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ABSTRACT 

Parhal desulphuratron of tetra-O-acetyl-B-D-glucopyranosyl phenyl dlsulphlde 
with a phosphme denvatlve gave 40% of phenyl 2,3,4,6-tetra-O-acetyl-I-the-cr-D- 
glucopyranoslde and a similar proportlon of /3-D-glucopyranosyl 1-thlo-cr-D-gluco- 
pyranoslde octa-acetate, showmg that this procedure is of hmlted value m cr-D-thlo- 
glucoslde synthesis Smuiar treatment of ally1 tetra-O-acetyl-/3-D-glucopyranosyl 
sulphoxlde caused abstraction of oxygen, rather than of sulphur, from the derived 
ally1 glucosylsulphenate The phenylsulphonyl group was not readily displaced from 
j?-D-glucopyranosyl phenyl sulphone, except mtramolecularly, nor could it be dls- 
placed from the tetrabenzyl ether Ehmmatlon of benzyl alcohol from this compound 
afforded a new l-{phenylsulphonyl)glycal denvatlve 

INTRODUCTION 

In the course of studies of derlvatlves of I-tbo sugars as glycoslde precursors, 
we have reported on the hsplacement of the phenylthlo group from phenyl l-thlo- 
glycosldesl, the use of carbohydrate benzothmzohnes m the synthesis of glycosyl- 
ammes’, and the reaction undergone between glycosyl N,N-dmlkyldltluocarbamates 
and some organomercunals3 We now comment on attempted monodesulphuration 
of glycosyl dlsulphdes and of an ally1 glycosyl sulphoxrde, and on the attempted 
displacement of the benzenesulphonyl group from glycosyl phenyl sulphones, all of 
which were undertaken m efforts to develop new approaches to glycoslde and l- 
thxoglycoslde syntheses 

RESUL’lX AND DISCUSSION 

I-moglycosldes having frans-related substituents at C-l and C-2 are relatively 
easy to obtain4, whereas methods for preparmg the cr.+related analogues are not well 
developed*. Monodesulphuration of glycosyl dlsulphdes by sulphur extrusion’ 
seemed to be a posszble route to the czs-related compounds, especially as Harpp and 

*See, however, B Erbmg and B Lmdberg, Acra Chem &and Ser B, 30 (1976) 611-612 



398 R J FERRER, R H FURhWAX, P C TYLER 

Gleason obtained ,L?-D-glucopyranosyl I-thto-a-D-glucop_yranosrde o&a-acetate from 
the symrnetrrcal j?$-dtsulphtde by such a procedure6 By use of tns(dtethylammo)- 
phosphme, we confirmed then- finding, and isolated the mam product readr!y and m 
52% yield Tetra-U-acetyi-P-D-glucopyranosyl phenyl drsulphrde (1) was then 
prepared from 2,3,4 6-tetra-O-acetyl-1-thio+D-glucose and benzenesulphenyl 
chlorrde’, rather than by the reverse route mvolvmg the giucosylsulphenyl bromrde’ , 
although some bls(tetra-@-acetyl-,f?-D-glucopyranosyi) dtsulphrde was isolated, the 
reqmred compound was obtamed m 60% yreld Use of benzenesulphenyl bromide 
instead of the chloride reduced the efficrency of the reaction, presumably because the 
former can t,rke part more readily rn exchange processes which lead to mixed products 
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Treatment 01 the dlsulphrde 1 m bothng benzene with trts(dtethylammo)- 
phosphme gave do% of the desired cr-throglycosrde 2 (n m r determination), 11% 
of which was obtained m pure state after preparative t 1 c An improved tsolation 
procedure would make the method comparable with the only previously reported 
synthesis, which mvolves partral hydrolyses of D-glucose dtphenyl drthroacetalg A 
second product of the reactton, which was formed together with 2 m stmtlar amount 
and could be Isolated by direct crystalhsatron m 29% yteld, was B-D-glucopyranosyl 
I-thro-u-D-glucopyranoside octa-acetate (3) (Scheme 1) Concervably, the interchange 
of groups occurs followed the generation of two throlate anions, each of which 
attacks C-l of the grycosylthtophosphonmm salt (Scheme 2) It IS noteworthy that 
cc-linked products preponderate, which suggests that the nntraliy formed phenyl- 
throlate and gIycosyIthrophosphomum ions remam paired so as to preclude partrcrpa- 
tlon in the drsplacement from C-l by the acetoxyl group at C-2, but loosely paired so 

that anion exchange can occur Others” have found that benzene favours a-glycoslde 
formatton m displacements from glycosyl halides lackmg partrcrpatmg groups at 
C-2 Tins exchange process must be overcome before such mixed dtsulphrdes as 1 
can be used for the efficrent synthesis of cc-thtoglycosrdes 

As It has been reported 1 1 that sulphemc esters can be desulphunsed to give 
ethers, and m partrcular that U-methyl rerf-butylsulphenate affords tert-butyl methyl 
ether, it seemed probable that S-glycosylsulphemc esters would, on treatment with 



1 -XXI0 SUGARS 399 

f PhS- p 2 

04 

1 
(EfZN)j P 

f 

+ 
+ PnSPcNEtZ)~ 

OAc 

i 
Scheme 2 3 

trivalent phosphorus compounds, offer access to 0-glycosldes With the precedent 
of the above dlsulphlde desulphuratlon, it was anticipated that j?-sulphenates would 
afford cc-glycosldes, the synthesis of which remains a primary goal m carbohydrate 

chemistry’ ’ As there are dlficultles associated with the direct synthesis of sul- 
phenates 1 ‘, an ally1 glycosylsulphenate was selected for study because ally1 esters 
become available by thermal [2,3]slgmatroplc rearrangement of ally1 sLJphoxides’ ’ 

It was antlclpated, therefore, that heatmg an ally1 j?-glycosyl sulphoxlde m the 
presence of a trivalent phosphorus compound might afford a route to an ally1 a- 
glycoslde (Scheme 3), and sulphoxlde 5 was chosen Oxldatlon of the known ally1 
thloglycoslde 4 with hydrogen peroxide afforded crystalline samples of the sulphone 
and the mixed dlastereolsomenc sulphovldes (5) Oxldatlon with 3-chloroperoxy- 
benzolc acid’ 3 was more selective, and the sulphoxldes were obtained directly with this 
reagent, their different physical constants from those of the first sample bemg attrl- 
buted to their presence m a different ratlo However, the two samples had ldentlcal 
t 1 c charactenstlcs and gave ldentlcal n m r spectra, and their lsomenc composmon 
was consldered irrelevant, as the chlrahty of the sulphur would be lost during the 
thermal formatlon of the sulphenate 6 Heatmg the sulphoxlde 5 m benzene caused a 
substantial change m optical rotation, which suggests that the ester 6 was bemg 
formed (probably reversibly), but no further change occurred on addition of tns- 
(dlethylammo)phosphme to the reiluxmg benzene When refluxmg toluene was used 
as solvent, addition of this phosphme caused substantial degradation, and so the 
tluophlle tnphenylphosphme was used m refluxmg toluene m an attempt to abstract 
the sulphur Under these condltlons, compound 5 was converted mto a chromato- 
graphIcally more-mobile product, which was catalytically deacetylated, and the 
unfractlonated mixture was partmoned between water and chloroform From the 
orgamc phase, a high yield of trlphenylphosphme oxide and sulphlde (95 5) was 
obtained, and the aqueous phase afforded a syrup with [aID -25” T’lns suggests 
that the process caused preferential extrusion of oxygen rather than sulphur (whether 
from the sulphoxldes or sulphenate 1s not known) and gave rise to the mltlal thlo- 
glycoslde 4, the value for the optlcal rotation Indicates that the procedure 1s not 
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vrable as an a-glycosrde synthesrs In concurrence with thts observation, Barton and 
fus colleagues have now reported their mablhty to repeat the desulphuratlon of 

O-methyl rerr-butylsulphenate, with tn-n-butylphosphme, they found that this 

compound grves the phosphme oxrde and methyl tert-butyl sulphrde14 

“f CH2 
FH2C!AC FHzOAC Ii_ Al 

CH OS% 
I 2 

Smce solvolytrc displacement of the phenylthxo group from phenyl I-thlo- 
glycosldes occ,zrs readily m the presence of mercury0 Ions’, It was of interest to 
determme under what condltlons the phenylsulphonyl group mrght be removed from 
the denved sulphones Treatment of B-D-glucopyranosyl phenyl sulphone (8) m 

refluxmg methanol with mercury(U) acetate caused no reactlon, so that, not sur- 
pnsmgly, the metal no longer acted as a specdic “soft” Lewis acid for “soft” sulphur 
Nor did added c&mm acetate nor magnesium acetate grve rrse to hydrolyses when 
the sulphone was heated m water, and therefore the antrcrpated “harder” calcmm- 
oxygen and magnesrum-oxygen mteractrons were also mefficrent m leading to 
cleavage of the glycosyl-sulphur bond When the s&phone was heated m methanol 
with sodium methoxrde, reaction drd occur, but did not grve methyl glycosrdes, 
Instead, 1,6-anhydro-/I-D-glucopyranose (10) was formed, presumably by way of an 
mtermedrate i,Zepoxtdel’, m keepmg wrth the finding of Clmgman and Rrchtmyer’ 6 
who treated ap-tolyisulphone wrth base 

10 8R= H 

9 R = PhCHz 

11 

l&s estabhshes that the phenylsulphonyl group can be drsplaced but that rf 
glycosrde synthesis IS to be achieved the hydroxyl groups m the compound must be 
mactlvated Consequendy, the benzyl ether 9 was prepared by oxrdatron of the 
benzylated tbroglycosrde, but when treated with alkoxtdes or throlates, rt drd not 
undergo the desrred drsplacement reaction The only compound whrch could be 
isolated from the reaction products was the sulphonylglycal detivahve 11 formed by 
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base catalysed @ehmmatlon of benzyl alcohol With sodmm thlophenate m methyl 
sulphoxlde, compound 11 was obtamed m 18% yield, the best yield of 24% was 
achieved by usmg barmm oxide m ethanol Compound II absorbed m the infrared 
at 1640 cm- ’ consistent v&h the presence of a vmyl system, and m the ultraviolet at 
243 nm (log E 3 9) Phenyl vinyl sulphone absorbs at 225 nm17 (log E 4 l), and small 
bathochromlc shifts are to be expected for the substitution of oxygen- and carbon- 
bonded groups The II m r spectrum showed resonances for 20 aromatlc protons, 
an S-proton envelope for the benzyhc protons and H-6,6’, an envelope for H-3,4,5, and 
an isolated vmyhc doubkt at 6 6 15 which 1s asslgned to H-Z Sphttmg of 3 Hz IS 
consistent mth the 3 ~-HZ value reported for J2,3 of tn-U-acetyl-D-glucal*8 

EXPERIMENTAL 

Optical rotations were measured m chloroform and within the concentration 
range 0 5-2% unless otherwise stated 

Bzs(tetra-O-acetyl-/3-D-glucopyranosyl) dzsulphzde - The dlglycosyl dlsulphlde 
was prepared by the method of Cerny et ai I’, and had m p 141-143”, [aID - 153”) 
lit lg m p 142-143”, [a],, -156” 

Tetra-O-acetyl+D-gIzzcopyranosy1 pherzyl dmrlphrde (1) - Benzenesulphenyl 
chlonde7, prepared from thlophenol (1 6 ml), was added to 2,3,4,6-tetra-O-acetyl-l- 
thio-&D-glucose (5 0 g, 0 88 mol eqmv ), and a mam carbohydrate product was 
detected m 5 mm The crude solid, after two recrystalhsatlons from ethanol, gave 1 
(3 92 g, 60%), m p 117-126”, [cl],, -223”, ht ’ ” m p 123-124”, [a], -241”, 1!7- 
llS”, [aID -228” 

The mother liquor ylelded bls(tetra-O-acetyl-B-D-glucopyranosyl) dlsulphlde 
(0 28 g, 6%) Recrystalhsed from methanol, It had m p 142-143”, [aID - 151” 

Treatment of bzs(tetra-O-acetyl-B-D-glzzcopyranosyl) dzsulphzde zozth trzs(dzetizyl- 
amzzzolphosphzne’ 1 - The dlsulphlde (2 0 g) and the phosphme (1 0 g, 1 5 mol 
equlv) were heated III benzene (50 ml) under reflux m an atmosphere of nitrogen for 
I 5 h The solution was washed urlth dilute hydrochloric acid and then water, and 
dried poor to removal of the solvent Crystalllsatlon from ethanol gave B-D-ghco- 

pyranosyl I-thlo-a-D-glucopyranoslde o&a-acetate (3, I 0 g. 52%) Recrystalhsed 
from ethanol, 3 had m p 168-169”, [aID +109”, 6 5 93 (1 H, d, J,,, 5 Hz, H-le), 
ht6’*mp 170”,[a],-,+115”,660(d,J5Hz) 

Treatment of tetra-0-acetyZ+D-glucopyr~mosyl phenyi dzsztlphzde (1) zozth 
trzs(dzethvlamzno)phosphzne - The mixed dlsulpkde 1 (2 5 g) and the phosphme 
(2 1 g, 1 6 no1 equlv ) were heated m benzene (25 ml) under reflux in an atmosphere 
of nitrogen for 0 75 h, and the solution was processed as above to grve a syrup that 
contamed (t I c ) two mam carbohydrate products The Iess-mobile product, B-D- 

glucopyranosyl I-thro-a-D-glucopyranoside octa-acetate (3, 0 54 g, 29%), crystaksed 
from the mixture with methanol as solvent Recrystalhsed from ethanol ( x 2), 3 had 
m p 169-170”, [aID + 1 lo”, and gave an n m r spectrum identical with that of authen- 
tic matenal The mother liquors were taken to dryness, and purified by preparative 
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t I c to gve a syrup (I 4 g) which appeared, from its n m r spectrum. to be a mixture 
of phenyl tetra-O-acetyI-l-thlo-cr-D-glucopyranoside (2) and tns(dlethylammo)- 
phosphme sulpbde m the ratlo 3 2 From this mixture, the glycoslde 2 (0 47 g) was 
obtamed by crystalhsatlon from methanol A pure sample (0 25 g, 11%) was Isolated 
by recrystalhsatlon from the same solvent, m p &X8”, [a]o Ts_. ’ -750 , ht ’ m p 

90-91”, [E]n -i-230” 
Aliyi tetra-O-acetyI+D-glucopyranosyi sulphoxrdes (5) and sulphone - 

(a) AlIyI 2,3,4,6-tetra-U-acetyI-l-thlo-~-D-gIucopyrano~idez3 (4, m p 53-56”, [I& 
+26”,ht Z3mp 53”,[&, -0 5”) (5 8 g) m acetone (70 ml) was treated with hydrogen 
peroxlde (0 49 g, 1 0 mol equlv j m water (70 ml), no reactlon was detectable by 
t I c after 4 days When the solvent had been removed under vacuum and at -.50”, 
two products were detected (RF 0 24 and 0 1, starting material, 0 5, me’&anol- 

chloroform 1 IOO), and the resrdue crystaIhsed spontaneously Fractlonatlon of the 
mixture (0 5 g) by preparatrve t 1 c gave the suIphone (0 19 g. RF 0 24) and the sul- 
phoxldes (5, 0 22 g, RF 0 1) RecrystaIhsed from ethanol, the sulphone had m p 
160-162”, [aID + 13” 

Anal CaIc for C17H24011S C, 46 8, H, 5 5, S, 7 3 Found C, 46 9, H, 5 4, 
s, 75 

The sulphoxlde mixture, on recrystalhsatlon from ethanol, had m p 150-152”, 
[aJo -9O”, and was resolvable mto Its lsomerlc components by high-resolutron t 1 c 

Anal CaIc for C,,HZ40,,S C, 48 6, H, 5 7, S, 7 6 Found C, 48 6, H, 5 6, 
s, 79 

(b) The gIycoslde (12 3 g) m chloroform (200 ml) was treated with 3chloro- 
peroxybenzolc acid (4 47 g, 0 85 mol equlv ) m chloroform (200 ml) at -20” for 1 h, 
and the solution was then washed with aqueous sodium hydrogen carbonate and 
water, and dried Removal of the solvent gave an 011 whrch was mamly the sul- 
phoxldes (t I c) Crystalllsatlon from I-propanol gave a product (7 3 g, 57%) which 
contained small proportions of startmg material and sulphone, these were removed 
by crystalhsatlon from methanol (x 3) The sulphoxldes (5) were obtained chro- 
matograpblcally free from startrng materlai and sulphone m 22% yleid by this method 
and had m p 160-162”, [cY],, -27” The sulphoxlde mixture was mdlstmgulshable 

from the analysed sample by t 1 c , and by n m r and infrared spectroscopy 
Treatment of a&I retra-O-acetyt-/3-D-ghcopyranosyl suz’phoxrdes (5) mtJz 

trzphenylphosphze - The sulphoxldes (5, 0 91 g) ancl tnphenylphosphme (0 58 g, 

1 04 mo1 eqmv) were heated m refluxmg toluene (50 ml) and under mtrogen for 

2 h The soIvent was removed, and the residue was deacetylated wth catalytic amounts 
of sodmm methoxlde m methanol and then shaken with chloroform (50 ml) and 
water (50 ml) The phases were separated and each was washed with the other solvent 
Drymg of the chIoroform layer and remova of the solvent gave a sohd residue (0 64 g) 
which, by infrared comparison with synthetic mixtures, was shown to be tnphenyl- 
phosphme oxide [95%, vmnT 1200 cm- ’ (P = 0)] and trlphenylphosphme sulphrde 
[5%, 670 cm-l (P = S)] The aqueous phase was not exammed further after the 
syrupy residue obtamed therefrom was found to have @ID -25O (water) 
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Reactrons of /3-D-ghcopyranosyl phenyl sdphone (8) - The sulphone was 
prepared by deacetylatlon (banum methoxlde) of its tetra-acetate, and had m p 
91-92”, [& -13” (c 09, water), ltt 24 m p 92-93”, [u],, - 1.5” (water) Samples 
(0 1 g) were separately dissolved m methanol (10 ml) containing mercury(U) acetate 
(0 5 g, 5 0 mol equiv ), water (10 ml) contammg calcmm acetate (0 24 g, 5 0 mol 
eqmv ), and water (10 ml) contammg magnesium acetate (0 22 g, 5 0 mol eqmv ) 
The solutions were boiled under reflux for 1 h, ro rotational changes were observed 
nor were any products detectable by t I c 

Reactlon did occur when the sulphone (1 0 g) was heated under reflux for 1 h 
with sodmm methoxlde (1 25 g, 8 mol eqmv ) m methanol (100 ml) The base was 
removed with catlomc resin, and the soIvent by dls.tllIatlon, to give an 011 which was 
acetylated with acetic anhydride (5 ml) and pyrldme (5 ml) Normal processmg gave 
2,3,4-trl-O-acetyl-1,6-anhydro-P-D-glucose (0 1 g, lo%), m p 109-I lo”, [Ty]n 
-48” (c 0 6, ethanol), ht 25 m p 109”, [=I,, -46” (ethanol) The n m r spectrum was 
consistent with the asslgned structure, and the non-crystalhne portlon of the product 
gave an ldentlcal spectrum 

Tetra-O-bemy/-8-mghtcopyranosJ 1 phenJl sdpilorre (9) - Phenyl tetra-O- 
benzyl-I-thlo-j?-D-glucopyranoslde (10 g) was treated with 3-chloroperoxybenzolc 
acid (7 8 g, 2 5 mol equlv ) m chloroform (300 ml) for 18 h, after which the solution 
was washed with aqueous sodium hydrogen carbonate and then water, and dried 
Removal of the solvent gave the sulphone (10 2 g, 97%) which, when recrystalhsed 
from ethanol, had m p 136-137’. [c& t19” 

Anal Calc for C,,H,,O,S C, 72 3, H, 6 1, S, 4 8 Found C, 72 1, H, 6 1, 
S, 4 8 

The compound \\as also obtamed, but much less efficiently, by treatment of 
P-D-glucopyranosyl phenyl sulphone with sodium hydride followed by benzyl 
bromide m N,N-dlmethylformamlde 

3,4,6-Trr-O-benq I-2-deoxy-D-arabmo-he\-I-enopyranus~*I pher?) 1 rtrlphone (I 1) 

- The tetra-0-benzyl sulphone 9 (0 65 g) m methyl sulphoxlde (35 ml) was heated 
at 95” with sodium thlophenate (3 0 g) for 4 h The solution was then diluted with 
chloroform (40 ml), washed with water (3 x 600 ml), dried, and taben to dryness to 
gtve a yellow syrup, which crystalllsed on trlturatlon with hght petroleum Recrystal- 
hsatlon from ethanol gave the unsaturated sulphone 11 (0 I g, 18%), m p 85-S6”, 
[& -58”. 

Anal Calc for C,3H,20,S C, 71 2, H, 5 8, S, 5 8 Found C, 71 4, H, 5 6 
s, 5 9 

A similar reactlon with barium oxide m ethanol gave 11 m 24% yield after 1 h 
under reflux 
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