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Abstract: Thiosulfonic S-esters (1) are readily converted to disulfides (2) 

by chlorotrimethylsilane and sodium iodide. The reaction is shown to proceed 

through a complex mechanism, and more than one conversion pathway to disul- 

fides must be considered. Evidence is presented for several S-S bond cleavage 

and reformation reactions involved in the conversion. In view of these re- 

sults, the mechanistic interpretations proposed for already known reactions 

of various sulfur compounds with either chlorotrimethylsilane-iodide or 

iodotrimethylsilane should probably be revised. The behaviour of other redu- 

cing agents of thiosulfonates (1) to disulfides (2) was also checked. 

In a previous paper we reported' that thiosulfonic S-esters (l), which are readily available' from 

sulfonyl chlorides, can be conveniently used to prepare disulfides. In fact, they are smoothly and 

quantitatively converted to the latter, by chlorotrimethylsilane and sodium iodide, in anhydrous 

acetonitrile at room temperature. The synthetic interest of this reaction was also shown to be 

restricted to the preparation of symmetrically substituted diaulfides only: the unsymmetrically 

substituted thiosulfonic S-esters (1; R f R'), under our experimental conditions, always afforded 

a mixture of three possible, one unsymmetrical and two symmetrical, disulfides. This aroused our 

interest to investigate the mechanistic course of the reduction, that apparently involves several 

sulfur-sulfur-bond cleavage and formation steps, rather than the simple multi-step reductive 

deoxygenation of the sulfonyl sulfur atom, as it could be expected in view of the current 

literature regarding reduction of sulfonic and sulfinic acid derivatives, accomplished by either 

chlorotrimethylsilane-sodium iodide itself3 4,5 
or related reagent systems. 

RESULTS 

S-(4-methoxyphenyl) 4-methyl-benzenethiosulfonate (lb) was utilized as a model unsymmetrical 

thiosulfonic S-ester that, under our already mentioned reaction conditions ' (see experimental), 

afforded three different disulfidesf) namely 4-methylphenyl 4-methoxyphenyl disulfide (2b). bis(4- - 

methoxyphenyl) disulfide (2~) and bis(4-methylphenyl) disulfide (2d). S-phenyl benzenethiosulfonate - 

(la) was instead utilized as a model symmetrical thioaulfonic S-ester. The determined stoichiometry 

of the overall reduction is: 

R-SOZ-S-R + 4 MejSiCl + 4 I- = R-S-S-R + 2 MejSiOSiMe3 + 2 I2 + 4 Cl- 
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We started reasoning that the sulfonyl oxygen atoms in thiosulfonic S-esters are extremely weak 

bases 
796 

and, therefore, cannot afford any adducts with chlorotrimethylsilane (or its iodo-analog 

that can be formed in the reaction mediumg). Thus, the iodide ion can be regarded as the sole 

(nucleophilic) reagent 
10 . 

initially active in the reaction mixture. It follows therefrom that the 

first step of the overall reaction may be confidently assumed to consist of the nucleophilic attack 

11-13 
by the iodide ion at the sulfenyl sulfur atom of the starting thiosulfonate. This would lead to 

the S-S bond cleavage and the formation of a sulfinate anion (likely silylated: vide infra) and a 

sulfenyl iodide (Cfr. Eq. 1). Due to the excess of iodide ions, and the consequent polarization of 

the S-I bond, the latter is a new sulfur nucleophile that can in its turn react with the starting 

thiosulfonate, affording disulfide, molecular iodine and a second sulfinate anion (Cfr. Eq. 2). 

R-SO*-S-R' + I- z RI-S1 

R'-SI + R-SOP-S-R' + I- = R'-S-S-R' 

+ R-SO; (Eq. 1) 

+ R-SO; + 
I2 (Eq. 2) 

In this view, S-phenyl bensenethiosulfonate (la) was treated, under our experimental conditions 

(solvent, temperature, etc.), with sodium iodide only, i.e. with the exclusion of 

chlorotrimethylsilane. As expected, diphenyl disulfide (2a), sodium benzenesulfinate and molecular 

iodine were obtained in a 1:2:1 molar ratio, beside 10% of unreacted thiosulfonate la. In one of 

the experiments, a large excess (lo:]. mol) of methyl iodide was added to the reagents. This led to 

the isolation of the expected methyl phenyl sulfone, resulting 
14 

from the reaction of methyl iodide 

with the sulfinate anion, accompanied (in a much smaller amount) by methyl phenyl sulfide, the 

formation of which is well accounted for by the occurrence of a sulfenyl iodide species in the 

reaction mixture. Accordingly, the unsymmetrically substituted thiosulfonate lb, when treated with 

only sodium iodide under the same conditions, gave bis(4-methoxyphenyl) disulfide (2~) as the sole - 

disulfide, beside sodium 4-methyl-benzenesulfinate. 

These results clearly show that the nearly quantitative yield of disulfidets), obtained when 

chlorotrimethylsilane is present in the reaction mixture, can only be accounted for by assuming 

that the sulfonyl moiety of the starting thiosulfonate, split off as sulfinate anion (Cfr. Eq. 1 

and 2), is in turn involved in subsequent steps of the reduction. In fact, sodium arenesulfinates 

are reported3 to react with chlorotrimethylsilane and sodium iodide, affording just disulfides. 

Therefore, we could confidently assume this reaction to represent the second step of the overall 

reduction. As a matter of fact, S-phenyl benxenethiosulfonate (la) was treated with only sodium 

iodide, as described above, and three hours after the reaction was complete - i.e., when disulfide 

2a, sodium benzenesulfinate, and unreacted starting thiosulfonate were in a quite definite molar 

ratio (see above) - chlorotrimethylsilane was added to the reaction mixture. (An aliquot was 

separated before chlorotrimethylsilane addition and put aside, as a comparison sample.) Within one 

hour, the precipitate, consisting of sodium benzenesulfinate, was completely solubilized and work 

up of the brown solution afforded disulfide 2a and starting thiosulfonate la, surprisingly in 62% 

and 35% yield (lC% in the comparison sample). 
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In our opinion, the sharp increase of starting thiosulfonate, brought about by the addition of 

chlorotrimethylsilane to the reaction mixture, can be rationalized considering the reaction of 

chlorotrimethylsilane (and/or its iodo-analog') with sodium sulfinate to afford a ailyl sulfinate 

(Cfr. Eq. 3). The latter is soluble and can carry out a fast nucleophilic attack 
15-17 

onto either 

the unreacted thiosulfonate (ineffective, Cfr. Eq. 4) or the disulfide already formed, leading in 

this case to the formation of extra thiosulfonate. 

R-SO; + MeISiI 

R-S02Sifle3 + R-SOZ-S-R' + 

R-SOZSiMe3 + R'-S-S-R' + 

However, it is evident that, in the 

so far considered cannot account for 

c R-SOZSiMej + I (Eq. 31 

I- = R-SO7-S-R' + R-SO; + MesSi (Eq. 4) 

I- * R-SOI-S-R' + RI-S- + MegSiI (gq. 5) 

case of the unsymmetrical thiosulfonate lb, all the reactions 

the formation of the unsymmetrical disulfide 2b as well as the 

symmetrical one, Zd, bearing two e-tolyl groups. Therefore, the key-step of the overall conversion 

is likely represented by the reduction of the silyl sulfinate 4 (Scheme) that can be accomplished 

by halotrimethylsilane species, leading to hexamethyldisiloxane and a new sulfenyl iodide 5. The 

latter can react, in its turn, with either the starting thiosulfonate lb (at least in the early 

stages of the reaction) or the symmetrical disulfide 2c already formed, affording in both cases the 

unsymmetrical disulfide 2b, as shown in the Scheme. Evidence for the occurrence of 5 in the 

reaction mixture was achieved by carrying out the reduction of the unsymmetrical thiosulfonate lb 

in the presence of a large excess of methyl iodide. In fact, under such conditions, 4-methylphenyl 

methyl sulfide could be detected among the reaction products, beside both the expected (Cfr. Eq. 1) 

4-methoxyphenyl methyl sulfide and 4-methylphenyl methyl sulfone. (The latter is quite unaffected 

by the conditions used.) On the contrary, we could not detect any S-thiosulfinic esters (R-SO-S-R'; 

R = or f R'l, neither under our usual reaction conditions nor by using a rather low concentration 

of chlorotrimethylsilane and/or quenching the reaction at different stages before its completion. 

Indeed, S-thiosulfinic esters should result 
18 

from the reaction of a possible intermediate sulfinyl 

derivative R-SO-SiMe3 with sulfenyl species like 3 or 5. Since specially prepared 
19 

samples of the 

above thiosulfinates, under our experimental conditions, did not undergo particularly fast 

reduction to the corresponding disulfides, we can assume that any possible intermediate sulfinyl 

species are rapidly deoxygenated3 by halotrimethylsilane to sulfenyl iodide 5, too rapidly to be 

conveniently trapped by sulfenyl species. 

In the Scheme we have outlined the various reactions so far determined, that appear to be 

involved in the conversion of an unsymmetrical thiosulfonate (namely, lb) to disulfides. On the 

basis of our above results, the first step of the overall reaction is assumed to consist of iodide 

attack at the sulfenyl sulfur atom of the starting thiosulfonate with (concerted') silylation of 

the leaving sulfinate anion to afford 3 and 4. both participating in subsequent reactions that have 

already been discussed. Several ways (may be more than those we tested) account for the formation 

of disulfides 2b and 2c, whereas no main way justifies the occurence of the symmetrical disulfide 

2d. Actually, the latter could be formed by reaction of the sulfenyl iodide 5 with the 

unsymmetrical disulfide 2b, although, if one considers that both 2b and 2d appear in the reaction 

mixture almost at the same time, such a reaction is rather unlikely, at least in the early stages 

of the conversion, when the disulfide 2b is scarcely present at the equilibrium. By an independent 

way, the symmetrical disulfide 2d could be obtained from a new symmetrical thiosulfonate ld, in 

turn deriving from 4. as shown in the Scheme. Indeed, Id should afford the symmetrical disulfide 

2d, either by direct reaction with the sulfenyl iodide 5 or through the reaction path(s) 80 far 
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discussed for its parent starting thioeulfonate lb. Therefore, we checked the presence of such a 

20 
new thiosulfonate in the reaction mixture and, working at rather low temperature, could prove that 

ld (isolated, and found identical with an authentic sample) is immediately formed, within the first 

fev minutes of the reduction of lb by chlorotrimethylsilane and sodium iodide. The occurrence of Id 

in the early stages of the reaction confirms both that the reduction of the silylated sulfinate 4 

is very fast (this is in agreement with the above mentioned unsuccessful attempts to trap possible 

intermediates of the reduction) and 4 itself is a good nucleophile 
15 

that attacks the sulfenyl 

iodide 5. The excess of iodide ion acts in the reaction mixture as a general base to accept Me3Si+ 

from the loosely7 silylated thiosulfonate Id. Considering the fast conversion 4-5, another 

possible way of formation of the thioaulfonate ld, by rearrangement of its corresponding alpha- 

21.22 
disulfoxide, in turn resulting from the dimerization 

23 
of intermediate sulfinyl species, could 

be disregarded. 

In view of the above results, we can conclude that the actual role played by 

chlorotrimethyleilane (and/or its iodo analog') in the reduction of thiosulfonic S-esters (1) is 

the silylation of sulfinate anions leading to 4, and the subsequent (multi-step) deoxygenation of 

the latter, which splits off hexamethyldieiloxane to give the corresponding sulfenyl iodide 5. This 

role parallels with that of a protic acid. In fact, S-(4-methoxyphenyl) 4-methyl- 

benzenethiosulfonate lb, when treated with hydriodic acid in acetone at room temperature, led in 

one hour to the same mixture of disulfides 2b, 2c and 2d in 82% overall yield. In this case, the 

protonation of the sulfinate anion yields eulfinic acid that is well known 
24,25 

to afford 

disulfides. 

The results reported in this paper can be very useful to understand the course of already known 

reductions of various sulfur compounds, performed by halotrimethysilanes and related reagents. In 
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the light of our results, in fact, the mechanisms proposed for some of these reactions appear to be 

quite oversimplified and should probably be reconsidered. 

Acknowledgment: Financial support by Minister0 della Pubblica Istruzione to R.C., is gratefully 

acknowledged. 

EXPERIMENTAL 

Thiosulfonic S-esters la, lc, and Id were pfgpared according to a known procedure? Chlorotrime- 

thylsilane (Fluka, Switzerland) was purifiePB immediately before use. Anhydrous acetonitrile was 

obtained according to literature procedures. 

S-(Gsethoxyphenyl) S-~cthylbentsnethiorulfon8te (lb). 

To a magnetically stirred suspension of sodium 4-methylbenzenesulfinate (3.0 g; 16.8 mmol) in 

anhydrous ethanol (50 ml), solid S-(O-methoxyphenyl) 4-methoxybenzenethiosulfonate (Id) (1.0 g; 3.2 

mmol) was added in one portion. After 6 hr at room temperature, the reaction mixture was diluted 

with water (30 ml) and extracted with Et20 (2 x 100 ml). Evaporation in vacua of the dried organic 

layer gave a crystalline crude residue that, after chromatographic separation (silica gel, 

hexane/Et*O), afforded unreacted Id (0.2 g), and thiosulfonate lb (0.8 g), m.p. 53-55 OC, after 

crystallization from MeOH. (Found: C, 57.71; H, 4.60; S, 21.54; ca1c.d for C1LH1103S2: C, 57.12; H, 

4.79; S, 21.78%.) 

Rsxtion of S-(&methoxyphenyl) 4-•ethylbenzencthiosulfon~tr (lb) with chlorotrimathylailme and sodium iodide. 

To a magnetically stirred solution of thiosulfonate lb (0.2 g; 0.7 mmol) in anhydrous MeCN (10 ml), 

cooled in a cold water bath and under dry nitrogen atmosphere, chlorotrimethylsilane (0.4 ml; 2.8 

mmol) and dry sodium iodide (0.8 g; 5.6 mmol) were added in one portion. The clear solution became 

immediately red brown and the reaction was complete after 40' (TLC monitoring) and worked up in the 

usual way: addition of water (10 ml), extraction with Et20 (3 x 10 ml), washing of the combined 

ethereal extracts with 5N aq sodium thiosulfate (20 ml) and finally with water. The evaporation of 

the dried organic layer in vacua then gave a semicrystalline crude residue that, after 

chromatographic separation (silica gel, hexane), 

disulfide 2d 

afforded three disulfides: b&(4-mfthylphenyl) 

(66 mg), m.p. 44-46 OC, after crystallization from hexane (lit. 47-48 OC, 

from hexane)j,, _ bis(O-methoxyphenyl) disulfide 2c (56 mg), m.p. 41-43 OC. after crystallization from 

hexane (lit. 44-45 "C, from MeOH), 4-methoxyphenyl 4-methylphenyl disulfide 2b (38 mg), m.p. 44- 

45 DC, after crystallization from hexane. (Found: C, 63.76; H, 5.51; S, 24.72; ca1c.d for 

C10H,CoS2: 
C, 64.08; H, 5.38, S, 24.44%.) 

Equilibration of disulfides Zb. 2~. and 2d. 

A mixture of S-(4-methoxyphenyl) 4-methoxybenzenethiosulfonate lc (0.1 g; 0.3 mmol) and bis(4- 

methylphenyl) disulfide 2d (30 mg, 0.1 mmol) was treated under the above conditionswith 

chlorotrimethylsilane (0.2 ml; 1.3 mmol) and dry sodium iodide (0.4 g; 2.6 mmol). The 

chromatographic separation (silica gel, hexane) of the crude reaction product afforded three 

disulfides: 2d (16 mg), m.p. 46-47 OC (from hexane), 2c (70 mg), m.p. 40-42 OC (from MeOH), and 2b 

(10 mg), m.p. 46-47 OC (from hexane). 

Under the same conditions, a sample of unsymmetrical disulfide 2b (0.2 g; 0.6 mmol) gave, after 1 

hr, a mixture containing 2c (18 mg) and 2d (26 mg). 

Raxtionr of thiorulfonic S-esters la and lb with rodilp iodide in l ahydrour xetonitrils. 

To a magnetically stirred solution of dry sodium iodide (4.8 g; 32.0 mmol) in anhydrous MeCN (30 

ml), under dry nitrogen atmosphere, S-phenyl benzenethiosulfonate (la) (1.0 g; 4.0 mmol), dissolved 

in few ml of the same solvent, was added in one portion. The clear solution became red brown and a 

white crystalline solid (sodium benzenesulfinate) began to precipitate. CLC monitoring of the MeCN 

solution showed presence of starting thiosulfonate la and diphenyl disulfide 2a in a ratio that 
remained unchanged after 30'. The reaction mixture was then filtered and sodium benzenesulfinate 
rapidly washed with anhydrous M&N, and dried over phosphorus,pentoxide. (Three runs: average yield 
0.6 g; 3.4 mmol; m.p. >300 OC, dec.; IR, nuyol: 1020, 970 cm; Found: C, 44.30; H, 2.95; ca1c.d for 

CgH502SNa: C, 43.90; H, 3.07%.) The MeCN solution was diluted with 5N aq sodium thiosulfate (20 ml) 

and extracted with Et20 (3 x 30 ml). The combined organic layers, washed with water, dried, and 

evaporated in vacua, gave a crude semicrystalline residue whose chromatographic separation (silica 

gel, hexane) afQrded diphenyl disulfide 2a (0.4 g; 1.8 mmol), m.p. 58-60 OC, after crystallization 
from MeOH (lit. 59-60 "C, from EtOH), and unreacted starting thiosulfonate la (0.1 g; 0.4 mmol; 

10%). 

In one experiment, iodine was titrated by N sodium thiosulfate (1.8 meq consumed). 

Under the same conditions, S-(4-methoxyphenyl) 4-methylbenzenethiosulfonate (lb) (1.0 g; 3.4 mmol) 



5382 R. CAPUTO et ul. 

afford_ep sodium 4-methylbenzenesulfinate (0.6 g; 3.1 mmol), m.p.>290 "C, dec. (IR. nuyol: 1027, 

965 cm ), beside &(4-methoxyphenyl) disulfide 2c (0.4 g; 1.6 mmol), m.p. 42-44 OC, from hexane. 

Unrescted starting thiosulfonate was also recovered, in a small amount (60 mg; 0.2 mmol; 6%). 

Reactions of thiosulfonic S-esters la and lb with #odium iodide l d excess mthyl iodide. 

To a solution of dry sodium iodide (4.9 g; 32.6 mmol) in anhydrous MeCN (60 ml), under the 

conditions reported above, methyl iodide (2.5 ml; 40.0 mmol) and S-phenyl benzenethiosulfonate (la) 

(1.0 g; 4.0 mmol), dissolved in few ml of the same solvent, were added, both in one portion. After 

1 hr, the usual work up of the reaction mixture, 

chromatographic 

as described above, gave a crude residuejrhose 

separation (silica gel, hexane/Et20) afforded: oily methyl phenyl sulfide (10 

mg), H NMR (CC14): 6 2.35 (8, 3H, CH3-S-1; diphenyl disulfide (2s) (0.4 g), m.p. 58-60 V, from 

hexane; unrescted styfting thiosulfonate 

86 OC from MeOH (lit. 88 OC, from H20), 

{la) (30 mg; 3%); methyl phenyl sulfone (84 mg), m.p. 85- 

H NMR (CC14): 6 2.90 (2, 3H, CH3-SO -). 

Under the same conditions, S-(l-methoxyphenyl) 4-methylbenzenethiosulfonate )b) (1.0 g; 3.4 mmol) 

4-methoxyphenyl methyl sulfide (15 mg), b.p. 
! 

afforded: 200-210 oc (lit. 211-212 "C); bis(4- - 
methoxyphenyl) disulfide (2~) (0.5 g), m.p. 41-43 'C. from hexane; unreacted starting thiosulfonate 

(lb13~25 mg; 2.5%); 4-methylphenyl methyl sulfone (0.1 g), m.p. 86-87 OC, from benzene/hexsne 

(lit. 89 OC, from hexane). 

Rmction of S-phony1 benzencthiosulfon~te (la) l d sodium iodide with delayed addition of chlorotrimrthylsilme. 

The reaction of la (1.0 g; 4.0 mmol) with dry sodium iodide (4.9 g; 32.8 mmol) in anhydrous MeCN 

(60 ml) was carried out as described above. It was complete after 30' and CLC monitoring of the 

MeCN solution was pursued for 3 hr to ascertain the presence of diphenyl disulfide (2s) and the 

unreacted starting thiosulfonate la in a constant ratio (82:18). A chromatographic sample of the 

solution was then separated and kept as a reference sample. To the remaining reaction mixture, 

chlorotrimethylsilane (2.1 ml; 16.4 mmol) was added in one portion, under the same conditions. The 

crystalline precipitate slowly disappeared and, after 1 hr, was completely solubilized. The usual 

work up of the clear red brown reaction mixture, followed by chromatography (silica gel, hexane) of 

the crude product afforded diphenyl disulfide (2a), m.p. 58-60 OC, from MeOH (0.5 g; 2.5 mmol; 

yield 62%) and starting thiosulfonate la (0.35 g; 1.4 mmol, yield 35%). The yield of la in the 

reference sample was 10%. 

Reaction of thiosulfonic S-aster lb with chlorotrimsthylsil~ne. sodium iodide. and excess methyl iodide. 

To a magnetically stirred solution of thiosulfonate lb (1.0 g; 3.4 mmol) in anhydrous MeCN (40 ml), 

under the conditions described above, chlorotrimethylsilane (1.8 ml; 14 mmol), sodium iodide (4.2 

g; 28 mmol), end methyl iodide (2.2 ml; 35.0 mmol) were added in sequence. Usual work up of the 

reaction mixture after 1 hr and chromatography (si$ica gel, hexane/Et20) of the resulting crude 

residue afforded: oily 4-methylphenyl methyl sulfide (15 mg); bis(4-methylphenyl) disulfide (2d) 

(0.3 g), m.p. 44-46 OC (from hexane); bis(l-methoxyphenyl) disulfide (2~) (0.3 g), m.p. 41-43 QC 

(from hexane); 4-methoxyphenyl 4-methylphenyl disulfide (2b) (0.2 g), m.p. 44-45 OC (from hexane); 

4-methylphenyl methyl sulfone (60 mg), m.p. 87-88 “C, from EMH. 

Trmtment of 4-methylphenyl methyl sulfons with chlorotrimethylsilaae and sodium iodide. 

A solution of pure I-mathylphenyl methyl sulfone (0.5 g; 2.9 mmol), chlorotrimethylsilane (0.7 ml; 

5.8 mmol), and sodium iodide (1.7 g; 11.6 mmol), in anhydrous MeCN (40 ml), was stirred for 3 hr 

under the conditions described above. Usual work up of the reaction mixture yielded unchanged 

starting material (0.5 g) free of any traces of the corresponding 4-methylphenyl methyl sulfide. 

Rextim of S-phony1 bcnzenethiosulfin&s vith chlorotrimsthylrilme md sodium iodide. 

To a magnetically stirred solution of the title S-thiosulfinic ester (0.5 g; 2.1 mmol), in 

anhydrous MeCN (30 ml), cooled in a cold water bath and under dry nitrogen atmosphere, 

chlorotrimethylsilane (0.5 ml; 4.3 mmol) and dry sodium iodide (1.3 g; 8.5 mmol) were added in one 

portion. The clear solution became immediately red brown, and the reaction, monitored by TLC, was 

complete within 50'. Work up as usual and chromatography (silica gel, hexane) of the crude reaction 

product afforded practically pure diphenyl disulfide (2s) (0.47 g). m.p. 58-60 OC (from hexane). 

S-(4-mathylphenyl) 4-•atbylbcn2sn*thiorulfonata from the raxtion of lb with chlorotri~ethyl~ilanr md #odium iodide. 

The reaction of the unsymmetrical thiosulfonate lb (2.0 g; 6.8 mmol) with chlorotrimethylsilane 

(3.5 ml; 28.0 mmol) and sodium iodide (8.4 g; 56.0 mmol) in anhydrous MeCN (120 ml) wss carried out 

under the conditions reported above but the temperature, since the initial thiosulfonate solution 

was cooled in a carbon dioxide/acetone bath. After the addition of chlorotrimethylsilane and sodium 

iodide, the clear solution remained colorless and CLC monitoring showed the reaction not to start 

at all, under such conditions. The temperature was let to arise slowly and the reaction started 

sluggishly in the range -20 + -10 OC. GLC monitoring was pursued at 5' intervals and, after 20', 

the concentration of the symmetrical thiosulfonate Id (by comparison with a specially prepared 

sample) appeared to be convenient for isolation. The reaction was then quenched by addition of 

water (60 ml) and worked up as usual. Chromatographic separation of the crude product (silica gel, 
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hexane) afforded the unreacted starting thiosulfonate lb, as the main product (1.8 g), besides a a 

mixture of disulfides 2b, 2c, 2d, and symmetrical thiosulfonate Id (25 mg), m.p. 73-75 OC, from 

hexane (mixed m.p. 71-74 OC, with a specially prepared sample). 

Reaction of S-(4-sethoxyphenyl) )-sethylben~en~thiorulfoa~ta (lb) with hydriodic acid. 

To a magnetically stirred solution of the title thiosulfonate lb (0.5 g, 1.7 mmol) in acetone (30 

ml), 57% w/w aq hydriodic acid (1.1 ml; 14.6 mm011 was added and the reaction mixture was left at 

room temperature for 1 hr, under hydrogen atmosphere. Work up of the reaction mixture as usual and 

chromatographic purification (silica gel, hexane) of the crude reaction product afforded disulfides 

2b, 2c, and 2d in 82% overall yield (0.43 g; 1.4 mmol: average MW = 262). 

REFERENCES AND NOTES 

'For Part 3 and 4 in the same series, see Ref. 13 and 26. 

1. G.Palumbo, M.Parrilli, O.Neri, C.Ferreri. R.Caputo, Tetrahedron Letters, 23, 2391 (1982). 

2. G.Palumbo, R.Caputo, Synthesis, 886 (1981). 

3. G.A.Olah, S.C.Narang, L.D.Field, G.F.Salem, J.Org.Chem., 45, 4792 (1980). 

4. G.A.Olah, S.C.Narang, L.D.Field, R.Karpeles, J.Org.Chem., 46, 2408 (1981). 

5. T.Numata, H.Awano, S.Oae, Tetrahedron Letters, 21, 1235 (1980). 

6. The molar ratio of the disulfides obtained in the reaction is meaningless, since their partial 

equilibration may occur under the experimental conditions used. As a matter of fact, the 

symmetrical thiosulfonate lc, when treated with chlorotrimethylsilane-sodium iodide in the 

presence of a 30% amount of disulfide 2d, afforded a mixture of three disulfides, 2b, 2~. and 

2d (see experimental). However, the interconversion of disulfides, under our conditions, turns 

out to be a rather slow process (2 + 3 hr) in comparison with the overall reduction time. In 

addition, the results reported in this paper deal only with the path(s) of formation of the 

disulfides and are quite independent of their relative quantities. 

7. J.L.Kice, G.B.Large, J.Org.Chem., 33, 1940 (1968) and literature therein cited. 

8. R.J.Gillespie, R.C.Passerin, J.Chem.Soc.,3850 (1956). 

9. T.Morita, Y.Okamoto, H.Sakurai, Tetrahedron Letters, 2523 (1978). 

10. Due to the double excess of sodium iodide in respect to chlorotrimethylsilane, halogen- 

containing intermediates will be considered as iodine species throughout the paper. 

11. J.L.Kice, T.E.Rogers, A.C.Warheit, J.Am.Chem.Soc., 96. 8020 (1974). 

12. J.L.Kice, C.A.Liu. J.Or .Chem., 44, 1918 (1979). 

13. R.Caputo, C.D'Ambrosio, C.Ferreri, G.Palumbo, Phosphorus and Sulfur, 19, 235 (1984) and 

literature therein cited. 

14. C.M.Suter, The Organic Chemistry of Sulfur, John Wiley & Sons Ltd., New York (1944). 

15. J.L.Kice, C.G.Venier, L.Heasley, J.Am.Chem.Soc.,89, 3557 (1967). 

16. J.L.Kice, C.G.Venier, Tetrahedron Letters, 3629 (1964). 

17. J.L.Kice, T.E.Rogers, J.Am.Chem.Soc., 96, 8009 (1974). 

18. J.L.Kice, T.E.Rogers. J.Org.Chem., 41, 225 (1976). 

19. H.J.Backer, H.Kloosterziel, Rec.Trav.Chim., 73, 129 (1954). 

20. Thiosulfonate Id, under our usual reaction conditions, could be expected to be more reactive 

than the starting thiosulfonate lb: J.E.Dunbar, J.H.Rogers, J.Org.Chem., 31, 2842 (1966). 

21. M.M.Chan, J.L.Kice, J.Am.Chem.Soc., 98. 7711 (1976). 

22. S.Oae, Y.H.Kim, T.Takata, D.Fukushima, Tetrahedron Letters, 1195 (1977). 

23. P.Kielbasinski, J.Drabowicz, M.Mikolajczyk, J.Org.Chem., 47, 4806 (1982). 

24. A.Wagenaar, J.B.F.N.Engberts, Tetrahedron Letters, 4601 (1973). 

25. F.Ferranti, D.De Filippo, J.Chem.Soc. (B), 1925 (1971). 

26. R.Caputo, C.Ferreri, G.Marino, G.Palumbo, G.Sannia, J.Prot.Chem., 4, 133 (1985). 

27. H.C.House, L.J.Czuba, M-Gall, H.D.Olmstead, J.Org.Chem., 34, 2324 (1969). 

28. D.R.Burfield, K-H.Lee, R.H.Smithers, J.Org.Chem., 42. 3060 (1977). 

29. K.H.Slotta, W.Franke, Berichte, 638, 678 (1930). 

30. Beilsteins Handbuch der Organischen Chemie, Band VI, 1923. 

31. K.Tsujiara, N.Furukawa, S.Oae, Bull.Chem.Soc. (Japan), 42, 2631 (1969). 

32. CRC Handbook of Organic Compound Identification. The Chemical Rubber Co., Cleveland (1967). 


