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ABSTRACT 

Benzoylation of benzyl 4,6-0-benzylidene-B-D-galactopyranoside (1) with one 
equivalent of benzoyl chloride in pyridine-dichloromethane solution yields prefer- 
entially the 3-benzoate 3. Under alkaline conditions, benzoate 3 can be converted, 
in high yield, into the 2-benzoate 5, thus providing an example of acyl migration 
towards C-l. 

INTRODUCTION 

The 2- and 3-benzoates of benzyl 4,6-0-bemlidene-p-D-galactopyranoside 
were required as potential intermediates in the synthesis of D-galactose 2-phosphate 
and D-galactose S-phosphate’. Although the phosphates were finally synthesized by 
an alternative route’, we now report some points of interest arising from the benzoates 
themselves. 

RESULTS 

Treatment of benzyl 4,6-O-benzylldene-/?-D-galactopyra~roside~*~ (1) with one 
equivalent of benzoyl chloride, in pyridine-dichloromethane solution at O”, gave a 
crystalline monobenzoate, m.p. 179-180”, as the main product. Thin-layer chromato- 
graphy (t.1.c.) of the crude product showed the presence of unreacted diol 1, diben- 
zoate 2, and a monobenzoatewith R, value lower than that of the major product. 
The diol was easily recovered from the mixture, and the yield, allowing for this, 
was 64-78%. 

The crystalline monobenzoate was assigned structure 3, based on the following 
evidence. Toluene-p-suIphonyIation yielded a sulphonate 4, m.p. 171-172”, which 

Carbohyd. Res., 11 (1969) 379-385 



380 G. J. F. CHIlTENDEN, J. G. BUCHANAN 

was converted into the epoxide 7 by means of sodium methoxide in methanol. It 
has been established4 that 3,6-anhydrohexoses are major reaction products when 
methyl 2,3-anhydrohexopyranosides are hydrolyzed in dilute sulphuric acid. Treat- 
ment of epoxide 7 under these conditions led to exactly the same products as were 
formed by hydrolysis of methyl 2,3-anhydro$-D-talopyranoside. The two hydrolysates 
showed identical paper-chromatographic behaviour, 3,6-anhydroidose being the 
major product, together with traces of idose and galactose. On a larger scale, 3,6- 
anhydro-1,2-U-isopropylidene-/3-D-idofuranose4 (8) was isolated after treatment of 
the hydrolysis products with acetone and sulphuric acid. This proved that the epoxide 
had the tale configuration (7) and that the benzoate is the 3-benzoate 3. The possibility 
of benzoyl group migration prior to sulphonylation 5 was precluded by showing that 
the monobenzoate formed no other products (t.1.c.) when allowed to stand in dry 
pyridine solution for 7 days. Further work on the isomeric monobenzoate (see below) 
confhms the assignment. 
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Boume ef aL6 found that treatment of methyl 4,6-O-benzyhdene-a-D-gluco- 
pyranoside 2-benzoate (10) with alkali gave the isomer% 3-benzoate (11) in high 
yield. Under similar conditions, the 3-benzoate 3 gave an isomeric compound, 
m-p. 188-189”, in high yield, which was shown to be the Zbenzoate 5. Toluene-p- 
sulphonylation of benzoate 5 gave the sulphonate 6 which, with sodium methoxide 
in methanol, yielded the anhydroguloside 14. Paper chromatograms of the dilute 
acid hydrolysates of compound 14 and of authentic methyl 2,3-anhydro-4,6-U- 
benzylidene-a-D-gulopyranoside were indistinguishable4. The formation of 3,6- 
anhydro-D-galactose (15) was substantiated by the isolation of 3,6-anhydro-D-lyxo- 
hexulosephenylosazone after treatment of the hydrolysate of 14 with phenylhydrazine4. 
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With one equivalent of beuzoic anhydride, glycoside 1 yielded a mixture of 
the dibenzoate 2, the two monobenzoates, 3 and 5, and the unreacted diol. No 
single component preponderated (t.l.c.), and attempted fractional crystallization was 
ineffective. In view of the comparative ease of obtaining the two esters by the earlier 
methods, no attempt was made to separate this mixture chromatographically. 
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DISCUSSION 

Differences in the reactivities of the secondary hydroxyl groups of carbo- 
hydrates towards acylating agents are well recognized’* *. The alkyl4,6-O-benzyl- 
idene-aldohexopyranosides, in which only the C-2 and C-3 hydroxyl groups are 
available for reaction, have shown interesting variations in reactivity order on 
acylationg - l’. Methyl 4,6-0-benzylidene-cc-D-glucopyranoside (9), for example, 
undergoes preferential acylation of the C-2 hydroxyl group by benzoyl chloride or 
toluene-p-sulphonyl chloride in pyridine ‘- l1 Reichstein and his co-workers found, . 

however, that 3-esters were the major products when methyl 4,6-0-benzylidene-a 
(or /I)-D-galactopyranoside was treated with one equivalent of an acid chloride in 
pyridine’ 4- l’, and the present results are in agreement with this. 

Lemieux and McInnesi8 showed that, in 1,4:3,6-dianhydro-D-glucitol, it is the 
sterically hindered en&-5-hydroxyl group which reacts preferentially with toluene-p- 
sulphonyl chloride in pyridine. Only this hydroxyl group is capable of intramolecular 
hydrogen bonding”, and subsequent work by Foster and his colleagues1g*20 has 
shown that this effect is important in the selectivity of the reaction. Hughes and 
Speakman21 have invoked a similar hydrogen-bonding effect to explain the results 
of toluene-p-sulphonylation of 1,2-O-isopropylidene-Z-D-ribofuranose compared with 
the xylo isomer. Schwarz ” has suggested that the reactivity of the Zhydroxyl group 
in methyl a-D-ghrcopyranosides, towards acyl chlorides in pyridine**’ 1*23, is due to 
formation of an intramolecular hydrogen bond with the axial C-l methoxyl group. 
The formation of the 3-benzoate 3, from glycoside 1, wouId then be due to hydrogen 
bonding of the equatorial 3-hydroxyl group to the axial oxygen atom on C-4. It may 
be significant that Reichstein’ 4- ’ ‘, with the methyl 4,6-0-benzylidenegalactosides, 
found, in most cases, a higher proportion of 3-ester in the b- than in the a-series in 
which both 2- and 3-hydroxyl groups may form a hydrogen bond. It is interesting, 
also, that toluene-p-sulphonylation of the 3-benzoate 3 required a longer period 
(8-10 days) than the Zbenzoate 5 (2 days). The difference in selectivity of benzoyl 
chloride and benzoic anhydride, in pyridine, towards glycoside 1 is not surprising 
in view of earlier work11S2’. 

The generalization has been madez4 that acyl migrations in carbohydrate 
esters takes place in a direction away from C-l, but exceptions exist”, and there 
seems to be no general theoretical basis for this 26*27. The conversion of 3 into 5 
is a case of migration from O-3 to O-2 in a pyranoside. Another case was the reported 
migration of a trifluoroacetyl group during conversion of 12 into 13 by means of 
acetic anhydride in pyridine 28S2g but the evidence is less direct. Lemieux26 and 
Angya12’ have emphasized the re;ersibility of acyl migration and the intluence of 
external factors on the apparent equilibrium. The conversion of 3 into 5 was carried 
out under non-equilibrium conditions, in that 5, the less soluble isomer, crystallized 
during the reaction. The high yield of 5 was not necessariIy a consequence of the 
greater stability of 5 compared to 3. We therefore examined the interconversion of 
3 and 5 in aqueous acetone under homogeneous conditions2’. Examination of the 
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neutralised reaction mixture by t.1.c. showed that the 2-benzoate 5 was the more 
stable, but only to a slight extent. When the interconversion of 10 and 11 was 
examined in the same way, there was no strong preference for the 3-benzoate II, 
despite the high yield of 11 which may be obtained from 10 under crystalliing 
conditio&. 

EXPERIMENTAL 

1.r. spectra were determined for KJ3r discs. Paper chromatography was carried 

out on Whatman No. 1 paper in butyl alcohol-pyridine-water (3:1:1, v/v). Reducing 
sugars were detected by aniline hydrogen phthalate3’. Silica gel G (Merck) was 
used for t.1.c. with benzene-ether (4~1, v/v) as the developing solvent; compounds 
were detected by charring with sulphuric acid or by exposure to iodine vapour. 
Evaporations were carried out at 40”, in vacua. All melting points are uncorrected. 

BenzyI 2,3-di-O-benzoyI-4,6-O-benzyZidene-8_D-gaIactopyranoside (2). - A 
solution of the dial**’ 1 in pyridine was treated with an excess of benzoyl chloride 
for 4 days at 0” in the usual manner. The crude product was recrystallized from 
ethanol to give the dibenzoate 2 (69%), m-p. I77-178”, [c&i + 118” (c 1.2, chloroform) 
(Found: C, 71.7; H, 5.5; C34H3008 talc.: C, 72.1; H, 5.3%). 

Ben& 3-0-benzoyZ-4,6-0-benzyZidene-8_D-galactopyr~o~~de (3). - A solution 
of the diol 1 (12.06 g) in anhydrous pyridine (35 ml) and dichloromethane (65 ml) 
was treated dropwise, with stirring at -.S’, with a solution of benzoyl chloride 
(4.63 g, 0.99 mol.) in dry dichloromethane (60 ml) during 1.5 h. The mixture was 
kept overnight at 0” and then for 2 days at room temperature. It was then diluted 
with dichloromethane (100 ml) and extracted successively with 3N suIphuric acid 

(2 x 250 ml), saturated, aqueous sodium hydrogen carbonate (200 ml), and water. 
Evaporation of the dried (sodium sulphate) extract gave a colourless residue which 
was treated with boiling benzene, and the solution was allowed to cocl overnight 
to room temperature. A colourless crystalline solid was removed by filtration, 
washed with benzene, and recrystallized from methanol to yield the unreacted diol 1 

(4.2-4.8 g), m.p. 207-209”. 
The combined benzene filtrate and washings were evaporated to dryness, and 

the residue was recrystallized from propan-2-01 to give the 3-benzoate 3 (6.0-7.3 g, 
64-78% based on reacted diol), m.p. 179-180”, [c&* +64.6” (c 1.6 chloroform), 
V 1695 cm-l (hydrogen bonded COPh) (Found: C, 69.8: H, 5.7. C27H2607 talc.: 
C:a;O.l; H, 5.7%). 

BenzyI 3-0-benzoyZ-4,6-0-benzylidene-2-O-toIuene-p-suZpJzo~yJ-~-D-gaZacro- 

pyranoside (4). - A solution of the 3-benzoate 3 (1.1 g) in dry pyridine (10 ml) was 
treated with toluene-p-sulphonyl chloride (1.0 g) for 8-10 days at room temperature 
and then poured into ice-water (120 ml). The resulting buff-coloured precipitate 

was recrystallized from propan-Zol-acetone and then from ethanol to give 4 (1.2 g, 

SlS%), m-p. 171-172”, [a]:: + 89.5” (c 0.95, chloroform) (Found: C, 66.5; H, 5.1. 
C3aH32OloS Ca.hZ.: C, 66.2; H, 5.2%). 

Carbohyd. Res., 11(1969)379-385 



ACYL MIGRATION 383 

Benzyl 2,3-anhydro-4,6-0-benzylidene-j?-D-talopyranoside (7). - A solution* of 
the sulphonate 4 (1.4 g) in methanol (35 ml) was treated with 2.7~ sodium methoxide 
(9 ml) and then heated under reflux for 75 min. During the course of the reaction, 
a precipitate was formed. At the end of this time, water (25 ml) was added, Bnd the 
mixture was kept for 1 h at 0”. The resulting, white solid was recrystallized from 
ethanol-acetone to give 7 (0.7 g, 93%), m-p. 207-209”, [IX]:* -88” (c 1.23, NJ?- 
dimethylformamide) (Found: C, 70.4; H, 5.7. C2,,H2e05 talc.: C, 70.6; H, 5.9%). 

Hydrolysis of 7. -(a) The epoxide 7 (10 mg) inp-dioxane (2 ml) was heated in a 
sealed tube with 0.1~ sulphuric acid (2 ml) for 3 h at 100”. The cooled hydrolysate 
was neutralized (BaCO,) and centrifuged, and the supernatant was evaporated to 
dryness. The residue was dissolved in water (0.5 ml) and examined by paper chromato- 
graphy. The main products were 3,6anhydroidose and idose, together with a trace 
of galactose, and were identical with those from the hydrolysis of methyl 2,3-anhydro- 
j?-D-taloside4. 

(b) The epoxide 7 (0.8 g) in p-dioxane (10 ml) and 0.1~ sulphuric acid (12 ml) 

was heated on a water bath for 3 h at 100”. The solution was neutralized (BaC03), 
filtered, and evaporated to a syrup, which was dehydrated by re-evaporation with 
several portions of benzene and finally by storage in vacua over P,O,,. The dry 
syrup was shaken with acetone (220 ml) containing cont. sulphuric acid (1 .l ml) 
for 30 min. The solution was neutralized with solid, anhydrous sodium carbonate 
(22 g) overnight. The filtered solution was evaporated, and the residue was recrystal- 
lized several times from benzene to give 3,6-anhydro-1,2-O-isopropylidene-&D- 
idofuranose (8) (0.26 g, 56%), m-p. and mixed m-p. 102-105”, [a];’ -23.8” (c 1.3, 
water). The i-r. spectrum was identical with that of an authentic sample4. 

Benzyyl2-0-benzoyZ-4,6-0-benzyZidene-8_D-galactopyranoside (q. - A solution 
of the 3-benzoate 3 (I .O g) in acetone (50 ml) was treated with 0.05~ sodium hydroxide 
(50 ml). A precipitate formed immediately, and the mixture was allowed to stand 
for a further 1 min at room temperature, whereupon ice-water (40 ml) was added. 
The precipitated product was collected by hltration, washed well with water, and 
dried in vacua. Recrystallization from ethanol gave the benzoate 5 (0.81 g, Sl%), 
m-p. 188-I 89’, [ali -1-24’ (c 1.0, chloroform), v,, 1733 cm-’ (COPh) (Found: 
C, 69.8; H, 5.8. C2,H2s07 talc.: C, 70.1; H, 5.7%). 

Benzyl-2-O-benzoyZ-4,6-O-benzyIidene-3-O-toZ~ene-p-s~~p~zo~~yI-~-~-gaZacto- 

pyranoside (6). - A solution of the 2-benzoate 5 (0.4 g) in dry pyridine (10 ml) was 
cooled to - 10” and treated with toluene-p-sulphonyl chloride (0.8 g). The mixture 
was kept overnight at 0” and then for 2 days at room temperature. It was then poured 
into ice-water (6Oml), and the resulting, pink precipitate was recrystallized from 
propan-2-01 to give 6 (0.48 g, 89.5%), m.p. 184-185”, [ali t-63” (c 2.0, chloroform) 
(Found: C, 66.5; H, 5.0. C34H32OxOS talc.: C, 66.2; H, 5.2%). 

Benzyf 2,3-anhydro-4,6-Q-benzylidene-8_mguIopyranoside (14). - A solution of 
the sulphonate 6 (0.33 g) in dry methanol (7 ml) was treated with 2.7~ sodium methox- 
ide (2 ml) and then heated under reflux for 90 min. The mixture became pale yellow 
during the course of the reaction. At the end of this time, water (10 ml) was added, 
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and the methanol was removed in uacuo. The aqueous residue was extracted with 
chloroform (5 x 50 ml), and the combined extracts were washed well with water. 
Evaporation of the dried (sodium sulphate) extracts gave a cream residue that was 
recrystallized from propan-2-01 to give 14 as needles, (0.13 g, 73%), m.p. 151-152” 
(sublimed), [a]:’ -124” (c 0.55, chloroform) (Found: C, 71.1; H, 6.2. CzoHzo05 
talc.: C, 70.6; H, 5.9%). 

Hydrolysis of 14. - (a) The epoxide 14 (10 mg) was hydrolyzed with 0.1~ 
sulphuric acid (1.1 ml) in a sealed tube for 1 h at 100”. After neutralization with 
barium carbonate, the product was examined by paper chromatography. The main 
product was 3,6-anhydrogalactose, together with traces of galactose and idose, 
and the chromatogram was indistinguishable from one of a similar hydrolysate of 
methyl 2,3-anhydro-4,6-O-benzylidene-a-D-gulopyranoside4_ 

(b) The epoxide 14 (0.5 g) and 0.1~ sulphuric acid (10 ml) were heated for 
1.5 h at 100”. After cooling, the mixture was extracted with ether, and to the aqueous 
fraction was added acetic acid (1.5 ml), anhydrous sodium acetate (0.7 g), and 
phenylhydrazine hydrochloride (0.7 g). After 30 min at loo”, the mixture was cooled 
and then left at 0’ overnight. The precipitate was collected, washed with water, 
2N acetic acid, and finally ice-cold methanol. The yellow crystals (0.054 g) had m-p. 
212-215’ and an ix. spectrum identical with that of authentic 3,6-anhydro-D- 

lyxo-hexulose phenylosazone4. m-p. 213-215”: a mixed m-p. was not depressed_ 
Treaiment of benzyi 4,6-0-benzylidene-/3-D-galactopyranoside (1) with benzoic 

anhydride. - A solution of the diol 1 (2.0 g) in dry pyridine (15 ml) was treated 

portionwise at 0” with benzoic anhydride (1.26 g, 1 mol.) during 1 h. The mixture 
was kept overnight at 0” and then for 2 days at 37”. It was then poured into ice-water 
(200 ml), and the resulting, white precipitate was collected by filtration and dissolved 
in chloroform (100 ml), and the extract was washed successively with 3~ sulphuric 
acid (2 x 100 ml), saturated, aqueous sodium hydrogen carbonate (2 x 100 ml), and 
water. Concentration of the dried extract gave a white residue. Treatment with 
benzene, followed by recrystallization from propan-2-01 as described above for the 
3-benzoate 3, gave a crystalline product_ T.1.c. indicated that the material was an 
intimate mixture of the two monobenzoates 3 and 5 and the dibenzoate 2. 

Treatment of benzyl 4,6-O-benzylidene+LD-galactopyranoside rnonobenzoates 

with dilate alkali under homogeneous conditions. - A solution of the benzoate (3 or 5, 
200 mg) in acetone (60 ml) was treated with 0.05~ sodium hydroxide (20 ml) for 
1 min at room temperature. The mixture was neutralized with acetic acid in acetone 
and evaporated to dryness. The product was dissolved in dichloromethane (25 ml), 
washed with water (2x 10 ml), dried (sodium sulphate), and evaporated to give a 
white residue. Examination by t.1.c. showed that equilibrium between 3 and 5 had 
been established with a slight (CL 10%) preponderance of 5 

A similar experiment was carried out with the monobenzoatesl ‘_16 10 and Xl. 
At equilibrium, there appeared to be about equal amounts of 10 and 11. 
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