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5-Thio-D-glucopyranose’ has interesting biochemical and pharmacological 
properties’ and has become commercialIy available. We now describe the synthesis 
and some properties of the crystalline, acetylated glycosyl bromides. 

Reaction of 1.2,3,4,6-penta-Q-acetyl-5-thio-~8-D-glucopyranose3 (1 and 2) 
with 30% hydrogen bromide iri acetic acid gave a mixture of the anomeric glycosyl 
bromides, from which the r-bromide 3 (main product) and b-bromide 4 were isolated 
crystalIine by chromatography on silica gel. This behaviour contrasts with that well 
known for 1,2,3,4,6-penta-O-ace@-@-D-glucopyranose, which gives only the IX- 
glycosyi bromide. An oily 2,3,4,6-tetra-U-acetyl-5-thio-Dglucopyranosyl bromide 
was used in the synthesis of 5-thio-D-glucopyranosy! phosphate”_ Since anomeric 
gIycosy1 halides have not hitherto been reported for thio sugars, their properties 
are of interest. 

The structures of 3 and 4 were confirmed by ‘H- and ‘3C-n.m.r. spectroscopy. 
Table I compares ‘H-n.m.r. data for the 5-thio-D-glucose derivatives 1-4 with those 
for 2,3,4,6-tetra-O-ace@-r-D-glucopyranosyl bromide5 (5). The J2,3, Jss4, and J5,5 
values are all in the range of 9.0-10.2 Hz, as expected for trafts-diaxial protons and 
consistent with “C,(D) conformations. A 4C,(~) conformation in the crystal state 
has been confirmed6 for 1. The higher J 1 ,2 values for 3 and 4 as compared to 1 and 2 
reflect the lower electronegativity of Br-1 as compared to AcO-1. A similar effect 
may be invoked to explain why the J,., value for 5 is higher than that for 3, since 
suIfur is Iess electronegative than oxygen. This effect of the sulfur atom is most 
pronounced on the anomeric protons, for example, H-l of 3 resonates 1 p-p-m. to 
higher fieId than H-l of the oxygen analogue 5. The relatively low-field positions of 
the H-3 resonances for the r-bromides 3 and 5 may be attributed to the deshielding 
effect of Br-I, which is syn-diaxial to H-3. 

*Presented .in part at the Xth international Symposium on Carbohydrate Chemistry, July 1980. 
Sydney, Australia: Abstracts, p. 31. 
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TABLE I 

lH-~.~.~. DAT.=.,FOR STH:~-D-GLUCOSE DWVATIVEP 

Corn- Chemical shifts (6 j and mu[tiplicities of signaIs 

pollnd -___-_ 
_._______~_~__-___-~__~-~-~~ --_. --- ~-~-- 

H-I H-2 H-3 H-4 H-5 H-6 H-6’ OAc 

1 
2 
3 
4 
5= 

1 
2 
3 
4 
s 

- 

6.11 d 5.21 q 5.41 t 5.30 t 3.56 o 4.35 q 4.w q 2.20, 2.09, 2.06, 2.03, 2.00 
5.92 d 5.39 t 5.12 & 5.33 t 3.33 0 4.35 q 4.15 q 2.09, 2.08, 2.04, 2.03, 2.01 
5.58 d 4.93 q 5.58.t 5.33 t 3-71 0 4.49 q 4.13 q 2.10, 2.09, 2.06, 2.03 
4.76 5.40 t 5.05 t 5.38 t 3.32 o 4.31 q 4.13 q 2.10, 2.09, 2.05, 2.01 
6.62 d 4.82 q 5.59 t 5.14 t 4.28 4.29 q 4.16 q 2.09. 2.03, 2.01 

Coupling constants (Hz) b 
Jl.!? JC?.:: J3.4 J4.5 J+S JJ.6. JS,W 

2.9 9.7 9.7 10.2 4.7 2.9 12 
8.5 9.0 9.0 9.5 5.5 3.7 12 
3.5 9.5 9.5 10.2 4.7 2.9 12 

10.0 9.5 9.5 9.0 5.5 3.5 12 
3.9 10.0 9.5 9.5 - 4.0 - 6.0 m 12 

ulOO MHZ (CDCk, internal Me4Si). *First order. C&3,4,6-Tetra-O-acetyl-a-t&ucopyranosyl bromide 
from ref. 5. 
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TAELE II 

"C-CHEMICAL SHIFIX AND 13C-1H COUPLING COXFZTA~UX~ OF S-THIO-DCLUCOPYIWNOSE DERIVATIVEP 

Compomd C-l c-2 c-3 C-4 c-s C-6 
JI.H-I Jl.H-Z? J~.H--3 J.LH--I J5.H-5 J&W-6 

1 70.5 71.7* 73.0* 
162.0 154.8 162.0 

2 71.4 73.2b 72.7 
164.8 157.3 159.3 

3 52.4 74.1 7i.G’ 
167.2 149.7 145.6 

4 43.1 75.9 73.46 
166.7 167.4 157.1 

5” 86.5 70.4* 72.0” 
185 148 148 

__-____ .~_. 

70.5 
154.3 
71.1* 

156.5 
71_2* 

145.6 
71.4” 

159.4 
67.0 

150 

--- -- .~--- 

39.8 60.9 
143.1 151.2c 
41.5 61.7 

141.5 149.w 
41.7 60.5 

141.9 1Sl.P 
45.8 60.7 

144.0 150.6’ 
70.01 6C.8 

150 147 

“Carbon-proton coupling constants for 1 and 2 were determined directly, whereas those of 3 and 4 
were determined by an indirect method 19 and hence are subject to greater error (see Experimental). 
*Assignments may be reversed. CAn average value of the two JG.H-G coupling constants. Walues from 
ref. 7. 

The ‘3C-n.m.r. data for 1 to 4 are compared with those of 2,3,4,6-tetra-O- 
acetyl-z-D-glucopyranosyl bromide’ (5) in Table II. Substitution of S for 0 dramati- 
cally affects the ring-carbon resonances, particularly those of C-l. Thus, for the 
p-bromide 4, the C-l signal has the highest chemical shift. Likewise, the C-I,H-I 

coupling constants are much smaller for the sulfur derivatives, as expected from the 

decreased electronegativity of sulfur. The difference between JC_,.H_I for the anomeric 

bromides (3 and 4) and acetates (1 and 2) is only 1.5 and -2.8 Hz, respectively, 
whereas it is 10 Hz for the oxygen analogues and hence can be used for anomeric 
assignment’. Similar observations have been reported by Perlin et al.'*' '_ 

The a-bromide 3 has I_::” 246 nm (E 1,840), and the fi anomer 4 AEz:H 208 nm 

(E 680), and these absorptions should be useful for diagnostic purposes. The 246-m-n 
band in the a anomer may reflect overlap of one of the C-I-Br antibonding orbitals 

(e-s., z*cBr ) with the axially oriented, lone-pair orbital (n,) of the sulfur. Theoretical 
treatment indicates that the overlap of these bonding and antibonding orbitals is 
responsible for the anomeric effect, and that it is smaller for sulfur than for oxygen 
due to the longer C-S bond1 ‘. Our observation that some /?-bromide 4 was formed and 
that it did not mutarotate, whereas the oxygen analogue12 and other /I-halidesI do, 

confirms a decrease in the anomeric effect for the sulfur analogues. For 1 in the 
crystal state, the C-l-S and C-5-S bonds are not shortened by the anomeric effe&‘“_ 

The reaction of glycosyl bromides with silver acetate in boiling benzene, or 
in acetic acid or acetic anhydride at room temperature, is subject to neighboring- 

group participation and trajzs-acetates are formed from rrans-halides’3*‘5. When the 

a-bromide 3 was treated with silver acetate in boiling benzene, a 1 : 1 mixture of 1 
and 2 was obtained. The p-bromide 4 reacted faster than 3, yielding 28 % of a 1 : 1 
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mixttirc of 1 and 2 together with 1,3,4,6-tetra-O-acetyl-5-thio-z-D-glucopyranose (6) 
and other products. The structure of 6 was indicated by the n.m.r. data. For a solution 

in CDCI,, the hydroxyl doublet collapsed to a singlet on irradiation of the H-2 
resonance and was therefore due to HO-2 (see Experimental)_ 

The absence of stereochemical control in the displacement reactions of 3 and 4 
could be due to stereoelectronic factorsr6. The interaction of the unshared electron 
orbitals on the sulfur atom with the antibonding orbital is attenuated because of 
the greater C-S distance_ Thus, the lower solvolysis rate of 2,3,4-tri-0-acetyl-5-thio- 

z-D-xylopyranosyl bromide as compared to the corresponding oxygen analogue’ ’ 
could be due to the stereoelectronic effect. An ineffective participation by the lone- 

pair orbital could ledd to diminished neighboring-group participation’8 of AcO-2 
in 3. Although some dioxenium ion 7 is formed during the displacement reactions of 

_(, the regiospecificity of its openin g has been lost as shown by the formation of 6 
due to traces of water in the reaction mixture. The diminished lone-pair participation 
in the ring opening of the dioxenium ion may also be responsible for the multiple 
products obtained by Shin and Perling on treatment of 2,3,4,6-tetra-O-acetyl-5-thio- 
r-D-galactopyranosyl bromide with methanol and silver carbonate. 

Gr~zerai. - Melting points (uncorrected) were determined by the capillary 
method. 1-r. spectra were obtained with a Perkin-Elmer 457 spectrophotometer, 
and ‘H- and ‘3C-n.m.r. spectra (internal Me,Si) with a Varian XL-100 instrument 
operating in the F-t. mode at 100 and 25.2 MHz, respectively; 13C peaks were assigned 
by off-resonance proton decouplingr9. Optical rotations were determined with a 
Perkin-Elmer 141 polarimeter. T.1.c. was performed on Merck MF-254 silica gel, 
with detection by U.V. light or by charring with sulfuric acid. 

Terra-0-acetyi-S-t&o-D-ghcopyratzosyl bromides (3 and 4). - To a solution 
of 1,2,3,4,6-penta-O-acetyi-5-thio-a~-D-glucopyranose (200 mg, 0.4 mmol) in di- 
chloromethane (2 mL) was added 30:& HBr in acetic acid (0.5 mL). The solution 
was stored at 0” for 24 h, the solvent was evaporated, and traces of acetic acid were 

removed by repeated evaporation of toIuene from the residue; t.1.c. (ether-light 
petroleum. 2: 1) then indicated products with RF 0.50 and 0.37. The mixture was 
eluted from a column (1.3 x 17 cm) of silica gel with ether-light petroleum (2 : l), 

to give the r-bromide (13 mg) and a mixture (146 mg; combined yield of 3 and 4, 
76”/,). Recrystallisation of the mixture from ether-light petroleum gave needles of 

the P-bromide 4, m-p. 102-104”, [r]k” -6.5” (c 1, chloroformj; v$& 1735 (ester 
C=Oj, 1222 (C-O, acetates), and 1030 cm-’ (C-O esters). 

Anal. Calc. for C,,H,,BrO,S: C, 39.35; H, 4.48 Found: C, 39.50; H, 4.55. 
The mother liquor from the above recrystallisation (enriched in the faster- 

moving ct anomer) was eluted from a column (1.3 x 17 cm) of silica gel with ether- 
light petroleum (2: l), to give 3 (55 m g; R, OS) and an Q-mixture (28 mg). 

Recrystallisation of the z-bromide from hexane gave material with m-p. 
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59-613 CZ]~~ i-227” (c I, chloroform); l!mn ICBr 1735 (ester C = 0), 1222 (C-O, acetates), 
and 1030 cm-’ (C-O, esters). 

Anal. Found: C, 39.38; H, 4.45. 
Reactiojzs wit/z siZver acetafe. - (a) A solution of 3 (35 mg, 0.08 mmol) in 

dry benzene (IO mL) was boiled under reflux for 1 h in the presence of silver acetate 
(26 mg, 0.16 mmol), filtered, and concentrated. The residue was eluted from siIica 
gel (5 g) with ether-light petroleum (2 I I), to give the rj?-penta-acetate (27 mg, 54 %), 
the ‘H-urn-r. spectrum of which contained doublets for H-lx at b 6.1 I (JIe2 2.9 Hz) 
and H-ID at 6 5.92 (J,,: 8.5 Hz); @ratio, I : 1. 

(b) A solution of 4 (35 mg, 0.08 mmol) in dry benzene (10 mL) was boiled 
under reflux for 1 h in the presence of silver acetate (26 mg, 0.18 mmol). Work-up 
and chromatography, as described in (a) , gave the r&per&t-acetate (9 m,o, 28 “/,; 
cr/?-ratio, 1: l), and a mixture (13 mg, 44 %) of I ,3,4,6-tetra-O-acetyl-5-thio-r-D- 
glucopyranose (6) and an unidentified product (probably 2,3,4,6-tetra-0-acetyl-5- 
thio-D-ghrcopyranose). Crystallisation of the mixture from ether-light petroleum 
gave 6 (6 mg), m-p. 131-133 O, [z]:~ t268” (c 1, chloroform). N.m.r. data (CDCI,): 
B 6.02 (d, 1 H, f,,Z 3.5 Hz, H-l), -4.1 (fZ,3 9 Hz, H-2 overlapped by H-6’), 5.25 
(q, 1 H, J,,, 7 Hz, H-3), 5.36 (t, 1 H, Ja,j 9 Hz, H-4), 3.50 (m, 1 H, J3,s 9 Hz, H-5), 
4.41 (q, 1 H, J5,6 5 Hz, H-6), 4.06 (q. 1 H, Js,6. 12 Hz, H-6’), 2.07, 2.08, 2.f 1, 2.20 
(4 s, 12 H, 4 AC), and 2.39 (d, 1 H, JZ,OH S Hz, collapsed to a s on irradiation at 6 4.1, 
exchangeable with D,O, HO-2). 

Anal. Calc. for CI,H,,O,S: C, 46.15; H, 5.53. Found: C, 46.31; H, 5.33. 
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