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Abatrwt-Evidence has been put forward in support of a mechanism for the cleavage of thiobenzoyldi- 
sulphideJ in basic medium with rupture of the C-S bond in preferena to the S-S bond. Reaction of 
Na-alkoxids with thiobtnzoyldisulphidcs affords a new and convenient method for the synthesis of 
thion-esterx 

ANALOGOUS compounds of oxygen and sulphur sometimes show marked differences 
in physical and chemical properties. Benzoyldisulphide (I, Ph.CO.SS.CO.Ph) and 
thiobenzoyldisulphide (II, Ph.CS.SS.CS.Ph) are the S analogues of benzoylperoxide. 
The latter is known to react with alkali’ to give salts of perbenzoic and benzoic acids 
but its S analogues I and II react with bases in a different way. 

Fromm,’ in explaining the action of alcoholic potassium hydroxide and ammonia 
on I and II, postulated a mechanism for the addition of the base to the carbonyl or 
thiocarbonyl group and cleavage of the C-S bond according to the following scheme : 

Ph!OH+PhkK+S . . . . 

Ph.C.SS.C.Ph PhCNH + P,!SNH 
4 
. . 2 . . l +S 

IX=0 

II, x = s 

It was also mentioned that with two molecules of organic amines two molecules of 
amide (from I) or thioamide (from II) are formed, although nothing had been reported 
about the formation of the second molecule. Latif and Azim’ studied the reaction of 
benzoyldisulphide and its substituted derivatives with Na-alkoxides-but under the 
conditions used, instead of obtaining the S analogue of perbenzoic acid, the reaction 
followed the course shown above. 

The present work was undertaken to study the reaction of bases with thiobenzoyl- 
disulphide and its derivatives. 

When thiobenzoyldisulphide (II) was allowed to react with an equivalent amount of 
NaOMe, methylthionbenzoate (Ph.CS.OMe), Nadithiobenzoate and sulphur were 
obtained almost quantitatively. The same compound with NaOEt gave ethylthion- 
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benzoate (Ph.CS.OEt). Reaction of bis-pmethoxythiobenzoyldisulphide (III, p 
MeO-C6H,.CS.SS.CS.C6H,-OMe-p) with NaOMe and NaOEt took place similarly 
producing methyl-p-methoxythionbenzoate (p-MeO-&H&S.OMe) and ethyl-p 
methoxythionbenzoate (p-MeO-C,H,.CS.OEt), respectively. With excess of alcoholic 
ammonia both II and III gave thiobenzamide and pmethoxythiobenzamide respec- 
tively together with NH,-salts of dithioacids and sulphur. However, no dithioacid 
could be isolated when II and III were allowed to react with alcoholic aniline. In this 
case two molecules of corresponding thioamides were obtained together with Hz!3 and 
sulphur. With excess of dimethylamine only a small amount of dithioacid was 
isolated. In the cases we have investigated no compound derived from the S analogue 
of perbenzoic acid could be isolated. 

These results indicate that in the reaction of thiobenzoyldisulphides with organic 
amines, the second molecule of thioamide is formed by elimination of H2S from the 
dithioacid salt. Similar observations had also been reported by Wuyts et ~1.~ The 
reaction of thiobenzoyldisulphides with Na-alkoxides yields about 90% of thion- 
esters. 

These thion-esters are known and have been prepared by various methods5” 
but the yields obtained were not satisfactory. Difficulties were also encountered due to 
transformation of the thion-esters into the thiol-form during the synthesis.9 The 
present workers have been able to obtain thion-esters in about 45 % overall yield in a 
three step synthesis starting from the corresponding dithioacids. About 97 % of the 
esters were isolated in the thion-form depending on the method used for the deter- 
mination of thion-structure. Moreover, the reactions were clean and the products 
easily isolated. 

EXPERIMENTAL 

All evaporations were carried out, under reduced pressure. Thion-sulphur content of the esters was 
determined approximately by precipitating the sulphur as AgsS according to Karjala and McElvair~.~ 

Preparation ofthfobenzoykffsufphf&s. ll~csc were prepared by oxidixing the Na-salts of the corresponding 
dithioacids with Is in KI soln or KsFe(CN), in 50% alcoholic soln*“~ll (yield 55-60x). The dithioacids 
were prepared by reacting the corresponding aldehydea with ammonium-polysulphide of the approximate 
composition (NH,)& in alcoholic soln by a modification I2 of the method of Bruni and Levi” (yield 
25-40x of the aldehyde). Dithioacids were also prepared by adding the cotreaponding arylmagnesium 
bromides to a slight excess of CSs lo (yield 90 %). 

Thiobemoyfdfsulph (II) was obtained as a red powder, m.p. 87-90” (lit” 92.5”) (Found: S, 4150. Cak 
for Ci4H,,S4: S, 41.83 %). Bis-pmethox~hiobenzoyldisulphidc (III) was obtained as a red powder, crystal- 
lized from acetone, m.p. 160“ (lit” 150”). (Found: S, 34.55. Cak for Ci6H1401SI: S, 34.97%). 

Reaction ofthiobenzoyldisulphde wiyh NaOMe. A soln of 7.65 g thiobenzoyldisulphide in 30 nil (‘HCI, 
was cooled to -Y and Na (@6 g) dissolved in 20 ml MeOH, cooled to (P, was added (10 min) with shaking. 
The temp was not allowed to rise above lo”. An immediate ppt of S was formed and the mixture stirred 
for 20 min at the same temp. The ppt of S was then filtered off, washed with alcohol and dried 06 g, 
mp. 117. 

The filtrate was treated with about 75 ml water and the two layers separated. The aqueous layer was 
treated with I, in KI soln. A deep-red ppt of II was obtained, 325 g (85%). 

The chloroform layer was dried over Na,SOI and the solvent evaporated The residual viscous liquid 
was distilled under reduced pressure. Methylthionbenzoate was obtained as a yellow liquid, 3.1 g (81.5x), 
b.p. 114”/12 mm. (Found: S. 2@67. Cak for CsHsOS: S. 2105%). Thion-structure 969%. 

Reuction ofthfobenzoyfdfsulphide with NaOEt Unda similar conditions ethylthionbenxoate was obtained 
as a yellow liquid (860/,), b.p. 125”/5 mm (Found: S, 18.93. Calc for C,H,,OS: S, 19*270/.). Thion-structure 
96.4%. 

Reaction ofbfs-p-methoxythfobenzoyfdfsufphfde wfth NaOMe and NaOEt. About 300 ml of solvent had to 
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be used for each 46 g d substance; otherwise the procedure and isolation d the products were the same. 
Methyl-pntethoxyrkionben.route was obtained as a yellow liquid, 19 g (83M b.p. 127O/25 mm. (Found: 
S, 1707. Cak for C9H,,0sS: S, 1759%). Thion-structure %.20/,. 

Ethyl-p-methoxythionbenxoate is a yellow oil, 2.1 g (85x), b.p. 128”/4 mm (Found: S, 15.85. Calc for 
C,,H,,O,S: S, 16.33%). Thioo-structure 959%. 

Reaction ofthiobenzoyfdisulphide with ammonia. To 15 g 11 in IS ml EtOH, 6 ml cone ammonia were 
added and the mixture warmed at 50” for 30 min and then allowed to stand overnight. A resinous substanoe 
was precipitated and found to be unreacted II. 

The alcoholic soln was evaporated. The residue was dissolved in ether and washed with water to remove 
dithiobenxoic acid as a NH,-&. The aq soln yielded 05 g (66 %) II after treatment with I, in KI soln. The 
ethereal soln was evaporated and thiobenxamide was crystallized from water as yellow needles, m.p. 116’. 
(Found: S, 22.82 Cak for C,H,NS: S, 23.36%). 

Reaction o/his-pmethox.vthioboyldinrlphide with ammonia. This reaction was performed as above using 
l-5 g III. After standing overnight the undissolved material was filtered off. The residue gave sulphur and 
unreacted III (D5 g, 33 %). The alcoholic soln was treated similarly. The aq soln yielded 04 g III on treat- 
ment with Ir in KI soln. pMethoxythiobeovlmide was obtained as yellow flakes from water, m.p. 148”. 
(Found: S, 1861. Cak for CsHsNOS: S, 19.16%). 

Reaction of thiobenzoyldisulphide with aniline. To 1.5 g II in 30 ml abs EtOH, @9 g aniline was added. The 
mixture was refluxed for 1 hr. After standing overnight the resinous ppt of tutreacted II and sulphur was 
filtered off. The alcoholic soln gave no evidence of the presence of dithiobenxoic acid. This was evaporated 
andthiobenmnilidewascrystallixedfromether, lag(500/,Xm.p. lOl.S”.(Found:S, 1447,CakforC,,H,,NS: 
S, 15.02%). 

Reaction of bis-pmethoxythiobenzoy~~/phide with aniline. To 1.5 g of III in 30 ml abs EtOH, 05 g 
aniline was added and the mixture warmed to 50” for 30 min. After standing overnight, stdphur and la g 
(66%) unreacted III wem isolated. The alcoholic soln gave pmethoxythiobenxanilide as yellow crystals, 
m.p. 154”. (Found: S, 12.73. Cak for Ci*H,,NOS: S, 13.7%). 

This reaction was also performed using excess aniline and the mixture was refluxed for 1 hr. In this case 
60 % conversion took place. 

Reaction of thiobenzoyldisulphide with dimethylamine. II (1.5 g) was dissolved in 20 ml abs EtOH and 
the soln cooled to 0”. 5 ml Me,NH was added with shaking and cooling so that the temp did not rise 
above 10”. A yellow ppt of sulphur was obtained After 30 mm the soln was concentrated. the residue dissolved 
in ether and washed with water to separate dithiobcnxoic acid The aqueous soln yielded 0.2 g (13 %) II on 
treatment with I2 in KI soln The ethereal soln was evaporated and N,Ndimethylthiobenxamide was 
crystallixed, 10 g, m.p. 67”. (Found: S, 18.87. Cak for C,H,,NS: S, 19.39%). 

Reaction of bis-p-n~ethoxythiobenzoyldmiphide with dinrcthylamine. This reaction was performed as 
above using 1.5 g d III. The aqueous soln yielded @3 g (200/a III. The ethereal soln gave @8 g N,N-dimethyl- 
pmethoxythiobenxamide, m.p. 69”. (Found: S, 15.95. Cak for Ci,-,H,,NOS: S, 1641%). 
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