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In a previous cozmmmication (1) we have suggested that the 

mechanism of pyrolysis of triarylsulf~ium halides to give diary1 

sulfides snd the corresponding aryl halides involves the additlcn of 

the halide ion to the sulfur atom of the sulfonium cation and sub- 

sequent intramolecular collapse of the adduct. We have now carried out 

a study of the decanposition of triarylsulfoniwn alkoxides, and the 

results are summarized in Table 1. 

It is clear that the complex mixture of products produCed in 

each csse precludes a rationslization based on the operation of a 

simple and exclusive aromatic Shl mechanism or bimolecular aromatic 

nucleophilic substitution process. In fact, the only single mechanism 

able to accanmodate sll the facts is a radical process analogous to 

that suggested for the decomposition of various disryliodonium salts 

(2-ll). The gross features of the mechsnism, as applied to trisryl- 
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sulfonium dkccddes, are as follous: 

a) Ar$3+ OOHR - = Ar&xcHRp== (A&., R&lib) 
b) or& d) 3 ks + ~OoHR~ 
c) (Ar$, R.&d) ---+ Jw#+ R&Ho* 
a) Al-&* + Ar&5 + AI-0 
e) Ar.+R&HOH + ArH+R&H 
f) R&.X@+ R&HOE R&ECB+R&X 
8) 2R.&H -_,RCOR+R&EOE 

The outstanding features of the data presented in Table 1 are 

readily understood in terms of this mechanism. (1) The major 

products of the decomposition read-Sons em alkyl aryl ethers, 

diarylsulfides, aromatic hydrocarbons and ketones (or aldol resins 

derived from aldehydes). (2) In the reaction of diphenyl-p-tolyl- 

sulfoti.m bromide with sodiuntert-butaxide, trace smounts of acetone 

and en allsane of low molecular weight were detected. These could 

only hwe arisen by the decomposition of the tert-butoxyl radical. 

Also, (L host of unidentified products were formed, these probably 

arising by attack of various reactive radicals on the primary products. 

lhe NM< spectra of some of these products suggested the presence of 

tert-butmyl and aromatic methyl groups. (3) In the reaction of 

tri@enylsulfouium iodide with sodium isopropoxide in isopropyl 

alcohol solution, the ratio of isopropyl phenyl ether to benzene 

proaUC'?a was about 2:l. In the identical reaction with triphenyl- 

sulfonium bromide, the ratio was about 49:l. Similar results were 

obteinsd with other alkoxides. Although a precise explauation 

for these observations cannot be offered at the present time, the 

sensitivity of product ratios to the halide ion present in solution 

is a phenomenon which hss been observed for other radical processes 

(12). (4) It is striking that decomposition of triphenylsulfonium 



bromide by the action of sodium isopropaxide gives but a 2$ yield 

of benzene (and acetcme), whereas the similar reaction of tri-E- 

tolylsulfoniumbrcnnidewith sodiwnisopropoxide affords a7'j'$yield 

of toluene (and acetone). The more reactive the radicals in the 

radical pair (Ar$, F&X6), the greater will be the yield of alhyl 

atylether and disxylsulfide. The more stable the radicals that 

m&e up the rsdical pair, the greater is the likelihood of the 

radicals becoming free from one another snd reacting with the solvent, 

this giving rise to the sequence of reactions that produces the sraeatic 

hydrocarbons plus the carbonylcompounds. The larger yield of toluene 

in the reactions of tri-p-tolylsulfonium brozeide with sodium alkoxides 

than that of benzene in the corresponding reactions of triaenyl- 

sulfonium bromide may be attributable to the greater stability of the 

tri-p-tolylsulfur radical over the trlphenylmlfur radical.* The 

enhanced stability of the tri-p-tolylsulfur radical can be attributed 

to a type of hypercmjugation involving use of the d-orbits& of the 

sulfur atom. 

aI3 -(I 

3 

Q c 
etc. 

YFhere is electrochemical evidence for the existence of the tri- 
pheuylsulfur radical (13-15). 
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An aqaent coo33 be made that the diary1 sulfides plus the 

corresponding atyl alkyl ethers arise by a bimolecular arcmatic 

nuc1eophiL.c substitution process, while the aromatic hydrocarbons 

plus ketaws (or alaehydes) result from a competing reaction 

analogous .I:0 the Meerwein-Ponndorf-Verley reaction. The combination 

of these rwctims cannot be used to explain the formation of acetone 

end the lwge number of by-products In the diphewl-E-tolylsulfcmium 

tert-butox:ide decomposition reaction, and explanations of product 

ratios produced in the various reactions would be unsatisfactory. 

However, F; is possible, particularly in view of the results of the 

reaction 0:' tri&aylsulfonium icdide with sodium n-butyl merceptide, 

thnt the b.imole.:ular aromatic nucleophilic substitution process cccws 

concomitau:ly bith the radical prwess. 

&&h~sr possibility worthy of consideration is that the diary1 

suWides ad alkyl ~$1 ethers erise by e mechanism in which a 

benzyne tg:? of intermediate is generated by attack of the elkoxide 

ion (IX the triarylsdll"oaium cation. Benzynes have been postulated 88 

beine: intermediates &L: s-iher reactions between triarylsulfonium 

cations arl bases (US,,_.' TM.8 possibility WRS ruled out for the 

triaq~lsul.fonium albox*~'-~ i’< composition reactions on the basis of the 

following F-xperimental obc?. 3t.tions: (a) The reaction of tri-p- 

tolylsulfoaium bromide with s&ium n-butoxide gave n-butyl p-tolyl 

ether es the sole alkyl aryl ether. (b) Decomposition of the 

dipolar ion derived by diazotization of 2-amino-4-methylbenzoic acid, 

c t.ype of reaction known (18) to give a benzyne type of intermediate, 

in $-buty? alcohol afforded n-butyl a -tolyl ether and n-butyl p-tolyl 



No.34 2975 

ether ti a 65:55 
a!- 

\ Nz+ 

a 
', 

ratio. 

The voricm s&dutI halides used In tiesa etrdles wee prr?- 

pared by adaptations of'the methods of Makarov~-& 81~0~ (51, 

wildl, Taylor Blld Potretz (19) and Courtot and lfmg (20). The 

structures end purities of the salts vere estebLlsbed by carrying out 

pyrolyses,~ch~~diarylsdlfideeablthecarrespondingaryl 

halides in quantitative field (l), vith subrepmt vapor @IMe 

chrmatcgrephic analyses of the product mixlames. 

Ackncvl~nt. 'Ihiavorkvaesu~inpsrtbyagrantfi'= 

the lieticmel Science Famdatlon. 
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