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ABsTRAcl- 

Cyclic ditbiobis(thioformates) derived from vicinal frans-diols decomposed 
upon pyrolysis or upon treatment with methyl sulfoxide containing catalytic amounts 
of base to give O,Sdithiocarbonates with accompanying inversion at the site of thio- 

lation. With derivatives of vicinal cis-dials, fragmentation led only to thiono- 

carbonates and the parent diols. Cyclic dithiobis(thioformates) of methyl 4,6-0- 
benzylidene-cc-D-glucopyranoside, 1,2:5,6-di-0-isopropylidene-D-mannitol, and tram- 

1,2-cyclohexanediol decomposed to O,S-dithiocarbonates; whereas the dithiobis- 
(thioformates) of methyl 4,6-0-benzylidene-cr-D-maMopyranoside and cis-1,2-cyclo- 
hexanediol decomposed only to thionocarbonates and the corresponding diols. The 

structures of the O,S-dithiocarbonates were cohmed by physical and chemical data. 

INTRODUCTION AND DISCUSSION 

We have reported that thiol groups can be introduced at primary positions in 
sugars by rearrangement of thionocarbonates’ 

si Kx i! 
ROCOR __j RSCOR 

CHaCN 

and in aliphatic compounds2*3 and sugars4 by the reaction sequence: 

s s 
(0) II - II A 

ROCSNa ___) ROCSSCOR _ ROCSR+COS+S 
‘=5&N 

Xanthate groups attached to carbon atoms in D-glucopyranosyl rings couple readily to 

dithiobis(thioformates) but give no thiol on subsequent treatment with pyridine. 

*Presented at the ACS Meeting, Chicago, Illinois, August 26-31, 1973. 
?Agricultural Research Service, U. S. Department of Agriculture. The mention of firm names or trade 
products does not imply that they are endorsed or recommended by the Department of Agriculture 
over other %-ms or similar products not mentioned. 
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However, when an unsymmetrical dithiobis(thioformate), such as methyl 4,6-U- 
benzylidene-a-D-glucopyranoside 2-0-[O-ethyl dithiobis(thioformate)], is kept in 
tetrahydrofuran-pyridine, methyl 4,6-0-benzylidene-rz-n-glucopyranoside 2-O-(S- 
ethyl dithiocarbonate) is obtained3. Thus with this compound, thiolation occurs on 
the allcyl carbon atom but not at a sugar carbon atom. These results are readily 
explained by a cyclic mechanism previously proposed3, which involves nucleophilic 
displacement by sulfur from the rear side of the carbon atom bearing the dithiobis- 
(thioformate) group. With secondary carbon atoms in glucopyranosyl rings, steric 
factors apparently impede such a nucleophilic attack. 

In subsequent work’, we applied the reaction sequence involving dithiobis- 
(thioformate) groups with modification to various polysaccharides. The decomposi- 
tion was conducted at higher temperatures than previously used and without 
pyridine. High degrees of thiolation were obtained with polysaccharides that were 
highly substituted with dithiobis(thioformate) groups. These results suggest that both 
primary and secondary positions were thiolated. Support for thiolation at secondary 
positions was also provided when xylan, a (l-+4)-linked D-xylopyranosyl polymer, 
and dextran, a (I+@-linked D-glucopyranosyl polymer, both of which contain 
essentially only secondary hydroxyl groups, readily gave thio derivatives. As these 
results with polysaccharides under the different reaction conditions appeared to be in 
disagreement with the results of monosaccharide studies, further consideration in 
model systems was given to this thiolation reaction. 

A plausible explanation for thiolation at secondary positions in the poly- 
saccharides is that the dithiobis(thioformate) groups involved are cyclic structures 
bridging vicinal carbon atoms. In such an eight-membered ring structure, an intra- 
molecular nucleophilic displacement by one of the sulfur atoms on one of the sugar 
carbons in the ring might proceed readily. Such a displacement would result in an 
O,S-dithiocarbonate having the inverted configuration about the carbon atom bearing 
the thiol group. 

/ 

\ 
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This paper presents data on preparation of cyclic dithiobis(thioformate) 
derivatives at secondary positions in a pyranoid ring, in a cyclohexane ring, and in an 
acyclic sugar, together with their subsequent decomposition to thiols by pyrolysis and 
by the use of methyl sulfoxide containing a catalytic amount of base. 

Methyl 4,6-O-benzylidene-a-D-glucopyranoside was fully xanthated in methyl 
sulfoxide4 and coupled’ to give a polymeric dithiobis(thioformate). The polymeric 
material was then converted into the crystalline, monomeric, cyclic, dithiobis(thio- 
formate) (1) on treatment with acetone or methyl sulfoxide. Pyrolysis of the polymeric 
material gave little thiolation, whereas methyl 4,6-0-benzylidene-a-D-glucopyranoside 
2,3dithiobis(thioformate) (1) decomposed at 240” to give a mixture of O,S-dithio- 
carbonates and methyl 4,6-U-benzylidene-a-D-glucopyranoside 2,3_thionocarbonate 
(2), as illustrated in Scheme 2. The preponderant O,S-dithiocarbonate, methyl 
4,6-0-benzylidene-3-thio-a-D-allopyranoside 2,3dithiocarbonate (3) was isolated in 
20% yield. When 1 was heated at 140” in methyl sulfoxide-base, the preponderant 
O,S-dithiocarbonate formed (obtained in 47% yield) was methyl 4,6-O-benzylidene- 
2-thio-a-D-mannopyranoside 2,3_dithiocarbonate (4). The structures of these O,S- 
dithiocarbonates were deduced from i.r., u.v., and n.m.r. spectra (see Experimental), 
and from the properties of derivatives. The OS-dithiocarbonate rings in 3 and 4 were 
cleaved with sodium hydroxide to the corresponding hydroxythiols, which were 
subsequently acetylated to crystalline methyl 2-O-acetyl-3-S-acetyl-4,6-O-ben- 
zylidene-%thio-a-D-allopyranoside (5) and methyl 3- 0-acetyl-2-S-acetyl-4,6- O- 
benzylidene-2-thio-a-D-marmopyranoside (6). The n.m.r. spectra of 5 and 6 were more 
easily interpreted than the spectra of 3 and 4 from which they were derived6. For 
example, the coupling constants of J1 ,2 3.5, J2,3 5.0, and J3,4 3.5 Hz in 5 are in fair 
agreement with the range of coupling constants reported for allopyranoside structures: 
J1,2 3.3-3.5, J2,3 3.9-4.4, and Jss4 3.94.2 Hz. In contrast, coupling constants for 3 
were J1,z 5.3, J2,3 6.8, and J3,4 5.0 Hz. Evidently the five-membered O,S-dithio- 
carbonate ring structure in 3 distorted normal bond-angles. Both O,S-dithiocar- 

bonates reacted with methyl phosphite to give the same alkene; namely, methyl 
4,6-O-benzvlidene-2,3-dideoxy-cr-D-erythro-hex-2-eno~~ranoside7 (7). This conGrms 
the presence of cis-structures in both O,S-dithiocarbonates, based upon the anticipated 
mechanism’ of cjs elimination in this reaction. Methyl 2,3-anhydro-4,6-0-benzylidene 
a-D-allopyranoside, its 2,3-epithio analog, and methyl 4,6- O-benzylidene-a-D- 
mannopyranoside 2,3-thionocarbonate have all been transformed’ into 7. 

Crystalline 1,2:5,6-di-0-isopropylidene-D-mannitol 3,4dithiobis(thioformate) 
(8) decomposed to a mixture of 1,2:5,6-di-0-isopropylidene-D-mannitol S,Pthiono- 
carbonate (9) and 1,2:5,6-di-0-isopropylidene-3-thio-D-altritol dithiocarbonate (10) 
upon heating to 220” or to 140” in (5&l) methyl sulfoxide-dicyclohexylamine 
(Scheme 3). The same O,S-dithiocarbonate was obtained under both sets of conditions 
and was identitied by i-r., u-v., and n.m.r_ spectroscopy, and conversion with methyl 
phosphite into the known9 cis-3,4-dideoxy-l,2:5,6-di-O-isopropylidene-D-threo-hex- 
3-e&01 (11). 



THIOLATION WITFI INVERSION 353 

Ms,C 

I I 

l-It0 

1 )Me2 
H2C0 

8 9 

Me2C 

,OCHz 
Me2C, 1 

OCH 

I 

ii” 
CH 

I 
HCO 

1 )CMe2 
H,CO 

11 

scheme 3. 

The polymeric 1,2:5,6-di-O-isopropylidene-~-man&o1 3,4_dithiobis(thiofor- 
mate) gave good yields of 10 upon treatment with methyl sulfoxide-base. It is assumed 
that there was an initial rearrangement of the polymer to the cyclic dithiobis(thio- 
formate) (S), followed by decomposition to the O,S-dithiocarbonate. In one experi- 
ment, heating a solution of the polymer in methyl sulfoxide containing 0.4% sodium 
acetate gave 10 in 93% yield. When the sodium acetate was eliminated, the major 
product was 9. Other substances catalyzing the transformation to O,S-dithiocarbonate 
in methyl sulfoxide were triethyiamine, dicyclohexylamine, sodium thiosulfate, 
sodium hydroxide, and sodium ethylxanthate. These substances greatly increased the 
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rates of decomposition and lowered the decomposition temperatures. These results 
are in accord with the previous observations that the pyrolyses of starch dithiobis- 
(thioformates) are influenced by various salts’. 

When polymeric rrans-1,2-cyclohexanediol dithiobis(thioformate) was py- 
rolyzed alone, or in the presence of methyl sulfoxide containing triethylamine (5&l), 
the O,S-dithiocarbonate resulted (Scheme 4). Only thionocarbonate was obtained 
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Scheme 4. 

when polymeric cis-1,2-cyclohexanediol dithiobis(thioformate) was treated similarly. 
Likewise, decomposition of polymeric methyl 4,6-O-benzylidene-a-D-mannopyrano- 
side 2,3-dithiobis(thioformate) gave only methyl 4,6-0-benzylidene-a-I)-manno- 
pyranoside 2,3_thionocarbonate. Apparently formation of the O,S-dithiocarbonate 
occnrs only when the adjacent ring-hydroxyl groups involved have the trm.s relation- 
ship. Conversions have been reported of irrms-diol systems in cyclopentane” and 
sugars ’ ’ into cis-thio products via cyclizations of thiourethanes. 

As expected for such dimeric derivatives as 1,2:5,6-di-O-isopropylidene-o- 
glucofuranose 3,3’-dithiobis(thioformate) and 1,2:3,4-di-O-isopropylidene-a-galac- 
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topyranose 6,6’-dithiobis(thioformate), no thiolation occurs on heating to 250” or 
upon treatment with methyl sulfoxide-base at 150”. 

EXPERIMENTAL 

General. - 1.r. spectra were recorded for solutions and films with a Perkin- 
Elmer Model 137 spectrophotometer. U.V. spectra were determined with a Perkin- 
Elmer Model 202 spectrophotometer. N.m.r. spectra were recorded with a Varian 
HA-100 n.m.r. spectrometer, with chloroform-d, carbon distide, and pyridine-d, as 
solvents and tetramethylsilane (r 10.00) as the internal reference-standard. Spin- 
decoupling experiments were performed by using a Model 200 AB Hewlett-Packard 
audio frequency oscillator. Molecular weights were obtained by the Rast method. 
Melting points were determined in sealed capillaries and are uncorrected. Optical 
rotations were measured with a Rudolph polarimeter. Silica Gel G was used as the 
adsorbent for t.l.c., and sulfuric acid (5%) in methanol was the spraying agent. 
Carbonyl suhide and carbon distide were detected as previously described5 in the 
gases liberated during decompositions. Chromatography was conducted with silicic 
acid (Mallinckrodt, 100 mesh) and activated carbon (Darco). Dithiobis(thioformates) 
were prepared by known methods4 with sodium nitrite5 as oxidant. Decompositions 
of dithiobis(thioformates) were performed in side-arm test tubes under nitrogen 
purXed through sulfuric acid. The gas issuing from the reaction was passed through 
calcium chloride to remove moisture and then into a solution of hexane-piperidine 
(99:l v/v) cooled to 5”. Pyrolysis temperatures were controlled by using a silicone 
oil-bath and a Rinco heating element. 

MethyI 4,6-0-benzylidene-a-mglucopyranoside 2,3-dithiobis(thioformate) (1). - 
The crude, polymeric methyl 4,6-O-benzylidene-c+D-glucopyranoside 2,3-dithiobis- 
(thioformate) previously prepared4, on treatment with hot acetone gave compound 1, 
which crystallized on cooling. Alternatively, the crude material was dissolved in 
methyl sulfoxide and treated after 1 h with ethanol to give crystalline 1, m.p. 
245-250”, dec., [cz];~ -903.3” (c 0.76, chloroform); ;lTnh,frOrofo”” 1040 and 1210 cm- ’ 
[o(c=S)ss(c=S)o]; ;lzhydmf”=a 367-370 (E 129), 280-285 (8,880), 241 nm (16,000); 
n.m.r. in chloroform-d: r 4.65 (l-proton doublet, J,,, 4.0 Hz, H-lj, 4.43 (l-proton 
quartet, J2,3 10.0 Hz, H-2), 3.40 (l-proton triplet, J3,4 10.0 Hz, H-3). 

Anal. Calc. for C16H1606S4: C, 44.4; H, 3.7; S, 29.7; mol. wt. 433. Found: 
C, 44.3; H, 3.9; S, 29.8; mol. wt. 406 (Rast, in naphthalene). 

Methyl 4,6-0-benzylidene-3-thio-a-mallopyranoside 2,3-dithiocarbonate (3). - A 
suspension of 1 in sulfuric acid-ethanol (1:20 v/v) was filtered and the solid rinsed 
with ethanol until the washings were neutral. This acid treatment improved the yield 
of O,S-dithiocarbonates upon pyrolysis. Pyrolysis of l(2.90 g) at 240” for 5 min gave 
a mixture of carbonyl sulfide and carbon disulfide in a ratio of 1:l and in amounts that 
indicated 72% of decomposition. T.1.c. of the pyrolyzate (4~1 carbon disulfide-ethyl 
acetate) showed five spots: RF 0.80, which corresponded to 1, RF 0.65, 0.50, 0.45, and 
0.0. The odor of benzaldehyde was detected. The pyrolyzate was chromatographed on 
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a silicic acid-activated carbon (100 g, 9:l w/w) column (3.5 x 30 cm). Elutions with 
ethyl acetate-hexane (1:9, 500 ml) removed sulfur and 1, then elutions with ethyl 
acetate-hexane (1:4,250 ml; 3:7, 500 ml; 2:3,250 ml) removed the RF 0.65, 0.50, and 
0.45 components (1.19 g), and finally elution with ethyl acetate (500 ml) removed the 
RF 0.0 component (0.44 g). 

1-r. and U.V. suggested that the material having RF 0.8 was a multicomponent 
mixture of O..Sdithiocarbonates and thionocarbonates derived from the loss of the 
benzylidene group from the components of higher R, value. U.V. spectroscopy of 
solutions of the RF 0.65 and 0.45 components eluted from qualitative t.1.c. plates 
indicated that they were O,S-ditbiocarbonates. The RF 0.5 component was identified 
as 2 by comparison with an authentic sample l2 A solution of these components in . 

ethyl acetate (50 ml) was shaken with sodium hydroxide solution (I2.5~, 10 ml) for 
5 min to decompose 2 to methyl 4,6-0-benzylidene-a-D-glucopyranoside and leave 
the O,S-dithiocarbonates intact. The ethyl acetate solution was neutralized by shaking 
with dilute acetic acid solution and dried. Evaporation of the solvent left a residue, 
that was chromatographed on a silicic acid (40 g) column (2.5 x 14 cm). Elution with 
1:9 ethyl acetate-hexane (200 ml) removed the RF 0.65 (0.07 g) and RF 0.45 (0.46 g, 
20%) components. The major component (RF 0.45) was identified as 3 and it 
crystallized from ethyl acetate-hexane or ethanol, m.p. 183-184”, [a]g3 +281” 
(c 1.2, chloroform); Azz 1060, 1190 cm-’ [O(C=S)S]; A~$mform 285-286 mu 
(E 15,150); n.m.r. in pyridine-d,: r 4.95 (l-proton doublet, J1,2 5.3 Hz, H-l), 4.32 
(l-proton quartet, J2,3 6.8 Hz, H-2), 4.72 (l-proton quartet, J3,4 5.0 Hz, H-3), 5.78 
(l-proton quartet, J4,5 9.0 Hz, H-4). 

Anal. Calc. for C15H160,S,: C, 52.9; H, 4.74; S, 18.8; mol. wt. 340. Found: 
C, 53.1; H, 4.86; S, 18.5; mol. wt. 334 (Rast, in camphor). 

’ When the crude, polymeric, methyl 4,6-0-benzylidene-a-D-glucopyranoside 
2,3_dithiobis(thioformate) (1.0 g, m.p. 170”, dec.) was heated for 5 min at 240”, 
carbonyl sulfide-carbon distide (3:7) was obtained. Decomposition was extensive, 
and t.1.c. showed only streaking where O,S-dithioearbonates and thionocarbonates 
had previously been observed. 

MethyI 4,6-O-benzykdene-2-thio-u-D-mannopyranoside 2,3-dithiocarbonate (4). - 
A mixture of l(l.0 g) in methyl sulfoxide (3 g) containing dicyclohexylamine (0.06 g) 
was heated for 3 min at 140” and carbonyl sulfide and carbon disuhide (1:l) were 
evolved. The solution was poured into ice-water and the resulting solid was filtered 
off and dried in air. The solid was dissolved in chloroform (5 ml) and adsorbed onto a 
column (4.5 x 11 cm) of silicic acid. Elution with hexane (1 1) gave sulfur, and with 1:9 
ethyl acetate-hexane (first 250 ml) colored impurities, and the second 500 ml, 4 
(0.35 g, 47%). Ester 4 was crystalline, m-p. 153-155’ (ethanol), [a]$ -79” (c 0.9, 
chloroform); A’2 1060, 1200 cm-’ [O(C=S)S]; ;lg’farm 282-285 nm (E 14,200); 
n.m.r. in pyridine-d, : T 4.97 (l-proton singlet, Jl,2 0.0 Hz, H-l), 5.19 (l-proton 
doublet, J2,3 7.0 Hz, H-2), 4.39 (l-proton triplet, J3,4 8.0 Hz, H-3). These couplings 
corresponded to those of the known methyl 4,6-0-benzylidene-a-D-mannopyranoside 
2,3-thionocarbonate7s1 3. 
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Polymeric metizyl 4,6-O-benzylidene-u-r-D-mantzopyranoside 2,3-ditltiobis(thiofor- 
nzate). - The polymer was prepared from methyl 4,6-O-benzylidene-cr-D-manno- 
pyranoside (2.0 g) as described in the preparation of the corresponding polymer of 
methyl 4,6-0-benzylidene-cr-D-glucopyranoside4; yield 2.2 g (72%). 

Anal. Calc. for CIgH16U6S4: S, 29.7. Found: S, 29.2. 
This material (0.3 g) in methyl sulfoxide-triethylamine (99:1, 2 ml) was heated 

for 3 min at 145” to give methyl 4,6-0-benzylidene-a-D-mannopyranoside 2,3- 
thionocarbonate’*’ 3, as shown by i.r., u.v., and t.1.c. No O,S-dithiocarbonate was 
detected; n.m.r. in pyridine-d,: z 4.80 (l-proton singlet, J1,2 0.0 Hz, H-l); 4.91 
(l-proton doublet, J2,3 7.0 Hz, H-2); 4.53 (l-proton triplet, J3,q 7.0 Hz, H-3). The 
reported’ J 1,2 value for this compound is 0.0 Hz. The abnormal coupling constants 
were similar to those found for 4. 

Decompositioizs of 1,2:5,6-di-O-isopropylidene-u-D-glucofuranose 3,3’-ditlziobis- 
(tizioformat~)15 and 1,2:3,4-di-O-isopropylidenea-D-galactopyranose 6,6’-dithiobis- 
(tlziofornzate) I 6. - Samples of these compounds were heated for 10 min at >250”. 
Although the compounds darkened and some gas was evolved, t.1.c. showed mainly 
starting material and only small amounts of components of lower RF value (carbon 
disulfide-ethyl acetate 4~1). When they were heated to > 150” in methyl sulfoxide 
containing dicyclohexylamine (5O:l) for a similar period, much gas was evolved 
(about 80% carbon distide). T.1.c. of the products showed mainly 1,2:5,6&-O- 
isopropylidene-cc-D-glucofuranose and 1,2:3,4-di- O-isopropylidene-a-D-galacto- 
pyranose. . 
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