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Abstract: The AgNO3-mediated in situ scission of aromatic disul-
fides in the presence of electron-rich aromatic compounds results in
the efficient synthesis of diaryl sulfides. Key features of this new
methodology are high yields of aromatic and heteroaromatic sul-
fides, mild reaction conditions, simplicity, simple workup, and
avoiding foul-smelling reactants like thiols.
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In recent years sulfenylation reactions of aromatic and
heteroaromatic compounds have received much attention
due to the wide range of applications of the resulting sul-
fides.1 For example, heteroaromatic 3-thioindoles and 2-
thiopyrroles are used in the treatment of diseases includ-
ing obesity, cancer, heart disease and bacterial infections.2

On the other hand, sulfenylated phenols have been em-
ployed as agrochemicals.3 Sulfenylation of electron-rich
heteroaromatic or aromatic systems with nucleophilic
sulfenylating reagents like mercaptides, or thioethers is
difficult and sulfenylation with electrophilic sulfenyl ha-
lides is impractical due to their moisture sensitivity and
thermolability.4,5 Metals like vanadium,6 copper,7 iron,8

nickel,9 cobalt,10 palladium,11 and indium12 have been
used in the preparation of diaryl sulfides. Though these
are the convenient methods, they have their own limita-
tions including harsh reaction conditions, poor yield of
product and sometimes generation of disulfides as by-
products.6 Very recently, in 2012, Ge and Wei reported an
interesting procedure for an iodine-catalyzed sulfenyl-
ation reaction using indoles and disulfides as the reaction
partners.13 This novel reaction was limited to indoles only.
In this paper we describe the preparation of aromatic and
heteroaromatic sulfides by nucleophile-promoted reac-
tions of disulfides with nucleophilic substrates. The meth-
odology involves enhancing the electrophilicity of the
disulfides so that they can serve as sulfenium-transfer
agents to the electron-rich aromatic and heteroaromatic
substrates. The side product of the reaction is the silver
mercaptide that can be easily trapped with benzyl chloride
or can be re-oxidized to the corresponding disulfide. The
resulting benzyl thioethers may be used as precursors for
sulfenyl halides14 which, in turn, can be used as sulfenyl-

ating agents.15 The main advantage of using silver salts is
that the silver ion makes one sulfur atom of the disulfide
group more electrophilic and this is preferentially at-
tacked by nucleophiles. There are various merits of sulfe-
nylation with disulfides. Other sulfenylating reagents
such as sulfenyl halides are not easily available or are dif-
ficult to prepare, whereas disulfides can be easily pre-
pared.16 Sulfenyl halides are sensitive to hydroxylic
solvents particularly at elevated temperature but disul-
fides are not. Finally, in the reaction with sulfenyl halides
or thiols, the corresponding disulfides are formed as by-
products.18

At first we examined the reaction of β-naphthol 2f with 2-
nitrophenyl disulfide (1b) under various reaction condi-
tions as shown in Table 1. We tried different solvents such
as THF, MeCN, CH2Cl2, CHCl3, EtOH, DMF–EtOH and
water. However, it was found that DMF–EtOH in a 1:1 ra-
tio was the best for phenolic substrates in terms of the per-
centage of the product yield and ethanol was best for
amines.

The sulfenylation reaction was carried out with indole, β-
naphthol, α-naphthol, aniline and phenol. It was found
that for the phenolic substrates C-sulfenylation occurred,
whereas for aniline, N-sulfenylation was observed (Table
2).

The in situ sulfenylation of electron-rich aromatic and het-
eroaromatic systems such as, β-naphthol, α-naphthol, an-
iline, phenol, and indole with four different disulfides,
1,2-bis(phenyl) disulfane, 1,2-bis(2-nitrophenyl) disul-
fane, 1,2-bis(4-nitrophenyl) disulfane and 1,2-bis(4-chlo-
rophenyl) disulfane in the presence of silver nitrate was
performed. Except for aniline all other substrates gave
thioethers, whereas aniline gave the corresponding sulfe-
namides (Table 2, entries 5, 10, 15 and 20). The effect of
solvent polarity on the reaction was found to be substrate
dependent. For example the DMF–ethanol mixture was
found to be the best solvent for sulfenylation of phenols
(Table 2, entries 4, 9, 14 and 19) whereas, ethanol was
found to be the most suitable solvent for sulfenamide (Ta-
ble 2, entries 5, 10, 15 and 20) formation.

These sulfenylations probably involve coordination of the
Ag+ ion with one of the two sulfur atoms of the symmet-
rical disulfide molecule with nucleophilic addition to the
non-complexed sulfur leading to S–S bond scission in situ
and formation of the products (Scheme 1) as first pro-
posed by Davis et al.19–21 The precipitate of the silver mer-
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captide could be either trapped by benzylation to form
aryl benzyl thioether 4 or converted to the starting disul-
fide by oxidation.22

In summary, silver nitrate is found to be an efficient re-
agent for sulfenylation of electron-rich aromatic and het-
eroaromatic systems. This method has added advantages
of simple experimental procedure, mild and neutral reac-
tion conditions and high yields of the desired products. In
addition the resulting silver mercaptide can be easily
trapped with benzyl chloride or oxidized back to the disul-
fide. Scheme 1  A plausible mechanism for the formation of sulfides

Table 1  Silver Ion Mediated Synthesis of 1-Sulfanyl-2-naphthol (3f) under Various Conditions17

Entry Solvent Time (h) Yield (%)a

1 CH2Cl2 10 50

2 MeOH 12 40

3 MeCN 10 20

4 DMF 10 60

5 EtOH 10 55

6 DMF–EtOH 10 75

7 CHCl3 12 40

8 H2O 12 trace

a Yield of isolated 3f.
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Table 2  Synthesis of Mixed Diaryl Sulfides from Diaryl Disulfides

Entry Substrate 2 Disulfide 1 Product 3 Time (h) Yield (%)a
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3 1a 13 82

4 1a 4 85

5 1a 5 75

6

1b

10 75

7 1b 12 30

8 1b 12 60

9 1b 6 80

10 1b 3 85

11

1c

16 80

12 1c 20 45

Table 2  Synthesis of Mixed Diaryl Sulfides from Diaryl Disulfides (continued)

Entry Substrate 2 Disulfide 1 Product 3 Time (h) Yield (%)a
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