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ABSTRACT 

Di-fe+butyI esters of the tetra-0-acetyl and tetra-0-benzyl derivatives of S-U- 
and -/LD-gIucopyranosy1 thiophosphates and S-cr- and -j?-D-galactopyranosyl thio- 
phosphates were prepared by reaction of di-rert-butyl triethylammonium phosphoro- 
thioate with tetra-O-acetyl- or tetra-0-benzyl-hexopyranosyl hahdes. 

INTRODUCTION 

Phosphonate and thiophosphate analogs of naturally occurring phosphates 
are potentiahy valuable as regulators, activators, or inhibitors of metabolism’. 
Recently, a general approach to the synthesis of phosphonate analogs of z-D-hexo- 
pyranosyl phosphates was elaborated’, and we now report methods for the synthesis 

of the thioester analogs of a-D-hexopyranosyl phosphates. 
Thiophosphorylation of tetra-0-acetyl-a-o-glucopyranosyl bromide is a known 

reaction_ Michalska et a1.3 reported that, using the triethylammonium salt of phos- 

phorothioic acid blocked by formation of a 5,5-dimethyl-2-oxo-1,3,2-dioxaphosphori- 
nyl ring, a product of S-glycosylation (the thioester) having the P-D configuration 
was obtained in high yield. However, from the biochemical point of view, analogs 

having the a-D configuration are far more interesting. Moreover, use of the 5,5- 
dimethyl-Zoxo-1,3,Zdioxaphosphorinyi ring-system as a protective group does not 
allow unblocking without cIeavage of the S-P bond. 

Di-f&-t-butyl triethylammonium phosphorothioate (5) appears to be the reagent 

of choice for the preparation of free S-alkylphosphorothioic acids”. The reagent is 
known to give S-alkylation with organic halides, and the terf-butyl groups may be 

readiIy removed by dealkylation with dry hydrogen chloride in chloroform without 
removal of other protecting groups 4. We expected that the reaction of this reagent 
with gIycosy1 halides would produce derivatives of S-a-D-hexopyranosyI thtophos- 
phates. 

When treated wrth sait 5, tetra-0-acetyl-a-D-glucopyranosyl or -galactopyrano- 
syl bromide (1 or 2) gave only thioesters 6 and 7 haaring the P-D configuration, in 
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agreement with earlier observations 3*Q The same result was obtained when tetra-O- _ 

benzyl-Z-D-glucopyranosyl and -galactopyranosyl bromides (3 and 4) were used, 
even though the method used for preparation of the giycosyi halides should have 

given anomeric mixture2. 

(f--BuO),PS Et3NH+(51 

benzene 

1 R’=Ac.R’=OAc.R’= H 6 

2 R’=AC,RZ=H,R3=OA~ 7 

3 R’=Bn,ti=OBn, R’=H a 

4 R’ = Bn. fl= H. R3= Oan 9 

Bn = PhW, 

Scheme 1 

ThiophosphoryIation of 3 and 4 in the presence of tetrabutylammonium 
bromide (added to anomerize the giycosyI haIides6) afforded mixtures of Q-D and 
P-D anomers. S-(Tetra-O-benzyl-r-D-galactopyranosyl) thiophosphate (11) could be 

separated from its B-D anomer (9) by chromatography, but the mixture of 8 and 10 
could not be separated. 
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Use of tetra-O-acetyl+‘-o-glucopyranosyl and -galactopyranosyl chlorides’’ 
(12 and 13) offers a better route to the synthesis of phosphorothioic esters having 
the cc-~ configuration. The products of this reaction (14 and 15) are accompanied by 
only traces of the P-D anomers (6 and 7); however, considerable proportions of 
2,3,4,6-tetra-O-acetyl-D-glucose (17) and -D-galactose (18) are formed This is 
probably due to participation of the 2-acetoxyl group, giving the unstable and non- 
detectable intermediate 16, which is hydrolyzed on either the thin-layer plate or 
column of silica gel, to give 17 and 18 from 12 and 13, respectively. Products 17 and 
18 are contaminated with small proportions of the 8-D anomers (6 and 7, respectrvely). 

The te&butyl groups in compounds 6-11, 14, and 15 ‘may be readily removed 

without removing the benzyl or acetyl groups, by passing gaseous hydrogen chloride 
through a chloroform solution of the substrate. This reaction was, however, con- 
ducted on an analyticat scale onIy. 

The method for the synthesis of S-a-o-hcxopyrdnosyl thiophosphates based 
on terra-O-acetyl-rl-o-hexopyranosyl chlorides (12 and 13) and dr-rerr-butyi triethyl- 

ammonium phosphorothioate (5) seems to be the best, despite us low yreld (which 

depends strongly on the temperature of, and the time required for, column chromato- 
graphy, because of the instabrlity of the re/%butyl esters 10, 11, 14, and 15) 

EXPERIMENTAL 

Gmeral. - Melting points were measured wrth a Thomas-Hoover Uni-melt 
melting-point apparatus and are uncorrected. ‘H-N m-r. spectra were recorded with 

a Perkin-Elmer R-32-90 spectrometer, with Me,Si as the internal standard Optical 
rotations were measured with a Bendix ETL-NPL type 143A automatrc polarimeter. 
Thin-layer chromatography (t.1.c.) was conducted on aluminum-backed plates of 
SilicaGel 60 (E. Merck). Column chromatography was performed on Sihca Gel (230- 
400 mesh, E. Merck) according to the method descrrbed by Stall et ~r1.~. For elutron, 
two solvents were used: solvent A, 7:3 (v/v) petroleum ether-ethyl acetate, and 
solvent I?, 4: 1 (v/v) petroleum ether-ethy! acetate. Gravity chromatography cannot 
be used for purification of di-ret-t-butyl phosphorothioic esters, because of their 
instability. 

1-0-Acetyl-2,3,4,6-tetra-O-benzyl-o-glucopyranose (19) and -galactopyranose 
(20) were used for the synthesis of tetra-0-benzyl-D-glucopyranosyl and galacto- 
pyranosyl bromides (3 and 4). Tetra-O-benzyl-D-glucopyranose”*’” and -galacto- 
pyranose were obtained from methyl a-o-glucopyranoside and methyl x-D-gahCtO- 

pyranoside, respectively; acetylation to yield compounds 19 and 20 was achreved 
with acetic anhydride and pyridine, and was followed by evaporatron of theacetylating 
reagents under vacuum, and purification of the products by chromatography. Tetra- 
O-acetyl-/3-o-glucopyranosyl and -galactopyranosyl chlorides (12 and 13) were ob- 
tained according to the procedure of Farkas et al. 7_ Di-tert-butyl trrethylammonium 
phosphorothioate (5) was prepared according to the procedure of Zwierzak and 
Gramze4. 
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