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The reaction of a triarylsulfonium halide with a sodium alkoxide in a solution in the
corresponding alcohol at an elevated temperature produces a mixture of aromatic hydrocarbon,
alkyl aryl ether, diaryl sulfide and aldol resin (or a ketone if the alkoxide is derived from
a secondary alcohol).};2 Frequently, a small amount of biaryl is also produced. We have
suggested previously that the aromatic hydrocarbon, biaryl, and ketone or aldehyde (which
subsequently forms a resin in the strongly basic medium) are formed by a free radical process,
vhereas the alkyl aryl ether is produced by a competing aromatic nucleophilic displacement
reaction, and we have provided some evidence in support of this interpretation.l>2 Oae and
Khim,2 on the other hand, have suggested that both the aromstic hydrocarbon plus aldehyde
(or ketone) and the alkyl aryl ether arise by competing ionic sequences of reactions. We have
now uncovered evidence which clearly indicates that the arowatic hydrocarbon and carbonyl
compound are the products of a free radical chain reaction, whereas the alkyl aryl ether is
the product of an aromatic nucleophilic displacement reaction.

The evidence for the competiné radical and ionic pathways, as applied to the reaction of
diphenyl-p~tolylsulfonium fodide (I) with sodium ethoxide in ethanol solution, is as follows:
(1) The reaction of 0.001 mole of I with 0.003 mole of sodium ethoxide in 3.00 ml. of
absolute ethanol in a sealed tube at 80° for 24 hours affords benzene (41.4% yield),
toluene {14.1%), phenetole (22.1%), diphenyl sulfide (19.3%) and phenyl p-tolyl sulfide
(84.0%) as the major products when no effort is made to remove oxygen of the air from the
system. These and additional data are shown in Table 1. When the same reaction Is carried
out on a degassed solution in an argon atmosphere, the major products and yields are benzene
(62.8%), toluene (20.6%), phenetole (11,5%), diphenyl sulfide (19.3%) and phenyl p-tolyl
sulfide (75.0%). Clearly, oxygen or a peroxide is functioning as an inhibitor of a chain

reaction which produces benzene and toluene; however, the presence of oxygen does not affect
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the rate of production of phenetole, which arises by a conventional aromatic nucleophilic
displacement reaction. Thus, the presence of even a very small amount of oxygen causes the
yields of aromatic hydrocarbons to decrease, and, by default, more of the product of the com-
peting displacement reaction to be formed. (2) The effect is even more dramatic when certain
additives are present. For example, when 0.001 mole of 1,l-diphenylethylene is added to the
reaction mixture, the major products and ylelds are benzene (8.0%), toluene (2.3%), phenetole
(75.5%), p-methylphenetole (2.1%), diphenyl sulfide (8.2%) and phenyl p-tolyl sulfide (92.5%);
1,l-diphenylethylene 1s recovered unchanged in 87.5% yield. Thus, in relatively high concen-
tration, 1,l-diphenylethylene is effectively inhibiting the radical chain reaction leading

to the formation of aromatic hydrocarbons, presumably by capturing aryl redicals.*

The effects of such well known radical traps as galvinoxyl and diphenylpicrylhydrazyl
on the system under consideretion are of interest, but subject to some ambiguity in inter-
pretation owing to the fact that these radicals can undergo reactions with strong bases,

When 5 x 10=5 mole of diphenylpicrylhydrazyl is added to the reaction mixture described

above, without exclusion of oxygen, the major products are benzene (54k.1%), toluene (16.5%),
phenetole (18.9%), diphenyl sulfide (18.8%) and phenyl p-tolyl sulfide (77.0%). With the
same amount of diphenylpicrylhydrazyl present, but with exclusion of oxygen (argon atmos-
rhere), the products are benzene (39.7%), toluene (1l4.1%), phenetole (28.7%), diphenyl sulfide
(17.7%) and phenyl p-tolyl sulfide (78.0%). Evidently, when both oxygen and diphenylpicryl-
hydrazyl, each of which functions as an inhibitor of the radical chain reaction in its own
right, are present in small concentrations, they neutralize each other. Indeed, diphenyl~
pierylhydrazyl is known to form s complex with oxygen.5

The presence of 5 x 10*® mole of galvinoxyl in the reaction mixture, with or without
exclusion of oxygen, leads to the production of benzene (48-50%), toluene (16.8%), phenetole
(23.0-24 .6%), aiphenyl sulfide (18.7%) and phenyl p-tolyl sulfide {81.5-83.5%)., Thus, the
amount of galvinoxyl surviving reaction with base® appears to inhibit somewhat the production
of aromatic hydrocarbons, but not that of phenetole. Even when a relatively large amount of
galvinoxyl (0.001 mole) is added to the reaction mixture, the yield of phenetole is not
decreased noticeably. Since galvinoxyl is known to be an efficient trap for alkoxyl
radicals ,7 it is apparent that phenetole is not arising by a radical reaction involving

ethoxyl radicals. Furthermore, the fact that phenetole is produced, almost to the exclusion
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of p-methylphenetole, constitutes valid additional evidence for the aromatic nucleophilic
displacement process,l’2,8
We suggest that the mechanism of formation of initiator radicals is the same as that
described previocusly.}>2 We further suggest that the chain propagation steps in the radical
reaction leading to the production of aromatic hydrocarbons are as follows:
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Table 1
Reaction of Diphenyl-p-tolylsulfonium Iodide (0.001 mole) with Sodium Ethoxide (0.003 mole)

in Ethanol (3 ml.) at 80° for 2k hr. in Sealed Tube

Atmosphere Additive % Yield Products

CeHlg |CeHisMe | CalisOEL| p-Me-Cgl4OEL| PhoS | PHSTol|Biphenyl
Adr None bl b) k1 | 221 0.8 19.3| 8u.0 1.5
Argon None 62.8] 20.6 | 11.5 trace |19.3| 75.0%
Air 1,1-Dipheny1ethyleneb 8.0 2.3 75.5 2.1 8.2 92.5
Air  |Diphenylpicrylhydrazyi® | sk.1| 16.5 | 18.9 trace }18.8] 77.0 | trace
Argon Diphewlpicrylhydrazylc 39.71 14.1 28.7 1.0 17.7] 78.0
Alr  |Galvinoxyl® 48.1| 16.8 | 2u.6 0.9 {18.8| 83.5 | trace
Argon Galvinoxylc 50.0} 16.8 23.0 trace 18.71 81.5 trace
Air Galvinoucyld 22,5 6.9 | 18.2 23.2| 17.5 1.0

® Note close correspondence between yields of diphenyl sulfide and toluene and
between phenyl p-tolyl sulfide and benzene plus phenetole.

® 5.001 mole, of which 87.5% is recovered unchanged
€ 0.00005 mole

9 0.001 mole




