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Combination of CuI and Catechol violet (CuI-CV) was employed as catalyst for the first time in the C–S
coupling reaction of a wide variety of aromatic halides, such as aryl iodides, bromo pyridines, activated
aryl chlorides, and vinyl iodide with thiols to afford the corresponding thioethers in good to excellent
yields. Broad range of functional group tolerance present in both the coupling partners has been observed
in this reaction protocol.

� 2009 Elsevier Ltd. All rights reserved.
After the seminal discovery of copper-promoted Ullmann reac-
tion1 for the construction of carbon-hetero atom bonds, several
protocols have been reported over the years to perform C–N, C–
O, and C–S linkages. The carbon-sulfur bonds are prevalent in
numerous pharmaceutically and biologically active compounds.2

Traditional copper-mediated C–S couplings between thiols and
aryl halides require use of copper salts in greater than stoichiome-
tric amounts, polar solvents, and high temperatures of around
200 �C.3 Current interests for C–S bond construction have been
mostly directed toward transition metal-catalysts (mainly Fe, Cu,
Ni, and Pd) complexed with suitable ligands.4 Migita and co-work-
ers first reported the Pd-catalyzed cross-coupling of aryl bromides
with thiols using [Pd(PPh3)4].5 Recently, Itoh et al. screened a num-
ber of phosphine ligands for Pd-catalyzed C–S coupling of aryl bro-
mides (or triflate) with aryl thiols using a combination of Pd2(dba)3

and xantphos.6 Other Pd-catalyzed C–S couplings were found to be
selective for alkane thiols.7 Since copper is an inexpensive metal as
compared to palladium and other late-transition metals, several
studies have been directed toward copper-catalyzed C–S cross-
coupling reactions. Over the last decade, Venkataraman,8 Buch-
wald,9 and Palomo10 have investigated the combination of aryl io-
dides with thiols using copper catalyst. In the process of
development, various Cu–ligand complexes based on Schwesing-
er’s phosphazene P2-Et base,10 neo-cuproine,8 1,2-diol,9 1,2-dia-
mines,11 amino acids,12 1,1,1-tris(hydroxymethyl)ethane—a
tripod,13 as well as ligand-free CuO4e and Indium oxide4g nanopar-
ll rights reserved.
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ticles have been studied with varying success. In most cases, the
protocol either is substrate-specific or requires specially designed
phosphine or phosphine-free ligands besides requirement of high
temperature, strong base, long reaction time, etc. Therefore, the
development of more efficient, inexpensive, and mild catalytic sys-
tems involving copper and more generalized mild reaction condi-
tions for the C–S coupling reactions has been the major target of
contemporary research.

Over the last few years, we have been working on the develop-
ment of several Pd- and Cu-catalyzed C–C and C–N coupling reac-
tions.14 In conjunction with our interest, we wish to report herein a
general and efficient C–S coupling reaction between aryl halides
and thiols using catalytic amounts of CuI and catechol violet
(CV), as shown in Scheme 1.

Preliminary optimization of the C–S coupling reactions between
aryl halide and aryl thiol with the aid of catalytic CuI and catechol
violet was tested with p-iodoanisole and thiophenol (Table 1). As
expected, in the absence of copper no aryl sulfide was detected
(entry 1). Using only CuI (5 mol %) and carrying out the reaction
at 90 �C for 21 h in DMF yielded the desired diaryl sulfide in 78%
(Table 1, entry 2). On the other hand, similar reaction in presence
of CuI and catechol violet (5 mol % each) afforded the desired diaryl
sulfide in 93% yield in only 2 h (entry 3). Since formation of disul-
fide as a by-product is dependent on the reaction medium (i.e., the
solvent), screening of a number of solvents and base was done at
various temperatures. It was revealed that use of polar aprotic sol-
vents resulted in the formation of the desired diaryl sulfide in sub-
stantial amount, whereas a polar protic or a non-polar solvent gave
the disulfide as the main product (Table 1, entries 3, 7–13).
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Scheme 1. The CuI-CV-catalyzed synthesis of diarylsulfides is represented.

Table 1
Optimization of conditions for the CuI-CV-catalyzed coupling of p-iodoanisole and
thiophenol

Entrya Solvent Base Temperature (�C) Time (h) Yieldb (%)

1c DMF K2CO3 90 24 00
2d DMF K2CO3 90 21 78
3 DMF K2CO3 90 2 93
4 DMF K2CO3 70 4 80
5 DMF K2CO3 50 17 20
6 DMF K2CO3 rt 9 days 15
7 Dioxane K2CO3 80 8 72
8 THF K2CO3 65 8 76
9 CH3CN K2CO3 80 6 70

10 Toluene K2CO3 70 10 00
11 Cyclohexane K2CO3 80 8 08
12 Water K2CO3 70 10 00
13 Methanol K2CO3 65 10 10
14 DMF KOtBu 70 9 61
15 DMF KF 70 9 49
16 DMF Et3N 70 9 55

a Reactions carried out with 5 mol % each of CuI and CV.
b Yield based on HPLC analysis.
c Reactions carried out in absence of CuI and CV.
d Reactions carried out using 5 mol % CuI only.
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Performing the reaction at room temperature for a long time
(9 days) afforded the desired diaryl sulfide in only 15% yield (entry
6). Use of K2CO3 as the base was found to be superior to KOt-Bu, KF,
or trialkyl amine (entries 14–16). Thus, the optimized reaction con-
ditions utilized 5 mol % of Cu(I), 5 mol % of catechol violet, and
K2CO3 (1 equiv) in DMF as a solvent at 70–90 �C under nitrogen.

In the first part of this study, these reaction conditions15 were
applied to the coupling of various functionalized aryl iodides and
aryl thiols (Table 2). No significant electronic effects were ob-
served. Sterically hindered (ortho-substituted) aryl iodides under-
went C–S coupling smoothly to furnish corresponding diaryl
sulfide in good to excellent yield (Table 2, entries 2–4, 6). However,
selectivity has been noted when the aryl iodides bearing chloro- or
bromo- substituent afforded C–S coupling substituting only the
iodo group (Table 2, entries 5 and 6). Furthermore, polythioethers,
which are commercially important and widely used as thermosen-
sitive recording materials,16 were also prepared employing the
same protocol and thus bis(phenylthio)benzene derivatives were
obtained in fairly good yields (Table 2, entries 8 and 9).

The next part of this study involved the application of our pro-
tocol to the CuI-CV-catalyzed S-arylation of thiols with aryl bro-
mides and aryl chlorides. It was noted that in case of
bromoiodoarene, S-arylation selectively occurred with iodide
keeping the bromide unchanged. While attempting with only aryl
bromides, similar observations were obtained. The results are pre-
sented in Table 3 (entries 1 and 2). However, electron-deficient
pyridine ring bearing bromo substituents (Table 3, entries 3–5)
or bromoarenes bearing electron-withdrawing groups such as ni-
tro, acyl, or aldehyde function (Table 3, entries 6–8) underwent
C–S coupling smoothly yielding unsymmetrical diaryl sulfides in
excellent yield using CuI-CV (10 mol % each) and K2CO3 as the base.
Although Zhang et al.4d reported C–S coupling of aryl bromides
bearing electron-donating groups in presence of NHC-based Ni cat-
alyst, our conditions were effective only for activated aryl
bromides.

Itoh et al. reported palladium-catalyzed C–S coupling reactions
of activated aryl chlorides.6 Here, we employed our optimized
reaction conditions with minor modifications (Table 4). Changing
the catalytic amount of CuI-CV from 5 to 10 mol % resulted in the
formation of desired diaryl sulfides from activated aryl chlorides
in high yields (86–92%) (Table 4, entries 2–4), though unactivated
aryl chloride did not give the corresponding sulfide even after pro-
longing the reaction time (20 h) (Table 4, entry 1). C–S coupling
reactions of activated aryl chloride have been considered to follow
the nucleophilic substitution mechanism and thus do not ordinar-
ily need a catalyst. However, the competition between nucleophilic
substitution and metal-catalyzed oxidative addition followed by
reductive elimination pathways still remains unclear. We did ob-
serve a clear advantage between the presence and absence of me-
tal-ligand catalyst, the former combination being much more
efficient even for activated aryl chloride.

Vinyl sulfides are very important intermediates in organic
chemistry. They are used as enolate ion equivalents,17 Michael
acceptors,18 as intermediates in the synthesis of oxetanes,19 cyclo-
pentanones,20 and cyclopentanes.21 Due to the importance of these
compounds a number of methods have been reported. Most note-
worthy among them involves the addition of thiol to an alkyne.22

More recently, Venkataraman et al.23 reported the synthesis of vi-
nyl sulfides by the thiolation of vinyl iodides using [Cu(-
phen)(PPh3)2]NO3 as catalyst. To broaden the scope of our
reaction protocol, we performed C–S coupling of vinyl iodides with
aryl thiols using 5 mol % of CuI-CV. Gratifyingly, coupling occurred
selectively and smoothly yielding the corresponding aryl vinyl sul-
fides in 83–93% isolated yields. Both aromatic and aliphatic thiols
worked efficiently and the results are shown in Table 5.

Finally, we extended our protocol to aliphatic thiols bearing free
hydroxyl group. Thus, 2-mercaptoethanol was used as the aliphatic
thiol for coupling with various aryl iodides. The cross-coupling
reactions were carried out under optimal catalytic conditions: aryl
iodide (1 mmol), CuI (5 mol %), CV (5 mol %), 2-mercaptoethanol
(1.1 mmol), and K2CO3 (1 mmol) in DMF at 90 �C for 8 h. The re-
sults are presented in Table 6, which showed excellent conversion
to the aryl alkyl sulfides with free terminal hydroxyl group. No by-
product was isolated or observed while monitoring by TLC.

In summary, we found that inexpensive and commercially
available catechol violet is a new, efficient, and versatile ligand,
which could promote CuI-catalyzed C–S cross-coupling reactions
between aryl or vinyl halides and various thiophenols. Generally,



Table 2
CuI-CV-catalyzed C–S coupling of aryl iodides with aryl thiols

I
R1 + SH

R2

S
R2R1

K2CO3, DMF
70-90 oC, 2-8h

CuI, CV (5 mol% each)

yield 70-90%

Entry Aryl iodide Thiol Conditionsa temp/time Product Yieldc (%)

1

I

H3CO
SH 90 �C/2 h

S

H3CO

90

2

OCH3

I

SH

H3C

70 �C/8 h
S

CH3

OCH3

75

3

CF3

I

SH

H3CO

85 �C/6 h
S

CF3

OCH3

89

4

NH2

I
SH 90 �C/4 h S

NH2

90

5

I

Cl

SH

H3CO

80 �C/6 h

S

OCH3Cl

87

6

OCH3

Br I
SH 90 �C/8 h

S
OCH3

Br

70

7

O

I
SH

H3CO

70 �C/5 h

O

S

OCH3
86

8b

I I HS
80 �C/4 h

S S
71

9b I

I

O

HS

80 �C/4 h

SS OO

69

a Aryl iodide: thiol: CuI-CV (1 mmol: 1.1 mmol: 5 mol %) and K2CO3 (1 mmol) was taken in DMF (2 mL).
b Aryl iodide: thiol: CuI-CV (0.5 mmol: 1.1 mmol: 10 mol %) and K2CO3 (1 mmol) was taken in DMF (2 mL).
c Yield refers to pure isolated products characterized by spectroscopic (1H, 13C NMR, and IR) data.
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Table 3
CuI-CV-catalyzed C–S coupling of aryl bromides with aryl thiols

Ar1 Br + SH
K2CO3, DMF, 70-90 oC

CuI, CV (10 mol% each)

Ar1 Ar2
SAr2

yield 83-93%

Entry Bromoarene Thiol Conditionsa temp/time Product Yieldb (%)

1

H3CO

Br

SH 90 �C/12 h

H3CO

S
00

2

H2N

Br

SH 90 �C/14 h

H2N

S
00

3

N Br

SH

H3CO
70 �C/6 h

N

S

OCH3

88

4
N

Br

Br
SH 70 �C/2 h

N

S

Br

93

5
N

N

Br

SH 70 �C/7 h
N

N

S
84

6

Br

O

SH 70 �C/18 h

S

O

87

7

Br

O2N
SHCl 70 �C/20 h

S

O2N Cl

90

8

CHO

BrBr

SH 70 �C/8 h

CHO

SBr

83

a Bromoarene: thiol: CuI-CV (1 mmol: 1.1 mmol: 10 mol %) and K2CO3 (1 mmol) was taken in DMF (2 mL).
b Yield refers to the pure isolated products characterized by spectroscopic (1H, 13C NMR, and IR) data.

Table 4
CuI-CV-catalyzed C–S coupling of aryl chlorides with aryl thiols

Cl
R + SH

S
R

K2CO3, DMF
70 oC, 18h

CuI, CV (10 mol% each)

yield 86-92%

Entry Aryl chloride Thiol Conditionsa temp/time Product Yieldb (%)

1

Cl

HO
SH 70 �C/20 h

HO

S
00

2

O2N NO2

Cl

SHMeO 70 �C/18 h

O2N

NO2

S

OMe

86

3

Cl

O2N
SH 70 �C/20 h

S

O2N

88

4

O

Cl

SH 70 �C/12 h

O

S

92

a Aryl chloride: thiol: CuI-CV (1 mmol: 1.1 mmol: 10 mol %) and K2CO3 (1 mmol) was taken in DMF (2 mL).
b Yield refers to the pure isolated products characterized by spectroscopic (1H, 13C NMR, and IR) data.

5526 B. Basu et al. / Tetrahedron Letters 50 (2009) 5523–5528



Table 5
CuI-CV-catalyzed C–S coupling of styryl iodides with thiols

+ SH

S

K2CO3, DMF
90 oC, 8h

CuI, CV (5 mol% each)I

R
R

Yield 83-93%

Entry Styryl iodide Thiol Conditionsa temp/time Product Yieldb (%)

1
I

SHH3CO 90 �C/8 h

S

OCH3

83

2
I SH

Cl

90 �C/8 h

S

Cl

83

3
I

HS
OH 90 �C/8 h

S
OH 93

a Styryl iodide: thiol: CuI-CV (1 mmol: 1.1 mmol: 5 mol %) and K2CO3 (1 mmol) was taken in DMF (2 mL).
b Yield refers to the pure isolated products characterized by spectroscopic (1H, 13C NMR, and IR) data.

Table 6
CuI-CV-catalyzed C–S coupling of aryl iodides with aliphatic thiol

Entry Aryl iodide Thiol Conditionsa temp/time Product Yieldb (%)

1

I

OHHS 90 �C/4 h
S

OH 83

2

OCH3

IBr
OHHS 90 �C/4 h

S
OH

OCH3
Br

87

3

I

OHHS 90 �C/ 4 h

S OH
78

a Aryl iodide: thiol: CuI-CV (1 mmol: 1.1 mmol: 5 mol %) and K2CO3 (1 mmol) was taken in DMF (2 mL).
b Yield refers to the pure isolated products characterized by spectroscopic (1H, 13C NMR, IR, and HRMS) data.
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very good to excellent yields of the desired diaryl or aryl alkyl sul-
fides could be obtained successfully under mild reaction condi-
tions. The catalytic combination CuI-CV offers general
applicability and avoids use of expensive phosphines or other spe-
cially designed ligands. Further applications of this catalytic com-
bination are currently under investigation.
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