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Note 

Zirconium(W) chloride-catalyzed synthesis of 1,2-trans-l-thioglyco- 
pyranosides* 
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The design of simple and efficient methods for the preparation of l-thio- 
glycoses and 1-thioglycosides is of interest since these derivatives find multiple uses 
in carbohydrate enzymology as inhibitors, nonmetabolizable inducers, model sub- 
strates, as well as stable ligands for affinity chromatography’. More recently, l- 
thioglycosides have been extensively used as glycoside donors in oligosaccharide 
synthesis*. 

Acid-mediated thiolysis of peracetylated sugars is, among other techniques3, 
a well established route to the synthesis of 1-thioglycosides4. Lemieux and assoc.5,6 
first demonstrated the efficiency of this reaction by preparing several l,Ztruns- 
related ethyl 1-thioglycopyranosides with ethanethiol as solvent and zinc chloride 
as a nonprotonic acid catalyst. Several other catalysts have since been proposed 
and their choice was shown to be of importance in determining the anomeric ratio 
of products obtained’. 

Zirconium(IV) chloride was recently found to be an effective catalyst in 
thioglycosylation reactions, leading exclusively to peracetylated 1 ,Ztruns-related 
1-thioglycoses from the reaction of l,Ztruns-acetylated glycoses and thioacetic acid 
in dichloromethanes. Under the conditions described, the resulting thioglycose 
esters were stable and not subject to anomerization. This reaction scheme was 
simultaneously extended to the preparation of 1-thioglycosides, and 1,3,4,6-tetra- 
O-benzyl-P-D-fructofuranosyl 2,3,4,6-tetra-O-acetyl-l-thio-cY-D-glucopyranoside 
was obtained, together with its a,a-anomer, from the reaction of 1,3,4,6-tetra-O- 
benzyl-a$-D-fructofuranose with 2,3,4,6-tetra-0-acetyl-1-thio-cr-D-glucopyranose 
under similar conditions, thus allowing the first synthesis of 1-thiosucrose9. How- 

*Part XI in the series “Stereoselective thioglycoside synthesis”, for part X, see ref. 1. 
‘Present address: Glaxo Inc., Five Moore Drive, Research Triangle Park, NC 27709, U.S.A. 
*For references in related fields, see ref. 1 and citations therein. 
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ever, the expected difficulty in the anomeric control at C-2 of a ketohexofuranose 
derivative did not allow a proper evaluation of the scope of the reaction for the 
synthesis of 1-thioglycosides, on which this article reports. 

In fact, when applied to the preparation of ethyl I-thioderivatives of D-gluco- 
pyranose acetate starting from 1,2,3,4,6-penta-O-acetyl-PD_glucopyranose and a 
twofold stoichiometric amount of ethanethiol in dichloromethane at o”, the 
zirconium(IV) chloride-catalyzed thiolysis procedure was found to give rise 
exclusively to the corresponding 1,2-trans-related l-thioglycoside. Ethyl 2,3,4,6- 
tetra-O-acetyl-I-thio-P-D-glucopyranoside5 was thus obtained in 74% yield. By 
contrast, when the same reaction was conducted at room temperature, a mixture of 
anomers was obtained, in which the 1,2-c&related l-thioglycoside, namely ethyl 
2,3,4,6-tetra-0-acetyl-l-thio-a-D-glucopyranoside1o, slightly preponderated. 
Formation of the latter compound obviously resulted from an anomerization of the 
/3 anomer, since a subsequent treatment in dichloromethane of ethyl 2,3,4,6-tetra- 
0-acetyl-1-thio-/3-D-glucopyranoside in the presence of zirconium(W) chloride at 
room temperature for 20 h yielded both anomers in a final 2:3 ratio of p- to cr- 
anomer. This anomerization process is likely analogous to that of acetylated alkyl 
glycopyranosides on treatment with strong acids such as sulfuric acid, titanium 
tetrachloride, or boron trifluoride, and has already been reported with both last- 
named reagents for acetylated alkyl l-thio-/3-D-glucopyranosides”-‘3. Owing to the 
fact that the anomeric effect is less effective with 1-thioglycosides as compared to 
their 0-glycosyl counterpart , I4 the rate and extent of conversion, at equilibrium, to 
the axial anomer is as expected smaller, the equilibrium being reached after about 
24 h for a ratio of cy to j? of 7:3. Both anomers were conveniently separated by 
crystallization or flash chromatography, or both. 

Glycosyl chlorides are known to be formed when sugar esters are treated 
with chlorides of the groups III or IV elements in non- or weakly-polar media15J6, 
and such an intermediate has already been proposed in the formation of 1,2-trans-l- 
thioglycose acetates from 1 ,Ztrans-glycose acetates in dichloromethane with 
aluminium chloride as catalyst17. Accordingly, the zirconium(IV) chloride- 
catalyzed thiolysis of 1,2,3,4,6-penta-O-acetyl-/3-D-glucopyranose in dichloro- 
methane showed (13C-n.m.r.) the presence of 2,3,4,6-tetra-O-acetyl-a-D-gluco- 
pyranosyl chloride18 after short reaction periods. Nevertheless, in the range of reac- 
tion time and with a molar excess of thiol as presently reported, glycopyranosyl 
chlorides could not be detected in the final reaction product. 

This reaction scheme has been extended to the D-galactopyranose, D-manno- 
pyranose, and D-xylopyranose series, and the results are reported in Table I, to- 
gether with 13C-n.m.r. characterizations in Table II. As expected, completion of 
the reaction went faster with 1,2,3,4-tetra-0-acetyl-B-D-xylopyranose, and a 79% 
yield of ethyl 2,3,4-tri-0-acetyl-1-thio-/3-D-xylopyranoside was reached after 7.5 h 
at -10”. An extended reaction time at higher temperatures (15 h at 20-25”) led to 
a mixture of anomers from which ethyl 2,3,4-tri-o-acetyl-l-thio-cY-D-xylo- 
pyranoside was obtained after chromatographic purification. It is noteworthy , that 
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TABLE II 

Ethylper-O-acetyl-l-thio- C-I c-2 c-3 C-4 C-5 C-6 

a-D-XyIopyranoside 81.2 68.9 70.0 68.5 58.4 
/?-D-Xylopyranoside X3.6 69.9 72.4 68.7 65.5 
cr-o-Galactopyranoside 82.0 69.0 68.0 66.5 68.0 61.8 
P-D-Galactopyranoside 83.7 67.2 74.2 67.1 71.7 61.3 
a-D-Glucopyranoside 81.7 68.7 70.7 67.6 70.6 61.9 

P-D-Glucopyranoside 83.5 69.9 75.9 68.4 73.9 62.2 
a-D-Mannopyranoside 88.9 71.4 67.8 65.4 71.2 61.7 

1,2,3,4,6-penta-O-acetyl-a-D-mannopyranose gave exclusively ethyl 2,3,4,6-tetra- 
0-acetyl-l-thio-cu-D-mannopyranoside, even after a prolonged treatment at room 
temperature. Therefore, these results indicate a facile route to alkyl 1,2-trans- 
related 1-thioglycosides, as well as to their corresponding 1,2-c&related products, 
the malzlzo derivative excepted, based solely upon control of the reaction tempera- 
ture, and using zirconium(IV) chloride as a moderately hygroscopic and easily 
handled Lewis acid catalyst. 

EXPERIMENTAL 

General methods. - Melting points were measured in capillary tubes with a 
Btichi 535 apparatus and are corrected. Optical rotations were determined with a 
Jobin-Yvon (Paris) “Digital Micropolarimeter”. I%-N.m.r. spectra were recorded 
with a Bruker WP200 spectrometer in (2H)chloroform; chemical shifts are reported 
relative to the signal of tetramethylsilane in Table II. Reactions were monitored by 
t.1.c. on silica gel plates (Merck F-254, Darmstadt, Germany). Flash chromato- 
graphy was carried out on columns of silica gel (Merck 60, 23@400 mesh). Gas 
chromatography was conducted in a Girdel 3000 Gas chromatograph, equipped 
with a flame-ionization detector and a wall-coated, open-tubular capillary column 
of SE-30 phase, and with N, as carrier gas. 

General procedure for the preparation of 0-acetylated ethyl 1,2-trans-l-thio- 
glycopyrunosides. - To a stirred solution of a 1,2-trans-per-0-acetylhexopyranose 
(5 g, 12.8 mmol; for D-gfuco, see ref. 23, for D-gakzcto, ref. 24, and D-manna, ref. 
25), in dichloromethane (175 mL) at O”, was added 1 mol. equiv. of ethanethiol 
(0.95 mL, 12.8 mmol) and ZrCl, (2.8 g, 12 mmol). After 1 h, an additional 
equivalent of the thiol was added and the mixture stirred for further 15 h at 0”. The 
content was diluted with dichloromethane and the mixture successively washed with 
an ice-cold solution of water, saturated NaHCO,, and water. The solution was 
dried (Na2S0,) and concentrated under reduced pressure at 40”. To the syrup was 
added the appropriate solvent listed in Table I to give the crystalline ethyl 1,2-trans- 
2,3,4,6-tetra-0-acetyl-l-thio-hexopyranosides listed in Table I. 
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The reaction temperature was not critical for the obtention of ethyl 2,3,4,6- 
tetra-0-acetyl-1-thio-cr-o-mannopyranoside and ambient temperature could be 
used as well (see Table I). On the other hand, the preparation of ethyl 2,3,4-tri-O- 
acetyl-1-thio+?-D-xylopyranoside from 1,2,3,5-tetra-0-acetyl-P-D-xylopyranose26 
required the temperature to be kept at -lo”, and the reaction time should not 
exceed 6.5 h. 

When the same reaction was conducted at room temperature in the D-gluco, 

D-g&c@ and D-xylo series, (Y and p anomers were obtained (Table I) which could 
be conveniently separated by flash chromatography (1: 1, v/v, ether-hexane). 
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