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There are three main categories of methods for synthesising glucosides and 
glucuronides (1 + 2 + 3), namely, (a) the Koenigs-Knorr reaction (1, where Y = 
halogen) and its modifications2, (6) reactions catalysed by Lewis acids3 (1, Y = 
OAc), and (c) reactions where HO-1 of the starting derivative is unsubstituted (1, Y 
= OH). Category (c) includes methods in which HO-1 is initially converted into a 
more reactive species 4a-g, and those which involve a Lewis acid catalyst’S4h. Direct 
coupling is attractive since it avoids the preparation of reactive, unstable, and 
readily hydrolysable derivatives of 1 with Y = Br, OCNHCC&, OCNHNHR, etc. 
The need for simple methods for the preparation of sugar derivatives with HO-1 
unsubstituted is further exemplified by conversions into glycosyl fluorides which are 
useful in stereoselective glycosidations’. 

+ R3-OH __L1 

Most of the reported syntheses of 1-hydroxy sugars (1, Y = OH) are cumber- 
some, expensive, and involve the conversion of an anomeric acetate (1, Y = OAc) 
into a glycosyl bromide (1, Y = Br) and hydrolysis with a silver salt6. The use of 
stantic chloride-water7a and such nitrogenous nucleophiles as benzylamine7b, pipe- 
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ridine7c, or hydrazine7d for the preparation of 1 -hydroxy sugars from the correspon- 
ding polyacetates has been described. 

We now report a simple, high-yielding reaction (4-6) for the selective, and 
frequently exclusive, deacetylation of various polyacetylated sugars at the anomeric 
position by treatment with an equimolar amount of tributyltin methoxide’ (5) in a 
refluxing inert solvent (tetrahydrofuran, 1,2-dichloroethane, benzene, toluene) for 
l-3 h. The rate of the reaction was appreciable even at room temperature. Bis(tribu- 
tyltin) oxide could also be used (cf. ref. 9); although it was somewhat easier to 
handle than 5, since it is not water-sensitive, the side product of the reaction, 
tributyltin acetate, was difficult to remove. The products (6) were isolated by chro- 
matography, usually in high yields. The l-O-tin derivatives 7 were efficiently hydro- 
lysed on silica gel either by reaction with absorbed water or with silanol groups 
present in the adsorbent. Alternatively, 7 could be hydrolysed conveniently with 
dilute hydrochloric acid. The resulting tributyltin chloride was readily extracted into 
hexane, leaving the crystalline free sugars 6. This procedure is suitable for large- 
scale syntheses. If the work-up was carried out under non-hydrolysing conditions, 
the I-0-SnBu3 derivatives 7 could be isolated in good yields. Compounds 7 may also 
be prepared by stannylation of 6 with Bu,SnOMe or (BusSn)zO. The fact that the 
derivatives 7 can be obtained from the tin oxide questions the contention’Oa that 
esters R’COOR” react with (Bu3Sn)z0 to give R’COOSnBus and ethers R”OR”. 
Our results accord with the data of Davies and co-workersmb. 

+ 
O-AC OH 

5 

4 

\ 

6 

The reactions 4 -+ 6 can be monitored by t.1.c. or by ‘H-n.m.r. spectroscopy. 
In the presence of 1 mol of tin reagent, the reaction of AcO-1 was complete within 1 
h. The remaining acetyl groups were much less reactive and, even with an excess of 
BusSnOMe, only partial additional deacetylation was observed after 25-h reflux in 
1,2-dichloroethane and at least 25% of the monodeacetylated products remained. 

The P-forms of 4 reacted faster and gave higher yields of deacetylated pro- 
ducts than the e-forms (Fig. 1), the reactions of which were often not complete. 
Compounds (4a, 4b, and 4e) that did not contain CHzOAc groups reacted exclusiv- 
ely at the anomeric centre. The CHzOAc groups in &compounds (P-4c, 4f) were 
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resistant but, in the a-forms (W&Z, W&I), they were hydrolysed together with 
AcO-1. Both primary and secondary benzoates (4g) and acetals (4b) were inert. In 
the absence of an anomeric acetyl group (4h), both primary and secondary acetyl 
groups could be removed, but this requires more vigorous conditions. 

The products 6 were a&mixtures, and the c&ratio could be determined by 
n.m.r. spectroscopy. For 6b, the a-form was obtained almost exclusively. The 

%&ratio of the hydroxy product 6e from (r-4e or p-4c was the same and probably 

reflects thermodynamic equilibrium. For the 1-hydroxy glucuronic acid derivative 
6a, a -4:1 a&mixture was indicated by the n.m.r. spectrum’. Braun and Wiessler6f, 
on the basis of n.m.r. spectra, claimed that 6a was exclusively cr. 

Table I contains the substrates examined (4a-4h) and the products obtained 
@a-6k, 7). 

The higher rates and selectivities of reactions of the P-derivatives indicate a 
mechanism that includes initial complexation of tin to the ring oxygen” (9). The 
relative rigidity and proximity of AcO-lb facilitates transesterification to yield the 
corresponding O-tin derivative 7, formed directly from 9 or via 10, with which it 
rapidly equilibrates. The stereochemistry of the cr-anomers is less favorable for these 
interactions. The other acetyl groups cannot form the intermediate 10 because of the 
unavailability of a suitably labile C-O bond. AcO-la! seems to be about as reactive 
to BusSnOMe as is AcO-6 (12). Under non-hydrolysing conditions, the intermedia- 
tes 7 can be isolated or converted directly into ally1 glycosides 11 via PdO-catalysed 
reactions12. Hydrolysis gives the corresponding cr,&mixture 6. Both 7 and 6 were 
c&mixtures. The formation of &&mixtures from w or P-8 may reflect an equili- 
brium between the acyclic intermediate 10 and the cyclic product 7. N.m.r. spectros- 
copy indicated that, when a-7 was dissolved in CDCls, anomerisation occurred 
within 15 min at 55”. Apparently, the O-tin bond (in contrast to the 0-acyl bond) is 
labile and can equilibrate readily. The equilibrium may be understood in terms of 
steric effects which will favour the &configuration, on the one hand, and the 

I I I I I I I 
100 

‘. * 

Time (mid 

Fig. 1. Rate of stannylation of a&4b and corresponding formation of 7: *, decrease of a-4b; # , 
increase of a&7 from B-4b; W, decrease of j3-4b; A, increase of a,&7 from a-4b. 
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AcO-CH2CH=CHZ 
4 

Pd’ 
7 

\ t_/ _ OCH$H=CH, 

O-AC 
11 

12 

Scheme 1. 

anomeric effect which favours the a-orientation, on the other hand. The rapid 
anomerisation of the 1-0-SnBu3 intermediate prevents a correlation between the 
anomeric configuration of the acetate and that of the stannyl ether. 

EXPERIMENTAL 

General. - ‘H-N.m.r. spectra were recorded for solutions in CDC& (internal 
Me$i) with Bruker WH-270 and AM-300 spectrometers. All reactions were carried 
out under anhydrous conditions in flame-dried glass apparatus under nitrogen, 
using dry, freshly distilled solvents. Bu$nOMe or (Bu&&O were commercial 
products. Reactions were monitored by t.1.c. on silica gel (Merck, 5554), using ethyl 
acetate-hexane mixtures and detection by charring with sulfuric acid. Flash column 
chromatography was carried out on silica gel (Merck, 9385). 

Generul procedure. - Bu&rOMe (1 mmol) was added with stirring to a 
solution of the substrate (1 mmol) in an appropriate solvent (5-20 mL). Stirring and 
boiling under reflux was continued for l-3 h. The solvent was then removed under 
reduced pressure and the residue was subjected to flash chromatography. Alternativ- 
ely, the cooled reaction mixture was extracted with aqueous 5% HCl(1 vol.), and the 
organic phase was dried (Na$O,), filtered, and concentrated in V(ICUO. The viscous 
residue was triturated thrice with hexane, and the insoluble material was crystallised 
from ether-hexane to give the products 6, which were identified by ‘H-n.m.r. 
spectroscopy. The m.p. and [ol]u value of each product corresponded to those in the 
literature. 

Preparation of tributyl(2,3-di-O-acetyl-4,6-O-ethylidene-cr,~-D-glucopyrano- 
syloxy)tin 7. - Bu$nOMe (115 mL, 0.4 mol) was added with stirring to a solution 
of p-4b (0.4 mol) in 1,Zdichloroethane (600 mL). The mixture was heated under 
reflux for 1 h and then concentrated under reduced pressure to give ~~3-7 (quantita- 
tive yield). Crystallisation from hexane gave a-7, m.p. 82-85”, [cu]~ + 74’ (c 1, 
dichloromethane) The /3-isomer was not isolated pure. 
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Anal. Calc. for Cz4H4,08Sn: C, 50.03; H, 7.17. Found: C, 50.22; H, 7.47. 
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