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We report a mild, convenient, environmentally friendly, and ligand-free synthetic protocol for the cross-
coupling reaction of aryl iodides and thiols using 10 mol % CuI with KF/Al2O3 as the base, in DMF 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.

� 2010 Elsevier Ltd. All rights reserved.
Table 1
Optimization of reaction conditiona

I SH [Cu], KF/Al2O3

Solvent,  110 ºC, N2

S
+

Entry [Cu] Solvent Time (h) Yieldb (%)

1 CuI DMF 8 99
2 CuBr DMF 8 76
3 CuCl DMF 8 76
4 Cu2O DMF 8 93
5 CuO DMF 8 87
6 CuBr2 DMF 8 67
7 CuSO4 DMF 8 49
8 Cu(OAc)2 DMF 8 73
9 CuI DMF 8 25c

10 CuI DMF 6 94
11 CuI DMF 4 91
12 CuI DMF 2 74
13 CuI DMSO 8 95
14 CuI Dioxane 8 40c

15 CuI Toluene 8 3c

16 CuI DMF 8 50d

17 — DMF 8 5

a General reaction conditions: iodobenzene (1.0 mmol), thiophenol (1.2 mmol),
Cu catalyst (0.1 mmol), and 2.5 equiv KF/Al2O3 as base in DMF (2.5 ml) at 110 �C
The formation of C(aryl)–S bonds represents a key step in the
synthesis of many molecules that are of biological, pharmaceutical,
and material interest.1 However, traditional methods for the syn-
thesis of aryl-sulfur bonds often require harsh reaction conditions2

such as high temperature, the usual requirement of stoichiometric
amounts of copper reagents, long reaction times, and low yields.
The development of transition metal-catalyzed coupling has over-
come these difficulties to a great extent. On the other hand, mod-
ern transition-metal (palladium,3 nickel,4 copper,5 cobalt,6 iron,7

and indium8) in combination with appropriate ligands for cata-
lyzed cross-coupling reactions of aryl halides with thiols enable
the synthesis of aryl sulfides in good yields under milder reaction
conditions. However, the high cost and air sensitivity of Pd cata-
lysts and often tedious procedure for the preparation of ligands re-
strict their applications in large-scale processes. On the other hand,
in general, Co and Ni catalysts are associated with toxicity. Thus,
development of alternative inexpensive, ligand-free, non-air sensi-
tive catalysts for this useful reaction is highly desirable in the con-
text of environmental and industrial concerns.

The selection of the correct base is crucial for the success of C–S
coupling processes. This is particularly true with respect to func-
tional group tolerance and reaction rate. Nevertheless, in almost
all documented methods, Cs2CO3, NaOtBu, KOtBu, K2CO3, and
K3PO4 were chosen as bases. In fact, these bases with high sensitiv-
ity to moisture reduce their capability as bases in moisture sensi-
tive reactions. Solid base has enjoyed growing attention due to
its environmentally friendly nature and unique properties. Of a
variety of solid bases, KF/Al2O3 is a typical example. It has been
employed as an effective base in a variety of organic reactions,
many of which are staples of synthetic organic chemistry.9 On
the other hand, KF/Al2O3 is a mild base that is effective for a wide
range of substrates of coupling reactions and it has been applied
ll rights reserved.
extensively in Suzuki reaction10 and C–N and C–O bond forma-
tion.11 However, the application in the formation of C(aryl)–S bond
has not been explored. Herein, we will fill this gap with our devel-
oped protocol.
under N2 for 8 h.
b GC yield.
c The reaction was carried out at 80 �C.
d The reaction was carried out in air.
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Table 2
The C–S cross-coupling reaction of aryl iodides with thiols using KF/Al2O3 as basea

I
R1 R2SH

SR210 mol% CuI, 2.5 equiv KF/Al2O3

DMF, 110ºC, N2
R1+

Entry ArI R2SH Product Yieldb (%)

1
I HS S

87

2
I HS S

60

3
I HS S

78

4

I

F

HS

F

S
93

5

I

Cl

HS

Cl

S
99

6

I

O2N

HS

O2N

S
94

7

I

O

HS S

O 70

8

I

O

HS

O

S
91

9

I

H2N

HS

H2N

S
83

10
N I HS N S

85

11 I

HS

S 99

12
I HS S

97

13

I HS S

S

91

14
I HS

86

15

I HS

NO2

S

NO2

62

16

I HS

F

S

F
92

17

I HS

Cl

S

Cl
87

18

I HS

O

S

O
88

19

I HS
S 92

20
I HS S

43
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Table 2 (continued)

Entry ArI R2SH Product Yieldb (%)

21
I

n-C8H17SH
SC8H17

95

22
I

n-C12H25SH
SC12H25

75

23
I NHS S N

57

24

I N

S
HS

S

S

N
64

a Reaction conditions: aryl iodide (1 mmol), thiol (1.2 mmol), CuI (0.10 mmol), and KF/Al2O3 (2.5 mmol) in DMF at 110 �C under N2 for 8 h.
b Isolated yield.

Table 3
One-pot fashion synthesis of disulfide with thiols and 1,4-diiodobenzenea

I

I
RSH

SR

RS

10 mol% CuI
5 equiv KF/Al2O3

DMF, 110oC, N2

R = H, 79%a

R = p-Me, 83%a

R = m-Me, 82%a

S

S
R R

65%a

S

S

a Yield of the isolated product.
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The subject of this study was the development of a novel, sim-
ple C–S cross-coupling methodology incorporating the use of com-
mercially available KF/Al2O3 without any ligand. In the first stage
of the study we focused on the reaction of thiophenol with iodo-
benzene. A variety of experimental conditions were examined
(see Table 1). The highest yield (99%) was obtained when
10 mol % CuI was used as the catalyst, 2.5 equiv KF/Al2O3 as the
base, and DMF as the solvent (Table 1, entry 1). Other copper com-
pounds including CuBr, CuCl, Cu2O, CuO, CuBr2, CuSO4, and
Cu(OAc)2 provided lower yields (Table 1, entries 2–8). The control
experiment showed that the corresponding product with only 25%
yield was obtained when the model reaction was performed at
80 �C (Table 1, entry 9). The yield of the product with 94%, 91%,
and 74% was observed when the reaction times were shortened,
respectively, to 6 h, 4 h, and 2 h (Table 1, entries 10–12). DMF
was found to be the best solvent while DMSO, dioxane, and toluene
caused lower yields (Table 1, entries 1, 13–15). In addition, the
yield of the product was reduced to 50% when the reaction was
carried out in air (Table 1, entry 16). Therefore, the optimized con-
ditions employed 10 mol % CuI and 2.5 equiv KF/Al2O3 in DMF at
110 �C under N2. We also found that when KF/Al2O3 was used in
CuI-catalyzed reactions of C–N and C–O bond formation, 1,10-phe-
nanthroline or N,N-dibenzylethylenediamine as ligand was accom-
panied. But, simplicity of no ligand and less reaction time could be
achieved in our protocol compared with other documented
methods.

After the optimized reaction conditions were determined, we
first screened a range of commercially available thiophenols with
a variety of aryl iodides. The corresponding products were ob-
tained in moderate to excellent yields (43–99%) (Table 2, entries
1–11).12 We discovered that the S-arylation reactions of thiophenol
with p-substituted aryl halides were easier than those with o-
substituted and m-substituted aryl halides (Table 2, entries 1–3).
It is observed that electron-donating substituents in the aryl io-
dides (Table 2, entries 7–9) decreased the yields of the products.
Furthermore, we successfully coupled a variety of readily available
aryl thiols with iodobenzene in good yields. (Table 2, entries 12–
18). As expected, the tolerance of the catalytic system on aryl thiols
counterpart was not remarkable. The reactivity of the substrates
with electron-withdrawing groups was similar to that with elec-
tron-donating groups (Table 2, entries 15–18). We managed to ob-
tain the desired coupling product of aliphatic thiols with aryl
iodide in good yields for the synthesis of phenyl alkyl sulfide (Table
2, entries 19–22). We also extended the scope of thiol substrates to
heterocyclic thiols and desired that the coupling products were
also successfully observed in good yields (Table 2, entries 23 and
24).

We next turned our attention to apply this protocol to the pro-
cedure of disulfide. Four thiols and 1,4-diiodobenzene (see Table 3,
entries 1–4) were examined. It is interesting to note that the two
iodide groups in 1,4-diiodobenzene can participate in the C–S cou-
pling reaction in a one-pot fashion. The yields are around 65–83%,
which are good enough for many synthetic applications.

In conclusion, the use of KF/Al2O3 as a solid base13 in copper-
catalyzed S-arylation of aryl and alkyl thiols with aryl iodide reac-
tions offers a convenient, environmentally benign, ligand-free, and
efficient alternative. We believe that the application to KF/Al2O3

will provide new way to a wide array of organic reactions.
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