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Abutract. Selective tribcnzoylarion of methyl a-D-glucopyranoside, methyl a+mannopyranoside 
and methyl a-D-galactopyranoside gives the 2,3,61ri-O-bcnzoatcs in good yield (> 50%); the 
glucosidc gives in addition the 2.4.6tri-O-benzoate in substantial yield (19% isolated). Sckctive 
dibmzoylation of methyl aumannopyranosidc and methyl a+glucopyranosidc gives the 3.6 and 
2,6&O-bctuoatcs respectively, whereas the corresponding galactopyranoside showed low selectivity. 
The order of reactivity of the secondary OH groups has been deduced from the results and is dilTercnt 
for each glycoside. being 2-0H > 3-0H z 4-OH for the glucosidc. 3-0H > 2-OH > 4-OH for the 
mannoside, and 2-OH, 3-OH > 4-OH for the galactoside. Possible reasons for tbesc diffcrcnas in 
&vity are discus&. PMR spectroscopy is shown to be a useful method for determining the 
structures of glycoside d&ten. 

SURPWNGLY little systematic work ad has been reported on the selective esterification 
of carbohydrates. The relative reactivity of OH groups in carbohydrates, in addition 
to being of theoretical interest, has practical utility6 and the more versatile use of 
selective acylation warranted further investigation. Accordingly we have investigated 
the selective benzoylation of some glycopyranosides. Reaction of methyl a-D 

galactopyranosidc (I) monohydrate with 4-2 molar equiv of benzoyl chloride in 
pyridine at -30” gave, in 65 % yield, a tribenzoate which was identical with methyl 
2,3,6-tri-O-benzoyl-a-D-galactopyranoside (III) prepared by Reist er al.’ Catalytic 
debenzoylation of the mother liquid resulted in the recovery of methyl a-D-galacto- 
pyranoside in 28 % yield, making the effective yield of tribenzoate 90%. The method 
thus represents a marked improvement on the previous four-step syntheses’ (overall 
yield 2542%). The tribenzoate gave a methanesulphonate derivative which was 
isolated in two dimorhic crystalline forms, and which was shown to be methyl 
2,3,6-tri-0-benzoyl~4-O-mcthanesulphonyl-a-~gala~opyranoside by the nucleophilic 
displacement of Rcist et u/.,**~ who have also recently described0 a similar synthesis 

l Prcscnt address: Department of Chemistry, UniveniIy College, Swansea, South Waks. 

L Part of this work has been published in preliminary form. Gem. &mm, l(# (1965). 
’ J. F. Mahoney and C. B. Purvcs, J. Amer. Chem. Sot. 64, 9 (1942); T. S. Gardner and C. B. 

Purvcs, Ibid. 1539 (1942). 
’ R. W. Jcanloz and D. A. Jcanloz, J. Anur. C-hem. Sot. 79,2579. (1957). 
’ R. W. Jcanloz, A. M. C. Rapin and S. 1. Hakamori, J. 018. Chem. 26.3939 (1961). 
A P. J. Garcgg. Acfa. Gem. Scund. 16, 1849 (1962). 
l See e.g. J. M. Sugihara. A&. Carboh~rate C/urn. 8, 1 (1953). 
’ E. J. Reist, R. R. Spcnar. B. R. Baker and L. Goodman, Chum. t Ind. 1794 (1962). 
8 E. J. Rcist. R. R. Spencer and B. R. Baker, 1. Org. Chem. 24, 1618 (1959). 
* E. J. Rcist. R. R. Spcnox, D. I’. Calkins, B. R. Baker and I.. Goodman, J. 0~. Chrm. Jo, 2312 

(l%S). 
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of the tribenzoate by partial benzoylation of anhydrous methyl a-o-galactopyranoside. 
Axial OH groups are knownlo to undergo acylation less rapidly than equatorial 

OH groups, and the formation of the 2.3,~tribenzoate (III), in which the 4-OH group 
is axial in the preferred conformation (IIIB), may thus be rational&d. However, this 
simple rule may not be expected invariably to apply to complex molecules such as 
pyranosides. 

In separate experiments the mother liquors remaining after the crystallization of 
the galactoside tribenzoate were not debenzoylated, but were fractionated on a 
column of silica gel. This afforded a crystalline dibenzoate in 6% yield, a further 
13 % of the 2,3,6ttibenzoate, and a small amount (2 %) of the 2,3,4,6_tetrabenzoate. 
The dibenzoate was shown to be the 3.6isomer (II) by PMR spectroscopy. The 
signal of a ring proton attached to the same carbon atom as a BzO group occurs to 

I:R.R.R.c( 

U.R.PhCO.R.R-.H 
“,.f?.R.FhCO.W.H 
9. R. R.f+cO. rr.hiesp, 

low field of the other ring protons (with the possible exception of the anomeric 
proton) because of the deshielding effect of the ester group.” One such low-field 
signal was observed (at 74.70) for the dibenzoate. The signal was a quartet with 
spacings of lO+O and 2.9 c/s. The Hi doublet at 7 5.16 had a spacing of 3.6 c/s, and 
the quartet at 7 4.70 must therefore correspond to Hs*, for which Jt,s is 1W (axial- 
axial coupling) and Js,, is 2.9 c/s (axial-equatorial coupling). H, would experience 
two small (equatorial-axial) couplings with Hs and Hs in the chair conformation 
corresponding to IB. The structure of the dibenzoate is therefore methyl 3,6di-O- 
benzoyl-a-o-galactopyranoside. The 2,6-isomer is also excluded by the lack of an 
acid-catalyscd reaction with acetone to give the 3,4ketal. 

Preliminary experiments on the reaction of methyl z-o-galactopyranoside with 
two equivalents of benzoyl chloride have indicated low selectivity. The product was 
shown by TLC to contain at least four main products amongst which the 2,3,6 
tribenzoate predominated. Fractionation of the crude product by TLC gave the 
2,3,6_tribenzoate, the 3,6dibenzoate and two impure syrupy compounds which were 
not characterized. 

Selective bcnzdjlation of methyl a-o-mannopyranoside (VA, conformation VB) 
with 3.1 molar quivs of benzoyl chloride gave as major product a tribenzoate which 
was isolated in 56 % yield as a crystalline monohydrate after column chromatography. 
The derived methanesulphonate ester was resistant to nucleophilic displacement by 

l This deduction was confirmed by the asymmetry of the H, doublet which showed that HI was 
coupled to a proton to high field. 

l’ Sac e.g. E. L. Eliel and C. A. Lukach. 1. Amer. Gem. Sot. 79, 5986 (1957). 
I1 L. M. Jackman, Applications of Nuclear Mquuric Resonance Spectroscopy in Oganic Chemfsfry 

p. 55. Pergamon. London (1963). 
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benxoate in N,Ndimethylformamide, therefore other means of structural elucidation 
were used. Reaction of the triknzoate with 2,3dihydro4H-pyran in the presence 
of p-toluenesulphonic acid gave a crystalline mixture of the two diastcreoisomeric 
tetrahydropyranyl ethers which was catalytically dcbenzoylated with sodium 
methoxide. Methylation followed by mild acid hydrolysis gave a methyl t&O-methyl- 
z-Pmannopyranoside in 53 % overall yield from the tribenzoate. Acid hydrolysis 
then gave syrupy 2,3,6tri-O-methyl-D-mannose, characterized as the crystalline 
di-p-nitrobenxoate. la The structure of the tribenzoate is therefore methyl 2.3,~t&O- 
benzoyl-r+mannopyranoside (VII). 

F, R.R.K.ti 

E. R.ihC0.R.K.H 

p, R.R.~=UO.KI~ 

m. R.R.F%cO.K’.t.4SO;, 

A crystalline dibenxoate was also isolated in 26% yield from the mannoside 
reaction product; the 3,6dibenxoate structure (VI) was assigned on the basis of the 
compound’s resistance to periodate oxidation and the assumption that one of the 
benxoate groups was located at C, due to the greater reactivity of the primary &OH 
group. This structure was unquivocally contirmed by PMR spectroscopy in an 
exactly similar manner to that described for the galactosidc 3,6dibenzoate. With 
acetone as solvent the H, doublet was not completely resolved. However when 
pyridine was used as solvent the H, doublet at T 4.99 was resolved and had a spacing 
of 1.6 c/s. As in the case of the galactoside dibenzoate a quartet was present at 
low field (T 4.15) with spacings of 9.1 and 3.2 c/s (Table 1). This quartet was assigned 
to Ha and the dibenzoate was identified as the 3,disomer (VI) for which Jleo is 1.6, 
JI.s is 3.2 (axial-equatorial coupling) and J,., is 9.1 c/s (axial-axial coupling). The 
data is consistent with the chair conformation (VIB) of the dibenxoate, and the low 
value for Jr.* falls within the range (O-61*7 c/s) which is characteristic for J,,, in 
derivatives of a-r>-mannopyranose (and a-r>-altropyranose) having the same (Cl) 
chair conformation.” The dibenzoate gave a crystalline diacetate, the acetoxy proton 
resonances of which occurred at 7 8a7 and 7.93, values typical of an quatorial and 
an axial acetoxyl respectively. l4 However the latter evidence alone is not considered 
unequivocal since the diamagnetic anisotropy of the benzene rigns may influence the 
acetoxy signals. The 3.6dibenxoate was also isolated in 62% yield by selective 
benxoylation of the mannoside (V) with two molar equivalents of benzoyl chloride. 

Similar reaction of methyl a-n-glucopyronoside (IXA, conformation IXB) with 
3-l molar quivs of benzoyl chloride gave a product which contained predominantly 
two tribenxoates. The 2,3,6tribenzoate (XI), which was the major product, was 

I* P. A. Rebcrs and F. Smith, J. Amer. Chem. Sot. 76,6097 (1954). 
*’ B. Coxon. Tetrahedron 21, 3481 (1965). 
I‘ L. D. Hall, Adu. Carfwhydrurr Chum 19, 67 (1964). 
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TABLE 1. PMK DATA FOR OLYCQSIDE DIBENZOATFA 

First order 
Chemical shift (~-values) Compound __. -. ..- coupling cOnstant* 

-----. .- -__ - 
unidentified 

Solvent 

H, H, H, protons PHI J,,, J,,, J,,. -. .-_.. ..- .._- - --_ ..- ..- ._ ..-. .-.- -. . - -__ 
Methyl z-D-galaoto- 5.4-5.9 (cm) 

pyranoside 3.6 5.16 - .. 4.70 6.34 (bs) 6.56 3.6 1W 2.9 aatone 
dibcnxoate (d) (q) 649 (W (9) 

Methyl a-D-manno- 
pyranosidc 3.6 - - 4.61 5.2 .5.9 (cm) 654 -- 3.1 9.1 acetone 

dibcnxoate 

Methyl a-o-gluco- 
pyranosidc 2,6- 
dibcnzoatc 

4.99 -. . a;: f 5 f 03-583(om) . rS(: 1.6 3.2 9.1 pyridinc 
(d) (q) 

4.63 4.39 - 4.7-5.9 (cm) 6.58 3.8 9.7 - pyridine 
(d) (q) (s) 

l -. cycles/second 
s .L singlet q -’ quartet 

bs = broad singlet cm = complex multiplct 
d -. doublet 

isolated in 13 % yield after seeding with authentic material, and fractionation of the 
mothor liquor on silica gel effected a partial separation of the two tribenzoates. The 
second tribenzoate, although not crystallized, l was characterized as the 2,4,6-isomer” 
(XII) by conversion to the known tosylate” derivative. The 2,3,6- and 2.4,~tri- 
benzoates were formed in 67 ;!I 5 % and 28 & 5 % yield respectively, and were isolated 
pure in 48 % and 19 % yields respectively. 

Methyl 2,6-GO-benzoyl-r-o-glucopyranoside (X) was prepared” in 50 % yield 
by dibenzoylation of methyl a-r>-glucopyranoside, and the PMR spectrum of the 
dibenzoate in pyridinc was consistent with its structure. The H, quartet at T 4.39 
had spacings of 3.8 and 9.7 c/s, and the Hi doublet at T 4.63 had a spacing of 3.9 c/s. 
The asymmetry of the Hi doublet also showed that H, was coupled to a proton to 
low field. Hence J,,, and J2.1 were 3.8 and 9.7 c/s respectively, values consistent 

l KC Experimental. 

rS J. J. Willard, J. S. Brimaoombc and R. P. Rructon, Conad. 1. Ckrrr. 42, 2560 (1964). 
I’ T. Licscr and R. Sohwcizcr. Licbigs AM. 519, 271 (1935); Nafurwirr 23, 131 (1935). 
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with the equatorial-axial-axial orientation of H,, HI and H, in the Cl chair con- 
formation (XB) of the dibenzoate. 

From the results it is possible to predict the order of reactivity of the secondary 
OH groups of methyl-a-Dglucopyranoside and methyl r-Dmannopyranoside 
towards benzoyl chloride. It must be stressed however that this order does not 
necessarily apply to benzoic anhydride and other acylating agents since it has been 
shown that the products of selective acylation vary with acylating agent and catalyst.S*6 

It is well known0 that the primary OH group of carbohydrates is more reactive 
towards esterifying agents than the secondary OH groups, a fact which permits the 
easy preparation of many compounds with terminal ester groups. Methyl a-D 
glucopyranoside gives the 2,bdibenzoate as major product upon dibcnzoylation, and 
so the 2-OH group is the most reactive of the secondary OH groups; this has been 
attributed’ to an activating effect of the anomeric centre. In the 2,fSdibenzoate (X) 
the 3-OH group experiences gauche interactions with a BzO group and a OH group,+ 
whereas the 4-OH group is adjacent to the somewhat larger 5benzoyloxymethyl 
group and a OH group and is therefore more sterically hindered.7 The preponderance 
of the 2,3,6_tribenzoatc (67 7;) over the 2,4,6isomer (28 P/,) is consistent with these 
arguments, and the order of reactivity of the secondary OH groups is therefore 
2-OH > 3-OH > 4-OH. 

The isolation of the 3,6-dibenzoate in good yield upon dibenzoylation of methyl 
I-D-mannopyranoside (V) shows that the 3-OH group is the most reactive of the 
secondary OH groups in this glycoside, and therefore the activation, if any, of the 
2-OH group by the anomeric centre is overcome by its unfavourable axial disposition 
(see VB). 

In agreement with this Aspinall and Zweifel lo have found that the equatorial 
3-OH group in methyl 4,6-O-ethylidene-z-D-mannopyranoside is sulphonylated more 
rapidly than the axial 2-OH group. 

The isolation of the 2,3,6_tribenzoate in good yield upon tribenzoylation of 
methyl a-D-mannopyranoside (V) clearly shows that the 40H group is the least 
reactive, and the order of reactivity of the secondary OH groups in V is 3-OH > 
2-OH > QOH. The greater reactivity of the 2-OH group compared with the 4-OH 
group is diffilt to rational&, and shows that the 2-OH group experiences less 
unfavourablc interactions and/or more activation, possibly by the anomeric group, 
than the 4-OH group. 

The exact order of reactivity of the secondary OH groups of methyl !x-Dgalactopy- 
ranoside cannot be predicted from our results because of the low selectivity towards 
dibenzoylation. However the high selectivity towards tribenzoylation demonstrates 
quite clearly that the axial 40H group is least reactive, as may be predicted on 
conformational grounds. The order of reactivity of the secondary OH groups in 

l The interdon between IWO gawk OH groups has been estimatcdl’ IO bt 0.45 kcal/mol-l; 
dipolar repulsions bcrwecn bulky polar groupa might be cxpbctcd IO be even larger, and a value of 
I-8 kcal/mol -I has been c-aima~cd’* for the gauche interaction bcrwcen IWO proluenuulphonyloxy 
groups. 

t Strictly speaking intcrtiions in the transition state should bc considered. For present purposes 
it is auumed that such interactions are similar IO those in rhe ground state. 

I7 S. J. Angyal and D. J. McHugh, Glum. & Ind. 1147, (19%). 
ia H. U. Lcmieux and J. W. Lawn. Cut&. /. C&m. 42,893 (1964). 
*’ G. 0. Aspinall and G. Zwcifcl. J. (‘hem. Skc. 2271 (1957). 
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methyl a-D-galactopyranoside may therefore be described as 2-OH and 3-OH > 4-OH. 
It is interesting to note that the 4-OH group in methyl a- and @galactopyranoside 
is also least reactive towards methylation.“’ 

The possibility that benzoyl migration may occur and exercise thermodynamic 
control over the reaction products is considered unlikely since no isomerization of 
methyl a-D-glucopyranoside 2,3,6-tribenzoate to the 2,4,6_tribenzoate takes place in 
pyridine saturated with pyridine hydrochloride at room temperature during 2 days, 
although both products occur in the tribenzoylation reaction product. Acetate ester 
groups have been shown to migrate in anhydrous pyridine, but only at elevated 
temperatures ( 120c).*1 

Also similar results have been observed in selective sulphonylation, for example 
methyl z-Dgalactopyranoside and methyl r-D-mannopyranoside both give the 
2,3,btrLO_methanesulphonates as major products.= There is no evidence for 
migration of sulphonate esters in pyridine. 

Among the many factors which may influence the rate of benzoylation is hydrogen 
bonding. Correlations have been noted between (enhanced) rates of ester&&ion 
(in,pyridine) and intramolecular hydrogen bonding (in CCl,).Os It is unlikely* that 
intramolecular hydrogen-bonding would persist in pyridine, which forms strong 
intermolecular hydrogen-bonds with alcohols, s but if hydrogen-bonding to pyridine 
is stcrically hindered in the transition state then intramolecular hydrogen-bonding to 
a suitably disposed acceptor could conceivably assume importance. However, the 
possibilities for intramolecular hydrogen-bonding in methyl glycosides and inter- 
mediates such as VI are diverse and there appear to be no convincing correlations. 

The above results together with those of earlier workerP” disprove the 
generalization 6.n~m that the 2-OH group in aldoses and aldosides is more reactive 
than the other secondary OH groups. The configuration of the anomeric centre 
also influences such reactions, for example methyl 4,6-O-benzylidene-a-o-gluco- 
pyranoside reacts with benzylthiochloroformate to give mainly the 2-ester, whereas the 
/3-anomer gives mainly the 2,3-diester. 16.- Similar resultP have been obtained for 
sulphonylation. Methyl /3-u-glucopyranoside has been stated’.” to give the 2.6 
dibenzoate but the literature references given l6 describe the preparation of only the 
a-anomer of the 2,bdibenzoate by selecrice ben:o_ylurion. Dimolar bcnzoylation of 
methyl /3-n-glucopyranoside in fact gives a product containing at least four major 

l IR measurements on pyridine solutions of free sugars provide no cvidcncc for intramolecular 
hydrogen bonds.” 

# N. R. Williama and R. W. Jcanfor, 1. Org. Chem. 29.3434 (1964). 
a1 S. J. Angyal, P. T. Gilham and G. J. H. Mclrosc, J. Chcm. SC. 5252 (l%s). 
*a R. C. Chalk, D. H. Ball and L. Long. Jr., J. Org. C/rem. 31. lm (lwa). WC are grateful IO the 

authors for sending a copy of their manuscript before publication. 
” K. W. Buck, A. B. Foster, A. R. Pcny and J. M. Webtxr.I. Gem. SC. 4171 (1963); 

R. J. Fcrrier. D. Praaad. A. Rudoswki and I. Sangster. Ibid. 3330 (19fGl). 
Y M. A. Kabayama and D. Patterson. Cunad. /. Chem. 36,563 (19S8). 
w. C. Pimentel and A. 1.. McClellan, The Hydrogen Bondp. 91. Freeman (1960). 
m R. W. Jeanloz and D. A. Jcanlor. J. Amer. Chem. SC. 80, 5692 (1958). 
” J. Compron. 1. Amer. Chrm. Sot. 60, 395 (1938). 
*@ A. K. Mitra. D. H. Ball and L. Long Jr., 1. 0r~. Chcm. 27,160 (1962). 
I* J. J. Willard, J. Sadowski and W. Vitalc. Cunad. 1. Chrm. 41, 1223 (1963). 
*) J. C. P. Schwarz, private communication. 
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productsa The preferential esterification of the 2-OH group in 1,5-anhydro-4,6-O- 
betuylidene-r+glucitol has been erroneously interpreted to mean that the substituent 
at C, does not influence the reactivity of the 2-OH group.= It may be noted that the 
2-OH group in the glucitol derivative is the least sterically hindered. 

In the above discussion the electronic effect of a BzO group on a neighbouring OH 
group has not been considered. The effect cannot be predicted without a knowledge 
of the mechanism of benzoylation. The electron withdrawing effect of an ester 
group may be expected to decrease the availability of the lone pair electrons of the 
hydroxyl oxygen, and this would decrease the rate of reaction i/the rate-determining 
step involves nucleophilic attack of the 

R ph 
\ \ 

0:-c-o 
/ 

H x’ 

alcohol on the acylating agent, e.g. (1); 
R P?l 

\@ I 8 

H- X 

This would be contrary to a previous suggestion that a vicinal ester group activates a 
OH group,lK and would also lead to the prediction that the 2-OH group would be 
deucriuured by the electron-withdrawing effect of the anomeric centre.7 Clearly, 
more detailed studies, including the elucidation of the mechanism of benzoylation in 
pyridine are necessary to evaluate these effects. 

The synthesis of 2,3,6-tri-O-methyl-D-mannose, prepared for the first time from 
o-mannose, provides an example of one of the many possible synthetic applications 
of the benzoates described above. Methyl 2,3,6-tri-0-benzoyl4O_methanesulphonyl- 
a+-galactopyranoside (IV) is an intermediate in the synthesis of 4amino4deoxy-o- 
glucose,‘** a class of compounds which has recently assumed importance with the 
discovery of related 4-amino-4,6dideoxy hexoses in nature.= 

It is interesting to note the resistance of methyl 2,3,&r&O-benzoyl40- 
methanesulphonyl-rx-o-mannopyranoside (VIII) to nucleophilic displacement. This 
may be attributed to the presence of an axial 2-BzO group, which may hinder 
the approach of the nucleophile at position 4 and/or may cause severe non-bonded 
interactions in the transition state .BI A similar argument has been suggested to 
account for the fact that the p-anomer but not the z-anomer of 3-O-p-toluenesulphonyl- 
o-glucopyranosctetrabenzoate reacts with sodium benzoate in N,Ndimethylforma- 
mide.” Similar reasoning has also accounted for the lack of reactivity of some chloro- 
sulphate esters of glycosides.” 

EXPERIMENTAL 

Solns were comz+xnratcd under reduced press. Mps: on a Kofkr micro-hot-stage apparatus. 
Optical rotations were measured at 24 ?-_ 1” unless otherwise stated. IR spectra: on a Unicam SP 200 

l Although the mechanism of bcnzoylation in pyridine is not known it is more likely thar the 
union&d (aliphatic) alcohol is involved rather than its anion (R-O-). 

t Our carher statement1 that the enhanced reactivity of the 2-OH group in methyl a-o-gluunide 
may bc attributed to the electron-withdrawing effect of the anomcric center should be amended to 
“the enhanced reactivity. . . may be due to some activation by the anomeric center.” 
*I J. M. Williams, unpublished work. 
” F. H. Ncwth. 1. Chem. Sot. 2717 (1959). 
o C. L. Stevens cr uf., /. Amer. Chcm. Sot. 85, 3061 (1963); 86.2937 (1964). 
y E. L. Elicl. N. L. Allinger, S. J. Agyat and G. A. Morrison, Conformufionaf Analysis p. 88, Inter- 

science. New York, London, Sydney (1965). 
n N. A. Hughes and P. R. H. Speakman, 1. Chem. Sot. 2236 (1965). 
” H. J. Jennings and J. K. N. Jones, Cam& 1. C&m. 43,2372; 3018 (1965). 
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spcctrophotomter, and the specuum of each new compound was consistent with its proposed 
structure. PMR spectra: on a Varian A-60 or a Perkin-Elmer RIO spectrometer at normal operating 
tanp using the solvent stated. TLC: on layers of silica gel G (Merck) dcpositcd on either 20 cm x 5 
cm plates or microscope slides; for detection of compds the plates were sprayed with 5% v/v H&C, 
in EtOH followed by heating at 120” for cu. 10 min. Column chromatography was carried out using 
Davison silica gel, grade 9S0, -200 mesh. Pyridine was dried by distillation (twice) from P.0, 
and was stored over solid KOH. 

Skcrirw bmzoylorion. A magncticallyatirrcd soln of the glycosidc in anhyd pyridinc was cookd 
by means of a solid CO, acetone bath at -40” unless othcnvisc stated. Iknzoyl chloride was added 
dropwise (l&u) min), with exclusion of moisture; the bath tcmp was kept below -20” for 2 hr and 
was then alloti to increase to room tcmp slowly (4-12 hr). After 3648 hr most of the pyridinc was 
removed by evaporation below 40” and the residue was dissolved in Chf. The Chf soln was washed 
successively with dil HCiaq, 5% NaHCO,aq. and water. and was then dried (MgSO,). Removal of 
the dcsimnt and solvent gave the crude product. 

Trimlar bcnzoylation of methyl z-o-~olacropyranosl. Treatment of I monohydrate (14.84 g. 
@07 mole) in pyridinc (450 ml) with bcnzoyl chloride (33.9 ml, 4.2 quivs) at -30” gave a product 
which was shown by TLC to contain at least one major and four minor components. The syrupy 
product aystallizcd and recrystallization from EtOH (60 ml) gave III (22.35 g), m.p. 139-140”. 
(lit.’ m.p. 1355-137”) [r]: i-123” (c, 0.92 in Chf). Recrystallization of subsequent crops from 
aqueous EtOH gave 0.83 g. m.p. 139-140’, total yield 23.18 g, 65%. (Found: C, 66.24; H, S-38. 
Cak. for C,,H,O,: C, 66.39; H. 5.18 %.) The tribcnzoate was identical with an authentic sample’ 
(mixed m.p. and IR spectra). Optimum conditions for tribcnzoatc formation were not cstaI+ 
lishcd. but experiments using 4a and 4.1 molar quivs of benzoyl chloride gave lower yields.* 

The mother liquor was dissolved in dry MeOH (200 ml) and metallic Na (ca. 500 mg) was added. 
After 3 days at room tcmp Na ions were removed with Ambcrlite IR 120 (H fosm) resin. and con- 
antration of the soln gave a residue from which methyl bcnzoatc was removed by partition bctwccn 
water and ether. Concentration of the aqueous layer and rcuystallization of the residue from EtOH 
gave methyl z-n-galactopyranosidc monohydrate (415 g, 28% r-very). 

Alternatively, fractionation of the combined mother liquors from several prcparationst on silica 
gel using bcnzcn~ther as solvent gave the following compounds:- methyl x-t+galactopyranoaidc 
2,3.4.6-tetra~bcnzoate (2 %) m.p. 117-l 19 ‘, [zlu -lSl’(c,l.216inChf),(Found: C68.9; H,!Gl. 
C,,HmO,, requires: C, 68.8; H, 4.95 “/;); methyl x-ngalactopyranosidc 2,3,6-tri-O-bcnzoatc (13 %), 
and a methyl di~nzoyf~1-D-~Ocropyronosi~e (6:/i) m.p. 145-146’. [ah, $103” (c, 0.965 in Chf) 
(Found: C. 62.7; H, 5.75. C,,H,,O, requires: C. 62.65; H. 5.5%). The dibcnzoate did not react 
with anhyd acetone in the prose= of anhyd CuSO, or cont. H&O, or both. The 3,6-&cnumrc 
structure was assigned on the basis of PMR data (Table 1). 

Dimolar bmzoylarion of methyl a-o-galacropyranosi. Treatment of methyl a-ngalactopyranc+ 
side monohydrate (636 mg. 3 mmolc) in pyridine (20 ml) with bcnzoyl chloride (147 ml, 3-l quivs) 
gave a product in which the 2,3.dtri-O-bcnroatc predominated. At least 4 other products were 
shown to be present by TLC and one of these was lost during the partition work-up. Part (7%) of 
the 2,3,6tri-O-benzoate was isolated by fractional aystalliration. A portion of the mother liquor was 
then fractionated on thin layer plates (20 cm x 20 cm, detection by iodine vapour) and the 3 main 
bands, dcsignatcd 1.2 and 3 in order of increasing R, wcrc elutcd with BLxtone or chf. Rand 3 gave 
the 2,3,Ctribcnzoate (34 mg, m.p. 139-1405”); band 2 gave the 3.6dibcnzoate (19 mg. m.p. 144+ 
1455”) the mother liquor from which gave a syrup (GI. 43 mg) which contained a compound having 
the same R, as the 3.6-dibenzoatc and a second compound cvidcntly formed by decomposition; 
band 1 gave a syrup (ca. 36 mg) which was found, after unoucocssful attempts at crystallization, to 
contain 3 compounds again as a result of decomposition. 

Merhyl 2.3,6rrl-0-knzoyI40-nurhoncsulphonyl-z-~galac~opyranosi&. The tribcnzoatc (III 
253 g. 5 mmok) in cold pyridine (30 ml) was trcatcd with methancsulphonyl chloride (042 ml. 5.S 
mmok). After 42 hr at room tcmp the reaction mixture was treated with a few drops of water, and 
then poured into ice-cold water (100 ml). The product was isolated by chf extraction in the usual way. 
The syrupy product crystallized after several weeks, yield 2.57 g. m.p. 116.117”. Recrystallization 

l Pre paration of the tribcnzoate (rcantly reportodD) has also been aazomplishcd by bcnzoylation 
of methyl x-o-galactopyranosidc with 3.5 quivs of bcnzoyl chloride at 0”. 

t In which 4.0 and 4.1 equivs of bcnzoyl chloride wcrc used. 
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from ether-pet. ether (ScrloO) gave 2.27 g, m.p. 121-125”. [ah + 104 f 2” (c. lG2 in 0. (Found: 
C, 59.9; H, 5.1. Cak. for aO,,S: C, 59.6; H, 485x.) The IR spectrum of the merhrrna 
sulpbonate in Chf soln WBS identical with that of the highcr-rnclting (mp. 141-142”) form isolated 
by Rcist CI ol.’ The The lower-melting dimorphic form was converted into the higher-melting form 
(m.p. 143-144”. [alo i102 f 2” c, 0.717 Chf) by rccrystaliization using seeds of the latter. In ah 
sub6aquart Ixcparations tk higher-melting form was isoiatcd. 

Reuctbn of ethyl f3.6-1ri-0-bmroyl40-nurkPwsulplronyl~-~g~~op~~~ with sodum 
6e!uwfc. The muhanuulphonate (I 17 mg. @2 mmole) in NNdimcthylformamide (2 ml) was 
heated with sodium barxoate (45 mg, 1.5 cquivo) for 15 hr at 1 SOO”. Tk dark brown reaction mixture 
W(U diluted with chf (10 ml), treated with charcoal and filtered through cclitc. The liltrate was 
washed with water (3 x 10 ml) and the Chf layer was dried (Mg!IO,). Removal of dckcant and 
solvent followed by crystallization from EtOH gave XIV (67 mg, m.p. 99103”). Rccrystalliration 
fromether-pet. ether (lm120) gave 63 mg (52%). m.p. 105-107’. undeprcssed on admixture with an 
authentic spaimcn. 

7Nnwlor bcnzoylarion of nuthyl a-D- mwmopyrunoskte. Treatment of V, (9.7 g, OG5 mole) in 
pyridinc (400 ml) with bcnroyl chloride (17.9 ml, @I55 mole) gave a product which was shown to 
contain one major and at least three other products. Attempts to crystallize the crude product were 
unsuoxssful and fractionation on silica gel (I Kg), using benzenecther as solvent, gave the following 
compounds:- 2,3,4,6tctra~benzoatc (195 g, 3 %) m.p. 134-135” (from EtOH), [a]n -68” (c, @88 
in Chf) (lit. ” m .p. 134-135”. [r]u -66”); a syrupy rriOtxnrwrc (14.5 g. 57x, [a)n -6.5” c. @93 
in Chf) which crystallized as a mmohydrutr from 80% aqueous EtOH. m.p. 6769”. [a),n -21” 
(c, @89 in Me&O). (Found: C. 64.2; H. 5.35. C+rH,,,O,.H,O requires: C. 64.1; H, 5.4%); and a 
dibenzoate(5~3 g, 26%) m.p. 145 -145~5”(fromethcr-pct.ethcr), [zb +616 (c, 1.38 in Chf). (Found: 
C. 62.75; H, 560. C,,H,O, requires: C, 6265; H, 5.5.) The dibcnzoate was not oxidized by 
sodium mctaperiodatc in 50:: EtOHaq; methyl a-n-glucopyranoside was used as control and the 
reaction was followed spcctrophotomctrically .-* This evidence, together with PMR data (Table 1). 
showed that the dibcnroate was the 3,disomw (VI). 

Methyl ~~i~rtyl-3,6di-O-bmsoyl-z-~~pyr~s~. The dibenwate (220 mg) in dry 
pyridine was treated with an cxoss of Ac,O (1 ml). After 5 days the &on mixture was poured 
into cold water to give a quantitative yield of the diocrrorc, m.p. 129131”. Recrystallization from 
Chf-pet. ether (8&100”) gave nccdks (253 mg, 95’/@ m.p. 13S131°, [a]n +29” (c, I+095 in Chf). 
(Found: C. 61.7; H. 5.5. C,,H,O,, rquircs: C, 61.75; H. 5.4%.) A 20% soln in Chf showed T 
7.93 and 8a7 (singlets, -COCH,). 

Prcmf of slruclure of mannosldr tribenzode. The tribenmate monohydrate (1948 g. 2 mmok) 
was dissolved in Chf (5 ml) and water was removed by the addition of &SO, (ca. 03 g). After 10 
mm the desiaxnt was filtered otf and washed with Chf. To the filtrate was added an cxass of 2,3- 
dihydro4H-pyran (07 ml, ca. 8 mmoks) andptolucncsulphonic acid (ca 10 mg). TLC showed that 
ether formation was complete in 510 min. After 30 min the soln was washed with 10% NaOHaq 
(6 ml). water, then dried (MgSO,). Rcmovai of deskcant, concentration and addition of pet. ether 
(10&l 20) gave, after 2 days, krgc colourkss elongated prisms of the frtrahydropyrmyl cfhcr (1 XI45 g, 
89’h m.p. 135-139”. Raxystallization from different solvents gave several fractions, presumably 
containing different proportions of diastcrcoisomcrs, having different m.ps ranging from 114 to 143”. 
The analytical sampk had m.p. 131-133”. (Found: C. 667; H. 5.75. C&,.0,, rquircs: C. 67.1; 
H, 5.8x.) The rotation sample had m.p. 135-141”. [z]n -54” (c. @67 in Chf). 

The tctrahydropyranyl ether (400 mg. m.p. 126130”) was dissolved in McOH (10 ml) and Chf 
(3 ml), and 4 ml of a mcthanolii soln containing ca. 20 mg of McONa was added. The debmzoylation 
was followed by TLC, and after 3 days the soln was conoentratcd to dryness. The drkd residue was 
dissolved in a mixture of aatonc (10 ml), Mel (10 ml) and McOH (5 ml). Dry Ag.0 (3 x 1 g) was 
added at hourly intervals to the stirred soln, and after 24 hr the mixture was filtered. The residue was 
washed with aatonc and MeOH. and filtrate and washings were concentrated to a syrup which was 
rcmcthyktcd in acetone and excess Mel using ca. 1 g of Ag,O over 2 days. Filtration and extraction of 
the solids with aoctone followed by concentration gave a pale yellow oil (351 mg), which was dissolved 

l The conantration of dibenzoate was such that its absorption was low enough to permit tba 
detection of a change in the absorption of periodate ion. 

” W. T. Haskins, R. M. Hann and C. S. Hudson, /. Amer. Chem. Sot. &I, 628 (1946). 
U G. 0. Aspinall and R. J. Ferricr, Chem. and had. 1216 (1957). 
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in acetone (3 ml) and 05 N HCI (10 ml). After standing overnight the soln was neutral&d with 
Ambcrlitc IR 45 (OH) resin and concentrated to give crude syrupy methyl t&G-methyl-a-~manno- 
pyranoaide (139 mg). Aatone condensation products were removed by fractionation on silica gel 
(23 g); yield of trimethyl ether was 94 mg (59 %. based on tbc tctrahydropyranyl ether). The glycoside 
was hydrolyscd by the action of 2N HCI (4 ml) at 100” for 2 hr. Neutralization (IR 4S OH) followed 
by concentration gave the syrupy tri-Gmethyl mose (55 mg) which did not aystahixc when 
seeded with authentic 3,4.6tri-O-methyl-n-m The trimethyl ether (S3 mg) was dissolved in 
dry pyridine (2 ml) and treated with pnitrobcnxoyl chloride (105 mg, ca, 2.2 equivs, mp. 72-73”). 
After 24 hr the mixture was poured into cold water (7 ml) and the crystaJlinc product was !Iltcrcd off 
after 1 hr at 5”. yield 110 mg. m.p. 162-180”. Recrystaliization from EtOH gave pale yellow needles 
of 2.3,6tri-0melhyl-l,4i~~~~o~yl4-~_r, 73 mg (63 %) m.p. and mixed m.p. 
188-190,[2]:: ~37~ (c, @425 in Chf), lit.” -t- 33”. 

Methyl 2,3,6tri0bcnroyl~mt~s~p~ny~-u-~ mmopymtwside. The syrupy VII (5.15 g) 
was dissolved in dry pyridine (70 ml) and the soln was cooled in iced-water. Mcthancsulphonyl 
chloride (@8S ml), 1.1 equiv) was added with stirring. After 48 hr a few drops of water were added 
and the reaction mixture was poured into cold water (700 ml). The resulting solid was hltercd off 
after 16 hr at + 5”. and was washed with water, yield 5.15 g, 87 %. m.p. 178-183”. Razystallintion 
from EtOH was accomplished with little loss and gave the mthutwdpho~tc (VIII) m.p. 185-186”. 
[z]n -53” (c, 1.17 in Chf). (Found: C, 59.3; H, 5411; S, 5.4. C&li,O,,S requires: C, 59.6; 
H, 4.85; S. S*S”/,) The m&ancs&phonate was resistant to nucieophilic displacement by sodium 
bcnxoatc in N,N-dimcthylformamide at 1 SO” during 60 hr. 

Dimolar kuoykdon of methyl a -wnwmopyratwd&. Treatment of methyl a-o-mannopyranoside 
097 g, 5 mmde in pyridinc (SO ml) with bcnxoyl chloride (1.27 ml, 11 mmole gave a product in which 
a dibonzoatc predominated. Crystailimtion from Chf-pet. ether (4(Mo) gave VI, 1.25 g (62’h, m.p. 
142-144”). identical with that obtpincd from the tribcnxoylation. 

7Nnwlur tmzoylatbn of methyl a-~-gluwp~~~~sf&. Treatment of IX (3.88 g, 20 mmoks) in 
pyridine (1% ml) with bcnzoyl chloride (7.14 ml, 62 mmole, 3.1 quiv) gave a product which contain& 
two major components. Compound Xl was isolated (l-31 g, 13%) from Chf-pet. ether (ScrlOO) 
after aceding with auth4ntic material. The mother liquor (one tenth aliquot) was fractionated on 
silica gel (160 g) to give a syrupy tribcnxoate A (0189 g, 19% [a], $98” c, @SO in Chf). a mixture of 
A and the 2,3,6tribcnmatc (0.241 g. 24’4, and the 2,3,Ctribcnzoate (0400 g, 40’/@. The latter had 
m.p. 82-93” when aystaliir.cd from Chf-pct. ether. and m.p. 129130” when crystallize from MeOH; 
[aIn +141” (c. @697 in Chf). Bell’ quotes m.p. 132-133”. [z]n i141”. Several crystalline forms of 
the 2,3,6tribauoatc have been obs~rvcd.~ Tribcnxoate A did not crystaihxc when seeded with tho 
f4,Chiba~oatei~ ([a]n + 94.9” in Chf); the seeds were impure (TLC) and could not be rccrystaiiixed. 
The IR spectrum of tribcnxoatc A (in Chf) WEU almost completely supcrimpoaable on that of the 
impure 2,4,6tribcnxoate. Tribcnxoate A (SS mg) was converted into theptoluencsulphonate dcriv by 
treatment with dry pyridinc (2 ml) andptolucneauiphonyl chloride (50 mg) for 2 we&s at room temp. 
The rceaion mixture was poured into cold water, and the product (60 mg, m.p. 145-160”) was 
isolated after Chf extraction. Reaystalliration from Chf-pet. ether (8&100) gave methyl 2,4,6tri- 
O-benzoyl-Eptolucntsulphonyla-Dgl~p~~~, 38 mg, m.p. 16>167”. undeprtsscd on 
admixture witb an authentic sample. I’ The IR spectra of product and authentic sample were identical. 
The mixture of tribenxoatcs isolated after column chromatography was estimated (visually by TLC) 
to contain the 2,3,6 and f4,dtribcnxoatcs in the ratio 60 It 20: 40 I 20, therefore these tribcn?.oata 
arc formed in 67 I 5 % and 28 f S % yields respectively. 

Dimolar buoylotion of twthyl a-~glucopyrawside. Compound X was prepa& with slight 
modification of the method of Liwu and Schw&er,i~ in 50% yield, m.p. 143-1433’ (lit. 144”). 
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