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INTRODUCTION 

Considerable interest has been shown in the conformational effect of c&fused 
isopropylidene rings on parent five- and six-membered rings. Thus c&fusion of cne 
isopropylidene ring to a cyclohexanel or pyranoses ring causes little distortion from 
the initial chair conformation except in the case of some 1,2-O-alkylidene-a-D-gluco- 
pyranose derivatives3 when the pyranose ring appears to adopt a skew (or twist boat) 
conformation. Angyal and Hoskinsonr showed from hydrogen-bonding studies that 
c&fusion of two isopropylidene rings forces the cyclohexane ring to adopt a non-chair 
conformation, generally of the skew type. McCasland et al! have subsequently 
demonstrated from the p.m.r. spectrum that a dideoxy-di-O-isopropylidene-dithio- 
inositol also adopts a skew conformation. On the basis of a limited amount of 
p.m.r. spectral information, Coxon and Hall3 suggested that 6-0-acetyl-r,2:3,4-di- 
O-isopropylidene-a-D-galactopyranose (VI) is in a chair conformation in solution. 
Examination of some related compounds, in which the assignment of most or all 
of the vicinal coupling constants is unambiguous, has now shown that the vicinal 
coupling constants for the H(z)--H(s) and H(s)-H(g) interactions in the above galactose 
derivative must be reversed. The observed coupling constants for these di-O-isopro- 
pylidene derivatives are consistent with a non-chair conformation similar to the skew 
conformation proposed by Angyal and Hoskinsonr for di-0-isopropylidene-inositols. 

EXPERIMENTAL 

The spectra were measured with a Varian A-63 spectrometer at its normal 
operating temperature. The carbohydrate derivatives were examined as 10% w/v 
solutions in deuterochloroform or acetone as indicated. Tetramethylsilane was used 
as the internal reference; 2-3 drops were added to each solution (0.4 ml or 0.5 ml). 
After the spectrum had been measured at 500 c.p.s. sweep width, the part of the spec- 
trum containing the signals due to the ring hydrogens was reswept at 250 c.p.s. sweep 
width, with optimum values of the RF field and frequency band width. The 250 c.p.s. 
sweep-width spectrum was calibrated from 2 or 3 of the sharpest lines in the same part 
of the 5oo c.p.s. sweep-width spectrum and the vicinal coupling constants and chemi- 
cal shifts of the ring hydrogens measured on the former spectrum. Melting points 
were measured on a Kofler microstage apparatus. 
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TABLE IV 

CALCULATED COTJPLl3IG CONSTANTS (C.P.S.) 

Conformarion J1.S J2,s Js,4 J4,5 

z 2.0 6.3 2.0 3.7 6.3 9-o 2.0 6.3 

0 9.0 2.0 2.0 9.0 

greater variation in the value of J4.5 than that observed for the other ring coupling 
constants is probably, at least in part, due to the different substituents on C-5. 

Examination of experimentally-determined bond angles for simple iodoalk- 
anessv suggests that the bond angles for the C (5)-C(6) fragment of the 6-deoxy-6-iodo- 
galactose derivative are fairly close to the tetrahedral bond angle andthattheprojected 
valence angle H(s,)-C(s)-H(s,) (&j,,s,) should be approximately IZOO. Application 
of the parameters of Abraham et a1.2s gives the values ca. 35” or 140’ .for $5.6, and 
ca. 22O or r51° for +5.62- The di&renCe between these, either ca. 116” or I Iso, is thus 
the experimentally determined value for &,,s, if these parameters are applicable. 
In view of the earlier discussion, this measure of agreement is encouraging. Similar 
application of the parameters of Abraham et aZ.25 to the Cl4)--Cts) fragment of 
di-O-isopropylidene-arabinose gives values of 60” for $45, and 69 for $4.5,. Thisgives 
an experimental value of x25” for q&,.5, which is also reasonably close to the expected 
value of 120~ considering the approximations involved. A tentative assignment of 
H(s,) as the hydrogen directed below the ring and H(s,) as the hydrogen directed 
above the ring is also possible. 
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SUMMARY 

The p.m.r. spectra of a series of 1,2:3,4-d&O-isopropylidene-arabinopyranose 
derivatives have been measured at 60 Mc.p.s. The derived vicinal coupling constants 
show that the pyranose ring in these derivatives adopts a non-chair conformation. 
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INTRODUCTION 

Previous publications’-3 described the greparation of a series of isomeric 
cyclopentanetetrols, a number of related cyclitols, halo-cyclitols, and epoxycyclitols, 
as well as derivatives of many of these compounds. The configurational assignments 
were based on the structures of the starting materials and the presumed stereospeci- 
ficity of subsequent reactions, by analogy with similar reactions in the cyclohexnne 
series. In certain cases the course of reaction was different from the supposedly 
analogous reaction in the cyclohexane series, and in addition there was some contro- 
versy about the configurational assignment of two diols used as starting materialsl. 
A completely independent means of determining the configuration was therefore 
essential. The successful application of n.m.r.it spectroscopy to carbohydratesa-G 
and to cyclitols 7 as well as the intrinsic value of an n.m.r. study of the cyclopentane 
series indicated that useful results could bc obtained. The assignment of all the ring 
proton resonances has been accomplished in most of the cases studied in this commun- 
ication, and even when individual O-C-H resonances could not be assigned, 

the spectrum of the methylene protons gave the desired information. All assignments 
of configuration previously based on chemical grounds have been confirmed by the 
n.m.r. study. Definite parallels have been found between the cyclopentane series 
and the hexachlorobicyclo 12.2.11 hepteness and related norbornenz con;poundsg 
with respect to the internal chemical shifts between the methylene protons and 
adjacent O-C-H or &--C-H protons. 

*Supported in part by U.S. Public Health k-vice grant AM-07719 from 
Arthritis and hZctaboIic Diseases. Presented in part at the 146th National 
Chemical Society, Denver, Colorado, January zo-23, I 964. 

the National Institute of 
Meeting of the American 

**Department of Biochemistry: to whom communications should bc addressed. 
***The Standard Oil Co. 
fDepartment of Chemistry. 
j’?The following abbreviations are ased: n.m.r., nuclear magnetic resonance; p.p.m., parts per million; 
c.p.s., cycles per second; TMS, tetramethylsilane; \vh width at half-heig_bt. 
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the additional factor of variability of the dihedral angles in the various cyclopentanes, 
due to the greater flexibility of these molecules. 
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INTR3DUCTION 

The acid-catalysed equilibration reaction of benzaldehyde with tetritols and 
higher polyhydric alcohols affords derivatives of z-phenyl-r,3-dioxan in preference 
to those of z-phenyl-r ,3-dioxolanz; glycerol is exceptional in that this preference is 
reverseds. Whilst it is usual for the diastereoisomers of z-phenyl-r,3-dioxolan deriva- 
tives to be formed to similar extents, there is no substantiated example of the occur- 
rence of diastereoisomericz-phenyl-r,3-dioxan derivatives; supposed diastereoisomers 
are, in fact, dimorphs 4. It has been predicted5 and verified experimentally6 that the 
preferred z-phenyl-r,3-dioxan derivatives have the phenyl group equatorial in a chair 
form of the r,3-dioxan ring. On the assumption that the kinetic control operative on 
benzylidenation under basic conditions might result in the formation of both diaste- 
reoisomers, the reaction of benzylidene halides with suitable sugar derivatives in the 
presence of potassium terr-butoxide was investigated. 

There have been few reports of the reaction of gem-dihalides with diols. The 
reaction of a dihalogenomethane with a steroidal dio17 and with vicinal dihydric 
phenols*, each in the presence of a base, has been described, and we have reported 
on the methylenation of cyclohexane-ciu- and trans-r,a-diol and certain methyl 
4,6-O-benzylidenehexopyranosides using dibromomethane and sodium hydrides. 
Apparently, there has been no report of comparable reactions with benzylidene 
halides. 

RESULiS AND DISCUSSION 

When a mixture of methyl z,3-di-O-methyl-a-D-glucopyranoside, benzylidene 
bromide, toluene, potassium ter&butoxide, and tert-butanol was boiled and the pro- 
duct subsequently fractionated on silica gel, elution with benzene-ether (g:r) gave 
approximately equal amounts (CQ. 30% combined yield) of the diasteroisomeric forms 
(A and B) of methyl 4,6-O-benzylidene-z,3-di-O-methyl-cr-D-glucopyranoside. 
Diastereoisomer B (m.p. 122-123O, [a]~ + g7”, acetone), eluted second, was identical 
with the product obtained by acid-catalysed benzylidenation of methyl a-D-gluco- 

*For a preliminary report of some of these results, see ref. I. 
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early, kinetically-controlled, stages of the reaction, small amounts of the diastereoiso- 
merit 3#Sbenzylidene derivatives were detected. 
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It has been shownl~sJ that monosaccharide phenylosazones when refhixed 
with acetic anhydride yield colorless dianhydrophenylosazone acetates. We have 
now extended this reaction to the phenylosazone acetates. For this purpose we pre- 
pared tri-0-acetyl-D-erytltro- and D-rhreo-pentose phenylosazones, treated them with 
boiling acetic anhydride, and obtained 5-acetoxymethyl-3-formyl-r-phenylpyrazole 
N-acetylphenylhydrazone (ia). Similarly, tri-0-acetyl-6-deoxy-D-&_..o-hexose phenyl- 
osazone was prepared and converted into 5-(D-glycero-I-acetoxyethyl)-3-formyl- 
I-phenylpyrazole N-acetylphenylhydrazone (Ib). Likewise, the tetra-0-acetyl-D-Zy>co- 
hexose phenylosazone of Wolfrom er aZ.4 gave 5-(D-glycero-IJ-diacetoxyethyl)3- 
formyl-r-phenylpyrazole N-acetylphenylhydrazone (1~). The identity of these com- 
pounds was established by comparison with authentic specimens we prepared 
earlier1 by the action of boiling acetic anhydride on the frte phenylosazones. It 
seems that the phenylosazone acetates are converted into the dianhydrophenylosa- 
zone acetates by the removal of two molecules of acetic acid. The yields, however, 
were considerably lower than when the free osazones were used, suggesting that 
on boiling the free osazone with acetic anhydride only a minor part of it is acetylated 
and subsequently converted into the dianhydrophenylosazone acetate, while the major 
portion undergoes dehydration first and then acetylation. This would account for 
the higher yield obtained on usin g the phenylosazones rather than their acetates_ 

We have also extended the dianhydrophenylosazone formation to substituted 
phenylosazones. Thus, on boiling D-m-a&o-hexose p-chlorophenylosazone with 
acetic anhydride we obtained I-p-chlorophenyl-5-(D-g/~ceru-r,2-diacetoxyethyl)-3- 
formylpyrazole N-acetyl-p-chlorophenylhydrazone (II, R = CHsOAc), which was 
saponified to give 1-p-chlorophenyl-5-(D-gZ~~cero-1,~-dihydroxyethyl)-~-formylpyra- 
zole N-acetyl-p-chlorophenylhydrazone. Similarly, L-.uylu-hexose p-chlorophenyl- 
osazone yielded the enantiomorphous r-p-chlorophenyl-5-(t.-&ceru-r+diacetoxy- 
ethyl)-3-formylpyrazole N-acetyl-p-chlorophenylhydrazone. Likewise, D-eryt/zro- 
pentose p-chlorophenylosazone yielded 5-acetoxymethyl-r-p-chlorophenyl-~-formyl- 
pyrazole N-acetyl-p-chlorophenylhydrazone (II, R = H). These three fully acetylated 
compounds showed infrared spectral absorptions characteristic of the 0- and N-acetyl 
groups, with the ester band at 1750 cm-l, the amide band at 1675 cm-r, and the 
C=N band at 158o-1600 cm-l. The structure of the D-glycero isomer (II, R = CHs 
OAc) was further established by its nuclear magnetic resonance (n.m.r.) spectrum, 
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The phenylosazone acetates from pentoses, 6-deoxyhexoses and hexoses~ were 
boiled with acetic anhydride yielding dianhydrophenylosazonr: acetates of the type 
(Is-c). Similarly, p-chlorophenyiosazones from D-glucose, L-sorbose and D-arabinose 
yielded dianhydro-p-chlorophenylosazone acetates. Acetyl chloride reacted with the 
phenylosazones from D-glucose and o-galactose yielding the N-ace@-tetra-O-acetyl 
derivatives (III) and (IV). The phenylosazones from D-glucose and L-sorbose gave 
a tetra- and a mono-O-benzoyl derivative, respectively, in crystalline form when an 
insufficient amount of benzoyl chloride was used during benzoylation. 
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CHEMISTRY 
PART IV*. THE INTERACTION OF PHENYLBORONIC ACID WITH HEXOPYRANOID 

COMPOUNDS 

Z.J. FERRER, A.J. I~ANNAFORD, W.G. O-REND, AND B.C. SMITH 

Department of Chemistry, Birkbeck College, Malet St., London, W. C.r (Great Britain) 

(Received February znd, 1965) 

Previous workers investigated the interaction between equimolar amounts of 
methyl @-D-glucopyranosIde and phenyIboronic acid, and concluded that in boiling 
acetone part of the glucoside was fully esterified, part was unaltered, and products 

containing the reactants in the ratio I:I were not formed in significant amountss. 
Since a discrete cyclic ester has now been obtained in nearly quantitative yield by 
carrying out the condensation in benzene solution, it seems probable that, in the 
experiment with acetone, the initial product was largely destroyed during the sub- 
sequent treatments. 

The cychc ester formed from methyl a-D-glucopyranoside was found to have 
the 4,6-cyclic structure, and with excess of the acid it formed a 2,3-(diphenylpyro- 
boronate)s. The methyl ,8-D-glucopyranoside ester was required for comparison with 
the cc-derivative, and since sites other than 4,6 could react with the acid (the z,4-dial 
of the methyl xylopyranosides takes part in condensations+) it was subjected to struct- 
ural analysis. On acetylation and benzoylation it afforded crystalline products which 
were identical with those obtained by treatment of methyl t,3-di-O-acetyl- and 
methyl 2,3-di-0-benzoyl-P-D-glucopyranoside with phenylboronic acid, and therefore 
this cyclic ester also has the 4,6-structure. Further condensation with the acid caused 
the formation of methyl p-D-glucopyranoside 2,3-(diphenylpyroboronate) 4,6phenyl- 
boronate which, like the corresponding polyester in the a-series, was exceedingly 
susceptible to hydrolysis. Methyl p-D-glucopyranoside 4,6-phenylboronate was 
isolated readily from the products of partial hydrolysis. 

Methyl cc- and j3-u-glucopyranoside both react, therefore, at positions 4 and 
6 with phenylboronic acid, in the same way as they do with borate anionss. In the 
latter case a significant difference exists between the stabilities of the complexes 
formed, since the MC values obtained on electrophoresis of the a- and /3-glycosides 
in borate electrolyte at pH IO are 0.11 and o-19, respectively. The non-bonded 
interactions between the axial methoxyl group and H-3 and H-5, which are held 
to be responsible for destabiIising the a-compIexs, also occur in methyl a-D-gluco- 
pyranoside 4,6_phenylboronate, and so it was expected that this ester would show 
greater susceptibility to hydrolysis than the p-anomer. No difference could be detect- 

*For Part III, see ref. I. 
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polarimetric examination that, under the conditions of the oxidations, the boronate 
ester linkages were completely hydrolysed. The values of periodate consumption 
given in Table I are those found after 12 h, in which time methyl or-D-glucopyranoside 
reduced 2.1 mol of the reagent under the same conditions. In those cases where 
no oxidation occurred, the periodate solution was shown to be active by subsequent 
addition of methyl a-p-glucopyranoside to the solutions of boronates. 

(6) Methyl a-deoxy-a- and -@-D-Iyxo-hexopyranosides 

Oxidations were carried out in aqueous solution using 0.0075M reagent. 
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SUMMARY 

Methyl ,8-D-glucopyranoside, like the a-anomer, reacts smoothly with phenyl- 
boronic acid (I mol) to give a 4,6-cyclic boronate which, with excess of reagent, forms 
a 2,3-pyroboronate. The nature of the products obtained from hexopyranoid deriv- 
atives which possess the D-Zyx-o-configuration at C-3, C-4 and C-5 was found to be 
dependentuponthesubstituentsat C-I and C-z.Whereasmethylor- and @-D-galacto- 

pyranoside, methyl 2-deoxy-@-D-Zy.ro-hexopyranoside, I,5-anhydro-D-galactitol, and 

r,s-anhydro-2-deoxy-D-Zyxu-hexitol afforded 4,6-cyclic esters in good yield, the only 

products obtained from D-galactal and methyl 2-deoxy-a-D-/yxo-hexopyranoside 

possessed the 3,+cyclic structures. 
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INTRODUCTION 

Members of the sialic acid family have the same basic skeleton of neuraminic 
acid, which may be regarded as a condensed product of pyruvic acid with a-amino-2- 
deoxy-D-marmose. Our previous work1 described the condensation of oxalacetic acid 
with N-acetyl-D-galactosamine (2-acetamido-2-deoxy-D-gaiactopyranose). 

The assay of sialic acid has been carried out mainly withcolorimetricprocedures, 
such as the thiobarbituric acid2-4, resorcinol 5~6, direct Ehrlichv, alkali-Ehrlicha, and 
diphenylamines methods. Among these methods, more commonly employed proce- 
dures are the thio’---5’ ~~_ituric acid, resorcinol, and direct Ehrlich methods. It has often 
been observed that analytical results on the same biological material depend on 
the assay method employed. Therefore, it is of interest and importance to make 
comparative assays with these methods, especially with reference to a statistical 
procedure, in order to find the method most suitable for the analysis of sialic acid in 
biological materials. The statistical method has recently been used in many fields 
and satisfactory results have been reporteds. 

Thus, the present paper describes a comparison of the factors influencing color 
formation, with use of the three methods in the presence and absence of some other 
substances. 

hlAKERIALS 

i 
N-Acetylneuraminic acid was isolated from cow colostrum according to a 

procedure reported by Clark et aZ.10 with a slight modification as follows: 1,400 ml 
of fresh cow colostrum was defatted by centrifugation and 2.0 volumes of acetone 
were added to give about roe g of precipitate, which was washed with acetone and 
dried. The acetone powder was hydrolyzed and passed through a Dowex-1x10 (acetate 
form) column (5 X 55 cm, 5o-200 mesh). The column was eluted with 0.3 N-phos- 
phoric acid. The eluates, which were positive for the direct Ehrlich reaction’, 
were carefully neutralized with N-sodium hydroxide and concentrated under 
reduced pressure to give a dried material. This was fractionated into six 
fractions with -z..ater, methanol, and ether. Of these, the two fractions which were 
relatively strongly positive for the direct Ehrlich reaction were dissolved in a minimum 
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TABLE III 

SIALIC ACID CONTENT S OF SOME BIOLOGICAL. MATERIALS ANALYZED BY m DIFFERENT MElHODS” 

BioIogical materialr No. of Thiobarbituric Resorcinol 
samp[es acid method metiiod 

DirpCt 

Ehrlich 
method 

Human colosu lull 

(second day after parturition) 
Human colostrum 

(fourth day after parturition) 
Human colostrum 

(sixth day after parturition) 
Acetone powder of 

human coIosuum 
cow colostrum 

(first day after parturition) 
Cow colostrum 

(second day after parturirion) 
Cow milk 
Acetone powder of cow 

colostrum 
Body fluids of silkworm, 

Bombyx mori 
Body fluids of silkworm, 

Bombyx mori, infected with 
polyhedrosis 

Crude, bovine submaxillary gland 
Egg white (hen) 
Egg yolk (hen) 

I 

5 

4 

2 

2 145 168 200 

2 99.5 122 88.6 

4 23.5 26.4 19.8 

6 450 540 240 

3 

3 84.3 0 0 

2 5,090 s,No 5,310 
2 15.6 18.4 22.0 
2 101 85.9 108 

294 

138 

67.7 

1,110 

21.3 

339 

167 

147 

I.705 

0 0 

a Sialic acid (mg)/Ioo g 
neuraminic acid. 
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SUMMARY 

The assays of N-acetylneuraminic acid by the thiobarbituric acid, resorcinol, 
and direct Ehrlich methods were investigated comparatively by a statistical examin- 

ation, in order to study the factors influencing color formation. Interference with 

color formation in the assay with the thiobarbituric acid method was similar to that 
with the direct Ehrlich method, and different from that with the resorcinol method. 
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INTRODUCTION 

In recent years, the role of sulphated mucopolysaccharides in skin has excited 
much interest and there is evidence that, although present in very small amounts, 
they may be of considerable importance. For example, avitaminosis C causes reduc- 
tion in the amounts of sulphated mucopolysaccharides and collagen formationi. 
Dramatic effects such as that induced in the epidermis in vitro by vitamin A, which 
inhibits keratin formation and causes accumulation of mucopolysaccharides in the 

cells, also indicate some vital function for these compound+s. 
However, the precise nature of the polysaccharides involved in these processes 

is not known. A mucopolysaccharide fraction was first isolated4 from freshly-dissec- 

ted pig skin by extraction with sodium hydroxide at 37”, and later from human skin 
by a similar methode. Digestion of pig skin with papain and trypsin at 37” to reduce 
contamination by proteina, permitted the mucopolysaccharide fraction to be separa- 

ted, by alcohol precipitation of the calcium salts, into hyaluronic acid and chon- 
droitin sulphates B and C. Digestion of rat skin with papain at 60”, followed by 
trypsin at 37”, yielded mucopolysaccharide material which could be fractionated 

into chondroitin sulphate, hyaluronic acid, and heparin. This was achieved by 
utilising the differential solubility of the cetylpyridinium chloride (CPC) complexes 
followed by chromatography on an anion-exchange resin7s*. The individual chond- 
roitin sulphates were not separated by this procedure. 

These methods involved the use of very large amounts of tissue and, in many 
cases, did not give a clear-cut fractionation. In this study, all the skin polysaccharides 
were separated on Deacidite FF (Cl- form). A column, once calibrated, can be used 

in conjunrtion with sulphate-labelling, to separate micro-amounts of mucopolysac- 
charide from biopsy specimens and hence to detect biologically-induced changes. 

hi4TTRikLS AND MSTHODS 

The dorsal skin was removed from new-born rats which had been killed by 
cervical fracture. Each litter of 10-12 animals provided 4-5 g wet-weight of skin and 
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substances such as vitamin A and hydrocortisone alter the amount of [s5S] sulphate 

taken up by skin and that more than 60% of that sulphate is incorporated into the 

mucopolysaccharide fraction 29. By the use of [IT] glucose instead of [s%] sulphate 

it has also been established that the actual amount of mucopoljrsaccharide was increas- 
ed, and that the vitamin A effect was not just due to over-sulphation. 

It is therefore permissible to use 35SOz- incorporation as a reliable indicator 

of mucopolysaccharide changes. Changes in the amount of activity, however, are 
related not only to the amount of mucopolysaccharide but also to the rate of turnover. 
In some experiments the keratosulphate was only weakly active, thus reflecting a 
slow turnover rate. 

It has been reported30 that in cartilage the proportion of keratosulphate increas- 
ed wit11 age. It is therefore interesting that in the skin of new-born rats it should be 

detectable in small amounts. No data are yet available concerning the proportions of 
this polysaccharide in older skin. 

SUMMARY 

A technique has been devised for the separation of the polysaccharides of rat 
skin on a single column of Deacidite FF resin. A combination of micromethods in 

conjunction with 35SO4 labeYing has been employed to characterise the individual 
poiysaccharides on a microgram scale. 
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INTXODUCTION 

From mucopolysaccharide extracts of [ass] sulphate-labelled rat skin, fract- 
ionated on Deacidite FF (Cl- form), material can be obtained1 which contains 
phosphate and sulphate, but little carbohydrate as shown by reaction with the orcin- 
01” and carbazolea reagents. The very high level of radioactivity in the material, 
and the lability of the sulphate, suggested that it might be a mucopolysaccharide 
intermediate, or a substance resembling adenosine 3-phosphate 5-phosphosulphate 
(PAPS). 

Robbins and Lipmar& established that ATP-linked sulphate activation invol- 
ved the production of PAPS, and several investigators have demoustrated the transfer 
of sulphate from the latter to various polysaccharide acceptors. Suzuki and Stromin- 
gers extracted from hen isthmus an enzyme which would catalyse the transfer of 
[a%] sulphate from PAPS to chondroitin, and chondroitin sulphates A, B and C. 
Similarly, Spolter and Marx6, working with mast-cell tumours, demonstrated that 
is%] PAPS served as a sulphate donor to heparin. 

This study is concerned with the elucidation of the nature of a phosphate- 
containing fraction from rat skin, and the preparation of a similar material from 
guinea-pig skin. A comparison is made between these fractions and PAPS prepared 
from guinea-pig liver. 

MATERIALS AND METHODS 

Active phosphate-containing fractions were prepared from the skin of new-born 
rats and from adult guinea-pig skin, as described previouslyi. 

Preparation and purification of‘ PAPS J>om guinea-pig liver 
The ATP-sulphurylase and APS-kinase necessary to effect the biosynthesis of 

PAPS from adenosine j&phosphate (ATP) were obtained from guinea-pig liver by 
the method of Hilz and Lipmann 7. The enzyme system also contains a phenol 
sulphokinase which enables the activity of the isolated protein mixture to be assessed 
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activity still remained to mark an X-ray film after electrophoresis of the dialysed 
material. We have found no reports, other than that of Torii and Bandurskisa, 
describing dialysis of PAPS. These authors were working with an enzyme system 
which reduced the [ass] sulphate of PAP3% to [a%] sulphite,~and then coupled it to a 
long-chain moiety giving X-35SO;. They did not stop this reaction before commencing 
dialysis, and the PAP% activity may have been Iost as dialysable sulphite. In fact, 
they continued the reaction long enough for all of the X-asSO5 activity to exchange 
with unlabelled SO:- ion, and dialyse away. 

Baddiley et aZ.21 have achieved a chemical synthesis of both PAPS and ade- 
nosine-5-phosphosulphate (APS). We assume that our material contains PAPS 
which is weakly bound to a peptide chain. Since isolation of the material involves 
rigorous removal of protein [denaturin, e with chloroform-pentyl alcohol (IO:I v/v), 

followed by precipitation with trichloroacetic acid], the peptide chain must be very 
short. Since the material had already been incubated with the proteolytic enzyme 
ficin at an earlier stage, it may not occur thus in 1.2~70. 

The extreme lability of the sulphate group makes purification of the material 
very difficult. Passage through Dowex I (formate form) with elution by 5N-formic 
acid-M-ammonium formate caused 90% of the radioactivity to be lost, even when 
the operation was carried out at 4”. This difficulty has prevented the testing of indivi- 
dual subfractions for their ability to donate [35S] sulphate to skin. 

Hitherto, cytosine has not been reported as being involved with a precursor 
stage of mucopolysaccharide biosynthesis, but the base is a component of cytidine 
5-(N-acetylneuraminic acid monophosphate) and the cytidine pyrophosphate deri- 
vatives of ribitol, glycerol, and choline, as well as occupying the terminal position in 
transfer ribonucleic acid. Derivatives of uracil which form the nucleotide-polysac- 
charide moiety involved in polysaccharide back-bone synthesis were, as one might 
expect, not detected. They would have been lost in the first dialysis step. The cytosine- 
containing fraction was detected only in the skin of new-born rats, not in the skin 
of the adult guinea-pig. The adenosine-containing fraction from the two types of skin 
appeared to be identical; even the same amino-acids were present in identifiable 
amounts. 

SUMMARY 

From rat skin and from guinea-pig skin a material has been isolated which is 
indistinguishable from adenosine 3-phosphate 5-phosphosulphate (PAPS). In addi- 
tion, rat skin appears to contain a sulphated cytidine monophosphate. 
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IhPTRODUCTION 

-It is now we&established that during growth there are changes in the amount 
of starch, and the characteristics of the starch granules, stored in the plant. Such 
studies have been carried out on maizelJ, sweet corns, barley4, smooth-seeded and 
wrinkled-seeded peas5, and tobacco leaves6. The general pattern resulting from this 
work is that as the plant matures, its starch-content increases, whilst there is concur- 
rently an increase in both the average size cf the granule and the amount of the amyl- 
ose component that it contains. In the case of potato starch, the work of Halsall 
et ~1.7 indicated that the percentage of amylose remained constant for two varieties 
of the growing tuber. There is evidence, however, that the amylose-content may 
vary with the botanical variety of tuber*, and our earlier results on the starch from 
the tuber and shoots of the sprouting tubers indicated that immature potato starch 
may contain less amylose than the mature granules. 

In this work, therefore, we have studied the physical and chemical properties 
of starch isolated from the growing potato tuber. Furthermore, the properties of the 
amylose and amylopectin components have been studied, for apart from our work 
on pea starchess, there is little evidence in the literature as to whether changes occur 

in the fine-structure of the components during growth. The occurrence and properties 
of starch material differing in character from conventional amylose and amylopectinlO 
have also been investigated. Such results have an important bearing on theories of 
starch-biosynthesis. 

EXPERIMENTAl 

Growth am1 isolation of the starches 
The potatoes (var. Pentland Crown) were grown at the Scottish Plant Breeding 

Station, Pentlandfield, Roslin, Midlothian, Scotland, in the x962-season. Tubers were 
harvested at intervals of ten days after the appearance of leaves on the plants, and 
were separated into sizes varying from < I to 15 cm in longitudinal diameter. Starch 
was isolated from the different-sized tubxs, and was purified by the method given 
earlierg. 

*For Part II, see ref. 5. 
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by an increase in granule size and amylose-content, whilst the gelatinization-temp- 
erature decreased. The amylose-content and gelatinization-temperature were both 
directly related to granule size. The starches have been fractionated into their amylose 
and amylopectin components, and the fine-structure of these investigated_ For both 
components, it was found that with increase in maturity there was (i) an increase in 
mokcular size, and (ii) a decrease in the extent of conversion into maltose by /Samyl- 
ase. The properties of an intermediate fraction have also been characterized. One 
starch sample was separated into granules of different sizes, and the properties of 
these and their component amylose and amylopectin were studied. The results 
indicated that the fundamental properties of a sample of potato starch are determined 
essentially by the size of the granules. 
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Araucaria bidwilli GTJM 

G.O.ASPSNALLAND R.M.FAIRWEATHJZR 

Department of Chemistry, University of Eiinburgh (Great Britain) 

(Received January zgth, 1965) 

The characteristic resinous exudates of coniferous woods are terpenoid in 
character. In the course of an investigation of such a resin from the Australian 
bunya pine (Araucaria bidwilli) the presence of an accompanying polysaccharide 
was noted, and through the kindness of Professor A.J. Birch, F.R.S. and Dr. D.C.C. 
Smith, this material was placed at our disposal_ As far as we are aware this is the first 
report of a polysaccharide exudate from a coniferous tree, and it was of particular 
interest to compare the structure of this polysaccharide with those of other exudate 
gums from deciduous trees and with those cE polysaccharides from the woods of 
typical conifers. 

RESULTS AND DISCUSSION 

A dispersion of the exudate from Ararrcaria bidwilli had been poured into acid- 
ified ethanol to give an acidic polysaccharide with an equivalent weight of approxi- 
mately 1,600. Galactose, arabinose, and rhamnose had been recognised as constituent 
sugars by paper chromatography of the hydrolysate. 

Hydrolysis of a sample of the polysaccharide gave galactose, arabinose, and 
rhamnose in the molar proportions of 13:3.5:1, together with acidic sugars. A larger 
sample of the polysaccharide was hydrolysed and the hydrolysate was passed through 
diethylaminoethyl-Sephadex to adsorb acidic sugars. The neutral sugars were separat- 
ed by filter-sheet chromatography and crystalline D-galactose, L-arabinose, and 
L-rhamnose hydrate were isolated. Desorption of the acidic sugars gave a mixture 
whkh contained glucuronic acid and two aldobiouronic acids, and the components 
were separated chromatographically. Aldobiouronic acid I was chromatographically 
indistinguishable from 6-0-(/3-D-glucopyranosyluronic acid)-D-galactose. Hydrolysis 
of the disaccharide gave glucuronic acid and galactose, and reduction of the derived 
methyl ester methyl glycosides with potassium borohydride followed by hydrolysis 
gave glucose and galactose. The aldobiouronic acid was methylated and examination 
by gas chromatography of the metbanolysis products from the methylated derivative 
showed the methyl glycosides of 2,3,4-tri-0-methylglucuronic acid, and 2,3,4- and 
2,3,5-tri-0-methylgalactose. In a similar series of experiments aldobiouronic acid II 
was shown-to be the methyl ether of I, namely, 6-O-(4-O-methyl-/3-D-glucopyrano- 
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E-Deoxy sugars 

PART x. ~,~-U-CA~~NYL-~-DE~XY-~-O-~-NITROBENZ~YL-D-CI~C~~~~O-HEXOSYL BROMIDE. 
A STAmE, CRYSTALLINE O-AC~LGLYC~FURAN~SYL HALIDE OF A 2-DEOxymxosE* 

The “a,B-methyl-2-deoxy-D-glucofuranoside” of Hughes et al.1 has now been 
shown, by paper chromatographic analysis, to consist of an anomerically pure methyl 
2-deoxy-D-arabino-hexofuranoside (II), plus substantial amounts of an appro‘xima- 
tely equal mixture of methyl CL- and p-2-deoxy-D-arabino-hexopyranosides (III and 
IV), and unconsumed “2-deoxy-D-glucose” (2-deoxy-D-arabko-hexose, I).p-Nitroben- 
zoylation of the syrupy mixture arising from the methyl glycosidation of “2-deoxy-D- 
glucose” (I) led to a mixture of p-nitrobenzoic esters from which, by fractional 
recrystallization, there was obtained in pure form a methyl 2-deoxy-3,5,6-t&O-p- 
nitrobenzoyl-D-arabino-hexoside (V), m.p. 142-144~ and also 168-169”; [a]? -122.3~ 
(c 1.00, chloroform). Cak. for CssHsaNaOr4: C, 53.72; H, 3.71; N, 6.72_ Found: 
C, 53.70; H, 3.66; N, 6.49. Attempts to replace directly the severely hindered C-I 
methoxyl group of V by hydrogen halide failed. 

Methoxide-catalyzed sapotication of V gave crystalline methyl 2-deoxy-D- 
arabilzo-hexofuranoside (II), m.p. 80-81 O; [a]2 + 117.1” (c 0.99, ethanol). Calc. 
for C7H1405: C, 47.19; H, 7.92. Found: C, 47.20; H. 7-82. On conformational grounds 
and because of its strongly positive specific rotation, the E-D-anomeric configuration 
is provisionally assigned to II, as well as to V. Treatment of II with carbonyl chloride 
gave the 5,6-O-carbonyl derivative VI, m-p. go-91”. [a]% -I- 132-4” (c 1.00, ethanol). 
Calc. for CsHrzOs: C, 47.06; H, 5.92. Found: C, 47.21; H, 6.15. Nitrobenzoylation 
of VI gave methyl 5,6-O-carbonyl-2-deoxy-3-O-p-nitrobenzoyi-n-D-arabino-hexo- 
side (VII), m-p. 213-214~; [G& + 22.4O (c 1.00, dichloromethane). Cak. for 
C15HrsNOs: C, 51.00; H,4.28; N, 3.96. Found: C, 51.08; H, 4.10; N, 3.96. Replace- 
ment of the C-I methoxyl group of VII by hydrogen bromide in dichloromethane 
was faciIe, yielding crystalline 5,6-0-carbonyl-2-deoxy-3-O-p-nitrobenzoyl-D- 
arabirro-hexosyl bromide (VIII), m.p. 125-132~ (dec.); [c$ -35.1” (c 0.436, 
acetone). The anomeric configuration of the bromide VIII has not yet been deter- 
mined, but is presumed to be a-D, in which the bromine atom occupies a position 
tram to the substituted side-chain at C-4 of the furanose ring. 

*Presented before the Division of Carbohydrate Chemistry, 149th National Meeting of the American 
Chemical Society, Detroit, Michigan, April 5, 1965. This work was supported in part by U.S. 
Public Health Service, Grant No. CA 07514, from the National Cancer Institute. 
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(5,6-O carbonyE2-deoxy-3-O-p-nitrobenzoyED_arablh’)-pyri- 
midinone (x), m.p. 223-224.~~; [c&f -7.4” (c 1.54, dichlorometh_ane). Calc. for 
GoHl9N3O~o:C, 52.07; H, 4.15; N, g-11. Found: C, 52.21; H, 4.22; N, 9.09. 

To the best of our knowledge, crystalline methyl glycofuranosides and crystal- 
line 0-acylglycofuranosyl halides of 2-deoxyhexoses were unknown prior to this 
work, full details of which will be published at a later date. 
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Georgetown Uniuersi:y, 
Washington, D. C. 20007 (U.S. A.) 
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An u maturated keto hexose 

Although many unsaturated sugars have been prepared, the following is believed 
to be the first description of a simple unsaturated ketose. 

Lo tH2OH CH,OH H,C\ ,OCH, 

c=o HO+ H,C+----OCH 

b 

k&H l-l! 

HCOH H&OH 

&OH 
I I 

C%OH CH20H &OH 

I Ia It m Ip 

An aqueous solution of 3-deoxy-2- 0-methyl+D-erytlzro-hexofuranos-2-ene (I)1 
was treated with sodium borohydride at 30-40~ to reduce the aldehydo form (Ia) 
present in solution. Sodium ions were removed from the mixosture by an ion-exchange 
resin, and the boric acid by distillation with methanol. The mild, acid treatment invol- 

Carbolzydrate Res., I (ig65) 95-96 
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ved in this procedure caused an allylic rearrangements,,so that the product obtained 
was the unsaturated ketose (II) (3,4-dideoxy-keto-D-glycero-hexulos-trans-3-ene). 
The ketose was a syrup* that gave a single spot on chromatograms; the gas 
chromatography of its trimethylsilyl derivative showed only one component. The 
ultraviolet and infrared spectra were consistent with the structure (If) (Amax zz5 rnp, 
E, 7000; a strong band at 1705 cm-l with medium bands at 1645 and 975 cm-l). 

The p.m.r. spectrum of the ketose (II) was similar to that reported3 for 3,4-dide- 
oxy-D-glycero-hexosulos-trans-3-ene hydrate (an acyclic, unsaturated hexosone), 
except that the signal for the proton(s) at C-I was now of intensi@ 2 and at z 5.33. 
Furthermore, the spectrum of the ketose (II) showed no signs of any impurity or 
of other forms. The ketose consisted, therefore, of the trans isomer (fs,4 = 16.4 c.p.s.) 
free of the cis isomer. 

. Sodium boroh.ydride reduction, as above, of the ketose (II) yielded a syrup, 
from which a small proportion of rrans-3-hexene-D-thr-r,2,5,6-tetrol (III) crystal- 
lized out. Severalrecrystallizations gave m.p. 114”, [&I -2O (water), Amax r8g rnp, 
&,a = 15.5 c.p.s. The syrup readily formed di-O-isopropylidene acetals, the isomer 
(IV) being readily obtained crystalline, m-p. 80-82~, [d~]n +55” (c 2, chloroform), 
&,a = 15.4 c.p.s.: properties identical with those of the compound recently prepared 
by Haines4 by another method. Mild, acid hydrolysis regenerated the tetrol (III) in 
good yield. The tetrol is of interest because a compound5 with the same RF value, 
believed to be a 3-hexene-I&5,6-tetrols, has been isolated from the alkaline degra- 
dation of blood-group substances. 

Commonwealth Scientific and Industrial Research Organization, 

Division of Food Preservation, 
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INTRODUCTLON 

Cells of wild strains of Escherichia coli which have been grown in media not 
containing maltose are capable of attacking maltose only slightly, if at all. This weak 
action of some strains has been attributed to a constitutive maltasel. The presence 
of maltose in the growth medium elicits the formation of an enzyme, amylomaltase, 
which catalyses the reaction 

II maltose + (glucose)R -l- n glucose 
and there is evidence that the ability of induced cells to attack maltose is attributable 
almost exclusively to this enzyme 1,s. The polymer products of the action of purified 
enzyme preparations ordinarily consist of short-chain, a-(l-+4)-linked dextrinsa*4, 
but if glucose is removed continuously by glucose oxidase, amylose-like products 
can be obtaineds. A detailed study of the properties of highly purified amylomaltase 
from E. coli ML 308 has been undertaken by Wiesmeyer and CohrA7. The induction 
of amylase-like enzymes in E. coli has not been studied, but Monod and Torrianis 
mentioned that partially purilied preparations of amylomaltase had definite amylase 
activity. On the other hand, Welker and Campbells have investigated the induction 
of amylase in Bacillus stearothermophilus, and have shown that maltodextrins are 
more effective inducers than maltose. 

Research in the Department of Chemistry at Birmingham University has, over 
the years, yielded a number of compounds strncturally related to maltose and malto- 
dextrins. The availability of these compounds offered an opportunity to undertake a 
comprehensive survey of their potentialities as growth substrates for Escherichia coli, 
their ability to induce in this organism enzymes capable of attacking maltose, and 
their susceptibility to attack by cells induced with maltose. 

METHODS 

Organism and growth conditions 
The amylomaltase-inducible ML 30 strain of Escherichia coli (kindly supplied 

by Professor J. _Monod) was used throughout the work. The basal mineral composi- 
tion of media was that recommended by Cohen and Rickenbergs. For growth tests, 

. 
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carbon sources were included at a concentration of o. 1% (w/v) and media were inocu- 
lated with an aqueous suspension of cells grown on nutrient agar. For induction tests, 
the ceils were pregrown in mineral medium containing 0.1 or 0.2% (w/v) succinic 
acid. Exponential phase cells were inoculated into fresh medium of the same compo- 
sition, and when the cell density had reached 50 rug dry wt./ml the compound under 
test was added. After two further generations, the cells were harveszed by centrifu- 
gation, washed, and assayed. Growth was measured in a Unicam SP 5oo spectropho- 
tometer at 650 rnp. Cell density was determined from a standard curve, relating dry 
weight concentration to optical density. 

AIl cultures were incubated shaken at 37”. The volumes of cultures depended 
on the quantity of substrate available, but amounted to one-tenth or one-Sixth of the 
fIask volume. 

Enzyme assay 

Cell suspensions were first treated with toluene and sodium deoxycholatelO. 
The assay mixture comprised treated cells, 0.5-2.~ mg dry wt./ml; substrate, o-025- 
0.1 M (weight concentration for polysaccharides); 0.05 M-phosphate buffer (pH 7.0) 
The mixture was incubated shaken at 37”, usually for one hour, then a sampIe was 
withdrawn and placed in a boiling-water bath for 5 min to destroy enzyme activity, 
and finally cell debris was removed by centrifugation. For quantitative analyses, the 
glucose content of a suitably diluted sample of the supernatant was determined 
employing glucose oxidase under the conditions recommended by Dahlqvistll. 
For qualitative anaiyses paper chromatography was employed. Samples were placed 
on Whatman No. I filter paper and irrigated with pentyl aIcohoI-pyridine-water 
(I: I: 1 j for 20-24 h, and the spots detected with aikaline silver nitrate13. 

Enzyme preparation 

Amylomaltase was prepared and partially purified as described by Monod 
and Torrianis. 

MaZtose 

Maltose was determined by the method of Dischel3. 

Chemical preparations 

Maltotriose, maltotetraose, maltopentaose, and maltohexaose were isolated 
as described by Barker et al-la. The isolation of the two isomeric trisaccharides, 
0-a-D-gIucopyranosyI-( I+ 3)- Oic-D-glucopyranosyl-( r-+4)-D-glucose (I) and O-~-D- 
glucopyranosyl-(~-t4)-O-a-~-gIucopyranosyl-(r-t3)-~-glucose (II) (for some exper- 
iments a mixture of the trisaccharides was employed), together with the homologous 
mixture of tetrasaccharides from nigeran, was as described by Barker et aZ.15. MaItitoI 
and maltotetraitol were obtained from the corresponding sugars by reduction with 
sodium borohydride. Methyl 8-maltoside was obtained by converting maltose into 
hepta-0-acetyl-a-maltosyl bromidels, and then carrying out an exchange reaction 
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with methanol-AgsCOa, followed by deacetylation by the method of ZemplCn and 
PacsG. I-Thiomaltose (Found: C, 39.7; H, 6.5; S, 8.9. C12Hs2010S talc.: C, 40.2; 
H, 6.1; S, 8.9%) was obtained by reaction of the above glycosyl bromide with potas- 
sium polysulphide using methods similar to those adopted by Wrede and Hettcher* 
for the preparation of r-thiocellobiose. The reaction of r-thiomaltose with alkaline 
hypoioditerg indicated a moIecular weight of 353 (talc.: 358). Synthetic amylose 
and amylopectin were isolated as described by Barker et aZ.20. 

Amylomaltase activity of cells growing logarithmically on maltose 

Whole cells attacked maltose, but glucose did not accumulate and was clearly 
utilised by the cells. Toluenisation destroyed the ability to utilise glucose and the 
production of glucose from maltose was approximately linear with time. Table I 
gives the results of a typical assay. 

TABLE I 
LIBERATION OF GLUCOSE FROM MLTOSE BY TOLUENISED PREPARATlONS OF MALTOSE-GROWN CELLS OF 

E. coli 

Cells were grown on maltose, toluenised, and then included in an assay mixture of composi- 
tion: maltose, 0.1~; cells, 2 mg dry wt./ml: o.ogM-phosphate buffer (pH 7.0). The mixture was 
incubated shaken at 37” and samples were removed at intervals, heated, and centrifuged, and the 
glucose concentration determined by means of glucose oxidase. 

Time Glucose liberated 
(min) (p molelmg ciry wr.cells) 

IO 4-o 
20 9.0 
40 IS.0 

60 21.5 

Inclusion of o.oorM-sodium iodoacetate had no effect, but o.ogM-sodium 
fluoride caused ca. 5% inhibition. If phosphate buffer was replaced by either tris or 
citrate buffers in the same concentration, the activity was reduced ca. 30%. Inclusion 
of o.oo25M-potassium dihydrogen phosphate in assay mixtures buffered with tris 
or citrate did not increase the activity. 

Ability of compounds to support growth of E. cob 
A wide variety of compounds was examined and Table PI reveals that, of the 

compounds structurally related to maltose, only maltodextrins can serve as soIe carbon 
source for growth. Compounds were tested serially and with each series a glucose 
control was included. A number of other substances, not related structurally to malt- 
ose, were also examined:The organism exhibited normal behaviour with common 
sugars and was able to grow on trehalose. 
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CoMPouNDs~u CrURALLY RELATED TO h?ALTOSE, AND THE GROWTH OF E. COii 

Compounds were included as sole carbon source at a concentration of 0.1% (w/v) in a basal 
mineral medium (IO ml) which was inoculated with 0.1 mI of an aqueous suspension of cells grown 
on nutrient agar. Cultures were incubated shaken at 37O and examined after ~4 and 48 h. 

Compounds utilised Compounds naf utiiised 
for growth for gro WCIZ 

Maltose 
Maftotriose 
lMaltotetraose 
Maltopentaose 
Maltohexaose 

Maltitol 
Methyl /%maltoside 
Methy: hepta-O-methyl-p-maltoside 
Nigeran trisaccharides 
Nigeran tetrasaccharides 

Ability of compounds to induce the formation of amylomaltase 
The compounds listed in TabIe III were added to cultures growing on succinic 

acid. As some of the substances were available in only small amounts, inducing 
power at O.OOOIM initial cc-ncentration was compared with that of maltose in the 
same initial concentration. The effect of a few compounds at 0.001~ initial concen- 
tration was also examined. 

TABLE III 

COhlPOUNDS TESI?~D AS hmDCCERS FOR AMYLOMALTASE IN E. coli 

Compounds were added at o.oooIhf initial concentration, except compounds marked a which 
were added at O.OC)IM concentration, lo cultures growing logarithmically at 37” on succinic acid. 
After two further generations, the cells were harvested and assayed for amylomaltase activity. 
The activity of the culture which had received maltose was taken as 100%. 

Compound Amylomaltose Compound Amylomakase 
activity activity 

Maltose 100 

Maltotriose 109 
Maltotetraose 100 

Maltopentaose III 

Maltohexaose 20 

Trehalose IO 

Maltotetraitol 6 
Maltitol 3 
Nigeran trisaccharide (I) 3 

(11) 3 

Synthetic amylopectinb 
Potato amylopectinb 
Maltobionic acid 
Methyl hepta-O-methyl-B_maltoside 
Methyl /3-maltoside 
MeIezitose 
Nigeran trisaccharidesa 
Nigeran tetrasaccharides= 
Methyl a-D-glucoside” 
I-Thiomaltose” 

aAdded at an initial concentration of 36 mg/roo ml. 

The eflect of adding maltose at 0.002~ initial concentration on the growth and 
enzyme activity of cells is shown in Table IV. 
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After the addition of maltose, the growth rate increases and formation of indu- 
ced enzyme occurs apparently without lag in a manner similar to that described by 
Wiesmeyer and Cohne. 

TABLE IV 
EFFJ3X CF ADDITION OF hfALTOSJ3 ON GROW-i-H RATE AND &fYLOhfiUTASE A- Y OF CELLS OF E. coli 
GROWING ON SUCCINIC ACID 

A culture growing shaken at 37” on succinic acid was divided into two parts when the cell 
density had reached cu. 50 Pg dry wt./ml. One part received maltose, (0.002~ initial concentration) 
the other, no addition. Incubation was continued, and at intervals the growth of both cultures, and 
the maltose concentration and amylomaltose activity of the maRose-supplemented culture were 
determined. 

Time 
(h) 

Caltare growing Cultare growing Maltose concen- Amylomaltase acti- 
on succinic acid. on succinic acid tration vity. (~4 moles glucose 
Concentration of and maltose (mglml) liberztedJh/mg dry 
Cf? US Concentration of wt. cells) 

cells 
Ocglml) olglml) 

0 4.5 45 0.68 ox?’ 

I 75 90 0.54 18.8 
2 139 183 0.20 24.2 
3 231 375 0 29.6 

4 285 475 L1 0 

5 2% 490 a 26.5 

aNo determination made. 
bAmylomaltase activity just prior to addition of maltose. 

Maltodextrins added at approximately 0.0015~ concentration also altered the 
growth rate and yield, whereas methyl b-maltoside, maltitol, or synthetic amylopec- 
tin altered neither of these parameters (Table V). 

Efecr of induced-cell preparations on uariom compomds 
The action of toluenised preparations of maltose-grown cells on various 

compounds was examined qualitatively by paper chromatographic analysis. Glucose, 
together with its higher homologues was liberated from maltose, the maltodextrins 
(4-6 units long), the nigeran trisaccharide (I), synthetic amylose, and amylopectin. 
Quantitative estimations of activity at 0.025~ substrate concentration revealed that 
the rates of attack on the maltodextrins were similar to that on maltose. Other com- 
pounds were attacked only slowly, if at all, but the synthetic polysaccharides were 
attacked at an appreciable rate (Table VI). For these experiments, cells which had 
been stored at 4O for 48 h were employed. The amylomaltase activity was lower than 
normal, but subsequent experiments with more active cultures consistently showed 
that maltose-induced cells were able to attack the synthetic polysaccharides. On the 
other hand, purified amylomaltase preparations had a low activity with these com- 
pounds. 

Carbohyaate Res., L (1965) 97-105 



102 S.A. BAFUCZR, M. AL FARE& J. W. HOPTON 

TABLE V 

EFF=~-ON~~EANG ENERATION llME AND YIELD IN STATIONARY PHASE OF ADDITICN OF COMPOUNDS 

TO CULTURES OF E. coli GROWING ON SUCCINIC ACID 

CuItures of E. coli were grown shaken at 37” on succinic acid. When the cell concentration had 
reached cu. 5o,ug/ml, the compounds listed below were added at an initial concentration of cu. 
0.0015M. 

Comparazd added Inifial concen- Mean genera- Yield of cells at 
trotion tion time in log stah~onary phase 

(mglroo mT) phase after olg/ml) 
addition (min) 

Succinic acida 75 I74 
Maltose 50 65 345 
Maltotetraose 100 55 450 
Maltopentaose 125 55 5x0 
Methyl fl-mahoside 50 75 164 
Maltitol 50 75 182 

Synthetic amylopectin 50 75 I82 

“Corresponds to a culture which received no addition. 

TABLE VI 

ACTlON OF TOLUENISED PREPARATIONS OF MALTOSE-GROWN CELL.7 OF E. coli ON VARIOUS SURSTANCES 

Induced cells were to!uenised and then suspended in o.rhr-phosphate buifer (pH 7.0) at a 
concentration of 4 mg dry wt./ml. To 0.5 ml of the cell preparation was added 0.5 ml of a o.~M-sol- 
ution of the substance to be tested and the mixture incubated at 37”. Finally, the mixture was heat- 
treated and centrifuged, and the glucose content determined. 

Substance GIucose liberated 
@moIe/h/mg dry 
wt. cells) 

Substance GIucose Iiberated 

OlmoIelhlmg rirv 
wt. cells) 

Maltose 6.2 
Maltotriose 5-o 
Maltotetraose 6.5 
Maltopentaose 4.2 
Maltohexaose 5.6 
Trehalose 2.2 

MaltoLetraitol 0.8 
Nigeran trisaccharides 0.5 
Nigeran tetrasaccharides 0 

Panose 0 

Potato amylopectina I.5 
Glycogena 0.7 
Dextran” 0.8 
Methyl &maltoside 0 
Calcium maltobionate 0 

Synthetic amylosea 8.6 

Synthetic amylopectina 7.2 

%oncentration in reaction mixture, 85 mg/ml. 

The ability to attack the synthetic polysaccharides appears to be directly related 
to maltose induction, since cells grown on succinic acid as sole carbon source attacked 
the polysaccharides at only a very low rate. The behaviour with trehalose was in 
agreement with the results obtained with purit!ed preparations5. Cells induced with 
maltose yielded glucose from trehalose at ca. 30% of the rate at which maltose was 
attacked, but cells grown on trehalose as sole carbon source had less than 10% of 
the amylomaltase activity of cells grown on maltose. 
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Inhibition of enzyme action and enzyme formation 
The presence of D-xylose, D-glucose, D-galactose, panose, trekalose, maltitol, 

methyl ot-D-glucoside, or methyl &maltoside at 0.05~ concentration in assay mixtures 
with maltose at this same concentration had no effect on enzyme activity. r-Thiomalt- 
ose at 0.05~ concentration caused 80% inhibition, but was without effect at O.OIM 
and O.OO~M concentration. I-Tkiomaltose at 0.001~ concentration in a growtk 
medium with maltose at this same concentration had no effect on maltose uptake, 
and also at 0.001~ concentration caused no diminution in the degree of induction 
brought about by o.ooorM-maltose. 

Utilisation oJrmattodextrins in the presence of maltose by growing cultures 
When a mixture of maltose and maltotetraose (0.001~ each) was added to a 

culture growing logarithmically on succinate, the chromatographic evidence strongly 
suggested that maltotetraose was utilised before maltose. A mixture of maltodextrins 
and maltose was added to a growing culture, but the fate of the higher oligosacchari- 
des could not be adequately assessed chromatographically because of salt interference. 
However, maltotetraose was utilized before there was a qualitative diminution in 
the maltose concentration. 

Action of pwified enzyme preparations on radioactive substrates 
The homologous series of [14C] labelled maltodextrins from maltose to malto- 

decaose could be readily isolated after paper chromatograpkic separation of a digest 
obtained by incubation of [14c] maltose (6.2 mg: IOO pc) with amylomaltase (0.5 ml) 
for 30 min at 37’. Each saccharide was dissolved in o.IM-tris buffer pH 6.8 (0.5 ml), 
incubated with amylomaltase (0.5 ml) at 37”, and then analysed at intervals by paper 
chromatography and autoradiography. Maltotriose in three hours was completely 
converted into maltose and glucose, while maltotetraose gave maltotriose, maltose, 
and glucose. The tetrasaccharide disappeared after two hours and the trisaccharide 
after six hours. Maltopentaose rapidly gave the homologous series of lower sacchari- 
des as indeed did maltohexaose. It was significant, however, that even when the malto- 
pentaose and maltose had disappeared a maltohexaose spot still persisted. After 
conversion of maltokeptaose into the lower homologous series of amylosacckarides, 
the maltopentaose and maltotetraose disappeared but the maltokexaose persisted. 
This persistence of maltohexaose in the digestion products was also noticed when 
malto-octaose, maltononaose, and even maltodecaose were incubated with amylo- 
maltase. The initial breakdown patterns in these cases were 8+6 + 2; g-+6 + 3; 
r-6 f 4. This preferential persistence of maltohexaose may be associated with 
helix formation. The [14C] saccharides were at very low concentration (<I mg/ml) 
under the above conditions. When [14C] maltotetraose was mixed with maltotetraose 
(5 mg) and incubated with the same amount of enzyme-buffer as above, the sole init- 
ial products (3-6 min) were maltopentaose and maltotriose, followed later (15-20 tin) 

by maltohexaose and maltose. 
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DISCUSSION 

The observation that cells grown in the presence of maltose, unlike cells grown 
on succinate as sole carbon source, are capable of attacking synthetic polysaccharides 
with the production of glucose suggests that an amylase or phosphorylase type of 
enzyme is induced concurrently with amylomaltase. Monod and Torrianis mentioned 
that partially purified preparations of amylomaltase can attack amylose, and they 
attributed this action to amylase or phosphorylase impurities which could be elimin- 
ated by further purification. The action on synthetic polysaccharides could be 
considerably reduced if amylomahase preparations were partially purified. 

The specificity of amylomaltase induction is high and, moreover, apart from 
the synthetic polysaccharides and trehalose, maltose and maltodextrins are the only 
compounds attacked by toiuenised preparations of induced cells. Monod and Tor- 
riania showed that amylomaltase preparations had no action on sucrose, lactose, 
melibiose, ccllobiose, or methyl a-D-glucoside, and Wiesmeyer and Cohn7 demon- 
strated that, of a large number of compounds tested, only glucose, mannose, and 
methyl #Lmaltoside could act as glucosyl acceptors with amylose in the reverse react- 
ion catalysed by pure preparations of amylomaltase. Of a number of compounds, 
in&ding methyl a-D-glucoside, methyl /Lmaltoside, and r-thiomaltose, tested for 
inhibitory action on the activity of toluenised preparations of induced cells, only 
I-thiomaltose was an effective inhibitor. These results are in contrast to those of 
Wiesmeyer and Cohn’ who showed that methyl a-D-ghicoside and methyl fl-maltoside 
competitively inhibited the action of pure preparations of amylomaltase. On the other 
hand, I-thiomaltose was without efiect on either maltose uptake or induction of 
growing cells, and it seems likely that with whole cells, and possibly with toluenised 
preparations, permeability effects are involved. 

The results of the studies of the action of putied enzyme preparations on 
[r%] labelled maltodextrins are difficult to interpret. The experiments with maltotet- 
raose show a different product pattern depending on the concentration of substrate. 
At high concentration, a typical amylomaltase action, with the production of higher 
oligosaccharides, is observed, but at iow concentration it seems possible that water 
acts as the chief transglycoside acceptor. In some respects, the action patterns at low 
substrate concentrations are reminiscent of those reported by Robyt and French21 
for the action of Bacilhs subtilis amylase on maltodextrins. 
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SUMMAZY 

The effect of a number of compounds structurahy related to maltose on the 
growth, amylomaltase induction, and amylomaltase action of an inducible strain of 
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Escherichia coli has been investigated. Only maltose and maltodextrins were utilised 
as sole carbon source for growth, and only maltodextrins had an inducing power 
comparable to that of maltose. Of a number of compounds tested, only maltose and 
maltodextrins were attacked at an appreciable rate by induced cells, but induced cells 
could also produce glucose from synthetic amylopectin. I-Thiomaltose was the only 
effective inhibitor of amylomaltase action. The action pattern of purified amylomalt- 
ase preparations on [l*CJ labelled maltodextrins has been examined. 
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IKi-RODUCTION 

Diplococcuspneumoniae Type II capsular polysaccharide contains L-rhamnoser, 
together with D-glucose and D-glucuronic acids. Methylation studies334 showed that 
(a) the L-rhamnose was linked at positions I and 3, (b) the D-glucose was involved 
in r,q,Qbranch points, and (c) the D-glucuronic acid was linked at positions I and 4, 
and also occurred as non-reducing terminal units. Infrared spectra and the optical 
rotations suggested that some of the glycosidic linkages in the type specific polysac- 
charide had the a-configuration, but the precise location of these was not known. 
The present studies were designed to elucidate the anomeric character of the rham- 
noside linkages, and to determine the location and arrangement of the rhamnose 
units in the polysaccharide. 

hfAl-EFt1AL.S AND METHODS 

The sample of Pneumococcus Type II specific capsular polysaccharide (SII) 
used in these studies was kindly purified by Dr. SM. Amir, employing deprotein- 
isation with trifluorotrichloroethane, followed by fractionation with cetyltrimethyl- 
ammonium bromide. After ethanol precipitation, and removal of nucleic acid by ribo- 
nuclease digestion, a polysaccharide with [aJ2z + 51.2~ (c 0.81, water) was obtained. 

Standard method of induction 
Aliquots (25 ml) of enriched mediums, consisting of RHsPO4 (4.7 g), (NH&S04 

(2.0 g), MgSO4.7HzO (0.2 g), CaCls _ 2HsO (0.01 g), FeS04.7HsO (0.005 g), L-gluta- 
mic acid (0.5 g), glycine (0.1 g), succinic acid (6.0 g), and yeast extract (Difco Ltd., 
I-O g) in one litre of aqueous solution adjusted to pH 6.8 with potassium hydroxide, 
were dispensed in conical flasks (250 ml). After sterilisation, a supplementary vitamin 
mixture [containing biotin (IO k&g), thiamine (1.0 mg), nicotinic acid (1.0 mg), and 
p-aminobenzoic acid (1.0 mg) per ml of solution] (20 ml per litre) was added before 
inoculation with Klebsiella aerogenes (NCIB 9479) from agar slopes. After growth 
for 24 h at 37”, the organism was again subcultured (5 ~1) in the same manner, and 
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incubated for a further 16 h, by which time maximum growth was obtained. The 
organism was harvested by centrifugation and washed with sterile distilled water 
(0.1 x the volume of the previous culture). The-washed cells were resuspended in 
sterile distilled water at a concentration 25 x that of the original culture. Induction 
units of a mitimal mineral medium containing KHzP04 (4.7 g), (NH4)2SO4 (2.0 g), 
MgS04.7HzO (0.2 g), and succinic acid (6.0 g) in one litre of aqueous solution adjus- 
ted to pH 6.8 with potassium hydroxide, were inoculated with a sufficient volume 
of resuspended cells to give a cell concentration of 0.28 mg per ml, determined by 
the absorption of cell suspensions at 550 rnp. The inducer solution, sterilised by 
membrane fi!tration, was added aseptically before commencing incubation at 37”. 

Separation of medium constituents 
Cell-free samples for analysis were obtained by centrifugation of culture ali- 

quots. A quantitative separation (1.0 ml aliquots) of macromolecular substrate 
and low molecular-weight cleavage products was obtained by gel filtration on Sepha- 
dex G-25 (Pharmacia Ltd., exclusion limit 3-4,000, bed volume 66 ml). Analyses were 
performed on the material obtained by lyophilisation of the relevant fractions 
(polysaccharide fraction, 20 to 39 ml; cleavage product fraction, 47 to 64 ml). After 
characterisation of the cIeavage products, a more convenient separation was obtained 
by ion-exchange chromatography. Fractionation (1.0 ml aliquot) on DEAE Sephadex 
A-50 (Cl- form, bed volume 3.0 ml) with linear gradient elution (NaCI, 0-I.OM, in 
phosphate buffer pH 6.8, O.O~M, IOO ml) afforded a quantitative separation of the 
neutral cleavage products, induced enzyme, and polysaccharide. The neutral materials 
were eluted in the first 4-o ml of eluate, the enzyme in 5.0-30.0 ml, and the polysac- 
charide in 32-64 ml. 

Analysis of cleavage products 
Qualitative analyses for carbohydrates were performed by chromatography 

on Whatman No. I paper, using descending irrigation with butanoi-ethanol-water 
(4:1:5), a,nd detection by aikaline silver nitrate6, or aniline hydrogen phthalate7. Paper 
electrophoresis was performed on Whatman No. 3 MM paper in acetate buffer 
(0.2M, pH 5.0). 

Quantitative determinations of carbohydrates were obtained by various spec- 
trophotometric assay techniques. Determinations based on reducing power were 
obtained by the Nelson calorimetric modification of the Somo,& micro-copper 
methods. 6-Deoxyhexoses and hexoses were determined, essentially as recommended 
by Discheg-10, using the cysteine-sulphuric acid reaction. Hexuronic acids were deter- 
mined by the modijied carbazole-sulphuric acid reaction of Dische and Gregoryll. 
Analyses for D-glucose in hydrolysates were performed by the selective glucose- 
oxidase methodlz. 

Periodate oxidations of oligosaccharides were performed at 2O, at pH 4.5, 
in the absence of light, for a period of 14-q h. Sodium metaperiodate (0.01~) 

corresponding to a five-fold excess of oxidant over the expected consumption was 
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employed. The reactions were terminated by addition of a two-fold excess of lead 
dithionate solution (IO%, w/v), enabling modifications of the standard spectropho- 
tometric determinations to be performed directly on oxidation products. 

AnaIysis of polysaccharide cores 

The three constituent sugars were assayed by the spectrophotometric procedures 
mentioned above. 

Assay of induced enzymes 

Glycosidase activity and specificity were determined by incubation of the 
enzyme with the relevant methyl glycoside. Preliminary qualitative estimations of 
activity were obtained by chromatography of the digests. Quantitative analysis of 
methyl rhamnosides in the presence of free rhamnose was initially obtained by prefe- 
rential adsorption of the free sugar on a column of Dowex 1x2 prepared from an 
aliquot (I .o ml) of a I: I (v/v) aqueous suspension of the resin. The column was washed 
with sodium hydroxide (N, 20 ml), and then with carbon dioxide-free distilled water 
to a neutral pII. Samples (1.0 ml) containing 20-40 ,ug of mixed methyl rhamnoside 
and free rhamnose were applied to the column, and the rhamnosides quantitatively 
eluted in carbon dioxide-free distilled water (IO ml). After concentration, analyses 
were performed by the cysteine-sulphuric acid reaction on measured aliquots. The 
free rhamnose was eluted in sodium chloride (10% w/v, IO ml), but not in a quanti- 
tative yield. 

Subsequently, a direct method of analysis was employed, based on the reduc- 
tion of the free sugar with sodium borohydride. Samples containing rhamnoside 
(o-20 pg) and enzyme in a total volume of 0.45 ml, together with the appropriate 
standards and controls, were incubated at 37” for 12 h. Aliquots (0.2 ml) were 
assayed for total rhamnose by the cysteine-sulphuric acid reaction after dilution to 
0.5 ml. A second aliquot (0.2 ml) from each tube was transferred to a cooled (iced 
water) stoppered-tube, and diluted with borate buffer (0. IM, o. I ml). Ice-cold sodium 
borohydride solution (2y0 w/v, 0.1 ml) was added, the tubes were maintained at o” 
for 2 h, and the unreacted borohydride was destroyed by the addition of acetic acid 
(5% w/v, 0.1 ml). After storage for 30 min at o”, the contents of each tube were assayed 
for unreduced rhamnose by the cysteine-sulphuric acid reaction. 

Preparaiion of reference enzymes 

Standard preparations of induced enzymes were obtained by induction of 
K aerogenes with methyl a-L-rhamnopyranoside and methyl P-L-rhamnopyranoside. 
Cell suspensions of K. aerogenes, prepared by the general method, were used to inoc- 
ulate induction units (25 ml), consisting of mediums similar to that used for the 
initial growth medium but containing no yeast extract, to a cell concentration of 
0.28 mg/ml. A sterile solution of inducer was added to give a concentration of 0.25 

mglml, prior to commencing incubation at 37”. After 24 h, a further addition of 
inducer was made at the same level of concentration. Cell-free supematants, obtained 
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after growth for a further 24 h, were dialysed at 0” against phosphate buffer (o.o~M, 

pH 6.6) and concentrated ten-fold by ultrafiltration. 
The specificity and activity of the preparations (0.1 ml aliquots) towards the 

anomeric methyl rhamnosides were obtained by the methods mentioned above. 

Sequential chemical degradation of the polysaccharide 

Oxidation 

A solution of SII (10.3 mg) was oxidised at 2” with sodium metaperiodate 
(O.OI~M, 25 ml). Consumption of periodate was followed by the spectrophoto- 
metric method13 employing the absorbance at 225 rnp. Aliquots (LO ml) were analy- 
sed for carbohydrate content by modifications of the standard methods, after destruc- 
tion of excess of periodate with lead dithionate, as described previously. After com- 
pletion of the oxidation (360 b), rcddual periodate was removed by the addition of 
excess of ethylene glycol and dialysis against three daily changes of saline (0.9%) 
at o”. After concentration by lyophilisation, the oxidised material was redissolved in 
water (I0 ml). 

Reduction 

The oxidised material was reduced with sodium borohydride at 2O, using car- 
bon dioxide ebullition to maintain pH 8.0. Sodium borohydride (20 mg) was added 
at intervals (3;, min) over a period of 5 h. After a further hour the reaction mixture 
was neutralised to pH 7.0 by the addition of acetic acid (50/;, w/v), and dialysed 
against three daily changes of phosphate buffer (o.o5hf, pIl 7.0) containing sodium 
chloride (o.g”h)_ 

Mild acid hydroIysis 

The reduced material was hydrolysed in o.IN-hydrochloric acid for 4 h at 
2o”. 

This sequence of periodate oxidation, borohydride reduction, and mild acid 
hydrolysis was repeated twice on the degraded material. 

RESULTS 

Cell-free aliquots of an induction of K. set-ogenes with the capsular polysac- 
charide SII (25 mg) showed, on chromatographic analysis, a component of RG 0.25 

after incubation for I hour, and a component of RG I.94 after 6 hours. (cf. L-rham- 
nose, RG r-94; D-glucuronic acid, & 0.2)). Analysis of the polysaccharide cores and 
cleavage products gave the results shown in Table I. 

The isolated component of RG 0.25, when hydrolysed at 100~ for 4 hours with 
N-sulohuric acid gave 97% rhamnose, and no detectable glucose or glucuronic acid. _ 
In the cysteine-sulphuric acid reaction, the original oligosaccharide gave a chromo- 
phore identical with that from authentic rhamnose, and with the same sensitivity 
to water. It behaved as a neutral entity on electrophoresis in acetate buffer and was 
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not adsorbed on Deacidite FF resin (CO:- form), in contrast to reference glucuronic 
acid. Since the rhamnose content of the periodate-oxidised oligosaccharide was 

TABLE I 

INDUCTION OF K. aerogenes WITH SIX 

Time (h) Core analysti (_ug/mg initial SZZ) 

Rhamnosea Glucose 

Rhamnose liberated 

Glucaronic acid olglmg initial SIQ” 

0 

1 

2 

3 
4 

2 
7 

24 

478(47S) 347 162 
452(393) 346 161 
446(356) 350 163 

43N34.2) 346 162 
425 346 161 

414 347 162 

267 346 161 

o.o(o.0) 
16.ob(o.o) 
5.0(0.0) 

4.5OJ.o) 
4.6 
4.2 
5.2 
4.8 

aValues in parenthesis were obtained when SII was added in the logarithmic phase of growth. 
“Present as an oligosaccharide. 

33% of that before oxidation, and 34% of the rhamnose was reducible by sodium 
borohydride, a trisaccharide structure was indicated. 

The component of RG 1.94, isolated after incubation of SII with K. aerogenes 
for 6 hours, behaved as a neutral entity, was stable to acid hydrolysis, and in the 

cysteine-sulphuric acid reaction gave a cbromophore which was identical with that 
from a 6-deoxyhexose. This chromophore was not formed following periodate oxi- 
dation or borohydride reduction of the component, indicating the latter to be 
unbound rhamnose. 

TABLE II 

SPECIFICITY OF mZyF.!ES INDUCED IN CULTURES OF K. aerogenes 

Inducer Substrate oA hy&olysiY 

Methyl Methyl 
a-t-rhomnopyranoside &I.-rhamnopyranoside 

SII (I h incubation) 
SII (6 h incubation) 
Methyl a-r-rhamnopyranoside 
Methyl F-L-rhamnopyranoside 

36.5 0.0 
40.9 45.4 
39.9(39.o) o.o(o.0) 
o.o(o.0) 43.6Q4.1) 

=Values m parenthesis were obtained by the reduction method. 

The specificities of the enzymes present after incubation with SII for I and 
6 hours, and of the reference enzymes induced with the methyl rhamnosides, are 
shown in Table II. In the case of the SIT-induced enzymes, an aliquot (0.25 ml) 
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of the ten-fold concentrated fraction from the DEAE Sephadex column was used, 
whilst an aliquot (0-1 ml) of the concentrated reference enzyme was employed_ 
Prior heat treatment (IOOO, 5 miu) of the digests resulted in complete loss of activity, 
indicating the enzymatic character of the hydrolysis. 

The trisaccharide was not hydrolysed by the reference cr-L-rhamnosidase, or by 
the enzyme present after incubation for I hour with SII. Hydrolysis of the trisacchar- 
ide was effected by the reference p-L-rhamnosidase. Examination ~of the ratio of 
non-reducible to non-oxidisable rhamuose in the digest indicated the sole production 
of unbound rhamnose. 

Incubation of SII with a-L-rhamnosidase, obtained either from a one hour 
incubation with HI, or from methyl a-L-rhamnopyranoside, resulted in the liberation 
of a trisaccharide identical with that discussed above. Complete correlation was 
obtained between the rhamnose content of the trisaccharide and the loss of rhamnose 
from the polysacoharide recovered by gel filtration of the digest. The cleavage pro- 
duct, obtained by fractionation of the digest of SII with reference p-L-rhamnosidase, 
contained only unbound rhamnose since it was completely destroyed by periodate 
oxidation and borohydride reduction. 

Periodate oxidation of SII reduced the rhamnose content by 33%, the level of 
rhamnose remaining constant after 3 hours. Borohydride reduction of the oxidised 
material did not alter the rhamnose content, demonstrating that the rhamnose was 
still glycosidically bound. Similarly, mild acid hydrolysis did not significantly alter 
this value. Repetition of this oxidation, reduction, and hydrolysis sequence lowered 
the rhamnose content of the initially degraded SII by 49_7%_ A final application of 
the degradative sequence removed entirely the rhamnose portion of the molecule. 
The action of the reference a-L-rhamnosidase and @-r_-rhamnosidase on SII in 
various states of degradation were determined, the cleaved product being charac- 
terised by periodate oxidation and borohydride reduction. Aliquots (0.1 ml) of the 
enzyme preparations were used, with samples containiug so-~oopg of rhamnose; 
the assays were performed after incubation for 12 hours at 37”. and the results of 
these digestions are shown in Table III. 

TABLE II1 

ACTION OF REFERENCE ENZYMES ON CHEMICALLY-DEGRADED SII 

-L-rhomnosidnse SII 
Initial 

SII SII 
rst degradation 2nd degraa-&on 

Rho-Rho-Rho-X Rho-Rhzz-Xl Rha-X2 ~___ 
CL B CT B 0: B 

Rhamnose content of cleavage 
product (&mg initial SII) 
Total 49 53 60 95 42 0 

Reducible by borohydride 17 52 29 94 42 0 

Oxidisable by periodate 33 53 60 95 42 0 
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A study of the conditions necessary for induced enzymatic degradation of 
P~eumococcus Type II specif?c capsular polysaccharide (Sn), concurrent with the 
accumulation of cleavage products in the extracellular medium, led to the adoption 
of the induction conditions formulated above. The critical requirements appear to 
be an enriched initial-growth medium, followed by an initial high cell-concentration 
in a minimal mineral induction medium with its associated, prolonged lag-phase of 
growth, during which the inducer is added. Delay of SII addition, until logarithmic 
growth was established, resulted in an increased rate of degradation, but gave no 
detectable accumulation of cleavage products. 

Monitoring of cleavage products by measurement of increased reducing power 
in the culture proved somewhat unreliable by the Nelson methods. Although satis- 
factory in aqueous solutions, or, for example, in the presence of salt from neutralised 
hydrolysates, the assay was unreliable for the determination of reducing sugars in 
culture titrates or dialysates. The presence of succinate ions and other metabolites 
had a marked depressant effect on chromogen formation, not only in the reagent 
blanks, but also in the sugar assays. Reasonable results were attainable when cali- 
bration waspossible in buffer or medium of constant composition, but not in cultures 
of varying age. 

On DEAE Sephadex, quantitative resolution of polysaccharide cores and the 
cleaved carbohydrate occurred, enabling each of them to be accurately monitored. 
Analysis of the polysaccharide cores with time in an induction of K oerogenes with 
SII showed a steady decrease in rhamnose content with incubation time, the glucose 
and glucuronic acid being unaffected within the limits of experimental error. A rham- 
nose oligosaccharide, followed by rhamnose, appeared in the extracellular medium. 
The same DEAE Sephadex column afforded a good separation between the induced 
enzyme and the carbohydrates. After one hour, the only detectable extracellular 
carbohydrase was an a-r.-rhamnosidase, which degraded methyl a-L-rhamnopyran- 
oside but not methyl @-L-rhamnopyranoside. The fact that the total rhamnose con- 
tent before 2nd after this enzyme reaction was the same, indicated that the enzyme 
was purely hydrolytic, and had no fermentative action on rhamnose. The most reliable 
method for quantitative determination of rhamnose, in the presence of rhamnosides, 
was by direct analysis of the total rhamnose contents before and after borohydride 
reduction. Separations on a strongly basic resin gave a quantitative recovery of 
rhamnosides, but not of free rhamnose which was partially degraded on the column. 

An enzyme was prepared by induction of K. aerogenes with methyl a-L-rhamno- 
pyranoside and shown to be stereospeci& in its ability to hydrolyse the cz- but not 
the ,8-L-rhamnopyranoside. It was confirmed that the enzyme was able to hydrolyse 
then-anomer in the presence ofthe&anomer. When either the enzyme from the induct- 
ion with SII (after incubation for one hour), or the reference a-L-rhamnosidase, was 
incubated with SII, the rhamnose oligosaccharide obtained was identical with that 
obtained from the polysaccharide induction medium (one hour). This indicated that 
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the rhamnose oligosaccharide and the remainder of the SII molecule were joined 
by an a-glycosidic link. 

The results of the selective spectrophotometric assays combined with ion- 
exchange chromatography, and electrophoresis, confirmed that the oligosaccharide 
contained only rhamnose units. If one assumes that all the rhamnose units in SII are 
linked through positions I and 3, as indicated by the detection of only one dimethyl- 
rhamnose,2,4-di-O-methyl-L-rhannose,inthemethylationstudies3~4,thentheperiodate 
oxidation results suggest that the oligosaccharide is a trisaccharide. Oxidation of the 
reducing and non-reducing terminal units would occur, leaving the central unit 
intact, and giving a rhamnose ratio of 3 to I before and after oxidation. In support 
of this argument, assay before and after borohydride reduction showed that only 
one rhamnose unit in three was reducible. 

Because only small quantities of the trisaccharide were available, the method 
of identifying the inter-rhamnose linkages had to be enzymatic. After incubation of 
the trisaccharide with a-L-rhamnosidase, induced either by SII or by methyl CC-L- 
rhamnopyranoside, no change in the ratio of rhamnose present before and after 
periodate oxidation was discernible. Any hydrolysis of the oligosaccharide would 
have resulted in a change in this ratio, due to a lowering of the proportion of rhamnose 
resistant to oxidation. This technique was judged to be sensitive to 1-20/O hydrolysis. 
The trisaccharide was attacked by @-L-rhamnosidase. The tctal rhamnose content of 
the digest remained unchanged after incubation, indicating the absence of non- 
hydrolytic degradation, but the proportion of rhamnose resistant to periodate oxida- 
tion was markedly decreased. At the same time the reducible rhamnose content had 
increased. Since, after enzymatic digestion, the proportion of rhamnose units resistant 
to borohydride reduction remained twice that resistant to periodate oxidation, 
only free rhamnose and unhydroiysed trisaccharide were present. The failure to 
detect rhamnosyl-rhamnose in the digest indicates that both of the inter-rhamnose 
linkages in the trisaccharide have the (3-configuration. A careful study of the 
enzymatic hydrolysis of the trisaccharide with time would probably show the tran- 
sitory appearance of rhamnosyi-rhamnose, since the rates of enzymatic hydrolysis 
of the two linkages would be expected to be slightly different. 

Although colour reactions, in combination with periodate oxidation and boro- 
hydride reduction, cannot usually replace the classical tools of structural oligosac- 
charide chemistry, consideration of the unique combination of products formed in 
the present case provides a firm basis for assigning structure I to the trisaccharide. 

I 
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The sole product isolated after incubation of K. aerogenes with SII for 6 hours 
, is free rhamnose, and this is entirely in agreement with the facts previously discussed. 
The initially-induced a-r;rhamnosidase liberates the tisaccharide, and the sequen- 
tially-induced B-L-rhamnosidase degrades this to rhamnose. The residual level of 
rhamnose in the medium, although very low, suggests a balance between the hydro- 
lytic release of the sugar and its utilisation by the organism. 

The liberation of the tisaccharide from SII by the action of an a-L-rhamno- 
sidase suggested the presence of U-b-r.-rhamnopyranosyl-(r++U-,9-L-rhamnopy- 
ranosyl-(I++O-cc-L-rhamnopyranosyl-(r-+3)- units as terminal non-reducing chain- 
ends. To investigate this postulation, the polysaccharide was degraded chemically 
by sequential application of periodate oxidation, borohydride reduction, mild acid 
hydrolysis, and repetitions of these processes. On oxidation of SII, only one third 
of the total rhamnose content was destroyed (cf. ref. 14) suggesting that all of the 
rhamnose was present as Rha rA3Rha r-+Rha I-+ terminal units_ The oxidised 
rhamnose units were, presumably, the non-reducing end-groups, and after reduction 
with sodium borohydride, were removed by mild acid hydrolysis. This did not decrease 
the rhamnose content, showing that the original resistant rhamnose units were still 
glycosidically bound; a-r.-rhamnosidase liberated only rhamnosyl-rhamnose from 
the core at this stage. Degradation of the core by #?-L-rhamnosidase liberated only 
rhamnose, thus confirming the existence of a /?-linkage between the central and redu- 
cing units of the rhamnose trisaccharide. The corresponding evidence for the linkage 
between the central and non-reducing terminal units is more indirect, no disaccharide 
being detectable by the action of p-L-rhamnosidase on the trisaccharide. 

In further confirmation of the postulated structure, a second oxidation decrea- 
sed the rhamnose content of the core by one half. Reduction and mild acid hydrolysis 
of this material caused no alteration in the rhamnose content, and the product 
showed no reaction with #l-r_-rhamnosidase, indicating the lack of #Minkages in the 
core at this stage. a-L-Rhamnosidase released only free rhamnose from this core. 
A third oxidation finally removed the residual rhamnose units. 

The sequential degradation ofSIIby periodate oxidation, borohydridereduction, 
and mild acid hydrolysis, in combination with use of the reference enzymes, provides 
good corroborating evidence that the rhamnose units are arranged as in structure II. 
The gross structure of SII now becomes extremely interesting. If all the D-glucose is 
present as r,4,6-branching points, and all the rhamnose units are arranged as repre- 
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sented in structure II, then it is impossible for an appreciable proportion of the 
D-glucuronic acid to be present as r,4-linked intercatenary units. It would, in fact, 
seem unlikely that all the D-glucose is 1,4,6-linked. since there is some discrepancy 
between the recovery of the methylated glucose derivative and the total ghrcose 
content of SII. 

Enzyme induction, coupled with the use of specific enzymes, prepared by induct- 
ion, has in this instance proved valuable in investigating the structure of a molecule 
difficult to examine by classical methods. 

SrJIaMARY 

Pneumococcus Type II polysaccharide, containing L-rhamnose (47.8%), 
D-glucose (34.7%). and sodium D-glucuronate (16.2%), induced sequentially in cul- 
tures of Kiebsieila aerogenes an cx-L-rhamnosidase, which liberated O-p-L-rhamnopy- 
ranosyl-(r~3)-O-~-L-rhamnopyrsnosyl-(I-t3)-L-rhamnose, and then a jl-L-rhamno- 
sidase, which degraded this trisaccharide to L-rhamnose. The arrangement of such 
rhamnose units in the polysaccharide has been determined by using sequential appli- 
cation of degradation by periodate oxidation, sodium borohydride reduction, and 
mild acid hydrolysis, and repetitions of this sequence. 
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INTRODUCTION 

Two common methods for the examination of the structure of a polysaccharide 
are periodate oxidation and methylation. The former method has recently been greatly 
enlarged in scope with the development of the Smith degradation procedure’ by 
which a polysaccharide may be degraded to a series of glycosylalditols in which the 
alditol moiety is usually glycerol, erythritol or a threitol. If the polysaccharide 
contains both cc and B linkages and is highly branched, then mixtures of various 
glycosylalditols with both anomeric configurations are produced. Such mixtures are 
often inseparable by paper chromatography or electrophoresis, but may be separated 
as their trimethylsilyl derivatives2 by using gas-liquid chromatography (g.l.c.)r. This 
paper reports some applications of this technique to a synthetic D-gala&an prepared 
by Mora eb aL3. Although only small amounts of the various galactosylalditols 
were obtained, their anomeric con@urations were readily determined by treatment 
with p-galactosidase. G.1.c. was also used for the analysis of some of the methylated 
sugars obtained by hydrolysis of the methylated D-galactan. 

DISCUSSION 

Smith degradation 

When the D-galactan was oxidized with periodate, reduced with borohydride 
and subjected to mild acid hydrolysis, a mixture of products was obtained which 
could be partially resolved by paper chromatography into about nine fractions 
(Table I). The first three (fractions I, 2, and 3) were identified as glycerol, D-threitol, 
and L-arabinose respectively. Fraction 4 was a mixture of a non-reducing component 
and D-galactose. The latter was removed, after bromine oxidation, on an ion-exchange 
resin. The non-reducing material gave arabinose and glycerol on hydrolysis, and 
formaldehyde on periodate oxidation. Reduction and hydrolysis gave an equimolar 
mixture of glycerol and ethylene glycol, showing that the compound was I-O- 

(L-arabinofuranosyl)glycerol. The isolation of this derivative is evidence for the 
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TABLE I 

SMD-H DEGRADATION OF D-GALACXAN 

Fraction Identity wt. w RGiZl 

? 
2 

3 
4a 
4b 

glycerol I.500 
D-&Kit01 I.200 

L-arabinose 0.020 

D-galactose 0.040 
r-O- (L-arabinofuran- 

0syl)glycerol 0.020 

0.032 
G-D-galactosylalditols 0.056 

0.060 
oligosaccharide 0.078 
oligosaccharide 0.082 

3.05 
1.71 
I-35 
1.00 

o.gg-1.00 

o.84-o-go 

0.64-0.72 
0.49-0.56 
0.33-0.41 
o.rg-o.26 

existence of the D-Galf(I+6)-D-Gal sequence in the polysaccharide. Fraction 5 was 
trimethylsilylated2 and examined by g.1.c. Of the two main components (Fig. IA), 

the major product was shown to be the trimethylsilyl derivative of I-O-(C-D-galacto- 
pyranosyl)glyceroI and the minor p.~duct to be that of the P-D anomer, by desilyl- 
ations and treatment with /Lgalactosidase. These products demonstrate the existence 
of D-Galp-(1+6)-D-Gal sequences with both a-~ &Id B-D linkages in the polymer. 

0 2 4 6 8 IO 12 14 16 

TIME (minutes) 

Fig. I. Gas-liquid chromatography of trimethylsilyl ethers of O-D-gaIactosylalditoIs from Smith 
degradation. (A) Column temperature, 229; He flow 120 ml/min; I, r-O-(a-D-galactopyranosyl)- 
glycerol; 2, P-D anomer. (B) Column temperatUre, 255"; He flow 150 ml/m& 2,2-O- (a-D-galactopy- 
ranosyl)-D-threitol; 3. #?-D anomer. (c) Column temperature, 255 0; He flow 150 ml/mm; I, same as 
B3; 2, I-O-(a-D-galactopyranosyl)-D-threitol; 3, #?-D anomer. 
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The gas chromatogram of fraction 6 showed several components. Components 
2 and 3 (Fig. IB) could be identified as the trimethylsilyl derivatives of 2-O-(a-D- 
galactopyranosyl)-D-threitol and its 8-D anomer respectively, and would result from 
D-G@-(I+~)-D-G~~ or D-Galp-(r+g)-D-Galf sequences. Peak I of fraction 7 
corresponded to peak 3 of fraction 6. Components 2 and 3 (Fig. IC) were not com- 
pletely separated, but were each shown to be trimethyIsilyIated I-O-(D-galacto- 
pyranosy!)-D-threitols. Since after desilylation the greater part of these two fractions 
was hydrolyzed by /?-galactosidase, component 2 must be derived from I-o-(a-D- 

gaIactopyranosyl)-D-threitol, and component 3 from the /J-D anomer. These degra- 
dation products present further evidence for the existence of (1-6) linkages in the 
polysaccharide. They may arise from either a ~-Gal~+(~-ts)-~-Galj’ structure or 
a D-gaiactopyranose residue substituted at positions 4 and 6. In each case an insuffi- 
cient amount of these 0-glycosylalditois was obtained to prepare derivatives. 

The higher fractions contained greater proportions of D-galactose but could 
not be resolved. 

Methyiated galactan 
The fully methylated D-gala&an was hydrolyzed and the mixture of methyl- 

ated sugars resolved by paper chromatography into the fractions shown in Table II. 
Fraction I was identified chromatographically as 2,3,5&i-tetra-0-methyl-D-galactose. 
Fraction 2 was ident%ed as 2,3,4,6-tetra-0-methyl-D-galactose by bromine oxidation 
and conversion to the crystalline phenyhrydrazide. Fraction 3 was believed to contain 
tri-O-methyl-D-galactofuranoses, and 2,3,6-tri-0-methyl-D-galactose which has a 
higher RF value than the other pyranose isomers. 

TABLE II 

PAPER CHROMATOGRAPHIC SEPARATION OF D-GALACTOSE METHYL ETHERS 

Fraction RF Components, ethers of 
D-galactose 

Weight (mg) 

I 

2 

3 
4 

0.87 

0.68 
0.49o-55 
0.32-0.40 

0.12-0.25 
0.01-0.08 

z,3,5.6-tetra-o-methyl- II0 

z&3,4,6-tetra-O-methyl- 360 
tri-O-methyl-, furanose 165 
tri-O-methyl-, pyranosc 75 
di-o-methyl- 205 
mono-O-methyl- 70 

Recovery 83% 

Paper electrophoresis indicated a minor component (3,5,6-trimethyl ether) 
which migrated. Glycosidation of the mixture followed by tritylation” gave an insol- 
uble trityl compound which on detritylation, hydrolysis, bromine oxidation, and 
pWifiCatiOn by g.1.c. gave crystahine 2,3,5-tri-0-methyl-D-galactonolactone. The 
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remainder of fraction 3 was hydrolyzed and subjected to the sequence borohydride 
reduction, periodate oxidation and borohydride reduction. The cleavage products 
were demethylated by boiling with hydrobromic acid5 and the alditols were separated 
by paper chromatography. Since each tri-O-methyl isomer gives a unique alditol by 
this procedure the identification of these alditols provides evidence for the presence 
in fraction 3 of the three tri-O-methyi-D-galactoses shown in Table III. Their relative 
proportions were estimated by a periodate-chromotropic acid procedure6 and the 
main components were characterized as crystalline derivatives. Since the quantitative 
accuracy of the demethylation step is unknown, these fi.,ves flable III) can only 
indicate approximate proportions. Other work, however, suggests that selective 
decomposition by hydrobromic acid is not a serious source of error’. 

TABLE III 

DEGRADATION OF PART OF FRACTION 3 

Tri-O-methyl-D- Degradation products Demethylation oA of total Derivatiue (m-p.) 
galactose prodact 

%i,6- 

2,3,6- 

3.5.6- 

2-0-methylglycerol glycerol p-nitrobenzoate 
z,3-di-O-methylglycerol glycerol 7 (X89-192”) 
2,3-di-0-methyl-L-threitol L-threitol p-nitrobenzoate 

(221-2229 

2-methoxyethanol ethylene glycol gs p-nitrobenzoate 
(142-w4°) 

2,&s-tri-o-methyl- D-arabinitol 8 
sarabinitol 

Paper electrophoresis of fraction 4 (2,3,4-, 2,4,6-, and 3,4,6-tri-U-methyl- 
D-galactose) showed that approximately 15% was the 3,4,6-isomer. Conversion into 
the methyl glycosides and tritylation showed the 2,3,4-isomer to constitute about 
75% of the fraction, and hence IO% was the 2,4,6_trimethyl ether. These identifi- 
cations were confirmed by conversion of the tritylated material into 2,3,4-tri- 
O-methyl-iV-phenyl-D-galactosylamine. The non-tritylated portion was degraded to an 
arabinitol (from the 3,4,6-trimethyl ether) and galactitol (from the 2,4&rimethyl 
ether). 

Fraction 5, which contained as many as nine di- U-methyl ethers, was converted 
into the methyl glycosides and tritylated. The water-insoluble portion contained 
those isomers in which the hydroxyl on C-6 was not methylated, i.e. the 2,3-, 2,4-, 
2,5-, 3,4-, and 3,5-di-O-methyl-D-galactoses. The mother liquor contained the 2,6-, 
3,6-, 4,6-, and 5,6-isomers. The mixture of tritylated compounds was detritylated, 
hydrolyzed, and oxidized with dilute periodate. Only the 3,4- and 3,5-ethers may be 
expected to undergo rapid oxidation. In agreement with this, paper chromatography 
showed the formation of some fast-moving material (2,3- and 2,4-di-O-methyl- 
D-Iyxoses) which was isolated and reduced with borohydride. Periodate degradation 
and demethylation gave erythritol, from 2,3-di-O-methyl-o-Iyxose, and a pentitol 
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presumed to be D-arabinitol (Myxitol) from the 2,4-di-O-methyl-D-lyxose, thus 
confirming the presence of the- 3,4- and 3,5-di-O-methyl-D-galactoses in fraction 5. 
The material which did not react initially with periodate was reduced, oxidized with 
periodate, reduced, and demethylated, to give the results given in Table IV. In this 
instance also, the characterization of the demethylated alditol demonstrated the pres- 
ence of a specific di-O-methjrl-D-galactose. 

TABLE Iv _- 
.- 

ANALYSIS OF TRITYLATED DIMFMYL FRACITON 

D&O-methyl- Derived pentose 0-Methylalditol Alditol % Derivative (m.p.) 
D-galactose 

3,4- 

3,5- 

2,3- 

‘.4- 

2*5- 

2,3-di-O-methyl- 
D-IyxOSe 

2,4-di-O-methyI- 
D-lyxose 

2,3-d&O-methyl- 
erytlztitol 

2,4-d&O-methyl- 
D-IyXitOl 

2.3~di-O-methyl- 
I_-threitol 

2,4-d&O-methyl- 
L-1yxito1 

2-O-methyl- 
glycerol 

erythritol 

arabinitol 
Oyxitol) 

L-threitol 

arabinitol 
OyxitoD 

glycerol 

7 g-nitrobenzoate 
(25I-253O) 

5 

75 p-nitrobenzoate 
(221-2230) 

8 

5 p-nitrobenzoate 
(x89-1923 

The separation of methylated sugars by g.1.c. has usually been accomplished 
on the methyl glycosides. This has the disadvantage that anomeric mixtures may be 
formed for each sugars. In addition, the retention times for mono- and di-U-methyl- 
hexoses may be inconveniently long. A periodate-degradation scheme as outlined 
above may degrade a group of isomeric di-O-methylhexoses to a mixture of CZ to CS 
compounds which will have markedly different retention times. Accordingly, the 
glycosides from fraction 5 which did not form trityl derivatives were hydrolyzed, 
oxidized with periodate, and reduced with borohydride. The partially methylated 
alditols were separated by g.1.c. and the parent alditol identified after demethylation. 

TABLE V 

AIc4LYsIs OF NON-TRITYLATED DIEFPTHYL FRA~~N BY G.L.C. 

Di-O-methyZ- 0-Methylalditol Retention time Alditol Deriuative (m-p.) 
D-gahCtOse (min) 

2,6- 

3,6- 

4,6- 

5,6- 

2-0-methylglycerol 2.9 

2-methoxyethanol 1.6 

x,4-di-O-methyl- 5~ 18 
D-arabinitol 

I,3-di-O-methyl- 4I 
D-threito1 

I,2-d&O-methyl- 5.0 
D-tbreitol 

glycerol 

ethylene glycol 

arabinitol 

D-threitol 

D-threitol 

p-nitrobenzoate 
(I8g-191”) 

p-nitrobenzoate 
(142-144°) 

pnitrobenzoate 
(221-2223 
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The results are shown in Table V. The isomeric 1,2- and x,3-di-0-methyl-D-threitois 
were readily differentiated by the fact that on further oxidation with periodate only 
the former gave formaldehyde. 

The mono-O-methyl-D-galactoses in fraction 6 were treated in a similar manner 
and the partially methylated alditols were separated by g.1.c. to give the results shown 
in Table VI. 

It is now clear from subsequent work that the 0-methylalditols listed in 
Tables III and IV might also have been separated by g.l.c7= 9. Furthermore, if 
suitable crystalline derivatives of all of these 0-methylalditols were available, it 
would be possible to characterize these fragments directly, and hence characterize 
the original methylated sugars, without the necessity of the demethylation step. 

TABLE VI 
ANALYSJS OF MONOh5XHYL. iRACTION BY G.L.C. 

Mono-O-methyZ- 
D-galactose 

0-Methykdditol Retention time (kin) AIditol Derivative (m.p.) 

2- 2-U-metbylglycerol 3.0 

glYcf2.L 5-I 

glycerol p-nitrobenzoate 
(18g-Ig2’) 

2-O-methyl- 

JD-1yxito1 
2-O-methyl- 

D-threitol 

I-O-methyl- 
D-@YUXOI 

23 

5.8 

4.4 

arabinitol 

Otitol) 
D-threitol 

glycerol 

p-nitrobenzoate 

(221-2229 
p-nitrobenzoate 

(18g-19x3 

Conclusions 
The results of the Smith degradation and the methylation cleariy show that 

the synthetic D-gala&an has a highly ramified structure containing furanose and 
pyranose residues joined mainly by (1+4) and (1+6) linkages. The synthetic polysac- 
charide has a structure more complex than those likely to be found in Nature, but 
the separation of Smith-degradation fragments as their trimethylsilyl derivatives by 
g.1.c. and the analysis of a group of isomeric methylated sugars by periodate degrad- 
ation and g.l.c., are methods applicable to galactose-containing polysaccharides 
in general. Some of these methods have already been applied to the study of an 
arabinogalactan from centresoma seedlo. 

EXPERIMENTAL 

General methods 
All evaporations were carried out in t;acuo at a bath temperature of less 

than 40”. Optical rotations were measured at 22 A 2”. Sugar analyses were obtained 
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by the phenol-sulfuric acid method11 and alditols were analyzed by the periodate- 
chromorropic acid methods. Periodate consumption was measured by the arsenite 
methodls. 

Paper chromatograms were run- in solvent A: (8:2:2) ethyl acetate-acetic 
acid-water, or solvent B: butanone-water azeotrope, and reducing sugars were 
detected with p-anisidine trichloroacetate 5. Non-reducing substances were detected 
with silver nitratels. 

Vapor phase chromatograms were obtained using an Aerograph Ago-P2 
chromatograph (Wilkens Instrument and Research Inc.), with a 4 ft x 0.25 in O.D. 
stainless steel column packed with 12% Versamide (F and M Corporation) on 
Diatoport (Wilkens). For the trimethylsilyl derivatives, all of which were obtained 
as oils, operating conditions were as shown in Figure I. For the methylated alditols 
(Tables V and VI) a 4 ft x 0.25 in O.D. column of IO% Versamide on silanized 
Chromosorb W was used, with a helium flow rate of 105 ml/min. The temperature 
was programmed from IIOO to 220’ at S”/min and then maintained at 220~. 

Genertil properties of the galactan 
The galactan used in these experiments was received from Dr. Mora3. 
(a) ffydrolysis. Hydrolysis of a sample of the galactan gave D-galactose in almost 

quantitative yield. 
(b) Partial hydrolysis. Hydrolysis of the galactan with O-IN HCl for 8 h at 

50~ showed the formation of galactose g%, galactobiose (?) 5%, galactotriose (?) 5%, 
oligosaccharides IO%, and unchanged polysaccharide 70%. 

(c) Periodate uptake. A sample of the gaiactan (1.1 g) was oxidized with 0.1~ 

periodic acid (200 ml) in the dark at 5O. The moles of periodate consumed per 
mole of hexose, and the moles of formaldehyde formed per mole of hexose 
were: 5 h, 0.60, 0.085; 12 h, 0.37, 0.108; 24 h, 0.01, 0.124; 48 h, 1.16, 0.128; 
60 h, 1.20, 0.134; and 72 h, 1.21, 0.135. The oxidized product was reduced (NaBHd), 
and hydrolyzed with IN H&04. The molar ratio of glycerol, D-threitol, L-arabinose 
and D-galactose was found to be g:&r:2. Each compound was identified as follows: 
glycerol (224 mg) gave a tri-p-nitrobenzoate, m.p. and mixed m.p. Ig2--Ig3°; D-threitol 
(255 mg), [a]~ +4_5” (c 7-5, in water), gave a tetra-p-nitrobenzoate, m-p. and mixed 
m. p. 220-221~ (Found: N, 7.967;. CssHssN401s talc. : N, 7.92%); D-galactose 
(95 mg) crystallized spontaneously, [OLfD -f 79.5” (c 2, in water), m.p. and mixed m-p. 
r44-145”: L-arabinose (39 mg) crystallized spontaneously, [a]D+ 103” (c 0.5, 
in water), m.p. and mixed m.p. 159-160~. 

(d) Determination of degree of polymerization (0. P.). Two samples (IOO mg) 
of galactan were dissolved in water, and to one was added sodium borohydride 
(50 mg). After 24 h, acetic acid was added to each solution, and the solutions were then 
made o.Ihi with periodic acid. Formaldehyde production after 72 h was 2.98 mg 
and 2.22 mg from the reduced and non-reduced samples, respectively. On the assump- 
tion that each reducing end group gave two molecules of formaldehyde, this 
indicated6 a D. P. of about 50. 
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Smith degradation 
The galactan (6.10 g) was dissolved in water (IIO ml), periodic acid (o-5 M, 

go ml) was added, and the oxidation was allowed to proceed in the dark at 5” until 
the periodate consumption became constant (1.23 moles per hexose residue, about 
go h). The solution was neutralized (BaCOs), the filtrate was reduced (KBH4, 2.5 g) 
for 48 h at room temperature, the solution was evaporated, and borate was removed 
by distillation with methanol containing I% hydrogen chloride_ The residue was 
dissolved in water, passed through cation and anion exchange resin columns, 
and the neutral effluent (300 ml) was brought to pH 2-3 by the addition of hydro- 
chloric acid. The solution was left for 7 h at room temperature, neutralized (PbCOa), 
filtered, and evaporated to give a sirup. Paper chromatographic examination showed 
the presence of glycerol, threitol, arabinose, galactose (trace), and at least five slower- 
moving, non-reducing components (Table I). 

The mixture was resolved on Whatman 3MM paper using solvent A, and the 
glycerol, fraction I, was allowed to migrate off the paper. This component was 
isolated (1.5 g), and a portion was purified by rechromatography and identified by 
conversion into glycerol tri-p-nitrobenzoate, m.p. and mixed m.p. 19%1930. Fraction 2 
(1.2 g) was identified as D-threitol, [a]D + 4.5” (c 7.3, in water), tetra-p-nitrobenzoatera, 
m.p. and mixed m.p. 22o-221~. Fraction 3 was I-arabinose (20 mg), [a]D + lozO(c 0.5, 
in water), benzylphenylhydrazone, m.p. and mixed m.p. 172-173“. 

Fraction 4 appeared to be a mixture containing galactose. The material (60 mg) 
was dissolved in water (20 ml), and oxidized (Bra, CaCOa). The so’rution was resolved 
into neutral and acidic portions with ion exchange resins. The acidic portion was 
lactonized and converted into D-galactonamide, m.p. 174-175”, ia]Df 31.3” (c 2, 
in water). Hydrolysis of a portion (7 mg) of the neutral material (15 mg total) gave 
arabinose, glycerol, and a trace of galactose. Periodate oxidation of the remainder 
(8 mg) gave formaldehyde (I-03 mg), while reduction (KBH4) and hydrolysis gave 
glycerol and ethylene glycol in a I:I molar ratio, indicating that the non-reducing 
material was I-O-(I-arabinofuranosyl)glycerol. 

The fractions having lower chromatographic mobilities were rechromatographed 
in an attempt to achieve further purification. Considerable trailing was encountered 
in several solvent systems, and led to poor recoveries giving insufficient material 
for the preparation of derivatives. A portion (12 mg) of fraction 5 (32 mg), treated 
with b-galactosidase gave galactose , glycerol and unchanged material (ca. 70%). Com- 
plete hydrolysis (0.5~ HCl) gave galactose and glycero: ‘I:I molar ratio) with traces 
of arabinose and threitol. Periodate oxidation of a portion (IO mg) gave formalde- 
hyde (1.16 mg) and, after reduction (KBH4) and hydrolysis, glycerol and ethylene 
glycol in a I:I molar ratio. The remainder (IO mg) was converted to the trimethyl- 
silyl derivatives and examined by g.1.c. The results are shown in figure IA. Compon- 
ent I was identified as the trimethylsilyl derivative of ~-U-(a-D-galactopyranosyl)- 
glycerol since the desilylated product (6 mg) was not hydrolyzed by B-galactosidase 
and gave glycerol and ethylene glycol in a I: I molar ratio on periodate degradation. 
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Component 2 was hydrolyzable by /?-galactosidase after desilylation, and was thus 
the ,!?-Q anomer. 

In a similar manner, treatment of a portion (12 mg) of fraction 6 (56 mg) 
with /?-galactosidase gave glycerol, threitol, galactose, and unchanged material. 
Complete hydrolysis gave glycerol, threitol, arabinose (minor proportion), and 
galactose. Examination of the trimethylsilyl derivative by g.1.c. gave the complex 
picture shown in ftgure IB. Desilylation of colmponent 3 gave IO mg of product, 
a portion (6 mg) of which yielded formaldehyde (0.62 mg) on periodate oxidation. 
Only glycerol was detected after reduction and hydrolysgs of the oxidized product. 
The remainder (4 mg) underwent hydrolysis by &gaIactosidase to give galactose and 
threitol, and thus the original material must have been 2-O-(B-D-galactopyranosyl)- 
D-threitol. Component 2, after desilylation, gave the same periodate degradation 
results, but was not hydrolyzed by @galactosidase and was thus judged to be the 
a-D anomer. Component 5 was presumed to be the trimethylsilyl derivative of I-O- 
(L-arabinofuranosyl)-D-threitol, since it gave arabinose and threitol on desilylation 
followed by hydrolysis. 

Fraction 7 (60 mg) was similarly examined and was found to be only partly 
hydrolyzable by @-galactosidase. Trimethylsilylation and examination by g.1.c. gave 
the results shown in figure IC. Component I was shown to be the same as component 
3 of fraction 6, and was therefore the trimethylsilyl derivative of 2-U-@-D-galacto- 
pyranosyl)-D-threitol. Components 2 and 3 were combined and part (IO mg) of 
the desilylated product (16 mg) was oxidized with periodate to give formaldehyde 
(1.0 mg) and, after reduction and hydrolysis, gIycero1 and ethylene glycol in a I:I 
molar ratio; The remainder (6 mg) was hydrolyzed to the extent of about 75% when 
treated with /%galactosidase. It thus followed that component 3 was the trimethylsilyi 
derivative of I-O-V-D-galaCtOpyranOSyl)-D-threitol and that component 2 was its 
a-~ anomer. Fractions 8 (78 mg) and g (82 mg) were each partially hydrolyzed 
by t%galactosidase and were shown to be mixtures of di- and tri-saccharide-alditol 
derivatives, respectively, which were not further examined. 

Methylation 

Complete methylation was obtained only after repeated methylations by 
the methods of Haworth, Kuhn, and Purdie as described for a synthetic D-glucan4. The 
methylated galactan (1.2 g: 45.5% methoxyl, no hydroxyl absorption in the infrared) 
was dissolved in 72% sulfuric acid, and after 45 min the solution was diluted to 2~ 
and boiled for 8 h14. The solution was neutralized (BaCOs) and evaporated to a thick 
sirup which was separated by chromatography on Whatman 3MM paper with solvent 
B into the fractions listed in Table II. 

Fraction I corresponded chromatographically to a 2,3,5,6-tetra-O-methylgal- 
actose. It was oxidized with bromine, and the resultant lactone was analyzed by g.1.c. 
and shown to contain only one major (> go”/,> component. 
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Fraction 2, [a]D + r13”, was oxidized with bromine and the resultant Iactone, 
which was essentially pure by g.l.c., was characterized as 2,3,4,6-tetra-O-methyl-D- 
galaCtOniC phenylhydrazide, m-p. 133-136”; Haworth et al.15 gave m.p. 135-137". 

Fraction 3 was shown by paper electrophoresis ins borate buffer to contain 
~-IO% of a compound having ikfG 0.25. The mixture was refluxed with I % methanolic 
hydrogen chloride, and the resultant mixture of glycosides was tritylated with chloro- 
triphenylmethane in pyridine to give a water-insoluble, tritylated portion (3a), and a 
water-soluble portion (3b). Fraction 3a was detritylated and hydrolyzed with acid 
to give a sugar (20 mg) which was oxidized with bromine. Examination of the result- 
ant lactone by g.1.c. gave one major component, which crystallized in the collection 
tube and which corresponded to 2,3,5-tri-Gmethyl-D-galactonolactone, m.n. 88-goo9 
[aIn -32O (c 1.8, in water); Luckett and Smith16 gave m.p. go0, [alo -37~+- -32O 
(in water). The portion (3b, 150 mg), which did not form a trityl ether, was 
refluxed for 8 h with sulfuric acid (N, 20 ml), neutralized (BaCOs), and reduced with 
potassium borohydride (IOO mg) for 48 h at room temperature. The solution was 
acidified (HOAc), made up to IOO ml, cooled to 5” and periodic acid (O.IM, IO ml) 

was added. The solution was kept for 20 h at 5”, after which time barium carbonate 
was added. The fI.ltrate was reduced (RBHc IOO mg, 48 h), evaporated to dryness 
and borate was removed by several distillations with I% methanolic hydrogen 
chloride. The residue was extracted with acetone-ethanol (I:I), and the resulting 
sirup (I 15 mg) was demethylated (45% HBr, reflux, 20 mm). The solution was diluted, 
neutralized (PbCOs), and the filtrate was concentrated and examined chromato- 
graphically to give the results shown in Table III. 

Fraction 4 contained about 15% of electrophoretically mobile material, and the 
mixture was converted as before into tritylated glycosides and a non-tritylatable 
portion. The tritylated material amounted to about 75% of the fraction, and from it 
was obtained 2,3,4-tri-O-methyl-N-phenyl-D-galactosylamine, m.p. 165-167”, [oC]n 
+ 4.2O (c 1.5, in methanol); McCreath and Smithr7 gave m.p. r67-I6g”, [a]n - 65” + 
+- 43O (in methanol). The non-tritylated material was hydrolyzed (N H&SO+ 8 h) and 
degraded as before to give arabinitol and galactitol, identified chromatographically, 
confirming the presence of the 3,4,6- and 2,4,6-tri- O-methyl-D-galactoses. 

The dimethyl ethers in fraction 5 were converted into their glycosides 
(220 mg) and were divided into tritylatable and non-tritylatable parts. The tritylated 
material was detritylated and the product (138 mg) was hydrolyzed (N H&04, 
reflux, 8 h). The free sugars (105 mg) were dissolved in water (IOO ml) periodic 
acid (o.~M, 2 ml) was added, and the oxidation was allowed to proceed in the dark 
for 15 h at 5“. After neutralization (BaCOs) and concentration, paper chromatography 
in solvent B showed zones corresponding to the presence of two incompletely separ- 
ated pentoses (RF 0.53-o.56), and unchanged hexoses (& 0.15-o.21). These two 
groups were separated by chromatography and gave pentose (17 mg) and hexose 
(81 mg) derivatives_ The pentose portion was dissolved in water (20 ml) and reduced 
(KBH4, 48 h)_ The solution was acidified (H&04) and oxidized (0.5~ HIO4, 0.5 ml, 
24 h at 5O). After neutralization, reduction, and removal of borate as before, the 
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residue was demethylated (45% HBr, 4 ml, reflux, 20 min), and the solution was 
diluted and neutralized (PbCOa). The filtrate was evaporated and the residue was 
extracted with acetone to yield a sirup (I I mg) which was shown chromatographically 
to consist of erythritol and an arabinitol (or a lyxitol). These were separated, and the 
erythritol (7 mg) was characterized as the tetra-p-nitrobenzoate, m.p. and mixed 
m-p. 24%250°. 

TJze hexose portion (81 mg) was dissolved in water (20 ml) and reduced 
(KBl&, IOO mg, 48 h). The solution was acidified (H&04), periodic acid (o.~M, I ml) 

was added, and after dilut;ng the solution to 50 ml the oxidation was allowed to 
proceed for 20 h at 5”. The solution was neutralized (BaCOs), filtered and reduced 
(KBH4,50 mg, 48 h). The borate was removed as before and the residue was demethyl- 
ated (45% HBr, 3 ml, reflux, 20 min). The solution was diluted, neutralized (PbCOs), 
filtered, and evaporated. The residue was extracted with acetone to give a sirup 
(448 mg) which was shown by chromatography to contain glycerol, threitol and an 
arabinitol (lyxitol), in approximately 5:75:8 proportion (periodate-chromotropic 
acid). The glycerol (6 mg) and the threitol (25 mg) were separated and characterized 
as shown in Table IV, and the arabinitol (lyxitol) was identified chromatographically. 

The glycosides of fraction 5 which did not react with chlorotriphenyJmethane 
were recovered (80 mg) and hydrolyzed (N H&04, IO ml, reflux, 8 h). The solution was 
neutralized (BaCOs), filtered, diluted to 75 ml, and oxidized (0.5h1 HIO4, I ml) 

for 15 h in the dark at 5”. Barium carbonate was added, and the filtrate was reduced 
(KBH4, IOO mg) for 48 h. The solution was evaporated, borate was removed, and 
the residue was extracted with acetone to yield a sirup (47 mg) which was examined by 
g.1.c. The 1,2- and r,3-di-O-methyl-D-threitols were differentiated by the production 
of formaldehyde from the former on periodate oxidation. Each component was 
demethylated and characterized as shown in Table V. 

Fraction 6 was similarly oxidized with periodic acid, at a final concentration 
of 0.001 hr, for 15 h in the dark at 5”. The solution was neutralized (BaCOs), reduced 
(KBHd), freed from borate, and extracted with acetone to yield a sirup which was 
examined by g.1.c. Each component was demethylated and characterized 2s shown 
in Table VI. 
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SUMMARY 

When a complex polysaccharide is degraded by the Smith procedure, mixtures 
of O-D-glycosylalditols are produced which are difficult to separate by conventional 
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methods. Some 0-D-galactosylalditols, obtained by degradation of a synthetic 
D-galactan, have been separated as their trimethylsilyl derivatives by gas-liquid chro- 
matography and the following have been characterized: ~-O-(a-D-galactopyranosyl)- 
glycerol and the 8-D anomer; 2-0-(cc-D-galactopyranosyl)-~threitol and the B-D 

anomer; I-0-(a-D-galactopyranosyl)-D-threitol and the P-D anomer. The a-D-anomers 
had shorter retention times than the B-D anomers and they were differentiated by 
their reaction with @-galactosidase. In addition, x-0-(r_-arabinofuranosyl)glycerol 
was isolated by paper chromatography. 

Hydrolysis of the fully methylated D-galactan gave a large number of methyl- 
ated sugars of which the monomethyi and some of the dimethyl isomers were iden- 
tified by a combination of periodate degradation and gas-liquid chromatography. 

The D-galactan was shown to contain both furanose and pyranose residues, 
and to be highly branched, with approximately 25% of the end-groups furanose. 
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Chromomycin is the name give& to a group of cancerostatic and anticancer 
antibiotics produced by Streptomyces griseus No. 7, and is a mixture of several 
closely-related compounds. The principal antibiotics of this group, chromomycin As, 
on hydrolysis with hot 50 oA acetic acid yields the aglycone, chromomycinone, and 
a water-soluble fraction from which four sugars have been isolated3 and charac- 

teriskd49 5 by n.m.r. and chemical evidence as z,6-dideoxy-4-O-methyl-o-lyxo-hexose, 
4-O-acetyl-z,6-dideoxy-3-C-msthyl-L-arabino-hexose, z,6-dideoxy-D-arabino-hexose, 
and 3-0-acetyl-z,6-dideoxy-D-lyxo-hexose. These compounds have been designated3 
as chromose A, B, C, and D, respectively, and identical or closely related sugars 
have also been identified6 as methanolysis products of olivomycin7, the principal 
antibiotic from Streptomyces olitioreticuli. The isolation of similar antibiotics has 
been reporteds. The structure of chromose A has been established9 by synthesis, 

(IL> R,H 

(ml R-T's 

HO 

H 

H H 

(IP)R=R’,H 
/H 

(P) R=Ac.R’=H 

tXI, R= H. R’= AC 

(III) R= Ac, R’= Me 

(IZIII) R = CH,Ph. R’ = H 

tll? A) 

and we now report a synthesis of chromose D which confirms its structure as 
3-0-acetyl-z,6-dideoxy-n-Zyxo-hexose (I). 

Monotoluene-p-sulphonylation of methyl z-deoxy-a-n-lyxo-hexopyrano- 
side10 (II) gave principally the 6-0-toluene-p-sulphonate (III) which, on reduction 
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with lithium aluminium hydride, was smoothly converted into methyl a&dideoxy- 
a-D-Zyxo-hexopyranoside (IV). The latter glycoside is of interest since one of the 
enantiomorphic forms of the free sugar has been identified11 by chromatography as a 
constituent of the cardiac glycoside from Pentopetia androsaenzifoiia. On treatment in 
pyridine with 1.2 mol. of acetic anhydride, compound (IV) gave, inter alia, a mixture 
of two monoacetates which had significantly d&rent mobilities on thin-layer 
chromatography. The major component of the mixture was separated by chromato- 
graphy on silica gel and identified as methyl 3-0-acetyl-2,6-dideoxy-a-D-Zyxo- 
hexopyranoside (V), since, on careful methylation, it gave a product indistinguishable 
(by thin-layer chromatography) from methyl 3-0-acetyl-2,6-dideoxy-4-O-methyl- 
a-r+xo-hexopyranoside (VII). The latter compound was obtained by acetylation of 
methyl 2,6-dideoxy-4-O-methyl-a-~-Z~x~-hexopyranoside~(methyla-~-chromosideA). 
Attempts to ascertain the probable conformation of glycoside (IV) in pyridine 
solution by n.m.r. spectroscopy were unsuccessful since no clear-cut signal arose from 
the anomeric proton. However, conformation (WA) should be adopted by the glyco- 
side, since it has equatorial substituents at positions 3 and 5 and the glycosidic 
substituent in the preferred axial position r2. This being so, then preferential acetylation 
at the C-3 hydroxyl group is to be expected. 

Since the assignment of structure to monoacetate (V) was not based on 
crystalline derivatives, efforts were made to prepare both monoacetates using the 
ortho-ester exchange method described by Reese and Sulston13 for the monoacylation 
of nucleoside cis-2,3-diol systems. Treatment of glycoside (IV) with trimethyl 
orthoacetate in the presence of an acid catalyst, followed by decomposition of the 
resultant 3,4-0-methoxyethylidene derivative, gave a mixture of the 3-O- and 
4-O-acetates in the approximate ratio I : 2 (estimated by chromatography). Methyl 
4-0-acetyl-2,6-dideoxy-a-D+xo-hexopyranoside (VI) was isolated in crystalline form 
by chromatography on silica gel, and its structure may be confidently assigned since 

it was identical with the product obtained by acetylation and catalytic debenzylationl* 
of methyl 3-0-benzyl-2,6-dideoxy-a-D-Zyxo-hexopyranosides (VIII). Migration of the 
acetate group under the neutral conditions used to remove the benzyl group is unlikely, 
and both monoacetates (V) and (VI) were unaffected by similar treatment. 

Support for the above structural assignments was also sought by n.m.r. 
spectroscopy. It is known15p l6 that the signal for an axial acetoxyl-group attached 
to the pyranoid ring occurs at lower field than that for the equatorial group. The 
n.m.r. spectrum* of the 3-O-acetate (V) showed characteristic signals at 5.15 (triplet, 
J = 3 c.p.s., equatorial anomeric-proton), 6.61 (OMe), 7.86 (OAc), and 8.65 (doublet, 
J = 6 c.p.s., set-Me) and the spectrum of the 4-O-acetate (VI), signals at 5.14 (triplet, 
J = 3 c.p.s., equatorial anomeric-protonj, 6.62 (OMe), 7-77 (OAc), and 8.78 (doublet, 
J = 6 c.p.s., set-Me). Thus, the appearance of the signal from the acetoxyl group in 

*Determined in chloroform with tetramethylsilane as external reference using a Varian A60 
spectrometer. Absorptions are given on the -c scale. 
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the former compound at higher field is consistent with its equatorial location and is 
in agieement with the structure assigned by chemical means. 

Hydrolysis of compound (V) with hot 50 % acetic acid gave 3-O-acetyl- 
2,6-dideoxy-D-Zyxo-hexose (I) {m.p. 115-114.5~, [cc]~s+~oo (I min)++$3” (final, c I, 
water)> which was identical with natural chromose D, which has17 m.p. 118”, not 
128” as reported5 previously. Although acyl migrations have for most part been 
studied under alkaline condition.@, migrations under acidic conditions are not 
uncommon19-s1 and presumably take place via an ortho-ester. The absence of any 
significant acyl m&ratio,: under the hydrolytic conditions used was demonstrated 
when the 3-G and 4-O-acetates, (V) and(VI), respectiveIy, gavereadiIydistinguishabIe 
products on hydrolysis. 

During the course of this work, the need for quantities of chromose A 
(2,6-dideoxy-4-O-methyl-D-Zyxo-hexose49s) and its methyl glycoside prompted the 
development of a more convenient synthesis. Since the 6-O-toluene-p-sulphonale (III) 
should adopt the CI conformation, with equatorial substituents at positions 3 and 5 
and the glycosidic substituent in the preferred axial positionl2, further toluece- 
p-sulphonylation should lead to selective reaction at the C-3 hydroxyl groupse. With 
two moi. of toluene-p-sulphonyl chloride, methyl %deoxy-a-D-lyxa-hexopyraco- 
side (II) gave mainly a single di-O-toluene-p-sulphonate, together with a little tri-ester. 
The di-ester was identified as methyl 2-deoxy-3,6-di-O-toluene-p-sulphonyl-a-D-lyxo- 
hexopyranoside since, on methylat :n and treatment with lithium aluminium hydride, 
it was smoothly converted into methyl 2,6-dideoxy-4-O-methyl-a-D-lyxo-hexopyr-rno- 
side which was identical with methyl a-D-chromoside A derived from the naturally- 
occurring4 and synthetics reducing sugar. Chromose A was obtained from the 
glycoside by acidic hydrolysis, and the overall yield was better than that obtained 
by the previously described routeg. 

EXPERIMENTAL 

Thin-layer chromatography was performed on silica gel (Merck) using ethyl 
acetate, unless otherwise indicated. Detection was effected with an acidified 3 % 
(w/v) solution of vanillin in ethanol 23 at 115’ for 5-10 min. Solvents were usually 
removed under reduced pressure below 40~. I 

MethyZ 2-deoxy-6-O-toZuene-p-sulplronyZ-a-D-l~o-hexopyranosidE (III). 

A cooled solution of toluene-p-snlphonyl chloride (12.8 g, 1.1 mol.) in dry 
pyridine (20 ml) was added to a cooled (-10~) solution of methyl 2-deoxy-a-D-lyxc- 
hexopyranosidels (IO g) in dry pyridine (IOO ml) and the mixture was set aside at room 
temperature for 48 h. Water (4 ml) was added and the solvents were removed to give 
a brown residue which was taken up in chloroform (150 ml). This solution was 
washed with dilute aqueous solutions of scdium hydrogen sulphite (2 x 50 ml) and 
sodium hydrogen carbonate (2x50 -ml), water (50 ml), saturated aqueous cadmium 
chloride (50 ml), and water (2 x 50 ml), and dried (MgSO4). Evaporation of the 
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filtered solution gave the product (III) (18.2 g), [~~]~~+82.5” (c 7.3, chloroform), as 
an amorphous solid which was substantially homogeneous on thin-layer chromato- 
grams; the main impurity appeared to be a di-ester compound. The infrared 
spectrum showed Vmax at 34oo-3600 (OH), 1180 and 1270 cm-1 (sulphonate ester). 

Methyi z,6dideoxy-cm-lyxo-hexopyranoside (IV) 

A boiling solution of the foregoing sulphonate (18 g) in benzene-ether (600 ml, 
I : 2 v/v) was treated with lithium aluminium hydride (2 g) for 4 h, and after addition 
of a further quantity of hydride (2 g) heating was continued for 14 h. On cooling, 
ethyl acetate and water .were added and insoluble material was collected and washed 
with ether. The combined filtrate and washings were extracted with water (4 x IOO ml) 
and the aqueous solution was freeze-dried to give a syrupy residue (4. I g). Distillation 
of a sample (0.5 g) of the syrup gave the product (IV) (0.3 g), b-p. IOO-IIOO (bath)/ 
0.05 mm, which crystallised on cooling, and on recrystallisation from benzene-light 
petroleum (b-p. 8o-100”) had m.p. 70_72O, [ct], 16_t1220 (c 2, chloroform). (Found: 
C, 51-65; H, 8-5. GH1404 talc.: C, 51-8; H, 8.7%). Additional quantities of the 
product were readily obtained by seeding the original syrup. 

Methyl 3-0-acetyi-2,6-dideoxy-a-D-lyxo-hexopyranoside (V) 
To a cooled (-10~) solution of the foregoing glycoside (2 g) in dry pyridine 

(8 ml) was slowly added a cooled solution of acetic anhydride (1.48 g, 1.2 mol.) in 
dry pyridine (4 ml), and the mixture was set aside at room temperature for 12 h. 
After the addition of a few drops of water, the solvent was removed, the residue was 
taken up in chloroform (50 ml), and the organic layer was washed with dilute aqueous 
sodium hydrogen carbonate (2x20 ml), water (20 ml), saturated aqueous cadmium 
chloride (2 x 20 ml), and water (20 ml), and dried (MgSO4). Evaporation of the filtered 
solution afforded a syrup (2. I g) which, on examination by thin-layer chromatography, 
showed three components, with RF 0.53 (4-O-acetate), 0.59 (3-O-acetate, major), and 
0.75 (di-O-acetate). The syrup was dissolved in dry benzene (IO ml) and chromato- 
graphed on silica gel (65 g, 40x2 cm, Davison grade 950, 6o-200 mesh) by elution 
with benzene (160 ml), benzene-ether (620 ml, 4:r viv), benzene-ether (620 ml, 
2:1 v/v), and ether (IOO ml). Fractions (40 ml) were collected and examined by thin- 
layer chromatcgraphy. Fractions 7-11 contained the di-O-acetate, 15-31 the 
3-O-acetate, whilst later fractions contained a mixture of both monoacetates. Evapor- 
ation of fractions 15-31 gave the syrupy product (v) (0.74 g), [a]&6+1420 (c 2.4, 
chloroform), which could not be induced to crystahise. 

Methyiation studies 

(a) Using methy iodide and sodium hydride24 

A solution of the foregoing acetate (IO m&) in dry tetrahydrofuran (0.4 ml) 
was treated with redistilled methyl iodide (0.05 ml) and sodium hydride powder 
(30 mg), and the mixture was set aside at room temperature for 3 h. Examination of 
the mixture by thin-layer chromatography [using ethyl acetate-chloroform (IX v/v)] 
revealed components with & 0.5 (starting material), 0.65, 0.75 (trace, unidentified), 
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and 0.82 (major). The chromatographic properties of the components at RF 0.65 
and 0.82 were indistinguishable from those of methyl 2,6-dideoxy-3,4-di-O-methyl- 
E-D-lyxo-hexopyranoside and methyl 3-0-acetyl-2,6-dideoxjj-4-Ci-methyl-a-D-lyxo- 
hexopyranoside (see below), respectively. The presence of the component at RF 0.65 
indicates that some saponification of the ester occurred during methylation. 

(6) Using diazomethane 
To a solution of the 3-O-acetate (V) (15 mg) and boron trifluoride etherate 

(40 mg) in dry ether (0.2 ml) was added a 5 % solution of diazomethsne in dry ether 

(0.1 d), and the mixture was set aside at room temperature for 2 h. The excess of 
reagent was destroyed with 50 ‘A aqueous acetic acid and the solution taken cp in 
chloroform (5 ml) which was then washed with water and dried (Mg SO& Examina- 
tion of the concentrated extract by thin-layer chromatography [e&y1 acetate-chloro- 
form (I: I v/v)] showed, in addition to starting material, a component with & 0.82 

(cf: methyl 3- O-acetyl-2,6-dideoxy-4- O-methyl-a-D-Zyxo-hexopyranoside). 
A sample of methyl 3- O-acetyl-2,6-dideoxy-4- O-methyl-a-D-Zyxo-hexopyrano- 

side (VII), [a]g+104~ (c 2.6, chloroform), was prepared by acetylation of methyl 
2,6-dideoxy-4-Gmethyl-a-D-Zyxo-hexopyranosideg (methyl a-D-chromoside A) in the 
usual manner. Methyl 2,6-dideoxy-3,4-di-U-methyl-a-D-(yxo-hexopyranoside was 
prepared from compound (IV) using methyl iodide and sodium hydride’” by the 
procedure described above. 

Methyi q-0-acetyZ-2,6-dideoxy-a-D-lyxo-hexopyranoside (VI) 

(u) By orthoester exchar;pel3 

To a stirred solution of methyl 2,6-dideoxy-a-D-Zyxo-hexopyranoside (0.58 g) in 
trimethyl orthoacetate (2.2 ml, dried by distillation from calcium hydride) was added 
mesitylenesulphonic acid (0.36 g) and, after 2 h, the theoretical a-mount of solid 
sodium hydrogen carbonate to neutralise the acid. The solution was dispersed in 
chloroform (30 ml) which was then washed with water (2 x IO ml) and dried (Mg SO& 
Concentration of the filtered solution gave a brown syrup (ca. 0.7 g) which, on thia- 
layer chromatography, showed two principal components, with &P 0.53 (4-O-acetate, 
major) and o-59 (3-O-acetate). The above procedure differs slightly from that described 
by Reese and Sulmonl3 and decomposition of the 3,4-U-methoxyethylidene compound 
occurred during work-up due, probably, to the development of slightly acidic condi- 
tions. The syrup was dissolved in benzene (3 ml) and chromaiographed on silica gel 
(15 g), as described previously; IO ml fractions were collected. Fractions x3-19 
contained a mixture of bate components, fractions 20-24 contained the product (VI) 
together withtraces of the3-O-acetate. The latter fractions were combined and evapor- 
ated to a syrup (0.14 g) which crystallised on seeding (see below) and, on recrystallis- 
ation from benzene-light petroleum (b-p. So-IOO”), had m.p. 87-90~ [a]&+I58” 

(c 0.95, chloroform) (Found: C, 52.8; H, 7.8. CQH&~ talc.: C, 52.9; H, 7.9 %). 

(6) From methyl 3-0-benzyl-2,6-dideoxy-a-D-lyxo-hexopyranoside (VXI_I 
To a cooled (0”) solution of methyl 3-0-benzyl-2,6-dideoxy-a-D-lyxo-hexo- 

Carbohydrate Res., I (1965) 128-136 



“YNTHESIS OF CJXROMOSE n AND CEIROMOSE A =33 

pyranosideg (0.86 g) in dry pyridine (4 ml) wzs added acetic anhydride (0.8 ml),, 
and the solution was set aside at room temperature for 24 h. After the addition of 
water (2 ml), the solvents were removed, the solid residue was dissolved in chloroform 
(20 ml), and the solution was washed with dilute aqueous sodium hydrogen carbonate 
(2 x IO ml), water (IO ml), saturated aqueous cadmium chloride (20 ml), and water 
(2 x IO ml). and dried (Mg SO& The filtered solution was evaporated to a solid residue 
which was recrystallised (twice) from light petroleum (b-p. 801oo”) to give methyl 
4-0-acetyl-3-O-benzyl-2,6-didecxyry-a-D-lyxo-hexopyrnoside (0.4 g), m.p. 87-92”, 
[a]g+178” (c I, hl c oroform) (Found: C, 65.2; H, 7.4. C~~HZZOS talc.: C, 65.3; 
H, 7-5 “/). 

A solution of the foregoing compound (0.2 g) in ethanol (80 ml) containing 
palladium-charcoal~4 (G_ I g) was shaken for 20 h at room temperature in the presence 
of hydrogen at a slight overpressure. The ca+ialyst was removed and the f&rate 
evaporated under reduced pressure to a crystalline residue (0.14 g) which, on recrystal- 
lisation from benzene-light petroleum (b.p. So-roe”), gave pure methyl 4-O-acetyf- 
2,6-dideoxy-a-D-Zy,ro-hexopyranoside (0.1 g), m.p. go-gr”, [a]&+ 165” (c I, chloro- 
form) (Found: C: 53.1; H, 7.8. CgHl605 talc.: C, 52.9; H, 7-g %). The irfrared 
spectrum and thin-layer chromatographic properties of this compound were 
indistinguishable from those of the monoacetate prepared by orthoester exchange. 

J-O-Acetyl-2,6-dideoxy-D-lyxo-hexose (I) 

A solution of compound (V) (0.5 g) was hydrolysed with 50% acetic acid 
(50 ml) for 20 min at 85-go”_ Examination of the hydrolysate by thin-layer chromato- 
graphy revealed the principal component with & 0.40 and a trace of a second 
component, & 0.28. The hydrolysate was Eeutralised (Ag2C03) and filtered,insolubie 
material was washed with acetone, and the combined filtrate and washings were 
evaporated. The resultant syrup was decolourised in methanol with activated charcoal 
and the solution was concentrated to a syrup (0.48 g) which crystallised on addition 
cf ethyl acetate. The crude product was dissolved in ethyl acetate (5 ml), and the solu- 
tion was filtered to remove insoluble materiaf, concentrated to ca. I ml, and ailowed 
to crystallise. Two recrystallisations from ethyi acetate gave the product (I) (0.3 g), 
m.p. 1x5-116.5~, [a]~g+roo (I min)++78” (final, c I, water); the direction of 
mutarotation is indicative of the cc-configuration (Found: C, 50.2; H, 7.5. 
CsHlrO5 cak.: C, 50.5; H, 7.4 %)_ No depression of m.p. was observed on admixture 
with natural ChrGmOSe D, and the thin-layer chromatographic properties, infrared 
spectra (Nujol mulls), and X-ray powder photographs of the syntheticand natural 
sugars were indistinguishable. 

Under identical conditions of hydrolysis, methyl 4-0-acetyl-2,6-dideoxy- 
a-D-Zy_To-hexopyranoside (VI) was shown by thin-layer chromatography to give 
mainly a component with RF 0.28 and a Grace of a second component with RF 0.40. 

Isolation by the method described above gave a syrup which could not be induced to 
crystallise. Its infrared spectrum differed significantly from that of natural and 
synthetic chromose D. 
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To a cooled (-10~) and stirred solution of methyl 2-deoxy-a-D-i’yxo-hexopyraran- 
osidelo (2 g) in dry pyridine (IS ml) was slowly added a cooled solution of toluene- 
p-sulphonyl chloride (4.72 g, 2.2 mol.) in dry pyridine (5 ml), and the mixture was set 
aside at room temperature for 4 days. After the addition of water (I ml), the solvent 
was removed and the residue was taken up in chloroform (IOO ml) which was washed 
with dilute aqueous solutions of sodium hydrogen sulphite (2 x 50 ml) and sodium 
hydrogen carbonate (50 ml), and water (50 ml). The chloroform extract was freed 
from pyridine by shaking with a concentrated aqueous solution of cadmium chloride 
(50 ml), then washed with water (2 x IOO ml) and dried (MgSO& Removal of the 
solvent gave an amorphous residue (5.4 g), [u]g-l-75O (c 2, chloroform), which was 
shown by thin-layer chromatography (using benzene-methanol, g7:3) to contain 
predominantly methyl 2-deoxy-3,6-di-O-toluene-p-sulphonyl-a-D-Zyxo-hexopyrano- 
side, admixed with a little methyl 2-deoxy-3,4,6-tri-O-toluene-p-sulphonyl-a-D-lyxo- 
hexopyranoside25 (m.p. 147-148”). 

Methyl 2-deoxy-#-O-me~hyZ-~,6-di-O-toZuene-p-sulphonyZ-a-D-lyxo-hexopyr~oside 
To a solution of the foregoing di-ester (5 g) in redistilled methyl iodide (IOO ml) 

was added freshly prepared silver oxide (4 g), and the mixture was heated under 
reflux for 14 h, with addition of more silver oxide (3 g) after 2 and 4 h. The cooled 
solution was filtered and the hltrate concentrated to a syrup (4.5 g) which was shown 
by thin-layer chromatography to be essentially homogeneous. The infrared spectrum 
of the syrup showed the absence of bands at 34oo-3600 cm-l due to hydroxyl absorp- 
tion. A portion (0.5 g) of the syrup crystallised on storage with a small quantity of 
methanol. Two recrystallisations from dry methanol gave the product (0.35 g), 
m.p. I IO-III~ (dec.), [a]&r+135~ (c I, chloroform) (Found: C, 5:.1; H, 5.95. 
C&lzsO& talc.: C, 52.8; H, 5.6%). 

MethyZ 2,6-dideoxy-q-O-methyl-a-D-lyxo-hexopyranoside 
A solution of the syrupy product (4 g) from the previous experiment in dry 

benzene-ether (500 ml, I:I v,/v) was reffuxed in the presence of lithium aluminium 
hydride (3 g) for 48 h. Ethyl acetate and water were added to the cooled mixture to 
destroy the excess of reagent, insoluble material was collected and washed thoroughly 
with ether, and the combined filtrate and washings were extracted with water 
(4x Ioo ml). The aqueous layer was then continuously extracted with ether for 48 h 
and the dried (MgSO4) extract was concentrated to a colourless syrup (0.65 g), 
which rapidly crystallised. Two recrystallisations from n-hexane afforded the product 
(o-35 g), m-p. g5-g6”, [a]g+164” (c I, chloroform). Miyamoto et aZ.4 report m.p. g2O, 
[a]g2,2+ 12a” (c I, ethanol) for methyl a-D-chromoside A and Berlin et aZ.’ give m.p. gg”, 
[a]: f 150~ (c 0.4, ethanol) for methyl a-D-olivomoside A. The infrared spectrum and 
thin-layer chromatographic properties of the product were indistinguishable from 
those of natural4 and synthetic9 methyl a-D-chromoside A. 
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2,6-Dideoxy-#-0-methyl-D-lyxo-hexose 

This compound, m-p. 151-153” (dec.), [a]g+82O (final, c I, water),was obtained 
by hydrolysis of the foregoing glycoside by the procedure previously describeds. 
Miyamoto et al_” report m.p. 151”, [r~]~+9&+77~ (final, water) and Berlin et aL7 

give m-p. 158--162O, [a]k3+98.5 +f-89” (final, water) for natural chromose A and 
olivomose, respectively. The thin-layer chromatographic properties and infrared 
spectra of the synthetic and natural compounds were identical. 
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SUMMARY 

The structure of chromose D, a sugar component of the antitumour substance 
chromomycin Aa, has been confirmed as 3-0-acetyl-2,6-dideoxy-D-Zy,yo-hexose by 
synthesis. The corresponding 4-O-acetate has been synthesised for reference purposes. 
An improved synthesis of chromose A is described. 
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_ THE a-L- AND p-D-PYRANOSIDE LINKAGES IN OLEANDOMYCINr 

W. D. CELMER AND D. C. HOBBS 

Medical Research Laboratories, Chas. Pfzer and Co., Inc., Groton, Connecticut (U.S.4 

(Received March roth, 1965) 

Previous reports from these laboratories2 have described the isolation, charac- 
terization, structurese, and total absolute configuration zrag of the macrolide anti- 
biotic oleandomycir9 (I) (see Table I). The structures of the two known sugars 
liberated from I by acid hydrolysis have been ascertained by other workers: L-olean- 
droses is 2,6-dideoxy-3-0-methyl+arabino-hexoses, and D-desosamine’ is 3,4,6- 
trideoxy-3-(dimethylamino)-D-xylo-hexose8. 

TABLE I 
ROTATIONAL DATA ON OLEANDOMYCIN AND DERIVATIVES 

RI R2 [hfjDa, degrees ReJ 

Oleandomycin I 
Desosaminyloleandolide II 
Anhydro-oleandomycin III 
De;osaminylanhydrolide IV 
Anhydrolide V 

(i) 

gH 
OH 
OH 

(ii) -447 25 
- 190 zd t; . 
+ 435 zd 

(ii) + 610 ze 
OH + 6go ze 

a [MID = I’D X M.W./IOO: all rotations were in methanol (see Experimental part). 

The discovery that a-L-oleandropyranosyloxy and ,&D-desosaminopyranosyl- 
oxy groups are present in I was briefly described earlierl; the present paper furnishes 
a detailed account of two methods employed for analyses of the anomeric configura- 
tions, namely, nuclear magnetic resonances (n.m.r.) and molecular rotational differ- 
ence@ (m.r.d.). Individual methyl a- and B-r_.-oleandropyranosides, as well as n-butyl 
a- and P-D-desosaminopyranosides, were prepared and characterized for their value 
as models. The molecular rotational and n.m.r. properties of these simple glycosides 
were found to be within predictable ranges, considering factors of absolute configura- 
tion and preferred conformation 11_ These properties, in turn, substantiated the inter- 
pretations placed on the n.m.r. and m.r.d. data for I. Examination, by n.m.r., of a 
preparation of di-0-acetyl-L-oleandrose revealed its I:I content of the a and /l ano- 
mers, and provided further characterization of L-oleandrose. . 
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(ii) 

I R, =(i). R,=(ii) III R, =(i), R2=(ii) 

II R, = OH. R,=(ii 1 I!Z R, = OH. R,=(ii) 

P R, =R2=OH 

R2 

R3 
R3 

R, 

Oleandrose and its glycosides 

Although L-oleandrose has been known for some time as a sugar component 
of steroid glycosidesrs and _ 2-4b of I, descriptions of its individual simple glycosides 
have not yet been recorded. The pyranoside nature of the methyl a&r_-oleandrosides 
obtained from I was proved by further methylation, followed by oxidation to the 
fully substituted 1,54actoneed. Since the rates of release of L-oleandrose from I 
and from the simple glycosides by .acid hydrolysis13 were parallel, it follows that the 
form present in the antibiotic is pyranoid. This assumption is substantiated by the 
n.m.r. data presented here and has been further verified14 in another connection 
(which involved direct methylation of the L-oleandrosyloxy group in a variant of I). 

Separation of the anomers of methyl L-oleandropyranoside, desired for indivi- 
dual inspection, was achieved by column chromatography (on silica gel) of the mixed 
anomers obtained from I. The a-~ form was obtained as an oil, [M]g - 22 I” (ethanol), 
whereas the /I-L anomer was crystalline, m.p. 74-78”, [Ml: + 125~ (ethanol); see 
Table II. These anomeric assignments are in accordance with recommended carbohy- 
drate nomenclaturela. 
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TABLE II 

MODEL GLYCOSIDES AND ESTERS OF L-OLEANDROSE AND D-DESOSAhflXiE 

Pyranoside Conformation RI RZ [MID”, degrees Solve?tt 

Methyl a-L-oleandroside IC(L) 
Methyl @-L-oleandroside IC0.J 
Di-0-acetyl-a-r.-oleandrose IC(L> 
Di-0-acetyl-fl-L-oleandrose zC(L) 
n-Butyl a-D-desosaminide Cz(@ 
n-3utyI @-D-desosaminide cz(D) 

C&O H H 
I-I CH30 H 
AcO H AC 
a AcO AC 
n-BuO H 
H n-BuO 

- 221 

+ w5 

+ 330 
- 73.6 

EtOH 
EtOH 

MeOH 
MeOH 

G[M,D = lo?],, X M.W./roo. 

The n.m.r_ data, listed in Table III, are in harmony with the rotationally based 
assignments for the anomers in their expected, preferred K(L) conformationlr. 
There is no question that methyl j?-L-oleandropyranoside exists with all-equatorial 
substituents (K) rather than all-axial (0); hence, it automatically follows from 
the data that methyl cx-t-oleandropyranoside also has the IC conformation. 
This allows significance to be attached to the chemical shift observed for the methoxyl 
group at C-3, namely, 6.60 t in the models and 6.59 t in I, as an indicator of the rC 
conformation in all these cases. Further characterization of r_-oleandrose was achieved 
by conversion into the diaeetate, isolated as a r:~ mixture of the CL and #? anomers. 
Distinctive and common n.m.r. signals of the two anomers were noted (see Table III). 

The n.m.r. spectral properties of 2,6-dideoxyglycopyranosides related to the 
above L-oIeandrop~anosides have been reported previously, namely, for methyl 
cc-r;-mycarosidels, di-0-acetyl-/3-L-mycarose16, di-0-acetyl-/?-r_.-dadinosels, and me- 
thyl 0-acetyl-L-arcanosidery. 

Desosamine and its glycopyranosides 
To date, desosamine is only known to occur as the D sugar, peculiar to certain 

macrolide glycosides*, including picromycin, methymy~in= neome~ymy~in, nar- 
bomycin, the erythromycins, and I. The B-D sugar*, the ,8-D-diacetate8, and anomeri- 
tally undetermined ethyi and n-butyl desosaminidesf* have been described. The 
preparation of the n-butyl desosa~nop~anosides was repeated, and the main pro- 
duct proved to be n-butyl a-D-desosaminide, m.p. 54-56” (from hexane), [M]g + 330” 
(methanol). Processing of the mother liquor afforded crystalline n-butyl @-D-desos- 
aminide, m-p. 41-43~. [M]$ - 73.6” (methanol). Glycosides of desosamine can occur 
only as pyranosides; these have now been unequivocally established, by n.m.r., to 
exist in the preferred C~(D) conformation which is likewise predicted on the basis 
of available rules11 (see Tables II and III). 

Anomeric coq$gurut fonal analyses of oleandomycin (I) 

Nuclear magnetic resonance (n.m.r.) 
N.m.r. data on I disclosed downfield chemical shifts for three protons which 
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were distinct and readily analyzed (see Table IV). From its position and splitting 
pattern, the most deshielded proton (4.37 t) undoubtedly reflects the lactone termi- 
nuslg i.e., C.rpH. 

Proceeding upfield, doubled doublet signals centering at 4.99 t, J 3.511.0 c.p.s., 
correspond to those from the anomeric equatorial proton (C.I’-H) of the a+olean- 
drosyloxy substituent in the ~C(L) conformation, further substantiated as ~C(L) 
by the chemical shift (6.59 Z) observed for the C.3’-O-methyl group20. The different 
chemical shifts observed for the anomeric proton in the model (5.23 Z) and in I (4.99 r) 
are explicable in terms of the different aglycons in the two. 

TABLE IV . 

N.M.R. DATA ON OLEANDOMYCIN’ (CSHS~NOE) 

t J (c.p.s.) H Assignment (see I) 

4.37 6.Ob I C.r3-H (lactone terminus) 
4.99 3.5/t-o I (a-L-) C. I ‘-H 
5.74 7.0 : (B-D-) C. I "-H 
596.55 c 

6.59 0 3 C.3’-OCHs 
6.65-7.05 7 c 
7.11 2 C.8a (epoxide) CH2 
7.2-7.6 c 

7.72 0 

2 

C.3”-N(CH3)2 
7.8-8.55 7 -CH2- (3) + = 
8.55-9.25 24 C-CHa (8) 

Total 61 

a Varian A60 apparatus, CDCls solvent, and tetramethylsilane (10.00 t) as internal reference, were 
employed. 
b Doublet emerging from complex fine splitting. 
“-CH- (14) f -OH (3). 

A sharp doublet centering at 5.74 t, J 7.0 c.~.s.~~, could only arise from the 
axial anomeric proton (C.1”-H) of the P-D-desosaminide substituent in its preferred 
Cl(D) conformation. 

Persistence of chemical shifts at 4.37 z (C. 13-H) and 5.74 T (C.I”-H) in desos- 
aminyloleandolide (II), i.e., “desoleandomycin”2d, is consistent with the above assign- 
ments and further indicates that I and II possess related aglycon conformations. 

Molecular rotationaI differences (m.r.d_)9 

Reflection, i.e., d[ikZjD, of the a-L anomeric configuration in the L-oleandro- 
syloxy moiety of oleandomycin (I) has been gained by considering I as the glycoside, 
[Ml:, = -447”, and known 2d desosaminyloleandolide (II) as the aglycon,[ Ml& 
= - Igo”, according to d [MD = [pvi]& - [MjS,, (c$, d [WD = -263O and [Ml25 
-221~ for methyl a-L-oleandroside in Table I). This conclusion, consistent with the 
n.m.r. analysis, follows from knowledge that the pyranoside in question evidently 
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possesses the same conformation in I and in the model glycosides, and that the 
aglycon conformation in I and II is also comparable, as mentioned in the preceding 
discussion. The same qualitative interpretation is placed on another glycoside-aglycon 
set of comparisons, namely, the known anhydro-oleandomycinsdae (III), [MYJg = 
+43s”, and desosaminyianhydroliideze (IV), Fr]; = +6ro”, where d[MJu = 
- 175”. 

Although the completely sugar-free aglycon “oleandolide” remains a hypo- 
thetical compound, its anhydro counterpart, “anbydrolide”2e (V) has been prepared. 
Accordingly, by considering IV as the gIycoside, cn/rl,” = + 610”, and V as the agly- 
con, [Ml,D = f 6go”, it follows that d [WD = -80”. This is in excellent agreement 
with [Ml2 -73.6” observed for n-butyl fi-D-desosaminide, and is consistent with 
the F-D-assignmentssJ3 based on n.m.r. 

EXPERIhiEN-SAL24 

MethyI u-r;-oleandroside and methyl /l-L-oleandroside 

PreviousIy described, distilled methyl L-oleandrosides, [a]: -75-5” (c 5, 
ethanol), [cc]: - 74.3” (c 5.3, methanol), obtained from oleandomycin, were 
found to consist of a 3:r mixture of the CL and /7 anomers (gas-liquid chromato- 
graphy on a column of 5% silicone SE-30 on Haloport F at 173"). Preparative 
separation of a 0.5-g sample was achieved on a 1.8 x 45 cm column of silica 
gel H (E_ Merck AG) employing a 3:2 benzene-ethyl acetate system and an auto- 
matic fraction (ca. 2 cc) collector. The degree of separation was judged by thin- 
layer chromatography (t.1.c.) on silica gel, using a I:I benzene-ethyl acetate system 
followed by a detection spray of sulfuric acid. The first component off the column 
proved to be the a-~ anomer, obtained as an oil; [oz]~ - 125.6” (c 5.1, ethanol)_ 
CalC. for CsH1604: C, 54.53; H, 9.15. Found: C, 54.21; H, 8.91. 

Later fractions off the column furnished the B-L anomer, as an oil which crystal- 
lized, m.p. 74-78”, [ali + 71.5~ (c 2.3, ethanol). Found: C, 55.20; H, g-31. 

A 3:1 weighted average of the rotations of the a-L and P-L anomers gives [a]0 
-76.3”, which is very close to the value actually observed for the original mixture of 
anomers. 
n-Butyyl a-D-desosaminide and n-butyl /l-D-desosaminide 

The n-butyl D-desosaminides were prepared by treating D-desosamine hydro- 
chloride with I-butano1 and hydrogen chloride, according to the procedure of Flynn 
et aW25. Most of the product distilled at g8-roo”/o.4 mm and crystallized on cooling, 
m-p. 45-47”. Recrystallization from hexane furnished n-butyl a-D-desosaminide, 
m.p. 54-56”, [a]g + 143” (c IO, methanol). Calc. for Ci2H2sNOs: C, 62.34; H, 10.86. 
Found: C, 62.07; H, ro.81. 

After solvent had been removed from the mother liquor, the resulting oil, 
showing [a]$ f 21.6” (c 5, CHCb), slowly deposited crystalline n-butyl @-D-desos- 
aminide, m-p. 41-43O, Lz]~ -5.3” (c. 5, chloroform), [a]g -31.9” (c IO, methanol). 
Found: C, 62.00; H, 10.84. 
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Di-O-acetyl-a- and B-L-olearzdrose 
L-Oleandrose (20 g) in solution in acetic anhydride (20 cc) and pyridine (20 cc) 

was kept for 18 h at 25O. After being poured into an ice-water-chloroform mixture, 
the organic phase was separated and the aqueous layer extracted with a further 
portion of chloroform. The combined organic extracts were washed with cold water 
adjusted to pH 7.5 and then with water, dried with anhydrous sodium sulfate, and 
the solvent removed. Most of the residue distilled at g4--Ioo”/o.2 mm, to afford 
23.43 g (77%) of an oil, IalE - 32.8 (c 6.4, chloroform). Calc. for CuHlsOs: C, 53.65; 
H. 7.37. Found: C, 53.84; H, 7.39. 

The mixed anomeric nature of this product was not readily ascertained by 
t.1.c.; however, an approximately I:I mixture of the anomers was evident by n.m.r. 
analysis (see Table HI). 

Optical rotations ofmacrolide compounds (see Table I> 

Specific rotations (in methanol) are: oleandomycinsb (I), f&,H6rN0i2 (M-W., 
688): [a]: = -65”; desosaminyloleandolide (II), CssH4aNOs (M-W., 544), crystal- 
lized fromether, m-p. 185-187”: [a]2,5 - 35” (previously reportedsd, amorphous product, 
CCdesoleandomycin”: [oL]~ - 25.3O); anhydro-oleandomycina@ (III), &HssNOu 
(M-W., 670): [a]g -l-65”; desosaminylanhydrolide (IV), CssHa7NOs (M.W. 526), 
I i.e., ‘cdamylanhydrolide”s? [a]: + I 16”; anhydrolidese (V), Cs0H&Os (M-W., 368): 
[a]: + 187.3“. 
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SUMMARY 

Polarimetric and nuclear magnetic resonance data are presented as consistent 
evidence for the a-L and P-D nature of the respective anomeric centers in oleando- 
mycin, thus completing the gIycosidic aspects of the stereochemistry of oleandomycin 
(I); these centers are those of the a+oleandrosyloxy and P-D-desosaminyloxy moie- 
ties. Individual methyl a- and ,Gpyranosides of L-oleandrose and n-butyl a- and 
#3-pyranosides of D-desosamine were prepared and characterized, to furnish base-line 
reference data for the analyses of anomeric configuration performed on oleando- 
mycin. 
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INTRODUCTION . 

The acid-catalysed benzylidenation of D- or L-arabinitol affords the 1,3-O- 
benzylidene derivative in high yieldl. No di-0-benzylidene derivative has been repor- 
tedalthough D-arabinitoi 7rd.s a 1,3:2,+di-O-methylene compound2. The reluctance 
of arabinitol to form a &-U-benzylidene derivative seemed surprising since 2-0- 
benzyl-D-arabinitol gives isomeric 1,3:4,5-di-0-benzylidene derivatives, albeit in 
rather poor yields. 

RESULTS AND DISCUSSION 

Investigation of the product formed on zinc chloride-catalysed benzylidenation 
of L-arabinitol revealed, in addition to I ,3- 0-beuzylidene-L-arabinitol, a small amount 
(< 5%) of a di-O-benzylidene derivative. Variation in the conditions of the conden- 
sation failed to improve significantly the yield of di-O-benzylidene derivative which 
was also formed in small amount when sulphuric acid was used as catalyst. The di-O- 
benzylidene derivative was dimorphous; forms with melting point 161-162’ and 
176-178” were encountered. 

A r,3:2,+distribution (I) of the acetal rings in the di-0-benzylidene derivative 
was established by the following reactions. Treatment of the toluene-p-sulphonate 
(II) of compound (I) with sodium benzoate in boiling dimethylformamidea gave a 
benzoate identical with the product obtained on direct benzoylation of the di-O- 
benzylidene derivative (I). Since the “benzoate exchange” proceeded with retention 

:y----/-l 
i 0 

sl H 
ROCH, 

IR=H 
II R=Ts 

m E R’=H, R-c Me 

P R’=Me , R”=H 
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of configuration, and because of the unique stereochemistry of L- (and D-) arabinitol, 
the toluene-p-sulphonate group in compound (II) must have been attached to C-l, 
C-3; or C-5. Graded acidic hydrolysis of the di-O-benzylidene derivative (I) using 
toluene-p-sulphonic acid in aqueous dioxan afforded 1,3-O-benzylidene-L-arabinitol, 
and therefore the free hydroxyl group was present at C-5 in the parent compound 
(I) and the hydrolysed acetal group must have spanned the 2,4-positions. Hence, 
compound (l) is r,3:2,4-di-O-benzylidene-L-arabinitol. The graded hydrolysis of 
compound (I) could be followed conveniently by observing the change in the pattern 
of benzyl proton signals in the n.m.r. spectrum of the hydrolysis mixture. 

1,3:2,4-Di-O-benzylidene-L-arabinitol had benzyl proton signals at t 4.48 and 
4.80 (for a ca. 10% solution in dioxan; Varian A60 spectrometer) in the n.m.r. 
spectrum indicative5 of the existence of the molecule in the predicted6 “0’‘-inside 
structure (HI) with equatorial phenyl groups and an a_xial hydroxymethyl group. 
The signal at 4.80 may be assigned to the benzyl proton in the r,3-acetal ring since 
the chemical shift is characteristic7 of an axial benzyl proton in the chair form of a 
2-phenyl-r,3-dioxan ring with axial protons at positions 4 and 6. The corresponding 
proton in the 2,4-acetal is deshielded by the axial hydroxymzthyl group and gives the 
signal at lower field (4.48). An analogy may be drawn both with the results of other 
workers* and with those obtained for the benzylidene derivatives [(IV) and (V), 
respectively] of meso- and DL-pentane-2,4-dials. The former acetal (IV), which has 
a benzyl proton in an environment similar to that of the corresponding proton in 
the r,3-acetal ring of the di-O-benzylidene derivative (III), has the relevant signal 
at 4.91. On the other hand, the benzyl proton in acetal (V) is deshielded by the axial 
methyl group, and the signal occurs at 4.58 The slight shift to lower field of the 
benzyl proton signals in the di-O-benzylidene derivative (III) compared with those of 
the monocyclic acetals (IV) and (V) is similar to that observed for other di-O-benzyl- 
idene derivatives3. Other examples of benzylidene acetals containing “0”-inside 
structures simiiar to that (III) postulated for 1,3:2,4-di-O-benzylidene-L-arabinitol 
have been considered elsewhere 5, together with the evidence against “H”-inside 
structures. 

In seeking compounds for comparison of physical properties, especially infrared 
spectra, with those of 1,3:2,4-di-O-benzylidene-L-arabinitol, the reaction of 1,3-U- 
benzylidene-L-arabinitol with phenylboronic acid was examined. Although there 
have been several investigations+11 of the reaction of phenylboronic acid with 
carbohydrate derivatives, apparently there has been no report of its reaction with 
sugar der++;-* .,,.ves which are partially substituted by cyclic acetal groups. 

L,3-O-Benzylidene-L-arabinitol, which can form an cc- (4,5-), @T- (2,4-) or 
y- (2,5-) phenylboronate (using Barker and Bourne’s terminologyls), reacted readily 
with phenylboronic acid in benzene (azeotropic removal of waterlr) to give a mono- 
phenylboronate (VI). The cyclic ester (VI) was not readily hydrolysed by boiling 
water or hot, aqueous, methanolic sodium hydroxide, but was smoothly saponified 
by passage of an aqueous, methanolic solution over a suitable anion-exchange resin 
[e.g.Amberlite IRA 40o(HO- form)] with regenerationof r,3-U-benzylidene-L-arabin- 
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itol (c$ the independent observation of Ferrier et GZ.~~~). Thus, no migration of the 
benzylidene group occurred during the reaction of I,3-0-benzylidene-L-arabinitol 
with phenylboronic acid. The phenylboronate group was removed from the benzoate 
of compound (VI) by passage over neutral alumina. The stability of the phenylboron- 
ate group in compound (VI) [and in compound (VIII)] towards saponificatiBn con- 
trasts with the lability of many of the cyclic phenylboronates previously described+ll. 
The location of the phenylboronate group in compound (VI) was established as 
follows. 

For dilute solutions (<O.O05M) of dials in carbon tetrachloride, intermolecu- 
lar hydrogen bonding does not usually occur, and absorptions in the hydroxyl 
stretching region of the infrared can be assigned to free and intramolecularly bonded 
hydroxyl groupsls. The absorption pattern [3632 (E 37), 3624 (E 39), and 3581 cm-l 
(E so)] shown by the phenylboronate of 1,3-0-benzylidene-~arabinitol (VI) was 
quite different from that [3582 cm-l (E SI)] of 1,3-0-benzylidene-4,5-O-isopropyli- 
dene+arabinitol indicating that the phenylboronate group in the former compound 
did not span the 4,5-positions. The band at 3632 cm-l for the phenylboronate (VI) 
is undoubtedly due to free hydroxyl groups, but the dv value13 (vrree on- ‘&bonded on) 
of 8 for the absorption at 3624 cm-l is much lower than that (>30) usual13 for the 
hydrogen bond OH...0 and could be due I4 to an OH...Z bond. Such a bond would 
be sterically possible between the CHaOH group and the 2,4-phenylboronate residue 
in structure (VI), but a comparable hydrogen bond involving the hydroxyl group at 
position 4 would be precluded in any reasonable conformation of the 2,5-analogue. 
Consequently, the phenylboronate group is assigned to the a,+position. The band 
at 3581 cm-l can be assigned to an OH...0 hydrogen bond forming a five-membered 
ring; although the A v value of 5 I is somewhat higher than that (30-35) usually obser- 
vedls for the system CHZOH.CHOR-, it is markedly lower than that (~80) for the 
corresponding hydrogen bond which forms a six-membered or larger ring. 

I ,3:2,4-Di-0-benzylidene-L-arabinitol (I) also had a complex absorption 
pattern (3633, 3613, and 3581 cm-l) but, because of the poor solubility of the com- 
pound, accurate E values could not be obtained and the frequencies noted 
should not be regarded as precise. The infrared spectral characteristics of the 
benzylidene derivatives (I) and (VI), and of related compounds are being further 
investigated. 

1,3-O-Benzylidene-4,5-O-isopropylidene-~-arabinitol was obtained in high 
yield by copper sulphate-catalysed acetonation of r ,3-0-benzylidene-L-arabinitol, 
and its structure was established by the following observations: (I) graded acidic 
hydrolysis gave r,3-0-benzylidene-L-arabhnitol indicating the absence of rearrange- 
ment during the original acetonation, and (2) the formation of 2-O-benzyl-~arabini- 
to1 (characterised as the tetra-0-benzoate) on benzylation of the isopropylidene deriv- 
ative followed by acidic hydrolysis of the acetal and ketal rings. The ease with which 
r,3-0-benzylidene-L-arabinitol condensed with acetone is in marked contrast to the 
reluctance of arabinitol to form a di-0-benzylidene derivative, and the latter problem 
is receiving further attention. 
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Evidence to support the a,+assignment of the phenylboronate group in 
compound (VI) was obtained using the “benzoate-exchange” reaction. The phenyl- 

p-E( 

Ph 

Ph 

ROW, 

PIR=H m R’=OH. R-5 H 

PIIR=Ts z R’=Ts. R”=H 

X R’=H ~ R’= N, 

boronate (VI) readily gave a toluene-p-sulphonate (VII) (c$ Ferrier’s observationlla) 
which on treatment with sodium benzoate ir, boiling dimethylformamide4 gave a 
mixture of products, apparently arising from partial hydrolysis of the phenylboronate 
group. Although it is likely that a vicinal, free hydroxyl group could interfere during 
“benzoate exchange” (cf- Angyal and Stewart’s observations with inositol+), the 
isolation from the product mixture of a benzoate identical with that formed on direct 
benzoylation of the phenylboronate (VI) indicated that the normal displacement 
had occurred without change in col&iguration. Since positions I and 3 are blocked 
by the acetal ring, it follows that in compound (VII) the toluen?-p-sulphonate group 
was located at position 5 and the phenylboronate group at the a,+positions. 

The scope of the phenylboronate group as a blocking agent in the carbohydrate 
field is further exemplified by a parallel sequence of reactions in the cyclic ketal series 
using 3,4-O-isopropylidene-Lamnitol. This readily condensed with phenylboronic 
acid to give 3,4-O-isopropylidene-L-rhamnitol 1,2-phenylboronate (VIII) in which 
the location of the cyclic ester group was established as follows. Compound (VIII) 
was not readily hydrolysed by boiling water, hot, aqueous sodium hydroxide, or 
hot, aqueous, ethanolic D-mannitol 10, but smooth saponification to 3,+@isopro- 
pylidene-r-rhamnitol was effected by the resin method. Thus no migration occurred 
during the reaction of 3,4-O-isopropylidene-L-rhamnitol with phenylboronic acid 
which must therefore have condensed with two of the hydroxyl groups at C-I, C-2, 
and .C-5. Although it seemed likely that the phenyboronate group spanned the 1,2- 
positions in compound (VIII), the results of Sugihara and Bowmanlo suggested that a 
seven-membered cyclic phenylboronate involving the 2,5-positions must also be 
considered a possibility. The toluene-p-sulphonate (IX) of the phenylboronate (VIII) 
was readily obtained and when treated with sodium azide in boiling dimethylform- 
amide gave an azidodeoxy compound (X) which, on saponification followed by acid- 
catalysed acetonation, afforded the same product (5-azido-5,6-dideoxi-r,2:3,4-d&O- 
isopropylidene-D-gulitol)as was obtained by application of an “azide-exchange” reac- 
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tion to 1,2:3,4-di-O-isopropy~deneg-O-toluene-p-sulphonyl-~-rhamnitoll6. Hence the 

toluene-p-sulphonate group in compound (IX) was located at position 5, and it 
follows that the phenylboronate group spanned the r,a-positions. 

EXPEXXMENTAL 

Thin-layer chr-amatography was performed on Kieselgel, and detection was 
effected with vanillin-sulphuric acid17 and/or iodine vaponr. Light petroleum refers 
to the fraction b-p. 6o-80”. Where stated, drying of organic solvents was effected 
with MgSO+ Optical rotations at 5461 A were determined on I or 2 cm layers using 
a Bendix-Ericsson Type 143A polarimeter. Identification of compounds was based 
on mixed melting points and comparison of infrared spectra. 

Benzylidenation of L-arabinitol 

(a) A mixture of L-arabinitol (6.1 g), benzaldehyde (25 ml), and zinc chloride 
(12.5 g) was shaken at room temperature for 4 days and then poured into a well- 
stirred mixture of aqueous sodium hydrogen carbonate and light petroleum. After 
I h the precipitate was collected, washed well with light petroleum, and its solution 
in chloroform dried and concentrated. Examination of the oily product (3.24 g) by 

thin-layer chromatography using benzene-ether (I:I) revealed components with 
&? values 0.8, 0.65, and 0.25. Two recrystallisations of the product from benzene 
afforded r .3:2,4-di-0-benzylidene-L-arabinitol (0.36 g, 2.7%), m.p. 160”, RF 0.25, 
[a]~ f 40.5~ (c 0.2, chloroform) (Found: C, 69.7; H, 6.3. ClgH2006 talc.: C, 69.5; 
H , 6 IO’) - ,O,’ 

The filtered, aqueous sodium hydrogen carbonate-light petroleum mixture was 
separated and the aqueous layer was extracted with light petroleum (3 x IOO ml). 

A product (1.45 g) containing components with RF values 0.95 (benzaldehyde) and 
0.65 was present in the combined light petroleum solutions. Subsequent extraction 
of the aqueous layer with chloroform (3 x IOO ml) removed material (0.39 g), 
containing components with RF values 0.65 and 0.25, which, on crystallisation from 
benzene-light petroleum, afforded a further amount (20 mg) of the di-U-benzylidene 
derivative. Continuous extraction of the aqueous layer with chloroform overnight 
gave 2 product (2.27 g) which was essentially r,3-0-benzylidene+arabinitoP, 
and recrystallisation from ethanol containing a trace of ammonia gave material with 
m-p. 151’ (mixed m-p.). Further continuous extraction for 2 days gave an additional 
amount (2.8 g) of crude r,3-0-benzylidene derivative. 

(6) A mixture of L-arabinitol (I g) and benzaldehyde (2 ml) was shaken and 
cont. sulphuric acid (0.5 ml) added dropwise during 0.5 h when a homogeneous 
mixture was obtained. After a further 0.5 h, the solution was poured into a well- 
stirred mixture of aqueous sodium hydroxide and light petroleum. The precipitate 
was collected, washed well with light petroleum, and its solution in chloroform was 
dried and concentrated. Examination of the residue (0.6 g) by thin-layer chromato- 

graphy as in (a) revealed components with RF values 0.95 (trace), 0.65, and 0.25. 
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Crystallisation from benzene-light petroleum gave r,3:2,4-di-0-benzylidene-r.- 
arabinitol (60 mg, 2.7%). 

The aqueous sodium hydroxide was extracted with light petroleum (3 x IOO ml) 
and then with chloroform (3 x IOO ml). The combined chloroform extracts were 
dried and concentrated to yield an oil (0.14 g) from which a further amount (30 mg) 
of the di-0-benzylidene derivative was obtained on crystallisation from benzene-light 
petroleum. 

(c) A mixture of L-arabinitol (5 g), benzaldehyde (25 ml), and zinc chloride 
(IO g) was shaken overnight and then poured into a well-stirred mixture of water and 
light petroleum. The crystalline precipitate was collected, washed well with light 
petroleum, and recrystallised from benzene to yield r,3:2,4-di-0-benzylidene-r_- 
arabinitol (0.28 g, 2.5%), m-p. 153“~ Further recrystallisation from benzene gave a 
product (0.18 g), m.p. 161-162~; on addition of Iight petroleum to the mother liquors 
a dimorphic form (65 mg), m-p. 176-178”, was obtained. A solution of the latter 
compound in benzene when seeded with the lower melting form gave the dimorph, 
m.p. 159-160”. The infrared spectra (Nujol mulls) of the dimorphs were identical. 

BenzoyIation of the di-0-benzylidene derivative (m-p. 161”) by the usual method 
with benzoyl chloride and pyridine gave 5-0-benzoyl-r,3:2,4-di-0-benzylidene-r.- 
arabinitoI(7g%), m.p. 180”, [a]~ + 23O (c o-g, chloroform) (Found: C, 72.2: H, 5.65. 
C%jH2&6 talc.: C, 72.2; H, 5.6%). The benzoate showed no tendency to exist in 
dimorphic forms. 

Reaction of sodiron benzoate with I,_?:2,q-di-O-benze-5-O-toluene-p-sL~~p~lonyi-~- 
arabinitol 

The toluene-p-suIphonate of 1,3:2,4-di-0-benzylidene-I_-arabinitol, prepared in 
the usual manner with toluene-p-sulphonyl chloride and pyridine, had m-p. 75-77O 
(from ethanol), [a]~ + I 8” (c 1.1, chloroform) (Found: C, 64.6; H, 5.4; S, 6.7. 
C2sHsso’iS CakX C, 64.7; H, 5.4; S, 6.6%). 

A soIution of the foregoing toluene-p-sulphonate (30 mg) in dimethylforma- 
mide (IO ml) was boiled in the presence of sodium henzoate (0.15 g) for 3 h. The 
cooIed mixture was poured into aqueous sodium hydrogen carbonate, and the precip- 
itate was cohected and washed well with water. A solution of the precipitate in 
chloroform was washed with water, dried, and concentrated. Recrystallisation of the 
residue (20 mg) from ethanol gave 5-O-benzoyl-1,3:2,4-di-O-benzylidene-~-arabinitol 
(r7mg, 630jo),m.p. 181~ (mixed m.p. r7g-r80° with the authentic compound described 
above), [a]D f 18” (c 0.2, chloroform). 

Graded acidic hydrolysis of r,3:2,4-di-Q-bentylinene-L-arabinitol 
A solution of the title compound (0.175 g) in a portion (3 ml) of a mixture of 

tohrene-p-sulphonic acid (50 mg), dioxan (4.5 ml), and water (0.5 ml) was stored at 
25-3o”, and the change in the pattern of the benzyl proton signals in the n.m.r. 
spectrum was observed using a Varian A60 spectrometer. The signals at t 4.29 and 
4.59 for the di-0-benzyhdene derivative Iargely disappeared during 4 h and were 
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replaced by a signal at 4.64. The mixture was then poured into-aqueous sodium 
hydrogen carbonate and extracted with chloroform (4 x 5o.ml). Concentration of 
the combined and dried extracts gave a product which, on examination by thin-layer 
chromatography using benzene-ether (I:I), was found to contain components with 
RF values 0.95 (benzaldehyde), 0.65 (unidentified component), 0.25 (di-U-benzylidene 
derivative), and < 0.01. Using ether-methanol (Ig:r), components with RF values o-94 
(di-0-benzylidene derivative) and 0.64 (monobenzylidene compound) were detected. 

Continuous extraction of the aqueous solution with chloroform containing 
a trace of ammonia during 12 h gave a product (0.1 g) which, after recrystallisation 
from benzene, gave r,3-O-benzylidene-r.-arabinitoll (53 mg), m.p. I@-147” (mixed 
m-p. I@-1500). 

z-0-Benzyih-arabinitol 
The title compound (m.p. 73-78”, [a]~, -4.5O, methanol) was prepared as pre- 

viously described3 and in view of the variation of m-p. according to the conditions 
of crystallisstion, it was further characterised as the tetra-0-benzoate, m-p. IO&105” 

(from ethanol), [a]5461 + 34” (c 0.65, chloroform) (Found: C, 73.0; H, 5.0. (&Ha09 
calcd.: C, 72.9; H, 5.2%), and the tetra-0-p-phenylazobenzoate, m.p. rg6--rg8” (from 
benzene-light petroleum) (Found: C, 71.7; H, 4.9. Cs4H50NsOs talc.: C, 71.5; 

H, 4-7%) 

Preparation andproqf’of structure of r,3-O-benzylidene-4,5-O-isopropylidene-L-arabin- 
itol 

A mixture of r,3-0-benzylidene+arabinitoll (o-94 g), acetone (150 ml), and 
anhydrous copper sulphate (4 g, dried at 120~ for 4 h) was shaken at room tempera- 
ture for 3 days. Insoluble material was collected and washed well with acetone, and 
the combined filtrate and washings were concentrated. Recrystallisation of the residue 
(1.36 g) from light petroleum gave the product (0.83 g, 76%), m.p. III-I 12”, [a]JJ 

-22.55 (c 1.6. chloroform) (Found: C, 64.0; H, 7.0. C1sHs005 talc.: C, 64.3; 
H, 7.2%). 

A solution of 1,3-O-benzylidene-4,5-O-isopropylidene-L-arabinitol (0.41 g) in 
benzyl chloride (IO ml) was stirred and heated at I 15~ for 6 h in the presence of crush- 
ed potassium hydroxide (2.5 g). The cooled mixture was then partitioned between 
water and chloroform. The aqueous layer was extracted with chloroform and the 
combined organic solutions were washed with water, dried, and concentrated. The 
oily benzyl ether (I.09 g) was hydrolysed at g5-roo” with o.o5M-sulphuric acid for 
4 h. The hydrolysate was neutralised with sodium hydrogen carbonate and extracted 
continuously with chloroform overnight. Concentration of the extract and crystallisa- 
tion of the product (0.25 g) from ethyl acetate-light petroleum gave 2-0-benzyl-L- 
arabinitol (0.12 g), m.p. 75-78”. The product had the same mobility as the D-form 
described above in paper chromatography using the organic phase of butanol- 
ethanol-water (4: I :5) and detection with periodate-permanganaiels and alkaline 
silver nitraterg. Benzoylation of the product in the usual manner with benzoyl 
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chloride and pyridine gave r,3,4,5-tetra-O;benzoyl-2-0-benzyl+arabinitol (7g%), 
m.p. 103~ (from ethanol), [c&461 -34” (c 0.6, chloroform) (Found: C, 72.6; H, 5-5. 
C~OH~OQ talc.: C, 72.9; H, 5.2%). The m.p. was depressed (93-95”) in admixture with 
the D-form described above, but the infrared spectra (Nujol mulls) of the two 
compounds were indistinguishable. 

A solution of r,3-O-benzylidene-4,5-O-isopropylidene-L-arabiuitol (0.1 g) in a 
portion (I ml) of a mixture of toluene-p-sulphonic acid (51 mg), dioxan (4.5 ml), 
a.ld water (0.5 ml) was stored at 25-30~ and the hydrolysis followed by observing the 
diminution of the Me proton signals for the isopropylidene group in the n.m.r. 
spectrum. After rg h, these signals had virtually disappeared, and the mixture was then 
poured into aqueous sodium hydrogen carbonate and extracted with chloroform 
(z x 20 ml), which removed oily material (15 mg) but no benzaldehyde, -indicating 
the stability of the benzylidene acetal under the conditions employed. Subsequent, 
continucus extraction -with chloroform containing a trace of ammonia for 5 h gave 
x,3-0-benzylidene-L-arabinitoIl (55 mg) which, after recrystallisation from benzene, 
had m-p. 146-147” (mixed m-p. 148”). 

r,j-O-Benzylidene-L-arabinitol z,q-phenylboronafe 
A mixture of benzene (200 ml) and phenylboronic acid (0.5 g) was boiled under 

reflux with azeotropic removal of water for 3 h, and, after additic-:; of r,3-O-benzyli- 
dene-L-arabinitol (I g), this process was continued for a further 4 h. Concentration 
of the mixture and recrystallisation of the residue (1-44 g) from benzene-light petrol- 
eum yielded the product (1.08 g, 80%), m.p. 12o-121O, [CC]D+II~ (c 1.6, chloroform) 
(Found: C, 66.1; H, 5.7. CI~HIQB~~ cak.: C, 66.3; H, 5.8%). 

By the usual methods, the phenylboronate was converted into the toluene-p- 
sulphonate, m.p. 141-142~ (from ethanol), [c& f 16” (c 1.0, chloroform) (Found: 
C, 62.4; H, 5.6; S, 6.3. &.HeaBO$ talc.: C, 62.5; H, 5.2; S, 6.7%), and the benzoate, 
m-p. 141-142~ (from ethanol), [a]~ -?- 12~ (c o-g, chloroform) (Found: C, 70.0; H, 5.6_ 
CzsHzaBOe talc.: C, 69.8; H, 5.35%). 

Saponification of r,3-0-benzylidene-L-arabinitol z,q-phenylboronate and its benzoate 
A solution of the phenylboronate (0.33 g) in methanol (2 ml) was added to a 

column (2.5 x 35 cm) of Amberlite IRA 400 (HO- form) which was then eluted with 
water-methanol @:I, 1500 ml). Concentration of the eluate gave 1,3-O-benzylidene- 
L-arabinitolr (0.19 g, 77%), m.p. 150-151~ (mixed m-p.). 

When a solution of the phenylboronate (0.67 g) and sodium hydroxide (2 g) 
in methanol-water (I:I, 40 ml) was heated at g5-loo” for 4 h, and then extracted 
continuously with chloroform overnight, crystalline starting-material was recovered 
in 52% yield. 

A solution of 5-0-benzoyl-r,3-0-benzylidene-L-arabinitol 2,4_phenylboronate 
(66 mg) in benzene (I ml) was added to a column (24 x 1.5 cm) of neutral alumina20. 
Elution with ether (400 ml) gave unidentified material (IO mg), and then with methan- 
~1 (150 ml) gave a product (46 mg) which, on recrystallisation from benzene-ether, 
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afforded 5-0-benzoyEI,3-0-benzylidene-L-arabinitol(33 mg), m-p. 157-158’ (Found: 
C, 66.3; H, 6.1. ClgH200s talc.: C, 66.3: H, 5.80/,). 

Reaction of’ r,3-O-benzylidene-5-O-toluene-p-su~ho~~yl-L-arabi?~itoi 2,q-phenylboron- 
ate with sodium benzoate in dimethylformamide 

A solution of the title compound (I g) in dimethylformamide (40 ml) was 
boiled under reflux for 7 h in the presence of sodium benzoate (1.8 g). The cooled 
mixture was diluted with aqueous sodium hydrogen carbonate and extracted with 

chloroform (4 x IOO ml). The combined extracts were washed with water (5 X 
150 ml), dried, and concentrated to yield a sulphur-free product (0.7 g) which had 
infrared bands, inter alia, at ca. 3503 (OH), 1725 (benzoate C=O), 1670 (dimethyl- 
formamide C=O), and 1600 cm-l (aromatic C=C). Crystallisation of the product 
from ethanol gave material (0.45 g, m-p. g5-100”) which in thin-layer chromatography 
(benzene-ether, 1:l) showed components with RF 0.65 and 0.25. After three recrystall- 
isations from ethanol, this afforded slightly impure 5-0-benzoyl-I,3-O-benzylidene- 
L-arabinitol z,gphenylboronate, m.p. 136” [mixed m.p. 13g--i40° with the compound 
(RP 0.65) described above]. 

The mother liquors from the above recrystallisations were concentrated and 
a solution of the residue (0.27 g) in benzene (2 ml) was added to a column (25 x 

2.5 cm) of neutral alumina20. Elution with ether (250 ml) gave unidentified material 
(IO mg), and subsequently with methanol (250 ml) gave a product (0.16 g) which, 
after two recrystallisations from benzene-light petroleum, afforded 5-0-benzoyl-r,3- 
0-benzylidene-L-arabinitol (36 mg). m-p. r55-156”, RF 0.25, identical with the pro- 
duct described above. 

3,4-0-Isopropylidene-L-rhamnitol r,2-phenylboronate 
A solution of equimolar proportions of 3,4-0-isopropylidene-L-rhamnitol 

(IO g) and phenylboronic acid (5.8 g) in benzene (1500 ml) was boiled under reflux 
for 3 h with azeotropic removal of water. Concentration of the solution and recrystall- 
isation of the residue from light petroleum (b.p. 40-60”) gave the product (12.5 g, 
75x), m.p. 78-80”, [a]~ -27” (c r-74, chloroform) (Found: C, 62.3; H, 6.9. C15H~lB05 
talc.: C, 61.6; H, 7.2%). 

The phenylboronate gave a toluene-p-sulphonate, m.p. 124-126~ (from light 
petroleum), [Z]D -23O (c x.9, chloroform) (Found: C, 59-7; H, 5.9; S, 7.3. C32H27B07S 
talc.: C, 59.2; H, 6.05; S, 7.2%). 

When 3,4-0-isopropylidene-L-rhamnitol r,a-phenylboronate (0.5 g) dissolved 
in methanol (5 ml) was added to a column of Amberlite IRA 400 (HO- form) and 

eluted with aqueous methanol as described above for the L-arabinitol derivative, 

3,4-0-isopropylidene-L-rhamnitol (0. I g), m.p. 77-78”, was obtained. 

Reaction of ~,~-O-isopropyiidene-~-O-to~rre,2e-p-s~i~phoFly~-L-ri~am~~ito~ I,2-phenylboron- 
ate with sodium azide 

A solution of the title compound (IO g) and sodium azide (5 g) in dimethyl- 
formamide (130 ml) was boiled under reflux for 2.5 h. The cooled solution was 
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diluted with water (250 ml) and extracted with chloroform (3 x 75 ml). The-com- 
bined extracts were washed with water (6 x IOO ml), dried, and concentrated. 
Distillation of ‘the residue at 180-200~ (bath)[o.~ mm gave syrupy 5-azido-5-deoxy-n- 
g&-derivative (Q?g, 677%), a sohrtion of which ixi methanol was added to a column 
ofAmberIiteIRA 4oo(HO-form, zoomI). Elution was effected with aqueous methanol 
(IO%, i5bo ml) d an concentration of the eluate gave syrupy 5-azido-5,6-dideoxy-3,+ 
O~isopropyhdene-D-guhtol (3.3 g, 85%). A portion (0.2 g) of this material was aceton- 
ated by catalysis with anhydrous copper sulphate and cont. sulphuric acids1 in 
the standard manner to yieId 5-azido-5,6-dideoxy-r,2:3,4-di-O-isopropylidene-D- 
gulitoF6 (0.2 g), m-p. 47-49“ (mixed m.p.), [a]~ -100~ (c 1.5, chloroform). 

&]7ared Spectra 

The dilute solution spectra were measured on 2-cm layers of solutions of the 
alcohols in CC14 using a U&am S.P. IOO spectrometer equipped with a grating 
(3000 lines/in). 
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SUMhlARY 

Benzyhdenation of r_-arabinitol using zinc chloride or sulphuric acid affords 
mainly x,3-0-benzylidene-L-arabinitol, and a small amount ((5%) of r,3:2,4-di-O- 
benzylidene+arabinitol, the structure of which has been established. The confor- 
mation of the dibenzylidene derivative is considered on the basis of n.m.r. spectroscop- 
ic data. As expected, r.3-0-benzyhdene-r_-arabinitol affords the 4,5-O-isopropyli- 
dene derivative, but condensation with phenylboronic acid involves the 2,gpositions. 
3,4-0-Xsopropylidene-r;-rhamnitol gives a 1,2-phenylboronate. The phenylboronate 
group was readily removed from each of the above esters to yield the unchanged 
parent compound, thus further exemplifying the use of this group as a blocking 
agent in carbohydrate chemistry. 
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SYNTHESIS OF DIAMINO SUGARS FROM 1,2-DIAMINO-IJ-DIDEOXY- 

.ALDITOLS. 4,5-DIACETAMIDO-4,5-DIDEOXY-L-XYLOSEl 

M.L. WOLFROM, 1.L’. MINOR, AND W.k SZARJK 

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

(Received March 4th, 1965) 

INTRODUCITON 

In a recent publication2 we recorded the synthesis of r,a-diamino-r,a-dideoxy- 
alditols by hydrogenation of glycosulose bis(phenylhydrazones) (glycose phenylosa- 
zones)_ We now report an example of the synthesis of a diamino sugar from one such 
diamino alditol. x,2-Diamino-I,%dideoxy-D-glucitol dihydrobromide (I) was conver- 
ted into 45-diacetamido-4,5-dideoxy-L-xylose (VII) by periodate degradation of the 
appropriateIy blocked hexitol derivative. The product, existing in either a five- 
or a six-membered ring form, must have nitrogen as the ring hetero atom. 

DISCUSSION 

r,z-Diamino-~,a-dideoxy-D-glucitol dihydrobromide(1) was selectively N-acetyl- 
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ated to give-- x,2-dia&amido-%,2-dideoxy-Dglucitol (II). This compound. could 
alsoI-be obtained from .2-amino-2-deoxy-D-glucose hydrochloride by reduction of 
‘its phenylhydrazone; as described l~eviouslys,-followed by N-acetylation of the reaci 
tion mixture. .‘.. I ..-_. .: :,_: 

Acetonation of II using cupric sulfate. and- Sulfuric acid as catalysts -gave a 
crystalline -product identified as 1,2-diacetamido-r,z-dideoxy-5,6-O-isopropylidene- 
D-ghtcitol (III), since the mono-O~isopropy~dene derivative III consumed one mole 
of periodate per mole and liberated no formaldehyde. AFetonation of II using zinc 
chloride, phosphoric acid, and phosphorus pentaoxide gave r,a-diacetamido-r,z- 
dideoxy-3,4:5,6-di-0-isopropylidene-D-glucitol (IV). By use of thin-layer chromato- 
graphic techniques, conditions were established for the partial acid hydrolysis of the 
di-0-isopropylidene derivative IV. The 5,6-O-isopropylidene group is removed first. 
I,2-Diacetamido-r,2-dideoxy-3,4-O-isopropylidene-D-glucitol (V) was-readily separa- 
ted from the completely hydrolyzed material by silica gel column chromatography. 
The product V consumed one mole of periodate per mole with tile liberation of one 
mole of formaldehyde and the formation of 3 diaminodideoxy pentose derivative, 
thus establishing the position of the isopropylidene group. 

The 5,6-glycol function of V was cleaved with periodate on a preparative scale 
to give 4,5-diaceta~do-4,5-dideoxy-2,3-O-isopropylidene-al~z~~u-L-xylose (VI). 
This crystalline compound in concentrated aqueous solution gave a positive Schiff 
test, a positive Tollens test, and was weakly reducing to Benedict reagent. The alde- 
hyde function was hydrated to the aldehydrol form as indicated by its nuclear magne- 
tic resonance (n.m.r.) spectrum in deuterium oxide. A carbonyl band at 5.8 p in the 
infrared spectrum of a sample obtained from a solution containing water increased 
in intensity from moderate to strong on heating the sample zi; t’aczto at 78’. The 
n.m.r. spectrum in deuteriochloroform revealed a one-proton ‘peak in the region 
characteristic of aldehyde protons. 

The acid-catalyzed hydrolysis of the isopropylidene group of VI was followed 
by paper chromatography on aliquots withdrawn at selected time intervals. Two 
prod&, in addition to startin, = material, were so indicated; one of these was prepon- 
derant. The reaction was complete in three hours at room temperature. After neutra- 
lization and filtration, the reaction mixture was concentrated to a sirup. The product 
which gave the slower-moving, major zone on chromatography, crystallized slowly 
from the sirup. 

The crystalline material (VII) was strongly reducing to Benedict reagent. 
The infrared spectrum showed an amide I band at 6.2 ,u, an amide II band at 6.4 p, 
and no aldehydic carbonyl band. It was believed, therefore, that compound -WI 
existed in a cyclic form with nitrogen as the hetero atom. An aqueous solution of 
VII was dextrorotatory, [a]2 +3g”. No. mutarotation was observed during 72 h, 
and acid catalysis did not affect the rotation over a period of 24 h. Addition of a 
drop of ammonium hydroxide caused a decrease in specific rotation (f3g --t +32O 
in 2g h). Chromatograpbic examination of the ammonia-containing solution showed 
that the minor component, presumably the five-membered ring form, had reappeared. 
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The relative chromatographic mobilities were consistent with the five- and 
six-membered ring assignments and compared with the relative mobilities of the 
five- and six-membered ring forms of 5-acetamido-5-deoxy-D-xylose?. 

The n.m.r. spectra of compound VII in deuterium oxide at ambient tempera- 
ture and at an elevated temperature are presented in Fig. I. The spectrum determined 

. 

Ambient temperature 

, 
3.0 4.0 50 60 7.0 8.0 9.0 7 

Fig. I. Nuclear magnetic resonance spectra of 4,5-diacetamido-q,5-dideoxy-L-xylopyranose in 
deuterium oxide. The upper spectrum was taken at ambient temperature, the lower at 80”. The exter- 
nal standard was a 6% solution of tetramethylsilane in chloroform. 

at ambient temperature shows three peaks at r 7.79, 7.84, and 7.97 of intensity 
corresponding to six protons characteristic of the protons of N-acetyl groups, and 
two doublets at T 3.95 and 4.38 which may be assigned to the C-I protons. At 80” 
the two C-I signals have merged and the two N-acetyl signals at r 7.79 and 7.84 
attributable to the N-acetyl group involved in ring formation have collapsed to a 
three-proton singlet. On cooling to ambient temperature the original pattern was 
restored. This behavior is analogous to that of 5-acetamido-5-deoxy-D-xylopyranose 
reported by Szarek et aZ.7, and suggests that compound VII exists as two rotational 
isomers due to restricted rotation about the CO-N bond. Moreover, the striking 
similarity of the two spectra presented in Fig. I to the corresponding spectra of 
5-acetamido-5-deoxy-D-xylopyranoser, of established structure, is a strong indication 
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that compound VII exists in the pyranose form with nitrogen as the hetero atom in 
the ring. 

EXPERIMENTAL 

General 
Melting points were taken with a Thomas-Hoover apparatus. X-Ray powder 

diffraction data refer to interplanar spacing in 8, with Cu Ka radiation. ReIative inten- 

sities were estimated visually: s, strong; m, moderate; w, weak; v, very; b, broad. 

The first three strongest lines are numbered (I, strongest); double numbers indicate 
approximately equal intensities. The infrared spectra were taken on potassium bromide 

discs on a Perkin-Elmer Infracord spectrophotometer. Nuclear magnetic resonance 

spectra were determined at 60 Mc.p.s. with aVarian A-6o spectrometer. Chemical shifts 
were measured against an internal tetramethylsilane standard when the solvent was 

deuteriochloroform. When deuterium oxide was the solvent, a 6% solution of tetra- 
methylsilane in chloroform supplied by Varian Associates (943346-07) was used as an 
external standard. Thin layer chromatography was performed by the ascending tech- 
nique on Silica Gel G (E. Merck, Darmstadt, Germany)_ Davison Silica Gel, Grade 
g5o,60-200 mesh (W.R. Grace Co., Baltimore, Md.), was used for column chromato- 
graphy. Amberlite resins, products of the Rohm and Haas Co., Philadelphia, Pa., 
and Dowex resins, products of the Dow Chemical Co., Midland, Mich., were used 
for ion-exchange neutralizations and de-ionizations. Paper chromatography was per- 
formed by the descending technique on Whatman No. I paper. Solvent systems were: 
A, I-butanol-ethanol-water (40:12:12 v/v); B, pyridine-ethyl acetate-acetic acid- 
water (5:5:1:3 v/v)s_ Zones were detected with silver nitrate-sodium hydroxide (i)s 
orp-anisidine hydrochloride (ii)iO sprays. Mobilities were measured relative to L-rham- 
nose or the solvent front. Elemental microanalyses were made by W.N. Rond. 

r,z-Diacetamido-I,2-dideoxy-D-glucitol (II) 

A r-77-g quantity of 1,2-diamino-r,2-dideoxy-D-glucitol dihydrobromidee was 
N-acetylated according to the procedure of Roseman and Ludowiegll. The sample 
was dissolved in 25 ml of water and treated with 2.5 ml of methanol, 60 ml of hydrated 
Dowex-1 (CO? form), and 1.4 ml of acetic anhydride. The mixture was stirred at 
o” for go min, filtered from the resin, and the resin washed with an equal volume of 
water. The filtrate and washings were then passed through a column containing IO ml 
of Amberlite IR 120 (H+ form), and evaporated to dryness. A crystalline product 
was obtained; yield 1.01 g (74%). Four recrystallizations from absolute ethanol-ether 
gave analytically pure material; m-p. g6.o-99.5”; [ml% -14~ (c 5.0, water); i.gz 
3.0-3.1 p (OH, NH), 6.1 p (amide I), and 6.4 ,u (amide II); X-ray powder diffraction 
data: 13.00 w, II.85 s (3), 9.07 w, 8.16 w, 6.68 VW, 5.47 VW, 4.77 w, 4.54 s (I), 4.27 s 

(2,2), 4.07 s (292). 
Once seed crystals had been obtained, the product could be obtained directly 

from 2-amino-2-deoxy-D-glucose hydrochloride by reduction of its phenylhydrazone 
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as described previously 3. A 20-g quantity of 2-amino-2-deoxy-D-glucose hydrochlo- , 
ride was dissolved in 40 ml of warm water and treated with IO ml of phenylhydrazine 
and 2 ml of acetic acid in 40 ml of water. The mixture was stirred for 2 h on a water 
bath at 55’. The temperature was then increased to initial formation of the D-arabinu- 
hexosulose bis(phenylhydrazone). The mixture was cooled, titered, and hydrogena- 
ted at room temperature and 3 atm pressure using Raney nickel as catalyst. The 
reaction mixture was Gltered, the catalyst washed with water, and the llltrate and 
washings were extracted with benzene. The products in the aqueous phase were 
N-acetylated as described above. Quantities were based on the original amount 
of 2-amino-2-deoxy-D-glucose hydrochloride. The crystalline mass obtained on seed- 
ing contained 2-acetamido-2-deoxy-D-glucose in addition to II. The two were separa- 
ted by dissolving ll in absolute ethanol, filtering from the insoluble 2-acetamido-2- 
deoxy-o-glucose, and crystallizing II by addition of ether to the filtrate to incipient 
cloudiness; yield 6 g (22%). 

Anal. Calc. for CIOHPON~OS: C, 45.43; H, 7.62; N, 10.60. Found: C, 
H, 7.99; N, 10.27. 

r,a-Diacetamido-r,2-dideoxy-j,6-O-isopropylidene-D-gIucitol (III) 
A 3-g quantity of Tl was shaken for 24 h at room temperature with 

45.47 ; 

8g of 
anhydrous cupric sulfate, 50 ml of anhydrous acetone, and I drop of concentrated 
sulfuric acid. The reaction mixture was filtered, neutralized by shaking with calcium 
hydroxide, filtered, and the acetone was removed under reduced pressure. The result- 
ant sirup crystallized on trituration with a small amount of acetone; yield 0.56 g 
(177;), m-p. 130-140’. Three recrystallizations from acetone-ether gave a pure 
product; m.p. r4g-r50°; [cz]% -8 (c 3, water); X-ray powder diffraction data: 13.19 s 

(3,3), IO.72 s (3,3), 8.46 s (2), 6.92 vw, 5.68 m, 5.47 m, 5.10 m, 4.90 m, 4.58 m, 
4.43 vs (I), 4.22 In, 4.03 m, 3.76 w, 3.60 m, 3.45 m, 3.34 w. 

Anal. Calc. for &H&&06: C, 51.30; H, 7.95; N, 9.21. Found: C, 51.49; 
El, 8.1 I ; N, g-38; IO, oxidation? I .o mole/mole oxidant; formaldehyde formed: 
0.0. 

r,2-Diacetamido-r,t-d~deoxy-~,~:~,6-di-O-isopropy~idene-~-giucitol (IV) 
The di-O-isopropylidene derivative was synthesized by the general procedure 

described by Freudenberg et al 13. A mixture of 18.2 g of II, 24 g of fused zinc chloride, 
4 g of phosphorus pentaoxide, and 8 g of phosphoric acid (86%) in 400 ml of acetone 
was shaken mechanically for 22 h. The solution was made basic with 500 ml of an 
aqueous suspension of sodium carbonate. The precipitated zinc carbonate was re- 
moved by filtration and washed with acetone. The major portion of the acetone was 
removed under reduced pressure. The remaining aqueous solution was thoroughly 
extracted with chloroform. The chloroform extracts were combined, washed with 
water, dried, and evaporated to dryness under reduced pressure to give a product 
which crystallized spontaneously; yield, after one recrystallization from benzene- 
petroleum ether @.p_3o-60”), 13.38 (56%). Two morerecrystallizationsfrombenzene- 
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petroleum ether gave analytically pure material; m.p. 152~; [c&? + 33” (c 2.0, 

chloroform); X-ray powder diffraction data : 14.14 s (3,3), 9.16 w, 7.93 sb (2), 6.94~s 
(I), 6.30 m, 5.95 w, 5.39 m, 4.72 mb, 4.43 w, 4.18 s (3.3), 3.99 m, 3.74 m, 3-51 we 
3-28 w. 

Anal. Calc. for C16H2sN206: C, 55.80; H, 8.20; N, 8.13. Found: C, 56.08; 
H, 8.32; N, 8.27. 

I,2-Diacetamido-r,z-dideo;ry-~,q-O-isopropylidene-D-gIucito~ (V) 

Conditions for the partial hydrolysis of IV were determined by dissolving 
IOO mg of IV in 5 ml of an 86% ethanol solution which was 0.24~ in hydrochloric 
acid. Aliquots were removed at timed intervals, neutralized with Dowex-1 (CO? 
form), and chromatographed by the thin layer technique (ethyl acetate-methanol, 
3:1 v/v). After 4 h at 2f only a trace of the fastest moving component IV remained. 
The intermediate zone corresponding to V was predominant_ The fully hydrolyzed 
material II appeared as a base line zone. 

A 3.47-g sample of IV was dissoked in 87 ml of 0.24~ hydrochloric acid in 
86% ethanol. The solution was maintained at 25O and was neutralized, after 4 h, 
with Dowex-I (COf- form). The reaction mixture was concentrated to a sirup and 
chromatographed on IOO g of silica gel. Compound V was eluted with 3 1 of 10% 
methanol in ethyl acetate. The first 250 ml of eluate was discarded. The remainder 
was collected in 4oo-ml fractions which were concentrated to sirups. Crystallization 
was effected by dissolving the sirups in acetone and treating with ether to incipient 
cloudiness; total yield 2.21 g (72%), m.p. 98-102~. Four recrystallizations from ace- 
tone-ether gave a product, m.p. roe-102O, whose melting point rose to 114-114.5” 
on drying to constant weight at 56” under reduced pressure; [u$ -2g” (c 4.4, 
water); X-ray powder diffraction data: g-51 m, 7. I I s (2), 6.28 s (3), 5.44 m, 5.14 VW, 
4.89vw,4.58vw,4_20vs(1),3.84mb,3.57w,3.28m,3_17vw,3.05vw, 2.95 w, 2.65 w. 

Anal. Calc. for C13H24N20s: C, 51-30; H, 7.95; N, 9.21. Found: C, 51.39; 
H, 7.93; N, 9.25; IO, oxidation+ I .o mole/mole oxidant; formaldehyde formed: 
0.9 mole. 

q,~-Diacetamido-~,~-dideo_~y-2,~-O-isopropylidene-aldehydo-~-xyIose (VI) 

A 25-m! aqueous solution containing 250 mg of V and 184 mg of sodium 
metaperiodate was stirred at room temperature for 20 min and then diluted to IOO ml. 
The diluted solution was passed through a column (IO x 0.8 cm) of Amberlite 
IRA 410 (OAc- form) at a flow rate of I ml per min. The column was washed with 
two volumes of water, and the eluate and washings were concentrated to dryness 
under reduced pressure at a bath temperature below 45”. The residue was extracted 
with three 50 ml portions of hot, dry acetone. The extracts were evaporated to dryness, 
and the residual sirup was crystallized from a small amount of dry acetone; yield 
135 mg (61%); m-p. 166-169.5” dec. The melting point could be raised to 173” 
dcc. by recrystallization from moist dioxane+ther and moist acetone-ether; 
f .gE 5.8 p (CHO); n.m.r. data, deuteriochloroform, z 0.24 (I-proton singlet, CHO); 
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deuterium oxide, z 5.03 (r-proton doublet, J 7.0 c.p_s_, HCO) ; [cc&? -37” (c I-5, 
G:ter, no mutarotation in 25 h); addition of dilute ammonium hydroxide failed to 
affect the rotation value during 48 h; X-ray powder diffraction data: 9.21 m, 6.67 s 
(3, 3), 6.38 s (3, 3), 6.11 s (3, 3), 5.05 m, 5.02 m, 4.61 w, 4.20 VW, 4.01 vs (I), 3.71 vs 
(2), 3.61 m, 3 -34 w. This compound gave a positive Schiff test14, a positive Tollens 
test, and was weakly reducing to Benedict reagent. A sample isolated from aqueous 
solution showed a band of moderate intensity at 5.8 p in the infrared spectrum; the 
band incresaed in intensity when the sample was heated in uacuo at 78”. 

For larger scale preparations, the excess of periodate ion was reduced with a 
ro% excess of ethylene glycol and the mixture was Iyophilized. The product was 
extracted from the inorganic salt in a Soxhlet extractor using chloroform as sol- 
vent. 

Anal. Calc. for GsHssNsOs: C, 52.93; H, 7.40; N, 10.29. Found: C, 53.06; 
H, 7-29; N, 9.84. 

q,J-Diacerantido-g,pdideoxy-L-xylose (VII) 

A 1.78-g quantity of VI was hydrolyzed at room temperature for 3 h with 76 ml 
of 1.2~ hydrochloric acid. The solution was neutralized with Dowex-r (CO:- form), 
filtered, and concentrated to a sirup with ethanol at a bath temperature below 35”. 
The product, which crystallized slowly from the sirup, was triturated with cold ethan- 
ol, filtered, and washed; yield 0.65 g (43%). Recrystallization was effected from 
methanol-ether; m.p. 166-167” dec.; [c& +39” (c 4.3, water, no mutarotation 
in 72 h, unchanged for 2 h on addition of a trace of hydrochloric acid); + 39 -z+ + 34 
(7 h))-t +32O (29 h, constant, c 4.3, 0.25~ ammonium hydroxide); n.m.r. data, 
deuterium oxide, ambient temperature (Fig. I): T 7.97 @-proton singlet, NDAc), 
t 7.79: 7.84 (3-proton split peak, ring NAc of rotomers), z 3.95, 4.38 (I-proton, two 
doublets, C-I proton of rbtomers); X-ray powder diffraction data: 7.44 vs (2), 7.05 vw, 
5.96 s (3>, 5.00 w, 4-39 vs (I), 4.08 s, 3.69 w, 3.48 m, 3.34 w, 3.08 VW, 2.97 m, 2.87 m. 

Anal. Calc. for CsHrsNsO5: C, 46.54; H, 6.95; N, 12.07. Found: C, 46.83; 
H, 6.54; N, 12.18. 

The hydrolysis oi VI was followed by paper chromatography using solvent A. 
Two new components with RF 0.29 (major) and RF 0.46 (minor) in addition to start- 
ing material with RF 0.88 were indicated by spray (i)_ The RF 0.88 zone had disap- 
peared after 3 h at room temperature. The minor component showed marked tailing. 
Chromatography of the mother liquors of VII in solvent B showed two zones of 
approximately equal intensity, RR& 0.8 and RRh 1.2. Crystalline VII gave a single 
zone, RRI: 0.8. The tailing of the faster zone was considerably reduced. 

The equilibrated acidic, basic, and neutral solutions of VII were chromato- 
graphed in soIvent systems A and B. All solutions contained the slow-moving zone. 
In addition, the basic soIution contained, as a minor component, the same faster- 
moving zone noted above. Both components gave a red-brown color with spray (ii). 
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SUMMARY 

~,a-Diamino-~,a-dideoxy-D-glucitol dihydrobromide (I) was converted into 
r,2-diacetamido-r,%dideoxy-D-ghucitol (II). With cupric sulfate and sulfuric acid 
as catalysts, acetonation of II gave r,a-diacetamido-r,2-dideoxy-5,6-O-isopro- 
pylidene-D-glucitol (III), whose structure was established by periodate oxidation. 
With zinc chloride, phosphorus pentaoxide, and phosphoric acid as catalysts, r,2-di- 
acetamido-r,2-dideoxy-3,4:5,6-di-O-isopropylidene-D-glucitol (IV) was obtained_ The 
5,6-0-isopropylidene group of IV could be selectively removed by acid to give r,a-di- 
acetamido-r,2-dideoxy-3,4-O-isopropylidene-D-glucitol (V), whose structure was 
likewise established by periodate oxidation. Preparative glycol cleavage of V with 
periodate afforded 4,5-diacetamido-4,5-dideoxy-2,3-O-isopropylidene-alde~zydo-L- 
xylose (VI). Paper chromatography of the products of acid hydrolysis of VI indicated 
a major and a minor compcnent. The major product crystallized from the mixture 
and was formulated as 4,5-diacetamido-4,5-dideoxy-L-xylopyranose (VII) by nuclear 
magnetic resonance data. All compounds were obtained in crystalline form. 
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INJXODUCTION 

Pyranoid sugars in which the ring oxygen atom is replaced by nitrogen to give 
a piperidine-type ring systeml-3 are now well known 4. They are generally obtained, 
as stable N-acetyl derivatives, from +acetarnido-+deoxyaldoses, by equilibration 
of the two possible ring-forms in solution. Furanoid sugars in which the ring oxygen 
atom is replaced by nitrogen to give a pyrrolidine-type ring system, may be formula- 
ted by appropriate cyclization of a 4-acetamido-4-deoxyaldose. Synthesis of this 
ring system has been achieved in the case of 4-acetamido-4-deoxy+erythrofuranoses, 
where pyranose formation is not possible, and recently6 with 4-acetamido-4-deoxy- 
D-ribose, where conformational factors appear to favor formation of the 5-mem- 
bered ring in preference to the pyranose ring. 

We have prepared 4-acetamido-4,5-dideoxy-L-xylose, a pentose which cannot 
exist in the pyranoid ring form, and have shown that the pyrrolidine-type cyclic 
structure is the stable form. Studies on this type of ring system are important in rela- 
tion to the destruction of 4-amino-4-deoxy sugars and nonulosaminic acids under 
acid hydrolytic conditions, a factor which complicates studies by fragmentation 
methods of materials containing these sugars. 

DISCUSSION 

The starting material for the synthesis, 2-acetamido-2-deoxy-3,4-O-isopropyl- 
idene-D-glucose diethyl dithioacetal (I) was conveniently prepared in a sequence 
of high-yielding stages from 2-amino-2-deoxy-D-glucose hydrochloride, by the pro- 
cedure of Yoshimura and Sate’. Compound I was smoothly desulfurized with excess 
Raney nickel in hot ethanols to give 2-acetamido-r,a-dideoxy-3,4-O-isopropylidene- 
D-&lcitoi (II) as a chromatographically homogeneous sirup whose infrared and 
nuclear magnetic resonance (n.m.r.) spectra were in accord with the assigned struc- 
ture. Acetylation of II gave the 5,6-diacetate, isolated by distillation. The n.m.r. 
spectrum of the latter showed the C-I methyl group at z 8.77 as a doublet, A.2 = 

7.0 c.p.s., the isopropylidene methyl signal as a 6-proton singlet at t g-59, and the 
acetyl group signals as 3-proton singlets at t 8.00, 7.97, and 7.89. The absence of 
muhiplets characteristic of ethyl groups in the n.m.r. spectra of II or its diacetate 
indicated that the desulfurization reaction had gone to completion. 
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Oxidation of the free diol II with one equivalent of aqueous periodic acid 
caused rapid cleavage of the C-5 to C-6 bond to give 4-acetamido-4,5-dideoxy-2,3-U- 
isopropylidene-&Mydo-r_-xylose (III) as a chromatographically homogeneous sirup, 
characterized as the crystalline benzylphenylhydrazone. The n.m.r. spectra of III and 
of its benzylphenylhydrazone were fully consistent with the assigned structures, 
and showed methyl group signals similar to those observed for IT. The free sugar III, 
as obtained by codistillation with benzene, was formulated as the aldehydo form 
on the basis of infrared absorption at 5.80~ characteristic of aldehyde carbonyl, 
a positive Schiff test, and the presence of a one-proton singlet at t 0.67 in the n.m.r. 
spectrum due to the aldehyde proton. These data clearly show that III is not inter- 
molecularly combined or intramolecularly cyclized. Intramolecular cyclization of 
III would lead to a tram-fused bicyclo[j.3.o] structure, a strained9 system which 
has not yet been observed in carbohydrate structures_ 

Hydrolysis of 4-acetamido-4,5-dideoxy-2,3-O-isopropylidene-al-L-xylose 
(III) in aqueous acetic acid cleaved the isopropylidene group to give 4-acetamido-4,5- 
dideoxy-1;-xylose as a sirup which was homogeneous by paper chromatography in 
the Fischer-NebePQ solvent system, and well resolved from the starting material (III). 
The product reduced Fehling solution, but did not restore the color to Schiff reagent. 
In Xts infrared spectrum it showed negligible aldehyde group absorption near 5.8 p; 
it showed the amide carbonyl absorption at 6.12 p but negligible amide NH absorp- 
tion near 6.5 p. These data fully support for,mulation of the product as the cyclic 
structure 4-acetamido-4,5-dideoxy-a,&xylofuranose (IV). Paper chromatography 
of IV in a 40 : I I : Ig r-butanol-ethanol-water system revealed the product as an incom- 
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pletely-separated double zone, RF o-49 and 0.54. Excision, extraction, and rechrom- 
atography of each zone gave the two separate components, but when an aqueous 
solution of either component was heated for I h at go” chromatography revealed 
the re-formation of the original double zone. This indicates a slow interconversion 
between two isomer-k forms of IV, and since little of the aldehydo-form can be present, 
the two isomers must be the CCL and B-L anomers of the furanose form. The zones 
RF = 0.49 and 0.54 had approximate relative intensities 2:3, and since the zone 
RF 0.54 was more dextrorotatory than the equilibrated mixture it was considered 
to be the ,&L anomer. The formation of a single zone when IV was subjected to chrom- 
atography in the Fischer-Nebello solvent system may be ascribed to rapid inter- 
conversion of anomers in this more-polar solvent system. Paper chromatographic 
resolution of anomers has been observed11 for the anomeric 4-acetamido-4-deoxy-L- 
erythro(and D-threo)furanoses. 

The n.m.r. spectrum of IV in deuterium oxide solution showed a three-proton 
multiplet at t 8.84 assigned to the C-5 methyl group, a three-proton multiplet at 
z 7.85 assigned to the N-acetyl methyl group, a three-proton multiplet at T 5.87 
assigned to the ring protons at C-2, C-3, and C-4, and a pair of multiplets, t 4.82 
and 4.68, corresponding to one proton, assigned to the anomeric proton. The fine 
structure of the spectrum was interpreted to indicate that IV was a mixture of the 
a-~ and B-L anomers, with restricted rotation about the nitrogen-acetyl bond. 
A small proportion of the acyclic form appeared to be present. The multiplets at 
z 4.82 and 4.68 were assigned to the C-I protons of the B-L and U-L anomeric forms, 
respectively. These signals show multiplicity greater than simple doublets, attribu- 
table :2 to the small difference in chemical shift between the H-2 and H-3 signals, 
and to rotational isomerism la about the nitrogen-acetyl bond. The 5-Cl& multiplet 
at t 8.84 is resolved when the temperature is raised to 86”, into two doublets, t 8.76, 
8.90, J4.s = 7.0 c.p.s., in the approximate intensity ratio 3: 2, assigned to the /?-L 
and CC-L anomers, respectively. The ace@ methyl signals appeared at t 7.82, 7.85, 
7.88, and 8.01, the last constituting about 5% of the total. The t 7.85 and 7.88 signals 
coalesced as ‘he sample was heated, while the intensity of the z 7.82 signal decreased; 
the reverse process occurred on coolin,. m This behavior indicates that rotation about 
the nitrogen-acetyl bond is restricted13 at room temperature. The low-intensity 
singlet, t 8.01, is unaffected by change of temperature, and it is probably due to 
a small proportion of the aldehydrol form of IV in equilibrium with the furanose 
forms. 

EXPERIMENTAL 

General 
Melting points were determined with a Hershberg-type apparatusr4. Optical 

rotations were measured with a 2-dm tube. Infrared spectra were measured with a 
Perkin-Elmer “Infracord” spectrometer. N.m.r. spectra were measured with a 
Varian A60 n.m.r. spectrometer (Varian Associates, Palo Alto, California) operating 
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was stirred with ice, and extracted with chloroform. The extract was washed succes- 
sively with cold dilute hydrochloric acid and aqueous sodium bicarbonate, then dried 
(magnesium sulfate), and evaporated. The residue was distilledrs, and the distillate 
crystallized spontaneously, yield, 0.392 g (62%); m.p. 74-76”, bo.1 175” (bath temp.); 
[cc]“,” f36 f IO (c 0.6, chloroform), AL”: 3.04 P 0, 5.74 c5 WAC), 6.09, 

6.55 ,u (NHAc), 7.30 p (CMe$; n.m.r. data (deuteriochloroform): t 8.77 (3-proton 
doublet, Jr.2 = 7.0 c.p.s., I-CHs); t 8.59 (6-proton singlet, CMee); t 8.00 
O-proton singlet, NAc); t 7.97 (3-proton singlet, OAc); t 7.89 O-proton singlet, 
OAc). The product was homogeneous by thin layer chromatography, Rp 0.75 
(methanol), RF 0.34 {I:I ether-ethyl acetate). 

Anal. Calc. for CrsHzsN07: C, 54.38; H, 7.55; N, 4.23. Found: C, 54.52; 
H, 7.44; N, 4.20. 

~-Acetamido-~,~-dideo.~y-2,~-O-isopropyZidene-aldehydo-~-xylose (III) 

To a solution of 2-acetamido-I,2-dideoxy-3,4-O-isopropylidene-D-glucitol 
(II, 1.474 g) in ethanol (IO ml) was added 0.9 N aqueous periodic acid (I 1.1 ml). 
The mixture was kept for 15 min in the dark, excess barium carbonate was added, 
the neutralized solution was filtered, and the solution was evaporated. The residue 
was dissolved in ethanol, the solution was re-evaporated, the sirup was dissolved in 
benzene, and the solution was centrifuged. The supernatant was evaporated to give 
the product as a clear sirup, yield 1.05 g (83%); [a]? - 15 (15 min) --f - 12.6 f I .o” 
(c I, ethanol); 1z 3_ ION (NH), 5.81 p (CHO), 6.10, 6.50 p (NHAc), 7.30 ,u (CMes); 
n.m.r. data (deuteriochloroform): t 8.73 (3-proton doublet, J4.5 = 6.5 c.p.s., 5-CHa); 
z 8.60 (6-proton singlet, CMes); t 8.00 (3-proton singlet, NAc); t 0.67 (r-proton 
singlet, CHO). The product was homogeneous by thin layer chromatography, 
RF 0.74 (methanol), RF 0.24 (I:I ether--ethyl acetate), and by paper chromatography, 
RF 0.85 in solvent A. It recolorized Schiff reagent and gave a positive Fehling test. 

Anal. Calc. for ClaHr7N04: C, 55.81; H, 7.90; N, 6.51. Found: C, 55.56; 
H, 8.01; N, 6.03. 

A solution of 4-acetamido-4,5-dideoxy-2,3-O-isopropylidene-aZdehydo-L-xylosS: 
(III, 3 15 mg) in 95% ethanol (4 ml) was mixed with a solution of sodium acetate& 
3HzO (I.039 g) in water (4 ml), and benzylphenylhydrazine hydrochloride (412 mg) 
was added. The mixture was refluxed for 2.5 h with addition of a few drops of ethanol 
to maintain a homogeneous solution. The solvent was evaporated under a stream of 
nitrogen, water (4 ml) was added to the residue, and the product was extracted with 
chloroform. The extract was washed with water, dried (sodium sulfate), evaporated, 
and the residue was crystallized from ether, yield 200 mg (36%); m.p. 151-152O, 
[a]% f32 f 2” (c 0.5, methanol); ApA 3.10~ (NH), 6.10, 6.42 ,u (NHAc), 6.28, 
6.70, 6.90 p (aryl C = C), 7.30 p (CMes), 14.35 ,u (substituted benzene); n.m.r. 
data (deuteriochloroform): t 8.79 O-proton doublet, 5-CH3); t 8.67, 8.59 (6 protons, 
CMes); t 8.05 (3 protons, NAc); z - 2.75 (IO protons, aryl); X-ray powder diffrac- 
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was stirred with ice, and extracted with chloroform. The extract was washed succes- 
sively with cold dilute hydrochloric acid and aqueous sodium bicarbonate, then dried 
(magnesium sulfate), and evaporated. The residue was distilledls, and the distillate 
crystallized spontaneously, yield, o-392 g (62%); m-p. 74-76”, b0.i 175” (bath temp.); 
[a]: j-36 + IO (c 0.6, chloroform), 1% 3.04 P 0, 5-74 P (OAc), 6.09, 
6.55 fc (NHAc), 7.30 ,u (CMes); n.m.r. data (deuteriochloroform): t 8.77 O-proton 
doublet, Jr.2 = 7.0 c.p.s., I-CE&); t 8.59 (6-proton singlet, CMea); t 8.00 
O-proton singlet, NAc); z 7.97 O-proton singlet, OAc); z 7.89 &proton singlet, 
OAc). The product was homogeneous by thin layer chromatography, RF 0.75 

(methanol), RF 0.34 (I:I ether-ethyl acetate). 
Anal. Calc. for CrsH~r,N07: C, 54.38; H, 7.55; N, 4.23. Found: C, 54.52; 

H, 7.44; N, 4.20. 

q-Acetamido-4,5-dideoxy-2,3-O-isopropylidene-ald~hydo-L-xylose (III) 

To a solution of 2-acetamido-I,2-dideoxy-3,4-O-isopropylidene-D-glucitol 
(II, 1.474 g) in ethanol (IO ml) was added 0.9 N aqueous periodic acid (I 1.1 ml). 
The mixture was kept for 15 min in the dark, excess barium carbonate was added, 
the neutralized solution was filtered, and the solution was evaporated. The residue 
was dissolved in ethanol, the solution was re-evaporated, the sirup was dissolved in 
benzene, and the solution was centrifuged. The supernatant was evaporated to give 
the product as a clear sirup, yield 1.05 g (83%); [a]2 -15 (15 min) + -12.6 f 1.0~ 
(c I, ethanol); e! 3.10~4 (NH), 5.81 ,u (CHO), 6.10, 6.50 p (NHAc), 7.30 P (CMe:); 
n.m.r. data (deuteriochloroform): t 8.73 O-proton doublet, J4.5 = 6.5 c.p.s., 5-CH3); 
t 8.60 (6-proton singlet, CMea); t 8.00 (3-proton singlet, NAc); t 0.67 (I-proton 
singlet, CHO). The product was homogeneous by thin layer chromatography, 
RF 0.74 (methanol), RF 0.24 (I: I ether-ethyl acetate), and by paper chromatography, 
RF 0.85 in solvent A. It recolorized Schiff reagent and gave a positive Fehling test. 

Anal. Calc. for ClaHl~N04: C, 55.81; H, 7.90; N, 6.51. Found: C, 55.56; 
H, 8.01; N, 6.03. 

q-Aceta~nido-4,5-dideoxy-2,3-O-isopropylidene-L-xyIose benzyZphenylhydrazone 

A solution of 4-acetamido-4,5-dideoxy-2,3-O-isopropylidene-aIdehydo-~-xylose 
(HI, 315 mg) in 95% ethanol (4 ml) was mixed with a solution of sodium acetate& 
3H2O (I.039 g) in water (4 ml), and benzylphenylhydrazine hydrochloride (412 mg) 
was added. The mixture was refluxed for 2.5 h with addition of a few drops of ethanol 
to maintain a homogeneous solution. The solvent was evaporated under a stream of 
nitrogen, water (4 ml) was added to the residue, and the product was extracted with 
chloroform. The extract was washed with water, dried (sodium sulfate), evaporated, 
and the residue was crystallized from ether, yield 200 mg (36%); m.p. 151-152O, 
[a]2 +32 i 2O (c 0.5, methanol); AE 3.10 p (NH), 6.10, 6.42 ,u (NHAc), 6.28, 
6.70, 6.90 ,U (aryl C = C), 7.30 ,U (CMea), 14.35 ,U (substituted benzene); n.m.r. 
data (deuteriochloroform): 5 8.79 (3-proton doublet, 5-CH3); z 8.67, 8.59 (6 protons, 
CMea); t 8.05 (3 protons, NAc); t - 2.75 (IO protons, aryl); X-ray powder diKrac- 
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4-ACETAMIDO-4,5-DIDEOXY-L-XYLOFURANOSE 1% 

tion data: w, 12.72 8.30 m, 7.56 m, 6.83 s (I), 6.19 m, 5.54 w, 5.26 m, 4.74 s (2), 
4.46 m, 4.24 w, 4.01 s (3), 3.74w, 3.59 -, 3.50 WY 3-39 v% 3.28 m. 

anal. CaIc. for CBHZ~NZOS: C, 69.87; H, 7.34; N, 10.63. Found: C, 69.76; 
H, 7.68; N, 10.59. 

4-Acetamide-4,5-dideoxy-a,/?-r_-xylofuu (IV) 

A solution of 4-acetamido-4,5-dideoxy-2,3-O-isopropylidene-aZdefzydo-L-xylose 
(III, 0.36 g) in a mixture of acetic acid (1.0 ml) and water (1.0 ml) was heated for 
2.5 h at g5”, and the solution was evaporated. Paper chromatography (solvent A) 
revealed the presence of two coalescent zones, Rp 0.49 and 0.54, together with a small 
proportion of a component, RF 0.85, corresponding to starting material (III). The 
sirupy product was extracted with benzene, and the extract was evaporated to a sirup 
(20 mg) which was found to be chromatographically homogeneous starting material. 
The benzene-extracted sirup was found by chromatography to be free from III, 
it gave a single zone, RF 0.78 in solvent B, two coalescent zones RF 0.49 and 0.54, 
relative proportion 2:3 in solvent A, and was formulated as IV, yield 0.18 g (67%); 

Ed% -10 i 2O (c 0.5, water); 2:: 3.02 p (OH), 6.12 p (NAc), slight trace of absorp- 
tion at 5-80 ,u (CHO) and 6.50 ,LL (NHAc), no absorption at 7.3 p (CMe2); n.m.r. data 
(deuterium oxide): T 8.84 (3-proton multiplet, 5-C&); t 8.01, 7.88, 7-85, 7.82 (3 pro- 

tons, singlets, approximate relative intensities I : 3 :8:8, NAc); t 5.87 (pproton 
multiplet, H-2, H-3, H-4); t 4.82, 4.68 (I proton, two multiplets, H-r, /?-L and a-L 

anomers respectively). The spectrum showed littlechange when the probe temperature 
was lowered to o”, but when it was raised to 86” the t 8.84 signal was resolved into 
a pair of doublets, J4.5 = 7.0 c.p.s., at t 8.90 and 8.76, approximate intensity ratios 
2:3 (5-CH3 of a-L and j?-L anomers, respectively). At 86” the r 8.01 signal remained 
unchanged at about 5% of the total NAc signal intensity, the t 7.88 and 7.85 signals 
coalesced, and the t 7.82 signal was diminished in intensity. 

The sirupy IV was resolved by preparative paper chromatography in solvent A. 
Excised strips from the center of each zone, RF 0.49 and 0.54 were eluted with the 
chromatography solvent and the separated components were rechromatographed. 
The two components migrated as single zones, RR 0.4 and 0.52. The faster-moving 
Fone was more dextrorotatory than the original mixture. Aqueous solutions of each 
separated component were heated for I h at 90”, evaporated, and rechromatographed. 
Each component gave a coalescent double zone indistinguishable from that of the 
original anomeric mixture (IV). 
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SUMMARY 

q-Acetamido-4,5-dideoxy-L-xylofuranose (IV), a sugar having a ring nitrogen 

in the five-membered (pyrrolidine type) ring structure, was synthesized. Desulfuri- 
zation of 2-acetamido-a-deoxy-3,~-O-isopropylidene-~-gluccse diethyl dithioacetal (I) 
gave 2-acetamido-I,?-dideoxy-3,4-O-isopropylidene-D-gucitol (II). Periodic acid 

oxidation of If gave 4-acetamido-4,5-dideoxy-2,3- O-isopropylidene-L-xylose (III), 
shown to have the aldehydo structure and characterized as the benzylphenylhydrazone. 
Hydrolysis of III with aqueous acetic acid removed the U-isopropylidene group, 
and the product was shown by n.m.r. and infrared spectral data to exist principally 
in the cychc furanoid form. ’ 
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Notes 

New isopropylidene derivatives of D-ribose : 1,2 : 3,4-di-O-isopropyl- 
idene-D-ribopyranose and 1,2-0-isopropylidene-D-ribopyranose 

Levene and Stiller first examined the reaction of D-ribose with acetone and 
observed the formation of 2,3-0-isopropylidene-D-ribofuranose (I) together with two 
anhydro-compoundsl. The structures of these two latter compounds have been shown 
to be r,5-anhydro-2,3-0-isopropylidene-D-ribofuranose (II) and di-(2,3-O-isopropyl- 
idene-P-D-ribofuranose) z,5’:1’,5_dianhydride (III)2. Barker and Spoors3 also 
observed the formation of the monomeric anhydride (II) and showed that the major 
product, 2,3-0-isopropylidene-D-ribofuranose (I), condensed with benzaldehyde to 
give a I,~-O-benzylidene-2,~-O-isopropylidene-D-ribofuranose (IV). Toluene-p-sul- 
phonylation of the crude isopropylidene compound (I) gave a small yield of di-ester 
which was shown by Mills* to be I ,2- 0-isopropylidene-3,5-di- O-toluene-p-sulphonyl- 
D-ribofuranose (V) and to have arisen from a small amount of r,2-O-isopropyl- 
idene-D-ribofuranose (VI) present in the crude compound (Ij. More recently, the 
1,2-ketal (VI) has been synthesised from 5-0-benzoyl-r,2-O-isopropylidene-D-xylo- 
furanose by selective oxidation of the 3-hydroxyl group, followed by reduction and 
debenzoylations. 

HOC%/,+ OH ‘@ 

0 0 0 0 

‘C/MtZ* ‘C/Me* 

(I) (IT) 

In the present work D-ribose was condensed with acetone in the presence of 
sulphuric acid as catalyst. The crude product was purified by silica chromatography, 
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when three distinct fractions were obtained. The first fraction was shown by thin-layer 
chromatography to contain three compounds which could not be separated by 
further column chromatography but were resolved by repeated micro-sublimation. 
Two of the compounds were identified as the monomeric and dimeric anhydro- 
compounds (II) and (III). Only traces of the latter compound were formed. However, 
when the 2,3-ketal (I) was stored in acetone in the presence of sulphuric acid for longer 
periods of time the anhydro-compounds (II) and (III) were both formed in greater 
yield. The second fraction contained only the 2,3-ketal (I), whilst the third fraction 
contained the r,2-isomer (VI) and disaccharide compounds. The wide separation of 
these two isomers on the silica column is probably due to strong intramolecular 
hydrogen bonding between the 5- and r-(p)-hydroxyl groups in the 2,3-ketal (I); 
similar bonding is not possible in the r,2-ketal (VI). 

The third compound in the first fraction gave ribose on acidic hydrolysis and 
analysed for a di-isopropylideneribose (VII). Three structures are possible for this 
compound: r,2:3,5-di-O-isopropylidene-D-ribofuranose (VIIa); r,5:2,3-di-O-isopro- 
pylidene-D-ribofuranose (VIIb); and r,2:3,4-di-O-isopropylidene-D-ribopyranose 
(VIIc). The f&t is unlikely since it contains a five-membered ring irons-fused 
to a six-membered ring. The second is similar to the benzylidene-isopropylidene 
compound (IV), and the third is remarkable in having a pyranose ring structure. 
Partial acidic hydrolysis gave a mono-isopropylidene compound (VIII) which was 
non-reducing, consumed one mol. of periodate, and was not identical with the 
1.2O-isopropylidene-D-ribofuranose (VI), thus eliminating structure (VIIa). Boro- 
hydride reduction of the periodate-oridatior product followed by acidic hydrolysis 
gave ethylene glycol and no glycerol. This is in accord with structures (VIIc) 
and (VIIIc). 

“, lo 
CMe2 

HO OH 

(27.U b) (Pm b) 

- glycerol 

ethylene 
g+K01 

1,2:3,4-Di-0-isopropylidene-D-ribopyranose (VIIc) possesses a cis, syn, cis, 
arrangement of rings. Mills pointed out that in such a structure there would be 
steric repulsion between the ketal groups” and this may account for the preferential 
hydrolysis of the 3,gisopropylidene group. In r,2:3,4-di-O-isopropylidene-L-arabino- 
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pyranose and in I&3,4-di-U-isopropylidene-D-galactopyrano:e, which have a cis, 

anti, cis arrangement of rings, no such preference is observed6. 
In the above acetonation of D-ribose, and in the previous cases mentioned, 

a strong-acid catalyst was present. With other sugars, variations in the reaction prod- 
ucts have been obtained when such non-acidic catalysts as copper sulphate7 and 
zinc chloride* have been used. When these catalysts were employed with D-ribose, 
the only marked difErence was the absence of the anhydro-compounds (II) and (III) 
in the products; the yield of the diketal (VIIc) was also reduced. 

EXPERIMENTAL 

Silica gel, Hopkin and Williams, M. F. C., and Merck, G. grade, respectively, 
were used for column and thin-layer chromatography. The solvent system, butanol- 
water (86:14, v/v), was used for paper chromatography. 

Condensation of D-ribose and acetone in the presence of concentrated sulpkuric acid 

D-Ribose (12 g) was added with stirring to acetone (240 ml) containing concen- 
trated sulphuric acid (3 ml). Within 5 min the ribose had dissolved, and after I h the 
solution was neutralised with excess of solid sodium carbonate. The solution was 
filtered and concentrated to a syrup (13 g), which was dissolved in benzene (50 ml) 
and chromatographed on silica (250 g). Three fractions were obtained: 

Fraction A [2.2 g, eluted by benzene-ether (g:~)] was shown by t.1.c. to consist 
of two major components and traces of a third. The two major components were 
separated by repeated micro-sublimation. The more volatile r,5-anhydro-2,3- O-iso- 
propylidene-D-ribofuranose (II) (1.3 g, g %) sublimed at 25-3$‘/0.1 rmm and had 
m.p. 61”, [a]2,O-62” (c 0.78, methanol) (lit.,2 m.p. 61”, [0r],-63~). The second com- 
ponent, 1,2:3,4-di-U-isopropylidene-o-ribopyranose (VIIc) (0.6 g, 3 %), sublimed at 
35-40”/0.1 mm and had m.p. 68-6g”, [a]$--51” (c 0.6, chloroform) (Found: C, 57.8; 
H, 7.8 .CllH1gOs talc.: C, 57.4; H, 7.8 “/, The trace component was not isolated 
but had the same mobility as di-(2,3-0-isopropylidene-B-D-ribofuranose) 1,5':1',5- 

dianhydride (III) on thin-layer chromatograms. 

Fraction B [g.o g (59 %), eluted by benzene-ether (r:r)] was shown by t.1.c. to 
be a single compound, 2,3-U-isopropylidene+-ribose. A sample (0.35 g) was reduced 
with sodium borohydride and the crude 2,3-O-isopropyliden9D-ribitol was benzoyl- 
gted to give r,4,5-tri-U-benzoyl-2,3-U-isopropylidene-D-ribitol (0.55 g), m-p. 94-95” 
(undepressed on admixture with an authentic sample). Another sample (0.25 g) was 
oxidised with bromine in aqueous potassium hydrogen carbonate to give 2,3-O-iso- 
propylidene-D-ribono-r,4-lactone (0.25 g), m.p. 14o-142~ (undepressed on admixture 
with an authentic sample). 

Fraction C [1.8 g, eluted by ether-methanol (g:r)J was shown by t.1.c. to consist 
of several components. Micro-distillation of a sample (105 mg) gave I,2-O-isopropyl- 
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idene-D-ribofuranose (VI) (50 mg, 6 % from D-ribose), b-p. go”/o.r mm, which 
crystallised from benzene-light petroleum as needles, m-p. 86-87” (undepressed on 
admixture with an authentic sample), [a]&s+37” (c o-59, chloroform). 

r,2-Q-Isopropylidene-D-ribopyranose (Vlllc) 
(a) 1,2:3,4-Di-0-isopropylidene-D-ribopyranose (130 mg) was dissolved in 

methanol (I ml), 0.15 N-sulphuric acid (I ml) was added, and the solution was kept 
at 40” for 3 h. Paper chromatography indicated the presence of ribose (RF o-15) and 
a compound (RF 0.60) giving a blue-green colour with the periodate-Schiff’s reagentg. 
The solution was passed through Dowex-r (OH- form) (2 ml) and evaporated to 
dryness. The residue (20 mg) was purified by micro-sublimation at 7o”/o.r mm to 
give 1,2-0-isopropylidene-D-ribopyranose (VIIIc) (5 mg), m-p. rag-1 I IO (Found: 
C, 50.6; H, 7.5. CSH1405 cdc.: C, 50.5; H, 7.4%). 

(b) A mixture (2. I g) of r,2:3,4-di- 0-isopropylidene-D-ribopyrano se and 
anhydro-compounds (Fraction A above) was dissolved in glacial acetic acid (16 ml) 
and water (4 ml) was added. After 14 h at room temperature, the solvents were 
evaporated and the residue (1.84 g) was chromatographed on silica (30 g). Elution 
with benzene-ether (1:4) gave unchanged anhydro-compounds (II) and (III) (1.41 g) 
and ether-methanol (9: I) eluted r ,2-0-isopropylidene-D-ribopyranose (VIIIc) (0.4 g) 
which after further purification by sublimation had m.p. 112-114“, [c~]2,O--26” 
(c 1.05, water). Periodate uptake: 0.98 mole/mole. 

Periodate oxidation and borohydride reduction 
r,2-0-Isopropylidene-D-ribopyranose (IO mg) was added to water (I ml) 

containing sodium periodate (14 mg). The solution was kept for 24 h in the dark at 
room temperature and then treated with excess of sodium borohydride (20 mg). 
After a further 40 h the solution was acidified with acetic acid, passed through 
Dowex-5o (H+ form), and concentrated to dryness. Borate was removed by repeated 
distillation of methanol from the residue which was then hydrolysed by o. I N-sulphuric 
acid (I ml) at 70” for I h. Examination of the solution by paper chromatography 
revealed the presence of ethylene glycol, but not glycerol. 

Prolonged treatment of 2,3-O-isopropylidene-D-ribose with acetone and 
concentrated sulphuric acid 

2,3-0-Isopropylidene-D-ribose (0.6 g) was dissolved in acetone (IO ml) contain- 
ing concentrated sulphuric acid (0. I ml). After 24 h at room temperature, purification 
as before gave a syrupy residue (0.55 g)_ Chromatography on silica (20 g) and elution 
with benzene-ether (g:~) gave a syrup (0.1 g). Further purification of this by micro- 
sublimation gave, at 30~jo.1 mm, 1,5-anhydro-2,3-0-isopropylidene-D-ribofuranose 
(II) (40 mg), m.p. 61”; and, at go”/o.r mm, di-(2,3-0-isopropylidene-/?-D-ribofuranose) 
1,5’:r’,5_dianhydride (III) (30 mg), m.p. go-g3”, [a]g-57” (c 0.55, chloroform) 
(ht.,2 m-p. 86-87O and g7--g8”, [aIn -49”). Between these two fractions, a small amount 
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of material (25 mg) distilled which appeared to consist mainly of the monomer (II), 
contaminated with a littIe of the diketal (VIIc). 
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Synthesis and characterization of the anomers of 
2,3,4,6-tetra-O-acetyl-1 -O-cinnamoyl-D-glucose 

Recently, small amounts of a compound giving a glucose and cinnamic acid 
on hydrolysis have been isolated from various plant tissue.+. It thus becomes desirable 
to have available various cinnamic esters of D-glucose. The only such compound 
so far known is a 1,2,3,4,6-penta-O-cinnamoyl-D-glucose2. As D-glucose esters 
substituted at C-I are common in Nature, the anomers of 2,3,4,6-tetra-O-acetyl-I-O- 
cinnamoyl-D-glucose were prepared and characterized. 

Fusion of a mixture of I,2,3,4,6-penta-0-acetyl-a-o-glucose, cinnamic acid 
and zinc chloridea* gave a crystalline compound showing [x]E -I- 154.5”. The method 
of its syn+hesis and its high specific rotation indicate that this compound was 2,3,4,6- 
tetra-0-acetyl-I-O-cixmamoyl-a-o-glucose. Its infrared spectrogram was very similar 
to that of I,2,3,4,6-penta-0-acetyl-a-D-glucosea. 

Condensation of silver cinnamate with 2,3,4,6-tetra-0-acetyl-a-D-glucosyl 
bromide yielded a crystalline compound showing [a]g -20.1~. The mode of pre- 
paration, the low specific rotation, and the infrared spectrogram indicated that the 
product was 2,3,4,6-tetra-O-acetyl-I-O-cinnamoyl-/3-o-glucose. 

EXPERIMENTAL 

Evaporations were carried out in vacua at 40-50”. All melting points are cor- 
rected. 

2,3,4,6-Tetra-O-acetyl-I-O-cinnamoyl-a-D-glucose 

Cinnamic acid (IO g) and E-D-glucopyranose pentaacetate (53 g) were melted 
at 130~ and thoroughly mixed3s4. After the temperature had fallen to 120°, powdered, 
freshly fused zinc chloride (120 g) was added with stirring, and the mixture was kept 
in vacua for 15 min. The dark-colored product was added to a mixture of I,a-dichloro- 
ethane and water. The organic layer was washed with water and aqueous sodium 
bicarbonate, dried with anhydrous sodium sulfate, and concentrated. After treatment 
of a solution of the product in 80% aqueous ethanol with Darco G-60 carbon, 
filtration, and evaporation, the sirup resulting was dissolved in 50”/~ aqueous ethanol 
(I liter). Crystallization occurred immediately, giving 9.0 g of product (73% yield), 
m.p. r48-149.5”. After six recrystallizations from the same solvent, the compound 
had m-p. 151.6-152.2° and [a]g +154_5” (C 1.9, ChlOrOfOrm). 
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Anal. Calc. for C~HZ~OLZ: C, 57.74; H. 5.48. Found: C, 57.81; H, 5.64. 
The infrared spectrum of the compound in bromoform exhibited absorption 

maxima at 2950, 2130, 1765, 1650, 1455, 1435, 1370, 1230, 1075, 1040, 980, 930, 
905, 860 and 765 cm-l. 

X-ray powder diffraction data:* 12.62 vs, 10.82 w, g-37 vs, S-57 vw, 7.76 m, 
6.29 w, 5.68 m, 505 s, 4-74 s, 4.20 s, 3.93 vs, 3.67 m, 3.47 VW, 3.30 w, 3.16 w, 2.97 bd, 
2.76 bd. 2.64 vw, 2.53 bd, 2.41 vw, 2.32 bd and 2.23 bd. 

A mixture of silver cinnamatea (20 g) and tetra-0-acetyl-a-D-glucopyranosyl 

bromides (20 g, m.p. 86.5-87.5”) was shaken overnight in dry benzene (200 ml) 
in the dark at room temperature. Insoluble material, mostly silver bromide, was 
removed by filtration, and the filtrate was concentrated to 50 ml. Crys&lization 
occurred after addition of petroleum ether (IO m!, b-p. 30-60”). The crystals were 
collected and washed with a 4:1 mixture of benzene and petroleum ether; yield, 
8.0 g (34%). After six recrystallizations from hot ethanol, the compound had m-p. 

143.6-144.5” and [a]% -20.1a (C 1.9, chloroform). 
Anal. Calc. for C~sH16011: C, 57.74; H, 5.48. Found: C, 58.05; H, 5.48. 
The infrared spectrum was similar to that of the a-~ anomer, except that the 

band at 930 cm-l was absent. X-ray powder diffraction data: 14.73 s, IO.95 VW, 

g-27 vs, 7.20 bd, 5_57m, 5.08 vs, 4_76vs, 4.50s, 4.17vw, 3.88 s, 3.67 s, 3.27m, 

3.09 w, 2.93 VW, 2.78 bd, 2.63 bd, 2.52 bd, 2.39 bd and 2.24 bd. 
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Preliminary communication 

Sugars containing nitrogen in the ring 

d,S-DIACETAMIDO-4,5-DIDEOXY-L-XYLOPYRANOSE AND THE ANOIMFZIC 4-ACFTAMiDO- 

4,5-DIDEOXY-D-XYLOFURANOSES 

Previous reports from these laboratories described the 
containing nitrogen as a rin, a atom in sixl- and fives-membered 
substances have also been reported by other investigatorss-5. 

synthesis of sugars 
derivatives. Related 

We now wish to report the synthesis of the title compounds, which can exist 
as cyclic structures with nitrogen as the hetero atom, or as acyclic modifications. 
Acetonation of 5-azido-5-deoxy-D-arabinose diethyl dithioacetalr afforded the 2,3-0- 
isopropylidene derivative, [a]“,” f-61” (c 1.16, in chloroform)6 which was subsequently 
converted to the 4-0-methylsulfonyl derivative, [a12z +54” (c 0.32, in chloroform). 
Treatment of the latter with sodium azide in N,iV-dimethylformamide afforded 
predominantly d5-diazido-4,5-dideoxy-2,3-O-isopropylidene-L-xylose diethyl dithio- 
acetal (J_), isolated as a pure liquid, [a]?6 +IIOO (c 0.145, in chloroform). A second 
product formed in an approximate ratio of 1:60 with respect to I was also isolated, 
and assigned structure II by infrared spectral and optical rotational data, [al22 + 65” 

HS(SEtJ2 HYEG 
PP-’ 

CH, 
’ 

CH3 

H&O’=\ 

,OCH / 

CH, - 
H&f-=\ 

I CH3 - 

pJs&--N/yH 
CR& ‘CH, CH2% 

(I) (IlO Ul) 

(c 0.31, in chloroform). Such a product, corresponding to an overall retention of 
configuration at C-4, could be formed by neighboring-group participation by the 
C-5 azide function as in the intermediate “azidonium” ion? III. Preferred attack at 
the primary carbon atom in III would explain the predominance of I. Reduction of I 
with lithium aluminum hydride, followed by N-acetylation, afforded the correspond- 
ing 4,5-diacetamido derivative, m.p. I 12-114” which, on hydrolysis, gave 4,5-diacet- 
amido-4,5-dideoxy-L-xylose diethyl dithioacetal (IV) as colorless crystals, m.p. 
136-137”. The mass spectrums*9 of this product was compatible with its structure. 
Demercaptalation 10 of IV afforded a mixture of the pyranose V and furanose VI 
products. Compound V, which was the major product (BP 0.28) was obtained as 
a colorless homogeneous siiup, [a] 22 +30” (c 0.8, in methanol) or a hygroscopic 
solid. Infrared spectral data: GE. 1640 cm-l, amide I; 1560 cm-l, amide II; n.m.r. 
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spectral data: @so) t 7.83,7.80 (ring acetyl); t 7.98 (C-4 acetyl); t 4.43, J N 3 c.p.s.; 
t 4.00, J N 3 c.p.s. (C-I hydrogen). Isomerization studies in acid and base showed 
partial conversion of V to VI. The formation of variable proportions of VI and of the 
acyclic modification (n.m.r.), causing some tailing of the furanose spot, was enhanced 
by longer reaction times and mode of isolation. Compound VI (RF 0.48) showed a 
singlet at t 8.05 (C-5 acetyl) and a doublet at t g-80 (ring acetyl). 

AC 

H7(SEo2 
HOCH 

H&OH 
- + OH 

I 

AcHNtH 
C+NHAc C&NH/k 

tm1 (PI tm, 

In an effort to further validate the participating character of the azido group, 
the displacement was studied in a derivative where the terminal azide group 
was replaced by hydrogen. Thus, treatment of 5-deoxy-2,3-0-isopropylidene-4-0- 
@-nitrobenzenesulfonyl)-L-arabinose diethyl dithioacetal, [a]‘2 -34” (c 1.5, chloro- 
form) with sodium azide in N,N-dimethylformamide gave 4-azido-4,5-dideoxy-2,3- 
O-isopropyiidene-D-xyiose diethyl dithioacetal as the sole product, [a]% - rag” 
(c 1.13, in chloroform). Reduction of this product, followed by iV-acetylation, gave 
the crystalline 4-acetamido derivative, m.p. 9-r”; [a]“,” --27O (c I, chloroform). 
Removal of the acetal group afforded crystalline 4-acetamido-4,5-dideoxy-D-xylose 
diethyl dithioacetal (VII), m.p. 103-105~; [a]22 +r6” (c I, methanol). 

H$:cSEt& AC 
I 

HCOH 
I 

HOCH - + 
I 

HCNH4c 
I 

CH, 
OH 

CHO 
I 

HCOH 
I 

HOCH 
I 

HCNMc 
I 

CHx 

(Qin cm) clx) (Xl 

Demercaptalationls of (VII) afforded a sirup (go%), [al22 +11.2O (at equil., 
c 4.6, methanol) which formed a double spot on paper chromatograms. Isolation 
of the respective components afforded the homogeneous products RF 0.65 (n-BuOH- 
EtOH-HaO, 3 : I :I) and RF 0.72 as colorless sirups in an approximate ratio of. 
1:111. Their identification as anomers was established by chemical, i-r., and n.m.r, 
studies. For the RF 0.65 component: t 4.72 (C-I hydrogen); z 7.82, 7.85, 7.88 
7.92 (acetyl hydrogens); t 8.88, 8.97 (C-5 hydrogens, main peaks). A peak at z 8.03 
(acetyl hydrogens) due to the acyclic form X was also detected indicating the presence 
of X in the original mixture. The ratio was approximately 1:12. The spectrum of the 
RF 0.72 component showed peaks at t 4.84 (C-I hydrogen); t 7.82, 7.85, 7.88, 7.92 
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(acetyl hydrogens); t 8.86, 8.80, 8.75 (C-5 hydrogens, main peaks). Exposure of the 
respective deuterium oxide solutions of the anomers to hydrogen chloride vapor 
afforded identical spectra in each case, indicating rapid equilibration. The same 
crystalline benzylphenylhydrazone, m.p. 1o6-1o7~ was obtained from either anomer. 
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THE SYNTHESIS OF A 2-AMINO-aiDEOX-Y&D-GLUCOSYL-MURAMLC 
‘ACID DISACCHARIDE: 2-ACETAMID0-6-0-(2-ACETAMLDO-~,4,6-TRf- -- 
0-ACETY L-2-DEOXY+D-GLUCOPYRANOSY L)- I ,4DI- O-ACETYL- 
2-DEOXY-3-0-[D-I-(HYL CARBOXYLATE)ETHYL]- 
a-D-GLUCOPYRANOSE* 

TOSHIAKI OSAWA** AND ROGER W. JEANLOZ 
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Departments of Biological Chemistry and Medicine, Harcard Medical School and the Massachusetts 

General Hospital, Boston. Massachuserts (U.S.A.) 

(Received February 11th 1965) 

INTRODUCTION 

A disaccharide isolated from the cell wall of Mitt-ococcus Iysodeikrictcs by 
the action of lysozymelas has been prop osed to have the structure O-2-acetamido-2- 
deoxy-P-D-glucopyranosyl-(I+6)-N-acetylmuramic acid [z-acetamido-6-O+acet- 
amido-2-deoxy-B-D-glucopyranosyl)-3- O-(D- I-carboxyethyl)-2-deoxy-D-glucose]_ 

As a model compound, the 0-acetylated methyl ester methyl a-D-glycoside 
was at first synthesizeda, followed by synthesis of the disaccharide itselfa34. Com- 
parison of the synthetic disaccharide with the natural product showed that the 
two compounds were not identical”. Unfortunately. neither product was crystalline 
and the comparison was based on color reactions and paper chromatography. 
The crystalline fully acetylated methyl ester of the natural disaccharide has now 
been obtaineds. Since the synthetic disaccharide was obtained only in a very small 
amoun@, it. was not possible to prepare from it a peracetylated methyl ester. 
Consequently a new synthesis of this derivative, namely 2-acetamido-6-O-(2- 
acetamido-3,4,6-tri- 0-acetyl-2-deoxy-P-D-glucopyranosyl)-I ,4-di- 0-acetyl-2-deoxy-3- 
O-[D-I-(methyl carboxylate)ethyl]-a-D-glucopyranose (VIII) was devised. 

DISCUSSION 
.i 

Since it was the a-anomer of the peracetylated methyl ester of the natural 
disaccharide which had crystallized 6, the synthesis of the peracetylated cc-anomer 

*Amino sugars XLIII. This is publication No. 400 of the Robert W. Lovett Memorial Group for 
the Study of Crippling Diseases, Harvard Medical School at the Massachusetts General Hospital, 
Boston, Massachusetts. A preliminary communication was presented at the 3rd InternationaI 
SYmPosium on Fleming’s Lysozyme, Milan, April 1964. 
*‘Fulbright Fellow. Present address: Tokyo Medical and Dental University, pChome, Yushima, 
Bunkyo-Ku, Tokyo, Japan. 
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VIII was investigated using a route parallel to that of the synthesis of the methyl 
a-D-&ycoside3 and of the benzyl a-D-@ycoside* of the same disaccharide. 

2-Acetamido-3-O-(D-r-carboxyethyl)-2-deoxy-a-D-glucose (N-acetylmuramic 
acid) (I)4J was esterified with diazomethane and the resulting amorphous methyl 
ester II was directly etherSed with chlorotriphenylmethane. The resulting crystalline 
trityi ether III was assumed to be the a-D-anomer on the basis of-its high positive 
optical rotation. When acetylated, it gave the crystalline r,4-diacetate IV in high 
yield. The same product IV could be obtained directly from II without isolation 
of III. Removal of the trityl group of IV with hot 60% acetic acid or by hydro- 
genation in ethanol solution gave an amorphous product, probably a mixture of 
compounds resulting from the migration of the 0-acetyl groups. Removal of the 
trityl group by exposure for a very short time to hydrogen bromide gave, however, 
the expected compound V in crystalline form. Evidence that the primary hydroxyl 

R R’ RU 
I H q w 

II H IYe l-l 

III H Me Tr 

m AC Me -rr 
P AC Me H 

=iiAc Me TS 

XII XII 

group of compound V was free was obtained by formation of the 6-p-toluene- 
sulfonate VI, which reacted qualitatively with sodium iodide in acetones_ Conden- 
sation of 2-acetamido-r,4-di-O-acetyI-2-deoxy-3-O-[D-I-(methyl carboxylate)ethyl]- 
cz-D-glucopyranose (V) with a-acetamido-3,4,6-tri-@acetyl-2-deoxy-z-D-gluco- 
pyranosyl bromide (VII)g was performed according to the method used for the prepa- 
ration of the methyls and benzyl” glycosides. The yield of the resulting disaccharide, 
2-acetamido-6-O-(2-acetamido-~,~,6-tri-O-acetyl-2-deoxy-~-D-glucopyranosyl)-I.~-di- 
0-acetyl-2-deoxy-3-O-[D-I-(methyl carboxylate)ethyl]-a-D-glucopyranose (VIII), was 
low (6%) but in the same order of magnitude as that of the preceding syntheses3a4. 
The mode of synthesis is evidence for a (I -+ 6) linked disaccharide, since a similar 
route using benzyl a-D-glycoside derivatives gave a (I + 6) linked disaccharide 
as shown by its reaction in the Morgan and Elson reactionsae. Comparison of VIII 
with the crystalline derivative obtained from the natural product showed that the 
compounds were not identical; the melting points were nearly identical and’ both 
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products showed identical optical rotations and infrared spectra, but in admixture 
the melting-point was depressed, and both X-ray powder analysis and mass spectro- 
metry showed definite differences. A detailed comparison of the properties of both 
products is reported elsewhere6. 

EXPERIMENTAL 

General 

Melting points were taken on a hot stage, equipped with a microscope, and 
correspond to “corrected melting point”. Specific rotations were determined in 
semimicro- or micro- (for amounts smaller than 3 mg) tubes with lengths of 200 

or IOO mm, using a Rudolph photoelectric polarimeter attachment, Model 200; 

the chloroform used was A-R. grade and contained approximately 0~75% of ethanol. 
X-Ray powder diffraction data refer to interplanar spacing in A with Cu K, 
radiation. Relative intensities were estimated visually: s, strong; m, moderate; 
w, weak; v, very; b, broad. The first three strongest lines are numbered (I, strongest); 
double numbers indicate approximately equal intensities. The infrared spectrum 
was taken as a potassium bromide disc on a Perkin-Elmer spectrophotometer 
Model 237. Chromatograms were made with the flowing method on “Silica Gel 
Davison, ” from the Davison Co., Baltimore 3, Maryland (grade 950, 60-200 mesh), 
which was used without pretreatment. When deactivation by contact with moist 
air occurred, reactivation was obtained by heating to 170-200~ (manufacturer’s 
instructions). The sequence of eluents was hexane, benzene or r,a-dichloroethane, 
ether, ethyl acetate, acetone, and methanol individually or in binary mixtures_ 
The proportion of weight of substance to weight of absorbent was I to 5o--100. The 
proportion of weight of substance in grams to volume of fraction of eluent in 
milliliters was I to IOO. The ratio of diameter to length of the column was I to 20. 

Evaporations were carried out in uacuo, with an outside bath temperature kept 
below 49’. Amounts of volatile solvent smaller than 20 ml were evaporated under 
a stream of dry nitrogen. The microanalyses were done by Dr. M. Manser, Zurich, 
Switzerland. 

2-Acetamido-2-deoxy-3-O-[D-r-(nzethyI carbosyZate)ethyl]-6-O-trityl- 

a-D-ghfcopyranose (Irl> 

To a solution of 2-acetamido-3-O-(D-I-carboxyethyl)-2-deoxy-a-D-glucose 
(N-acetyl-D-muramic acid) (I, 0.26 g) in methanol was added a slight excess of 
diazomethane in ether. The excess of diazomethane and methanol was immediately 
evaporated. The sirupy residue, the methyl ester 11, was not crystahized, but it 
was dissolved in IO ml of dry pyridine. After addition of chlorotriphenylmethane 
(0.26 g), the solution was kept for 24 h at room temperature, heated for I h at IOOO, 

and then poured onto cracked ice. The resulting crystals were collected and 
recrystallized from benzene to give 0.27 g (48%) of prisms, m-p. I&-130°, [a]g f 69” 
(c 0.52, ethanol)_ The product contained one mole of benzene of crystallization. 
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Anal. Calc. for CsrHssNOs. CsHs: C, 70.80; H, 6.58; N, 2.23. Found: C, 70.70; 
H, 670; N, 2.33. 

r-Acetan~ido-~,~-di-O-acety~-2-deoxy-~-O-~~-r-(~~~etl~yi carboxyIate)ethyl]-6-O-trityi- 

cc-D-glucopyranose (IV) 

(i) From ZZZ. A solution of III (0.20 g) in dry pyridine (3.5 ml) and acetic 
anhydride (3 ml) was kept for 24 h at room temperature. The solution was then 
poured into ice-water, and the precipitate was separated by filtration. It was 
recrystallized from methanol to give 0.22 g (96%) of needles, m-p. 120-122O, 

[z]g f I I 8” (c 0.50, chloroform). 
Anal. Calc. for Ca5HsgNOm: C, 66.34; H, 6.20; N, 2.21. Found: C, 66.44; 

H, 6.30; N, 2.31. 
(ii) From ZZ. To a solution of II (1.03 g) in dry pyridine (IO ml) was added 

chlorotriphenylmethane (r-03 g)_ The solution was heated for I h at 100“ and then, 
after addition of acetic anhydride (7 ml) was left for 20 h at room temperature. 
It was then poured into ice-water, the precipitate was separated, washed thoroughly 
with water, and dried in a desiccator over calcium chloride. The solid was dis- 
solved in r,2-dichloroethane and chromatographed on silicic acid. A g:~ mixture of 
r,%dichloroethane and ether eluted 1.12 g (53%) of crystalline material. It was 
recrystallized from methanol to give needles, m-p. 120--122O, [z]g f I 18” (c o-75, 

chloroform), which showed no depression of the melting point in admixture with 
the product described above. 

2-Acetamido-r,q-d~-O-acetyI-r-deo_~~~-3-O-~~-~-(f~let/l)‘Z carbosyZate)etr~~~7- 

a-D-gkopyranose ( V) 

To a solution of IV (IOO mg) in acetic acid (I ml) at o” was added 30 % hydrogen 
bromide in acetic acid (0.1 ml). The mixture was shaken for 60 seconds with cooling_ 
The precipitated bromotriphenylmethane was removed by filtration, and the filtrate 
was poured into ice-water and extracted with chloroform_ The chloroform extract 
was dried without washing, and concentrated to a sirup, xvhich was crystallized 
from a mixture of chloroform. ether, and pentane, to give a product having 
m-p. 135-140”. Recrystallization from the same solvents gave 45 mg (73%) of 
prisms, m-p, 142-144’, b];J’,” -J-go0 (C 0.62, chloroform). 

Anal. Calc. for CIGHZSNOIO: C, 49.10; H, 6.44; N, 3.5% Found: C, 49.15; 
H, 6.36; N, 3.53. 

2-Acetan~i~~o-r,~-d~-O-acet~~i-~-deoxy-j-O-[D-r-(meti~yl carboxy/ate)ethylJ- 

6-0-p-tolylsuljtinyl-a-D-gluropyranose (VZ) 

A solution of V (45 mg) and p-toluenesulfonyl chloride (26 mg) in dry pyridine 
(I ml) was kept for 20 h at room temperature. Evaporation gave a sirupy residue, 
which was freed from pyridine by codistillation with toluene, and crystallized from 
aquecus methanol to give 40 mg (63%) of needles. Recrystallization from methanol 
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gave 25 mg of pure product, m.p. 174-175~: [cz]~ f86” (c 0.56, chloroform)_ The 
m.p. was not raised by further crystallization. 

Anal- Calc. for C~Hs1N012S: C, 50.63; H, 5.73. Found: C, 50.54; H. 5.60. 
A mixture of 3 mg of the above compound with 3 mg of sodium iodide in 

p-2 ml of dry acetone was heated in a sealed tube for 2 h at IOO“, whereupon charac- 
teristic plate-shaped crystals of sodium p-toluenesulfonate were deposited_ 

~-Aceta~nido-6-O-(z-acetamido-~,q,6-tri-O-acetyi-r-deosy-~-~-gl~~copyranosyl)- 
I,4-di-O-acetyI-2-deoxy-3-O-[D-r-(methyl carboxyIate)ethyl]-r-D-glucopyranose (VIII) 

To a solution of V (135 mg) in dry nitromethane (5 ml) was added under 
stirring mercuric cyanide (Izo mg) and a solution of 2-acetamido-3,4,6-tri-O-acetyl- 
2-deoxy-r-D-glucopyranosyl bromide (VII) in a mixture of dry chloroform (3.5 ml) 
and dry nitromethane (1-5 ml). The solution of VII had been prepared in situ from 
2-acetamido-I,3,4,6-tetra-U-acetyl-2-deoxy-B_D-glucopyranose (220 mg)s_ 

After 4.5 h at room temperature, similar amounts of mercuric cyanide and V11 
were again added, and the reaction was allowed to proceed for 24 h when a further 
addition of mercuric cyanide and VII was made. After 24 h the reaction mixture 
was diluted with chloroform, washed with saturated sodium bicarbonate solution 
and water, and dried over sodium sulfate. After evaporation, the residue (260 mg) was 
dissolved in r,z-dichloroethane and purified by chromatography on silicic acid. 
A mixture of ethyl acetate and acetone (4: I and I: I) eluted I 5 mg (6%) of crystalline 
product. Recrystallization from a mixture of acetone and ether gave needles, 
m.p. 240--241”, [aI’D” +-40° (C 0.38, chloroform), X-ray powder diffraction data: 

14.73 m, 12.81 m, 10.78 w, 9.31 s (I), 8.04 m, 6.61 m, 5.57 w, 5.04 m, 4.96m, 

4.46 s (2), 4.27 m (3), 3.83 w, 3.71 w, 3.53 w, 3.44 m, 3-30 ““‘7 2-75 “‘v, 2-49 ‘J’v, 
2.27 vw, 2.00~. The infrared spectrum of the compound exhibited absorption 

maxima at 3340, 2970, 1745 166.5. 1550, 14.40, 1385, 1235, 1130, 1050 and 930 cm-l. 
Anal. Calc. for C~OHBGNZOIO: C, 50.00; H, 6.15; N, 3.89. Found: C, 49-83: 

H, 6.20; N, 3.96. 
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SWMMARY 

A crystalline disaccharide derivative containing B-(I -+ 6)-linked 2-amino- 

n-deoxy-D-glucose and muramic acid: zacetamido-6-0-(2-acetamido-3,4,6-tri-O- 
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acetyl-2-deoxy-~-D-~ucopyranosyl)-I,~-di-U-acetyl-~-deoxy-3~-~D-r-(methyl carbox- 
ylate)ethyl]-a-D-glucopyranose (YllI), was synthesized. a-Acetamido-3-O-(D-I- 
carboxyethyl)-z-deoxy-a-D-glucose (N-acetyhnuramic acid) was esterified with 
diazomethane, tritylated, acetylated, and detritylated, to give 2-acetamido-I,+di- 
0-acetyl-a-deoxy-3- O-[D-I-(methyl carboxylate)ethyl]-a-D-glucopyranose (V).. 
p-Toluenesulfonylation of V, followed by reaction with sodium iodide showed that 
position 6 was free. Condensation of V with 2-acetamido-3,4,6-tri-U-acetyk- 
deoxy-sr-D-glucopyranosyl bromide gave VIlI in .60/d yield. 
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INTRODUCTION 

Absorption peaks in the 730-960 cm-1 region in the infrared spectra of 
pyranoid sugar derivatives have been correlated with various stereochemical features 
in the molecule. Axial and equatorial orientations of substituents at the anomeric 
carbon atom on the pyranose ring have been studied extensiveIy by infrared spectros- 
copyI. Infrared spectroscopic analysis has also been applied to study of the_ dispo- 
sition of sulfate ester groups at positions other than C-I on the aldopyranose ring. 
Or-r” reported infrared spectroscopic studies of some sulfated polysaccharides of 
biological interest. Lloyd and co-worker&s have reported on various carbohydrate 
sulfate esters, with particular discussion of the C-O-S vibration. They suggested 
that the absorption in the 820-850 cm-1 region could be assigned to the C-O-S 
vibration mode of the C-O-SO; group, citing Guthrie and Spedding’s works that 
sulfonic ester groups on the pyranose ring of monosaccharides do not absorb in 
the corresponding region. However, this work dealt only with compounds which 
involved both sulfonic and nitric ester groups in the same molecule. The same 
observation was reported by Anderson et aZ.7. As a matter of fact, the C-O-N 
vibration seems to show absorption similar to that of the C-O-S vibration in the 
800-900 cm-1 region. These absorption peaks are generally weak and are sometimes 
absent altogether_ Derivatives which show a typical difference of infrared absorption 
peak depending upon the axial or equatorial orientation of a substituent on the 
pyranose ring would be of interest. 

The present paper is concerned with the orientation of the C-0-SOs-R group 
‘(R = benzyl or alkyl group) at C-2, C-3, C-4, and C-6 of the pyranose ring of 
monosaccharides as revealed by study of the 8oo-900 cm-1 region in the infrared 
spectra of the sulfonic esters of carbohydrates. The analysis shows a characteristic 
difference in this spectral region between sulfonyloxy groups oriented axially and 
those oriented equatorially. 

l 

*Part of this work was presented at the International Symposium on the Chemistry of Natural 
Products held at Kyoto, Japan, from April 12 to 18, 1964. 
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General 

Infrared spectra were measured with a Shimadzu AR-6 spectrophotometer 
(sodium chloride optics). All compounds were examined as pressed discs in potas- 
sium bromide. All melting points are uncorrected. 

Methyl ~-aceta~nido-q,6-O-benzylidene-~-deoxy-~-O-(methyZsulfnyl)- 

a-D-ailopyranoside (I) 

Methyl 2-acetamido-4,6- 0-benzylidene-2-deoxy-cc-D_allopyranoside (I’) was 
prepared by the method of Jeanloz8, m-p. 207O, [a]g t65” (c 1.0, chloroform). 
The derivative (o-3 g) was dissolved in anhydrous pyridine (IO ml) in a so-ml flask 
fitted with a calcium chloride tube. The solution was cooled to o”, and a solution 
of methanesulfonyl chloride (0.2 ml) in anhydrous pyridine (5 ml) was added at o”. 
After standing for 2 days at oa, the mixture was poured on to cracked ice. The 
solution was extracted three times with ao-ml portions of chloroform. The chloro- 
form layer was washed with water, saturated sodium hydrogen carbonate soIution, 
water, 3 N hydrochloric acid, and water, dried (anhydrous sodium sulfate), and 
evaporated under reduced pressure to dryness. The residue was dissolved in the 
minimum volume of acetone; addition of petroleum ether (b.p. 4o-60”) produced 
crystals; yield 0.3 g, m-p. 176”, [a]$’ 4-37” (c 1.0, chloroform). 

Anal. Calc. for CliHz3NOsS: C, 50.86; H, 5.77; N, 3-49; S, 7.98. Found: 
C, 51.13; H, 5.64; N, 3.22; S, 7.92. 

Metllyl 2-acetan~ido-r-deo~~~~-~-O-(ntetl~ylsulfonyl)-a-D-allopyranoside (II) 
Compound I (0.2 g) was treated by the procedure described by Jeanlozs to 

give methyl ~-acetamido-~-deoxy-3-O-(methylsulfonyl)-cr-~-allopyranoside (IT) as an 
amorphous powder; yield 0.1 g, [OiJg +54” (c 0.5, water). 

Anal. Calc. for ClolGNOsSH20: C, 36.25; H, 6-39; N, 4.23; S, 9.67. Found: 
C, 36.56; H, 6.52; N, 4.10; S, 9.75. 

The other sulfonic esters of the hexopyranoses were prepared according to 
methods given in the references. Details oz the spectra of these derivatives are shown 
in Fig. I and Table I. 

RESULTS AND DISCUSSION 

C-O-S Vibration 

As shown in Fig. I and Table 1, the spectra of all the sulfonic esters of hexo- 
pyranoses examined exhibited two strong absorptions at r,rp--I, 190 cm-1 and at 
r,350-1,370 cm-l, due to the symmetrical and asymmetrical stretching vibrations 
of the -SOZ_ gro~p~~~-~~. They also showed a series of absorptions in the 
7oo-goo cm-1 region, where the parent compounds show only slight or no absorp- 
tion. It seems difficult and unfruitful to analyze the bands at wavenumbers shorter 
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than 800 cm-r, because of the strong contributions from many kinds of vibration 
modes, including those due to the pyranose ring of monosaccharides, the phenyl 
group, and other substituents. However, the appearance in all the spectra of a 
single band in the 84o-890 cm-r region is notable. 

H H 

Ph 

Compounds R R’ 

I H 05qcI-1~ 

I’ H OH 

m OSO&l-ii, H 

m’ OH H 

1500 1300 1100 900 

Wavenumber (cm-‘) 

700 

Fig. I. Infrared spectra of the methanesulfonates of methyl z-acetamido-4,6-O-benzylidene- 
z-deoxy-a-D-allopyranoside and -glucopyranoside in the 6oo-1,600 cm-t region. I, Methyl 
2-acetamido-~,6-O-benzylidene-z-deoxy-~-O-(methylsuIfonyl)~-r-D-allopyranoside (see Experimen- 
tal); I’, methyl z-acetamido-~,6-O-benzylidene-+-deoxya-~-allopyranoside (see Experimental); 
III, methyl z-acetamido-~,6-O-benzylidene-z-deoxy-~-O-(methyIsulfonyl)a-~-glucopyranoside8, m.p. 
208”; III’, methyl 2-acetamido-4,6-O-benzylidene-z-deoxya-D-glucopyranoside, m-p. 255’_ Details 
of the absorption frequencies of the C-O-S vibration are described in the text. 

The assignment of this absorption is considered to be the C-0-SOs-R 
group; this is further divided into C-O-S, C-S, C-R, and S=O vibration modes, 
since the parent compounds show no absorption in the region mentioned above. 
A study of the published spectra of other organic compounds reveals that the C-S 
stretching vibration is mainly assigned to absorption at wavenumbers shorter 
than 800 cm-1 and that the C-H out-of-plane vibrations of monosubstituted and 
r,4-disubstituted benzene rings are near 720-780 cm-1 and 820 cm-l, respectively. 
The absorption frequency of the band in the 840-890 cm-1 region was unchanged 
with variations in the kind of hexopyranos- in the kind and position of the sulfon- 
yloxy group on the pyranose ring, and in the kind of phase used for measurement 
of the spectra. 

These facts exclude the possibility of assigning both the C-H vibration of 
the pyranose ring and the C-S and CHs vibrations of the substituents on the benzene 
ring to this absorption, but permit assignment of the absorption to the C-O-S 
vibration. The assignment is supported by the infrared spectroscopic observations 
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TABLE I 

211 

ABSORPTION FREQUENCIES OF THE SULFONIC ESTERS OF SOME HEXOPYRANOSE DERNATIVES M THE 

800+00 CIl+ REGION 

Compounda Absorption peaksb (cm-l) 

II 

IV 

V 

VI 

VII 

VIII 

IX 

X 

XI 

Methyl z-acetamido-t-deoxy-3-0- 
(methylsulfonyl)a-D-allopyranoside 
Methyl z-acetamido-z-deoxy-3-0- 
(methylsulfonyl)-a-D-glucopyranoside 
1,3,4,6-Tetra-0-acetyl-2-0- 
(methylsulfonyl)-a-D-glucopyranose 
r,3,4,6-Tetra-0-ace@-2-0- 
(methylsulfonyl)-cr-D-galactopyranosc 
Methyl 2-acetamido-4,6-0- 
benzy!idene-z-deoxy-;-O- 
p-tolylsulfonyl-a-D-glucopyranoside 
6-O-p-Tolylsulfonyl-/?-D- 
galactopyranose 
1,2:3,4-Di-0-isopropylidene-6-0- 
p-tolylsulfonyla-D-galactopyranose 
Methyl 6-O-p-tolylsulfonyl- 
a-D-glucopyranoside 
1,2,3,4-Tetra-0-ace@-6-0- 

p-tolylsulfonyl-/?-D-glucopyranose 
XII 1,3,4-Tri-O-acetyl-z-anisylideneamino- 

t-deoxy-6-O-p-tolylsulfonyl- 
/7-D-glucopyranose 

XIII Methyl 4,6-0-benzylidene-z,3-di-O- 
(methylsulfonyl)-z-D-glucopyranoside 

XIV 1,3,4-Tri-0-acetyl-2-benzamido- 
2-deoxy-6-O-p-tolylsulfonyl- 
j%o-glucopyranose 

XV 2-Acetamido-4,6-0-benzylidene-3-O- 

835 w 

84oe m 

855 w 

860 vs 

850 vs 

860 s 890 VW 

820 m 850~ s 860 vs 880 w 

820 s 855 vs 880 VW 

820 s 845 vs 88OC VW 

820 vs 845 s 875 w 

820 s 840 s 85ovw 88ow agO= w 

813 w 840 vs 855 w 880 w 

820 s 

845 vs 

840 s 

8gG vs 

8goc vw 

880 w 

880 VW 

865 w 880 w 8% VW 

benzylsulfonyl-2-deoxy-D-glucopyranose 840 s 880 vw 
XVI 2-Acetamido-I,3-di-o-acetyl- 

r-deoxy-4-O-p-tolylsulfonyl- 
6-0-trityl-/3-D-glucopyranose 820 m 840 s 880 vw 

XVII 2-Acetamido-r,j-di-O-acetyl- 
z-deoxy-4-O-(methylsulfonyl)- 
6-0-trityl-D-glucopyranose 840 vs 880 w 

a& see Experimental; IV, m.p. 186”, prepared by removals of the benzylidene group from III; 
V13, m.p. 80-84”; VIi3, m.p. 96-98”; VIP*, m.p. IgzO; VIIP5, m.p. 135”; 1x16, m.p. gr”; 
Xl7 .m.p. 124~; X1-28, m.p. tg5”; X1119, m.p. 200~; X11120, m.p. 186”; XIv”1, m.p. 143-146”. 
prepared by the p-toluenesulfonation and acetylation of 2-bemzamido-2-deoxy-D-ghtcopyranose, 
m.p. tg6-rgg” according to the usual procedure; XV22, m-p. go’, prepared by the bemsylsulfonation 
of z-acetamidG-4,6-O-benzylidene-2-deoxy-D-glucopyranose m.p. 230”; XVIm, m.p. 120J, prepared 
by the p-toluenesulfonation of 2-acetamido-~,3-di-O-acetyl-2-deoxy-6-O-trityl-D-glucopyranose, 
m.p. 105-107°, which was prepared by the tritylation of n-acetamido-1.3~di-O-acetyl+deoxy- 
D-glucopyranose; XVIP3, m.p. 171O, prepared by the methanesulfonation of z-acetamido-1,3-d& 
0-acetyl-2-deoxy-6-0-trityl-D-glucopyranose. 
bm = moderate; s = strong; v = very; w = weak. 
cshoulder. 
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on sulfates of monosaccharidessa4, alkylsulfuric ester@, and some sulfonic esters 
of cyclohexanols4. 

From these data, the characteristic absorption band in the 840-890 cm-1 

region is tentatively assigned to the C-O-S vibration mode of the C-O-SOZ-R 
group in the pyranose ring, but it is open to con&n-ration by study of types of 

sulfonic esters other than those of the pyranoses. 

On the shift in the absorption frequency of the C-O-S vibration 
According to Millsls, the stable conformation of 4,6-O-benzylidene- 

D-glucopyranose is a rigid, fused-ring structure of the tram-decalin type. Therefore, 
it is believed that compound I, methyl z-acetamido-4,6-O-benzylidene-a-deoxy- 

3-0-(methylsulfonyl)-a-D-glucopyranoside (III), and their unbenzylidenated parents 
(II and IV) have similar stable conformations. The orientation of the sulfonyloxy 

group of compound I is axial on the pyranose ring, whereas that of compound III 
is equatorial. There is no gross difference between the n.m.r_ spectra of compounds I 

and III. Especially, no difference was observed in the chemical shift of the proton 
signal of the S-CHs group of the two compounds. This indicates that the n.m.r. 
spectra are not useful for determinin, = the spatial orientation of methylsulfonyloxy 

groups on the pyranose ring of monosaccharides. On the other hand, a marked 
difference was observed in the absorption frequencies of the C-O-S vibration 
in the infrared spectra of the two compounds, as shown in Fig. I. Compound I, 
having an axial sulfonyloxy group, shows a strong absorption band at 880 cm-l 
and a very weak one at 850 cm-l, whereas compound III, having an equatorial 
sulfonyloxy group, shows a strong absorption at 850 cm-l and a very weak one 
at 880 cm-l. This difference remained unchanged with variation in the phase used 
for the measurement (potassium bromide, chloroform, and Nujol). The same 
difference in the infrared spectra was observed to exist between the j-methane- 
sulfonates (II and IV) of methyl a-acetamido-2-deoxy-a-D-allopyranoside and 
-glucopyranoside. All other sulfonic esters disposed equatorially on the pyranose 

ring of monosaccharides showed the characteristic absorption band of the C-O-S 

vibration at 845 & 5 cm-l, as shown in Table I. These results suggest that the 
observed shift in frequency is associated only with the difference in the spatial 
orientation of the sulfonyloxy group on the pyranose ring, as suggested earher for 
the sulfates of carbohydrates”+. For confirmation, the axial sulfonyloxy group 
at C-2 and C-4 of the pyranose ring should be studied. 

From these results, it is concluded that axial sulfonyloxy groups on pyranose 

rings show a strong absorption band at 88o-8go cm-x and a weak absorption band 
at 5413-850 cm-l, and that equatorial sulfonyloxy groups on the pyranose ring 
show a strong absorption band at 840-850 cm-1 and a weak one at 88o-8go cm-l. 
When the characteristic absorption bands of the sulfates are compared with those 
of the sulfonic esters in the 8oo-goo cm-1 region, it is observed that the bands of 

the former lie at lower wavenumbers (by about 10-40 cm-l). 
Infrared spectroscopic analysis of sulfonyloxy groups might be especially 
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useful for the 

ACKNOWLEDGMENT 

This work was supported, in part, by a Grant in Aid for Scientific Research, 
from the Ministry of Education in Japan. 

SUMMARY 

The orientation of suffonyloxy groups at different carbon atoms of the 
pyranose ring of monosaccharides has been examined by analysis of infrared spectra 
in the 8oo-900 cm-l region, with particular reference to axial and equatorial orien- 
tations of the sulfonyloxy groups. Axial sulfonyloxy groups show a strong absorp- 
tion band at 880-890 cm-l, whereas equatorial ones absorb at 840-850 cm-r. The 
absorption frequency is not affected by variations In the kind of hexop_yranose, 
by the kind and position of the sulfonyloxy groups on the pyranose ring, or by the 
kind of phase used for the measurement. 
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INTRODUCTION 

In Part I1 of this series, we described the reaction of periodate-oxidised methyl 
4,6-O-beuzylidene-a-D-glucoside (I) with aqueous phenylhydrazine to give methyl 
4,6-O-ben&idene-3-deoxy-3-phenylazo-c+D-glucoside (IV), a useful intermediate 
for the synthesis of derivatives of 3-amino-3-deoxy-D-glucose. Subsequently, the 
reaction was extended2 to a number of other arylhydrazines. Those with activating 
substitnents, such as p-methyl, and moderately deactivating substituents, such as 
p-bromo and p-sulphamoyl, gave 3-arylazoglucosides; substituents such as m- 
and p-nitro gave only the bisarylhydrazone of the dialdehyde. One feature of the 
above reactions was that the 3-arylazoglucoside was the only arylazoglycoside 
formed when 2- or 3-arylazo derivatives of allose, altrose, glucose, or mannose 
were theoretically possible. We now report on the reaction of arylhydrazines with 
other periodate-oxidised carbohydrate derivatiyes. 

RESULTS AND DISCUSSION 

In the f?rst experiments, only minor structural changes were made in the 
sugar component. Methyl 4,6-O-benzylidene-p-D-glucoside, when oxidised by a 
modification of Honeyman and Shaw’s methoda, gave a monoethyl glycoside**, 
formed from ethanol present in the chloroform used in an extraction step, and not 
the free hemialdal (II). The structure of the monoethyl glycoside was confirmed by 
formation of a mono-p-nitrobenzoate (cf- ref. 4). The hemialdal gave a bis-p- 
nitrophenylhydrazone, showing that it could react either as a hemialdal (II) or a 
dialdehyde (V), depending on the conditions, as found for the a-anome+5. 

Reaction of the hemialdal @I) with aqueous phenylhydrazine, as for the 
cc-anomerl, gave an unstable, bright-yellow solid, m.p. 49-60”, which could not be 
recrystallised. Reduction of the crude product gave aniline (characterised as 2,4- 
dinitrodiphenylamine) and methyl 3-amino-4,6-U-benzylidene-3-deoxy-&D- 

*Nitrogen-conkninE Carbohydrates. Part VIII lpart VII, R.D. GUTHFUE AND D. MURPHY, 
J. Chem. Sot., (1965) 38281. 
**For an explanation of this nomenclature, see ref. 4. 
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glucoside, characterised as its N-acetyl derivative, and byhydrolysisandperacetylation 
to give known6 methyl 3-acetamido-3-deoxy-j3-D-ducoside 2,~6_triacetate. Reaction 
of the hemialdal (II) with p-bromophenylhydrazine also gave an unworkable yellow 
solid, which was reduced, and the reduction product characterised as above. 

I I 
OH OH 

1 R’=H.$=OMe,Q+h 
IE RkOMe,R2=H.R3=Fh 

m R’=H,R2=OMe.R=kMe 

ZZE R’=OMe, R’=H 

m R’=h,R’=OMe 

OH 

The next ‘dialdehyde’ investigated 

R’=OMe, R%4 R&H. R’=OMe 

x X=0 m X-N-HN+-Br 

XT Xd+HN+Rr XIL X=N~CIN--Q_50flH~ 

IU X=N.HN SOzNHz 

ZG,I X=N-HN 
cl 

was periodate-oxidised methyl 4,6-O- 
ethylidene-z-o-glucosides. This compound gave a di-p-nitrobenzoate [hemialdal (III) 
derivative] and a bis-p-nitrophenylhydrazone [dialdehyde (VI) derivative]. Reaction 
of the oxidised glucoside with aqueous phenylhydrazine gave another unstable, 
yellow solid, the infrared spectrum of which suggested that it contained the phenyl- 
hydrazone group; thin-layer chromatography revealed four components. Reduction 
of the crude product gave aniline and, on acetylation of the residue, methyl 3- 
acetamido-3-deoxy-4,6-O-ethylidene-a-D-glucoside (15~4, based on the hemia1da.l 
used), characterised by hydrolysis and peracetylation to the known7 methyl 3- 
acetamido-3-deoxy-a-n-glucoside 2,4,64riacetate. 

Reaction of this hemialdal (III) both with p-bromophenylhydrazine and with 
2,5-dichlorophenylhydrazine* gave crystalline yellow products having elemental 
analyses and infrared spectra suggestive of methyl arylazodeoxy-4,6-O-ethylidene- 

*In previous work2, this arylhydrazine was not included. It has now been shown that, with 
periodate-oxidised methyl 4,6-0-beazylideneu-D-glucoside, it forms an azo compound, and not 
a bisarylhydrazone (see Experimental). 
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c+D-glycosides. The ultraviolet spectra were very similar to those of the corres- 
ponding benzylideneglucosides (see Table I and ref. 8), but reduction gave only 
intractable material. By analogy with the phenylhydrazine product and with the 

benzylidene compound, the products are assigned the 3-arylazoglucoside structure. 
Attention was next turned to the anomeric methyl 4,6-O-benzylidene-D- 

galactosides. The 8-anomer, on oxidation with periodate, affords a crystalline 
hemialdal (VII) which yields a bis-m-nitrophenylhydrazone [dialdehyde (X) deriv- 
ative] and a di-p-nitrobenzoate [hemialdal (VII) derivative]. 

TABLE I 
ULTRAVIOLET MAXIMA FOR ETHANOL SOLUTIONS 

Methyl 4.6-O-benxylidene-3-deoxy-3-(z,~- 
dichlorophenylazo)~~u-glucoside 

Methyl 3-arylazo-3-deoxy-4,6-O-ethylidene- 
a-o-glucosides, 

p-bromophenylazo- 
z,j-dichlorophenylazo- 

Methyl 4,6-0-benzylidene-3-deoxy-3- 
phenylazo-B-D-galactoside (IX) 

z,4-0-Benzylidene-3-O-(r/%methoxy-t-oxoethyl)- 
D-threose bisarylhydrazones, 

p-bromophenylhydrazone (XI) 
p-stdphamoylphenylhydrazone (XII) 
2,5dichlorophenylhydrazone (XIII) 

2,4-0-Benzylidene-3-O-(ra-methoxy-z-oxoethyl)- 
o-threose biaarylhydrazones, 

p-bromophenylhydrazone (XIV) 
p-sulphamoylhydrazone (XV) 

265 8,760 405 182 

272 
266.5 

266 

284 
287 
277 

284 3o.4ro 
288 29,450 

14,410 392 249 
8,175 400 155 

10,soo 385 220 

32,470 
34,800 
-(I 

~TOO insoluble for accurate determination of .smax. 

Reaction of the hemialdal (VII) with aqueous phenylhydrazine in the usual 
way gave a yellow crystalline product (50% based on converted hemialdal, see 
below) which had an infrared band for a hydroxyl group, but no band in the 
1600-1610 cm-l region, where phenylhydrazones absorb. The ultraviolet spectrum 
was typical of that for a phenylazo sugar 1JJ. The product did not give a formazan 
reaction and appeared, therefore, to be a methyl 4,6-O-benzylidenedeoxyphenylazo- 
glycoside of the ido-, gulo-, tale-, or galacto-series. By analogy with the gluco-series, 
one would expect the product to be methyl 4,6-0-benzylidene-3-deoxy-3-phenylazo- 
j?-D-galactoside (IX). 

Hydrogenation of the yellow product over Raney nickel gave the correspond- 
ing amino compound, characterised as its N-acetyl derivative The molecular rotation 
(-130”) of the amino compound, was close to that (-114~) of methyl 4,6-O- 
benzylidene-B-D-galactosideg, suggesting that the amino compound has the galacto- 

configuration. (It is an empirical observation that replacement of a hydroxyl group 
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by an amino group in a sugar has little effect on the rotationlo.) Hydrolysis of the 
amino compound with aqueous acetic acid gave a pale-brown syrup which formed 
a crystalline hydrochloride, identical with methyl 3-amino-3-deoxy+-D-galactoside 
hydrochloride prepared11 by another route. Thus, the original yellow product was 
methyl 4,6-O-benzylidene-3-deoxy-3-phenylazo-&D-galactoside (IX). As in the 
reaction leading to the corresponding glucoside, this was the only phenylazo com- 
pound formed. Ether extraction of the crude azo-compound left a residue of 
unchanged hemialdal (VII) (23%). Chromatography of the ethereal extract on 
alumina gave the phenylazogalactoside (IX) (39x), and a brown oil (19%) having 
a strong phenylhydrazone absorption at 1610 cm-l. 

The periodate-oxidised methyl 4,6-0-benzylidene-/?-D-galactoside was next 
treated with p-bromophenylhydrazine, p-sulphamoylphenylhydraxine, and 2,5- 
dichlorophenylhydrazine to give, in each case, a bisarylhydrazone (XI)-(XIII), 
and not an arylazo sugar as was found on reaction with the corresponding periodate- 
oxidised a-D-glucosidee. The bisarylhydrazone structures were established by 
analysis and by ultraviolet spectroscopy (see Table I). Since the electronic factors 
will presumably be the same for the glucoside and galactoside, the difference in 
behaviour may be due to a steric effect. 

Methyl 4,6-0-benzylidene-z-D-galactoside consumes one mol. of periodatea, 
and treatment of the product with p-nitrophenylhydrazine has now yielded a bis-p- 
nitrophenylhydrazone. Reaction of the crude oxidation product with p-nitrobenzoyl 
chloride gave the hemialdal (VIII) di-p-nitrobenxoate, thus showing that the 
periodate-oxidation product ca n react in either the dialdehyde or hemialdal form, 

Reaction of an aqueous solution of the periodate-oxidation product with 
phenylhydrazine yielded an unstable, yellow, amorphous product, which did not 
afford a crystalline acetate. Reaction of the oxidised galactoside with p-bromo- 
and with p-sulphamoyl-phenylhydrazine gave the bisarylhydrazones (XIV) and 
(XV); the elemental analyses, and ultraviolet (see Table I) and infrared spectra 
were consistent with the assigned structures. These results again differ from those 
found in the glucose series. 

Thus, the reaction of periodate-oxidised carbohydrate derivatives with 
phenylhydrazine to give phenylazosugars is not a general one. It is interesting to 
note that some periodate-oxidised nucleosides (adenosine, cytidine, uridine, and 
guanosine) react with aqueous phenylhydrazine to give unstable, pale-yellow, 
amorphous products which analyse for bisphenylhydrazonesla. 

EXPERIMENTAL 

Chromatography was performed on alumina, type ‘H’, 10o-200 mesh, supplied 
by P. Spence Ltd. Optical rotations are for chloroform solutions, unless otherwise 
stated. iV,N-Dimethylformamide will be referred to as DMF. Acetic acid was 
removed, where necessary, by evaporation and co-distillation, first with water and 
then with ethanol. Ultraviolet spectra are recorded in Table I. 
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(c) With phenylilydrazine. To a solution of the dioxepan (0.10 g) in water 
(IO ml) at 60” was added phenylhydrazine (0.034 g). A white cloudiness was imme- 
diately formed, which turned yellow after 3 min. The mixture was cooled, saturated 
with sodium chloride, and stored at o” overnight. A bright-yellow solid (0.12 g), 

m.p. 4g-60”, was obtained which gave only oils and tars on attempted recrystal- 
lisation. 

Catalytic hydrogenation of this product (0.48 g) in absolute ethanol (150 ml), 

with Raney nickel for 8 h at 75-85“ and 50-60 atm., D cave a colourless solution which 
was filtered and evaporated. Extraction of the residue with light petroleum, evap- 
oration of the extract, and reaction of the yellow oil with 2,4-dinitrochlorobenne 
gave 2,4-dinitrodiphenylamine, m.p. 156-157~. 

Recrystallisation of the light petroleum-insoluble material gave methyl 3-amino- 
4,6-O-benzylidene-3-deoxy-B-D-glucoside, m-p. 2oo-zo1~ (sublimed), [a]% -69.2” 
(c 0.6) (Found: C, 59.3; H, 6.8. CI~HISNO~ talc.: C, 59.8; H, 6.8%). Acetylation 
of the light petroleum-insoluble fraction, with acetic anhydride in ethanol solution 
and recrystallisation of the product from ethanol, gave methyl 3-acetamido-4,6-G 
benzylidene-3-deoxy-B-D-glucoside, m-p. 277-278” (dec., sublimed), [cY]~ -80.8” 
(~0.5, DMF) (Found: C, 59-s; H, 6.45. CleHs1NOs talc.: C, 59.4; H, 6.55%). 

A solution of the acetamidoglucoside (0.35 g) in 50% aqueous acetic acid 
(IO ml) was boiled under reflux for 30 min. The solution was cooled, and the acetic 
acid removed. With acetic anhydride-pyridine, the resulting off-white solid gave, 
after recrystallisation from chloroform-light petroleum (b.p. 40-60”), methyl 
3-acetamido-3-deoxy-j?-D-glucoside 2,4,6_triacetate, m.p. 156-156_5O, [a]g -2 I .4O 
(c 2.1) (lit6, m-p. 160”, [a]~ -21.4’). 

(d> With p-bromophenyIhydrazine. To a solution of the dioxepan (LOO g) 
in water (50 ml) at 65O was added, with shaking, a filtered solution of p-bromophenyl- 
hydrazine hydrochloride (0.71 g) and sodium acetate (I.29 g) in water (50 ml). 
A white cloudiness (which rapidly turned yellow) formed immediately, and, after 
about 15 set, the mixture was cooled in ice and then saturated with sodium chloride. 
Storage overnight gave a yellow solid (r-4 g), m-p. 87-98”. Attempted recrystalli- 
sation gave only oily material. 

Catalytic hydrogenation of this product (I g), as described above, gave a 
brown syrup which was extracted with benzene at room temperature. The extract 
was evaporated, and the residue treated with 2,4-dinitrochlorobenene to yield, 
4’-bromo-2,4dinitrodiphenylamine, m.p. I+$-157”. 

The benzene-insoluble material (which gave a characteristic purple coloration 
with ninhydrin) was treated with acetic anhydride-pyridine for 5 min to give, 
after recrystallisation from ethanol, methyl 3-acetamido-4,6-O-benzylidene-3-deoxy- 
,6-D-glucoside 2-acetate, m.p. 276-276.5” (dec., sublimed), [cY]~ -96.2” (c 1.06) 
(Found: C, 59.25; H, 6.45; N, 4.0. ClsHssNo~ talc.: C, 59.2; H, 6.3; N, 3-8x). 

A solution of the acetamidoglucoside acetate (0.10 g) in 50% aqueous acetic 
acid (3 ml) was boiled under retlux for 30 min. The solution was cooled and the 
acetic acid removed. With acetic anhydride-pyridine, the resulting straw-coloured 
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oil gave, after rec&allisation from benzene-light petroleum, methyl 3-acetamido- 
3-deoxy-j?-D-glucoside 2,4,6_triacetate (77%), m-p. 155-156”, [a]2 -22.1~ (c 1.3). 

Reactions of 7,~Di~:ydroxy-da-n3ethoxy-2-methyl-trans-m-dioxano-~,4-e] [1.4]- 

dioxepan (III) 

(a) With p-nitrobenzoyl chloride. A mixture of the dioxepan (0.43 g) and 
p-nitrobenzoyl chloride (1.0 g) in dry pyridine (I 5 ml) was heated at 70-80” for 
20 min. The solution was cooled and poured into saturated aqueous sodium hydrogen 
carbonate. The precipitate (o-go g), m-p. 277-280°, was recrystallised from DMF 
to give 7,g-di-p-nitrobenzoyloxy-6a-methoxy-2-methyl-rra~-m-dioxano-[5,4-e] [1:4]- 
dioxepan, m-p. 284-285O (Found: C, 51.9; H, 4.2; N, 5.1. CZ~HZZNZOI~ talc.: C, 51.7; 
H, 4-1; N, 5.2%). The material was too insoluble for determination of [cc],-,. 

(b) With p-nitrophenylhydrazine. A solution of the dioxepan (0.47 g) and 
p-nitrophenylhydrazine (0.58 g) in ethanol (12 ml) containing glacial acetic acid 
(2 drops) was heated under refiux for 2 h. The solution was evaporated to yield 
an orange foam which was crystaliised from benzene-light petroleum to give 2,4- 
O-ethylidene-3-O-(ra-methoxy-2-oxoethyl)-D-erythrose bis-p-nitrophenylhydrazone 
(47 %)? m-p. IIg--120°, [oL]~ t251O (c 0.65, ethanol) (Found: C, 51.4; H, 5.1. 
C~He~Nsos talc.: C, 51.6; H, 4.9%). 

(c) With phenylhydrazine. To a solution of the dioxepan (4.72 g) in water 
(I 15 ml) at 45-50“ was added phenylhydrazine (2.38 g). The mixture was main- 
tained at 45” for about I min, then cooled in ice, and stored at 0” for 12 h. The 
bright-yellow precipitate (3_ 16 g), m-p. 45-62”, was collected, washed with water, 
and dried. A second crop (2.28 g) was obtained by ether-extraction of the mother 
liquors. Attempted recrystallisation gave only syrupy material. 

Catalytic hydrogenation of the above material (2 g), as described above, 
gave a syrup which was extracted with petrol at room temperature. The petrol 
washings were combined with the ethanol distillate and the solution was boiled 
under reflux for 30 min with 2,4-dinitrochlorobenzene (1.31 g) and sodium acetate 
trihydrate (1.33 g). The solution was cooled and concentrated, water was added. 
and the mixture was ether-extracted; evaporation of the extract, and recrystalli- 
sation of the residue from ethanol and then from aqueous acetic acid, gave 2,4- 
dinitrodiphenylamine, m-p. 156-157~~ 

The light petroleum-insoluble material from the reduction was dissolved in 
absolute ethanol (3-5 ml) and acetic anhydride (2 ml) added. An immediate white 
precipitate (0.38 g) was obtained, which, after a further 5 min at room temperature, 
was put aside for I h at o”. The solid was collected and recrystallised from ethanol 
and then from methanol to give methyl 3-acetamido-3-deoxy-4,6-O-ethylidene- 
a-D-glucoside, m-p. 320~ (dec., sublimed) (Found: C, 50.2; H, 7.35; CIIHI~NO~ 
cak.: C, 50.6; H, 7.3%)_ 

The acetamido sugar (I.90 g) was treated with boiling 50% aqueous acetic 
acid (40 ml) for 40 min. The solution was cooled and the acetic acid removed. 
The residue was dissolved in pyridine (25 ml) and acetic anhydride (IO ml) was 
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added. After 48 h at room temperature, the solution was poured into water, and, 
after 30 min, extracted with chloroform. Concentration of the extract and recrystal- 
lisation of the residue (2.42 g) from ethanol gave methyl 3-acetamido-3-deoxy-cr- 
D-glucoside 2,4,6-triacetate (76x), m-p. 182-184O, [a]g + rag” (c I. I) (liL7, 

m.p. 179-180°, [a]g +I 10~ (c 2)>. 
(6) With pbromophenylhydrazine. To a solution of the dioxepan (4.01 g) 

in DMF-water (IO:I, 34 ml) at room temperature was added a solution of p- 

bromophenylhydrazine hydrochloride (3-80 g) and sodium acetate (4-63 g) in the 

same solvent mixture (68 ml). After storage at room temperature for 36 h, the 
rotation of the solution became constant. The solution was poured into ice-water 

(400 ml) to give a flocculent, yellow solid. SufEcient sodium chloride was added 

to saturate the mixture, which was stored overnight at 0’. The wide-melting product 
(5.71 g) was recrystallised from light petroleum (46% yield) and then from aqueous 

alcohol to give methyl 3-p-bromophenylazo-3-deoxy-4,6-O-ethylidene-a-D-glucoside, 
m.p. 143-144O, iajg +103.7O (c 1.07, ethanol) (Found: C, 46.4; H, 5.0; N, 7_3_ 
C&HlgBrNz05 talc.: C, 46.5; H, 4.9; N, 7.2%). The product did not form a 
formazan. 

(e) With z,5-dichiorophenylhydrazine. To a solution of the dioxepan (0.47 g) 
in DMF’-water (IO:I, 5 ml) was added at ropm temperature a solution of 2,5- 

dichlorophenylhydrazine hydrochloride (0.43 g) and sodium acetate (0.82 g) in the 

same solvent mixture (15 ml). The rotation of the solution became constant after 
7-5 days. The mixture was worked up as in (d) to give a yellow solid (0.48 g); 
m-p. 76-roe”, which was recrystatlised from iight petroIeum and then from ethanoi 
to give methyl 3-(2,5-dichlorophenylazo)-3-deoxy-4,6-O-ethylidene-r-D-glucoside, 

m-p. 152.5-154”, [a]‘,’ j-159” (~0.65, ethanol) (Found: C, 47.95; H, 5.0; N, 7.3. 

C15HlsCIL?rYrO5 talc.: C, 47.8; H, 4.8; N, 7.4%). The product did not form a formazan. 

Periodate oxidation of methyl +,6-0-benrylidene-@+galactopyranoside 

Sodium metaperiodate (4.18 g) was added to a solution of methyl 4,6-O- 
benzylidene-p-D-galactopyranoside (5.64 g) in water (125 ml)_ The solution was 
stored at room temperature in complete darkness for 3 days. The white, crystalline 
product was collected, washed, and dried (PzOS). Recrystallisation from a small 
volume of water gave 7,g-dihydroxy-6~-methoxy-2-phenyl-cis-m-dioxano-[5,ge][r:4]- 

dioxepan (VII) (g6%), m-p. I IS-I rgo, [cc]~ -51” (c 0.61, chloroform-DMF 3:r) 
(lit.3, m-p. I 18-119”). 

The product gave a di-p-nitrobenzoate, m.p. 310-312~ (from DMF) (Found: 

C, 56.0; H, 4.1. CZ&XNZOI~ talc.: C, 56.4; H, 4.0%). The compound was too 

insoluble for determination of [CC]D. 

Reaction of 7,g-dihydroxy-6~-merkoxy-z-plrenyl-cis-m-d~oxano-~,4-e] [z: 4]-dioxepan 

with ary#lydrazines 

(a) With phenylhydrazine. To a -solution of the dioxepan (2.5 g) in water 
(175 ml) at 75O was added a solution of phenylhydrazine hydrochloride (1.42 g) 
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and sodium acetate (3.0 g) in water (IOO ml) at 70~. Rapid cooling, with shaking, 
gave a bright-yellow solid (3.0 g) which was collected, washed with water, and dried 
(P205). Recrystallisation from propan-a-01 gave methyl 4,6-O-benzyhdene-3-deoxy- 
3-phenylazo-D-D-galactoside (IX), (38x), m-p. rgo-rg2°, [aIn + 106” (c 0.63) (Found: 
C, 64.6; H, 6.3; N, 7.6. CZOHZ~NZO~ talc.: C, 64-g; H, 5-g; N, 7.6%). 

The crude 3-phenylazogalactoside (3.0 g) was extracted with ether (200 ml), 
to give a yellow solution and a white solid (230/o), m-p. 112-116O, whose infrared 
spectrum was similar to that of unchanged dioxepan. Reaction with p-mtrobenzoyl 
chloride in pyridine gave the hemialdal di-p-nitrobenzoate, m.p. 308-3 I I” (from 
DMF). 

The yellow solution was chromatographed to give with ether-propan-2-01 
(g8:2) a yellow component; evaporation of the solvent gave the 3-phenylazogalac- 
toside (1.17 g, 39%; 50% based on used dioxepan), m-p. r8g-rgr”. Further elution 
with ether-chlorofor-m (XI) gave a brown, sweet-smelling oil (0.57 g, rg%), ymalr 
1610 cm-1 (strong). Acetylation of the 3-phenylazogalactoside with acetic anhydride- 
pyridine, in the usual manner, gave material, [LY]~ + I rgo (c o.g8), which could not 
be crystallised. 

Hydrogenation of the 3-phenylazogalactoside was carried out in absolute 
ethanol, in the presence of Raney nickel, for 8 h at 6o-80 atm&ogo”. The colourless 
solutiou was evaporated and the residue recrystallised E-om propan-2-01 or 
chloroform-light petroleum to give methyl 3-amino-4,6-O-benzylidene-3-deoxy-8- 
D-galactoside (77x), m.p. Igo.5-rg2° (dec.), [a]: -36.4O (c 0.52) (Found: C, 59.7; 
H, 6.8; N, 5.2. Cl4HlgN05 talc.: C, 59.8; H, 6.8; N, 5.0%). 

Acetylation of the product, with acetic anhydride-pyridine at room temperature 
for 5 min, gave methyl 3-acetamido-4,6-O-benzylidene-3-deoxy-B-D-galactoside 
(64x), m-p. 228-230“ (dec.) (from propan-2-ol), [a]g +23.2” (c 0.77, water) (Found: 
C, 59-o; H, 6.5; N, 4.4. &jH21N06 talc.: C, 59.4; H, 6.6; N, 4.3%) 

Methyl 3-amino-4,6-O-benzylidene-3-deoxy-/3-~-galactoside was hydrolysed 
with 50% acetic acid at 100~ for 30 min to give methyl 3-amino-3-deoxy-B-D- 
galactoside [a]g -4.2” (c 2.73, ethanol). Trituration of the product with dilute 
ethanolic hydrochloric acid (2O%) gave, on subsequent evaporation, methyl 3-amino- 
3-deoxy-p-D-galactoside hydrochloride, m-p. 218-225~ (dec.), [a]g -3.5” (c o-73, 
water), Rsn 1.18, flit.11, m-p. 227O (dec.), [a]n --3_1~_ An authentic sample supplied 
by Dr. H.H. Baer had Rsn I.Ig]_ Treatment of an aqueous solution of the hydro- 
chloride with an excess of Amberlite resin IR 4B(HO-form), and subsequent 
evaporation of the elutate in cacao, gave methyl 3-amino-3-deoxy-B-D-galactoside, 
m-p. 171-173°, [a]~ -3-I” (co.56), R,,& I-19; an authentic sample supplied by 
Dr. H.H. Baer had Rgn 1.20, 1.21 [lit.ll, m.p. 173-174~ (dec.), [a]E -j.7’;, Rsn 1.381. 

(b) With substituted phenylhydrazines -general method. To a solution of the 
dioxepan (1.0 mol.) in water at 60” was added a solution of the arylhydrazine hydro- 
chloride in water containing an excess of sodium acetate at 70”. Rapid cooling, 
with shaking, gave a solid product which was purified_ Yields quoted are based on 
arylhydrazine. 
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(1.1 g, 55”%). Each fraction had a strong infrared absorption at 1610 cm-l, and 
gave positive formazan reactions. 

Catalytic hydrogenation of the crude yellow product in ethanol in the presence 
of Raney nickel for 8 h at So-100 atm/roo” gave a brown gum, which gave a positive 
formazan reaction. Acetylation of the gum in acetic anhydride aud pyridine at 
room temperature for 41 h gave, on pouring into ice-water, a sticky brown gum. 
The gum was extracted with chloroform, and the extracts were washed successively 
with dilute hydrochloric ,acid, saturated aqueous sodium hydrogen carbonate, 
and water. The dried extract was concentrated to give a dark-brown gum which 
failed to crystahise. 

(6) With substitutedphenylhydrazines. The general method was that used for 
the corresponding #Lanomer. The products could not be recrystallised, and were 
purified by repeated precipitation by water from DMF solutions. All products gave 
a positive formazan reaction. 

I p-Nitrophenylhydrazine (excess) gave 2,4-0-benzylidene-3-O-(ra-methoxy- 
2-oxoethyl)-D-threose bis-p-nitrophenylhydrazone (68 %), m.p. 106”. (Found: C, 57.0; 
H, 5.1. CeeHssNeOS talc.: C, 56.7; H, 4.8%). 

p-Bromophenylhydrazine (I. I mol.) gave 2,4- O-benzylidene-3- O-( r a-methoxy- 
2-oxoethyl)-DYhreose bis-p-bromophenylhydrazone (XIV) (86%), m.p. 68-70”, 
[a]: t87.3” (c 0.63) (Found: C, 50.85; H, 3-g; N, g-r. &&26Br2N204 talc.: C, 50.5; 
H, 4.2; N, g-1%)- 

p- Sulphamoylphenylhydrazine (I. I mol.) yielded 2,4- 0-benzylidene-3- O- 
(Ia-methoxy-2-oxoethyl)-o-threose bis-p-sulphamoylphenylhydrazone (XV) (47 %), 
m-p. 114-116~ (dec.), [ol]g +13-3“ (~0.83, DMF) (Found: C, 50.4; H, 4.9; N, 13.6_ 

‘C&feeN60&. talc.: C, 50.5; H, 4.7; N, 13.6%). 
E 

Methyl 4,6-O-benzyiidene-3-deoxy-3- (2, j-dichiorophenylazo)-a-D-glucoside 

Reaction of periodate-oxidised methyl 4,6-0-benzylidene-a-D-glucoside (I mol.) 
with 2,5-dichlorophenylhydrazine hydrochloride (1.1 mol.) in aqueous sodium 
acetate, as described for phenylhydrazine”, gave, on rapid cooling and shaking, 
a yellow solid (66%). Four recrystallisations from propan-2-01, and finally from 
ethanol-acetone, gave methyl 4,6-O-benzylidene-3-deoxy-3-(2,5-dichlorophenylazo)- 
a-D-ghrcoside, m-p. rg2-rg3°, [a]g6 j-6.6” (c 0.94) (Found: C, 54.2; H, 4.5; N, 6-5. 
C~OH~ONZO&IZ talc.: C, 54.6; H, 4.6; N, 6.4%) 

Catalytic hydrogenation of the product under the conditions described above 
gave methyl 3-amino-q,6- O-benzylidene-3-deoxy-a-D-glucoside (7 I %), m.p. I 86” 
(dec., sublimed), [a]: +102~ (c 1.02) (lit-l, m-p. 184_5-186”, [a]$ f1020). 
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REACTIONS OF PERIODATE-OXIDISED GLYCOSIDES 

SuhfhfARY 

The reaction of several periodate-oxidised methyl 4,6-O-ethylidene- and 

207 

-benzylidene-glycosides of D-glucose and o-galactose with arylhydrazines is de- 
scribed. The only fully characterised arylazo sugar that resulted was methyl 
4.6-O-benqlidene-3-deoxy-3-phenylazo-B_D-galactoside. 
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INTRODUCTION 

Absorption peaks in the 730-960 cm-1 region in the infrared spectra of 
pyranoid sugar derivatives have been correlated with various stereochemical features 
in the molecule. Axial and equatorial orientations of substituents at the anomeric 
carbon atom on the pyranose ring have been studied extensiveIy by infrared spectros- 
copyI. Infrared spectroscopic analysis has also been applied to study of the_ dispo- 
sition of sulfate ester groups at positions other than C-I on the aldopyranose ring. 
Or-r” reported infrared spectroscopic studies of some sulfated polysaccharides of 
biological interest. Lloyd and co-worker&s have reported on various carbohydrate 
sulfate esters, with particular discussion of the C-O-S vibration. They suggested 
that the absorption in the 820-850 cm-1 region could be assigned to the C-O-S 
vibration mode of the C-O-SO; group, citing Guthrie and Spedding’s works that 
sulfonic ester groups on the pyranose ring of monosaccharides do not absorb in 
the corresponding region. However, this work dealt only with compounds which 
involved both sulfonic and nitric ester groups in the same molecule. The same 
observation was reported by Anderson et aZ.7. As a matter of fact, the C-O-N 
vibration seems to show absorption similar to that of the C-O-S vibration in the 
800-900 cm-1 region. These absorption peaks are generally weak and are sometimes 
absent altogether_ Derivatives which show a typical difference of infrared absorption 
peak depending upon the axial or equatorial orientation of a substituent on the 
pyranose ring would be of interest. 

The present paper is concerned with the orientation of the C-0-SOs-R group 
‘(R = benzyl or alkyl group) at C-2, C-3, C-4, and C-6 of the pyranose ring of 
monosaccharides as revealed by study of the 8oo-900 cm-1 region in the infrared 
spectra of the sulfonic esters of carbohydrates. The analysis shows a characteristic 
difference in this spectral region between sulfonyloxy groups oriented axially and 
those oriented equatorially. 

l 

*Part of this work was presented at the International Symposium on the Chemistry of Natural 
Products held at Kyoto, Japan, from April 12 to 18, 1964. 

Carbohydrate Res., I (1965) 208-213 



INFRARED SPECTRA OF SULFONIC ESTERS 209 

General 

Infrared spectra were measured with a Shimadzu AR-6 spectrophotometer 
(sodium chloride optics). All compounds were examined as pressed discs in potas- 
sium bromide. All melting points are uncorrected. 

Methyl ~-aceta~nido-q,6-O-benzylidene-~-deoxy-~-O-(methyZsulfnyl)- 

a-D-ailopyranoside (I) 

Methyl 2-acetamido-4,6- 0-benzylidene-2-deoxy-cc-D_allopyranoside (I’) was 
prepared by the method of Jeanloz8, m-p. 207O, [a]g t65” (c 1.0, chloroform). 
The derivative (o-3 g) was dissolved in anhydrous pyridine (IO ml) in a so-ml flask 
fitted with a calcium chloride tube. The solution was cooled to o”, and a solution 
of methanesulfonyl chloride (0.2 ml) in anhydrous pyridine (5 ml) was added at o”. 
After standing for 2 days at oa, the mixture was poured on to cracked ice. The 
solution was extracted three times with ao-ml portions of chloroform. The chloro- 
form layer was washed with water, saturated sodium hydrogen carbonate soIution, 
water, 3 N hydrochloric acid, and water, dried (anhydrous sodium sulfate), and 
evaporated under reduced pressure to dryness. The residue was dissolved in the 
minimum volume of acetone; addition of petroleum ether (b.p. 4o-60”) produced 
crystals; yield 0.3 g, m-p. 176”, [a]$’ 4-37” (c 1.0, chloroform). 

Anal. Calc. for CliHz3NOsS: C, 50.86; H, 5.77; N, 3-49; S, 7.98. Found: 
C, 51.13; H, 5.64; N, 3.22; S, 7.92. 

Metllyl 2-acetan~ido-r-deo~~~~-~-O-(ntetl~ylsulfonyl)-a-D-allopyranoside (II) 
Compound I (0.2 g) was treated by the procedure described by Jeanlozs to 

give methyl ~-acetamido-~-deoxy-3-O-(methylsulfonyl)-cr-~-allopyranoside (IT) as an 
amorphous powder; yield 0.1 g, [OiJg +54” (c 0.5, water). 

Anal. Calc. for ClolGNOsSH20: C, 36.25; H, 6-39; N, 4.23; S, 9.67. Found: 
C, 36.56; H, 6.52; N, 4.10; S, 9.75. 

The other sulfonic esters of the hexopyranoses were prepared according to 
methods given in the references. Details oz the spectra of these derivatives are shown 
in Fig. I and Table I. 

RESULTS AND DISCUSSION 

C-O-S Vibration 

As shown in Fig. I and Table 1, the spectra of all the sulfonic esters of hexo- 
pyranoses examined exhibited two strong absorptions at r,rp--I, 190 cm-1 and at 
r,350-1,370 cm-l, due to the symmetrical and asymmetrical stretching vibrations 
of the -SOZ_ gro~p~~~-~~. They also showed a series of absorptions in the 
7oo-goo cm-1 region, where the parent compounds show only slight or no absorp- 
tion. It seems difficult and unfruitful to analyze the bands at wavenumbers shorter 
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than 800 cm-r, because of the strong contributions from many kinds of vibration 
modes, including those due to the pyranose ring of monosaccharides, the phenyl 
group, and other substituents. However, the appearance in all the spectra of a 
single band in the 84o-890 cm-r region is notable. 

H H 

Ph 

Compounds R R’ 

I H 05qcI-1~ 

I’ H OH 

m OSO&l-ii, H 

m’ OH H 

1500 1300 1100 900 

Wavenumber (cm-‘) 

700 

Fig. I. Infrared spectra of the methanesulfonates of methyl z-acetamido-4,6-O-benzylidene- 
z-deoxy-a-D-allopyranoside and -glucopyranoside in the 6oo-1,600 cm-t region. I, Methyl 
2-acetamido-~,6-O-benzylidene-z-deoxy-~-O-(methylsuIfonyl)~-r-D-allopyranoside (see Experimen- 
tal); I’, methyl z-acetamido-~,6-O-benzylidene-+-deoxya-~-allopyranoside (see Experimental); 
III, methyl z-acetamido-~,6-O-benzylidene-z-deoxy-~-O-(methyIsulfonyl)a-~-glucopyranoside8, m.p. 
208”; III’, methyl 2-acetamido-4,6-O-benzylidene-z-deoxya-D-glucopyranoside, m-p. 255’_ Details 
of the absorption frequencies of the C-O-S vibration are described in the text. 

The assignment of this absorption is considered to be the C-0-SOs-R 
group; this is further divided into C-O-S, C-S, C-R, and S=O vibration modes, 
since the parent compounds show no absorption in the region mentioned above. 
A study of the published spectra of other organic compounds reveals that the C-S 
stretching vibration is mainly assigned to absorption at wavenumbers shorter 
than 800 cm-1 and that the C-H out-of-plane vibrations of monosubstituted and 
r,4-disubstituted benzene rings are near 720-780 cm-1 and 820 cm-l, respectively. 
The absorption frequency of the band in the 840-890 cm-1 region was unchanged 
with variations in the kind of hexopyranos- in the kind and position of the sulfon- 
yloxy group on the pyranose ring, and in the kind of phase used for measurement 
of the spectra. 

These facts exclude the possibility of assigning both the C-H vibration of 
the pyranose ring and the C-S and CHs vibrations of the substituents on the benzene 
ring to this absorption, but permit assignment of the absorption to the C-O-S 
vibration. The assignment is supported by the infrared spectroscopic observations 
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ABSORPTION FREQUENCIES OF THE SULFONIC ESTERS OF SOME HEXOPYRANOSE DERNATIVES M THE 

800+00 CIl+ REGION 

Compounda Absorption peaksb (cm-l) 

II 

IV 

V 

VI 

VII 

VIII 

IX 

X 

XI 

Methyl z-acetamido-t-deoxy-3-0- 
(methylsulfonyl)a-D-allopyranoside 
Methyl z-acetamido-z-deoxy-3-0- 
(methylsulfonyl)-a-D-glucopyranoside 
1,3,4,6-Tetra-0-acetyl-2-0- 
(methylsulfonyl)-a-D-glucopyranose 
r,3,4,6-Tetra-0-ace@-2-0- 
(methylsulfonyl)-cr-D-galactopyranosc 
Methyl 2-acetamido-4,6-0- 
benzy!idene-z-deoxy-;-O- 
p-tolylsulfonyl-a-D-glucopyranoside 
6-O-p-Tolylsulfonyl-/?-D- 
galactopyranose 
1,2:3,4-Di-0-isopropylidene-6-0- 
p-tolylsulfonyla-D-galactopyranose 
Methyl 6-O-p-tolylsulfonyl- 
a-D-glucopyranoside 
1,2,3,4-Tetra-0-ace@-6-0- 

p-tolylsulfonyl-/?-D-glucopyranose 
XII 1,3,4-Tri-O-acetyl-z-anisylideneamino- 

t-deoxy-6-O-p-tolylsulfonyl- 
/7-D-glucopyranose 

XIII Methyl 4,6-0-benzylidene-z,3-di-O- 
(methylsulfonyl)-z-D-glucopyranoside 

XIV 1,3,4-Tri-0-acetyl-2-benzamido- 
2-deoxy-6-O-p-tolylsulfonyl- 
j%o-glucopyranose 

XV 2-Acetamido-4,6-0-benzylidene-3-O- 

835 w 

84oe m 

855 w 

860 vs 

850 vs 

860 s 890 VW 

820 m 850~ s 860 vs 880 w 

820 s 855 vs 880 VW 

820 s 845 vs 88OC VW 

820 vs 845 s 875 w 

820 s 840 s 85ovw 88ow agO= w 

813 w 840 vs 855 w 880 w 

820 s 

845 vs 

840 s 

8gG vs 

8goc vw 

880 w 

880 VW 

865 w 880 w 8% VW 

benzylsulfonyl-2-deoxy-D-glucopyranose 840 s 880 vw 
XVI 2-Acetamido-I,3-di-o-acetyl- 

r-deoxy-4-O-p-tolylsulfonyl- 
6-0-trityl-/3-D-glucopyranose 820 m 840 s 880 vw 

XVII 2-Acetamido-r,j-di-O-acetyl- 
z-deoxy-4-O-(methylsulfonyl)- 
6-0-trityl-D-glucopyranose 840 vs 880 w 

a& see Experimental; IV, m.p. 186”, prepared by removals of the benzylidene group from III; 
V13, m.p. 80-84”; VIi3, m.p. 96-98”; VIP*, m.p. IgzO; VIIP5, m.p. 135”; 1x16, m.p. gr”; 
Xl7 .m.p. 124~; X1-28, m.p. tg5”; X1119, m.p. 200~; X11120, m.p. 186”; XIv”1, m.p. 143-146”. 
prepared by the p-toluenesulfonation and acetylation of 2-bemzamido-2-deoxy-D-ghtcopyranose, 
m.p. tg6-rgg” according to the usual procedure; XV22, m-p. go’, prepared by the bemsylsulfonation 
of z-acetamidG-4,6-O-benzylidene-2-deoxy-D-glucopyranose m.p. 230”; XVIm, m.p. 120J, prepared 
by the p-toluenesulfonation of 2-acetamido-~,3-di-O-acetyl-2-deoxy-6-O-trityl-D-glucopyranose, 
m.p. 105-107°, which was prepared by the tritylation of n-acetamido-1.3~di-O-acetyl+deoxy- 
D-glucopyranose; XVIP3, m.p. 171O, prepared by the methanesulfonation of z-acetamido-1,3-d& 
0-acetyl-2-deoxy-6-0-trityl-D-glucopyranose. 
bm = moderate; s = strong; v = very; w = weak. 
cshoulder. 
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on sulfates of monosaccharidessa4, alkylsulfuric ester@, and some sulfonic esters 
of cyclohexanols4. 

From these data, the characteristic absorption band in the 840-890 cm-1 

region is tentatively assigned to the C-O-S vibration mode of the C-O-SOZ-R 
group in the pyranose ring, but it is open to con&n-ration by study of types of 

sulfonic esters other than those of the pyranoses. 

On the shift in the absorption frequency of the C-O-S vibration 
According to Millsls, the stable conformation of 4,6-O-benzylidene- 

D-glucopyranose is a rigid, fused-ring structure of the tram-decalin type. Therefore, 
it is believed that compound I, methyl z-acetamido-4,6-O-benzylidene-a-deoxy- 

3-0-(methylsulfonyl)-a-D-glucopyranoside (III), and their unbenzylidenated parents 
(II and IV) have similar stable conformations. The orientation of the sulfonyloxy 

group of compound I is axial on the pyranose ring, whereas that of compound III 
is equatorial. There is no gross difference between the n.m.r_ spectra of compounds I 

and III. Especially, no difference was observed in the chemical shift of the proton 
signal of the S-CHs group of the two compounds. This indicates that the n.m.r. 
spectra are not useful for determinin, = the spatial orientation of methylsulfonyloxy 

groups on the pyranose ring of monosaccharides. On the other hand, a marked 
difference was observed in the absorption frequencies of the C-O-S vibration 
in the infrared spectra of the two compounds, as shown in Fig. I. Compound I, 
having an axial sulfonyloxy group, shows a strong absorption band at 880 cm-l 
and a very weak one at 850 cm-l, whereas compound III, having an equatorial 
sulfonyloxy group, shows a strong absorption at 850 cm-l and a very weak one 
at 880 cm-l. This difference remained unchanged with variation in the phase used 
for the measurement (potassium bromide, chloroform, and Nujol). The same 
difference in the infrared spectra was observed to exist between the j-methane- 
sulfonates (II and IV) of methyl a-acetamido-2-deoxy-a-D-allopyranoside and 
-glucopyranoside. All other sulfonic esters disposed equatorially on the pyranose 

ring of monosaccharides showed the characteristic absorption band of the C-O-S 

vibration at 845 & 5 cm-l, as shown in Table I. These results suggest that the 
observed shift in frequency is associated only with the difference in the spatial 
orientation of the sulfonyloxy group on the pyranose ring, as suggested earher for 
the sulfates of carbohydrates”+. For confirmation, the axial sulfonyloxy group 
at C-2 and C-4 of the pyranose ring should be studied. 

From these results, it is concluded that axial sulfonyloxy groups on pyranose 

rings show a strong absorption band at 88o-8go cm-x and a weak absorption band 
at 5413-850 cm-l, and that equatorial sulfonyloxy groups on the pyranose ring 
show a strong absorption band at 840-850 cm-1 and a weak one at 88o-8go cm-l. 
When the characteristic absorption bands of the sulfates are compared with those 
of the sulfonic esters in the 8oo-goo cm-1 region, it is observed that the bands of 

the former lie at lower wavenumbers (by about 10-40 cm-l). 
Infrared spectroscopic analysis of sulfonyloxy groups might be especially 
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useful for the 
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SUMMARY 

The orientation of suffonyloxy groups at different carbon atoms of the 
pyranose ring of monosaccharides has been examined by analysis of infrared spectra 
in the 8oo-900 cm-l region, with particular reference to axial and equatorial orien- 
tations of the sulfonyloxy groups. Axial sulfonyloxy groups show a strong absorp- 
tion band at 880-890 cm-l, whereas equatorial ones absorb at 840-850 cm-r. The 
absorption frequency is not affected by variations In the kind of hexop_yranose, 
by the kind and position of the sulfonyloxy groups on the pyranose ring, or by the 
kind of phase used for the measurement. 
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INlRODUCTION 

Corey and Winters reported recently that cyclic thionocarbonates undergo 
desulphurisation and decarboxylation on treatment with trimethyl phosphite, with 
the stereospecitic introduction of a double bond. This reaction offers a new route 
to the interesting class of compounds, unsaturated carbohydrates**. 

Of the two methods described for the preparption of cyclic thionocarbonates 
from diolsa, that utilizing bis(imidazol-I-yl)-thione proceeds in high yield, but 
stiers from the relative inaccessibility of the reagent. The second method, in which 
the diol is treated successively with equimolar quanities of n-butyl-lithium, carbon 
disulphide, and methyl iodide is facile, but yields are not high. However, recovery 
of starting material is possible, and it may be recycled. 

RESULTS AND DISCUSSION 

r&5,6-Di-0-isopropylidene-D-mannito14- (I), having a rhrea-vicinal diol 
grouping, yielded the 3,4-thionocarbonate (II, Y = S) described by Baker and 
Sachdev5 as one of the products from the reaction of compound (I) with phenyl 
isothiocyanate. Treatment of the thionocarbonate (II, Y = S) with refluxing 
trimethyl phosphite gave crystalline trans-3,4-didehydro-3,4-dideoxy-r,a:5,6-di-O- 
isopropylidkne-D-three-hexitol (III). The structures of this, and the other unsaturated 
compounds reported herein, were conf?rmed by ozonolysis, and reduction of the 
ozonides to alcoho!s which were then characterised as crystalline acyl derivatives. 
These derivatives were compared with authentic materials, prepared by lead tetra- 
acetate oxidation of the parent diol, followed by reduction, and acylation. Thus, 
the olei?n (III) yielded I,%0-isopropylidene-D-glycerol (IV, R = II), which was 
isolated as its crystalline p-phenylazobenzoate (IV, R = CO - CsH4 - NNPh). The 
reduction of the ozonide was performed in two ways. Firstly, a solution of the 
ozonide in ethyl acetate was shaken in an atmosphere of hydrogen over Adams’ 

*A preliminary communication on a part of this work has already been publishedr. 
**During the course of this work, the application of the reaction to 1,2-O-isopropylidene-r-D- 
glucofuranose was reported”. 
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atalyst, in order to liberate the carbonyl fragment, prior to borohydride reduction. 
n the second method, the catalytic hydrogenation step was omitted and the ozonide 
vas reduced directly with borohydride. The yields were 31% and 27%. respectively. 
The low yields in this and other ozonolysis experiments presumably reflect an 
rlternative breakdown pathway of the ozonides. 

Reaction of r,2:5,6-di-O-isopropylidene-D-ahritol (talitol)s (v) (e&r@vicinal 
liol) gave the 3,4_thionocarbonate (VI, Y = S). The structlures of this and other 
rew thionocarbonates were confhmed by their conversion (treatment with silver 
:arbonate in methanol) into the corresponding carbonate, in this case, the 3,4- 
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arbonate (VI, Y = 0). This product was identical to that obtained from the parent 
iol by treatment7 with methyl chloroformate in pyridine-carbon tetrachloride, 
allowed by cyclisation of the methyl carbonate with base in N,N-dimethylformamide. 

Conversion of the thionocarbonate (VI, Y = S) into cis-3,4-didehydro-3,4- 
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dideoxy-I,z:5,6-di-U-isopropylidene-D-thre&hexitol (VII) occurred in trimethyl 
phosphite. Ozonolysis of this olefin, followed by reduction gave compound 
(IV, I% = H), isolated in 13% yield as its p-phenylazobenzoate. 

In order to investigate the utility of this reaction for the introduction of 
double bonds into pyranose and furanose sugars, hvo suitably blocked members 
of each of these classes, containing cis-vicinal diol groupings were sought. Thus, 
benzyl z- 0-benzyl-#?-L-arabinopyranosides (VIII) was converted into the 3,4- 
thionocarbonate (IX, Y = S), and thence into the low-melting olefin (X), in good 
yield. Isolation of the product from ozonolysis of olefm (X), followed by reduction, 
and benzoylatio n, gave 3-O-benzoyl-2-0-benzyl-D-glyceraldehyde (2-benzoyloxy- 
ethyl) benzy! ac:tal (XT, R = Bz) in 52% overall yield. 

A furanose system which appeared suitable for the introduction of a 2,3-olefinic 
bond was that reported by Schmidt ef al. g. These authors described the benzylation 
of 2,3-O-isopropylidene-L-rhamnose*, a compound believed to exist mainly in the 
furanose form, with benzyl chloride at IOOO in the presence of potassium hydroxide. 
They reported that fractional crystallisation of the reaction mixture yielded a com- 
pound with m.p. 104O, [a]g +30.3O (an isomer, m.p. 84O, [a]g -15.4”, was also 
obtained)_ The former compound was formulated9 as benzyl 5-O-benzyl-z,gO- 
isopropylidene-L-rhamnofuranoside, of unspecified anomeric cor&uration, from 
which, seIective removal of the isopropylidene group. yielded benzyl 5-0- 
benzyl-L-rhamnofuranoside, m-p. 78”, [a]: t48.2”. 

Repetition of this benzylation has now given a product, m.p. 1o2--1o4~, 

@]E i-30.1” (compound A) which, on partial hydrolysis, gave the 2,3-diol, 
m.p. 76-78”, [a]? +47” (compound C). Investigation of the reaction mixture from 
the benzylation, by thin-layer chromatography in benzene, revealed two main com- 
pcnents. One (RF 0.3) corresponded to compound A, and a second component 
had & 0.6. Separation of the two substances on silica gel yielded firstly a 

compound (2, m-p. 95-97”, [a]g -67.6”), analysing for a benzyl O-benzyl-O- 
isopropylidene-L-rhamnoside, and then compound A. Selective removal of the 
isopropylidene group of compound B gave a benzyl 0-benzyl-L-rhamnoside, 
m.p. 86-88”, [a]g -89” (compound 0). 

The structure and anomeric configuration of both series of compounds 
were further investigated. That they differed only in the configuration of the anomeric 
centre was shown when complete hydrolysis of compounds A and B, followed by 
reduction, gave the same 0-benzyl-r_-rhamnitol. This was identified as the 4-0- 
benzyl derivative when two mol. of sodium metaperiodate were consumed in a 
quantitative determination (the benzyl group must be on the 4 or 5 position). The 
originai two compounds must thus have the pyranose structure. Authentic 5-0- 
benzyl-L-rhamnitol, synthesised by benzylation of the known I,2:3,4-di-O- 
isopropylidene-L-rhamnitollo, followed by acid hydrolysis, consumed three mol. 
of periodate per mol. 

*See Experimental section for details of this compound. 
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Since compounds C and D (derived from compounds A and B, respectively, 
by partial hydrolysis) also differ only in their configuration at the anomeric centre, 
their structures may be assigned by reference to Hudson’s rulesl~. Thus, the more 
laevorotatory isomers in the L-series, i.e. compounds D and B, have the a-configu- 
ration; compounds C and A have the ,9-configuration. Therefore compound A is 
benzyl 4-O-benzyl-2,3-O-isopropylidene-8-L-rhamnopyranoside. and compound B 
is the a-isomer. The isomer recorded by Schmidt et aLg which had m-p. 84’, 
[a]g -15.4”, was presumably a mixture of compounds A and B, since, in the present 
work, the a-anomer could not be obtained pure by fractional crystallisation of the 
reaction product. 

Treatment of benzyl 4-0-benzyl-B-L-rhamnopyranoside (XII, compound C) 
in the usual manner gave the thionocarbonate (XIII, Y = S), which was converted 
into benzyl 4-O-benzyl-2,3-didehydro-t,3,6-trideoxy-8_side (XIV)- 
The acyclic diol (XV, R = H), resulting from ozonolysis and reduction of 
o1elj.n (XIV), was isolated as its benzoate (XV, R = Bz) in only 6% yield after 
three crystallisations. (Impure crystalline benzoate was obtained in IO% yield, but 
was difficult to purify). Thin-layer chromatography of the crude benzoate (before 
crystallisation) showed other substances to be present, but in smaller amounts; 
the olefin (XIV) appeared homogenous in two solvent systems. The benzoate 
(XV, R = Bz) was also obtained from the diol (XII, compound C), in the usual 
manner. 

The n.m.r. spectra of the acyclic olefins (III) and (VII) confirmed the stereo- 
specificity of the elimination. Thus, olefin (III) analysed correctly in the olefinic 
proton region as part of an AaXs system, with a coupling constant between olefinic 
protons of 15.4 c.p.s. The olefin (VII) analysed in a similar manner and had a 
coupling constant of IO.95 c.p.s. These values are ccnsistent with the expected 
arrangements, i.e. tram- and cis-, respectively, about the double bondsre. 

The olefinic protons of the cyclic olefin (X) appeared to be equivalent, since 

a singlet absorption (r 4-33) was observed for the two protons. It would appear 
that Ja,a and J&S are zero, or too small to be resolved. The other cyclic olefin (XIV) 
showed a quartet (2 protons) at t 4.15. If the coupling between the olefmic protons 
and protons on the adjacent carbon atoms is taken as zero [as appears to be true 
for compound (X)], then the spectrum may be analysed in the olefinic region as a 
simple AB type (J, 10.3 c.p.s.). This coupling constant is in agreement with the 
&-arrangement about the unsaturated linkagel2. 

None of these olefins show absorption in the 1650 cm-l region of the infrared, 
although this is not to be expected of the acyclic olefins, because of their symmetry. 
Compounds (III) and (VII) absorbed I. I and 1.07 mol. of hydrogen, respectively, 
over Adams’ catalyst; compound (X), in the presence of palladium on charcoal, 
absorbed 2.5 mol. in 20 min, and 3 mol. after 50 min. In the latter case, uptake 
continued sIowly, presumably due to slow hydrogenation of the aromatic residues. 
All of the olefins reacted with dilute aqueous potassium permanganate to yield a 
yellow solution. 
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Levene and Comptonls have shown that unimolar toluene-p-sulphonylation 
[at o” in pyridine-chloroform (5:2; v/v)] of 2,3-0-isopropylidene+rhamnose 
(m.p. g3-g4”)yields 2,3-O-isopropyIidene-5-O-toluene-p-sulphonyl-L-rhamnofuranose 
in 40% yield. The formation of anomeric aldopyranose derivatives by the benzylation 
of 2,3-0-isopropylidene-L-rhamnose in benzyl chloride at moo thus warrants further 
investigation. The formation of different ring isomers may reflect the varying 
proportions of the IWO ring forms in equilibrium at o” and IOOO, or may represent 
a difference in reactivity of ring hydroxyl and side-chain hydroxyl groups to benzyl- 
ation and toluene-p-sulphonylation. Another, perhaps more important, factor is 
the relative stability of the two ring forms in different solvents_ Kuhn and Grassnerl” 
have carried out investigations which suggest that the position of the furanose + 

pyranose equi!ibrium may be significantly different in different solvents. Thus, 
for o-fructose, they found that the furanose form is favoured to a greater extent 
in dry N, N-dimethylformamide than in water-N, N-dimethylformamide mixtures ; 

also, mutarotation of D-fructose occurred much more slowly in dry iV, N-dimethyl- 
formamide than in water-N, ZV-dimethylformamide mixtures. The isolation of 
different ring isomers by toluene-p-sulphonylation in pyridine-chloroform, and 
benzylation in benzyl chloride, may be an example of the influence of the solvent 
on the position of the furanose + pyranose equilibrium. 

It is pertinent here to consider the work of Freudenburg and WolfIs, who 
assigned a furanose structure to 2,3-0-isopropylidene-L-rhamnose {m.p. ST-Sg”, 
[a]$& +17.8” (water, equilibrium)). Methylation with methyl iodide-silver oxide, 
followed by acid hydrolysis, yielded 5-0-methyl-L-rhamnose; a pyranose system 
would have yielded 4-0-methyl+rhamnose. Presumably, methylation proceeds 
more quickly than the furanose f pyranose ring interconversion, since it is possible 
that the final position in this equilibrium may be similar in methyl iodide and benzyl 
chloride. 

Data obtained by Perlinls from the n.m.r. spectrum of 2,3-O-isopropylidene-L- 
rhamnose in deuterium oxide support the furanose assignment already made on 
chemical evidence, but suggest the presence of a significant proportion of a different 
species in aqueous solution. 

Therefore, for certain compounds which may exhibit this type of ring iso- 
merism, and whose structures are inferred from reactions in solution, it may be 
necessary to consider the effect of the solvent on the position of the furanose t 
pyranose equilibrium. 

Thin-layer chromatography was carried out on Kieselgel G with detection 
by sulphuric acid-vanillinl7. Preparative chromatography was done on B.D.H. 
silica gel. Routine identifications were based on melting points, mixed melting 
points, and infrared spectra. Solutions were concentrated in mcuo, and dried with 
sodium sulphate, unless stated otherwise. Light petroleum refers to the fraction 
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at room temperature, then a further quantity of potassium borohydride (0.1 g) was 
added. After 0.5 h, the solution was neutralised to pH 7.5 with glacial acetic acid, 
and the solution extracted continuously with chloroform far 6 h. The dried extract 
gave, on concentration, a residue (0.079 g) which was dissolved in pyridine (2.5 ml) 
and treated overnight with p-phenylazobenzoyl chloride (0.37 g) in pyridine (5 ml)l*. 
Isolation of the product in the usual manner gave, from methanol, 2,3-U- 
isopropylidene-I-U-p-phenylazobenzoyl-D-glycerol (0.073 g, 24% based on olefin), 
m.p. gI-gz”, mixed m.p. gr-g3O, infrared spectrum indistinguishable from that of 
the authentic compound. A further quantity (0.02 g), m.p. 88-91”, was obtained 
from the mother liquor. 

A second ozonolysis, in which the catalytic hydrogenation step was omitted, 
gave the same p-phenylazobenzoate in 27% yield. 

2,3-O-ZsopropyZidene-r-O-p-phenyZa~obenzoyZ-D-gZyceroI (IV, R = CO- COHEN: NPh) 
2,3- O-Isopropylidene-D-glycerollg (0.46 g) was treated with p-phenylazobenzoyl 

chloride (o-97 g) in pyridine (IO ml), and yielded the product, (o-97 g, 77x), 
m-p. g2-g4O. [a]g f8.20 (c 1-4, acetone) (Found: C, 67.25; H, 5.7; N, 8.3_ 
ClgH20N204 talc.: C, 67.0; H, 5.9; N, 8.2 %)_ 

1,2 : 5,6-Pi-O-isopropylidene-D-altritol 3,4-thionocarbonate (VZ, Y = S) 
I,2:5,6-Di-0-isopropylidene-D-altritol (talitol) (V) was prepared as previously 

described6, and in one preparation exhibited anomalous behaviour on determina- 
tion of the melting point. If heating was commenced below 35”, the compound had 
m.p. 62-64O, as previously recorded. If placed in the heating block above 45O, melting 
was immediate. On thin-layer chromatography in each of three different solvent 
systems, the compound appeared homogeneous. The unusual melting point behav- 
iour was ascribed to dimorphism. 

The diol (4.4 g) in tetrahydrofuran (40 ml) was treated successively with 
jz-butyl-lithium in hexane (10.5 ml), carbon disulphide (1.22 ml), and methyl iodide 
(1.01 ml). The isolation procedure was similar to that described above for the 
mannitol thionocarbonate and yielded, after two crystallisations from light 
petroleum-benzene, the title compound (I -75 g, 52 % on utilised diol), m-p. I 20--122O, 

[a]g -53_2O (c 2.14, chloroform). (Found: C, 51.4; H, 6.55; S, 10.65. CI~HX,O& 
talc.: C, 51.3; H, 6.6; S, 10.5~/J. Extraction of the aqueous filtrate with chloroform 
gave the starting diol (1.5 g). 

cis-3,4-Didehydro-3,4-dideo~y-di-O-isopropyiideile-D-threo-hexi~oI (VZZ) 
Treatment of the altritol thionocarbonate (1.38 g) in trimethyl phosphite 

(30 ml), as described above for the mannitol derivative, yielded the title compound 
as a colourless liquid (0.8 g, 77x), b-p. S4-86”/I mm, [a]2 --8-I” (c 2.2, chloroform), 
ng I.#gg_ (Found: C, 63.1; H, 8.7. C~ZHZOO* talc.: C, 63.1; H, 8.8”/,). 

Ozonolysis of the olefm, as described above, followed by reduction (with 
catalytic hydrogenation), yielded a residue (0.067 g, 6oy0) which was p-phenyl- 
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azobenzoyiatedrs to give 2,3-O-isopropylidene-1-O-g-phenylazobenzoyl-Dglycerol 
(0.~38 g, 13% based on olefln), showing a double m.p. at 83” and 92-94“. .The 
infrared spectrum and that of the authentic material were identical. The material 
showing double melting-point behaviour was redissolved in methanol and seeded 
with authentic compound, m.p. g2-g4O. The material obtained had m.p. g2-g4”, 

(without preliminary melting at 83”), and, with the authentic compound, mixed 
m.p. 92-94”. 

Z,.Z :5,6-Di-0-isopropylidene-D-aitritoi j,q-carbonate (V?, Y = 0) 

(a) From the dial. I,2:5,6-Di-O-isopropylidene-D-altritols (V) (2.02 g) in 
pyridine (20 ml) was cooled in an ice-salt bath and a solution of methyl chloroform- 
ate (0.66 ml) in carbon tetrachloride (25 ml) added dropwise with stirring over 

15 min. The mixture was stored overnight at o” and then poured into a stirred 

mixture of ice-water (50 ml) and chloroform (50 ml). The organic layer was separated, 
and the aqueous layer further extracted with chloroform (3 x 20 ml). The combined 
extracts were washed with aqueous sodium hydrogen carbonate and water. Con- 
centration of the dried solution gave a residue from which last traces of pyridine 
were removed by the repeated addition and distillation of toluene. Dry N,N- 
dimethylformamide (20 ml) and a catalytic quantity of sodium methoxide 

(cc. 0.025 g) were added, and the mixture heated at 100~ for 15 min. The residue 
obtained on concentration was dissolved in chloroform, washed with dilute acetic 
acid and water, and then dried. Removal of the solvent and crystallisation of the 

residue from methanol gave the 3,4-carbonate (0.55 g, 25%), m.p. 175-177”, 
[a]: -78_3O (c 1.7, chloroform) (Found: C, 54.3; H, 7.1. Cl3H2007 talc.: C, 54.15; 

H, 7.0%). 
(6) From the thionocarbonate. 1,2: 5,6-Di-0-isopropylidene-D-altritol3,4-thiono- 

carbonate (0.1 g) in methanol (20 ml) was stirred vigorously with silver carbon- 
ate for 2 h. The filtered solution was concentrated, clarified with charcoal in 

methanol, and crystallised from the same solvent to give the title compound (0.04 g, 

42%), m-p. 175-177” (mixed m-p. 175-1779, infrared spectrum indistinguishable 

from that of the authentic compound. 

’ Benzyl 2-O-benzyl-/l-L-arabinopyranoside (VIII) 

The hydrolysis is a modification of that due to Wolds. A mixture of benzyl 
2- O-benzyl-3,4-OO-isopropylidene-~-L-arabinopyranosides (I I.24 g) in water (80 ml) 
and glacial acetic acid (20 ml) was boiled under reflux for 2 h with vigorous stirring; 
complete solution was not achieved. The crystalline mass obtained on cooling was 
collected and dried in uacuo over phosphorus pentoxide to give the product (8.0 g, 

_85%), m.p. 130-131”, [a]g fIg4O (c 0.75, chloroform) (Found: C, 69.35; H, 6.65. 
CraHeeO~ talc.: C, 69-I ; H, 6.7%) 

BenzyZ .z-0-benzyi+L-arabinopyranoside j,q-thionocarbonute (IX,,. Y = S) 

The mixture obtained by treatment of benzyl2- 0-benzyl+L-arabinopyranoside 

(6.6 g) in tetrahydrofuran (50 ml) successively with n-butyl-lithium solution (12.3 ml), 
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carbon disuiphide (1.45 ml), and methyl iodide (1.25 ml) was poured into water 
to give a yellow solid which was collected and dissolved in chloroform (60 ml). 
Light petroleum (60 ml) was added and, after storage at 0” for I h, the unchanged 
starting diol (2.2 g) was collected. The filtrate was concentrated, and the residue 
crystallised from benzene-light petroleum to give a further quantity of diol (0.77 g). 
The solvent was removed from the mother liquor, and the material crystallised 
from ethanol to give the title compound (2-95 g, 73% on utilised diol), m-p. gg-ror”, 
[a;12 +175” (c 1.3, chloroform). (Found: C, 64.7; H, 5.7; S, 8.5%. CZOHZOOSS talc.: 
C, 64.5; H, 5.4; S, 8.6%). . 

Benzyi 2-O-benzyI-3,4-didehydro-3,4-dideoxy-~-D-~ycero-pentoside (A’) 

Reaction of the above thionocarbonate (2.2 g) in trimethyl phosphite (35 ml) 
yielded, on crystallisation from ethyl acetate-light petroleum, the product (1.24 g, 
73%), m-p. 33-35”, [al&s +I 15” (c 1.9, chloroform) (Found: C, 76.55; H, 6.8. 
ClsHzoO2 talc.: C, 77.0; H, 6.8%). 

Ozonolysis of the olefin in the manner already described (without catalytic 
hydrogenation), followed by reduction, and benzoylation of the diol (0.097 g) so 
produced, gave 3-0-benzoyl-t-C-benzyl-D-glyceraldehyde (2-benzoyloxyethyl) benzyl 
acetal (XI) (o-094 g, 52% on oiefin), m-p. 78-79”. alone or in admixture with the 
authentic compouud. The infrared spectrum was indistinguishable from that of 
the authentic compound. 

3-0-Benzoyl-2-0-benzyl-D-glyceraldehyde (z-benzoyloxyethyi) benzyi acetai (XI, 

R = Bz) 
To a stirred solution of benzyl 2-0-benzyl-/3-L-arabinopyranoside (0.66 g) 

in purified ethyl acetate (20 ml) was added lead tetra-acetate (0.886 g) over 15 min. 
The precipitated lead acetate was removed and the filtrate concentrated. The residue 
was dissolved in ethanol (20 ml) and water (IO ml), and potassium borohydride 
(0.7 g) added. After 12 h at room temperature, the solution was brought to pH 7.5 
with glacial acetic acid and, after evaporation of the ethanol, was extracted with 
chloroform (4 x 50 ml). The combined extracts were washed with water (20 ml), 
dried, and concentrated to give the syrupy diol (XI, R = H) (o-59 g). Benzoylation 
in pyridine gave the product (0.35 g, 66%), m.p. 7g-8o”, [a]g i-40.3” (c 1.3, chloro- 
form) (Found: C, 73-5; H, 5_g5- C33H320$, cak.: C, 73.3; H, 6.0%). 

Benzyi 2-0-benzy&?-L-arabinopyranoside j++carbonate (IX, Y = 0) 

(a) From the dial. Benzyl 2-0-benzyl-P-r_-arabinopyranoside (I. I g) was 
treated with methyl chloroformate (0.29 ml) in pyridine (15 ml) and carbon tetra- 
chloride (IO ml), as previously described for the preparation of the altritol derivative. 
The product obtained after the cyclisation of the acyclic carbonate in iV,N- 
dimethylformamide was crystallised from ethyl acetate-light petroleum to give the 
starting diol (0.39 g)_ The mother liquor was concentrated and the residue crystal- 
lised from methanol to yield a product (0.37 g, 48 % on unrecovered dial), m-p. 83-8g”, 
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which was recrystallised from methanol to give the title compound, m.p. 88-90”*, 
[~]g f166” (c LO, chloroform) (Found: C, 67.0; H, 5-7. CZOHZOO~ talc.: C, 67.4; 

H, 5.7%). 
(b> From the thionocarbonate. Treatment of benzyl 2-O-benzyl-/?-I_-arabino- 

‘pyranoside 3,4_thionocarbonate (0.25 g) in methanol (IO ml) and benzene IO ml) 
with silver carbonate, in the same way as for the altritol thionocarbonate derivative, 
gave, from methanol, the carbonate (0.054 g, 23%), m-p. 86.5-87” (mixed 
m-p. 87-8g”), infrared spectrum indistinguishable from that of the authentic com- 
pound. 

Benzylation of 2,3-0-isoproj9ylidene-L-rhamnose 
2,3-0-Tsopropylidene+rhamnose was prepared by the method already 

described’o, except that the residue obtained on concentration of the chloroform 
solution was not distilled. Instead, it was partitioned between ethyl acetate (IOO ml) 
and saturated aqueous sodium hydrogen carbonate (35 ml). The aqueous layer 
was extracted with ethyl acetate (2 X 75 ml), and the combined organic solutions 
were washed with water (2 x IO ml) and dried. Concentration of the solution 
gave a residue which was crystallised from ethyl acetate-light petroleuti to yield 
2,3-0-isopropylidene-L-rhamnose (15.4 g), m.p. 84-86”, [CC]~ +17.6” (0.5 h) --f 
+20-y” (15 h) (c 2.8, water) **. Further product (9.7 g) was obtained from the mother 
liquor and had m-p. 82-90”. Material of variable m.p. (83-90”) was obtained on 
recrystallisation; the m.p. was not consistently raised by further recrystallisations. 
After storage for several months over phosphorus pentoxide, the material had 

m.p. 90-93”. 
The benzylation of 2,3-0-isopropylidene-L-rhamnose*** (m.p. 84-86”) was 

carried out as described by Schmidt et aZ.g. The isomer, m-p. 102-104”, [a]2 f30.1” 
(~2.0, acetone) (liLg, m.p. 104O, [a]: +-30.3” in acetone) was obtained by fractional 
crystallisation of the reaction product. TWO components of the crude benzylation 
product were detected by thin-layer chromatography in benzene. One (RF 0.3) 
corresponded to the isomer with m-p. 1o2-1o4~, and the other had RF 0.6, and 
was present apparently in the lesser amount. A preparative separation of the crude 
product (13.7 g) was carried out on silica gel (I-I kg) using benzene-ether 
(24.7:0.3, v/v) and collecting 500 ml fractions. Fractions 18-32 gave the compound 
with RF 0.6 (4.8 g), which on recrystallisation from methanol gave benzyl- 4-0- 
benzyl-2,3-O-isopropylidene-cc-L-rhamnopyranoside (I-9 g), m.p. 95--97O, [a]g -67.6” 

*The analytical sample showed a double melting point. On first determination, it had m.p. 84-86” 
and, after resolidification, m.p. 88-90”. 
**Freudenberg and Wolf15 describe two isomers of this compound; one had m-p. ST-Sg”, 
[c&& + 13.5” (5 min) -+ + 17.8” (equilibrium, water), and the second had m.p. 79-&O, 

[a]$ + 10.9” (5 min) + + 17.6” (equilibrium, water). Both isomers give 5-O-methyl-r-rhamnose 
on merhylation followed by hydrolysist5*“. and have been formulated as p- and a-rhamnofuranose 

derivatives, respectively”‘. 
***Schmidt et al.9 gave no constants for this compound. but gave reference to its methodofprepar- 
ation, from which it may be assumed that it had m.P. 9o-91”. 
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(c 2.1, acetone) (Found: C, 71-g; H, 7.3. C&&SOS talc.: C, 7~85; H, 7_3%)_ 
Further elution with benzene-ether (I:I, v/v) yielded the material with 

RF 0.3 (7.0 g), which was crystallised from methanol to give benzyl 4-U-benzyl- 
2,3-0-isopropylidene+r=rhamnopyranoside (3.7 g), m.p. 1o2-1o4~. 

Acid hydrolysis of benzyl d-0-benzyl-2,3-O-isopropyiidene-a- and /l-L-rhamnopyranoside 

(a) RemoL;al of the isopropylidene group. A mixture of benzyl 4-O-benzyl- 
2,3-0-isopropylidene-a+rhamnopyranoside (0.86 g) and 0.05~ hydrochloric acid 
(g ml) was heated under reflux at IOOO, and enough ethanol (ca. IO ml) added 
to achieve solution. After I h, the solution was neutralised with sodium hydrogen 
carbonate and cooled to give colourless crystals which were collected and dried over 
phosphorus pentoxide in uacuo. Recrystallisation of the dried material from ethy1 
acetate-light petroleum gave benzyl 4-0-benzyl-a-L-rhamnopyranoside (0.47 g, 
61x), m-p. 86-88”, [alg -88.8” (c 3.5, acetone) (Found: C, 69.7; H, 7_1_CsoHs4Os 
talc.: C, 69.7; H, 7.0%). 

Similar treatment of benzyl 4-0-benzyl-2,3-O-isopropylidene+r,-rhamno- 
pyranoside (3-95 g) gave benzyl 4-0-benzyl-/3-L-rhamnopyranoside (2.94 g, 83%), 
m-p. 76-78”, [a]g +47” in acetone; lit-s, m-p. 77_5O, [a]g +48.2” in acetone. 

(6) Complete hydrolysis followed by reduction. A solution of benzyl 4-0- 
benzyl-2,3-0-isopropylidene-z-t_-rhamnopyranoside (I g) in ethanol (20 ml) and 
N sulphuric acid (58 ml) was heated at 100~. Aliquots were taken at intervals and 
their rotations measured. After 6 h, the rotation was constant ([a]u-24O) and 
sodium hydrogen carbonate was added until the solution was neutral. After the 
addition of potassium borohydride (0.5 g), the solution was stored overnight at 
room temperature. Glacial acetic acid was added until the pH was 7-5, and the 
solution was then concentrated. After repeated evaporation of methanol from the 
residue, it was dissolved in water (30 ml) and the solution was extracted continuously 
with chloroform for 5.5 h. On concentration, the dried extract gave an oil which 
crystallised from ethyl acetate to give a solid (0.25 g), m.p. 86-89”; two further 
recrystallisations from the same solvent gave 4-0-benzyl-~rhamnitoi, m-p. go-91”. 
[a]: -7.0” (c. 1.4, ethanol) (Found: C, 6r.3; H, 8.0. CrsH200s talc.: C, 60-g; H, 7.9%). 
The compound reacted with r-98 mol. of sodium metaperiodate per mol. in a 
quantitative determination. 

Similarly, benzyl 4-O-benzyI-2,3-O-isopropylidene-~-L-rhamnopyranoside 
yielded 4- U-benzyI+rhamnitol, m.p. 9~1-9 IO, alone or in admixture with the com- 
pound from the above preparation. The infrared spectra of the products from the 
two preparations were indistinguishable. 

5-O-Benzyl-L-rhant?litol 

r,2:3,4-Di-0-isopropyhdene-L-rhamnitolrs (2.5 g) in benzyl chloride (IO ml) 
was stirred with powdered potassium hydroxide (5 g) at IOOO for 5 h. Water (50 ml) 
was then added and the reaction mixture was extracted with chloroform (4 x 50 ml). 
The combined extracts were washed with water (20 ml) and the solution dried 
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(KzC03) overnight. Concentration, finally at 80”/2 mm, gave a liquid which showed 
one main component (RF 0.53) on thin-layer chromatography (CHCl& a small 
amount of starting material, and a fast-running compound (RF 0.86). The liquid 
was distilled (b.p. 14o-160”/0.6 mm) to yield a product containing no starting 
material, but which was still contaminated with the material with Rp 0.86. Chro- 
matography on silica gel (35 g), using chloroform and collecting 20 ml fractions, 
gave the fast-running compound (0.05 g) in fractions 4-7. Elution with chloroform- 
ethanol (4:1, v/v) gave the chromatographically pure product (0.22 g). In a large 
scale preparation, the crude benzylation product (2.55 g) yielded, after chromate-. 
graphy, the required compound (RF 0.53) (1.46 g, yield reduced by spillage), which 
was distilled to give 5-O-benzyl-1,2:3,4zdi- O-isopropylidene+rhamnitol (I. I g), 
b-p. 154-156~/0_6 mm, nn 1.4851, [a]: 0.0~ (c 0.96, chloroform) (Found: C, 67.6; 
H, 8.1. CrsHesOs talc.: C, 67.8; H, 8.4). 

The above compound (0.61 g) in aqueous acetic acid (12 ml, I: I, v/v) was 
boiled under reflux for 4 h. Concentration yielded a residue from which water was 
removed by repeated addition and evaporation of absolute alcohol. Alcohol was 
removed similarly with ethyl acetate. Crystallisation of the material from ethyl 
acetate gave 5-O-benzyl-r_-rhamnitol (0.25 g, 540/o), m-p. 143-146”, [a]? -k-24.4” 
(c 1.2, ethanol) (Found: C, 60.7; H, 8.1. Cl3H2005 talc.: C, 60.9; H, 7.9%). The 
compound reacted with 2-g mol. of sodium metaperiodate per mol. 

Benzyl 4-0-benzyl-/3-L-rhamnopyranoside r,3-thionocarbonate (XIII, Y = S) 

Benzyl 4-0-benzyl-/I-L-rhamnopyranoside (2.94 g) in tetrahydrofuran (50 ml) 
was treated successively with rz-butyl-lithium (5.3 ml), carbon disulphide (0.63 ml), 
and methyl iodide (0.54 ml), as described for the preparation of the mannitol thiono- 
carbonate. The mixture was poured into ice-water (I 50 ml) and extracted with chloro- 
form (3 x 50 ml). The extract was washed with water (fo ml), dried, and concentrated_ 
The residue was dissolved in chloroform (IO ml) and light petroleum (40 ml) and, 
after storage at o” overnight, the precipitated material was collected. Recrystallisation 
from absolute ethanol gave the product (o-79 g, 38% based on utilised dial), 
m-p. 141--142O, [oL]~ +4g_7” (c 1.4, chloroform) (Found: C, 65.0; H, 6.05; S, 8.4. 
CZHZO~S talc.: C, 65.25; H, 5.7; S, 8.3%). 

Evaporation of the solvent from the mother liquor, and crystallisation of 
the residue from ethyl acetate-light petroleum gave the starting diol (1.1 g). 

BenzyI 4-O-benzyl-2,3-didehydro-2,3,6-trideoxy-~-L-er~~o-~zexoside (XIV) 

Treatment of benzyl 4-CLbenzyl-/?-L-rhamnopyranoside .2,3-thionocarbonate 
(0.76 g) with trimethyl phosphite (15 ml), in the manner previously described, 
gave a liquid which was distilled to yield the title compound (0.35 g, 57x), 
b.p. 2oo-21o~/1 mm, [a]z -73.9 (c 1.7, chloroform) (Found: C, 77-o; H, 7.0. 

&OH2203 dc.: C, 77.4; Ii, 7.2%). The olefin appeared homogeneous by thin-layer 
chromatography in chloroform and benzene. On storage at --15~, the product 
solidified. 
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Ozonolysis of the olef?n (0.10 g), as described previously (without catalytic 
hydrogenation), gave a liquid (0.073 g) which was benzoylated in the usual manner. 
Thin-layer chromatography of the crude benzoate showed the presence of several 
components, with the expected product predominating. The crude product was 

treated in methanol with charcoal and the solution stored at -15~, when crystal- 
lisation occurred slowly_ The solid (0.018 g) was collected, and two crystallisations 
from ethyl acetate-light petroleum gave 4-O-benzoyl-2-0-(2-benzoyloxy-r-benzyloxy- 
ethyl)-3-U-benzyl-I-deoxy-D-erythritol (XV, R = Bz) (0.010 g, 6% on oleti), 
m-p. 6o-61” (mixed m-p. 6~62”). The infrared spectrum was indistinguishable 
from that of the authentic sample. No other product separated out on storage of 
the mother liquor at -15~ for several weeks. 

~-O-BenzoyZ-z-O-(z-benzoyZo.uy-r-ben-yZoxyethyZ)-~-O-be~y~-r-deoxy-D-erytlzritoZ 

(XV, R = Bz) 
Benzyl 4-O-benzyl-$-L-rhamnopyranoside (0.24 g) was oxidised with lead 

tetra-acetate (0.31 g) in purified ethyl acetate (20 ml). Filtration and concentration 
of the reaction mixture gave a syrup. Toluene (5 ml) was distilled from the residue 
which was then dissolved in water (20 ml) and ethanol (20 ml), and sufficient sodium 
hydrogen carbonate added to make the solution alkaline_ After the addition of 
potassium borohydride (0.3 g), the solution was stored at room temperature over- 
night. Glacial acetic acid was then added to adjust the pH to 7.5, and ethanol was 
removed by evaporation of the solution to half its original volume. Extraction 
with chloroform (5 x 20 ml), followed by concentration of the dried extract, gave 
a syrup (0.16 g) which was benzoylated in the usual manner. Crystallisation of 
the product twice from ethyl acetate-light petroleum yielded material (0.14 g, 55x), 
m-p. 59-62”. Two further crystallisations from methanol yielded the title compound, 
m-p. 6o-62O, [a], 28 -+-2-g” (c r-55, chloroform) (Found: C, 73-7; H, 6.2. C!s.&I?&O7 
talc.: C, 73-6; H, 5.8%). 

BenzyZ q-0-benzyZ-P-L-rharnnopyranoside 2,pcarbonate (XIII, Y = 0) 

(a) From the dial. Benzy! 4-0-benzyl-/?-L-rhamnopyranoside (1.24 g) was 

treated in pyridine (15 ml) and carbon tetrachloride (20 ml) with methyl chloro- 
Eormate (0.31 ml) in carbon tetrachloride (15 ml), and the cyclic carbonate prepared 
and isolated as described previously. Attempted preferential crystallisation of the 
cyclic carbonate from methanol was unsuccessful_ The reaction product was there- 
fore-chromatographed on silica gel (IOO g) using chloroform-ether @:I, v/v). The 
cyclic carbonate was eluted first and crystallised from ethyl acetate-light petroleum 
to yield the title compound (0.08 g, 14% on utilised diol), m.p. g2-g3”, [cz]: t31.7” 
(C 1.9, chloroform) Wound: C, 67.8; H, 5-g_ CsrHssOs talc.: C, 68.1; H, 6.00). 

Further elution of the column with chloroform-ether (I:I, v/v) gave the 
starting ciiol (0.71 g). 

(6) From the thionocarbonate. A solution of benzyl 4-O-benzyl-j3-L- 
rhamnopyranoside 2,3-thionocarbonate (0.117 g) in methanol (5 ml) and benzene 
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(5 ml) was shaken vigorously with silver carbonate (0.36 g) for 5 h. The filtered 
solution was concentrated, and the material crystallised from ethyl acetate-light 
petroleum to yield the carbonate (0.024 g, 21x), m-p. 91-93” (mixed m.p.), infrared 
spectrum indistinguishable from that of the authentic compound. 

Test for unsaturation with aqueous potassium permanganate 

Each of the four olefinic compounds described herein reacted with aqueous 
potassium permanganate to yield yellow solutions. Vigorous shaking was necessary 
due to the low solubility of the compounds in aqueous media. 
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SUMMARY 

The degradation of thionocarbonates, prepared from vicinal dials in the 
alditol series, and of cis-vicinal diols when part of an aldopyranose, has been 
investigated as a means of introducing unsaturation into molecules of the carbo- 
hydrate type. 

The O-benzylation of mono-U-isopropylidene-L-rhamnose has been shown 
to give the anomeric benzyl 4-U-benzyl-2,3-O-isopropylidene-L-rhamnopyranosides. 
This contrasts with O-toluene-p-sulphonylation in pyridine, and O-methylation 
by Purdie’s method, both of which yield 5-substituted 2,3-O-isopropylidene-L- 
rhamnofuranose derivatives. 
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INl-RODUCTION 

Z-Enzyme was first found to be associated with soya-bean &amylase when 
amylose, which was incompletely hydrolysed by crystalline sweet-potato p-amylase, 
was completely degraded into maltose by the “pu&ed” soya-bean enzymela2. 
Most samples of amylose are now known to contain some-type of barrier to the 
action of pure /I-amylases-5. Peat et a1.2,6 initially suggested that Z-enzyme speci- 
fically removed this structural feature. However, by preferentially inhibiting the 
/Lamylase, we established that Z-enzyme was a-amylolytic in character, and conse- 
quently non-specific with regard to its action on the barrier in amylose7. This general 
conclusion has been confirmed by later worker&s. 

In this paper, we extend our earlier observations on Z-enzyme, and report 
a convenient method for isolating and extensively purifying this enzyme from 
soya beans. This has enabled us to make the first detailed studies of the properties 
of the purified enzyme. 

MPERIMENTAL 

Getteral analytical methods 

Routine determinations of protein concentrations were made from absorption 
measurements at 280 m,u, the method being calibrated by micro-Kjeldahl estima- 
tions. The concentration of polysaccharide solutions was estimated by hydrolysis, 
and titration of the liberated glucose with alkaline ferricyanides. Concentrations 
of reducing sugar in enzymic digests were estimated by the same reagent. /J-Amylo- 
lysis limits, [8], were carried out as described earliers, except that crystalline sweet- 
potato B-amylase (Worthington Biochemical Corporation, New Jersey, U.S.A.) 
was used. (This enzyme was shown to be free from Z-enzyme activity_) The technique 
for measuring the limiting-viscosity number, [+j, has been detailed elsewherelO; 
0.2 M potassium hydroxide was used as solvent, and measurements were made 
at 25O. 

* For Part I, see ref 31. 
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(b) Removal of &amyIase; preliminary experiments. Portions of fraction 
5 were heated on a water-bath at 70~ (i) in the presence of added calcium acetate 
(2 mg/ml), and (ii) without additional calcium ions. The protein content, /?-amylase, 
and Z-enzyme activities of ahquot portions of the cooled, centrifuged (15oog) 
digests were then measured at appropriate intervals. The results in Fig. I indicate 

Fig. I. Effect of heat treatment at 70” and pH 5.5 on the activity of Z-enzyme and B-amylase in 
soya-bean extract: (I) Z-enzyme in the absence of Caz+; (2) Z-enzyme in the presence of Ca*(Io-*M); 
(3) /3-amylase in the absence of Ca2+; (4) j3-amylase in the presence of Ca2+(Io-2 M). 

that, although the activity of the crude Z-enzyme preparation was remarkably 
stable at pH 5.5 and 70” (curve I), the stability was further increased by the addition 
of calcium ions (curve 2). In the presence of this metal ion, the @-amylase was almost 
completely deactivated in LO min under these conditions (curve 4). 

Removal of ,%amyZa.se; final procedure. Uniform heat-treatment on the water- 
bath was ensured by heating standard portions (10-15 ml) of the enzyme fractions. 
To such portions of fraction 7 were added calcium acetate (20 mg), and acetate 
buffer to bring the pH to 5.5. The mixture was then maintained at 70~ for 20 min, 

cooled, and centrifuged at 15oog. Resultant supernatant liquors were combined. 
Typical specific activities were as below: 

Initially 
After heat treatment 

p-Amylase activity Z-Enzyme activity 

9 36 
o 51 

This heat treatment was shown to irreversibly deactivate the &amylase. 

(c) Fractionation with acetone. The heat-treated enzyme solution was sub- 
fractionated with acetone at -5O. Typical results for the protein fractions obtained 
were as below: 

Acetone concentration (v/v) 0 35 42 47 52 57 
Fraction 7 7.1 7.2 7.3 7.4 7.5 
Specific activity of Z-enzyme 51 6.8 33 90 450 92 
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(d) Glycogen-compiex formation. The -acetone-precipitated fractions were 
finally purified as the glycogen complex, by the method of Loyter and Schrammls. 

Ethanol to 40% v/v was slowly added with stirring to the enzyme solution 
at 2O. After r5 min, any precipitated protein was removed at I IOO g. Phosphate 
buffer (0.5 ml/lo ml of enzyme solution, pH 8.0, 0.2 M) and glycogen (2%, 

0.2 ml/10 ml of enzyme) were then added to the enzyme in 40% v/v ethanol. The 
suspension was stirred for IO min, and then centrifuged at I IOO g to yield a preci- 
pitate which was suspended in phosphate buffer (pH 6.7, 0.02 M). The suspension 
was maintained at 35” for 6 h to aid digestion of contaminating glycogen, and 
centrifuged at 1500 g. The resultant solution was cooled to 2O and treated with 
excess of acetone, and the precipitated material redissolved in water at a0. Enzyme 
solutions were found to retain their specific activity (ca. 800) at this temperature 
for several weeks. 

Effect of temperature andpH 
In experiments where the effect of temperature on activity was studied, digests 

at pH 5.5 were pre-incubated to temperature equilibrium before enzyme was added. 
In stability experiments at pH 5.5, the enzyme solution and buffer were maintained 
at the appropriate temperature for I h, and then cooled to 35O before addition of 
the dextrin. Resultant activities were compared with those obtained at 35”, without 
prior incubation. The pH dependence of activity at 35” was obtained using 
McIlvaine’s standard buffer solutions_ The effect of pH on enzyme stability was 
determined by maintaining the enzyme and buffer at zoo for 75 min. Digests were 
then brought to pH 5.5 and incubated with dextrin at 35O, and. the activities deter- 
mined. 

Activity at pH3.6. Digests were prepared as follows: 

(a) Buffer (a ml, pH 5.5) -i- enzyme (0.2 ml) + amylose (20 ml, 3 mg/ml) 
(6) Btier (2 m1, pH 5.5) + amylose (20 ml, 3 mg/ml) 
(c) Buffer (2 ml, pH 3.6) + enzyme (0.2 ml) + amylose (20 ml, 3 mg/ml) 
(d) Buffer (2 ml, pH 3.6) -/- enzyme (0.2 m1); incubated for 2 h at 20~ before amylose 

(20 ml, 3 mgjml) was added. 

After incubation at 35” for 24 h, the digests were heated on a boiling water- 
bath for 5 min, cooled, and filtered, and the amylose product precipitated with 
excess of butan-l-01. No butan-l-01 complex was obtained in digest (a). For the 
products from digests (b)-(d), [q] was measured. 

E_tTect on amylose-viscosity of Z-enzyme pretreated with mercuric and calcium chlorides 
Digests of enzyme and buffer (pH 5.5) were prepared containing (e) 10-a M 

mercuric chloride, u) IO- 4 M mercuric chloride, (g) 10-3 M calcium chloride, and 
(/z) no additional salts. After incubation at 20~ for 2 h, the solutions were added 
to equal volumes of the same amylose solution (3 mg/ml) and incubated at 35”. 
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Butan-l-01 was added to digests (g) and (h) after I h, and to digests (e) and (J) after 
24 h; [q] of the amylose products was then determined. 

Eflect of ethyIenediaminetetra-acetate (EDTA) and trypsin 
Digests (Q-o-() were prepared by adding to- IO ml portions of digests at pH 6.6 

(McIlvaine’s buffer); for (i) and (i>, EDTA (0.1 ml, 10-l M) and trypsin (0.1 ml, 

0.4 mg); for (k) and (I), EDTA (0.1 ml, 10-l M); for (m) and (n), trypsin (0.1 ml, 

0.4 mg). A control digest (0) was also prepared. After incubation at 20~ for 12 h, 
calcium chloride (I ml, I M) was added to digests (i), (k), and (m), and coagulated 
protein removed by centrifugation. Equal volumes of the same amylose solution 
(3 mg/ml) were added to all of the digests, which were then incubated at 35O for 
24 h. Excess of butan-l-01 was then added; no amylose was precipitated from 
digests (m) and (0). For the amylose products from the other digests, [q] was deter- 
mined. 

Modification of Z-enzyme 
Coupling with p-diazobenzenesrrlphonic acid 14_ Phosphate buffer (I ml, pH 8.2) 

and p-diazobenzenesulphonic acid (0.1 ml, 0.6%) were added to Z-enzyme (2 ml, 

activity = 2 units/ml)_ A control digest was set up containing sulphanilic acid (0.1 ml, 

0.6%). The mixtures were left at 18” for I h, dialysed at 2O against calcium acetate 
(0.2x, 3 x 200 ml), and centrifuged. Activities were then determined in the usual 
way. 

AcetyZationl4. Sodium acetate (250 mg) was added to Z-enzyme (I ml, acti- 
vity = 2 units/ml) at o”, and then acetic anhydride (0.03 ml) was added. After I h, 
the mixture was dialysed as above. A control was prepared without the anhydride, 
and the activities of both digests were determined. 

RESULTS AND DISCUSSION 

Isolation and purification of’ Z-enzyme 

Z-Enzyme was first characterizedl*2 as the enzyme which - associated with, 
and acting in conjunction with, soya-bean j3-amylase - would completely degrade 
any amylose at pH 4.6, but which was itself inhibited completeIy at pH 3.6. This 
latter behaviour, in conjunction with the fact that classical reducing-power tests 
were negative, led to the suggestion that Z-enzyme was not an a-amylase. The more 
sensitive, physical techniques of viscosity and light-scattering were necessary to 
establish the a-amylolytic character of the enzyme ‘. In this work, therefore, we 
have used procedures applicable to a-amylases to isolate and purify the Z-enzyme 
in soya beans. 

Initially, a method for measuring Z-enzyme activity in the presence of the 
contaminating p-amylase had to be developed. Methods involving estimation of 
reducing powerls, fall in viscosity16, or decrease in starch-iodine stain17 arc all 
influenced by concurrent B-activity. However, a modification of Briggs’ methodle, 
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in which we used ~-limit dextrin from amylopectin as the substrate, was satisfactory. 
Any fall in iodine-staining power of this substrate must be due to a-amylolysis. 
(Although in the presence of excess of &amyIase, a-amylolytic activity will be fol- 
lowed by &unylolysis, the effect of this on the iodine-staining ability of the dextrin 
was shown to be small). This method, which is based on the assay cf Sandstedt 
et aZ.18, measures activity as the reciprocal of the time taken to decrease the 
dextrin-iodine stain by a standard amount. Here, the standard graph, from which 
subsequent Z-enzyme activities were calculated, was constructed by measuring the 
effect of salivary a-amyiase on the limit dextrin. (It was later found that hydrolyses 
of the dextrin by szlivary a-amylase and the purified Z-enzyme were very similar 
in the initial stages). 

Preliminary experiments showed that fractionation of the soya-bean protein 
by ammonium sulphate and alcohol was not successful, little separation of &amylase 
and Z-enzyme activities being achieved. (All @-amylase activities were determined 
at pH 3.6 to inhibit the Z-enzyme.) A successful separation was made, however, 
by the use of acetone at low temperatures. Heat-treatment was attempted to remove 
the contaminating &amylase, as it has been shown lga20 that p-amylase activity can 
be -preferentially removed from malted-barley a-amylase preparations by heating 
the enzyme mixture at 70”, in the presence of calcium ions. Experiments showed 
(Fig. I) that a comparable heat-treatment at 70” and pH 5.5 preferentially, and 
irreversibly, deactivates the P-amylase in the Z-erzyme/B-amylase fractions_ After 
this removal of the @unylase, further inert protein was removed by a second frac- 
tionation with acetone. Finally, the specific activity of the Z-enzyme was nearly 
doubled by the formation of a glycogen complex. The latter procedure has been 
suggestedlss2r as a general method for preparing a-amylases of very high activity. 

The purification procedure increased the overall specific activity of Z-enzyme 
by a factor of ca. 150. Maltase, laminarase, and cellobiase were absent, as shown 
by digestion with the appropriate substrate, followed by paper chromatographic 
analysis. Similarly, incubation of the enzyme preparation with maltotriose for 72 h 
showed the presence of trace amounts of glucose and maltose, probably arising 
from the slow action cf Z-enzyme itself; D-enzyme was absent. 

Eflect of temperature on activity and stability 

The temperature of maximal activity of Z-enzyme is ca. 55” (see Fig. aa). 
The purified enzyme lost only ca. IO% of its original activity after I h at 5o”, but 
there was then a very rapid decrease between 55 and 60”. In the heat-treatment 
stage of the preparation procedure, the Z-enzyme appears to be stabilized by con- 
taminating protein. An Arrhenius plot of the temperature dependence of the 
activity is shown in Fig. 2b; the apparent heat of activation varies from 14 kcal 
at g”, to 6 kcal at 25O, and is zero at 55”. 

Eflect of pH on activity acd stability 

The effect Of PH on the enzymic activity is shown in Fig. 3b, where the ratio 
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(activity at a given pH, V=+)/(maximum activity at the optimum pH, V,,,)isplotted 
against the pH. A variation in substrate concentration did not affect the shape and 
position of the curve. The results have been analysed, using the scheme shown in 

0.8 

0 
8 
c 
E? 
z -. 
u” 

20 oC 60 3.2 lO?K 3.4 

Fig. 2. (a) Effect of temperature on the activity (-O-) and stability (-0-j of Z-enzyme; (6) Arrhenius 
plot of temperature dependence of activity. 

Fig. 4, for an enzyme with two ionizable groups 2+25. If (i) the form EHS is assumed 
to be the only one of the three enzyme-substrate complexes capable of reacting 
to give the products, and (ii) the ionization of the two groups concerned is considered 

4 8 4 8 
PH 

Fig. 3. Effect of pH on the stability (n) and activity (6) of Z-enzyme: (- 0 -) substrate concentra- 
Lion = 0.7 mg/ml; (-a-) substrate concentration = 2.8 mg/ml. The solid line represents the theo- 
retical curve discussed in the text. 

to be unaffected by substrate binding, i.e. K; -= I& and K; = &, it can be readily 
shown”” that 

vH+ :+-2dKj5% 

- = I + &t/m+] + m+]/Kb V msx 

i.e. V=+/Vmax is a function which is independent of the substrate concentration. As 
our experimental data showed such independence, the function and experimental 
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points in Fig. 3b were used to calculate Ka and & Values of pKa = 8.15, and 
p& = 4.3, were found. The solid line in Fig. 3b represents the function V&/y&x 
calculated from these values. Essentially, the experimental points lie on this theo- 
retical curve, except at pH 4.0 and below, where irreversible denaturation of the 
enzyme may be occurring. 

EH + Products 

Fig. 4. Hypothetical scheme for the ionization and reaction of the enzyme; E = enzyme, H = proton 
S = substrate. Velocity constants (k) are as indicated. ionization constants of the enzyme (Ka, Kh 
and the enzyme/substrate complex (KL, I$) are defined as: 
Ka = k&-a, &, = kb/k-_b 
K, = k&a, K;, = k;/k& 

The stability of Z-enzyme at various pH values is shown in Fig. 3a. Although 
these results suggest that all experimental values obtained below pH 5.5 in Fig. 3b 

should lie beneath the theoretical curve, the two sets of data are not directly com- 
parable; in the stability experiments, the enzyme was incubated in the absence 
of substrate before the activity was determined, and hence the stabilizing effect 
of an enzyme-substrate complex was not present, as it was for the results in Fig. 3b. 

Nature of the active centres in Z-enzyme 

The nature of the ionizing groups under consideration may be inferred from 
the pK-values; the group with pK 4-3 is probably a carboxylic acid26, whilst that 
with pK S-15 is likely to be an ammonium group 26_ However, there is the possibility 
that interaction with an anion may have displaced the pH-activity curvee7, in which 
case the ionizing group might be an imidazolium group (as in histidine)2”*‘6. AS 
the behaviour of the enzyme can be explained in terms of the fact that the ionization 
is unaffected by binding with substrate, these groups may be involved in the break- 
down of the enzyme-substrate complex to give the reaction products, rather than 
in the formation of a complex. 

In order to investigate the nature of the group with pK = 8.15, digests were 
prepared incorporating (i) iodine (3 x 10-6 M), and (ii) sodium p-chloromercuri- 
benzoate (3 X 10-5 M). In digest (i), inhibition was complete, whilst in (ii) there 
was no change in enzyme activity_ Since iodine reacts preferentially with histidine, 
tyrosine, and suiphydryl groups, whilst the sodium salt only reacts with sulphydryf 
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groups, the results suggest that histidine and/or tyrosine are necessary for activity 
of Z-enzyme. This was confirmed when cou&ng of the enzyme with p-diazobenzene- 
sulphonic acid - a reagent which combines primarily with tyrosine and histidine 
residues in proteins - diminished the activity by 95%. Another reagent, which is 
fairly specific for free amino groups in proteins, although it also reacts with free 
sulphydryl groups and, in some cases, free phenolic groups, is acetic anhydride. 
Acetylation reduced the activity of the Z-enzyme by 75%, suggesting that free 
amino groups are necessary. However, insufficient enzyme was available for an 
estimation of the degree of acetylation, or of the types of group acetylated. Thus 
diminished activity of the enzyme may have been caused by partial acylation of 
tyrosine residues. 

TABLE I 

ACTIVITY OF Z-ENZYhIE AT pH 3.6 

Digest (a) (b) (4 cdl 

Conditions” PH 5.5 Control pH 3.6; directly pH 3.6; pre-incubation 
[?I] of amylose, after incubation Iof’ 5to 400 500 

=See Experimental section (~232). 
b[r]l too small to be measured accurately. 

TABLE II 

EFFECT OF VARIOUS REAGENTS ON ACTIVITY OF Z-ENZYME 

“/, inhibition from iodine-staining measurements is quoted 

Molarir_t 10-3 IO-” 10-s IO-= 

Mercuric chloride 100 100 42 15 
Potassium cyanide 0 0 0 0 

Ammonium molybdate 20 0 0 0 

Tryptophan 0 0 0 0 

Ascorbic acid 100 90 70 42 

Acticity of Z-enzyme at ~~3.6 

AS the behaviour of Z-enzyme at pH 3.6 is of critical consequence, we made 
a careful study of the effect of this pH on the enzyme’s activity by following changes 
in CT] of an amylose. This technique yields an extremely sensitive measure of any 
hydrolytic action. The results of these experiments are shown in Table I, where 
the neg@ible [v] of digest (a) shows the high rate of amylolytic degradation at PH 5.5. 
The difference in [q] between samples (b> and (d) is within experimental error, and 
shows that pre-incubation at pH 3.6 for 2 h completely destroys the Zenzyme 
activity. There was, however, a significant decrease in the viscosity of sample (c), 
showing that the substrate had been hydrolysed before complete inhibition of the 
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enzyme had been achieved. Pre-incubation for at least 2 h at pH 3.6 is essential, 
therefore, before-&unylolysis limits can be obtained using /Lamylase preparations 
which contain Z-enzyme. . . 

Eflect -of umious reagents- on activity 
The effect of various reagents on the activity of Z-enzyme is shown in 

Table II. Potassium cyanide and tryptophane do not affect the activity, whilst the 
negligible effect of ammonium molybdate shows that the activities of Z- and K-enzyme 
are distinct**_ Ascorbic acid (IO-~ M) and mercuric chloride (IO-~ M) are very 
efficient inhibitors of Z-enzyme activity. Table II also shows that quite extensive 
inhibition of Z-enzyme must have occurred at the concentration of mercuric chloride 
(r-5 x 10-6 M) used in our original work7. Complete inhibition by mercuric chloride 
is shown by the [T]-values for digests (e) and (f> in Table III. This Table also shows, 
from a comparison of the [VI-values for digests (g) and (h), that calcium chloride 
(IO-~ M) did not activate the enzyme. 

TABLE III 

EFFECT ON AMYLOSE-VISCOSITY OF Z-ENZYME PRETREATED WITH MERCURIC AND CALCIUM CHLORIDES 

Pretreatment conditions at pH 5.5” 
[q] of amylose, after incubationb 

Gee Experimental section (p. 232). 
b[q] of amylose = 510. 

H$f = lo-3 M Hg’t = 10-4 h, c&- = 10-3 hI - 

soo 5oo 80 75 

The oc-amylo!ytic nature of Z-enzyme suggested that its action might be very 
dependent on the presence of calcium ions. The importance of this ion to cr-amylase 
activity has been extensively studied by Fischer and his collaboratorsag. Calcium 
ions may be effectively removed from aqueous solution by the chelating action 
of ethylenediaminetetra-acetate (EDTA). In our experiments, the effect of the 
presence of EDTA on Z-enzyme activity was followed by measuring the amylolysis 
of amylose by changes in [q], as this method again provides the most sensitive 
measure of assay. The fall in viscosity [45 %; TabIe IV, digest (Z)] shows that although 
the enzyme is inhibited to some extent [compare, digest (o)], hydrolysis has taken 
place in the EDTA/Z-enzyme/amylose digest. This inhibition is largely reversible, 
because on addition of excess of calcium ions, the extent of hydrolysis is greatly 
increased [digest @)I. The protease, trypsin, has little effect on the enzyme activity 
as shown by the large decrease in [q] for the amylose in digest (n), although this 
fall is even larger in the presence of cah$rm ions [digest (wz)]. However, under the 
combined action of EDTA and trypsin there was only a IO% fall in [q] for the 
amyiose sample. Thus a mixture of EDTA and trypsin is a more efficient inhibitor 
than EDTA by itself. This inhibition is not completely reversible as, on the addition 
of excess of calcium ions, the amylose in digest (i) was not degraded to the same 
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extent as that in (k). This effect may be due to protease attack on calcium-deficient 
protein molecules. 

TABLE IV 

EFFECT OF EDTA AND TRYF’SIN ON Z-ENZYME ACTIVITY 

Digest a (iI 0’) w 0 (4 (4 (4 

Initial condition9 EDTA/trypsin EDTA/txypsin EDTA EDTA trypsin trypsin control 
Final condition9 + Ca2+ - +ca2+ - +Caz+ - - 
[q] of amylose* 75 455 33 280 IO= 40 IO= 

See Experimental section fp. 233). 
*[q] of amylose = 510. 
C[q] too small to be measured accurately. 

Action of Z-enzyme on various substrates 
In our earlier work7, the hydrolysis of linear amylose by Z-enzyme was 

indicated by viscosity results, whilst attack on amylopectin and amylopectin limit- 
dextrin was shown by light-scattering measurements. The preparation of purified 
enzyme has now enabled the action on these substrates to be studied by classical 
iodine-staining and reducing-power measurements. Fig. 5 shows that all three 
substrates can be hydrolysed to the “achroic limit”. In particular, it should be 
noted that the action of Z-enzyme on the p-limit dextrin from amylopectin is com- 
parable to that of salivary a-amylase. This justifies the method of estimation of ac- 
tivity, whilst showing the similar nature of the two enzymes. 

It is apparent that there are two distinct stages in the hydrolysis of linear 
amylose by Z-enzyme. There is fist a rapid decrease in size of the amylose molecules, 
as shown by the fall in colour of the iodine stain. This is accompanied by an increase 
in reducing power of the solution. The second part of the reaction begins at the 
achroic limit of the amylose solution, and is characterized by a slow increase in 
reducing power of the solution. The discontinuity occurs at ca. 30% apparent 
conversion into maltose, and the disappearance of the iodine stain indicates that 
there are only small maltodextrins present at this stage in the reaction. However, 
it has to be stressed that the achroic point during a-amylolysis of amylose is not 
invariant, but depends entirely on the amylose-enzyme ratioso. 

The effect of Z-enzyme on the ~-limit dextrin from glycogen is not yet known 
with certainty. Our earlier light-scattering measurements indicated that there is no 
attack on this substrate, whilst Cunningham et aZ.9 obtained an increase in reducing 
power of the digest, using very large quantities of enzyme and prolonged incubation. 
If limited or-amylolytic attack is occurring, a more sensitive measure of this can 
be obtained from the concurrent action of /?-amylase and the purified Z-enzyme. 
Under our normal digest conditions, with the addition of &amylase, we found a 
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2% apparent conversion into maltose after 24 h. This 7resuk indicates that purilied 
Z-enzyme does cause degradation of glycogen limit-dextrin. 

0 10 20 30 

Apparent % of maltose 

Fig. 5. Graph of % of original A.V. versus apparent conversion into maltose. (I) amylose/Z-enzyme; 
(2) amylopectin/Z-enzyme; (3) amylopectin ,%lirnit dextrin/salivary cr-amylase; (4) amylopectin 
/3-limit dextrin/Z-enzyme. 

The character of Z-enzyme 

The above experiments have extended our original observations regarding 
the a-amylolytic character of Z-enzyme. The variation of activity and stability with 
temperature and pH are comparable to those of other a-amylases25229. The enzyme 
is irreversibly deactivated by pre-incubation at pH 3.6, but we have found that 
this behaviour is a characteristic of several other plant a-amylases31. Inhibition 
occurs in the presence of mercuric chloride, whilst calcium ions are essential for 
activity. As with other a-amylases 28, hydrolytic degradation of amylose, amylopectin, 
and glycogen occurs. 

Earlier, we suggested7 that Z-enzyme might be a dormant form of a-amylase. 
However, when soya beans were germinated, we found that the increase in Z-enzyme 
activity was not significant, compared to that which occurs in barley. It would 
appear, therefore, that Z-enzyme is similar to other plant a-amylases, but is normally 
present in extremely small quantities in the soya bean. 
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SUMMARY 

A method for the isolation and purification of the Z-enzyme in soya beans 
is described. This procedure involves the formation of the glycogen-enzyme complex. 

Carboh~&afe Res., I (1965) 229-241 



STUDIES ON STARCH-DEGRADING ENZYMES 241 

A method for assay of activity is presented. The properties of the purified enzyme 
have been studied; in particular, the variation of activity and stability with tem- 
perature and pH has enabled the nature of the active sites in the enzyme to be 
investigated_ Characterization of the activity of Z-enzyme at pH 3.6, and in the 
presence of a variety of reagents, has been achieved by viscometric techniques. 
Both linear and branched glucans are attacked by the purified enzyme. It is concluded 
that the properties of Z-enzyme are similar to those of other plant a-amylases. 
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-/3-L-IDoFUnANOSE 
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Department of Organic Chemistry, University of Newcastle-upon-Tyne (Great Britain) 

(Fkceived April 7th, 1965) 

INTRODUCTION 

Vicinal epoxides derived from sugars can undergo a number of reactions 
in which ring opening is caused by intramolecular, nucleophilic attacklss. We have 
previously studied several of these reactions which occur under either acidica- 
or alkaline condition& 6. Seebeck et a1.7 have shown that 3,6-anhydro-1,2-0- 
isopropyhdene-a-o-glucofuranose (IV) is one of the products when the 5,6_anhydro- 
compound (III) is treated with aqueous alkali. In this laboratory Dr. J. Corm* 
attempted to carry out the analogous reaction on the L-ido-epoxide (XV)s, in order 
to obtain 3,6-anhydro-1,2-0-isopropylidene+L-idofuranose (XVI), required in 
another studys. He concluded that another anhydride was produced, but was unable 
to pursue the matter at that time. We have examined the reaction in some detail, 
and a preliminary account has already been publishedlo. 

RESUL’IS AND DISCUSSION 

When the action of aqueous alkali on the 5,6-epoxide (XV) was studied by 
thin-layer chromatography, several products were observed. Meyer and Reichsteins 
had shown that 1,2-0-isopropylidene-/?-L-idofuranose (XIX) was the major product, 
and this was confirmed. In addition, there was a small amount of the 3,6-anhydride 
(XVI), together with a product of low RF value, which may be a bimolecular 
compound7, and an unknown compound whose RF value resembled that of the 
5,6-anhydride. On a preparative scale, the unknown compound (m.p. 68-6g”, 
[a]o +38.49 crystallised in 12% yield after chromatography on silica gel, and 
gave correct analyses for an isopropylidenehexose anhydride. Since it differed from 
the two known anhydrides (xv)9 and (XVI) 11, it probably contained a 3,panhydro- 
ring, such as that existing in 3,5-anhydro-r,2-O-isopropylidene-c+D-xylofuranose 
(XXI)12. The behaviour on hydrolysis with N sulphuric acid at 100’ was consistent 
with such a structure. Initially, a reducing sugar of high RF value was formed 
(presumably a 3,5-anhydrohexose), and this was further hydrolysed to L-idose 
(identified chromatographically); r,6-anhydro+L-idopyranose triacetate was isolated 
after acetylation of the hydrolysis products_ When 3,5-anhydro-1,2-O-isopropylidene- 
c+U-xylofuranose @Xl) was hydrolysed under the same conditions, the reaction 
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followed a similar course, yieIding finaUy xylose; the rate of hydrolysis was greater 
than in the previous case. The assignment of the n-gluco-configuration (XmII) 
to the 3,+anhydride is based on the reasonable assumption that formation and 
opening of the 3,5-anhydro-ring are each accompanied by inversion at the carbon 
atom involved. It is interesting that D-allose, which would have arisen by inversion 
at C-3, was not detected in the acid hydrolysate. 

HoG$?JMe- o’%QMe-m& 
2 2 &Me* 

If?+4 m I!2 
9 R=Me 

PR=H 
XI R=Tr 

SE R=Cw 

YiUU R=Tr. R’=Ac 
IS R=Tr. &H 
X R=R’k-, 

Xl 

/ 

R=Tr, R’=CH2Ph 
XII RcCH2Ph. R’=H 

dli R=Tr 
XIX R=CH2Ph 

2E7.lu XIX xx 

The behaviour of the 3,5-anhydro-compound (XVIII) towards N sodium 
hydroxide has proved particularly interesting. Thin-layer chromatography of the 
products showed them to be the same as those formed by similar treatment of the 
5,6-epoxide (XV); r,2-O-isopropylidene-/?-L-idofuranose (XIX) and its 3,6-anhydride 
(XVI) were isolated from the mixture, after chromatography. It appears, therefore, 
that the oxides (XV) and (XVIII) are interconvertible under alkaline conditions, 
and that it is the more reactive 5,5-epoxide (XV) which undergoes ultimate 
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irreversible ring scission. In agreement with this idea, it was found that 3,5-anhydro- 
1,2-O-isopropylidene-cc-~xylofuranose (XXI) reacted with N sodium hydroxide 
more slowly, despite the presence of a primary carbon at C-5, giving 1,2-O- 

isopropylidene-a-D-xylofuranose. 
In the light of these observations, we reinvestigated the action of aqueous 

alkali on 5,6-anhydro-r,t-O-isopropylidene-a-D-glucofuranose (III), in the hope 
of detecting the 3,5-anhydride (V). Under the conditions used by the Swiss workers7, 
the sole product having a high RF value in thin-layer chromatography was the 
3,6-anhydride (IV). When shorter reaction times were used, however, a new anhydro- 
compound could be detected. After extensive chromatography, 3,5-anhydro- 
r,2-0-isopropylidene+-L-idofuranose (V) (m-p. 49”) was isolated in low yield. It 
was subsequently prepared in larger amounts by a different route, as described 
below, and its properties resembled those of the D-gZuco-anhydride (XVIII). Acid 
hydrolysis with N sulphuric acid at roo” yielded D-glucose as the sole hexose, again 
indicating specific attack at C-5. As expected, N sodium hydroxide converted it 
into the same mixture of products as obtained from the 5,6-epoxide (III). 
r,2-O-Isopropylidene-a-D-ghicofuranose (I) and its 3,6-anhydride (IV) were identified 
chromatographically. From the reaction of the 3,5-anhydride with sodium methoxide, 
r,z-U-isopropylidene-6-U-methyl-a-D-glucofuranose (II) was isolated. 

We believe that these are the first cases to be reported of a reversible “oxide 
migration” involving a 3- and a h-membered ring. It is not possible with these 
compounds to study an equilibration of the two ring-systems, because of the 
reactivity of the 5,6-epoxides. It is hoped to study such an equilibrated system 
by suitabIe choice of compounds. 

In order to obtain a larger quantity of the 3,5-anhydro-L-i&-compound (V) 
than was available from oxide migraticm, the action of sodium methoxide on the 
5-toluene-p-sulphonate (VIII) was investigated. Under the reaction conditions, 
deaeetylation occurs first to give the alcohol (IX), and the method is analogous to 
that used for the preparation of the 3,5-anhydro-D-xylose derivative (XXI)12. The 
major product when the sulphonate was heated with methanolic sodium methoxide 
was the enol ether (XIII)lo, which was obtained independently by Gramera et nZ.13. 

The chemistry of this reaction will be discussed below. A product having a higher RF 

value in thin-layer chromatography was also noted, and was purified by chromato- 
graphy on silica gel, after removal of most of the enol ether (XIII) by crystallisation. 
It was the triphenylmethyl ether (VI), and was characterised when hydrolysis with 
acetic acid gave 3,5-anhydro-r,2-O-isopropylidene-~-r.-idofuranose (V), identical 
to the 3,5-anhydride prepared from the 5,6-anhydro-compound (III) by oxide 
migration. The overall yield was 6%. The formation of this compound from the 
5-sulphonate of a D-glucose derivative gives further support to the configurational 
assignments at C-5 in (V) and (XVIII). 

The enol ether (XIII) crystallises with solvent of crystallisation from 
chloroform or benzene-light petroleum. Analytical samples were carefully dried 
to constant weight (see Experimental). Gramera et aZ.l3*14 do not comment on this 
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property, but, in one paper13, their quoted yield is in excess of roo”A. The structure 
of the enol ether was proved by acid hydrolysis to give the syrupy 5-deoxy- 
I ,2- 0-isopropylidene-cr-D_xylo-hexodialdo- r ,4 : 6,3-difuranose (XVII), which was cha- 
racterised as its 2,4-dinitrophenylhydrazone. The same dialdohexofuranose (XVII) 
resulted as a minor product from the action of sodium methoxide on 1,2-O- 
isopropylidene-5-0-toluene-p-sulphonyl -a-U-glucofuranose (X), and its structure 
was proved by borohydride reduction to give 5-deoxy-r,z-O-isopropylidene- 
ac-D-xylo-hexofuranose (XX)rs* 1s. Gramera et al.13 have examined the action of 
sodium methoxide on several pairs of 5-toluene-p-sulphonates, one in each pair 
having an alkali-stable group on the 3-hydroxyl group, e.g. (VIII) and (XI)_ They 
conclude, from a study of four such pairs of sulphonates, that a free hydroxyl group 
at C-3 is essential for the p-elimination reaction leading to an enol ether. These 
workers13317 have been unable to isolate a 3,5-anhydride from any of their reactions, 
but have postulated that formation of the 3,5-r_.-ido-anhydride (Vl) is in some way 
linked to the formation of the enol ether (XIII). Two mechanisms are discussed, 
the fist of which involves the sequence shown in (XXII). The authors omit the 
negative charges in the region of C-5 and on the methoxide ion, which would 
certainly repel each other; we shall not discuss this mechanism further. In the second 
mechanism, the 3,5-anhydride is the actual intermediate, and we have investigated 
this possibility. The crystalline 3,5-anhydride (V) was converted into its triphenyl- 
methyl ether (VI), and heated with sodium methoxide under conditions more drastic 
than those used to prepare the enol ether. No reaction was observed, and the 
anhydride (V) was recovered in high yield after removal of the triphenylmethyl 
group by acid hydrolysis. We conclude that the 3,5-anhydride (VI) is not an inter- 
mediate in the conversion of the 5-sulphonate (IX) nto the enol ether (XIII) by 
sodium methoxide. Horwitz et al -18 have recently described an elimination reaction 
of the nucleoside oxetans (XXIII), using potassium t-butoxide in dimethyl sulphoxide, 
to give the olefins (XXIV)_ An attempted elimination using sodium methoxide was 
unsuccessfulr8. 

OR 

xxt XXII XXX R=uracd or thymlne XXEZ R=uraal or ttymine 

The observations of Gramera et aZ.13 can be explained if the alkoxy anion 
resulting from removal of the proton from the 3-hydroxyl group in the sulphonate 
(IX) acts as the base for removal of the proton on C-6. If this is so, one can form 
a six-membered, cyclic transition-state (XXV), in which the large groups are 
equatorial, leading specifically to the trans-enol ether (XIII). It is assumed that 
the triphenylmethyl enol ether (XIII) has a trans arrangement of hydrogen atoms 
at C-5 and C-6 by analogy with the be,nzyl compound (XIV)17; the infrared spectrum 
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of the triphenylmethyl ether is too complex for unambiguous interpretation. The 
same alkoxy-anion is, of course, the intermediate for the formation of the 
3,5=anhydride and it is difficult to see how one could prevent the two reactions 

occurring side by side. Gramera et ~1.13 quote unpublished work of Gramera and 
Whistler which indicates that the 3,5-anhydride (VII) is formed during hydra- 
zinolysis of the benzyl ether (XII) and undergoes nucleophilic attack by hydrazine 
at both C-3 and C-5. The major product is still the. enol ether (XIV)r’. Whistler 
and his colleagues clearly believe that by using hydrazine they have “trapped” the 
oxetan (VII), which would otherwise have been converted into the enol ether (XIV). 
This interpretation is contrary to our findings in the triphenylmethyl ether series. 

JSXPERIMENTAL 

Evaporations were carried out under reduced pressure with a bath temperature 
below 40”. Melting points are uncorrected. Infrared spectra were measured for 
potassium bromide discs. Light petroleum refers to the fraction of b-p. 60-80”. 
Comparison of materials with authentic substances was made, unless stated 
otherwise, by mixed m.p. determination, infrared spectra, and thin-layer chromato- 
graphy (t.1.c.). 

Chromatographic methods. Adsorption chromatography was carried out on 
silica gel (Hopkin and Williams) and neutral alumina (Woelm). T.1.c. on Kieselgel G 
(Merck) was used in preliminary investigations, and also to. monitor the fractions 
from chromatography columns. Carbohydrates were detected by anisaldehyde- 
sulphuric acid 1s; triphenylmethyl ethers appeared as yellow spots with this reagent 
on gentle heating. Toluene-p-sulphonates were detected by the diphenylamine 
methodza; a number of non-sulphonates gave a very weak positive reaction. Paper 
chromatography was carried out on Whatman No. I paper using butan-r-ol- 
pyridine-water (3:1:1, v/v), and aniline phthalatesi to detect reducing sugars. 

This was prepared by triphenylmethylation and subsequent toluene-p- 
sulphonylation of 3-O-acetyl-r,2-O-isopropylidene-a-D-glucofuranose (cf. refs. 13,14). 
The product contained triphenylmethanol, and in t.1.c. had the same RF value as 
the latter (anisaldehyde spray). 
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r,2-O-lsopropyldene-~-O-toluene-~~sulp (x) 

(a) 3- 0-Benzyl-r,a- O-isopropylidene-5- 0-toluene-p-sulphonyl-6 O-triphenyl- 
methyl-a-D-glucofuranoseaa (5.68 g) in glacial acetic acid (50 ml) was hydrogenated 
over palladium black (1.3 g) at atmospheric pressure for 16 h. After removal of 
the palladium by filtration, the solution was heated at 100~ for 5 min and evaporated 
to dryness. The product crystallised from benzene-light petroleum to give the 
5-sulphonate (2.34 g, 78 %), m.p. I 22O, [a]: +5.2O (c 2.4, chloroform). Gramera 
et aLI give m.p. 124O, [a]D +8-o” (chloroform). (Found: C, 51.3; H, 6.1; S, 8.4. 
C~Hss0sS talc.: C, 51-3; H, 5-g; S, 8.6%). 

. 

(6) The above 3-acetate (VIII) (0.78 g) was treated with methanol (50 ml) 
containing sodium methoxide [from sodium (IO mg)], at 20~ for 4 h. The solution 
was neutralised (COe) and evaporated to dryness, and the r&due extracted with 

chloroform. After removal of the chloroform, the residue was dissolved in glacial 
acetic acid (4.8 ml), ethanol (1.5 ml), and water (1.2 ml), and heated for 12 min 

under reflux. The solution was evaporated to dryness, and extracted with hot benzene. 
After cooling and addition of light petroleum, the 5-sulphonate (0.28 g, 64%) 

m.p. 122'~ crystallised; the infrared spectrum was identical to that of the compound 
in (a) above. 

5,6-Anll~d~o-r,2-O-isoprop~~Iidene-B_L-idof~ranoseg (XV) 

(a) 6- 0-Benzoyl- 1,2- 0-isopropylidene-5- 0-toluene-p-sulphonyl-a-D-gluco- 
furanosess (0.42 g) was dissolved in chloroform (1.5 ml) and cooled to - 15”. Sodium 
methoxide [from Na (0.05 g)] in methanol (0.6 ml) was added, and the mixture 
kept at - 15” for 0.5 h, and o” for a further 2 h. 5% Aqueous sodium hydrogen 
carbonate (4 ml) was added and the solvent evaporated at o”. The residue was 
extracted with chloroform, dried (sodium sulphate), and evaporated to a syrup 
(0.17 g). A benzene solution was chromatographed on silica gel. Ether eluted the 
5.6-anhydro-compound (0.14 g, 79x), m.p. 69-71~ (Iit.g, m.p. 73-75O). 

(b) 1,2-O-Isopropylidene-pO-toIuene-p-sulphonyl-a-D-glucofuranose (4.2 g) 
was dissolved in chloroform and cooled to o”. Sodium methoxide [from sodium 
(0.3 g)] in cold methanol (5 ml) was added, and the mixture kept for 0.5 h in an 
ice bath. 25% Aqueous potassium hydrogen carbonate (4 ml) was added and the 
solution concentrated; the product was extracted and chromatographed as above. 
Benzene-ether (3: I) eluted 5-deoxy-r,z-O-isopropylidene-a-D-xyZo-hexodialdo-r,4:6,3- 
difuranose (XVII) (o_ I 3 g, 6 %), [a]? +34-g” (c 1.75, chloroform). Ether eluted the 

5,6-anhydrocompound (2.02 g, 89x), m.p. 72-74O. 

~-Deo~~-r,2-O-isoprop~~iidene-a-D-xylo-hex-odialdo-I,4-furanose 2,q-dinitrophenyl- 

fzydrazone 
(a) The above sugar (33 mg) was dissolved in methanol (I ml) and 

2,4_dinitrophenylhydrazine (33 mg) in methanol (r ml) added, followed by acetic 
acid (0.2 ml). The mixture was left at room temperature overnight, when yellow 
crystals were precipitated. Wecrystallised from methanol, the hydrazone (42 mg, 
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64%) had m.p. 184~185”, [a] &s -17.4” (c 1.35, dioxan). (Found: C, 47.1; H, 4.9; 
N, 14.7. CrsHrsN408 talc:: C, 47.2; H, 4.7; N, 14.65%). 

(b) 5-Deoxy-~,2-O-isopropylidene-6-O-triphenylmethyl-cl-D-xylo-hexofuran-5- 
enose (XIII) (see below) (95 mg) was heated with 80% acetic acid (v/v, I ml) con- 
taining sodium acetate (2 mg) for 5 min at 100~. The cooled solution was evaporated 
to dryness, dissolved in benzene, and chromatographed on silica gel. Benzene-ether 
(I:I) eluted the hexodialdo-sugar (22 mg, 48%) which was treated with 2,4- 
dinitrophenylhydrazine as in (a). The hydrazone (24 mg) had m-p. 183O, and was 
identical to that in (a) above. 

~-Deoxy-r,2-O-isopropy~idene-or-D-xylo-~~exof~ranose (XX) 

5-Deoxy-r ,2- 0-isopropylidene-E-D-xylo-hexodialdo- r ,4-furanose (IS mg) was 
dissolved in ethanol (0.5 ml), and sodium borohydride (6 mg) added. The mixture 
was kept at room temperature for 16 h. Acetic acid (I drop) was added and sodium 
ions were removed by passage through Dowex-50 (H+ form) resin. The eluate was 
concentrated, and boric acid removed by distillation three times with methanol_ 
The crystalline diol (15 mg, SIX), m.p. 87-88.5” (raised by sublimation to 
m-p. g3_5-g4O), was identical to an authentic sample kindly given to us by 
Dr. E. J. Hedgleyrs. 

3,5-Anhydro-r,r-0-isopropylideire-cc-D-xylose (XXI) 

The anhydro-compound was prepared from D-xylose, according to Levene 
and Raymond’s method12. 

Acid hydrolysis. (a) The anhydro-compound (4 mg) was hydrolysed with 
N sulphuric acid (0. f ml) at 100~ ” tind the reaction followed by paper chromatography. 
After 2 rnin, xylose was detected in addition to 3,5-anhydroxylose. After IO min, 
only xylose was detected. For RF values, see Table I. 

TABLE I 
PAPER CHROhfATOGRAPHY OF ACID HYDROLYSIS PRODUCTS OF 3,5-ANHYDRO-COhfPOUNDSa 

Srrgar colollr of spot RF value 

D-Xylose Red-brown 0.22 

D-Glucose Brown 0.12 

r-Idose Brown 0.26 
3.5~Anhydro-D-xylose Red-brown 0.52 

3,5-Anhydro-D-glucose Brown 0.40 
3,5-Anhydro-L-idose Brown 0.38 

aFor conditions, see under Chromatographic Methods. 

(5) The anhydro-compound (0.16 g) was treated with N sulphuric acid (3 ml) 
at 100~ for 2 h. The solution was neutralised with Dowex-2 (COsa- form) resin, 
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filtered, and concentrated to a syrup. The syrup was dissolved in water (3 ml) and 
sodium borohydride (0.04 g) in water (3 ml) added, and the solution left at room 
temperature for 6 h. Excess of borohydride was destroyed with acetic acid, sodium 
ions were removed by passage through a column of Dowex-50 (Hfform) resin, 
and the solution was evaporated to dryness. Boric acid was removed as methyl 
borate by methanol distillation, and the residue acetylated with acetic anhydride 
(I ml) and pyridine (2 ml). The product was isolated using chloroform, and recrystal- 
lised from ethanol-light petroleum to give xylitol penta-acetate (0.25 g, 73%), 
m.p. 61-62~, identical with an authentic sample. 

AZkaline hydrolysis. The anhydro-compound (0. Ig g) was dissolved in N sodium 
hydroxide (2.3 ml) and heated at lcoo" for 16 h. The solution was neutralised 
(N sulphuric acid) and evaporated to dryness. A benzene extract was chromato- 
graphed on silica gel. Benzene-ether (g:r) eluted starting material (34 mg, IS%), 
[a]~ +g.2” (c 1.53, chloroform) [lit. r2, [a]u +I 1.7O (chloroform)]; it is probable 
that some was lost owing to the volatility of this compound. Chloroform-ethanol 
(g:r) eluted 1,2-O-isopropylidene-oc-D-xylofuranose (83 mg, 40x), which was con- 

verted, in 79% yield, into its 3,5-ditoluene-p-sulphonate, m-p. 98”, [MI: -33.8” 
(c 1.89, chloroform). This is a new crystalline form, whose infrared spectrum was 
not identical with that of an authentic sample, m.p. @-go”, [a]~ -36”, kindly given 
to us by Mr_ P-R-H. Speakman, but the mixed m-p. was g8-gg”. Karrer and 
Boettcher”Q give m-p. gr-g2O, [aIn -37-91” for this compound. When the sample 
of m.p. 89-90” was recrystallised from ethanol using seeds of the higher-melting 

form, only the latter, m-p. roo”, crystallised; the infrared spectra were identical. 

3,5-Anhydro-I,z-0-isopropylidene-a-D-glu (XVrrl) 

5,6-Anhydro-1,2-O-isopropylidene+L-idofuranose (1.45 g) was dissolved in 
N sodium hydroxide (15 ml) and heated at 100~ for 7 min. The solution was cooled, 
and passed through a column of Dowex-5o (NH: form) resin, and the eluate and 
washings were concentrated to a syrup. The residual syrup was extracted several 
times with hot benzene, and the benzene solution chromatographed on silica gel. 
Ether eluted first 3,6-anhydro-r,2-O-isopropylidene+L-idofuranose (39 mg, 3% 
m.p. 101-102O, followed by 3,5-anhydro-1,2-O-isopropylidene-a-D-glucofuranose 
(0.168 g, 12x), m.p. 68-69” (from ether-light petroleum), [a]“, +38.4O (c 1.66, 
chloroform). (Found: C, 53.5; H, 7.1. C9H140s talc.: C, 53.5; H, 6.9%). Some 
rechromatography of mixed fractions was necessary. 

Acid hydrolysis. (a) The anhydro-compound (2 mg) was heated with o-1 

N sulphuric acid (0.1 ml) at loo”, and the hydrolysis followed by paper chromato- 
graphy (see Table I). The isopropylidene group was removed within 5 min to give 
3,5+mhydroglucose; idose was detectable after 15 min. When N sulphuric acid was 
used, idose was present after 4 min. 

(b) The 3,5-anhydride (42 mg) was heated with N sulphuric acid (o-8 ml) 
at loO” for 14 h. The cooled solution was neutralised with Dowex-2 (CO;- form) 
resin, titered, and concentrated. Ldose was removed by passing the solution through 
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a column of Dowex-1 (HO- form) resin, and syrupy r,6-anhydro+L-idopyranose 
(r5 mg) was obtained on evaporation of the eluate. The product was acetylated 
with acetic anhydride and pyridine, and the acetate isolated using chloroform. 
The resulting syrup crystallised slowly and was purified by sublimation to give 
2,3,4-tri-0-acetyl-r,6-anhydro-/I-r.-idopyranose (23 mg, 3g%), m.p. 63”, indistin- 
guishable from an authentic sample, m-p. 63.5-64.5”. This compound exists in 
two crystalline forms, m-p. 66-67” (D-series)25 and m-p. 85-86” (L-series)z6, 
86-87O (D-serieQzi 

AIkaIine hydrolysis- 3.5-Anhydro-r,2-0-isopropylidke-a-D-glucose (0.14 g) 
was heated with N sodium hydroxide (1.5 ml) at 100~ for 16 h. The cooled solution 
was passed through a column of Dowex-5o (NH: form) resin, and the eluate and 
washings evaporated to dryness. The syrup was dissolved in chloroform-ethanol 
(g:r) and chromatographed on silica gel. The first fractions were evaporated, and 
the residue was dissolved in ether and rechromatographed on silica gel, when ether 
eluted 3,6-anhydro-r,2-O-isopropylidene-8-L-idofuranose, purified by sublimation 

(7 mg, 5 %), m-p. ro r O, identical with an authentic sample. Later fractions from 
the first column were dissolved in ethyl acetate and rechromatographed on silica 
gei to give r,2-0-isopropylidene-@-r_-idose (eluted with ethyl acetate and purified 
by subiimation, 34 mg, 2273, m.p. I 12-114’, identical with an authentic sample. 

3,5-Anl~ydro-r,t-O-isopropylidene-~-L-idof~lranose ( V) 
(a) j,6-Anhydro-r,2-0-isopropylidene-z-D-glucose (0.5 g) was heated with 

N sodium hydroxide (5 ml) at 100~ for 3 min. The solution was immediately cooled 
and passed through a column of Dowex-5o (NH,' form) resin. The eluate and 
aqueous washings were evaporated to a syrup which was dissolved in chloroform- 
ethanol (9: I) and chromatographed on silica gel. The first fractions were evaporated, 
and the residue was dissolved in benzene and rechromatographed on silica gel. 
Ether eluted first 3,6-anhydro-r,z-O-isopropylidene-rr-D-glucofuranose (89 mg, 
IS%), m.p. 54” (iit7, m-p. 55-56”), followed by a mixture (6~ mg) of the 3.6- and 
3,5-anhydro-compounds. The syrup was dissolved in benzene and chromatographed 
on neutral alumina. Elution with ether-ethanol (g:~) gave a pure fraction (8 mg), 
m.p. 48-49”. 

(b) Crude 3- 0-acetyl- 1,2- i-isopropylidene-g- O-toluene-p-sulphonyl-6- O- 
triphenylmethyl-a-D-glucofuranose (60 g) was heated under reflux in methanol 
(200 ml) containing sodium methoxide [from sodium (4 g)] for I h. Saturated 
aqueous potassium hydrogen carbonate (IO ml) was added and the solution 
evaporated. The residue was extracted thrice with chloroform, and the combined 
extracts were washed with water, dried (sodium sulphate), and evaporated to a 

syrup. Trituration with chloroform caused crystallisation of 5-deoxy- I ,2-0- 
isopropylidene-6-O-triphenylmethyl-or-D-_~yZo-hexofuran-5-enose (24 g), m.p. 82--85”, 
[=Jk6 -14.7” (c 1.6, benzene), The infrared spectrum showed a strong band at 
1667 cm-l (C = C). Recrystallised from benzene-light petroleum, the product 
had m-p. 85-92”_ For analysis, a sample was dried in uacuo at 50~ to constant weight; 
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it then had m-p. 89115”, and was still homogeneous on t.1.c. (Found: C, 76.2; 
. H, 6.6. c28H2805 CdC.: c, 75.7; H, 6.3%). 

Concentration of the chloroform mother-liquors gave a syrup which was 
dissolved in benzene and chromatographed on neutral silica gels. Benzene-ther 
(49:1) eluted 3,5-anhydro-r,2-O-isopropylidene-6-O-triphenylmethyl-B-L-idofuranose 
as a chromatographicahy homogeneous syrup (4-5 g). Elution with benzene-ether 
@:I> yielded further enol ether (1-3 g)_ The above anhydro-compound (4.5 g) was 
heated under reflux in ethanol (15 ml), acetic acid (48 ml), and water (12 ml) for 
12 min. Triphenylmethanol was filtered off from the cooled solution, and the filtrate 
evaporated to dryness. The residue was dissolved in benzene and chromatographed 

on silica gel. Benzene eluted more carbinol, and elution with ether afforded 
3,5-anhydro-r,2-O-isopropylidene-B-L-idofuranose, further purified by vacuum 
distillation. Care must be taken to avoid over-heating of the syrup. Yield, 1.04 g 

(6%), m.p. 4g-5o”, [a]g +53.2O (c 1.2, chloroform). (Found: C, 53.3; H, 6.7. 
CsHr-105 talc.: C, 53.5; H, 6.9%). 

Acid hydrolysis. (a) The anhydro-compound (2 mg) was heated with N sulphuric 
acid (0.1 ml) at IOOO, and samples were subjected to paper chromatography (see 
Table I). Initial hydrolysis gave 3,5_anhydroidose, which was further hydrolysed to 
glucose, tist detectable after 12 min. 

(b) The anhydro-compound (23 mg) was heated with N sulphuric acid (0.5 ml) 
for 7 h at 100~. The solution was neutralised with Dowex-2 (C&s- form) resin, 
filtered, and evaporated to a syrup (I 7 mg). The syrup was dissolved in water (I .o ml), 
sodium borohydride (20 mg) added, and the solution kept at 20~ for 5 h. Excess of 
borohydride was destroyed with acetic acid and sodium ions were removed by 
passage through Dowex-5o (Hi- form) resin. After evaporation of the eluate and 
washings to dryness, boric acid was removed as methyl borate by distillation with 
methanol. The resulting syrup was acetylated with acetic anhyride and pyridine 
overnight, and the product isolated using chloroform. The crude hexa-acetate (32 mg, 
62%) crystallised, and was purified by sublimation to give D-glucitol hexa-acetate, 

m-p. 96-98”, indistinguishable from an authentic sample, m-p. 98”. 

Alkaline hydrolysis. (a) The anhydro-compound (2 mg) was heated in N sodium 
hydroxide (0.1 ml) at 100~. Samples were examined by t.l.c., using ether as solvent. 
After 30 min starting material was still present, together with a compound whose 
RF value and colour reaction with the anisaldehyde spray resembled that of 
3,6-anhydro-~,2-U-isopropylidene-cr-D-glucofuranose; compounds of low RF value, 
resembling 1,2-O-isopropylidene-a-D-glucofuranose, were also detected. After 3 h, 

no starting material could be detected. 

(b) The anhydro-compound (0.12 g) was heated under reflux with sodium 
methoxide [from sodium (0.06 g)] in methanol (I ml) until t.1.c. showed that no 
starting material was present. The solution was neutralised with N sulphuric acid 
and evaporated to dryness, and a benzene extract of the resulting product subjected 
to chromatography on silica gel. Ether eluted r,z-O-isopropylidened-U-methyl- 
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a-D-glucofuranose (63 mg, 45”%) which, after recrystalhsation from ether-light 
petroleum had m-p. 69-70.5”, and was indistinguishable from an authentic sample, 
m.p. 69-70~~s. 

Triphenylmethylation of 3,5-anhydro-I,z-O-isopropyiidene-/3-L-idofuranose and 

treatment of the product with sodium methoxide 

The 3,5-anhydride (0.12 g) was dissolved in pyridine (2 ml), triphenylmethyl 
chloride (0.2 g) added, and the mixture kept at 37O for 2 days. Methanol (0.1 ml) 
was added and, after I h, the mixture was poured into water. The product was 
isolated using chloroform, and the final syrup was dissolved in benzene-light 
petroleum (I:I) and chromatographed on silica gel. After elution of non-carbohydrate 
triphenylmethyl compounds with benzene-light petroleum (I : I), benzene eluted 
3,5-anhydro-I,2-O-isopropylidene-6-O-triphenylmethyl-8-L-idofuranose (VI) (0.2 g, 

78%), Ip!, *4 j-31.4” (~0.94, chloroform); it was homogeneous on t.1.c. 
The above triphenylmethyl ether (gr mg) was heated in a sealed tube with 

methanol (0.5 ml), containing sodium methoxide [from sodium (IO mg)], at 65” 
for 2 h. Examination of the products by t.1.c. [benzene-ether (g:r)] showed the 
presence only of a compound having the same RF value as starting material [the 
enol ether (XIII), which has a lower RF value, was clearly absent]_ The solution was 
neutraIised with N sulphuric acid, fIltered, and evaporated to dryness. The product 
was heated with aqueous acetic acid (80% v/v, I ml) at 95’ for IO min, and .the 
cooled solution evaporated to dryness. The product was dissolved in benzene and 
chromatographed on silica gel. Benzene-ether @:I) eluted triphenylmethanol(41 mg, 
78’/, and ether eluted a compound (37 mg) indistinguishable from 3,5-anhydro- 
1,2-U-isopropylidene-p-Ldofuranose on t.1.c. (ether). Part of the product, on distil- 
lation, gave the 3,5-anhydride, m.p_ 47”, identical with an authentic sample. 
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SUMMARY 

3,5-Anhydro-r,2-O-isopropylidene-a-D-glucofuranose and -@idofuranose 
have been prepared, and their behaviour towards aqueous acid and alkali examined. 
Dilute sulphuric acid causes removal of the isopropylidene group, followed by 
specific ring cleavage at C-5, in each case. Under alkaline conditions, the 3,5-anhydro- 
compounds undergo nucleophilic attack by the oxygen atom on C-6 to give the 
5,6-epoxides. This reversible reaction is the first example of an oxide migration 
involving interconversion of an oxetan and oxiran. 
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The mechanism of an elimination reaction undergone by certain 5-toluene- 
p-sulphonates of I,%U-isopropylidene-a-D-glucofuranose is discussed. 
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NUCLEOSIDES AND RELATED SUBSTANCES 

PART IV. THE SYNTHESIS OF g-a-D-GLUCOPYRANOSYLADENINE BY THE FUSION REACTION* 

KONOSH:N ONODERA, SHICEHIRO HIRANO, HIROKAN FUKUMI, AND FUMIYA MASUDA 

Labararory of Biochemistry, Departmenr of Agricultural Chemistry, Kyoto University, Kyoto (Japan) 

(Received December rst, 1964; revised manuscript received April rgth, 1965) 

INTRODUCTION 

Since Fischer and Helferichr synthesised purine nucleosides in 1914, many 
workers have investigated the synthesis of nucleosides. The naturally occurring 
nucleosides and nucleic acid-nucleosides generally have a rrans configuration for 
the substituents at C-I and C-2 of the carbohydrate moiety, and the anomers may 
be of interest from a biochemical viewpoint. Thus, vitamin Br2 contains a cis 
arrangement of the substituents at C-I and C-2 of the sugar moiety. A number of 
recent report&r1 have been concerned with the synthesis of nucleosides containing 
cis substituents at these positions. 

Tn our laboratory, a novel procedure for the synthesis of both purine and 
pyrimidine nucleosides has been developed using r-0-trichloroacetyl sugarsr”; the 

production of an anomeric mixture occurs in this reaction. The present paper 
concerns the anomeric mixtures of nucleosides formed in the fusion of 2,3,4,6- 
tetra-0-acetyl-D-glucopyranose, and some of its r-O-substituted derivatives, with 
6-benzamidopurine in the presence of certain catalysts, and the isolation of the 
a-nucleoside from the anomeric mixture obtained by the fusion of z,3,4,6-tetra-O- 
acetyl-I-0-trichloroacetyl-a-D-glucopyranose with 6-benzamidopurine in the presence 
of toluene-p-sulphonic acid. 

DISCUSSION 

Two main factors influencing the anomeric configuration of nucleosides 
formed in the fusion reaction have been examined; the specificity of purine and 
pyrimidine bases was discussed in our previous papeG_ The ftrst factor is the effect 
of the catalyst, and the influence of various catalysts is shown in Table I. It is of 
interest to note that the effect of catalysts on the anomeric configuration of nucleo- 
sides produced by the fusion reaction is opposite to that operative in the production 
of phenolic 0-glycosides. Zinc sulphate and zinc hydroxide have little catalytic 
effect in the reactions of z,3,4,6-tetra-O-acetyl-1-O-trichloroacetyl-r-D-glucopyranose 

*This work was presented at the International Symposium on Carbohydrate Chemistry held at 
Milnster, West Germany, from July 13th to qth, x964. 
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and 1,2,3,4,6-penta-0-acetyl-#SD-glucopyranose with 6-benzamidopurine. Mercuric 

chloride, stannous chloride, and zinc chloride exert similar catalytic effects in 
these reactions. The experimental results indicate that the mechanism involved in 
the fusions in the presence of metal halides is different from that in the presence 

of toluene-p-sulphonic acids. 

TABLE I 

THE FORMATION OF 9-W AND 9-&D-GLUCOPYRANOSYLADENINES 

Cata&st 

2,3,4,6-Tetra-0-acetyf-D-glacopyranose dericatives 

I-O-Tri- r-0-Acetyl- I-Bronro- r-Chloro- Free hy&oxyZ 

chIoroacet_vl- r-deoxv- r-deoxy- at C-r 

Zinc chloride 

Zinc sulphate 
Zinc hydroxide 
Mercuric chloride 
Stannous chloride 

Toluene-p-sulphonic acid 

Ethyl polyphosphate 

No catalyst 

35 “%a 

(only B, 
(or and j3) 
(Q and B) 
(only B) 
(only B) 

27.8% 
(a$ = 28:72) 

26.9% 

(43 = ‘I:7g) 

9.3% 
(a$ = 20:80) 

11% 
(only B) 
none 
none 

(only B) 
(only B) 

(only 8, (only 8, 

14% 

(0~ and 01 (only B) (only B) (only B) 

17% 
(z:B = 19:8x) (only p) (a and /I) (only B) 

10.5% 
none (only BJ (only 8) 

=Numbers show the yields of isolated nucleosides. Ratios of anomers are given in parentheses; 
otherwise the yields and ratios were not determined. 

The second factor is the effect of the substituent at C-I in derivatives of 
2,3,4,6-tetra-0-acetyl-D-glucopyranose. 2,3,4,6-Tetra-O-acetyl-~-O-trichloroacetyl-cr- 
D-glucopyranose and 1,2,3,4,6-penta-0-acetyl$-D-glucopyranose give different 
proportions of the a- and @-nucleosides, both in the absence of catalyst, and in 
the presence of zinc sulphate or zinc hydroxide. 2,3,4,6-Tetra-O-acetyl-/?-D- 
glucopyranose and 2,3,4,6-tetra- 0-acetyl-D-glucopyranosyl halides give only the 
&nucleoside, although an exception is the fusion of 2,3,4,6-tetra-O-acetyl-B-D- 
glucopyranosyl chloride with 6-benzamidopurine in the presence of ethyl polyphos- 
phate as catalyst. These results indicate that neither 2,3,4,6-tetra-O-acetyl+D- 
glucopyranose nor a 2,3,4,6-tetra-0-acetyl-D-glucopyranosyl halide is the inter- 
mediate in the formation of the a-nucleoside by the fusion reaction. It is difficult 
to explain the production of an anomeric mixture of nucleosides in the fusion of 
2,3,4:6-tetra-0-acetyl-/?-D-glucopyranosyl chloride with 6-benzarnidopurine in the 
presence of ethyl polyphosphate as catalyst. 

In all of the experiments, the yields of the nucleosides were in the range of 

lo-35 %- 
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EXP-AL* 

Anonzeric ??K Ttures of F-D-ghcopyranosyladenines 

2,3,4,6-Tetra-O-acetyl-r-O-trichloroacetyl-a-D-glucopyraaose, r&3,4,6-penta- 
O-acetyl+D-glucopyranose, 2,3,4,6-tetra-O-acetyl-a-D-glucopyranosyl bromide, and 
2,3,4,6-tetra-O-acetyl-/3-D-glucopyranosyl chloride were separately melted with 6- 
benzamidopurine at 14o-160~ for 60 min, in a molar ratio of 1:1.2, in the presence 
of zinc chloride, toluene-p-sulphonic acid, or ethyl polyphosphate14 as catalyst. 
The reaction product was deacylated with methanolic ammonia, and then examined 
by paper chromatography in order to detect 9-B-D-glucopyranosyladenine (RF 0.10) 
and 9-a-D-gh%copyranosyladenine (RF 0.14). The appropriate zones of the paper 
chromatogram were cut out and eluted with water, and the proportion of anomers 
was determined by comparison of the optical densities of the solutions at 259 m,u. 
Isolation of nucleosides was carried out on the deacylated products, and the results 
are summarised in Table I. 

Pa-D- Glucopyranosyiadenine 

A mixture of 2,3,4,6-tetra-O-acetyl-I-O-trichloroacetyl-a-D-glucopyranose 
(2.6 g) and 6-benzamidopurine (1.2 g) was melted at 15o-160”. A trace of toluene- 
p-sulphonic acid was added and the mixture was kept at 14o-160” for one h. The 
reaction product was dissolved in methanol (30 ml) and insoluble materials were 
removed by filtration. To the solution was added methanol (IOO ml) saturated with 
ammonia. The methanolic solution was stored overnight at ca. o” and then concen- 
trated under reduced pressure. Paper chromatographic examination of the resulting 
syrup showed the presence of two compounds, with RF values 0.14 and 0.10, 
respective!y. The n.m.r. spectrum of the syrup showed doublets at t 3.25 
(J 4.5 c.p.s.) and 3.95 (J 9.0 c.p.s.) which were assigned to the C-I protons 
of 9-a- and 9-8_D-glucopyranosyladenines, respectively. The syrup was separated 
into two components by preparative paper chromatography [descending irrigation 
for I I days with butan-I-ol-water (86:14, v/v), Toyo Roshi filter paper no. 511. 
The compound (0.31 g, 20.0%) with RF 0.10 was isolated and crystallised, and had 
m-p. 206“, [aJ$ -6.2” (c. 1.0, water). It was identified as 9-p-D-glucopyranosyladenine 
by n.m.r. and i.r. spectroscopy, and by a mixed m.p. determination with an authentic 
samplel”. The zones of the sheets containing the substance with RF 0.14 were cut 
out and eluted with water. The eluates were concentrated under reduced pressure 
to give a thin syrup (0.12 g, 7.8%) which was purified by elution from a column of 
Dowex-50 (Hf form) with N ammonium hydroxide (preliminary elution with water). 
The u-v.-absorbing fractions were collected and concentrated to dryness. Paper 
chromatographic examination showed a single spot (RF o-14), but the syrup, 
[a]g +92O (c 0.5, water) failed to crystallise. The n.m.r. spectrum of the syrup 

*All melting points are uncorrected. Paper chromatography was carried out with Toyo Roshi 
filter paper No. 51 by- descending irrigation with butan-I-o&water (8634, v/v). 
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showed a doublet at t 3.25 (J = 4-5 c.p.s.). The u-v. absorption spectrum of the 
syrup showed A:;: at 259 m,u and a:;: at 233 rnp, at pH 7. The syrup gave a 
crystalline picrate, m.p. 210-215~. 

Anal. CELL for CI~HISNSO~~ : C, 3S.78; H, 3.42; N, 21.29. Found: C, 38.89; 
H, 3.32; N, 21.21. 

Attempted transformation of g-/l-D-glucopyranosyladenine into the pa-D-anomer 
g-(2,3,4,6-Tetra-O-acetyl-B-D-glucopyranosyl)-6-benzamidop~inel3 (m-p_ 174“, 

0.1 g) was heated at 16o-1So~ for I h in the presence of toluene-p-sulphonic acid 
(15 mg). Paper chromatographic examination of the deacylated product showed 
the absence of the a-D anomer. From the deacylated product, only 9-B-D- 
glucopyranosyladenine was recovered. 
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SUMMARY 

An anomeric mixture of nucleosides is produced in the fusion of 2,3,4,6- 
tetra- 0-acetyl-D-glucopyranose, and various r-O-substituted derivatives thereof, 
with 6-benzamidopurine in the presence of certain catalysts. 9-a-c-Glucopyrano- 
syladenine was isolated from the anomeric mixture obtained by the fusion of 2,3,4,6- 
tetra-O-acetyl-~-O-trich~oroacetyl-a-D-glucopyranose with 6-benzamidopurine 
presence of toluene-p-sulphonic acid as catalyst. 

in the 
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Note 

A new synthesis of L-fucosamine (2-amino-2,6-dideoxy-L-galactose) 

Acidic hydrolysis of Pneumococcus Type V capsular polysaccharidel*s yields. 
inter alia, 2-amino-2,6-dideoxy-L-talose 3~4 (pneumosamine) and a-amino-2,6-dideoxy- 
L-galactose” (L-fucosamine). The latter amino sugar has also been found as a con- 
stituent of the mucopolysaccharides of certain enteric bacteria5 (e.g., Citrobacter 
fiemdii), whilst the enantiomorph is a constituent of the lipopolysaccharide of 
Chromobacterium violaceum6, and of the insoluble cell-wall residue of Bacillus cereus’ 

and Bacillus lichenniformisS. Two constitutional syntheses of D-fucosamine have been 
described9 recently which prompt us to report a new synthesis of L-fucosamine, 
which was required in connection with structural studies on Pneumococcus Type V 
polysaccharide. A synthesis of r_-fucosamine from g-deoxy-L-lyxose has been accom- 
plished by Kuhn et a1.10. 

We have shown* that catalytic reduction of the oxime (II) derived from methyi 
6-deoxy-3,4-O-isopropylidene-a-L-Zyxo-hexopyranosid~ose (I) affords predominantly 
the amino sugar derivative (III) having the L-tale configuration. Although chromato- 
graphic evidence indicated that a small amount of the L-galacto epimer (IV) is also 
formed, we were unable to isolate workable amounts of L-fucosamine. However, 

I R=O 
III Ip 

5 R’N-OH 

reduction of the oxime (IIj with lithium aluminium hydride gave a product mixture 
in which the proportion of the L-galacto epimer (IV) appeared (as judged by thin- 
layer chromatography) to be substantially greater than that for the catalytic reduction. 
The product mixture (III and IV) was N-acetylated, the protecting groups were 
removed by treatment with acid, and the mixture of free amino sugars was frac- 
tionated on Dowex-so @I+ form). L-Fucosamine was eluted first, and was charac- 
terised as its crystalline hydrochloride, which was identical (m.p., rotation, infrared 
spectrum) with the compound isolated 1.2 from Type V pneumococcal polysaccharide. 
The infrared spectrum of this derivative was also indistinguishable from those 
recorded for the amino sugar hydrochlorides recovered from Chromobacterium 
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violacemA7, Citroltucter freundii~, and Bmiih cereus7. The second amino sugar, 
2-amino-z,Bdideoxy-ctalase hydrochloride, was eharacterised by comparison of 
its physical properties with those of the D-enantiomo~h, synthesised by an un- 
equivocal routes. 2-A~no-z~6-dideoxy-L-~lose and -galactose hydrochlo~des were 
recovered from the resin in a ratio of 2.5:1; the ~-do epimer also predominated 
in the similar reduction carried out by Collins and Overendll. The stereochemistry 
of the metal hydride reduction of metbyi 6-deoxy-3,4-O-isopropyLidene-~-rZ~_~u- 
hexopyranosidulose (I) has been discussed recently by these workerG, and similar 
effects are likefy to be operating, to some extent, on reduction of the oxime (II). 

FCiPEFUhG3?TAL 

A soIution of the oxime” {[al? - 130” (c I, chloroforms, 1.25 g) in dry ether 
(50 ml) was gradually added to a stirred suspension of lithium aiuminium hydride 
(1.25 g) in dry ether (50 ml), and the mixture was stirred at room temperature for 
I h and theu heated under reflux for 3 h. Water was added to the cooled mixture 
to decompose the excess of reagent, the ethereal layer was separated, and the residue 
extracted thoroughly with ether (4 x LOO mf). Removal of the solvent from the 
combined and dried fMgSO,t) extracts gave a syrup (I g) which on thin-Iayer chro- 
matograms (ethyl acetate) showed (vaniEn-ethanolX3) two major. components. 

A solution of the foregoing syrup (I g) in water (40 ml) and methanoi (2.8 ml), 
containing acetic anhydride (2.8 ml) and D&vex-r (CO;- form) (70 ml), was stirred 
at o0 for 90 min. The combined filtrate and aqueous washings were stirred for IO min 
with Amber& FR-120 (W+ form), the solution was filtered, and the resin washed 
thoroughly with water. The combined filtrate and tvashings were evaporated (~140”) 
to a syrup (cn. o-73 g} which was taken up in 2~ ~ydro~h~orj~ acid (40 ml) and 
heated at 95” for 8 h. The solution was diluted to ea. IOO ml with water, applied 
to a freshly regenerated column of Dowex-so (H+ form‘) (43 x 4 cm, 200-400 mesh), 
and the column eluted with 0.3~ hydrochloric acid. Fractions (25 ml) were coilIected 
automatically, and an aliquot portion (0.5 ml) of every fourth fraction was an&y& 
for amino sugars with the Olson-Morgan reagentI”. L-Fucosamine hydroch~o~de 
was eluted between 2.27-2.77 f, and the appropriate fractions were combined and 
evaporated, with frequent additions of methanol, to give a crystalline residue 
(0. r2 g)_ Recrystalljsatjon from water-methanol-acetone yielded the pure hydro- 
chloride (60 mg), m-p. 1g1-392~ (dec.), [a&, 29 --I22o (3 min) 3 -93” (final, ~0.31, 
water). (Found: C, 36.3; N, 7.3. C&IUCINO~ talc.: C, 36. I ; N, 7.1 %I. Kuhn et al.10 
give m-p. Ig2---Ig$’ (dec.), [=lg ---I 19” (2 tin) -+ -92O (tial, c 0.89, water) for 
this compound, and Zehavi and Sharon9 give m-p. 192” (dec.), fa]g -I- I 17“ (3 min) -+ 
-+92O -& 1.2~ (final, ~0.2, water) for the D-enantiomorph. 
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i-Amino-2,6-dideoxy-L-talose hydrochloride (0.3 g) was obtained by similar 
treatment of the fractions- eluted between 2.97;3.72 1, .and, the pure hydrochloride 
(0.18 g, .~ from- water-methanol-acetone) had m-p. 162-163”: ..(dec.), [cc]~ -4” 
(3 mm) -+ f6” (IO min) +- +IOO (f&n& c I, water) (lit.s,o-enantiomorph,m.p. 161.5- 
163.5” (dec.), [“!D 18-5 +8” (4 mm) --f -roe (fIna1, c 1.7; water). -The chromatographic 
properties and mfrared spectrum (Nujol mull) of- the hydrochloride were indistin- 
guishable from those of pneumosamine hydrochloridelnzs4 and 2-amino-a&-dideoxy- 
D-talose hydrochloridea. 
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INTRODUCTION 

The reaction between 2-amino-2-deoxy-D-glucose and 2,4-pentanedioner-7 
has attracted attention because of its relation to the Elson-Morgan procedure*9 9 
for the estimation of aldosaminee. Although it is agreed that when the reaction is 
carried out under neutral conditions the product is 3-acetyl-2-methyl-5-(D-arabino- 
tetrahydroxybutyl)pyrrole (I), there are discrepancies in the physical properties 
(melting point) ascribed to this substancer-4173 10, and in no case has a rigorous proof 
of the structure been given. It is possible that more than one substance is produced 

B 
20H 

r r “P “f 
-c-c-F4 

11. 

b 
H H,OH 

HOCH.q-C-t-C,4C-Me HO 

OH OH H 
NH-C=CH-C-Me 

I II 
Me 0 

I n 

and, indeed, when the reaction is performed in a slightly alkaline medium, at least 
four compounds giving positive pyrrole tests to the Ehrlich reagent (p-dimethyl- 
aminobenzaldehyde-hydrochloric acid) have been detecteds; two of these were 
identiheds as 2-methylpyrrole and 3-acetyl-2-methylpyrrole. We report now the 
results of a recent investigation of this reaction; this study is an extension of 
previous works- 4. 

RESULTS AND DISCUSSION 

Preparation of 3-acetyl-2-methyl-5-(D-arabino-tetrahydroxybutyl)p~role (j) is 
best carried out from 2-amino-2-deoxy-D-glucose hydrochloride, with the equivalent 
amount of sodium carbonate, and 2,gpentanedione in aqueous acetone, at room 
temperature and neutral pH. The almost pure product (I) crystallizes from the 
reaction medium, as a monohydrate (m.p. 106-107O), in yields of over 80%; crystal- 
lization of the monohydrate from ethanol gives the anhydrous form (m.p. 142--242.5O). 
Other products (detected chromatographically) of the reaction under these conditions 
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are 3-acetyl-z-methylpyrrole and z-deoxy-z-[2-(4-oxo-z-pentenyl)amino]-D-ghrcose 
(II) (see below). When th e reaction is performed at a higher temperature and sub- 
stituting ethano1 for acetone, substantial amounts of 3-acetyl-5-[z-(3,4-dihydroxy- 
tetrahydrofurylll-2-methylpyrrole (III) are also produced. Compound (III) can be 
detected’ in aged reaction mixtures of 2-amino-z-deoxy-D-glucose and 2,4- 

I 
HC-C-C--Me 

-O1 II 
CHZ-(cHoH)~--CH-c 

II 

I 
R 

m R=H JiI R=H 

_ -IL! R=Et XII R=OH 

P n=n-c*y 

pentanedione, and often in the mother liquor of crystallization of compound (I). 
If the reaction is carried out using 2-amino-z-deoxy-D-glucose hydrochloride and 
the equivalent amount of sodium methoxide in ethanol, as indicated by Boyer and 
F&the, yields of the pyrrole (I) are Iower, and the whole procedure is more involved. 
In this case, the anhydrous form (m.p. 1+?-142.5~) is directly obtained. 

Evidence for the structure of compound (I) is as follows. When treated with 
Ehrlich reagent, compound (I) gives an unstable red colour having maxima at 
530 m,u (strong) and ca. 500 rnp (weaker) (Fig. I). The absorption at 530 nyc decreases 
with time, and that at 500 mu increases. Both the hydrated and the anhydrous 
form of the compound have the ultraviolet absorption pattern (maxima at 210, 

246, and zgo m& typical of a methyl pyrrol-3-yl ketonell. The infrared spectrum 
shows the NH and C=O bands at the frequencies observed in other methyl pyrrol- 
3-yl ketones lz Acetylation of either form gives the same tetra-acetyl derivative. . 

Oxidation with sodium metaperiodate, or with minium (Pba04) in acetic acid, 
furnishes 4-acetyl-5-methyl-2-pyrrolecarboxaldehyde (VI); the preparation using 
minium can be accomplished with an over-all yield of 50% from 2-amino-z-deoxy- 
o-glucose hydrochloride. Oxidation of compound (VI) with silver oxide-sodium 
hydroxide gives 4-acetyl-5-methyl-z-pyrrolecarboxylic acid (VII) which can be 
decarboxylated to known6 3-acetyl-z-methylpyrrole*. 

Tetrahydroxybutyl-furans and -pyrroles similar to compound (I) lose a molecule 
of water in the tetrahydroxybutyl chain giving r,4-anhydro-derivativesl3. 3-Acetyl- 
z-methyl-5-(D-nrabino-tetrahydroxybutyl)pyrrole (I), upon heating in the dry state in 
LXZCLIO, or in neutral or slightly acid solutions, readily gives compound (III) which 
affords a diacetate. The results of its periodate oxidation, also in agreement with 

*This reaction sequence was described in the papet’= of 1950. but the sample of 3-acetyk- 
methylpyrrole (m.p. 75”) then obtained was not completely pure, cf. the product (m.p. g&gs”) 
synthesized= afterwards from aminoacetaldehyde and 2,+pentanedione. 
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structure (III), have been reported previously 4b. Similarly, the N-alkyl derivatives 
of the pyrrole (I), substances (VIII) and (IX), give the corresponding anhydroderiva- 
tives (IV) and (V)_ 

-C-!-M. 

II 
HOCH,-C-C-C-C, X R=H 

I I I 
XI R=Ac 

OH OH H 
Me 

Pm R=Et 

Ix R=n-C,H, 

Me 

The reaction between 2-amino-2-deoxy-D-giucose and 2,gpentanedione in 
dilute aqueous solution at pH g-5-10 gives 3-acetyl-2-methyl-5-(o-arabino-tetra- 
hydroxybutyl)pyrrole (I) in 30% yield. This substance is therefore a product of the 
reaction under conditions similar to those prescribed in the analytical method of 
Elson and Morgan. Other pyrrole compounds previously identified in the reaction 
mixture obtained under these conditions are 2-methylpyrrole (yield IO%) and 
3-acetyi-2-methylpyrrole6. As compound (I), when heated with p-dimethyl- 
aminobenzaldehyde in hydrochloric acid , gives (see above) a red colour absorbing 
maximally at 530 m,~ (Le., the wavelength used in the analytical method), it can 
be considered to be a chromogen in the Elson-Morgan reaction. It should be pointed 
out in this connection that in several modificationsr‘i-1s of the Elson-Morgan 
method colours having absorption maxima at 530 w are obtained. This fact seems 
to be in conflict with the current view 6.9 that 2-methylpyrrole, which gives with the 
p-dimethylaminobenzaldehyde-hydrochloric acid reagent a colour with maximum 
at 548 m@, is the main chromogen. To ascertain whether steam-volatile 2-methyl- 
pyrrole derives from the more complex pyrrole (I) under the conditions prevailing in 
the analytical method, this compound was heated in dilute aqueous solution at pH IO. 
No pyrrole compound could be detected in a steam distillate of the reaction mixture. 
Also, the absorption curve given by compound (I) (preheated with sodium carbonate 
at pH IO) and the Ehrlich reagent is practically the same as that obtained with a 
non-pretreated solution of (I) (Fig. I). If any conversion of compound (I) into 
a-methylpyrrole had occurred, it would have produced a shift of the absorption 
to 548 m/s. 

The formation of pyrrole (I) from 2-amino-%deoxy-D-glucose and 2,4- 
pentanedione in a mixture of triethylamine and methanol has been reported7 recently_ 
We have repeated this work and established the identity of the product so obtained 
with the one described above. Under these conditions, the enamine (II) can be 
isolated. Cessi and Serafini-Cessi7, who first obtained this compound, proposed 
structure (II) on the basis of its ultraviolet absorption, and quantitative hydrolysis 
to 2-amino-2-deoxy-D-glucose and 2,4-pentanedione. Additional evidence is now 
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presented with the infrared spectrum of compound (II), which shows a band at 
1613 cm-1 (C=O group in an intramolecularly bonded &amino-c&unsaturated 
ketoner*er), and a broad, strong band centred at ca. 1543 cm-l. Compound (II) 
gives a tetra- 0-acetyl derivative, the infrared spectrum (carbon tetrachloride 
solution) of which has bands at 1616, 1577, and 1495 cm-l, typical of chelated 
/?-amino-a&unsaturated ketones r9--2r. As in other compounds of this classrg, no 
NH stretching absorption was observed either in solution or in the solid state. 
Both compound (II) and its tetra-0-acetyl derivative have high, positive, optical 
rotations, suggestive of a-~ anomeric cotigurations. Accordingly, these compounds 

’ are better represented by formulae (X) and (XI). 2-Deoxy-2-[2-(+oxo-%pentenyl)- 
amino]-a-D-glucose (II or X), when stored in aqueous solution at room temperature, 
cyclized to a mixture of 3-acetyl-2-methylpyrrole and 3-acetyl-2-methyl-5-(D-arabino- 
tetrahydroxybutyl)pyrrole (I). D-Erythrose could be detected chromatographically 
in the reaction mixture. When compound (II) was heated at pH IO, the product 
was 3-acetyl-2-methylpyrrole. a-Methylpyrrole was detected in only trace amounts 
(see also ref. 7). 

2-Amino-2-deoxy-D-glucose and ethyl acetoacetate react in aqueous solution 
at pH g-5-10 to give ethyl 2-methyl-3-pyr& 3lecarboxylate and ethyl 2-methyl-5- 
(D-arabino-tetrahydroxybuty1)-3-pyrrolecarboxylate (XII), in the approximate ratio 

CH20H - 

XII x!a 

2:3, and the over-all yield is 50%. No 2-methylpyrrole was found. In the reaction 
in the presence of triethylamine, the tetrahydroxybutyl ester (XII) was the only 
product to be detected chromatographically and isolated. 

The formation of pyrrole compounds from amino sugars and &dicarbonyl 
compounds is probably a stepwise process, the mechanism of which is still uncertain. 
The isolation of compound (II), and its conversion into 3-acetyl-2-methyl-5- 
(D-arabino-tetrahydroxybutyl)pyrrole (I) and 3-acetyl-2-methylpyrrole, suggests that 
enamines of the type (XIII) may be the first intermediates in these reactions. A 
similar point of view has been expressed previously by Cornforth and his 
co-workers22, and by Gottschalk 2s. However, the low yield of a-methylpyrrole 
obtained from the enamine (II), when heated at pH g-10, in comparison with that 
obtained from 2-amino-2-deoxy-D-glucose and 2,4-pentanedione under similar 
conditions, seems to indicate that some other mechanism(s) may be operative. 
The mechanism of the reaction between 2-amino-2-deoxy-D-glucose and 2,4- 
pentanedione will be discussed elsewhereed, under the more general context of the 
reaction of monosaccharides and p-dicarbonyl compounds. 
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EXPERIMBNTAL 

Melting points are uncorrected. Concentrations and evaporations of solvents 
were carried out in vamo at temperatures not over 50”. Paper chromatography 
was carried out on Whatman No. I paper by the horizontal technique at room 
temperature using butan-I-o&ethanol-water (IO:I:~), unless otherwise stated. 
Detection reagents used were silver nitrate-sodium hydroxide for monosaccharides 
and polyhydroxylic compounds, and chromatographic Ehrlich reagent (prepared 
by dissolving LO g of p-dimethylaminobenzaldehyde in 30 ml of ethanol, adding 
30 ml of concentrated hydrochloric acid, and diluting with butan-I-01 to IOO ml) 
for pyrrole derivatives. The analytical Ehrlich reagent was prepared by dissolving 
0.5 g of p-dimethylaminobenzaldehyde in 6 ml of ethanol and 6 ml of cont. 
hydrochloric acids. The Ehrlich reagent for other purposes was prepared as Qrdicated 
in the literaturess. The u-v. spectra were obtained with a Beckman DU spectro- 
photometer. The i.r. spectra were obtained with a Beckman IR-5A instrument, 
and those marked (*) with a Perkin-Elmer 237 instrument. 

3-Acetyl-2-methyZ-5-(D-arabino-tetrahydroxybutyl)pyrrole (I) 
2-Amino-2-deoxy-D-glucose hydrochloride (21.6 g, 0.1 mole) and 5.3 g 

(0.05 mole) of sodium carbonate were dissolved in 75 ml of water, and 10.0 g 
(0.1 mole) of 2,4-pentanedione and 12 ml of acetone added. The resulting solution 
was left at room temperature. Paper chromatography after 20 min showed the 
presence of the following substances (RF): (I) (0.53), 2-deoxy-2-[2-(4-oxo-2- 
pentenyl)axnino]-o-glucose (X) (o-62), and 3-acetyl-2-methylpyrrole (o-89). When 
sprayed with the Ehrlich reagent, compound (l) produces a red colour which turns 
green, and compound (X) an orange colour that turns yellow. Crystallization of 
compound (l), as a monohydrate, began after 10-12 h. After three days, the 
crystalline mass was filtered off and dried in the air; yield, 21.3 g (85x), m.p. 1o3-1o5~. 
Two recrystallizations from water gave the analytical sample, m-p. 106-107”, 

big -34” (c 0.9, water); l.mS.y (ethanol) 21 I, 247, 290 mp (E 16785, 7699, 5820); 
trmar (Nujol) 3279, 1626 cm-l. 

A?zaZ. Cd. for Cl1H1iNOs* HzO: C, 50.56; H, 7.33 ; N, 5.36. Found: C, 5o.79,, 
H, 7.58; N, 5.23. 

The above monohydrate (2 g) was dissolved in 20 ml of boiling ethanol. 
On cooling, r-7 g of the anhydrous form of compound (l) crystallized, m.p. 141-142~. 
Two additional recrystallizations from the same solvent gave a product having 
m.p. I42-142.5O, [aJE -52O (co.7, water); &IZ%l 210, 246, 290 rrzu (E Igggo, 8278, 
6081). 

Anal. Calc. for CllHl7NOs: C, 54.31; H, 7.04; N, 5.75. Found: C, 54.41; 
H, 7.01; N, 5.82. 

Recrystallization of the anhydrous form, m.p. 142--142.5~, from water 
regenerated the monohydrate, m.p. I04-I05°. 

Anal. Found: C, 50.66; H, 7.09; N, 5.43. 
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The mother liquor of the crystallization of compound (l) (monohydrate) 
was concentrated and extracted with ether. The ethereal extracts were dried (MgSOd) 

and concentrated. Thin-layer chromatography [silica gel; light petroleum-ether (XI)] 
showed the presence of a substance having the same mobility as 3-acetyl-2- 

methylpyrrole. Evaporation of the solvent left a dark oily residue that was not 
further examined. 

Preparation of compound (I) according to Boyer and Fiirthz gave a 60% 

yield of product, m.p. and mixed m.p. with the sample described above 14.2-142.5~. 

Boyer and Fiirth give m.p. 137~. 

The reaction in the presence of triethylamine’ was carried out as follows: 
2.0 g (g mmole) of 2-amino-2-deoxy-D-glucose hydrochloride, 25.0 g (0.25 mole) 
of 2,4-pentanedione, 25 ml of triethylamine, and I ml of pyridine in 50 ml of 

methanol were heated at 55” for 15 h. Evaporation of solvents left a syrup that 

crystallized on treatment with a little hot water. A portion (0.5 g) of this material 

(1.3 g) was recrystallized twice from water yielding compound (l) monohydrate, 
m-p. and mixed m-p. with the sample described above 106-107~. Another sample 

(0.5 g) was recrystallized from ethanol, as indicated before, yielding compound (I), 
m-p. and mixed m-p. 14.2-142.5~. 

3-Acety~-~-metllyi-5-(D-ar~bino-Eetra-acetoxyb~~3~~)pyrrole 

A solution of 1.0 g of compound (I) in 6 ml of pyridine was treated with 
6 ml of acetic anhydride at 0”. After storage for 48 h in the refrigerator, the product 
was precipitated by pouring the reaction mixture onto ice. After recrystallization 
from ethanol-water (I:I), the product (71%) had m-p. 13%133O, Vmax (chloroform) 

3460, 3300, 1730, 1650, 1585, and 1524 Cnrl. 

Anal. Calc. for CI5&$@05: C, 55.47; H, 6.13; N, 3.41. Found: C, 55.26; 
H, 6.38; N, 3-70. 

4-Acetyl+methy~-2-pyrrolecarboxuldehyde (VI) 

(a) A solution of compound (I) (1.1 g, 4-5 mmole) in water was treated with 
a slight excess of a saturated solution of sodium metaperiodate. After 30 min, the 
crystalline solid was collected, washed with cold water, and recrystallized from 
acetone-water (I:I) to yield 0.33 g (49%) of compound @I), m.p. 144-145O, Amex 

(ethanol) 228, 298 (& 14960, 17840), Vmax (chloroform) 3436, 3279, 3012, 2817, 
1650, 1567, and 1504 cm-l. 

(b) A suspension of the monohydrate of compound (I) (0.65 g, 2.5 mole) 
in 80 ml of acetic acid-water (1:3) was treated under vigorous stirring with 20.5 g 

(0.03 mole) of minium (PbsOd), added in small portions over a period of g h, and 
stirring was continued for a further 14 h. The reaction mixture was extracted with 
ether (7 x 20 ml), and the combined extract washed with water (3 x 20 ml) and 
dried (NasSO4). Evaporation of the solvent left crude compound (VI) (o-3 g, 5g%), 
m.p. r3g--I42O. Recrystallization from acetone-water gave the analytical sample, 

m-p. 144-144.5”. 
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Anal. Calc. for CsHsNOe: C, 63.56; H, 6.00; N, g-26. Found: C, 63.38; 
H, 5.98; N, g-62. 

&Acetyl-_wnethyI-z-pyrroiecarboxyiic acid (YZI) 

A suspension of silver oxide in water was prepared by dissolving 7.4 g 
(44 mmole) of silver nitrate in 15 ml of water, and adding 75 ml of N sodium 
hydroxide. Compound (VI) (3.0 g, 20 mmole) was added, and the mixture was 
heated under reflux for 40 min. The cooled reaction mixture was filtered and the 
solid residue washed several times with water. The filtrate and the washings were 
mixed and acidified (Congo Red) with dilute nitric acid. The acid (VII), precipitated 
as a dark solid (2.5 g), was filtered off and washed with water. The mother liquor 
was extracted with ether (3 x IO ml), and the combined extracts were dried (MgSOa). 
Evaporation of the solvent left an additional 0.2 g of compound (VII). Crude 
compound (VII) (2.7 g) was dissolved in IO ml ethanol, applied to a column 
(25 x 3 cm) of alumina, and eluted with a mixture of cont. ammonia (sp. gr. o-973) 
and ethanol (r:9). The eluates giving a positive reaction to the Ehrlich reagent were 
collected and concentrated. Acidification with hydrochloric acid gave 1.2 g (36%) 
of compound (VII), m-p. 255-~56”~ Recrystallization from ethanol-water (2:1) 

gave the analytical sample, m-p. 255-256’ (dec.), I,,,, (ethanol) 252, 284 rn+ 
(& 9533, 9400); vmax (Nujol) 3279, 2632 (broad), 1653, 1575, 1508 cm-i. 

Anal. Cak. for CsHaNOa: C, 57.47; H, 5.43; H, 8.38; neutralization equi- 
valent, 167. Found: C, 57.48; H, 5.52; N, 8.40; neutralization equivalent, 170. 

3-Acetyi-r-methylpyrrole 

4-Acetyl-5-methyl-2-pyrrolecarboxylic acid (VII) (I oo mg) was heated at 
250-260~ (bath temperature) in a tube fitted with a “cold finger”. The sublimate 
(51 mg), m-p. 86-Q”, was recrystallized from light petroleum (40-70~) to give pure 
3-acetyl-2-methylpyrrole, m.p. 95-97” (X6, 94-95”); lrnaX (ethanol) 243, 282 m,u 
(& 7822, 5822). 

Anal. Calc. for CrHaNO: C, 68.26; H, 7-44; N, 11.38. Found: C, 68.20; 
H, 7.12; N, 1~30. 

3-AcetyZ-5-[2-(3,4-dihydroxytetrahydrofuryZ)]-z-nzethylpyrroZe (III’) 

(a) Compound (I) monohydrate (5.0 g) was heated to constant weight over 
phosphorus pentoxide at 7o”/20 mm [wt. loss: 0.7 g (talc. for two mol. of water, 
0.8 g)]. The residual material had m.p. r5g-r63O and, after recrystallization from 
ethanoi, m.p. 165-166”, [CZ]D -104” (c I, water). 

(b) Compound (I) monohydrate (2 g) in water (IO ml) was heated at 100~ 
for 3 h. Evaporation of the solvent left a crystalline residue which, after recrystal- 
lization from ethanol, gave compound (III) (1.1 g, 64x), m.p. 163-164”. 

(c) Compound I monohydrate (5.0 g) dissolved in 25 ml of water containing 
0.25 ml of acetic acid was heated at 100~ for 3 h. Working up as before gave 2.6 g 
(60%) of compound (III), m-p. 165-166”. 
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Klynel has noted that, with various steroidal glycosides, the molecular rotation 
is approximately the sum of the molecular rotations of the steroidal alcoho1 and of 
the methyl a- or /I-(D or L)-glycoside corresponding cotigurationally to the sugar 
residue in the glycoside. On this basis, he has shown that cardenolides of natural origin 
containing D-sugars are 8-D anomers, and those which contain L-sugars have the 
same absolute, or E-L, anomeric configuration. Previously, the syntheses of the 
a-digitoxoside (2,6-dideoxy-a-D-ri6o-hexoside) of digitoxigeninz and the ar-D-rham- 
nosides (6-deoxy-a-D-mannosides, X and XII)3 of digitoxigenin and of strophanthidin 
have been reported. All three contain the “unnatural”, a-D-glycosidic linkage and 
show surprisingly low cardiotonic activities when compared with related glycosides 
of natural origina. This suggested that the a-D-glycosidic linkage in cardenolides 
containing D-sugars provides for a molecular configuration that is not optimum for 
cardiotonic activitysb. However, the basis for this postulate rested on the comparison 
of the activities of cardenolides containing the a-r_. and B-D forms of the same sugar 
because anomeric pairs of cardenolides are not available. 

The stabie form for the O-acylglycosyl halides of the enantiomorphic aldo- 
hexopyranoses (to include rhamnose) is the a-(D or L) anomer. When there is a 
1,2-cis relationship between the halogen at C-r and the acyloxyl group at C-2, replace- 
ment occurs at C-I with inversion. Conversely, 1,stram halides may undergo 
replacement with net retention of cotiguration 5. The result is that it is difficult to 
synthesize r,z-cis glycosides; in fact, with all previous syntheses of cardenolides, the 
1,stram glycoside has been the exclusive product. Recently, it was reported by Gorin 
and Perlins that /?-D-glycosides are the preponderant products from the reactions of 
4,6-di-O-acetyl-2,3-U-carbonyl-a-D-mannopyranosyl bromide with r,2,3,4-tetra-O- 
acetyl+D-glucose and with 1,2,3,4-tetra-O-acetyl-&D-mannose. Only trace amounts 
of the a-D-glycosides were formed during the reaction. Since the inverted products 

*Presented before the Division of Carbohydrate Chemistry, American Chemical Society, 148th Na- 
tional Meeting, Chicago, Ill., Sept. rg64_ This work was supported in part by U.S. Public 
Health Service Grant No. HE 03839. 
**All enquiries regarding this paper should be addressed to W. Werner Zorbach, Department of 
Chemistry, Georgetown University, Washington, D. C. 20007. 
***This work was taken from a thesis submitted by W.H. Gilligan to the Graduate School of 
Georgetown University in partial fuhihnent of the requirements for the degree of Doctor of 
Philosophy in Chemistry, May, 1963. 
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were formed. almost exclusively, the use of 2,3-O-carbonylglycosyl halides could 
presumably also lead to the synthesis of 1,2-cis cardenolides. On this basis, the synthesis 
of the B-D-rbamnosides (XI and XIII) of digitoxigenin and of strophanthidin was 
undertaken. The choice of the P-D-rhamnosides was dictated by the availability of 
the cl-D anomers for comparison purposes. 

Two synthecea oL c f ‘he non-naturally occurring D-rhamnose are available?, but, 
for the present purpose, both methods are indirect and, furthermore, give low yields. 
Several alternative approaches to a D-rhamnosyl halide containing the 2,3-0-carbonyl 
group were explored, and the sequence finally adopted is given in Scheme I. Methyl 

Scheme 1 

TS = P - CH3C&H4S0, 

‘: 
0.x = C,H,C 

E-D-mannopyranoside (I) was p-toluenesulfonated and, without isolation of the sirupy 
p-tolylsulfonyl derivative, this was treated with carbonyl chloride, giving crystalline 
methyl 2,3-O-carbonyl-6-O-p-tolylsulfonyl-cc-D-mannopyranoside (II). The reduction 
of the 6-0-tolylsulfonyl group of II with lithium aluminum hydride in ether, or with 
sodium in liquid ammonia in the presence of alcohols, could not be accomplished 
without involving the carbonate rings. Since direct reduction failed, the C-4 hydroxyl 
group of II was protected by benzoylation, to give the crystalline derivative III. 
In subsequent conversions, p-tolylsulfonation, carbonylation, and benzoylation were 
carried out without isolation_ of II. In this way, the yield of III, based on starting 
material I, was 37 Ok_ 
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The p-tolylsulfonyloxyl group of III was next replaced by iodine to give the 
6-iodo derivative IV. Attempts to reduce IV in methanol by hydrogenation, using 
Raney nickel as the catalyst, also involved attack on the carbonate rings, but, when 
the derivative IV was hydrogenated in the presence of a “nickel boride” catalysts 

under anhydrous conditions, the desired methyl 4- U-benzoyl-2,3-O-carbonyl-6-deoxy- 
a-D-mannoside (V) was obtained in excellent yield. Treatment of V with hy+ogen 
bromide in acetic acid gave crystalline 4-O-benzoyl-2,3-O-carbonyl-6-deoxy- 
or-~-mannosyl bromide (VI). This derivativewas very reactive and decomposed rapidly 
in moist air; it could, however, be stored in a desiccator away from light at -78”. 
The bromide VI readily underwent methanolysis in the presence of silver carbonate 
to give, by inversion, methyl 4-O-benzoyl-2,3-O-carbonyl-6-deoxy-@-D-manno- 
side (VU) and these results are consistent with those reported by Gorin and Perlin6. 

However, coupling of digitoxigenin (VIII) with the bromide VI in I,I,z&i- 
chloroethane in the presence of silver carbonate, followed by sapotication of the 
reaction mixture, gave 48 oA of the previously described a-D-rhamnoside (X)3a, but 
only 13 oA of the desired P-D anomer (xr) (Scheme II). Coupling with strophan- 
thidin (IX) under essentially the same conditions gave 8 0A of the known a-D-rham- 

noside@II)sb and 6 % of the 8-D anomer (XIII). In both cases, failure to yield inverted 
products exclusively is most likely due to steric factors in which the bulky steroid 
aglycon attacks the initially formed carbonium ion10 from below the plane of the 

ring to give the a-~ anomer as the major product. 

TABLE I 

CARDIOTONIC A- OF RHAMNOSIDES OF DIGl-l-OXIGENIN AND 

OF SIROPHAXTHIDIN AS MEASURED INlRAvENousLY IN CATS 

Rluzmnoside of digitoxigenin 

C-L (evomonoside)lza 

{:g gii 

Rllamnoside of strophanthidk 

a-x. (convallatoxin)l~b 
B-D mm 
a-D -3” 

Dlmg” 

3.6 

2.8 1.6 

12.6 
10.1 

7.2 

Assay results for the two new cardenolides XI and XIII (see Table I) show 
enhanced activity as compared with the two “unnatural” cc-D-rhamnosides. These 
results, as anticipated, favor the postulate that the a-D-glycosidic linkage in cardeno- 
lides containing D-sugars is unfavorable for cardiotonic activity. It is interesting to 
note, however, that in each case the potency of the two synthetic cardenolides XI 
and XU.I is somewhat less than the potency of the corresponding natural cc-L-rham- 
noside of digitoxigenin (evomonoside) and of strophanthidin (convallatoxin). 
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HO 

HO 
OH 

EXPERIMENTAL 

All melting points were determined using a Kofler hot stage. 

MethyZ 2,3-0-carbonyl-6-0-p-tolykulfonyZ-a-mmannoside (II) 
To a stirred solution of 40.0 g (0.206 mole) of methyl a-D-mannopyranoside (I) 

in 520 ml of dry pyridine at o” was added 4.2.2 g (0.227 mole) of p-toluenesulfonyl 
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chloride. The solution was allowed to warm to room temperature and was stirred 
overnight. Then the solution was cooled to -20°, and 20.8 g (0.21 I mole) of carbonyl 
chloride in 72 ml of toluene was added dropwise with stirring. After being stirred 
for 4 h at -20°, the solution was kept at so overnight. To the cold solution was added 
45 ml of concentrated ammonium hydroxide and, after the mixture had been stirred 
for 2 h, the solvent was removed under diminished pressure at 30”. The residual 
sirup was dissolved in 400 ml of methylene chloride and was stirred overnight with 
40.0 g of powdered tartaric acid. After the addition of 400 ml of benzene, the salts 
were removed by filtration, and washed with IOO ml of methylene chloride-benzene 
(I:I). The combined filtrate and washings was extracted with four 5o-ml portions of 
water, dried with anhydrous sodium sulfate, and filtered, and the filtrate was evapo- 
rated to about IOO ml under diminished pressure_ The precipitate was filtered off 
and recrystallized from benzene, to give 26.0 g (33.7 %) of product, melting at 
126-127~. From the mother liquor was obtained an additional 2.67 g (3.5 %) melting 
at 126-127O, giving a total yield of 37.2 %_ A second recrystalhzation from benzene 
raised the m.p. to rag-r30°, [a]g+2g_o” (c 1.103, chloroform). Calc. for CraHlsC&: 
C, 48.13; H, 4-85; S, 8.56. Found: C, 48.27; H, 5.18; S, 8.72. 

Methyl 4-O-benzoyZ-2,3-O-ca~bonyZ-6-O-p-tolyZs~~ny~-a-D-~nannosi~e (III) 

(a) To a solution of 49.6 g (0.255 mole) of methyl a-D-mannopyranoside (I) 
in 600 ml of dry pyridine at o” was added, with stirring, 30.0 g (o-157 mole) of 
p-toluenesulfonyl chloride. After I h, an additional 30.0 g (0.157 mole) of the chloride 
was added, stirring was continued for I h, and the mixture was kept overnight in a 
refrigerator. A solution of 25.8 g (0.261 mole) of carbony! chloride in IOO ml of toluene 
was now added during I h at o”. The solution was stirred for an additional hour and 
was then kept at 5” overnight. To the solution at o” was added 36.6 g (0.325 mole) 
of freshly distilled benzoyl chloride_ After the solution had been kept overnight in a 
refrigerator, 600 ml of ether was added, and the solids were fdtered off and successively 
washed thoroughly with water, g5 % alcohol, and ether, to give 35.4 g (29.0 %) of 
fine needles melting at rgo-193”. 

x The filtrate was evaporated to about 200 ml under diminished pressure at 4o”, 
200 ml of water was added, and the solids were Gltered off and washed successively 
with water, alcohol, and ether. After recrystallization from benzene-methylene 
chloride (2:1), the solid material gave an additional 9.8 g, m.p. rg2--Ig4O, for a total 
yield of 37.0 %. Recrystallization of the combined product from benzene-methylene 
chloride raised the m.p. to rg3-Lg5”, [a];‘:$-47 -6” (c 1.282, chloroform). Calc. for 
C22H22010S: C, 55.22; H, 4.64; S, 6.70. Found: C, 55.20; H, 4.79; S, 6.95. 

(b) To a solution of 20.00 g (0.053 mole) of methyl 2,3-O-carbonyl-6-U-p-tolyl- 
sulfonyl-a-D-mannoside (II) in 130 ml of methylene chloride-pyridine (12:1) at o”, 
was added 8.25 g (0.059 mole) of freshly distilled benzoyl chloride, and the 
mixture was kept overnight at 5”_ An additional 75 ml of methylene chloride was 
added, and the solution was extracted with IOO ml of 1.3~ hydrochloric acid fol- 
lowed by four 25-ml portions of water. The solvent was evaporated, and the solid 
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residue was washed with 150 ml of absolute alcohol and IOO ml of benzene, and dried 
at 80”; the yield was 23.1 g (90.5 “/,),m.p. 193-195, [a];’ +48.2” (c 1.274, chloroform). 

Methyi q-O-benzoyl-2,~-O-carbon_vl-6-deoxy-6-iodo-u-D-mannoside (IV) 
A solution of 23.0 g (0.049 mole) of methyl 4-O-benzoyl-2,pGcarbonyl- 

6-O-p-tolylsulfonyl-a-D-mannoside (III) and 40.0 g of sodium iodide in 300 ml of 
acetone was heated in a sealed container at roo” for 2 h. After the mixture had been 
cooled, the sodium p-toluenesulfonate was filtered off and washed with acetone 
tivt. 9.58 g, talc. 9.46 g). The filtrate and washings were combined and evaporated, 
and the solid residue was extracted with water and dried, to give 20.8 g (99.8 %) of 
crude material. By recrystallization from benzene, 19.3 g (92.4 “/,) of product 
melting at 177-179~ was obtained. An analytical sample melted at 179” (180-1820), 
[a]g+32.6” (c 1.244, methylene chloride). Calc. for C&.H15107: C, 41.49; H, 3.72; 
I, 29.23. Found: C, 41.61; H, 3.96; I, 29.37. 

Methyl 4-O-be~zzoyl-2,3-O-carbonyl-6-deoxy-a-D-~nannoside (V) 
(a) Preparation of the catalyst 
To a solution of 24.0 g of nickelous chloride hexahydrate and 0.54 g of chromic 

sulfate pentahydrate in 350 ml of water, slurried with 6.0 g of Norit A, was added 
dropwise, with stirring, a solution of 12.0 g of sodium borohydride in 60 ml of water. 
The catalyst was filtered off with suction and washed free of chlorides with water. 
The catalyst was then transferred to a flask and dried by azeotropic distillation with 
petroleum ether (b.p. 39-46”). After the water had been removed by means of a 
Stark-Dean trap, the catalyst was filtered off in a dry box, washed with dry tetra- 
hydrofuran, and transferred to the hydrogenation vessel. 

(b) Redaction of IV 
A solution of 21.5 g (0.050 mole) of IV in 250 ml of dry tetrahydrofuran and 

22 ml of dry triethylamine was slurried with the catalyst, and was hydrogenated under 
3.5 atm. of hydrogen at room temperature for 72 h. The catalyst was removed by 
filtration and washed with dry tetrahydrofuran, and the combined filtrate and washings 
was evaporated to dryness under diminished pressure at 4o”_ The solid product was 
taken up in 200 ml of methylene chloride, the solution washed with 60 ml of water, 
and dried with sodium sulfate. After filtration, the solvent was removed by evaporation 
under diminished pressure, and the product crystallized from 350 ml of absolute 
alcohol-methylene chloride (5:2) to yield 13.5 g (88.3 %) of product melting at 
196-197”. By partial evaporation of the mother liquor, an additional 0.46 g (3.0 “A, 
melting at 194-196”, was obtained, to bring the total yield to 91-3 %, [~]2,5-4.8~ 
(c 0.898, methylene chloride). Calc. for Cl5H1607: C, 58.46; H, 5.23. Found: 
C, 58.21; H, 5.39. 

4-O-Benzoyl-2,3-O-carbonyZ-6-deoxy-a-D-mannopyranosyZ bromide (VI) 
To 1.48 g (4.8 mmole) of methyl 4-O-benzoyl-2,3-O-carbonyl-6-deoxy- 
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a-D-mannoside (V) in 30 ml of glacial acetic acid-methylene chloride (1:~) was added 
15 ml of a 35 oA solution of hydrogen bromide in glacial acetic acid. The solution was 
kept at room temperature in a well-stoppered flask for 24 h, taken up ingomlof cold 
methylene chloride, and quickly washed in succession with two go-ml portions of 
cold water, go ml of cold saturated sodium bicarbonate, and go ml of cold water. 
The solution was immediately dried with magnesium sulfate, titered after 30 min at 
room temperatnre, and the Sltrate evaporated under diminished pressure. The residue 
was washed (by decantation) with three 5-ml portions of dry ether, and dried in vacua 
at room temperature for I h to give 1-44 g (83.8 %) of colorless needless melting at 
148-156” (dec.), [a]~+82.g0 (c 1.160, methylene chloride). Calc. for C14H&r&: 
C, 47.08; H, 3.67; Br, 22.37. Found: C, 46.92; H, 4.24; Br, ~2.18~~. 

MethyZ q-0-benzcyZ-2,3-0-carbony&Gdeoxy-j3-D-mannoside (VII) 
A solution of 0.287 g (0.8 mmole) of 4-O-benzoyl-z,pO-carbonyl-Qdeoxy- 

a-D-mannosyl bromide (VI) in 3 ml of dry methylene chloride was added dropwise to 
IO ml of methanol slnnied with 600 mg of dry, freshly prepared silver carbonate, 
and the mixture was stirred for 30 min at room temperature. The salts were removed 
by filtration, and the S&rate was evaporated under diminished pressure. The residue, 
consisting of a mixture of well-formed needles and elongated prisms, and weighing 
0.238 g (96 %), m.p. 174-186”, was repeatedly recrystallized from absolute ethanol 
to give 0.114 g (46.0 %) of elongated prisms, m.p. 187-187.5”, [a]2,5-8g.4° (c 0.910, 
methylene chloride). Calc. for Cl5H1607: C, 58.46; H, 5.23. Found: C, 58.34; F, 5.28. 

3 /3- (6Deoxy-B-D-mannopyranosyi)- I4 p-hydroxy-5 @-card-z0 (22) -enolide (XI) and a-D 
anomer (X) 

To a magnetically stirred solution of 2.120 g (5.66 mmole) of digitoxigenin 
(VIII) in 30 ml of r,r,2+-ichloroethane, slurried with a powdered mixture of 4.041 g 
of dry, freshly prepared silver carbonate and 20.0 g of Drierite, was added, in 0.500-g 
portions over a period of 8 h, a total of 4.500 g (12.6 mmole) of 4-U-benzoyl- 
2,3-O-carbonyl-6-deoxy-a-D-mannosyl bromide(W). The slurry was stirredovernight, 
taken up in 200 ml of methylene chloride, filtered, and the Gltrate evaporated to a 
sirup which was dissolved in I 1 of methanol, and treated with 350 ml of water con- 
taining 10.0 g of potassium bicarbonate. The resulting clear solution was kept at 
room temperature for 6 days and \ then evaporated under diminished pressure to 
ca. 2ooml. The concentrated solution was extracted with four 2oo-ml portions of chloro- 
form+zthanol (g:I), which were combined, dried with magnesium sulfate, Wered, 
and the titrate evaporated under diminished pressure to a crude solid. The solid was 
boiied briefly with 20 ml of acetone, and filtered after being cooled. 

(a) a-Cardenolide X 
The acetone-insoluble material (2.340 g) was repeatedly recrystallized from 

2-propanol to yield 1.284 g of the a-D anomer X. The mother liquors were combined 
and evaporated to dryness. To the residue was added 5 ml of formamide and the 
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mixture was kept, with occasional swirling, for 30 min at room temperature, and 
titered, and the insoluble material washed with three ~-ml portions of formamide. 
The filtrate (A) was set aside (see b), and the insoluble material was washed with a 
little water, to remove the formamide, and recrystallized twice from 2-propanol to 
give an additional 0.133 g, for a total yield of I-417 g (48-1 %), melting at 254-255”, 
[a]g+51.g” (c 1.13S, methanol), Azy” 218 rnp (log E 4.2). Lit. values3a: m.p. 
253-254.5”, [aJg-/-53.4” (c 1.023, methanol), ~~~~oH 218 rnp (log E 4.23). Calc. for 
Cag&Os: C, 66.90; H, 8.52. Found: C, 66.95; H, 8.33. 

(6) /LCardenolide XI 
The formamide filtrate (A) was taken up in IOO ml of water and extracted with 

four 50-ml portions of chloroform-ethanol @:I), the combined extracts were dried 
with magnesium sulfate and filtered, and the filtrate evaporated to a solid which, 
when' recrystallized twice from acetone, gave 0.378 mg (12.8 “/,) of the crystalline 
8-D anomer XI, melting at 221.5-223.5°, [a]g-I2.4O (c o-928, methanol), AzIr$= 
218 rnp (log E 4.2). The compound gave a positive Kedde test14 and a negative 
tetranitromethane test. Calc. for [ryrl (digitoxigeninfmethy1 6-deoxy-a-D-manno- 
pyranoside)? +71”+Iog” = 180”. Calc. for [M] (digitoxigeninj-methyl 6-deoxy- 
@-D-mannopyranoside)15: +71~-I70~ = -99”. Found for [MJ (Xl): -65”. The 
glycosidic linkage has, therefore, the B-D cotiguration. Calc. for CssHaOs: C, 66.90; 
H, 8.52. Found: C, 66.66; H, 8.69. 

3 /?-(6-Deoxy-B-D-mannopyranosyl)-5 &14 B-dihydroxy-Ig-oxomrd-zo(22)- 
enolide (XIII) and a-D anomer (XII) 

To a magnetically stirred solution of 1.230 g (3.0 mmole) of strophanthidin 
(Ix) in 35 ml of dry methylene chloride, slurried with a powdered mixture of 4.14 g 
of dry, freshly prepared silver carbonate and 20.0 g of Drierite, was added a total of 
3.20 g (8.4 mmole) of 4-O-benzoyl-2,3-U-carbonyl-6-deoxy-a-D-mannosyl bro- 
mide (VI) in six equal portions during 5 h. After being stirred for an additional 6 h, the 
slurry was taken up in IOO ml of methylene chloride, filtered, and the tiltrate 
washed with 25 ml of water. After the solution had been dried (sodium sulfate), the 
solvent was removed by evaporation under diminished pressure; the sirupy residue 
was dissolved in 700 ml of methanol and to the solution was added, with stirring, 
250 ml of water containing 7.00 g of potassium bicarbonate. The resulting solution 
was kept at room temperature for 7 days under a nitrogen atmosphere, and then 
evaporated under diminished pressure at 25-30~ to ca. 200 ml. The concentrated 
solution was washed with five 2oo-ml portions of chloroform (which were discarded), 
and with seven zoo-ml portions of chloroform-ethanol @:2), which were combined, 
dried with magnesium sulfate, filtered, and the titrate evaporated under reduced 
pressure to a crude, amorphous mass. 

The crude material was dissolved in 5 ml of water and then thoroughly mixed 
with 10.0 g of Celite 545 which was tamped on top of a 3 x 3 I cm column consisting 
of a mixture of 50 ml of water and IOO g of Celite 545. The column was eluted with 
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250 ml of chloroform-ethanol (36~1) (which was discarded), and then with 400 ml 
of chloroform-ethanol (g:~) to remove the a-D anomer XII. An additional, 5oo-ml 
eluate of chloroform-ethanol @:I) contained the B-D anomer XIII contaminated 
with a trace of the a-D anomer. 

(a) cr-Cardenolide (XII) 

The eluate containing the a-~ anomer was evaporated under diminished 
pressure to give 241 mg (14.5 %) of the crystalline &deoxy-x-o-mannopyrano- 
side (XII). Recrystallization from methanol gave 135 mg (8. I %) of the pure derivative 
rnceAtigg at 250-2$f, [a]~+g2.0” (c x.095, methanol), AzfzoH 218 m,u (log E 4.21), 
1 3 

mnx 301 rnp (log E 1.53). Lit. values:3b m.p. 24g-254O, [a]g+g5.S” (c 0.855, 
methanol), AzyH 218 rnp (log E 4.2). Calc. for CsgH42010: C, 63.25; H, 7.69. 
Found: C, 63.06; H, 7_48_ 

(b) p-Cardenoiide (XIII) 
After evaporation of the second chloroform-ethanol (g:r) eluate, the P-D 

anomer weighed 191 mg (I 1.6 %). Recrystallization from absolute ethanol gave 51 mg 
of pure material melting at 228-231~. 

The mother liquor was evaporated under diminished pressure, and the residue 
was rechromatographed on a Celite 545-water (50~5) column (see above). The 
column was eluted with 600 ml of chloroform-ethanol (72:1) (which was discarded), 
and the B-D anomer was eluted with 700 ml of chloroform-ethanol (36: I). Removal of 
the solvent by evaporation under diminished pressure, and recrystallization of the 
residual solid from absolute ethanol afforded an additional 60 mg of pure product 
melting at 228-23r”, for a total yield of I I I mg (6.6 %). The compound had 
[a]:+ r5_3O (c 1-235, methanol), ,?EFzoH 218 rnp (log E 4.22), and ~~~~oH 302 m,u 
(log E 1.45). The derivative gave a positive Kedde test14 and a negative tetranitro- 
methane test. Calc. for [M] (strophanthidinfmethyl 6-deoxy-a-D-mannopyrano- 
side)? fI74”+IOg” = -+283°_ Calc. for [M] (strophanthidin-tmethyl 6-deoxy- 
F-D-mannopyranoside)r5: -i-174~-170~ = +4”. Found for [m (XIII): j-84”. 
The glycosidic linkage has, therefore, the /?-D con&uration. Calc, for CssH4sOra: 
C, 63.25; H, 7.69. Found: C, 63.29; H, 7.95. 
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SUMMARY 

Treatment of methyl cc-D-mannopyranoside (I) in succession in situ with 
p-toluenesulfonyl chloride, car-bony1 chloride, and benzoyl chloride gave methyl 
4-O-benzoyl-~,3-O-carbonyl-6-O-p-tolylsulfonyl-cc-D-mannoside (III). Replacement 
of the p-tolylsulfonyloxyl group of III with iodide ion gave the 6-iodo derivative IV, 
which underwent reduction to give methyl 4-0-benzoyl-2,3-0-carbonyl-6-deoxy- 
a-D-mannoside (V). Replacement of the C-I methoxyl group of V by bromide ion gave 
4-0-benzoyl-2,3-0-carbonyl-6-deoxy-a-D-mannosyl bromide (VI), which underwent 
methanolysis by inversion, to yield methyl 4-0-benzoyl-2,3-O-carbonyl-&deoxy- 
j3-D-mannoside (VII). The bromide VI was coupled with digitoxigenin (VIII) to give, 
after saponification, r3 oA of 3-(p-D-rhamnopyranosyl)digitoxigenin (XI) and 48 O_% 
of the corresponding a-~ anomer X. Coupling of the bromide VI with strophan- 
thidin (IX), followed by sapotication , gave 6 ok of 3-(p-D-rhamnopyranosyl)stro- 
phanthidin (XIII) and g % of the alternative anomeric form XII. 
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Printing Office, Washington, D-C., 1942, p. 750. 
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NON-AQUEOUS SUGAR SOLVENTS: A NEW SERIES 

C.J. MOVE AND B.M. SMYTHJX 

C.S.R. Research Laboratories, Roseoille, Sydney (Australia) 

(Received March zotb, x965) 

INTRODUCiTON 

The chemistry and technology of carbohydrates is limited by their general 
insolubility in organic solvents. In recent years, the very meagre list of organic 
solvents for sugarsr, of which pyridine is the best known, has been supplementsd 
by a number of less-common organic solvents. These include N,N-dimethyl- 
formamider, dimethyl sulphoxidel, sulpholane (tetrahydrothiophen r,I-dioxide), 
morpholine and substituted morpholinesl92, substituted pyrrolidoneslsa, and 
y-butyrolactonea. Certain of these solvents are now commercially available, but are 
nevertheless relatively expensive. We have sought new non-aqueous solvents for 
sugars, to supplement the above compounds. 

DISCUSSION 

In our search for new non-aqueous solvents, we initially examined glycerol 
and ethylene glycol, because of their structural similarity to sugars; the solutions 
obtained were too viscous for our purposes. 

An alternative approach involved the examination of all readily-available 
liquids listed in Lange’s Handbook, which boiled above IOOO and were Mnitely 
miscible with water. A number of these compounds were found to be very good 
solvents for sucrose, glucose, and fructose. These included furfuryl alcohol and its 
reduction product, tetrahydrofurfuryl alcohol, and, more surprisingly, monoalkyl 

R-o-a-I,-CM,-OH 
/---Y 

L/-C-CH2-oH 
I -II 

I R = alkyd, for ethylene glycol monoalkyl ethers (alkyl Cellosolves). 
R = R’O-CJ&-CHp (R’ = alkyl), for diethylene glycol monoalkyl ethers (alkyl carbitoIs). 

II R = -CsI&-, for furfuryl alcohol. 
R = -CsH7-, for tetrahydrofurfixyl alcohol. 

ethers of ethylene glycol and diethylene glycol. A common structural feature was 
recoguised in these compounds, and further work was undertaken to determine 
whether the grouping had any significance. 
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The glycol ethers (I) and the furfuryl alcohols (II) contain the structural 
grouping R-OS-C-OH. The 

glucose, fructose, 
and sucrose. The hexoses, in particular, are miscible with the solvents at the boiling 
point of the solvent, and crykallise readily from the cooled solutions. Due to their 
instability, the O-methyleneglycerols could not be examined above 100~. 

2-Formyloxy- and 2-acetoxy-ethanol, on the other hand, are poorer solvents 
for sucrose, and this suggests that where “R” in (I) is an electron-withdrawing 
group, the availability of electrons on the ether oxygen of the solvent is reduced, 
and the ability of this oxygen to form hydrogen bonds is diminished accordingly. 

OH 

The effect of an extension of chain length on solvent properties was also 
examined, and the w-methoxy derivatives of propanol and butanol were found 
to be better solvents than the corresponding monohydric alcohols (See Fig. I). 

Solvent power is possibly due primarily to the formation of hydrogen bonds 
between solvent and sugar hydroxyl groups, at the expense of hydrogen bonds 
between sugar molecules. The higher boiling points of these solvents would assist 
this process by enabling the necessary energy to be provided to disrupt the latter 
intermolecular hydrogen bonds. Solvent-sugar hydrogen bonds could be formed 
in a variety of ways, but the relationship of the ether and the hydroxyl groups in 
the solvent must be important. Several possibilities are shown in Fig. 2, where only 
hydrogen bonding with one sugar molecule has been considered. The solvent could 
equally well be shown as bridging two sugar molecules, but we feel that this is less 
likely, as each end of the solvent molecule would be functioning more or less 
independently (especially for w-methoxybutanol), and the solvent would not be 
expected to be a better solvent than its simpler, monofunctional relatives. 
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The properties of solutions of sugars in the /I-ether solvents were favourable 
for their subsequent use in physical and chemical processe&a. The solubility of 
glucose and fructose in the simple glycol ethers, and in tetrahydrofurfuryl alcohol, 
was very high at temperatures above the melting points of the sugars, and, as already 

I /t / 

/’ 
W-METHOXY WAPKIL , _ 

Temp, 

I-ig. I. A comparison of sucrose solubility in alcohols and their o-alkoxy derivatives. 

mentioned, complete miscibility resulted near the boiling point of the solvents. 
The solutions were not unduly viscous, and the sugars crystallised readily on cooling. 

Fig. 2. Depicting the salvation of P-D-ghCOpyraUOSe in a glycol mono-ether solvent. 

Sucrose was not as soluble as the hexoses, and its solubility in a number of these 
solvents is recorded in Fig. 3_ 

Due to lack of solvent, it was not possible to determine the solubility of 
sucrose in solvents of types (VI) and (VII), but approximate solubilities were deter- 
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mined quantities of (25o-500~1). It that the 
of sucrose between I ok at boiling point the solvent R and 
in VI VII = 

The most feature of systems was heat stability. 
and chromatographic of a of the (purified) showed 

almost negligible resulted when sucrose solution heated 
for to six at temperatures 13o-160°C. _ 

80 90 100 no 120 130 140 

Fig. 3. Solubility of sucrose in the RO-C-C-OH solvent series 
____ solvent decomposed. 

The sensitivity of fructose and sucrose to autocatalytic decomposition by 
hydrogen ion is well known, and it is believed that the hydrogen-bonded structures 
depicted in Fig. 2 help to protect the sugar from such decomposition. 

Besides being useful as non-aqueous media for certain sucro-chemical 
reactions’, we have found these solvents to have great potential value as purification 
media for sugars and their derivatives 4. Their value may be further extended by 
judicious use of another miscible organic solvent; the glycol monoalkyl ethers 
are miscible with a wide range of common organic solvents. 

As a corollary to the theory that hydrogen-bond formation essentially involves 
cyclic bonding within single sugar molecules, as depicted in Fig. 2, one might expect 
a correlation to exist between sugar solubility and stereochemistry. Further, provided 
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it can be -prepared in suitable forms, hydroxyethylated cellulose should prove to 
have advantages in chromatographic separations of sugars. 

Materials 
All solvents were thoroughly dried and doubly distilled before use. Sucrose, 

of very high purity, was ground, sieved through a Ioo-mesh sieve and vacuum dried 
overnight at 60”. r,+Anhydroerythritol was prepared according to the method of 
Otey and Mehltretters, and the monoalkyl ether derivatives of z+dihydroxy- 
me*hylfuran and tetrahydro-2,5dihydroxymethylfuran were prepared by acid 
treatment of fructose in the appropriate alcoholic solventa, followed by reduction 
of the resulting ether of 5-hydroxymethylfurfural. o-Methoxy alcohols were obtained 
by the method of Pummerer and SchGnamsgruber7, and the O-methyleneglycerols 
by Hibbert and Carter’s methods. 

Solubitity experiments 
These experiments were conducted in sealed, rotating tubes in a thermo- 

statically controlled oven. The quantity of solvent used per tube depended on its 
availability, and ranged from I-IO g. For small quantities, particular care was 
necessary in sealing the tubes, in order to prevent charring of the contents or 
condensation of water in the neck. 
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SUMMARY 

The o-methoxy derivatives of ethanol (methyl Cellosolve), propanol, and 
butanol are better solvents for sugars than are the related simple alcohols or ethers. 
Liquids containing a cyclic or acyclic ether grouping in the @-position to an alcohol 
function are generally good sugar solvents. It is believed that these solvents are 
effective because they readily form hydrogen bonds with the hydroxyl groups 
the sugars, after sugar intermolecular hydrogen bonds have been disrupted 
elevated temperatures. 

of 
at 
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ihlRODUCTlON 

2,3-Epimino derivatives of pyranosides (e.g., III) are valuable synthetic 
intermediates, undergoing various ring opening reactions to give amino-dideoxy, 
amino-halogeno, and diamino derivatives of biochemical interestl* 2. Unfortunately, 

OMe 

I 

H 

Ph 

H 

Ph 

OMe 

H i 

Ph 
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the preparation of these epimines reqttires starting materials that are difficultly 
accessible. Thus, methyl 4,6-O-benzvlidene-2,3-dideoxy-2,3-epimino-cr-D-allopyran- 
oside (III; R = H) has been prepared from methyl 3-azido-4,6-O-benzylidene- 
3-deoxy-z- U-methanesulphonyl-a-D-altropyranoside, by treatment with - either 
hydrazine and Raney nickels or lithium aluminium hydride”, and from methyl 
~-benzamido-4,6-O-benzylidene-~-deoxy-~-O-methanesulphonyl-a-D-aItropyranoside, 
by treatment with either lithium aluminium hydride in tetrahydrofuran, or ethanolic 
sodium ethoxide5. Both these precursors possess a trans-diaxial relationship for 
the reacting groups in the preferred chair conformation. A trans-diaxial relationship 
is thought to be an essential prerequisite for epimine formation, whereas a trans- 

diequatorial relationship favours the formation of an oxazoline. 
We have now examined the possibility of synthesising the a/lo-epimine (III; 

R = H) from the more readily avaiIable methyl 2-benzamido-4,6-O-benzylidene- 
a-deoxy-3-O-methanesulphonyl-cc-D-glucopyranoside (I; R = Bz, R’ = MS). Whilst 
the participating and departing groups are in the trans-diequatorial relationship 
in the preferred chair conformation (I), it seemed likely that a transition state 
involving a boat (II) or related skew-boat conformation would lead to formation 
of the allo-2,gepimine (III; R = H), by analogy with the formation of allo- 

zu Reckendorf has demonstrated that the @-D-anomer (IV; R = Bz, R’ = MS) 
gives a mixture of the iV-benzoylepimine and the oxazoline (VI) on treatment with 
potassium cyanide in N,iV-dimethylformamides, but treatment with sodium ethoxide 
in ethanol yields only the oxazoline (VI)T. 

RESULTS AND DISCUSSION 

Treatment of methyl 2-benzamido-4,6- U-benzylidene+deoxy+ O-methane- 
sulphonyl-a-D-glucopyranoside (I; R = Bz, R’ = MS) with lithium aluminium 
hydride gave the allo-epimine (III; R = H) in 44% yield, and, after treatment of 
the mother liquors with acetic anhydride in ethanol, an additional 7% was obtained 
as the iV-acetyl derivative (III; R = AC). Consequently, this method does provide 
a more satisfactory route to the epimine. On one occasion, a second compound, 
methyl 2-benzylamino-4,6-O-benzylidene-cc-D-glucopyranoside, was encountered, 
in addition to the epimine. 

In order to compare the participating behaviour of acetamido and benzamido 
groups in epimine formation, methyl 2-acetamido-4,6-U-benzylidene-2-deoxy- 
3- 0-methanesulphonyl-E-D-glucopyranoside (I ; R = AC, R’ = MS) was treated 
with lithium aluminium hydride. Two products resulted, one of which was coincident 
on thin-layer chromatograms with the allo-2,3-epimine, but was not isolated. The 
major product was shown to be methyl 4,6-0-benzylidene-2-deoxy-~ethylamino- 
a-D-glucopyranoside (I; R = Et, R’ = H), from its infrared spectrum and that of 
its diacetyl derivative, from its n.m.r. spectrum, and by synthesis from methyl 
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z-acetamido-4,6-O-benzyli~ene-a-D-glucopyranoside 

boat conformation (II) having the reacting groups in the trans-diaxial 
relationship. The boat conformation (II) of the a-glycoside is much more favourable 
than that (V; R = MS) of the /l-glycoside in which there is a I,3-diaxial interaction 
between the methoxyl and methanesulphonyl groups. Thus, the a-glycosidecanachieve 
the trans-diaxial relationship of reacting groups, and form an epimine whereas, in 
the p-glycoside, the reacting groups will remain iruns-diequatorial, leading to the 
formation of the oxazoline. This interpretation also accounts for the observations 
of Meyer zu Reckendorf and Bonnerl2, and of Baker and Neilsonl3, who obtained 
only thiazolines on anionic ring closure of N-(methylthio)thiocarbonyl and N- 
thiocarbamoyl derivatives of z-amino-z-deoxy-/?-D-glucopyranoside (IV; R = CS.SMe 
and CS.NH2, respectively). In contrast, the related 3-amino-3-deoxy-a-D- 
altropyranosides gave z,3-epimines, as expected5 from trans-diaxial neighbouring- 
group participation. 

ExPERrhENTAL 

Concentrations were carried out under reduced pressure. Melting points 
were determined on a Kofler microstage apparatus, and are uncorrected_ Optical 
rotations were measured manually at 20 +I”. Thin-layer chromatography @l.c.) 
was performed at room temperature on silica gel G (Merck) with chloroform-ether 
(I:I, v/v). The separated materials were detected with 5% ethanolic sulphuric acid 
at IIO_115" for ca. IO min, or with saturated aqueous potassium permanganate, 
made alkaline with potassium carbonate. Light petroleum (b.p. 60-80”) was used 
throughout. Methanol was dried with magnesium and iodine. 

Methyl 2-benzamido-2-deoxy-a-D-glucopyranoside 

(a) A solution of z-benzamido-z-deoxy-D-glucoses (I 14 g) in dry methanol 
(1.5 1) was heated under reflux with Amberlite IR-120 (H+ form) resin (220 g), 

with mechanical stirring, for 20 h. After atration, the solution was cooled, when 
methyl 2-benzamido-z-deoxy-a-Dglucopyranoside crystallised, m.p. 224-227O, 

[oL]D +108” (c 0.5, water); lit.g, m.p. 225-226°, [a]D +I I4O. A further crop was 
obtained by concentration of the mother liquors (total yield, 74 g; 62%). 

(b) The benzamido sugar (165 g) was suspended in methanol (I 1) and cont. 
hydrochloric acid added (22 ml). The mixture was heated under reflux for 22 h, 
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and the resulting homogeneous solution treated with a little decolourising charcoal. 
After filtration, addition of ether and then light petroleum caused crystallisation 
of the a-pyranoside (105 g, 60x), identical with the compound described in (a). 

Methyl 2-benzamido-q,d-O-benzyZidene-2-deoxy-a-D-gZucopyrano~ide 

(I: R = Bz, R’ = H) 

. 

Methyl a-benzamido-%deoxy-a-D-glucopyranoside (74 g) was shaken with 
benzaldehyde (200 ml) and anhydrous zinc chloride (74 g) for. 18 h. The resulting 
viscous mixture was poured into water, with stirring, and the crystals were collected 
and washed with light petroleum. Recrystallisation from ethanol yielded fine needles 
(77 g, So%), m.p. 23g-245”. A further recrystallisation from ethanol gave needles, 
m.p. 247-z@“, [a]D +57” (c 2.0, chloroform) (Found: C, 65.3 ; 33, 6.2; N, 3.5. 
GlH2sNOs talc.: C, 65.5; H, 6.0; N, 3.6%). 

Methyl 2-benzamido-4,6-O-benzylidene-2-deoxy-3-O-?neth~esu~phonyi- 

a-D-ghicopyranoside (I: R = Bz, R’ = MS) 

To a cooled solution of methyl 2-benzamido-4,6-0-benzylidene-2-deoxy- 
a-D-glucopyranoside (74 g) in pyridine (I I), was added methanesulphonyl chloride 
(35 ml), and the solution was stored for 24 h at 3”. The reaction mixture was 
decomposed by the addition of ice-water, and, after storage for 18 h at 3”, the 
3-0-methanesulphonate (62 g, 75 %) was collected. Recrystallisation from ethanol 
gave needles, m-p. Ig5-Ig5.5”, [a]D 4-77.5” (c 5.0, chloroform) (Found: C, 57.2; 

H, 5.5; N, 2.9. CssH2sNOsS talc.: C, 57.0; H, 5.4; N, 3.0%). 

Methyl q,6-O-benzylidene-2,~-dideoxy-2,~-epimino-a-D-cllopyranoside (III; R = H) 

Lithium aluminium hydride (9 g) was added to methyl z-benzamido- 
4,6-O-benzylidene-2-deoxy-3-O-methanesulphonyl-a-r-D-glucopyranoside (IO g) in dry 
tetrahydrofuran (500 ml), and the mixture heated under reflux for 4.5 h. The excess 
of lithium aluminium hydride in the cooled mixture was decomposed by the addition 
of a saturated solution of Rochelle salt. The solid was then filtered off and washed 
well with tetrahydrofuran and chloroform. Concentration of the combined filtrate 
and washings yielded a syrup which crystallised (2.5 g, 44%) on the addition of 
ether. Recrystallisation from ethyl acetate-light petroleum yielded methyl 4,6-O- 
benzvlidene-2,3-dideoxy-z,3-epimino-a-D-allop~anoside as needles, m.p. and mixed 
m.p. 154-155”, [CY]D +142O (c 0.7, chloroform). The infrared spectrum was identical 
with that of an authentic sample. Lit.5, m.p. I5o-I54O, [a]n +I43”; lit3, 
m.p. 152-153O, [CC]D +150”. 

The mother liquors were concentrated to a syrup which was dissolved in 
ethanol, and acetic anhydride (5 ml) was added. After storage at room temperature 
for 30 min, the solution was evaporated to a syrup which crystallised (0.5 g, 7.6%) 
on trituration with fresh ethanol. Recrystallisation from ethanol-light petroleum 
gave methyl 2,3-acetylepimino-4,6-O-benzvlidene-z,3-dideoxy-a-D-allopyranoside as 
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needles, m.p. 183-185”, [cY]D +147”; lit.5, m.p. r84-185”, [cc]~ +r47O_ The infrared 
spectrum was identical with that of an authentic sample. 

On one occasion, when only half the quantity of lithium aluminium hydride 

C.F. GIBBS, L. HOUGH, A.C. RICHARDSON 

was used, a mixture of two components was formed, one of which was the epimine, 
as indicated by t.1.c. Separation of the two products on a column of silica gel, using 
ether as the eluent, afforded methyl 2-benzylamino-4,6-O-benzylidene-2-deoxy-a-D- 
glucopyranoside (275 mg, 34x), m-p. 135-137“, [a]n+70“ (c 2.3, chloroform). (Found: 
C, 68.0; H, 6.9; N, 3.75. GuHzsNOs talc.: C, 67.9; H, 6.75; N, 3.75%). The epimine 
(200 mg, 35%) was eluted with acetone. 

Action of lithium aluminium hydride on methyl 2-acetamido-4,6-O-benzylidene-2-deoxy- 

3-O-methanesulphonyi-a-wglucopyranoside 

To a solution of methyl 2-acetamido-4,6-0-benzylidene-2-deoxy-3-0- 
methanes-ulphonyl-a-D-glucopyranosidere (I; R = AC, R’ = MS) (2g) in ory 
tetrahydrofuran (80 ml), was added lithium aluminium hydride (2 g), and the mixture 
was heated under reflux for I h. The reaction mixture, when worked up as above, 
afforded a partially crystalline residue. Recrystahisation from ethyl acetate-iight 
petroleum yielded methyl 4,6-O-benzylidene-2-deoxy-2-ethylamino-a-D-glucopy- 
ranoside (I; R = Et, R’ = H) (I g, 52%). A further recrystallisation from the same 
solvent mixture gave the analytical sample, m-p. 125--127°, [OL]D iIo7O (c 1.0, 

chloroform). (Found: C, 62.0; H, 7.5; N, 4.3. ClsH~rNos talc.: C, 62.1; H, 7-5; 
N, 4.5%). The presence of a hydroxyl group and a secondary amino group was 
evident from the infrared spectrum of the derived diacetyl derivative, m.p. 145-146”, 
[a]D +43.6” (c 1.3, chloroform). (Found: N, 3.4. C~OH~~NOS talc.: N, 3-55%), 
obtained by treatment of the above compound with acetic anhydride in pyridine 
for 4 h. This derivative had vmax at 1730 (ester C=O) and 1640 cm-1 (tertiary 
amide C=O), but no absorption for N-H stretching or deformation. The n.m.r. 
spectrum of the ethylamino compound (I; R = Et, R’ = H) was in accord with 
the structure assigned. 

T.1.c. of the mother liquors from the crystallisation of the ethylamino com- 
pound indicated the presence of the Lsllo-epimine (III; R = H). In subsequent 
experiments, higher proportions of the epimine were formed, making several 
recrystallisations necessary for purification of the 2-ethylamino compound. 

MeftryI q,6-O-ben_ylidene-z-dz-ethyZa?nino-a-D-giucopyranoside 

(I; R = Et, R’ = II) 

To methyl 2-acetamido-4,6-O-benzylidene-2-deoxy-a-D-glucopyranosidell 
(0.1 g) in dry tetrahydrofuran (5 ml), was added lithium aluminium hydride (0.15 g), 
and the mixture was heated under reflux for 4.5 h. Treatment of the reaction mixture 
as above yielded a syrup, which was dissolved in chloroform, and the solution 
washed well with water. The dried (MgSOa) solution was concentrated to a syrup 
which crystallised on storage. Recrystallisation from ethyl acetate-light petroleum 
yielded methyl 4,6-U-benzylidene-2-deoxy-2-ethylamino-a-D-gnoside (49 mg, 
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510/o), m.p. 126-128O, [a]n +108”, identical with that obtained as above (i-r. and 
mixed m.p.). 

The action of sodium erhoxide on methyl 2-benzamido-q,li-O-benzylidene-z-deoxy- 
3-O-methanesulphony~-a-D-giucopyranoside 

Methyl 2-benzamido-4,6- 0-benzylidene-2-deoxy-3- 0-methanesulphonyl-Z-D- 
glucopyranoside (I g) was heated under reflux with 0.27~ ethanolio sodium ethoxide 
(IOO ml). After 4 h, the solution was evaporated to dryness, and partitioned between 
water and chloroform. The chloroform Iayer was washed with water, dried (NasSOa), 
and evaporated. TLC. of the crys”t.lline residue indicated the presence of two com- 
ponents, the major one being coincident with the al/o-epimine (III; R = II), and 
the minor component coincident with methyl 2-benzamido-4,6-O-benzylidene- 
2-deoxy-a-D-glucopyranoside (I ; R = Bz, R’ = H). The crystalline material was 
extracted with cold ethanol, and a small amount of undissolved material was 
recrystallised from hot ethanol to yield methyl 2-benzamido-4,6-O-benzylidene- 
%deoxy-a-D-glucopyranoside, m.p. 248-248.5°, mixed m.p. 247-248”, [a]D f58”. 

The ethanolic extract was evaporated, and the crystalline residue was recrystallised 
twice from ethyl acetate-light petroleum to yield the allo-epimine (0.167 g, 31x), 
still contaminated with a trace of the other product, which could not be removed 
by further recrystallisation. Extraction with cold acetone, followed by evaporation 
of the solution and recrystallisation of the residue from ethanol-light petroleum, 
yielded a sample with m-p. 149--151°, mixed m.p. 149-r52”, [LX]o +135” (c 0.7, 
chloroform). 
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SUMMARY 

Methyl 4,6-Q-benzylidene-2,3-dideoxy-2,3-epimico-a-D-allopyranoside has 
been prepared from methyl 2-benzamido-4,6-O-benzylidene-2-deoxy-3-O-methane- 
sulphonyl-a-D-glucopyranoside, by the action of lithium aluminium hydride in 
tetrahydrofuran. On treatment of the same compound with ethanolic sodium 
ethoxide, the allo-imine was again the main product, together with a small amount 
of methyl 2-benzamido-4,6- 0-benzylidene-a-D-glucopyranoside. This is in contrast 
to the predominant formation of oxazolines and similar derivatives from related 
compounds in the B-D-glucopyranose series, observed by other authors. These 
reactions are rationalised on the basis of conformational analysis. 
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PART III. OXIDATION OF SUB-MICRO AMOUNTs OF MONOSACCHARIDES Ah?) POLYOLS FOR 
RADIOMIHRIC ESTIMATION ON PAPER 
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Department of Radiobiology and Health Protection, Ins:itufe of Nuclear Research, Warsaw (Poland) 

(Received April Igth, 1965) 

INTRODUCTION 

In a previous paperl, a method was described for the determination of 
saccharides and polyols, after chromatography on paper, in amounts greater than 
0.1 pmole (approx. 20 ,ug in the case of hexoses or hexitols). The compounds to 
be determined were oxidized directly on the paper chromatograms with ammoniacal 
silver nitrate, the resulting deposit of elementary silver was transformed into A&311, 
and the radioactivities of the spots were measured. On the basis of the-high spot- 
activities obtained, the method should be sensitive enough for the determination 
of much smaller amounts of substances. However, the use of aqueous solutions 
of Tollens reagent as a spray was found to be the limiting factor. 

Other possibilities for increasing the sensitivity of the method followed the 
introduction of acetone-ammoniacal silver nitrate reagents, containing less than 
equimolar amounts of ammonia 2. Studies on the application of these reagents for 
quantitative oxidation of sub-micro amounts of monosaccharides and polyols on 
paper will now be described. 

EXPERIMENTAL 

Reagents 
Analytical grade, commercial preparations of D-glucose, D-galactose, 

D-fructose, D-sorbose, D-glucitol, and myo-inositol were used in all experiments. 

Chromatography 
The compounds were chromatographed on Whatman No. I paper by the 

ascending technique with butan-r-ol-acetic acid-water (6:1:2)2-3. Solvents were 
removed by drying of the chromatograms at room temperature for 72 h. Careful 
removal of chromatographic solvents is of the greatest importance for reproduci- 
bility of results. This is especially important for the solvents containing acetic acid 
or organic bases which are widely used for separation of saccharides. 

Silver reagents 
Acetone-silver nitrate solution4 (SNS) and acetone-ammoniacal silver nitrate 
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solution (ASNS) were prepared as described previouslyz. The solutions were mixed 
in different proportions immediately before use to give the seven reagents listed in 
Table I. 

TABLE I 

THE COMPOSITION OF AMMONIACAL SILVER NITRATE REAGENTS CONTAINING DIFFERENT AMOUNTS OF 

AMMONIA. 

Reagent SNS Rr7 R33 R50 R67 R83 ASNS 

ASNS content (%) o 16.7 33.3 50.0 66.7 83.4 100 

Treatment of chromtograms 

Oxidation reactions were carried out in the manner described earlierz. Dried 
chromatograms were drawn through the silver reagents three times and heated at 
50~. Excess of reagent was removed with the use of IO% sodium thiosulphate. 

Conversion of elementary silver into Ag 1311 was carried out as previously 
described1 using aqueous iodine-potassium iodide containing 1311. The specific 
activity of the radioactive reagents used was ca. 2pc per ml. 

Measurements of radioactivity on radiochromatograms were carried out 
with an end-window counter (mica window, 4 mg/cmz) in a screening device, equipped 
with a Perspex screen (4-mm thick) having a 5-mm slits. 

Determination of specific activity of the radioactive reagent was carried out 
as follows. Samples of radioactive reagent were placed on Whatman No. I paper 
sheets previously impregnated with IO% aqueous sodium thiosulphate. Samples 
were taken after dilution of Kl3lI with K&K103 carrier solution, but before acidi- 
ficationl. In each experiment, nine aliquot portions (comprising three series of 
4, 8, and 12~1 samples) were taken, and their activities were measured in the same 
counting apparatus as that used for measuring the activity of the radiochromato- 
grams. 

The amount of silver deposited on the paper was determined by comparison 
of the integrated spot-activities with the specific activity of the radioactive reagent 
used for conversion of Ag into Ag1311. 

RESULTS AND DISCUSSION 

The oxidative ability of the reagents containing different proportions of 
silver nitrate and ammoniacal silver nitrate (Table I) were compared in the course 
of oxidations of D-glucose, D-galactose, D-fructose, D-sorbose, D-glucitol, and 
nzyo-inositol. For this purpose, the saccharides were chromatographed in amounts 
of 4 x IO-2pmole, and oxidized with the reagents listed in Table I. The oxidations 
were interrupted at time intervals of 0.25, I, 2, 3, and 4 h, and the amounts of 
liberated silver were determined radiometrically. 
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It was found that, of the six compounds used, D-glucose was most easily, 
and myo-inositol Ieast easiiy oxidized. The results obtained for these two compounds 
are presented in Fig. I, where the amounts of silver deposited are expressed as 
atoms liberated per molecule of saccharide. 

Fig. I. Oxidation of n-glucose and lnyo-inositol with the reagents containing different proportions 
of silver nitrate and ammoniacal silver nitrate. 

The results of the reaction interrupted at 0.25, I, and 2 h show clearly that 
the oxidative abilities of the mixtures of ASNS and the SNS are higher than that 
of Tollens reagent, which, on the other hand, is a much more potent oxidant of 
the compounds used than is silver nitrate. The difference- between the oxidative 
abilities of ASNS-SNS mixtures and ASNS decreases, or even disappears, at later 
stages of reaction in the case of aldoses and ketoses, but not with the less reactive 
polyols. 

The heating times needed to produce quantitative reactions with the reagents 
tested are presented in Fig. 2. It can be seen that the reagents containing 33-100% 

of ASNS caused quantitative oxidation of aldoses and ketoses after a reaction time 
of 2 h. A similar result was achieved in the case of D-glucitol with reagent R67. 
The same reagent was also the most efficient in the case of myo-inositol, but heating 
for 3 h was necessary. 

Reagent R67 was used in experimental estimations of various micro and 
sub-micro amounts of D-galactose, D-sorbose, and myo-inositol. The compounds 
were applied to paper chromatograms in amounts ranging from 0.1 x 10-2 to 
12 x IO-s,~mole, and the radiochromatographic determinations were performed. 
It was found that, in all cases, even the smallest amounts used could be detected 
and estimated radiometrically. However, the determinations of the smahest amounts 
were accompanied by considerable errors, ranging up to 40%~ 

The integrated spot-activity-amount of substance relationships were analyzed 
and it was found that, for the regions given in Table II, the best lines drawn through 
the points obtained and the origin are not significantly different from the spot- 
activity-amount of substance least-square Iines. Therefore, determination of the 
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slope of the calibration curves from the mean values of the determinations of 
standard samples .is recommended. Such lines were constructed, and the errors 

Fig. 2. Heating time needed to produce quantitative oxidation of monosaccharides and polyoIs 
with the reagents tested. Shaded area represents reagent composition and time range for which 
the reaction is completed. 

of separate estimations were calculated; the results are presented in Fig. 3 and 
Table II. 

w 
-4o- 

A 

0 0.4 OE 12 1.6 29 4 6 6 10 

Amount ot substance (pJm0le X lo-*) ’ 

Fig. 3. Errors of the experimental analyses of diiTerent amounts Of D-gdaCtOSe (0); D-sorbose (A); 
and myo-inositol (B). 

From these data, it can be concluded that the region of application of 
reagent R67 in quantitative radiochromatography of monosaccharides and polyols 
lies in the range between 0.8 x 10-s and 6 x IO-s,~mole (Le., 1.5-~opg of hexoses 
or hexitols). 
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The high sensitivity of the method described is due to the extensive, oxidative 
breakdown of the substances analyzed, which is quite remarkable for reactions 
carried out on a cellulose’ matrix. The final, mean consumption of oxidant varied 
from 17 to 20 oxygen equivalents for all six compounds tested. It should be noted 
that with copper salts, widely used in gravimetric and volumetric analyses of 
reducing sugars, consumption of only five to six oxygen equivalents occurs when 
a hexose is oxidized_ 

TABLE II 

REGIONS OF PROPORTIONALITY AND THE AVERAGE ERRORS FOUND IN -l-HZ EXPERIMENTAL ANALYSES 

Region of proportiotmlit_v 
(pmole x r~--~) 

Acerage error, (“/,) 

D-Galactose 
D-Sorbose 
myo-Inositol 

o-8-8.0 fI.1 
0.4-6.0 f3.4 
0.8-10.0 f4.2 

The chemical character of the substances used in these experiments, and the 
results presented, show that oxidations with ammoniacal silver nitrate reagents, 
containing less than equimolar proportions of ammonia, can be used in very sen- 
sitive analyses of reducing and non-reducing saccharides, unlike the majority of 
existing analytical procedures_ It should be mentioned that the elution methods, 
the applicability and accuracy of which can be compared with that of the method 
presented, require not less than ~oyg of substance per spot6.7, quite often more 
than 30 pg*pa, and sometimes more than ~oo~gre, 

Densitometric methods, which are relatively simpler from the technical point 
of view, but not so accurate11 can be used for the determination of reducing sugars 
onlyra,r3. Similar limitation applies to Jaarma’s radiochromatographic techniquera, 
which can be used for aldoses and ketoses chromatographed in amounts greater 
than 3 ,ug. 

The fact that ammoniacal silver nitrate solutions have not previously been 
applied in quantitative analysis of saccharides was due to difficulties in determining 
the conditions leading to complete reaction. The results presented imply an important 
role for the cellulose support. 

The question still remains as to whether the favourable conditions on paper 
are due to the increased surface area, which allows better contact between reactants, 
or whether the surface itself acts catalytically. 
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SUMMARY 

The properties of reagents containing various proportions of silver nitrate 
(SNS) and amrnoniaca1 silver nitrate (ASNS) as oxidants of paper-chromatographed 
aldoses, ketoses, and poIyols have been studied. A reagent containing 33.3% of 
SNS and 66.7% of ASNS was found to be the most effective oxidant. This reagent 
can be applied in radiometric determinations of monosaccharides and- polyols 
chromatographed in amounts of 1.5 to ~oyg. Average errors of experimental 
analyses ranged from _~I.I to 4.2%. 
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INTRODUCTION 

In Part II of this series’, the purification and general properties of the Z-enzyme 
from soya-bean were described. We now report the first studies of the action pattern 
of this a-amylolytic enzyme. Linear amylose has been used as the substrate for 
these investigations, as the production of maltodextrins is uncomplicated by 
branched products. The initial stage of amylolysis has been studied by viscometry, 
whilst maltodextrin formation at the “achroic limit” of the reaction has been 
followed by paper-chromatographic techniques_ 

EXFERIMENTAL 

The preparations of the Z-enzyme and the substrates have been described 
earlier. Maltodextrins* (Gr, GP, . . . Gs) were isolated, by the paper-chromatographic 
technique described by Commerford et al. 3, from the salivary a-amylolysis of 
amylose; control samples of maltodextrins were kindly donated by Professor 
W.J. Whelan. Qualitative separations of maltodextrins from digests were made on 
Whatman No. I chromatography paper by the multiple-descent technique, using 
ethyl acetare-pyridine-water (x0:4:3; v/v) at 20~. Chromatograms were developed 
using the reagents of Trevelyan et al .4. For quantitative work on 3MM paper, 
a multiple-ascent methods, using 70% aqueous propanol, was found to give more 
satisfactory separations. Chromatograms using this solvent were also irrigated at 20~. 

Kinetics of the initial action of Z-enzyme on amylose 
The initial action of Z-enzyme on amyiose was followed viscometricallye 

at 25“. Linear amylose ([q] = 400 in 0.2M KOH; 3 mg/ml; DP, ca. 3000) was dissolved 
in buffer at pH 5.5 (0.01~; acetate), and the specific viscosity (qsp) of the solution 
was determined. After the addition of enzyme (0.05 units of activityl), 7jsp was 
measured at regular intervals for 24 h. A comparable experiment was carried out 
at pH 7.8 (McIlvaine’s buffer, 0.001~). 

The hydrolysis of the amylose in 0.5~ hydrochloric acid was studied similarly. 

*GI = D-glucose; Gn = maltose: G3 = maltotriose: etc. 
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Production of maltodextrins 

Amylose solution (80 ml, unbuffered, 1.3 mg/ml) was incubated with Z-enzyme 
(15 units of activityl) at 35”. At intervals, aliquots (2 ml) were removed for measure- 
ment of reducing power and iodine staining. Portions (IO ml) of the digest, after 
being heated on a boiling-water bath for 5 min to deactivate the enzyme, were con- 
centrated on a rotatory evaporator, and analysed by paper chromatography. 

In quantitative estimations, sugars were removed from the paper by irrigation 
with water. Amounts were determined by hydrolysing the oligosaccharides to 
D-ghrcose (1.5~ HCI for 2 h), and estimating the reducing power by alkaline 
ferricyanide”. Control experiments showed that oligosaccharide recovery was 
97-100 yp 

RESULTS AND DISCUSSION 

The hydrolytic effect of soya-bean Z-enzyme on linear amylose was first 
established by Banks et aL7, when a crude enzyme preparation was found to decrease 
the limiting-viscosity number ([v]) of the polysaccharide. Our recent preparation and 
study of the properties of purified Z-enzyme have confirmed the a-amylolytic character 
of this enzyme’. As with other a-amyiases, hydrolysis of amylose occurs in two appar- 
ently distinct stages. First, there is a rapid decrease in the size of the amylose 
molecule, as shown by the fall in iodine stain, and the increase in the reducing power 
of the solution. This initial stage in the reaction was studied viscometrically. The 
second stage of the reaction begins when the “achroic limit” of the amyiose sohrtion 
is reached, and is characterised by a slow increase in reducing power. The apparent 
discontinuity in the hydrolysis reaction occurs at ca. 30% conversion into maltose. 
However, as we have stressed elsewherer, the “achroic limit” is an arbitrary concept, 
since it depends on the amylose:enzyme ratio. The production of maltodextrins at 
this stage in the reaction has been investigated by qualitative and quantitative paper 
chromatography. 

Kinetics of the initial hydrolysis of amylose 

The major problem here is to determine whether the hydrolysis of the a-(I +4)- 
glycosidic bonds is a random or non-random process. This can be determined by 
following the rate of substrate degradation. Ideally, number-average methods should 
be used to follow the change in degree of polymerization (DP) but, experimentally, 
these techniques are extremely difficult, and, furthermore, they are insensitive to 
limited degradation. In this work, therefore, we have used the viscometric technique, 
as this gives a very sensitive measure of the initial rupture of bonds in a polymer. 
The decrease in DP with time is not a true measure of degradation rate but, 
for either a zero- or first-order reaction, the rate is proportionaI* to DP-1. Now 

[q] =K’ (DP)“, but, as it is more convenient to measure the change in qsp with time, 
we have evaluated DP-l from the relationship9 

DP-1 = [K’c(~,~,-,l+k)]l’“, 
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where K’ is a constant, c is the polymer concentration, a is the exponent in the 
Staudinger relation above, and k is Huggins’ constant. Values of k and a were 
taken from the results of Banks and Greenwoodlo. 

Vinkg has shown that, for a random hydrolytic process, the graph of DP-l 

wrsus time is linear; whilst non-random degradation processes yield non-linear 
graphs. 

The results of treating the data from the experiments involving the action of 
Z-enzyme on amylose are shown in Figure I ,curves I and 2. It can be seen that, for both 

pH 5.5 and 7-8 (i.e., at optimum and adverse pH-valuesl), the graph of DP-l versus 
time is linear. This suggests that in the initial stages of a-amylolysis the enzymic 
attack is essentially a random scission of a-( I+4)-glycosidic linkages. This conclusion 
was substantiated by the analogous results found when hydrolysis of the amylose 
by 0.5~ hydrochloric acid - a known random process -was studied. The linear 
relation obtained under these conditions is shown by curve 3 in Fig. I. 

Time(h) 

Fig. I. Graph of DP-1 cesus time for the action of soya-bean a-amylase on linear amylose: 

I, PH s-s; 2, pH 7.8; curve 3 shows the corresponding result for 0.5~ hydrochloric acid. 

It must be emphasised, however, that, although a large change had taken place 
in the value of llSP by the end of these measurements, the corresponding average 
number of bonds broken per initial amylose molecule was only 16, and that the 
percentage of bonds broken during the period of investigation was therefore about 0.5. 

Production of maltodextrins at the achroic point 
The resuits of qualitative studies on the production of various maltodextrins 

from amylose, by Z-enzyme at the apparent achroic point (in this instance, after 
33 h), are shown in Table 1. It can be seen that products greater than Gg predominate 
at this stage in the hydrolysis, although small quantities of the lower sugars are also 
present. As the hydrolysis proceeds, all of the saccharides separated (Gl-Gg) increase 
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in amount, and then the higher ones begin to decrease until only trace amounts of 
Gs, Gg, and G7 remain. Saccharide G4 is hydrolysed extremely slowly, and is always 
present in the digest. 

TABLE I 

PRODUCTTON OF MALTOD EXiXIN.5 BY THE ACTION OF Z-ENZYhlE ON AMYLOSE 

Di.wst incabation time (h) 

Maltodextrin a 33 70 96 120 140 

Gl +* f+ 
G2 + ++ 

G3 + ++ 

G4 + +-I- 

GS + ++ 

G6 ++ ff 

G7 ++ ++ 

G6 fi ++ 

G9 i-+ ++ 

>Ge ++ ++ 
Iodine stain= Blue Blue 

+++ 
-!-++ 
+++ 
+++ 
+++ 
+++ 
+++ 
+++ 
++ 
+ 
Red 

-!-+++ 
++-!-+ 
f-i-++ 
-I-+++ 
-!-+ 
++ 
-I+ 
+ 
+ 
0 
Achroic 

-I-++++ 
+-l-+-i-+ 
+-l-+4-+ 
-I-+++ 
-!- 
-l- 
+ 
0 
0 
0 
Achroic 

“Gl = D-glucose: G2 = maHose: G3 = maltotriose: etc. 
6Tbe symbols (+), (++), etc. give an estimate of the relative quantities of each of the different 
sugars on the chromatogram; quantities can only be compared horizontally, and not vertically. 
Y3tain of digest, after roe-fo:d concentration. 

The fact that maltodextrins Gs and Gg continue to increase in amount after 

the “achroic limit” indicates that long-chain substrate molecules are still present 
at this point. Indeed, it was found that when concentrated portions of the digest were 
stained with iodine-in contrast to the normal diluted aliquots-a blue colour 
was obtained. A true achroic point was not reached until much later and, at this stage, 
the chromatographic evidence suggests that maltodextrins greater than GQ are not 
present. This observation again stresses the arbitrary nature of the term “achroic 
limit “_ 

The above results suggested that some of the lower oligosaccharides differed in 
their susceptibility to degradation by Z-enzyme, and so the effect of the enzyme 
acting directly, and under comparable conditions, on Gg, Gs, Gg, and G7 wasstudied. 
Resuhs are shown in Table II. It can be seen that G4 and Ga are both somewhat 
resistant to enzymic degradation. Furthermore, although GG was hydrolysed faster 
than G4 or Gs, the rate of hydrolysis of all these maltodextrins was small compared 
to that for G7. This confirms the fact that ohgosaccharides differ in their susceptibility 
to Z-enzyme, and parallels trends we have found for other plant a-amylasesll. 

To con&m that, at extensive degrees of enzymic hydrolysis, the process is 
not completely random as shown by the yields of maltodextrins, a quantitative study 
of these was carried out. The results are shown in Table III. In Expt. 2; the digest 

was prepared in the presence of 10-6~ sodium p-chloromercuribenzoate to ensure 
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the inhibition of any residual ,%amylase molecules that might have remained 
undetected in our previous testsr. 

TABLE II 

PRODUCTSa OF THE ACTION OF Z-ENZYME ON MALTODEXTRINS 

Substrate a 

Digest incubation time (11) 

I g 43 90 1x4 

G4 0 G2 G2 G2 

+ ++ +++ 

G5 0 Ge, GO G2, G3 G2, G3 

+, + +-i-,+-k ++,++ 

G G2, G3r G4 GB, G3, G4 Go, G3r G4 G2, G3, G4 

-t-9 f, -f- 2+,2-k, 2+ 3+, 3+, 3f 4-k. 4+, 4f 

G7 c;l, G3. G4r Gs Gl, G3, G4r Gs GI, G3, G4r Gs Gx, G3, G4r Gs 

f, +, t, + 2+, 2+, 2+, 2f 3+, 3+, 3+, 3-t 4+, 4+. 4+* 4f 
Gs, Gs Gz, G5 G2, G5 G2, Gs 

+, + -!-, + z+, 2+ z-i-, 2-f- 

= Symbols as in Table I. 

TABLE III 

YIELDS OF hk+LTODEXTRINS PRODUCED FROM THE ACTION OF Z-ENZYME ON AhlYLOSEa 

EX-pt. 

oA by weightb of 

GI GZ G3 G4 G5 G6 Higher oligomers 

I 4 I3 9 7 5 21 41 
2ac 3 9 IO 6 5 17 50 
2bC 7 13 II 7 6 31 15 

a For digest conditions, see EXPERIMENTAL. 

b Values have been quoted to the nearest integer. 
~Digest contained IO-% sodium p-chloromercuribenzoate; incubation period of digest b was 
twice that of a. 

Theory for the production of oiigomers from the Iz_vdroIysis of polymers 
The statistical theory of KuhrP and Montroll and Simhars shows that the 

weight fraction of i-mer (Wt) produced from the random scission of a polymer of 
x units in length is 

WC = $[ZS(I-q))‘-1 + [x-i-I)syI-s)~--1] (1) 

where s is the degree of scission. Now, the change in this yield with s is given by the 

differential 
dWi - 
- = $2(r-s)+l - 2~(i-r)(r-s)f-~ f 2s(x-i-I)(I-s)2-1 

ds 
- (x-i-r) (i- I)$(1 -s)t-21. 
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Here, positive terms represent the formation of i-mer from larger oligomers, and 
negative terms give the degradation of i-mer to smaller fragments. 

Now, as Painter14 has pointed out, if the i-mer is resistant to jiuther attack, 
but all higher oIigomers may be degraded, &he final yield of i-mer is given by the integral 
of the positive terms in the above differential equation, i.e., 

- 1 
w; = i 

s 
0[2~~-~)*-~ + zs(x-i-1) (I-s)i-l]ds 

2 
=- (2) 

i+I 

Thus, under these conditions, the yield of i-mer is independent of the size and size 
distribution of the original polymer, and hence will represent the weight fraction of 
totally degraded polymer existing as i-mer. 

Similarly, ifaIl oligomers smailer than the i-mer are also resistant to hydrolysis, 
the weight fraction of (i--)-mer is% 

2 ‘-I (i-k- I) 
I-I (i-j+ 1) k_, (i--k+O 

But we have shown that this relation simplifies to 

2 (i-j) 
Wf-, = - 

i (it I) 
whenj < i 

i = 3,4,5, etc. 
j = 1,2,3, etc. 

This relation gives the theoretical yields of oligoners when a polymer is 
degraded completely to oligomers of size i and smaller. However, in our experiments, 
the mixture of oligomers was analysed before degradation was complete, and hence, 
if a fraction A- of total polymer has been degraded to oligomers of size i and smaller, 
fractional yields of oligomers can be calculated from 

w-j = 
2 (i-j) 
i(ifx 

L (4) 

Mechanism of the action of Z-enzyme on amylose 

In Table IV, the experimental yields of oligosaccharides are compared to 
theoretical yields calculated on the assumption that degradation is random, but that 
(i) G5 and smaher oligomers are effectively resistant, (ii) G6 and smaller oligomers 
are effectively resistant, and (iii) no oligomers are effectively resistant to a-amylolysis. 

In the application of Kuhn’s theory 12~s to calculate yields for assumption (iii), 

a value for the degree of scission (s) was arbitrarily chosen so thar the total yield 
of oligomers > Gs approximated to that found experimentally. Now, it can be easily 
shown that, for any other value of s, there is a correspondingIy similar theoretical 
distribution of the oligomer yields, i.e., there is a continuous increase in amount up 
to a certain oligomer, followed by a continuous decrease thereafter; an experimental 
determination of s to demonstrate this point is therefore unnecessary. 
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It can be seen that our experimental yields do not follow such a pattern, and so, 
notwithstanding the evidence from the viscosity experiments, the a-amylolysis 
cannot be random at the later stages. 

TABLE IV 

CALCULATED YIELDS OF MALTODEXTRINS 

Ekpt. 0 Theoretical 

assumption 

oA weight of total 

Gl GZ G3 G.X G5 G6 Higher 

oligomers 

I - 4 13 9 7 S 21 41 

(i) G5 stable* 2.5 5.1 7.6 10.1 12.7 ---zF- 
(ii) Gs stable= 2.8 5.6 8.4 II.2 14.0 16.9 41.0 
(iii) Random& 7.6 11.0 II.9 II.6 _ IO-5 9.1 38-3 

2a - 3 9 IO 6 5 I7 50 

(i) GE, stable* 2.2 4.4 6.6 8.8 11.0 T 

(ii) Gs stable” 2.4 4.8 7.1 9.5 II.9 14.3 50.0 

(iii) Randomd s-1 7.8 9.1 9.4 9-I 8.5 49-o 

tb - 7 13 II 7 6 31 25 

(i) Gs stable* 3.0 6.0 9.0 12.0 15.0 55 
(ii) GE stablec 3.6 7.1 10.7 14.3 17.9 21.4 25 
(iii) Randomd 11.1 14.8 14.8 13.2 11.0 8.8 26.3 

u See Table III. 
*Calculated from equation 4 with i = S; j = 0, I,..., 4; x = 0.38 .for Expt. I; x = 0.33 for 
Expt. 2a; x = 0.45 for Expt. 26. 

CCalculated from equation 4 with i = 6; j = o, I,..., 5; x = o-59 for Expt. I ; s = 6.50 for Expt. 2~1; 
x = 0.75 for Expt. zb. 
d Calculated from equation I with a value of s chosen so that the yield of G7 and > G?I was comparable 
to that found experimentally. 

Again, when the inherent stability of certain maltodextrins is assumed, better 
agreement between experiment and theory occurs for (ii) than (i). But, in both 
cases, more Gg and Gz, and less G4 and Gs are found experimentally than are 
predicted, confirming that the a-amylolysis cannot be random. 

The presence of excess of Ga and Gs may be explained by postulating that, 
when the enzyme attacks an oligosaccharide, it is unable to attack readily (a> the bond 
nearest the reducing end-group, and (6) the five bonds nearest the non-reducing 
end-group. 

Now with Glr, for example, if (a) holds, the yields of products formed would 
be GI = 26.4% ; Gz = 73.6%. For (b), the final yields would be: G1 = 8.3 y. ; 
GZ = 8.3 YO ; GS = 8.3 %; G4 = 8.3 YO ; Gs = 8.3 yO ; Gs = 58-5 %_ For (a) and (b) 

to hold together, the yields from Gl2 would be: G1 = o; G2 = 10.5 % ; G3 = 9.2 o/o ; 
G4 = 8.8%; Gs = 8.3%; Gs = 41.6%; G7 = 21.7%. 

Although none of these schemes accounts adequately for the observed yields, 
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the last one is more satisfactory as it shows the tendency to form more ‘Ga and G6, 
and less G4 and Gs. It is perhaps reasonable, therefore, to consider that an inter- 
mediate scheme may explain the results, i.e., that some bonds in a linear amylose 
molecule are more resistant to a-amylolytic attack than others. It seems likely that 
these particular bonds are the one adjacent to the reducing group, and the five bonds 
adjacent to the non-reducing end. This hypothesis is similar to that proposed by 
Bird and Hopkinsl5. 

Elsewherels, we have deveIoped this hypothesis, and shown that it will explain 
the preferential non-random degradation of oligosaccharides by a-amylase. 

The apparent random degradation of amyIose in the initial stages is not 
inconsistent with this scheme in which the enzyme will not hydrolyse the bonds 
near the ends of molecules as readily as others; in a molecule of degree of polymeriza- 
tion 3000, there wil! be only 6 bonds which are resistant to attack, leaving zgg3 bonds 
which may be attacked rundomZy. Initially, therefore, the degradation will appear to 
be a random process but, as a-amylolysis proceeds, the proportion of resistant bonds 
increases and the rate of enzymic attack will decrease. In the final stage, when only 
Gs and < Gs are present, there are few non-resistant bonds in the substrate molecules 
and the reaction is very slow and non-random. 

The 1.~0 apparent stages in the a-amylolysis of amylose may thus merely be a 
result of the difference in affinity of the enzyme for large and small substrate molecules. 
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SUMMARY 

The action pattern of soya-bean Z-enzyme on linear amylose has been investi- 
gated. The kinetics of the initial stages of a-amylolysis have been studied by the use 
of viscometric techniques, and the process is shown to be an apparently random one. 
Paper-chromatographic studies of the production of maltodextrins at the “achroic 
limit” indicated, however, that, at this stage, the attack is non-random. This has been 
confirmed by (i) studying the action of the enzyme on individual maltodextrins, and 
(ii) measuring quantitatively the yields of dextrins after the “achroic limit”. The 
latter experimental yields have been compared with those calculated from various 
theoretical models for the a-amylolytic action. A hypothesis has been developed to 
account for the observations made at various stages of the a-amylolysis. 
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IN-l-RODUCTION 

The development of a feasible technique1 for fractionating the polysaccharides 
of “ground substance” .prompted us to examine a selection of human and animal 
cartilage since, even in previous studies”>3 of nnclercs puIposzts, the whole spectrum 
of polysaccharide constituents had not been examined. Two improvements in the 
process of isoiating the polysaccharides seemed desirable_ Firstly, the digestion of 
protein should be done under aseptic conditions, and secondly, since r_-cysteine 
(and other reducing agents) can degrade hyaluronic acid by a free-radical reaction 
in the pr&ence of oxygen 4, the enzyme used for such digestion should not require 
this as an activator. Pronase was therefore investigated as a substitute for ficin in 
this respect. 

METHODS 

Sources of the tissues 
A pair of normal, interarticular, knee cartilages was removed from a male 

patient aged 22 years. Human nucleus prtlposus was obtained from children, aged 
xo-14 years, suffering from various forms of scoliosis. Ear cartilage was dissected 
from white guinea-pigs, aged 3-18 months. The tissues were stored at -20~ before use. 

Preparation of the tissues 
The tissues were macerated by grinding in a mortar with Iiquid nitrogen, 

and then dissected with a scalpel until a finely divided preparation was obtained. 

Preparations were Iyophilised, and dried to constant weight in uacuo, in a toIuene 
drier over phosphorus pentoxide. 

Isolation of the mucopolysaccharides 
The experimental procedure was based on that us_ed by Barker et al.1 to 

fractionate the mucopolysaccharides of rat skin. This was altered in method (a) to 

use aseptic conditions, and in method (b) to use both aseptic conditions and a different 
proteolytic enzyme- Method (b) was adopted for all separations, except for the first 
comparison. 
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(a) The acetone-dried auc1euspuZposzr.s powder (I 84 mg) was placed in the dialysis 
bag of a sterile, aseptic-dialysis apparatus5, containing 0.02~ sodium acetate buffer 
(pH 5.8, I 1) in its outer compartment. -A solution of ficin (20 mg) and L-cysteine 
hydrochloride (IO mg) in the acetate buffer was Seitz-filtered, and added to the dialysis 
bag with a sterile pipette. L-Cysteine hydrochloride (200 mg) was added to the buffer 
in the outer compartment, and the whole apparatus incubated at 37” for 24 h. 

(b) Pronase-P (Kaken Co., Ltd.) was used, at the same tissue-to-enzyme ratio 
as ficin (IO: I), in o. rhi sodium phosphate buffer (pH 7.0) in the presence of Ca2i ions 
(o.oogM). The aseptic-dialysis apparatus was used as in (a). 

The extraction procedure1 was completed with denaturation of the protein, 
dialysis, and fractionation of the polysaccharides on Deacidite FF (Cl- form). 
Fractions were scanned by the orcinols and carbazole7 assays, and those within the 
peaks were bulked together and dialysed against tap water, distilled water (2 l), 
and three changes of deionised water (2 1). Fractions from nucleus pu~‘posus were 
dried and weighed, but those from knee and ear cartilage were concentrated, redis- 
soIved in deionised water, and weights assigned from the analysis of constituents. 

The incorporation of [35S]-Iabelied sulphate groups into the mucopolysaccharides oj 
the guinea-pig ear cartilage 

After removal of skin from the dorsal surface of the ear, the cartilage was 
dissected out in small pieces (approximately 2 x2x I mm) using a scalpel, and 
placed on a tissue-culture medium in a sterile petri-dish. The pieces of tissue were 
divided into sets of four which were placed in sterile bijou bottles containing 0.5 ml 
of a culture medium consisting of Hanks B.S.S. (6 ml), horse serum (4 ml), and 
0.5 mc of carrier-free NasW04 (0.5 ml). The tissues were incubated on a rocker 
in an atmosphere of oxygen-carbon dioxide (95:5) for 24 h at 37”. 

Histological sections and autoradiographs were prepared from one piece of 
tissue from each incubation, and from the uncultured ear-tissue. 

A quantitative determination of the total amount of radioactive sulphate 
incorporated in the tissue was made. Pieces of tissue (4-6 mg) were dialysed against 
0.1~ sodium sulphate (20 ml) for 24 h, dried to constant weight, and hydrolysed in 
cont. hydrochloric acid (I ml) at 100~ for 6 h. The sulphate was precipitated as 
barium sulphate, washed with acetone, and counted at infinite thickness on a plan- 
chette in an end-window counter. 

Methods of characterisation 
(I) Carbazole:orcinol ratio 
The uranic acid content of the fractions, except those of keratan sulphate, 

was determined directly by the carbazoles and orcino16 methods. Chondroitin 
4- and 6-sulphates and hyaluronic acid, which contain D-glucuronic acid residues, 
have ratios of approximateIy unity, but dermatan sulphate, which contains L-iduronic 
acid residues, has a low ratio (0.4). Heparin, although containing D-glucuronic acid 
residues, gives a ratio greater than unity. 
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(2) Infrared spectra 

With the nucleus guZpo.sus fractions, enough material was obtained to measure 
infrared spectra (potassium bromide disc) on a Perkin-Elmer Model 21 spectrometer. 

(3) Characterisation of the amino sugars 

A sample of each tissue was hydrolysed at 100~ in 3N hydrochloric acid for 
4 h, and the liberated amino sugars were chromatographed on Dowex 50 (Hf form), 
as in the method of Crumpton a. Glucosamine (2-amino-2-deoxy-D-glucose) and 
galactosamine (2-amino-2-deoxy-D-galactose) were the only amino sugars shown to 
be present. These were distinguished in the separated fractions by the borate10 
version of the Elson-Morgan reaction 11. In the presence of borate, glucosamine and 
galactosamine give 25-30% and 5o-65%, respectively, of their original colour 
intensities. 

Heparin, hyaluronic acid, and keratau sulphate contained glucosamine, whilst 
the chondroitin sulphates and dermatan sulphate contained galactosamine. 

(4) Molar ratio of constituents 
The chondroitin sulphates and dermatan sulphate contain approximately 

equimolar proportions of uranic acid, hexosamine, and sulphate. Hexosamine was 
determined by the Traceyla method, and expressed in terms of glucosamine or 
galactosamine, as shown by the borate readings. Sulphate ester was determined, 
after hydrolysis in Nhydrochloric acid at 100” in a sealed tube for 16 h, by the method 
of Jones and Lethamla. 

Keratan sulphate contains equimolar proportions of hexose, hexosamine, and 
sulphate. The hexose was assayed and characterised as galactose by the primary 
and secondary r_-cysteine-sulphuric acid method of Dischela. It was expressed as 
galactose from a calibration curve of D-galactose. 

Hyaluronic acid contains no sulphate, but heparin has a variable sulphate 
content of between three and five groups per tetrasaccharide unit. 

(5) Susceptibility to testicular hyaluronidase 
Chondroitin 4- and 6-sulphates may be distinguished by incubation with 

testicular hyaluronidase, and assay 14 of the liberated oligosaccharides for N-acetyl- 
hexosamine reducing groups. As substitution at C-4 inhibits chromophore formation 
with Ehrlich’s reagent15, only chondroitin 6-sulphate and hyaluronic acid give a 
colour (Amax 544, 585 mp). Dermatan sulphate was used as a control, and gave 
no colour. 

Column chromatography 

The elution volumes of the constituent polysaccharides were the same as those 
found by Barker et al.1. 

RE!sULTS 

Identical elution patterns were obtained by assay with orcinol when two 
aliquots of knee cartilage were submitted to method (a) using ficin, or method (6) 
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using proqase P. Method (b) was therefore used in all subsequent isolation procedures. 
By total hydrolysis of the tissue, radioactive sulphate was shown to be incor- 

porated into guinea-pig ear- cartilage. Comparison of the cultured and normal 
tissue by histology and autoradiography proved that the chondrocytes were unaltered, 
and that the whole tissue contained labelled suiphate, particularly around the cells 
and throughout the matrix. The scans of the mucopolysaccharide fractions (Fig-I) 
using carbazole (which also reacts non-specifically with keratan sulphate) and radio- 
activity were coincident, -except that fraction I contained no radioactivity, as expected 
for hyaluronic acid, ,- 

Fraction No. (tOmI 

Fig. I. Fractionation of the mucopolysaccharides of guinea-pig ear cartilage on De-acidite 
FF (Cl- form), scanned by radioactivity (upper) and carbazole (lower). 

Fracbon No.(lOml) 

Fig. 2. Fractionation of the mucopolysaccharides of n&errs pulposus (upper) and knee cartilage 
(lower) on De-acidite FF (Cl- form), scanned 3y carbazole and orcinol, respectively. 

The scans for nucleus prrlposus and knee cartilage (Fig. 2) showed a similar 
pattern for the first four fractions. In all tissues, fractions 1-3 corresponded in 
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position to hyaluronic acid, adenosine 3-phosphate 5-phosphosulphate (PAPS), and 
chondroitin 4-sulphate in the elution pattern of reference mucopolysaccharidesl. 

Fraction I for nucleus prrlposus gave an infrared spectrum similar to that of 
hyaluronic acid. All such tissue fractions contained glucosamine and uranic acid, 
but the apparent concentration by the carbazole* and orcinol6 assays was higher than 
the theoretical value for hyaluronic acid. This was probably due to interference by 
hexoses present in the mucopeptide debris contaminating this fraction. However, 
little sulphate was found, except in the nucleus prrlposus fraction, and this was 

probably due to some overlapping with its neighbourin, 0 PAPS fraction. All fractions I 
were susceptible to hyaluronidase treatment. The liberated oligosaccharides contained 
reducing N-acetylhexosamine residues, which reacted in the N-acetylhexosamine 
assayl”. Each fraction I contained a high protein content, as indicated by the ninhydrin 
assay16, expressed in terms of D-alanine as a percentage of the uranic acid or hexose 
component of the polysaccharide fraction. Much less protein contamination was 

encountered with other fractions. 
Fraction 2 was eluted in the position of standard PAPS and was not further 

investigated. 
Fraction 3 from nucleus pulposrrs gave an infrared spectrum with bands for 

functional groups typical of a chondroitin sulphate, including a band due to 
O-sulphate at 1240 cm-l. For each tissue, this fraction contained a uranic acid 
(carbazolejorcinol ratio of unity, indicative of glucuronic acid), galactosamine, and 
sulphate, in equimolar proportions. The fraction was identified as chondroitin 
4-sulphate by the negative result of the IV-acetylhexosamine assay14 after hyaluron- 
idase treatment. The protein content of the fraction (ninhydrin assayl6) was low. 

Fraction 4a from l2lrclelrs prdposm gave an infrared spectrum identical to that 
of chondroitin 6-sulphatel7, with maxima at 775, 820, and IOOO cm-l in the finger- 
print region. For all tissues, it contained uranic acid (carbazole/orcinol ratio of unity, 
indicative of glucuronic acid), galactosamine, and sulphate, in approximately equi- 
molar proportions. The fraction was degraded by hyaluronidase, with liberation 
of reducing N-acetylhexosamine groups which reacted in the assay with Ehrlich’s 
reagent. Its position in the elution pattern of standard mucopolysaccharides corres- 
ponded to that of chondroitin 6-sulphate, and it was so designated. 

From nrrclerrs prt1po.w.s and knee cartilage, fraction 4b, which was not present 
in guinea-pig ear cartilage, appeared to have similar properties to those of chondroitin 
6-sulphate. The fraction from nL(cleus pdposrts had the same infrared spectrum, 
with maxima at 775, 820, and 1000 cm-l in the fingerprint region. It was susceptible 
to hyaluronidase, reacting positively to subsequent assay for IV-acetylhexosamine. 
However, although it contained uranic acid (carbazole/orcinol ratio, ca. unity) and 
galactosamine in equimolar proportions, it had a greater proportion of sulphate. 
It was designated as an “oversulphated” form of chondroitin 6-sulphate. 

Fraction 5 from guinea-pig ear and human-knee cartilage contained uranic 
acid, galactosamine, and suIphate, in equimolar proportions. The ratio of the uranic 
acid determined by the carbazole* and orcinol6 methods was low (0.4), indicative 
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of r-iduronic acid. The fractions were not susceptible to hyaluronidase, and were 
designated as dermatan sulphate. 

For all tissues, a fraction 6, with a high sulphate content, was eluted in 
2~ sodium chloride. This fraction gave a high carbazoie reading, and contained 
equimolar amounts of uranic acid and glucosamine. It was designated as a heparin 
fraction. 

Fraction 7, in all tissues, was eluted in 4~ sodium chloride, and that from 
nucleus pulposus gave an infrared spectrum identical with that of keratan sulphate. 

It contained hexose, glucosamine, and sulphate, in equimolar proportions. The 
hexose was characterised as galactose by the primary and secondary assays.13 with 
L-cysteine. The fraction was designated as keratan sulphate and, in each case, con- 
tained small amounts of fucose. Assayed as 6-deoxyhexosels, and expressed as a 
percentage of the galactose component, this corresponded to 5.2 y. (nucleus pu~oszts), 

I I .2 o/o (knee cartilage), and 5.4 o/o (ear cartilage). 

DISClXSION 

Previouslyz, a partial fractionation of the polysaccharides of human nzzcZezrs 
pzrlposus had been obtained on a cellulose column equilibrated with 80% ethanol 
containing 0.3 O/ ,,. of barium acetate. Poiysnccharides were eluted by the use of ethanol, 
decreasing stepwise in concentration. Two main fractions were distinguished, one con- 
taining 21 .I y. of glucosamine, 16.8 y. of galactose, 2.3 y. of fucose, and 5.4 76 of sul- 
phur (sulphate ester), and the other containing 22.8 % of galactosamine and 4.83 y. of 
sulphur (sulphate ester), suggesting polysaccharides of the keratan sulphate and chon- 
droitin sulphate type, respectively. A further improvement in separation was effected 
by gradient elution, when two minor polysaccharide components were distinguished, 
both containing uranic acid, as did the second major fraction_ Later studiesls sug- 
gested that one chondroitin sulphate was the 6-sulphate; small amounts of dermatan 
sulphate could be detected if the disc was herniated. The total polysaccharide content 
was reduced from 30% of the dry weight in normal samples to 5% in herniated 
samples. Our work shows the presence of not more than rg.6o/o of polysaccharide, 
and the presence of all the polysaccharides of “ground substance “; the most notable 
of these were chondroitin 6-sulphate and its novel, oversulphated homologue, which 
together comprised half of the polysaccharide present. The glucosamine/galactosamine 
ratio of the sample (age group, 10-14 years) was 0.36, compared with Hall&r’s3 
finding of 0.5 for subjects aged 15 years. 

In knee cartilage, the proportion of chondroitin 4-sulphate to chondroitin 
6-sulphate is considerably increased, even when including the “oversulphated” 
chondroitin 6-sulphate which was again encountered. “Oversulphated” chondroitin 
6-sulphate has not been previously reported in mammalian tissue, but has been found 
in several kinds of elasmobranch cartilagers. 

The elastic cartilage of the outer ear of the guinea-pig contained only the nor- 
mal type of chondroitin 6-sulphate, but otherwise all the polysaccharides of “ground 
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substance ” were present. The perichondrium was present in the above cartilages, 
and is generally considered to be the site of the hyaluronic acid. With ear cartilage, 
this layer contained very little of the radioactive sulphate, but gave metachromatic 
stains with toluidine blue and Alcian blue. 
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SUblhfARY 

A technique for the separation of all the polysaccharides of “ground substance” 
has been applied to three different types of cartilage_ Pronase was used, instead of 
ficin, in the preliminary digestion of protein to avoid oxidative-reductive degradation 
of hyaluronic acid. In human ~tucle~rs prrZposu.s and knee cartilage, but not in guinea- 
pig ear cartilage, an “oversulphated” chondroitin 6-sulphate was encountered, in 
addition to its normal equivalent. 
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STUDIES ON URONIC ACID MATERIALS 
PARTXII. THE CARBOHYDRATE COMPONENT OF THE OLEORESIN FROM Bosweflia Papyrzjixa 

(DEL.) HOCI-I~T 

D. hl.W. ANDERSON, G.M. CREE, J.J. MARSHALL, AND S. RAHMAN 

Deparfment of Chemistry, The University, Edinburgh g (Great Britain) 

(Received July xst, 1965) l 

INTRODUCTION 

The genus Boswellia (family Burseraceae) contains some 25 species; some of 
these [e.g., B. serrata Roxb. (syn. B. thurifera; syn. B. glabra)] are indigenous to 
Central India, and others to Africa [e.g., B. carteri Birdw. (syn. B. sacra) and B. papy- 

rifera (Del.) Hochst.] The oleoresin sold commercially as Frankincense (“gum 

olibanum”) is largely the exudate from B. carteri, but this may be adulterated with 
B. papyr@ra, which is not so strongly aromatic, and 6ith exudates from species of 
Commiphora. Studies on commercial samples should therefore be avoided; if samples 
cannot be authoritatively verified durin g collection, they ought to be backed by 
suitable botanical specimens of the leaves and infiorescence’. 

The only Boswellia species to have been studied chemically to date are 
B. serrata and B. carteri. No attention has been given to the exudate from B. serrata 

since Malandkar’s preliminary reports in 1925, despite the fact that no information 
was given regarding the identity or amount of the uranic acid present (c$ ref. 4). 
Two investigations of the poIysaccharide from B_ carteri oleoresin have, however, 
been reported. Unfortunately, these conflict regarding the nature of the uranic acid. 
Jones and Nunns found D-galactose, r_-arabinose, and 4-O-methylglucuronic acid, 
in the ratio 7:1:4, together with traces of r_-rhamnose and L-fucose; in contrast, 
El Khadem and Megahed6 reported D-galactose, r_-arabinose, and D-galacturonic 
acid, in the ratio 5:1:2. 

It is most unusual for the uranic acid to differ markedly from species to species 
within any botanical genus. Further studies were clearly required to clarify the 

position, and our current interest1 in convenient sources of 4-O-methylglucuronic 
acid prompted us to consider Boswellia exudates. Our attempts to secure authenti- 
cated specimens of B. carteri or B. serrata have not yet proved successful, but we 
report here the results of an analytical study of the exudate from B. papyrzjka (Del.) 
Hochst, secured for us by the Sudanese Gum Research Officer. 

EXPERIMENTAL AND RESULTS 

AnaIytical Methods 

Analyses were carried out using the standard methods described previously?, 
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except that (i) the methoxyl and uranic anhydride contents were determined by 
infrared methods, after reaction with hydriodic acids, and (ii) paper chromatography 
was carried out with the following solvent systems: (a) ethyl acetate-acetic acid- 
formic acid-water (18:3:1:4); (b) butan-r-ol-ethanol-water (4:1:5); (c) butan-r-ol- 
pyridine-water-benzene (5:3:3: I); (d) acetone-ethanol-propan-2-ol-borate buffer, 
O.O~M, OHIO (3:1:1:2). 

Examination of the crude oleoresin 
The small, pale yellow-white “tears” were free from any contaminating 

adherents. The oleoresin had a pleasan,, l characteristic odour, and was completely 
insoluble in water. (Found: moisture, 5.2%. On a dry-weight basis: ash, 0.7% ; 

nitrogen, 0.28 o/o_ 

Isolation of the polysaccharide 
The oleoresin, crushed to a fine powder, was refluxed with ethanol for 24 h. 

The white polysaccharide residue was collected by centrifugation, and carefully 
washed with small portions of ethanol until free of waxy and resinous matter; the 
carbohydrate material was then completely soluble in cold water. A solution was 
filtered, and electrodialysed in a grease-free perspex cell at 20“ until current ceased 
to flow under an applied potential of 330 v. On being freeze-dried, the purifred 
polysaccharide was obtained in the free-acid form as a white powder; yield, 21 y0 
of the crude oleoresin (dry-weight basis). 

Determinations on the purified polysaccharide 
Found: moisture, 5.0 %; ash, nil; nitrogen, 0.78; uranic anhydride, rg; methox- 

yl, 3.28%; [a]g--14’ (c I, water); limiting flow-time number, 16.8 (Ubbelohde 
suspended level dilution viscometer at 25.0°, in M aqueous sodium chloride). The 
specific infrared methods showed that the electrodialysis treatment had removed all 
traces of the ethanol used in the extraction stage (cf. ref. 9). Furthermore, attempted 
saponikation (dilute NaOH) did not decrease the methoxyl content of the poly- 
saccharide, which therefore has no methyl ester groups. 

Attemptedfractionation 
In view of El Khadem and Megahed’s claim6 to have fractionated the carbo- 

hydrate from B. carteri into acidic ([aID-9.2’) and neutral ([aID-r4.7”) poly- 
saccharides, fractionation with cetyltrimethylammonium bromide (“Cetavlon”) was 
attempted_ Cetavlon (20% solution) was added to an aqueous solution of the 
electrodialysed material, until precipitation was complete; after removal at the 
centrifuge, the supernatant contained no polysaccharide (phenol-sulphuric acid testlo). 

Hydrolysis and paper chromatography 
Hydrolysis was effected with sulphuric acid (2N) on a boiling-water bath for 

8 h. After neutralisation (barium carbonate), filtration, and reduction in volume at 30” 
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(reduced pressure), the resulting pale-brown syrup was chromatographed against 
reference sugars on Whatman 3MM paper in each of the solvents (a)-(&). 

Solvents ~(a) and (~9) showed that the main uranic acid present was 4-O- 
methylglucuronic acid, with a trace of glucuronic acid. There was no galacturonic 

acid present (c$ ref. 6). Development for 48 h in solvent (a) gave two aldobiouronic 
acids having Rgaz values of 0.28 and 0.56. The faster-moving acid was chromato- 

graphically identical to 6-O-(4-O-methyl-jl-D-glucopyranosyluronic acid)D-galactose; 

hydrolysis of the material eluted from the thick paper gave 4-O-methylglucuronic 
acid and galactose. This aldohiouronic acid was also present in B. carte+. 

The separations achieved in solvents (a), (b) and (c) showed that the neutral 
sugars present were galactose, arabinose, rhamnose, and fucose; by the standard 

analytical methods (cJ ref. I I), these were present in the ratio 14:2: r:trace. Calculation 
then gives the essential composition of the polysaccharide to be uranic acid Is%, 
galactose 66%, arabinose IO%, and rhamnose 5 o/o, with a trace of fucose. 

DISCUSSION 

The results of these analyses indicate that the acid polysaccharide from 

B. papyrzjka contains the same component sugars as that from B. carteris. Indeed, 
the two species have close similarities. In view of this, the results do not support 
El Khadem and Megahed’s suggestions that BosweZZia species contain galacturonic 
acid; these authors, unfortunately, investigated a commercial sample of unknown 
origin, and their claim to have effected a fractionation may also have arisen from this 
fact. This aspect of their work therefore requires re-investigation. 

Jones and Nun& reported a neutraligation equivalent of 545 for B. carteri. 

Assuming that all the titratable acidity arises from the uranic acid groups, calculation 
shows that the methoxyl content found (5.4%) is sufficient for virtually all of the 
uranic acid groups to be present in the 4-methoxy form. Our analytical values for 

B. papyrifra lead to a similar conclusion; the traces of free glucuronic acid observed 
chromatographically may have resulted from some demethylation during hydrolysis. 

It is evident that the oleoresins from both B. carteri (yield of polysaccharide, 
12 % ; ;Ironic acid content, 32 %) and B. popyrifera (yield of polysaccharide, 2 I o/o ; 

uranic acid content, 19%) are convenient sources of 4-O-methylglucuronic acid. 
Further analytical and structural investigations are, however, necessary to supplement 
the present work on B. papyrzfera, and the incomplete study5 of B. carteri. It is hoped 
that this report will stimulate interest in the chemistry of Bosrcellia species. 
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An acidic polysaccharide is easily extracted from the oleoresin exuded by 
B. papyrifra. The results of an analytical study of the composition of the poly- 
saccharide are given; they support an earlier report of the presence, in Bosweilia 

exudates, of 4-Gmethylglucuronic acid in appreciable quantity_ 

REFERENCES 

I Part X: D. M. W. ANDERSON, G. M. CREE, M. A. HERBICH, K. A. KARAMALLA, AND J. F. STODDART, 
Tuiunfa, II (1964) 1559. 

z J. P. M. BRENAN (Royal Botanic Gardens, Kew), personal communication. 
3 M.A. MALANDKAR, J. Indian Inst. Sri., 8A (1925) 240. 
4 See D. HORTON AND M.L. WOLFRO~~ in M. FLORKIN AND E. H. STOTZ (Eds.), Comprehensice 

Bioclzemistry, Vol. 5, Elsevier, Amsterdam, x963, p. 185. 
5 J.K.N. JONES AND J-R. NIJNN, J’ Am. CJzem. Sot., 77 (1955) 5745. 
6 H. EL KHADEM AND M. M. MEGAHED, J. CJzem. Sot., (1956) 3953. 
7 D.M. W. ANDERSON, E.L. HIM, AND N. J. KING, Talanta, 3 (1959) I 18. 
8 D.M.W. ANDERSON, S. GARB-, AND S.S.H. ZAIDI, Anal. Chim. Acta, 2g (1963) 39. 
g D.M.W. ANDERSON AND N.J. KING, Talunta, 8 (rg6r) 497. 

IO M. DUBOIS, K.A. GILLES, J.K. HAMILTON, P.A. REBERS, AND F. SMITH, Anal. CJrem., 28 

(1956) 350. 
I I D.M. W. ANDERSON AND M.A. HERBICH, J. CJzem. Sot., (1963) I. 

Carbolzydrate Res., I (1965) 320-323 



324 CARBOHYDRATE RESEARCH 

Notes 

Sialic acid and related substances 

PART III. CARBOXYL-REDUCED COLOMINIC ACID 

Colominic acid was first isolated from the liquid culture medium of Escherichiu 

coli K235 by Barry and Goebel in 19571. Thereafter, Kimura and Tsurumiz reported 
that better yields of colominic acid were obtained in agar-plate cultures than in 
liquid cultures. The substance has been identified as a homopolymer of N-acctyl- 
neuraminic acids-s. The present report concerns the preparation of carboxyl-reduced 
colominic acid required for a confirmatory study of the glycosidic linkage by 
methylation. 

Colominic acid (II) was isolated as the calcium salt (I) from the culture medium 
of E. coli 016, and converted by way of the methyl ester 
reduced product (IV), according to the following scheme: 

r 

(XII) into the carboxyl- 

On periodate oxidation, carboxyl-reduced colominic acid consumed 0.38 mole 
of periodate per mole of monosaccharide residue. This consumption is close to that 
for colominic acid, as reported by McGuire and Binkley4. Accordingly, the presence 
of (t-8)-linkages in the molecule is further substantiated_ 

EXPERIMENTAL* 

Calcium salt of coZominic acid (I) 

The cells of E. coZi 016, grown on agar platese, were extracted with a mixture 

(I:I) of IN acetic acid and 10% aqueous sodium acetate. The extracts were 
deproteinized by repeated application of Sevag’s method, and two volumes of ethanol 
were added to give a precipitate which was collected by centrifugation and dissolved 
again in acetic acid-r~~/~ aqueous sodium acetate (I:I). This solution was fractionated 

*All samples were hygroscopic, and were dried in vncuo at xoo” for one h over phosphorus pentoxide 
before analysis. 
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with ethanol into five fractions. The fractions precipitated at ethanol concentrations 
from 30 to 50% were relatively rich in sialic acid. These fractions were combined, 
and reprecipitated by the addition of two volumes of ethanol, as described above. 
The crude fraction was obtained in a yield of 4.3 g; ca. 70 g of the cells (wet weight) 
were obtained in this culture. 

The crude fraction of the calcium salt of colominic acid (3.0 g) was subjected 
to column chromatography on a Dowex-1x8 (formate form) column (39x2.0 cm) 
as described by O’Brien and Zilhke&, and by Kimura and Tsurumi~. The combined 
fractions, which were positive to the thiobarbituric acid reaction, were dialyzed 
against running water for 42 h, and then concentrated under reduced pressure at 40" 
to a volume of ca. rob ml. The solution was adjusted to concentrations of 2.5% in 
calcium acetate and 2~ in acetic acid, and two volumes of ethanol were added to 
give a precipitate (437 mg), [a]g-45.4” (c 1.0, water). 

Anal. Cak. for (CIIH~~NO~C~CI.~. 3HzO)n: C, 36.26; H, 6.39; N, 3.84. Found: 

C, 35.49; H, 6.14; N, 3.98. 
There was a 13.6% loss in weight when the product was dried in uacuo at 

100~ for 16 h over phosphorus pentoxide. 
The substance was found to be a homogeneous polymer using free-boundary 

electrophoresis (Tiselius cell) in two different systems (A; acetic acid-sodium acetate 
buffer, pH 5.0, p = 0.1, 10.0 mA, 1,800 set, 3.5”. B; sodium borate buffer, pH 9.2, 
p = 0.15~ 9.8 mA, 2,100 set, 4.09. The ultracentrifuge pattern also confirmed the 
homogeneity of the sample. The sedimentation constant of the colominic acid was 
found to be ~20,~ = 1.50. The constant was measured with a I y. solution of colo- 
minic acid in 0.15~ potassium chloride, at 59,780 rev./mm and rg.8”, with the Spinco 
Model E ultracentrifuge. 

Colominic acid (II) 

An aqueous solution of the calcium salt (400 mg) of colominic acid was passed 
through an Amberlite CG 120 (type I, Hf form) column (7 x 0.8 cm) and the column 
was washed with water. The combined effluents were lyophilized to give an 
amorphous product (350 mg), [a]g-46” (c 1.0, water){lit.a, [a]~-472 (c 0.4, 

water)). 
Anal. Calc. for (CuHl7NOs.zHsO),: C, 40.37; H, 6.47; N, 4.28. Found: 

C, 40.87; H, 6.01; N, 4.09. 
There was a 10.5% loss in weight when the product was dried in vucuo at 

100’ for 16 h over phosphorus pentoxide. The i.r. spectrum of the product was 
identical with that of authentic colominic acids. A 0.2% solution of the sample was 
hydrolyzed with 0.1~ sulphuric acid at 80” for go min. In the hydrolyzate, 79% of 
sialic acid was found by assay with the resorcinol method’, and 41 o/o of sialic acid 
by assay with the thiobarbituric acid method7. 

Methyl ester of colominic acid (III) 
Colominic acid (150 mg) was treated according to the procedure of Kantor 
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and Schuberta to give the methyl ester (142 mg). The product was insoluble in 
water and in organic solvents tested. 

Anal. Calc. for (Cn$IlaNOs.2HzO)& C, 42.23; H, 6.79; N, 4.10; CHsO, g.09. 
Found: C, 42.38; H, 6.70; N, 3.81; CH30, 8.8. 

There was a 9.6% loss in weight when the product was dried in vacua at 100~ 
for 16 h over phosphorus pentoxide. 

Carboxyl-reduced colominic acid (IV) 

The reduction of the methyl ester (200 mg) of colominic acid was performed 
according to the procedure of Wolfram and Julianos. The i.r. spectrum of the 
product showed only a weak absorption at 1.7&-I.750 cm-i, in comparison with 
that of the methyl ester of colominic acid. The esterification and reduction processes 
were repeated, and the reaction product was passed through columns of Amberlite 
CG 120 (type I, H+ form) and Dowex-1x8 (formate form). The effluent was lyophil- 
ized, and the product (133 mg) had [~~]:-58” (c 0.6, water). The i.r. spectrum 
showed no absorption in the 1_74o-1.750 cm-l region. 

Anal. Calc. for (CrrHrsNO~ . HzO)~: C, 44.78; H, 7.18; N, 4.75. Found: 
C, 44.40; H, 7.58; N, 4.38. 

There was a 5.5% loss in weight when the product was dried in vacua at roo” 
for 16 h over phosphorus pentoxide. 

In hydrolyzates obtained with 0.1~ sulphuric acid at 85-90~ for go min, and 
with 2~ hydrochloric acid at g5-roe” for IO h, no sialic acid was found by assay 
with thiobarbituric acid. The characteristic absorption of sialic acid at 580 mp was 
not observed in the assay with resorcinol, and a new absorption was observed at 

455 mp. 

Reducing power of colominic acid 
The molecular weight of colominic acid was examined on the basis of the 

reducing power, which was determined according to the procedure described by 
Park and Johnso@, and found to be, on average, r/31 of that of N-acetylneuraminic 
acid. 

Periodate oxidation of carboxyl-reduced colominic acid 

Periodate oxidations were performed at 4” in the dark, according to the 
procedure of Guthriell. The periodate consumption of carboxyl-reduced colominic 
acid was 0.38 mole per mole of monosaccharide residue during 72 h. The 
periodate consumption of k colominic acid was 0.29 mole per mole of N- 
acetyhreuraminic acid residue during 15 h, and the rate of consumption did not change 
during 72 h. 
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The synthesis of p-nitrophenyl a-L-arabinofuranoside 

Nitrophenyl glycosides are useful chromogenic substrates in the assay of 

glycosidase enzymesl. Following preliminary studies on an a+arabinofuranosidases, 
in which phenyl a-I-arabinofuranosides was used as substrate, it seemed desirable 
to synthesise the corresponding o- or p-nitrophenyl glycoside. 

Attempts to prepare these glycosides by condensation of the nitrophenol with 
tetra-O-acetyl-a-I-arabinofuranose using toluene-p-sulphonic acid as catalyst, by a 
method analogous to that used by Bijrjeson et aZ.3 for the phenyl glycoside, were 
unsuccessful. However, Feier and Westphala had synthesised p-nitrophenyl a-L- 

arabinopyranoside from the pyranosyl acetate using a mercuric cyanide catalyst, 
and this method was successfully adapted for the corresponding furanosyl acetate. 
Deacetylation and purification then followed the method of BGrjeson et aZ.3. The new 
compound dil3ers in physical properties from the p-nitrophenyl a- and B-L- 
arabinopyranosides prepared by Feier and Westphal”, and consequently it is the 
expected furanoside. Comparison of its optical rotation ([a]n-205”) with those of 
phenyl a-I-arabinofuranosidea ([a]D - 159”) and 8-D-galactofuranoside3 ([a]n - 148”) 
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shows quite clearly that the compound is the a-L anomer. The infrared spectra of the 
p-nitrophenyl and phenyl a-L-arabinofuranosides resemble one another, and are 
readily distinguished from that of p-nitrophenyl a-L-arabinopyranoside. 

Furthermore, the p-nitrophenyl a-L-arabinofuranoside was readily hydrolysed 
to L-arabinose and p-nitrophenol by an a-L-arabinofuranosidasee, and thus serves 
as a basis for a calorimetric method of assays. 

Thin-layer chromatography (t.1.c.) was carried out at each stage, using silica 
gel G (Merck). 

p-Nitrophenyl a+arabinojiiranoside 
r_-Arabinose (50 g) was acetylated under conditions which give predominantly 

L-arabinofuranose tetra-acetate3. A mixture of the resulting syrup (35 g) with 
pnitrophenol(50 g) was heated to 120~ (oil bath) under reduced pressure in a rotary- 
evaporator flask. Finely powdered mercuric cyanide (18 g) was added, and the 
temperature slowly raised to 130” for 2 h, with constant rotation of the flask to ensure 
adequate mixing. The temperature was finally raised over a period of 30 min to 150°, 
and then the reaction mixture was allowed to cool while still under diminished 
pressure_ Benzene-chloroform (I:I, v/v) (500 ml) was added, and the catalyst 
fiitered off. The benzene-chloroform solution was washed with N sodium hydroxide 
(3 x 50 ml, to remove unreacted p-nitrophenol) and water, dried (CaCIs), and con- 
centrated under diminished pressure at 70” to give a pale-yellow syrup. T.1.c. (ethyl 
acetate-chloroform; I:I, v/v) indicated the presence of a main component, assumed 
to be the acetylated glycofuranoside. 

The syrup was dissolved in anhydrous methanol (500 ml), and sodium methoxide 
(from 0.1 g of sodium) was added. After 3 h at room temperature, the methanol 
was distilled off, and the residue dissolved in a minimal quantity of water. At this 
stage, there was a tendency for p-nitrophenyl a-L-arabinopyranoside, m.p. Ig6-rg7O, 
[a]g -33” (c o-5, methanol), to crystallise out preferentially, necessitating titration. 
The resulting solution was passed through columns of Dowex-5o @I+ form) and 
Dowex-3 (free base), washed with chloroform (3x25 ml), and then extracted with 
ethyl acetate (8 x IOO ml). The dried (MgSO4) ethyl acetate solution was concentrated 
to a syrup which rapidly crystallised. T.1.c. (ethyl acetate) showed the product to be a 
mixture of the pyranoside and another compound, believed to be the corresponding 
furanoside. 

The isomers were fractionated on a column (70 x4 cm) of silica gel, using 
ethyl acetate, with t.1.c. (solvent system as before) as monitor. The required isomer 
was eluted first and, after evaporation of the appropriate fractions under diminished 
pressure at 4o”, p-nitrophenyl a-t-arabinofuranoside (1.4 g) crystallised readily in 
the form of fine, white needles, m.p. 155-156”, [a]g-205~ (c 0.5, water) (Found: 
C, 48.8; H, 5.15; N, 5.2; CIIHISNOT Calc.: C, 48.7; H, 4.8; N, 5.2%). 
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The infrared spectrum (NaCI disc. Nujol mull) was compared with that of 
phenyl a+arabinofuranoside, m-p. 48-4g”, prepared according to Bijjeson et aL3, 

and with that of p-nitrophenyl a-L-arabinopyranoside; the two furanosides showed 
peaks at 980, 1035, and 3230 cm-l, which were absent for the pyranoside. 
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Isopropylidene derivatives of 2,4-0-methylerie-D-glucitol 

Although much is known 1 of the relative stabilities of the various types of 
cyclic acetal encountered in carbohydrate chemistry, comparable information on 
cyclic ketals is relatively sparse. In acidic hydrolysis, the sequence a-threo > a 

holds” for cyclic ketal stability, and recent examples3 support the stability sequences 
a > /I and a GZS a-erythro. We now report an example of another stability sequence 

involving a- and ,f?-ketals*. 
Acetonation of 2,4-O-methylene-D-glucitol using copper sulphatesulphuric 

acid or zinc chloride as catalyst gave, in good yield, a di-U-isopropylidene derivative 
for which a r,3:5,6-distribution (I) of the ketal rings is the only reasonable structure. 
Analogies for the ring system of the cti-decalin type formed by the r,3-ketal and 2,4- 

*At the suggestion of Dr. L. Hough, we have used the terms a-erythro and a-three to connote 
vi&al dials with erythro- and rhreo-configurations, instead of the equivalent symbols aC and CCT 
of Barker and Boume’s terminology2. Likewise, a implies a terminal vi&al diol, and the terms & 
B-erythro, &rhreo, y. perythru, and pthreu are equivalent to 8, PC, fl, y, yC, and YT, respectively. 
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NOTES 329 

The infrared spectrum (NaCI disc. Nujol mull) was compared with that of 
phenyl a+arabinofuranoside, m-p. 48-4g”, prepared according to Bijjeson et aL3, 

and with that of p-nitrophenyl a-L-arabinopyranoside; the two furanosides showed 
peaks at 980, 1035, and 3230 cm-l, which were absent for the pyranoside. 

ACKNOWLEDGEMENTS 

We thank Mr. B. Otter for experimental assistance, Mr. M. J. West for the 
micro-analyses, Mr. D. R. CliiTord for the infrared spectra, and Dr. R. J. W. Byrde 
for heIpfu1 discussion. 

Long Ashton Research Station, 

and Department of Chemistry, 

The University, Bristol (Great Britain) 

A. H. FIELDING 
L. HOUGH 

REFERENCES 

I J. LEDERBERG, J. Bacieriol., 60 (1950) 381. 
2 R.J.W. BYRDE AND A.H. FIELDING, Nufure, 205 (x965)390. 
3 H. BORJESON,P.JERKEMAN, AND B. LINDBERG, Acta Chem.Scand., 17 (1963) 1705, 1709. 
4 H. FEIER AND 0. WESPHAL, Chem. Ber. 8g (1956) 589. 
5 R.J.W. BYRDE AND A-H. FIELDING, unpublished results. 

(Received August Ioth, 1965) 

Isopropylidene derivatives of 2,4-0-methylerie-D-glucitol 

Although much is known 1 of the relative stabilities of the various types of 
cyclic acetal encountered in carbohydrate chemistry, comparable information on 
cyclic ketals is relatively sparse. In acidic hydrolysis, the sequence a-threo > a 

holds” for cyclic ketal stability, and recent examples3 support the stability sequences 
a > /I and a GZS a-erythro. We now report an example of another stability sequence 

involving a- and ,f?-ketals*. 
Acetonation of 2,4-O-methylene-D-glucitol using copper sulphatesulphuric 

acid or zinc chloride as catalyst gave, in good yield, a di-U-isopropylidene derivative 
for which a r,3:5,6-distribution (I) of the ketal rings is the only reasonable structure. 
Analogies for the ring system of the cti-decalin type formed by the r,3-ketal and 2,4- 

*At the suggestion of Dr. L. Hough, we have used the terms a-erythro and a-three to connote 
vi&al dials with erythro- and rhreo-configurations, instead of the equivalent symbols aC and CCT 
of Barker and Boume’s terminology2. Likewise, a implies a terminal vi&al diol, and the terms & 
B-erythro, &rhreo, y. perythru, and pthreu are equivalent to 8, PC, fl, y, yC, and YT, respectively. 

Carbohydrate Res., I (1965) 32g-33I 



330 NOTES 

acetal rings in compound (IJ are known sa4. The n-m-r. spectrum (methanol-water, 
3~) of compound (I) showed, inter alia, three Me proton signals at z 8.70, 8.80, 

H--t-O 

I \ 
HO-C-H 

I /‘“’ 
H-C-O 

I 
H--t-O\ 

I ,CM=2 
H2C-0 

I H 

and 8.83 (strength ratio, ca. I:~:I). On graded acidic hydrolysis, this pattern 
simplified to two signals at t 8.80 and 8.83 (strength ratio, ca. I:I) and, at this stage, 
the major product was a periodate-resistant mono-0-isopropylidene derivative, 
having Me proton signals (8.80 and 8.83) typical of an a-ketals (cf- 1,2-O- 

isopropylideneglycerol, 8.79, 8.84). The structure 5,6-U-isopropylidene-2,4-O- 
methylene-D-glucitol (II) is assigned to this product. 

BY analogy with I,z-0-isopropylideneglycerol and methyl 4,6-O- 
isopropylidene-a,3-di-O-metIlyl-a-D-galactopyranoside3~4, which contains a ring 
system of the cis-decalin type and has isopropylidene Me proton signals at z 8.71 
and 8.80, the Me proton signal pattern of r,3:5,6-di-0-isopropylidene-2,4-U- 
methylene-D-glucitol (I) may be analysed as follows : 8.70, axial Me group in the 
I,3-ketal; 8.80, equatorial Me group in the r,3-ketal and the Mes group in the 
5,6-ketal; 8.83, Mea in the 5,6-ketal (see ref. 3 for details of the Mea, Mes convention). 

The above example supports the stability sequence a > t9, where the B-ketal 
is part of a ring system of the cis-decalin type. However, the example cited in the 
following Communication5, shows that the sequence may be reversed where the 
@-ketal is part of a ring system of the cis-hydrindanone type. 

EXPERIMENTAL 

Thin-layer chromatography (t.1.c.) was performed on Kieselgel and detection 
was effected with vanillin-sulphuric acid6 and/or iodine vapour. N.m.r. spectra were 
measured on a Varian A60 spectrometer using a 6 o/o solution of tetramethylsilane in 
chloroform as external reference. 

Acetonation of 2,.$-O-methylene-D-glucitol 
A mixture of the title compound7 (5 g, m.p. 161-163O), acetone (150 ml), 

anhydrous copper sulphate (3 g), and cont. s*ulphuric acid (0.5 ml) was shaken 
overnight at room temperature and then poured, with vigorous stirring, into an 
excess of cont. ammonia. Insoluble material was removed, and the product was 
isolated from the filtrate in the usual manners. Recrystallisation from ethanol gave 
I,3:5,6-di-U-isopropylidene-2,4-O-methylene-D-glucitol (4.6 g, 65 %), m.p. I 13-r r4”, 
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[a]~ -24O (c I. I, chloroform) (Found: C, 57.3 ; H, 8.2. CI~HZZOS talc.: C, 56-g; 
H, 8.1%). 

The same product was obtained when zinc chloride was used as catalyst. 

Graded acidic hydrolysis of I,3:5,6-di-O-isopropylidene-2,q-O-methy~ene-D-gIucitol 
A solution of the title compound (2.01 g) in a methanol-water mixture (20 ml, 

3:x, v/v) containing toluene-p-sulphonic acid (33-1 mg) was stored at room tempera- 

ture. The pattern of the Me proton signals in the n.m.r. spectrum changed from a 
triplet at z 8.70, 8.80, and 8.83, to a symmetrical doublet at z 8.80 and 8.83, during 
40 min. The mixture was then poured into an excess of saturated aqueous sodium 
hydrogen carbonate. The methanol was removed by distillation under diminished 
pressure, and the residual aqueous solution was extracted continuously overnight 
with chloroform. Evaporation of the dried extract gave a residue (924 mg) which 
contained three components with RF values 0.58 (starting material), 0.29, and 0.22 

(t.l.c., benzene-methanol, g:r). Chromatography of the mixture (806 mg) on silica 
gel (75 g, Davison) gave, with benzene-ether (I:[), starting material (ca. IOO mg), 
and, subsequently with ether, 5,6-0-isopropylidene-2,4-O-methylene-D-glucitol 
(0.55 g), m-p. r38-139” (from ethyl acetate), [c&-go (c 1.1, ethanol), RF 0.29 
(Found: C, 51.1; H, 7.6. C~oHlsOs talc.: C, 51.3; H, 7.8 %). The product did not 
react with periodate under the usual conditions (aqueous solution containing an 
excess of sodium periodate). 
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Preliminarv communications 

Reaction of D-glycefo-D-g&o-heptonolactone with acetone 

Whilst the preferential formation of five-membered cyclic ketals in the direct 
acid-catalysed acetonation of acyclic carbohydrates is well know+, six-membered 
cyclic ketals may be formed from certain cyclic polyhydric alcohols2. We now report 
on the acetonation of D-&“cero-D-.&&heptono-y-lactone 0. 

The main product of acetonation catalysed by sulphuric acid was a di-O- 
isopropylidene derivatived [m.p. r53”, [Ct]D -76” (c 2.0, chloroform), Vmax 1788 cm-l 
characteristic of a y-IactonG$ together with a small~amount of a mono-O-isopro- 
pylidene compound B [m.p. 167O, [a]~ -30” (c 2.0, ethanol), Ymax 1758 cn+J. 
Reduction of compound A with sodium borohydride or lithium aluminium hydride 

co 
I 

H-C-OH 
0 I 

H-C-OH 
I 

c-u 
I 

H-C-OH 
I 

H-C-OH 
I 

u-c-o, 
I 

H&--o/ 
CMe, 

U-C-O, 
I 

H2C-OH H2C-o/ 
CMe2 

f 11 Ei R-H 

Ip R=Me 

r-7” H-C=0 
I 

’ H-t-oH ~-~-,o\~~, H-;-“>CMez Ho-C-H 

I 2 H-y-0 

H-L-O / 
I 

W-C-OH 
I 

i-+$-OH 

PI P 

gave a di-0-isopropylideneheptitol C [monohydrate, m-p. 67-68”, [&I -6’ (c 2.0, 
water)] which consumed I mol. of periodate to give a single product D [m-p. 88O, 
[aID - 12" (c 1.0, chloroform)]. Acidic hydrolysis of compound B afforded D-glucose 
(characterised as the penta-acetate). These data estabhshed that compound D was 
2,4:5,6-di-0-isopropyhdene-D-glucose (V), compound C was r,2:3,5-di-O-isopropyli- 
dene-L-glycero-L-gulo-fieptitol cm), and compound A was 3,5:6,7-di-O-isopropyli- 
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dene;D-gZycero-D-gulo-heptono-y-lactone (II). The structure of compound C was 
further confirmed when methylation gave a product (IV) D.p. 120°/o.1 mm, [a]o -6” 
(c 3.0, chloroform)] which, after acidic hydrolysis, consumed 2 mol. of periodate. 

Graded acidic hydrolysis (O-IN hydrochloric acid, 3o-40”, 15 min) of compound 
Aafforded amono-O-isopropylidene derivativeE[m.p. 158”, [CC]D -75O(c r.o,ethanol), 
Ymax 1758, 1776 cm-l]. Reduction of compound E with sodium borohydride gave a 
derivative F [m.p. 173”, [ci]o 2 o” (c 2.0, methanol)] which consumed 1.87 mol. of 
periodate. Compounds E and r were therefore 3,5-0-isopropylidene-D-gZycero-D- 
gz&-heptono-y-lactone (VI) and 3,5-0-isopropylidene-mesa-glycero-gulo-heptitol. 

The behaviour of compound A (II) on graded acidic hydrolysis contrasts with 
that of r,3:5,6-di-O-isopropylidene-2,4-O-methylene-D-glucitol4 in that the a-ketal 
is more readily hydrolysed than is the &erytZzro-ketal. It is also noteworthy that the 
lactone (3 forms a 3,5-0-isopropylidene derivative iu preference to a 2,3-ketal. The 
origin of this apparently unusual selectivity is not clear and may involve steric and/or 
electronic effects. The problem is being studied further. 

Chemistry Department, 
The University, 
Birmingham 15 (Great Britain) 

J. S. BRI~~ACO~~BE 
L. C. N. TUCKER 

REFERENCES 

I S. A. BARKER AND E.J. BOURNE, Aduan. Carbohydrate Chem., 7 (1952) 137; cJ A.B. FOXER, 
M.H. RANDALL, AND J. M. WEBBER, J. Gem. Sot., (1965) 3389. 

2 For example, J.K.N. JONES, Can. J. Chum., 34 (1956) 840; A.N. ANIKEEVA AND S.N. DANILOV, 
Zh. Obshch. Khim., 32 (1962) 2498; J.G. BUCHANAN AND R.M. SAUNDERS, J. Chem. Sot., 
(1964) 1796. 

3 S. A. B-RKER, E. J. BOURNE, R. M. PIN-, AND D.H. WHIFFEN, Chem. Ind. (London), (1958) 658. 
4 K.W. BUCK, A.B. FOSTER, B.H. REES, J.M. WEBBER, AND J. LEHMANN, Curbohydrate Res., I 

(1965) 329. 

(Received July zsrd, 1965) 

The quantitative analysis of glycopeptides 
and glycoproteins by gas-liquid chromatography 

Recently, we described1 the application of gas-liquid chromatography (g.1.c.) 
to the identification of the monosaccharides in glycopeptides and glycoproteins. 
This method has now been extended to the quantitative analysis of biological materials. 
The reliability of this quantitative technique was established by the use of materials 
that had been examined by classical methods2=4. Immunoglobulins were supplied by 
Professor F. W. Putnam, and lacto-N-tetraose [/l-D-Galp-(I-,3)+-&N&p-(I-,3)- 
B-D-Galp-( I +4)-~-Gp] and lacto-iV-fucopentaose I [a-L-Fucp-(I +2)-#I-D-Gdp-(I +3)- 
fi-D-GNAcp-(I +3)-B-D-Galp-( 1+4)-D-Gp] by Professor R. Kuhn. A complete, quanti- 
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dene;D-gl’cero-D-g&-heptono-y-lactone (II). The structure of compound c was 
further confirmed when methylation gave a product (IV) D.p. 120°/o.1 mm, [a]D -6” 

(c 3.0, chloroform)] which, after acidic hydrolysis, consumed 2 mol. of periodate. 
Graded acidic hydrolysis (O-IN hydrochloric acid, 3o-40”, 15 min) of compound 

Aafforded amono-O-isopropylidene derivativeE[m.p. 158”, [CC]D -75O(c r.o,ethanol), 
vrnax 1758, 1776 cm-l]. Reduction of compound E with sodium borohydride gave a 
derivative F [m.p. 173”, [ci]D 3 o” (c 2.0, methanol)] which consumed 1.87 mol. of 
periodate. Compounds E and r were therefore 3,5-0-isopropylidene-D-g@cero-D- 
gz&-heptono-y-lactone (VI) and 3,5-0-isopropylidene-mesa-glycero-gulo-heptitol. 

The behaviour of compound A (II) on graded acidic hydrolysis contrasts with 
that of r,3:5,6-di-O-isopropylidene-2,4-O-methylene-D-glucitol4 in that the a-ketal 
is more readily hydrolysed than is the &erythro-ketal. It is also noteworthy that the 
lactone (3 forms a 3,5-0-isopropylidene derivative iu preference to a 2,3-ketal. The 
origin of this apparently unusual selectivity is not clear and may involve steric and/or 
electronic effects. The problem is being studied further. 
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The quantitative analysis of glycopeptides 
and glycoproteins by gas-liquid chromatography 

Recently, we described1 the application of gas-liquid chromatography (g.1.c.) 
to the identification of the monosaccharides in glycopeptides and glycoproteins. 
This method has now been extended to the quantitative analysis of biological materials. 
The reliability of this quantitative technique was established by the use of materials 
that had been examined by classical methodsa=4. Immunoglobulins were supplied by 
Professor F. W. Putnam, and lacto-N-tetraose [j%D-Galp-(I-,3)+-&N&p-(I-,3)- 
B-D-Galp-( I *4)-D-Gp] and lacto-iV-fucopentaose I [a-L-Fucp-(I -2)~#I-D-Gdp-(I +3)- 
fi-D-GNAcp-(I +3)+DGalp-( 1+4)-D-Gp] by Professor R. Kuhn. A complete, quanti- 
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tative anaIysis by classical methods involves a sequence of at least six operations, 
including identification of the monosaccharides present in the glycopeptide or glyco- 
protein, and the estimation of hexose, 6-deoxy-L-galactose, z-amino-z-deoxy-D- 
glucose, IV-acetylneuraminic acid, and the ratio of D-mannose to D-galactose, whereas 
the g.1.c. technique gives an analysis for all of these monosaccharides in a single 
operation. 

The apparatus employed was the F and M Biomedical Gas Chromatograph 
Model 400 equipped with temperature programming, flame-ionization detector, and 
disc integrator. The preparations of the chromatography column and materials to 
be anaIysed were carried out as described1 previously, apart from the following 
modifications. A volume containing an accurately known amount of biological 
material, corresponding to ca. 0.25 mg of total carbohydrate, was added to a known 
volume of D-glucose solution (0.05 mg) in a IO-ml round-bottomed flask. The mixture 
was concentrated to dryness, placed in a vacuum desiccator over phosphoric oxide 
for 12 h, and then converted into the methyl glycosides and silylated as beforel. 
The trimethylsilyl ethers were injected onto the column, which was maintained at 
155” until all of the hexoside peaks had emerged, programmed at ro”/min to 183~ 
for the elution of acetamidohexoside, and finally programmed at ro”/min -to 219 
for the IV-acetylneuraminic acid derivative. A series of standard curves was prepared 
in which the total peak areas for differing concentrations of each glycoside were 
related to those for the D-glucoside derivative (LO), with the following results: 

TABLE I 

CARBOHYDRATE ANALYSES= OF GLYCOPROTEIN AND GLYCOPEPTIDE FRACTIONS BY GAS-LIQUID 

CHROb¶ATOGRAPHY 

Carbohydrate content (g/r00 g) 

Glycoprotein 6-Deoxy-L- n-Mannose D-Galactose Total 2-Acetamido-2- N-dcetyl- 

preparation, or galactose hexose deoxy-D-glucose neuraminic 
gIycopeptide acid 
fraction derived 

therefrom 

IgG globulin 0.35 (0.40) 1.24 0.53 2.12 (x.97) 1.51 (1.57) 0.08 
fraction 

IgA globulin o-43 (0.47) 2.5 2.85 5.78 2.70 (2.65) 1.08 (1.00) 

fraction 
IgG glycopeptide 7.6 (7.1) 23.6 II.7 42.9 (43.6) 25.9 (32.0) 3-8 

fraction 
IgA glycopeptide 9.9 27.1 13.5 50.5 (49.2) 33.2 (34.8) 

fraction 
&A gIycopeptide 1.68 (1.60) 29.4 (28.5) 13.3 (12.8) 44.1 (42.8) 38.7 (39.0) 2.2 (3.0) 

fraction 
IgA glycopeptide 3.45 (3.40) 15.6 17.2 36-25 (37.9) 25.1 18.2 

fraction 5 

aEach value is the mean of 3 estimations. The corresponding value obtaked by classical methods 
is given in parentheses. 
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&deoxy-L-galactose, 0.4; D-mannose, 1.0; o-galactose, 0.7; 2-acetamido-2-deoxy-D- 
glucose, LO; N-acetylneuraminic acid, 0.6. 

For the quantitative analysis of glycoproteins and glycopeptides, D-glucose 
was added prior to methanolysis to act as an internal standard. The ratio of the total 
peak areas of each monosaccharide to those of D-glucose gave a direct estimate of 
the monosaccharide content in the original material. For a number of glycoproteins 
and glycopeptides having a wide range of carbohydrate compositions, the results of 
such analyses are given in Table I. Furthermore, the method may be used, without 
added D-glucose as internal standard, to determine the ratio of monosaccharides in 
biological materials. Thus, ovalbumin was found to contain D-mannose and 
2-acetamido-2-deoxy-D-glucose in the ratio of 4.8:3-o (5:3); lacto-N-tetraose had a 
D-galactose-D-glucose ratio of r .g4:r .oo (2: I), and lacto-N-fucopentaose I, a 6-deoxy- 
r_-galactose-D-galactose-D-glucose ratio of 1.06:r.go:r.oo (r:2:1); the values given 
in parentheses were obtained by classical methods. 

Apart from the simplicity of the operations involved, this method permits a 
complete, quantitative analysis to be performed on micro-amounts of biological 
materials, and therefore has considerable advantages over classical methods of 
carbohydrate analysis. 

The Medical Research Council Award to C.H.B., and the Science Research 
Council Award to G.D. are gratefully acknowledged. 
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Reactivity of acetylated glycosylsulfenyl bromides 

A crystalline, unstable compound, formed by treatment of 2,3,4,6-tetra-O- 
acetyl-r-S-acetyl-I-thio-8_D-glucopyranose (I) in carbon tetrachloride solution with an 
excess of bromine, has been formulated as tetra-O-acetyl-,@-D-glucopyranosylsulfenyl 
bromide1 (II). It was anticipated1 that the sulfur atom in II and its analogs would 
display electrophilic character, and should attack electron-rich centers. This report 
describes reactions of II with thiol, amine, and alkene functions, which verify rhis 
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prediction. It is shown that treatment of acetylated I-thioaldose derivatives with 
bromine may lead to (acetylated) glycosylsulfenyl bromides, glycosyl bromides, or 
diglycosyl disulfides, according to the nature of the S-substituent, the solvent, and 
the duration of the reaction. 

The following analogs* of I were prepared from the appropriate poly-O- 
acetylglycosyl bromide and a metal salt of the appropriate thiol: benzyl2,3,4,6-tetra- 
0-acetyl-I-thio-/?-Dglucopyranoside2 (III), yield 86 %, t 6.07 (benzylic CHs)** ; 

2,3,4,6-tetra-O-acetyl-r-S-benzoyl-r-thio-~-D-glucopyranose3 (IV), ,?:;8”,” 206 rnp 
(.s 13,500), 245 mp (c 12,500); 2,3,4,6-tetra-O-acetyl-1-S-acetyl-r-thio-8-D-galacto- 
pyranose4 (X), yield 88x, m.p. I IS-I 16” (from ethanol), [a]g +31.5” (c2,chloroform), 
Ag\:u 226 rnp (c 3500), z 7.64 (SAC); 2,3,4-tri-0-acetyl-I-S-acetyl-r-thio+D-xylo- 
pyranose4s5 (XI), FLcn 225 rnp (& 3,000), t 7.65 (SAC); 2,3,4-tri-0-acetyl-I-S- 
acetyl-I-thio-D-ribose4 (XII), m.p. g4-g5” (from ethanol), [a& + 8.7” (chloroform), 
,Wton 229 mp (& 4560). Progress of the reaction of these derivatives with bromine 
wt?followed by disappearance of the n.m.r. signal for the S-substituent. 

CH20Ac 

fQ 

0 R 
OAc 

AcO 

OAc 

I R=Ac IV R= PhCO WI R = PhCHaS 

Ii R = Br V R = CMes VIII R = c-chloroanilino 
ILI R = PhCH2 VI R = PhS IX R = %bromocyclohexyl 

Conversion of I into II was complete in I min at 25” when a 3-molar excess of 
bromine was used; prolonged treatment with bromine, or the use of chloroform as 
the solvent, gave tetra-0-acetyl-a-D-glucopyranosyl bromide (XIII). Exposure to 
moisture during the preparation of II gave bis(2,3,4,6_tetra- O-acetyl-@-glucopyra- 
nosyl) distide (XIV). 

Addition of an equivalent of benzenethiol to a suspension of II in carbon 
tetrachloride at ~25~ gave tetra-0-acetyl-B-D-glucopyranosyl phenyl disulfide (VI); 
yield67%, m.p. I 17-118~ (from methanol),[a]z -228’ (CI, chloroform), ~~~~u2o7rn~ 
(e 10,400), 232 rnp (.e 10,300); t ~2.5 (5 protons, Ph), “7.95 (12 protons, OAc). 
Treatment of II with a-toluenethiol gave tetra-0-acetyi+D-glucopyranosyl benzyl 
disulfide (VII); yield 64x, m.p. 94-95” (from 2-propanol), [a]g -2.00 f IO’ (chloro- 
form); z 2.60 (5 protons, Ph), 5.92 (2 protons, beuzylic CHs), 7.90, 7.95 (12 protons, 
OAc). 

Addition of o-chloroaniline to a suspension of II in carbon tetrachloride gave 
2-chioro-x-(_2,3,4,6-tetra-O-acetyl-~-D-glucop~~osyls~ena~do)be~ene(VIII),isol- 
ated pure by preparative t.l.c., yield 48 %, m-p. 86-87” (from cyclohexane); Ags:n 210, 
245, 287 rnp; t 2.7 (4 protons, aryl), 4.12 (r-proton singlet, NH), 7-83, 7.98, 8.08 
(12 protons, OAc). The t 4.12 signal disappeared slowly when the sample was 
deuterated. 

*All stable, crystalline compounds mentioned in this paper were homogeneous by thin-Iayer chroma- 
tography, and gave satisfactory elemental analyses. 
l *N.m.r. data refer to deuteriochloroform solutions. 
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A product formed by treatment of II with cyclohexene was purified by prepara- 
tive t.1.c. to give z-bromo-r-(2,3,4,6-tetra-O-acetyl-8-D-glucopyranosylthio)cyclo- 
hexane (IX), yield 4g %, m-p. 83-84” (from ether-petroleum ether); 5 7.go,7.g6,8.02 
(12 protons, OAc), 8.43 (8 protons, CH2 of cyclohexane moiety). 

Bromination of 2,3,4-tri-0-acetyl-I-S-acetyl-I-thio-j%D-xylose (XI) in carbon 
tetrachloride gave the very unstable tri-0-acetyl-/?-D-xylopyranosylsulfenyl bromide, 
m.p. 41-43”, which, with benzenethiol, gave tri-0-acetyl-B-D-xylopyranosyl phenyl 
disulfide, m-p. 122O, [a]g -250~ (chloroform), z ~2.5 (5 protons, Ph), “1.95 
(g protons, OAc). The other acetylated r-thioaldoses (X and XII) reacted rapidly 
with bromine in carbon tetrachloride to give sir-ups which gave stable adducts with 
benzenethiol (t.1.c.); prolonged treatment with bromine, or reaction in chloroform 
solution, gave the poly-0-acetylaldopyranosyl bromides, revealed by the appearance 
of a characteristic, Iow-field doublet3 (H-I) in the n.m.r. spectrum. 

The S-benzoyl derivative (IV) was unreactive toward bromine in carbon 
tetrachloride during 24 h, whereas the tert-butyl thioglycoside7 (V) gave the disulEde4 
(XIV) in 87 % yield after 15 min. The benzy1 thioglycoside (III) in chloroform solution 
was converted by bromine into XIII, but, in carbon tetrachloride solution, there were 
observed additional products, probably IL and XIV. 
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Action of zinc dust and sodium iodide in N./V-dimethylformamide on 
contiguous, secondary sulfonyloxy groups: a simple method for intro- 
ducing nonterminal unsaturation 

Terminal unsaturation is readily introducedl=a into an alditol (or an acyclic 
polyhydroxyalkyl appendage of a cyclic sugar) by the action of sodium iodide 
(in a suitable solvent) on a derivative having a primary and a secondary sulfonyloxy 
group contiguous. For acyclic sugar derivatives, there is only one recorded example 
of a similar reaction involving two contiguous, secondary sulfonyloxy groups. 
Methyl 4-deoxy-2,3-di-O-(methylsulfonyl)-or_-erythronate and -threonate react with 
sodium iodide3 to give the corresponding 2,3-unsaturated esters, but the carboxylic 
ester group has an activating effecta. “Unsuccessful attempts were made to prepare 
an unsaturated compound” from” the 3,4-dimethanesulfonate (IIa) and 3,4-di-p- 
toluenesulfonate (IIb) of r ,2:5,6-di-0-isopropylidene-D-mannitol (I). 

We -therefore decided to re-investigate this reaction, avoiding, for convenience, 
the use of sealed tubes or of an autoclave. We found that Ira is unaffected by treatment 

with a IO o/o solution of sodium iodide in acetone during I I days at room temperature 
or 8 h at the boiling point. However, reaction occurred when various high-boiling 
solvents (e.g., z,5-hexanedione) were used, instead of acetone, at the respective 
boiling point; free iodine and the sodium methanesulfonate-iodide salts.5 were 
formed, but iodination took place, making isolation of III difficult. We therefore 
sought (a) a solvent which was capable of dissolving sufficient sodium iodide and II 
(a or b) to be practical and which had a boiling point sufficiently high for the reaction 
to occur at a reasonable speed, and (6) a substance which, when present throughout 
the reaction, would combine with the iodine as fast as it was formed (thereby pre- 
cluding iodination and promoting the reaction) and which would prevent the 
development of acidity. 

The reagent sodium iodide-N,N-dimethylformamide-zinc dust provides a 
boiling point high enough for a reasonable rate of reaction and a rapid means for 
removing iodine. Treatment of IIa or IIb with an excess of sodium iodide (20 ‘f/o solu- 
tion in dry N,N-dimethylformamide), in the presence of an excess of zinc dust, 
with vigorous boiling and stirring under reflex (drying tube) during 5 h, followed by 
cooling, filtration, extraction (heptane), evaporation of the extract, retreatment of 

the residue with heptane, and evaporation, gave crystalline 1,2:5,6-di-O- 
isopropylidene-trans-3-hexdne-D-~~~~=~-r,2,5,6-tetrol (Ill) (64%); it was sublimed at 
45”/0.02 mm, and had m.p. So-82” (from aqueous ethanol); [a]g+57.5° (c 1.02, 

chloroform); .&a,4 15.5 c.p.s.; it readily decolorized aqueous permanganate solution. 
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These properties agree with those recorded 6~7 for III prepared by other methods. 

Compound III showed Y,,, 1307 and g7r cm-1 (trans olefinic; not shown8 by I) 

and I 156, 1134, and 1053 cm-1 (r,s-dioxolane rings: I show@ bands at 1160, 1126, 
and 1044 cm-l). 

“7 /OCH2 
jC\OCH 

I 
H3C 

ROkH 

I 
HCOR 

I 
HCO 

H3C\ /OCH2 
A 

J&C OCH 

I 
CH 

CH3 

‘C’ 

/\ 
H2CO CH3 

II IIa + 2.5 NaI--t 
HC III + z NaOMs- 0.25 NaI + IZ 

I Lib + 2 NaI+III + 2 NaOTs + 1~ 
HCO CH3 . . . 

I 'C' /\ 
HeCO CH3 

I (R =‘H) 
IIa (R = MS) 
IIb (R = Ts) 

III 

Hydrolysis of III with 80 y, acetic acid (5 h at 25O), and evaporation to dryness, 
gave Pans-3-hexene-D-three-r,2,5,6-tetrol (IV); m.p. 64-65” (from ethanol-ethyl 
acetate); [a]? -13.8” (c 2.00, water); Js.4 15.5 c.p.s.; Ymar 1653, 1325, and 976 cm-l. 
[Anet gave * m.p. I 14~; [CC]D-z” (water); Ja.4 15.5 c.p.s.1 Condensation of IV with 
acetone (anhydrous CuSO4) regenerated III. 

The above procedure for introduc ng nonterminal unsaturation should be 
applicable, not only to alditol derivatives, but also to sulfonic esters of suitable 
derivatives of certain mono-g, oligo-, and poly-saccharides, and cyclitoW”. Moreover, 
it should constitute an improvement in the production of terminal unsaturation 
in alditol and other sugar derivatives by use of the appropriate sulfonic esters. 
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24th 1965). Dr Haines has now prepared IV, and finds r&p. 6o-62”, Ia]2 - 15.3” 

(c 4.3, water), J3,4 15.9 cps., and i.r. spectrum identical with ours (personal com- 
munication, Sept. 28th, 1965). 
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Announcement 

GORDON RESEARCH CONFEREN CE ON CARBOHYDRATES, July II - I5th, 1966 
Tilton School, Tilton, New Hampshire, U.S.A. 

Topics 

1 Branched-chain and unsaturated carbohydrates 

2 Schardinger dextrins 
3 Quantitative conformational analysis 
4 Molecular weight of carbohydrates, particularly polyelectrolytes. 

Details available from Professor R. MONTGOMERY, Department of Biochem- 

istry, State University of Iowa, Iowa City, Iowa, U.S.A. 
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INTRODUCTION 

While the nucleophilic displacement of endo-sulphonate groups in a system 
composed of two c&fused five-membered rings is fairly readily achieved, exo- 
sulphonate groups are displaced only with difficulty1>2.. Thus, r,4:3,6dianhydro- 
2,5-di-0-methanesulphonyl-D-mannitol (I) is readily converted into derivatives of 
r_-iditol (II, III, and IV) by acetate ionss, benzoate ionss, and ammonias, respectively, 
though the corresponding iditol sulphonate (V) is inert to acetate ions, and gives 
I ,4:3,6-dianhydro-2,5-imino-D-mannitol only under forcing conditions with ammonias. 
Similarly, r,2:~,6-di-O-isopropylidene-3-O-toluene-p-sulphonyI-~-glucofuranose fails 
to undergo reaction with benzoate or azide ions but, with hydrazine, can be 
induced to give 3-deoxy-phydrazino- I ,2:5,6-di-0-isopropylidene-D-aIlofuranose*. 

In this work, the reactions of the three 1,2-0-isopropylidene-3,5-di-O-toluene- 
p-sulphonylpentofuranoses (VI, VII, and VIH), derived from D-ribose, L-arabinose, 
and D-xylose, respectively, and 5-deoxy-I,2-O-isopropylidene-3-O-toluene-p-sulphon- 
yl-D-ribofuranose (IX) with benzoate ions have been studied to see if neighbouring- 
group participation facilitates displacement of suitably placed e_ro- and endo- 
sulphonate groups. 

Ms.0 - 

OMs 
(1) 

(lW R=OTs 

EZUD R=ORz 

R 

(ID R=OAC up) R=NH2 
UlI)R=OBz (53 R=OMs 

(m R=OTs - 
(Ix) R=H 
0 R=OBz 

m R=OTs (Xtll 

(xx) R=OBz 
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DISCUSSION 

The ditoluene-p-sulphonate (VI) was first obtained from the toluene-p- 
sulphonylation of an impure sample of 2,3-0-isopropylidene-D-ribofuranose and 
the wrong structure was assigned to it at the time 5. Mills1 deduced the correct struc- 
ture, and the preparation described herein, from known 1,2-O-isopropylidene-D- 
ribofuranosea27, confirms this deduction. Lithium aluminium hydride reduction of 
the disulphonate (VI) readily gave the 5-deoxy compound (IX). Both the arabinose 
and xylose compounds (VII and VIII) have been described previously89g. In the present 
work, the preparation of the arabinose derivative (VII) was shortened by converting 
5-0-toluene-p-sulphonyl-r.-arabinose diethyl dithioacetal directly into r,z-O-iso- 
propylidene-5-O-toluene-p-sulphonyl-L-arabinofuranose, instead of via 5-0- 
toluene-p-sulphonyl-L-arabinose 10. A similar method has already been used for the 
preparation of 5-O-benzoyl-r,z-O-isopropylidene-D-arabinofuranosell. 

CXIU) 
Ms.0 

(XT) R=OBz 
(XZI) R=H 

(XI) R=OBz 
(XZIU R=H 

(XIX) 

When the ribose ditoluene-p-sulphonate (VI) was heated in N-methyl-z- 
pyrrolidone containing tetra-n-butylammonium benzoatel”, the primary sulphonate 
group was rapidly displaced to give the 5-benzoate (X). The en&-sulphonate group 
of compound (X) then underwent much slower displacement to give x,5-di-O- 
benzoyl-r,a-0-isopropylidene-D-xylofuranose (XI), the ‘structure of which was 
proved by debenzoylation and monotoluene-p-sulphonylation to give the known 
r,2-O-isopropylidene-5-O-toluene-p-sulphonyl-~-xylofuranose. Comparison of exper- 
imental conditions-suggests that displacement of the endo-sulphonate group of 
compound (X) occurs less readily than the corresponding reaction of the endo- 

sulphonate groups of the mannitol derivative (I). Steric hindrance from the tra1zs-C-5 
group of compound (X) probably accounts for this difference_ The slower reaction 
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‘also suggests the absence of neighbouring-group participation from the 5-benzoate 
group assisting the displacement of the en&-sulphonate group of compound (X) 
via an intermediate (XII). A similar intermediate (XIII) has been reported in the 
acetolysis of trans-2-acetoxymethylcyclohexyl sulphonates (XIV) to give a mixture 
of cis- and trawls-2-acetoxymethylcyclohexyl acetate, by attack of the intermediate 
(XIII) at the primary and secondary positions, respectivelyl3. An intermediate (XII) 
would be likely to undergo nucleophilic attack at the primary C-5 position (route a) 
or at the carbonium ion centre (route b), resulting in- a product with the xylo- 
cotiguration, rather than attack at the secondary C-3 position (route c) to result 
in retention of cotiguration. The latter possibility was considered in order to account 
for the benzoate displacement of the methanesulphonyl group in the anhydro 
nucleoside (XV) with retention of configuration. This possibility was discounted 
when the 5-deoxy derivative (XVI) also underwent reaction with retention of 
cotiguration14. Later, it was shown that the pyrimidine residue in these compounds 
played a participating role in the displacements 15. In the present work, 5-deoxy- 
r,2-O-isopropylidene-3-O-toluene-p-sulphonyl-D-ribofuranose (IX) also underwent 
displacement, to give 3-O-benzoyl-5-deoxy-r,2-O-isopropylidene-D-xylofuranose 
(XVII), at a rate similar to that of the compound (X). From these observations, it is 
concluded that neighbouring-group participation does not assist these displace- 
ments. 

As expected, the primary sulphonate group of the arabinose ditoluene-p- 
sulphonate (VII) was rapidly replaced. However, the resulting 5-O-benzoyi-r,z-O- 
isopropylidene-3-O-toluene-p-sulphonyl-L-arabinofuranose (XVIII) was resistant to 
further reaction. Not only is the secondary sulphonate group in the unfavourable 
exe position, but the trans-C-5 group also adds to the steric difficulty of a displacement 
reaction_ As in the ribose case, neighbouring-group assistance via an intermediate 
(XIX) is possible, but evidently does not occur. 

The xylose ditoluene-p-sulphonate (VIII) smoothly gave the 5-benzoate (XX), 
and again displacement of the exe-sulphonate group did not occur. No neighbouring 
group assistance is possible in this case. Recently, it was shown that both sulphonate 
groups of methyl 2-O-benzoyl-3,5-di-O-toluene-p-sulphonyl-a~-~-xylofuranoside can 

be readily displaced by benzoate ions 1s. The isolation of a hydroxydibenzoate indi- 
cated that the displacement of the 3-sulphonate group had occurred with 
neighbouring-group assistance from the adjacent 2-benzoate group. 

The two new monobenzoates (X) and (,XVIII), isolated from the displacement 
reactions, were synthesised independently to cotirm their structures. 5-O-Benzoyl- 
1,2-0-isopropylidene-L-arabinofuranose was synthesised by the method described 
for the D-formll; toluene-p-sulphonylation then gave the required ester (XVIII). 
Selective esterification of r,2-O-isopropylidene-D-xylofuranose at the 5-position is 
readily achievedIT_ However, careful treatment of r,2-0-isopropylidene-D-ribofuranose 
with one equi talent of benzoyl chloride gave a mixture of products. Examination 
by thin-layer chromatography suggested the presence of a dibenzoate and two 
monobenzoates, in addition to unchanged starting material. The monobenzoate 
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formed in greater yield was isolated by chromatography, and without further puri- 
fication was toluene-p-sulphonylated to give the ester (X). 

These results of partial benzoylation of I,%O-isopropylidene-D-xylofuranose 
and r,z-O-isopropylidene-Dbofuranose suggest that the difference in ease of 
esterification of the primary and secondary hydroxyl groups is greater for the xylose 
compound, with its exe-3-hydroxyl group, than for the ribose compound, with its 
en&-3-hydroxyl group. Esterification of 1,4:3,6-dianhydro-~glucitol (XXT) with 
acid chlorides occurs preferentially at the (more hindered) endo-5-hydroxyl grouplsJg. 
The enhancement of the reactivity of this hydroxyl group has been ascribed to the 
intramolecular hydrogen bond which it can form with the oxygen atom at the 
+positionls. It is noteworthy that the endo-3-hydroxyl group of 1,2-O-isopropylidene- 
D-ribofuranose (XXII) can form a similar intramolecular hydrogen bond to the oxygen 
atom at the 2-position. 

The reactions of these sulphonate esters with amines are now being studied. 

EXPERIMENTAL 

Silica gel was used for column chromatography (Hopkin and Williams, M.F.C. 
grade) and for thin-layer chromatography (Merck, G. grade). 

r,z-O-lsopropylidene-3,~-di-O-toltlene-p-sulphonyf-D-ribofuranose (VI) 

1,2-O-Isopropylidene-D-ribofuranose (33 mg) was esterified with toluene-p- 
sulphonyl chloride (132 mg) in pyridine (2 ml). Isolation with chloroform in the 
usual way gave a syrup which from aqueous methanol gave r,2-O-isopropylidene- 
3,5-di-O-toluene-p-sulphonyl-D-ribofuranose (65 mg), m.p. 123“, [a]D + 71” (c 1.1, 
chloroform) (lit.“, m.p. 122-3~) (Found: S, 12.6. CssHssOsSa talc.: S, 12.8%). 

5-Deo,ry-I,2-O-isopropylidene-3-O-toiliene-~-sulpho~y~-D-ribofuranose (IX) 

A solution of the above disulphonate (1.0 g) in dry ether (20 ml) containing 
lithium aluminium hydride (0.15 g) was stirred and heated under reflux for 5 h. 
Excess of hydride was destroyed by ethyl acetate, and the solution was poured into 
a saturated solution of potassium sodium tartrate. This was extracted with chloroform 
(50 ml), and the extract was washed with N sulphuric acid and aqueous sodium 
hydrogen carbonate. Evaporation of the dried chloroform solution yielded crystalline 
5-deoxy-I,2-O-isopropylidene-3-O-toluene-p-sulphonyl-D-ribofuranose(o.5gg) which, 
after recrystallisation from aqueous methanol, had m-p. 127-128O, [z]n + 100~ 
(c 0.85, chloroform). The i.r. spectrum showed no bands in the region of 3300 cm-l 
indicative of hydroxyl groups. (Found: C, 54.4; H, 6.15; S, 9.8. ClsHsoOsS talc.: 
C, 54-g; H, 6-r ; S, g-S%)- 

r,t-O-lsopropylidene-5-O-toIuene-p-sulphL-arabinofuranose 
Mercuric chloride (3 g) was added to a solution of 5-O-toluene-p-sulphonyl-r- 

arabinose diethyl dithioacetal (I.57 g) in acetone (25 ml). The mixture was stirred 
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at 5o-55” for IOO min, neutralised with anhydrous sodium carbonate, and filtered. 
Evaporation of the solution gave a residue which was extracted with chloroform. 
The extract was washed with aqueous potassium iodide, and then with water until 
free of halide ions. Evaporation of the dried extract gave a syrup (I -3 g) which was 
chromatographed on silica gel (30 g). Elution with benzene-ether (85:15) gave aketone- 
condensation products (0.41 g), and benzene-ether (RI) yielded the product (0.66 g). 
After recrystallisation from ethyl acetate-light petroleum, the 1,2-O-isopropylidene- 
5-U-toluene-p-sulphonyl-L-arabinofuranose (0.61 g) had m.p. r2g”, [aID-33.4’ 
(c 1.0, chloroform) (lit-lo, m-p. 129-130°, [a]D-34.8”). 

r,2-O-IsopropyIidene-3,5-di-O-toIuene-p-suIphonyI-~-arabinofuranose (VZZ) 
This compound was prepared from the above monosulphonate, as described 

by Mitra and Karrers, and had m-p. g6”, [a]D-34.7” (c 2.0, chloroform) (lit.8, 
m.p. 93”). 

I,2-O-IsopropyIidene-3,~-di-O-toluene-p-suIphonyI-D-xyIofuranose (VIII) 
This compound was prepared according to Karrer and Boettcherg, and had 

m.p. Sg”, [a]D--36” (c 1.0, chloroform) (lit.g, m.p. gr-gz”, [a]n-37.9r”). 

Displacement Reactions 
(a) On r,r-0-isopropylidene-3, j-di-0-toluene-p-suIphonyI-D-ribofuranose ( VZ) . 

A solution of the above disulphonate (0.59 g) in N-methyl-2-pyrroiidone (5 ml) 
containing tetra-n-butylammonium bcnzoate (1.6 g) was kept at 10oO. T.1.c. showed 
the rapid formation of an initial product, which then slowly diminished in amount 
as a second product appeared. After 7 days, some of the initial product still remained. 
The reaction mixture was passed through a column of silica gel (150 g) and eluted 
with ether (500 ml). The eluate was concentrated to 5 ml, passed through alumina 
(20 g), and eluted with more ether (60 ml). The residue from evaporation of the ether 
was finally chromatographed on silica gel (20 g), when the two fractions were obtained. 

Fraction A, eluted with benzene-ether (g6:4), yielded syrupy 3,5-di- 
0-benzoyl-i,2-0-isopropylidene-D-xylofuranose (201 mg), [OrIn-5o” (c 0.7, chloro- 
form) (Found: C, 66.9; H, 5.8; CZ~HZZO~ talc.: C, 66.3; H, 5.5%). A sample (IOO mg) 
was debenzoylated with sodium methoxide in methanol. The resultant 1,2-O- 
isopropylidene-D-xylofuranose (37 mg) was treated with one equivalent of toluene-p- 
sulphonyl chloride (38 mg) in pyridine (0.5 ml) to give I,2-U-isopropylidene-5-0- 
toluene-p-sulphonyl-D-xylofuranose (30 mg), which had m.p. I 3S” (undepressed on 
admixture with an authentic sample). 

Fraction I?, eluted with benzene-ether (3:1), gave 5-O-benzoyl-r,a-O- 
isopropylidene-3-O-toluene-p-sulphonyl-D-ribofuranose (go mg) which, after re- 
crystallisation from aqueous ethanol, had m-p. I Ig”, [a]D + 96” (c o-5, chloroform) 
(Found: C, 59.0; H, 5.5; S, 7.1~ CZZHZ~O~S talc.: C, 58-g; H, 5.4; S, 7_15O/~). 

(b) On 5-deoxy-r,z-0-isopropylidene-J-O- toluene- p -suIphonyI- D - ribofuranose 
(IX). A solution of the above sulphonate (0.25 g) in N-methyl-2-pyrrolidone (3 ml) 

Carbohydrate Res., I (1966) 341-347 



346 N. A. HUGHES, i’. R. H. SPEAKMAN 

containing tetra-n-butylammonium benzoate (1.03 g) was held at 104” for go h. 
T.1.c. indicated that some starting material remained. More benzoate (I-O g) was 
added, and the solution was held at 125” for a further 160 h. Purification, as before, 
gave a crude product which was chromatographed on silica gel (20 g). Benzene-ether 
@5:5) eluted some non-carbohydrate material (0. I I g), followed by the product, 
3-U-benzoyl-5-deoxy-r,2-O-isopropylidene-D-xylofuranose, as a gum (0.16 g), 
[a]u+6.r” (c 0.9, chloroform). (Found: C, 65.2; H, 6.6. CrsHlsOs talc.: C, 64.8; 
H, 6.5 oh j. Debenzoylation of a sample with a catalytic amount of sodium methoxide 
in methanol, followed by silica-gel chromatography to remove methyl benzoate, 
gave 5-deoxy-r,2-0-isopropylidene-D-xylofuranose, m-p. 68”, [a]n-2r” (c 0.8, water) 
(lit.g, m.p. 68-7o”, [a]u-20_4°)_ 

(c) On r,2-0-isopropylidetze-3,5-C-O- toluene-p-sulphonyl-L-arabinofirranose 

(VU). In a preliminary experiment, the above sulphonate (IO mg) in N-methyl-2- 
pyrrolidone (0.3 ml) containing tetra-lz-butylammonium benzoate (35 mg) was kept 
at 95” for 72 h. TLC. of the reaction mixture at intervals indicated the rapid 
formation of a product still containing a sulphonate group. No further reaction 
occurred. 

A solution of the disulphonate (0.25 g) and tetra-n-butylammonium benzoate 
(0.68 g) in N-methyl-t-pyrrolidone (2 ml) was kept at 105” for 20 h. Purification, as 
before, gave only one product, 5-0-benzoyl-r,2-O-isopropylidene-3-O-toluene-p- 
sulphonyl-L-arabinofuranose (0.20 g), which had m.p. 83”, [a]n-6.0° (c 1.2, 

chloroform), after recrystallisation from aqueous methanol. (Found: C, 58.9; H, 5.7; 
S, 7.1. C22H2408S talc.: C, 58.9; H, 5.4; S, 7.15%). 

(d) On r,2-O-isopropylidene-3,~-di-O-toluene-p-su~honyi-D-_~yZofuranose (VIII). 
A solution of the above sulphonate (IOO mg) and tetra-n-butylammonium benzoate 
(300 mg) in N-methyl-2-pyrrolidone (I ml) was kept at 100~. T.1.c. indicated the rapid 
formation of a product still containing a sulphonate residue; no further change was 
observed in 72 h. Purification, as before, and crystallisation from aqueous methanol 
gave 5-0-benzoyl-1,2-O -isopropylidene-3- 0-toluene-p- sulphonyl-D-xylofuranose 
(53 mg), m.p. 94-95’ (undepressed on admixture with an authentic sample)_ 

5-O-Be~lzoyl-r,z-O-isopropy~iderre-3-O-to~uene-p-suiphony~-D-rib~furanose (X) 

Benzoyl chloride (0.054 ml) was added to a solution of r,2-O-isopropylidene- 
D-ribofuranose (go mg) in pyridine (I ml) at o”. After a further 16 h at 4”, the products 
were isolated in the usual way. T.1.c. revealed the presence of three products, in 
addition to unchanged starting material. The fastest-running product was assumed 
to be dibenzoate, and the two slower-running products to be monobenzoates. By 
means of preparative t.l.c., the two monobenzoates were separated. The one formed 
in greater amount (30 mg) was treated with toluene-p-sulphonyl chloride (75 mg) 
in pyridine (I ml) for I day at 25O. Isolation by means of chloroform, and crystallisa- 
tion from aqueous methanol gave 5-0-benzoyl-r,2-0-isopropylidene-3-U-toluene- 
p-sulphonyl-D-ribofuranose (31 mg), m.p. 119” (undepressed on admixture with the 
sample obtained from the displacement reaction). 
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5-O-Benzoyi-I,2-O-isopropylidene-L-arabino~~ranose 
This compound was synthesised by the method described for the D-form. 

5-O-Benzoyl-r,2-O-isopropylidene-L-arabinofnranose had m-p. 142O, [z]D-24.4“ 
(c 0.8, chloroform) (Found: C, 61.4; H, 6.3%. CrsHrs06 talc.: C, 61.2; H, 6.1%). 
Reist et aZ.ll give m.p. 148-g”, [c&+24” (c LO, chloroform) for the D-form. 

~-O-Ben~oyZ-r,~-O-isopropylidene-~-O-toi~te~~e-p-s~~~~~onyl-~-a~abino~tranose (XVIII) 
Toluene-p-sulphonylation of the above benzoate (IS mg) in pyridine (0.3.ml) 

with toluene-p-sulphonyl chloride (35 mg) for 72 h at 2o”, and purification in the usual 
way gave, after recrystallisation from aqueous methanol, 5-O-benzoyl- I ,2- O- 
isopropylidene-3-O-toluene-p-sulphonyl-L-arabinofuranose (15 mg), m.p. 82O (unde- 
pressed on admixture with the sample isolated from the displacement reaction). 
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;_ 

SUhlMARY : _I.. 

The benzoate displacement of sulphonate derivatives of several 1,2-O- 
isopropylidenepentofuranoses has been s&lied. Displacement occurs readily with 
5-sulphonates, more slowly with ertdo-3-sulphonates, and not at all with exe-3- 
sulphonates. Neighbouring-group participation from 5-benzoate groups does not 
assist in the displacement of the 3-sulphonates. 
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DEGRADATION OF CARBOHYDRATES 
PART VII. CONFORMATIONS OF SOME UNSATURATED SUGARS* 
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Ryde, N.S. W. (Australia) 

(Received July 24th. 1965) 

The assignments of the anomeric configurations of hex-2-enopyranoses and 
hex+enopyranosuloses require confirmation, because, in the former series of com- 
pounds, the crystalline substances obtained all appeared to be a-D anomers, and, 
in the latter series, only a&mixtures were isolated 1-s. 

The fully methylated methyl glycosides of the above compounds should be 
sufkiently volatile for purification by gas-liquid chromatography. and, if both sets 
of anomers were thus isolated, their proton magnetic resonance spectra, optical 
rotations, and other properties could be examined. Furthermore, the conclusions so 
obtained should stand the test that the hex-3-enosiduloses (V) and (VI) must have 
the same anomeric configurations as the hex-zenosides, (I)-(IV), from which they 

**oeoMe MeoGoMe Meo?ye Mea@ 

Me0 Me0 Me0 Me0 
(I) m tm mz) 

CH20Me 

were derived. These results could be used to confirm the structures and conformations 
proposed earlier for the free sugarss. 

This paper reports the isolation, anomeric con&ration, and conformation 
of the six unsaturated D-glycosides (I)-(W). 

*For Part VI, see reference 3. 
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RESULTS AND DISCUSSION 

The methyl hexenopyranosides were prepared by treating 3-deoxy-2,4,6-tri-O- 
methylhexenopyranoses with methyl sulfate and alkali. Since the free sugars are 
relatively stable to alkali, the methylations proceeded smoothly, yielding mixtures 
of the anomers, which were separated by gas-liquid chromatography_ The a-D-rhreu 
isomer (II) was obtained in the crystalline condition. Each of the four compounds 
(I)-@) was treated with acid to yield a methyl hexenopyranosidulose having the 
same anomeric configuration as the starting substance (see Table I). 

TABLE I 

RETENTION VOLUMES AND OPTICAL ROTATIONS OF hlETHYL 3-DEOXY-2&6-TRI-O-METHYL-D-HEX-2- 

ENOPYRANOSIDES (I)-(IV) AND METHYL 3.4-DIDEOXY-6-O-METHYL-D-HEX-3-ENOPYRANOSIDULOSES (V) 

AND (VI) 

Gfycosicfe Retention [a@, degrees 
volumea k o.5P 

(I), a-D-efythrO 88 
(II), a-D-the0 100 
(III), pD-erythro 115 
(Iv), /?-D-t/m?0 I22 

(V), a-D-, from (I) 41 
from (III) 41 

(VI), p-o-, from (II) 55 
from (IV) 55 

+x15 

-56 
i-5 

-95 
+x5 
fr8 

-180 
-180 

aGas.-liquid chromatography on column (xgo cm x 5 mm) of 5 0/o Carbowax zoM on Chromosorb G, 
dimethyldichlorosilane treated, acid washed, 60-70 mesh, 120”; IOO ml argon/min; the retention 
volume of (II) was arbitrarily given the value 100. 
*(I)-(IV) in acetone, and (V) and (VI) in water. 

The anomeric configurations of the compounds in Table I were indicated from 
their optical rotations. The anomeric assignments made on the basis of Hudson’s 
rule were verified by analysis of the proton magnetic resonance (p.m.r.) spectra. 

All the p.m.r. data presented in this paper refer to deuterium oxide solutions, 
with sodium 2,2-dimethyl-a-silapentane-5-sulfonate as the standard. The spectra of 
the a&hex-a-enosides are also recorded for pyridine and carbon tetrachloride solu- 
tions, but, since deuterium oxide gave a greater chemical shift between H-I and H-3, 
it was used exclusively as the solvent for the pure anomers. The intensities of all 
bands were consistent with their assignments. The coupling constants and chemical 
shifts recorded in this paper are all first-order, but these should approximate to the 
true values, except for some compounds in Table II where the coupling constants 
were not small compared to the chemical shifts. 

Some details of the p.m.r. spectra of the hex-2-enosides are given in Table II 
(see also Fig. I). The absorption due to H-4 and H-5 are not well resolved, except 
for the a-D-t/We0 isomer (II), which gave J3,4 5-g c.p.s. and J4,5 2.5 c.p.s. The signals 
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from H-6,6’ overlap those of the vinylic methoxyl groups (S 3.63 + 0.02 p.p.m.); 
those of the glycosidic methoxyl group are at 3.46 f 0.01 p.p.m.; and those of the 
other methoxyl groups are at 3.38 f 0.03 p.p.m. The assignment of the spectra 

TABLE II 

P.M.R. SPECIRA OF METH~ 3-DEOXY-~~,~-TR~-O-~~E~YLHE~-Z-ENOPYRNOS~DES (&o) AT 60 MCP.S. 

IN DEUTERIUM OXIDE 

Hex-z-enoside 
H-r (singlet) 

6= W 

H-3 (doublet) 

6 J&4 Wb 

(I), a-D-eryt/zro 4.78 0.9 5.12 2.1= (I.1 
(II), a-D-rhre0 4.88 I.1 5.30 5.9 I.1 
(III).+?-D-WJ’fhO 4.91 I.9 5.18 5.3= 1.8 
(Iv), p-D-rizreo 5.10 2.2 5.33 5.7= 2.0 

=ChemicaI shifts (s) are in p.p.m., coupling constants Q and widths at half height (w) in c.p.s. 
(Hz0 band gave W = 0.3-0.4 c.p.s.) 
bRefers to the width, at half-height, of each part of the doublet. 
CThese are splitting values, and may not approximate to the coupling constants, especially for the 
two 8-D anomers (III) and (IV), because H-4, H-5, and H-6,6’ form part of an A2BC system. 

(Table II) is based, firstIy, on the chemical shifts with reference to those of 3-deoxy- 
2,4,6-tri-0-methyl-a-D-erythro-hex-2-enopyranose (VII)3. On glycosidation of (VII), 

MeO, 

H-3 H-6,6’ 
; H-l 

t 
u 
4 

H-4 H-5 

6 p.p.m. 

Fig. I. The p.m.r. spectrum at 60 Mc.p.s. of methyl 3-deoxy-2,4,6-tri-O-methyl-@-erythro-hex- 
a-enopyranoside (III) in D20. 

a new absorption of the glycosidic methoxy1 group appears, and that of H-I moves 
up to a field higher than that of H-3. This assignment of the absorptions from H-I 
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and H-3 was confirmed from an examination of the splitting patterns. As H-I can 
couple only by a long-range mechanism, -the peaks having the large splittings are 
due to H-3 (see Table II). This conclusion was further supported for the a-D-three 
isomer (II) because J3,4 could be obtained from the signals of both H-3 and H-q. 

ml) ma mx) 

EI,, R'z R'" =H, R'. R”‘. Ok,=; 

(II), R'=R"".H, R"=R"'=OMe; 
(m),R-=R"=H,R'=R~rOMe; 
(m),R'.R~=CI,R'.R"=OMe7 

The signals of H-I and H-3 of the hex-2-enosides (see Table II) are not sharp. 
Some of this broadening is due to weak, long-range couplings across oxygen atoms. 
However, the much broader signals from the a-~ anomers (I) and (II) result from an 
allylic coupling of H-I with H-3. The lack of resolution of these signals into a doublet 
and quartet, respectively, may arise because H-3 is coupled to an AsBC system 
(see Table Ujs. The value of allylic couplings depends on the dihedral angles between 
the protonss, the following relationship having recently been prOpOSed6: 

J = r-3 co@ 4 - 2.6 sin2 q5 (o” G + G go”) 

The hex-2-enosides (I)-(W) could exist in either of the two half-chair 
conformations (VIII) and (IX)3. Th ose forms having the H-I bond axial have 4 = 80” 
(J - 2.6 c.p.s.) and those with the H-I bond equatorial have 4 = 30~ (J 0.32 c.P.s.). 
Therefore, the anomers showing no appreciable allylic coupling are either the 
a-D anomers in conformation (XIII) or the B-D anomers in conformation (IX). The 
second possibility can be eliminated because, in that conformation, the B-D anomers 
have the bulky substituents at C-x and C-5 axial on the same side of the ring in the 
meta position, a most unfavorable situation. It therefore follows that the 8-D forms 
show the allylic couplings, as supported by the optical rotations of (I)-(VI) and the 
p.m.r. spectra of (V) and (VI). The conformation of all four compounds (I)-(N) 
is the half-chair form (VIII). 

As shown in Table I, the hex-3-enosiduloses were obtained from erythro- and 
rhreo-hex-2-enosides, with retention of the anomeric configuration. Both preparations 
gave identical p.m.r. spectra, details of which are shown in Tables III and IV. The 
spectral assignments are straightforward, and follow those of hex-3-enosulosessa7, 
except that glycosidation has caused the signal of H-I to be moved up-field, as for 
the hex-a-enosides (I)-(W). The rigidity of the unsaturated carbonyl system forces 
the ring carbon atoms into one plane, limiting the hex-3-enopyranosidulose ring to 
two sofa conformations: (X), with H-5 axial, and (XI), with H-5 equatorial. In both 
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conformations, H-3 and H-4 are in the plane of the ring, and the geometry at C-r and 
C-5 is similar to that of the hex-2-enosides (VIII) and (IX). Now; because, for both 
anomers, Js,s is small (for a vicinal coupling) and J3.5 is large (for an alIylic coupling), 
the dihedral angles H-4-H-5 and H-3-H-5 musW both be near go”_ Therefore, the 
hexenopyranosiduloses (V) and (VI) exist in conformation (X), with H-5 perpendicular 
to the ring. Furthermore, in the case of the &D anomer, the o+&er sofa conformation 

is unlikely, because the bulky substituents at C-I and C-5 would then be axial. 

. 

(Xl (xr) 

(V), R.-H. R==OMe &I), R” *H, R’.OMc 

The main differences in the spectra of the two hex-3-enosiduloses (see Tables III 
and IV, and Figs. 2 and 3) concern H-r and H-3. An examination of the signals of 

TABLE III 
CHEMICAL SHIFTS (6, P.P.M.) AND MULTIPLICITY (kf) OF P.M.R. SIGNALS FROM METHYL 3&DIDEOXY- 

6-O-METHYLHEX-3-ENOPYRANOSIDULOSES (V) AND (VI) AT 60 MC.P.S. IN DEIJTERIUM OXIDE 

H-r H-3 H-4 H-5 H-6,6’ OMe-r OMe-6 

09, a-D m 4.92 6.28 7.28 4.8 3.77 3.59 3.42 
mf) 4= 8 4 _b 2 I I 

OrI), 8-D (a s-07 6.28 7.27 4.8 3.75 3.60 3.42 
(W 2 r 4 4 _b 2 I I 

aNot fully resolved; width at half height, 1.2 c.p.s. 
bCompIex band H-5 is coup!ed to H-I, H-3, H-4, and H-6,6’. 

TABLE IV 

COUPLING CONSTANTS OF METHYL 3,4-DIDEOXY-6-O-METHYLHEX-3-ENOPYRANOSIDULOSES (V) AND (VI) 

Coupling constants @p.s.) 

51.3 . Ji,S J3,e 

T!,z 0.2 0.75 0.3 I.1 10.7 10.7 2.6 2.7 2.3 I.7 -4.5 5.0 

these two protons yields information regarding the anomeric configuration. As 

long-range couplings H-C-(C=O)-C-H are known to have the maximum value when 
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the two protons and the 3 carbon atoms are in the same plane*, the anomer showing 
this coupling (Jr,3 0.75 c.p.s.) is the a-D form (see Fig. 3). The 8-D anomer displays 
a long-range coupling (J 1,5 1.1 c,p.s.) which could arise by either of two mechanisms: 
firstly, a four o-bond coupling through the oxygen atom, this coupling not being 

MeM 

t 

H-4 

H-3 
H-i H-5 

HOD 

I ! I 

Me’ 

7 6 6 p-pm 5 4 

- 

rt- 

Fig. 2. The p.m.r. spectrum at 60 Mc.p.s. of methyl 3,4-dideoxy-6-0-methyl-/i-o-glycero-hex-3- 
enopyranosidulose (VI) in DsO (see also Fig. 3). That each of the lines of the H-5 signal are further 
split (I c.p.s.) by H-r can be seen at a sweep wid*& of 50 c.p.s. 

Fig. 3. P.m.r. signals at 60 1Mc.p.s. from H-3 of methyl 3,4-dideoxy-6-0-methyl-o-glycero-hex-3- 
enopyranosiduloses (v) and (VI). 

visible in the &hexenosides (III) and (IV) where the geometry of these four bonds is 
identical; and secondly, an unusual six-bond coupling, possibly involving the 
n-electrons of the unsaturated system. The position here is somewhat similar to that 
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of 3-deoxypent-2-enofuranose rings, where J1,4 is large (up to 4 c.p.s.) for 
B-D anomers3*D. 

It should be noted that, in each a&pair of the six glycosides (I)-(W), the 
shielding of H-I is larger when H-I is equatorial (a-D anomer), the reverse situation 
to that normally found with cyclohexane or pyranoid systems. As in the present 
case, the a-proton of a-halocyclohexanones is more shielded in the equatorial than 
in the axial position (Ref. IO, and references therein). 

Garbisha has recently proposed the equation 

J = 6.6 toss 4 + 2.6 sins #o” < 4 < go”) 

for calculating (vinyl) allylic couplings, the 2.6 sins 4 term representing the z-electron 
contribution to the coupling. The minimum value (J 2.6 c.p.s., 4 = go”) obtained 
from this equation appears to be too large for the compounds studied here (cf, 
J4,s in Table IV; and Js,4 of the a-D-erythro isomer in Table II). This is clearer in 
the previously studied 3-deoxyhex-a-enoses, where the (vinyl) allylic coupling (Js,4) 
ranges from < 0.5 to 2.5 c.p.s. for a-D-erythro isomers3. It is probable that the 
parameter of 2.6 used by Garbish is too large. 

The interlocking evidence for the two groups of substances here studied 
establishes their anomeric configurations as given in Table I. The a-D-hex-a- 
enopyranosides (I) and (II) are characterized by the greater sharpness of the p.m.r. 
signals of H-I and H-3, compared with those of the B-D anomers (III) and (1V) 
(see Table II). Furthermore, for the a-D-erythro isomer (I), Ja,4 is small (2.1 c.p.s.) 
compared with that of the other isomers (5-3-5.9 c.P.s.). The application of these 
criteria to the p.m.r. spectra of previously isolated 3-deoxy-2-O-methylhex-2- 
enopyranoses3 cordirms the configuration given to them earlier. The p.m.r. spectra 
of the hex-3-enosiduloses show that the signal of H-I of the j3-~ anomer (VI) appears 
as a doublet at a field lower than that of the a-D anomer (V). 3,4-Dideoxy-D-glycero- 
hex-3-enopyranosulose and its 6-methyl ether have been found to elrist as 2: I mixtures 
of two anomers3s7. The present work confirms that the minor anomers were the 
B-D forms. 

EXPJZRIMENTAL 

The microanalyses were performed by the Australian Microanalytical Service, 
Melbourne, and the proton magnetic resonance spectra were obtained on a Varian 
A60 spectrometer by Mr. P. J. Collins of the Division of Coal Research, C.S.I. R.O. 

Analytical gas-liquid chromatography was carried out on a Packard gas 
chromatograph fitted with an argon ionization detector (see Table I). Preparative 
separations were achieved with a different instrument, fitted with a stainless-steel 
column (I m x I cm 0-D.) and a thermal conductivity detector_ The column, 
packed with 5% Carbowax* 20M on Chromosorb** G, was operated at 140”. 

*Trademark of Union Carbide Corporation. 
**Trademark of Johns-Manville Product Corporation. 
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Repeated injections (IO ,ul) were made, to obtain sufficient pure material. Each 
glycoside emerging from the detector was collected in a small, glass tube containing 
a glass-wool plug. The same tube was used for several experiments. The glycoside 
was obtained by washing out the tube with acetone, and evaporating the solvent 
from the washings under diminished pressure. 

(a) Preparation of methyl 3-deoxy-2,4,6-tri-o-~_t~ylfle.~-2-enopyranosides 

(G-W) 
G~f ; _a 

(i) The a- and /?-D-erythro isomers (I) and (III). 3-De&y-2,4,6-tri-O-methyl-a-o- 
eryrhro-hex-2-enopyranoses (VII) (20 g) in carbon tetrachloride (30 ml) was 
methylated at room temperature by the simultaneous addition, over IO min, with 
rapid stirring, of methyl sulfate (20 ml) and a solution of sodium hydroxide (20 g) 

in water (60 ml). The reaction mixture was stirred for 30 min, and was refluxed for 
I h to destroy excess mettill sulfate. The carbon tetrachloride layer was separated 
from the cooled mixture, and the aqueous layer was extracted three times with 
chloroform. The chloroform extracts and the carbon tetrachloride solution were 
combined, dried with anhydrous sodium sulfate, and the solvents evaporated -off_ 
The residue was distilled under diminished pressure (bath temp. 80” and 0.01 mm) 
to yield a colorless liquid (16 g). The ratio of z-D to B-D anomer varied considerably 
from batch to batch, but was always greater than unity. The anomers were cleanly 
separated by preparative gas-liquid chromatography. (Found: C, 54.7, 54-g; H, 8.3, 
8.3 for the a-D and B-D anomers, respectively_ C~~H1805 requires C, 55.0; H, 8.30/o)_ 
(ii) The a- and &D-threo isomers (II) and (IV). 3-Deoxy-2,4,6-tri-O-methyl-D-threo- 
hex-2-enopyranose was prepared in a way similar to that used for the erythro isomers, 
but was not obtained crystalline. The crude material was methylated by the procedure 
used for the erythro isomer. The distilled product was a colorless liquid which, on 
gas-liquid chromatography, showed some impurities having lower retention times 
than those of (II) and (IV). The main bulk of the a-D anomer (II) crystallized from 
pentane at 0’; needles, m-p. 52-53”. The mother liquors were subjected to preparative, 
gas chromatography to yield the pure P-D anomer (IV). (Found: C, 55.1, 54.7; 
H, 8.5, 8.1 for the a-D and P-D anomers, respectively. CloHlgO5 requires C, 55.0; 
H, 8.3%). 

(b) Preparation of methyl 3,4-dideosy-6-O-metltyl-a- and j?-D-glycero-hex-z- 
enopyranosidrdoses ( V) and ( VI) 
(i) The a-D anomer (V) was prepared by treating the crystalline hex-2-enoside (II) 
(500 mg) with 0.01~ HCI (IO ml) at 100~ for 4 min. The product was obtained by 
extracting the reaction mixture with chloroform. The washed and dried extract was 
concentrated and distilled (bath temp. 80” and 0.01 mm) to yield the pure hex-3- 
enosidulose (V), [z]F t 17-5” (c 0.5, water) (Found: C, 55.6; H, 7.1; CSH~PO~ 
requires C, 55.8; H, 7.0%). 
(ii) The hex-a-enosides (I)-(W) were heated separately at 100~ for 1-2 min in solutioxis 
of deuterium oxide (0.5 ml) containing one small drop of trifluoroacetic acid. The 
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cooled solutions were extracted with chloroform. The extracts w&e washed once 
with water, dried with anhydrous sodium sulfate, and evaporated under diminished 
pressure, to yield the hex-fenosiduloses (V) and (VI). The four preparations gave 
the optical rotations recorded in Table I. 

(c) Spectroscopy 
(i) P.m.r. spectra. The p.m.r. spectra of the glycosides (I)-(N) were determined in 
deuterium oxide, with sodium 2,2-dimethyl-2-silapentane-5-sulfonate as the internal 
standard (S 0.00 p.p.m.). In each instance, after the spectrum had been recorded, one 
small drop of trifluoroacetic acid was added to the solution in the p.m.r. tube; this 

solution was heated to 100’ for 1-2 min, cooled, and the spectrum re-recorded 
(Tables IL, III and IV). 
(ii) UZtraviolet spectra. The light absorptions of the hex-2-enosides o-(N) were 
almost indistinguishable, with AZ*: rg8-2oo mp (E - g x 103). The anomeric hex-3- 
enosiduloses, (V) and (VI), gave 3.::: 228 rnp and 226 rnp (E 9.5 x 103), respectively. 

(iii) Infrured spectra. The infrared spectra of the hex-a-enosides (l)-(N) were similar, 
being characterized by a strong, sharp band at 1678 cm-l, which is assigned to the 
asymmetrical C=C bond. The hex-3-enosiduloses (V) and (VI) gave an intense 
band at 1705 cm-l (C=O) and a weak band at 1622 cm-l (C=C). 
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SUMMARY 

The methyl 3deoxy-2,4,6-tn-O-methyl-D-erythro- and -D-rhreo-hex-2-enopyra- 
nosides were prepared by glycosidation of the free sugars with methyl sulfate. 
The methyl a- and /Lglycosides were separated by preparative, gas-liquid chromato- 
graphy, and converted into the methyl 3,+dideoxy-6-O-methyl-a- and -/Lo-gZycero- 
hex-3-enopyranosiduloses, respectively. The anomeric configurations and the confor- 
mations of these compounds were obtained from their proton magnetic resonance 
spectra and from their optical rotations. 
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INTRODUCTION 

It has frequently been afbrmed that D-altropyranose and its simple derivatives 
are “conformationally unstable”, and tend to exist in solution as equilibrium 
mixtures of the two possible chair conformations (e.g., II and 1II)l. There is also 
available some physicals and chemicals evidence to suggest that crystalline D-altrose 
is itself not a pyranose form. Examination of the 60 Mc.p.s. proton magnetic 
resonance spectra of a series of substituted methyl 4,6-O-benzylidene-a-D- 
altropyranosides has recently shown that the presence, in the chair conforma- 
tions of these pyranose compounds, of a r,2,3-triaxial system of substituents together 
with a possible r,3-diaxial repulsion does not, in solution, cause these conformations 
to undergo any significant equilibration with non-chair form@. The rather common 
occurrence of stereospecific long-range coupling of H-I with H-3 in these confor- 
mationally restricted bicyclic derivatives suppor,ted the assignment of the chair 
conformation to the pyranose ring since, in this conformation, these protons possess 
the r,3-diequatorial orientation which is favourables for the observation of this type 
of coupling. It was of interest therefore to re-examine the p.m.r. spectra of some 
nzo~zocycIic derivatives of D-altropyranose, in an effort, firstly, to determine the pre- 
ferred conformation of the pyranose ring, and secondly, to investigate the possibIe 
occurrence of long-range coupling in a conformationally mobile system. Using a 
spectrometer operating at 40 Mc.p.s., Lemieux et ~~1.6 had observed that the signal 
due to H-I of penta-O-acetyl-a-D-altropyranose (I)7 was not resolved in chloroform 
solution, and had reported the half-line width of this signal to be 3 c.p.s. The 
contribution of both chair conformations to the observed spectrum appeared to 
be possibles. 

EXPERIMENTAL 

The p.m.r. spectra were measured on Varian A-60 and HA-100 spectrometers 
at 40”, using solutions which contained 195-235 mg of compound in 0.35-0.4 ml of 
solvent, with tetramethylsilane added as internal reference. The 60 Mc.p.s. spectro- 
meter was calibrated against a 2% v/v solution of benzene in carbon tetrachloride 
containing tetramethylsilane, the chemical shift of the benzene resonance being 
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assumed to be 436 c.p.s .s. Multiplet spacings were measured at a sweep width of 
250 c.p.s. 

RE!WLTS AND DISCUSSION 

Determination of the p.m.r. spectrum of a solution of penta-O-acetyl-a-n- 
altropyranose (I) in deuterochloroform at a spectrometer frequency of 60 Mc.p.s. 
disclosed that the signal assigned6 to H-I was an unresolved doublet or broadened 
sir&et at t 3.98. The positions of the acetoxy methyl resonances at r 7-84, 7.86, 
7.86, 7.92, and 7.98 suggested the presence of three axial and two equatorial substi- 
tuents in the preferred conformation 6~s. In an effort to effect better resolution of the 
H-I signal, 60 Mc.p.s. spectra of the penta-acetate (I) were measured in a number 
of other solvents including pyridine, acetone, and acetonitrile. In acetone solution, 
and especially in acetonitrile (Fig. I), the signal of H-I appeared as a more clearly 

H-4 1 
H-5 + 2H-6 

4.02 4.69 4.85 5.01 5.44 5.95 t 

Fig. I. Partial p.m.r. spectrum of penta:O-acetyl-or-D-aItrop)‘ranose (I) in CH$BI at 60 Mc.p.s. 

defined triplet of small splitting, reminiscent of that observed in the spectra of many 
methyl 4,6-O-benzylidene-cc-D-aItropyranosides4, and suggestive of either stereo- 
speciiic5, or virtuallo long-range couphng of H-I with H-3. Additionall:.; useful solvent 
shifts were obtained which allowed some distinction of the spin-spin muitiplets 
due to H-2, H-3 and H-4, which at 60 Mc.p.s. displayed rather similar chemical 
shifts (Fig. I). However, since-onIy tentative assignments of these muh.ipIets were 
possible at 60 Mc.p.s., more substantial evidence for them was obtained from spectra 
determined at IOO Mc.p.s. with the assistance of frequency-sweep double resonance. 
The resolution availabIe at IOO Mc.p.s. was not quite as good as that at 60 Mc.p.s., 
and hence the smaher splittings were more conveniently observed and measured 
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at the latter frequency (as in Fig. I). The IOO Mc.p.s. frequency-swept single-resonance 
spectrum of a solution of the penta-acetate (I) in deuterochloroform is shown in 
Figure za, and comparison with the 60 Mc.p.s. spectrum suggested the assignment 
of the broad singlet (unresolved triplet or quartet) at t 4.01 to H-I, the quartet at 

H-3 
H-l 

j 
I 

i-i H-4 H-2 

-JL 
I I I I 

4.01 4.69 4.8 5.03 152 5.97 t 

H--l 

H-5 + ZH-6 
7-l 

A 
Ii (d) Hj3l J ~_.___.__ 

H*-4 

Fig. a. Partial p.m.=. spectra of penta-O-acetyl-a-D-altropyranose (I) in CDCI3 at IOO Mc.p.s. 
(a) Single resonance spectrum, (b)-(e) frequency-sweep double-resonance experiments. The dts- 
turbance due to the presence of the irradiating field is not shown, but its centre and extent are 
indicated by an arrow and by a broken baseline, respectively. The irradiated proton is starred. 
(b) Decoupling of H-z and H-3 from H-I. (c) Decoupling of H-r and H-3 from H-z. (d) Decoupling 
of H-I, H-z, and H-4 from H-3. (e) Decoupling of H-3 and H-5 from H-4, and also partial decoupling 
of H-2 from H-3. 

t 5.03 to H-z, the poorly resolved sextet at z 4.69 to H-3, the quartet at t 4.8 to H-4, 
and the complex band in the vicinity oft 5.52-5.97 to H-5 and 2 H-6. These spectral 
assignments were conlirmed as follows. 

Irradiation of H-I (Fig. 2b) resulted in collapse of the H-2 quartet to a doublet, 
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and of the H-3 sextet to a triplet, thereby removing simultaneously J1.2, and the small 
coupling between H-I and H-3, respectively. The larger spacings, which were retained 
in the H-2 and H-3 multiplets when these were decoupled from H-r, were equai in 
magnitude and were assigned to Ja.3. When H-2 was irradiated (Fig. 2c), the broad 
singlet due to H-I sharpened appreciably, giving an unresolved doublet, and the 
sextet due to H-3 collapsed to a quartet whose major spacing corresponded to the 
minor splitting in the quartet at t 4.8, and was therefore assigned as J3,4. Irradiation 
of H-3 (Fig. 2d) caused the H-I and H-2 multiplets both to become doublets, each 
containing the same small splitting, and confirmed thereby that H-3 is coupled to 
both H-2 and H-r. Irradiation of H-3 also caused the collapse of the H-4 quartet, 
but because of the proximity of the irradiating frequency to the resonance point 
of H-4, only one half of its decoupled multiplet could be seen (Fig. 24. 

Application of the irradiating field to H-4 (Fig. 2e) produced collapse in those 
parts of the H-3 multiplet which could be observed, and also a partial decoupling of 
H-2, owing to the spread of the decoupling field over some of the H-3 signal. Changes 
in the complex band at t 5.52-5.97 indicated decoupling of H-5 from H-4. 

The proton group H-2, H-3, and H-4 corresponds to a weakly coupled ABC 
sub-system in which the combination lines are weak, and hence the multiplet spacings 

may be taken as reasonably good approximations of the coupling constants. 
/Two weak extra lines were observed between the H-2 and H-4 quartets in the spectra 
of pyridine and acetone solutions of (I) measured at 60 Mc.p.s.1. The chemical shifts 
and coupling constants derived by first-order analysis of the 60 Mc.p.s. and 
IOO Mc.p.s. spectra are shown in Table I. The validity of the first-order approach is 
demonstrated by the fact that, with the exception of J4,s which was difficult to measure 
accurately at 60 Mc.p.s., the muhiplet splittings measured from chloroform solutions 
at 60 Mc.p.s. were identical with those determined at IOO Mc.p.s. 

Since the phenomenon of virtual coupling10 is often responsible for the extra 
multiplicity which is occasionally observed in the proton signals of carbohydrates, 
the theory of Musher and Corey10 was applied to the penta-acetate (9 to determine 
if the extra splittings in the signals of H-I and H-3 were due to this effect. The 
conditions deduced from the theory may be re-stated for the linear, three-spin, 
sub-system H-I, H-2, and H-3, as follows. The H-I quartet (with wings) is reduced 
to a doublet (splitting of the outside peaks c 0.1J1,a) if (a) IY~-Y~I 2 2 J1,2, and 
j~2-~3'31&&,3, Or if (6) (W-+.&2, and +'31 2413 J3,3. Since the extra splitting 
was observed to be largest (1.0 c.p.s.), and H-2 and H-3 were most strongly coupled 
(Le. maximum Je,s//ve-~aI) in the spectrum measured in acetonitrile at 60 Mc.p.s. 
(Fig. I), these conditions were examined as being the most likely under which virtual 
coupling, if any, might have occurred. Application of condition (a) to the first-order 
parameters /YPYS~ = 19.2, Jl,e = I .5, and J&3 = 3.6 c.p.s. obtained in this situation 
(Table I) shows that the extra splitting of 1.0 c.p.s. cannot be due to virtual 
coupling, since this would be less than 0.15 c.p.s., and hence must be a true long-range 
coupling of H-r with H-3. Similar treatment of the H-3, H-4, H-5 sub-system indicated 
that the extra multiplicity in the H-3 signal was not due to a large coupling constant 
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between H-4 and H-5, since, because of their large chemical shift, these protons 
are still only weakly coupled. That the long range coupling is stereospecific may be 
inferred from the fact that it was not observed when the orientation of H-r, or of 
H-3, or of both H-I and H-3, was changed. Thus, in spectra measured in 
deuterochloroform at 60 Mc.p.s., the signal due to H-r in penta-O-acetyl+D- 
altropyranoseil a ppeared as a sharp doublet (~1 3.82, Jl,z = 2.0 c.p.s.), as did also 
the H-I resonances of penta-0-acetyl-a-D-mannopyranosels (~13.93, J1.2 = 1.7 c.p.s.) 
and penta-O-acetyl-~-D-mannopyranose12 (tl 4.05, Jr,2 = 1.0 c.P.s.). 

TABLE I 
CHEMICAL SHIFTS (T VALUES) AND IST-ORDER COUPLING CONSTANTS (C.P.S.) OF PENTA-O-ACETYL-Z- 

D-ALTROPYRANOSE 

Solvent H-I H-2 H-3 H-4 H-5andtH-6d OAc 

Pyridinee 3.65 te 
Jr,3 = I.5 

51,3 = 0.8 
Acetonee 4.03 t 

Jl,z = 1.6 

J1,3 = o-g 
cJ&CNa 4.02 t 

Jl.0, = 1.5 

51.3 = 1.0 

CDC13a 3.98 dd 
Jl,e = 1.4 
Jr.3 = 0.8 

CDC13b 4.01 
Jl.2 = 1.4 
J1.s = 0.8 

4.68 q 
J2.3 = 3.5 

5.03 9 
52.3 = 3.6 

5-01 9 
J3.3 = 3.6 

5.01 9 
52.3 = 3.5 

5.03 9 
J2.3 = 3.5 

4.28 qi (at Ieast)d 
J3,4 = 3.4 

4.69 qi (at leas@ 
53.4 = 3.3 

4.69 qi (at lea@ 
J3,4 = 3.5 

4.65 q (at least)& 
J3.4 = 3.4 

4.69 sx 

53.4 = 3.4 

4.44 9 s-18-5.79 m 7.83,7.88,7.95. 
J&5 = 8.9 7.99.8.01 

4.83 9 
J4.5 m 8.8 

5.42-5.97 m - 

4.85 q 
J&5 M 9.0 

5.44-5.95 m - 

4.78 q 
J4,5 = 7.6 

5.41-6.03 m 7.84,7.86 ( XZ)‘~, 

7.92.7.98 

4.80 q 
A.5 = 9.3 

5.52-5.97 m 7.82 (x 3F, 
7.89,7-94 

eAt 60 Mc.p.s., b At 100 Mc.p.s., the spectrometer was locked on the signal of the tetramethylsilane 
internal reference; =Signal multiplicities are indicated by a symbol foilowing the chemical shift, 
and are described as d (doublet), t (triplet), q (quartet), qi (quintet), sx (sextet), and m (complex 
multiplet). The absence of a symbol implies that a singlet was observed; dUnresolved. 

In view of the suggestion13 that altroses, lyxoses, and their glycosides do not 
have a stable chair conformation, and that the$exibZe conformation is a particularly 
attractive possibility for these configurations, the six flexible forms (IV), (V), (VI), 
(VII), (VIII), and (IX), which are intermediate between the classical boat conforma- 
tions, have, for the a-D-altropyranose penta-acetate (I), been considered as being 
the more likely possibk alternatives 14 to the chair conformations (II) and (III). 

The proton dihedral angles (4) in these conformational possibilities are 
compared in Table II, with the assumption that the pyranoid ring in compound (I) 
has geometry similar to that of an idealized cyclohexane ring, i.e., tetrahedral valency 
anglesls. Such an assumption is probably not entirely justifieda, but serves as a 
useful approximation for the comparison of conformations. Owing to geometrical 
and cotigurational symmetry, the proton dihedral angles 91,~ and $4.5 in any 

particular skew conformation (IV), (Y, (VI), (VII), (VIII), or (IX) are invariably 
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equal in magnitude (Table II). This is also true for each of the six classical boat 
conformations (e.g. (x), Table II), and for any one of the infinite number of flexible 
forms which he between the classical boats and the skew boats o-(K) listed in 
Table II. Since such widely differing values of coupling constants as h,z = 1.4 and 
J4,5 = g-3 c.p.s. (e.g., for deuterochloroform solutions of I at IOO Mc.p.s.; Table I) 
could not possibly represent the couplings of pairs of vicinal protons with approxi- 
mately the same orientation ($1.2~954,s) in each pair6216, the entire cycle of flexible 
forms may therefore be ruled out as major contributors to the conformational 
equilibria of compound (I). The ranges of the vicinal coupling constants 
J~,z = 1.4-1.6, J2,a = 3.5-3-6, J3,4 = 3.3-3-5, and J4,5 = 8.8-9.3 c.p.s. observed in 
the various solvents do in fact provide a good fit to the Cr chair conformation (II) 

TABLE II 
PROTON DIHEDRAL ANGLES FOR THE POSSIBLE CONFORhlATIONS OF THE a-D-ALTROPYRANOSE FUNG 

ASSUhllNG IDEALIZED CYCLOHEXANE GEOMETRY 

Conformations &,2, 0 42.3, 0 $753.4, o #4,5, o 

Chairs 

:; 

Skew Boats 

WI 

El 
WI) 
(vm 

Classical Boat 
0 

180 60 180 60 60 60 180 60 

169 153 33 I69 

I53 87 169 153 33 71 I.53 87 
49 87 33 49 
87 49 33 87 

I53 87 71 I53 

6o 60 0 60 

since the small values of Jl,z, J3,3, and J3,4 are characteristic of vicinal protons with 
the gauche (4 = 60”) orientation, whereas the larger values of J4,5 suggest the trans- 
diaxial orientation for H-4 and H-5, (ref. 6,16). As in the case of the methyl 
4,6-O-benzylidene-a-D-altropyranosides 4, the observation of the long-range coupling 
J1.3 = 0.8-1.0 c.p.s. in compound (I) supports conformations [for instance, (II) and 
(X)] in which H-I and H-3 are in the favourable diequatorial orientation. However, 
the classical boat (X) has already been discounted on the basis of the vicinal coupling 
constants observed, and is theoretically highly unlikely because of the large “bowsprit- 
flagpoIe” interaction. Because the observed values of J1.2 and 12.3 are small, and that 
of J4,5 is large, the equilibrium concentration of the alternative 1C chair conformation 
(III) is apparently insignificant at 4o”, since the dihedral angles listed for (III) in 
Table II would require J1,2 ~J2,3 =&IO c.p.s. and J4,5-3-4 c.p.s. or less. 

It is concluded, therefore, that, for the solvents of varying polarity which have 
been examined, there is no evidence for conformations of compound (I) other 
than the CI chair form (II). Since equilibrated mixtures of penta-O-acetyl-cr- and 
-/?-D-altropyranoses have been found 11 to contain 65% of the a-anomer, and 35% 
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of the /I-anomer, it appears that conformation (II) of the a-anomer is, in spite of the 
possible r,3-diaxial repulsion, still thermodynamically more stable than the preferred 

bAC Acd 

. (IZI)~ 

%H20Ac AcO 
f \ 

OAc AcO 

Acd b AC 

(X) 
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conformation(s) of the &anomet. Such stability may be ascribed mainly to the 
“anomeric effect”17a, and it has been pointed out* that a pyranose ring which is 
flatter than expected may lead to reduced I&diaxial interactions. It is not clear, 
however, why relatively poor agreement was obtained between the interaction free 
energies which were observed and calculated for this particular anomerization 
equilibriuml7~. 
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SUMMARY 

P.m.r. spectra of a-D-altropyranose penta-acetate (I) have been measured in 
several solvents at 60 Mc.p.s., and in deuterochloroform at IOO Mc.p.s. The assign- 
ments of the ring proton signals, and of the long-range coupling of H-r and H-3, 
were confirmed by frequency-swept double-resonance experiments at IOO Mc.p.s. 
Comparison with the spectra of three diastereoisomers of compound (I) indicated 
that the long-range coupling is stereospecific. Considerations of the observed 
coupling constants of the ring protons, and of symmetry, allow the exclusion of the 
flexible forms as major contributors to the conformational equilibria of compound 
(I), and suggest that the CI form is the only important conformation in solution atqo”. 
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INTRODUCTION 

Approximate values for the conformational free energies of pyranoid sugars 
can be calculated by the use of interaction energiesr. The magnitudes of the inter- 
actions of hydroxyl groups with each other and with hydrogen atoms are known 
with reasonable accuracy: (Oa:Oa) = r-g, (O,:H,) = 0.45, (01:O~) = 0.35 kcal/mole 
(where the first two expressions signify interactions between syn-axial atoms, and 
the third gives that between atoms attached to adjacent ring-position@ One other 
value, namely that of the interaction between an axial hydroxymethyl and an axial 
hydroxyl group, is required for the calculations. This value can be taken as identical, 
within the accuracy required, with (Me,:O,), the interaction between an axial 

methyl and an axial hydroxyl group (since the additional oxygen atom in the hydroxy- 
methyl group will be oriented “outwards”, and will not significantly contribute to 
the interactions). 

Angyal and Klavins4, from measurements of the equilibrium constants for 
the formation of borate complexes with some cyclitols, derived the value of 
1.6 kcal/mole for (lvle,:Oa). This value, which has been used in previous calculations 
of the free energies of sugarsr, is considerably lower than other reported values” 
(r-g-2.4 kcal/mole), and may not be reliable: the other values, however, were not 
obtained using aqueous solutions, and it is not certain that the value of interactions 
of hydroxyl groups is independent of the solvent. It would be desirable to have 
(Mea:Oa) determined in aqueous solution, preferably by the use of sugars. 

This interaction occurs between C-6 and O-I in the alternative (rC in the 
D-series) chair forms of &aldohexopyranoses; none of these, however, is stable 
when compared with the normal (Cr) chair form1 (except, possibly, in the case of 
p-D-idose, a compound which has not yet been isolated). The effect of this inter- 
action may, however, be observed if an additional methyl group is attached to C-5. 
Each of the chair conformations will then have an axial methyl (or hydroxymethyl) 
group. The proportion of a- to /?-anomers in equilibrium, which can be determined 
by nuclear magnetic resonance (n.m.r.) spectroscopy, allows the evaluation- of the 
(Me,:O,) interaction. 
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DISCUSSION 

6-Deoxy-5-C-methyl-D-xylo-hexopyranose (5,5-di-C-methyl-D-xylopyranose)(I) 
was chosen as a suitable compound. Though previously synthesized6, it has now 
been prepared, in a different way, by the action7 of methylmagnesium iodide on 
methyl 1,2-O-isopropylidene-a-D-xyhuonate 8, followed by hydrolysis. The n.m.r. 
spectrum of this branched-chain sugar in deuterium oxide showed two doublets, 
due to the anomeric proton of the a-form (Ia) at 5 4.87 (Jr.2 3.7 c.P.s.), and that of 
the &form (SIP) at 7 5.24 (Jr.2 7.5 c.P.s.). The assignment of signals to the anomers 
is based on a comparison with glucose, which has the same configuration, except 
for the lack of the additional methyl group. In a-D-glucose, H-I appears9 at 
74.84 (JI,z 3.0 c.p.s.), and in P-D-glucose at 5 5.42 (Jr,2 7.4 c.P.s.). The slightly 
larger coupling constant of 6-deoxy-5-C-methyl-a-D-xylo-hexopyranose is accounted 
for by a rotation of C-I owing to the repulsion of its hydroxyl group by the axial 
methyl group; the position of the H-I signal for the fl-anomer, at lower field than 
that for B-D-glucose, is due to the effect of the syn-axial methyl group. The proportion 
of the a- and /?-forms was found to be 8:g2 (4 I) at 4o”, corresponding to a free 
ener,T difference of 1.5 (&o.I) kcal/mole. 

HO-&$& HomoH 
t)H 

(ICC) crp, 

HO OH 

(Ea) (ltoc’) (E/3, 

The equilibrium mixture of D-glucose consists of 36% of the a- and 64% of the 
@-formg, corresponding to a free-energy difference of 0.35 kcal/mole. This represents 
the difference between the interaction of the axial hydroxyl group with the axial 
hydrogen atoms (o-9 kcal/mole) in the a-anomer, and the anomeric effectle~ll of 
the equatorial hydroxyl group at C-I (0.55 kcal/mole) in the P-anomer. All other 
interactions are the same in both anomers. In the 6-deoxy-5-C-methyl-o-xylo- 
hexopyranoses, again neglecting those interactions which are common to both 
anomers, the a-form (Ia’) has a (Mea:Oa) and an (Oa:Ha) interaction, whereas the 
B-form (Ip) has a (Me,:Hd interaction and the anomeric effect. Therefore, 
AG” = (Me,:Oa) + (Oa:Ho) - (Me,:Ha) - anomeric effect, i.e., 1.5 = (Me,:O,) 
•l- o-45 - o-g - 0.55, and, therefore, (Mea:Oa) = 2.5 k&/mole. 

As another example, novioselz (6-deoxy-5-C-methyl-4-O-methyl-L-Zyxo- 
hexopyranose, II) was investigated. This sugar is known in one crystalline form 
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which we have now found to be the /3-anomer. Its rotation decreases during muta- 
rotation; in the literature7a12, only the equilibrium rotation has been reported. 
In pyridine solution, in which mutarotation is slow, the initial n.m.r. spectrum shows 
only one anomeric proton (T 4.74, that of the /?-form); another signal appears 
gradually at 7 4.23, and is assigned to the anomeric proton of the cc-anomer. This 
assignment is confirmed by comparison with the n.m.r. spectrum of methyl 
a-noviosidel3, which shows close similarity to the spectrum appearing during muta- 
rotation, and by the position of the anomeric proton signal at lower field than that 
of the other anomerla. In aqueous solution, the n.m.r. spectrum shows that the 
a- and B-anomers are present in the ratio 26:74 (-&2X The relevant n.m.r. data are 
shown in Table I. 

TABLE I 
CHEMICAL SHIFTS (t) AND COUPLING CONSTANTS (C.P.S.) IN DEUTERIUM OXIDE. 

Methyl a-novioside 
c+Noviose 
P-Noviose 

H-I H-4 Me J1.a Jz .I J3,4 

5.35 6.70 8.72, 8.64 2.3 3.4 8.8 
4.94 6.70 8.72, 8.64 3.9 3.4 7-7 
5-04 6.78 8.83, 8.67 1.0 3-3 9-5 

The coupling constants indicate that, in aqueous solution, a-noviose repre- 
sents a conformational mixture: Jl.2 is considerably larger, and Js.4 considerably 
smaller, than in methyl a-novioside. The n.m.r. spectra of several derivatives of 
methyl a-novioside in pyridine solution have been published15 and, in all cases, 
Jl.2 < 2.3 and Js,4 2 9.3 c.p.s. The large coupling of H-3 and H-4 clearly indicates 
that they are both axial; both the a- and the B-noviosides are in the normal (IC in 
the L-series) conformation_ The coupling constants of a-noviose in aqueous solution, 
however, must represent the weighted averages of two conformations, and, indeed, 
summation of the interaction energies indicates that the alternative (Cl) confor- 
mation @a’) is only slightly less stable than the normal one (Ha). A calculation of 
J1.2, assuming that in the normal chair form it has the same value (2.3 c.p.s.) as in 
methyl a-novioside and, in the alternative form, the same value (7.4 c.p.s.) as in 
6-deoxy-g-C-methyl-p-D-xylu-hexopyranose (Ip), gives 69% as the proportion of 
the normal chair form. A similar calculation of J3.4, assuming that in the normal 
chair form it has the same value as in the fi-anomer (9.5 c.p.s.) and, in the alternative 
chair form, the value (3.3 c.p.s.) found l* for .73,4 in a conformationally similar 
compound, diethylsulphonyl(or-D-1yxopyranosyl)methane triacetate, gives 71 ok as 
the proportion of the former. Agreement of these two results would seem to justify 
the method used for the calculations*. a-D-Lyxose, closely related to a-noviose, 
also consists of a conformational mixture in aqueous solution9 (J1.2 4-o c.p.s.). 

*It is assumed that the coupling constants of H-I and H-4 are identical with the splittings of their 
signals; this appears justifiable17 because both signals are well-resolved, sharp doublets, and because 
the difference between the chemical shifts of H-3 and H-z (t 5.93 and ra. 6.14, respectively) is 
considerably larger than the coupling constants. 
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The methyl a-noviosides do not appear as conformational mixtures in pyridine 
solutiorP because the anomeric effect of a methoxyl group is greater than that 
of a hydroxyl group, and the effect is greater in pyridine than in waterll. However, 
in aqueous solution, methyl a-novioside appears to contain considerable amounts 
of the alternative chair form, as judged by the value of Js, 4 (Table I). 

The presence of 30% of another conformation in equilibrium decreases the 
free energy of a compound by 0.2 k&/mole owing to the entropy of mixingls, 
and this has to be taken into account in calculating the conformational free energies 
of the novioses; the alternative chair form of /Lnoviose, being of much higher free- 
energy, makes a negligible contribution to the equilibrium free-energy. The 
26:74 (f2) ratio corresponds to a free-energy difference of 0.6 (fo.05) kcal/mole. 
Again neglecting the common interactions, &noviose has one (Me,:H=) and one 
(01:02) interaction, and the anomeric and d2 effects, and a-noviose has a (Me=:O,) 
and an (Oa:Ha) interaction, and the entropy-of-mixing. Hence AG” = 0.6 = 
(Mea:Oa) + 0.45 - 0.2 - 0.9 - 0.35 - 1.0, and (Me,:Oa) = 2.6 kcal/mole, a value 
in good agreement with the previous one. 

It might be thought that this value is only applicable to substituents on C-I 
and C-5; these two carbon atoms are closer to each other than other non-adjacent 
carbon atoms in the ring, because they are connected by C-O bonds which are 
shorter than C-C bonds. It appears, however, that the interaction between sub- 
stituents on C-3 and C-5 is of approximately the same value. The former interaction 

occurs in the normal @a), and the latter in the alternative (I&z’) chair form of 
a-noviose; the total interaction energies are (Mea:Oo) + (Me,:H,) + 3(Oa:Ha) + 

2(01:02) t 2(MecOd = 6.25 kcal/mole, and (Mea:O,) t_ (Mea&) + 3(Oa:Ha) + 
2(01:02) + (Mer:Oa) f anomeric effect = 6.45 kcal/mole, respectively. If the 
(Me&,) interaction were substantially less in the second conformation than in 
the first one, the Iatter would become the more stable chair form, contrary to the 
evidence. 

EXPERIMENTAL 

Methyl 1,2-0-isopropylidene-cr-D-xyiuronate8 
A solution of silver nitrate (2.4 g) in water (20 ml) was added to a solution of 

potassium I,z-O-isopropylidene-a-D-xyluronatelg (3.4 g) in water (I0 ml). The 
precipitated silver salt was hltered off, dried in cacuo, finely powdered, and then 
stirred under reflux with a I:I mixture of methyl iodide and anhydrous ether (40 ml) 
for 12 h. The silver iodide was removed by filtration and washed with ether, and 
the filtrate was evaporated_ The residue, on crystallization from benzene-light 
petroleum, gave the methyl ester (2.4 g, 78x), m-p. 103-104”. Akiya and Watanabe8 
reported m-p. 101-104”. 

6-Deoxy-I,2-O-isopropyZidene-5-C-methyl-a-D-xylo-hexofur~ose 
A solution of methyl 1,2-O-isopropylidene-a-D-xyluronate (1.2 @-in anhydrous 
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ether (30 ml) was slowly added with stirring to Grignard reagent made from 
magnesium (0.6 g), methyl iodide @ml), and ether &ml); a heavy syrup separated. 
After being heated under reflux for 3 h, the mixture was decomposed with saturated, 
aqueous ammonium chloride (60 ml)_ The ethereal layer was washed with aqueous 
ammonium chloride, dried (NasSOa), and evaporated. The residue, on crystalli- 
zation from ether-light petroleum, gave the compound (LO g, 83%), m.p. r15*, 

as needles. Wolfrom and Hanessians reproted m.p. 115-116~. 

MATERIALS 

6-Deoxy-5-C-methyl-D-xylo-hexopyranose was obtained as a syrup by hydrol- 
ysis of the above compound, according to the method of Wolfrom and Hanessian6. 
Methyl a-novioside was prepared by alkaline hydrolysis’s of methyl 3 -O-carbamoyl- 
a-novioside. &Noviose, obtained by hydrolysis of the noviosidel”-, had [aJg3 
t 46.6 + 17.7~ (5 h; c 1.2, 95% ethanol); reported values7~12: [a]:5 + 22.6’ ahd 
-i-19.9~ (c I, 50% ethanol). 

SPEC-l-RA 

The n.m.r. spectra were obtained on a Varian A-60 spectrometer using solutions 
in deuterium oxide at 4o”, with sodium 2,2-dimethyl-2-silapentane-5-sulphonate 
(s 10.00) as internal standard. The a$ ratios were determined by repeated integration 
of the signals for the anomeric protons. 
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SUMhIARY 

From the a:@ ratio, observed by n.m.r. spectroscopy, of 6-deoxyg-C-methyl- 
D-xylo-hexopyranose and of noviose in aqueous solution, the interaction energy 
of an axial methyl group with an axial hydroxyl group is calculated to be 
2-5-2.6 k&/mole. a-Noviose, in aqueous solution, is a mixture of approx. 70% 
of the normal and 30% of the alternative chair form. 
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MASSENSPEKTROMETRISCHE UNTERSUCHUNGEN 
IX. MIlTJZILUNG*. MASSENSPEKTROMETRISCHE UNTERSUCHUNGEN VON PmHYLIERTEN 

ANHYDROZUCKERN 

K. HEYNS UND H. SCHAFWANN 

Institut ftir Organiscbe Chemie der UniuersitEt Hamburg (Deutschland) 

(Eingegangen den 23. Juli, 1965) 

Wegen ihrer Bedeutung fiir die Strulcturanalyse von Kohlenhydraten, der 
einfachen prgparativen Zuganglichkeit und ihrer thermischen Stabilitat sind 
Methyliither mehrfach zur massenspektrometrischen Untersuchung von Zuckem 
eingesetzt worden - 1 4. Die Massenspektren von spezifisch Deuterium-markierten 
Derivaten ermiiglichen genaue Angaben iiber Zusammensetzung und Bildungs- 
mechanismen der wichtigen Ionen. Es konnte gezeigt werden, da13 die Abbaureak- 
tionen bei permethylierten Pento- bzw. Hexo-siden qualitativ weitgehend iiberein- 
stimmen. 

In der vorliegenden Arbeit wurden unter Verwendung markierter Verbindungen 
die Fragmentierungsprozesse der Glykosane eingehend untersucht. Die Unter- 
suchungen wurden ausgedehnt auf Anhydro- bzw. Dianhydro-zucker verschiedener 
Ringtypen. Der EinfluB der GrSBe des Halbacetalringes wurde an zwei Beispielen 
untersudht. 

I,6-Anhydrozucker (Tri-0-nzethyIglykosane) 

Zur Aufkliirung der Abbaureaktionen in der Reihe der Glykosane wurden 
folgende Verbindungen synthetisiert: Tri-O-methylgalaktosan (I), 3,4-Di-O-methyl- 
2-O-trideuteromethylgalaktosan (II), 2,4-Di-O-Methyl-3-O-trideuteromethylglucosan 
(HI), 2,3-Di-O-methyl-4-O-trideuteromethylmannosan (IV), 2-O-Methyl-3,gdi-O- 
trideuteromethylgalaktosan (V), 3-O-Methyl-2,4-di-O-trideuteromethylglucosan (VI), 
und 2,3,4-Tri-O-trideuteromethylgalaktosan (VII). 

Der EinfluB der sterischen Anordnung der Methoxygruppen bzw. der GrSBe 
des Halbacetalringes wurde an folgenden Verbindungen untersucht: Trimethylather 
vom Galaktosan, Glucosan, Mannosan, Idosan, Altrosan, und I,6-Anhydro- 
a-D-galaktofuranose (VIII). Die Massenspektren der Verbindungen I-VIII sind in 
den Abbildungen 1-8 graphisch dargestellt. Die Intensitgt der einzelnen Ionen 
sind in Prozent der Intensitat des Haupt-Ions angegeben. Zur Vermeidung von 
Untergrund-Effekten sind die Ionen mit den Massenzahlen (MZ) 32,40 und 44 nicht 
beriiclcsichtigt worden. Tabelle I zeigt zusammenfassend die Massenverschiebungen 
der typischen Ionen in den Massenspektren der markierten Verbindungen I-VII 
im Vergleich zu den entsprechenden unmarkierten Derivaten. 
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MASSENVERSCHIEBUNGEN IN DEN MASSENSPEKTREN DER SELEKTN TRIDEUTEROMETHYL-MARKER-i-EN 

TRIMETHYLGLYKOSANE 

Intensitlt = % Haupt-Ion 

MZ Glu GlU GlK Gh Gal Gal Gal Mazz Man 

3-OCD3 2,4-0CD3 2,3,x$-OCD3 z-0CD3 3,4-0CD3 4-OCD3 

45 3992 

48 o,I 
71 16,r 

74 3,s 

73 30 

76 os 

75 15,o 
78 - 
81 I,2 

88 100.0 

91 - 

94 o,9 

95 2,I 

98 017 

101 8694 
104 o-3 
107 - 

103 694 
106 - 

III I,09 

114 0356 

117 o,5o 

115 I,27 

118 o,o4 
121 - 

127 5.14 

130 o,o9 

133 0314 

I43 2,38 
146 0,16 

149 - 

144 2345 
I47 0,OI 

150 - 

I59 3328 
162 0,OI 

I65 - 

168 - 

I72 0,18 

175 - 
178 - 

173 0305 
176 - 

I79 - 
189 0,18 

192 - 

195 - 

22,2 1536 

1234 1932 
1432 3.3 

3.4 1493 

19,2 2L4 

19-2 1936 

14.2 3.1 
139 2,2 

Is2 12,I 

4.6 3.5 
100,o IW,O 

o,8 I,9 

2,o 035 

025 2,o 

9431 133 
7.X 9.1 

o,? 80,s 

I.2 6sg 
6,~ IPI 

0356 0364 
0994 1,61 

0,82 0927 

1339 0969 
o,49 0,61 

- 0,68 

2230 0,IO 

4936 3995 

0,08 1993 

I.91 o,o7 

1941 I,23 

- ~64 

0934 0331 

2990 3,25 

- 0327 
- - 

4342 o,o9 

- 3.79 
- - 

404 oso4 
0,ZI 0,ZI 

0,06 o,o4 

0,OI 0,09 
0,06 0,IO 

- 0.07 
0,20 - 

- - 

- o,19 

4J 27~1 

2937 - 

1,6 830 
1498 2,I 

239 17.5 

349 091 

137 434 
o,7 - 

1414 o,8 
5.3 313‘5 
o,6 - 

5.7 

129 
o,8 
o,7 

9498 

o,3 

9.2 

0333 
1.10 

0,x8 

o,58 

0957 
I,10 

0213 
0,II 

6,10 

o,o3 

o,o4 

2,9I 
0,08 
0,IZ 

3.24 
- 

o,o3 

0313 

4964 
- 

0,02 

0233 
- 

- 

0914 

o,o3 

o,o4 

0.25 

- 

133 

023 
IOO,O 

0>4 
- 

8,3 
- 

0352 

o,24 
o,o9 

o-43 
0,OI 

- 

1345 

0327 
0.01 

o,25 
- 

- 

o,o4 
- 

- 

0,06 
- 

- 

- 

0,02 
- 

- 

0,02 
- 

- 

0,OI 
- 

- 

1235 
11,s 

7,7 

2~5 
10,6 

899 

~6 
331 

1,o 

334 
31.3 

- 

1,o 

039 

233 
100,o 

o,1 

8,1 
o,6 

o,55 

0329 
0.29 

0935 

o,33 
- 

0355 

1351 

o,o4 
0,x2 

o*29 
- 

0,06 
0,“5 

- 

- 

o,o9 
- 

- 

- 

o,o3 
- 

0,02 

o,o3 
- 

- 

0,OI 
- 

894 
11,6 

1~8 
6.2 

8,5 

8,g 

152 
3.2 

Iso 

~$6 
246 

2,o 

131 

Iso 

Lo 
IOO,O 

~6 

I,0 
893 
0,21 

o&g 
0.20 

092.5 

0227 

0319 

o,o4 

1-14 

o,4o 
0.02 

0,21 

0,II 

0,08 

o,o5 

o-03 
- 

- 

- 

0,IO 

0,OI 

o,o4 
0,o I 

0,02 

o,o3 

o,o4 
- 

0,02 
- 

388 
034 

1520 
I,2 

3132 

o,9 
x6,2 

o,2 

2,6 
So,0 

oY3 

L4 
2,s 

I,0 
IOO,O 

I.4 

o,8 

6,8 

o,1 

1241 
0,60 

0363 

1230 
- 

0,18 

5,oo 
0,21 

0,21 

2,o5 
0,18 

0942 

2941 
o,o7 
0,II 

3330 
- 

- 

- 

418 

0114 
- 

407 
- 

- 

0,ZI 
- 

- 

3026 

835 
- 

14,s 

3799 
292 

2,x 
I2,2 

IA 
90.9 
10,6 

099 

197 

138 

4.6 
100,O 

132 

713 
o>7 

0384 
0,60 

0.49 

0377 

0997 
0.10 

2~4 

3.6 

0323 

0947 
2,21 

0953 

I.72 
~63 
0,06 

o,os 

4301 
- 

- 

o,I7 
0,18 

409 

o,o3 
0,06 

- 

o,o4 

0324 
- 
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Im Massenspektrum des Trimethylgalaktosans (Abb. I) liegen intensive 
Peaks bei den MZ 45,71,73, 75, 88, und IOI. Der Hauptpeak liegt bei der MZ IOI. 

Im Vergleich dazu hat er bei den methylierten Hexopyranosiden die MZ 88. Die 
Intensitzt aller Peaks im oberen Massenbereich ist relativ gering. 

In der folgenden Ubersicht sind am Beispiel des Trimethylgalaktosans die 
zu den Ionen der MZ 189, 173. 172, und r5g fiihrenden primiiren Zerfallsschritte 
zusammengefal3t. Eine detaillierte Beschreibung der Primiirprozesse mit ihren 
Folge-Ionen schliel3t sich an. 

%C-0 

I \ 
CH-zHOCH3 

/ 
HC-0 

&-l0Cli,-CHO 
MZlSS 

hcg -FHx LbcqJ -CHzOH _ H3cp 

M+(MZ 204) MZ 172 

d -HtOb 

1 

F”’ 
CH 

C<OCH, 
\ 

cuoc~3 - EHOCH~ 

MZ 159 

(a) Fragment MZ 189. Die Abspaltung eines Methylradikals ist bei anderen 
methylierten Sacchariden bisher nicht beobachtet worden. Die Massenverschie- 
bungen in den Spektren der markierten Verbindungen (Tab. I) beweisen eine 
ausschliefiliche Beteiligung der Methylgruppe an C-3. Weitere Abbaureaktionen 
lassen sich wegen der geringen Intensitat dieses Prim&-Ions nicht verfolgen. 

(b) Fragmente MZ ~7.3, 143, r41, und III. Aus der Massenverschiebung im Spektrum 
der an C-3 markierten Verbindung folgt, dal3 der Primarangriff nicht an der 
Methoxygruppe an C-3 erfolgt. Wegen der geringen Intensitat la& sich nur 
abschiitzen, daD die Abspaltung eines Methoxy-Radikals an C-2 und C-4 mit 
gleicher Wahrscheinlichkeit verhiuft. 
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100% 

so%- 

f_ z 

45 

I 

101 

88 

50 

MZ 

Abb. I. Tri-0-methylgalaktosan. 

1c 

H3CO 

Die Stabilisierung des Primgfragmentes der MZ 173 erfolgt in zwei Schritten 
durch Eliminierung von Methanol und Formaldehyd: 

MZ 143 \CHaOH 

Weitere isomere Ionenstrukturen sind nicht im Schema aufgenommen. 

(c) Fragmente A4Z 172 und 144. Die Massenverschiebungen zeigen, dal3 eine prim&e 
Methanol-Eliminierung vorwiegend’ unter Beteiligung der Methoxygruppen an 
C-2 bzw, C-4 verlluft. Ein metastabiles Ion bei der MZ 120,6 (III, 123,s) beweist 
als FolgeschGtt die Eliminierung von CO. 
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_ MZ 172 

I 

KOCH3 
I 

-co ~ 

+&-lOCH~ 

CH20” 
I 

l CH 

I 

f 
C-OCH3 

I 
+CHOCH3 

MZ 144 

Das gebildete Ion MZ 144 enthHlt die Methoxygruppe an C-3 und mit gleicher 
Wahrscheinlichkeit die an C-2 bzw. C-4. 

1 04 

H3CO 

OCD3 

! / 9 

H3C0 OC”3 

r- -XlC 

162 

Abb. 2. 3,4-Di-O-methyl-z-0-trideuteromethylgalaktosan (oben). 

Abb. 3. 2,4-Di-O-methyl-3-O-trideuteromethylglucosan (unten). 
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(d) Fragnzenre MZ 159, 127, pj, 88, 73, und 71_ In der an den C-Atomen 2, 3, und 4 
markierten Verbindung VII (Abb. 7) verschiebt sich die MF des Prim&-Ions 

MZ. 159 urn g Masseneinheiten (ME); die an zwei C-Atomen markierten Verbin- 
dungcn V und VI zeigen eine Verschiebung urn 6 ME, die Verbindungen II, III, 
und IV urn 3 ME. Das Ion MZ r5g mu13 also ssmtliche Methoxygruppen enthalten 
und durch Abspaltung von C-I als HCOO entstanden sein. AIs sekundtie Abbau- 
reaktion des Ions MZ r5g erfolgt die Eliminierung von zwei Molekiilen Methanol: 

Hi-$ 

+ 

-CH30H c -C&OH 
HC-CH 

HCLC<CHoCH3 
- H!,& 

I I I 
0CH3 OCH3 OCH3 

MZ 159 MZ 127 Mi! 95 

Die Massenverschiebungen in den Spektren der markierten Verbindungen 
zeigen, daB die Eliminierungsreaktionen sehr komplex verlaufen. Im ersten 
Eliminierungsschritt sind die drei Methoxygruppen vijilig gleichwertig, d-h. es mu13 
fiir das Ion MZ 127 neben der angegebenen Ringstruktur such eine Struktur 

HzC=CH-CH=C-dHOCI% in Betracht gezogen werden. 

I 
0CH3 

Neben der Methanol-Eliminierung erfolgt eine Spaltung der Bindung C-3/C-4: 

MtEB c31c4 
H&=CH-zHOCH3 oder H3COtH-zHOCH-, -CH’ - OHC-ZHOCHa 

MZ 71 MZ88 MZ 73 

Die quantitative Verschiebung der MZ 71 im Spektrum der an C-4 markierten 
Verbindung (Abb. 4) urn 3 ME zur MZ 74 beweist die angegebene Ionenzusammen- 
setzung. Das RadikaLIon MZ 88 wird nur zu etwa go% urn 3 ME verschoben, 
d-h. das Cz-Bruchstiick mit den C-Atomen C-3 und C-4 ist mit etwa IO% beteiligt. 

Neben den bisher behandelten Prim5irspaltungen erfolgt die bei den methyl- 
ierten Pentosiden beobachtete bevorzugte iiffnung der Bindung zwischen den 
C-Atomen I und 2: 

MZ 101 
HC-0 

M+ 

Die Massenverschiebungen in den Spektren der markierten Verbindungen 
beweisen, da8 die angegebene Struktur mehr als go% zur Gesamtintensitgt beitrggt. 
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Zu einem geringen Teil kann bei der Spaltung der Bindung C-4/C-5 die Ladung 

an C-5 verbleiben unter Bildung des Umlagerungs-Ions MZ 103: 

H2C-0 
-H3COCH=CH--&HOCHa 

I 

\ 

M+ CHOCHB 

HC& 

MZ 103 

Es erfolgt ganz eindeutig nur in den Spektren der Verbindungen, bei denen die 

Methoxygruppe an C-3 markielt war, eine VeIschiebung urn 3 ME zur MZ 106. 

Das bei den methylierten Glykosiden gefundene Umlagerungs-Ion H&OCH& 
MZ 75 tritt bei den Glykosiden nur mit geringer IntensitHt auf. Die Spektren der 
markierten Verbindungen zeigen jedoch, da13 das Ion durch Wanderung ciner 
Methoxygruppe von C-4 nach C-2 gebildet wird: 

=x4 
2/ 

HCOt) 
- HC+ + 

\ 
0CH3 

I-LJ~=CH-CH=CHOCH3 

MZ 75 

Die Massenspekrren der isomeren Glykosane 

Fiir die Trimethylglykosane kann wegen des Anhydroringes such in der 
Gasphase das Vorliegen der IC-D-Konformation angenommen werden. Nach bis- 
herigen Erfahrungen2 sollten wegen der unterschiedlichen sterischen Anordnung 
der Methoxygruppen merkliche Intensitgtsunterschiede auftreten. Es treten in der 
Tat relative Intensitgtsdifferenzen bis zu 100% auf. Tabelle II gibt fi,ir die bisher 

untersuchten Isomeren die Intensitgten in Prozent des Gesamtionenstromes fiir 
die wichtigsten Ionen an. 

TABELLE II 

TRIMETHYLGLYKOSANE 

% Gesamtionenstrom x 30 

MZ Ghtcosan Gafaktosan Mannosan Idosan Ahrosan 

45 6’53 9.82 8.12 8.06 8315 
71 3~8 2,9x 3313 3S2 3.53 
73 8949 6932 6.51 6>99 7.64 
:; 22.26 3933 II,45 1~8 I 3928 6,70 18357 3926 18345 2929 

101 18,99 36,22 20,90 27.5 1 28,oo 
103 I,41 1393 I,42 IS2 I.57 
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I 

Abb. 4_ z,j-Di-0-methyl-4-0-trideuteromethylmannosan. 

Es sol1 in diesem Zusammenhang nur auf die starken Intensit5tsunterschiede 
fiir die Peaks der MZ 88 und IOI im Spektrum von Glucosan und Galaktosan 
hingewiesen werden. W&rend beim Glucosan das C&Fragment bevorzugt gebildet 
wird, ist es beim Galaktosan das Ca-Bruchstiick. Ahnliche Intensitatsver haltnisse 
wurden von Kochetkov et aL3 beim Methyl-tetra-O-methyl-/?-D-gluco- bzw. -galakto- 
pyranosid gefunden. (Die dort angegebenen Werte sind in Prozent-Gesamtionen- 
Strom umzurechnen). Diese Unterschiede treten in gleicher Weise bei alien markierten 
Verbindungen des GIucosans bzw. Galaktosans auf. 

Eine Deutung der Unterschiede kann erst erfolgen, wenn die Spektren aller 
Isomeren vorliegen. 

r,6-Anhydro-tri-O-methyl-a-D-gaiaktofuranose 
Das Massenspektrum der r,6-Anhydro-tri-O-methyl-a-D-galaktofuranose 

(Abb. 8) unterscheidet sich auffallend von den Spektren der methylierten r,6-Anhydro- 
hexopyranosen. Das Haupt-Ion liegt wieder bei der MZ 101 ; da die Methoxygruppe 
an C-4 fehlt, muD die Bildung nach einem anderen Mechanismus erfolgen. Die 
Intensitgt des Peaks MZ 58 ist im Vergleich zur Pyranose-Form stark angestiegen, 
daher kann folgende Abbaureaktion angenommen werden: 

EH 

-&o~ 
/ 

-%J=-Ho=Hg H&cJPH----CHOCH 
bzw. Hz?---kHOC& 

3 . 
MZ 58 

MZ 101 
CH2-0 
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Das charakteristische Cz-Bruchstiick MZ 88 wird aus energetischen Griinden in 
der Furanose-Form nicht gebildet2. 

Auffallend ist im oberen Massenbereich die griiI3ere Stabilitat der prima 
gebildeten Fragmente MZ 189, 173, 172, und 159. Charakteristisch fiir die Furanose- 
Form sind die relativ intensiven Peaks bei den MZ 145 und 114, die bei der 
Pyranose-Form nicht beobachtet werden. 

In Analogie zu bisher gefundenen Abbaureaktionen wird folgender Bildungs- 
mechanismus angenommen: 

H2C-0 

M+ 

M*- 

H2C-0 

M+ 

-1H20cHo - H,COCH=CH-CHOCH3--iHOCH3 

MZ 145 

“\,HOCH, 

O- f 

HC&:?~-HOCHI 

‘?H + 
-l c 

HBCO 

F&d 

Cl-l--zHOCl+ 

M+ 

-CH20 

M+ 
I 

-HCOOCH3 

. 
HjCOCH’CH-eH--iHOCH3 

MZ 114 

Fiir die Bildung des Ions MZ I 14 ist prim% die Spaltung der Bindung C-1/C-2 
und Wanderung der Methoxygruppe von C-3 nach C-I anzunehmen. Daraus resul- 
tiert die MGglichkeit der energetisch sehr giinstigen Eliminierung von zwei Neutral- 
teilchen unter Bildung des Radikal-Ions MZ 114. 

3,6Anhydrozucker 

Zur Untersuchung des massenspektrometrischen Verhaltens von 3,6-Anhydro- 
zuckern wurden die Spektren folgender Verbindungen aufgenommen: Methyl- 
3,6-anhyclro-2,4-di-0-methyl-a-D-glucopyranosid (Abb. g), Methyl-3,6-anhydro- 
2,4-di-CLtrideuteromethyl-a-D-glucopyranosid, und Methyl-3,6-anhydro-2,5-di-O- 
methyl-a-D-glucofuranosid (Abb. IO). 

3&Anhydrohexopyrmosid (Abb. g) 

Die im folgenden Abschnitt in Klammern angegebenen MZ sind dem Spektrum 
der markierten Verbindung entnommen und geben Aufschlul3 iiber die Beteiligung 
der Methoxygruppen an C-2 und C-4 in dem betreffenden Ion. 
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Abb. 5. 2-0-Methyl-3;4-di-0-trideuteromethylgalaktosan (unten). 

Abb. 6. 3-0-Me’thyl-2,&i-0-trideuteromethylglucpsan (oben). 

Das Vorliegen des fiinfgliedrigen Anhydroringes hat erheblichen EinfluB 
auf die Fragmentierungsreaktionen bei den methylierten 3,6_Anhydrohexosiden. 
Im Gegensatz zu den r,6-Anhydrozuckem fiibrt bier die prim&e Abspaltung einer 
Methoxygruppe, da es sich urn die glykosidische Gruppe handelt, zu einem intensiven 
Peak bei der MZ 173 (179). Eine darauf folgende zweimalige Eliminierung von 
Methanol fiihrt zu den Ionen MZ 1411 (14.4) und Iog (rag). 

Die intensiven Peaks in den Spektren der methylierten 3,6-Anhydrohexo- 
pyranoside liegen bei den MZ IOI (107), 88 (gr), 71 (74), und 45 (45,48). Die Bildung 
des Ions MZ IOI (107) verlguft unter Umlagerung des Anhydroringes in gleicher 

Weise wie bei den Glykosanen: 
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H2C-0 

M+- 0 H3COCH=CH--iHOCH3 
tarw. I 

\ 
CHOCH3 

MZ 101 (107) HC=d 

MZ 103(103) 

Die Intensitat des Radikal-Ions MZ 88 (gr) ist entsprechend den Befunden bei 
den methylierten Hexosiden3 wegen der geringen Beteiligung van C-x und C-z 
an diesem Bruchstiick nur relativ gering. 

Simultan mit der Eliminierung von Methylformiat kann such die Abspaltung 
eines Methoxy-Radikals bzw. von Formaldehyd verlaufen: 

M” -HCOOCH3 
Hgz-0 

-6CH3 - &&-_iHOCH3 MZ 1’3(116) 

M+ 
-HCOOCH3 _ 

-CW 
H3COCH=CH-kH--:HOCH3 MZ 114 (120) 

Fti die Entstehung 
angenommen: 

des Haupt-Ions MZ 71 (74) wird folgender Mechanismus 

MC- -HCOOCH3 
- -H&OtH-CHO 

H&=CH-zHOCH3 

MZ 71 (74) 

+Anhydrohexofuranosid (Abb. IO) 

W&rend im 3,6-Anhydrohexopyranosid ein fiinf- und sechs-giiedriges Ring- 
system miteinander verbunden sind, liegen im entsprechenden Furanosid zwei 
Fiinfringe var. Im Furanosid erfolgt der Prim5rangriff im wesentlichen am Halb- 
acetalring und der Anhydroring bleibt bei einer Reihe von wichtigen Ionen erhalten. 

Besonders auffallend im Spektrum des Methyl-3,6-anhydro-2,5-di-U-methyl- 
a-D-ghrcofuranosids (Abb. IO) ist das Fehlen des fiir alle bisher untersuchten Methyl- 
saccharide typischen Ca-Bruchstiicks MZ IOI. Das ist begriindet durch das Fehlen 
1 ,pst&diger Methoxygruppen im Molekiil. 

Neben der Primtispaltung der glykosidischen Methoxygruppe mit folgender 
Methanol-Eliminierung (MZ 173 und 141) gewinnt beim Furanosid die prim&e 
Methanol-Eliminierung an Bedeutung. 
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H3CO+H o 

_-CH3O+l M+ -CH3OH 

--cKp 
- ys 

/ 

OCH3 OCH3 

MZ 172 MZ 142 

Eine Reihe wichtiger Ionen wird ausgehend von dem durch Eliminierung von 
Methylformiat gebildeten prim&en Radikal-Ion MZ IJ.J gebildet. 

1 
.+ 

Me--HiOOCH, - 
“*i-P 

H,COC< 
C6 

CH-CHOCH3 Hz&zHOCH3 

L i Haupt-Ion MZ 58 

MZ 144 

i+jCOCH=CH--tH-;HOCHj 
iHOCH3 EHOCH3 

MZ 114 

MZ 113 MZ 112 

Da bisher keine Spektren von spezifisch deuterierten Derivaten vorliegen, 
kann auf die Bildung weiterer Ionen in diesem Zusammenhang nicht eingegangen 
werden. 

Anhydrozucker mit Epoxid-Ringen 
Als Beispiele fiir Anhydrozucker mit Epoxid-Ringen wurden die Massen- 

spektren von MethyI-2,3-anhydro-4,6-di-O-methyl-B-D-allopyranosid (Abb. I I) und 
MethyI-3,4-anhydro-~,6-di-O-methyl-~-~-allopyranosid (Abb. 12) aufgenommen. 

Da C-I und C-6 nicht am Anhydroring beteihgt sind, lassen sich einige der 
bei den permethylierten Hexopyranosiden beobachteten Abbaureaktionen auf 
diesen Anhydrozucker-Typen iibertragen. Die Fragmentierungsfolge M --&~Hs 
-CHsOH -CHsOH fiihrt zu Peaks sehr geringer Intensitgt bei den MZ 173, 141, 
und rog. 

Der Abbaufolge M --dHzOCHs -CHsOH entsprechen die Ionen MZ 159 
bzw. 45 und 127. Das Vorliegen eines Anhydroringes wird angezeigt durch eine 
Verschiebung dieser Ionen urn 46 ME zu niedrigeren MZ gegeniiber den per- 
methylierten Hexopyranosiden. 
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100% 

50% 

Abb. 7. z,3,4-Tri-0-trideuteromethylgiucosan. 

Abb. 8. I,6-Anhydro-z,3,~-tri-O-methyl~-D-galaktofuranose. 
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Die primtie Eliminierung von Methoxyacetaldehyd fiihrt zu dem Radikal-Ion 
MZ 130: 

H3COeH-CJ+->H-tHOCHj 

0 
CH~OCH3 

-I 
Mz 130 

kH0 _ 

H&-CH-CH=CHOCH3 

‘O/ 
MZ 99 

oQI3 MZ 130 

F,COeH--tHOCHj 

MZ 88 

Die Bildung des Radikal-Ions MZ 88 ist nur beim 3:4-Epoxid miiglich; denn 
beim 2,3-Epoxid liegen keine Methoxygruppen an benachbarten C-Atomen vor. 

Typisch ftir das Vorliegen eines 2,3-Anhydroringes ist die Bildung des Frag- 
mentes MZ IOI, das beim 3,4-Epoxid nicht gebildet werden kann: 

H,‘+OCH, 

-HCOOCH3 

HC,=,CH 

0 -[ 

M+ 

H3COCH -CHOCH3 

Hs=CH--CHOCH3 

MZ 71 

Der energetisch giinstigen Eliminierung von zwei Neutralteilchen folgt eine 
Stabilisierung des entstandenen Iabilen Radikal-Ions durch Abspaltung eines 
H-Radikals zum Cyclopropyl-Ion MZ IOI oder .eines Methoxyradikals zum Allyl- 
Ion MZ 71. 

Typisch fur die Massenspektren der 2,3- bzw. 3,4_Anhydrozucker ist die hohe 

Intensitgt des Ions HsC = &Hs, MZ 45. Haupt-Ion im Spektrum des 3,4-Anhydro- 
+ 

allosids ist das Umlagerungs-Ion HC(OCHs)s, MZ 75. Da bei den methylierten 
Hexopyranosiden der Anteil der Ionen der MZ 75, die durch eine 1,2-Wanderung 



. 
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entstehen, nur gering ist, mul3 in dem gespannten bicyclischen System der 3,4- 
Anhydroverbindung eine die Wanderung begiinstigende sterische Anordnung 
vorliegen. 

f.7 

I 

r 

MZ 

B 

6 

H&O 

Abb. g. Methyl 3,6-anhydro-z,4-di-0-methyl-a-o-glucopyranosid (unten). 

Abb. IO. Methyl x,6-anhydro-z,.+di-0-methyl-a-D-glucofuranosid (oben). 

Dian hydrozucker 

Als Beispiele fiir das massenspektrometrische Verhalten von Dianhydro- 
zuckern wurden die Spektren folgender Verbindungen aufgenommen: 1,6:2,3- 

Dianhydro-/I-o-talose (Abb. 13), r,6:2,3-Dianhydro-4-O-methyl-/?-D-talose (Abb. 14), 
r,4:3,6-Dianhydro-B_D-glucose (Abb. IS), und r,4:3,6-Dianhydro-a-U-methyl-/l- 
D-glucose (Abb. 16). 
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Abb. II. MethyI 2,x-anhydro-4,6-di-0-methyl-p-n-allopyranosid (oben). 
Abb. 12. Methyl 3,&anhydro-2,6-di-0-methyl-p-n-aliopyranosid (unten). 

Die Dianhydrozucker haben geniigende therm&he Stabilitgt und ausreichende 
Fliichtigkeit, so da13 die Massenspektren der freien Verbindungen erhalten werden 
k6nnen. lin folgenden werden die Spektren der Methylather diskutiert. Die MZ der 
entsprechenden Ionen in den Spektren der freien Zucker sind in Klammern ange- 
fiihrt. Einzelheiten des Abbaumechanismus kiinnen nicht diskutiert werden, da diese 
tricyclischen Systeme sehr komplex fragmentieren. Die prgparativ nur schwierig 
durchzufiihrende selektive C-D-Markierung w%re dazu notwendig. 

1,6 : 2,3-Dianhydro-4-0-methy&?-&talose (Abb. 14) 
Unerwartet ist die prim&e Eliminierung von Sauerstoff, die beim methylierten 

2,3-Anhydroallosid nicht beobachtet wurde : 
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MZ 142 (-1 MZ 112 (981 

H3C0 

MZ 111 (97) MZ 81(81) 

Die Sauerstoff-Eliminierung fiihrt zu einem wesentlichen Nachlassen der 
Spannung des tricyclischen Ringsystems. Die Stabilisierung durch Verlust eines 
H-Radikals wird durch ein metastabiles Ion bei der MZ I IO,O belegt. Bei der Bildung 
des Ions MZ 81 zeigt sich ein deutlicher EinfluB des Substituenten an C-4. Wegen 
der energetisch giinstigeren Abspaltung eines Methoxyradikals gegentiber einem 
OH-Radikal hat dieser Peak im Spektrum des 4-0-Methylderivates wesentlich 
groI3ere Iritensitat. 

Weitere Primtispaltungen sind die Abspaltung von &Ha zur MZ 127 (beim 
freien Dianhydrozucker Verlust von H20 zur MZ 126) und Abspaltung eines CHO- 
Radikals zur MZ rzg (115). Der Verlust von CHO wird durch ein metastabiles Ion 
bei der MZ 105,4 belegt. 

Die bei den I,6-Anhydrozuckern beobachtete Abspaltung von HkOO wird 
hier ebenfalls beobachtet: 

-H:O6 / 
CH 

M+ - H3C@CH bzw. M+ 
- HCO6 

iH2 

\ + 
‘-HC=CH 

\o’ 

CH 

MZ 113 (99) MZ 71C571 

r,4:3,6-Dianhydro-z-0-methyZ-/?-rsglucose (Abb. 16) 

Der primare Abbau der 1,4:3,6-Dianhydro-z-U-methyl-/l-D-glucose beginnt 
an der Methoxygruppe: M-CHs (MZ 143) und M-&H3 (MZ 127). Daneben 
wird die Eliminierung von Formaldehyd beobachtet: M-CHZO + MZ 128 (II~), 
eine Fragmentierungsreaktion, die bei den 3,6_Anhydrozuckern nicht beobachtet 
wurde. 

Als Folgereaktion mu13 such hier die Eliminierung von Sauerstoff angenommen 
werden, die zu dem intensiven Peak bei der MZ 112 (98) fiihrt: 
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M+ 
-CH20 

-6 
MZ 112 (96) 

OCHz 

Eine primHre Sauerstoff-Eliminierung wie bei der 1,6:2,3-Dianhydro+O- 
methyl+D-talose erfolgt nicht. 

69 u 
I 

%-c-----o 
I7 H 

w 

H3‘ 

Abb. 13. 1,6:&pDianbydro-B-D-talose {oben). 

Abb. 14. x,6:2,3-Dianhydro-4-O-methyl-~-rMalose (unten). 
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Uberraschend war das Auftreten eines Peaks bei der MZ-101, da im Molekiil 
nur eine Methoxygruppe vorhanden ist. Fiir dieses Ion wird die Struktur 

CHO 
H&=C( angenommen. 

‘CHO 

x10 

I 

1 

127 

69 

,4 

L 
150 

OCH3 

Mi! 

Abb. IS. r,4:3,6-Dianhydro-P-D-glucose (oben). 
Abb. 16. x,4:3,6-Dianhydro-z&U-methyl-P-o-glucose (unten). 
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Der 3,6Anhydroring stellt im Spektrum der Dianhydro-D-glucose ein stabiles 
Ion dar: 

I+?--~ 
I II MZ 69 (69) 

HC 
\&, 

Experinrenteller Ted 

Die Massenspektren wurden bei einer Elektronenenergie von 70 eV mit einem 
Massenspektrometer Typ CH4 der ATLAS Mess- und Analysen-technik GmbH 
Bremen aufgenommen. Der EinlaD erfolgte iiber den Hochtemperatureinlabteil 
bei 150~. 

Die Darstellung der Anhydrozucker erfolgte nach in der Literatur beschriebenen 
Verfahren. Die Methylierung wurde nach Kuhn und Trischmanns durchgefiihrt. 
Samtliche Verbindungen wurden molekulardestilliert und dtinnschicht- bzw. gas- 
chromatographisch auf Reinheit gepriift. 

Zur Synthese der markierten Verbindungen wurde Trideuteromethyljodid 
der Firma K. Roth, Karlsruhe, verwendet. 

Das 3,4-Di-U-methyl-z-U-trideuteromethylgalaktosan wurde durch Trideutero- 
methylierung von 3,4-U-Isopropylidengalaktosan, Abspaltung der Isopropyliden- 
gruppe und nachfolgende Methylierun, = dargestellt. Zur Synthese von 2-U-Methyl- 
3,4-di-U-trideuteromethylgalaktosan wurde zungchst methyliert und nach Entfernung 
des Isopropylidenrestes trideuteromethyliert. 

Das 2,3-Di-U-methyl-4-U-trideuteromethylmannosan wurde nach dem gleichen 
Prinzip aus 2,3- U-Isopropylidenmannosan erhalten. Zur Synthese von 2,4-Di-U- 
methyl-3-U-trideuteromethylglucosan wurde 2,4-Di-U-benzylglucosan trideutero- 
methyliert, die Benzylreste entfernt und methyliert. Durch umgekehrte Anwendung 
der Methylierungsmittel wurde 3-U-Methyl-a,+di-U-trideuteromethylglucosan 
erhalten. 

Tri-U-trideuteromethylgalaktosan wurde durch Trideuteromethylierung von 
Galaktosan dargestellt. 
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ZUSAMMENFASSUNG 

Forschung fiir die 

Es wurden die Massenspektren der Methylather folgender Anhydrozucker- 
Typen aufgenommen: r,6-Anhydro-, 3,6-Anhydro-, 2,3-Anhydro-, 3,gAnhydro-, 
I ,6:2,3_Dianhydro-, und I ,4:3,6-Dianhydro-Zucker. Aus den Massenverschie- 
bungen in den Spektren der selektiv mit Trideuteromethoxy-Gruppen markierten 
Verbindungen konnte bei den Glykosanen die Struktur und der Bildungsmechanismus 
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der charakteristischen Ionen angegeben werden. Die Massenspektren der isomeren 
Glykosane zeigen deutliche Intensitatsunterschiede und erlauben durch Vergleich 
mit Eichspektren eine sterische Zuordnung. Die ftir den Zerfall der permethylierten 
Pento- bzw. Hexo-side und Glykosane abgeleiteten GesetzmaBigkeiten lassen eine 
weitgehende Deutung der Massenspektren der anderen bisher untersuchten Anhydro- 
zucker zu. 

Die Massenspektren der methylierten Anhydrozucker machen deutlich, da!3 
die massenspektrometrische Untersuchun g eine wertvolle Methode zur Bestimmung 
der GriiBe des Anhydroringes und des Halbacetalringes ist. Die folgende Tabelle 
zeigt, da13 mit Ausnahme der r,6-Anhydrozucker beide RinggriiDen allein durch 
die Bestimmung des Haupt-Ions eindeutig festgelegt werden konnen: 

Anhydrozucker-Typ 

293 
354 
1,6 Furanose-Form 
1,6 Pyranose-Form 
3,6 Furanosid 
3,6 Pyranosid 

1,6:2,3 

r,4:3,6 

MZ des Haupt-Ions 
(im Massenbereich MZ 45-MZ IOI) 

45 
75 

101 (-) 

101 (88) 

58 
71 

III 

69 

Die Tabelle vermittelt einen Eindruck der Leistungsfahigkeit der Massen- 
spektrometrie bei Strukturuntersuchungen auf diesem Sektor der Kohlenhydrat- 
chemie. 

SUMMARY 

The mass spectra of methyl ethers of 1,6-, 3,6-, 2,3-, 3,4-, r,6:2,3-di-, and 
1,4:3,6-di-anhydro sugars have been measured. The fragmentation patterns and 
the structures of the characteristic ions can be deduced from the spectra of partially 
trideuteromethylated derivatives. The mass spectra of isomeric tri-O-methyl-r,6- 
anhydrohexoses show significant differences in the intensities of certain peaks, and 
comparison with standard spectra enables the stereochemistry to be determined. 

The major fragmentation patterns outlined for pyranosides, furanosides, 
and 1,6-anhydrohexoses can be applied to a detailed interpretation of the mass 
spectra of other types of anhydro sugar. The mass spectra of permethylated anhydro- 
sugars demonstrate the successful application of mass spectrometry in the deter- 
mination of the size of anhydro and hemiacetal rings. The ring size may be deter- 
mined by reference to the base peak (as shown below); for r,6-anhydro sugars, 
reference is made to the peak at m/e 88. 
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Type of unhydro sugar 

%3- 

3*4- 
x,6- (furanose) 
1,6- (pyranose) 
3,6- (furanoside) _ 

3,6- (pyranoside) 
I,6:2,3-di- 
1,4:3,6-di- 

mje of the base-peak 
(mass range, m je 45_mle 101) 

45 

75 
101 (-) 

IO1 (88) 

58 
71 

I11 

69 
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PURIFICATION OF Pneumococcus TYPES II AND V POLYSACCHARIDES 

S.A. BARKER, SUSAN M. BICK, J.S. BPIMACZOMBE, AND P.J. SOMERS 

Deparrment of Chemistry, The University, Birmingham 15 (Great Britain) 

(Received June 2rst, 1965) 

INTRODUCl-ION 

Type V Pneumococcus polysaccharide (SV) contains1 residues of N-acetylated 
L-fucosamine (a-amino-2,6-dideoxy-L-galactose) and pneumosamine (2amino-2,B 
dideoxy-L-talose), D-glucose, and D-glucuronic acid. The presence of a high pro- 
portion of Iipophilic 6-deoxy groups in the polysaccharide renders it especially 
difficult to purZy by conventional methods. Type II Pneumococcus polysaccharide 
(SII) contains” 6-deoxy-L-mannose as the major constituent, together with D-glucose 
and D-glucuronic acid. The carbohydrate-containing entities likely to be encountered 
in the purification of type-specific Pneumococcus polysaccharides are glycolipidss=*, 
the species-specific C-substances, F-carbohydrate6 and its lipid complex, and 
glycogen7. Persistent impurities which tend to follow the type-specific polysaccharides 
during purification are a polyglutamic acids and ribonucleic acid. Purification 
studies of the type-specific polysaccharide of Pneumococcus Types V and II have 
revealed the answer to some of these problems, particularly as they concern 
C-substance and ribonucleic acid. 

EXPERIMENTAL 

Analysis of Polysaccharides 

Ultraviolet spectra were obtained using a Unicam SP 500 spectrophotometer 
and path lengths of IO and 40 mm. Absorption at 260 rnp was used to assess maximal 
nucleic acid (NA) impurities, on the basis that 0.05 mg NA/ml had an optical density 
of 1.0 at 260 rnp in a r-cm cell. 6-Deoxyhexoses and hexoses were determined essen- 
tially by Dische’s cysteine-sulphuric acid reactions. Amino sugars were analysed by 
the method of Svennerholm 10. Hexuronic acids were determined by a modification 
of the carbazole reaction of Dische and Gregory ll. Ester phosphorus was assayed 
by the method of Jones er al. 12. Optical rotations were performed on aqueous 
solutions, at polysaccharide concentrations of 0.3 to I g/Ioo ml. 

Amino acid analysis, on the fractions hydrolysed with 6~ hydrochloric acid 
at I 10~ for 12 h under nitrogen, was effected using a Technicon Autoanalyser, which 
also revealed amino sugars. 
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Fractionation of Type V Pneumococcus components 
(a) Fractionalprecipitation with alcohol. A crude mixture of the macromolecules 

obtained from Type V Pneumococcus (16.9 g, in 0.2~ sodium chloride) was repeatedly 
deproteinised by being shaken seven times with I, r ,2-trichloro-r,2,2-trifluoroethane, 
and five times with chloroform-pentyl alcohol (g:~), and the solid protein gels were 
discarded. Most (665 ml) of the remaining aqueous phase (700 ml) was fractionally 
precipitated by the addition of ethanol, and the polysaccharide fractions were recovered 
at ethanol concentrations of 65% (7.96 g; [a]: -32.6”; 1.3 oA NA), 70% (1.32 g, 
SV; [aIF -87.6”; 0.6% NA), 75% (0.37 g, SV; [a]g - 100.3~; 0.6% NA), and from 
the supernatant (0.68 g. SV; [a]g -106.3~; 1.7% NA). Analysis of the polysacchar- 
ide hydrolysates indicated the presence of a polyglutamate in the 65% and 
70% fractions. After being redissolved in 0.2M sodium chloride, most (7.09 g; 
[a]: -24.9”; 1.1 y. NA) of the 65% ethanol fraction was reprecipitated at the 
same alcohol concentration, but further SV (0.7 g; [a]: -80~) was recovered from 
the supernatant. 

(b) Fractional precipitation with detergent. The major unresolved fraction (7 g) 
was dissolved in water (700 ml), and cetyltrimethylammonium bromide added to 
a concentration of 2% w/v. The precipitated complex was dissolved in M sodium 
chloride, and polysaccharide recovered by precipitation with three volumes of 
ethanol; after treatment with Amberlite IR 120 (H+ form), the product (3.96 g; 
1.5% NA) had [a]g-5-35.2”. Detergent was removed from the supernatant by 
chloroform extraction, and the polysaccharide precipitated in the presence of 0.2~ 

sodium chloride by adding three volumes of ethanol; after treatment with Amberlite 
IR 120 (El+ form), the product (1.63 g; 0.4% NA) had [a]g- I 1.4”. The polysacchar- 
ide having [a]n-35.2” was again reprecipitated with detergent. The supernatant 
yielded mainly SV (0.38 g; [a]:-5 -70.1”; 0.8 y. NA), whilst the precipitateddetergent 
complex was fractionated on the basis of its solubility in 0.25~ sodium chloride 
to give fractions having [a] 2.5 -38.9” (soluble; 2.27 g; 2 y. NA) and [a]2 +4.3” 
(0.07 g; 2.50jo NA). Only a trace (0.~2 g; [a]: -15”) of the material having 
[a]n -11.4~ was again precipitable with detergent: some of it (0.76 g; [a]: +I I”; 

0.5% NL4) was recovered from the supernatant. 
(c) Fractionatiolz on DEAE Sephadex ,450. Part (IOO mg) of the polysaccharide 

mixture having [a]: +6_7” was applied to a column of the ion exchanger (36.5 x 3-g cm) 
equilibrated with phosphate buffer (pH 6 ; KH2P04 0.037 IM, NasHPOd 0.0043~). After 
passage of buffer alone (I 16 ml), a sodium chloride gradient of o+ I M was applied, 
and the collected fractions (IO ml) were analysed with phenol-sulphuric acid to reveal 
a separation (Fig. I) into several components. Tubes g-16, 17-32, 33-65, and 76-108 
were bulked and, after dialysis and freeze-drying, yielded components A (8.8 mg), 
B (12.7 mg), C (41.2 mg: Ce;Jg -l-37’). and D (34.6 mg; [a-&O -609, respectively, 
with the properties shown in Table I. Passage of the SV fraction having [a]g-87.6” 
(IOO mg) down the same column showed only a single peak (89 mg), eluted in the 
vicinity of component D, and having [a]F-81”. Only. components B and C gave 
positive reactions with C-reactive protein in the presence of excess of calcium ions. 
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The C-reactive protein (kindly provided by Dr. Walton) contained no detectable 

hexose (c 0.0379,0.63% of 6-deoxyhexose (estimated9 as fucose), o. 15 yO of pentose 
(estimated9 as xylose), and 1.83% of hexosamine (estimated10 as glucosamine). 

D 

a3 SP 

x 
A 1.0. 

-2 C 
2 a2 0.5 

a 
.g 
8 

0.1 I ‘L J I_L- 0 
100 200 

B 

40 ti0 150 150 260 
Fraction 

Fig. I. Fractionation of Pnewnococcus Type V components on DEAE Sephadex. -Optical 
density at 490 mp in the phenol-sulphuric acid reaction. Inset shows fractionation of SV frac- 
tion having [aIF -87.6”. 

Removal of Nucleic Acid from Type II Pneumococcus Polysaccharide 

(a) Fractionation on DEAE Sephadex. Type II polysaccharide (I mg), purified 
by deproteinisation, precipitation with cetyltrimethylammonium bromide, and 

TABLE I 

PROPERTIES OF TYPE V Pnell~oCoCCrrs FRACTIONS= 

Component A B C Svb 

Muramic acid 
Organic P, % 
Uranic acid, % 
Amino sugars 

- 

1.87 
r-3 
Glucosamine, 
galactosamine 

Glucose, % 
Galactose, 7; 
Total amino acids, % 

Major constituent 
amino acids=, ok 

none 
10.8 
8.26 

Thr. 2.01 
Ser. r-33 
Prol. x.21 
Glu. 0.79 
Ala. 0.58 

- 
1.76 

I.1 

Glucosamine, 
mlactosamine 
6-phosphate 
2 
3-7 
3-55 
Glu. 0.51 

Thr. 0.46 
Ser. 0.43 
Ala. o-34 
Prol. 0.30 

+ 
3.62 
I.5 
Glucosamine, 
galactosamine 
6-phosphate 
2 
4-8 
2.60 
Glu. 0.44 
Thr. 0.41 
Ala. 0.33 
Lys. 0.29 
Ser. 0.27 

- 
r-go 
13-7 
Pneumosamine, 
fucosamine 

IO.9 
I-4 
1.31 

Glu. 0.27 
Prol. 0.21 

Ser_ 0.17 
Ala. 0.16 

Gly. 0.14 

aLiu and Gotschlich13 report that crude C-substance contains lysine 1.29, serine 0.27, glutamic 
acid 1.6, alanine 1.63, D-glucosamine I x.32, D-galactosamine 6-phosphate 34.82, muramic acid 11.3, 
and muramic acid phosphate 4.35 %. 
bSV was obtained from the fractionation in Fig. I. 

CThr., threonine; Ser., serine; Prol., proline; Glu., glutamic acid; Ala., alanine; Lys., lysine; 
Gly., glycine. 
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treatment with ribonuclease, as previously describedla, was passed down a DEAE 
Sephadex A-50 column (Cl- form, bed volume 2.5 ml), and eluted with a linear 

gradient [NaCI, o-LOM, in phosphate buffer (pH 6.5, o.oogh¶)]. Scanning for 6- 

deoxyhexoseg revealed that the polysaccharide was eluted as one peak at a volume 

of 70-86 ml. 
Polysaccharide (13.6 mg) from the same batch, which had not been submitted 

to ribonuclease treatment, was passed down a similar column (17x 1.2 cm; 20 ml 
bed volume), and a salt gradient applied, as above, over 1600 ml. Figure 2 shows 
that three peaks could be detected in the s-ml fractions as follows: I, at an elution 

0.6- 

100 200 300 400 
Fraction 

Fig. 2. Fractionation of Pneumococcus Type II polysaccharide on DEAE Sephadex A-50. 
----Optical density at 4oo rnp in the cysteine-sulphuric acid reaction. _ _ _ . . .Optical density 
at 260 m,u. Inset shows the absorption spectra of the resultant peaks: I, fraction 160; 2, fractidn 200; 

3, fraction 340; 4, original polysaccharide (680 ,ug/ml). 

volume of 420-510 ml; 2, at 57o-660 ml; and 3, at ggo-1110 ml. Analyses of the 

bulked fractions, after dialysis and freeze-drying, are shown in Table II. 

An aliquot of peak 2 was passed down the same column from which it had been 
obtained, and eluted under identical conditions. Two peaks (2.1 and 2.2) couid be 
distinguished, ehxted at voIumes 435-510 ml and 615-660 ml, respectively, with the 

properties shown in Table II. 

(b) Fractionation on Sephadex G-ZOO. Type II polysaccharide (7.75 mg), before 
ribonuclease treatment, was passed down a Sephadex G-200 column (36.5~2 cm) 
which had been equilibrated with M sodium chloride, and eiuted with the same 
solution. Analysis of fractions (2.6 ml) for hexuronic acids11 and U.V. absorption 
(260 mp) showed (Fig. 3) that the polysaccharide (peak I) was completely excluded 

from the gel in fractions 14-21, and most of the nucleic acid (peak 2) in fractions 41-49. 

Properties of the bulked, dialysed fractions are shown in Table II. 
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DISCUSSION 

In a previous study15 of SV, it was found that, despite its acidic character, 
the polysaccharide was incompletely precipitated by commercial cetyltrimethyl- 
ammonium bromide. Furthermore, a significant amount of SV dissolved during 
subsequent alcohol washing of the polysaccharide-detergent complex to remove 
detergent, or was not precipitated in attempts to recover the polysaccharide from 

TABLE II 

ANALYSIS OF TYPE II P,leUI?lOCOCCUS FRACTIONS 

Type II Specific Polysaccharide Glucose, % Sodim 
glucuronate, % 

Rhamnose, % 

Before ribonuclease treatment= 
DEAE Sephadex. Peak r 

2 

3 
Peak 2 refractionated. Peak 2.1 

2.2 

Sephadex G-200. Peak I 
2 

After ribonuclease treatment* 

35 16.45 48.5 
35.1 16.5 48.3 
34-9 I 6-45 48.6 
0 0 0 

35-r 16.39 48.4 
35.1 16.41 48.4 
35.2 16.4 48.4 
0 0 0 

35.x 16.4 48.5 

=Optical density at 260 mp, using 4o-mm path length, for a I mg/ml solution of the fraction, was 
0.470 ; bo.030. 

the supematant remaining after detergent precipitation. As the first step in the present 
purification, the crude deproteinised mixture, in aqueous salt solution, was fractionaliy 
precipitated with increasing volumes of ethanol, to afford cu. 30% of the mixture 

Fraction 

Fig, 3_ Fractionation of Pnewnococcm Type II polysaccharide on G-200 Sephadex. -Optical 
density at 530 my in the carbazole reaction. . . . - . -Optical density at 260 m/t. Inset shows the 
absorption spectra of the resultant peaks: I, fraction 16; 2, fraction 45. 
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as relatively pure SV ([a]D-87.6 + - 106.3”). Subsequent attempts to fractionate 
the remainder with detergent were only partially successful, since two such refrac- 
tionations yielded only a further 5% of SV ([a]n-To”). Losses were again encountered, 
despite the fact that the detergent-polysaccharide precipitate was dissociated in 
molar saline before alcohol precipitation and, in recoveries from the supernatant 
after detergent addition, most of the latter was removed by chloroform extraction 
before alcohol precipitation of the aqueous phase. 

The most rewarding technique for separating the components in one operation, 
with near quantitative recoveries, was gradient elution from a DEAE Sephadex 
column, followed by dialysis and freeze-drying. With one fraction, which could not 
be appreciably further fractionated by either alcohol or detergent, four major 
components could be clearly distinguished. The first was largely protein in nature, 
the second and third gave reactions for C-substance, and the fourth was SV. A 
fraction previously thought to be SV, obtained as above by alcohol fractionation, 
was homogeneous on this column. The two fractions showing a positive reaction 

with C-reactive protein differed mainly in that muramic acid was present in one, and 
not in the other, suggesting complex formation between a cell-wall mucopeptide and 
C-substance. A preliminary reportle, without experimental details, has claimed that 
C-substance can be separated into several chemically differentiable, although 
serologically similar, components. 

In attempts to remove the last persistent nucleic acid impurity in Type II 
Pnettmococcrrs specific polysaccharide, it was shown that DEAE Sephadex is able 
to dissociate complexes. When a salt gradient was applied, polysaccharide, poly- 
saccharide-nucleic acid complex, and nucleic acid were eluted in that order. Subsequent 
passage of the polysaccharide-nucleic acid complex down the same column caused 
further dissociation into more polysaccharide and polysaccharide-nucleic acid 
complex. For a larger-scale preparation (400 mg), a Sephadex G-200 column has 
been used, since, while the polysaccharide, largely freed from nucleic acid, was com- 
pletely excluded from the gel, the nucleic acid which had dissociated in molar saline 
was eluted subsequently. 
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SUMMARY 

DEAE Sephadex has been shown to afford separation of Type V Pnetrmococcus 

specific polysaccharide, C-substance, and other components, when alcohol fractiona- 
tion or detergent precipitation were only partially effective. Dissociable complex 

formation between Type II polysaccharide and nucleic acid has been demonstrated 
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on the same colnmn. Sephadex G-200 can be used to remove nucleic acid impurities 
from Type II Pnercmococcus polysaccharide. 
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INTRODUCTION 

Polysaccharide exudates found on the stems of plants representative of a large 
number of different species have been investigated in recent yearsl. These substances 

are usually acidic by virtue of hexuronic acid residues bound to neutral sugars in 
highly complex, branched, molecular structures. The majority are based on a branched 

galactopyranose framework, some upon chains of galactopyranuronic acid residues 
interspersed with rhamnopyranose residues, and a small group upon a xylan frame- 
work, to which are attached short chains of arabinose, galactose, and glucuronic 
acid residues2. 

This paper describes a structural investigation of the polysaccharide found 
during the late summer months in the corm-sacs of Wutsonia p_vramidata (Andr.) 
Stapf. (Order, Liliales; family, Iridaceae). The polysaccharide occurs internally 

within the corm, which is technically a stem, and, to judge by its disappearance 

during growth, appears to be used by the plant as a food reserves. Whilst it is not a 

gum exudate in the strict sense, there seemed to be sufficient link with plant-gum 

exudates in general to make a structural comparison worth while. 
-_ 

EXPERIhlENTAL 

General experimental conditions 
Paper chromatography was carried out on Whatman No. I paper with the 

following solvent systems (ah v/v): (a) butan-I-al-ethanol-water (4:1:5, upper layer), 
(b) ethyl acetate-acetic. acid-formic acid-water (r&3: 1:4), (c) ethyl acetate-pyridine- 
water (10:4:3), (d) butan-I-ol-acetic acid-water (2:1:1), (e) propan-a-o&acetic 
acid-water (7: I :2), m butan-2-one-water azeotrope, (g) butan-2-one-acetic acid- 

saturated, aqueous boric acid (9: I : I). Paper ionophoresis was carried out for 4 h at 
IO v/cm in o.zi+borate buffer”2 at pH 9.2. J&L, RG, and iVig refer to rates of movement 
relative to galactose, 2,3,4,6-tetra-O-methylglucose, and glucose, respectively. Gas- 

liquid chromatography (g.1.c.) was carried out on a Beckman GC-2A instrument, 
using helium as carrier gas, with a 4-foot column of ethylene glycol succinate (14% 

*Present address: Division of Biosciences, National Research Council, Ottawa t (Canada). 
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on 80-100 mesh Gas Chromosorb W)5 at r55”, and a flame ionization detector. 
Retention times6 were measured relative to methyl 2,3,4,6-tetra-O-methyl-/?-D- 
glucoside. Unless otherwise stated, solutions were concentrated at 40“/20 mm in a 
rotary evaporator, specific rotations were measured on aqueous solutions at ca. zoo, 
melting points are uncorrected, and sugars were revealed on paper chromatograms 
by spraying with the p-anisidine hydrochloride reagent7 and assayed by the phenol- 
sulphuric acid procedures. 

PuriJicatiort of Watsonia corm-sac polysaccharide 

The jelly-like polysaccharide (air-dried, 216 g), excised from the exposed sacs 
of sliced Watsonia corms (790, collected in March of 1963 and rg64), was homo- 
genised with water (25 1) and, by the slow addition of ethanol (75 1), the bulk of the 
material was precipitated as a colourless, stringy mass. Reprecipitation gave fraction A 
(142 g), which, after being washed with ethanol and ether, and dried (for 4 h at 
56”/1 mm), had [a]u-80” (c 0.3), equiv. 19,800 (Found: sulphated ash, zero; AC, 
zero; OMe, 0.4; N, 0.4~/~). These constants were unchanged upon further precipi- 
tation from aqueous solutions with ethanol. The aqueous-ethanolic mother liquors 
were evaporated, and the residue was extracted with acetone to yield soluble fraction B 

(O-3 g), [aID -17” ( c 1.03); and insoluble fraction C (3.6 g), [a]o -88” (c r-14), with 
other constants not significantly different from those of fraction A. Portions of each 
fraction were hydrolysed, and examined by paper chromatography. Fractions A 
and C gave similar proportions (visually estimated) of arabinose (3), xylose (I), and 
galactose (I). Fraction B gave glucose (6), galactose (2), and arabinose (I). 

Sub-fractionation of fraction A [I -36 y. aqueous solution, passed first through 
a column of Amberlite IR-120 (H+ form)] was attempted as follows: (a) Ethanol was 
added to a portion of the solution; this precipitated all of the polysaccharide therein 
between ethanol concentrations of 65 and 70%. The precipitate so formed was 
indistinguishable from fraction A. (b) A solution of polyethyleneglycol in water, 
when added to the gum solution, precipitated all of the polysaccharide within narrow 
limites. (c) Cetyltrimethylammonium bromide gave no precipitate from an aqueous 
solution of the polysaccharide (containing 340 mg of gum) at9 pH 7.0, but a fibrous 
precipitate (320 mg) was formed atlo pH 8.5. The supernatant from this fraction 
afforded a further precipitate (10.3 mg) between pH I 1.0 and 12.0. The two precipi- 
tates were not significantly different from each other, nor from the original fraction A. 

(d) A portion of the polysaccharide solution (containing 180 mg of polysaccharide) 
was made 0.005~ with respect to phosphate buffer (pH 6-o), and added to a column 
of diethylaminoethylcellulose powderll (equilibrated at pH 6.0 with 0.005M phosphate 
buffer). Elution with the same bufher gave a single carbohydrate component (98 mg) 
which was indistinguishable from fraction A. Stepwise elution up to 0.25hi phosphate 
buffer (pH 6.0) gave no further carbohydrate, but gradient elution with sodium 
hydroxide gave a second fraction (38 mg), eluted with 0.5~ sodium hydroxide)_ 
This fraction, after removal of sodium ions, had [a]n -7” (c 1.21, equiv. 600 (Found: 
carbohydrate, 5%). Hydrolysis of these two fractions afforded the same sugars as 

Curbol~ydiate Res., I (1966) 400-413 



402 D. H. SHAW, A. M. STEPHEN 

fraction A, in the same molar proportions. (e) Chromatography of a portion of the 
polysaccharide solution (containing 2.7 g of polysaccharide) on Duolite A4 
(OH- form) afforded two fractions, one eluted with water (2-58 g) and identical with 
fraction A, and the other eluted with 0.5N sodium hydroxide. The second fraction, 
after removal of sodium ions, weighed 104 mg and had [aIn -7” (c I.I), equiv. 610 
(Found: sulphated ash, 32.2: carbohydrate, Ig”/o)_ The hydrolysis products of the 
second fraction were identical with, and in the same molar proportions as, those 
from an hydrolysate of fraction A. (f) Chromatography of the polysaccbaride (34 mg) 
on Sephadex G-50 (medium grade) afforded two fractions, containing 30 mg and 4 mg 
of carbohydrate, respectively. Neither fraction was substantially different from 
fraction A, though separation on Sephadex does indicate a difference in molecular 
weight. Chromatography on Sephadex G.50 of the water-eluted fraction from 
Duolite A4 afforded only one component. Fraction A, and the water-eluted fraction 
from Duolite Aq, each gave a single peak on percolation through Sephadex G-25 
(medium grade), indicating that the second component of fraction A, eluted from 
Sephadex G-50, had a molecular weight between 5,000 and IO,OOO. 

Partial acid hydroIysis of Watsonia corm-sac pot’ysaccharide (See the flow-sheet 

Table IV) 
The polysaccharide (30 g) was homogenised in O.OIN sulphuric acid, and 

hydrolysed (each step for 7 h at 96”). During this initial hydrolysis, [a]D changed. 
from -80 (initial) to +53O (final). The neutralised hydrolysate was concentrated 
to a small volume, and when made 80% with respect to methanol, afforded a preci- 
pitate and a syrup. This precipitate was further hydrolysed, in a similar manner, 
yielding again fractions soluble and insoluble in 80 o/o methanol. This procedure was 
repeated on the precipitated material twice more, yielding finally syrups 1,2,3, and 4, 
and precipitate 4. 

Syrup I (21.7 g), from which crystalline L-arabinose (1.83 g) had been removed 
after trituration with methanol, was separated into the following components on a 
column of charcoal-Celitela (85 x 4 cm), using water and ethanol for elution. 

Fraction I. Crystalline r_-arabinose (4.699 g), m-p. and mixed m-p. r5g.5O 
(after recrystallisation from ethanol), [a]D + 174 (6 min)+ +106” (60 min, constant; 
c 0.72). The derived benzoylbydrazone 13 had m.p. and mixed m.p. rgg-2oo” (dec.). 

Fraction II. A syrup (396 mg) containing arabinose, xylose, and galactose in 
the ratio 7:4:2 (visual estimation of paper cbromatograms). 

Fraction IIf. A syrup (618 mg, eluted with water), [a]n +80” (c 0.84), which 
crystallised from aqueous methanol to give a-D-galactose, m.p. and mixed m-p. 165”, 
[oL]D f 124 (15 min)+f78” (equil.; c I _og) ; derived a-methyl-2-phenylhydrazonela, 
m-p. and mixed m.p. 186”. 

Fraction IV. A syrup (3.694 g, eluted with 4% ethanol), [a]n + 182’ (c 5_78), 
MS 0.75, Rsaz 0.52, 0.78, 0.76 (in solvents a, 6, and c, respectively), identilied as 
described earlier-l4 as 3-O-a-D-galactopyranosyl-L-arabinose. 

Fraction V. A syrup (2.615 g, eluted with 9% ethanol), [OL]n f6g” (equil.; 
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c 5.23), Rgaz 0.32, 0.65, 0.63 (in solvents a, 6, and c). Hydrolysis of a portion (2 mg) 
of this fraction gave first galactose, arabinose, and the disaccharide present in 
fraction IV, and tially galactose and arabinose in the molar ratio 1:2-r. Sodium 

borohydride reduction of the syrupy trisaccharide (14 mg) gave the non-reducing 
glycitol (IO mg), hydrolysis of a portion (3-3 mg) of which gave galactose, arabinose, 
arabinitol, and the disaccharide present in fraction IV (paper chromatography in 
solvents a and g). Oxidation of a further portion (6.68 mg) of the glycitol with 
periodate yielded, after 20 h, formaldehyde (1.06 mol.) and formic acid (1.9 mol.); 
reduction of the periodate-oxidised material, followed by hydrolysis, gave arabinose 
and glycerol. 

The syrup (270 mg), on being treated by the Haworth and Purdie procedures, 
gave a fully methylated product (285 mg, after being dried to constant weight at 
40“/1.6 cm), [Z]D f41’ (c 5.21, chloroform). Hydrolysis of the methylated trisaccharide 
gave: 2,3,4,6-tetra-0-methylgalactose, 2,5-di-0-methylarabinose, 3,5-di-O-methyl- 
arabinofuranose, and 3,4-di-0-methylarabinopyranose (all identical with 
standards in solvents a andf). G.1.c. of the methanolysed, methylated trisaccharide 
confirmed the above identscations, giving retention times (of the methyl glycosides) 
as follows: 2,3,4,6-tetra-0-methylgalactose, 2.02; 2,5-di-0-methylarabinose, 2:33s, 
4.63~; 3,5-di-0-methylarabinofuranose, 1.28, 3.21; and 3,4-di-O-methylarabino- 
pyranose, 2.82. 

As would be expected with a 2-linked, reducing end-group, attempted alkaline 
degradation, using the method developed by PainterIs, was unsuccessful; no degra- 
dation occurred when the trisaccharide (4.7 mg) was heated in 0.005~ sodium 
hydroxide (20 ml) for go min at 74”. All of this evidence is consistent with the 
trisaccharide’s being 0-a-o-galactopyranosyl-(I +3)-0-L-arabinofuranosyl-( I +2)-r.- 
arabinose. Hudson’s rulessindicate that thelink between the two arabinose residues is a. 

Fraction VI. The syrup (632 mg, eluted with 70 y0 methanol), [a]D -40~ (c o. 50), 
contained components all chromatographically slower than fraction V, and having 
R ga~ values of 0.00, 0.02, 0.05, 0.08, 0.13, and 0.40 in solvent e. Total hydrolysis of 
the syrup, and chromatography of the hydrolysate, showed xylose to be the only 
sugar residue present in these oligosaccharides. Paper chromatography against 
standards showed them to be identical with (all R,l values in solvent e): xyloheptaose, 
0.02; xylohexaose, 0.05; xylopentaose, 0.08; xylotetraose, o-13; and xylotriose, o-40. 
These identities were further supported by paper chromatography in solvents a, c, 

and d, and by plotting a graph of [log r/Rsar]-~ against suspected degree of poly- 
merisation. (To give a sufficient number of points, xylose and xylobiose were chroma- 
tographed together with fraction VI in each of the four solvents). Straight lines were 
obtained16 using Rgaz values (Table I) in solvents a, c, d, and e. 

In addition to Fractions I-VI, there were five overlapping fractions which 
consisted only of mixtures of these fractions, except for a small amount of material 
(CL 30 mg) heavily contaminated with fraction IV (ca. 200 mg) and having Rgaz 0.60, 
x.09, and 0.75 in solvents a, c, and d, respectively. This was later shown to be 
chromatographically identical with 4-0-B-D-xylopyranosyl-D-xylose. 
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The fraction containing the xylose oligomers (fraction Vl) was combined with 
syrups 2,3, and 4 (total weight 4.2 g), and evaporated to a small bulk. This solution 
was placed on a charcoal-Celite column (85 x 4 cm), and eluted, first with water, and 
then stepwise with water containing increasing concentrations of ethanol. Seven 
major and a number of overlapping Fractions were obtained. 

TABLE I 

PAPER CHROMATOGRAPHIC DATA ON XYLOSE OLIGOSACCHARIDES 

Suspecred degree Rgal 
of polymerkation Solvent a Solvent c Solvent d Solvent e 

I 1.67 1.78 1.64 r-33 

2 0.60 I.09 0.75 0.84 

3 0.18 0.53 0.32 0.40 

4 0.07 0.24 0.12 0.13 

5 - 0.11 0.05 0.08 
6 - 0.03 - 0.05 

7 - - - 0.02 

Fraction I. A syrup (442 mg, eluted with water) which showed three components 
on paper chromatography. Cellulose column chromatography of the syrup (elution 
with solvent c) afforded: Fraction za. A syrup (68 mg) which crystallised and, on 
recrystallisation from 80% methanol, gave D-xylose, m.p. and mixed m-p. r50”, 
[a]n+go (2 min)++21” (50 min, constant; c 1.35). The derived di-0-benzylidene 
dimethyl acetal had m-p. and mixed m-p. 210“, and [a]n -8” (c 0.7, chloroform). 
Fraction zb. A syrup (330 mg), [ a D f 107” (c I .2), which was chromatographically ] 

identical with arabinose. Fraction zc. A syrup (45 mg), [a]n i-80” (c I.I), which was 
chromatographically identical with galactose. 

Fraction 2. A syrup (54 mg, eluted with water), [a]n$-78” (c 0.6), which was 
chromatographically homogeneous in solvents a, 6, and c, and identical with galactose. 
Crystallisation and recrystallisation from glacial acetic acid yielded a-D-galactose, 
m-p. and mixed m-p. 166”. 

Fraction 3. A syrup (422 mg, eluted with 5 y. ethanol), [a]n + 184~ (c 2.3), 
which was chromatographically identical with 3-O-a-D-gaIactopyranosyI-L-arabinose 
in solvents a, 6, and c. 

Fraction 4. A syrup (I 14 mg, eluted with 6% ethanol) which showed two 
components on paper chromatography in solvents a, b, and c, one identical with 
fraction 3, and the other identical with an authentic sample of 4-O-#?-D-xylopyranosyl- 
D-xylose. The syrup was fractionated on a cellulose column (solvent c) into 
chromatographically homogeneous (solvents a and b) Fractions qa (identical with 
fraction 3) and 46. 

Fraction & was a syrup (92 mg), [a]D -27’ (c o-67), and had Rqaz 0.60, 0.75, 

and 0.84 in solvents a, d, and e, respectively. Hydrolysis of a portion of the syrup 
(5 mg) in N sulphuric acid for 5 h at 96” yielded only xylose. The phenylosazone of 
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the syrup had m-p. 208.6~ (dec.) (lit-l?, xylobiose phenylosazone, 
Periodate oxidation of the osazone (1.41 mg) for 2 h yielded no & 

.p. Ig5-196”). 
for ldehyde and 

no precipitate of the r,2-bisphenylhydrazone of mesoxalaldehyde, whilst 1.06 mol. of 
formic acid were liberated. These results are consistent only if the disaccharide 
is 4-U-/?-D-xylopyranosyl-D-xylose (xylobiose). Acetylation of the syrup (33 mg) 
yielded a product (29 mg) which, on crystallisation and recrystallisation from equal 
volumes of ethanol and light petroleum @.p. 6o-So”), gave 4-0-p-D-xylopyranosyl- 
D-xylose hexa-acetate, m-p. and mixed m.p. 1551156”, [c&-70” (c 0.66, chloro- 
form) (lit.18 -74”)_ T.l.c.19 of the acetate on silica gel G showed it to be identical 
with the authentic sample. 

Fraction 5. A syrup (332 mg, eluted with 13% ethanol), [a]n+70° (c 2.8), 

which was chromatographically homogeneous and identical with 0-a-D-galacto- 
pyranosyl-(r -+3)-0-L-arabinofuranosyl-( I-+2)-L-arabinose in solvents a, 6, and c. 

Fraction 6. A syrup (246 mg, eluted with 18 y0 ethanol), [OL]D -38” (c 2.0), 

which was chromatographically homogeneous in three solvents, and on hydrolysis 
(0.01~ sulphuric acid for 5 h at 96”) gave only xylobiose and xylose. Crystallisation 
and recrystallisation of a portion of the syrup from 85% ethanol afforded O-~-D- 
xylopyranosyI-(I~4)-~-~-D-xylopyranosyl-(~~4)-D-xylose (xylotriose), [a]n-45” 
(c 0.5), m-p. 203~ (softening at 1549, mixed m.p. 204~ (softening at 156”). The 
phenylosazone had m.p. 2x8-219~ (dec.) (lit_17, xylotriosazone, m-p. 214-215~). 
A portion of the mother liquors from the crystallisation of the xylotriose (46 mg) 
was acetylated, and gave xylotriose octa-acetate, m-p. and mixed m-p. I I IO, [~r]n -go” 
(c 0.4, chloroform)_ T.1.c. on silica gel G showed the acetate to be identical with 
the standard. 

Fraction 7. A syrup (I 14 mg, eluted with 80 o/o methanol) which was chromato- 
graphically similar to fraction VI, and contained a series of xylose oligomers with 
degree of polymerisation from four to six. The graph of [log 1/&l]-I against 
suspected degree of polymerisation was again linear for solvents d and e. 

Precipitate 4. This degraded polysaccharide (670 mg), [a]D -42O (c o-go, 
0.5~ sodium hydroxide), was sparingly soluble in water, but soIubIe in dilute alkali. 
Hydrolysis gave xylose, arabinose, and glucose, in the ratio I r:trace: I. Starch appeared 
to be present judging by the blue colouration given by the polysaccharide with iodine. 
Methylation of the degraded polysaccharide (308 mg) gave a derivative (192 mg 

TABLE II 
G.L.C. DATA ON PRODUCTS FROM METHYLATED, RESIDUAL XYLAN 

Methyl glycoside of Approx. molar proportion 

2,3,4-Tri-0-methylxylose 0.467,0.607 20 

z,3-Di-0-methylxylose 1.78, I.gg,2.23 160 
2,3,4,6-Tetra-0-methylglucose 1.00, r-54 3 
2,3,6-Tri-0-methylglucose 4.22,6.16 15 

“Retention times relative to methyl 2,3,4,6-tetra-0-methyl-p-D-&coside. 
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after being dried at 60~10.4 mm for 2 h), [a]~-38” (c 1.48, chloroform) (Found: 
OMe, 3&o%), which on hydrolysis (N sulphuric acid at 96” for 5 h) yielded 2,3,4,6- 

tetra-0-methylglucose (Rc I.OO), 2,3,4-tri-0-methylxylose (& o.g4), 2,3,6-tri-O- 
methylglucose (& 0.85), and 2,3-di-0-methylxylose (& 0.78) (solvent a). These 
identities were confirmed by g.1.c. (Table II). 

2,3-Di-0-methylxylose was obtained from a portion of the above hydrolysate 
(150 mg) by preparative paper chromatography in solvent a and had m.p. and mixed 

m-p- 77-79 O; the ccanilide” had m.p. 123-123.f. 

The quantities of the various mono-, di-, tri-, and oligo-saccharides recovered 

from the columns (including the contributions from overlapping fractions) are 
presented in Table III (Fractions I-VI and 137, and combined totals from the first 
and second columns). The flow-sheet (Table IV) gives details of the mild acid 
hydrolytic procedure. 

TABLE III 

SUGARS ISOLATED FROM PARTIALLY HYDROLYSED WUtSO?k7 POLYSACCHARIDE 

Sugar 

WeigJzt recovered (mg) Total weigJlt 

Fractions I+ VI Fractions 1+7 recovered (mgl 

D-Xylose 

L-Arabinose 
D-Galactose 
3-0-a-D-Galactopyranosyl-L-arabinose 
Xylobiose 
0-a-D-Galactopyranosyl-(1-+3)-O-ce-~- 

arabinofuranosyl-(r+z)-L-arabinose 

Xylotriose 

Xyloseoligomers 

39 68 
4699 330 

618 100 

5559 422 
30 92 

2615 332 
- 246 

632 114 

107 
5029 

718 
5981 
I22 

2947 
246 
114 

Methylation and hydrolysis of Watsonia corm-sac polysaccharide 

Although methylation of the polysaccharide proved difficult when an aqueous 
solution (necessarily very dilute) was treated by the Haworth method20, and then by 
the Kuhn procedures (silver oxide and methyl iodide in N,Ndimethylformamide21, 
and barium oxide and methyl iodide in dimethyl sulphoxide2e), success was attained 
as follows. Watsonia polysaccharide fraction A (30 g) was homogenised with N sodium 
hydroxide (200 ml) at 4O, methylated (for the first 8 h at o” in an atmosphere of 
nitrogen, and then during IO days at room temperature and 4 days at 35”) with 
dimethyl sulphate (700 ml) and sodium hydroxide (350 g), and dialysed against running 
water until free of inorganic ions. Evaporation of the solution yielded a clear amber- 

coloured glass (25 g), [a]D -80” (c 1.4, chloroform) (Found: OMe, 36.8; sulphated 
ash, 1.4%)_ A solution of this partially methylated material (12.5 g) in equal volumes 
of dry NJ-dimethylformamide and chloroform was allowed to evaporate until 

most of the chloroform had been removed. Silver oxide (50 g) and methyl iodide 
(IOO ml) were added, and the mixture was stirred vigorously for two weeks. The glassy 
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TABLE IV 

$07 

PARTIAL ACID HYDROLYSIS OF Wc?fSOniG POLYSACCHARlDE 

Wafsonia uolysaccharide 

i 

fr&tiOn A (30 g), [a]D -80” 

prkipitate I. (5.251 g), [a]D -59” 

charcoal/CeIite 
column chromatography 

~krxo~s I+VL (Table III) 

precipitafe 2. (2.404 g), [a]D -53” +sF’P 2. (2.323 Et), b]D +3z0 

preCipitare 3. (1.036 g), [&I -39” 

! 
precipizafe 4. (670 II@, [a]D -42” 

I methylation and 
hydrolysis 

METHYLATED SUGARS (Table II) 

is~w~ I. (21.7 g), [a]D 1-83” 

+syfup 3. (I.10 g), [a]D -8” 

+Syrup 4. (202 mg), [a]D -17” 

i-syrup 2 

+sYmP 3 

tfraction VI 
then charcoal/Celite 
column chromatography 

=+ 
FRACTIONS r--t7 (Table III) 

product (12.6 g), obtained by filtration and evaporation, followed by repeated 

extractions with chloroform and evaporation (to remove as much silver iodide- 
NJV-dimethylformamide complex as possible), was taken up in chloroform (50 ml) 
and extracted three times with 5% aqueous potassium cyanide. The methylated 
material (7.85 g) obtained from the dried chloroform extract had [a]n-84” (~0.74, 
chloroform) (Found: OMe, 37.1; sulphated ash, zero %). Further methylations in 
boiling methyl iodide (IOO ml) in the presence of silver oxide (20 g), until methoxyl 
and ash contents remained unchanged, gave methylated Wafsonia polysaccharide 
as a clear glass (6.3 g), [&I -86” (c 4.15, chloroform) (Found: OMe, 37_5%). Addition 
of light petroleum (b.p. 60-80”) to a concentration of 90% did not precipitate the 

product from chloroform solution. The i-r. spectrum revealed no ester groupings, 
and showed methylation to be essentially complete. 
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The methylated polysaccharide (5 g) in a mixture of N sulphuric acid (135 ml) 
and 98% formic acid (15 ml) was hydrolysed for 5 h at g6”, neutralised with barium 

carbonate, and filtered. The filtrate was treated with Amberlite IR-120 @I+ form) 
and Duolite A4 (OH- form) to remove barium formate. (Paper chromatography of 
the filtrate had revealed no methylated uranic acid). Concentration of the solution of 
methylated monosaccharides (at 600/2 cm to constant weight) yielded a syrup (4 g) 
which was added to a cellulose column (98 x 4.5 cm), and eluted with water-saturated 
mixtures of light petroleum (b-p. 1oo-12o~) and butan-r-01, with stepwise increase 
in the butan-I-01 concentration, the final eluant being butan-r-01 saturated with 
water. The following thirteen fractions were obtained: 

Fraction i. A syrup (635 mg, eluted with light petroleum-butanol, 7:2), [a]~ -35” 
(c 1.2), RG 0.95 (solvent a) (Found: OMe, 46.9. CsHleOa talc.: OMe, 48.4%), which 
was chromatographically homogeneous. Demethylation with 48 c/o hydrobromic 
acids3 gave arabinose and a series of arabinose methyl ethers, which were identified 
by paper chromatography against standards. The derived lactone had [X]D -5g” 
(c o .75), and the derived amide had m.p. 134.6” and mixed m-p. 13-f (with 
2,3,5-tri-@methyl-L-arabinonamide). 

Fraction ii. A syrup (169 mg, eluted with light petroleum-butanol, 7:3) which 
gave two spots on chromatography, one (a) identical with fraction i, and the other (b) 
with fraction iii. G.1.c. showed the approximate molar ratio of a:6 to be 2:x. 

Fraction iii. A chromatographically homogeneous syrup (397 mg, eluted with 
light petroleum-butanol, 7:4), [Q]D+ 107’ (c 3.32), & 0.87 (solvent a)_ Demethylation 
and paper chromatography gave a series of galactose methyl ethers and gaIactose. 
The derived “anilide” had m.p. rg6-197” and mixed m.p. rg7O (with 2,3,4,6-tetra-0- 
methyl-N-phenyl-D-galactosylamine). 

Fraction iv. A syrup (312 mg, eluted with Iight petroleum-butanol, 7:5), 
[a]u -57’ (c 1.12), A4, 0.72, RG 0.81 (solvent a) (Found: OMe, 34.1. C7Hr4Os talc.: 
OMe 34.8 Oh). Demethylation gave 3- and 5-0-methylarabinose, and arabinose. 
The derived lactone, after recrystallisation from ethyl acetate, had m.p. 73” (ht. 
values for 3,5-di-O-methylarabinonolactone: 75”““, 73O*s, 78”26)_ On paper chromato- 
graphy, the lactone had RF 0.78 and 0.88 in solvents a andf, respectiveIy. The derived 
amide had m.p. 145”, [KID + 15" (c 0.93). 

Fraction v. A syrup (339 mg, eluted with light petroleum-butanol, 7:5) which, 
on paper chromatography and electrophoresis, gave two spots identical (a) with 
fraction iv, and (b) with fraction vi. G.1.c. showed the molar ratio of a:b to be 
approximately I:2. 

Fraction vi. A syrup (192 mg, eluted with light petroleum-butanol, 7:5), 
[&I -43” (c 0.6), M, 0.05, RG 0.84 (solvent a), which gave 2-and 5-0-methylarabinose, 
and arabinose, on demethyIation. The derived acid amide had m.p. 131.6-132.3~ 
(ht. values for 2,5-di-0-methyl-r_-arabinonamide: 13 1~27, 13 1-132~28). 

Fraction vii. A syrup (14 m g, eluted with light petroleum-butanol, 7:7) which 
showed two spots on chromatography, in equal quantities and identical with 
fractions vi and viii. 
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Notes 

A polysaccharide found on the seed boxes of VLWsonia versveldii 

Subsequent to our study of the structure of a polysaccharide found in the 
corm sacs of Watsonia pyranzidafa (Andr.) Stapf.l>e, we have investigated a polysac- 
charide exuded from the seed boxes of Watsonia versveldii. Described here are the 
results of experiments designed to reveal any similarities in the structures of the 
two polysaccharides, whose functions in the plant are manifestly different. 

It would appear that the polysaccharides from Watsonia versveidii and Watsonia 
pyranzidata show marked similarities in structure; the backbone of /?-(I +&linked 
D-xylose residues is common to each, as is the presence of 3-0-cr-D-galactopyranosyl- 
L-arabinose as a component of the side chains. In the present study, the structure 
of the latter disaccharide is substantiated by the methylation data, although the 
possibility of a #3-D glycosidic linkage is not ruled out. The short side-chains have 
residues of D-galactopyranose and L-arabinofuranose as non-reducing end-groups. 
The absence of 0-a-D-galactopyranosyl-( 1+3)-0-L-arabinofuranosyl-( I +2)-L-arabi- 
nose from the products of partial hydrolysis by acid of the Watsonia versveldiiexudate, 
coupled with the virtual absence of 3,5-di-0-methylarabinose after hydrolysis of the 
methylated polysaccharide, is, however, a major point of difference. 

Under the hydrolytic conditions used, no biouronic acids were detected, so 
that the exact mode of combination of the uranic acid with the rest of the molecule 
remains obscure; methylation studies do show, however, that it occurs as a non- 
reducing end-group. Apparently, the extent of substitution of the D-xylose backbone 
by side-chains is less in the Warsonia versceldii exudate than in the Watsonia pyra- 

midata polysaccharide. The presence of a significant proportion of a uranic acid 
is consistent with this material’s being of the same general type (D-xylose residues in 
chains with short branches that may contain residues of L-arabinose, o-xylose, and 
D-glucuronic acid) as that exuded from certain other plants which are widely scat- 
tered through the plant kingdoma. Some resemblance is to be seen, for example, to 
gums of plants in the orders Ebenales (Sapota aclzras) and Bromeliales (Puya c/zilensis), 

as well as Liliales. 

EXPERIMENTAL 

Getzeral experinzerztal conditions 

Paper chromatography was carried out on Whatman No. I paper with the 
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following solvent systems (all v/v): (a) butan-I-okthanol-water (4:1:5, upper 
layer), (b) ethyl acetate-acetic acid-formic acid-water (18:3:1:41, (c) ethyl acetate- 
pyridine-water (10:4:3). Retention times3 (T values) were measured relative to that 
of methyl 2,3,4,6-tetra-O-methyl-#?-D-glucoside on a d-foot column of ethylene 
glycol succinate (14% on So-100 mesh Gas Chromosorb W)4 at 15$‘, using a 
flame-ionisation detector. 

Purification of Watsonis versveldii polysaccharide 

The polysaccharide (air-dried, 700 mg; collected at the Kirstenbosch Botanical 
Gardens, Cape Town, in December 1963) was dissolved in water (20 ml) and 
recovered, as a tie, white precipitate, by the addition of three volumes of ethanol. 
The product was reprecipitated with ethanol, washed with ethanol and ether, and 
dried (for 2 h at 76”/1 mm), to afford a white powder (500 mg), [a]2 -105” (c o-91, 
water), equiv. wt 2,050. Prior to measurement of equivalent weight, the precipitated 
gum was freed from any residual cations, by passage through Amberlite IR-120 
(H* form), and freeze-dried. 

Total hydrolysis (N sulphuric acid for 6 h at 96”) of a portion of this powder, 
with paper chromatography of the hydrolysate, indicated that the polysaccharide 
was composed of residues of arabinose, galactose, uranic acid, and xylose, in the 
approximate ratio 3:1:2:2. Neutral sugars were determined (in molar proportions) 
by the phenol-sulphuric acid assay; the uranic acid was estimated visually. 

Partial hydrolysis of the polysaccharide by acid 

The ethanol-precipitated material (50 mg) was hydrolysed in 0.01~ sulphuric 
acid for a total of 24 h at g6”, samples being removed from the reaction mixture 

TABLE I 
G.L.C. ANALYSIS OF PRODUCTS FROM METHANOLYSIS OF THE METHYLATED POLYSACCHARIDE 

Methyl gIycosides of 

2,3,4-Tri-0-methylxylose 
2,3,5-Tri-0-methylarabinose 
3,5-Di-0:methylarabinose 
2,5-Di-0-methylarabinose 
2,3-Di-0-methylxylose 
2,3,4,6-Tetra-0-methyIgalactose 
2,3,4-Tri-0-methylglucuronic acid 
2,3,6-Tri-0-methylgalactose 

2- 0-Methylxylose 
3-0-Methylxylose 

Ta 

0.46 
o-59, o-78 
1.26, 3.26 
2.36, 4.74 
1.81, 2.05 

2.05 
2.84, 3.84 
3.84, 4.74 

6.26 I 
5.40 

Approximate molar proportionb 

trace 
16 

2 

1s 
3-5 
7 

17 
5.5 

10 

“Retention time relative to that of methyl 2,3,4,6-tetra-0-methyl-/3-D-glucoside. 
bXylose is present to the extent of ca. IO molar proportions. 

at I, 2,4, and 6 h. The following saccharides were identified against standards by 
pape? chromatography in solvents a, b, and c: (i) 3-O-a-D-galactopyranosyl- 
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L-arabinose, steadily increasing from I to 24 h, (ii) galactose, increasing from 2 to 
24 h, (iii) arabinose, increasing from I to 24 h, (iu) what appeared to be the same 
series of xylose oligomers as was reported for the corm-sac polysaccharide of Watsonia 
pyramidata2; these oligomers were released only on hydrolysis for 24 h. 

Methylation of the polysaccharide 
The polysaccharide (326 mg) was methylated by the procedures of Haworth5, 

Kuhn6, and Purdie7 to yield a clear, yellow glass (197 mg) (Found: OMe, 34.9%). 
The methoxyl content was not increased by repetition of the Purdie method. 
Methanolysis of the methyIated polysaccharide (in 4% methanolic hydrogen chloride 
for 16 h at 100” in a sealed tube) and subsequent, qualitative and semi-quantitative*, 
gas-Iiquid chromatography of the methanolysate afforded the results shown in 
Table I. These results were substantiated by paper chromatography, each of the 
components and unmethylated xylose being identified against standards in solvent a. 
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Separations of Sugars on “Chromagrams” 

Recently, “Chromagram” sheets for thin-layer chromatography have become 
available commercially (Messrs. Kodak Ltd., Kirkby, Liverpool). We have examined 
the polycarbonate and silica-gel forms of these, and have obtained very rapid, 
good separations of many sugars, without the tedium of plate preparation. The 
uniformity of coating allows reproducible RF values to be obtained without difficulty; 
moreover, the solvent front runs evenly, and the absence of “edge-effect” facilitates 
comparison of RF values of unknown sugars with those of standards on the same 
chromagram. 

EXPERIMENTAL 

Chromagrams were developed by the ascending technique in a small tank 
(Shandon, for thin-layer chromatography) lined with filter sheet to assist vapour- 
phase equilibration. 

The polycarbonate coating was pre-treated by immersion in phosphate buffer 
(o.~M, pH 6.8). After the cbromagram had been air-dried, 0.5 ,~l of a 5% aqueous 
solution of sample was applied. The solvent system, propan-I-o&ethyl acetate-water 
(10:3:1), recommended by Messrs. Kodak, Harrow Division, was used; development 
for 5 h was required. The chromagrams were sprayed with (a) saturated ethanolic 
aniline oxalate (followed by heating in an oven at 140~ for 2-3 min), to detect 
reducing sugars, or (b) an aqueous solution of periodate and alkaline permanganatel 
to detect sugar alcohols. Table I gives the RF values obtained. 

TABLE I 

RF VALUES OF SOME SUGARS ON POLYCARBONATE (0.2M PHOSPHATE BUFFER, pH 6.8) CHROMAGRAMS 

USING PROPAN-I-OL-ETHYL ACETATJX-WATER (10:3X) 

D-Galactose 
D-Mannose 
D-Glucose 
I_-Rhamnose 
r-Fucose 
D-Glucuronic acid 
D-Galacturonic acid 
D-Fructose 

0.13 D-Xylose 0.44 
0.31 D-Ribose o-49 
0.18 I_-Arabinose 0.29 
0.58 Maltose 0.10 
o-49 Lactose 0.05 
0.03 D-Arabinitol o-37 
0.03 Erythritol 0.48 
0.28 
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The behaviour of some sugars on the silica-gel chromagrams, pre-treated 
with 0.1 N boric acid, was examined in two different solvent-systems2: solvent I, 
butan-I-ol-acetcne-water (431); solvent 2, butanone-acetic acid-water (3:1:r). 
For these solvents, development of IO cm required only I h. The chromagrams were 
sprayed with the same reagents as before. The RR values observed are given in 
Table II. 

TABLE II 

Rp VALUES OF SOME SUGARS ON SILICA-GEL (OJN BORIC ACID) CHROMAGRAhfS 

Sohen Ia Solvent 2" 

D-Galactose 0.32 0.36 
D-Mannose 0.43 0.46 
D-Glucose 0.41 0.41 
L-Rhamnose 0.6r 0.58 
L-Fucose 0.50 0.48 
D-Glucuronic acid 0.05 o-34 
D-Galacturonic acid 0.06 0.42 
o-Fructose 0.31 o-43 
D-Xylose o-47 o-54 
D-Ribose 0.45 0.57 
L-Arabinose 0.43 0.48 

Maltose 0.29 0.30 
Lactose 0.20 0.25 
Galactitol 0.14 o-43 

D-Arabinitol 0.28 o-47 
Erythritol o-44 0.52 
Glycerol 0.49 0.56 

“Solvent I: Butan-I-al-acetdne-water (4:5x). Solvent 2: Butanone-acetic acid-water (3x:x). 

The speed and ease with which good separations of sugars can be achieved, 
especially on the silica-gel chromagrams, make these analytical aids attractive to 
the carbohydrate investigator. 

ACKNOWLEDGEMENT 

We are Bateful 
“Chromagram” sheet. 

to Messrs. Kodak Ltd. for gifts of the different forms of 

Department of Chemistry, 
The University, 
Edinburgh, p (Great Britain) 

D. M. W. ANDERSON 

J. F. STODDART 

REFERENCES 

I R. U. LEMIEUX AND H-F. BAUER, Anal. Cltem., 26 (1954) gzo. 
2 V. PREY, H. BERBALK. AND M. Ibusz, Mikrochim. Acta, (1961) 968. 

(Received September rst, 1965) 

Carbohy&&e Res., I (1966) 417-418 



CARBOHYDRATE RESEARCH 419 

Preliminary communication 

Asymmetrischer Galaktosyltransfer auf Glycerin 
mit B-Galaktosidase aus E. co/i 

Es ist bekannt, dal3 disaccharidspaltende Enzyme such transferierende Eigen- 
schaften besitzenl. Als Acceptoren kommen ganz allgemein niedermolekulare 
Verbindungen mit alkoholischer Funktion in Frage. Werden Monosaccharide als 
Acceptoren verwendet, erhalt man auf Grund der sterisch verschiedenen Anordnung 
der Hydroxylgruppen verschieden verkniipfte Disaccharide in unterschiedlichen 
Ausbeuten2. 

Die Ubertragung eines /CD-Galaktosylrestes auf Glycerin, das symmetrisch 
gebaut ist, erfolgt bei r,r-Verkniipfung unter Bildung eines neuen Asymmetriezen- 
trums. Es wurde nun festgestellt, da13 von den drei MSglichkeiten des Transfers 
eines P-D-Galaktosylrestes auf Glycerin, n$imlich I-0-/I-D-Galaktosyl-D-glycerin, 
I-0-j3-D-Galaktosyl-L-glycerin, und 2-0-@-D-Galaktosylglycerin, fast ausschliefllich 
das I-0-/I-D-Galaktosyl-D-glycerin gebildet wird. 

Dieser Befund entspricht der asymmetrischen Synthese des I-L-Glycero- 
phosphates bei der enzymatischen Phosphorylierung mit Glycerokinase3. 

Es ist anzunehmen, da13 es sich bei der asymmetrischen Reaktion des Glycerins 
urn einen weiteren Fall von unterschiedlichem Verhalten zweier identischer Atom- 

X 

gruppen x in einem Molekiil der Formel y-6-z handelt, wenn dieses Molekiil mit 

einem asymmetrischen Reaktionszentrum eines Enzyms diastereomere Ubergangs- 
zustgnde verschiedenen Energieniveaus bilden kann4.s. 

Eine Losung von 200 mg Glycerin und to-30 mg &Galaktosid (o-Nitrophenyl- 
/?-D-galaktosid, Phenyl-/?-n-galaktosid, Lactose) in 2 ml M/I~ Natrium-Kalium- 

Phosphat-Puffer (pH 6,8) wird mit O,OI-o,o5 ml Enzymliisung (250 ooo Einheiten/ml)6 
inkubiert. Der Reaktionsliisung werden nach verschiedenen Zeiten 0,x-0,2 ml 
entnommen, das Protein durch Aufkochen denaturiert und die Probe zur Trockene 
eingedampft. Die gaschromatographische Analyse der trimethylsilylierten7 Proben 
ergeben neben den Hydrolyseprodukten des Galaktosids stets ein Haupt-transfer- 
produkt (85 %) und ein Nebenprodukt (15%). 

Zur Identifizierung des Haupt-transferproduktes wird der Galaktosyltransfer 
n-rit l4C-Glycerin als Acceptor durchgefiihrt. Die gesamten, papierchromatographisch 
[Whatman Nr. I, I-Butanol-Propions&rre-Wasser (142:71: 100, v/v/v)] von den 
Hydrolyseprodukten abgetrennten Transferprodukte werden mit authentischem 
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I-O-/?-D-Gdaktosyl-D-glycerin cokristallisiert. Es zeigt sich, da13 85 % der gesamten 
%Z-Aktivitat in das I-O-B-D-Galaktosyl-D-glycerin aufgenommen wird. Das 
Verhgltnis 14C-Aktivitat zu mg Substanz bleibt nach mehrmaligem Umkristal- 

lisieren aus Athanol konstant. 
Das I-O-p-D-Galaktosyl-D-glycerin konnte von uns auf einfache Weise durch 

enzymatischen Galaktosyltransfer mit p-Galaktosidase auf z&O-Isopropyliden-D- 

glycerins und Abspaltung der Isopropylidengruppe mit verdiinnter EssigsZure in 

42 %iger Ausbeute erhalten werden. Schmelzpunkt, Drehwert und IR-Spektrum 

sind mit den Literaturdaten identischs. 
Das zweite Transferprodukt konnte nach Trimethylsilylierung gaschromato- 

graphisch von 2-0-/3-D-Galaktosylglycerin nicht unterschieden werden. Eine 
eindeutige Identifizierung des Nebenproduktes sol1 noch nach der Isotopenver- 
diinnungsmethode vorgenommen werden. Mit dieser Methode sol1 ebenfalls- noch 

gepriift_werden, ‘ob bei der Transferreaktion nicht doch eine Spur des I-O-B-D- 
Galaktosyl-L-gIycerins gebildet wird. 

Vor kurzem wnrde festgestellt, dal3 Galaktosylglycerin, wie es beim Transfer 

auf Glycerin entsteht, die Synthese der Enzyme des Lac-Operons bei E. coli noch 
in einer Verdtinnung von IO-~ - 10-8~ induziertls. Dieses Syntheseprodukt ist 
auf Grund der beschriebenen Versuche I-0-p-D-Galaktosyl-D-glycerin. 

Ftir eine Probe 2-0-/3-o-Galaktosylglycerin danken wir Herrn Dr. J. G. Bu- 

chanan. 

Chenzisches Laboratorium der Unizer.sitr?t, 

Freiburg i_Br. (Deutschland) 

W. Boos 
J. LEHMANN 

K. WALLENFELS 
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REACTION OF GLYCOSYLAMINES WITH ETHYL ACETOACETATE 

A. G&m SANCHEZ AND J. VELASCO DEL Pmo 

Cdtedra de Quimica Orgcfnica, Universidad de SeviUa, and Institute de Q&mica “Aionso Barba”, 
C. S. L C., SevilIe (Spain) 

(Received August Ioth, 1965) 

INTRODUCTION 

Previous work-l has shown that glycosylamines and their N-alkyl and N-aryl 
derivatives react with &dicarbonyl compounds (q-pentinedione, ethyl acetoacetate) 
to give substituted (tetrahydroxybutyl)pyrroles, for example, compound (II) from 
/3-D-giucopyranosylamine (I)_ The yields of pyrroles parallel the facility of the parent 

OH 
H 

1 
(R=Me, OEtl 

II 

Me 

)=cq 
G-N 

‘H 
o//‘-R 

(G=glycosyl group; 
R=Me, OEt) 

m 

glycosylamines to undergo the Amadori rearrangement and, on this basis, it was 
postulated that the reaction proceeds stepwise, one of the steps involving an Amadori 
rearrangement. We have found now that when this reaction is carried out under mild 
conditions, N-glycosyl derivatives of cc&unsaturated #?-amino ketones or esters (III) 
are formed, and that these substances can be transformed into pyrroles similar to 
compound (II). This paper deals with the compounds of type (III) derived from 
aldohexosylamines and ethyl acetoacetate, and attempts to prepare similar compounds 
from D-fructosylamine and L-sorbosylamine. 

RESULTS AND DISCUSSION 

Ethyi 3-(aIdohexosylamino)crotonates (IV)-(VII) were obtained by allowing 
the corresponding aldohexosylamines to stand with a molar excess of ethyl aceto- 
acetate, in the presence of catalytic amounts of piperidine, in methanol at room tem- 
perature. Yields of pure products were low (31 yO of VII; 3-5 “/o of IV-VI) as a result 
of heavy losses during purification, probably because other isomeric forms were 
present. Compounds (VI) and (VII) were identical with the compounds obtained 
directly in the reactions of D-mannose and L-rhamnose with ethyl acetoacetate and 
ammoniasj3. 
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Compounds (IV)-(VII) have high optical rotations (negative in the case of 
the L-rhamnose derivative) suggestive of a anomeric configurations. They give 
positive Fehling’s and ferric chloride tests, presumably because of their hydrolysis 
to ethyl acetoacetate and the parent glycoses. Paper chromatography of analytically 

pure samples, using basic (butan-r-ol-ethanoi-water-ammonia, 40:10:49:1) or neutral 
(butan-r-ol-ethanol-water, 1o:1:2) solvents, is accompanied by partial hydrolysis, 
since spots appear corresponding to the parent giycoses and glycosyiamines, in addi- 
tion to those of the ethyl 3-(aldohexosylamino)crotonates (Table I). When chro- 
matography was effected with an acidic solvent (butan-I-o&acetic acid-water, 
4:1:5), only the spots corresponding to the parent glycoses were detected. Similar 
observations on simpler glycosylamines are found in the literaturea. 

TABLE I 

CHROMATOGRAPHIC MOBILITIES (RF)= OF ETHYL 3-(ALDOHEXOSYLAhfINO)CROTONATES AND THE PARENT 

ALDOHEXOS YLAhflNES AND ALDOHEXOSES 

Ethyl 3-(D-glucosylamino)crotonate (IV) 0.07,0.13,0.17, 0.70 
fl-D-Glucopyranosy~amine 0.08, 0.14, 0.18 
D-Glucose 0.18 
Ethyl 3-(D-galactosylamino)crotonate 0’) 0.12, 0.23, 0.73 
@-D-GaIactopyranosylamine 0.12, 0.23 
p-Galactose 0.23 
Ethyl 3-(n-mannosylamino)crotonate (VI) 0.07, 0.17, 0.21, 0.66 
/3-D-Mannopyranosylamine 0.07, 0.17, 0.21 

D-MBMOSe 0.21 

Ethyl 3-(r-rhamnosylamino)crotonate (VII) 0.16, 0.30, 0.67 
L-Rhamnosylamine 0.11, 0.16, 0.30 
r.-Rhamnose 0.30 

“On No. I Whatman paper using butan-I-ol-ethanol-water-ammonia (4o:io:4g:r) as solvent. 
RF measured at 20~. 

Hydrolysis of compounds (IV)-(VII) can be followed polarimetrically. The 
optical rotations of freshly prepared, aqueous solutions of these substances are of 
the same order as those obtained in anhydrous solvents and, on storage, decrease to 
constant values. Paper chromatography of these solutions showed the presence of 

the parent sugar and, in some cases, trace amounts of the corresponding glycosylamines 
and diglycosyiamines. Figure I shows the change of [a]n with time for ethyl 
3-(D-mannosylamino)crotonate (VI) in different media. 
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Further evidence of the formation of the free glycoses in the hydrolysis of 
ethyl 3-(aldohexosylamino)crotonates was obtained for the D-glucose derivative (IV). 
Hydrolysis of this substance with O.IN hydrochloric acid gave a syrup which when 
analyzed chromatographically and ionophoretically showed only the presence 

160. 

20- 

lo- 

O- 
in 2.5 N HCL 

-10’ 
20 40 60 80 100 120 140 160 180 200 

Time (h) 

Fig. I. Change of [$D with time for ethyl 3-(D-mannosylamino)crotonate in different media. 

of D-glucose. This syrup, on treatment with p-nitroaniline, gave crystalline 
N-p-nitrophenyl-/?-D-glucopyranosylamine. The hydrolysis of compound (VI) to 
D-mannose and di-D-mannosylamine has been previously reporteda. 

Treatment of compounds (IV)_0 with acetic anhydride in pyridine at o” 
gave tetra-U-acetyl derivatives in the cases of compounds o-(W), and a tri-O- 
acetyl derivative in the case of compound (VII). Catalytic (sodium ethoxide) deacetyla- 
tion of these derivatives regenerated the parent compounds @V)-(VII) and, in the 
hydrolysis of the tetra-acetate of compound (IV) with dilute formic acids, 2,3:4,6- 
tetra-U-acetyl-D-glucose was obtained. The hydrolysis of the acetyl derivative of 
compound (VI) to 2,3,4,6-tetra-0-acetyl-D-mannose has already been reporteds. 

The absorption spectra (Table II) of compounds (IV)--(VII) are very similar 
to those of ethyl 3-aminocrotonate and ethyl 3-(alkylamino)crotonate#-8. The 
ultraviolet spectra show single maxima at 278 rnp (Iog E 4.2-4.5). The infrared 
spectra of compounds o-(VII) and their. O-ace@ derivatives show the carbonyl 
bands at frequencies (169-1670 cm-l) lower than usual for c&-unsaturated esters. 
This shift is attributed to the intramolecular hydrogen bonds indicated in formulae 
(Iv)o, and to the contribution of ionic forms (VIII) to the ground state of 
these molecules. In addition, two bands appear in the double-bond region, a strong one 
at ca. 1600 cm-1 (1620 cm-1 in the spectra of the 0-acetyl derivatives in solution) 
and a second one at ca. 1500 cm-l. This set of bands seems to be characteristic of 
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a&unsaturated /?-amino esters 7~s. The spectra of the U-ace@ derivatives, either in 
the solid state or in solution, show weak bands at ca. 3280 cm-r (position independent 
of concentration) attributable to the intramolecularly-bonded NH group. 

Me 

I 

(G= glycosyl group) 
Tin 

When compounds (IV)-(VII) were heated with acetic acid and potassium acetate 
in methanol (a treatment that promotes the Amadori rearrangement of glycosyl- 
amine@, solutionsshowing reducing properties to the alkaline2,6-dichloroindophenol 
reagent (positive reaction of I-amino-r-deoxyketoses) and positive pyrrole-Ehrlich 
reactions were obtained. Crystalline ethyl a-methyl-+(D-arabino-tetrahydroxybutyl)- 
pyrrole-3-carboxylate (II) was obtained in this way from compounds (IV) and (VI). 
In the reactions with the D-galactose and L-rhamnose derivatives (V) and (VII), 
syrupy materials giving intense Ehrlich and polyol reactions, and having chromato- 
graphic properties similar to those of compound (II) were obtained. They contained, 
presumably, compounds (IX) and (X). The formation of these pyrroles can be 

Ix X i”,R &I,!4 
W-H.04 lR=H.OH) 

x! Ho 

rationalized by assuming the occurrence of an Amadori rearrangement of compounds 
(IV)-(VII) which would give intermediates (XI) (or their prototropic equivalents XIa), 
followed by internal aldol condensations. 

Treatment of compound (VI) with a carbonate-hydrogen carbonate buffer 
(pH g-5) produced a mixture of pyrroles in which ethyl 2-methylpyrrole-3-carboxylate 
and compound (II) were chromatographically detected. 

The reaction of ketohexosylamines with ethyl acetoacetate in methanol at 
room temperature proceeds readily to yield ethyl 2-methyl-5-(tetrahydroxybutyl)- 
pyrrole-3-carboxylates instead of N-ketohexosyl derivatives of type (III). Pyrrole (XV) 
was obtained from D-fructosylamine (XII), in accordance with a previous reportr”. 
In the reaction with L-sorbosylamine, a chromatographically pure, Ehrlich-positive 
syrup was obtained, which was presumably compound (XVII) because, on periodate 
oxidation, it gave 4-ethoxycarbonyl-g-methylpyrrole-2-carboxaldehyde (XVIII). 

The results obtained with ketohexosylamines can be explained by taking into 
account the readiness of these substances to undergo the Amadori rearrangementlo; 
the @-keto ester react+ with the rearrangement products (a-amino-a-deoxyaldo- 
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hexoses). D-Fructosylamine (XII) yields intermediates (XIII) and (XIV), and 
cyclization of the latter gives compound (XV) 11. An alternative explanation is 

that the reaction proceeds through the ethyl 3-(ketohexosylamino)crotonate (XVI), 
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which then undergoes the Amadori rearrangement very easily, also giving 
intermediate (XIV). 

FXPERIMENTAL 

Melting points are uncorrected. Concentrations and evaporations of solvents 
were carried out in uzcuo at temperatures not over 50”. Paper chromatography was 

carried out on Whatman No. I paper by the descending technique using (i) butan- 
I-ol-ethanol-water (LO:I:~) or (ii) butan-z-o&ethanol-water-ammonia (4o:ro:4g:1, 
organic phase). Spray reagents used were: (a) silver nitrate-sodium hydroxide12 for 
monosaccharides and polyhydroxylic compounds; (b) aniline hydrogen phthalatela 
for reducing sugars and compounds (rv)-(VII), and (c) chromatographic Ehrlich 
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reagentll for pyrrole derivatives. Paper ionophoresis was carried out on Whatman 
paper No. 3 in 0.2~ borate buffer (pfl IO), or, for amino sugars, 0.2~ acetate 
buffer (pH 5.0), using the technique and apparatus described by FosterrJ. Thin-layer 
chromatography was performed on silica gel (G, Merck), and detection was effected 
with a mixture of sulfuric acid-water (I: I) or, in the case of pyrrole compounds, with 
reagent (c). The U.V. spectra were obtained with a Beckman DU spectrophotometer, 
and the i.r. spectra with a Beckman IR-5A instrument. 

Preparation of glycosytamines 

/?-D-Ghicopyranosylamine was prepared according to Ling and Nanjils. After 
recrystallization from 95% methanol, it had m-p. 127--128O, [a]f!f +20.x0 (c I, water) 
[Iit.15, m.p. r28--Iago, [a]~~+20.3” (c I, water)]. 

/?-D-Galactopyranosylamine was obtained by dissolving the a-anomer (ammonia 

complex)r6 (20.0 g) in 3% ammonia (30 ml) and adding methanol saturated with 
ammonia (150 ml). After 48 h, the crystals of product were collected, washed with 
ethanol, and dried over calcium chloride. The product had m.p. 137-138” (dec.), 
[a]: i-62” (c 2, water) flit.lsJ7, m.p. 134-136”, [a]z+62.2” (c 2, water)]. 

B-D-MaMopyranosy~amine monohydrate, obtained according to the method 
of Isbell and Frushl7, and purified as indicated for /?-D-galactopyranosyiamine, 
had m.p. g2-g3”, [a];5 - 10.8” (c I, water) [Iit.r7, m-p. g3-g4O, [a]g - I I -6” (~2, water)]. 

L-Rhamnosylamine was prepared according to Lobry de Bruyn and van Leentls 
and, after recrystallization from methanol, it had m-p. I 14-116”, [a]2 t35.1” (c I, 
water) [lit-la, m.p. 116O, [a]D+38O (c I, water)]. 

r_-Sorbosylamine was prepared according to Heyns et aZ.lg, and, after 
recrystallization from methanol, had m-p. IX+121~ (Iit.19, m.p. I rg.5”). Ring sizes 
and anomeric configurations of r_-rhamnosylamine and L-sorbosylamine are not 
known. 

Syrupy materials obtained as follows were used as D-fructosylamine: (I) A 
suspension of D-fructose (20.0 g) in methanol ( IOO ml) was treated with dry ammonia 
at o” until the sugar had dissolved. After the solution had stood for 4 h at o”, the 
solvent and excess of ammonia were removed. A solution of the residual syrup in 
methanol (100 ml) was used in the reactions with ethyl acetoacetate. (2) D-Fructose 
(1.8 g) was dissolved in dry liquid ammonia (80 ml), with the exclusion of water. 
The solution was kept in an acetone-solid carbon dioxide bath for 45 min, and then 
allowed to attain room remperature. The resulting syrup was freed of ammonia by 
keeping it at I mm for 2 h. 

Ethyl 3-(D-gfucosyfamino)crotonate (IV) 

/?-D-Ghicopyranosyiamine (5.4 g, 0.03 mole) was suspended in a mixture of 

dry methanol (50 ml), ethyl acetoacetate (13.0 g, 0.1 mole) and piperidine (0.1 ml), 
and allowed to stand at room temperature for complete dissolution (ca. 15 days). 
Evaporation of solvent left a crystalline residue which was separated, and washed 
with ethanol and ether. This material was extracted with boiling ethyl acetate, 
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and the extract was kept at 0” for 24 h. The crude product (3.0 g, 34%, m.p. 134-137°) 

was collected and washed with ethanol. After several recrystallizations from ethyl 
acetate, pure product (0.4 g, 5%) was obtained; ni.p_ r&-148” (dec.), [a]1,9+95” 
(c I, ethanol). 

Anal. Calc. for CrsHsiN07: C, 49-5; H, 7.3; N, 4.8. Found: C, 49.8; H, 7.2; 
N, 5.0. 

Hydrolysis of ethyI 3-(D-ghKosyIamino)crotonate (IV) 
A solution of compound (IV) (2.0 g) in 0.1~ hydrochloric acid (100 ml) was 

allowed to stand at room temperature for 24 h. The reaction mixture was concentrated 
to ca. IO ml, and extracted with ether (2 x IO ml). The aqueous layer was evaporated 
to a syrup (1.4 g) which, when analyzed chromatographically [solvent (ii)] and 
ionophoretically (borate buffer, pH g), showed only the presence of D-glucose 
when sprayed with reagents (a) and (b). A part (0.5 g) of this syrup was treated 
with p-niti. aniline (0-g g) and cont. hydrochloric acid (0.05 ml) in boiling methanol 
(20 ml) for 15 min. Refrigeration of the reaction mixture gave N-p-nitrophenyl- 
/I-D-glucopyranosylamine dihydrate (0.4 g)sO, m-p. and mixed m.p. 186-188”. 

Ethyl 3-(2,3,4,6-tetra-0-acetyl-D-gIacopyranosy~amir~o)crotonate 
A solution of compound (IV) (0.5 g) in dry pyridine (1.5 ml) was treated with 

acetic anhydride (2 ml) at o” for 48 h. The mixture was poured into ice, and the crystal- 
line solid was collected and washed thoroughly with water. Recrystallization from 
propan-2-01 gave the product (0.4 g), m.p. 131-132°s [a]g-2O (c 0.5, ethanol). 
T.1.c. of this preparation (light petroleum-ether, 1:4) showed a single spot. 

Anal. Calc. for CsoHsgNOll: C, 52.3; H, 6.3; N, 3.1. Found: C, 52.4; H, 6.6; 
N, 3.0. 

A sample (1.0 g) of this tetra-acetyl derivative was deacetylated by treatment 
with 0.5 o/o ethanolic sodium ethoxide (3.5 ml) for 24 h. The mixture was neutralized 
with dil. hydrochloric acid and evaporated. The residual syrup was recrystallized 
from ethyl acetate, giving compound (IV) (0.4 g), m.p. 133-135”. After several 
recrystallizations from the same solvent, the product (0.1 g) had m.p. and mixed 
m.p. 145-147”. 

Hydrolysis of ethyl 3-(2,3,4,6-tetra-O-acety~-D-g~licopyranosy~amino)crotonate 
A suspension of the tetra-acetyl derivative (2.3 g) was treated for 7 h in boiling 

ethanol (25 ml) with 0.5% aqueous formic acid (go ml). The solid dissolved in the 
first few minutes. The ethanol was removed by evaporation, and the residual solution 
was extracted with chloroform (5 x IO ml). The combined extracts were washed 
succesively with 0.2~ hydrochloric acid, 5 o/o sodium hydrogen carbonate, 20% 
sodinm bisulfite, and water (IO ml of each), and dried (calcium chloride). The solvent 
was removed, and the residual syrup was dissolved in hot ethanol and refrigerated. 
Crystallization of 2,3,4,6-tetra-O-acetyl-D-glucose started after several days, and was 
completed by dropwise addition of dry ether and scratching. Recrystallization from 
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dry ether gave the product (0.25 g), m.p. and mixed m-p. 122-123~. Its i.r. spectrum 
was identical to that of an authentic specimen. 

Transformation of compound (IV) into ethyZ 2-methyl-q-(D-arabino-tetrahydro=cybutyl)- 
pyrrole-3-carboxylate (II) 

Compound (IV) (6.0 g, 0.02 mole) was treated in boiling methanol for 2 h 
with acetic acid (1.8 g, 0.03 mole) and potassium acetate (3.0 g, 0.03 mole). The 
resulting solution gave strongly positive reactions with the Ehrlich reagent in the cold, 
and with the Tilmans (2,6-dichloroindophenol-sodium hydroxide) reagentei. Paper 
chromatography in solvent (ii) showed the presence of substances with the 
following RF values: 0.06, 0.15 (D-glucose), 0.30, and 0.65 (pyrrole II), when sprayed 
with reagent (a), and 0.61 (pyrrole II), when sprayed with reagent (c). The reaction 
mixture was neutralized with N sodium hydroxide, and the solvents were removed 
by evaporation_ The residual syrup was dissolved in water (15 ml), and the solution 
extracted with ether (3 x IO ml) and then with ethyl acetate in a continuous extractor 
for 65 h. The ethyl acetate extract was dried (sodium sulfate), and evaporated to give 
compound (II) as a syrup which crystallized on treatment with ethyl acetate-ethanol 
(I:I). After recrystallization from the same mixture, the product (0.2 g) had m-p. 
141-142” undepressed when mixed with an authentic sample of compound (II)22. 
The i-r. spectra of the two compounds were identical. 

Chromatographic [solvent (ii)] and ionophoretic (acetate buffer, pH 5.0) tests 
for I-amino-r-deoxy-o-fructose in the aqueous solution from which compound (II) 
had been extracted gave a negative result. 

Ethyl 3-(D-galactosylamino)crotonate (V) 
A suspension of p-D-galactopyranosylamine (18.0 g, 0.1 mole) was treated for 

20 days at room temperature in methanol (200 ml) with ethyl acetoacetate (50.0 g, 
0.46 mole) and piperidine (0.1 ml). The reaction mixture was filtered to remove a 
small portion of undissolved material, and evaporated. The residual, crystalline mass 
was extracted with ether. From the filtered extract, the crude product (17.5 g, 60 o/b), 
m.p. 126r2g”, was obtained and, after several recrystallizations from ethanol, the 
product (V) (0.75 g, 2.5% was obtained, m-p. 159-160~ (dec.), [a]~+128~ (c o-g, 
ethanol). 

Anal. Calc. for CisHsiN07: C, 49.5; H, 7.3; N, 4.8. Found: C, 49.7; H, 7.0; 
N, 5.3. 

Ethyl 3-(2,3,4,6-tetra-0-acety~-D-ga~actopyranosy~amino)crotonate 
Compound (V) (0.5 g) was acetylated with acetic anhydride (2 ml) and pyridine 

(1.5 ml), as indicated for compound (IV). After recrystallization from ethanol-water 
(2:1), the product had m-p. IOO-IOIO, [a]g+28° (c I, ethanol).T.l.c. (light petroleum- 
ether, 1:4) of this preparation showed a single spot. 

Anal. Calc. for Cs~HsgNOl~: C, 52.3; H, 6.3; N, 3.1. Found: C, 52.4; H, 6.6; 
N, 3.1. 
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A sample (0.58 g) of the tetra-acetate, when deacetylated with sodium ethoxide 
in ethanol, yielded compound (V) which, after recrystallization from ethanol, had 
m-p. and mixed m.p. 16o-161~; yield, 0.17 g. 

Treatment of compound (V) with acetic acid and sodium acetate 
Compound (V) (50 mg, 0.15 mmole) was treated in boiling methanol (0.5 ml) 

with acetic acid (IS mg, 0.25 mmole) and potassium acetate (25 mg, 0.25 mmole), 
as indicated for compound (IV). Paper chromatography using solvent (ii) showed 
the presence of substances with the following RF values: 0.1 I, 0.22 (D-galactose), 
0.30, 0.42, 0.70, and 0.83 (trace), when sprayed with reagent (a), and 0.70 and 0.84 
(trace), when sprayed with reagent (c). The reaction mixture was diluted with water 
(2 ml), neutralized with N sodium hydroxide, and extracted successively with ether 
(3 x 2 ml) and ethyl acetate (15 x 2 ml). The combined extracts were dried (sodium 
sulfate) and evaporated to leave a syrup (8 mg) which, when examined chromato- 
graphically [solvent (ii)], showed only the presence of the compounds having RF 0.70 
and 0.84. The aqueous layer of the extraction still contained the compound having 
RF 0.70. 

Ethyl 3-(D-manno.syZamino)crotonate monohydrate (VI) 
8-D-Mannopyranosylamine monohydrate (9.8 g, 0.05 mole), suspended in dry 

methanol (IOO ml), was treated with ethyl acetoacetate (25.0 g, 0.2 mole) and 
piperidine (0.1 ml), as indicated above. The glycosylamine dissolved in ca. 12 h. 
The reaction mixture was stored for 5 days, when dimannosylaminel7 (3.5 g) was 
precipitated, m.p. and mixed m-p. (160_162O), [a]g--34O (c I, water), RF 0.07 in 
solvent (ii) pit.17, m-p. 157-158”, [a]: -36.8” (c 5, water)]. Evaporation of the filtrate 
afforded crude product (VI) (1.55 g, 16%), m.p. I77-r7g”. After several recrystalliza- 
tions from 95% ethanol, the product (0.5 g, 5 ‘$&) had m.p. 187-189” (dec.), 
[a]gfI530 (c 0.5, ethanpl). The m.p. with a sample (m.p. 188-189”) obtained 
directly from D-mannose, ethyl acetoacetate, and ammonia3, showed no depression. 

Anal. Calc. for CI~HZXNO~-HZO: C, 46.6; H, 7.5; N, 4.6. Found: C, 46.8; 

H, 7.7; N, 4.3. 

Ethyl 3-(2,3,4,6-tetra-O-acetyl-D-nlannopyra~~os~~ia~~i~~o)crotonate 
Compound (VI) (o-3 g) was acetylated with acetic anhydride (2 ml) and pyridine 

(1.5 ml), as indicated for compound (IV)_ After recrystallization from ethanol-water 
(2:1), the product (0.26 g) had m-p. r4g.5-r50°, [oL]~ o” (c 0.5, ethanol). T.1.c. (light 
petroleum-ether, 1:4) of this preparation showed a single spot. 

Anal. Calc. for CzoH2gNOll: C, 52.3; H, 6.3; N, 3.1. Found: C, 52.5; H, 6.0; 
N, 3.2. 

A sample (0.35 g) of this tetra-acetate was deacetylated with sodium ethoxide 
in ethanol, as indicated above, yielding compound (VI). After recrystallization from 
95% ethanol, the product (0.15 g) had m-p. and mixed m-p_ IQ-189” (dec.). 
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Transformation of compound ( VI) into ethyl.+methyl-q-(D-arabino-tetra/zydroxybzztyi)- 
pyrrole+carboxylate (II) 

Compound (VI) (2.5 g, 80 mmole) was treated in boiling methanol (25 ml), 
with acetic acid (o-75 g, 12 mmole) and potassium acetate (1.25 g, 12 mmole), as 
indicated above for compound (IV). Chromatographic analysis, using solvent system 
(i) and detection with reagents (a) and (c), showed the presence of compound (II) 
(RF 0.63). The reaction mixture was neutralized with N sodium hydroxide, and evapo- 
rated to a pale-yellow syrup which was dissolved in water (15 ml). This solution was 
extracted successively with ether (3 x TO ml) and with ethyl acetate (15 x 5 ml). The 
combined ethyl acetate extracts were dried (sodium sulfate) and evaporated_ The 
residual syrup crystallized on treatment with ethyl acetate-ethanol(I:~). After recryst- 
allization from water, the product (II)22 (0.15 g) had m.p. and mixed m-p. 14o-141”. 

Paper chromatography, using solvent (ii), of the aqueous solution, from 
which compound (II) had been extracted, showed the presence of compound (II), 
in addition to D-mannose and an unknown substance of RF o&_ Chromatographic 
and ionophoretic (acetate buffer, pH 5.0) tests for I-amino-r-deoxy-D-fructose 
were negative. 

Treatment of compound (VI) zoith carbonate-lzydrogen carbonate buffer (pH 9.5) 
A solution of compound (VI) (50 mg) in a sodium carbonate-sodium hydrogen 

carbonate buffer (pH g-5, 5 ml) was heated at 100’ for 30 min. The cooled reaction 
mixture, which gave a strong pyrrole-Ehrlich reaction, was brought to pH 6.5 by 
addition of Arnberlite lR-120 (H+ form). The resin was removed, and the filtrate 
concentrated in tiacuo (50-60” (bath)/20 mm) to a volume of ca. I ml, the distillate 
being collected in a cooled (ice-salt) receiver. Tests for 2-methyipyrrole in this distillate, 
as described previouslyll, gave a negative result. The distillation residue was diluted 
with water (5 ml), and extracted with ether (3 x 5 ml). T.1.c. (light petroleum-ether, 
I:I) of the extracts showed [reagent (c)] a red spot having the same mobility as 
ethyl 2-methylpyrrole-3-carboxylate 11. Paper chromatography in solvent (ii) of the 
aqueous layer showed the presence of a compound having the same mobility (RF 0.64) 
as that of compound (II). 

Ethyl 3-(L-rhamnosyIamino)crotonate monohydrate ( VZZ) 
A suspension of L-rhamnosylamine (14.0 g, 0.08 mole) was treated in methanol 

(I 80 ml) at room temperature with ethyl acetoacetate (44.6 g, 0.3 mole) and piperidine 
(0.1 ml). The glycosylamine dissolved in ca. 4 days and, shortly afterwards, the 
crystallization of compound (VII) began. After IO days, the product [8.0 g, 390/b, 
m-p. 187-193” (dec.)] was collected and washed with ethanol. After recrystallization 
from g5 oh ethanol, the product (7.2 g, 31 Oh) had m-p. 201-202O, [d1]hs -I 19”. The 
mixed m-p. with a sample (m-p. 203-204~) obtained directly from L-rhamnose, 
ethyl acetoacetate, and ammonias showed no depression. 

Anal. Calc. for ClzHzlNOs HsO: C, 49.0; H, 7-g; N, 4.8_ Found: C, 49.2; 
H, 8.0; N, 4.6. 

Carbo&&?fe Res., I (1966) 421-434 



432 ’ A. GhEZ SANCHEZ, J. VELASCO DEL PIN0 

Ethyl ~-(z,~,~-tri-O-acetyl-L-rhamnopyranosyIamino)crotonate 
Compound (VII) (0.1 g) was acetylated with acetic anhydride (0.75 ml) and 

pyridine (I ml), as indicated for compound (IV). After recrystallization from ethanol- 
water (2:1), the product (0.11 g) had m.p. 145-146”, [a]g+230 (c I, ethanol). 
TLC. (light petroleum-ether, 1:4) of this preparation showed a single spot. 

Anal. Calc. for ClsH27NOg: C, 53.9; H, 6.8; N, 3.5. Found: C, 54.0; H, 6.5; 
N, 3.4. 

A sample (1.6 g) of this tri-acetate was deacetyIated with sodium ethoxide in 
ethano1, as indicated previously. After recrystallization from g5 % ethanol, the product 
(VII) (0.85 g) had m-p. and mixed m.p. 19%2oo” (dec.). 

Treatment of cotnpound (VII) with acetic acid and potassium acetate 
A suspension of compound (VII) (1.45 g, 5 mmole) was treated in boiling 

methanoI (30 ml) with acetic acid (0.5 g, 8 mmole) and potassium acetate (0.6 g, 
6 mmole), as indicated for compound (IV). Chromatographic analysis in solvent 
system (ii), with reagents (a) and (c), showed the presence of a substance of RF o.g+ 
The reaction mixture was evaporated to a yellow syrup which was dissolved in water 
(7 mi). The soiution was neutralized with N sodium hydroxide, and extracted succes- 
sively with ether (4 x 5 ml) and ethyl acetate (20 x 5 ml). The combined ethyl acetate 
extracts were dried (sodium sulfate) and concentrated to a syrup (0.19 g). Paper 
chromatography in solvent (i) showed only the compound of RF o-g+ 

Reaction of D-fructosy~amine (XI.) with ethyl acetoacetate 
Ethyl acetoacetate (50.0 g, 0.38 mole) and piperidine (0.1 ml) were added to 

a methanolic solution (55 ml) of D-fructosylamine [ca. 9 g, 0.05 mole, obtained by 
method (I)]. The mixture was allowed to stand at room temperature_ After 4 days, 
t.1.c. (methanol-ether, I: I) showed the presence of ethyl 2-methyl-5-(D-arabiizo- 

tetrahydroxybutyl)pyrroIe-3-carboxylate (XV) (RF o-71), D-fructose (RF o-56)), and 
an unknown substance of RF 0.83. The last compound disappeared on longer 
standing. After 20 days, the solvent was removed, and the residue treated withether. 
Thecrystalline mass was separated and recrystallized from ethanol, yieiding com- 
pound (XV)23 (0.3 g), m.p. and mixed m.p. 141-142~. 

Experiments made with syrupy D-fructosylamine, obtained by method (2), 
gave the same result, compound (XV) being isolated in 3-5% yield. 

Reaction of L-sorbosylamine with ethyl acetoacetate 

A suspension of L-sorbosylamine (1.8 g, 0.01 mole) was treated in methanol 
at room temperature with ethyl acetoacetate (5.2 g, 0.04 mole) and piperidine 
(0.05 mole). The glycosyIamine dissoived during 12 days. Chromatographic analysis 
of the reaction mixture in solvent system (i) showed the presence of substances 
having RF 0.04, 0.14 (r_-sorbosylamine), and 0.67 when sprayed with reagent (c)_ 
Removal of solvent left a syrup which was dissolved in water (IO ml). This solution 
was extracted with ether (5 ml) and then with ethyl acetate (IO x 5 ml). The combined 
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ethyl acetate extracts were dried (sodium sulfate), and evaporated to a syrup (0.4 g) 
which, when examined chromatographically in solvent (i), showed only the compound 
having RF 0.67. A sample (0.1 g), dissolved in water, was treated at 0“ with an excess 
of sodium metaperiodate solution for 0.5 h. The oxidation mixture was extracted 
with ether (3 x IO ml), and the combined extracts were dried (sodium sulfate) and 
evaporated. The solid residue gave, on recrystallization from acetone-water, 
4-ethoxycarbonyl-5-methylpyrrole-2-carboxaldehyde~* (XVIII) (I I mg), m.p. and 
mixed m-p. 130-132°. 
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SUMhIARY 

The glycosylamines of the common aldohexoses react with ethyl acetoacetate 
in methanol at room temperature yielding the corresponding ethyl 3-(glycosylamino)- 
crotonates. The structures of these compounds are discussed on the basis of their 

chemical and spectroscopic properties. These substances can be transformed into 
ethyl ~-methyl-4-(polyhydroxyalkyl)pyrrole-3-carboxy!ates under conditions that 
promote the Amadori rearrangement of glycosylamines. 

The reaction of ketohexosylamines (D-fructosylamine, r_-sorbosyiamine) with 
ethyl acetoacetate proceeds to give ethyl z-methyl-5-(tetrahydroxybutyl)pyrrole- 
3-carboxylates. 
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LYSOZYME SUBSTRATES. SYNTHESIS OF p-NLTROPHENYL 
~-ACETAMIDO-~-O-(~-ACETAMIDO-~-DEOXY-~-D-GLUCOPYRANOSY- 
2- DEOXY-B-D-GLUCOPYRANOSIDE AND ITS /~-D-(X + 6) ISOMER* 

TOSHIAKI OSAWA 

School of Medicine, Tokyo Medical and Dental Unicersity, Tokyo (Japan) 

(Received August 16th. 1965) 

INTRODUCTION 

Detailed information is available1 on the amino acid sequence and physico- 
chemical properties of the enzyme lysozyme, obtained from egg-white. Relatively 
little is known, however, about the substrate specificity of lysozyme. It was shown 
by Salton et al.2 that the p-D-(1 + 4) glycosidic bonds between t-acetamido-3-O- 
(D-I-carboxyethyl)-2-deoxy-E-D-glucose (N-acetylmuramic acid) and 2-acetamido- 
2-deoxy-a-D-glucose units of the bacterial cell-wall mucopeptide are hydrolyzed 
by lysozyme. Berger et al.3 observed that lysozyme could degrade chitin, a 
/?-(I + 4)-linked 2-acetamido-2-deoxy-D-glucose polymer, but these investigators 
found that the enzyme does not catalyze the hydrolysis of phenyl 2-acetamido- 
2-deoxy-/I-D-glucopyranoside. More recently, Yamamoto er al.4 reported that 
phenyl 2-acetamido-3-0-(D-I-carboxyethyl)-2-deoxy-a-(and -@-D-glucopyranoside 
are not susceptible to the enzyme. Meanwhile, the p-IV-acetylglucosaminidase 
activity of lysozyme was further confirmed by the findings=6 that lysozyme can 
exert its hydrolytic action on 0-(2acetamido-z-deoxy-P-D-glucopyranosyl)-(I + 4)- 
0-(2-acetamido-2-deoxy-8-D-glucopyranosyl)-2-acet~do-2-deoxy-a-D-~ucopyranose 
(N,iV’,N”-triacetylchitotriose), which is the simplest lysozyme substrate to have 
been reported. The evidence summarized above seems to indicate that substrates 
for lysozyme must contain at least three saccharide units. Uncertainties remain 
regarding steric requirements in the structure of the terminal non-reducing residue, 
and in the mode of linkage between the latter and the sugar residue whose glycosidic 
bond undergoes attack. 

This paper describes the synthesis of p-nitrophenyl 2-acetamido-4-O-(2- 
acetamido-2-deoxy-8-D-glucopyranosyl)-2-deoxy-~-D-~ucop~anoside (V) and its 
b-D-(I + 6)-linked isomer (XI), and the reactions of these products with lysozyme. 
The results obtained are discussed in relation to the structure of a disaccharide 
isolated from the cell wall of Micrococcus Zysodeikticus by the action of lysozyme, 
and to the mechanism of resistance of certain bacteria to egg-white lysozyme. 

*This is publication X of a series dealing with nitrogen-containing sugars. 
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RESULTS 

Chitobiose 

T. OSAWA 

octaacetateT=s (II), prepared by acetolysis of purified chitin (I), 
was treated with acetic anhydride saturated with hydrochloric acid, and the resulting 
2-acetamido-4-O-(2-acetamido-3,4,6-tri-O-acetyl-2-deoxy-B-D-glucopyranosyl)-3,6-di- 
U-acetyl-2-deoxy-a-D-glucopyranosyl chloride (HI) was condensed in aqueous 
acetone with the sodium salt of p-nitrophenol, to give p-nitrophenyl 2-acetamido- 
4- 0-(2-acetamido-3,4,6-tti-O-acetyl-2-deoxy-8-~ucopyranosyl)-3,6-di - 0 - acetyl- 2 - 
deoxy-p-D-glucopyranoside (IV). This product was U-deacetylated in the presence 
of sodium methoxide to give the disaccharide glycoside (V) in an over-all yield of 
13% from II. 

II 

III 

IY 

Y 

R R R’ R R’ 

AC OAc H Yl H H 

AC Cl H YII 4C Tr 

AC H OC&NO,-p WI AC H 

H H OC,H,NO,-p 

The /?-D-(1 + 6)-linked isomer of V, p-nitrophenyl 2-acetamido-6-O-(2- 
acetamido-2-deoxy-B-D-glucopyranosyl)-2-deoxy-~-D-glucopyranoside (XI), was pre- 
pared by the Koenigs-Knorr reaction. p-Nitrophenyl 2-acetamido-2-deoxy-B_D- 
glucopyranosides (VI) was tritylated and acetylated to givep-nitrophenyl2-acetamido- 
3,4-di- 0-acetyl-a-deoxy-6-O-trityl-$-D-glucopyr anoside (VII). Detritylation of VII 
with hot 60% acetic acid gave p-nitrophenyl 2-acetamido-3,4-di-O-acetyl-a-deoxy- 
/?-D-glucopyranoside (VIII), in an over-all yield of 42% from VI. Condensation of 

CHsOAt FHsOR /OF% 

)-“-9 / )----\?C6H4 NOZ-p 

AHAC 
I I 

NHAc NHAc 

IX X R = AC 

XI Rx H 

VIII with 2-acetamido-3,4,6-tri--acetyl-2-deoxy-a-D-glucopyranosyl bromide10 (IX) 
in the presence of mercuric cyanide, in a mixture of chloroform and nitromethane, 
gave p-nitrophenyl 2-acetamido-6-O-(2-acetamido-3,4,6-tri-O-acetyl-2-deoxy-8-D- 
glucopyranosyl)-3,4-di-U-acetyl-2-deoxy-8-D-glucopyranoside (X). The yield of 

Corbohy~rute Res., I (1966) 435-443 



LYSOZYME SUBSTRATES 437 

blocked disaccharide was low (2.4x), comparable with previously reported syntheses 
of other 2-amino-(2-amino-2-deoxyglucosyl)-2-deoxyglucose disaccharides 11-13. 
O-Deacetylation of X with sodium methoxide gave the desired disaccharide glyco- 
side (XI) in 63% yield. 

The lysozyme-catalyzed hydrolysis of V, VI, and XI was performed at 37” 
in a SOhItiOn Containing 0.001~ sugar, 5 mg/ml Of lySOZyme, and 0.04~ SOdiUIII 

citrate buffer at the optimum pH (5.1), with a drop of toluene to inhibit bacterial 
growth. The data are presented in Fig. I. Under these conditions, compound V was 
hydrolyzed slowly, and 2-acetamido-4-O-(2-acetamido-2-deoxy-B_D-glucopyranosyl)- 
a-deoxy-D-glucose (N,N’-diacetylchitobiose) was liberated, whereas both VI and XI 
were found to be not susceptible to the enzyme. 

50 
Time (i-11 

100 

Fig. I. The lysozyme-catalyzed hydrolysis of V (m). VI (A), and Xi (0). Experimental details are 
given in the text. 

EXPERlbIENTAL 

General 
Melting points were taken on a hot stage, equipped with a microscope, and 

are not corrected_ Specific rotations were determined in semi-micro polarimeter 
tubes having lengths of 2 dm or I dm, with a Zeiss polarimeter having a scale reading 
to 0.01~. The silicic acid used for chromatography was “Silica Gel Davison” (grade 
g5o 60-200 mesh), used without pretreatment. The eluents were used in the following 
sequence, individually or in binary mixtures: hexane, benzene or I,2-dichloroethane, 
ether, ethyl acetate, acetone, and methanol. Evaporations were performed in cacao 

at 35-40~ (bath temperature). Small amounts of volatile solvents (less than 20 ml) 

were evaporated under a stream of dry nitrogen. Microanalyses were performed by 
Misses Yamanouchi and Tzumizawa, Institute of Applied Microbiology, University 
of Tokyo. 
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Preparation of 2-acetarnido-4-0-(2-acetanlido-3,4,6-tri-O-acetyl-2-deoxy-~-D-giuco- 
pyranosyZ)-r,3,6-tri-O-acetyl-2-deoxy-~-D-gZucopyranose (Chitobiose octaacetate)7a8 

(11) 
Purtied chitin (I) was prepared from lobster shells according to the procedure 

of Barker et aP. To a cooled mixture of acetic anhydride (IOO ml) and cont. sulfuric 
acid (13 ml) was added I (20 g). The mixture was kept overnight at room temperature 
and then heated for 8 h at 55”. After being poured into a cooled solution of 
sodium acetate (80 g) in water (520 ml), the mixture was centrifuged, and 
the supernatant was extracted with chloroform (3 x 300 ml). The combined 
extracts were washed successively with water, cold saturated sodium bicarbonate 
solution, and water. Evaporation of the chloroform solution after drying over 
sodium sulfate gave a crystalline residue (14 g). It was dissolved in ethyl acetate 
and chromatographed on silica gel. A 4:’ mixture of ethyl acetate and acetone eluted 
5.4g of crystalline fractions, which, after two recrystallizations from methanol, 
gave white needles, yield 1.8 g (5.5%); m.p. 301-303” (dec.); [alLo f56” (c 0.52, 
acetic acid). [Zechmeister et al.7 reported m-p. 305”, [ac]n +55” (c 0.38, acetic acid)]. 

t-Acetamido-~-O-(~-aceta~~rido-~,~,6-tri-O-acetyl-~-deo_~y-~-D-gl~~copyrar~os~~~)-~,6-di- 
0-acetyl-2-deoxy-a-D-glucopyranosyl chloride (III) 

A solution of II (0.50 g), in glacial acetic acid (6 ml) saturated at o” with 
hydrochloric acid, was kept at room temperature for 48 h. After dilution with 
chloroform (50 ml), the solution was washed once with water, twice with an ice-cold 
saturated solution of sodium bicarbonate, and finally with water. The solution was 
dried over sodium sulfate, and the crystalline residue obtained after evaporation 
of the solvent was recrystallized from a mixture of ethyl acetate, chloroform, and 

pentane to give white needles, yield 0.32 g (66%); m.p. 2o8-2og” (dec.); [c$.,~ +41” 
(c 0.41, chloroform). 

Anal. Calc. for C2sHasClNsOrs:C, 47-74; H, 5.86; N, 4_28_ Found: C, 47-72: 

H, 5.72; N, 4.38. 

p-~itropJ~er~ylr-aceta~nido-~-O-(~-acetan~ido-~,~,6-tri-O-acetyl-~-deoxy-~-D-glucopy- 
ra?losyl)-3,6-di-O-acetyI-r-deoxy-B_D-gltrcopyranoside (IV) 

To a solution of III (289 mg) and p-nitrophenol (128 mg) in acetone (IO ml) 
was added 0.5~ sodium hydroxide (I.99 ml). The mixture was kept for 16 h at 5”. 
After evaporation of acetone, the separated crystals were collected, washed with 
ice-coid water until the washings were colorless, and dried to give white needles, 

yield IIO mg (33%); m.p. 245-246“ (dec.). 
Recrystallization from a mixture of methanol and chloroform raised the m-p. 

to ~256-257~ (dec.); [cc]k4 -41” (c 0.22, pyridine); 2::: 2.95 (NH), 5.78 (OAc), 
6.06, 6-49 (NHAc), 6.29, 6.70 (aryl C=C), 7.40 (NOz), 11.17 (&lucoside). 

Anal. Calc. for CssI&rNsOuj: 2, 50.86; H, 5.47; N, 5.57. Found: C, 50.54; 
H, 5.48: N, 5.60. 
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a-D-glucopyranosyl bromide10 (UC) in a mixture of dry chloroform (5 ml) and dry 
nitromethane (5 ml). The bromide IX was prepared in situ from 2-acetamido- 
1,3,4,6-tetra-O-acetyl-2-deoxy-p-D-glucopyranose (1.10 g)_ After 24 h at room 
temperature, the preceding quantities of mercuric cyanide and IX were again added, 
and the reaction was allowed to nroceed for an additional 24 h. The reaction mixture z--m 
was then diluted with chloroform, washed with saturated sodium bicarbonate 
solution, and water, and evaporated. The residue was dissolved in 1,2-dichloroethane 
and chromatographed on silica gel. The crystalline fractions eluted by ethyl acetate 
and a 4: I mixture of ethyl acetate and acetone were recrystallized from acetone-ether 
to give white needles, yield 43 mg (2.4%); m-p. 251-254~ (dec.). A further recrystal- 
lization from the same solvent raised the m.p. to 257-258” (dec.); [a]g -43” (c 0.21, 
chloroform); the infrared spectrum showed no substantial difference from that 
of IV: IF2 3.01 (NH), 5.80 (OAc), 6.06, 6.49 (NHAc), 6.30, 6.66 (aryl C=C), 
7.40 (NOs), I 1.17 (/?-glucoside). 

Anal. Calc. for Cs2I%NsOrs . HzO: C, 49.67; H, 5.60; N, 5.43. Found: C, 50.06, 
49.74; H, 5.43, 5-44; N, 5.46. 

The analyses were performed on samples from two separate preparations 
which had been dried at 70” in IMCUO for 24 h. 

p-Nitrophenyl z-acetamido-6-0-(2-a~eta~nido-z-deoxy-B_D-glucopyranosy~)-z-deo.~y-~- 

mglucopyranoside (XI) 

To a suspension of X (78 mg) in dry methanol (2.0 ml) was added N sodium 
methoxide at 40~. The mixture was shaken until solution was complete. After a 
further 5 min, precipitation of the 0-deacetylated product began, and the mixture 
was kept overnight at 5”. The solid was collected, the filtrate was evaporated, and 
the combined solids were recrystallized from aqueous methanol to give white needles, 
yield 35 mg (63%); m.p. 220-221~ (dec.), after softening at 210~; [a]&? -55” (c 0.20, 
70% methanol in water); the infrared spectrum showed no substantial difference 
from that of V: 2::: 3.00 (OH, NH), 6.10, 6.47 (NHAc), 6.28, 6.67 (aryl C=C), 
7.40 (NOs), 11.13 (#?-glucoside). The substance was pure by t.1.c. on silica gel with 
a 4:5:1 mixture of methanoi, acetic acid, and water as deveioping soivent, and 
p-anisaldehyde-sulfuric acid as detecting reagent; Rlactose 1.4. 

Anal. Calc. for C2sHsrNsOrs - 2HsO: C, 45.44; H, 6.07; N, 7.23. Found: 
C, 45.05; H, 6.05; N, 6.83. 

On being dried at 120~ in uacuo for 48 h, the substance lost 6.4% of its 
weight (talc. for dihydrate: 6.6%). 

Enzynric hydroiysis oj- if, XI, and VI 

Crystalline lysozyme was prepared from e$g-white according to the procedure 
of Fevold et a1.14. Samples of a 0.001 M solution of the sugar dexivative (1.0 ml) 
in o.o4hr sodium citrate buffer (pH 5. I), containing 5 mg of lysozyme, were incubated 
at 37”_ After an appropiate time, the reaction was terminated by addition of 2.0 ml 
of o.2hf borate buffer (pH 9.8) according to Woollen et a1.15. The chromophore 
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was measured at 400 mp and the amount of p-nitrophenol liberated by the enzyme 
was determined from the molar extinction coefficient (1.8 x 10-2) of the chromophore 
at this wavelength. 

The release of 2-acetamido-2-deoxy-D-glucose from V and XI during the 
hydrolysis was checked by the Morgan-Elson testI and was found to be zero in 
each case. 

The enzymic hydrolyzate of V was dialyzed thoroughly against distilled water 
and the dialyzate was concentrated. Descending paper chromatography of the 
residue, with Toyo Roshi No. 51 paper and a 5:5:1:3 mixture of ethyl acetate, pyri- 
dine, acetic acid, and water as solventl7, revealed the presence of a-acetamido+O-(z- 
acetamido-z-deoxy-p-D-glucopyranosyl)-2-deoxy-D-glucose (N,N’-diacetylchitobiose, 

RGiVae 0.71). 

DISCUSSION 

The structure z-acetamido-6-0-(z-acetamido-2-deoxy-B_D-3- 
0-(D-r-carboxyethyl)-2-deoxy-D-glucose (XIII) has been proposed”Js for a disac- 
charide isolated from the cell wall of Micrococcus iysodeikticus by the action of 
egg-white lysozyme. Recently, a crystalline fully acetylated methyl ester derivative 
of the disaccharide, from the natural source, was compared with synthetic 
z-acetamido-6-O-(~-acetamido-~,~,6-tri-U-acetyl-2-deoxy-~-D-glucopyranosyl)-I,~-di- 

0-acetyl-2-deoxy-3-0-[D-r-(methyl carboxylate)ethyl]-o-D-glucopyranose13. It was 
shown that the two compounds are not identical 19. The only possible structure of 
the natural disaccharide is thus 2-acetamido-4-O-(2-acetamido-z-deoxy-B_D-gluco- 
pyranosyl)-pO-(D-r-carboxyethyl)-2-deoxy-D-glucopyranose (XII). Although final 
proof of the structure of the disaccharide from bacterial cell-wall will have to await 
the unequivocal synthesis of XII, the data obtained from the action of lysozyme on V 
and XI provide further evidence for the structure XII, because they suggest that 
lysozyme exerts its hydrolytic action only on the substrate having an unsubstituted 
hydroxyl group at C-6 of the 2-acetamido-2-deoxy-D-glucose or N-acetylmuramic 
acid residue whose glycosidic bond is attacked. 

XII XIII 

It is well known that certain bacterial cell-walls are resistant to lysozyme. 
Brumfitt et aZ.20 have suggested that the presence of 0-acetyl groups in the cell 
wall renders the bacteria resistant to lysozyme. Recently, Ghuysen et aL21,22 isolated 
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from a lysozyme-resistant strain of Staphylococcus aureus an 0-acetylated disac- 
charide, namely z-acetamido-4-0-(2-acetamido-2-deoxy-B-D-glucopyranasyl)-6-0- 
acetyl-3-0~(D-I-carboxyethyl)-a-deoxy-D-glucose. Although the complete _ solution 
of the question of the mechanism of resistance to lysozyme in the bacterial cell-wall 
is obviously a very complicated task, the fact that XI is not susceptible to lysozyme 
is in line with the mechanism of resistance suggested by Brumfitt et al. The fact 
supports the theory that the acetoxy groups at C-6 of the N-acetylmuramic acid 
moieties contribute, at least in part, to the resistance of the cell wall to egg-white 
lysozyme. 

Substance V is the first synthetic compound which can be hydrolyzed appre- 
ciably by lysozyme. However, its hydrolysis is slow, and requires relatively massive 
proportions of enzyme. Current investigations on synthetic analogs may provide 
a compound more suitabIe for measurement of lysozyme activity. 

ACKNOWLEDGMENT 

The author thanks Prof. Y. Nakazawa for his interest in this work. 

SUMMARY 

In order to study the substrate specificities of egg-white lysozyme, p-nitrophenyl 
a-acetamido-4-0-(2-acetamido-2-deoxy-~-D-glucopyranosyl)-2-deoxy-~-D-glucop~an- 
oside cv) and p-nitropheny! 2-acetamido-6-0-(2-acetamido-2-deoxy-P-D-glucopyran- 
osyl)-a-deoxy-$-D-glucopyranoside (XI) were synthesized. Compound V was 
hydrolyzed by Iysozyme, even though its hydrolysis was slow and required relatively 
massive proportions of the enzyme. On the other hand, both XI and p-nitrophenyl 
a-acetamido-a-deoxy-P_D-glucopyranoside (VI) were found to be unaffected by the 
enzyme. These observations are discussed in relation to the structure of a disac- 
charide isolated from the cell wall of Micrococcus lysodeikticus by the action of 
lysozyme, and to the mechanism of resistance of ceitain bacteria to egg-white 
lysozyme. 
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SYNTHESIS 

The objective of this investigation was the synthesis of a 5-deoxy-6-thiohexose 
system. Such a structure, in which the pyranoid ring cannot be formed, should 
provide an interesting model for ring-closure reactions under conditions of thermo- 
dynamic or kinetic control. Possible ring-forms include the furanoid, the septanoid 
having sulfur in the ring, and the bicyclic [3:2:1 J, glycosan type of structure. The present 
report describes the use of the recently described Corey-Winter olefin synthesis3 
for preparation of 5,6-dideoxy-r,2-O-isopropylidene-x-D-xylo-hex-5-enofuranose (V) 
from 1,2-O-isopropylidene-a-D-glucofuranose (I). A 5-deoxy-6-thiohexose system 
was synthesized by the photocatalyzed addition of thiolacetic acid to the unsaturated 
sugar V, which gives 6-S-acetyl-5-deoxy-r,2-O-isopropylidene-6-thio-a-D-~3~Z~- 
hexofuranose (IV). 

1,2-O-Isopropylidene-a-D-glucofuranose (I) was treated with a slight excess 
of bis(imidazol-r-yl)thionea in refluxing acetone to give, in 850/O yield, a crystalline 
product formulated as r,2-O-isopropylidene-a-D-glucofuranose 5,6-thionocarbonate 
(II). The latter was characterized by elemental analysis, by physical data, and by 
conversion into the crystalline 3-p-phenylazobenzcate (III). The thionocarbonate IL 
was refluxed in trimethyl phosphite for 60 h to give, in 75 o/o yield, a product identified 
as 5,6-dideoxy-r,2-O-isopropylidene-a-D-xyZo-hex-5-enofuranose (V) by direct com- 
parison with an authentic sample which had been prepared” by treatment 
of 1,2-U-isopropylidene-5,6-di-O-p-tolylsulfonyl-a-~-glucofuranose~, with sodium 
iodide in acetone. In our hands, the overall yield, from I, of the unsaturated sugar V 
was 2-3 times as great by the route through the thionocarbonate II as by the route 
through the 5,6-di-p-toluenesulfonate of I. 

The 3-p-phenylazobenzoate (III) of the thionocarbonate II underwent conver- 
sion in boiling trimethyl phosphite into a crystalline product, isolated in 68 o/o yield, 
formulated as 5,6-dideoxy-r,2-O-isopropylidene-3-O-p-phenylazobenzoyl-a-D-xylo- 
hex-5-enofuranose (VI). The structure assigned to VI was supported by physical data, 
and verified by its identity with the compound prepared by p-phenylazobenzoylation 
of 5,6-dideoxy-I,2-O-isopropylidene-a-D-xylo-hex-5-enofuranose (V). 

The n.m.r. spectrum of 5,6-dideoxy-r,2-O-isopropylidene-a-D-xylo-hex-5- 
enofuranose (V) permits a straightforward analysiss, as shown in Figure I. The 

*For preIiminary communications, see refs. 1 and 2. 
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spectrum of the 3-P-phenylazobenzoate (VI) is similar, but the H-3 signal is observed 
at lower field, presumably due to deshielding by the acyl substituent, and there is 
no hydroxyl proton signal present. Crystallization of compound V was sometimes 
difficult, but the analytically pure oil obtained by distillation, in the preparation from 
II, gave an n.m.r_ spectrum essentialiy identical to that of the crystalline material. 

Fig. I. The n.m.r. spectrum of ~,6-dideoxy-I.z-O-isopropylidene-cr-D-xylo-hex-~-enofuranose (v) 
at 60 Mc.p.s. in deuteriochloroform. Numbers below the peaks give integrated peak intensities. 

The reaction of the unsaturated sugar V with thiolacetic acid, under illumina- 
tion, was followed by thin-layer chromatography_ It is known7 that thiolacetic acid 
readily undergoes addition to simple olefins, under illumination from a tungsten 
lamp, and that anti-Markownikoff addition takes place, presumably by a free-radical 
mechanism. Conversion of V was very slow under irradiation with visible light, 
but proceeded smoothly when a source* of ultraviolet light at 2537 A was used. 
The reaction mixture was processed when all of the starting material had been 
converted, and a crystalline adduct, formulated as 6-S-acetyl-g-deoxy-1,2-o- 
isopropylidene-6-thio-cc-D-q&r-hexofuranose (IV), was isolated in 54% yield. The 
structure of this product is firmly established by analytical and physical data, and is 
further supported by data on its 3-acetate. The infrared =pectrum of IV showed 
absorptions characteristic of the hydroxyl (2.95 p), S-acetyl carbonyla (5.95 ,u), 
and isopropylidene (7.26 ,u) groups; the 3-acetate showed an additional carbonyl 
absorption (5.80 p, 0-acetyl carbonyl) and no hydroxyl absorption. These data, 
together with the microanalytical data, show that IV is an adduct of V and thiolacetic 
acid. The n.m.r. spectrum of IV (Fig. 2) shows unambiguously that the product has 
the acetylthio group at C-6, formed by anti-Markownikoff addition, and excludes 
the alternative structure having the acetylthio group at C-5. The E-I and H-2 
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signals6 appear as narrow doublets at t 4.08 and 5.43, respectivelyi and the signals 
for H-3 and H-4 form an overlapping multiplet at t 5.81. The two-proton triplet 
at t 7.03 is assigned to the C-6 methylene protons; the splitting of the signal is due to 
spin-coupling with the C-5 metbylene protons (&s 7-8 c.p.s.). The two-proton muhi- 
plet at t 7.98 may be assigned to the C-5 protons; the signal is split by spin-coupling 
with protons on C-6 and C-4. The broad, one-proton signal at t 7.40 is assigned to 
the hydroxyl proton; its chemical shift varies with the concentration of the sample, 
and the signal disappears when the sample is deuterated. The methyl protons of the 

0- CMe2 0-CMe2 0-CMe2 

I 111 m 

1 

0-CMe2 

m- Y 

R= oN=Na-CO 

acetylthio group give rise to the three-proton singlet at t 7-63, and the three-proton 
singlets at t 8.48 and 8.69 are assigned to the isopropylidene methyl groups. The n.m.r. 
spectrum of the 3-acetate of IV was quite similar to that of IV, but showed an addit- 
ional, three-proton singlet at t 7.92 due to the 0-acetyl group. No hydroxyl signal 
was observed, and the II-3 signal was observed, at lower field, as a narrow doublet, 
r 4.80; the shift is attributable to the deshielding effect of the acetoxy group. The 
spectra of IV and its 3-acetate showed no signal in the T 8.9 region, where a doublet 
for a terminal methyl group would have been expectedlO had the product 6-deoxy- 
5-thio structure. 

S-Acetyi signals are characteristically observed 0.3-0.4 p.p_m_ downfield from 
0-acetyl signais, for spectra determined in deuteriochloroform. This has been noted 
in the case of several acetylated I-thioaldosesll and acetylated thioinositolsls. 
A ciear example is provided herein by the spectrum of 2,3-di-O-acetyl-r-S-acetyl-I- 
thio-DL-glycerolg, which shows a three-proton singlet, t 7.67, for the acetylthio 
group, and a six-proton singlet, T 8.01, for the acetoxy groups. Bis(DL-2,3- 
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diacetoxypropyl) disulfide, prepared from I-thio-DL-glycerol by oxidation and 
acetylationg, gives a very similar spectrum, except for the absence of a signal at 
about z 7-7. 

The thionocarbonate II showed infrared absorptions indicative of the thio- 
carbonyl group l3, the hydroxyl group, and the isopropylidene group. It showed 
ultraviolet absorptions at 234 and 306 mp; and its optical rotatory dispersion 

spectrum (Fig. 3) exhibited a positive Cotton effect, with a peak at 326 m,u, an 
inflection at 3 IO mp, and a trough at 288 rnp. Derivatives of this type may be of value 
for configurational correlations 14. The substance was sparingly soluble in most 
solvents, but moderately soluble in acetone. Analysis of the n.m.r. spectrum, measured 

Fig. z. The n.m.r. spectrum of B-S-acetyl-5-deoxy--,,z-O-isopropylidene-6-thio-~-D-.uvlo-hexo- 
furanose (IV) at 60 Mc.p.s. in deuteriochloroform. Numbers below the peaks give integrated peak 
intensities. 

in acetone-& as solvent, was straightforward, and details are recorded in the 
Experimental section. The 3-P-phenylazobenzoate (III) of II gave infrared and n-m-r. 
spectra (see Experimental) fully consistent with the assigned structure. These data, 
together with the chemical evidence of the conversion of II and III into the 
5,6-unsaturated derivatives V and VI, respectively, provide firm proof of the structure 
of the thionocarbonates II and III. 

r,2-O-Isopropylidenc-a-D-glucofuranose 5,Gthionocarbonatc” (II) had been 
serendipitously encounteredl” among the products of fragmentation of bis(r,z-0- 
isopropylidene-3-O-thiocarbonyl-~-D-glucofuranose) disulfide in pyridine solution, 
and was subsequently prepared, in 48 % yield, by treatment of r ,2-U-isopropylidene- 
cc-D-glucofuranose with thiophosgene. The recorded15 melting point and specific 
rotation are in essential agreement with those reported by us2. In our hands, prepara- 
tion of II by the thiophosgene method gave yields much lower than those attainable 
by the use of bis(imidazol-I-yl)thione. 

Bis(imidazol-r-yl)thione appears to be a useful, mild, specific reagent for the 
preparation of cyclic thionocarbonates from terminal vicinal glycols, as in the 
conversion of I into II, and from vicinal cis-glycols in cyclic systems, as in the 
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preparation of a 2,3_thionocarbonate from methyl 4,6-O-benzylidene-a-D-manno- 
pyranosidel6. Intramolecular factors may, however, modify the course of the 
reaction, as has been observed17 in the conversion of 5’-O-trityluridine by bis(imidazol- 
I-yl)thione into a 2,2’-anhydride with concomitant inversion at C-2’. Other routes 
to cyclic thionocarbonates have been reported; the 3,4-thionocarbonate of 1,2:5,6- 

di-O-isopropylidene-D-mannitol, encountered18 as a side-product from the reaction 
of phenyl isothiocyanate with 1,x5,6-di-O-isopropylidene-D-mannitoi, was sub- 
sequently prepared19 from the Iatter in 47% yield by successive treatment with 
n-butylIitbium, carbon disulfide, and methyl iodide. 

L 

-6- 

-8- 

-o- 

1 I I I 
250 300 400 500 601 

x.m)r 

Fig. 3. The optical rotatory dispersion spectrum of x,2-O-isopropylidene-a-D-ghxofuranose 5,6- 
thionocarbonate (II) in tetrahydrofuran (c 1.1, zoo). 

Triethyl phosphite has been used 20 for synthesis of an unsaturated sugar 
from an episulfide precursor. In addition to the conversion2 II+V, trimethyl 
phosphite has been used for synthesis of unsaturated sugar derivatives from the 
cyclic thionocarbonates of methyl 4,6-U-benzyIidene-a-D-ma1mopyranoside~~, 1,2:5,6- 
di-U-isopropylidene-D-marktoils, and benzyl 2-O-benzyl-B-I_-arabinopyrax~osidel~. 

The photocatalyzed addition of thiolacetic acid to an unsaturated sugar21 
provides a facile route, in the case of the conversion V-IV, to a structure1 otherwise 
accessible only by a multi-step procedure”2. The results of ring-closure reactions of 
derivatives of IV, under conditions of thermodynamic and kinetic control, will be 
reported at a later date. 
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EXPERIMENTAL 

General methods 
Evaporations were conducted on a rotary evaporator under diminished pressure. 

Melting points were determined with a Hershberg type of apparatus and are uncor- 
rected. Optical rotations were measured with a a-dm tube. Optical rotatory dispersion 
spectra were determined with a Rudolph Model 260/655/850/810-614 photoelectric 
spectropolarimeter. Infrared spectra were determined with potassium bromide 
pellets or as liquid films, with a Perkin-Elmer Model 137 Infracord infrared spectro- 
meter. Ultraviolet spectra were measured, in I-cm cells, with a Bausch and Lomb 
Spectronic 505 spectrometer. The n.m.r. spectra were measured at 60 Mc.p.s. with 
a Varian A-60 spectrometer; unless otherwise stated, the samples were used as 5-20 o/o 
solutions in deuteriochloroform, with tetramethylsilane (t = 10.00) as the internal 
standard, and at a probe temperature of approximately 30”. Deuteration was effected 
by shaking the prepared sample for 30 min with one drop of deuterium oxide. 
Spectra were analyzed on a first-order basis, and the coupling constants recorded 
are the observed line-spacings. Chemical-shift values are given on the t scale, and 
correspond to the mid-point of each singlet or symmetrical multiplet. For nnsym- 
metrical multiplets, the chemical shifts are given as weighted mean values. Approx- 

imate (--) values are given for chemical shifts and line splittings in those cases where 
a signal formed part of a complex multiplet, or where satellite peaks were difficult 
to observe. X-Ray powder diffraction data gave interplanar spacings, in A, with 
CuK, radiation; relative intensities, estimated visually, are given as: s, strong; 
m, moderate; w, weak; v, very. The first few lines are numbered (I, strongest); double 
numbers indicate approximately equal intensities. Decolorizations were performed 
with Darco G-60 activated charcoal (Matheson, Coleman, and Bell, East Ruther- 
ford, N. J.). Thin-layer chromatography was performed with Desaga equipment and 
Silica GelG(E. Merck, Darmstadt, Germany) withactivation of the plates for L hat I 10~. 
Indication was effected with sulfuric acid or with iodine vapor. Column chromato- 
graphy was performed with Silica Gel Davison, grade 950, 60-200 mesh (Davison 
Division of the W. R. Grace Co., Inc., Baltimore, Maryland). Elemental microanalyses 

were determined by W.N. Rond. 

Preparation of’bis(imidazol-r-yl)thione 
The following procedure is adapted from that of Staab and Walthe+. A mixture 

of dry imidazole (gr g) and anhydrous dichloromethane (500 ml) was stirred under 
dry nitrogen, and a solution of thiophosgene* (39 g) in anhydrous benzene (150 ml) 

was added dropwise during 20 min. The mixture was stirred under nitrogen for 
I-IS h, and the solution was filtered from imidazole hydrochloride. The filtrate was 
evaporated to about 150 ml, dry benzene (200 ml) was added, and the solution was 
refrigerated, to give the crude product, yield 5g g, m-p. 93-96”. Recrystallization from 

*Rapter Laboratories, Barrington, Illinois. 
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anhydrous tetrahydrofuran gave the product, -m-p. IOOO, whose infrared spectrum 
was identical with that published4. No change in the infrared spectrum was detected 
in a sample which had been stored in a desiccator for 2 months. 

I,2-0-Isopropylidene-a-D-glucofuranose 5,6_thionocarbonate. (II) 
To a solution of I,2-f%isopropylidene-a-D-glucofuranosez3 (I, 13.5 g) in warm 

acetone (250 ml), in a flask equipped with a magnetic stirrer and a nitrogen inlet, 
was added recrystallized bis(imidazol-I-yl)thione (13.1 g). The mixture was boiled 
under reflux for I h, with passage of a slow stream of nitrogen. Activated charcoal 
(0.5 g) was added and, after 5 min, the solution was filtered and evaporated, to give 
a light-brown solid, yield 26.8 g. The solid was extracted with warm (45”) methanol 
(60 ml), and the brown, methanolic extract was decanted from the white solid product, 
yield 14.45 g (go %). Refrigeration of the methanol extract gave more of the crystalline 
product, yield 2.17 g. The combined solids were recrystallized from methanol to give 
fine needles, yield 13.50 g (85 %), m.p. 205-206O, [a]g-17~ (c I, acetone); optical 
rotatory dispersion spectrumla, see Figure 3; RF 0.20 (3:r chloroform-ether); 
Agg 2.97 (OH), 7.28 (CMe$, 8.14 ,u (C = S)13; %tH234 m,u (& 12,300), 306 rnp 
(E 34); n.m.r. data (acetone-ds): z 3.98 (I-proton doublet, J1,2 3.4 c.p.s., H-I), z 4.62 
(I-proton,symmetrical7-peakmultiplet, Js,e 8c.p.s., J5,6~7.4c.p.s., J4,52.6c.p.s.,H-5), 
t 5.16 (I-proton singlet, OH, disappears on deuteration), ~5.36 (I-proton quartet, H-4), 
z 5.45 (I-proton doublet, J3.4 3.7 c.p.s., H-3), z 5.62 (r-proton doublet, J3,3 o c.p.s., 

H-2), z 6.37 (2 protons, H-6,6’), z 8.57, 8.70 (3-proton singlets, CMe2); X-ray powder 
diffraction data: 11-33 w, 8.59 m, 7.18 m, 5.55 VW, 5.09 s (2,2), 4.83 s (2,2), 4.44 s (I), 
4.28 vw, 4.07 s (2,2), 3.67 m, 3.54 m, 3.43 vw, 3.29 m, 3.23 m. 

Anal. Calc. for C~jH1406S: C, 45.78; H, 5.34; S, 12.22; mol. wt. 262. Found: 
C, 45.70; H, 5.15; S, 12.08; mol. wt. (Rast) 235. 

For this compound, prepared by rearrangement-fragmentation of bis(r,2-0- 
isopropylidene-3- O-thiocarbonyl-a-D-glucofuranose) disulfide, the following constants 
have been reported 15: m.p. 206-208°,~[a]~--160 (acetone). Preparation of II from I 
in pyridine with thiophosgene, under conditions essentially similar to those recently 
reportedIs, gave the product in only fair yield. 

r,2-O-lsopropylidene-3-O-~phetzyIazoben~oyZ-a-D-glncofuranose 5,6-thionocarbonate 

W) 
To a solution of I,2-O-isopropylidene-a-D-glucofuranose 5,6-thionocarbonate 

(II, 2.34 g) in anhydrous pyridine (20 ml) was added p-phenylazobenzoyl chloride 
(3.00 g), and the mixture was shaken for 2 days. The solution was poured into 
ice-water and the mixture stirred vigorously for I h. The product was extracted with 
dichloromethane (50 ml), and the extract wasdried(magnesium sulfate),concentrated, 
and diluted with ethanol (70 ml) to give red needles, yield 4.93 g, homogeneous by 
chromatography, RF 0.55 (3: I dichloromethane-ether). Recrystallization from ethanol 
gave pure product, yield 3.41 g (72%), m-p. I78-I7g”, [a]~l-Iog” (c I, chloroform); 
?.Ei% 5.80 (C=O), 7.30 (CMe$, 8.19 !L (C = S)13; ;I%:= z3g m,u (&.33,400), 325 rnp 
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(E 33,900), 442 my (E 751); n.m.r_ data: T l-7-2-7 (g protons, aryl), z 3.91 (r-proton 
doublet, JI,Z 4 c.p,s., H-r), t 4.37 (I-proton doublet, J3,4 3 c.p.s., J2.3 ~0 c-p-s., 
H-3), t 4.6o-4.96 (a-proton multiplet, H-4,5), t 5.18 (3-proton multiplet, H-2,6,6’), 
7 8.43, 8.67 (3-proton singlets, CMes); X-ray powder diffraction data: 14.48 s (2), 

7.79 s (3). 5.94 m, 5.73 w, 4-79 s (I), 4.47 m, 4.24 m, 4.08 w, 3-72 w, 3-63 w, 3-58 wZ 
3.26 w, 3.r7 w, 2.93 w. 

Anal. Calc. for C~HseNeO&: C, 58.69; H, 4.68; N, 5.96; S, 6.80. Found: 
C, 59.02; H, 4.65; N, 6.51; S, 6.61. 

5,6-Dideoxy-r,2-O-isopropyZidene-a-D-xylo-he.r-5-enofuranose (V) 

A solution of r,2-O-isopropyhdene-a-D-glucofuranose 5,6_thionocarbonate 
(II, 5.07 g) in dry trimethyl phosphi‘te (25 ml) was refluxed under nitrogen for 60 h. 
The solution was concentrated to 15 ml, ethylene glycol(r5 ml) was added, and the 
solution was extracted three times with ether (50 ml). The ether layer was dried 
(magnesium sulfate), and evaporated to give sirupy 5,6-dideoxy-r,z-U-isopropylidene- 
a-D-_rylo-hex-5-enofuranose (V), sufficiently pure for subsequent conversions. Purer 
materiai was obtained by chromatography on a 4-5 x48-cm column of silica gel, 
with ether as eluant. The ninth 5oo-ml fraction crystallized upon evaporation; 
yield 1.82 g (51 “/b), further crops from other fractions raised the total yield to 75 y0 ; 
m-p. 58-60”. Sublimation of this product (twice) at I roO (I mm) gave the purest 
preparation, m.p. 70-71 O, [a]? -57.3” (c 2.8, chloroform); RF 0.35 (3:1 chloroform- 
ether); 12%?: 2-95 (OH), 7_25,7.28 ,u (CMe2); n.m.r. data (see Fig. I): t 4.05 (r-proton 
doublet, 11,s 3.8 c.p_s_, H-I), s4.10-4_75(3-proton multiplet, H-5,6,6’), 25.28 (r-proton 
quartet, J3,4 3.0 c.p_s., H-4), t 5.44 (r-proton doublet, J2,3 ~0.5 c.p.s., H-21, z 5.91 
(r-proton doubIet, J3.4 3.5 c.p.s., H-3), 7 7.27 (I-proton singlet, OH, shifts with 
change in concentration, and observed when at high field, 7 8.1, as a doublet with 
accompanying change in appearance of the H-3 signal), 7 8.50, 8.67 (3-proton 
singlets, CMe2); X-ray powder diffraction data: 8.89 s (3), 6.65 m, 5.29 m, 5.04 s (I), 

4.65 s (2), 4.38 m, 4.04 m, 3.75 w, 3.63 m, 3.21 w. 
Anal. CaIc. for CsH1404: C, 58.05; H, 7.57_ Found: C, 57.82; H, 7-30. 
The X-ray powder diffraction data are in good agreement with reported valuese3. 

The product was identical, by mixed melting point, and by n.m.r. and i.r. spectra, 
with a sample of V which had been prepared in 57% yield by treatment of I,Z-O- 
isopropylidene-5,6-di-O-p-tolylsulfonyl-a-D-glucofuranose with sodium iodide in 
acetonesse. The following constants for V, prepared by the latter method, have been 
recorded? m-p. 61-65”, [a]D-5r.5° (c 1.1, chloroform); and, by another route2s, 
m-p. 64”, [a]g-60.5° (c 2.0, water). 

5,6-Dideoxy-l,r-O-isopropylidene-3-O-p-phenyia~obenzoyZ-a-D-xylo-hex-5- 

enofut-anose (V.) 
(A) From r,2-O-isopropylidene-3-O-p-phenyIa~obenioyZ-a-D-gZucofzzranose 5,6- 

thionocarbonate (III). A solution of r,2-O-isopropylidene3-O-p-phenylazobenzoyl- 
a-D-glucofuranose 5,6-thionocarbonate (HI, 1.5 g) in dry trimethyl phosphite (20 ml) 
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was refluxed for 4.5 h under nitrogen_ The solution was concentrated to IO ml, 

ethylene glycol (6 ml) was added, and the solution was extracted with ether. The 
extract was evaporated, and the product was crystallized from hot methanol, yield 
0.83 g (68o/o), m-p. rrg.5-r21.5°, [a]kz-87.$’ (c 1.1, chloroform); Rp 0.88 (3:1 

chloroform-ether); I.:“,1 5.80 ,.u (C=O); I.:\,“,= 207 m/* (E r3,5oo), 227 my (& 13,600) 
322 rnp (E 28,100), 445 .rnp (E 800); n.m.r. data: t 1.78-2.58 (g-proton multiplet, 
aryl), z 3.90 (I-proton doublet, Jr,2 3-8 c.p.s., H-r), t 4.08-4.85 (4-proton multiplet, 
H-3, H-5, H-6, H-6’), z 5.07 (r-proton multiplet, H-4), t 5.26 (r-proton doublet, 
J&3 co.5 c.p.s., H-2), t 8.41,8.65 (3-proton singlets, CMes); X-ray powder diffraction 

data: 8.13 VW, 7.25 s (3), 6.50 s (2), 5.32 m, 4.64 s (I), 4.33 m, 4.10 m, 3.77 s (2), 
3.62 vw, 3.30 m, 3.13 m. 

Anal. Calc. for CssHzsNeOs: C, 66.99; H, 5.62; N, 7.10. Found: C, 67.36; 

H, 5.89; N, 7.53. 

(B) From 5,6-dideo_uy-I,2-O-isopropyIidene-a-D-xylo-hex-5-enoficranose (V). To 
a solution of 5,6-dideoxy-I,2-O-isopropylidene-a-D-xyZo-hex-5-enofuranose (V, 
303 mg) in dry pyridine (IO ml) was added p-phenylazobenzoyl chloride (468 mg), 
and the mixture was shaken for 18 h. The solution was poured into ice and water 
(20 ml), the mixture was stirred for 30 min, and the product was extracted with 
dichloromethane. The organic phase was dried (magnesium s&fate) and evaporated, 
and the residue was crystallized from methanol to give VI, yield 373 mg (58%), 
m-p. 120.5-122.5°, identical by mixed melting point, X-ray powder diffraction 
pattern, and n.m.r. and i.r. spectra, with VI prepared by method A. 

6-S-Acet~~l-~-deo.uy-~,~-O-isopropyZidene-6-tJzio-a-D-xylo-Jte~uofuranose (IV) 
A solution of 5,6-dideoxy-r,2-O-isopropylidene-a-D-sylo-hex-5-enofuranose 

(V, 250 mg) in redistilled thiolacetic acid (1.0 ml) contained in a Vycor” tube was 
irradiated for 75 h with an ultraviolet hand-lamp **. The solution was evaporated, 
codistilled four times with carbon tetrachloride to remove thiolacetic acid, and the 
residue was recrystallized from Skellysolve B***; yield rgo mg (54 %), m.p. g394”, 
[a];--14.5” (c 1.8, chloroform), RF 0.30 (3:r chloroform-ether); Azz 2.95 (OH), 
5.95 (SAC), 7-26 ,u (CMes); n.m.r. data (see Fig. 2): t 4.08 (r-proton doublet, Jr,2 
4.0 c.p_s., H-I), t 5.43 (r-proton doublet, Js.3 (0.5 c.p.s., H-2), t 5.81 (2-proton 
multiplet, H-3,4), 7 7.03 (2-proton triplet, Js,s 7.8 c.p.s., H-6), z 7.40 (r-proton 
singlet, OH, disappears on deuteration), T 7.63 (3-proton singlet, SAC), t 7.98 (2-proton 
multiplet, H-5), t 8.48, 8.69 (3-proton singlets, CMq), X-ray powder diffraction data: 

8.26 s (3). 5-57 m, 5-27 vw, 4-95 s (2), 4-79 m, 4.43 s (I), 4-27 m, 4.09 vw, 3-95 w, 3-64 w- 
Anal. Calc. for CnHlsOsS: C, 50.38; H, 6.87;. S, 12.21. Found: C, 50.54; 

H, 6.88; S, 12.27. 

*Coming Glass Co., Coming, New York. 
** h?inera&ht, model 2537, Ultraviolet Products, Inc., South Pasadena, California. 
***Petroleum ether, b.p. 30-60”, Skelly Oil Company, Kansas City, Missouri. 
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Preparations on a larger scale, performed in a glass flask with irradiation 
from an immersion type of ultraviolet lamp*, gave comparable yields of IV after 
shorter periods of irradiation. 

A solution of QS-acetyl-5-deoxy-I,2-O-isopropylidene-6-thio-a-D-=cylo-hexo- 
furanose (IV, 0.4 g) in pyridine (8 ml) was treated with acetic anhydride (8 ml) 
and, after r8 h, the mixture was poured into water. The mixture was stirred for 
30 min, and then extracted with dichloromethane. The dried (magnesium sulfate) 
extract was evaporated, and the product was purified by distillations6, bo.15 130” 
(bath); RF 0.83 (4:1 dichloromethane-ether), IKnr -max 5.80 (OAc), 5.90 (SAC), 7.25 p 
(CMea); n.m.r. data: z 4.12 (L-proton doublet, JI,Z 3-8 c_p.s., H-I), t 4.80 (r-proton 
doublet, J3,4 3 c.p.s., H-3); t 5.52 (I-proton doublet, J2,3 (0.5 c.p.s., H-2), z 5.77 
(r-proton sextet, Ja.4 3 c-p-s., H-4), t 7.08 Q-proton triplet, &j,6 7 c.p.s_, H-6), z 7-70 
(3-proton singlet, SAC), z 7.92 (3-proton singlet, OAc), ‘G 8.18 @-proton multiplet, 
H-5), r 8.51, 8.71 (3-proton singlets, CMea). 

N.m.r. data on I-thioglycerol derivatives 

An undiluted, liquid sample of 2,3-di-O-acetyl-I-thio-DL-glycerol9 gave the 
following n.m.r. data: z 4.91 (I-proton multiplet, H-2), t 5.85 (2-proton multiplet, 
H-3), t 6.86 (2-proton multiplet, H-I), t 7.67 O-proton singlet, SAC), t 8.01 

(Bproton singlet, OAc). . 

An undiluted, liquid sample of bis(2,3-diacetoxypropyl) disulfides gave the 
following n.m.r. data: t 4.72 (2-proton multiple& H-2), t 5.74 (4-proton multiplet, 
H-3), t 7.03 (4-proton doublet, JL.2 6 c.p.s., H-I), t 7.96 (iz-proton singlet, OAc). 
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SUMMARY 

1,2-O-Isopropylidene-cc-D-glucofuranose (I) was converted by treatment with 
bis(imidazol-r-yl)thone into the 5,6_thionocarbonate (II), characterized by physical 
data and as the 3-p-phenylazobenzoate (III). Treatment of II and III with trimethyl 

*Pen-Ray Model I I SC, Ultraviolet Products, Inc., San Gabriel, California. 
**Part of this experiment was performed by C.G. Tindall. 
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phosphite gave the corresponding 5,6-unsaturated derivatives-v and VI; substance VI 
could also be prepared by p-phenylazobenzoylation of V. Photocatalyzed addition 
of thiolacetic acid to V gave 6-S-acetyl-fdeoxy-r,z-U-isopropylidene-6-thio-a-m 
xylo-hexofuranose (IV), characterized by n.m.r. and i.r. spectroscopy and also as 
the 3-acetate. 
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NUCLEOSIDES 
XXX. SYNTHESIS OF 2-DEOXY-2-FLUORO-D-RIBOSE 

JOHN F. CODINGTON, IRIS L. DOERR, AND JACK J. Fox 

Dit-ision of BioIogicaI Chemistry, Sloan-Kettering Institute for Cancer Research, Sloan-Kettering 

Division of Cornell University Medical College, New York, N-Y. IOOZI (U.S.A.) 

(Received August md, 1965) 

With the successful introduction of fluorine into the ribosyl moiety of 
nucleosidesr, as in r-(2-deoxy-2-fiuoro-B_D-ribofuranosyl)uraciI (2’-deoxy-a’-fluoro- 
uridine) (Ib), a route was made available for the synthesis of 2-deoxy-2-fluoro 
sugars of the ribo configuration. Although fluorine had been introduced into the 
terminal position of several sugars 2ss, it was not until recently that pentoses having 
a fluorine atom in a nonterminal position were reported with the synthesis of 
3-deoxy-3-fluoro derivatives in both the xyl&s and arabi series. This paper 
reports the synthesis of 2-deoxy-2-fluoro-D-ribose (IV b). It was anticipated that IV b, 
as an analog of the biologically important 2-deoxy-D-eryrk-pentose (‘%deoxy-D- 
ribose”) (IVa), might, either as the free sugar or as an appropriate derivative, possess 
interesting biological properties*. 

As a model compound in this synthesis, I-(2-deoxy-P-D-erythm-pentofuranosyl)- 
uracil (2’-deoxyuridine) (Ia) was reduced using rhodium-on-alumina catalyst, 
according to the method of Cohn and Doherty 6, to giye the known r-(2-deoxy-p- 
D-erythro-pentofuranosyl)-5,Gdihydrouracil (IIa)7 as colorless crystals (see flow 
chart). Alkaline treatment which would be expected to give a ureidopropionic 
acidT>s, followed by heating in dilute acids, gave a solution which gave a positive 
test with Fehling solution. Thin-layer chromatography (t.1.c. in solvent B) revealed 
a single spotlo migrating at the same rate as an authentic sample of IVa. Benzoylation 
of the dried residue, followed by fractional recrystallization, gave both anomers 
of 1,3,@ri-O-benzoyl-2-deoxy-~-e&~~0-pentose (a, Va; l3, Via) in approximately 
equal yields (combined yield 25%). The physical properties agreed closely with 
those of compounds prepared by Pedersen, Diehl, and Fletcherrl. The infrared 
spectra of authentic samples, kindly supphed by Dr. FIetcher, were identical with 
those of Va and Via, and mixtures of samples from both sources gave no depres- 
sion of melting points. These data establish the identity of Va and Via. 

In a similar manner, r-(2-deoxy-2-fluoro-p-D-ribofuranosyl)uracil (Ib) was 
reduced to 1-(2-deoxy-2-fluoro-F$D-ribofuranosyl)-5,6-dihydro~ac~ (IIb), which, 
although analytically pure, was isolated only as a gum. The di-O-benzoyl deri- 
vative III, however, was obtained from II b in high yield, as colorless needles. In 

*A study of the biological properties of IVb and certain of its derivatives is under way in this 
Institute. 
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anticipation that cleavage of the dihydronucleoside IIb would occur in a manner 
similar to that found for its deoxy analog IIa. compound IIb was subjected to the 
alkaline and acid hydrolytic treatments which had been successfully applied to IIa. 

a Series, R=H 
b Series. R=F 
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Positive Fehling and aniline acid phthalate lo tests suggested the presence of the 
desired %deoxy-2-fluoro-D-ribose (IVb) in the crude mixture. Attempts to isolate 
IVb in pure form from this mixture were however, unsuccessful. 
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After removal of the solvent, the residue containing IVb was benzoylated 
in pyridine solution. The resulting mixture showed two major components (t-1-c. 
in solvent A). A third compound was also present, but in small proportion. The 
major components were separated by chromatography on an alumina column, 
with chloroform as the eluant. One of these components (VIb) was isolated as 
colorless needles, [aIn -146”, in 13-21 oA yield. The elementary analysis corresponded 
to that of a tribenzoyldeoxyfluoropentose. Two crystalline forms of VIb, having 
different melting points and infrared spectra (KBr discs) were isolated. Heating of 
the KBr disc of the lower-melting isomorph at I IO-I 15” readily changed its infrared 
spectrum to that of the higher-melting form. The other major component isolated 
from the alumina column was present in about 6% yield. It was obtained only as an 
amorphous material, which was contaminated with a small proportion of the third 
product as shown by t.1.c. chromatography. Attempts to crystallize this material 
failed. Like VIb, this amorphous material, [CC]]D -roe, showed three benzoyl groups 
on titration. Since only the a-D- and @-D-pyranoses, Va and Via, were isolated in 
the a-deoxy series, it seems probable that the second major component present after 
benzoylation of IV b is r,3,@.ri- O-benzoyl-2-deoxy-2-fluoro-a-D-ribose (V b). Strict 

conformity to Hudson’s rulel”J3 (based upon known values in the 2-deoxy and 
2-deoxy-2-fiuoro series: Va +47”, Via --1g2O and VIb -146”) would lead to 
prediction of a positive rotation (+g2O) for the a-D anomer Vb. The value of -IoO, 
however, suggests the probable presence of a contaminant having a high, negative 
rotation. 

The relatively small yield of benzoylated sugars obtained by this method in 
both the 2-deoxy and 2-deoxy-a-fluoro series may possibly be attributable to ring 
closure of the P-ureidopropionic acid intermediate under acid conditions. Such a 

reaction was noted by Batt et al.8 and, later, by other@. 
Compound VIb was shown to have a pyranoid structure as follows: Conversion 

of VI b to the methyl glycoside VIII through the I-bromo derivative VII was accom- 
plished by treatment with hydrogen bromide-acetic acid (32%) in dichloromethane 
followed by treatment of VII with methanol in the presence of a little pyridine as 
the acid acceptor. These reactions were followed polarimetrically. The methyl 
dibenzoyl glycoside VIII was obtained as a gum, [z]D -133~. Titration data indi- 
cated two benzoyl groups. The unprotected methyl glycoside IX (Fehling negative) 
was treated with sodium metaperiodate. After 2 h, exactly one mole of periodate 
had been consumed per mole of compound. This value remained constant during 
the next several hours, and then rose slowly. After seven days, 2.7 mole of periodate 
per mole had been consumed. The continued slow oxidation of the molecule may 
be related to the observation by Huebner and co-workersls of the periodate oxidation 
of active methylene groups. The primary oxidation product, a monoacetal of a-fluoro 

malonaldehyde, would probably be expected to consume periodate, in view of the 
uptake reported for malonaldehydels and cc-ethylmalonic acidls. The uptake of one 
mole per mole of periodate at 2:6 h proves conclusively the pyranoid ring-structure 
of IX and establishes VI b as being 1,3,4-tri-O-benzoyl-2-deoxy-2-fluoro-D-ribose. 
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Although the anomeric form of VIb has not yet been definitely determined, its high 
negative rotation (-146”) indicates that it is probably of the 8-D cbnfigurati~n~~. 
The corresponding deoxypyranosidesll are characterized by a high negative rotation 
(-195”) for the P-D anomer and a positive rotation (f42O) for the a-D anomer. 

In view of their high, negative rotations, it seems probable that both 3,4-di- 
0-benzoyI-2-deoxy-2-fluoro-D-ribosyl bromide (VII) (-225O) and methyl 3,+di- 
0-benzoyl-2-deoxy-2-fluoro-D-riboside (VIII) (-133') are mainly of the 8-D CO& 

liguration13J7. A P-D configuration for the di-0-benzoylpyranosyl bromide VII 
conforms to the rule, formulated by Haynes and Newthl’ and further discussed by 
Bhattacharya et aZ.13, that, in poly-0-acylglycopyranosyl halides, the halogen atom 
at C-I is tram to the acyloxy group at C-3. 

Crystalline 2-deoxy-2-fluoro-D-ribose (IVb)* was obtained in almost quan- 
titative yield by debenzoyIation of VIb. Reaction of VIb with dilute, ethanolic 
sodium hydroxide, removal of the contaminating material, and evaporation of 
water in vacua gave a colorless gum which crystallized as fernlike structures. The 
compound showed a melting point of 106-112~ and an optical rotation of -37”. 

No mutarotation of IVb was observed in either dilute acid or base. The infrared 
spectrum of IV b, shown in the figure, is characterized by the absence of carbonyl 
absorption. Compound IVb migrates (t.1.c. in solvent B) as a single spot (RF 0.50) 

at a higher rate than z-deoxy-D-eryrlzro-pentose (IVa) (Rrva, 1.25). Good yields of 
crystalline IVb were obtained by the same method from the amorphous triben- 
zoylated material (probably, mainly V b) isolated from the reaction mixture producing 
Vlb (see above). 

MethanolysislsJs of II b was performed in the hope of obtaining IV b from 
the resulting methyl glycosides in an overall yield higher than had been obtained 
by the method described above (IIb to VI b and Vb, then to IV b). The amorphous 
product contained three components as shown by t.1.c. in solvent B. It was ben- 
zoylated in pyridine solution. The crude mixture gave six spots on t.1.c. developed 
with solvent A. The mixture was partially separated by chromatography on an 
alumina column using chloroform as the eluant. Three components were isolated, 
and their structures elucidated. 

The first component to be eluted was isolated as colorless prisms in 8% yield. 
Debenzoylation of this compound with dilute, ethanolic sodium hydroxide gave a 
product which crystallized as colorless needles. The results of elementary analysis 
were consistent either with the methyl pyranoside IX or the (isomeric) methyl 
furanoside XI. The furanoid structure was established by the fact that the compound 
consumed essentially no periodate during 60 min, whereas the pyranoside IX con- 
sumed 0.8 moie of oxidant per mole during the same period. Thus, the debenzoylated 
glycoside is establishedas being methyl 2-deoxy-2-fluoro-D-ribofuranoside(XI) and the 
benzoylated derivative as methyl 3,5-di-0-benzoyl-2-deoxy-2-fluoro-D-riboside (X). 

*For convenience, compounds IVa and IVb are, represented on the flow chart in the aldehydo form, 
although it is improbable that they exist mainly in this form either as crystals or in solution. 
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The second component eluted from the column was isolated only as a gum, 

in 22% yield (based on IIb). It traveled as a single spot, RF 0.64 (t.1.c. in solvent A) 
at a lower rate than XI, RF O-75. The elementary analysis of it was Consistent with 
structure VIII, and a benzoyl determination indicated two benzoyl groups per 
molecule. An optical rotation of -156” was observed. This is somewhat more 
negative than that of the corresponding amorphous material obtained from the 
pyranosyl bromide VII (see above). The infrared spectra of the two gums were 
identical, although the bands were not sharp. On the basis of the optical rotationls, 
it may be concluded that this sample of VIII is most probably the p-D-anomer. 

The debenzoylated product IX consumed approximately one mole of periodate 
per mole in two h, consistent with a pyranoid structttre. These data strongly suggest 
that the second component is the P-D anomer of methyl 3,4-di-O-benzoyl-2-deoxy- 
2-fluoro-D-riboside (VLII). It is noteworthy that, in the methanolysis of IIb, methyl 
glycosides of both the pyranoid (IX) and furanoid structure (XI) are formed. 

An effort was made to obtain 2-deoxy-2-fluoro-D-ribose (IVb) from VIII. 
A product giving positive Fehling and aniline acid phthalate testslo, and migrating 
at the same rate as IVb, was obtained, but the yields were poor, and analytically 
pure material was not obtained. 

A considerable proportion of the benzoylated material was obtained from 
the column as a third fraction. Trituration of the residual gum with a small amount 
of ethanol produced a third component as colorless prisms, in 8% yield. This com- 
pound contained nitrogen, but no fluorine. Its elementary analysis was consistent 
with that calculated for XI& methyl 3-(N-benzoylureido)propionate. This component 
was probably formed during the methanolysis reaction as the methyl ester of ureido- 
propionic acid (XIII), which had presumabIy resulted from cleavage between C-3 
and C-4 of the dihydrouracil moiety’as. In a second methanolysis experiment, 
dihydrouracil was, in fact, isolated from the reaction mixture prior to separation 
on an alumina column. 

EXPERIMENTAL 

Solvent A for t.1.c. was prepared by the addition of n-heptane (108 ml) and 
ethyl acetate (208 ml) to the upper layer (340 ml) obtained from a mixture of 
n-heptane (400 ml) and methanol (200 ml). Solvent B is r-butsnol-water (86:14). 
All t.1.c. pIates were prepared with Silica Gel G, according to Stahl (Brinkmann 
Instruments, Inc., Westbury, New York, U.S.A.). After the developed plate had been 
completely freed of solvent, it was sprayed with sulfuric acid-water ([:I) and heated 
at 100~. Reducing-sugar spots were identified by spraying with aniline acid phthalate 
reament followed by heatinglo. 5 9 

MeIting points were determined on a Thomas-Hoover apparatus (capillary 

method) and are corrected. Elementary analyses were made by Span8 Microanaly- 
tical Laboratory, Ann Arbor, Michigan. Infrared spectra were made on a Perkin- 
Elmer spectrophotometer, Model 22 I. 
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Benzoyl determinations were made by stirring a. weighed sample at 25-30~ 
with a measured amount of 0.1 N sodium hydroxide in dilute aqueous ethanol. 
Unreacted base was determined by titrating with o. I N hydrochloric acid (phenol- 
phthalein). 

r-(2-Deoxy-13-D-erythro-j,entofi.lranosyl)-5,6-dihydrouracii (Ha) 

In accordance with the method of Cohn and Dohertye, a mixture of 
a’-deoxyuridine (I a) (I .o g, 4.4 mmole) and rhodium on alumina (5%) (0.70 g) 
in ethanol (60 ml) absorbed I 13 ml of hydrogen at atmospheric pressure within 
106 min (theoret., 106 ml). The product, m-p. 133-138” (reported7 136-1383, weighed 
1.0 g (gg %), [o(]~: -7O (c I.1 in water). 

A mixture of 2’-deoxy-2’-fluorouridine (Ib) (0.20 g, 0.82 mmole) and rhodium 
on alumina (5%) (0.15 g) in ethanol (25 ml) was shaken under one atmosphere of 
hydrogen for 41 min. An uptake of 23 ml of hydrogen (theoret., 19.7 ml) was 
recorded. After removal of the catalyst, the filtrate was evaporated to dryness in 
vacua, leaving a colorless gum, [a] 2 -17~ (c 0.4 in water)_ U.V. absorption data 
(l&O): shoulder, 205-210 m,u, ratio 220/260 m,u, 87. 

Anal. Calc. for C~H&‘N2Os: C, 43.57; H, 5.28; F, 7.66; N, 11.29. Found: 

C, 43.56; H, 5.74; F, 7.59; N, 11.15. 

1-(~,~-Di-O-ben~oyI-2-deoxy-2-Jluoro-~-~-ribosyZ)-~,6-diJzydrouracil (II?) 

A solution of IIb (0.30 g, 1.22 mmole) in pyridine (8 ml) was cooled to o-5”, 
and benzoyl chloride (0.53 g, 3-8 mmole) was added dropwise with stirring. The 
solution was kept 23 h at about 5O and a small piece of ice was added. Removal of 
solvent in vacua, followed by addition of ice-water (IOO ml) with stirring, gave a 
colorless solid. This was collected and crystallized from ethanol, yielding colorless 
needles, 0.40 g (73%), m.p. ~6~1-162~. Additional material (0.05 g), m.p. 155-160”, 
was obtained from the mother liquor. Recrystallization from ethanol gave colorless 
needles, m.p. 162-163”, [u]z -I” (c 0.7 in chloroform). 

Anal. Calc. for C22HUm207: C, 60.55: H, 4.62; F, 4.17; N, 6.13. Found: 
C, 60.41; H, 4.63; F, 4.21; N, 6-33. 

2-Deoxy-D-erythro-penrose (Wa) 

A solution of IIa (0.23 g, 1.0 mmole) in 0.2~ sodium hydroxide (IO ml) was 
allowed to stand for 20 min at room temperature, and then treated with Dowex 
50 (H+). After removal of the resin, IN sulfuric acid was added (3 ml, total volume 
12 ml), and the resulting solution was heated at 85O for 20 min. Anions were removed 
with Dowex I (OH-). The filtrate was evaporated to dryness in vacua. The residue 
was co-distilled several times with anhydrous benzene, and dried well in vaczto. 

The product gave positive Fehling and diphenylamiue20 tests and migrated on t.1.c. 
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in solvent B at the same rate as an authentic sample of 2-deoxy-D-erythro- 
pcntosc, RF 0.40. 

I,&#-Tri-0-benzoyI-z-deoxy-a-merythro-pente (Va)and r,3,4-tri-0-benzoyf-2-deoxy- 

P-D-erythro-pentose ( Via) 

Benzoylation was performed in a manner similar to that described by Pedersen, 
Diehl, and Fletcherll. The dried product (IVa) described above was dissolved in 
pyridine (II ml) and treated with benzoyl chloride (0.50 g, 3.6 mmole) at o-5” with 
stirring, then kept refrigerated for an additional 17 h. After hydrolysis of the 
remaining benzoyl chloride with a small piece of ice, and removal of solvent, ice- 
water was added to the residue. As the product did not crystallize, the mixture was 
extracted with ether, and the ethereal solution dried. Colorless needles, 0.06 g, 
m-p. 14o-150°, were filtered from 2-3 ml of ether. Recrystallization from ethanol 
gave 0.05 g (I I %, of colorless needles, m.p. 159-160°, [a]2,4 --192~ (c 0.2 in chloro- 
form). Pedersen et al.11 report m.p. 159-161” and [a]: --195” (chloroform) for the 
P-D pyranose Via. A mixture of an authentic samplell, m.p. 158.5-r5g.5°, with the 
above sample, m.p. 159-160”, melted at I5g--160”. Infrared spectra (KBr discs) 
of the two samples showed significant differences in the ro-15 p region. Upon heating 
the KBr disc (sample prepared as described above and recrystallized from ethanol) 
at 110-115~ for 60 min, its infrared spectrum was identical with that of a sample 
prepared by Pedersen er ol., which had been crystallized from methanol. 

The ether-soluble fraction was crystallized from ethanol to give 0.06 g (14%) 
of long, colorless needles melting at r47-14g0. Recrystallization from methyl Cel- 
losolve gave colorless needles, m.p. r50.5--151.5°, [a]g +47” (c 0.2 in chloroform). 
Reported11 constants for the a-D anomer were m-p. 151-152~ and [a]: +42O 
(chloroform). A mixture of a sample prepared as above, m.p. 150.5-151.5O, with 
an authentic samplell, m.p. 150.5--151.5°, melted at I 50.5-15 I .5”. Infrared spectra 
(KBr discs) of the two samples showed significant differences. The KBr disc of the 
sample prepared as described above (crystallized from methyl Cellosolve) was 
heated at I ICI-I 15” for 60 min. Its infrared spectrum was then identical with that of 
an authentic sample (crystallized from methanol)ll. 

r,3,4-Tri-O-benzoyl-2-deoxy-_z-fluoro-P-D-ribose (Vlb) 

An alkaline solution (40 ml, 0.2~ NaOH) of IIb (0.76 g, 3.07 mmole) was 
allowed to stand at 23-25O for 40 min. Neutralization with 2~ sulfuric acid (4 ml) 
was followed by a further addition of 2~ sulfuric acid (4.9 ml). The solution was 
heated at &go” (internal temp.) for 35 min and then treated, while hot, with solid 
barium carbonate until neutral. Filtration gave a clear solution which was treated 
with Dowex 50 (Hi), and the filtrate was evaporated to dryness in cacuo. The gummy 
residue gave positive tests with Fehling and aniline acid phthalatelo reagents. Addi- 
tion of pyridine to the residue, followed by its removal in uacuo, was repeated twice. 

The residue was dissolved in dry pyridine (50 ml) and treated dropwise with 
benzoyl chloride (2.4 g, 17.1 mmole) at o-5” with stirring. After 16 h at 5-7”, the 
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mixture was warmed at 35-40” for 60 min. A small piece of ice was added with 
stirring. Later, the pyridine was removed in t;acuo, and the residue- dissolved in 
chloroform. The solution was extracted with dilute sodium bicarbonate solution 
and water, and dried over sodium sulfate. 

A chloroform solution (IO ml) of the above material was placed on an alumina 
(acid washed) column (3 x 4.2 cm), and the column eluted with chloroform. Frac- 
tions containing benzoylated material were eluted in the 484-724 ml portion of 
effluent. The 484-596 ml fraction was evaporated to dryness in ZXZCUO, and the 
residue crystallized as colorless needles which were triiurated with water and filtered, 
0.21 g (15x), m.p. r13-115”. An additional 0.05 g (total yield 18%) of VIb was 
isolated from the second fraction (see below). Recrystallization (0.2 I g) from ethanol 
gave elongated rods, 0.17 g, m-p. 146147”, [a]g -146” (c 0.1 in chloroform). 
Certain samples from other runs exhibited two melting points: initial melting at 
I 12-116”, followed by resolidification and then remelting at 144-145”. The infrared 
spectra (KBr discs) of the two isomorphic forms were markedly different. Heating 
the KBr disc of the lower-melting form at I ID-I 15” for 30 min changed its infrared 
spectrum to that of the higher-melting isomorph. 

Anal. Calc. for Cz6H2rFOi: C, 67.25; H, 4-55; F, 4.09. Found: C, 67.49; 
H, 4.62; E, 4.77. 

The 612-724 ml fraction was evaporated to dryness in cacuo, giving a yellow 
gum. This exhibited, on t.l.c., three spots of RF values 0.73 (corresponding to VIb), 
0.66, and 0.25, a very weak spot. The gum was dissolved in chloroform and passed 
through an alumina column (1.7 x 32 cm) as above. Fraction I (86-116 ml) yielded 
colorless crystals which, on recrystallization from ethanol, gave 0.05 g of VIb, 
m-p. 144.5-145.5~_ Fraction IV (161-176 ml) yielded a gum (30 mg), [a]g -10~ 
(c 0.2 in chloroform)_ This separated into two spots on t.1.c. plates, one corresponding 
to that of the second major component (RF 0.66), and the other, a weak spot at 
RF 0.25. Compound VIb was absent. The two intermediate fractions, II and III, 
70 and 72 mg, respectively, contained both VIb and the second major component, 
RF 0.66. 

Anal. of Fraction IV.- Calc. for Ca&l21FO7: benzoyl groups, 3.0. Found: 
benzoyl groups, 2.93. 

2-Deoxy-2-fluoro-D-ribose (Wb) 

The debenzoylation of VIb was observed in a polarimeter cell. A mixture of 
VIb (0.088 g, o. rg mmole), ethanol (1.5 ml) and I N sodium hydroxide (1.5 ml) 
was shaken for 60 min before dissolution was complete. At that time, the specific rota- 
tion had diminished to - I IO, based upon IV b (from - i46”). The specific rotation in- 
creased during the next two h and became constant at -30” (based upon IVb). Etha- 
nol was removed from the solution under reduced pressure, water (6 ml) was added, 
and the solution was treated with Dowex 50 (He). After titration, benzoic acid was 
removed by repeated extraction with ether. The solution was adjusted to 3 ml and 
its rotation was found to be -36”, based on a theoretical yield of JVb. On removal 
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of the water in nacuo, a colorless 
a fern-like structure, yield 27 mg 
1.25 (t.1.c. in solvent B). 

463 

gum remained which, on standing, crystallized as 
(g6%), m-p. 106-112O, [a]g -37”. RF 0.50, RZI% 

15 1 I 35'00 , ,,.,,. 

3000 LOO 2obo 1500 1000 

FREQUENCY KM-‘l 

Fig I. Infrared spectrum (KBr disc) of z-deoxy-2-fluoro-D-ribose (IVb). 

Fraction III (72 mg) which was obtained as a gum after chromatography of 
the benzoylation products of crude IVb on an alumina column (see above) was 
treated with base under the conditions just described. A good yield of crystalline 
IVb was obtained. 

The product isolated in this fashion exhibited no change in optical rotation 
on being kept in solution in 0.1 N HCl for 17 h or in o. I N NaOH for 3 h. 

Anal. Calc. for CsHgF04: C, 39.47; H, 5.96; F, 12.49. Found: C, 39.51; H, 6.03; 
F, 12.55. 

Comersion of VIb into methyl 3,4-di-O-benzoyZ-2-deo.xy-2-fluoro-mriboside (VII.) 
To a solution of VIb (0.035 g, 0.075 mmole) in dichloromethane (0.3 ml) 

were added 5 drops of hydrogen bromide-acetic acid (32%). After being kept at 
20-29 for Ig h, the solution was diluted with dichloromethane (5 ml) and rapidly 

extracted in the cold with water, sodium bicarbonate solution, and water. The 

solution was dried with sodium sulfate, and, after filtration, the solvent was removed 
in vacua. The residue was dissolved in dry methanol (3 ml). The optical rotation, 
[a]%, after 15 min based upon VII, was -229. One drop of pyridine was added to 
the solution. After 5 h at 20-25”, the rotation was -148”, based upon VIII, and 
after 22 h, -133”. 

The solution was evaporated to dryness, leaving a pale-yellow gum which was 
triturated well with water, and the water decanted_ Moisture was removed by co- 
distillation with ethanol in vacua several times. The residue was dissolved in ether, 
and filtered to remove a small amount of insoluble material. Upon removal of th2 
ether, a colorless gum remained, [a] g -133” (c 0.6 in ethanol). The material gave 
a negative Fehling test. The chromatographic behavior and infrared spectrum of 
this material were identical with those found for compound VIII, isolated after 
methanolysis of IIb, followed by benzoylation (see below). 

Anal. Calc. for C2oHlgFOs: benzoyl groups, 2.00. Found: benzoyl groups, 2.08. 
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Oxidation of methyl 2-deoxy-2-fuoro-D-riboside (XI) with sodium periodate 

To the solution resulting from the determination of the benzoyl groups was 
added an excess of sodium metaperiodate. Aliquots were buffered at pH 7 and 
titrated with standard arsenite. The results are given in the table. 

Time Moles IO, corrsumed per mole of compound 

0.1 0.21 

0.9 0.85 
2.1 1.00 

3.4 0.98 

5.3 1.00 
24.0 1.24 
71.0 1.80 

7 days Z-70 

Methanolysis of r-(2-deo_uy-r-puoro-p-D-ribo~ranosyl)-5,6-dihydrouracil (Ilb) 

Anhydrous methanol saturated with hydrogen chloride (IOO ml) was added 
to ITb (0.74 g, 2.98 mmole). The solution was heated at reflux for IO h, then neutra- 
lized by the addition of solid silver carbonate. After filtration of silver salts, the 
solvent was removed in uacuo, leaving an amorphous residue. T.1.c. in solvent B 
showed three spots of RF values 0.34, 0.52, 0.62. 

Benzoylation was carried out in pyridine (25 ml) at o” with the addition of 
benzoyl chloride (1.82 g, 13.0 mmoles) with stirring. After 41 h at 0-5~ a small piece 
of ice was added. Pyridine was removed in uacuo, and a chloroform solution of the 
residue was extracted in the cold in turn with water, sodium bicarbonate solution 
and water. After drying, the chloroform was removed in vacua, leaving a yellow 
gum. TLC. in solvent A revealed six spots of RF values 0.12, 0.21, 0.26, 0.34, 0.48, 
0.60. A chloroform solution of the mixture was placed on a column of alumina, 
2.4 x 42 cm, and eluted with chloroform. Fractions of 8 ml each were collected. 
The benzoylated material was eluted from the column in the 29o-464ml portion 
of effluent. The ef%ent was studied in four parts: (A) 290-320 ml, (B) 328-360 ml, 
(Cj 367-410 ml, and (D) 420-460 ml. 

The solvent was removed from each fraction, leaving a gum residue from 
fractions (C) and (D), crystals from fraction (A) and a mixture of crystals and gum 
from fraction (B). Qualitative analysis revealed nitrogen present only in fraction (D). 

Methyl 3,5-di-O-benzoyk-deoxy-2--uoro-D-riboside (X) 
Trituration of fraction (A) with water, followed by filtration gave 0.055 g 

of colorless needles, m-p. So-88”. Trituration of fraction (B) in a small amount 
of cold ethanol gave an additional 0.026 g of the same product, m.p. 86-88” (total 
yield 8%). The compound migrated as a single spot, RF 0.60 (t.1.c. solvent A)., 

Methyl 2-deoxy-2-fTuoro-D-ribofuranoside (XI) 

To a solution of X (0.076 g, 0.20 mmole) in ethanol (3 ml) was added 0.50~ 
sodium hydroxide (3 ml), and the solution was stirred for 4.5 h at 20-25~. Treatment 
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with Dowex 50 (Ht-), filtration and removal of solvent left an amorphous residue. 
Upon trituration with petroleum ether (30-60”) colorless crystals formed, 0.021 g 

(62%), m.p. 74-78”. Crystallization from ethyl acetate-petroleum ether (30-60”) 
gave colorless needles, m-p. 81-83~. Within 60 min XI consumed 0.083 mole of 
sodium metaperiodate per mole of XI. 

Anal. Calc. for CsHllFO4: C, 43.35; H, 6.67; F, 11.45. Found: C, 43.46; 

H, 6.76; F, 11.40. 

Methyl 3,.+di-O-benzoyl-2-deoxy-2-jluoro-D-riboside ( VIII) 

The amorphous residue from fraction (C) weighed 0.232 g (20%) and traveled 
as a single spot of RF 0.63 (t.l.c., solvent A), [a]2 -156” (c 0.4 in chloroform). 

Anal. Calc. for CeeHigFOe: C, 64.16; H, 5.12; F, 5.08; benzoyl groups, 2.0. 
Found: C, 63.05; H, 5.08; F, 5.07; benzoyl groups, 2.0. 

Periodate oxidation of VIII after debenzoylation 

Consumption of periodate per moie of compound within: 0.1 h, 0.13 mole; 
0.6 h, 0.64mole; 2.0 h, 0.84 mole; 5 h, 0.89 mole; 22 h, o.gqmole; 48 h, 1.1 mole. 

The lower rate of periodate uptake in this experiment, as compared to that 
for compound IX above, is probably due to the fact that the pH of the reaction 
mixture was slightly lower in this experiment. 

Methyl 3-(IT-benzoyhweidolpropionate (XII) * 

The fraction (D) residue (0.38 g) was triturated in ethanol (2 ml) at 0-5~. 
Colorless crystals, 0.056 g (8 %), m.p. I 17-1 I 8”, were collected. Crystallization from 
ethanol gave micaceous plates, m.p. 1 18-IIg0. The infrared spectrum (KBr disc) 
of XII was consistent with an N-benzoylureido-propionate. Carbonyl bands: 

COOCH,, 5.75 ,u; NHCOCsH5, 5.91 ,u; NHCONH, 5.98 ,K 
Anal. Calc. for ClsH14Ns04: C, 57.59; H, 5.64; N, 11.20. Found: C, 57.33; 

H, 5.71; N, 11.15. 
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SUMMARY _- 

Crystalline 2-deoxy-2-fluoro-D-ribose (IV b) was prepared by debenzoylation 
of 1,3,4-hi-U-benzoyl-z-deoxy-2-fluoro+-D-ribose (VIb). Reduction of 2’-deoxy- 
2’-fluorouridine (Ib) gave amorphous I-(2-deoxy-2-fluoro-B-D-ribofuranosylj-5,6- 
dihydroiuacil (IIb), which was converted into crystalline I-(3,5-di-O-benzoyl- 
2-deoxy-2-fluoro-p-D-ribosyl)-5,6-dihydrouracil (III). Glycosylic cleavage of II b 
with dilute alkali, followed by heating with dilute acid, gave a mixture containing 
IVb. Benzoylation of impure IV b produced crystalline VIb. A second product, in 
amorphous form, probably 1,3,4-tri-0-benzoyl-2-deoxy-2-fluoro-a-D-ribose, was 
isolated; it also gave crystalline Iv b upon debenzoylation. The pyranoid structure 

of VI b was proved as follows: replacement of the benzoyloxy group on C-r by a 
methoxyl group gave methyl 3,4-di-0-benzoyl-2-deoxy-2-fluoro-D-riboside (VIIIJ 
Debenzoylation gave the unsubstituted glycoside IX, which was shown to be a 
pyranoside, thus establishing the ring structure of VIb. 

Methanolysis of IIb, followed by benzoylation, gave crystalline methyl 3,5-di- 
O-benzoyl-2-deoxy-2-fluoro-D-riboside (X) and amorphous VIII, as well as crystal- 
!ine methyl 3-(N-benzoylureido)propionate (XlQ. Debenzoylation of X produced 
crystalline methyl 2-deoxy-2-fluoro-D-ribofuranoside (XI). 
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DEOXYFLUORO SUGARS 
PART I. SYNTHESIS OF 2-DEOXY-2-FLUORO-D-ALTROSE, 2-DEOXY-2-FLUORO-D-ALLOSE, 

AND 3-DEOXY-3-FLUORO-D-GLUCOSE 
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INTRODUCTION 

Sugars in which one or several hydroxyl groups are replaced by fluorine are 
of interest as potential antimetabolites. Those sugars in which a primary hydroxyl 
group is replaced by fluorine have been prepared from the corresponding sulpho- 
nates, but this reaction cannot be used for the introduction of fluorine at secondary 
positions. In some nucleosides, fluorine has been introduced at C-2 in the 

D-ribofuranose residuel. Recently, two groups have prepared deoxyfluoropentoses 
by the opening of sugar epoxides, either with hydrogen fluoride in dioxan’ at 120°, 

or with potassium fluoride in acetamides at 200~. 

RESULTS AND DISCUSSION 

In our approach to the synthesis of deoxylluo!o sugars, we also start from 

sugar epoxides, but open the epoxide ring by treatment with hydrogen tetrafluor- 

idoborate in hydrogen fluoride at -70~. On such treatment, methyl a,3-anhydro- 
4,6-di-O-methyl-a-s-allopyranoside (I) yielded a mixture containing two main 
components, one (II) of which was obtained crystalline. The substance gave correct 
analytical values for a monodeoxymonofluoro-di-O-methylhexosyl fluoride. N.m.r. 
studies4 indicated the structure of compound (II) to be 2-deoxy-2-fluoro-4,6-di-0- 
methyl-D-altropyranosyl fluoride, and the C+D configuration is suggested by the 
high value of the optical rotation. 

The crude reaction product was treated with hydrogen chloride in aqueous 

acetone, in order to replace the fluorine at C-I by a hydroxyl group, and then 
demethylated by treatment with boron tribromides to yield a mixture of two reducing 
sugars (III and IV). One (III) of these was also obtained on similar treatment of 
compound (II). The sugars were separated by cellulose-column chromatography, 
and one (III) was obtained crystalline. 

The sugars expected from the 2,3-anhydro-D-alloside, assuming trctns opening 
of the epoxide ring, are 2-deoxy-2-fluoro-D-altrose and 3-deoxy-3-fluoro-D-glucose, 
of which the former should be preponderant. The paper-electrophoretic mobilities 
of compounds (III) and (IV), in borate and germanate buffers, were therefore 
compared with the mobilities of 2-O-methyl-D-altrose [prepared from epoxide (I)] 
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and 3-O-methyl-D-glucose. The values given in Table I show that compound (III) 
and 2-O-methyl-D-a&rose have similar mobilities in borate, and that compound (IV) 
and 3-O-methyl-D-glucose have similar mobilities in both systems. The discrepancy 
between_ the mobilitks of compound (III) and 2-0-methyl-D-altrose in germanate 
buffer is considerable and cannot be explained. The rates of consumption of lead 
tetra-acetate by compound (III) and 2-O-methyl-IX&rose, under the conditions 
used by Charlson and Perlinr, followed similar courses. Similarly, compound (IV) 
and 3-O-methyl-D-glucose both rapidly consumed I mol. of oxidant, further con- 
sumption being insignificant. Finally, treatment of compound (IV) with lime water 
yielded a mixture of the “LX”- and “B’‘-D-glucometasaccharinic acids, indistinguishable 
by paper and gas-liquid chromatographys from authentic specimens. -These results 
are in agreement with the postulated structures of compounds (III) and (IV) as 
2-deoxy-2-fluoro-D-altrose and 3-deoxy-3-fluoro-D-glucose, respectively_ N.m.r. 
studies (rsF and iH)4 on derivatives of the above deoxyfluoro sugars ako support 
the structures given. 

C&OH 

Ho?---&,oH~ & H;a 

OH 
m OH 

P 

11 OH- 

$H20H H$Z-0 
1 I 

Whencompound~)washeatedinacidic,aqueoussolution,theI,6-anhydrideCV) 
was formed. The good yield (62%) of this substance, and its strongly negative optical 
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rotation @zc]&~ -270~ in water) further support the D-altrose configuration assigned 
to compound (III). I,6-Anhydro-P-D-altrose shows% [a]g -21$, a value which is 
considerably lower than those reported for the other 1,6-anhydro-@-D-hexopyranoses. 

A somewhat simpler route to the sugars (III) and (IV) proceeds from methyl 
4,6-di-U-acetyl-2,3-anhydro-a-D-allopyranoside (VI). However, during the last 
step, in which the O-acetyl groups are saponified with trimethylamine in aqueous 
methanol, partial epimerisation of compound (III) into %deoxy-a-fluoro-D-allose 
(VII) took place. Under more drastic conditions, compound (VII) could be obtained 
from the sugar (III) in 68% yield. As expected (Table I), the paper-electrophoretic 
mobilities of compounds (III) and (VII) are similar. Acid treatment of compound (VII) 
gives I,6-anhydro+deoxy+fluoro-B_D-allopyranose (VIII), in 15 % yield. 

TABLE I 

Mc VALUES FOR TZ DEOXYFLUORO SUGARS AND SOME RELATED SUBSTANCZS 

Sugar hIG in borate MG in germanate 

2-Deoxy-2-fluoro-D-akrose 0.65 2.58 
z-Deoxy-2-fluoro-malose 0.63 2.17 
3-Deoxy-3duoro-D-glucose 0.90 I-79 
2-0-Methyl-D-ahrose o-55 r-3 
3-O-Methyl-o-glucose 0.78 I-94 

The sugars (III) and (VII) are exceptionally stable and form insignificant 
amounts of coloured products when they are treated with acids or bases. They give 
only weak reactions on paper chromatograms with either anisidine hydrogen chloride 
or silver nitrate-sodium hydroxide, but are preferably detected by the periodate- 
benzidine reagent. Compound (IV), on the other hand, is easily detected with the 
above reagents. 

In order to obtain anomerically pure acetates of compounds (III) and (IV), 
they were transformed into the fully acetylated glycosyl bromides, which were then 
treated with mercuric acetate in acetic acid. Both acetates, which were amorphous, 
appear to have the P-D configuration. A crystalline acetate of compound (III), 
presumably the cr-D-pyranose acetate, was obtained by treatment of the crude acetate 
with zinc chloride in acetic anhydride. 

EXPERWENTAL 

Melting points are corrected. Concentrations were done under diminished 
pressure at a bath temperature not exceeding 40“. 

Methyl z,3-m~/rydro-4,6-di-O-nzetl~yi-a-D-allopyranoside (I) 
To a solution of methyl 2,3-anhydro-a-D-allopyranosideI0 (3.0 g) in N,N- 

dimethylformamide (90 ml), kept under nitrogen and cooled to o", was added barium 
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oxide (IO g) and barium hydroxide octahydrate (6 g)il. Dimethyl sulphate (20 ml) 
was then added dropwise with stirring and cooling during I h. The temperature was 
allowed to rise to room temperature, and stirring was continued overnight. Corm. 
ammonia (20 ml) was then added and, after 30 min, the reaction mixture was extracted 
with chloroform (5 x 100 ml). The chloroform solution was washed with water, dried 
over anhydrous sodium sulphate, and concentrated. The remaining syrup was crystal- 
Iised from light petroleum to yield the title compound (3.0 g). The physical constants, 
m.p. 63-64O$ [a] $.c+ rg3O (c 1.0, chloroform), are in good agreement with previously 
reported valuesi3. 

Treatment of epoxide (I) with hydrogen tetrafluoridoborate in hydrogen fluoride 

A solution of the epoxide (I, 5.2 g) in anhydrous, ethanol-free chloroform 
(22 ml) was added to a solution of boron trifluoride (8.5 g) in hydrogen fluoride 
(75 g), kept at -70~ in a polyethylene flask. The reaction was followed by t.1.c. 

(alumina, ethyl acetate) and, after 4 h, when no starting material remained, the mixture 
was poured into ice-water and chloroform. The acids were neutralised with solid 
sodium hydrogen carbonate. The chloroform phase was washed with water, dried 

(CaCln), and concentrated to a syrup (5.0 g). TLC. (silicic acid, ethyl acetate) revealed 
the presence of two main components, one (II) of which crystallised spontaneously 
from the syrup and was recrystallised from ethyl ether. The substance (1.8 g) had 
m-p. 88-90”, [a]$, fgg” (c 1.0, chloroform). (Found: F, 18.2; OCHs, 28.7. 
CsH~Fa04 talc.: F, 17-g; OCHs, 29.3 %)_ Part of the remaining syrup (1.0 g) was 
fractionated by column chromatography (silicic acid, chloroform). The separation 
was incomplete; some of the second, main component (80 mg) was obtained chro- 
matographically pure, but did not crystallise. It had [a]$, -37” (c 1.0, chloroform). 

Preparkion of the free sugars (ID) and (IV) 
The above, crude reaction-mixture (5.0 g) was dissolved in acetone (100 ml), 

N hydrochloric acid (roo ml) was added, and the solution was refluxed for go min 
and then neutralised with solid sodium hydrogen carbonate. Salts were removed by 

filtration, the acetone was distilled off, and the remaining aqueous solution was 
extracted with chloroform (IO x 50 ml). The chloroform solution was dried (CaCls) 
and concentrated. The resultin g syrup (3.57 g) was dissolved in dichloromethane 
(40 ml) and cooled to -70°, and boron tribromides (50 g) was added. The mixture 

was kept at this temperature for 30 min and then at room temperature overnight, 
and concentrated to a syrup which was repeatedly (three times) dissolved in methanol 
(50 ml) and concentrated. Paper chromatography (butanone, saturated with water) 
of the remaining syrup revealed the presence of two components, the RF values of 
which were of the same order of magnitude as that of 6-deoxy-6-fluoro-D-glucose. 
They were separated on a cellulose column, using the same solvent system, yielding 
compounds (III, 1.1 g) and (IV, 0.29 g). Compound (III) crystallised spontaneously 
and was recrystallised from ethanol to give the pure material melting at 149-151”, 

PI $)+42 + 53O (c 1.0, water) (Found: C, 39.7; H, 6.19; F, 10.7. CsHnPOa talc.: 
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C, 39.6; H, 6.09; F, 10.4%). The other sugar (IV), [LY]‘&, +36” (c 0.5, water), has 
not crystallised. Oxidations of (III), (IV), 2-O-methyl-D-altrose, and 3-U-methyl-D- 
glucose with lead tetra-acetate were performed as described by Charlson and Perlin’. 
Treatment of 3-deoxy-3-fluoro-D-glucose with lime water was performed as described 
for the similar treatment of 3-O-methyl-D-glucose12. 

j?-D-Tetraacetates of 2-deoxy-2-jhoro-D-a/hose and 3-deoxy-3-fluoro-D-glucose 
The sugar (0.5 g) was acetylated with acetic anhydride in pyridine, and the 

syrupy acetate was treated with hydrogen bromide in acetic acid. The resulting 
glycosyl bromide was then treated with mercuric acetate in acetic acid. The yields 
of the amorphous &D-acetates were about 0.5 g. Tetra-O-acetyl-2-deoxy-2-fluoro- . 
&D-a&rose had [cc]& -15”, (c I .o, chloroform), and tetra- O-acetyl-pdeoxy-3- 
fluoro+D-glucose, [a]$& -l-15” (c 2.0, chloroform)_ Both acetates were chromato- 
graphically pure (t.l.c., silicic acid, chloroform). 

2-Deoxy-2-filtoro-a-D-altropyranose tetraacetate 
Compound (III) (0.48 g) was acetylated with acetic anhydride and pyridine, 

and the syrupy reaction product (o-92 g) was dissolved in a solution of zinc chloride 
(o-3 g) in acetic anhydride (4-5 ml) and kept for 15 min at 100’. The solution was 
then poured into ice-water (IOO ml), neutralised with sodium hydrogen carbonate, 
and extracted with chloroform (3 x 50 ml). Concentration of the chloroform solution 
yielded a syrup (o.Sg g) which crystallised spontaneously. Recrystallisations from 
isopropyl ether yielded the E-D-acetate (0.23 g), m.p. I x2-114O, [cc]:&,, +roo” (c 1.0, 
chloroform) (Found: CHsCO, 48.4. CIaHIsFOs talc.: CHsCO, 49.2%). 

Methyl 4.6-di-0-acetyl-2,3-anhydro-a-D-allopyranoside ( VI) 
Methyl 2,3-anhydro-a-D-allopyranoside (15 g) was acetylated with acetic 

anhydride (75 ml) in pyridine (IOO ml) at room temperature overnight to yield the 
title compound (22 g). Part of the product was purified by column chromatography 
(silicic acid, chloroform) to give a chromatographically pure syrup, [al&s j-162’ 
(c 1.0, chloroform) (Found: CHsCO, 31.9; OCHs, I 1.3. CllHI607 talc.: CHsCO, 
31.3; 0CH3, 11.9%). 

Preparation of the free sugars (III, IV, and VII) from the epoxide (VI) 
The epoxide (Vi, 22 g) was dissolved in hydrogen fluoride (120 ml) at -70~. 

The solution was rapidly saturated with boron trifluoride (about IO % was dissolved), 
kept for 50 rain at -70°, poured into ice and chloroform (500 ml), and neutralised 
with solid sodium hydrogen carbonate. The aqueous phase (2 1) was extracted with 
chloroform (5x200 ml). The combined extracts were washed with water (300 ml), 
dried (CaCls), and concentrated. The resulting syrup (23 g) was dissolved in a mixture 
of sulphuric acid (15 ml), acetic acid (IOO ml), and acetic anhydride (250 ml), kept 
at o”. When the syrup had dissolved, the temperature was allowed to rise to room 
temperature and the solution was stored overnight. It was then poured into ice- 
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water (2 1) and extracted with chloroform (5 x200 ml). The chloroform solution 
was washed with water, aqueous sodium hydrogen carbonate, and water, dried 
(CaCle), and concentrated. The resulting syrup was dissolved in a mixture of methanol 
(200 ml), water (75 ml), and 33% aqueous trimethylamine (300 ml), and kept over- 
night. The solution was concentrated to a syrup, which was resolved by cellulose- 
column chromatography (butanone saturated with water) into III (5.7 g), IV (o-55 g), 

and VII (0.40 g), eluted in the order III, VII, IV. 

The 2-deoxy-z-fluoro-D-allose (VII) crystallised spontaneously and was recrystal- 
lised from ethanol to give the pure substance, m-p. 165-167O, [or]i$e +18 + 28O 

tc 0.5, water) (Found: C, 39.5; H, 6.25; F, 10.2. C6HrlFOs talc.: C, 39.6; H, 6.09; 
F, 10.4%) In a separate experiment, III (0.50 g) was dissolved in 33 % aqueous 
trimethylamine (20 ml) and kept for 5 h at 60”. The product obtained after con- 
centration was fractionated on a cellulose column to yield unchanged starting 
material (0.15 g) and z-deoxy-2-fluoro-D-allose (0.34 g). 

r,6-Anhydro-2-deoxy-2-f?uoro-t%D-altropyratzose (V) 

Compound (III) (0.52 g) was dissolved in N hydrochloric acid (20 ml) and 
heated under reflux for 13 h, when the optical rotation had reached a constant value. 
After neutralisation by ion-exchange and concentration, the resulting syrup was 
fractionated on a cellulose column (water-saturated butanone) to yield III (0.16 g) 

and V (0.31 g). The I,6-anhydride crystallised spontaneously and, after recrystal- 
lisation from ethyl acetate-light petroleum, had m.p. 85-87O, [c$&, -270~ (c LO, 
water) (Found: C, 44.0; H, 5.48; F, 11.8. CsHgF04 talc.: C, 43-g; H, 5.53; F, 11.6%). 

r,6-Anhydro-2-deoxy-2-fluoro+b-allopyranose (VIII) 

This compound was prepared analogously to V. After 43 h, the yield of 
recovered substance was I 5 %. The 1,6-anhydride crystallised spontaneously and, 
after recrystallisation from ethyl acetate, had m-p. r37-r3g”, [a]&,, -79” (c LO, 
water) (Found: C, 44.0; H, 5.78; F, 11.8. CsHsFOa talc.: C, 43.9; H, 5.53; F, 11.6%). 

2-0-Methyl-D-a&rose 

Methyl z,3-anhydro-4,6-0-benzylidene-a-D-allopyranoside (1.0 g) was dis- 
soIved in methanol (20 ml), in which sodium (0.5 g) had been dissolved, and the 
solution was heated under reflux 14 for 24 h. 0.5N Sulphuric acid (20 ml) was then 
added and retluxing continued for I h. The solution was neutralised with barium 
carbonate, concentrated to dryness, and extracted with boiling acetone. The acetone 
solution was concentrated, and the remaining syrup was dissolved in a solution of 
acetic anhydride (20 ml) and cont. suIphuric acid (0.2 ml), kept for 48 h at room 
temperature, poured into ice-water, neutralised with sodium hydrogen carbonate, 
and extracted with chloroform (3 x IOO ml). The crystalline tetra- O-acetyl-z- O- 
methyl-a-D-altropyranose (o-75 g) obtained on concentration of the chloroform 
solution was recrystallised from isopropyl ether to yield the product, m.p. g3+5”, 
[a];$, $-91” (c 1.0, chloroform) (Found: OCHs, 8.36; C~HssOle talc.: OCHs, 8.60). 
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Deacetylation with trimethylamine in aqueous methanol 
graphically pure free sugar, which did not crystallise. 
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yielded the chromato- 

studies on several of the substances reported in this paper. 

SUMMARY 

2-Deoxy-2-fluoro-D-ahrose and 3-deoxy-3-fluoro-D-glucose have been prepared 
by treatment of methylated or acetylated methyl 2,3-anhydro-a-D-allopyranoside 
with hydrogen tetrafluoridoborate in hydrogen fluoride. Epimerisation of a-deoxy- 
2-fluoro-D-a&rose yielded the corresponding D-allose derivative. 
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INTRODUCTION 

The efficient cleavage of methyl ethers of carbohydrates under mild conditions 
by boron trichloridel prompted an examination of the effect of this reagent on cyclic 
ethers of carbohydrates, especially those containing tetrahydrofuran rings of which 
many examples are knowrP. Specific and complete cleavage of tetrahydrofuran rings 
could endow them with potential value in carbohydrate chemistry as a novel type 
of blocking group which, in certain cases, would hold a sugar molecule in an unusual 
conformation. The action of boron trichloride on ethers and related compounds has 
been well reviewed by Gerrard and Lapper@; ethylene oxide, propylene oxide, 
tetrahydrofuran, tetrahydropyran, and I ,&dioxan all undergo ring cleavage. We now 
report on the reaction of boron trichloride with the model compound 1,4:3,6- 
dianhydro-D-glucitol. 

RESULTS AND DISCUSSION 

When a mixture of r&3,6-dianhydro-D-glucitol, dichloromethane, and excess 
of boron trichloride was constituted at CLI. -80” and allowed to attain room 
temperature, a substantial change in optical rotation occurred (--45O + ca. -I IO, 
water). Examination of the product (A) by thin-layer chromatography revealed 
several components, but fractionation of the mixture (before and after acetylation) 
on silica gel failed to afford any crystalline material, and chromatography on alumina, 
after p-phenylazobenzoylation *, did not give any identifiable product. The n.m.r. 
spectrum of the acetylated material contained a variety of acetyl proton signals 
indicative of anhydro-ring cleavage and the formation of new hydroxyl groups. 

Benzylidenation of product A (usin g toluene-p-&phonic acid as catalyst, 
and azeotropic removal of water) gave mainly a mono-0-benzylidene derivative 
(B, m.p. I 84-187O, [c+ + 14” in chloroform) of a dichlorodideoxyhexitol, and a 

small amount of a di-0-benzylidene derivative (C, m.p. 209-210“, [a]~ +15” in 
chloroform). Other, unidentified, benzylidene derivatives were also formed, since 
the n.m.r. spectrum of the benzylidenated mixture had benzyl proton signals in 
addition to those associated with compounds B and C. Compound _c was readily 
identified as 2,4:3,5-di-U-benzylidene-r,6-dichloro-1,6-dideoxy-D-glucitol (I) by 
comparison with authentic material obtained from 2,4:3,5-di-O-benzylidene-D- 
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glucitole (II) by methanesulphonylation, followed by treatment with lithium chloride 
in N,N-dimethylformamide. 2,4:3,5-Di-O-benzylidene-r,6-dichloro-r,6-dideoxy-D- 
glucitol was first described by Montgomery and Wiggir&, but the physical constants 
recorded (m.p. 223-224O, [aIn -16.4~ in chloroform) were significantly different 
from those noted for compound C. However, repetition of the earlier work (treatment 
of r,4:3,6-dianhydro-D-glucitol with fuming hydrochloric acid at I roe, followed 

by benzylidenation) gave a product having physical constants closely similar to 
those of compound C. 

-‘-Ph 

I R=CI m R’.R’.CI 
II R=OH IL? R’ =CI, R”=OMe 

Benzylidenation of compound B (which gave a crystalline dibenzoate) gave 
the di-0-benzylidene derivative C, in poor yield, indicating that the compounds are 
both derivatives of r,6-dichloro-r,6-dideoxy-D-glucitol. The isolation of compound 
B in good yield and its single benzyl proton signal are strongly indicative7 that it is 
not a 2-phenyl-I,3-dioxolan derivative, since these compounds are usually formed 
as nearly equimolar mixtures of diastereoisomers under conditions of vigorous acid- 
catalysis. r,6-Di-O-benzoyl-2,4:3,5-di-O-benzylidene-D-glucitol has benzyl proton 
signals at ~4.71 and 4.37 (dioxan), which have been assigned7 to the 2,4- and 
3,5-benzyhdene groups, respectively. Since compound C was synthesised from the 
above dibenzoate and must, therefore, have the same configuration, the benzyl 
proton signals at t 4.56 and 4.38 may be assigned to the 2,4- (/?-erytlzros) and 
3,pbenzylidene acetals (&threu), respectively. Compound B has a single benzyl 

proton signal at t 4.60 which is therefore consistent with a 2,4-benzylidene ring, but, 
since p-eryrhro and y-(seven-membered) benzylidene acetals give benzyl proton 
signals of similar chemical shift7, the possibility of a 2,5-acetal (~+eryrlzro) must be 
considered_ Moreover, the conversion B + C. noted earlier, does not prove the 
location of the benzylidene ring in compound B, since further benzylidenation may 
have been accompanied by rearrangement (cfi Baggett et aZ.7). A B-erythro ring in 
compound B seemed to be the more likely structure, since there is no recorded 
example of the formation of an isolated y-erythro ring in the acid-catalysed con- 
densation of aldehydes with acyclic polyhydric alcohols, whereas the #?-erythro 
ring is a sterically very favourable arrangement 9. Compound B was resistant to 
periodate oxidation under conditions where 2,4-0-benzylidene-D-glucitol consumed 
I mol. of oxidant; a 2,5-, but not a 2,4-, 0-benzylidene derivative of r,6-dichloro- 
I$-dideoxy-D-glucitol would be expected to react with periodate. 
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Compound B was not affected by cold, methanolic sodium methoxide, but, 
at reflux temperature, compound D was formed in which one chlorineiatom had 
been replaced by a methoxyl group. This behaviour would be expected for 2,4-O- 
benzylidene-r,6-dichloro-1,6-dideoxy-D-glucitcl (HI), since a ready release of chloride 
ion from position 6 should occur by the formation of an epoxide, which would then 
afford ~,4-U-benzylidene-~-chloro-~-deoxy-6-O-methyl-D-glucitol (IV) by further 
reaction with methoxide ion. An analogy is provided by the conversion10 of 2,4-O- 
benzylidene-I,6-di-O-toluene-p-sulphonyl-D-glucitol into 5,6-anhydro-2,4-Gbenzyl- 
idene-I- O-toluene-p-sulphonyl-D-glucitol by sodium methoxide under mild condi- 
tions. There can be little doubt that compounds B and D have the structures (HI) 
and (IV), respectiveby. 

On reduction of compound B with lithium aluminium hydride, both chlorine 
atoms were removed to give, presumably, 2,4-O-benzylidene-r,6-dideoxy-D-glucitol. 

The above results establish that the main product arising from the action of 
boron trichloride on 1,4:3,6-dianhydro-D-glucitol is I,6-dichloro-I,6-dideoxy-D- 
glucitol, and that little of the dianhydro compound survives the reaction. An interest- 
ing comparison may be made with the observations of Montgomery and Wigginse. 
Treatment of 1,4:3,6-dianhydro-D-glucitol with fuming hydrochloric acid at I 10~ 

for 2 h, followed by benzylidenation (catalysed by zinc chloride) of the product, 
gave mainly 1,4-anhydro-3,5-U-benzylidene-6-chloro-6-deoxy-D-glucitol, together 
with a small proportion of 2,4:3,5-di-O-benzylidene-I,6-dichloro-I,6-dideoxy-D- 
glucitol. Compound B, apparently, was not encountered, and substantial quantities 
of unreacted dianhydro compound were recovered. Thus, under these drastic con- 
ditions, the 3,6-anhydro ring is selectively cleaved, but the r,4-anhydro ring is rela- 
tively stable, whereas, in the boron trichloride reaction, both rings are extensively, 
if not completely, opened under very mild conditions, and the potential value of 
the latter reagent for cleaving tetrahydrofuran rings is thereby emphasised. 

The nature of the product arising from the action of boron trichloride on 
tetrahydrofuran is, apparently, markedly dependent on the molar proportion of 
the Lewis acidll. Thus, decomposition of the I:I complex of boron Dichloride and 
tetrahydrofuran affords I,4-dichlorobutane, whereas if a deficiency of Lewis acid 
is used, the main product is 4-(4-chlorobutoxy)butan-r-01. The results with 1,4:3,6- 
dianhydro-D-glucitol show that the use of excess of boron trichloride results in 
opening of the tetrahydrofuran ring with net addition of hydrogen chloride. Addi- 
tionally, the direction of ring opening accords with the findings for unsymmetrical 
acyclic etherss, in that the chlorine atom becomes attached to the ether substituent 
which has the greater electron-releasing character. It is noteworthy that, for acyclic 
ethers, cleavage of an unsymmetrical ether is specific, in that only one of the two 
possible alkyd chlorides is formed. Certainly, for r,4:3,6-dianhydro-D-glucitol, the 
only chlorine-containing products isolated had the halogen in terminal positions, 
but, since a quantitative analysis of the reaction mixture was not effected, the for- 

_ mation of non-terminal chloro compounds cannot be precluded. 
In an attempt to obtain pure I,6-dichloro-I,6-dideoxy-D-glucitol, the acid 
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hydrolysis of compound B was examined. With hot, dilute, aqueous-ethanolic 
hydrochloric acid, a mixture of products was obtained from which r,4-anhydro- 
6-chloro-6-deoxy-D-gluctiols (32%) was isolated directly. After benzoylation of the 
residue, and chromatography on alumina, r,4:3,6-dianhydro-2,5-di-O-benzoyl-D- 
glucitol and 2,3,4,5-tetra-O-benzoyl-r,6-dichloro-I,6-dideoxy-D-glucitol were isolated. 
The sensitivity of the dichlorodideoxyhexitol to acid and base precluded isolation 
of a pure sample. 

The reaction of boron trichloride with other types of sugar anhydtide is being 
investigated. 

EXPERIMENTAL 

Thin-layer chromatography (t.1.c.) was performed on Kieselgel, with detection 
by iodine vapour or vanillin-sulphuric acid 1s. N.m.r. spectra were obtained on ca. 20 % 

soIutions, with a 6% solution of tetramethylsilane in chloroform as external reference, 
by using a Varian A60 spectrometer under normal working conditions. Light 
petroleum refers to the fraction of b.p. 6o-80”. 

Action of boron trichloride on I,4:3,6-dianhydro-D-glucitol 

A mixture of the dianhydro compound (15 g) and dichloromethane (So ml) 
at ca. -80” was treated with boron trichloride (25 g) and allowed to attain room 
temperature during 30 h. The mixture was then cooled and treated with a further 
amount (25 g) of boron trichloride. After the mixture had again reached room 
temperature, it was concentrated under diminished pressure, also at room tempera- 
ture, and the non-volatile borate esters were decomposed by repeated distillation 
of methanol from the residue. The glassy product (24.3 g), which, presumably, was 
mainly r,6-dichloro-r,6-dideoxy-D-glucitol, had [CX]D -11~ (c 1.0, water), and it 
was treated with a boiling mixture of benzene (200 ml), benzaldehyde (30 ml), and 
toluene-p-sulphonic acid (20 mg) for 24 h with azeotropic removal of water (ca. 2 ml). 
Benzene was then removed by distillation, and the residue was poured into a mixture 
of aqueous sodium hydrogen carbonate and light petroleum at o”. Insoluble material 
was collected, washed well with light petroleum and water, and dried to yield a 
product X (17 g), m.p. 174-176”, [t(]D + 14” (c 0.4, chloroform), which had a single 
broad signal for benzyl protons at t 4.60 (dioxan). Examination by t.1.c. [benzene- 
ethyl acetate (7:3)] revealed components having approximate RF values of o-94, 
0.56, and 0.44 

The aqueous solution and washings were combined and extracted with light 
petroleum, and then with chloroform (5 x 200 ml). Evaporation of the combined 
and dried (MgS04) chloroform extracts gave a syrup Y (4.5 g), having [OL]D +I” 

(c 1.05, chloroform) and benzyl proton signals at z 4.61, 4.34, and 4.21 (dioxan). 
Examination by t.1.c. (as for X) revealed components having approximate & values 
of 0.94, 0.81, 0.75, 0.56, 0.44, and 0.00. 

Recrystallisation of product X from chloroform gave 2,4-0-benzylidene-r,6- 
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dichloro-r,6-dideoxy-D-glucitol (10.2 g), m.p. 184-187O, [aIn f 14” (c 0.4, chloro- 
form), t 4.60 (benzyl proton, dioxan) (Found: C, 50.9; H, 5.2; Cl, 22.9. cl3Hl6c1204 

talc.: C, 50.8; H, 5.25; Cl, 23.1%). This product afforded a dibenzoate, m-p. r48-r4g0 
(from methanol), [a]D -127~ (c 0.2, chloroform) (Found: C, 63.2; H, 4.8. C27H24C1206 

talc.: C, 62.9; H, 4.7%). 
A further amount (1.52 g) of the mono-O-benzylidene derivative was obtained 

from the mother liquors, and the residual material (z 4-57, 4-39, and 4-23 for benzyl 
protons) was combined with the mixture Y, stirred with a mixture of aqueous sodium 
hydrogen carbonate and light petroleum, and then dissolved in chloroform. Con- 
centration of the dried (MgS04) solution afforded a crystalline product (1.2 g) which 
was eluted from a column (8 x 2.5 cm) of alumina with benzene (500 ml) and 
chloroform (200 ml) to give 2,4:3,5-di-O-benzylidene-I,6-dichloro-r,6-dideoxy-D- 
glucitol (0.63 g), m-p. 2og-2ro”, [CiJu f-15” (c 1.0, chloroform)_ Similar fractionation 
of the product from the chloroform mother liquors gave a further amount (0.83 g) 
of the di-O-benzylidene derivative, together with unidentified benzyiidene com- 
pounds. 

2,4.-3,5-Di-O-benze-r,6-diclrloro-r,6-dideoxy-D-glucitol 
(o) Treatment of 2,4:3,5-di-O-ber@idene-u-glucitols with methanesulphonyl 

chloride in pyridine, in the usual manner, gave the r,6-dimethanesulphonate, m.p. 
rg3-rg4° (from acetone containin g a trace of ammonia), [a]~) -go (c 0.7, pyridine) 
(Found: C, 51.6; H, 5.2; S, 12.3. C32HaeOr&a talc.: C, 51.4; H, 5-r; S, 12.5%). 

A solution of the foregoing dimethanesulphonate (I g) in NJV-dimethyl- 
formamide (40 ml) containing lithium chloride (2 g) was boiled under reflux for I h. 
The cooled mixture was poured into ice-water (200 ml), and stored overnight at 
room temperature. The precipitate was collected, washed well with water, and dried 
to give a product (0.58 g, m-p. cu. 140”) which was eluted with benzene from a 
column @X 2.5 cm) of alumina. The first fraction (50 ml) was discarded; from the 
second fraction (IOO ml), 2.4:3,5-di-O-benzylidene-r,ddichloro-r,6-dideoxy-D-glucitol 
(0.3 g), m.p. 205-207O, [a]D i-15” (c 1.0, chloroform) was obtained, and this was 
identical with the product obtained in the benzylidenation reaction described above 
(Found: C, 60.9; H, 5.1; Cl, 18.0. c2OH2Oc1204 talc.: C, 60.75; H, 5.1; Cl, 18.0%). 
1~Ont~OiINXy and WigginS recorded m.p. 223-224O, [a]n -16.4~ in chloroform, 
For this compound (see discussion). 

(6) A solution of 2,4-O-benzylidene-r,6-dichloro-I,6-dideoxy-D-glucitol (I g) 
in benzene (50 ml) containing benzaldehyde (3 ml) and toluene-p-sulphonic acid 
(IO mg) was boiled for 48 h, with azeotropic removal of water. Benzene was then 
removed by distillation, and the residue was shaken with a mixture of aqueous sodium 
hydrogen carbonate and light petroleum, and dried to give the title compound 
(0.47 g, 37%), m.p. 206-208~ alone or in admixture with the product described in (a). 

Acid hydrolysis of z,~-O-ben~yIider~e-~,6-dic~~loro-~,6-dideox_v-~-glrtcitol 
A mixture of the title compound (1.2 g), 0.01 N hydrochloric acid, and 50% 
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aqueous ethanol (IIO ml) was boiled under reflux for 2 h, and the ethanol was then 
removed under diminished pressure at room temperature. The aqueous layer was 
extracted with light petroleum and then evdporated in a desiccator over sodium 
hydroxide. Crystallisation of the residue from ethyl acetate gave 1,4-anhyclro-6- 
chloro-6-deoxy-D-glucitol (0.22 g, 32O/), m.p. 10%IIO", [O~]JJ -10~ (c 1.4, acetone) 
(lit.6, m-p. Io8-rog”, [CZ]D -14” in acetone), which was further characterised* as 
the tri-p-phenylazobenzoate, m.p. 182-185~ (from benzene-light petroleum) (Found: 

C, 67.1; H, 4.6; C4sHs~ClNs07 talc.: C, 67.0; H, 4.3%). 
The residue (0.37 g) from the ethyl acetate mother-liquors was benzoylated 

in the usual manner, and the product (0.57 g), which contained components having 
approximate RF values of 0.94 and 0.72 [t.l.c., benzene-ether @:I)], was fractionated 
on a column (12x25 cm) of alumina. The following fractions were obtained: I 
(benzene, 125 ml), an unidentified syrup (33 mg); 2 (benzene-ether, g:~, IOO ml), 
slightly impure (?) 2,3_4.5-tetra-O-benzoyl-~,6-dichloro-1,6-dideoxy-D-glucito1(o.26g), 
m-p. CCI. 40”, RF ca. 0.92 with trace components at ca. 0.40, 0.24, and 0.04 (Found: 
Cl, I 1.6. C24H2sCl208 CalC.: Cl, 11.2%); 3 (benzene-ether, g: I, 100 ml), unidentified 
material (32 mg); 4 (ether, 200 ml), crude r,4:3,6-dianhydro-2,5-di-0-benzoyl-D- 
glucitol (0.1 I g) which, after recrystallisation from ethanol, had m-p. 102--~03~, 
[E]D +24O (c 0.5, ch!oroform); lit.13, m.p. 102--103O, [aIn j-24.5” in chloroform. 

Reactions of’ z,q-O-benzylidene-r,Ci-dichloro-r,6-dideo~y-D-glrrcitoI 
(a) With sodium metlloxide 

A solution of the title compound (0.6 g) and sodium methoxide (from o. rg g 
of sodium) in methanol (70 ml) was boiled under reflux overnight, cooled, neutralised 
with dilute sulphuric acid, and concentrated. The residue was extracted with hot 
ethyl acetate to yield a product (o-6 g), m-p. 142-143O, [OL]D + 10~ (c 0.5, chloroform), 
which, on recrystallisation from chloroform-light petroleum and then from chloro- 
form, gave 2,4-O-benzylidene-r-chloro-r-deoxy-6-O-methyl-~-glucitol, m-p. ~j4-145~~ 
[OC]D f13” (c 0.4, methanol) (Found: C, 55.2; H, 6.3; Cl, 12.2. C14HrgClOs talc.: 

C, 55.4; H, 6.3; Cl, 11-7x). 

(b> With sodium metaperiodate 
A solution of 2,4-O-benzylidene-o-glucito110 (5 mg) in iV,N-dimethylformamide 

(IO ml), phosphate buffer14 (pH 6.98, 5 ml), and 0.02 M sodium metaperiodate 
(5 ml) was made up to 25 ml with NJ-dimethylformamiders. Aliquot portions 
(I ml) were withdrawn at intervals, diluted with 20% aqueous potassium iodide 
(I ml), and titrated with 0.01 N sodium thiosulphate using Thyodene indicator. 
After 48 h, a periodate consumption of 1.01 mol. had occurred, whereas 2,4-O-benzyl- 
idene-1,6-dichloro-r,6-dideoxy-D-glucitol (6.5 mg) consumed no periodate under 
the same reaction conditions. 

(c) With lithium aIuminium hydride 

To a slurry of lithium aluminium hydride (0.27 g) in tetrahydrofuran (20 ml) 
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was added a solution of the title compound (I g) in tetrahydrofuran (20 ml) during 
IO min. The mixture was then stirred and boiled under reflux for 60 h. Excess of 
reductant was destroyed with ethyl acetate (IO ml), and alkoxides with water (2 ml). 
Insoluble material was collected and washed with ethyl acetate. Concentration of 
the combined filtrate and washings gave a product (0.94 g), m-p. 137-r@, [CC]D +g” 

(c 0.44, chloroform). Examination by t.1.c. (benzene-methanol, g:I) revealed three 
main components having approximate RF values of 0.50, 0.44, and 0.38. Recrystal- 
lisation from benzene-light petroleum gave a product, m-p. 143-146”, with benzyl 
proton signals at t 4.5g,4.61, and 4.65 (tetrahydrofuran), a portion of which (347 mg) 
was eluted from a column (30x 2.5 cm) of silica gel (Davison, 950). The following 
fractions (50 ml) were obtained: r-r4 (benzene-ether, g:r), unidentified material 
(17 mg); I5 (benzene-ether, 1:1), 2,4- 0-benzylidene-I,6-dichloro- r ,6-dideoxy-D- 
glucitol (40 mg), m.p. 183-185”; 17-18 (benzene-ether, I:[), a mixture of chlorodi- 
deoxy derivatives of 2,4-0-benzylidene-D-glucitol (go mg), m.p. 147-148”, RF ca. 0.44 

and 0.41 (t.l.c., carbon tetrachloride-ethyl acetate, I: I), [&I + 14’ (c I. I, chloroform), 
z 4.54 and 4-58 (tetrahydrofuran, benzyl protons) (Found: C, 57.5; H, 6.5. ClsHl7ClOd 
talc.: C, 57.2; H, 6.204); 21-25 (benzene-ether, I:I), 2,4-0-benzylidene-r,6-dideoxy- 
D-glucitol (88 mg), m-p. 166167”, [a]o +lo” (c 0.8, chloroform), t 4.52 (tetrahydro- 
furan, benzyl proton), 9.90 and 9.87 (doublets, .J IO c.p.s., C-methyl protons) (Found: 
C, 65.4; H, 7.8. C13Hn~O4 talc.: C, 65.5; H, 7.6%). 

ACKNOWLEDGEMENTS 

The authors thank Professor M. Stacey, F.R.S., for his interest. This research 
was supported by a grant (DA-g1-5gI-EUC-3078 and 3530) from the United States 
Department of the Army. 

SUMMARY 

Under mild conditions, I,4:3,6-dianhydro-D-glucitol is converted by boron 
trichloride mainly into I,6-dichloro-I,6-dideoxy-D-glucitol, isolated as the 2,4-O- 
benzylidene and 2,4:3,5-di-0-benzylidene derivatives. 2,4-0-Benzylidene-r,6-dichloro- 
r,6-dideoxy-D-glucitol is converted by sodium methoxide into 2,4-O-benzylidene- 
I-chloro-I-deoxy-6-O-methyl-D-glucitol, and by lithium aluminium hydride into 
2,4- 0-benzylidene- I ,6-dideoxy-D-glucitol. The ready cleavage of tetrahydrofuran 
Iings by boron Dichloride endows them with potential value as novel blocking groups 
in carbohydrate chemistry. 
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Notes 

The infrared spectroscopy of ketoses 

Infrared spectroscopy is useful in organic chemistry for group diagnosis by 
means of characteristic frequenciesra2 and many interesting assignments have been 
made in the field of carbohydrates during the past decades. In a previous publi- 
cation4, it was suggested that some kind of skeletal vibration associated with the 
keto grouping at C-2 causes the regular absorptions observed in the range I ooo cm-r 

to 700 cm-l for ketoses, both pyranoid and furanoid. Investigation of the spectra 
of known disaccharidess, including those in which both moieties are aldose residues, 
tabulated earlier by Barkers, indicated that the ketose assignment* could be extended 
to oligosaccharides. The data presented in Tables I through ILI confirm this conclu- 
sion and suggest the use of these absorption bands for identification of a ketose 
residue in disaccharides and, even, in trisaccharides. 

EXPERIMENTAL 

The sugars used in this study were all of high purity, and were kindly provided 
by Dr. N. K. Richtmyer, National Institutes of Health, Bethesda, Md., except for 
the leucrose sample, which was provided by Dr. F.H. Stodola, Northern Utiliza- 
tion Research and Development Division, Peoria, Ill. 

The spectra of the crystalline sugars (in potassium bromide disks) were 
measured with a Grubb & Parsons “Spectromaster”, double-beam spectrophoto- 
meter. 
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TABLE I 

BANDS (cm-l) OBSER~.D nv -fri~ INFRARED SPECTRA OF SOME z-KE-~~SES 

Sugar Type 
I I 2 IfA ZIB 3 

D-xyto-Hexulose 902 885 821 
L-gluco-Heptulose 947 873 828 
D-a/lo-Heptulose 937 891 860 823 784 
D-glycero-D-g&o-Octulose 940 881/870 858 819 793 
2,7-Anhydro-B-D-ido-heptulose 966 881/870 813 826 
2,7-Anhydro-@_-g&o-heptulose 896 878 844 800 
2,7-Anhydro-P-D-al-heptulose 920 873 858 829 835 
Turanose 933 866 840 808 
Leucrose 917 871 817 789 

TABLE II 

BANDS (Cm-l) RECORDED XN THE LITERATURE FOR SUGARS CONTAINING A 2-KETOSE RESIDUE 

Oligosaccharide Type References 
I 2 2 JIA ZZB 3 

Reducittg disaccharides 
Inulobiose 
Turanose 
Maltulose 
Leucrose 

lvonreducfng oligosaccitarides 
Sucrose 
r-Kestose 
6-Kestose 
Neokestose 

925 870 825 780 5 
933 866 840 808 780 5 
927 867 842 820 795 5 
9-14 875 820 792 5 

913 
930 
92.5 
925 

857 838 6 

870 855 810 835 6 

875 855 805 835 6 

870 860 810 830 6 

TABLE III 

BANDS (cm-l) RECORDED IN THE LITERANR@ FOR DISACCHARIDES CONTAINING AN ALDOSE RESIDUE 

Sugar Twe Type 2 Type 2 Type 

I a B 3 

/?-Maltose 
f3(?)-Isomaltose 
Nigerose 
a,cr-Trehalose 
a$-Trehaiose 

$?$);yutiobiose 

Laminaribiose 
Sophorose 

907 846 894 778 
919 838 768 
919 840 783 
9241909 8501840 802 

923 843 884 780 
919 896 
925 892 773 
917 894 770 
919 888 

919 8881872 778 
919 843 892 765 
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DISCUSSION 

The specificity of absorptions I (at 875 cm-l; standard deviation = -J-g) 
and II (at 8x7 cm-l; standard deviation = fg) was confirmed by the spectro- 
grams, so that their presence may be taken as sufficient proof of structnre. Definite 
assignment to the 2-ketose residue seems valid, for their appearance is always caused 
by the structure shown, whereas substitution or linkage with other molecules by 

-0 OH 

\’ C 

/I -A CHsOH 
I 

means of C-I or the anomeric group are followed by shifting of type IIA to type IIB 
absorption. Although no theoretical background is yet available to explain this 
phenomenon, a similar skeletal vibration has been suggested for the absorptions 
displayed in the aldose series 7_ The only restriction is that a free, anomeric hydroxyl 
group must be present; that is, such nonreducing disaccharides as sucrose are 
excluded, because disaccharides having the aldosyl ketoside structure merely display 
noncharacteristic absorbances, mostly inlluenced by the aldose moiety. On the 
other hand, reducing disaccharides show absorption of both types I and II, so the 
presence of the 2-ketose residue can be simply, rapidly, and exactly ascertained. 

The original statement4 that type IIB absorption (at 836 cm-l; standard 

TABLE IV 

RELATION BElX’EEN THE STABLE CONFORMATION AND TYPE 3 ABSORPTION OF VARIOUS 2-KETOSES 

Sugar Stable pyranose Number of Bands 

conformntion equatorial (cm-l) 
hydrogen aton@ 

xylo Configuration 
D-xylo-Hexulose CA - - 
r-gkrco-Heptulose CA - - 
z,7-Anhydro-P-D-ido-heptulose CE - - 

Iyxo Configuration 
o-glycero-o-g&o-Octulose CE I 793 
z,7-Anhydro-/?-r-grdo-heptl;Iose CA - - 

arabino Configuration 
2,7-Anhydro-p-n-altro-heptulose CE - - 

ribo Con$guration 
D-alfo-Heptulose CA I 784 

aEquatorial hydrogen atoms on carbon atoms other than carbon atom 5. 
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deviation = f6) could be explained by the fusion of pyranose and furanose rings 
is indirectly confirmed by the spectra of inulobiose and leucrose. However, a slight 
modif%cation would be better, in that any linkage with another compound by means 
of C-I and C-2 causes appearance of these bands, so that a definite assignment for 
these bands is very difficult. 

Type 2 absorption (at 850 cm-l; standard deviation = &IO) is most probably 
restricted to the furanose form, but the anomalous results shown by D-allo-heptulose 
and D-gz~Cero-D-gulo-OCtulose (absorption bands at 860 cm-l and 858 cm-l, respec- 
tively) may possibly be explained by their mode of preparation. Their crystallization 
may have been effected after some equilibration, so that, for both sugars, a certain 
percentage may have been present in the furanose form. This phenomenon was 
mentioned for the first time in the study of Tipson and Isbells; D-manno-heptulose 
(having a distinct absorption at 816 cm-l) displayed two weak bands at 822 and 
840 cm-l after equilibrium had been attained. 

Type 3 absorption (at 789 cm-l; standard deviation = 15) is caused by the 
ring-breathing frequency of the pyranoid ring%ss7 and has been assigned to factors 
causing the conformational instability* of some rather specific configurations4. 
This conclusion is now contimed (see Table IV). The nomenclature used for the 
conformations listed in Table IV is the improved one of Isbell and Tipsong. 
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Reaction of 6-O-benzoyl-1.2: 4,5-di-0-isopropylidene-3-0- 
methanesulphonyl-D-mannitol with sodium benzoate in 
dimethylformamide. A novel elimination reaction 

Treatment of secondary sulphonates of acyclic carbohydrates with sodium ben- 
zoate in dimethylformamidel affords, in the absence of neighbouring-group reactions 
(such as arise from vicinal acyl groups2), benzoates having inverted configurations. 
With the exception of r,2:5,6-di-O-isopropylidene-3,4-di-O-toluene-p-sulphonyl-D- 
mannitol, which afforded a substantial amount of an enol sulphonatea (cJ Angyal 
and Stewart’s results*), elimination of sulphonic acid with concomitant formation 
of unsaturated compounds was not detected in the examples studied, although its 
occurrence cannot be ruled out since quantitative yields of products were not obtained. 

We now report on an apparent exception to this general pattern. Treatment of 
1,2:4,5-di-O-isopropylidene-3,6-di-O-methanesulphonyl-D-mannitol (I) with sodium 
benzoate in boiling dimethylformamide resulted in the replacement of one methane- 
sulphonyloxy group by a benzoyloxy group, and elimination of one mol. of methane- 
sulphonic acid, to give a single crystalline product (A) in good yield. That elimination 
involved the secondary methanesulphonate group was established when 6-U-benzoyl- 
r,2:4,5-di-O-isopropylidene-3-O-me~anesulphonyl-D-mannitoI(II) was alsoconverted 
into compound A under similar reaction conditions. The methanesulphonate (II) was 
obtained by selective benzoylation of 1,X4,5-di-O-isopropylidene-D-mannitol (III) 
followed by methanesulphonylation, and its structure was confirmed when alkaline 
treatment afforded known5 r,4-anhydro-2,3:5,6-di-O-isopropylidene-D-talitol (IV). 

Two lines of evidence indicated that elimination had occurred at C-3-C-4 in 
the methanesulphonates (I) and (II), and that compound A was the enol ether, 
6-O-benzoyl-3-deoxy-3,4-didehydro-r,2:4,5-di-O-isopropylidene-D-ttlreo-hexitol(V). 
Firstly, the n.m.r. spectrum of compound A in carbon tetrachloride showed, inter 
alia, a triplet (corresponding to one proton) at t 6.68 (J 8 c.p.s.) which can be 
assigned to H-5 (signal split by coupling to the two equivalent protons at position 6) 
and a quartet [corresponding to one proton, and each peak of which was further 
split (J ca. 0.5 c_p.s.)] at T 5-95-6-22, which may be assigned to H-2 (splitting due to 
strong coupling with the two non-equivalent protons at position I). A significantly 
different coupling pattern would be expected for the alternative structure, formed 
by elimination of methanesulphonic acid from compounds (I) or (II) at C-2-C-3. 

Secondly, application in sequence of ozonolysis, borohydride reduction, and 
acidic hydrolysis to compound A gave glycerol (characterised as the tris-p- 
phenylazobenzoate). 

Although no direct experimental evidence could be obtained to reveal the 
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configuration about the double bond in compound A, a tentative assignment of struc- 
ture (V) is made on the basis of the following argument. The formation of the 
enol ether in high yield from the methanesulphonates (I) and (II) contrasts with 
the behaviour of the sulphonates of the structurally related compounds 1,2:4,5- 
di-O-isopropylideneribitols, I,2:5,6-di-O-isopropylidene-3-O-methyl-D-glucitol2, and 
r,2:5,6-di-O-isopropylidene-3-O-methyl-D-mannitol7, which undergo normal dis- 

(I) R’ = R' = his m!) 

(II) R’ = MS, R” = Bz 

(III) R’s R”= H 

placement reactions with sodium benzoate or sodium acetate in dimethylformamide. 
Moreover, examination of molecular models reveals no obvious steric situation which 
would account for elimination at C-3-C-4 in the methanesulphonates (I) and (II), 
rather than at C-2-C-3. This behaviour may, however, be rationalised in terms of 
participation by the terminal benzoate group of compound (11) in the dispiacement 
of the sulphonate group. Because the 4,5-ketal involves an erytlzro-diol, C-4 and C-6 
are c&disposed, and the benzoate group in compound (II) [which is a reasonable 

first product in the reaction of the dimethanesulphonate (I) with benzoate ions81 
is well situated for anchimeric assistance (VI) of the methanesulphonate solvolysis. 
The resultant carbonium ion can assume a conformation (VII) with the geometry 
necessary to permit elimination to give the enol ether (V). Direct elimination of 
methanesulphonic acid by attack of, for example, benzoate ions at the C-4 hydrogen 
atom is not precluded by the experimental data, and would give an enol ether having 
the configuration of the substituents about the double bond different from that in 
the enol ether (V). 

EXPERIhlENTAL 

Thin-layer chromatography (t.1.c.) was performed on Kieselgel and detection 
effected with vanillin-sulphuric acid9 or iodine vapour. Organic solutions were 
dried over MgS04. 
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Benzoylation of I,2:4,5-di-O-isopropylidene-D-mannitol 
The di- U-isopropylidene derivative10 (I g) was treated with benzoyl chloride 

(0.5 ml) and pyridine (3 ml) for 12 h at room temperature. Isolation of the product 
in the usual manner gave a crude benzoate (0.7 g), m-p. g5”, which was fractionally 
crystallised from ethanol to yield, as the first crop, the 3,6-dibenzoate (0.25 g), 
m-p. 13=j-137"z [a]D -36” (c 1.0, CHCla) (Found: C, 66.x; H, 6.6. C26H3008 talc.: 
C, 66.4; H, 6.4 Oh). The second crop (0.18 g) was mainly the 6-benzoate which, 
after recrystallisation, had m.p. 108-r 10a, [&J t6” (c 0.8, CHCla) (Found: C, 62.4; 
H, 7.1. ClsHz607 talc.: C, 62.3; H, 7.1%) In t.l.c., the RF values [for benzene-ether 
(g:r)] were: 3,6-dibenzoate, 0.49; 6-benzoate, 0.17. 

Reaction of methanesulphonates with sodium benzoate in dimethylformamide 

(a) A solution of 6-0-benzoyl-r ,2:4,5-di-O-isopropylidene-D-mannitol (15.2 g) 
in pyridine (80 ml) was treated with methanesulphonyl chloride (15 ml) at room 
temperature overnight. The mixture was poured into ice-water (I 1) and extracted 
with chloroform (total vol. I 1). The chloroform solution was washed with water, 
dried, and passed through a column (IO x 3.5 cm) of neutral alumina. Evaporation of 
the eluate and repeated distillation of benzene from the residue gave the syrupy 
3-methanesulphonate (21.8 g), [a]u f34” (c 1.0, CHC19, which appeared homo- 
geneous in t.1.c. and had RF values 0.20 [carbon tetrachloride-ether (4:1)] and 0.94 
benzene-methanol (19: I)]. The i.r. spectrum showed negligible hydroxyl absorption. 

A solution of the foregoing methanesulphonate (2 I .7 g) in dimethylformamide 
(1.2 1) was boiled under reflux in the presence of sodium benzoate (44 g) for ca. 12 h. 
The cooled mixture was diluted with water (1.2 1) containing sodium hydrogen 
carbonate, and stored at o” for 2 days. The crystalline precipitate was collected and 
well washed with water to yield the crude product (12.1 g, 71%), m-p. 53-56”, 
[a]u -l-55” (c I. I, CHCb). Recrystallisation from methanol gave 6-0-benzoyl-3- 
deoxy-3,4-didehydro-r,2:4,5-di-O-isopropylidene-D-threo-hexitol (V), m-p. 62-64O, 
[a]n +57” (c 0.4, CHCls), which was homogeneous in t.1.c. [RF 0.48, using carbon 
tetrachloride-ether (4:r)] (Found: C, 66.1; H, 6.8. ClgHs& talc.: C, 65.5; H, 6.9%). 

(b) Methanesulphonylation, as in (a), of 1,2:4,5-di-0-isopropylidene-D- 
mannitol (47.6 g) with pyridine (700 ml) and methanesulphonyl chloride (70 ml) 
gave syrupy 3,6-dimethanesulphonate (64.9 g, 85%), [oL]u -l-28” (c 0.9, CHCla). 
Examination by t.1.c. [benzene-methanol (g:r)] revealed a major component with 
RF 0.63, and traces of contaminants (RF 0.79 and 0.32). 

The 3,6_dimethanesulphonate (6.3 g) was treated with dimethylformamide 
(315 ml) and sodium benzoate (36 g) as in (a) to give crude enol ether (V) (4.44 g) 
which, after recrystallisation from methanol, had m-p. 60_62O, alone or in admixture 

with the product described in (a). 
The n.m.r. spectrum of the enol ether (V) (10% solution in carbon tetra- 

chloride with a 6 o/o solution of tetramethylsilane in chloroform as external reference; 
Varian A60 spectrometer) had the following signals: T 1.85-2.10 (multiplet) and 

2.4o-2.80 (multiplet), aromatic protons; 4.90-5.40 (2-proton multiplet); 5.40-5.90 
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(3-proton multiplet); 5.95-6.22 (r-proton quartet); 6.68 (I-proton triplet, J ca. 
. 8 c.p.s.); 8.3o-8.90 (triplet), isopropylidene Me protons. 

Degradation of the enol ether (V) 

Ozonised oxygen was bubbled through a solution of the enol ether (V) (0.17 g) 
in chloroform (30 ml) at -60” for I h. The resultant acidic solution @H 2) was 
treated dropwise with a solution of sodium borohydride (0.25 g) in ethanol (18 ml) 
and water (3 ml), and then boiled under reflux for 3 h. More sodium borohydride 
(IOO mg) was added to the cooled solution which was then stored at room temperature 
overnight. The mixture was concentrated and a solution of the residue in water (25 ml) 
was deionized using Amberlite resins IR-~20 @If form) and IRA-400 (HO- form). 
Concentration of the solution gave a syrup which was hydrolysed with 5~ hydro- 
chloric acid at ca. 100~ for 1.5 h. Evaporation of the hydrolysate gave a residue 
(70 mg) which, on examination by paper chromatography using butanol-ethanol- 
water (40:1 r:~g) and detection with silver nitraterr, appeared to contain a single 
component having a mobility identical to that of giycerol (RF 0.48). 

The foregoing product (35 mg) was treated with pyridine (1.5 ml) and 
p-phenylazobenzoyl chloride (0.35 g) in the usual mannerI to give a crude ester 
(214 mg), which was recrystallised from chloroform-light petroleum (b.p. 6o-80”) 
to yield a product having m.p. 212-214O, alone or in admixture with authentic 
r,2,3-tri-O-p-phenylazobenzoylglycerol. 
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Preparation of inososes from their phenylhydrazones by use of a 
cation-exchange resin; separation of certain phenylhydrazones from 
phenylosazones 

Inososes are usually purified through their phenylhydrazones, from which the 
phenylhydrazine residue is removed either by acid hydrolysis or by an exchange 
reactionl. Benzaldehyde, a reagent well known in sugar chemistry for removing the 
phenylhydrazine moiety by an exchange reaction, has been successfully applied to 
inosose phenylhydrazones by Posternakz and by Carter and co-workers3. We have 
sought a more direct and convenient method for preparing inososes from their 
phenylhydrazones. 

We have now found that a cation-exchange resin of the sulfonic-acid type 
removes the phenylhydrazine moiety at 80 to go”. The liberated phenylhydrazine 
combines with the resin, and therefore no subsequent extraction process is necessary. 
The cleavage reaction may be conducted in aqueous isopropyl alcohol or aqueous 
p-dioxane, but the best results have been obtained with water. The method has proved 

successful with compounds having a labile phenylhydrazono group. Compounds 
in which the phenylhydrazono group is either chelated or resonance-stabilized by 
the presence of an additional aromatic ring cannot be cleaved by the resin*. 

We have also found that plrenylosazones of inososes are unaffected by cation- 
exchange resins; consequently, they can be readily separated from phenylhydrazones. 
Use of this property has been found helpful in separating complex mixtures of 
phenylhydrazine derivatives. 

Some applications of cation-exchange resin in removing the phenylhydrazine 
moiety are summarized in Table I, and the yields of the recovered products are 
compared with those obtained by the benzaldehyde method. 

EXPERIMENTAL 

Preparation of inososes from tlleir phenyllrydrazones 
(a) A cation-exchange resin** in the hydrogen form (330 ml, wet volume) 

was added to 600 ml of water in a z-liter beaker, and the suspension was stirred and 
heated to 85-go”. Crude, finely powdered DL-epi-inosose-2 phenylhydrazone5 (66 g) 
was added portionwise during 2-4 min, and the suspension was stirred and kept at 

*Use of a cation-exchange resin for the cleavage of phenylhydrazones of sugars has been found to 
be less effective than other methods because considerable degradation accompanies the removal of 
the phenylhydrazine residue. Treatment of cyclohexanone phenylhydrazone with a cation-exchange 
resin gives r,2,3,4-tetrahydrocarbazole in high yielda. 
**Amberlite IR-120, a product of Rohm and Haas Company, Philadelphia, Pa., U.S.A. Mention 
of a commercial product in this article does not constitute endorsement by the National Bureau of 
Standards, nor does it imply that the product identified is necessarily the best for the purpose. 
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‘IABLE I 

YIELDS OF PRODUCTS OBTAINED BY CLEAVAGE OF PHENYLHYDRAZINE DERIVATIVES 

Yield 

Starting material Product recouered Reported by 
benzaldehyde 
method, 0A 

Found by 
resin 

method, % 

Dr_-epi-Inosose-2 

phenylhydrazone 
myo-Inosose-2 

phenylhydrazone 
L-epi-Inosose-2 

phenylhydrazone 
OxaIic acid 

bis(phenylhydrazide) 
Benzaldehyde 

phenylhydrazone 
An inosose 

phenylosazone 
r,2,3-Cyclohexanetrione 

tris(phenylhydrazone) 

DL-epi-inosose-2 

myo-inosose-2 

L-epi-inosose-2 

oxalic acid 

starting material 

starting material 

starting material 

63a 64-68 

78= 70-75 
88b 
96= 82 

75-80 

aSee ref. 5. bSee ref. 3_ CSee ref. 6. 

85-90” until the solid phenylhydrazone had disappeared and the resin had turned 
black (10-15 min). Decolorizing carbon (IO g) was then added, and the stirred 

mixture was heated for 5 min and immediately filtered. The resin (which had acquired 
a strong, aromatic odor) was washed with hot water and discarded_ The fiItrate and 
washings were combined and evaporated at 40” under diminished pressure to about 
300 ml, at which point crystallization began. The suspension was transferred to a 
beaker, refrigerated for several hours, and filtered. The colorless crystals were washed 
with 50% aqueous methanol and dried in a vacuum desiccator; yield, 28-30 g. 

A sample, recrystallized from water, melted at 206-208~ (decomp.); mixed 
m-p. with authentic5 DL-epi-inosose-2, 205-207~. The product was further identified 
by its pentaacetate, m.p. I38-140~; lit. m-p.’ r3o-131~; and8 I3g-140°. 

(b> A suspension of 4.2 g of L-epi-inosose-2 phenylhydrazones and 30 ml of 
the cation-exchange resin in IOO ml of water, treated as described above, yielded 
2.3 g of I_-epi-inosose-2. 

Separation and determination of components in a nzixture of myo-inosose-2 

plrenylhydrazone and DL-myo-inosose-I phenylosazone 

A stispension of 54 mg (0.2 mmole) of nzyo-inosose-2 phenylhydrazonea, 36 mg 
(0.1 mmole) of DL-myo-inosose-r phenylosazone [DL-I,a-dideoxy-I,a-dioxo-myo- 
inositol bis(phenylhydrazone)]3, and 3 ml of the cation-exchange resin in 20 ml of 
distilled water was stirred and heated for IO min at 85-90”. The suspension was 
filtered while hot, and the residue on the filter was thoroughly washed with warm 
water. The filtrate (which reduced Benedict solution in the cold) was titrated by 
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the method of Heyns and Paulsen 9; it showed the presence of a reducing component 
equivalent to 96% of the original myo-inosose-2 phenylhydrazone. 

The mixture of unchanged phenylosazone and resin on the filter was extracted 
with warm ethyl aIcoho1, and the extracts and washings (about 65 ml) were trans- 
ferred to a IOO-ml volumetric flask. The solution was diluted to volume with water, 
and aliquots were titrated with periodic acid according to the procedure of Magas- 
anik and Chargaffra. The material in the extract reacted with 0.31 mmole of periodic 
acid, indicatinm e, quantitative recovery of the unchanged phenylosazone from the 
mixture. 

It was found that the inosose phenylosazone may be titrated with periodate 
as successfully in an aqueous solution of NJV-dimethylformamide as in aqueous 
ethyl alcohol. The solution should be cooled to 15” before addition of the oxidant. 

For the recovery of an inosose phenylosazone after treatment of a phenyl- 
hydrazone-phenylosazone mixture with the cation-exchange resin, the resin may 
be extracted with N,N-dimethylformamide. Usually, addition of water to the extract 
precipitates the product in almost pure condition. 
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Preliminary communications 

The anomeric methyl D-eryrhru-pentopyranosid-3-uloses 

Previous syntheses of unsubstituted pento- and hexo-pyranosiduloses have given 
low yields of products contaminated with starting material and further oxidation 
productsr. We now report the use of phenylboronic esters as convenient blocking 
groups in the synthesis of pentopyranosiduloses in good yield. 

Oxidation of methyl a- and p-D-xylopyranoside 2,4-phenylboronatess with a 
dimethyl sulphoxide-acetic anhydride mixtures for 75 min. at 40~ gave both anomers 
of methyl D-eryrhro-pentopyranosid-3-uIoseingoodyieId_ After partition of the reaction 
mixture between chloroform and water, the keto sugars were isolated by elution 
of the aqueous phase through Dowex-IX (HSOs-form) ion-exchange resin which 
allowed separation of the keto sugar from the other products and reactant&. Subse- 
quent elution with warm acetone-water (~:g) afforded the desired product. 

The a-D anomer (I), m.p. 79-82”, was obtained in 5o-60% yield. This material 
was sufficiently pure for most purposes; vacuum sublimation at 68-70” yielded pure 
methyl a-D-erythl-o-pentopyranosid-3-ulose, m-p. So-82”, [c&so + I g I o (c I. I 7, 
water), Mranfrlin 0.26 (pH 4-7, bisulphite electrophoresis)s. Reduction of compound 
(I) with sodium borohydride followed by acid hydrolysis gave only ribose and a trace 
of xylose, as shown by paper chromatography. 

In the same way, the crude, crystalline ,L?-D anomer (II) was obtained in a yield 
of 70-80 ‘A, and sublimation at 68-70’ yielded pure methyl /?-D-erythru-pentopyranosid- 
3-ulose,m.p. 85-88”, [a]%o -77-3” (c 1.05, water), Mv~,M~~_ o.gg(Ref 5). Borohydride 
reduction of compound (II) followed by acid hydrolysis yielded an approximately 
equimolar mixture of ribose and xylose. Compounds (I) and (II) both had a strong 
infrzred absorption band at 1720 cm-r and gave satisfactory elemental analyses. 
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8is(2-amino-2-deoxy-D-glucopyranosyl)amine derivatives 

In studies on the synthesis of N-L-/%aspartyl-2-acetamido-2-deoxy-B-D- 

glucopyranosylamine, Yamamoto et al-l isolated a by-product, during their prepara- 
.tion of 2-acetamido-3,4,6-tri-O-acetyl-2-deoxy-I5-D-glucopyranosylamine (II, R=H), 

whichthey tentatively identified as a bis(~-acetamido-tri-O-acetyl-2-deoxy-D-gIucosyl)- 
amine [m.p. 222-224O, [o(]D -25O (chloroform)] and upon which we have made further 

observations. 
Our initial attempts to reduce the azide (I) to the amine (II,R=H) by catalytic 

hydrogenation in ethyl acetate, dioxan, or tetrahydrofuran led, in each case, to the 
formation of at least two by-products as shown by t.1.c. on silica gel. Their formation 
occurred during the evaporation of the solvent, but was obviated by hydrogenation in 
ethanol and subsequent evaporation at < 30” to give the pure amine (II, R=H) 
[m.p. 150a, [E]D -25.5O (chloroform)]. The by-products were isolated in high yield by 
heating the amine (II, R=H) in ethyl acetate when they crystallized out as the reaction 
proceeded with the evolution of ammonia. After fractional crystallization followed 
by purification on a column of silica gel, two isomeric bis(z-acetamido-2-deoxy-o- 
glucopyranosyl)amines (III, R=Ac) were isolated [A, m-p. 260”, [a]~ -32O (chloro- 
form), mol. wt. (v.p. osmometer) 680 i 5; B, m.p. 245-246”, [a]D +44O (chloroform), 
mol. wt. 680 f 51. At room temperature, compounds A and B showed mutarotation 
in chloroform containing a trace of hydrochloric acid due to interconversion and 
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AcOCH~ 
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0 

OAc + IT (R=H) 
AcO Bl- 

WAC HNAc 

equilibration. De-O-acetylation of A and of B with sodium methoxide or methanolic 
ammonia apparently gave only one product (III, R=H) [C, m-p. 169-170” [a]~ f71” 
(methanol)]_ Reacetylation of compound C (III, R=H) with acetic anhydride and 
pyridine gave both derivatives A and B (III, R=Ac), and, similarly, benzoylation of 
compound C (III, R=H) gave two hexabenzoates [m-p. 178-180”, [X]D -10~ (chloro- 

form); m.p. 122--124O, [a]~ +IO" (chloroform), respectively]. 
The same bis(z-acetamido-2-deoxy-D-glucopyranosyl)amines (A and B) were 

obtained when ~-acetamido-~,~,6-t~-~-acetyl-~-deoxy-a-~-glucopyranosyl bromide 
(IV) was treated with the amine (II, R=H) in nitromethane with mercuric cyanide as 
catalyst2. Attempts to acetylate, benzoylate, and formylate the amines A and B 

(III, R=Ac) were unsuccessful due to the very weak basicity of the -NH- group, 
presumably as a result of the electron-withdrawing effects of the neighbouring 
ring-oxygens and/or the crowded stereochemistry about the -NH- group. Inspection 
of molecular models indicates that the a,@ and the j3,fi anomeric configurations are 
favoured, and a study of the molecular rotations3 suggests that compounds A and B 
are the &!?- and a&isomers, respectively. 

We acknowledge awards from the Medical Research Coucil (to C. H.B) and 
The Colombo PIan (to M. Y. IS.). 

School of Chemistry, C. H. BOLTON* 
The University, M.Y. KHAN 

Bristol (Great Britain) L. HOUGH 

REFERENCES 

I A. YAMAMOTO, C. MIYASHITA, AND H. TsuKAhloTo, Chent. Pharnt. Ball. (Tokyo), 13 (1965) 1036. 
2 H. M. FLOWERS AND R. W. JEANLOZ, 3. Org. Chem., 28 (1963) 2983. 
3 J. STANEIC, M. CERNY, AND J. PAEAK, The Oligosaccharides, Academic Press, New York, 1965, p_ 51_ 

(Received December xst, 1965) 

*Present address: Department of The Regius Professor of Medicine, Radcliffe Infirmary, Oxford. 

Carbohydrate Res-, I (1966) 493-494 



CARBOHYDRATE RESEARCH 495 

The identity of y-D-galactose 

In 1928, Smith and Lowry1 deduced the occurrence of a third isomer to explain 
mathematically the complex mutarotation of D-galactose. They calculated that, in 
addition to a- and B-D-galactose, the third component (r) should be present at a 
concentration of about 12% at equilibrium. Later, Isbell and Pigmans reasoned that 
the initial rapid phase of mutarotation of D-galactose was due to pyranose-furanose 
interconversion, and the slow phase to the interconversion of the known pyranose 
anomers. By applying conformational principles, Angyals concluded that Y-D- 

galactose is probably p-D-galactofuranose, since all-frets bulky substituents on a 
five-membered ring are favored_ 

In view of the significance of D-galactose in biochemical and carbohydrate 
studies, it is important that the identity of the presumed y-D-isomer be more firmly 
established_ In this communication, direct isolation of a derivative of y-D-galactose 
is reported. The formation of the compound during mutarotation in pyridine was 
followed by separation of trimethylsilyl tetra-0-(trimethylsilyl)~D-galactosides using 
gas-liquid chromatography; the derivative was isolated in sufficient quantity, using 
preparative g. 1. c., for characterization by polarimetry, n. m. r., and i. r. spectroscopy 
as trimethylsilyl 2,3,5.6-tetra-O-(trimethylsiIyl)-~-D-galactofuranoside (I). 

cc-D-Galactopyranose (0.5%) was allowed to mutarotate in pyridine. Aliquots 
(I ml) were taken at intervals during 48 h, and were trimethylsilylated-1. With D- 

galactose, this reaction is so rapid that further interconversion is arrested. The 
volatile derivatives were then separated by g.1.c. with a Barber-Coleman iMode 
No. IO apparatus, using a /?-ray ionization detector and a 1.8 m by 0.5 mm ID diethy- 
lene glycol succinate column” at r45O, with an argon stream (62 ml/min). 

During mutarotation of a-D-galactopyranose, two additional components 
formed. After trimethylsilylation, one gave a product which had the same retention 
time (41 min) as authentic trimethylsilyl tetra-O-(trimethylsilyl)-@D-galactopyrano- 

side (II) prepared from B-D-galactose. When the mole ‘A (go/J of the three components, 
calculated from the chart records by triangulation, was plotted against mutarotation 
time, two distinct phases of mutarotation were evident. The first was an initial, rapid 
interconversion of the three isomers, lasting 8 h, during which the third component 
reached a steady-state concentration. The second phase was characterized by slow 
interconversion of the pyranose anomers. The third component is, therefore, “Y-D- 

galactose”. The final equilibrium mixture contained a-D-galactopyranose 32.5 %, 
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/I-D-galactopyranose 53_4%, and y-D-galactose x4-1 % (Retention time 31, 41 and 
28 min, respectively). 

About 25 mg of I was isolated from the equilibrium mixture by preparative 
g.l.c_ with a Beckman Megachrom unit, equipped with a 1.8 m by 0.94 mm ID silicone 
column and helium carrier. Larger quantities of II and trimethylsilyl tetra-0- 
(trimethylsilyl)-a-D-galactopyranoside (III) were prepared by direct trimethylsilyl- 
ation of the sugars. 

Pyridine was removed from these reaction mixtures by evaporating to dryness 
in vacua. Salts were removed by extracting with anhydrous ether and again evapo- 
rating to dryness. 

An i.r_ analysis (am), using a Beckman Model IR-7 instrument, showed that 
I, II, and III lacked free carbonyl absorption, indicating that I is not the acyclic form 
and must be a furanose. 

N.m.r. spectra of I, II, and III, determined at 60 Mc.p.s. in chloroform (Varian 
Model A60 spectrometer) with tetramethylsilane as an internal standard, gave the 
following data: III, t 5-r (hydrogen doublet JI .2 2.5 c.p.s.); T 6.1-7.0 (complex six- 
hydrogen multiplet); II, z 5.65 (hydrogen doublet, J 1,2 6 c.P.s.); t 6.1-7.0 (complex 
six-hydrogen multiplet). The doublets for the pyranoside derivatives are assigned 
to the poorly shielded, anomeric hydrogen atomss,7, and, for the B-D anomer, the 
signal is shifted up-field. The coupling constants and chemical-shift data for II and III 
accord with the anticipated cl(~) conformation7. 

The n.m.r. spectrum of I showed a hydrogen doublet, t 4.95, again assigned to 
Ii-r, since it is the only possible methine group attached to two oxygen atoms . The 
Jvalue for this doublet, 2.8 c.p.s., suggests 6*g (by reference to the Karplus equation), 
that the probable H-r -H-2 dihedral angle is between 75” and 165’, and H-I and H-2 
therefore have the trarzs configuration. 

Optical rotatory data obtained on the three isolated compounds were as 
follows; III, [a]? i-60” (c 0.9, chloroform); II, [a]: +12O (c 0.8, chloroform); I, [a]g 
-27O (c 0.6, chloroform). 

Molecular rotations for the Q- and 8-D-pyranosides 11 and III are in good 
agreement with those reported for other D-galactopyranosides’O. The molecular 
rotation of I, -14,500, is in good accord with that of known r,2,3,5,6-penta-@ 
acetyl-B-D-galactofuranose (- I 6,400)11. 

We thank L. R. Mattick and R. M. Butts for the gas-chromatographic separa- 
tions. The n.m.r. spectra were recorded by G. C. Whitney. 
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Book review 

Mucopolysaccharides. Chemical structure, distribution and isolation. by J. S. 
BRIMACOMBE AND J.M. WEBBER, Elsevier, Amsterdam, 1964, x -i_ 184 pages, 
55 s (B.B.A. Library, Vol. 6). 

The monograph on “Mucopolysaccharides” by J.S. Brimacombe and 
J.M. Webber covers an ever-expanding and important area of biochemistry, the 
hexosamine-containing polysaccharides occurring in animal tissues. The book deals 

mainly with the polyanionic polysaccharides, hyaluronic acid, chondroitin, the 
chondroitin sulfates, heparin, heparitin sulfate, and keratosulfate. Included also 
is a chapter on chitin, which of course does not occur in higher animaIs and is not 
anionic, and on the blood-group substances, which may or may not be anionic, 
depending upon whether or not they contain sialic acids. Also included is a 
polyanionic bacterial polysaccharide, teichuronic acid. All these substances contain 
hexosamine and are exclusively or predominantly carbohydrate in nature. The 

authors, like all their predecessors, are faced with the impossible task of justifying 
the scope of the subject by providing systematic and noncontradictory definitions. 

The book deals concisely and expertly with the major data known up to 1963, 

and in part in 1964, on chemical structure, distribution, and isolation. The book 

has the advantage over texts in similar areas in that it is written by carbohydrate 
chemists, who in the past appear not to have been deeply involved in the specific 
subject area. 

The book ought to be of considerable merit as a readable monograph in a 
field of increasing importance to bioIogy, chemistry, and medicine. 

K. MEYER (New York) 

Carbohydrate Res., I (1966) 495-497 



BOOK REVIEW 497 

REFERENCES 

I G. F Shrrm AND T. M. LOWRY, J. Gem. Sot., (1928) 666. 
2 H. S. ISBELL AND w. w. PIGMAN, J_ I&S. N&l. &w_ Std., 20 (1938) 773_ 
3 E. L. ELIEL, N. L. ALLINGER, S.J. ANGYAL, AND G. A. MORRISON, Conformational Analysis. 

Interscience Publishers, New York, 1965. p_ 405. 
4 C. C. SWEELY, R. BENTLEY, M. MAKITA, AND W. W. WELLS, J. Am. Chem. Sot., 85 (1963) 2497. 
5 M-L. VORBECK,L. R. MATTICK, F. A-LEE, AND C.S.PED~SON, Anal. Chem., 33 (1961) 1512. 
6 R. J. FERRIER AND M. F. SINGLETON, Terruhedron, 18 (1962) 1143. 
7 R.U. LEMIEUX,R.K.KULLNIG,H.J.BERNSTEIN, AND W. G.%HNEIDER, J. Am. Chem. Sot., 

80 (1958) 6098. 
8 N. F. CiwmBmu_IN, F-C. STEHLING, K.W.BARTZ,ANDJ.J.R.REED,NNCI~~~~.~~~~~~~~ Resonance 

Data for Hydrogen-I. Esso Research and Engineering Company, Baytown, Tex., U.S. A. 
g R. U. LEhrIEux AND D. R. LINEBACK, Ann. Rec. Biochem., 32 (1963) 155. 

IO F. J. BATES et al., Polarimetry, Saccharimetry and the Srrgars, Natl. Bur. Std. Circ.440, tg&, 
P- 717. 

II R. K. NESS, H. G. FLETCHER, JR., AND C. S. HUDSON, J. Am. Chem. Sot., 73 (EggI) 3742. 

(Received July Sth, 1965; in revised form, December z?th, 1965) 

Book review 

Mucopolysaccharides. Chemical structure, distribution and isolation. by J. S. 
BRIMACOMBE AND J.M. WEBBER, Elsevier, Amsterdam, 1964, x -i_ 184 pages, 
55 s (B.B.A. Library, Vol. 6). 

The monograph on “Mucopolysaccharides” by J.S. Brimacombe and 
J.M. Webber covers an ever-expanding and important area of biochemistry, the 
hexosamine-containing polysaccharides occurring in animal tissues. The book deals 

mainly with the polyanionic polysaccharides, hyaluronic acid, chondroitin, the 
chondroitin sulfates, heparin, heparitin sulfate, and keratosulfate. Included also 
is a chapter on chitin, which of course does not occur in higher animaIs and is not 
anionic, and on the blood-group substances, which may or may not be anionic, 
depending upon whether or not they contain sialic acids. Also included is a 
polyanionic bacterial polysaccharide, teichuronic acid. All these substances contain 
hexosamine and are exclusively or predominantly carbohydrate in nature. The 

authors, like all their predecessors, are faced with the impossible task of justifying 
the scope of the subject by providing systematic and noncontradictory definitions. 

The book deals concisely and expertly with the major data known up to 1963, 

and in part in 1964, on chemical structure, distribution, and isolation. The book 

has the advantage over texts in similar areas in that it is written by carbohydrate 
chemists, who in the past appear not to have been deeply involved in the specific 
subject area. 

The book ought to be of considerable merit as a readable monograph in a 
field of increasing importance to bioIogy, chemistry, and medicine. 

K. MEYER (New York) 

Carbohydrate Res., I (1966) 495-497 


	1_9.pdf
	10_21.pdf
	22_30.pdf
	31_37.pdf
	38_43.pdf
	44_51.pdf
	52_61.pdf
	62_70.pdf
	71_82.pdf
	83_92.pdf
	93_95.pdf
	95_96.pdf
	97_105.pdf
	106_115.pdf
	116_127.pdf
	128_136.pdf
	137_144.pdf
	145_155.pdf
	156_163.pdf
	164_170.pdf
	171_175.pdf
	176_177.pdf
	178_180.pdf
	181_186.pdf
	187_195.pdf
	196_207.pdf
	208_213.pdf
	214_228.pdf
	229_241.pdf
	242_253.pdf
	254_257.pdf
	258_260.pdf
	261_273.pdf
	274_283.pdf
	284_289.pdf
	290_296.pdf
	297_302.pdf
	303_311.pdf
	312_319.pdf
	320_323.pdf
	324_327.pdf
	327_329.pdf
	329_331.pdf
	332_333.pdf
	333_335.pdf
	335_337.pdf
	338_340.pdf
	341_347.pdf
	348_356.pdf
	357_364.pdf
	365_370.pdf
	371_392.pdf
	393_399.pdf
	400_413.pdf
	414_416.pdf
	417_418.pdf
	419_420.pdf
	421_434.pdf
	435_443.pdf
	444_454.pdf
	455_466.pdf
	467_473.pdf
	474_481.pdf
	481_484.pdf
	485_488.pdf
	489_491.pdf
	492_493.pdf
	493_494.pdf
	495_497.pdf
	497_497.pdf

