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CCL1X.-The Reactions of Divinyl Sulphide,  
Sulphoxide,  and Sulphone. 

By JAMES RANALD ALEXANDER and HAMILTON MCCOMBIE. 
IT has been shown by Bales and Nickelson (J., 1922, 121, 2137 ; 
1923,123,2486) that when divinyl sulphide is treated with hydrogen 
chloride, ad-dichlorodiethyl sulphide, (CHClMe),S, results. The 
constitution of this substance is established by its preparation 
from ct-trithioacetaldehyde and either sulphur monocliloride or di- 
chloride (Mann and Pope, J., 1923, 123, 1175). I n  the same way, 
Bales and Nickelson showed that divinyl sulphide added on hydrogen 
bromide, and the present authors have established that this is also 
an a-compound because it passes to trithioacetaldehyde very readily 
on treatment with alkali. Bales and Nickelson found it impossible 
to isolate an additive compound from divinyl sulphide and dry 
hydrogen iodide. The authors, however, by using aqueous hydriodic 
acid, obtained an addition compound which proved to be pp’-di- 
iododiethyl sulphide. Another substance with which divinyl sulphide 
yielded a P-addition product was thiophenol, which readily gave 
di- p-phenylthioldiethyl sulphide, ( SPh*CH,*CH,),S, previously pre- 
pared by Helfrich and Reid ( J .  Arner. Chem. Xoc., 1920, 42, 1231). 

Divinyl sulphoxide, in contrast to the sulphide, yields no additive 
compounds with the halogen acids, but with aqueous sodium 
hydroxide it yields the oxide of 1 : 4-thioxan, SO(CH,*CH2),0, and 
with sodium methoxide pF’-dimethoxydiethyl sulphoxide, 

(MeO*CH,*CH,) ,SO. 
In  both these cases p-addition products result. 

Divinylsulphone proves to be extremely reactive, and readily 
yields additive compounds with a large number of different sub- 
stances. The compounds resulting may be either straight-chain 
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compounds or six-membered rings ; in all cases, however (except 
with bromine), a hydrogen atom is added in the a-position. 
Hydrogen bromide and hydrogen iodide yield the p-halogeno- 
sulphones ; phenol, thiophenol, and aniline also yield open-chain 
p-derivatives. The case of aniline is interesting because Helfrich 
and Reid (Eoc. cit.) found that pp’-dichlorodiethylsulphone when 
treated with p-toluidine yielded 4-p-tolyl- 1 : 4-sulphonazan , 

CH -CH ‘:6E14Me*N<CH2-CH2>S02, whereas the present authors have 
n n Y Y 

found that divinylsulphone and aniline readily yield pp’-dianiZino- 
diethylsulphone, (NHPh*CH2*CE-I,),S0,. Examples of ring form- 
ation with divinylsulphone are furnished by the behaviour of this 
substance towards aqueous alkali, glycine ester, hydrogen sulphide, 
and phenylhydrazine. 

The action of tertiary amines on pp’-dichlorodiethyl sulphide, 
sulphoxide, and sulphone has been studied by Lawson and Reid 
( J .  Amer. Chem. Soc., 1925, 47, 2S2l). In  most cases quaternary 
ammonium salts were formed. The attention of the authors was 
drawn by Dr. E. Walker to the fact that, when pp’-dichlorodiethyl- 
sulphone is treated with triethylamine , the hydrochloride of this 
amine separates rapidly, and with his consent we have investigated 
the action of this base on various halogeno-sulphides, -sulphoxides, 
and -sulphones. With p p’-dichlorodiethyl sulp hide and sulphoxide, 
triethylamine has practically no reaction in the cold ; pp’-di-iodo- 
diethyl and @p’-trichlorodiethyl sulphoxide, however, react readily 
with the formation of the divinyl sulphoxides. With triethyl- 
amine, p p’-dichlorodiethylsulphone reacts almost instantaneously 
in the cold, and divinylsulphone, (CH,:CH),SO,, can be readily 
prepared by this method. 

The reaction between p p’-dichlorodiethyl sulphide and potassium 
cyanide was studied by Davies (J., 1920, 117, 297). A compound 
was obtained to which the formula CN*[CH,],*S*[CH,],*S*[CH,],*CN 
was given. This reaction with the sulphoxide and sulphone has 
been found to yield respectively divinyl sulphoxide and dicyano- 
diethylsulphone, (CN*CH,*CR,),SO,, which was converted into 
pp’-dicarboxyethylsulphone, m. p. 210°, previously prepared by 
L o v h  (Ber., 1896, 29, 1138). 

E X P E R I M E N T A L .  
A. Reactions of Divinyl Xulphide. 

The divinyl sulphide employed in these experiments was prepared 
by the method of Bales and Nickelson (J., 1922,121, 2137). 
Addition of Halogens.-cc p-Dichloroethyl vinyl sulphide, 

CH,CI*CHCl*S*CH:CH,, 
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was prepared from divinyl sulphide by the addition of the calculated 
quantity of chlorine in carbon tetrachloride solution. It was a 
brownish oil, b. p. 84-85’/20 mm. (Found : C, 3043; H, 3-8; C1, 
44.9. C4H,Cl,S requires C, 30.6 ; H, 3-8 ; C1, 45.2%). 

When this compound was treated with alcoholic potassium 
hydroxide it yielded p-chlorodivinyl SuZphide, CHCl:CH*S*CH:CH,, 
b. p. 123-124”/760 mm. (Found : S, 26.3; C1, 29.3. C4H,C1S 
requires S, 26.6; C1, 29.5%). 

apa’P’-TetmcTLZorodiethyl suZphide, (CH,Cl*CHCl),S, was prepared 
by treating divinyl sulphide with 2 mols. of chlorine. It was a pale 
yellow liquid, b. p. 132-133”/15 mm. (Found : C1, 62.2. C,H,Cl,S 
requires C1, 62.3%). When dissolved in benzene and treated with 
slightly more than 1 mol. of triethylarnine, it yielded ap-dichZoroethyZ- 
P’-chZorovinyl sulphide, CI-I,Cl*CHCl*S*CH:CHCl, b. p. 103-104”/ 
20 mm. (Found : C1, 55.2. 

With bromine and with iodine, divinyl sulphide yielded undistill- 
able fuming oils. 

Addition of Halogen Acids.-It has been shown by Bales and 
Nickelson (Zoc. cit.) that with hydrogen chloride and hydrogen 
bromide, divinyl sulphide yields di-a-halogeno-diethyl sulphide. 

C,H,Cl,S requires C1, 55.6%). 

We have now found that when it is warmed in alcoholic solution 
with a concentrated aqueous solution of hydriodic acid, it affords 
pp’-di-iododiethyl sulphide, m. p. 56-60”. 

Other Additive Reactions.-When divinyl sulphide was warmed 
with two molecular proportions of thiophenol, there resulted di- 
p-phenylthioldiethyl sulphide, (SPh*CH,-CH2)2S, m. p. 57”, identical 
with the compound prepared by Helfrich and Reid (Zoc. cit.). I n  
the same way phenol gives an additive compound with divinyl 
sulphide. 

Divinyl sulphidewhen treated with aniline, with sodium hydroxide, 
or with sodium methoxide gave only polymerisation products. 

B. Reactions of Divinyl Xulphoxide, (CH,:CH),SO. 
This compound was prepared by the following method : pp’-Di- 

iodocliethyl sulphoxide (40 g.) was dissolved in dry benzene (600 c.c.) 
and treated with slightly more than 2 molecular proportions of 
triethylamine. The mixture was kept for 8 days, the triethylamine 
hydriodide removed, the benzene distilled off, and the residual oil 
distilled in a vacuum. Divinyl sulphoxide was obtained in 75% 
yield as a colourless stable oil, b. p. 86-87’/18 mm. This compound 
is identical with that obtained by Lewin ( J .  pr. Chem., 1930, 127, 
77) by oxidation of divinyl sulphide with perbenzoic acid. 

afhx’p’-TetrachZorocZiethyZ suZphoxide, (CH,Cl*CHCl),SO, was pre- 
pared in carbon tetrachloride solution, and when crystallised from 
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alcohol gave white needles, m. p. 121" (Found : S, 13.1. C4H,0C14S 
requires S, 13.1 yo). Similarly, crpa'p'-tetrabromodiethyl sulphoxide, 
when recrystallised from carbon tetrachloride, gave hard white 
needles, m. p. 119" (Found : C, 11.2; H, 1.5. C4HG0Br4S requires 
C, 11.3; H, 1.4%). 

Divinyl sulphoxide did not react under any conditions with 
hydrogen chloride ; with hydrogen bromide it gave insoluble 
polymerisation products, and it was decomposed by hydrogen 
iodide. 

When divinyl sulphoxide was heated with 5% aqueous sodium 
hydroxide for 6 hours it yielded the oxide of 1 : 4-thioxan, m. p. 30". 
This compound has been described by Cashmore (J., 1923, 123, 
1738) as being formed when @ p'-dichlorodiethyl sulphoxide is treated 
with aqueous sodium hydroxide. 

Divinyl sulphoxide when boiled with sodium methoxide in dry 
methyl alcohol gave p p'-dimethoxydiethyl sulphoxide, a colourless 
oil, b. p. 164-165"/17 mm. The constitution of this compound 
was established by preparing it by the action of methyl-alcoholic 
sodium methoxide on p p'-dichlorodiethyl sulphoxide. In  a similar 
manner it was found that divinyl sulphoxide and sodium ethoxide 
interacted to give the corresponding diethoxy-compound (compare 
Cashmore, Zoc. cit.). 

No reaction occurred between divinyl sulphoxide and thiophenol, 
phenylhydrazine, or aniline. 

p-ChZorodivinyE sulphoxide, CH,:CH*SO*CH:CHCl, was prepared by 
the action of triethylamine on trichlorodicthyl sulphoxide (Pope 
and Mann, J., 1922, 121, 603) in ethereal solution. It is a liquid 
boiling a t  73-74"/15 mm. (Found : C, 35.2; H, 3.5. C,H,OClS 
requires C, 35.2; H, 3.6%). 

C. Reactions of Divinylsulphone, (CH,:CH),SO,. 
This compound was prepared by the following method : @p'-Di- 

chlorodiethylsulphone (20 g.) was dissolved in dry benzene (250 c.c.), 
and triethylamine (21 g. ) added. The triethylamine hydrochloride 
separated immediately, and the reaction was completed in 24 hours. 
After removal of the hydrochloride and the benzene, the sulphone 
was obtained in 80% yield as a colourless oil, b. p. 120-121"/18 mm. 
This compound was prepared by Lewin (loc. cit.) by the oxidation 
of divinyl sulphide with perbenzoic acid. It polymerises on stand- 
ing for several months. 

Addition of Halogens.-It was impossible to obtain an additive 
compound from chlorine and divinylsulphone. With bromine, 
however, this sulphone readily yielded mpu'p'-tetrabromodiethyZ- 
sulphone, which, when crystallised from carbon tetracliloride, gave 
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white needles, m. p. 138" (Pound : C, 11.1 ; H, 1.4. C,H,O,Br,S 
requires C, 11.1 ; H, 1.4%). 

Addition of HaZogen Acids.-Divinylsulphone and hydrogen 
chloride do not react under any conditions. On the other hand, 
when the sulphone was heated with a concentrated aqueous solution 
of hydrogen bromide, pp'-dibromodiethylsulphone, m. p. 110-lll", 
was obtained. The constitution of this compound is established by 
the fact that the same substance was obtained by Lewin (Zoc. cit.) by 
oxidising pp'-dibromodiethyl sulphide with perbenzoic acid. I n  a 
similar manner, divinylsulphone and hydrogen iodide react to give 
p p'-di-iododiethylsulphone. 

When divinylsulphone was heated with 5 yo aqueous sodium 
hydroxide there resulted the dioxide of 1 : 4-thioxan, m. p. 130' 
(compare Baumann and Walter, Ber., 1893, 26, 1124). 

(3 p'-Dimethoxydiethylsdphone, (MeOCH,*CH,),SO,, was prepared 
by boiling either divinylsulphone or p p'-dichlorodiethylsulphone 
with sodium methoxide in dry methyl alcohol. It is a colourless 
oil, b. p. 170-171"/17 mm., which solidifies to a very hygroscopic 
crystalline mass, m. p. 35" (Found : c, 39.4; H, 7.6. C6Hl,0,S 
requires C, 39.5; H, 7.7%). 

In  a similar manner, divinylsulphone yields the diethoxy- and 
the diisoamyloxy-diethylsulphone when treated with the sodium 
alkyloxide in the appropriate alcohol. 

With phenol, divinylsulphone condenses readily to yield pp'-di- 
phenoxydiethylsulphone, m. p. 105-106" (Helfrich and Reid, Zoc. 
cit.). Similarly, thiophenol and divinylsulphone react in the cold 
to  give p'-diphenylt hioldietliylsulp hone. 

pp'-Dia.P1.iZinodiethylsuZphoneY (NHPh~CH,*CH,),SO,, was prepared 
by warming divinylsulphone and aniline for 6 hours on a water- 
bath, pouring the mixture into water, and shaking it with acetic 
acid ; the substance solidified slowly, and after recrystallisation 
from alcohol melted at  94-95' (Found : C, 62.6; H, 6.6; S, 10-6. 
c16H,,02~,s requires c, 63.1 ; H, 6.6 ; s, 10.5%). 

When divinylsulphone is warmed with glycine ester in alcoholic 
solution, ethyl 1 : 4-sulphonazan-4-acetate (m. p. 67" ; picrate, 
m. p. 190") resulted (compare Cashmore and McCombie, J., 1923, 
123, 2884). 

4- Anilino- 1 : 4-suZphonaxan was obtained when divinylsulphone 
or p p'-dichlorodiethylsulphone and phenylhydrazine were warmed 
for 3 hours in alcoholic solution. When recrystallised from alcohol, 
it melted at 192" (Found : S, 14-2. C10H1402N2S requires S, 14.2%). 

Divinylsulphone reacted neither with acid chlorides, such as 
acetyl chloride, thionyl chloride, and carbonyl chloride, nor with 
ammonia, hydrazine, phthalimide, benzaldehyde, or formic acid. 

3 ~ 2  
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When divinylsulplione is treated with hydrogen sulphide, a small 
quantity of the dioxide of 1 : 4-dithianY SO,<(CH,GH,),>S, was 
formed, togother with a large quantity of polymerisation products. 
This substance when crystallised f ron  alcohol melted a t  206"; its 
constitution was established by its preparation from the interaction 
of pp'-dichlorodiethyl sulphide and sodium sulphide (Found : C, 
31.6 ; H, 5.4. C,H,O,S, requires C, 3 1 4  ; 11, 5-30/). 
P-Chloroethylvinylsulphone, CH,Cl*CM,*SO,*CH:CH,, was pre- 

pared from the dichloro-sulphone by trca'cmcnt with one molecular 
proportion of triethylamine in benzene solution ; b. p. 162-154"/ 
17 mm. (Found : C1, 22.7 ; S, 21.1. Calc. for C,H,O,ClS : C1, 22.9 ; 
S, 2043%). This compound has been prepared by Kretov ( J .  Russ. 
Plays. Chem. Xoc., 1930, 62, 1) by tho reduction of pp'-dichloro- 
diethylsulphone. 

P-ChZoro-P'-iododieth~Z~uZphone, CH,Cl*CH,*SO,*CN,*CH,I, was 
obtained from the chlorocthylvinylsulphone by treatment with 
aqueous hydriodic acid. It melted a t  125-126" (decornp.) (0.1247 
G. gave 0.1653 g. AgCl + AgI. C,H,O,ClIS requires 0.1669 6.). 
The constitution of this substance was establishod by its ready 
conversion, by means of sodium iodide, into p p'-di-iododiethyl- 
sulphone . 

p8'-Dichlorodiethylsulphone reacts with potassium cyanide to 
give pp'-dicyanodiethyZsuZphone, plates from alcohol, m. p. 84" 
(Found : C, 40.9; H, 4.5; N, 16.23. C,H,O,N,S requires C, 41.7 ; 
H, 4.4 ; N, 16.3%). This compound on hydrolysis with dilute acid 
yields pp'-dicarboxyethylsulphone, previously obtained by Lov6n 
(Eoc. cit . ) ,  plates, m. p. 210". 
UNIVERSITY CHEMICAL LAB ORATORY, 

CAMBRIDGE . [Received, June 2 ~ ~ 2 ,  1931.1 


