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.The- reactiohs of some 4,6-disulphonates of methyl 2,3-di-O-acyl-(and d&U- 
‘m.e~y2~~gru~opyranosides and -gab&opyranosides, u&h thiocyanaie, thidacetate, 

and thiobenzoate 8iriOns, have been studied under a variety of conditions. In the 
glucoside series, somewhat sirnihu reactivity is shown by isomers differing only in 
&onieriii configuration, and there is no very great diierence between the reactivities 
of a .2,3dibenzoate and its 2,3-di-U-methyl .analogue. In contrast to the situation 
in the &D-gala&side &ies, the presence of O-benzoyl groups in an a-D-gaiactoside 
.does not have ti unfavourable effect on displacement at C-4. Two hexosederivatives 
containing the novel 4Jkpithio bridge are described. 

~INT&DU~~I~N 

S$#htiei of thio sugars involving reaction of a methyl CO-sulphonyl- or 
4,6-dXkulphonyl~hexopyraaoside with thiolate anions have been described by 
seveti-groups of investigators’A, and these studies have provided further examples 
:of the consider&e variations in the susceptibility of sulphonyloxy groups to undergo 
SN2 displakement ‘. These difl’erences can often be qualitatively explained by steric 
and-polar facto&, but the.low reactivity of methyl 2,3,6-tri-U-benzoyl-4-U-methyl- 
s~IpbopyIlg-o;gala~o~~~~s~~de ’ (35)~~compared with the a anomer’ (28), appears 
to be anomalous. We .have repo.rtedl, on the &action- of thionucleophiles with 4,6- 
~disulphonates in the methyl /3-D-galaktoside series, and we now describe experiments 
made kith the analogous derktives of methyl LY- and p-D-glucopyknoside and of 
&etf;yI -&-&gz%lactopyranonoside- The him -was to. e&&t either displacement of both 

:suiphon&&y groups or Sele&ve .disp~acement at the primary position; products 
ob_t+@ed corn .tfie latter process would lk of interest as- sources (by desulphuration at 
C-6) of @de@@ ~sugr& from which, by subsequent displacement of the 4-sulphonate -. 
gmup,. 64ieo&1iofktos~ sugars might be derived. Because of the considerable 
v&at&s _.in : fh qx&tionS r&d, the relative mactivities .of different substrates 

_.. . .~ 
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towards a particuhrr reagent cannot always be a&&d, but good corn&ability w& 
____%?S_ - c _____*-__ _F ~~. 
possmle m d numoer or experiments, a& ceriSn generaa’ conciusions can bedrawn. 
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The compounds used for most of the reactions were- the 4&ii-0-p-tolyl- 
sulpphonyl derivatives of metbyi 53-d% O-acctyG, -d% U-@enxoyG, and -d&O-metbyk- 
(or -/I-)-D-gIucopyranoside, and the 4,6-di-O~methyIsulphony! derivatives of methyl 
2,3-di-U-benzoyl- and -di-O-methyl&-n-galactopyranoside, ~wbich were pn+red by 
conventional methods, but with some modifkations (see Expt%imental), from the 
plethyl 4,6- U-benzylidene-D-glycosides. The disulphonates were treated &tb 
potassium thiocyanate, potassium thioacetate, or potassium thiobenzoate, under the 
conditions specified in Table T, and ffie yields refer to isolated mater&Is, except in the 
two designated experiments when they were calculated from the p.m.r. spectrum of 
the total product. The absence of a figure in one of the last two columns of Table I 
does not necessarily mean that none of that substitution product was formed, only 
that it was not rccognised during isolation-of the product indicated. Most of the 
reactions were performed for synthetic purposes, and yields generally were not_ 
optimised. Although neighbouring-group participation is stericahy possible in the 
glucoside series’, no evidence for its occurrence was encountered. 

Comparison of resuhs for the a- and B-D-ghrcoside series can be made by 
consideration of Expts. 6,7,8,9, aud 12 in conjunction with 13, 24; 15, 17, and 18, 
respectiveIy. Clearly there is no very great di%erence between the reactivities within an 
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anomeric pair. The yield of the 4,6-dithiocyanam- W (57%) from the di-p-tolyl- 
sulphonate 6 is higher than that (39%) reported3 {under more drastic conditicns) 
from the corresponding dimethanesulphonate. 

Comparison of the results of experiments 9,10,12, 17,38, and- 19 with those of 
6, 7, 8, 13, 15, and 16, respectively% is less reliable, because the reaction durations for 
a particular pair of compounds were not always the same.~ However, there is evidently 
no very large difference between the reactivities of a 2,3-dibenzoate and its 2,3-d&O- 
methyi analogue, in contrast to the situation in the /3-D-galactose series’, where only 
the d&O-methyl compound 38 readily underwent displacement. Noteworthy, 
however, is the par@cular~y smooth reaction of the dimethanesulphonate 31 with 
potassium thioacetate (Expt. 21). 

Reaction of the 6-thioibenzoate 27, obtained as the major product from 
Expt. 20, with potassium t&iobenzoate in N,N-dimethylfoimamide at 120” (4 h) gave 
the 4,6-di-S-benzoyl compound 9 in 54% yield. In agreement with reports that methyl 
2,3,6-tri-U-benzoyl4O-methylsu~phonyl-cc-r>-galactopyranoside (28) readily under- 
goes displacement at C-4 by aride’, benzoate’, and thiocyanate’, this result again 
indicates that the presence of O-benzoyi groups in the a-D-galactoside compounds 
has no marked inhibiting effect on such substitutions. Indeed, the 6-thiolbenzoate 32 
reacted with potassium thiobenzoate, under the same conditions used for the reaction 
on 27, to give the 4,6-di-S-benzoyl compound 16 in 57% yield, showing that the 
2,3-di-0-benzoyl and the 2,3-d&U-methyl compounds 27 and 32 have almost 
identical reactivities. 

Among the several experiments’*S that had demonstrated the difficulty of 
effecting displacement reactions on methyl 2,3,6-tri-0-benzoyl40-methylsulphonyl- 
/?-D-gafactopyranoside (35) was one in which the compound was treated with potas- 
sium thiobenzoate in- NJV-dimethylformamide at 95” for 65 h. Repetition of this 
experiment has conibmed the original observation that no thiobenzoate can be 
detected in the tarry product. However, when the duration of the reaction was 
reduced to 18 h, a much cleaner product was obtained which contained -30% of 
methyl 2,3,6-tri-U-benzoyl-4-S-benzoyl4thio-/3-D-glucopyranoside (W), although it 
__--11 __I L- __~___*_L-1-. __--‘P_ 3 comu nor oe completely punnea, i3lid 23 simiia~ pieid Ofthire IX&~ d-D ZiSXiier i0 W.%S 

obtained, under the same conditions, from the z-D-galactoside 28. This evidence 
suggests that the supposedly low reactivity of the b-D-galactoside 35 is ilhrsory, but 
that the g-0 compound is much more prone to decomposition (with concomitant 
destruction of displacement product already formed) than the (Y-D anomer 28; it seems 
unlikely, however, that such an explanation can account for all of the results re- 
ported’** in the J?-D-galactoside series. 

y\ .*- Keacuon of methyl 2,3- O-isopropyiidene-4,6-di- O-p-toiylsuiphonyi-a-D- 
mannoside (40) with potassium thiobenzoate in N,N-dimethylformamide (2.5 h at 
22G’) gave methyl 6-S-benzoyl-2,3-O-isopropylidene-~-to4O-p-tolyisulphonyl-c 
D-mannoside (43). On treatment of 41 with ethanohc sodium ethoxide, debenzoylation 
‘and intramolecular gsplacement of the Csulphonate occurred, to give the 4,6- 
episulphide 42, and a similar episulphide (43) was likewise obtained from ~methyl 
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6-S-zioetyf-2,3-di-O-metbyl-~thio-4-O-p-toly~sulphonyl~-D~glu~side (13). Although 
i&-‘, 2,6-l’ , and 3,6-epithio derivatives ’ ’ of aidohexoses are known, 4,,Qepisulphides 
have not hitherto been described, the only thietaaes known in the sugar field being 
esters of methyl 3,5-dideoxy-3.5-epithio-a- and -&D-xylofiranoside”. The 4,6-bridge 
was not affected by lithium aluminium hydride: co&rming the known resistance of 
the thietane ring towards nucleophilic reagents13. 

40 R = 0% 41 
41 R= SBr 43 

Base-catalysed solvolysis of the dithiocyanate 29 has been reported3 to give 
only the 4,6-cyclic disulphide, because of the susceptibility of the 4,6-dithiol to 
oxidation. We have found that the S-CN bonds can be reductively cleaved by zinc 
and acetic acid, and that by incorporating acetic anhydride in the medium, the dithiol 
can be trapped as the 4,6-di-S-acetyl derivative 30. Similarly, reductive acetylation of 
the corresponding 2,3-diacetate 24 gave the tetra-acetyl derivative 25. 

EXPERIMENTAL 

Melting points were determined on a Kofler block and are uncorrected. 
Optical rotations were measured, for chloroform solutions, with a Perk&Elmer 141 
polarimeter. Infrared spectra were recorded (for chloroform so!utions unless otherwise 
specified) with a Perkin-Elmer 700 spectrophotometer. A Varian T-60 instrument 
was used to record p.m.r. spectra of solutions in deuteriochloroform. The adsorbent 
for t.1.c. was Kieselgel GF 254 (Merck) and, for column chromatography, silica gel 
MFC (Hopkin and Williams). Light petroleum refers to the fraction with b-p. 40-60”. 

Methyi ~,3-d~-O-acetyi4’,~-=di-O-p-toiyisuip~o~~~~-~-giz~copyranosi~e (lj. - 
Methyl 2,3-di-O-ac&yl-#,6-O-benzylidene-a-D-glucopyranoside14 (7.3 g) in ethyl 
acetate (140 ml) and methanol (35 ml) was shaken with 10% palladium~harcoal 
(0.4 g) under hydrogen until absorption ceased (20 h). Evaporation of the Mitered 
solution gave methyl 2,3-di-O-acetyl-a-D-glucopyranoside (5.6 g), m.p. 99-100” 
(from light petroleum), [c&O i- 134” (c 1.0); lit.“, oil, [a];’ + 138” (Found: C, 47.5; 
H, 6.5. CIlHr608 talc.: C, 47.4; H, 6.5%). 

A soiution of the dioi (5.5 gj in chloroform ii0 mij was treated at 0” with a 
solution of toluene-p_sulphonyI chloride (8.0 g) in pyridine (10 ml) and chloroform 
(5 ml). After 30 min, the mixture was left at ambient temperature for 70 h, and then 
worked up in the usual way to give l(6.5 g), m-p. 157-159” (from ether-chloroform), 

F]t; -$’ (c 5) (F ound: C, 51.1; H, 5.4; S, 10.8. C25H30012S talc.: C, 51.1; H, 5.15; 

, - 00 . 
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Mefhyi 2,3-di-O-methyl4,6-di-O-methylsulphonyl~-~~a~actopyr~os~e (31). - 
A solution of methyl 4,6-O-benzylideue-2,3-di-O-metbyl-a-n-galactopyranoside24 
(15 g) in methanol (300 ml) and 10% hydrochloric acid (3 ml) was boiled under 
reffux for 5 h, then neutral&d with barium carbonate, and evaporated. The residue 
was extracted with acetone, and the extract was concentrated to an oil, which was 
fmzd from beuzaldehyde dimethyl acetal by being washed several times with light 
petroleum. The crude diol was dissolved in pyridine (10 ml) and treated at 0” with 
methanesulphonyl chloride (10 ml). The mixture was left for 4 h at ambient temper- 
ature, and then gradually diluted with water. Extraction with chloroform gave 31 as 
a glass (11 .l g), [a]:’ + 10?1” (c l-l), v,_ (fihn) 1360 cm- r @MS) (Found: C, 34.9 ; 
H, 5.7; S, 16.95. C,,H220,0S2 talc.: C, 34.9; H, 5.9; S, 16.95%). P.m.r. data: ~4.78 
(bd, 1 H, J -2H2, H-4), 5.00 (d, 1 H, J1,* 2 Hz, H-l), 5.4-6.0 (m, 3 I-I), 6.38 and 
6.40 (2 s, 6 II, MeO-2,3), 6.50 (s, 3 II, MeO-1), and 6.80 and 6.90 (2 s, 6 H. 2 SO,Me). 

General method for the reactions of disulphonates with nucleophiles. - The 
quantities used, and the conditions, for each numbered experiment are given in 
Table I. Reactions were carried out in an atmosphere of nitrogen. The work-up 
procedure involved concentration under reduced pressure, dilution of the residue with 
water, and extraction with ether, chloroform, or dichloromethane. The extract was 
washed with water, dried over magnesium sulphate, and evaporated, and the residue 
was then pused and identified as indicated in the following paragraphs. 

Reactions of methyl 2,3-di-O-acetyZ-4,6-di-O-p-tolylsulphonyi-a-D-gluco- 

pyranoside. - Expt. 1. The crude product was transferred to a column of silica gel 
and eluted with ether to give methyl 2,3-di-0-ace@-6-deoxy-6-thiocyanatoll-O-p- 
tolylsulphonyl-a-D-glucopyranoside (2, 0.21 g) as au oil, [a]g4 t-96” (c l-l), v_ 2180 
(SCN) and 1380 (OTs) cm-’ (Found: C, 48.2; H, 4.9; N, 2.95; S, 13.2. C19H23N0& 
talc.: C, 48.2; H, 4.9; N, 3.0; S, 13.5%). 

Expt. 2. Crystaliisation from ether-light petroleum gave methyl 2,3-di-O- 
acetyl-4,6-dideoxy-4,6-dithiocyanato-a-n-galactopyranoside (24, 0.57 g), m-p. 18 l- 
183.5”, [a];’ +138” (c 1.3); lit3, m-p. 183-185”, [a]o +134”. 

Expt. 3. Column chromatography (ether) gave methyl 2,3-di-O-acetyl-6-S- 
acetyl-6-thio4O-p-tolylsulphonyI-a-D-glucopyranoside (4, 0.15 g) as an oil, [a];” 
+ 106” (c 4.6), v,, 1685 (SAC) and 1375 (OTs) cm -’ (Found: C, 48.7; H, 5.4; S, 13.2. 
C20H260,0S2 talc.: C, 49.0; H, 5.3; S, 13.1%). 

Expt. 4. Crystallisation from ether-light petroleum gave methyl 2,3-di-O- 
acetyl4,6-di-S-acetyI-4,6-dithio-rx-D-gaside (25, 0.17 g), m-p. 97-98”, 
[a]i4 +94.5” (c 2.2), v, 169Ocm -r (SAC) (Found: C, 45.65; H, 5.7; S, 16.4. 
C,,HazOsS2 talc.: C, 45.7; H, 5.6; S, 16.3%). 

Expt. 5. Purification by t.1.c. (ether) gave methyl 2,3-di-0-acetyl-6-S-benzoyl- 
6-tbio40-p-tolylsulphonyl+n-glucopyranoside (5, 60 mg), [a]:’ 3 92” (c 2.7), 

v- 2660 (SBz) and 1380 (OTs) cm -’ (Found: C, 54.2; H, 5.2; S, 11.7. C25H28010SZ 
talc.: C, 54.3; H, 5.1; S, 11.6%). 

Reactions of methyZ 2,3-di-O-benzoyl-4,6-di-O-p-iolylsulphonyl-~-D-gluco- 



pynznosiizk - Expt. 6. CrystaEsatioa from carbon tefracI&r+@ gave methyl 534%O-. 

benzoyl-Qdeoxy-6-thi~~~ato~~-g-tofylsulphonyl~-~-~u~p~o~ide (7; 0.20 g), 
m.p. 181-182° [a];’ + 121” (c 2.9), Y, 2180 (XX) and 138O~(UTs) cm-’ (Found: 
C, 58.3; H, 4.55; N, 2.0; S, 10.6. Cz9Hz1NQ& talc.: C, 58.3; H, 4.55; N, 2.3; 
s, 10.7%). . 

EC-~. 7. Crystallisation from ethanol gav e methyl 2,3-dl-0~ben.zoyl+QLi- 
dideoxy-4,6-dithiocy~~~-D-galactopy~id~ (a, 3.9 g), m.p. 21 l-212”, [a]$ 
i-95” (c 2.1); IiL3, m-p. 212-214O, [ujg5 $93.5”. 

Expt. 8. Purification by column chromatography (ether) gaLe methyl 2,3X-O- 
benzoyl-6-S-benzoyl-6-thio-PO-p-tolylsulphonyl~-~-~~~p~oside (8, 0.12 g); 
m-p. 175-176” (from methanol), [CiJp +67” (c lOA), v, 1660 (SBz) and 1375 (OTs) 

cm-l (Fonnd: C, 63.7; H, 4.8; S, 9.5. C35H32010S2 talc.: C, 63.6; H, 4.9; S, 9;7%). 
Reactions of methyl 2,3-di-O-metl?yl~C,6-di-O-p-toZyi~Zp~nyl-cl-D-gluco- 

pyranoside. - Expt. 9. Preparative t.l.c. (ether) gave, as the main (faster running) 
component, methyl 6-deoxy-2,3-di-O-methyl-6-thi~~ato4O-p-toIylsulphonyl~-D- 
glucopyranoside (12, 0.12 g), an oil, [CL];! +97” (c 4.8), v_ 2180 (SCN) and 1370 
(OTs) cm-’ (Found: C, 48.8; H, 5.5; N, 3.3; S, 15.1. C,,H,,NO,S, talc.: C, 48.9; 
H, 5.55; N, 3.4; S, 15.4%). 

A second component (40 mg) was identified as starting material. 
Expt. 10. Preparative t.1.c. (chloroform) gave methyl 4,6-dideoxy-2,3-d&0- 

methyf-4,6-dithiocyanato-a-n-galactopyranoside (33, 0.12 g), m-p. 91-94” (from 
aqueous ethanol), [a]2 + 182” (c 0.4), v_ 2175 cm-’ (SCN) (Found: C, 43.4; 
H, 5.1; N, 9.0; S, 21.3. CllHr6N204S2 talc.: C, 43.4; H, 5.3; N, 9.2; S, 21.1%). 
P.m.r. data: r 5.10 (d, I H, J1,2 3 Hz, H-l), 5.6 (m, 1 H), 5.9 (m, 1 H), 6.15 (m, 1 H), 
6.42 (s, 9 H, QMe), and 6.5-6.75 (m, 3 H). 

Expt. II. Preparative t.1.c. (ether) gave methyl 6-S-acctyl-2,3-di-O-methyl-6- 
thio40-p-tolylsulphonyl-a-D-glucopyranoside (13, 0.65 g) as an oil, [a]g +50” 
(c 2.6), Gl3, 1695 (SAC) and 1365 (OTs) cm- ’ (Found: C, 49.9; H, 6.0; S, 14.9. 
C18H2608Sz talc.: C, 49.8; H, 6.0; S, 14.8%). 

Expr. 12. Preparative t.1.c. (dichloromethane) gave (i) methyl 6-S-benzoyL2,f 
~-U-methyId-thio4O-p-tolylsulphonyl~-~-glucop~~oside (14, 0.14 g) as a glass, 
[E]$’ t77” (c 2.3), v_ 1660 (SBz) and 1360 (OTs) cm-’ (Found: C, 55.6; H, 5.8; 
S, 12.6. CasH,sOsS, talc.: C, 55.6; H, 5.7; S, 12.&‘0). P.m.r. data:-2 1.8-2.7 (n-r, 9 H, 
aromatic), 5.15 (d, 1 H, J,,, 3H2, H-l), 5.50 (t, 1 H, J3,4=J4,5=9HIz, X4), 
5.8-6.4 (m, ZH), 6.50 and 6.60 (2 s, 6H, MeO-2,3), 6.85 (s, 3 H, MeO-I), 6.4-7.3 

(m, 3 H), and 7.55 (s, 3 H, Ar-Me). The other product [ii) was methyl 4;6-d&X- 
benzoyl-2,3-di-U-methyl-4,6-dithio-a-D-galactopyranoside (34, 39 mg), a glass, u_ 
1660 cm-’ (SBz) (Found: C, 57.7; H, 5.6; S, 12.7. Ca3H2&S2 ca1c.i C, 59.7; H,‘ 5.7; 
S, 13.9%). P.m.r. data: r 1.8-2.75 (m, 10 H, aromatic), 5.08 (d, 1 H, J,,* 4JX2, 
H-l), 5.15 (q. 1 H, Jz.4 6, J4,5 2 Hz, H-4), 5.6-6.2 (m, 2 H), 6.40, 6.50, 6.53 (3 s, 
9 H, 3 OI&$, and 6.1-6.8 &I, 3 H). 

Reactions of methy 2~-di-0-bensoyl-4,6-di-0-p-talylsulrgfto- 
pyranosi&. - Expt. 13. Preparative t1.c. (chlorofoti) gave an oil (0.23 g), tile p.m.r. 
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spectrum of which (comparedwith that of authentic material obtained from Expt. 14) 
showed it to be the 6-‘rhiocyanate IS mixed with -22% of starting material. 

Expt. 14. Preparative t.1.c. (dichloromethane) gave two products. (i) Methyl 
2,3-di- 0-henzoyl-6-deoiy-6-thiocyanato4 O-p-tolylsulphonyl-P-D-glucopyranoside 
(IS, 41 mg); a glass, [c&* t-43” (c O-7), v,, 2200 (SCN) and 1370 (OTs) cm- 1 
(Found: C, 58.5; H, 4.75; N, 2.3; S, 10.9. C2sHt,N0sS, talc.: C, 58.3; H, 4.55; 

N, 2.3; S, 10.7%). P.m.r. data: z 1.8-3.2 (m, 14 H, aromatic), 4.28 (t, 1 H, Jt,3 = 
J 3.4 = 9~Hz, H-3), 4.60 (t, I H, Jx.2 7, Jz,s 9 Hz, H-2), 5.10 (t, 1 H, J3,4 9, J4,5 10 Hz, 
H-4), 5.20 (d, 1 H, J1,2 7 Hz, H-l), 5.7-7.0 (m, 3 Hj, 6.40 (s, 3 H, OMe), and 7.93 
(s, 3 H, Ar-Me). (ii) Methyl 2,3-di-O-benzoyl4,6-dideoxy4,6-dithiocyanato-/3-~~ 
galactopyranoside (36,~ 66 mg), m.p. 166-167”, [a];’ -20” (c 0.6), vmax 2200 cm-’ 
(SCN) (Found: C, 57.1; H, 4.4, N, 5.8; S, 12.9. CtlH,,N,O& talc.: C, 57.0; H, 4.2; 
N, 5.8; S, 13.2%). P.m.r. data: z 1.8-2.8 (m, lOH, aromatic), 4.1-4.5 (m, 2H), 
5.20 (t, 1 H, J 4.5 Hz, H-4), 5.41-5.75 (m, 2 H), 6.35 (s, 3 H, OMe), and 6.3-6.7 

(m, 2 Hj. 
Expt. IS. Preparative t.1.c. (dichloromethane) gave two products. (i) Methyl 

2,3-di-O-benzoyl-6-S-benzoyI-6-thio-4-O-p-tolylsulphonyl-8_~-glucopyranoside (19, 
136 mg), a glass, [ci]? +39” (c 1.2), Y,,, 1660 (SBz) and 1350 (OTs) cm- ’ (Found: 
C, 62.0; H, 4.8; S, 9.3. C3,H,,010S2 talc.: C, 62.1; H, 4.8; S, 9.5%). P.m.r. data: 
t 1.8-3.2 (m, 19 H, aromaticj, 4.23 (t, 1 H, J ze3 = J3,4 = 9 Hz, H-3), 4.60 (q, 1 H, 
Ji,2 7, J2,3 9 Hz, H-2), 5.05 (t, 1 H, J 9 Hz, H-4), 5.50 (d, 1 H, Jl,2 7 Hz, H-lj, 
5.8-6.3 (m, 2 Hj, 6.53 (s, 3 H, OMe), 6.7-7.1 (m, 1 H), 7.90 (s, 3 H, Ar-Me). (ii) 

Methyl 2,3-di-O-benzoyl-4,6-di-S-benzoyl-4,6-~~o-B_side (37, 
47 mg), a glass, [a];* - 8.8: (c 1.3), v_ 1660 cm-’ (SBz) (Found: C, 65.2; H, 4.8; 
S, 9.6. C35H3008SZ talc.: C, 65.4; H, 4.7; S, 10.0%). P.m.r. data: z 1.8-2.8 (m, 20 H, 
aromatic), 4.0-4.5 (m, 2 H), 5.00 (q, 1 H, J 2 and 4 Hz, H-4), 5.30 (d, 1 H, Jz ,3 8 Hz, 
H-3), 5.55-5.9 (m, 1 H), 6.40 (s, 3 H, OMe), and 6.35-6.6 (m, 2H). 

Expt. 16. Preparative t.1.c. (dichloromethane) gave the monosubstituted 
product 19 (162 mg) and the bisthiobcnzoate 37 (19 mg), spectroscopically identical 
to the products obtained from the preceding experiment. 

Reactions of methyl 2,3-di-O-methyl-4,6-di-O-p-toiylsulphonyl-~-D-gluco- 

pyranoside. - Expt. 27. The product could not be separated from remaining starting 
material. From the relative integrals of C-methyl and O-methyl signals in the p.m.r. 
spectrum of the mixture, - 50% of methyl 6-deoxy-2,3-di-0-methyl+thiocyanato- 
4-0-p-tolylsulphonyl-8-D-glucopyranoside (22) appeared to be present. 

Expt. 18. Separation by preparative t.1.c. gave two main products. (i) Methyl 
6-S-benzoyl-2,3-di-O-me~yl-6-thio4O-p-tolylsulphonyl-~-~-glucopyranoside (23, 
(141 mg), a glass, [a]n +0.4” (c l-6), v_ 1660 (SBz) and 1365 cm-l (OTs) (Found: 
C, 55.4; H, 5.5; S, 13.0. C,,H,sO& talc.: C, 55.6; H, 5.7; S, 12.9%). P.m.r. data: 
z 1.8-2.8 (m; 9 H, aromatic), 5.53 (t, I H, J 2,3 = J3,d = 9 Hz, H-4), 5.85 (d, 1 H, 
J,,z 7 Hz, H-l), 6.50 (2s, 6 Hi MeO-2,3), 6.0-6.6 (m, 3 Hj, 6.88 (s, 3 H, MeO-1), 
and 7.55 (s, 3 H, At-Me). (ii) Methyl 4,6-d&S-henzoyl-2,3-di-0-methyl4,6-dithio+ 
D-gafactopyrwoside (39, 41 mg), a glass, [a];* -29” (c 2.7j, v_ 1660 cm-’ (SBz) 
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(Found: C, 59.6; H, 5.8; CzsH2,0& c&x C, 59.7; H, 5.7%). Pm.r. data: t 1.7-2.7 
(m, 10 H, aromatic), 5.20 (q, 1 H, J& 5, Js,4 1 Hz, H-4), 5.75 (d, 1 H, .Traz ~-HZ, 
H-l), 5.85-6.7 (m, 3 H), 6.40 (s, 6 H, MeO-2,3), 6.55 (s, 3 H, MeO-l), and 6.8-7.2 

(m. 2H). 
Expt. 19. Purifkation by t.1.c. (dichloromethane) gave the monosubstitution 

product 23 (142mg), spectroscopicaiiy identkai with that obtained from the pre- 
ceding experiment. 

Reaction of methyZ 2J-di-O-benzoyZ-4,6-di-O-methylsulp/lon 

pymnoside. - Expt. 20. Separation by t.1.c. (chloroform) gave some recovered 
substrate (62 mg) and two products. (i) Methyl 2,3-di-CLbenzoyI-6-S-benzoyl40- 
methylsuiphonyi-6-thio-a-u-gaiactopyranoside (27, 314 mg), an oil, [a];’ +72” 
(c l.O), vln, 1660 (SBz) and 1355 (OMs) cm -’ (Pound: C, 57.8; H, 4.8; S, 10.22. 
&,H2s01& caic.: C, 58.0; H, 4.7; S, 10.7%). P.m.r. data, r 1.8-2.8 (m, 15 H, 
aromatic), 4.0-4.5 (m, 3 H), 4.80 (d, 1-H) 5.75 (q, 1 Hs .Tss6 15, .T5,6, 7, J4,s cl Hz, 
H-5), 6.53 (s, 3 H, OMe), 6.5-6.7 (m, 2 H), and 6.90 (s, 3 H, SO,Me). (ii) Methyl 2,3-di- 
U-benzoyi4,6-di-S-benzoyl4&-dithio-a-~-giucopyranoside (9, 50 mg), a giass, 
[a]:’ +91” (c 1.5), v,, 1660 cm-l (SBz) (Found: C, 65.35; H, 4.9; S, 10.0. 
CssHa,O& talc.: C, 65.4; H, 4.7; S, 10.0%). P.m.r. data: z 1.8-2.8 (m, 20H, 
aromatic) and 6.55 (s, 3 H, OMe); other resonances not identifiable. 

The 6-thiobenzoate 27 (102mg) was heated with potassium thiobenzoate 
(197 mg) in NJkiimethyiformamide (2 ml) for 4 h at 120”. The product was purified 

by preparative t.1.c. (dichloromethane) to give the 4,6-bistbiobenzoate 9 (59 mg), 

identified by the i.r. spectrum, and some recovered 27 (27 mg). 
Reactions of methyZ 2~-di-O-methyZ-4,6-dj-O-~ethyZs~phonyZ-a-D-ga~cto- 

pymmside. - Expt. 21. Purification by t.1.c. (dichioromethane) gave methyl 4,6-di-S- 
acetyl-2,3-di-O-methyi4,6-dithio-a-n-glucopyranoside (15, 370 mg), m-p. &l-64”, 
[czJi6 +99” (c 2.2, v,, 1690 cm- ’ (SAC) (Found: C, 45.8; I-I, 6.8; S, 19.15. 
C13Hs206S2 caic.: C, 45.9; H, 7.0; S, 18.85%). P.m.r. data: z 5.10 (d, 1 H, .7r,s 2 I&, 
H-l), 6.40 (s, 6 H, MeO-2,3), 6.50 (s, 3H, MeO-1), 5.8-7.2 (m, 6 H), 7.55 and 7.63 
(2 s, 6 H, 2SAc). 

Expt. 22. Preparative t1.c. (chloroform) gave, in addition to recovered substrate 
(286 mg), two products. (i) Methyl 6-S-benzoyi-2,3-di-O-methyl4Q-methyisuiphonyl 
6-thio-a-D-gaiactopyranoside (32, 123 mg), a giass [a]? +99” (c I .2), v,, 1660 
(SBz) and 1360 (OMs) cm -1 (Found: C, 48.6; H, 5.7; S, 14.9. C,,EI~,O,S, talc.: 

C, 48.6; H, 5.75; S, 15.25%). P.m.r. data: r 1.8-2.8 (m, 5 H, aromatic), 4.80 (bs, 1 H, 
H-4), 5.05 (d, 1 H, .T1,2 3 Hz, H-l), 5.9-6.25 (m, I H), 6.43 and 6.45 (2 s, 6 H, 
MeO-2,3), 6.58 (s, 3 H, MeO-1), 6.80 (s, 3 H, SO,Me), and 6.3-7.0 (m, 4 H). (ii) 

Methyl 4,6-di-S-benzoy1~2,3-di-O-methyl4,6-ditbios-giucopyranoside (16, 64 mg), 
a giass, [a]g +55” (c 0.4), v_ 1660 (SBz) (Found: C, 59.95; H, 5.7; S, 13.7. 

C23H2606SZ caic.: C, 59.7; H, 5.7; S, 13.9%). P.m.r. data: r 1.7-2.8 (m, lOH, 

aromatic), 5.05 (d, 1 H, Jr,r 2 Hz, H-l), 6.40 (s, 6 H, MeO-2,3), 6.55 (s, 3 H, MeO-1), 

and 5.9-7.1 (m, 6 H). 
Expt. 23. By preparative t.i.c. (ether-&@ petroleum, 2:1), two products were 
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obtained: Q) the 6-S-benzoyl compound 32 (70 mg), and (ii) the 4,6-di-S-benzoyl 
compound 16 ~(244 mg), both identified spectroscopically by comparison with the 
products‘from Expt. 22. 

Reaction of compound 32 (100 mg) with potassium thiobenzoate (196 mg) in 
IV,Wdimethylformamide (2 ml) for 4 h at 120” gave compound 16 (62 mg), identified 
spectroscopically; some compound 32 (20 mg) was recovered. 

Methyl 2~3-di-O-acetyl-6-deoxy-6-thiocyrmato-u-~-giucopyr~oside (3). - 
Toluene-p-sulphonyl chloride (5.0 g) was added to a cooled solution of methyl 
2,3-di-O-acetyl-~-D-glucopyranoside (5.2 g) in pyridine (80 ml); after 2 h at O”, the 
mixture was left at ambient temperature for 92 h. After isolation in the usual way, the 
crude 6-O-p-tolylsulphonyl derivative (3.2 g), [aID + 100” (c l.l), was treated with 
potassium thiocyanate (6.8 g) in N,Wdimethylformamide (80 ml) for 120 h at 135”. 
Isolation by the standard procedure gave an oil which was purified by column 
chromatography (ether-light petroleum, 1:l) to give the title compound 3 (1.1. g), 
m-p. 86” (from ether-light petroleum), [ci]A* f148” (c l-l), v_ 2i60 (SCN) and 
1740 (OAc) cm-’ (Found: C, 45.5; H, 5.15; N, 4.1; S, 9.85. C12H17N0,S c&c.: 
C, 45.1; H, 5.4; N, 4.4; S, 10.0%). 

Reaction of merhyZ 2,3,6-tri-O-benzoyZ-~-O-methyi~ZphonyZ-a-D-~~Qcto- 

pyranoside (28) with potassium thiobenzoate. - A solution of 28’ (75 mg) and the 
reagent (150 mg) in NJV-dimethylformamide (2 ml) was heated at 95” for 18 h. After 
the usual work-up, separation by t.1.c. afforded 28 (31 mg), and a syrup (28 mg), 
[@ -f- 146” (c 2.5), v_ (film) 1660 cm- ’ (SBz) (OMs absent), which was mainly 
methyl 2,3,6-tri-O-benzoyl4S-benzoyl4thio-a-D-ghreopyranoside (lo), but which 
could not be obtained analytically pure; the ratio of aromatic to methoxyl protons in 
the p.m.r. spectrum was approximately correct for this structure. 

Reaction of methyl 2$,6-tri-O-benzoyl-4-0-methylsulphonyl_- 
pyranoside (35) with potassium thiobenzoate. - Under the conditions described for 
the preceding experiment, 3S1 (75 mg) gave recovered substrate (31 mg), and a syrup 
(27 mg), [LY]~’ -t-55” (c 2.5), v,, (f&n) 1660 cm- ’ (SBz) (OMs absent), which was 
mainly methyl 2,3,6-tri-O-benzoyl4S-benzoyl4thio-~-D-glucopyranoside @I), but 
could not be completely ptied; the poorly resolved p.m.r. spectrum again sup- 
ported the structure. 

Repetition of the reaction, at 95” for 65 h, gave a black oil from which t.1.c. 
failed to yield any product containing a thiolbenzoate function_ 

Methyl 2,3-0-isopropylidene-4,6-di-0-p-toIyZsu~phonyl-~-D-m~nopyr~o~-~e 

(W. - Toluene-p-sulphonyl chloride (3.0 g) was added in portions to a solution of 
methyl 2,3-O-isopropylidene-a-D-mannopyranoside2 ’ (1.73 g) in pyridine (10 ml) at 
0”. The mixture was left at ambient temperature for 50 h, then water (3 ml) was added, 
and after 10 min the solution was poured into 2~ hydrochloric acid (125 ml) at 0”. 
Extraction with chloroform, and evaporation of the washed and dried extract, gave 
an oil, which was purified by column chromatography (dichloromethane). The major 
component (1.71 g) was 40, [CL];’ -1-5.3” (c 2.4), Y, 1375 cmN1 (OTs) (Found: 
C, 53.0; H, 5.7; S, 11.3. C24H3,,0L,,S2 talc.: C, 53.1; H, 5.6; S, 11.8%). 
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~~*~~~6-S_6enzoyI_2,3_0-~~~~~~~i~~~~*~~~-~-~-~~~*~~~~~~~~~~~~~- 
pyrrmoside (41). - A solution of the disulphonate 40 (0.47 9) a&d-potaSSium thio- 
benzoate (1.0 g) in NJ%dimethytirmamide (8 rnr)- was -heated- in a nitrogis 

atmosphere at 120” for 2 h, then cooled, and partitioned between chloroform and 
water. Evaporation of the washed and dried organic layer gave an oil, Which by two 
successive treatments by preparative t.l.c. @rst in ether, then in dichloromethane) gave 
41(0.28 g) as an oil, [cl]? + 6.5” (c l-3), Y_ i665 (S&z) and 1380 (OTs) cm- ’ (Found: 
C, 56.5; H, 5.6; S, 12.9. C,4Hzs0,S, talc.: C, 56.7;.H, 5.55; S, 12.6%). 

Methyl 4,6-dideoxy~,6-epithio-2,3-O-isopropy~~~~e~-~-~aIopyr~os~e (42). - 
A solution of the Sbenzoyl compound 49 (150 mg) in 0.05~ ethanofic sodium 
et&oxide (10 ml) was boiled under reffux in an atmosphere of nitrogen for 7 h. The 
excess of base was tieutralised with carbon dioxide, and the solvent was evaporated 
to an oil, which was taken up in chloroform. The solution was washed, dried; and 
evaporated, and sublimation of the residue at 4O-50”/10- ’ mmHg gave the epi- 
sulphide 42 (18 mg), m-p. 78-80”, [c&O +241° (c 0.2) (Found:-C, 51.6; H, 6.9; S, 13.7. 
C,,,H160,S talc.: C, 51.7; H, 6.9; S, 13.8%). 

Methyl 4,6-dideoxy-4,6-epithio-Z,3-di-O-methyl_ (43). - 
IMethyl 6-S-acetyl-2,3-di-O-methyl-6-ttio-4-O-p-toIy~sulphonyl~-~-~u~side (13, 
4.1 g) was dissolved in a solution prepared from sodium (1 .O g) and ethanol (20 ml). 
The mixture was kept under nitrogen for 6 h, then neutralised with carbon dioxide, 
‘and evaporated. The residue was extracted with ether, and the extract was washed 
with water, dried, and evaporated to give an oil, which was distilled at 85”/10-5mmHg. 
The distillate (0.61 g) crystilised completely, and recrystallisatitin from light 
petroleum gave 43, m-p. 45”, [c&” + 320” (c 4.0) (Found: C, 49.3; H, 7.1; S, 14.4. 
C,H,,O,S talc.: C, 49.1; H, 7.4; S, 14.55%). P.m.r. data (HA-100): ~5.12 (d, 1 H, 

~” 1.2 r 3 Hz, H-l), 5.4-5.6 (m, 2 H, H-4,5), 6.26 (q, 1 H, Jt,2 3, Jzs3 9.5 Hz, H-2), 6.53, 
6.66, arid 6.71 (3 s, each 3 H, 3 OMe), and 6.4-7.5 (m, 3 H, H-3,6). 

The episulphide 43 (84 mg) was recovered (identical p.m.r. spectrum) after 
being treated with lithium aluminium hydride (200 mg) in boiling ether (5 ml) for 2 h. 

Reductive j&ion of tfziocyanafes. - (a) Zinc powder (1 .O g) was added to a 
solution of methyl 2,3-di-O-benzoyl-4,6-dideoxy-4,6-dithiocyanato-a-D-~la~o- 
pyranoside (2!J,l .O g) in acetic acid (5 ml) and acetic anhydride (5 ml). The suspension 
was stirred and boiled under reflux for 15 h, then poured into water, and filtered. 
Extraction of the titrate with ether, followed by washing of the extract with aqueous 
sodium hydrogen carbonate, drying, and evaporation, gave me&y1 4,6-di-S-acetyl- 
2,3-di-O-benzoy&4,5-dithio-n-galactbpyranoside (30, 0.60 g), m.p.-,13E-136” (from 
ethanol), [a] g +79” (c 2.6), v _ 1695 cm- ’ (SAC) (Found: C, 58.0; H, 5.3; S, 12.0. 
C,,H,,OsS, c&c.: C, 57.9: Ii, 5.1; S, 12.4%). P.m.r. data: -ri.O-2.8 (m, 10 H, 
aromatic), 4.08 (q, 1 H, J2,3 10, J3.s 4 Hz, H-3), 4.75 (q, 1 H,:J,,z 5, & lOHz, 
H-21, 4.92 fd, 1 H, .TLa 4H& H:l), 5.3-5.8 (m, 2 H, H-4,5), 6.56 (s, 3 H, OMe), 
6.88 cd2 2 H, JsWg 7 Hz, H-6& 7.66 and 7.72 (2 s+ 6 H,_ 2_SAc>. 

@) Zinc powder (1.5 g) was added to ti so!ution of methyl 2,3-di-0-ace&4~6- 
dideoxy4,6-dithiocyaato-c+D-galactopyranoside @4, 3.51 g) -in a&tic acid _ CL!0 rnI) 
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and‘ acetic anhydride (10 ml)_ Under the conditions described in (a), the reaction 
yielded methyl 2,3-d~-~-acetyl-4,6-di-Sa~~letyl-4,6-dithio-cr-D-~a~op~~oside (25, 
1.6 g), m-p. and mixture m.p. 97-98”, i.r. spectrum identical to that of 25 prepared by 
displacement. 
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