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ABSTRACT 

A synthesis of S-thio-D-galactose, in the form of its crystalline, anomeric methyl 

glycopyranosides, is described. Compounds prepared as intermediates included ethyl 
2,3-di-O-(terf-butyldimethylsilyl)-5,6-O-carbonyl-~-D-galactofuranoside, the corre- 

sponding 5,6-dideoxy-5,6-epithio derivative, and ethyl 2,3,6-tri-0-acetyl-5-S-acetyl- 
5-thio+D-galactofuranoside. On methanolysis, the latter afforded methyl 5-thio-a-D- 
galactopyranoside which, in turn, was transformed into methyl 5-thio-/?-D-galacto- 

pyranoside. Acetolysis proved to be less satisfactory for incorporation of the sulfur 

atom into a pyranose ring-form. Characteristics of the ’ 3C-n.m.r. spectra of derivatives 

of 5-thio-D-galactose are described, including the fact that ’ JC,” values for the anom- 
eric pyranosides differ by only 1-3 Hz, as compared with - 10 Hz for their oxygen 
analogs. 

INTRODUCTION 

A substantial number of thio sugars and derivatives containing sulfur as a 
ring heteroatom have been synthesizedlm3, largely because of interest in their poten- 

tial as biologically active compounds. Among these are 4’-thiopentofuranosyl 
nucleosides4, and 5-thiopyranoses ofthe D-&CO, D-&o, and D-xy10 configuration3*5 - 7_ 
Studies in this laboratory on the substrate specificity of D-galactose oxidase’ and of 

a- and /3-D-galactosidasesg prompted an interest in examining possible influences of 

a ring-sulfur atom on the reactivity of these enzymes. As 5-thio-D-galactose was un- 
known, a synthesis of it was undertaken, and we now report a method for preparation 
of the sugar in the form of its methyl a- and /3-pyranosides (13 and 14, respectively). 

RESULTS AND DISCUSSION 

The route devised, which incorporates several reactions used in the synthesis 
of other thio sugarslm3, is illustrated in Scheme 1. It entails the preparation of 
suitably protected D-galactofuranose intermediates (l-4), formation of a 5,6-epoxide 
(8) having the L-altro configuration, conversion of epoxide 8 into the corresponding 

*Presented at the C.I.C./A.C.S. Joint Conference. Montreal, Canada, May 29-Jtxe 2, 1977. 
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D-g&cro 5,6-episulfide (9), and ring opening of the latter to yield a 5-thio-D- 
galactofuranoside (10). Finally, a pyranose derivative (12 or 13) is produced under 
conditions that promote incorporation of the sulfur atom into the ring. 

S’&ze.s~s of 5-thio-D-galactofuranose derivatives. - Ethyl j?-D-galactofuranoside 
(l), prepared from D-galactose diethyl dithioacetal lo, -was transformed into the 5,6- 
cychc carbonate (2). This step was achieved with high selectivity, in 70-80x yield, 
by trans-esterification between 1 and etqv‘kne carbonate during11 1 h at 150-155”. 
The use of phosgene in pyridine, or of N&V’-carbonyldiimidazole, proved to be less 
s&isfactory; both reactions were less selective, and gave EL lower yield of 2. Chloro- 
carbonyl substituents were prominent in the product obtained with phosgene, as 
indicated” by a strong absorption band at 1740’cm-1 in its ix. spectrum. Treatment 
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Scheme 1. Synthesis of derivatives of 5thio-0-golactose CT =-f&-f-butyldimethylsilyl ; 

MS = methylsulfonyl ; Bz = benzoyl). 
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dichloromethane. The extract was washed with water, dried (anhydrous sodium 
sulfate), and evaporated, affording a crystalline product (1.0 g). Recrystallization 
from ethanol gave 19 (0.4 g), m.p. 112 “, [a],, -67.4” (c 1.7, chloroform); ‘H-n.m.r. 
data (CDCI,): 6 6.10 (d, 1 Ht H-l), 5.16 (q, 1 H, H-2), 5.09 (q, 1 H, H-3), 4.62407 
(m, 3’H, H-5,6,6’), 4.50 (q, 1 H, H-4), 2.37 (s, 3 H, SCOCH,), and 2.12-2.03 (12 H, 
4 OCOCH,); JI,z 0.9, J2,3 2.5, Jss4 6.0, and J.+5 2.7 Hz; for the 13C-n.m.r. data, see 
Table I. 

Anal. Calc. for Cr6Hr201$: S, 7.9. Found: S, 8.1. 
Methyl ~,3,4,6-tetra-O-acetyl-S-tJlio-a-~-gaIactopyranos~de (16). - A solution 

of 10 (4.0 g) in dry methanol (50 mL) and acetyl chloride (2.5 mL) was heated under 
reftux in a nitrogen atmosphere for IO h, and then made neutral with silver carbonate 
and the suspension filtered. The filtrate was clarified with charcoal (Darco G-60), 
and evaporated to a syrup which was acetylated with 2: 1 acetic anhydride-pyridine. 
Chromatography of the acetylation product (2.7 g) on a column (1.8 x 30 cm) of 
Silica ‘Gel with 50 : 1 dichloromethane-acetone aEorded a syrup (0.43 g) consisting 
of at least three components. Elution with 25: 1 dichloromethane-acetone, and 
evaporation, then gave crystalline 16; after recrystallization from ethyl acetate- 
hexane, yield 1.2 g, m-p. 95”, [aID -1-216” (c 1.2, chloroform); recrystallized from 
ethanol, m.p. 96-98”, [aID +225.5O (c, 1.4 chloroform); for the ‘H- and 13C-n.m.r. 
data, see Table II. 

Anal. Cab for C,,H,,O,S: C, 47.6; H, 5.8; S, 8.5. Found: C, 47.4; H, 6.0; 
s, 8.3. 

MethyZ S-thio-a-D-gaZactopyranoside (13). - A solution of 16 (0.30 g) in dry 
methanol (25 mL) containing sodium methoxide (20 mg) was kept for 10 h at - 10 O, 
made neutral with Amberlite IR-120 (Hf) ion-exchange resin, the suspension filtered, 
and the titrate evaporated. The solid residue was recrystallized from hot ethyl acetate, 
giving 13 (35 mg, 21x), m.p. 91-93”, [aID -t-347.7” (c 0.72, methanol). 

2,3,4,6-Tetra-O-acetyZ-5-thio-a-D-gaZactopyranosyZ bromide (18). - Crystalline 
glycoside 16 (35 mg) was dissolved in a solution of hydrogen bromide in acetic acid 
(30x, 0.3 mL). After 2 h, chloroform and ice-water were added, and the aqueous 
layer was separated, and extracted twice with dichloromethane. The extracts were 
combined, washed successively with saturated sodium hydrogencarbonate and water, 
dried (anhydrous sodium sulfate), and evaporated, affording a dark syrup (30 mg); 
‘H-n.m.r. data (CDC13): 6 5.69 (q, 1 H, H-4), 5.61 (d, 1 H, H-l), 5.42 (q, 1 H, H-3), 
5.09 (q, 1 H, H-2), 4.3-3.8 (m, 2 H, H-6,6’), 3.6-3.3 (m, 1 H, H-5), and 2.10, 2.06, 
2.02 (12.H, OCO-CH,);.J,,, 3.5, J2,3 10.0, J3,4 3.0, and J4,5 -2 ZZ. 

Methyl 2;3,4,6-tetra-O-acetyZ-5-thio-8_D-gaZactopyranoside (17). - The crude 
bromide 18 obtained by treatment of 1.7 g of a-glycoside 16 with hydrogen bromide 
was dissolved in methanol (100 mL) containing silver carbonate (3 g), the suspension 
was stirred for. 1 day, the solidswere fltered off, and the filtrate was evaporated. G.1.c. 
of the residual syrup indicated that-it consisted of four products, including some of 
the a-glycoside .16_ By chromatography of the syrup on a column (2 x 3.5 cm) of 
Silica Gel with 25: 1 benzene-ethyl ether, a fraction consisting of crystalline 17 was 
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isolated (yield, 0.1 g); after recrystallization from methanol, m-p. 102-103O, [a]n 
+9.5” (c 4.2, chloroform); for the ‘H- and 13C-n.m.r. data, see Table II. 

Anal. Calc. for CisH,,09S: mol. wt., 378. Found: m/e 318 (M - CH,CO,H), 
m/e 258 (M - 2 CH3C02H). 

Methyl 5-t&o-/3--D-galactopyranoside (14). - 0-Deacetylation of 17 (52 mg) 
with sodium methoxide afforded crystalline 14 (28 mg), m-p. 142-145”, [ti]n -12.2” 

(c 2.8, water). 
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