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Reaction of Benzene with Diphenyl Sulfoxides

Diphenyl sulfoxide reacted with benzenes in the presence of trifluoroacetic anhydride
and trifluoromethanesulfonic acid to yield triphenylsulfonium ions in good yields. A new
electrophilic species was proposed.

Keywords—-—electrophilic aromatic substitution; diphenyl sulfoxide; triphenyl-
sulfonium salt; trifluoromethanesulfonic acid; benzene

The most widely known reaction of benzene is the substitution by electrophilic species.?
The quest for new electrophiles has been overcome by employing strong acids or suitable leaving
groups.) The iminium-benzenium dication produced from N-phenylhydroxylamine in the
reaction catalyzed by trifluoromethanesulfonic acid (TFSA) is an example of new electrophiles
which react with benzene under mild conditions.?> The phenoxenium ion prepared by elimin-
ation of sulfonamide as the nucleofungal leaving group, also reacts with benzene.® This paper
describes a discovery of a new electrophilic species which can react with benzene easily.

Sulfoxide, on acylation, gives an acyloxysulfonium ion. In the Pummerer type reactions,
a proton abstraction on a-carbon atom and the subsequent elimination of an acyloxy group
gives ion pairs; carbonium ion and acetate anion. A nucleophilic attack of acetate anion
to the carbonium ion gives the product (eq. 1).%
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Since dipheny! sulfoxide (1) has no adjacent hydrogen, the common Pummerer reaction
does not proceed. Therefore, a nucleophile can attack on the sulfur. Benzene is a relatively
good nucleophile in a strong acid. Thus, diphenyl sulfoxide was allowed to react with benzene
in the presence of TFSA, but the starting material recovered even after 6 h’s reflux. However,
1 in benzene in the presence of TFSA and trifluoroacetic anhydride (but not the latter alone)
smoothly reacted with benzene to give triphenylsulfonium ion.

A typical example is as follows. To a solution of diphenylsulfoxide 1 (606 mg, 3 mmol)
in benzene (10 ml) was added trifluoroacetic anhydride (0.43 ml, 6 mmol) and trifluorometha-
nesulfonic acid (0.27 ml, 3 mmol). The mixture was stirred at 0°C for 30 min, and the temper-
ature of mixture was raised to 20°C. Triphenylsulfonium salt was gradually separated out
within 1 h. After 1 h, benzene was decanted, and the residual colorless oil was solidified with
addition of ether. The precipitates were washed with ether and recrystallized from dichloro-
methane-hexane to give triphenylsulfonium triflate 3, as a white solid. The triflate was
dissolved in methanol-water and was passed through a column of Amberlite IRA-400 resin
(hydroxide form). Treatment of the eluent with aqueous potassium iodide gave pale yellow
precipitates, which was crystallized from ethanol-hexane to give triphenylsulfonium iodide
4a in 88Y, yield. By the use of this method, several pure triarylsulfonium salts were prepared
in good yields. The sulfonium salts synthesized are listed in Table I.

TaBLE I. Preparation of Triarylsulfonium Salts

Arene Products Yield (%) (triflate)  Yield (%) (iodide) mp (°C) (iodide)®
Benzene Triphenylsulfonium 3a 952 4a 88> 2482509
Toluene Diphenyl-4-tolyl- 3b 934 4b 859 249—252
0-Xylene Diphenyl-3,4-dimethylphenyl- 3¢ 91% 4c 80 200—201
m-Xylene Diphenyl-2,4-dimethylphenyl- —_ 4d 83® 243—244
Mesitylene Diphenyl-2,4,6-trimethylphenyl- e 4e 85% 222—223

a) Yield based on diphenyl sulfoxide.

b) Yield based on sulfonium triflate 3.

¢) Not isolated as solid.

d) Satisfactory elemental analyses were obtained.

e) lit. 250°C.1»
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A plausible reaction pathway is shown in Chart 1. Since the reaction did not proceed in
the presence of TFSA alone or trifluoroacetic anhydride alone, probably a mixed anhydride,
trifluoromethanesulfonic trifluoroacetic anhydride,® participates in the reaction. 1 is acylated
by the mixed anhydride, and the acyloxysulfonium ion 2 eliminates the acyl group with attack
of benzene. The trifluoroacetoxy group is a very good leaving group, and an excess strong
acid helps the leaving of the acyloxy group.® Thus, the intermediate 2 is an electrophilic
reagent with great reactivity.”

NII-Electronic Library Service



No. 12 3755

Among known methods for synthesis of triarylsulfonium ions,®-1® the simplest is the
aluminum halides-catalyzed reaction of sulfoxide with benzene.® Though the reaction condi-

tions are drastic, the mechanism may be closely 0
related to the present reaction. An example of a CHs.,
sulfonium ion postulated as an intermediate at- CHy N
tacking arenes is dimethylsulfonium ion of type 0

5.1 However, the reagent reacts only with 5

phenol, and the mechanism is preferably interpreted by an intramolecular rearrangement
of a sulfonium ion formed by the attack of phenolic oxygen.® From a synthetic stand-point,
the reaction found here is the most promising method for synthesis of triarylsulfonium
salts.
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High Performance Liquid Chromatographic Analysis
of Sulfite using Malachite Green

A selective, sensitive and accurate determination of sulfite was proposed by high
performance liquid chromatography (HPLC). The sulfite was converted quantitatively
to an adduct by reacting with a triphenylmethane dye, malachite green (MG). The
formation of adduct was complete, and the adduct was stable at the experimental condi-
tions. Then, the adduct was submitted to HPLC. The working curve for sulfite was
linear in the range from 2.0 X 10-12 mol upto 1.2 X 10-* mol.
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