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Reduction of Sulphur Dioxide with Thiols. Synthesis of Dialkyl Tri- 
sulphides 
By Fuminori Akiyama, Chemical Research Institute of Non-aqueous Solutions, Tohoku University, Sendai, Japan 

The reactions of sulphur dioxide with thiols in the presence of triethylamine have been investigated. Aliphatic 
thiols gave a mixture of dialkyi disulphide and trisulphide in a ratio of ca. 7 : 3, which w a s  independent of the re- 
actant ratio. Addition of 1.4-benzoquinone caused a relatively small retardation. An ionic mechanism is tenta- 
tively proposed for the reaction. 

DIALKYL TRISULPHIDES have been synthesised by presence of amines,2 Bunte salts with disodium disul- 
various methods, i.e., reactions of disulphur dichloride  hide,^ thiols with ~ u l p h u r , ~  and alkyl bromides with 
with thiols,l dialkyl disulphides with sulphur in the sodium thio~ulphate.~ I describe here the reduction 

G. R. Levi and A. Baroni, Atti accad. Lincei. 1929, 9, 772. 
a H. E. Westlake, jun. ,  H. L. Laquer, and C. P. Smith, J .  

3 B. Milligan, B. Saville, and J. M. Swan, J .  Clzem. Soc., 1963, 
3608. 

Amer. Chem. SOC., 1950, 72, 436. G. F. Bloomfield, Chem. and Ind. ,  1948, 67, 14. 
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of sulphur dioxide with thiols to dialkyl trisulphides in 
the presence of triethylamine. Although the yields of 
trisulphides are relatively low, the present study pro- 
vides information on the mechanism of the reactions of 
sulphur dioxide. 

Although no reaction took place on heating (at 80 "C) or 
irradiation with U.V. light of a mixture of liquid sulphur 
dioxide and thiols for a few days, a reaction did occur on 
addition of triethylamine. Thus, a mixture of these 

Yields in the reaction of sulphur dioxide with thiols 
(40 mmol) in the presence of triethylamine at  25 "C 

yo Yield of the 
products a Reactants/mmol Time/ , A , 

SO, Et,N day RSSR RSSSR 
EtSH 20 2 3 72 28 

100 2 3 66 28 
40 20 1 40 17 

PrnSH 20 2 3 69 25 
100 3 3 69 27 
40 20 1 56 11 

(0 "C) 20 2 2 months 63 25 
(40 "C) 20 3 0.5 69 25 

BunSH 20 2 3 72 25 
100 2 3 70 27 
40 20 1 71 8 

100 x (mol of product)/0.5 x (mol of thiol used). 

three compounds, when kept at room temperature for 
several days, gave dialkyl disulphides and trisulphides, 
with a corresponding decrease in the amount of sulphur 
dioxide and the formation of water. Yields of disulphides 
and trisulphides obtained under various conditions are 
shown in the Table. 

801 - 
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The concurrent formation of disulphide and trisul- 
phide in the rcaction of sulphur dioxide with n-propanethiol in 
the presence of triethylamine a t  25 "C; initial amounts: 
PrSH, 40 mmol; SO,, 20 mmol; Et,N, 2 mmol. Curves (A) 
(B), and (C), yield of disulphide; (D), (E), and (F), yield of tri- 
sulphide; (A) and (D), without BQ; (B) and (E), with 0.4 mmol 
of BJ?; (C)  and (F), with 1.2 mmol of BQ 

The concurrent formation of disulphides and trisul- 
phides is demonstrated by Figure 1; a relatively small 
retardation effect in the presence of 1,4-benzoquinone 
(BQ) is also observed. One might suppose that the 
trisulphides are not products of the direct reaction of 

FIGURE 1 

sulphur dioxide with the thiols but are formed from di- 
sulphides through reactions such as in (l), or (2) and 
(3) - 

RSSR -+ 0.5 RSSSR + 0.5 KSR (1) 

SO, + 4RSH 2RSSR + S + 2H,O (2) 

KSSR + S --j. RSSSR (3) 

A mixture of a disulphide, triethylamine, and sulphur 
dioxide did not give any trisulphide or monosulphide 
after 2 days at 25 "C, so it is clear that reaction (1) does 
not occur. If sulphur dioxide is reduced to give element- 
al sulphur as shown in reaction (2), the reaction of a di- 
sulphide with elemental sulphur should give the trisul- 
phide., The reaction of di-n-propyl disulphide with 
elemental sulphur under similar conditions as for the 
reactions illustrated in Figure 1 was investigated and 
results are shown in Figure 2. These results indicate that 
the trisulphide is not produced via reactions (2) and (3) 
but by direct reaction of sulphur dioxide with the thiol, 
for the following reasons. (i) If the trisulphide is formed 

Reaction t ime lh  

FIGURE 2 The reaction of di-n-propyl disulphide with elemental 
sulphur in the presence of triethylamine and sulphur dioxide 
a t  25 "C; initial amounts: PrSSPr, 14 mmol; SO,, 20 mmol; 
Et,N, 2 mmol. Curves (A)-(D), 100 x [PrSSPr],/[PrSSPr],; 
(E)-(H), 100 x [PrSSSPr],/[PrSSPr],,; (D) and (E), without 
BQ; ( C )  and (F), with 0.04 mmolof BQ; (B) and (G), with 0.12 
mmolof BQ; (A) and (H),  with 1.2 mmol of BQ 

through reactions (2) and (3), concurrent formation of di- 
and tri-sulphide (see Figure 1) should not be observed. 
(ii) For prolonged reaction times in the reactions illus- 
trated in Figure 2 the total yield of disulphide and trisul- 
phide is much less than 100~o .  However, in the reaction 
of sulphur dioxide with thiols in the presence of a small 
amount of amine the total yield is nearly 100% (Table; 
Figure 1). (iii) Elemental sulphur was not detected in 
the reaction of sulphur dioxide with thiols by t.1.c. (iv) 
Comparison of Figures 1 and 2 indicates a greater re- 
tardation effect by BQ in the reaction shown in Figure 
2 than in that in Figure 1, and a pronounced in- 
duction period is observed in Figure 2 but not in Figure 1. 
When 1.2 mmol of BQ is used in the reaction shown in Fig- 
ure 2, reaction could not be detected even after 3 days. 
These differences show that the two reactions must have 
different mechanisms. 
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Polysulphide exchange reactions have been investi- 

gated and both radical and ionic mechanisms have been 
proposed for them.2*596 The reaction conditions in the 
present study are different from those in these reports; 
the reaction is considered to be catalysed by a sulphur 
dioxide-triethylamine adduct since ten times as much 
sulphur dioxide as triethylamine is used. Since an in- 
duction period has been observed in similar reactions 
proceeding entirely by a radical mechanism 7-9 and in 
view of the above-mentioned special situation in the 
present study the present polysulphide exchange reaction 
must proceed mainly through a radical mechanism. 

The fact that only a small retardation effect was ob- 
served in the reaction of sulphur dioxide with the thiols 
does not necessarily indicate a non-radical mechanism. 
However, the work of Field et al.,1° and Wallace et a1.,l1 
suggests that  formation of an unstable intermediate 
catalysed by a sulphur dioxide-triethylamine adduct and 
its decomposition [equation (4)] are possible. 

0 H 
RSH RSH I 

SO, RSS-OH RSSSR 
I 

OH (4) 
II 
0 

I - H &  

O.5RSSSR + 0.5s02 jast RSSSR 
+O.sRSSR I1 

0 

Formation of an unstable intermediate as in equation 
(4) is analogous to  that in the reaction of carbonyl 
groups with thiols.12-14 The intermediate in these re- 
actions decomposes to  give an alkyl dithiosulphite, which 
rapidly decomposes to di- and tri-sulphides. Primary 
alkyl dithiosulphites have been reported to be unstable 
and to decompose easily to give equal amounts of di- and 
tri-sulphides.1° Even with this mechanism, a retard- 
ation effect by BQ can operate. Donbavand and Mockel 
have reported radical ion formation in a mixture of 
sulphur dioxide and triethylamine,15 and i t  is thus prob- 
able that BQ consumes the radical ion which catalyses 
the reaction. 

If disulphide and trisulphide formation is due to the 
occurrence of reaction (4), the product should contain 
equal amounts of di- and tri-sulphides. However, as 
shown in the Table, the product consists of di- and tri- 
sulphides in a ratio of ca. 7 : 3. This fact suggests the 

5 E. N. Gur'yanova, Vulkanizatsiya Resin Sbornik, 1954, 101 
(Chenz. Abs., 1958, 52, 4 2 2 7 ~ ) .  

6 C. D. Trivette, jun., and A. Y .  Coran, J .  Oyg. Chem., 1966, 
31, 100. 

7 S. G. Foord, J .  Chem. Soc., 1940, 48. 
G. V. Schulz and H. Kammerer, Chem. Ber., 1947, 80, 327. 

B P. D. Bartlett, G. S. Hammond, and H. Kwart, Discuss. 

lo L. Field and W. B. Lacffield, J .  Org. Chem., 1966, 31, 3555. 
l1 T. J. Wallaceand J.  J .  Mahon, J .  Amer .  Chem. Soc., 1964,86, 

l2 E. Fromm, Annulen,  1889, 253, 135. 
l3 T. Posner, Bey., 1900, 33, 3165. 
l4 A. Recsei, Bey. ,  1927, 60, 1420. 

Faraday Soc., 1947, 2, 342. 

4099. 

existence of another route for the formation of the 
disulphides. In  the formation of disulphides by the 
reaction of thiols with metal oxides the presence of thiyl 
radicals has been suggested.16 Disulphide formation by 
a radical mechanism is conceivable to some extent in the 
present case also. 

Another particular feature of the reaction of sulphur 
dioxide with thiols is that  the product composition is 
independent of the reactant composition, as shown in the 
Table. Increase in the amount of sulphur dioxide does 
not lead to a corresponding increase in the yield of the 
trisulphides. The composition of the products in the 
reaction of sulphur dioxide with olefins or epoxides has 
been reported to be almost independent of the reactant 
c o m p o ~ i t i o n , ~ ~ - ~ ~  and there have been several discussions 
of this behaviour.21p22 Although these reactions are 
between relatively simple components, no widely accepted 
explanation for constancy of the product composition 
has yet been established. A full explanation of such 
behaviour in the present case is being investigated. 

For the reactions with high amine concentrations, 
transformation of disulphide into trisulphide appears to  
occur to small extent (Figure 3). In  these cases the total 
yield of di- and tri-sulphides was less than 100% (Table). 
The reasons for this behaviour are not yet clear. 

The reaction of 1 , l  -dimethylethanethi01 with sulphur 
dioxide under the above-mentioned condition is very 
slow, and isolation of the product was not attempted. 
The reaction of benzenethiol with sulphur dioxide under 
similar conditions, was about ten times faster than that of 
n-alkanethiols. However, attempted isolation of di- 
phenyl trisulphide was unsuccessful for the reasons men- 
tioned by Field et aZ.1° 

Pyridine and picoline in place of triethylamine had a 
similar catalytic activity. 

EXPERIMENTAL 

A nnZyses.-All analyses of reaction mixtures were per- 
formed on a Yanagimoto type G-8-T gas chromatograph. 
Analysis of disulphides and trisulphides using both a 0.7 m 
SE-30, 15% on Chromosorb W column, at 110 "C, and a 4.5 
ni ethyleneglycol adipate polyester, 20% on Chromosorb W 
column, at 125 or 140 "C, gave similar results so decomposi- 
tion of the di- and tri-sulphides during analysis can be 
neglected. For quantitative analyses hexamethylbenzene 
was used as an internal standard. 

General Procedure.-Reactions were carried out in a 50 ml 
glass pressure vessel. The reaction vessel containing the 

l5 M. Donbavand and H. Mockel, 2. Naturforsch, 1973, 28a, 
1258; 1974, 29b, 742. 

16 T. J.  Wallace, J .  Org. Chein., 1966, 31, 1217. 
1 7  E. M. Fettes and F. 0. Davis, in ' High Polymers,' ed. N. G. 

Gaylord, vol. 13, part 111, Interscience, New York, 1962, p. 225. 
J .  Schaefer, Macromolecules, 1968, 1, 111. 
M. Matsuda, F. Akiyama, and Y. Hara, Kobunshi Ronbunshu, 

2O K. Soga, I .  Hattori, J. Kinoshita, and S. Ikeda, J .  Polymer 

21 M. Matsuda, M. Iino, T. Hirayama, and T. Miyashita, Macro- 

22 R. E. Cais and J .  H. O'Donnell, Macromolecules, 1976, 9, 
R. E. Cais, J. H. O'Donnell, and F. A. Bovey, ibid., 1977, 

1975, 32, 660. 

Sci.,  Polymer Chem. E d n .  1977, 15, 745. 

molecules, 1972, 5, 240. 

279. 
10, 255. 
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reagents except sulphur dioxide was cooled in liquid nitrogen 
and degassed in zlacuo, and sulphur dioxide was introduced. 
The reaction vessel was then immersed in a thermostat. In 
the reaction of sulphur dioxide with thiols, the mixture 
separated into two phases as the reaction proceeded. In 
contrast, in the reaction of disulphides with elemental 
sulphur the mixture was heterogeneous throughout. In 
both cases, a t  the end of the reaction 30-50 ml of chloro- 
form was added to make a uniform solution, which was 
analysed by g.1.c. 

Separation and Identification of the Products.-A mixture 
of the thiol (0.4 mol), sulphur dioxide (0.2 mol), and triethyl- 
amine (0.08 mol) was set aside a t  room temperature. With- 
in several hours this solution split into two layers. After 6 h 
the upper layer was separated off, washed ( x 3) with water, 
and distilled under reduced pressure to give pure disul- 
phide and trisulphide. 

Tetrasulphides were not detected in the products of the 
reaction of sulphur dioxide with thiols in the presence of 
triethylamine. In  the reaction of disulphides with sulphur 
in the presence of sulphur dioxide and triethylamine, un- 
identified material was formed, in amounts so small that i t  
was not isolated and identified. 

The structures of the disulphides and trisulphides isolated 
were established on the basis of the following data (n.m.r. 
data are for solutions in carbon tetrachloride and i.r. data for 
neat liquids). 

Diethyl disulphide: 6 1.32 (3 H, t, J 7 Hz) and 2.66 
( 2 H , q ,  J 7 H z )  (Found: C,39.G; H , 8 . l ;  S,52.0yo.  Calc. 
for C,H,,S,: C, 39.3; H, 8.25; S, 52.5%). Diethyl trisul- 
phide: 6 1.39 (3 H, t, J 7 Hz) and 2.87 (2 H, q, J 7 H z ) ;  vmnx. 
475scm-I (S-S) (Found: C, 31.2; H, 6.5; S, 62.0:). Calc. 
for C,H,,S,: C, 31.1; H, 6.5;  S, 62.3%). Di-n-propyl 
disulphide: 6 1.01 (3 H, t, J 7 Hz, Me), 1.73 (2 H, sextet, J 
7 Hz, SCH,CH,Me), and 2.66 (ZH, t, J 7 Hz, SCH,Et) (Found: 
C, 47.9; H, 9.6; S, 42.576. Calc.forC,H,,S,: C, 47.95; H, 
9.4; S, 4 8 . 7 % ) .  Di-n-propyl trisulphide: 6 1.05 (3 H, t, 
J 7 Hz, SCH,CH,Me), 1.82 (2  H, sestet, J 7 Hz, SCH,CH,- 

Me), and 2.87 (2 H, t, J 7 Hz, SCH,Et) ; vmzx. 475s cm-l (S-S)  
(Found: C, 39.75; H, 7 . 7 ;  S, 52.9%. Calc. for C,H,,S,: C, 
39.5; H, 7.7; S, 52.7574). Di-n-butyl disulphide: 6 0.97 (3 
H, t, J 7 Hz, S[CH,],Me), 1.1-1.9 (4H,m,SCH2CH,CH,Me), 
and 2.66 (2 H, t, J 7 Hz, SCH,[CH,],Me) (Found: C, 53.7. 
H, 10.2; S, 35.6%. Calc. for C,H,,S,: C, 53.9; H, 10.2 
S, 35.950/6). Di-n-butyl trisulphide: 6 0.98 (3 H, t, J 7 Hz 
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The reaction of sulphur dioxide with n-propanethiol 
in the presence of high concentration of triethylamine a t  25 "C; 
initial amounts: PrSH, 40 mmol; SO,, 40 mmol; Et,N, 20 
mmol. (A),  yield of PrSSPr; (B), yield of PrSSSPr 

S[CH,],Me), 1.2-1.9 (4 H, m, SCH,CN,CH,Me), and 2.86 (2 
H, t, J 7 Hz, SCH,[CH,],Me) ; v,,,, 475s c i ~ i - ~  (S-S) (Found: 
C, 45.5; H, 8.3; S, 45.8%. Calc. forC,H,,S,: C, 45.7; H, 
8.6; S, 4 5 . 7 % ) .  Diphenyl disulpliide (Found: C, 66.5; 
H, 4.8;  S, 29.8y0. Calc. for C,,H,,S2: C, 66.0; H, 4 . 6 ;  
29.4%). 
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FIGURE 3 


