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Dicationic species, naphthalene-1,8-diylbis(diphenylmeth-
ylium), successfully promoted oxidative arylation of the sulfur
atom in (4-N,N-dialkylaminophenyl) phenyl sulfides with (4-
N,N-dialkylaminopheny)silanes, affording triarylsulfonium salts
in good yield.

Triarylsulfonium salts are highly sensitive to photolytic C­S
bond cleavage, which causes an efficient proton generation.1

This process allows triarylsulfonium salts to be well utilized as
an efficient photochemical source of Brønsted acids in industrial
processes such as cationic polymerization of alkenes or oxiranes
and hydrolysis in photoresist technology.2,3 In view of the
practical role of these salts, synthetic methods to produce them
are still needed. Although a number of synthetic methods for
alkylsulfonium salts have been described in the literature,4 there
are few methods on the synthesis of triarylsulfonium salts, and
fewer methods starting from diaryl sulfides. Triarylsulfonium
salts are synthesized by the reaction of diaryl sulfoxides with
aryl Grignard reagents and silylating reagents,5 but there is the
drawback that excess amounts of both reagents are required.
Diaryliodonium salts6 and aryl formates7 are used for the
synthesis of triarylsulfonium salts directly from diaryl sulfides,
albeit in low yield. Thus, triarylsulfonium salt synthesis by
direct arylation of sulfides still remains to be developed.

Recently, we found that naphthalene-1,8-diylbis(diphenyl-
methylium) (1) acts as an efficient, organic two-electron oxi-
dant.8,9 The dication 1 readily undergoes reduction via electron
transfer with an especially high oxidation potential, compared
with those of other bis(triarylmethylium)s10 and monotriaryl-
methyliums.11 In this process, a neutral compound, 1,1,2,2-tetra-
phenylacenaphthene (2), is formed via C­C bond formation
between the two carbocationic centers (Scheme 1). Syntheses of
(i) benzidines via self-coupling of N,N-dialkylanilines8a and (ii)
diaryl ethers via arylation of phenols with (4-N,N-dialkylamino-
phenyl) phenyl sulfides8b have already been accomplished using
dication 1. In the latter case, diaryl sulfides 3 are oxidized to
generate stable radical cation species A.12 We envisaged that
radical cations Amight be captured by an aryl radical equivalent,
providing an entry to triarylsulfonium salts 5 directly from diaryl
sulfides (Scheme 2). In this communication, we report an oxida-
tive method using dication 1 for the synthesis of triarylsulfonium
salts via arylation of diaryl sulfides with arylsilanes.13

First, we screened several aryl metal species that we
expected to act as aryl radical sources under oxidative
conditions. Diaryl sulfide 3a was successively treated with
dication 1a (X = ClO4) and 4a­4i at ¹78 °C in dichloro-
methane. The results are summarized in Table 1. Phenyllithium
and phenylmagnesium reagents 4a and 4b afforded triarylsulfo-
nium salt 5a in low yield, along with biphenyl as a major

product (Entries 1 and 2). Phenyl- and 4-methoxyphenylstan-
nanes 4c and 4d failed to produce sulfonium salts, but 4-
diethylaminophenylstannane 4e gave the expected sulfonium
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Scheme 1. Two-electron transfer to dication 1.
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Scheme 2. Triarylsulfonium salt synthesis via oxidative arylation of
sulfides.

Table 1. Oxidative arylation of sulfide 3a with arylmetals 4a­4i
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aUsing dication 1b (X = OTf) as an oxidant gave triflate salt 5c.

Published on the web December 12, 200956
doi:10.1246/cl.2010.56

© 2010 The Chemical Society of JapanChem. Lett. 2010, 39, 56­57 www.csj.jp/journals/chem-lett/

http://dx.doi.org/10.1246/cl.2010.56
http://www.csj.jp/journals/chem-lett/


salt 5b in 88% yield (Entry 5), along with 83% yield of 2, which
can be recycled.8a Moreover, (4-diethylaminophenyl)trimethyl-
silane (4f) showed similar reactivity. Subsequently, we inves-
tigated several aminophenylsilanes. (4-Diethylaminophenyl)-
dimethylphenylsilane (4g) reacted with sulfide 3a to give 5b in
80% yield (Entry 7),14,15 while the yields were low in the cases of
the corresponding triphenylsilane 4h and triisopropylsilane 4i
(Entries 9 and 10). In addition, triflate salt 1b (X = OTf) was also
effective as an oxidant for arylation of sulfide 3a to give triaryl-
sulfonium triflate 5c in 73% yield (Entry 8). Other oxidizing
agents, such as CAN, (p-BrC6H4)3N+●[SbCl6]¹, DDQ, and
PhI(OAc)2, gave poor results (0%,16 26%, trace, and 0% yield,
respectively) in this triarylsulfonium salt synthesis with 4g.

To explore the scope of oxidative triarylsulfonium forma-
tion, we surveyed the effect of substituents on the nitrogen atom
of sulfides 3, such as benzyl and allyl groups, which can be
deprotected under reductive conditions. As shown in Scheme 3,
3b and 3c provided 5d and 5e in 83% and 75% yield,
respectively. Deprotection of groups on the nitrogen provides an
amino group, which acts as a surrogate for a wide range of
functional groups.

A plausible reaction mechanism for the above-mentioned
arylation of sulfides is shown in Scheme 4. Treatment of diaryl
sulfides 3 with dication 1 generates stable radical cations 6,
which are trapped by silanes 4 on the sulfur atom to give sulfo-

nium radical cations 7.12 Further oxidation of 7 and elimination
of the silyl group occurs successively to afford triarylsulfonium
salts 5.17

In conclusion, triarylsulfonium salts were readily synthe-
sized in good yield from (4-N,N-dialkylaminophenyl) phenyl
sulfides and (4-N,N-diethylaminophenyl)silanes. This oxidative
arylation of sulfides was successfully promoted by dication 1 via
two-electron oxidation. Because there are few methods for the
synthesis of triarylsulfonium salts, such direct arylation of diaryl-
sulfides provides a promising access to triarylsulfonium salts.
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Scheme 4. A plausible mechanism for oxidative arylation on sulfur.
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