corresponding S-p anomer (14c) were 7.7 and 24%, respectively, based on the
bromide (i2), or 4.5 and 14%, respectively, based on 2-amino-2-deoxy-D-galactose
hydrochloride (8). The overall yields of 6¢c and 7¢, obtained by previous procedures,
were 4.0 and 5.2%, respectively’, and 9.3% for* 7¢, 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-galactose were obtained indicates that the N-tri-
fluoroacetyl group does not participate strongly at C-1. The use of such a strongly
participating group as N-acetyl'*’'® has been found to give only the f-p anomers
of purine nucleoside derivatives of 2-amino-2-deoxy-D-glucose. The a:f ratio was
26:100 for the N-(trifluoroacetyl)-protected, anomeric nucleoside derivatives of
2-amino-2-deoxy-D-glucose (6a and 7a), and 31:100 for the corresponding derivatives
of 2-amino-2-deoxy-D-galactose (13a and 14a). These results indicate that the N-(tri-
fluoroacetyl) group probably participates to a slight extent at C-1. Steric factors
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might also account for the preponderance of the -p anomer. However, use of the com-
pletely nonparticipating N-(2,4-dinitrophenyl) group gave a much higher «:f 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 gave® the anomeric
nucleoside derivatives in the a:f ratio of 60:100. In view of this result, a much higher
a:f ratio for 6a:7a and 13a:14a would be expected were the N-(trifluoroacetyl) group
completely nonparticipating at C-1.

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 Ko radiation; A 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.l.c. was performed with Desaga
equipment, by use of Silica Gel G (E. Merck, Darmstadt, Germany), activated at 110°.
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-glucose (2). — A suspension of 2-amino-2-
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
material 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 (713%) of 2-deoxy-2-(trifluoroacetamido)-pD-glucose (2a): m.p. 193-195° (dec.),
[«]3? +12 +1 (initial, extrapolated) — +15 +1° (final; ¢ 2.5, water).

Anal. Calc. for CgH,;,F3;NOg: 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 f-D anomer (2b):
m.p. 196-197° (dec.), [x]3> —28 +2 (initial, extrapolated) — +15 +1° (final;
¢ 1.5, water); 1XBr 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
13.64 um; X-ray powder diffraction data: 10.72 m, 9.41 vw, 6.81 m, 5.32vs (2),
5.00 m, 4.60 vs (3), 4.23 s, 3.95vs (1), 3.75 w, 3.68 s, 3.49 vs, 3.19 m, 3.08 w, 2.93 w,
2.84vs, 2.64s, 2.50m, 2.37m, 2.31vs, 221w, 2.08s, 1.99w, 193w, 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. Cale. for CgH,,F;NOg: C, 34.92; H, 4.40; N, 5.09. Found: C, 34.55;
H, 4.29; N, 5.13.

2-Deoxy-2-(trifluoroacetamido)-p-galactose (9). — A suspension of 2-amino;
2-deoxy-D-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)-p-galactose
(92a): m.p. 184-186° (dec.), [x]2! +68 -2 (initial, extrapolated) — +59 +1° (final;
¢ 2.9, water).

Anal. Calc. for CgH,,F;NOg: 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 «-D anomer (9b):
m.p. 192-193° (dec.), [«]3> +108 +2 (initial extrapolated) - +60 +1.5° (final;
¢ 2.0, water); AKEr 3.0-3.1 (NH, OH), 5.9 (N-trifluoroacetyl 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 um; X-ray powder diffraction data: 11.26 vw,
9.88 vw, 8.85 vw, 6.63 m, 5.56 s, 5.10 s (2), 4.77 w, 4.50 s (1), 4.31 s (3), 3.96 s,
3.70s (2), 3.50 m, 3.31 m, 3.16 m, 3.01 m, 2.84 m, 2.68 w, 2.49 w, 2.39 vw, 2.30 m,
2.22 w, and 2.06 w. The physical constants of this compourid were unchanged by
further recrystallization.

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

1,3,4,6-Tetra-O-acetyl-2- deoxy-2-(trifluoroacetamido)-a(and B)-b - glucopyranose
(3 and 4).— 2-Deoxy-2-(trifluoroacetamido)-p-glucose (2a, 2.0 g) was dissolved in a pre-
cooled (0°) mixture of pyridine (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 solution, and water, and dried (sodium sulfate). Evapo-
ration of the solvent yielded a clear syrup which, by t.l.c. with ether as the developer,
showed two major components (Ry 0.47 and 0.57). The crude product was crystallized
and recrystallized from methanol-water, to give 1.0g (31%) of 1,3,4,6-tetra-O-
acetyl-2-deoxy-2-(trifluoroacetamido)-f-p-glucopyranose (4) as a white, crystalline
solid: m.p., and m.m.p. with authentic material®, 166-167.5%; [«]3° —12 +1° (¢ 3.4,
chloroform); lit.® m.p. 167°, [«]3? —13° (¢ 2.4, chloroform). The X-ray powder
diffraction data were identical with those for this compound previously prepared in this
laboratory®. The compound was homogeneous by t.L.c., with ether as the developer,
and corresponded to the faster-moving component of the crude product (R 0.57).

The mother liquors from the two recrystallizations of 4 were evaporated to
vield a clear, syrupy residue which, by t.l.c. with ether as the developer, showed a
major component (Ry 0.48) and a minor component (R 0.56). These two components
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were isolated by resolution on 24 chromatoplates (200 x 200 x 1.25 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 (Ry 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°; [«]3?
—11.5 +2° (¢ 1.5, chloroform).

The material from the slower-moving zone (R 0.48) was crystallized from
ether-hexane to give 1.3g (40%) of 1,3,4,6-tetra-0-acetyl-2-deoxy-2-(trifluorc-
acetamido)-a-D-glucopyranose (3): m.p. 124.5-126°; [«]2! +70 +1° (¢ 4.7, chloro-
form); AEBr 3.0 (NH), 5.7 (O-acetyl carbonyl), 5.83 (N-trifluoroacetyl carbonyl),
6.4 (NH), 8.1-8.25 (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, 1295, and 13.7 um; X-ray powder diffraction data: 16.37 vw,
10.53 s, 9.46 vs (1), 8.21 s, 7.06 m, 6.08 m, 549 w, 5.19 s, 4.82 vs (3), 4.66 m, 4.44 w,
4.29vs (3),4.03 w,3.78 vs (2), 3.525,3.455,3.25vw, 3.02vw, 292 m, 2.79 w, 2.64 w,
2.52m, 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.

Anal. Calc. for C;gH,F3NO,,: 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-acetyl-2-deoxy-2-(trifluoroacetamido)-o{and B)-D-galactopyrano-
se (10 and 11). — 2-Deoxy-2-(trifluoroacetamido)-p-galactose (9a,2.0 g) was acetylated
with pyridine (16 ml) and acetic anhydride (9 ml) by the procedure described
in the preceding experiment. The crude, syrupy product showed two principal
components (Rr 0.43 and 0.56) by td.c. with ether as the developer. Three
recrystallizations from methanol-water gave 1,3,4,6-tetra-O-acetyl-2-deoxy-2-
(trifluoroacetamido)-«-D-galactopyranose (10) as a white, crystalline solid,
yield 0.97 g (30%): m.p. 155-156.5°; [«]3® +84 +1° (c 2.1, chloroform); AXBr 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 ym;
X-ray powder diffraction data: 7.54 vs (1), 6.33 5, 5.85 m, 5.45 s, 5.01 5,4.63 m,4.32 vs
(2),4.10s, 3.96 5, 3.79 w, 3.66 w, 3.51 5 (3), 3.41 vw, 3.34 vw, 3.05m, 291 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, and 2.11 w. This compound
was homogeneous by t.l.c. with ether as the developer, and corresponded to the
slower-moving component of the crude product (Ry 0.43).

Anal. Calc. for C,gH,oF3NO, o: 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.l.c. with ether as the developer, showed a major
component (R; 0.57) and a minor component (R, 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. Crystalli-
zation of the material obtained from the slower-moving zone (R 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°, [«]3?
+84 +41° (c 2.1, chloroform).

The material obtained from the faster-moving zone (R 0.57) was crystallized
from ether—hexane to give 1.2g (37%) of 1,3,4,6-tetra-O-acetyl-2-deoxy-2-(tri-
fluoroacetamido)-f-p-galactopyranose (11): m.p. 130-131°; [«]3! +11 +1° (¢ 3.1,
chioroform); 1XBf 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, 1046, 11.2, 11.7, 13.52,
and 13.9 um; X-ray powder diffraction data: 13.05m, 7.90 vs (1), 6.25s, 5.71 s,
540w, 5.17s (3), 4.80's, 4.54 m, 4.10vs (2), 3.83 m, 3.70 m, 3.60 m, 3.43 m, 3.28 s,
3.105,2.98w,2.90m,2.80w,2.70m, 2.59m, 2.50w,2.44m,2.29m,2.24 m, 2.18 vyw, and
2.08 m. This compound was homogeneous by t.l.c. with ether as the developer.

Anal. Calc. for C,sH,oF3NO,o: C, 43.35; H, 4.55; N, 3.16. Found: C, 43.52;
H, 4.58; N, 3.57.

3,4,6-Tri-O-acetyl-2-deoxy-2-(trifluoroacetamido)-+-p-glucopyranosyl brom-
ide 8% (8). — Method (A). 1,3,4,6-Tetra-O-acetyl-2-deoxy-2-(trifluoroacetamido)-o
D-glucopyranose (3, 2.0 g) was moistened with chloroform (1.0 ml), and acetic
acid (20 ml) 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,
yield 2.0 g(96%), m.p. 96-97°, [a]3° + 125 4 1° (¢ 2.7, chloroformy); lit.*® m.p. 95-97°;
Iit.® m.p. 96°, [a]3' +126° (¢ 2.92, chloroform).

Method (B). 2-Deoxy-2-(trifluoroacetamido)-p-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.
116-121°. T.l.c. of the product with ether as the developer showed two components
(R 045 and 0.56) which, presumably, were 1,3,4,6-tetra-O-acetyl-2-deoxy-2-
(trifluoroacetamido)-a-D-glucopyranose (3) and its f-p anomer (4), the anomers
having co-crystallized.

The material was treated with acetic acid (1.1 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°; [«]3' +127 +2° (¢ 1.4, chloroform).

3,4,6-Tri-O-acetyl-2-deoxy-2-(trifluoroacetamido)-D-galactopyranosyl bromide
(12). — Method (4). 1,3,4,6-Tetra-O-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]3? +146 +1° (¢ 1.5, chloroform);
ARPT 3,05 (NH), 5.7-5.8 ( O-acetyl and N-trifluoroacetyl carbonyl), 6.45 (NH),
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8.1-8.3 (ester), 8.65 (CF), 7.3, 9.2, 10.55, 11.1, 11.8, 12.9, and 13.7 um. This compound
was homogeneous by t.l.c. with 2:1 ether-petroleum ether as the developer. Attempts
to crystallize the product were unsuccessful.

Anal. Calc. for C,,H,,BrF;NOg: 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-O-acetyl-2-deoxy-2-(triflucroacetamido)-f-p-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°; [a]2? +144 +2° (¢ 1.1, chloroform).

Method (C). 2-Deoxy-2-(trifluoroacetamido)-p-galactose (9a, 0.60g) 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°, [«]3* + 143 +2° (¢ 1.0, chloroform).

6-Benzamido-9-[3,4,6-tri-O-acetyl-2-deoxy-2-(trifluoroacetamido) -o{andff)- D-
glucopyranosyl}-9H-purine (6a and Ta). — A mixture of 6-benzamido-9-(chloro-
mercuri)-9H-purine!?® (8.0 g), cadmium carbonate (2.0 g), and Celite (2.5¢) 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-O-acetyl-2-
deoxy-2-(trifiuoroacetamido)-ua-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 cold (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.L.c. with 5:2 chloroform-acetone as devel-
oper, showed a major component (R 0.35) and two minor components (R 0.6 and
0.8). The crude product was resolved by preparative t.l.c. 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 (Rp 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
cther to give a gelatinous mixture that yielded 6-benzamido-9-[3,4,6-tri-O-acetyl-2-
deoxy-2-(trifluoroacetamido)-e-D-glucopyranosyl]-9 H-purine (6a) as a white, crystal-
line solid, yield 0.23 g (6.6%): m.p. 169-172°, [«]3? +105 +2.5° (¢ 6.7, chloroform);
AKBr 3.1 (NH), 5.75 (O-acetyl, and N-trifluoroacetyl carbonyl), 6.2, 6.35, 6.65, 6.9

“max

(aryl C=C, purine, NH), 8.1-8.3 (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 13.6 um; AE©H 211 (£ 21,000). 234 (z 13,550),
and 282 nm (g 19,500); X-ray powder diffraction data: 13.81 s (1), 11.95 m, 10.43 5 (3),
9.69 vw, 8.61s, 7.45m, 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, 3.60s (2), 3.32 m, 3.05w, 2.81 vw, and 2.64 vw. This com-
pound was homogeneous by t.l.c. with 3:1 chloroform-acetone as the developer.

Anal. Cale. for C,¢H,;F;NgO,: 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 (R 0.25) 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)-S-b-glucopyranosyl}-
9H-purine (7a) as a white, amorphous solid, yield 0.90 g (26%): m.p. 148-153°
(softening above 133°); [«]3' —50 +1° (¢ 2.6, chloroform); A% 3.05 (NH), 5.7
(O-acetyl and N-irifluoroacetyl 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 13.2 um; A5 210 (£ 21,200), 234 (¢ 12,500), and 280 nm
(¢ 19,700). This compound was homogeneous by t.L.c. with 2:1 chloroform-acetone
as the developer.

Anal. Calc. for C,4H.;F3NgOq: 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-acetyl-2-deoxy-2-(trifluoroacetamido)-a-pD-glucopyranosvlladenine
picrate (6b). — To a solution of 6-benzamido-9-[3,4,6-tri- O-acetyl-2-deoxy-2-
(trifluoroacetamido)-a-D-glucopyranosyl}-9 H-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;
vield 60 mg (83%), m.p. 210-213° (dec.). Further recrystallizations from isopropyl
alcohol-methanol-petroleum ether (b.p. 60-110°) afforded pure material: m.p.
216-217° (dec.), [¢]3?> +83 +2° (¢ 0.6, acetone), AKEr 3.1-3.3 (NH, NH?Y), 5.75
(O-acetyl and N-trifluoroacetyl 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 13.4 um; X-ray powder diffraction data:
11.63 s, 10.34 w, 8.23vs (1), 6.94m, 6.28 m, 5.79 w, 545 m, 525 m, 4.81 m, 449 m,
4.32 m, 3.99s (2), 3.81 w, 3.64 w, 3.47 m, 3.35s (3), 3.20 vw, and 3.02 m.

Anal. Calc. for C;5H,,F3NgO,5: C, 40.17; H, 3.24; N, 16.86. Found: C, 40.29;
H, 3.52; N, 16.68.

9-[3,4,6-Tri-O-acetyl-2-deoxy-2-(trifluoroacetamido)-B-p-glucopyranosylladenine
picrate (7b). — A solution of 6-benzamido-9-[3,4,6-tri- O-acetyl-2-deoxy-2-(trifluoroc-
acetamido)-f-D-glucopyranosyl}-9 H-purine (7a, 0.20 g) in isopropy! alcohol (15 mi)
was treated with picric acid (0.08 g) in methanol (8 mi) 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.), [o}3! —39 +1°
(¢ 1.9, acetone); AKBr 30-3.25 (NH, NH?) 5.72 (O-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 (CF), 14.1 (substituted benzene), 7.35, 9.25, 9.6, 11.0, 12.25, 12.65,
and 13.45 um; X-ray powder diffraction data: 12.63 s (1), 10.28 m, 9.07 m, 7.05 m,
6.44 m, 6.01 vw, 5475 (3), 5.00s, 4.50s, 4.22s (2), 4.01 w, 3.83 w, 3.69 vw, 3.52 s,
3.36 m, 3.25w, 3.16 w, and 3.10 vw.

Anal. Calc. for C,5H,,F3;N;O,5: C,40.17; H, 3.24; N, 16.86. Found: C, 40.13;
H, 3.16; N, 16.79.

9-(2-Amino-2-deoxy-o-D-glucopyranosyl)adenine (6¢). — 6-Benzamido-9-[3,4,6-
tri- O-acetyl-2-deoxy-2-(trifluoroacetamido)-x-D-glucopyranosyl}-9 H-purine (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 5ml 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.), [«]3' +84 +2° (c 1.5, water); lit.> m.p. 242-244° (dec.), [«]3? +83 +6°
(c 0.2, water).

9-(2-Amino-2-deoxy-B-p-glucopyranosyl)adenine (7¢). — 6-Benzamido-9-[3,4,6-
tri- O-acetyl-2-deoxy-2-(trifluoroacetamido)-f-p-glucopyranosyl]-9 H-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.),
[®]3% —17 +1° (¢ 2.3, water); lit.5 m.p. 186-188° (dec.), [¢]3* —17 £2° (¢ 0.2, water).

6-Benzamido-9-[3,4,6-tri-O-acety!-2-deoxy-2-(trifluoroacetamido)-a(and [)-D-
galactopyranosyll-9H-purine (13a and 14a). — 3,4,6-Tri-O-acetyl-2-deoxy-2-(tri-
fluoroacetamido)-D-galactosyl bromide (12, 2.0 g) was condensed with 6-benzamido-
9-(chloromercuri)-9H-purine (6.0 g) in refluxing 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.l.c.
with 5:2 chloroform-acetone as the developer, showed a major component (Rg 0.33)
and two minor components (Rg 0.6 and 0.8). The crude product was resolved on
24 chromatoplates (200x200x 1.25 mm), with 5:2 chloroform-acetone as the
developer and indication by u.v. light. The two slower-moving zones (Ry 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-tri-
O-acetyl-2-deoxy-2-(trifluorcacetamido)-a-pD-galactopyranosyl]-9 H-purine (13a) as a
white, crystalline solid upon suction filtration; yield 0.25 g (93%), m.p. 140-144°
(softening above 130°), [a]3? +120 +3° {c 1.0, chloroform); AXBr 3.1 (NH), 5.75
(O-acetyl and N-trifluoroacetyl carbonyl), 6.2, 6.35, 6.65, 6.76, 6.9 (aryl C=C,
purine, 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 12.52 ym; AE'9H 210 (¢22,300), 234 (¢ 13,300), and 282 nm
(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.l.c. with 3:1 chloroform—
acetone as the developer.

Anal. Cale. for C,cH, F;N,O,: 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 (R 0.33) gave a
clear glass (0.94 g). Attempted crystallization from chloroform-isopropyl ether
yielded 6-benzamido-9-[3,4,6-tri- O-acetyl-2-deoxy-2-(trifluoroacetamido)-f-p-galacto-
pyranosyl}-9H-purine (14a) as an amorphous, white solid, yield 0.80 g (30%);
m.p. 150-155° (softening above 135°), [«]lp” —34 +1° (¢ 2.7, chloroform); A5or 3,05,
5.7 (O-acetyl and N-trifluoroacetyl carbonyl), 6.2, 6.32, 6.65, 6.75, 6.9 (aryl C=C,
purine, NH), 8.1-8.3 (ester), 8.65 (CF), 14.1 (substituted benzene), 9.2, 10.5, 10.85,
12.55, and 13.2 zm; AEOH 2171 (£20,900), 234 (g 12,600), and 280 nm (e 19,900).

¥ max

This compound was homogeneous by t.l.c. with 2:1 chloroform-acetone as the
developer.

Anal. Calc. for C,cH,sF3;NgOq: 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-acetyl-2-deoxy-2-(trifluoroacetamido)-o-b-galactopyranosylladenine
picrate (13b). — A solution of 6-benzamido-9-[3,4,6-tri- O-acetyl-2-deoxy-2-(trifluoro-
acetamido)-a-D-galactopyranosyll-9 H-purine (13a, 50 mg) in isopropyl alcohol
(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 isopropy! alcohol-methanol-petroleum ether (b.p.
60-110°) afforded pure material; m.p. 181-185° [«]3? 4108 +4° (¢ 0.3, acetone);
AEDr 3.1-3.3 (NH, NH7Y), 5.76 (O-acetyl and N-trifluoroacetyl carbonyl), 5.92, 6.2,
6.4, 6.7, 7.05 (aryl C=C, purine, NH, NH3), 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 um; 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. Cale. for C,sH,,F3;NO, 5t C, 40.17; H, 3.24; N, 16.86. Found: C, 40.01;
H, 3.35; N, 16.64.

9-13,4,6-Tri-O-acetyl-2-deoxy-2-(trifluoroacetamido)-p-p-galactopyranosylladenine
Dpicrate (14b). — A solution of 6-benzamido-9-[3,4,6-tri-O-acetyl-2-deoxy-2-(trifluoro-
acetamido)-f-D-galactopyranosyl]-9H-purine (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.), [¢]y’ —37 +£1.5° (¢ 1.3, acetone); AKEr 3,05-3.3 (NH, NH; %), 5.75 (O-acetyl
and N-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 um; X-ray powder diffraction data: 11.05 w, 8.93 s (1),
7.85vw, 7.28s (3), 6.51 m, 5.88 w, 544 m, 5.05m, 4.81 w, 4.59 w, 447 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.
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Anal. Cale. for C,;H,,F;N,O,5: C,40.17; H, 3.24; N, 16.86. Found: C, 39.98;
H, 3.36; N, 16.79.

9-(2- Amino-2-deoxy-a-D-galactopyranosyl)adenine (13¢). — 6-Benzamido-9-
[3,4,6-tri- O-acetyl-2-deoxy-2-(trifluoroacetamido)-a-p-galactopyranosyl]-9 H-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 methanol-ether gave a white, amorphous solid, yield 67 mg
(83%); m.p. 198-208° (softening and swelling above 160°), [a]3! +134 +3° (c 0.6,
water); AXBr 2,95-3.1 (OH, NH,), 6.08, 6.25, 6.35, 6.8 (purine, NH), 7.1, 7.52, 7.7,
8.1, 8.22, 9.2, 11.38, 12.55, 13.55, and 13.95 um; A2 210 (¢ 18,900) and 262 nm
(e 14,500). This compound was homogeneous by t.l.c. with methanol as the developer.

Anal. Cale, for C,;;H,(NgOs: C, 44.59; H, 5.44; N, 28.37. Found: C, 44.39;
H, 5.48; N, 28.04.

9-(2-Amino-2-deoxy-p-p-galactopyranosyladenine (14¢). — 6-Benzamido-9-
[3,4,6-tri- O-acetyl-2-deoxy-2-(trifluoroacetamido)-fS-n-galactopyranosyl}-9 H-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 155°), [a]2! +19 +1.5° (¢ 0.12,
water); AXKBr 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 um; A¥:2 210 (= 19,300)
and 261 nm (g 14,800). This compound was homogeneous by t.l.c. with methanol
as the developer.

Anal. Calc. for C,{H;(NgO5: C, 44.59; H, 5.44; N, 28.37. Found: C, 44.29;
H, 5.58; N, 28.54.

9-(2-Amino-2-deoxy-a-D-galactopyranosyl)adenine dihydrochloride (13d). — To
a solution of 9-(2-amino-2-deoxy-a-D-galactopyranosyl)adenine (13c, 40 mg) in
methanol (30 ml) was added 0.40 ml of NV 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 methanol-ethanol, yield 44 mg (88%); dec. at
208-209° (with some charring above 190°), [a]3> +112 +3° (¢ 0.6, water); AKEr
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 13.64 um;
2820 210 (¢ 17,800) and 261 nm (¢ 14,200); X-ray powder diffraction data: 13.92s,
9.31 m, 8.41 vw, 7.25s (1), 6.63 w, 6.33 w, 4.43s, 4225, 3.89s (3), 3.60s, 3.36 m,
3.20s (2), 3.09 vw, 2.89 vw, 2.78 w, 2.69 vw, 2.55m, 2.37 m, 2.23 vw, 2.14 w, and
2.01 w.

Anal. Calc. for C, H,zCl,NO,: C, 35.78; H, 491; Cl, 19.21; N, 22.76.
Found: 35.70; H, 5.18; CI, 19.27; N, 22.63.

9-(2-Amino-2-deoxy-f-D-galactopyranosyl)adenine dihydrochloride (14d). — A
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solution of 9-(2-amino-2-deoxy-B-D-galactopyranosyl)adenine (14c, 0.10g) 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°), []3? +38 +2°
(¢ 0.7, water); A%or 2.95-3.4 (OH, NH3), 5.9, 6.0, 6.28, 6.66, 6.9 (purine, NH?),
7.05, 7.38, 7.54, 71.78, 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 um; A2 210 (¢ 18,500) and 260 nm (¢ 14,000); X-ray powder
diffraction data: 6.89 vs (1), 6.35w, 5.93m, 5.52w, 5.14s, 4.81 m, 4.51s, 428 m,
3.72s, 3.59s, 3.43 5, 3.255 (2), 3.13s (3), 3.00m, 2.93 vw, 2.77 m, 2.67 vs, 2.52 w,
243 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,;;H,;3CI,N,O,: 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 molecular 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 «-(1—3)-p-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 weight 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 f-alkoxycarbonyl
mechanism, involving stepwise depolymerisation from the reducing end-group® until
an alkali-resistant linkage is encountered or some stable end-group is formed. The
alkaline degradation of 6-O-substituted sugars has been investigated*, but apparently
not the degradation of dextran. We have examined the product isolated after alkaline-

*Rowett Research Institute, Bucksburn, 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 3MM papers. The irrigants (v/v) used were (a) ethyl acetate—pyridine—water (2:1:2);
(b) ethyl acetate-acetic acid-water (3:1:1); (¢) butanone-water azetrope; (d) butyl
alcohol-ethanol-acetic acid—-water (45:5:1:49). Chromatographic spray reagents were
p-anisidine hydrochloride, 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
3MM paper with either 0.1M 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
method®. Equivalent 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 (M,) of ca. 3,000 and was synthesised by
Leuconostoc mesenteroides NRRL B.512. To distinguish it from other fractions,
this dextran is tefmed A.

A solution of dextran 4 (200 g) in distilled water (final volume, 1 litre) was
heated to 60°. While the solution was stirred continuously, 10N sodium hydroxide
(110 ml) was added at such a rate as to maintain a basicity of 0.9-1.1N (determined
by external titration against N HCI). The 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 10N sodium hydroxide during the alkaline degradation of dextran A4 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 ca. 400 ml by evaporation in vacuo 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 pentacxide to yield
material (130 g, 65%) having [«¢], +185° [Found: equivalent wt., 3,500; reducing
sugars, 0.49% (ca. 10% of that of dextran 4)].

Separation of acid and neutral fractions 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 mi/h, 2 1)
followed by 0.02M 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.IN sodium
hydroxide.

The appropriate fractions were combined and concentrated in vacuo. 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 7
(ADD)].

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 x5 cm) of DEAE Sephadex A-50 (OAc™) by using water followed by 0.02m
potassium acetate. The potassium acetate eluate gave a fourth acidic dextran 4AD4
(3 2), and the water eluate gave a neutral, reducing dextran, fraction 5 (4.6 g).

Gel filtration of fractions AD1-4 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 0.1M 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 0.5N H,SO, (100 ml) for 16 h at 100°. The hydrolysate was
neutralised with barium carbonate and passed down a column (10x 1 cm) of Zeo-
Karb 225 (H*) resin. Chromatographic examination [solvents (4) and (¢)] 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 (30x 1.5 cm) of Amberlite IR-45 (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 vacuo to convert acids into lactones and then examined by paper chromatography
in several solvent systems. In addition to some glucose, components were detected
which were chromatographically indistinguishable from «- and f-glucometasaccharinic
acid (bromophenol blue spray) and the derived lactones’ (hydroxamate spray). The
lactones in the hydrolysate were isolated by preparative, paper chromatography
[solvent (¢)] and were characterised as follows: a-D-glucometasaccharinolactone,
recrystallised from ethyl acetate, had m.p. and mixed m.p. 104° and [«]p, +26°
(water); lit’, m.p. 104° and [¢]p +25° (water); pB-pD-glucometasaccharinolactone,
recrystallised from ethyl acetate, had m.p. and mixed m.p. 91° and [«], +6° (water);
lit.”, m.p. 92° and [«], +8° (water).

Periodate oxidation of dextrans AD1 and AD4. — Samples of ADI1 and AD4
(97.8 and 92.1 mg, respectively) were oxidised with 0.025M 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 ADI! 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 AD1. — A sample of dextran 4ADI (2 g) was
oxidised in 0.16M 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 IR-45 (HO ™) resins. The solution was then reduced with sodium borohydride (1 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 polyalcohol was hydrolysed with 0.5N 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 vacuo at 40°.

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

Enzymic hydrolysis of dextran B. — A solution of dextran B (2.1 g) in 0.1m
sodium citrate (200 ml) was incubated for 5 days at 37° with an adaptively produced
dextranase (66 mg) of Penicillium funiculosum ® (I.LM.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 (@). 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 O-a-D-gluco-
pyranosyl-(1— 3)-0-a-D-glucopyranosyl-(1 — 6)-p-glucose.

Graded acetolysis of dextran AD1. — 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 (1.8 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. The combined chloroform solutions were washed with aqueous sodium
carbonate and water, dried (Na,SQ,), and concentrated.

A solution of the syrupy residue in methanol (100 ml) was treated with 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 vacuo 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 (60x 3.8 cm) of Sephadex G-25.
Fractions (10 ml) containing carbohydrate (located by polarimetry) formed two
peaks, the first of which contained polysaccharides of larger molecular weight. The
fractions containing the second peak were combined, concentrated to a small volume
in vacuo, 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 [(1 — Rf)/R]
against the degree of polymerisation. The members of the major series were identified
by their chomatographic behaviour as isomaltodextrins. They had Rg values [solvent
(a)] of 0.64, 0.34, and 0.12. The other oligosaccharides had R values of 0.77, 0.46,
0.21, and 0.07. The lower members of this series were characterised as follows:
3-0-a-D-glucopyranosyl-D-glucose (nigerose) had [¢]p, +137° (lit.®> +137°), the
derived alditol had Mg,,.00 <0.1 on electrophoresis in molybdate buffer, and the
acetate had m.p. 147° (lit.° +151°); O-x-p-glucopyranosyl-(1— 3)-0-a-p-gluco-
pyranosyl-(1 —»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 Mg ycirr 0.53 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 (4) 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 AD1, AD4, and fraction 5.

Fraction 5 was indistinguishable from the original dexiran 4 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 OF THE FIVE FRACTIONS ISOLATED AFTER CHROMATOGRAPHY ON DEAE-CELLULOSE OF ALKALI-
DEGRADED DEXTRAN

Fraction (%) [edp (degrees) Eguivalent weight My
ADI1 (46.4) . +174 2,500 1,510
AD2 (23.2) + 188 3,640
AD3 (10.8) +192 4,250
AD4 (1.7) +197 6,250 4,860
Fraction 5 (12.0) + 199 —

1o}

Dextran conc, { ug/ mi)

36 T 44 52 60 68 76 8'4 T 9'2

v Fraction no. vt

Fig. 2. Gel filtration of dextran B and sub-fractions ADI and 4D4 on Sephadex G-50.
Dextran B, ......... ADI, — — — ADA4.

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 M, for dextran 4. This increase probably occurs as a result of the method
of preparation of dextran B. After acid hydrolysis, dextran 4 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 4DI to AD4. The number-average molecular weights determined by
osmometry for 4 DI and A D4 showed similar increases. The reasons for this separation
into fractions of increasing molecular weight was probably a result of the method of
separation but was 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*. The alkaline treatment of dextran A4
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/-4, and the presence of the isomeric gluco-
metasaccharinic acids as the sole significant acidic products in the 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)-p-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 (1-—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 AD! indicated some (1—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-a-pD-glucopyranosyl-D-glucose (nigerose). This could only have
arisen from an «-(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)-0-a-D-glucopyranosyl-
(1> 6)-D-glucose.

These oligosaccharides were obtained by partial hydrclysis 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)-p-glucosidic links in the chain.
These links must be of the a-D-configuration, since nigerose is an «-D-(1— 3)-linked
disaccharide.

It is noteworthy that the native dextran elaborated by Leuconostoc mesenteroides
NRRL B512 contains only 5% of «-(1—3)-D-glucosidic links!®. The existence of
5% of «-(1—3)-D-glucosidic branches in dextran B indicates that these branches are
not preferentially hydrolysed during its preparation by hydrolysis and alkaline
degradation.
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SYNTHESE VON 24-DINITROPHENYLGLYKOSIDEN*

W. HENGSTENBERG UND K. WALLENFELS
Chemisches Laboratorium der Universitét Freiburg, Alberstr. 21 (Deutschland)
(Eingegangen den 18. Dezember, 1968; modifiziert den 10. Februar, 1969)

ABSTRACT

2,4-Dinitrophenyl «- and g-p-galactoside, f-D-glucoside, «-D-mannoside, «- and
B-L-arabinoside, B-D-xyloside, and 2-chloro-2-deoxy-f-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 1-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.

EINFGHRUNG

Bei der enzymatischen Spaltung von Glykosiden wird ausnahmslos die Bindung
zwischen dem glykosidischen Heteroatom und dem C-1 des Glykons gelést. Man
kann sich fragen, ob dies auf der “Spezifitiit” des Proteins, d.h. der speziellen
relativen Position von funktionellen Gruppen am Katalysator zu korrespondierenden
am Substrat beruht, oder auf einer unter allen Umstinden bevorzugten chemischen
Reaktivitit 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, daB ihre Herstellung aus den schon vor ldngerer
Zeit beschriebenen Acetylderivaten bisher nicht gelang, mag ein Hinweis hierauf
sein. Sie kann aber auch darauf beruhen, daB 2,4-Dinitrophenolat eine extrem gute
Austrittsgruppe ist. Die Untersuchung der Solvolyse dieser Verbindungen unter
verschiedenen Bedingungen, cinschlieBlich der enzymatischen, machte die Aus-
arbeitung einer neuen Synthese wiinschenswert, bei welcher der Schutz der Hydroxyl-
gruppen unter milderen Bedingungen entfernt werden kann als sie fiir Entacetylierung
und -benzylierung gebraucht werden. Wir berichten in dieser Arbeit iiber eine
Methode, die im Prinzip der Synthese nach Koenigs und Knorr entspricht und als
Schutzgruppe fiir die Herstellung der Halogenzucker die Trimethylsilylgruppe?-3

*Kurzmitteilung: Angew. Chem., 77 (19635) 623.
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verwendet. Die erhaltenen Trimethylsilyl-glykoside lieBen sich hydrolytisch in die
freien Glykoside tiberfithren*, ohne daB ein nennenswerter Angriff an der Glykosid-
bindung erfolgte.

ERGEBNISSE

Zur Herstellung der Trimethylsilylhalogenosen mufl man am C-1 Halogen
einfithren, ohne daB die extrem sidurelabilen Trimethylsilylgruppen* entfernt werden.
Eine solche Methode hat Bonner® zuerst angegeben, sie wurde von Weygand und
Ziemann®, sowie von Wolfrom und Groebke? weiter ausgearbeitet und angewendet.
Hierbei werden an den Hydroxylfunktionen geschiitzte 1-Thioglykoside in unpolaren
Losungsmitteln mit elementarem Brom umgesetzt, wobei unter Substitution der
Thioalkylfunktion die geschiitzten Halogenosen entstehen.

Der Mechanismus dieser Reaktion wurde an mehreren Beispielen untersucht.
Bonner® und Weygand® formulieren bei Glucosederivaten einen Sy2 Mechanismus
am C-1 des Pyranoserings. Bei den acetylierten 1-Thioglukosiden kann, wie Wolfrom
und Groebke’ zeigen konnten, die Acetylgruppe am C-2 durch Nachbargruppen-
beteiligung die Bildung einer f-Acetohalogenose verursachen. Bei der Chlorierung
von acetylierten Athyl-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
moglich, da diese Reaktion sowohl durch konformative, als auch durch sterische
und Nachbargruppeneffekte beeinfluBt werden kann.

So konnten bei der Bromierung oder Chlorierung von Athyl-1-thio-tetra-O-
trimethylsilyl-f-p-galaktosid und anschlieBender Glykosidsynthese nach Koenigs
und Knorr mit 2,4-Dinitrophenol und Silberoxvd in Benzol nach dem Entfernen der
Schutzgruppe sdulenchromatographisch 2,4-Dinitrophenyl «- und g-p-galaktosid*
(a:f = 1:1) in zusammen 22%iger Ausbeute isoliert werden. Das Reaktionsprodukt
der Bromierung des acetylierten Athyl-1-thio-B-D-galaktosids wurde ebenfalls mit
2,4-Dinitrophenol glykosidiert und lieferte 2,4-Dinitrophenyl-S-p-galaktosidtetra-
acetat, das gleiche Produkt, das man bei der Glykosidierung von a-Acetobrom-
galaktose erhilt. Die Bromierungsreaktion auf Athyl-1-thio-tetra- O-trimethylsilyl-
B-p-glukosid angewandt, liefert nur 2,4-Dinitrophenyl-8-pD-glukosid in 10%iger
Ausbeute. )

Diese Art der Glykosidsynthese wurde auf weitere Hexosen und Pentosen
ausgedehnt. Aus Athyl-1-thio-a-L-arabinosid erhilt man ein Gemisch der anomeren
2,4-Dinitrophenyl-L-arabinoside. Athyl-1-thio-f-p-xylosid liefert nur 2,4-Dinitro-
phenyl-B-D-xylosid. Aus Athyl-1-thio-a- und B-D-mannosid konnten wir in beiden
Fillen nur das 2,4-Dinitrophenyl-«-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 f-Galaktosidase veranlaBten uns
dazu, ein 2,4-Dinitrophenyl-f-D-galaktosid zu synthetisieren, dessen Hydroxyl-
funktion am C-2 durch eine “schlechte Nachbargruppe™ z.B. durch H, OCH; oder
durch Halogen ersetzt ist. Wir entschieden uns fiir das Halogen Chlor, da Tri-O-
acetyl-2-chlor-2-desoxy-a-D-galaktopyranosyl-chlorid 8 (1) leicht aus Tri-O-acetyl-D-
gal aktal durch Chlorierung darzustellen ist.

Die Struktur von 1 wurde von Lemieux® aus dem Kernresonanzspektrum
abgeleitet. Die Glykosidierung dieser Verbindung verlduft unter Bildung des ent-
sprechenden f-p-Glykosids. Denselben Verlauf nimmt die Glykosidierung des
Chlorierungsproduktes von Tri-O-trimethylsilyl-D-galaktal. Die eindeutige Struktur
des 2,4-Dinitrophenyl-2-chlor-2-desoxy-f-D-galaktosids wurde durch das Kern-
resonanzspektrum festgelegt (Abb. 1). ;
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Abb. 1. Kernresonanzspektrum des 2,4-Dinitrophenyl-3,4,6-tri- O- acetyl-2-chlor-2-desoxy-f3-D-
galaktosids bei 100 Megahertz in Deuterochloroform.

H-2,H-5, 2H-6

1 T
5.85 6.0

Zur Deutung des Spektrums (s, Tabelle I) wurde das analoge Spektrum des
Methyl-tri- O-acetyl-2-chlor-2-desoxy-f-p-galaktopyranosids herangezogen®. Das
anomere Proton im entsprechenden 2,4-Dinitrophenyl-galaktosid ist von 7 ~5.5
nach t = 4.71 verschoben, wihrend H-4, H-3, H-5, und H-6 unveridndert blieben.
H-2, das in ein Quadruplett aufspalten sollte, ist schlecht zu vermessen, da es von

TABELLE I

WERTE DER PYRANOSIDISCHEN RINGPROTONEN IN 2,4-DINITROPHENYL-TRI-O-ACETYL-2-CHLOR-2~-
DESOXY-f-D-GALAKTOSID GEGEN TMS ALS INNERER STANDARD

Protonen la 2a 3a 4e 5a 6

z-Werte 4.71 5.80 4.90 4.61 5.85 5.85
la2a 3a2a 3ade d4e 3a 4e 5a

J(Hz) 8.5 10.5 3.5 3.5 3.5
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TABELLE I

PHYSIKALISCHE EIGENSCHAFTEN DER SYNTHETISCHEN 2,4-DINITROPHENYL-GLYKOSIDE
2,4-Dinitrophenyl-glykosid® F.P. Zers.,® Ausbeute®, % {222, °

«-p-Galaktosid 158 22 +322 (c 0.66, Methanol)
B-p-Galaktosid 150-151¢ —105 (c 1, Methanol)
B-p-Glukosid¢ 100-101€ 10 —92.8 (¢ 1.06, Methanol)
e«-D-Mannosid? 1495 28 +161 (c 1.00, Methanol)
ea-L-Arabinosid 167¢ —103 (c 1.05, DMF)
f-L-Arabinosid 158¢ 32 +367 (c 0.69, DMF)
B-p-Xylosid 158-159¢ 17 — 105 {c 1.1, Methanol)
2-Chlor-2-desoxy-f-p-galaktosid 156-157¢ 200 —127 (c 0.89, Methanol)
Tri-O-acetyl-2-chlor-2-desoxy-f- 176-1779 — 52 (c 0.98, Chloroform)
p-galaktosid

Tetra-O-acetyl-8-p-galaktosid 174-1769 +74 (c 1.44, Chloroform)
Tetra-O-acetyl-x-D-mannosid 175-1769 +137 (c 1.69, Chloroform)

Athyl-1-thio-c-L-arabinosid : Gef.: C, 43.40; H, 7.30; S, 16.10. C;H1404S. Ber.: C, 43.20; H, 7.26; N, 16.50%.

aDie Zuordnung der Konfiguration am C-1 erfolgte entsprechend den Hudson’schen Regeln. 2Ausbeute
bezogen auf Athyl-1-thioglykosid. ¢Kristallisiert mit einem Mol Aceton. 9Enthilt nichtstSchiometrische
Mengen Aceton. (Acetongehilt < I mo! pro Formeleinheit). 2Aus Methanol. fAus Aceton. Aus Athanol.
2 Ausbeute bezogen auf p-Galaktal.

T ~6.15 in die Region von H-5 und H-6 verschoben worden ist. Die Verschiebung
von H-1 und H-2 ist wahrscheinlich auf den starken Abschirmungseffekt des
2,4-Dinitrophenyl-Rests am C-1 zuriickzufithren. Eine Aufnahme des 2,4-Dinitro-
phenyl-2-chlor-2-desoxygalaktosids bei 100 Megahertz war nétig, da im 60 Mega-
hertz-Spektrum die Region H-4, H-1, und H-3 nur unvollstandig in 6 peaks anstelle
von 8 peaks aufgespalten war.

Uber die Natur und Eigenschaften der erhaltenen neuen Glykoside unterrichtet
Tabelle IL

DISKUSSION

Der sterische Ablauf der Koenigs—Knorr-Reaktion mit Trimethylsilylhaloge-
nosen ist verschieden von dem Reaktionsablauf mit den entsprechenden Acetyl-
halogenosen. Eine Reaktionslenkung durch einen der Acetylgruppenwirkung
entsprechenden Nachbargruppeneffekt ist filr die TMS-Gruppe auszuschlieflen.
In welchém Ausmal sterische Effekte, der anomere Effekt und gegebenenfalls der
A2-Effekt? fiir die Bildung von «- und f#-Glykosiden verantwortlich gemacht werden
konnen, hiangt nicht nur von der Stabilitdt der Intermedidrprodukte, sondern auch
von der kinetischen Situation ab, welche sich fiir die Umsetzung an der Silberoxyd-
oberfliche nur schwer voraussagen l4Bt.

Die Bildung von «- und B-Glykosiden beim Arabinosid und Galaktosid,
sowie das Auftreten des «-D-Mannosids ist wohl durch sterische Effekte kombiniert
mit dem anomeren Effekt bedingt!®.
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Summenformel Ber. Gef.
Molgewicht C H N Cl C H N [/}
Ci12H14N20;30 41.65 4.08 8.10 41.52 4.04 8.23

41.71 4.12 8.21
Ci15HgoN2011 44.60 4.98 6.95 44.46 4.94 7.24
Ci12H14N2010.0.7C3HeO 43.76 4.74 1.24 43.81 4.63 7.32
C1:H12N20g 41.80 3.83 8.86 42.14 4.03 8.86

41.92 4.10 8.91
CnHi2N2Og 41.80 3.83 8.86 41.98 3.95 8.89
Ci2H13CIN2Og 39.47 3.59 7.86 9.72 39.41 3.96 7.83 9.6
Ci18H15CIN2Os2 44.10 3.90 5.71 7.23 44,35 391 5.81 7.0
CaoH22N2014 46.65 4.31 5.44 46.80 4.60 5.2
CzoHgoN2014 46.65  4.31 5.44 46.77 4.51 5.67

Die Koenigs—Knorr-Reaktion verlduft nach Newth und Haynes'! iiber einen
Sn! Mechanismus. Das Carboniumion in der El1-Konformation wird im Falle des
Galaktosids und Arabinosids durch die volumindse TMS(Trimethylsilyl)-Gruppe am
C-4 so abgeschirmt (Abb. 2), daB der Angriff von der f-p-Seite bzw. von der a-L-Seite
leicht gehindert ist. Der anomere Effekt fithrt dazu, daB das stabilere «-p-Glykosid
(B-L-Glykosid) entsteht, wenn am C-1 ein stark polarer Substituent eintritt. Der
anomere Effekt wird jedoch beeintrachtigt durch die TMS-Gruppe am C-2, so daB
im Falle des Glukosids und Xylosids keine «x-D-Glykoside isoliert wurden. Im Falle
der 2,4-Dinitrophenyl-a-D-mannosidsynthese kdnnen der anomere Effekt und die
sterische Beeinflussung des Reaktionsablaufs durch die axiale TMS-Gruppe am
C-2 zusammenwirken (Abb. 2).

———

I/ N,
fTms )y

CH, OTMS

EXPERIMENTELLER TEIL

Die als Ausgangsmaterial dienenden 1-Thioglykoside wurden nach oder
analog zu Literaturvorschriften hergestellt!?~ 16, 2 4-Dinitrophenyl-tetra- O-acetyl-
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B-p-galaktosid wurde nach Latham er al.! dargestellt. Das entsprechende Mannosid-
tetraacetat sowie das Acetat des 2,4-Dinitrophenyl-2-chlor-2-desoxy-f-D-galaktosids
wurden aus den freien Glykosiden durch Acetylierung in Pyridin mit Acetanhydrid
bei 0° erhalten.

Sdulenchromatographie. — Zur Chromatographie eines 10~ ? molaren Ansatzes
bendtigt man ungefdhr 100 g Kieselgel. 2,4-Dinitrophenol eluierten wir mit Benzol,
die 2,4-Dinitrophenyl-glykoside mit Athylacetat. Die «-D-Verbindungen bzw. die
p-L-Verbindungen wandern rascher als die f-pD- bzw. a-L-Verbindungen.

Diinnschichtchromatographie. — Trennungen werden auf Glasplatten durch-
gefiihrt, die mit Kieselgel G (Merck) beschichtet waren. Fiir freie 2,4-Dinitrophenyl-
glykoside ist das Laufmittel Benzol-Methanol = 2:1 gut geeignet. Auch Anomeren-
paare kdnnen so leicht getrennt werden. Entwickelt wurde mit Athylatlésung oder
mit Schwefelsdure im Trockenschrank.

Trimethylsilylierung von Athyl-I-thioglykosiden und p-Galaktal. — 10”2 Mole
Substrat werden in 50 ml abs. Pyridin gelSst und mit 2 x 1072 Mcl Hexamethyl-
disilazan und 2 x 102 Mol Chlortrimethylsilan pro freie Hydroxylgruppe versetzt.
Die Reaktionsmischung erwirmt sich auf ungefdhr 50°. Man ldBt 2-3 Stunden
stehen und engt am Rotationsverdampfer unter Feuchtigkeitsausschlufl ein. Man
I6st den durch Ammonchlorid getriibten Sirup in Tetrachlorkohlenstoff auf, filtriert ab
und entfernt das Losungsmittel. Es bleibt ein farbloses O1 zuriick. Ausbeute : quanti-
tativ.

Bromierung von trimethylsilylierten 1-Thioglykosiden. — 10~2 Mole trimethyl-
silyliertes 1-Thioglykosid werden in 30 ml abs. Tetrachlorkohlenstoff geldst. Unter
Rithrung 148t man 1.5x 10”2 Mole trockenes Brom, geldst in 10 ml abs. Tetra-
chlorkohlenstoff unter FeuchtigkeitsausschluB bei Zimmertemperatur zutropfen.
Die Bromfarbe verschwindet anfangs rasch, dann bildet sich im Reaktionsgefal
eine gelbe Triibung. Wenn alles Brom zugetropft ist, 148t man noch 45 min weiter-
rithren. Man engt am Rotationsverdampfer ein. Es bleibt ein von Brom schwach
angefirbter, etwas triiber Sirup zuriick, der stark nach Athylsulphenylbromid riecht,
das im Olpumpenvakuum bei 50° abgezogen wird. Der Sirup wird am besten sofort
fiir die Glykosidsynthese weiterverwendet.

Hydrolyse der -TMS-Schutzgruppen. — Der siruptse Glykosidierungsansatz
wird in 250 ml Methanol gelSst, man fiigt noch etwas Eisessig hinzu und versetzt
mif Wasser bis zur bleibenden Triibung. Nach lingerem Riihren bei Zimmertem-
peratur verschwindet die Triibung, die dann wieder bei Zugabe von Wasser auftritt.
Nach 4-35 stiindigen Riihren tritt beim Zufiigen von Wasser keine Tritbung mehr auf,
die TMS-gruppen sind abgespalten. Die Losung wird eingeengt, mit Methanol
aufgenommen und mit 25 g Hyflo-Supercel versetzt. Das auf Hyflo absorbierte
Produkt wird auf eine Kieselgelsdule aufgesetzt.

Chlorierung wvon Tri-O-trimethylsilyl-pD-galaktal. — 2x107% Mole Tri-O-
trimethylsilyl-p-galaktal werden in 40 ml abs. Tetrachlorkohlenstoff geltst. Bei 0°
leitet man trockenes Chlor in die Losung ein, bis eine bleibende Gelbfiarbung eintritt.
Man entfernt iiberschiissiges Chlor durch Durchleiten von trockener Luft, engt am
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Rotationsverdampfer ein und erhilt einen farblosen Sirup, der nach Koenigs und
Knorr glykosidiert werden kann.

Glykosidierung mit 2.4-Dinitrophenol und Silberoxyd. — 1.5x10~2 Mole
2,4-Dinitrophenol, 6 g Gips, 6 g frisch bereitetes Silberoxyd werden 45 min. mit
abs. Benzol geschiittelt. Die Suspension wird 10”2 Molen der TMS-halohexose
vermischt und unter Feuchtigkeits- und LichtausschluB 20 Std. geriihrt. Man zentri-
fugiert ab und wischt den Niederschlag 2 mal mit Benzol und 2 mal mit Methanol.
Man sduert mit wenig FEisessig an. Eventuell auftretende Niederschlige werden
abfiltriert, das Filtrat wird eingeengt.
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ABSTRACT

The reaction of 3,4,6-tri-O-acetyl-2-O-(trichloroacety!)-f#-D-glucopyranosyl
chloride with silver (dibenzyl phosphate) yielded 3,4,6-tri- O-acetyl-2-O-(trichloro-
acetyl)-e-D-glucopyranosyl (dibenzyl phosphate) (2a). Hydrolysis of the trichloro-
acetyl group of 2a, followed by acetylation, afforded 1,3,4,6-tetra-O-acetyl-f-D-
glucopyranose 2-(dibenzyl phosphate). However, when 2a was subjected to deben-
zylation followed by deacetylation, it furnished o«-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
processes'-2, but only recently has their synthesis received much attention. So far,
only a few methods are available for the preparation of glycosyl phosphates® ™.
A new route to «-D-glucopyranosyl (dihydrogen phosphate) (7) is now described;
the configuration at C-1 was proved by known stereochemical transformations.

DISCUSSION AND RESULTS

a-D-Glucopyranosyl (dihydrogen phosphate) (7) was first synthesized by Cori
et al.® by the reaction of trisilver phosphate with 2,3,4,6-tetra- O-acetyl-a-D-gluco-
pyranosyl bromide and subsequent saponification of the acetyl groups; the «-D
configuration 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 the first
proof of the structure based on its stereospecific synthesis. The starting material
for this synthesis was 3,4,6-tri-O-acetyl-2-O-(trichloroacetyl)-f-D-glucopyranosyl
chloride® (1). Reaction of 1 with silver (dibenzyl phosphate) in benzene furnished a

*Robert E. Harmon (U. S. Public Health Research fellow, 1955-59), Ph.D. Dissertation, Wayne
State University, Detroit, Michigan, 1959; Calvin L. Stevens and Robert E. Harmon, Abstracts

Papers Amer. Chem. Soc. Meeting, 149 (1965) 3c.
**Present address: Department of Chemistry, Western Michigan University, Kalamazoo, chhlgan
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93% vyield of 3,4,6-tri-O-acetyl-2-O-(trichloroacetyl)-a-D-glucopyranosyl (dibenzyl
phosphate) (2a). Removal of the trichloroacetyl group of 2a was effected with ammo-

CH,0AC CH,OAC H,0AC
o, Ct O, 0. OAc
o
oac OAc } QAc
AcO AcQ OP{OCH,Ph), AcO
OCCCly OR OR
1l o
o 2a,R=COCCl3 1
1 2b,R=H 3a,R= PIOCH,Ph),

3b,R = P(OH),

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-1 to C-2, followed by acetylation of the
resulting free hydroxyl group on C-1, 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-f-D-glucopyranose 2-(dihydrogen phosphate).

As this approach did not lead to the desired a-p-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 dicyclohexylcarbodiimide, the resulting 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 relationship between

CH0Ac CH,0Ac
o
oac )% Ac o
AcO OP{OH), AcO ]/O
oH o,,p\
4 5 OH

the dihydrogen phosphate group on C-1 and the hydroxyl group on C-2 in 4. However,
it did not constitute a rigorous stereochemical proof of structure, as Khorana
et al.*? have shown that the pyridinium salts of both «- and S-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 salt of «-D-glucopyranosyl
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(dihydrogen phosphate) by Cori er al.? and Wolfrom ez al.®. Subsequently, deacetyl-
ation of 4 and formation of the brucine salt also furnished the brucine salt of 7.

H,0Ac CH,OH
ic © {1) NaOEt ©
Ho, Pd a E— o]
— e .
20 OAc ? {(2) Dowex-50 X2 (19 OH
AcO OP(OH), HO OP(OH),
C(ﬁcH: onH -
o
?
6

Thus, the structure of a-D-glucopyranosy! (dihydrogen phosphate), tentatively
assigned as 7 by previous investigators, has now been confirmed by its stereospecific
synthesis.

EXPERIMENTAL*

3,4,6-Tri-O-acetyl-p-p-glucopyranosy! chloride (1). — A mixture of 78 g
(0.20 mole) of 1,2,3,4,6-penta-O-acetyl-f-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 tlie 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. 138-138.5°. An analytical sample was obtained by one more
recrystallization from ether, m.p. 138-138.5%; [«]3® + 3.0° (¢ 3.0, benzene); vguc'* 1770
(COCl,) and 1739 cm ™! (COCH.,).

Anal. Calc. for C;,H,¢Cl404: C, 35.77; H, 3.43; Cl, 30.10. Found: C, 35.65;

H, 3.70; CI, 29.83.

3,4,6-Tri-O-acetyl-2-O-(trichloroacetyl)-o-D-glucopyranosyl (dibenzyl 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
reflux 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°; [@]2® +60.5° (¢ 3.38, chloroform); voae> 1770 (OCOCIy)
and 1751 cm~ ! (OCOCHS;); negative Benedict test.

Anal. Cale. for C,5H;,Cl;0,5P: C, 47.24; H, 4.24; Cl, 14.94. Found: C, 47.49;
H, 4.30; CI, 14.92.

*The melting points are uncorrected.
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3,4,6-Tri-O-acetyl-a-D-glucopyranosyl (dibenzyl phosphate) (2b). — To 100 ml
of anhydrous ether presaturated with anhydrous ammonia at 0° was added 2.0 g
(2.82 mmoles) of 2a with stirring. The mixture was stirred for 30 min at 0°, and
concentrated under diminished pressure to 20 mi; 5 ml of petroleum ether (b.p.
40-60°) was added, and the mixture was kept overnight at room temperature, giving
1.2 g (96.7%) of colorless crystals of 2b, m.p. 112-115°; after three recrystallizations
from ether—petroleum ether (b.p. 40-60°), it had m.p. 124-125°; []2® +72.0° (c 1.1,
chloroform); v&i¢'s 3322 (OH) and 1751 cm™ ' (OCOCHj;); negative Benedict test.

Anal. Calc. for C,H;,0,,P: C, 55.11; H, 5.52. Found: C, 55.12; H, 5.77.

1,3,4.6-Tetra-O-acetyl-B-D-glucopyranose 2-(dibenzyl phosphate) (3a). — To a
solution of 1.0 g (1.76 mmoles) of 2b in 10 ml of anhydrous triethylamine at 0°
was added 6.0 m! of acetic anhydride with stirring. On allowing the mixture to
warm to room temperature, 0.8 g of colorless crystals of 3a, m.p. 140-142°, was
obtained. The mother liquor was diluted with chloroform (50 ml), and the solution
was washed successively with 10% sodium hydrogen carbonate solution, 3% hydro-
chloric acid, and a saturated aqueous solution of sodium chloride, dried (sodium
sulfate), and evaporated under diminished pressure to afford 0.2 g of 3a, m.p. 140-142°;
total yield of 3a, 1.0 g (93.4%), m.p. 140-142°. After three recrystallizations from
absolute ethanol, it had m.p. 146-147°, [«]3° -+ 28.8° (¢ 1.36, chloroform); negative
Benedict test; its i.r. spectrum in chloroform was consistent with the siructure
assigned. :

Anal. Cale. for C,gH330,;P: C, 55.58; H, 5.47. Found: C, 55.38; H, 5.45.

1,3,4,6-Tetra-O-acetyl-B-D-glucopyranose 2-(diliydrogen phosphate) (3b). — A
solution of 0.45 g (0.73 mmole) of 3a in 25 ml of p-dioxane was hydrogenated for
30 min in the presence of 0.45 g of 5% palladium-on-carbon, the catalyst was filtered
off, and the filtrate was evaporated to dryness under diminished pressure. Crystalli-
zation from anhydrous ethyl acetate-light petroleum (b.p. 40-60°) afforded 0.25 ¢
(80%) of colorless crystals of 3b, m.p. 157-158°; after two recrystallizations, it
had m.p. 159-160°, [a}2° +14.7° (c 1.16, water). A mixture with an authentic sample
showed no depression in m.p.

Anal. Calc. for C,,H,,0,;P: C, 39.26; H, 4.94; P, 7.09. Found: C, 39.52;
H, 4.77; P, 7.23.

3,4,6-Tri-O-acetyl-a-D-glucopyranosyl (dihydrogen phosphate) (4) and its brucine
salt.— A solution of 0.35 g (0.6 mmole) of 2a in 25 ml of p-dioxane was hydrogenated
for 30 min in the presence of 0.35 g of 5% palladium-on-carbon, and processed as
described for 3b. Crystallization from ethyl acetate—ether afforded 0.24 g (98%) of
crystals of 4, m.p. 115-117°, [¢]3§ +82.5° (c 0.855, water).

Anal. Cale. for C,,H,,0,,P: C, 37.31; H, 4.96. Found: C, 37.93; H, 5.17.

Treatment of a solution of 4 in anhydrous ether with a solution of brucine
tetrahydrate in p-dioxane afforded the crystalline brucine salt of 4, m.p. 166-167°
(dec.); [«]38 +19° (¢ 1.295, water); neutralization equivalent 386 (monobrucine salt).

Anal. Calc. for C;sH,sN,OgP: C, 53.94; H, 5.81; N, 3.59; P, 3.97. Found:
C, 54.02; H, 5.56; N, 3.82; P, 3.97.
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Brucine salt of 3,4,6-tri-O-acetyl-a-D-glucopyranosyl 1,2-(dihydrogen phosphate)
(5). — 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
dicyclohexylcarbodiimide (118 mg) was added. The mixture was heated for 1 h under
reflux and cooled, and the cyclohexylurea (0.12 g, m.p. 211-212°) was filtered off.
Treatment of the filtrate with a solution of brucine tetrahydrate (248 mg) in p-dioxane
afforded 0.36 g of 5, m.p. 169-171° (dec.); [«]3° -+ 24.0° (¢ 0.96, water); neutralization
equivalent 756 (monobrucine salt).

Anal. Cale. for C,3H,4N,O,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-glucopyranosyl (dihydrogen phosphate) (7). — Procedure A.
A solution of 2.0 g (2.81 mmoles) 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 vacuo. The residue was dissolved 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 1 h, the solvent was evaporated off
in vacuo; 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 vacuo 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.), [o]2¢ +0.5° (c 1.2, water); lit.* m.p. 173-178° (dec.).

Anal. Calc. for C5;HgsN4O,,P2H,0: 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 solution was evaporated to dryness in vacuo at room temperature, and
the residual sodium 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 0.5M brucine tetrahydrate in methanol,
and processed as described in procedure A, to afford 0.5 g (89%) of colorless crystals
of the brucine salt of 7, m.p. 175-180°, [x]3® +0.7° (¢ 1.4, water).

Anal. Cale. for Cs,HgsN,O,,P-2H,0: C, 57.55; H, 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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ABSTRACT

Stereospecific opening of the Brigl anhydride, namely, 3,4,6-tri-O-acetyl-1,2-
‘anhydro-a-D-glucopyranose, by hydrogen (dibenzyl phosphate) afforded 3,4,6-tri-
O-acetyl-B-p-glucopyranosyl (dibenzyl phosphate). This was subjected to'debenzyl-
ation, followed by deacetylation, to furnish f-D-glucopyranosy! (dihydrogen
phosphate), isolated as the crystalline brucine salt having physxcal constants in
agreement with those reported in the literature.

INTRODUCTION

- The structure of B-D-glucopyranosyl (dihydrogen phosphate) (4) had been
assigned by Zervas! and Wolfrom et al? 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- O-acetyl-1,2-anhydro-a-D-glucopyranose® (1). Reaction of this epoxide with
alcohols and carboxylic acids has been shown’'* to furmsh products resulting from
epoxide opening at C-1. Reaction of the Brigl anhydride. 1 with hydrogen (dibenzyl
phosphate) in benzene at 0° gave 2a. The structure of 2a as 3,4,6-tri-O-acetyl-f-D-
glucopyranosyl (dibenzyl phosphate) was confirmed by comparison with an authentic
sample prepared by the reaction of 3,4 ,6-tri-O-acetyl-B-D-glucopyranosyl chloride .
with silver (dibenzyl phosphate) Catalytic hydrogenation of 2a afforded crystalline 3
in 82% yield. The trans relationship between the dihydrogen phosphate group on
C-1 and the hydroxyl group on C-2 was indicated by the 1nab1hty of 3 to forma

_*Robert E. Harmon (U S. Pubhc Health Research fellow, . 1955—59), Ph D. Dlssertatxon Wayne
State University, Detroit, Michigan, 1959; Calvin L. Stevens and Robert E. Harmon, Abstracts
Papers Amer. Chem. Soc. Meeting, 149 (1965) 3c.
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cyclic phosphate on treatment with dicyclohexylcarbodiimide in ether under controlled
conditions?>.

O
GH,OAC CH0Ac  } CH,0AC
o O, O—P(OCH,Ph), 0, Q—P(OH),
OAc AC OAc
AcO o AcO AcO
OR OH
1 2a,R=H
2b,R=Ac 3

Acetylation of 2a with acetic anhydride in pyridine afforded 2b, identical with
an authentic sample of 2,3,4,6-tetra- O-acetyl-S-D-glucopyranosyl (dibenzyl phosphate)
prepared by the method of Zervas' and Wolfrom er al?. Starting from
either 2a or 2b, debenzylation by catalytic hydrogenation, followed 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

CH,OH
—P(OH),
H.Pd[C
2q or 2b () Hp dl onud CH
(2) NaOEL
(3) Dowex-50 X2 (Hh HO .
OH
4

agreed with those reported for the brucine salt of f-D-glucopyranosyl (dihydrogen
phosphate) by Zervas! and Wolfrom et al.2. Thus, the structure of f-pD-glucopyranosyl
(dihydrogen phosphate), tentatively assigned to 4 by Zervas' and Wolfrom et al.?
on the basis of physical data, has now been confirmed by its stereospecific synthesis.

EXPERIMENTAL*

3,4,6-Tri-O-acetyl-B-D-glucopyranosyl (dibenzy! phosphate) (2a). — Procedure A.
To a solution 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-glucopyranose® (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 colorless solid, m.p.
125-128°, in almost quantitative yield. Recrystallization from ether—petroleum ether
(b.p. 40-60°) afforded 3.54 g (90%) of colorless crystals of 2a, m.p. 135-136°;
[2]3° +27.0° (¢ 2.96, chloroform); positive Benedict test on prolonged heating only.

Anal. Cale. for C,cH5,0,,P: C, 55.11; H, 5.52. Found: C, 55.15; H, 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-tri-
O-acetyl-p-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 fiitrate

*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-acetyl-f-D-glucopyranosyl (dibenzyl phosphate), m.p. 134-135°, [«]2°
+0.25° (¢ 1.4, chloroform). A mixture melting point with authentic 2a showed no
depression.

3,4,6-Tri-O-acetyl-B-D-glucopyranosyl (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°, [«]2° +33.6° (c 0.8,
water).

Anal. Calc. for C;,H,50,,P: C, 37.32; H, 4.96. Found: C, 37.38; H, 5.17.

Nonreaction of 3,4,6-tri-O-acetyl-f-D-glucopyranosyl (dihydrogen phosphate) (3)
with 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-acetyl-B-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°, [«]3® —9° (¢ 2.12, chloroform);
lit.2 m.p. 76-78°, [«]2° —9° (c 3.0, chloroform).

Anal. Cale. for C,5H;50,3P: 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-OQ-acetyl-
B-D-glucopyranosyl (dibenzyl phosphate) prepared by the method of Wolfrom et al.?
showed no depression.

Brucine salt of B-D-glucopyranosy! (dihiydrogen phosphate) dihydrate (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 vacuo 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 vacuo 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 colorless crystals of 4, m.p. 157-160° (dec.). After
two recrystallizations from water-acetone, it had m.p. 163-167° (dec.), [«]3° —19.7°
(c 1.0, water); lit.2 {«]3f —20° (¢ 1.7, water).

Anal. Calc. for Cs,HgsN,O,,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, m.p. 160-165°
(dec.). After one recrystallization from acetone-water, it had m.p. 165-170° (dec.),
[¢]36 —19.0° (¢ 1.0, water).

Anal. Calc. for C5,Hg;N,0,,P-2H,0: C, 57.55; H, 6.49; N, 5.16; P, 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 mno

depression.
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ABSTRACT

A technique for the separation of the acidic glycosaminoglycans of skin and
cartilage by stepwise elution from De-Acidite resin FF has been investigated by
using *°S-labelled components isolated from cartilage grown in tissue culture. The
overall recovery of radioactivity from the resin was 35-45%. 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 sulphate donor molecule, adenosine 3-phosphate 5-phosphosulphate
(PAPS) bound to peptide?, 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 glycosaminoglycans in individual biopsy specimens of
tissue preclude their estimation by colorimetric methods, but the separation pattern,
based on scanning for radioactivity of an extract of tissue that had been cultured
in the presence of sulphate-3°S, was similar to that obtained colorimetrically with
larger amounts of tissue extract. Subsequent work on the separation of acidic glycos-
aminoglycans from guinea-pig ear cartilage alsoc showed?® that coincident elution
profiles were obtained by scanning colorimetrically and for radioactivity. We now
report further investigations of this method, with particular reference to the recovery
from the resin of the components of 33S-labelled tissue extracts.

MATERIALS AND METHODS

Individual segments of tracheal cartilage from young adult, hooded rats were
cultured ! for 24 h at 37° in a medium containing, among other components, sodium
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sulphate-33S (100 xCi/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 (Gallenkamp) and 0.1M sodium acetate buffer
(pH 7.5) containing calcium chloride (10~ 3M) 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-1-o0l (10:1, v/v), followed by addition to
the cooled, centrifuged, aqueous phase of trichloroacetic acid to 10%. The solution
was centrifuged, and the supernatani was dialysed against running water for 16-24 h
before concentration under diminished pressure at 25°. Imsignificant 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!. Fresh aliquots (6 ml)
of resin were packed in columns {(diameter, 0.3-0.4 cm) for each fractionation
experiment, and the same barch of resin was used for the fractionation and refract-
ionation experiments described below, and for determining the point of elution of
sodium sulphate-3>S.

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 (1200 ml),
1,4-dioxane (1200 mi), and xylene (400 ml). A second aliquot was applied to a resin
column and eluted sequentially with water (5 ml), 0.5M sodium chloride (8 ml),
1.25M, 1.5M, and 2.0M sodium chloride (10 ml of each), and 4.0M sodium chloride
(12 ml) during 3 h under pressure (3-5 1b/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-O-Sil (G.L. Cabot Inc., Boston, Mass., U. S. A)),
and the counts were extrapolated to zero mass of resin.

35S-Labelied tissué 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 4-sulphate (Evans Biochemicals Ltd.), and eluted
in the normal way prior to use. In another series of experiments, an 3>S-labelled
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
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Fig. 1. Fractionation of 35S-labelled components of rat tracheal cartilage on De-Acidite resin FF
by elution with increasing concentrations of salt.

TABLE 1
REFRACTIONATION ON DE-ACIDITE FF OF 35S-L ABELLED COMPONENTS FROM RAT CARTILAGE (SEE FIG. 1)

Distribution of 35S on refractionation

Tube No.®2 Component? Uptake of 33S¢
Tube No. 35S content® % Recovery of 358

8-12 PAPS 1.6 9-12 46 100
13-21
17-22 CS-4 22.4 17-22 50 42
27-28 8
26-31 CS-6 30.7 18-22 9 34
26-3t 59
35-36 DS 4.5 6-12 28 30
16-17 21
26-27 7
45 H 1.5 17-21 28 43
26-28 17
52-53 KS 1.3 18-20 16 49
26-29 18
68-72 Unknown 4.5 18-21 21 38
27-30 37
36-38 6

aQOnly those tubes that comprised “peaks™ of radioactivity have been considered. ¥*Tentative iden-
tification from elution position (see ref. 1). ¢As % of total 35S eluted from columm.
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radioactivity and refractionated. The results of these experiments are summarised
in Table 1.

The point of elution and recovery of sodium sulphate-3°S and of mixtures of
sodium sulphate-35S with sodium sulphate (218 ug) and with purified heparin
(14 pg) were also determined. Heparin (Evans Biochemicals Ltd.) was purified by
precipitation with cetyltrimethylammonium bromide, 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 33S-labelled extract of rat
tracheal 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, 0.5M, 1.25M, 1.5M, 2.0M, and 4.0M sodium
chloride were applied to six separate columns (6 m! 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 1.5M sodium chloride was eluted with 1.5M
(20 ml), 2.0M (10 ml), and 4.0M sodium chloride (12 ml). Fractions (1 ml) were collected
automatically and analysed for radioactivity. The recovery of radioactivity from
the column was calculated.

RESULTS

Fractionations of 3>S-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 (CS-4 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 applied 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
40-45% of radioactivity from the isoporous resin, with the major peak appearing
in’ 1.25M sodium chloride, and a recovery of approximately 35% from the hetero-
porous resin, with the major peak appearing in 1.5M sodium chloride. Preparation
of the resin as described, or by using hot 6N 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 (10 ml)
and saturated sodium chioride in 0.IN hydrochioric acid (10 mi), 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 confirmed
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 0.1N hydrochioric 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-'*C (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 ¥°S-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. 1) 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 refractionation. 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 2M or higher salt concentrations as a high “back-
ground” activity showing no well-defined *peaks™.

Refractionation of those components eluted with 2.0M or higher concentrations
of salt in the original fractionation (Fig. 1) 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-33S, and mixtures of sodium sulphate-3>S with unlabelled sodium sulphate
or heparin, 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-3°S
and heparin. Fractionation of an 3°S-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 1.25M, 1.5M, 2.0M, or 4.0M sodium chloride. A low
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recovery was obtained for the sample applied in 0.5M sodium chloride and the
elution profiie (Fig. 2) was considerably different from that of the control sample
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 1.5M sodium chloride eluant. An increased “background” of radio-
activity was noted in this fractionation. For the sample applied in 0.5M sodium
chloride, the “background” activity was of the same order as that observed in the
control.
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Fig. 2. Fractionation of a solution of 35S-labelled components of rat tracheal cartilage in 0.5
sodium chloride on De-Acidite resin FF equilibrated in 0.5M sodium chloride.

DISCUSSION

It has been shown !-® that colorimetric estimation of acidic glycosaminoglycans
from skin and cartilage gave a similar elution profile to that obtained from radioactive
scanning of extracts of the same tissue that had been cultured in the presence of
sodium sulphate-3°S or !*C-labelled sugars. Recent work® 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
elution positions of chondroitin 4- and 6-sulphates, dermatan sulphate, and hyal-
uronic acid are as previously reported!.

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 *°S- 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) P"R* +zM*A~ = P?"zM ™ + R?*zA ™ (exchange reaction)
(2) P="zM™ (exchange site) == P>~ zM™* (resin bead surface)
(3) P2"zM™ (resin bead surface) = P*"zM™ (solution),

where P>~ is a polyanion, MT A~ the electrolyte, and R** the ion-exchanger. Appli-
cation of the law of Mass Action to (1) gives:

@) [PF~R**]/[P2"zM*] = constant/[MTA~F,

assuming that [R**zA 7] 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*"R**}/[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
[Pz~ R**]/[P*"zM *] against 1/[M* A~F for large values of z shows an inflexion point,
the position of which on the 1/[M*A™J® axis determines the value of the CEC.

The chromatographic behaviour of polyions in general on ion-exchange resins
may be controlied by diffusion foilowing desorbtion. The times of haif exchange
with NH? ions on a polystyrene cation-exchanger for Na*, 1.25 min; N*(CH,),,
1.75 min; N*(C,Hs)s, 3 min; and CoH;NY(CH;),(CH,CgH;), 1 week 8, 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 4.0m sodium chloride indicate that, under these
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conditions, the polyanions are not absorbed on, and do not significantly penstrate,
the resin matrix. Soms penetration and absorption apparently occurred with the
sample applied in 1.25M sodium chloride. Samples applied to the resin in 0.5M 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 1.25M 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 cartilage 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 4-sulphate, 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
polyanion. 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 (@) the steric heterogeneity of the resin sites and (b) 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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Kanight °. 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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ABSTRACT

A quantitative relationship can be obtained between the rotatory power and
the molar ratio mannose/galactose for galactomannans having a structure consisting
of a backbone of B-(1—+4)-linked D-mannopyranose units with side chains of «-(1 — 6)-
linked D-galactopyranose residues, by using an equation based on the principle of
optical superposition and derived originally by Timell 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 (3 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 suggésted.

INTRODUCTION AND DISCUSSION

There is good evidence that the basic structure of water-soluble galactomannans
isolated from different sources, especially seeds of Leguminosae, consists of a back-
bone of B-(1—-4)-linked D-mannopyranose residues with side chains of a-(1—6)-
linked D-galactopyranose residues. Since these polysaccharides have specific rotations
that differ widely from — 54° fthe value that is predicted for an infinitely long molecule
composed exclusively of (1—4)-linked B-p-mannose residues'], 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 for galactomannans: m is the molar rotation
of an unsubstituted D-mannose residue in the chain, g is the molar rotation of an
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a-(1—6)-linked D-galactopyranosyl-D-mannopyranose unit in the chain, and ¢ is
the molar ratio of mannose to the above aldobiose residue,

163 1
{olp (163 + —) (1 + -—) = m+pufo. @
g+1 c

The factor [163+ (163/z+1)] 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 m and slope p.

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 diffe-
rence in molar rotations of the symmetrical tetrasaccharide O-f-D-mannopyranosyl-
(1—>4)-C-p-D-mannopyranosyl-[(6— 1)-«-D-gaiactopyranosyl}-(1—4)-D-mannose and
mannobiose. Timell?> obtained the approximate, corresponding value for xylans
by using the difference in molar rotations between the tetrasaccharide, O-(4-O-
methyl-«-D-glucopyranosyluronic acid)-(1—2)-O-B-p-xylopyranosyl-(1—4)-O-f-b-
xylopyranosyl-(1—»4)-D-xylose, and xylobiose. We tried this procedure, but, on
looking at the members of the O-x-D-galactopyranosyl-(1— 6)-O-#-D-mannopyranosyl-
(1—4)-O-f-p-mannopyranosyl-(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 &-D-GALACTOPYRANOSYL-
(1—-6)-4-D-MANNOPYRANOSYL-(1—4) SERIES

Oligosaccharides [«lp (water) ] Ref.
(degrees)

GsM +124.6 +426.1 3

G >M—>M +98.4 +495.9 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—», §-D-mannopyranosyl-(1—>4)-.

The quantity g (4-520.9) was then tentatively obtained from the difference of
the molar rotations of O-«-D-galactopyranosyl-(1— 6)-O-B-D-mannopyranosyl-{1—4)-
D-mannose* (+495.9) and M* (—25.0). To be sure that the same equilibrium mixture
of anomers is present in solution in both entities, M* was obtained as the difference
of the molar rotations of mannotriose® (—126.0) and mannotriitol® (— 101.0).

The galactomannans are listed in Table II, together with the observed optical
data, the calculated rotations, and the corresponding values of (m+pufs). The
experimental rotations were considered to be accurate to +35° (unless otherwise
stated). In the calculations, an error of +5% in the percentages of mannose and
galactose (total error, 4 10%) results in a maximum error of +6° for the calculated
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rotations. Accordingly, differences of 1-11° orless (&4 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 (least-square method) by
using the experimental rotations of all the galactomannans listed in Table I showed
values of m (—93.0) and p (+502.0) which are in good agreement with those
(m = —88.0 and ¢ = +520.9) used in equation 1. If all the rotations, except those
of samples 6 and 20 (galactomannans from Medicago sativa and Ceratonia siliquia
which, when reinvestigated, showed different rotations; see samples 1 and 23, Table II),
are used, y changed to 4-484.0 (Fig. 1, line III). The above values confirm the well-
known, basic structure used in the derivation of equation 1, but, if y= +484.0 has
any significance, it suggests the presence of fine structural details.
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Fig. 1. The (m+p/o) values versus the reciprocal (1/6) 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 (e) lie in the range of the experimental
error ([(]); (b) are higher than the experimental error ( B), and whose rotations are more negative
than those predicted by using equation 1; and (¢) are higher than the experimental error (e), and
whose rotations are more positive than those predicted by using equation 1. Line I, calculated from
equation 1 with 7 = —88.0 and x = +520.9. Line II, the best straight-line calculated (minimum
square-root method) for the (i + u/o) values of all the galactomannans listed in Table II. Line 111,
the best straight-line calculated for the (m+p/6) values of all the galactomannans listed in Tatle II,
except for those of Medicago sativa and Ceratonia siliquia (samples 6 and 20) which, when reinvesti-
gated, showed different rotations. Line IV, the best straight-line calculated for the (m-+u/o) 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+ /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, 7-11, 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 m (—94.0) and p (+530.0) which are
in very good agreement with those used in equation 1.
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The differences for the other galactomannans (Table II, 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 galactomannans®. In eight cases (Table II, galactomannans 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, line V) calculated for these poiats gave values
of m = —142.0 and p = +462.0, 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
B-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 nucifera®* (which was not
included in Tabie II, because its basic structure is largely different from that accepted
for galactomannans extracted with water) has fB-(1—4)-linked D-galactopyranose
residues in the backbone, as well as f-D-mannopyranose residues as chain ends.
These structural variations seem to lower the rotations to unusual values (—~89.0°,
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!®2® (Table II; 6, 20, and 21) show higher rotations
than those predicted from equation 1, but when two of them (from Medicago sativa
and Ceratonia siliquia) were reinvestigated, the rotation values (Table II; 1 and 23)
were in agreement with those expected from equation 1.
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RAPID, SENSITIVE DETERMINATION OF PERIODATE
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ABSTRACT

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, colorimetric 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 2-umolar samples of several representative carbohydrates.

INTRODUCTION

Periodic acid is a powerful oxidant that has found many uses in analytical and
organic chemistry! ~*. Its ability to cleave 1,2-glycols provides a reagent extensively
employed in carbohydrate chemistry®~ °.

A selection of methods is available for the determination of periodate in
solution!+2-5-°, Titrimetric procedures'®™ !4, 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*®*~*7, 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)-1,2-ethanediol, has recently been described'®. Colorimetric assays for per-
iodate that are based on the oxidation of aromatic amines havealso beensuggested'®-2°.
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)2*] (1) of ferrous ion with 2,4,6-tri-2-pyridyl-s-triazine®*
(TPTZ) to yield a colorless ferric derivative. The amount of residual violet compound
is determined colorimetrically. 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 Flebrew University, Jerusafem, Israel.
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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 also 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 umoles) 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 preparatiors 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 1.0-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,),(S0,),-6H,0 (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 £}°3, ~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 mym) of sodium metaperiodate was prepared by dissolving
NalO, (1.0695 g) in water (100 ml) in an amber-colored measuring flask or one
wrapped in aluminum foil to ensure complete protcction 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, samples 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 residual,
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. 1. The slope of
the lines is the same, irrespective of the initial concentration of the violet 1 present
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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 concenirations of oxidant. Thus, the sen51t1v1ty can be increased
to permit determination of one nmole of periodate.

3536 75 190 35 B0 /5 26
10z tnmotes)
Fig. 1. Oxidation of 1 by periodate. 4. 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 1.7 g-atoms of ferrous
ions?! (the maximum theoretical equivalent expected is 2.0).

Effect of various compounds on the oxidation of 1 by periodate. — At a final
concentration of 5 mMm, formaldehyde, acetaldehyde, NalO,;, NaCiO,, KH,PO,,
Na,CO;, MgCl,, and Tris do not interfere with the assay. Although 5 mm citrate
does not decolorize the violet ferrous complex (1), concentrations higher than 0.2 mm
lessen the sensitivity of its oxidation by periodate. Addition of ethylene(dinitrilotetra-
acetate) to the ferrous complex 1 at equimolar concentrations causes instantaneous
decolorization?2. The presence of any one of several such ions as Cu?*, Ag*, CN™,
and NO; may interfere with?! 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. N,N-Dimethylformamide 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-chloroethanol 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 various 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?®-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.

Moles of 10; per mole of glycoside

Moles of 10; per mole of substrate

v v
F 1

c
3 4 5 5

Time (hours} Time (hours)

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 uly were withdrawn
with a constriction micropipet and directly added to the violet, ferrous reagent (1) to determine
the amount of residual periodate. 4. Disaccharides (2 mm) and tetrasaccharide (1 mm) were oxidized
with 15.4 mm NalOa: O, stachyose; [, lactose; @, o,o-trehalose; B, sucrose. B. Aldopyranosides
(2 mmM) were oxidized with 10 mM NalO4: @, methyl «-pD-xylopyranoside; O, methyl «-bp-arabino-
pyranoside; [, methyl o-D-glucopyranoside; M, methyl «-p-mannopyranoside. C. Substrates
(2 mM) were oxidized with 20.2 mM NalOjs for inositol (@), p-glucitol (O), and p-glucose ([3);
with 10.1 mm for 2-deoxy-p-lyxo-hexose (@) and 3-O-methyl-p-glucose (4); with 7.9 mm for
glycerol (A) and L-serine (W); and with 5 mM for e{hylene 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 expected®:?,
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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 a-erythro-hydroxyl groups (distorted cis-hydroxyl groups) is
faster than that of a-threo-hydroxyl group (distorted trans-hydroxyl groups), as is
evident from the pattern of oxidation of glycosides (see Fig. 2C).
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4,6-O-BENZYLIDENE-1,2-DIDEOXY-p-erythro-HEX-1-ENOPYRAN-3-ULOSE

P. M. CoLrLins -
Chemistry Department, Birkbeck College, Malet Streer, London, W.C.1 (Great Britain)
(Received February 18th, 1969) -

ABSTRACT

4,6- O-Benzylidene-1,2-dideoxy-D-erythro-hex-1-enopyran-3-ulose has been
prepared in good yield from 4,6- O-benzylidene-1,2-dideoxy-D-riba-hex-1-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-1 and C-2. 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-
threo-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.

O (o] HO
/‘0 = //_0 O R
\ ~MeoH
Ph ———ph
OMe p / \ R’
o (o]
1

(]

2 6 R=0OMe,R=H

7 R'=H, R=0OMe

o} o) o
Ll NG L
—_— e .
OH o o) .
5 4 3

In connection with a photochemical project?, it became necéssary to obtain
enone 4, and the preparation of this compound i$ now reported. Two methods of
synthesis appeared to be suitable. One method involved selective oxidation? of the
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axial C-3 hydroxyl group in 1,2-dideoxy-p-ribo-hex-1-enopyranose, followed by
benzylidenation. Alternatively, the C-3 hydroxyl group in 4,6-O-benzylidene-1,2-
dideoxy-D-ribo-hex-1-enopyranose 5 could be oxidized. The latter method seemed
favourable, since compound § is now readily available4®-®,

The most satisfactory reagent was found to be chromium trioxide in pyridine®-°.
Treatment of compound 5 with this reagent gave a 75-80% yield of product that was
virtually uncontaminated with starting material. Recrystallisation gave pure 4,6-0-
benzylidene-1,2-dideoxy-D-erythro-hex-1-enopyran-3-ulose 4 which showed an
intense ultraviolet absorption at 262 nm, typical of «,f-unsaturated ketones', and
infrared maxima at 1700 and 1600 cm ™!, also characteristic of this structural feature.
The n.m.r. spectrum (CDCIl,) is consistent with the structure assigned to compound 4:
H-2 appeared at  4.52 as a doublet (J, , 6.0 Hz), and the diagnostic’ enone g hydrogen
H-1, at t2.70, was partly obscured by the signals for the phenyl protons. In CsDg
(Table I), the signal for H-1 (z 3.60, doublet, J, , 6 Hz) is separated from the phenyl
signals, and the same splitting is found in the H-2 doublet now observed at 7 4.95.
In all these respects, the compound clearly resembles the enone with the threo structure
1, and, for comparison, the n.m.r. parameters of enone 1 in CDCIl; and Cz;Dg are

recorded in Table L.

TABLE I
N.M.R. PARAMETERS® OF erythro- AND threo-4,6-O-BENZYLIDENE-1,2-DIDEOXY-D-HEX-1-ENOPYRAN-3-
ULOSES

Enone CeHs H-7 H-1 H-2 H-4 H-5 H-6 H-6"
4°(CDCls) 2.3-2.8 44 274 4.524d 5.3-6.2m
m s J12(6.0) Jo1(6.0)
4(CsDe) 2229 4.82 3.64d 495d 5.85-6.7m
m s J12(6.0) J2,1(6.0) v
1(CDCly) 2427 435 247d 4.44d 5.30-6.0 m
m s J1,2(6.5)  J2,1(6.5)
1(CsDs) 2.3-3.0 4.80 3.33d 4.80q 6.26 6.88 6.06 6.78
em— g tresd
m s J1,2(6.5) J2,1(6.5) bt bs AB (q of d)
J2,a(13) Jas(20 Ss.of 5,67 (13.0)
Ja,2(1.3) Js,5 (2.0)
Js’,s (2.0)

@Measured with a Varian A-60D spectrometer; chemical shifts on T scale; s = singlet, d = doublet,
t = triplet, q = quartet, m = multiplet t = width at half height, b = broad. Values in parentheses
are splittings in Hz; these will be very close to Jvalues, since A/J is large enough for first-order analysis
to apply?®. ¥These chemical shifts supersede those reported earlierl.

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 splitiing (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 Ji,3 in the
o 6 and B anomers7 of methyl 3,4-dideoxy-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 cyclohexanones®.

There is a striking difference between the magnitude of the vicinal vinyl
couplings reported ® for compounds 6 and 7 and the enones 1 and 4. Compounds 6
and 7 have J; 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-1 and C-2. We find that this difference is not restricted to the enones
discussed above. The reported*®:° vicinal vinylic couplings (J ;) in several isomeric-
hex-2-enopyranosides are 10 Hz, whereas, for several derivatives of 1,2-dideoxyhex-
1-enopyranoses, the values for J, , are all very close to 6 Hz, and for tri-O-acetyl-D-
glucal'! J, , is 6.4 Hz, again 2 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 recommended!3 for oxidation of
allylic alcohols, had little effect, and ruthenium dioxide attacked the double bond!'4.
Methyl sulphoxide and the sulphur trioxide—pyridine complex, recently introduced
by Parikh and Doering'>, did produce some enone, but the yield of 4 could not be
increased above 30%.

EXPERIMENTAL

4,6-0O-Benzylidene-1,2-dideoxy-D-ribo-hex-1-enopyranose (5). — This compound
was prepared in two steps*® from methyl 4,6-O-benzylidene-2,3-anhydro-a-D-
allopyranoside.

4,6-O-benzylidene-1,2-dideoxy-p-erythro-hex-1-enopyran-3-ulose (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 —5°. The mixture was

*Dreiding models of compounds i 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 rrans fused. Anet
has proposed these orientations for H-1 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
filtered. The filtrate 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
prepared phoiochemically?. It had m.p. 128-129°, [a], + 189° (chloroform); vy, 1700
and 1600cm~! (C=C-C=0); i, 262 nm (¢ 8.4x 10>, ethanol); and the n.m.r.
parameters are shown in Table I (Found: C, 67.5; H, 5.3. C,3H,,0, calc.: C, 67.2;
H, 5.2%).
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DETERMINATION OF SULPHATE AND OF BARIUM IN CARBOHYDRATE
SULPHATES BY FLAME PHOTOMETRY

P. F. Lroyp, B. Evans, AND R. J. FIELDER
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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 sulphate 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
1s 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 hydrolysates, the gravimetric (BaSC,) 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 colorimetric
benzidine method? or by turbidimetric? or automatic titrimetric* 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’-chlorobiphenyl-4-ylamine method of Jones and Letham®. When,
as a preliminary to the latter method, the initial hydrolysis was conducted in hydro-
chloric acid, low results were often obtained’; 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 flame 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 (0-30 ug), supplementary assay and treatments are necessary before it
can be applied to substances containing uronic 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 (D-glucose,
D-galactose, 2-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 values 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 1
FLAME PHOTOMETRIC DETERMINATION OF BARIUM IN BARIUM SALTS OF CARBOHYDRATE SULPHATES
Compound Barium (%) determined by
Calc. (%)

Flame photo- Gravimetric

metric method method
p-Galactose 6-(barium sulphate) 20.9 21.3 20.9
D-Galactose 2,3-di-(barium sulphate) 28.5 28.5 28.8
Methyl a-D-galactoside 4-(barium sulphate) 20.0 20.4 20.1
Methyl a-p-galactoside 2,3-di-(barium sulphate) 27.6 27.5 279

Sulphate 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 supernatant was measured. A series of such
determinations is shown graphically in Fig. 1; 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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SULPHATE DETERMINATION 131

was due to the presence of sodium ions; the non-linear effect of added Na™ (as NaCl)
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.

1nn.¢\
[RS8 pe
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Photometer reading

™ T T T Y T

os
Final concentration of sodium sulphate (g[l)
Fig. 1. Barium flame of a barium chloride solution (dihydrate 1.0 g/I) after partial removal of barium
as barium sulphate.

201

Increase in photometer reading (%)
3

C T T
Q2 Q4
Concentration of added NaCi (g{l)

Fig. 2. Effect on barium flame of added sodinm chloride [NaCl added to a solution of BaCise2Hs0
(0.5 g/1); initial photometer reading: 50.0].

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 grossly anomalous results, and
this is attributed to the presence of traces of K*. The latter had been introduced by
exchange with Na* during a deproteinisation procedure involving kaolin.
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Quantitative sulphate determination. — An alternative method of greater
accuracy which was not suscepiible to interference by adventitious cations was
required, and methods involving measurement of the barium content of the precipi-
tated barium sulphate, rather than the supernatant, were considered. Callum and
Thomas® have described the solubilisation, for flame photometry, of barium sulphate
inan aqueous solution of ammonium ethylenediamine 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 0.2-1.0 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 sulphates. — 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 sulphates 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 I1. Although some variations, in both acid strength and duration of hydrolysis
at 100°, were made, the results were low by comparison with those derived from
elemental combustion analysis.

TABLE II
FLAME PHOTOMETRIC DETERMINATION OF SULPHATE: HYDROLYSIS WITH HYDROCHLORIC ACID
Compound Normality Time of Sulphate content (%)
of acid hydrolysis at
100° (h) Flame Elemental

photometry analysis

D-Glucose 6-(barium sulphate)a 2 16 220 23.7
Chondroitin 4-(sodium sulphate) 3 12 6.3 12.8
Chondroitin 4-(sodium sulphate) 6 12 1.2 12.8
Heparin (sodium salt) 6 24 249 30.0
Mucilage from Laurencia pinnatifida 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 reliable method of oxidative hydrolysis with fuming nitric acid. A standard
procedure was developed, in which, following the hydrolysis for 24 h at 100°, 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 poly-
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 I1I)
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 triplicate;
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 111

DETERMINATION OF SULPHATE IN CARBOHYDRATE SULPHATES BY THE BaSO;~EDTA-FLAME PHOTOMETRIC
METHOD

Compound Sulphate (%) as determined by
Calc. (%)
Flame Altermztisze
phorometry method
p-Galactose 4-(barium sulphate) 29.0 29.4¢ 29.1
D-Galactose 2,3-di-(barium sulphate) 40.0 40.52 40.2
Methyl a-p-galactoside 4-(barium sulphate) 28.4 28.1¢ 28.1
Methy! «-D-galactoside 2,3-di-(barium sulphate) 38.9 39.2¢2 39.1
Chondroitin 4-(sodium sulphate) 15.0 15.40
Heparin (sodium salt) 39.0 38.0%
Heparin (commercial sample) 29.9 30.0°
Mucilage from Laurencia pinnatifida 15.7 15.10
Porphyran from Porphyra umbilicalis 11.7 11.7%

aDigestion with fuming nitric acid, followed by the method of Jones and Letham®. YOxygen-flask
combustion, followed by titration with barium perchlorate using sulphonazo 111 indicator in acetone?2.

The method was also applied to mucopolysaccharides containing native protein.
With bovine albumin as standard, an estimate of the protein content was made by a
quantitative biuret method!!. 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 1V
FLAME PHOTOMETRIC DETERMINATION OF SULPHATE: EFFECT OF PROTEIN

Sulphate content (%)

Protein content

(%) Flame Combustion'?
phorometry
Chondroitin sulphate from trachea 15.2 13.7 12.8
2.1 14.5 14.0
0.5 15.0 154
Chondroitin sulphate from nasal septum 13.6 13.9 13.0

Some of the procedures described merit further 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
cannot be ascribed to the formation of BaSO, . H,SO,, 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'#), and is readily
soluble !5 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'?; the remainder may separate from solution as acid salts’3:!°
together with barium sulphate. Some species will decompose when water is added.
The results show that, whatever the form and number of phases precent, 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 suiphate 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 SOZ~ 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. Preliminary studies
on a Zeiss spectrophotometer (PMQI11) fitted with a flame attachment (FA1), 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 0.1-1.0 mg of Ba?* was dissolved in water and made up to 2ml in a
volumetric flask. The flame photometer was set to give zero deflection with distilled
water, and full-scale deflection with the reference solution (BaCl,-2H,0) of highest
concentration (usually containing 0.6 mg of Ba2*/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 baritm 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.

Determinarion of sulphate in carbohydrate sulphates. — (@) Semi-quantitative
method. The solution (1 ml) of carbohydrate and SO}~ (0.1-0.8 mg) was heated
in a water bath at 100°, 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 (1.5ml) 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 solution. 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 (H™ 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 10-ml
conical centrifuge tube, quantitative transfer being effected by further washings
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(2x 1 ml). Aqueous barium chloride (dihydrate 1% w/v, 5ml) was added, with
mixing, and then 1 drop of conc. hydrcohloric acid (A.R.). After storage for 5 min,
the tube was cenirifuged at 3000 r.p.m. (10 min), and the supernatant 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 SO2~ 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 SO2~/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
Department of Biochemistry, Purdue University, Lafayette, Indiana 47907 (U. S. A.)
(Received March 7th, 1969)

During the course of synthesis of a nucleoside by condensation of 2,3,5-tri-O-
acetyl-4-thio-p-ribofuranosyl chloride with chloromercuri-6-(benzamido)purinel, 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 ™!, and shows the presence of two acetyl bands at
1745cm™! and 1765cm™"' (the latter, characteristic of an aryl acetate) and has
strong absorptions at 1550 cm ™! and 3100 cm ™!, characteristic of thiophene deriva-
tivesZ. 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 7 7.89 and 8.04, and a methylene resonance at 5.00. Two aromatic doublets at
73.07 and 3.24 (J5 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

.W_M | AJJ,__.._JL

T T T T T T T T T ¥

30 40 50 60 7.0 so0 90 T

Fig. 1. The 60-MHz n.m.r. spectrum of 4-acetoxy-2-(acetoxymethyDthiophene (1) 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 RO1 AM 11463 and by the Agricultural Research Service,
U. S. Department of Agriculture, Grant No. 12-14-100-7662 (71), administered by the Northern
Regional Research Laboratory, Peoria, IIl. Journal Paper No. 3637 of the Purdue Agricultural
Experimental Station, Lafayetle, Indiana. '
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spectrum (m/fe 43, 84, 112, 130, 155, 172, and 214). One mode of cleavage is the loss
of the acetylium ion to produce a strong mfe 43 peak, and another is the loss of
ketene from the molecular ion to produce an intense M-42 peak, characteristic of
enol acetates®.

Alkaline hydrolysis of 1 produces an unstable compound that has a phenolic
odor and that gives a red color with ferric chloride. Thiophene-3-0l behaves in a
similar way with ferric chloride®. The formation of 1 from 1,2,3,5-tetra-O-acetyl-
4-thic-p-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 N,N-dimethylformamide at 115°,
gives 1 in 40-50% vyield. 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.l.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-1 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
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t.l.c. examination during the reactions, it must react rapidly under the conditions
selected.

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 1-O-acetyl-2,3-5-tri-O-benzoyl-D-ribofuranose® with piperidine and
mercuric chloride in N,N-dimethylformamide for 1 h at 115° 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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EXPERIMENTAL

General methods. — T.l.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 Perkin—Elmer Model 141
automatic polarimeter. 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 9000A gas chromatograph—mass spectrometer.

4-Acetoxy-2-(acetoxymethyl)thiophene (1). — To a solution of 1,2,3, 5-tetra—0—
acetyi-4-thio-pD-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 refluxed for 6 h, the N,N-dimethylformamide was removed
under diminished pressure, leaving a dark liquid that was applied to a silica gel
column 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.l.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 left a light-yellow liquid; yield 610 mg (46%); [a]3°
{c 1.2, chloroform); R 0.60.

Anal. Calc. for CoH, ,0,S: S, 15.70. Found: S, 15.77.
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Note

2-Deoxy sugars
Part XVL. Improved preparation ¢f methyl 2-deoxy-«-D-arabino-hexofur-
anoside*

W. WERNER ZORBACH, CLARITA C. BHAT, AND K. VENKATRAMANA BHAT

Department of Bio-Organic Chemistry, Gulf South Research Institute, New Iberia, Louisiana 70560
(U.S5.4)

{Received April 1st, 1969)

Methyl 2-deoxy-a-D-arabino-hexofuranoside! (2) is the starting compound
for the preparation of 5,6-0-carbonyl-2-deoxy-3-0O-p-nitrobenzoyl-x-p-arabinc-
hexosyl bromide', which has utility in the preparation of pyrimidine nucleosides
that contain 2-deoxy-fS-D-arabino-hexofuranose as the carbohydrate residue!®<. The
furanoside may be readily prepared in ca. 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 er al.?. These workers converted 2-deoxy-D-arabino-hexose
into its dibenzyl dithioacetal (1), and demercaptalated the latter in dry methanol?®
to afford (it was claimed) solely “methyl 2-deoxyglucofuranoside” (methyl 2-deoxy-
D-grabino-hexofuranoside). We repeated their experiment, and our results showed,
with the aid of paper-chromatographic analysis, that the product was a mixture,
comnsisting of approximately 50% of methyl 2-deoxy-«-D-arabino-hexofuranoside (2),
the remainder being isomeric pyranoside(s). A similar demercaptalation of the
diethyl dithioacetal* 1a gave comparaﬁle results.

Nevertheless, the yield of 2 from 1 or 1a was a marked improvement over
that obtained by the direct methyl glycosidation® of 2-deoxy-D-arabino-hexose, and,
because of the greater proportion of 2 formed in the demercaptalation procedure,
it was possible to recover about half 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. :

*This work was supported by Grant No. GSRI-NS257, 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!® to execute; therefore, the conversion consisting of 2-deoxy-pD-arabino-
hexose—dialky! dithioacetal (1 or 1a) —tris-p-nitrobenzoate (2a)—methyl 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-O-carbonyl-2-deoxy-a-D-arabino-
hexofuranoside, an intermediate in the synthesis of the previously reported furanosyl
halide! employed in nucleoside 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-O-carbonyl-2-deoxy-a-DG-arabino-hexofurano-
side) (3).

H
RSCSR
CH ’
2 R’ OCH,
HOCH ’
R'OCH _O
HCOH - or’
HCOH OMe
, o
CH,OH 2, R=H [
20 R'= p~O,NCgH,4C
1, R=PnCH,
1g,R=Et
OCH,
o= |
oCH _O.
2
/ OMe
ociuz =0
o=
oCH Q.
) o
OMe
3
EXPERIMENTAL
Demercaptalation of the dithioacetals (1 or 1a). — To 54 mmoles of either

1 or 1a 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 filtered through a pad of Celite, and to the filtrate was added 25 mi
of pyridine. The mixture was kept in a refrigerator overnight, the pyridine-mercuric
chloride complex was filtered off, and the filtrate was stirred for 7 min with a small
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amount of Rexyn 300 (H*, 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 crystallized on storage in a vacuum
desiccator (phosphorus pentaoxide). Paper chromatography of the syrupy product
with water-saturated 9:1 butyl alcohol-toluene disclosed about 50% of methyl
2-deoxy-a-D-arabino-hexofuranoside (2) (Rr 0.43); the remainder consisted of the
isomeric o-D-pyranoside (Rr 0.35), slightly contaminated with what was most
probably its anomer.

Methyl 2-deoxy-o-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 ml of dry pyridine at 0° was added 40 g (220 mmoles)
of p-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 (1.51) 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 original syrup. Deacylation of 2a was readily
accomplished !°, affording 2 in almost quantitative yield.

(b) By direct crystallization. The syrupy mixture of methyl glycosides (8 g)
(obtained from the demercapialation of 1a) 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 solution was kept
overnight at room temperature, and the crystals 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 1a), 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'-0O-Carbonylbis(methyl 5,6-O-carbonyl-2-deoxy-e-D-arabino-kexofuranoside)
(3). — A solution of 976 mg (5.5 mmoles) of 2 in 11 ml of dry pyridine and 8 ml of
dry carbon tetrachloride was cooled to —10°, and to this solution was slowly added
dropwise, with stirring, 4.2 ml of a 15% (w/w) solution of carbonyl chloride in dry
toluene. The mixture was stirred for 1 h at — 10° 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
filtered through a bed of Celite. (The filtrate contained the desired methyl 5,6-O-

*Fisher Scientific Co.
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carbonyl-2-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 yieild 300 mg of 3, m.p. 163-164.5°, [¢]23 +83.8° (c 1.35, acetone); vior 1815
(cyclic carbonate carbonyl) and 1755 cm™? (acyclic carbonate carbonyl).

Anal. Calc. for C,,H,,0,5: C, 47.01; H, 5.10. Found: C, 46.75; H, 4.97.
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Gluconic acid end-groups in unbleached cotton cellulose

KENNETH LARSSON AND OLOF SAMUELSON
Department of Engineering Chemistry, Chalmers Tekniska Hégskola, Goteborg (Sweden)

(Received February 12th, 1969)

Great difficulties are encountered in the determination cf the structure of the
end groups in unbleached cellulose. 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 uronic acid units
w.ich 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-channel 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 uronic acids®. 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 uronic, 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 uronic 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 0.08M sodium acetate is reproduced in Fig. 1. As
expected, a large amount of levulinic acid (L) was recorded. Another artefact is an
anhydrosaccharinic acid (AS) found to be present in all hydrolyzates from cellulose
prepared by the applied method3. Galacturonic acid (Ga) was the preponderant
uronic acid, which confirms that raw cotton contains appreciable proportions of
pectic substances’. As expected from previous work*:®, 2-0-(4- O-methyl-a-D-gluco-
pyranosyluronic acid)-D-xylose (MGX) and 4-O-methylglucuronic acid (MG) were
present in large amounts. The chromatograms confirm, moreover, the earlier obser-
vation that cellobiouronic (C) and glucuronic (Gu) acids were present®. 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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Fig. 1. Separation of monoprotic acids isolated from 1.5 g of solvent-extracted Peruvian cotton.
Column: Dowex 1-x8; 23-24 um; 1150 % 3.8 mm. Eluent: 0.08M sodium acetate with acetic acid
added to obtain pH 5.9; ————, chromic acid method; — — — —, carbazole method; —¢—+-—:—
periodate-formaldehyde method.

A distinct peak with the position of gluconic acid (G) was recorded in the
periodate channel. In 0.5M acetic acid, gluconic acid appears at a retention volume
very close to that of 2- O-(4-O-methyl-a-D-glucopyranosyluronic acid)-p-xylose®, 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 0.08M 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 1,4-lactone was trimethylsilylated and studied by gas
chromatography-mass spectrometry®. 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 alkali’.
The chromatograms showed that galacturonic acid had almost completely disappear-
ed, but that appreciable amounts of the other uronic acids were still present. Peaks
corresponding to gluconic acid were recorded in runs both in 0.08M sodium acetate
and in 0.5uM 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, 4-O-
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methylglucuronic acid and 2- 0-(4-O-methyl-a-D-glucopyranosyluronic acid)-D-xylose
were present in about the same amounts as gluconic acid. The other uronic acids
were not present in detectable amounts. The sugar analysis showed that small amounts
of xylose were still present®, 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 expériments
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/100 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 cellulose®.
In addition, low-molecular fragments of the cellulose molecules are extracted together
with the mon-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
final 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 celluiose 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 0.05M 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 columns®. The
chromic acid oxidation and the periodate oxidation (0.015m sodium metaperiodate
buffered at pH 7.0; 25°; residence time, 2 min) were carried out as described previ-
ously®. The length of the flow cell in the carbazole channel was increased to obtain
a higher response with uronic acids.- The identifications were made as described in

the papers referred to above®~°,
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Reaction of carbohydrates with vinyl ethers; a differential hydrolysis*

M. L. WoLFROM**, S. S. BHATTACHARIEE, 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 carbohydrates! ™4,
we report herein two crystalline, fully substituted derivatives of glycosides, namely,
methyl 4,6-0-benzylidene-2,3-bis-O0-(1-ethoxyethyl)-a-D-glucopyranoside (1) and
meathyl 2,3.4-tris-O-(tetrahydro-2 H-pyran-2-yl)-f-D-arabinopyranoside. In addition,
we describe an analytically pure, but syrupy, pentakis-O-(1-methoxyethyl)-p-glucose,
the ring size and anomeric form of which have not yet been established. An amor-
phous, tetrakis(tetrahydro-2 H-pyran-2-yl) ether of p-glucose has been reported>.
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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 starch®*. We now report that the two
1-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-benzylidene-2,3-bis-O-(1-ethoxyethyl)-u-D-glucopyranoside (1). —
Methyl 4,6-O0-benzylidene-a-D-glucopyranoside® (2, 18.0 g) was suspended in benzene
(50 ml), and a 2.5% solution (6 ml, dried over anhydrous sodium sulfate) of p-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 20th, 1969.
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in ~10 min, whereupon the reaction mixture was poured into a cold, aqueous
solution of sodium hydrogen carbonate. The nonaqueous layer was dried (potassium
carbonate) and evaporated to dryness under diminished pressure. The product was
obtained crystalline from hexane; yield 6.8 g' (24.9%), m.p. 104°. Pure material was
obtained on recrystallization from ether-hexane, m.p. 127-129°, [«]2° +17° (c 0.5,
chloroform).

Anal. Calc. for C,,H3405: C, 61.95; H, 8.04. Found: C, 61.83; H, 8.15.

Partial, acid hydrolysis of methyl 4,6-O-benzylidene-2,3-bis-O-(1-ethoxyethyl)-
a-D-glucopyranoside (1). — Methyl 4,6-O-benzylidene-2,3-bis-O-(1l-ethoxyethyl)-a-D-
glucopyranoside (1, 100 mg, m.p. 127-129°) was dissolved in p-dioxane (22.5 ml),
2.5 ml of 0.1M hydrochloric acid was added, and the mixture was stirred for 2 min at
60°. An excess of silver carbonate was added, and the material obtained on remcval
of solvent was crystallized from p-dioxane-water; yield 59 mg (90%), m.p. 158-160°
[undepressed on admixture with methyl 4,6-O-benzylidene-x-D-glucopyranoside (2)].

Pentakis-O-(I-methoxyethyl)-D-glucose. — To a suspension of anhydrous
a-D-glucose (5 g) in 15 ml of N,N-dimethylformamide was added p-toluenesulfonic
acid (170 mg), followed by methyl vinyl ether (12.9 g, 8 molar equiv.). The mixture
was stirred magnetically for 30 min at 20° in a stoppered flask, and was then poured
into an excess of a saturated, aqueous solution of sodium hydrogen carbonate; a
thick oil separated. The mixture was extracted with ether, and the extract was washed
with water, dried (sodium sulfate), and evaporated to dryness; yield of syrup, 124 g
(95%), [a]3® +36° (c 1.3, ethanol), hydroxyl group absent from the i.r. spectrum.
The substance liberated 98% of the theoretical amount of acetaldehyde on treatment!
with acid.

Anal. Calc. for C,;H,,0,,: C, 53.61; H, 8.93. Found: C, 53.42; H, 8.80.

Methyl 2 3,4-tris-O-(tetrahydro-2H-pyran-2-yl)-p-D-arabinopyranoside. — To a
suspension of 1.64 g of methyl f-p-arabinopyranoside” in a mixture of p-dioxane
(5 ml) and 3,4-dihydro-2H-pyran (10 ml, 10 molar proportions) was added 80 mg
of p-toluenesulfonic acid portionwise, with stirring; the reaction was exothermic.
The clear solution resulting after 1 h was diluted with ether, and washed with 5 ml
of a saturated, aqueouns solution of sodium hydrogen carbonate. The nonaqueous
layer was evaporated to dryness, and the residue was crystallized from hexane by
standing overnight at 15°; yield 510 mg (12.4%), m.p. 128°. Pure material was
obtained on recrystallization from hexane; m.p. 141-142°, [«]3° —122° (c 0.09,
chloroform).

Anal. Calc. for C,H;404: C, 60.55; H, 8.71. Found: C, 60.77; H, 8.71.

Investigation of the mother liquor by t.l.c. showed the presence of another
compound ; this was not studied.
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Preliminary communication

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

M. L, WOLFROMX and N. KASHIMURA

Department of Chemistry, The Ohio State University, Columbus, Ohio 4321 0 (U.S.A.}
(Received June 19th, 1969)

In attempting to follow reactions of the Maillard browning type by g..c. techniqu
the involatility of the amino compounds and their reaction products has prese{xted diffi-
culties. Development of new trimethylsilylating agents! has aroused our interest, and we
find that a suitable trimethylsilylating agent for components of the Maillard browning
reaction is 5:5:1 (v/v) N,O-bis(trimethylsilyl)acetamide? , N-trimethylsilylimidazole?,
and chilorotrimethylsilane. )

As a model system pertinent to studies on the nonenzymic browning of dried
citrus juice, 1:1 molar proportions of D-glucose and 4-aminobutyric acid were dis-
solved in the minimal volume of water at room temperature, and the solution was imme-
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Fig.1. Rates of change of g.l.c. relative peak areas and of optical absorbance at 490 nm.
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diately freeze-dried. The solid product {fontaining ~ 2.5% of water)-was then heated 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 GC-S 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 (4260 mesh).
The results are shown in Figure 1. Three intermediates were detectable: they are arbitrarily
designated I, 11, 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.l.c. Intermediate I as its trimethylsilyl derivative was so isolated in
99% purity. The chemical nature of this interrfiediate is under investigation.

ACKNOWLEDGMENT

This work was supported by the Agricultural Research Service, U.S. Department
of Agriculture, Contract No. 12-14-100-8934 (72), administered by the Southern Regional
Research Laboratory, New Orleans, Louisiana, and the Fruit and Vegetable Products
Laboratory, Winter Haven, Florida.

REFERENCES

1 A, E. Pierce, Silylation of Organic Compounds, Pierce Chemical Co., Rockford, 1llinois, 1968.
2 1. F. Klebe, H. Finkbeiner,and D. M. White, J. 4mer. Chem. Soc., 88 (1966) 3390.

3 M. G. Horning; A. M. Moss,and E, C. Homing, Biochim,. Biophys. Acta, 148 (1967) 597,

Carbohyd. Res., 11 (1969) 151152



CARBOHYDRATE RESEARCH 153

Preliminary communication

Studies of **N-labeled amino sugars.
Synthesis and spectroscopy of derivatives of 6-amino-6-deoxy-b -glucose-6-1*N

B. COXON
Institute for Materials 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 synthes.s and
spectral and conformational characterization of isotopically labeled carbohydrate refer-
ence materials of biomedical interest, a study of amino sugars labeled with *N (enrich-
ment > 99%) has been commenced. This program has been initiated by a synthesis of
derivatives of 6-amino-6-deoxy-D-glucose-6-'>N, which in its non-labeled form, occurs as
a component of the antibiotic Kanamycin®.

Reactions of either 1,2:3,5-di-O-isopropylidene-6-O-p-tolylsulfonyl-a-D gluco-
furanose? (1) or 6-deoxy-6-iodo-1,2:3,5-di-O-isopropylidene-o-D-glucofuranose® (2) with
potassium phtalimide (1.05—1.2 molar equivalents) in either /V,V-dimethylformamide or
hexamethylphosphoramide gave 6-deoxy-1,2:3,5-di-0-isopropylidene-6- phthalimido--D-
glucofuranose (3) in yields of 80-—83%. After two recrystallizations, 3 had a purity of
99.6 mole %, as determined by differential scanning calorimetry®. Treatment of 3 with
hydrazine hydrate in ethanol gave 6-amino-6-deoxy-1,2:3,5-di-O-isopropylidene-x-D-gluco-
furanose (4) characterized as its known® , crystalline, p-toluenesulfonate salt. The free
amine (4) was also converted into its N-acetyl derivative (5).

Treatment of 1 with potassium phthalimide-'* N (1.05—1.2 molar equivalents) in
hexamethylphosphoramide afforded 3-'5 in 84% yield. The mass spectrum of the.amine .
(4) contained prominent peaks at m/e 244 (M-15: loss of Me), 229 (M-30; loss of
H, ¥NCH,), and 30 (H, *N®=CH, ), whereas a similar spectrum of 4-'*N showed intense
peaks at m/e 245 (M-15; loss of Me), 229 (M-31; loss of H, ' NCH, ), and 31 (H, N®=CH,).
A pressure-sensitive M+1 ion was observed in some cases.

The magnetic resonance parameters of compounds 3—5 and their **N-labeled deriv-
atives were studied initially by p.m.r. spectroscopy at 100 MHz. Spectra of the N-acetyl
derivatives § and 5-'*V in pyridine-ds are shown in Fig.1 (2 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 Js yyy and s/ y couplings of 5, and additionally of Jys i
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.1. P.m.1. spectra of solutions in pyridine-ds at 100 MHz; the isopropylidene methy! resonances are
omitted, (@) 6-Acetamido-6-deoxy-1,2:3 5-dx-0-lsopropyhdene-oz-D-glucofuranose (5), (b) 6-acetamido-
6-deoxy-1 2:3,5-di-0-isopropylidene-a-D-glucofuranose-6-15N (5-15,

It has been suggested previously® that the magnitudes of coupling constants
between directly bonded ! H and N nuclei are determined mainly by Fermi contact
interaction®, and hence, by analogy with **C—H couplings!®, are proportional to the
amount of s-character of the mtrogen-bond orbital. Substitution of the value J 5 NH
91.3 Hz of §-'/V in the empirical equation®

5=043/ 1y — 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-'°V makes a predominant

contribution (that is, the nitrogen atom is essentially fully sp?-hybridized). From Table I,
it may be seen that the ® N—*H couplings over three bonds are two to three times as large

TABLE!

COUPLING CONSTANTS (Hz, FIRST-ORDER) OF 6-AMINO-6-DEOXY~1,2:3,5-DI-O-ISOPROPYL-
IDENE-0«D-GLUCOFURANOSE-6-1N DERIVATIVES AT 100 MHz

Derivative Solvent 5N.coupling canstants” b
45y CDCly 35 15N 1.5, e sy~ 0.5, 2Je sy 0.5
3
5PN CsDsN 375 15N 1.5, 26 sy ~05, Wisnyg 913, “VisNMe
sSndc CsDsN—D,0 3s 5N 1T, e 1sy~0.7, s 1sN~0.6, Tisy me 13

(5:2vlv)

@ Measurements from proton spectra, & Superscripts before J’ denote number of bonds separating the
coupled nuclei. ¢ 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

sp?

- or sp-hybridized atoms® !, Dependence on configuration'? '3, hydrogen bonding*

and ' pH is also possible.
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Preliminary communication

The structure of «-D- tagatose and comparison with crystal structures of other
ketohexoses

S. TAKAGI! and R, D. ROSENSTEIN
Crystallography Laboratory, University of Pittsburgh, Pittsburgh, Pennsylvania 15213 (U.S_A.)
(Received May 31st, 1969)

As part of a program in crystallograbhy of carbohydrates, a series of crystal
structures of ketohexoses has been determined in this laboratory, starting with a-L-sorbo-
pyranose!, which was found to have the /C (1) conformation (1). This conformation

OH
& ]
Ho s/ Js 2/ CHOH
oh
1

was subsequently found? in 1:1 methyl sulfoxide:acetone-dg solution by n.m.r. The
crystal structure of 8-D-fructopyranose® also showed the IC (D) conformation (2), the
same as 1 except for the hydroxyl group on C-5, and as the C (D) form 3 in the crystal
structure of 1,2:4,5-di-O-isopropylidene-3-D-fructopyranose®.

Me
Me
OH O
Q
o CH,OH o
OH OH
OH
HO o f
2 me Me
3

We have now determined the crystal structure of a-D-tagatose, obtained from
Koch--Light Laboratories and recrystallized from aqueous solution by slow evaporation
to dryness, The crystals are orthorhombic P2,2,2, witha = 6.237, b = 6.529,
¢=17.757 A, and Z = 4 molecules per unit cell. CuKe diffractometer intensities were
collected with §—26 scans of 2° up to 130° in 28. Out of 755 independent reflections, not
including systematic absences, 9 were below 2¢. The structure was solved by the non-centro-
symmetric, direct method® and refined by anisotropic full-matrix least squares® toanR =0.07.
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for all atoms except hydrogens. The conformation found is CI (D) as shown in 4 and 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 C7 (D) pyranose conformation. High-resolution
n.m.r. measurements? of tagatose in methyl sulfoxide solution showed about 80 percent

of this anomer together with about 15 percent of $-D-tagatose having the IC (D) con-
formation.

Torsion angles

Q (+ signifies turning A-=B totheright)
HO HO °
0-1——0—-2 +51
CH,OH °
HO 2 0-2—0—-3 +174

0-3—0-4 —56

(o] ©
O-4-—0~5 —61

4

Thus all three ketohexoses have an equatorial primary alcoholic group and an
axial hydroxyl group attached to C-2, and both D-fructose and D-tagatose have two axial
hydroxyl groups, on C-2 and C-5, and on C-2 and C-3 respectively, on opposite sides of the
mean plane of their pyranose rings. The primary hydroxyl group in L-sorbose was found to
be in two orientations, with unequal occupancy, namely, in the Klyne and Prelog? and
Cahn, Ingoid and Prelog® notation. 63 percent Psc and 37 percent Msc with respect to
the ring-oxygen atom. The primary hydroxyl groups of D-fructose and D-tagatose are
exclusively Msc with respect to the ring-oxygen atom. With respect to the hydroxyl 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-0-isopropylidene-D-fructopyranose (3) is constrained in the
Psc form.

om) o(2)
142 1.42 [(3)

C(1) 143 1kC(6)

1.53| l"-f’2
C(3) C(S)———O(5)

153 y 42
142 l\c @)

o |ias

o)
5 S
Bond distances (&) Bond angles(degrees)
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Preliminary communication

9-(6-D - Apio-L-furanosyl)-2-chloroadenine *

F. PERINI**, F, A. CAREY*** and L. LONG, Jr.
Pioneering Research Laboratory, U.S. Army Natick Laboratories, Natick, Massachusetts 01760 (U.S.A.}
(Received June 10th, 1969; in revised form July 10th, 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, puromycin®, 3 ‘C-alkylerythrofuranosyl nucleosides® 5 and,
most recently, a nogalose (a 3°C-methyl-D-allopyranose) nucleoside®. 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-a-D-apio-L-furanose® (1) with
N, N “carbonyldiimidazole in tetrahydrofuran gave (92%) 3,5-0-carbonyl-1,2-0-isopropyl-
idene-o-D-apio-L-furanoseT (2), m.p. 113—114°; [a] +63.7°, (¢ 1.9, chloroform);

.RN“JOI 5.52 pm (0-CO-QV). Sulfuric acid-catalyzed acetolyels of 2 in acetic acid—acetic
anhydnde yielded (42—59%) crystalhne 1 2-d1-0-acetyl-3 5-0O-carbonyl-w and 8-D-apio-L-
furanose (3), m.p. 141.5—145°; [a] +38.6° (¢1.1, chloroform); ?\N‘;Jx"l 5.50 um
(0-C0O-0-) and 5.71 pm (OAc). The n.m.r. spectrum? Ul (chloroform-d) included: 6.44
(0.3-proton doublet, J; , 4.5 Hz, H-1, 30% a-anomer) and 6.13 (0.7-proton smglet H-1,
70% B-anomer). A syrupy product, partially characterized as 1,1,2,4-tetra-O-acetyl-
3,5-O-carbonylapiose (4). (~40—-49%) X .. 5.52 um (-0-CO-0) and 5.71 um (OAc);
n.m.r. (chloroform-d): 6.96 (1-proton doublet, J; , 3 Hz, H-1), was also formed during
acetolysis of 2.

Fusion of 2,6-dichloropurine (DCP) and 3 in the presence of dichloroacetic acid
(Cl; CHCOOH)® at 160° was successful. This technique, as found in other systems'® 1,
gave a mixture (58%, after silica gel column chromatography) of «,8-anomers, 2,6- dxchloro-
94(2%-0-acetyl-3’, 5-O-carbonylw-and §-D-apio-L-furanosyl)purine (5a and 5b), m.p.

*Paper VI of a series of publications from this laboratory concerning the chemistry of apiose,

**xpPRI Postdoctoral Research Fellow, 1967—1969.

***Present address: Department of Chemistry, University of Virginia, Charlottesville, Virginia 22901,
US.A,

TAcceptable elemental analyses were obtained for all crystalline compounds reported. Melting points
are uncosrected.

+%100 MHz, with chemical shifts reported in § units from a tetramethylsilane internal standard,
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(l)Ac
0. H— —OAc
F W—? Y?—? o
HO—CH, 0+M O—CH, O ACO-CHz—G “O}o
1 2 3 4
NH,

cm/'\ > C:?’C%AC cm/l\ >

O-CHp OAc HO-CH, OH

Sa Sb ©

115—120°; n.m.r. (chloroform-d): 6.68 (0.32-proton doublet, Jy 5+ 5.5 Hz, H-1, 32%
a-anomer)'?, and 6.26 (0.68-proton doublet, J,/ »- 2.5 Hz, H-1", 68% B-anomer) 2. 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!® !4 in the presence of
dichloroacetic.acid, gave only the pure branched-chain sugar nucleoside 5a (51%, after
silica gel column chromatography); m.p. 177—177.5°%; [¢] 5 + 55.0° (¢ 0.7, chloroform);
ANuiol 549 (0-CO-03, 5.70 (OAc) and 6.25, 6.41 um (C=N, C=C); \E1QH (pH 6) 255
shoulder (e, 5660) and 274.5 nm (e, 9650). Formation of 5a in mtromethane a solvent
which promotes $-D anomer production in glycoside synthesis!®, was virtually stereo-
specific, as shown by the n.m.r. data (chioroform-d): 8.40 (1-proton singlet, H-8), 6.20
(1-proton’doublet, J,’ ,+ 2.5 Hz, H-1"), 5.67 (1-proton doublet, J;- 15 2 2.5 Hz, H-2"), 4.70,
4.18 (2-proton AB quartet, Js’ 4+ 11 Hz, H4), 4.69, 4.40 (2-prot0n AB quartet, J5’ 5*
10 Hz, H-5"), and 2.22 (3-proton singlet, OAc). The 8-D anomeric configuration was
assigned to 5a due to the observation of a narrow spacing (2.5 Hz) of the doublet!?
ascribable to H-1" Predominant formation of a frans nucleoside would be expected from
2-O-acyl group participation?®

Other Lewis acids, such as sulfamic acid** (76%) and boron trifluoride etherate
(57%), also catalyzed the highly stereoselective formation 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 convenient synthesis of 5a opens the way to the production of various
apiose nucleosides modified on the purine ring'®. Ammonolysis of Sa with saturated
methanolic ammonia in a sealed tube® !, followed by picrate formation and liberation
of the base with an aqueous suspension of AG 1—X4 (CO%-) anion exchange resin gave
the useful deblocked apioside (49%), 9B -D-apio-L-furanosyl)-2-chloroadenine (6),
m.p. 137—138°; [a] ¥ - 16.0° (¢ 0.5, methanol); ANt 3.00, 3.20 (OH, NH), and 6.02,
6.27, 6.30 um (NH C—N C=0); }\E‘OH (pH 6) 266 nm (e, 15300); n.m.r. (deuterium
oxide): 8.60 (1-proton singlet, H- 8) 6 34 (1-proton doublet, Jy: 5+ 2 Hz, H-1)'2,4.90
(1-proton doublet, Jy; o+ 2 Hz, H-2"), 4.75 (2-proton singlet, H-5"), and 4.67, 4.63
(2-proton singlets, H-4' ).

Work on the synthesis of several 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 ZORBACH AND
R. STUART TIpsoNn, Wiley, New York, 1968, v +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 knowledge of Russian. There has been an urgent 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); Nuciecosides [A. Purine Nucleosides and Analogs
(168 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
only 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 will find the sections on nucleosides of particular interest.

Chester Beatty Research Institute, London M. JARMAN
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Book review

Carbohydrate Chemistry — Volume 1; A Specialist Periodical Report: The Chemical
Society, London, 1968, x 4293 pp., 815 x 515", cloth, £3.10s (£2 — 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. a

The Report has been compiled by Dr. R. D. Guthrie (University 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.
Wolfrom on June 20th, 1969. Professor Wolfrom was a highly valued member of the
Advisory Board from the inception of Carbohydrate 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 (a-L configuration, CI
conformation), as shown in Fig. 1. An analogous situation obtains (Fig. 3) for
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SYNTHESIS OF NEW SUGAR DERIVATIVES
HAVING POTENTIAL ANTITUMOUR ACTIVITY
PART XII*, 1,2:5,6-DIEPITHIO-L-IDITOL AND SOME DERIVATIVES THEREOF

J. KuszMANN AND L. VARGHA
Research Institute for Pharmaceutical Chemistry, Budapest (Hungary)**
(Received December 18th, 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.

INTRODUCTION

It is well known that some diepoxides possess cytostatic activity and inhibit
the growth of experimental tumours®. In the carbohydrate field, 1,2:5,6-dianhydro-
D-mannitol?, in contrast to its 3,4-O-isopropylidene derivative®, shows significant
cytostatic activity. Episulphides, which are analogous to epoxides, have been described
in the carbohydrate field*, 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-diepithiohexitols.

RESULTS AND DISCUSSION

Treatment of 1,6-dibromo-1,6-dideoxy-2,5-di-O-methanesulphonyl-D-mannitol®
(1) with potassium thiolbenzoate gave 1,6-di-S-benzoyl-2,5-di-O-methanesulphonyl-
1,6-dithio-D-mannitol (2), the structure of which was proved by methanesulphonyl-
ation to give 1,6-di-S-benzoyl-2,3,4,5-tetra-O-methanesulphonyl-1,6-dithio-D-man-
nitol (3), which was also synthesised by another route described below. 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 tlc. [development with 4-(p-nitrobenzyl)pyridine] to contain not less
than 6 components, indicating the presence of different alkylating agents which
could be formed partly by the participation of the hydroxyl groups at C-3 and C4.
Because of these results, 1,6-dibromo-1,6-dideoxy-3,4-O-isopropylidene-2,5-di-
O-methanesulphonyl-bD-mannitol® (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 X1: Carbohyd. Res., 8 (1968) 157.
**Budapest 1V, Szabadsidgharcosok 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 35,6-anhydro-1,2-O-isopropylidene-a-D-glucofuranose or 1,2:5,6-di-
anhydro-3,4-O-isopropylidene-b-mannitol without cleavage of the epoxide rings,
the formation® of a moderate yield of 5,6-epithio-L-idose by mild, acidic hydrolysis
of 5,6-epithio-1,2-0-isopropylidene-a-L-idofuranose indicated that epithio rings are
somewhat more resistant towards acids than are epoxide rings. Confirmation 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-methanesulphonyl-
1,6-dithio-D-mannitol (7). With methanolic sodium methoxide, compound 7 gave
crystalline compound 8 in good yield. Compound 8 was identified as 1,2:5,6-diepithio-
3,4-O-isopropylidene-1-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™ L
was proved by conversion of compound 8 into the known 3,4-O-isopropylidene-
1,2,5,6-tetrathio-L-iditol 1,2:5,6-bis(trithiocarbonate) (9).
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Compound 8 is very sensitive to bases and acids. In methanol solution, in the
presence of sodium methoxide or triethylamine, it rapidly polymerised to an amor-
phous product having a high optical rotation (—314°) and a molecular weight
corresponding to a tetramer. Since the ir. 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-diepithio-L-iditol (10) in 70% yield. The structure of compound 10 was
verified by its easy polymerisation in aqueous solution, by the positive reaction
with 4-(p-nitrobenzyl)pyridine, and by the ir. 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
1,2:5,6-diepithio-3,4-di- O-methanesulphonyl-L-iditol (12), identical with the product
obtained from 1,6-di-S-benzoyl-2,3,4,5-tetra-O-methanesulphonyl-1,6-dithio-p-man-
nitol (3) by treatment with sodium methoxide. Compound 3 was prepared from
1,6-dibromo-1,6-dideoxy-2,3,4,5-tetra-O-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 equivalents 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[S-(methoxythiocarbonyl)]- 1,6-dithio-L-mannitol (15) was
assigned on the basis of analytical data, its alkylating properties, and the probable
mechanism of formation, invelving compound 16 as an intermediate.

HzCS. B CH25-CS-OMe 7 CH25-CS-OMe
| \C=S I

HCS/ HCSS H
| | ) | >s

MsOCH MsOCH H(l:

HCOMs HCOMs /CH
| ( s |
CH SSCH CH

= | |
SCHz | CH2S-CS-OMe l CH2S-CS-OMe

14 16 15

The epithio derivatives 8, 10, and 12 showed no cytostatic activity on Yoshida
sarcoma (solid and ascites forms), Walker 256 carcinosarcoma, and Ehrlich ascites
sarcoma in doses of LDsq/10. The absence of in vivo activity may be due to the
ease of polymerisation of the episulphides.

. EXPERIMENTAL

Melting points are uncorrected. Thin-layer chromatography (t.l.c.) was carried
out on Kieselgel G with chloroform—ethyl acetate, 3:1 (4), 3:2 (B), and 5:1 (C) as
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solvent systems. Detection reagents used .were 0.1M potassium permanganate-2N
sulphuric acid (1:1), and 4-(p-nitrobenzyl)pyridine 8. Lr. spectra were recorded with
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-benzoyl-2,5-di-O-methanesulphonyl-1,6-dithio-D-mannitol (2). — A solu-
tion of compound® 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 filtrate 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}2® —107.7° (¢ 1,
chloroform); R 0.4 (solvent B) (Found: C, 45.22; H, 4.73; S, 22.39, C,,H,,0,,S,
calc.: C, 45.66; H, 4.53; S, 22.16%).

Methanesulphonylation of compound 2. — A solution of compound 2 (0.5 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 filtered 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-benzoyl-2,3,4,5-tetra-QO-methanesulphonyl-1,6-dithio-D-mannitol (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 0°, and, after filtration 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°, [«]3® +77.5° (¢ 1, chloroform), Ry 0.4
(solvent A4) (Found: C, 38.96; H, 4.62; S, 25.98. C,,H;,0,4Ss calc.: C, 39.23;
H, 4.12; S, 26.18%).

3,4-Di-O-acetyl-1,6-dibromo-1,6-dideoxy-2,5-di-O-methanesulphonyl-D-mannitol
(4). — To a suspension of the dimethanesulphonate 1 (4.65 g) in acetic anhydride
(5 ml), one drop of conc. 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. 99-100°, {«]2° +13.7°
(¢ 1, chloroform) (Found: C, 26.42; H, 3.85; Br, 28.82; S, 11.53. C,H,(Br,0,,S;
calc.: C, 26.28; H, 3.68; Br, 29.16; S, 11.69 %).

3,4-Di-O-acetyl-1,6-di-S-benzoyl-2,5-di-O-methanesulphonyl-1,6-dithio-D- manni-
tol (5). — 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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chloroform solution gave an amorphous solid (6 g), [¢}3° +24.0° (¢ 1, chloroform),
Ry 0.3 (solvent C) (Found: S, 18.61, C,cH5,0,,S, calc.: S, 19.35%).

1,6-Di-S-benzoyl-3,4~O-isopropylidene-2,5-di-O-methanesulphonyl-1,6-dithio-D-
mannitol (7). — A solution of compound 6 (25.2 g) and potassium thiolbenzoate
(17.6 g) in acetone (250 ml) was treated according to the previous procedure. The
resulting syrupy 7 (31 g) was pure enough for the next step (Found: S, 20.0%).
For further purification, it was cluted from a column of silica gel, first with carbon
tetrachloride to remove a contaminant (Rp 0.9, solvent 4), and then with carbon
tetrachloride—ethyl acetate (8:2) to give compound 7 as a colourless syrup, []2°
+31.5° (¢ 1, chloroform), R 0.45 (solvent A) (Found: S, 19.85. C,5H;,0,,S, calc.:
S, 20.73%).

1,2:5,6-Diepithio-3,4-O-isopropylidene-L-iditol (8). — Crude compound 7 (from
25.2 g of compound 6) was dissolved in dry chloroform (250 ml) and, during 5 min,
N sodium methoxide (100 ml) was added, with stirring and cooling, to the solution
at 0~10°. The stirring was continued without cooling for 5 min, and then the reaction
mixture was washed twice with ice-cold water. The chloroform layer was dried
(Na,S0,) and evaporated, and methyl benzoate was distilled off at 1 mmHg. The
residue was dissolved in methanol (5 ml), and the solution was chilled to —10°.
The crystals formed were filtered off and washed with cold methanol; yield, 4.4 g,
m.p. 79-80°. The filtrate was evaporated, and the residue was distilled (b.p. 90-92°,
0.05mm) to yield a further 3.3 g. Recrystallization of the combined crops from
methanol (15 ml) afforded compound 8 (7.45 g, 68%), m.p. 80-81°, [a]3’ +89.8°
(c 1, chloroform), R 0.40 (solvent C) (Found: C, 49.07; H, 6.40; S, 28.94. Co;H,,0,S,
calc.: C, 49.51; H, 6.46; S, 29.37%). Compound 8 had vﬁ; 3075 (epithio CH and
CH,), 2990, 2980, 1390, 1380, 1180, 1170 (isopropylidene CH};), 1080, and 870 cm™1
(O-isopropylidene). N.m.r. data (CDCl;): 6 3.6 (2-proton multiplet, H-3 and H-4),
2.95 (2-proton multiplet, H-2 and H-5), 2.8 (4-proton multiplet, H-1 and H-6), and
1.35 (6-proton singlet, CMe,).

Polymerization of compound 8. — A solution of the diepithio compound 8
(1.1 g) in methanol (10 ml} containing N sodium methoxide (1 ml) or triethylamine
(1 ml) was refluxed for 2 h. The precipitate was filtered off, after cooling, and washed
with methanol, to yield a product (1.1 g), which gradually softened above 160°,
[«)3? —280° (¢ 1, chloroform). The polymer was dissolved in chloroform (5 mi),
and the solution was treated with light petroleum until turbidity and then filtered
through charcoal into light petroieum (200 ml). The precipitate was filtered off and
washed with light petroleum and methanol. The *“softening” point increased to 180°;
[«]2° —314° (¢ 1, chloroform). The i.r. spectrum (KBr) had no absorption between
3600-3000 (OH) and 2600-2500cm™*' (SH) (Found: C, 48.97; H, 6.74; S, 28.26;
mol. wt. (Rast in borneol), 875. (CoH,40,8S,), calc.: C, 49.51; H, 6.46; S, 29.37%;
mol. wt. (tetramer), 883.

3,4-O-Isopropylidene-1,2,5 6-tetrathio-L-iditol 1,2:5,6-bis(trithiocarbonate) (9). —
Potassium hydroxide (2.3 g) was dissolved in methanol (10 ml), and carben disulphide
(2.9 ml) and, after cooling, compound 8 (1.5 g) were added. The reaction mixture
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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 benzene (6 ml) and light petroleum (3 ml) afforded compound 9
as yellow crystals (0.3 g; 11.6%, m.p. 147-148°), [¢]2° +200° (¢ 1, chloroform);
the m.p. was not depressed on admixture with the authentic trithiocarbonate®.

1,2:5,6-Diepithio-1-iditol (10). — A solution of compound 8 (6.6g) 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
evaporated, and the residue was recrystallized from dry chloroform (100 mi) 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 118-119° to give material (probably polymeric) having no definite
m.p.; a slow decomposition started about 280°. The product had [«]3’ +86.4°
(c 1, chloroform), Ry 0.15 (solvent 4), vKB: 3500-3300 (OH) and 3060 cm ™ * (epithio
CH) (Found: C, 40.51; H, 5.84; S, 35.67. C¢H,,0,S, calc.: 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.1.c.), and, after cooling, the polymeric material (0.1 g) was filtered off. It
had no ir. absorption in the region of 3000-3100cm™! (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 filtered extract to give compound 11 as needles
(1.2 g, 46%), m.p. 124-125° [¢]3° +35.4° (¢ 1, chloroform), Ry 0.8 (solvent A),
vEBr 3085 (epithio CH), 1725, 1225, 1085, 1060, and 1035cm™! (ester groups)
(Found: C, 45.64; H, 5.44; S, 24.02. C, ,H,,0,S, calc.: C, 45.78; H, 5.38; S, 24.45%).
N.m.r. data: § 4.90 (2-proton multiplet, H-3 and H-4), 3.05 (2-proton multiplet,
H-2 and H-5), 2.35 (4-proton multiplet, H-1 and H-6), 2.10 (6-proton singlet,
acetyl Me).

Methanesulphonylation 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. 109-112°) was recrystallized from ethanol (2 ml) to yield compound 12
(0.1 g, 53.2%), m.p. 114-116° alone and in admixture with the compound described
below.

1,2:5,6-Diepithio-3,4-di-O-methanesulphonyl-L-iditol (12). — To a stirred solu-
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 (1:1). The chloroform layer was washed with ice—cold, aqueous sodium hydrogen
carbonate and twice with cold water, dried (Na,SO,), and evaporated. The semisolid
residue was treated with ether to give a crude product (4.8 g, 71.5%). Recrystallization
from acetone-light petroleum gave compound 12 (4.4 g), m.p. 114-116°, [e]2° +36.3°
(c 1, chloroform), Ry 0.5 (solvent 4); vXEr 3100, 3040, 3025 (epithio CH and CH,),
3010, and 2935 cm™* (methanesulphonyl CH,) (Found: C, 28.75; H, 4.50; S, 38.10.
CgH, 4048, calc.: C, 28.73; H,4.22; S, 38.35%). N.m.r. data (CDCL,;): § 4.4 (2-proton
multiplet, H-3 and H-4), 3.2 (2-proton multiplet, H-2 and H-5), 2.6 (4-proton multiplet,
H-1 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 g) 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,), and evaporated.
Traces of solvent were removed from the syrupy compound 15 at 10~ > mmHg and 100°;
[«]g° —31.5° (c 1, chloroform), Ry 0.9 (solvent 4) (Found: S, 51.10; CH;O, 18.8.
C,0H,,0,S; calc.: S, 53.65; CH;0, 17.28%).

1,6-Dibromo-1,6-dideoxy-2,3,4,5-tetra-O-methanesulphonyl-D-mannitol (13). —
A solution of 1,6-dibromo-1,6-dideoxy-D-mannitol (MYELOBROMOL®, 30.8 g)in
pyridine (200 ml) was treated at 0° with methanesulphonyl 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 g)
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 liguor gave a further crop
(9.5 g); total yield, 80.5%; m.p. 105-107°, [o]3° +29.1° (¢ 1, chloroform), Rg 0.15
{solvent A) (Found: C, 19.73; H, 3.67; Br, 25.87; S, 20.88. C,,H,Br,0,,S, calc..
C, 19.36; H, 3.25; Br, 25.78; S, 20.68%).
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ABSTRACT

Kuhn methylation of 2,3:5,6-di-O-isopropylidene-p-mannofuranose affords a
mixture of methyl 2,3:5,6-di-O-isopropylidene-a-D-mannofuranoside and methyl
2,3:5,6-di-O-isopropylidene-8-D-mannofuranoside, in the ratio 99:1. Treatment of
the sodio derivative of the di-acetal with methyl iodide gave the same products,
but the ratio was reversed and was 10:1 in favour of the - anomer. Convenient
procedures for the synthesis of methyl a-D-mannofuranoside and methyl S-b-
mannofuranoside from the corresponding di-acetals are described, and a synthesis
of 5-O-methyl-D-mannose is also presented.

INTRODUCTION

The methyl D-mannofuranosides 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
methylatfon of D-mannofuranose 2,3:5,6-dicarbonate. More recently, derivatives of
methyl B-pD-mannofuranoside® have been obtained by treating 3,6-di- O-acetyl-a-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 f-D anomer,
the all cis disposition of the hydroxyl 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. Perlin® obtained 5-O-methyl-D-mannose by
methylation of 6-O-trityl-D-mannose 2,3-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 Téchno]ogy, Cambridge,
Mass., U. S. A. -
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RESULTS AND DISCUSSION

Kuhn methylation of the easily obtained 2,3:5,6-di-O-isopropylidene-a-D-
mannofuranose® gave two products (well separated by g.l.c.) in:thz ratio ca. 99:1.
Separation of these products by column chromatography on silicic acid gave first
methyl 2,3:5,6-di-O-isopropylidene-a-D-mannofuranoside as the main component,
followed by methyl 2,3:5,6-di- O-isopropylidene-f-D-mannofuranoside. Both of these
compounds have previously been reported crystalline’'®, but, in our hands, only
the «-D anomer crystallised. The structures of these compounds were confirmed
when acid hydrolysis of each di-acetal gave the corresponding methyl pD-manno-
furanoside. Haworth and co-workers® have previously prepared methyl 2,3:5,6-di-
O-isopropylidene-x-D-mannofuranoside by treating methyl o«-D-mannofuranoside
with acetone and anhydrous copper sulphate.

Partial, acid hydrolysis of methyl 2,3:5,6-di-O-isopropylidene-o-D-manno-
furanoside afforded syrupy methyl 2,3-O-isopropylidene-o-D-mannofuranoside,
characterised as the 5,6-diacetate. Treatment of methyl 2,3-O-isopropylidene-o-D-
mannofuranoside 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-¢-D-mannofuranoside. Kuhn methylation of this mixture afforded an
oil, which, on treatment with ethanolic sodium hydroxide, gave methyl 2,3-O-
isopropylidene-5-O-methyl-e-D-mannofuranoside. From the yield (56%) of this
material, the major product of benzoylation was the expected methyl 6-O-benzoyl-
2,3-O-isopropylidene-o-p-mannofuranoside. Acid hydrolysis of methyl 2,3-O-iso-
propylidene-5-O-methyl-a-D-mannofuranoside gave 5-O-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-x-D-mannofuranose and found that the «-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 B-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
«-D form® and mutarotates very slowly, and it would thus be expected that Kuhn or
Purdie methylation would afford mainly the «-D anomer. It is difficult to explain
why the sodio derivative should give the sterically less-favorable f-D anomer on
reaction with methyl iodide, unless some effect is causing the negatively charged
oxygen atom to assume the f§ position.

In our hands, the product ratio for the methylation of the sodio derivative
was fro = 10:1, 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-O-isopropylidene-f-p-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 solution.
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A comparison of the acid Iabilities of the « and § anomers of methyl 2,3:5,6-
di-O-isopropylidene-D-mannofuranoside was obtained by storing each compound
in 0.IN hydrochloric acid for 65 h at 20°, the # anomer gave pD-mannose and methyl
p-D-mannofuranoside, whereas the « anomer gave methyl a-pD-mannofuranoside and
methyl 2,3-O-isopropylidene-a-D-mannofuranoside. It is therefore clear that the f-p
anomer is more acid-labile than the «-D anomer.

As stated previously, 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-di- O-isopropylidene-
o-D-mannofuranoside with 0.05N ethanolic hydrogen chloride for 120h at 20°
afforded a mixture of methyl a-D-mannofuranoside and methyl 2,3-O-isopropylidene-
a-D-mannofuranoside. Chloroform extraction of the mixture afforded the monoacetal,
and concentration of the aqueous solution gave methyl «-D-mannofuranoside.
Similarly, mild, acid hydrolysis of methyl 2,3:5,6-di-O-isopropylidene-f-D-manno-
furanoside afforded methyl B-p-mannofuranoside which was characterised as its
calcium chloride complex.

EXPERIMENTAL

Melting points were determined on a Kofler microstage apparatus and are
uncorrected. Analytical t.l.c. was performed with silica gel G on microscope slides
with various solvents. The compounds were detected by treatment with 1:9 chloro-
sulphonic acid-acetic acid for ca. 10 min at 110°.

For g.l.c., a 4-ft. polyester (1.5% LAC-1-R-296 on Celite) 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-a-D-mannofuranoside and
methyl 2,3:5,6-di-O-isopropylidene-g-D-mannofuranoside were 4.3 and 9.5 min,
respectively.

Methylation of 2,3:5,6-di-O-isopropylidene-a-D-mannofuranose. — (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 filtered solids had been
washed with chloroform, the combined filtrate and washings were concentrated
in vacuo to yield an oil (1.2 g), which contained (t.l.c., benzene-ether, 7:3) two
components (ratio ca. 99:1, g.l.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 Mallinckrodt silicic acid (15 g) and benzene-ether (7:3) as irrigant; the
first component, methyl 2,3:5,6-di-O-isopropylidene-a-D-mannofuranoside (0.84 g),
b.p. 85°/0.1 mmHg, crystallised completely on storage at 0° and had m.p. 23°, [«]3®
+58.2° (¢, 3.8, 1,1:2,2-tetrachloroethane), [«]3° +50.1° (¢ 4.65, chloroform), [«lp
+70.3° (¢, 1.85, methanol); lit.%, b.p. 125°/0.04 mmHg (bath temp.), m.p. 24°, [«]3}
+68° (¢ 2.8 in methanol). .
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Further elution then afforded methyl 2,3:5,6-di- O-isopropylidene-f-D-manno-
furanoside (0.02 g), b.p. 115°/0.5 mmHg, [«]5° — 49.3° (¢ 0.83, 1,1:2,2-tetrachloro-
ethane), [x]3° —58.9° (¢ 2.0, chloroform); lit.” [«]3° —42.2° (c 5.36, 1,1:2,2-tetra-
chloroethane). P.m.r. data (chloroform-d): methyl 2,3:5,6-di- O-isopropylidene-«-D-
mannofuranoside, § 1.33 (singlet, 3 protons), 1.38 (singlet, 3 protons), 1.47 (singlet,
6 protons), 3.33 (singlet, OCH, protons), 3.8-4.9 (multiplet, 7 protons); methyl
2,3:5,6-di- O-isopropylidene-f-pD-mannofuranoside; 6 1.37 (singlet, 6 protons), 1.43
(singlet, 3 protons), 1.53 (singlet, 3 protons), 3.53 (singlet, OCH; 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 15h 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 (2x 15 ml), dried (Na,SO,), and concentrated to yield an oil (0.7 g)
which contained (t.l.c.) the same products as in (a), but in the reversed ratio, viz.
oa:f = 10:1 (g.l.c.). The compounds were separated as described in experiment ().

Comparison of acid lability of anomeric methyl 2,3:5,6-di-O-isopropylidene-p-
mannofuranosides. — Each glycoside (0.1 g) was dissolved in 3:1 aqueous ethanol
(1.5 mi), which was C.IN with respect to HCL After storage for 65h at 20°, the
solutions were neutralized with IRA-400 resin (HCOj3) 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:
(@)5 5.1, J; , 1.5 Hz; (b) 4.8, J; ; 1.0 Hz; {c) 4.8, J; ; 4.5 Hz. The first two resonances
correspond to those reported® for b-mannose (6 5.25, J, », 1.7 Hz; 8 4.97, J, , 1.0 Hz),
and the latter corresponds to that for methyl B-pD-mannofuranoside'® (5 4.8, J;
4.2 Hz).

For the a-D anomer, no resonances corresponding to mannose were observed,
but a strong resonance at 6 4.9, J; , 4.0 Hz, indicated that the hydrolysis had stopped
at the methyl a-D-mannofuranoside stage.

Methyl 2,3-O-isopropylidene-a-D-mannofuranoside. — Methyl 2,3:5,6-di-O-
isopropylidene-¢-D-mannofuranoside (4 g) was dissolved in ethanol (50 ml), and
0.2n HCI (50 ml) was added. After storage for 30 h at 25°, examination of the reaction
mixture by t.l.c. [benzene—ether (1:1)] showed traces of starting material, together
with a single component of lower mobility. Neutralisation of the mixture with
IRA-400 resin (HCO3), followed by concentration of the solution after separation
of the resin, gave an oil which was dissolved in benzene and extracted with water
(3x 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. 54-55°, [a]p +57° (¢ 1.3, chloroform). Anal. Calc.
for C,,H,,0,: C, 52.8; H, 7.0. Found: C, 53.1; H, 6.97. P.m.r. data: § 5.3 (octet,
H-5), 3.3 (singlet, 3 protons, OMe), 2.05 (singlet, 6 protons, acetyl groups), 1.44 and
1.33 (singlets, CMe,).

Methyl 2,3-O-isopropylidene-5-O-methyl-a-D-mannofuranoside. — A cooled
solution of methyl 2,3-0-isopropylidene-x-b-mannofuranoside (1.35g) 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 HC! until the washings were acid, and then
with dilute, aqueous sodium hydrogen carbonate and water. The dried (MgSQ,)
extract was concentrated to yield an oil (1.97 g) which was shaken for i4h with
N,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 filtrate
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.l.c. [benzene—ether (3:2)] showed the presence of two components, the minor
of which corresponded to methyl 2,3-O-isopropylidene-a-p-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-5- O-methyl-
a-D-mannofuranoside (0.55 g, 56%), m.p. 54°, [«]3* +76° (¢, 0.25 chloroform).

Anal. Calc. for C;;H,,04: C, 53.2; H, 8.1. Found: C, 53.5; H, 8.2.

Methyl a-D-mannofuranoside. — Methyl 2,3:5,6-di- O-isopropylidene-o«-D-
mannofuranoside (0.67 g) was dissolved in absolute ethanol (4 ml), and 0.1N hydro-
chloric acid (4 ml) added. After storage for 5 days at 20°, the solution was neutralised
with TRA-400 resin (HCO3J), 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 spontancously; recrystallisation from propyl alcohol
yielded methyl a-D-mannofuranoside (0.1 g), m.p. 119°, [«]3? +114.4° (¢ 0.7, water);
lit.'!, m.p. 120-121°, [¢]3* +109° (¢ 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-p-mannofuranoside.

Methyl B-D-mannofuranoside. — Methyl 2,3:5,6-di-O-isopropylidene-f-D-
mannofuranoside (1.79 g) was dissolved in absolute ethanol (20 ml), and 0.033n
hydrochloric acid (50 ml) was added. The reaction mixture was stored at 25° and
monitored by t.d.c. [ethyl acetate-methanol (24:1), detection with iodine vapour].
After 22.5h, 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 (HCO3) and then extracted continuously with
chloroform for 1.5 h. Concentration of the exiract yielded an oil (0.12 g), which
was shown by t.l.c. to contain the more-mobile components of the hydrolysate and
none of the slow-moving material. The aqueous extract was concentrated in vacuo
at 50° to yield crude methyl f-D-mannofuranoside (1.06 g), [¢]3° —80.6° (c 2.2, water).
The p.m.r. spectrum in D,0 showed a doublet at 6 5.0, J, , 4.2 Hz.

Preparation of the calcium chloride complex of methyl B-D-mannofuranoside. —
Crude methyl f-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 vacuo over anhydrous
calcium chloride to give the complex (1.31 g), [«]3® —54.7° (¢ 1.35, water); lit.'2
[«]3° —58.5° (¢ 1.71, water).

5-O-Methyl-p-mannose. — Methyl 2,3-O-isopropylidene-5-O0-methyl-a-D-man-
nofuranoside (0.25 g) was dissolved in 0.2n HCI and heated for 1.5h at 80-90°.
The hydrolysate wzs then neutralised with IRA-400 resin (HCOj3) 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 5-0-
methyl-p-glucose, the product had m.p. 130-131°.
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ABSTRACT

The crystalline barium acid salt of heparin (after conversion into the sodium
salt) was oxidized with periodate, whereby its D-glucuronic 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-pD-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 pD-glucuronic acid residues
are not sulfated.

INTRODUCTION

1t has been established? that, in the heparin molecule, D-glucuronic acid units
are polymerically condensed with 2-amino-2-deoxy-D-glucose units in a-D-(1—4)-
linkage, and that 2-amino-2-deoxy-p-glucose residues are likewise attached to
D-glucuronic acid residues by «-D-(1 —»4)-linkages. It is now apparent that a consider-
able proportion of L-iduronic acid residues is also present in heparin®-#*. 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 found® and with the fact that the periodate consumption
of the crystalline barium acid salt® of heparin (after conversion into the sodium salit)
indicates the presence of one glycol group per tetrasaccharide unit®, necessarily
located in a uromnic acid component. Two of the five sulfuric acid groups are present
as sulfoamino groups>:7~ 9 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, Nominé and co-workers*® have shown
that the 3-hydroxyl groups of the 2-amino-2-deoxy-D-glucose residues are not
sulfated. In confirmation of this conclusion, they also found that, on periodate
oxidation, all of the nitrogen content of a de-N-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 acid!3, and sulfated derivatives
of 2,5-anhydro-aldehydo-pD-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 (4) 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'“, had shown3
that both D-glucuronic and L-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 p-glucuronic acid residues in heparin contain
periodate-oxidizable a-glycol groups and therefore are mot sulfated. This proof is
based on the results of chromatography, but both p-glucuronic acid and r-iduronic
acid have been identified?:* 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 polysaccharide!>.
It was therefore possible to obtain the residual heparin material free from the periodate-
oxidized, borohydride-reduced heparin by mild hydrolysis of 4 .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?+!2, 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 Mg 1.27, 1.02, 0.84, and 0.65. When
de-N-sulfated heparin was similarly deaminated, paper electrophoresis showed the
presence of only two components, having Mg 1.27 and 1.02, presumably correspond-
ing to the mono- and di-sulfated disaccharides?. The presence, in the deamination
product of the heparin modification, of the fraction of Mg 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 Mg 0.84 was identical in paper electrophoretic and chromato-
graphic mobility with 2,5-anhydro-aldehydo-pD-mannose 6-(sodium sulfate) (1)
prepared by direct sulfation of 2-amino-2-deoxy-D-glucose hydrochloride!® followed
by deamination with nitrous acid'2. This fraction was thenisolated from the deamin-
ation product of heparin by preparative paper-chromaiography, 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™! characteristic of an
equatorial sulfated primary hydroxyl group, and thus of a 6-sulfate’® of a p-aldo-
hexopyranose in the CI (D) conformation.

EXPERIMENTAL

Periodate oxidation of heparin (sodium salt) followed by reduction with sodium
borohydride. — The sodium salt of heparin (0.49 g, 0.4 mmole), purified® through
the barium acid salt, was dissolved in water (4 ml) in a 10-ml volumetric flask,
aqueous sodium metaperiodate solution (5 mi, 0.2M) 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
spectrophotometrically2® at 223 nm by use of 0.1-ml aliquots of the solution diluted
to 250 ml. After deduction of absorption due to iodate ion, the results were (h, mole
of IO, 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 purified 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, was 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 (4),
[«]23 +51° (¢ 1.0, water).

Anal. Calc. for C,,H33N,Na;03:S5-H,0: 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 (1090 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 refluxed for 2.5 h, as
previously described® 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®. Whereas, previously, both b-glucuronic
acid and L-iduronic acid and their lactones had been detected?, only L-iduronic acid
and its lactone were now found.

Deamination of partially acid-hydrolyzed, periodate-oxidized, borohydride-
reduced heparin (sodium salt), and isolation of 2,5-anhydro-aldehydo-p-mannose
6-(brucinium sulfate) (1). — The heparin modification 4 (0.24 g) was refluxed for 3 h
with 0.04M sulfuric acid (20 ml), to effect de-N-sulfation and hydrolysis of the acetal

M* ~O3SOHy!

\ e}
k Hoa
HC=C

HO
1

M+ = Nat or 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, 0.5M) was added to the solution,
to generate nitrous acid, and the stoppered flask was kept undisturbed for 2 h. The
excess of mnitrous acid was then removed under diminished pressure, and sufficient
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 Amberlite IR-120 (H*) ion-exchange resin. The acidic effluent was made neutral
with 0.01M sodium hydroxide, and was concentrated to 10 ml. Paper electrophoresis?*
on Whatman No. 3 MM paper (12 cm %22 cm) for 4 h at 500 V (0.1M borate) gave
four distinct components as revealed by indication with alkaline silver nitrate solution:
Mg 1.27, 1.02, 0.84, and 0.67; the relative intensities of these spots, as estimated
visually, were 45, 30, 15, and 10%, respectively. The zone having M 0.84 was
identical in mobility with 2,5-anhydro-pD-manmose 6-(sodium sulfate), prepared as
described later. The solution was then applied to 8 sheets of Whaiman 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—water?2. 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-pD-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 6-15-um region. The remaining material
(11 mg) was then extracted with hot 95% ethanol (20 ml), and the extract was centri-
fuged. Evaporation of the alcoholic solution afforded a pale-yellow gum (7 mg)

*Recorded with a Perkin—Elmer Infracord infrared spectrometer.
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which, on paper electrophoresis, showed a single spot having Mg 0.84; i%°r 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 um. An aqueous solution (10 ml) of this gum was
de-ionized with Amberlite IR-120 (H ™) 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 x20 ml) and ether (2 x 20 ml). The aqueous solution was decolor-
ized with carbon, the suspension was filtered, and the filirate 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
supernatant mother-liquor was withdrawn by means of a small pipet. The crystals
were successively washed with 60% aqueous acetone (3 x1 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-p-mannose 6-(brucinium sulfate) (1) described next.

Authentic 2,5-anhydro-aldehydo-D-mannose?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 sulfaied 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, supernatant 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 (0.025Mm, 50 ml), and
the solution was refluxed for 2 h. After being cooled to rcom 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, supernatant liquor was passed through
a Millipore filter. After concentration of the solution to about 20 ml, paper electro-
phoresis (0.1M borate, at 500 V for 3 h) showed three components, having Mg 0.01
(2,5-anhydro-aldehydo-p-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 (0.01m). 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 Rg 0.24 was excised, and eluted with water.
The aqueous solution was evaporated to dryness, and extracted with hot 95%
cthanol, the extract was centrifuged, and the clear, alcoholic, supernatant 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; 2XEr 6.18 (CHO), 7.90 (OH), 8.83, 9.90 (SO, ester),
9.30, 10.60, 10.40, 10.18, 13.70 (816 cm ™ !, equatorial primary SO, ester), and 13.00 um.

The substance (44 mg) so purified by paper chromatography was de-ionized
with Amberlite IR-120 (H*) 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 mi). 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, 1), 7.03(s), 6.46 (m), 5.98 (m), 5.68 (m),
5.37 (m), 4.96 (w), 4.37 (5), 4.02 (m), 3.90 (m), 3.77 (s), 3.55 (vs, 2), 3.38 (W), 3.21 (W),
and 3.06 (m).

Anal. Cale. for C,oH;3,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 gl.c., it is concluded that the
sodium hydride-methyl sulphoxide-methyl iodide system has advantages over the
classical Haworth—Purdie procedures for the polysaccharides studied. The sodium
hydroxide-methyl sulphate-methyl sulphoxide procedure gave products having
lower molecular weights and extra g.l.c. peaks, and should be viewed with some

caution.
INTRODUCTION

Methylation studies continue to play an important role in polysaccharide
structure determination. 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 treatments®~°.

The sodium hydride-methyl sulphoxide-methyl iodide system has been shown
to have advantages for some neutral and acidic® polysaccharides. It has led to at
least one correction of earlier data®. However, with Acacia senegal gum, which
has significant proportions of L-thamnopyranose residues as end groups attached to
C-4 of p-glucuronic acid residues, loss of 2,3,4-tri-O-methyl-L-thamnose and probably
2,3-di-O-methyl-D-glucuronic acid occurs’.

It has been suggested®:? 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: (/) Haworth! followed by the Purdie?
procedure, (2) sodium hydride-methyl sulphoxide-methyl iodide® (completion by
Purdie method), and (3) sodium hydromde—methyl sulphoxide-methy! 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.).

RESULTS AND DISCUSSION

Full structural studies are still in progress, but work done to date indicates
that both hemicelluloses consist essentially of a backbone of g-linked D-xylopyranose
residues, to which are attached, as side-chains, residues of L-arabmofuranose and
D-glucuronic 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. 60-80°). 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.o. results are
summarised in Table I.

TABLE I

NUMBER-AVERAGE MOLECULAR WEIGHTS (M,) OF Setaria AND Cynodon POLYSACCHARIDES
Sample Methylation Mean M, Methoxyl (%) Yield (%)

procedure

Setaria 1a 9,300 +-350° 38.8 39
Setaria 2 9,400 4-350% 38.9 100
Setaria 3 8,500 +350° 38.3 65
Cynodon 1 6,700 4-300° 38.6 42
Cynodon 2 7,500 3000 38.8 90
Cynodon 3 5,300 +300¢ 389 62

sNumbers refer, respectively, to the methods listed in the introduction. ?Mean 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.l.c.): 2,3,4-tri-O-methyl-D-xylose, 2,3,5-tri-O-
methyl-L-arabinose, 3,5-di-O-methyl-L-arabinose, 2,3-di- O-methyl-D-xylose, and 2-O-
methyl-b-xylose.

In the samples methylated by procedure 3, there also appeared three minor
but definite peaks; two were between those of the tri- and di-O-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 1.

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.l.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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EXPERIMENTAL

.Paper chromatography was carried out on Whatman No. 1 paper with the
following solvent systems (v/v): (@) ethyl acetate-pyridine-water (10:4:3), (5) butyl
alcohol-ethanol-water (4:1:1), (¢) butyl alcohol-benzene-pyridine-water (5:1:3:3,
upper layer). Alkaline silver nitrate and p-anisidine hydrochloride were used as
spray reagents.

G.Lc. was carried out isothermally at 160° on columns (5 ft. x 1/8 in.) of (a)
ethylene glycol succinate (14% by wt.) on acid-washed Chromosorb W, 80-100 mesh,
and (b) butane-1,4-diol succinate (15% by wt.)) on the same support. The carrier
gas was nitrogen at a flow rate of 35 ml/min, 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 (M, 4,800; M, /M {1.10. Pressure Chemical Co., Pittsburgh, Pa.).

Isolation of the polysaccharides. — Ysolation and purification procedures for
both hemicelluloses were essentially as described by Mcliroy®.

Cynodon hemicellulose had [«]3° —97.3° (¢ 0.51, 4% sodium hydroxide)
(Found: uronic anhydride by decarboxylation, 3—4; 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 [«]3* —92° (¢ 0.3, 4% sodium hydroxide) (Found: uronic
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.

Methylations. — (1) Haworth—Purdie procedure. For Cynodon hemicellulose,
5 additions of the Haworth and 4 of the Purdie reagents were required for complete
methylation, whereas Sefaria required 5 treatments of each.

(2) Sodium hydride-methyl sulphoxide-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 tc room temperature, was added
methy! 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 (MgSQO,) and evaporated to yield 2.03 g
of product (Found: OMe, 37.0%), which siill showed some hydroxyl absorption in
the infrared. A further 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! sulphoxide-methyl sulphate. The procedure
adopted was similar to that of Srivastava et al.’, e.g., for Setaria hemicellulose.
The polysaccharide (1 g) 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 80-90° to destroy excess of methyl sulphate, cooled to about 5°, and neutral-
ized with 20% sulphuric acid to pH 7. Sodium sulphate was removed by filtration
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 (5x 200 ml) to remove methyl sulphoxide, dried
over anhydrous magnesium sulphate, and evaporated to yield 0.7 g of polysaccharide
(Found: 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 polysaccharidé, 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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ABSTRACT

A synthesis of the naturally occurring 3-deoxy-D-manno-octulosonic acid by
the Wittig reaction is described. Condensation of tetra-O-acetyl-aldehydo-p-arabinose
with (zerz-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 bD-manno
configuration was converted into 3-deoxy-D-manno-octulosonic acid. The g.l.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 immunospecificity? of
the biopolymer. Previously, it has been synthesised by the condensation of D-arabinose
with oxaloacetic acid® *or its di(tert-butyl) ester®, in 2 manner similar to that used®:”
for the preparation of N-acetylneuraminic acid. We now describe a new synthesis of
3-deoxy-D-manno-octulosonic acid.

RESULTS AND DISCUSSION

The condensation of tetra-O-acetyl-alde/iydo-D-arabinose with (zert-butoxy-
oxalyl)methylenetriphenylphosphorane in boiling toluene gave tert-butyl 5,6,7,8-
tetra- O-acetyl-3,4-dideoxy-D-arabino-octulos-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 affords® a
mixture of enaminolactones, accompanied by degradation products. An attempt to
remove the hydrogen chioride and water that are formed in this reaction, by using
the molecular sieve Linde 5A (the reaction was carried out in N, N-dimethylformamide),
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-cnan-
tiomers ®. Methanolysis of the D-manno-enaminolactone 3a, followed by acid hydro-
iysis, led to 3-deoxy-D-manno-octulosonic acid (4), which was identical with the
natural product (comparison of ammonium salts?®).

Difficulties are encountered in the chemical and biochemical® identification of
3-deoxyglyculosonic acids. Thus, for example, ammonium 3-deoxy-D-manno-
octulosonate, and penta-O-acetyl-3-deoxy-D-manno-octulosonic acid* or its methyl
ester 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 (cf. ref. 10), 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.l.c. revealed three products
which were tentatively identified as the compounds mentioned above. On methanolysis,
followed by silylation, the manno and gluce epimers gave three components on g.l.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.l.c. pattern, consisting of two peaks.
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Fig. 1. G.l.c. separation of derivatives of 3-deoxy-b-manno- (A) and -p-gluco-octulosonic acids (B).

TABLE I

RETENTION TIMES OF 3-DEOXY-D-manno- AND -gluco-OCTULOSONIC ACID DERIVATIVES, RELATIVE TO
METHYL TETRA-O-TRIMETHYLSILYL-2-D-GLUCOPYRANOSIDE (T = 2.6 MIN)

Compound Retention time

manno isomer 2.71 3.32 5.74
gluco isomer 2.16 2.82 5.73
EXPERIMENTAL

General. — Thin-layer chromatography (t.l.c.) was performed on silica gel
KSK, and detection was effected with conc. sulphuric acid or aqueous potassium
permanganate. Melting points were determined on a Kofler micro-heating stage.
G.l.c. was performed with a Pye Argon Chromatograph, equipped with a f-ionisation
detector, and glass columns (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-Butyl 5,6,7,8-tetra-O-acetyl-3,4-dideoxy-D-arabino-octulos-3-enonate (1). —
A solution of tetra-O-acetyl-aldehydo-D-arabinose (2.50 g) and (tert-butoxyoxalyl)-
methylenetriphenylphosphorane!! (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 drynmess, the
residue was treated with ether (50 ml), and the precipitated triphenylphosphine oxide
was removed by filtration. The filtrate 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 (0-30%). Fractions containing pure substance
(Rp 0.8, benzene—cther 1:1) were combined and evaporated to give the ester 1 (2.93 g,
84%) as a syrup, [a]3® +12.1° (¢ 5.04, benzene) (Found: C, 54.33; H, 6.42. C,,H,50,,
calc.: C, 54.05; H, 6.35%).

2-Anilino-4-(R)- and -4-(S)-(D-arabino-tetra-acetoxybutyl)-2-buten-4-olides (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 N-benzyl-
ideneaniline (390 mg, 1 mol.) were added, and the solution was heated for 2,5h
at 60°. The red solution was taken to dryness, the residue was dissolved in benzene
(50 ml), and the filtered solution was washed with 2N 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 (30x 1.5cm) of
silica gel by elution with benzene (100 ml) and benzene—ether 7:3 (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 mi).
After storage overnight, the enaminolactone 3b was collected by filtration, 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]3* +23° (¢ 2.42, chioroform); the L-enantiomer® has
m.p. 145-146°, [«]3® —25° (¢ 1.94, chloroform) (Found: C, 57.10; H, 5.50; N, 3.16.
C,,H,;NO,, cale.: 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°, [«]3! —53° (¢ 2.14, chloroform);
the L-enantiomer® has m.p. 115-117°, [«]3® +50° (¢ 2.5, chloroform) (Found:
C, 57.08; H, 5.51. C,,H,;NO,, calc.: C, 57.01; H, 5.44%).

Ammonium 3-deoxy-D-manno-octulosonate. — A solution of enaminolactone 3a
(100 mg) in 10 ml of 0.2N 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, filtered through a pad of
Filter Cel, and passed through a column (3 x 0.7 cm) of cation-exchanger KU-2(H*)
(prewashed with 80% methanol) by elution with 80% methanol (50 ml). Methanol
was distilled from the eluate under diminished pressure, and the residual, aqueous
solution was treated with 0.1N NH,OH tc 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 crystallised slowly (2 months) from
85% aqueous acetene (20 ml) at 0° to give several mg of ammonium 3-deoxy-D-
manno-octulosonate, m.p. 120-123° (dec.); lit.* m.p. 121-123°,
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Methanolysis of enaminolactones. — Enaminolactone 3a or 3b (10-15 mg) was
heated under reflux with 5m! of 0.28 methanolic hydrogen chloride for 2 h. The
cooled solution was neutralised with silver carbonate, filtered, passed through a
column (1.5 x 0.7 cm) of KU-2(H ™) (prewashed with methanol), eluted with methanol
(10 ml), and evaporated. The product obtained migrated as a single spot (Rr 0.65)
on a paper chromatogram in the solvent system butyl alcohol-acetic acid-water
(4:1:1); it could be detected with periodate-benzidine and hydroxylamine—ferric
chloride reagents. This product was trimethylsilylated 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 1,4:3,6-
dianhydrohexitols into the corresponding 2,5-dione; no significant selectivity in the
oxidation of endo-and exo hydroxyl groups was noted.

Comment is made on the abnormally high optical rotation of the bis(2,4-
dinitrophenylhydrazone) of 1,4:3,6-dianhydro-D-threo-hexo-2,5-diulose.

INTRODUCTION

Recently, we reported?'? 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®. Apart from our report® of the successful oxidation of methyl
3,4,6-tri-O-benzoyl-a-D-glucoside to methyl 3,4,6-tri- O-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 1,4:3,6-dianhydrohexitols.

RESULTS AND DISCUSSION

Both methyl 2,3,6-tri-O-benzoyl-a-D-galactopyranoside* (1) and the analogous
glucoside® 2 could be oxidised with ruthenium tetroxide to give pure, crystalline
methyl 2,3,6-tri-O-benzoyl-a-D-xylo-hexopyranosid-4-ulose (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 Gabriel® recently reported
difficulty in isolating this pyranosidulose from the Me,SO-Ac,O 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-o«-D-arabino-hexopyranoside and phenyl 3,6-di-
O-benzoyl-2-deoxy-a-D-Ilyxo-hexopyranoside.

The toluene-p-sulphonyl group is stable towards the oxidant, since methyl
4,6-O-benzylidene-2-O-toluene-p-sulphonyl-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 acetamidoglycosides. For example, methyl
2-acetamido-4,6-O-benzylidene-2-deoxy-a-D-glucoside 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 yield, 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 ‘a-diketone’ from methyl
4,6-0-benzylidene-o-D-glucopyranoside have failed so far. The product remains
strongly attached to the ruthenium oxide. On the other hand, 1,4:3,6-dianhydro-
hexitols 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 endo-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-pD-mannitol (7), -L-iditol (8),
and -D-glucitol (9) were oxidised by RuO, under identical conditions, and, in each
case, the oxidation product (10) was isolated as the bis(2,4-dinitrophenylhydrazone)
(11) (yields, 53, 43, and 48%, respectively). Although a trend indicating some prefer-
ence for oxidation of endo over exo 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 2,4-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) 11 has a remarkably
high optical rotation and one much larger than that ([x]p, +466°) of the p-nitro-
phenylhydrazone of4,6-O-ethylidene-1,2- O-isopropylidene-D-xylo-hexopyran-3-ulose,
which was the subject of recent comment!!. Also, it is much larger than that ([«],
-+ 100°) of the 2,4-dinitrophenylhydrazone (4) derived from the uloside 3 or that
([zlp +238°) of the 2,4-dinitrophenylhydrazone prepared from methyl 3,4,6-tri-O-
benzoyl-a-D-xplo-hexopyranosidulose!. The explanmation of the large rotation of
compound 11 must be that the light used (sodium D-line, 4 589 nm) for the meas-
urement was of a wavelength close to that at which the compound exhibited a
Cotton effect. Compound 11 gives a typical ultraviolet spectrum for the 2,4-dinitro-
phenylhydrazone chromophore (Fig. 1). The o.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 (@ = 111,300) is centred*. This appears
to be associated with the electronic transition which gives rise to the shoulder on the

TABLE 1

SPECIFIC AND MOLECULAR ROTATIONS OF SOME NITROGENOUS DERIVATIVES OF 1,4:3,6-DIANHYDRO-D-

threo-HEX0-2,5-DIULOSE

Derivative [«lp (degrees) Solvent [M] (degrees)
Bis(2,4-dinitrophenylhydrazone) +1670 CHCl3 (c 0.1) 8383
Bis(p-nitrophenylhydrazone) + 582 MeaCO (c 0.02) 2400
Bis(phenylhydrazone) + 770 CHCl3 (¢ 0.1) 2480
Bis(1-naphthylhydrazone) + 934 CHCl3 (c 0.04) 3940
Dioxime + 207 EtOH (c 0.06) 356
nm
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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. spectfum could be measured with such a strongly

absorbing compound.
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Fig. 2. O.r.d. curve of the bis(p-nitrophenylhydrazone) of the diulose 10, measured in p-dioxane.
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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 10
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 (@ = 78,000), but this is centred at shorter wavelength (i.e., 238 nm)
than for compound 11.

Although the Iarge, 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 2,4-dinitrophenylhydrazones. Although Guthrie and co-workers?
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.

0Bz
oBz — l '
OMe HO OMe PhCH—O OMe
[0]=7] R
1

3X=0 NO. SR= p—MeC6H4SOZO
4 X= NNH Noz 6 R=NHAc
OH OH OH X
Hof =]
O O O
9]
;iR H ‘,' H
HO HO HO X

7 8 [~ 10 X=0O NOZ
: 1 %= NNH—@—NOZ

In some way, the large optical rotation of compound 11 would seem to be
attributable to the o-nitro group, since the bis(p-nitrophenylhydrazone) of the
diulose 10 does not have such a large rotation. However, the effect is not due solely
to the presence of the 2,4-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—Elmer Infracord model 137;
solids were dispersed in KBrdiscs, 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. O.r.d. curves were measured (solutions in p-dioxane) with a Bellingham
and Stanley (Polarmatic 62) instrument. T.Lc. plates were coated with silica gel G
(Merck), and compounds were located!* with an ethanolic solution of anisaldehyde
(0.1%) and sulphuric acid (5%).

Methyl 2,3,6-tri-O-benzoyl-a-D-xylo-hexopyranosid-4-ulose (3). — (a) Methyl
2,3,6-tri- O-benzoyl-a-D-glucopyranoside (2) (6 g) in methylene chloride (50 mi) was
oxidised with ruthenium tetroxide (from 3.1 g of RuQ,) in carbon tetrachloride
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(200 ml) for 4 h. Recrystallisation of the product from light petroleum (b.p. 60-80°)—
ether gave the title compound (4.8 g, 79%) as needles, m.p. 121°, [olp +172° (c 1.8,
methylene dichloride), V., 1700 cm™1.

Anal. Calc. for C,5H,,04: 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).

(b) Likewise, methyl 2,3,6-tri- O-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 ulose (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 2,4-dinitrophenylhydrazine (0.16 g)
in ethanol (50 ml) containing hydrochloric acid (0.002m) for 1 h at 75° gave the
2,4-dinitrophenylhydrazone 4 (0.2 g) as yellow crystals, m.p. 131-132°, [e], +100°;
Vmax 3370 (NH), 1730 (ester C=0), and 1600 cm™!; n.m.r. data [(CD;),SO]: 7 6.41
(3H, methoxyl); 5.0 (3H, H-6, H-6’, and H-5); 4.67 (1-proton doublet, 3.5 Hz, H-1);
4.2 (1-proton quartet, 3.5 and 7.8 Hz, H-2); 3.62 (1-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 (1-proton doublet, 2.5 Hz, proton situated between
the two nitro groups); o 11.8 (broad NH signal).

Anal. Calc. for C5,H,5N,0,,: C, 59.6; H, 4.1; N, 8.2. Found: C, 59.6; H, 4.4;
N, 7.8.

Methyl 3,6-di-O-benzoyl-2-deoxy-a-D-threo-hexosid-4-ulose. — A solution of
methyl 3,6-di-O-benzoyl-2-deoxy-a-D-arabino-hexopyranoside!® (5 g) in dry carbon
tetrachloride (40 ml) at 0° was treated for 5Sh with ruthenium tetroxide (from 3 g
of the dioxide) in carbon tetrachloride. Excess of oxidant was eliminated by addition
of isopropyl alcohol (1.5 ml), and the filtered solution was dried (Na,SO,) and
concentrated to a syrup which was triturated with 60% ethanol. The resulting prisms
were recrystallised from light petroleum (b.p. 60-80°)—ether to afford the title
compound (3.4 g, 68%), m.p. 88-89°, [alp, +125° (¢ 1, methylene dichloride),
Vpax 1700 cm ™1

Anal. Calc. for C,,;H,,04: C, 65.6; H, 5.3. Found: C, 65.5; H, 5.3.

Phenyl 3,6-di-O-benzoyl-2-deoxy-o-D-threo-hexosid-4-ulose. — A solution of
phenyl 3,6-di-O-benzoyl-2-deoxy-o-D-Iyxo-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 recrystallised from light petroleum (b.p. 60-80°)—ether to give
the title compound (0.91 g, 48%) as needles, m.p. 118°, [«]p, +153° (¢ 1, methylene
dichloride), which soon became hydrated.

Anal. Calc. for C,H,,0,: C, 69.7; H, 5.0. Found: C, 69.7; H, 5.1.
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Methyl 4,6-O-benzylidene-2-Q-toluene-p-sulphony!-o-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 usual manner with ruthenium tetroxide (prepared
from 0.66 g of the dioxide). The crude material (1.46 g) isolated was recrystallised
from methylene dichloride (8 ml) and light petroleum (b.p. 40-60°) (25 mI) to yicld
starting material (0.91 g). The mother liquors were concentrated to a residue which,
after recrystallisation (twice) from ethanol, gave compound 5 (0.3 g), m.p. 164-166°,
[elp +42° (¢ 0.5, N,N-dimethylformamide); lit.”, m.p. 165-167°, [«]p, +45° (V,N-
dimethylformamide).

Treatment of the starting material with sodium metaperiodate and a catalytic
amount of ruthenium dioxide afforded less product.

Methyl 2-acetamido-4,6-O-benzylidene-2-deoxy-a-D-ribo-hexopyranosid-3-ulose
(6). — 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-O-benzylidene-2-
deoxy-x-D-ghucoside (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.l.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 recrystallisation from acetone-light
petroleum (b.p. 40-60°), afforded compound 6 (0.87 g, 58%), m.p. 227-229° (dec.),
[2]2° +88° (¢ 1.1); Ve 3400 (NH), 1770 (C = 0), 1660 and 1565 (amide) cm™*;
lit. ®, m.p. 227-228° (dec.), [¢]lp +110° +4° (N,N-dimethylformamide).

Anal. Calc. for C;4H,;,NO4: C, 59.8; H, 5.96; N, 4.4. Found: C, 59.4; H, 6.45;
N, 4.2,

1,4:3,6-Dianhydro-D-threo-hexo-2,5-diulose bis(2,4-dinitrophenylhydrazone) (11).
— This compound was prepared from the 1,4:3,6-dianhydrides of D-mannitol'® (7),
L-iditol' 7 (8), and p-glucitol!® (9), in separate experiments under identical 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 terminated by addition of isopropyl alcohol (0.5 ml). The mixture
was filtered, and the dioxide was washed with acetone. The combined filtrate and
washings were evaporated to a residue which was treated with 2,4-dinitrophenyl-
hydrazine. The bis(dinitrophenylhydrazone) had m.p. 245-246° (dec.), [«lp +1670°
(c 1), irrespective of the starting material; 1it.!° m.p. 248°. N.m.r. data [(CD;),SO}:
7 5.24 (4-proton, broad signal, pair of methylene groups); 4.16 (2-proton, broad
signal, two bridge-head methine protons); 2.12 (I-proton doublet, 10 Hz, proton
adjacent to the hydrazino substituent); 1.09 (I-proton doublet, 2.5 Hz, the proton
between the two nitro-groups); 1.54 (1-proton quartet, 10 and 2.5 Hz, the remaining
aromatic ring proton); 6 11.6 (broad NH signal).

Anal. Calc. for C,;gH,;NgO,: 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.

INTRODUCTION

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 Sgqualus
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 structurally 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 8:1 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 maximus (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 severa!l fish was pooled.
A sample of the jelly from a single specimen of Ceforhinus maximus was collected
by dissection. In both cases, the wet jelly was stored at —25° prior to homogenisation
and dehydration with acetone in a high-speed macerator.

*Prcsent address: Unilever Research Laboratory, Colworth House, Sharnbrook, Bedford, Great
Britain.
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Preparation and purification of glycopeptides from acetone-dried jelly. —
Pronase B (Calbiochem., 60 mg) in 0.IM Tris (pH 8, 250 ml) containing CaCl,
(10mM) was added to acetone-dried Lorenzini iellv (2.5 ), and the solution 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,
dialysed product-mixture was concentrated by freeze-drying, and purified by get
chromatography on Sephadex G-100 (Figs. 1a, 1b), by stepwise elution from DEAE-
Sephadex (C1™ form) in 0.1M 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 acid® (Method A, absorbance measured
at 490 nm), for protein by the method of Lowrie er al.* (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 Raja clavata
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. L.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): (4) pyridine-ethyl acetate—
acetic acid—water® (5:5:1:3); (B) butanone-acetic acid-saturated, aqueous boric acid®

©:1:1).

Absorbance Lorenzini

15403 lycopeptides
10102 ‘
0.5401
500 1000 1500
Lorenzin: ,
1 11 19lycopeptides
15106 )
10104
05402
S00 1000 1500

Volume of eluate (mi)
Fig. 1. Elution of pronase-digested Lorenzini jelly from Sephadex G-100 with 0.9 per-cent sodium
chloride solution. Fractions assayed by methods A (—————)and B (- - - - = ). (a) Raja clavata,
(b) Cetorhinus maximus.
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Fig. 2. Elution of Lorenzini glycopeptides (see Figs. 1a, 1b) from DEAE-Sephadex. Fractions

assayed by methods A (————), B (-~ - ~ -), and C (—°——°—). Sodium chloride concen-
tration (—e—e—). (@) Raja clavata, (b) Cetorhinus maximus.

Glycopeptides (1-2 mg) were hydrolysed in 2N sulphuric acid (I ml) at 100°
(sealed tube) for 6 h, and the neutralised [Ba(OH),] hydrolysate was analysed by
paper chromatography with solvent 4. Part of the hydrolysate was heated with
ninhydrin solution?, concentrated, and analysed by paper chromatography in
solvent B. Paper electrophoresis® (Whatman 3MM paper) was carried out in acetate
buffer, pH 6.0.

Gas-liguid chromatography (g.l.c.). Basic components in glycopeptide hydro-
lysates were absorbed on Dowex-50 (H*) resin. Neutral components, eluted from
the resin with water, were converted ® 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 1.5°/min.

Chemical analyses. Reducing sugars were determined!® by using alkali ferri-
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resin. Total 2-amino-2-deoxyhexose was determined by the method of Gatt and
Berman'®. To determine the enantiomeric nature of galactose and 2-amino-2-
deoxygalaciose, glycopeptides were hydrolysed (2N hydrochloric acid, 100°, 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 oxidase'“®. Basic components were eluted with 2N hydrochloric
acid, and the acid was removed by rotary evaporation with addition of water,
followed by concentration to dryness in vacuo over potassium hydroxide. An aliquot
of an aqueous solution of the residue was analysed for content of 2-amino-2-deoxy-
D-galactose by reaction with D-galactose oxidase. Hexuronic acid was determined
by a modification!® of the Dische!® 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 et al.*®,
and ash (as sodium) by flame photometry. Amino acid residues present after hydro-
lysis of glycopeptides with 6N 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 0.1M Tris buffer, pH 8 (82, S3, and R3), or
0.05M Tris buffer, pH 8 (S1), were eluted from DEAE-Sephadex (C1™ 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.

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. 1a). 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 nm. 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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Absorbance [NaCl]

014
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Fig. 5. Elution of Lorenzini glycopeptides R3, S1, S2, and S3 (see Figs. 3a, 3b) from DEAE-Sephadex
Fractions assayed by method A (———). Sodium chloride concentration (—e—e—).

Cetorhinus maximus gave four components (Fig. 2b), one (S1) 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 S1, S2, and S3 contained an impurity, apparently similar to that
found in glycopeptides from Raja clavata, 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 S1, 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=Q stretching, characteristic of sulphate), and 1640 and
1540 cm™1! (strong, acetamido groups). The latter absorption bands were present
in the specira of all of the purified glycopeptides, but the intensity of the absorptions
due to sulphate in the glycopeptides from Cetorhinus maximus increased in the order
S1¢{S2¢S83, and in the glycopeptides from Raja clavata in the order R2{R3{R4.
Absorption bands in the region 780-820 cm™! 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, Si, 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 confirmed 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 (S1, S2, S3) AND Raja clavata (R3, R4)

Component (umoles/mg)% Glycopeptide
S1 S2 S3 R3 R4

D-Galactose® 1.85 1.77 1.99 2.17 1.44
6-Deoxyhexose (as fucose)¢ 0.12 0.20 0.25 0.04 0.04
Total hexosamine® 1.40 1.39 1.70 1.65 1.33
2-Amino-2-deoxyglucose® 0.31 0.68 1.43 1.38 1.21
2-Amino-2-deoxy-p-galactose” 1.09 0.71 0.27 0.27 0.12
Reducing sugar 1.61 0.97 0.37 0.45 L4
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
Threonine 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
Valine 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

2Values are not corrected for ash content. ?Not determined. ¢Cysteine-sulphuric acid assay. 4Gatt
and Berman assay. By difference. By p-galactose oxidase.

A minor component of hydrolysates of S1, S2, and S3 had a similar mobility
to that of fucose or xylose. The presence of fucose, and absence of xylose, in S2 was
confirmed by g.l.c. Paper-clectrophoretic 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 4N hydrochloric acid for 4.5h at 100° or with
2N 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 Dp-enan-
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tiomer. The molar ratio of galactose to hexosamine in ali of the glycopeptides analysed
was ca. 1.2:1 and that of hexosamine to acetyl was ca. 1:1.

The glycopeptides from Cetorhinus maximus contained less sulphate than
those from Raja clavata, consistent with the infrared spectroscopic data. Colorimetric
analyses of the glycopeptides from both species indicated a hexuronic acid content
of 2-3% (wf/w). The colour produced had 1_,, 530 nm, 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