
TetraIwdron Letters No.30, pp. 2629-2632, 1970. Perganlon Press. Printed in Great Britain. 

MCHAWGE AND REXXJX RFlAClJIONS OFDIABYL SULFIDES WITH AROMATICHYDRCXXRBONS 

Chung Hwa Han and William E. McSwen 

Department of Chemistry, University of Massachusetts, Amherst, Massachusetts 01002 

(Received in USA 24 April 1970; received in UK for publication 29 May 1970) 

When an aromatic hydrocarbon is caused to react with a diary1 sulfide in the presence of 

aluminum chloride, a complex mixture of products results. For example, the reaction of diphenyl 

sulfide with z-xylene has been found to produce phenyl 3,4-dimethylphenyl sulfide (40.3$), 

phenyl 2,3_dimethylphenyl sulfide (7.3$), 2,3-dimethylphenyl 3,4-dimethylphenyl sulfide (3.0%) 

bis-(2,3_dimethylphenyl) sulfide (5.2$), bis-(j,k-dimethylphenyl) sulfide (ll.l$), benzene - - 

(57.5$), a diphenyl-3,4dimethylphenylsulfonium salt (isolated as the iodide in 5.5% yield), 

and, after exposure of the reaction mixture to water, hydrolysis products of triarylsulfonium 

salts (0.304 of 3,4-dimethylphenol and O.@$ of 2,3-dimethylphenol). Cbtiously, the exchange 

products (amounting to a total yield of 674) are of greater importance than the products of the 

redox reaction. Similar products are obtained when m-xylene is used in place of g-xylene, the 

major ones being phenyl 2,k-dimethylphenyl sulfide (34.e) and diphenyl-2,4-dimethylphenyl- 

sulfonlum iodide (13.3%). We suggest that the mechanism of a typical exchange reaction is that 

shown in Scheme 1. 
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The proposed intermediate (A) is a tetracovalent sulfur compound, and the existence of such 

compounds has been discussed by other workers (1). Cf course, protonation of the m-xylyl group 

of (A) would be expected to occur more rapidly than protonation of a ohenyl group, but such a 

process would lead only to regeneration of the reagents; undoubtedly, the reaction is a rever- 

sible one. It is significant that the amount of benzene produced in each reaction is roughly 

comparable to the total of the molar amounts of substituted diphenyl sulfides formed. 

With regard to the formation of triarylsulfonium salts in these reactions, the oxidizing 

power of aluminum chloride, especially in apparent one electron oxidations, has been observed by 

various workers (2). Cf particular interest with respect to this communication is the report 

that a thianthrene cation radical is formed when thianthrene is treated with aluminum chloride 

(3). Furthermore, benzyl phenyl sulfide is known (4) to form a complex with aluminum chloride, 

one which undergoes reaction with water to give thiophenol and benzyl chloride. These facts and 

analogy with the mechanism which has been proposed for the generation of diarylsulfinium cation 

radicals by the action of concentrated sulfuric acid on diary1 sulfides (51, provide the basis 

for the typical mechanism, shown in Scheme 2, which we suggest for the font&ion of triaryl- 

sulfonium salts in the reactions of diary1 sulfides with aromatic hydrocarbons. 

Scheme 2 
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Owing to the positive charge of the diphenylsulfinium ion radical (C), the substitution 

reaction has some of the character (e.g., orientation and activating effects of substituents) of 

an electrophilic substitution reaction, although it is actually an aromatic radical substitution 

reaction. Although the details of the subsequent reactions are not entirely clear, it is thought 

that the conjugate acid of diphenyl sulfide undergoes reaction with the radical ion (B) (6) to 

form diphenyl sulfide, benzene and a complex of the conjugate base of thiophenol with aluminum 

chloride. As indicated below for the reaction carried out in chlorobenzene as solvent, thio- 

phenol has been found to be a product in a situation which resulted in the formation of relatively 

large amounts of triarylsulfonium salts. 
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The stoichiometry of a typical redox reaction is thought to be as follows: 

When a relatively unreactive aromatic compound, such as chlorobenzene, is mixed with diphenyl 

sulfide and treated with aluminum chloride, an exchange product, phenyl E-chlorophenyl sulfide, 

is obtained in only 0.14% yield. The remaining products are the result of self-condensation 
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reactions of diphenyl sulfide and include thianthrene (1.7$), diphenyl-p-thiophenoxyphenyl- 

sulfonium iodide (22.4$), his-(p-diphenylsulfoniophenyl) sulfide diiodide (10.3$), thiophenol - 

(1.3$), benzene (3.5%) and diphenyl disulfide (0.63s). 

The structures of the triarylsulfonium salts were proved by pyrolysis and subsequent vpc 

analyses of the pyrolysates (7). The diary1 sulfide8 were isolated by use of preparative scale 

vpc and both their ir and nmr spectra compared with authentic samples. 
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