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ABSTRACT

We report a mild, palladium-free synthetic protocol for the cross-coupling reaction of aryl iodides and thiols using 10 mol % CuI and 10 mol
% neocuproine, with NaOt-Bu as the base, in toluene at 110 °C. Using this protocol, we have shown that a variety of aryl sulfides can be
synthesized in excellent yields from readily available iodides and thiols.

Methods for the formation of aryl-sulfur bonds are indis-
pensable tools in synthetic chemistry. Their importance stems
from the prevalence of aryl-sulfur bonds in many molecules
that are of biological, pharmaceutical and materials interest.1

Traditional methods for the synthesis of aryl-sulfur bonds
often require harsh reaction conditions. For example, cou-
pling of copper thiolates with aryl halides requires polar
solvents such as HMPA and temperatures around 200°C.
Reduction of aryl sulfones or aryl sulfoxides requires strong
reducing agents such as DIBAL-H or LiAlH4.2 In 1980,
Migita and co-workers first reported the cross-coupling
reaction of aryl halides and thiols with Pd(PPh3)4 as the
catalyst and NaOt-Bu as the base in polar solvents such as

refluxing ethanol or DMSO at 90°C.3 However, only few
reports have appeared in the literature for the formation of
aryl-sulfur bonds using transition metal catalysts (Pd(0) or
Ni(0)) since Migita’s report.4 This is in sharp contrast to the
volume of literature that exists for the formation of aryl-
nitrogen and aryl-oxygen bonds. Following Hartwig’s
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mechanistic studies4c-f on the reductive elimination of
palladium(II) arylthiolate complexes with chelating phos-
phines, in 1996, Zheng and co-workers reported the first
general palladium-based protocol for the synthesis of aryl
sulfides from aryl triflates.4h More recently, in 2001, Schöpfer
and Schlapbach reported a general palladium-catalyzed
method for the synthesis of aryl sulfides from aryl iodides,
in toluene, using DPEPhos as the ligand.4i In this report, we
present a palladium-free general method for the formation
of aryl-sulfur bonds from aryl iodides using catalytic
amounts of copper iodide and neocuproine (2,9-dimethyl-
1,10-phenanthroline).5

Traditional copper-mediated reactions suffer from draw-
backs such as high reaction temperatures, the use of copper
salts in greater than stoichiometric amounts, sensitivity to
functional groups on the aryl halide, and irreproducibility.2a

Yet, they remain as the reactions of choice in large- and
industrial-scale syntheses.8d,eIn the past five years, there has
been a resurgence in interest in developing mild synthetic
methods based on copper-based catalysts as an alternative
to palladium(0) catalysts for the formation of aryl-carbon
and aryl-heteroatom bonds. In this regard, our group,6

Buchwald’s group,7 and others8 have reported copper-based
methods for the formation of aryl-carbon, aryl-nitrogen,
and aryl-oxygen bonds. In addition to being simple and
mild, these protocols also accommodate substrates that do
not undergo coupling by palladium catalysis.9 Moreover, in
comparison to palladium, copper-based catalysts are quite
attractive from an economic standpoint. We now extend the
utility of copper-based catalysts for the formation of aryl-
sulfur bonds through the cross-coupling reaction between aryl
iodides and thiols.

We first chose to study the efficacy of copper(I)-based
catalysts in the cross-coupling reaction between iodobenzene
and thiophenol, in toluene, using Cu(phenanthroline)(PPh3)-
Br and Cu(neocuproine)(PPh3)Br complexes. We had previ-
ously shown the utility of these complexes in the formation
of aryl-acetylene, aryl-nitrogen, and aryl-oxygen bonds.6b,c

Our initial choice of base was Cs2CO3. We based this choice
on observations by Buchwald, Snieckus, and our group that
Cs2CO3 was essential in copper-based protocols for the

formation of aryl-oxygen bonds. In 24 h, although we
observed the formation of diphenyl sulfide by GC analyses,
the overall conversion was less than 50%. When we replaced
Cs2CO3 with NaOt-Bu, we observed complete consumption
of the starting materials when Cu(neocuproine)(PPh3)Br was
the catalyst. However, if Cu(phenanthroline)(PPh3)Br was
used as the catalyst, GC traces showed the presence of
starting materials in trace amounts in the same time period.
Trace amounts of starting materials were also observed if
KOt-Bu was used as the base. Diphenyl sulfide was formed
only in trace amounts if bromobenzene was used indicating
that the reaction was selective to iodides.

As a part of our control experiments, we replaced Cu-
(neocuproine)(PPh3)Br with 10 mol % CuI, CuI/neocuproine,
or CuCl/neocuproine as the catalyst. We found that CuI/
neocuproine was as effective as Cu(neocuproine)(PPh3)Br.
However, only a trace amount of diphenyl sulfide was
observed if CuI alone was used as the catalyst. This indicated
that neocuproine was essential for acceleration of the
reaction. Also, GC traces indicated the presence of starting
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Table 1. Reactions of Aryl Iodides with Thiophenol
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materials if CuCl/neocuproine was the catalyst. While we
found that K3PO4 was as effective as KOtBu, other bases
such as triethylamine and K2CO3 were ineffective in the
coupling of iodobenzene with thiophenol. On the basis of
these aforementioned observations, we decided to use CuI
(10 mol %)/neocuproine (10 mol %) as the catalyst, NaOt-
Bu as the base, and toluene as the solvent as a standard
protocol for the formation of aryl-sulfur bonds.

Using our protocol, we were able to couple thiophenol
with electron-rich and electron-poor aryl iodides in excellent
yields (Table 1). Furthermore, we successfully coupled a
variety of readily available thiophenols with iodobenzene in
excellent yields (Table 2). We were pleased to note that our

protocol can also be used to couple sterically hindered
thiophenols such as 2,6-dimethylthiophenol with iodobenzene
in 95% yield (entry 7, Table 2). Moreover, our protocol can
also be extended to couple aryl halides with alkyl thiols in
excellent yields (Table 3).

The only other report that we are aware of that deals with
the coupling of unactivated aryl iodides and thiols in the
presence of a catalytic amount of copper(I), in refluxing
toluene, was reported by Palomo and co-workers in 2000.10

This protocol, however, calls for the use of expensive
Schwesinger’s Phosphazene bases such as P2-Et.11 Moreover,
this procedure was not shown to couple aryl iodides with
alkyl thiols.

In summary, we have reported a general synthetic protocol
for the formation of aryl-sulfur bonds, using copper(I)
catalysts. In this protocol, we recommend the use of 10 mol
% CuI, 10 mol % neocuproine, NaOt-Bu as the base, and
toluene as the solvent. In cases where NaOt-Bu cannot be
used, we recommend the use of K3PO4. Our protocol is
palladium-free and avoids the use of expensive and/or air-
sensitive ligands. We are in the process of expanding the
scope of these reactions and studying their mechanistic
aspects and will be reporting on them shortly.
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Table 2. Reactions of Iodobenzene with Readily Available
Thiophenols

Table 3. Reactions of Aryl Iodides with Readily Available
Alkyl Thiols
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