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Under copper-free conditions and with Cs2CO3 as a base,
PdCl2(PCy3)2 showed high catalytic activity for cross-
coupling of electron-rich, electron-neutral, and electron-
deficient aryl chlorides with a variety of terminal alkynes in
DMSO at 100-120 °C affording internal arylated alkynes
in good to excellent yields.

Palladium/copper-catalyzed Sonogashira cross-coupling of
terminal alkynes with aryl halides has become a powerful
method for constructing carbon-carbon bonds leading to the
formation of internal arylated alkynes (eq 1).1 A number of

efficient catalyst systems have been developed for coupling of
aryl bromides or aryl iodides.2,3 In recent years, although the
Sonogashira reaction has been intensively investigated to extend
the application generality and simplify the catalyst systems, the

reported results focused on the development of copper-free
catalyst systems for aryl bromides and aryl iodides.3 The
examples of the efficient palladium catalyst systems for Sono-
gashira coupling of aryl chlorides are still few.4 The efficient
copper-free palladium catalyst system for Sonogashira coupling
of electron-rich, electron-neutral, and electron-poor aryl chlo-
rides was reported by Buchwald and co-workers with P(Cy)2Ar
as ligand.4b,f Other catalyst systems showed moderate or high
catalytic activity either in the use of activated aryl chlorides4e

or requiring CuI4c,d or ZnCl24a as cocatalyst. Therefore, the
purpose of our research work is to develop an effective, copper-
free, easily available palladium catalyst for Sonogashira coupling
of a wide variety of aryl chlorides. In this Note, we wish to
report our preliminary results.

We chose the cross-coupling of chlorobenzene (1a) with
phenyl acetylene as the model reaction to screen the catalyst
and optimize the reaction conditions. First, the catalytic activities
of some catalysts such as NiCl2(dppp), PdCl2(PPh3)2, PdCl2-
(PPhMe2)2, and PdCl2(PCy3)2 were tested in the presence of
Cs2CO3 at 120°C in NMP (NMP) N-methylpyrrolidone). As
shown in Table 1, NiCl2(dppp) and PdCl2(PPh3)2 showed no
catalytic activity at all and the starting materials were recovered
completely (entries 1 and 2), while PdCl2(PPhMe2)2 displayed
low catalytic activity to give2a in 25% GC yield (entry 3).
Fortunately, PdCl2(PCy3)2, which has more basic and bulky
groups of PCy3, showed moderate catalytic activity (entry 4).
These results encouraged us to further optimize the reaction
conditions in the presence of PdCl2(PCy3)2 by using different
bases and solvents, as well as changing the reaction temperature.
As can be seen from Table 1, among the bases tested, Cs2CO3

was the best chosen. In addition, the use ofp-xylene, 1,4-
dioxane, or DMF to replace NMP as solvent resulted in
decreasing the catalytic activity of PdCl2(PCy3)2 (entries 8-10).
However, in the case of DMSO used as solvent, even at a
relative low temperature (100°C), PdCl2(PCy3)2 also showed
some catalytic activity, and at 120°C, 2a could be obtained in
60% GC yield (entries 11 and 12). More importantly, increase
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of the reaction temperature could greatly accelerate the reaction
to give2a in 85% GC yield (entry 13). Therefore, the catalysis
system of PdCl2(PCy3)2/Cs2CO3 in DMSO is considered as an
efficient catalyst system for Sonogashira cross-coupling of aryl
chlorides.

To assess the scope of the PdCl2(PCy3)2-catalyzed Sono-
gashira reaction, the cross-coupling reactions of1awith several
terminal alkynes and the unactivated as well as activated aryl
chlorides with 1-heptyne have been investigated. The results
are concluded in Table 2.p-Tolylacetylene showed somewhat
low reactivity compared to phenyl acetylene: the cross-coupling
with 1a at 150°C for 12 h afforded the corresponding product
phenyl-p-tolyl acetylene2b in 77% GC yield (entry 1). Although
the cross-coupling of1a with phenyl acetylene at 100°C
proceeded slowly (heating for 12 h, 10%), the reactions of1a
with aliphatic alkynes took place smoothly under this reaction
temperature to give the corresponding 1-alkyl-2-phenylacetylene
in excellent yields (Table 1, entry 11 vs Table 2, entries 2-4).
The electron-rich aryl chlorides 4-chlorotoluene (1b) and
4-chlorobenzyl alcohol (1c) reacted with 1-heptyne at 120°C
to give the cross-coupling products2f and2g in near quantitative
yields (entries 5 and 6). As expected, under the same reaction
conditions, the electron-poor aryl chlorides underwent cross-
coupling reaction smoothly. For example, the reactions of methyl
3-chlorobenzoate (1d) and 4-chlorobenzophenone (1e) with
1-heptyne afforded the desired products in high yields (entries
7 and 8). These results also indicated that a variety of important
functional groups such as alcohol, ester, and ketone were
tolerated under the present conditions.

When 1,4-dicholorobenzene was employed, the product
distribution could be controlled completely by the use of a
different ratio of the reactants. Therefore, 1-(4-chlorophenyl)-
1-heptyne (2j) and 1,4-bis(1-heptynyl)benzene (2k) were ob-
tained in good yields (entries 9 and 10).

In addition, 1-chloronaphthalene (1g) showed reactivity
similar to that of phenyl acetylene at 120°C, affording2l in
92% GC yield (entry 11).

It should be noted that under the same conditions, the reaction
of 1a with trimethylsilyl acetylene afforded diphenyl acetylene
(2a) as the major product (46% GC yield, based on the amount
of phenyl acetylene used). The corresponding Sonogashira
coupling product of 1-phenyl-2-(trimethylsilyl)acetylene was
determined in very low yield (<10%) (eq 2). These results
indicated that the present catalyst system also displayed the high
catalytic activity to catalyze the cross-coupling reaction of1a
with 1-phenyl-2-(trimethylsilyl) acetylene via activation of
C-Si.5

In summary, we developed a practical and efficient PdCl2-
(PCy3)2-catalyzed sonogashira coupling of aryl chlorides with

(5) Examples of palladium-catalyzed Sonogashira-type coupling of aryl
halides with 1-aryl-2-(trimethylsilyl)acetylene have been reported, see:
Sorense, U. S.; Pombo-Villar, E.Tetrahedron2005, 61, 2697-2703 and
references therein.

TABLE 1. Palladium-Catalyzed Cross-Coupling of Chlorobenzene
with Phenyloacetylene under Different Conditionsa

entry catalyst solvent base
temp
(°C)

yield
(%)b

1 NiCl2(dppp)c NMP Cs2CO3 120 0
2 PdCl2(PPh3)2 NMP Cs2CO3 120 0
3 PdCl2(PPhMe2)2 NMP Cs2CO3 120 25
4 PdCl2(PCy3)2 NMP Cs2CO3 120 55
5d PdCl2(PCy3)2 NMP Et3N 120 <5
6 PdCl2(PCy3)2 NMP pyridine 120 <5
7 PdCl2(PCy3)2 NMP Na3PO4 120 <5
8 PdCl2(PCy3)2 p-xylene Cs2CO3 120 <5
9 PdCl2(PCy3)2 1,4-dioxane Cs2CO3 120 44

10 PdCl2(PCy3)2 DMF Cs2CO3 120 50
11 PdCl2(PCy3)2 DMSO Cs2CO3 100 10
12 PdCl2(PCy3)2 DMSO Cs2CO3 120 60
13 PdCl2(PCy3)2 DMSO Cs2CO3 150 85 (81)

a Reactions were carried out with 0.66 mmol of1a, 0.6 mmol of phenyl
acetylene, 0.7 mmol of base, and 0.02 mmol of catalyst in 0.8 mL of solvent
in a sealed tube for 12 h.b Yield according to GC based on the amount of
phenyl acetylene used. Number in parentheses is isolated yield.c DPPP)
1, 3-bis(diphenylphosphino)propane.d For 20 h.

TABLE 2. Palladium-Catalyzed Cross-Coupling of Aryl Chlorides
with Terminal Alkynes a

a Reactions were carried out with 0.66 mmol of aryl chloride, 0.6 mmol
of alkynes, 0.7 mmol of Cs2CO3, and 0.02 mmol of PdCl2(PCy3)2 in 0.8
mL of DMSO in a sealed tube for 12 h.b Yield according to GC based on
the amount of alkyne used. Numbers in parentheses are isolated yields.
c Aryl chlorde:alkyne) 1:3 molar ratio.
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terminal alkynes. The advantages of this catalytic procedure
include (1) omission of a copper cocatalyst, (2) ready availability
and easily handling of catalyst, and (3) the high catalytic activity
for not only electron-poor aryl chlorides but also electron-rich
aryl chlorides under mild and convenient conditions.

Experimental Section

Typical experimental procedure for cross-coupling of chlo-
robenzene (1a) with phenyl acetylene to afford diphenyl
acetylene (2a) (Table 1, entry 13):A mixture of chlorobenzene
(1a) (75.0 mg, 0.66 mmol), phenyl acetylene (61.5 mg, 0.6 mmol),
Cs2CO3 (230.0 mg, 0.7 mmol), PdCl2(PCy3)2 (15.4 mg, 0.02 mmol),
and DMSO (0.8 mL) under nitrogen in a sealed tube was heated
with stirring at 120°C for 12 h. After cooling, the reaction mixture
was diluted with CH2Cl2 to 1.5 mL and octadecane (45 mg, 0.18
mmol) was added as internal standard for GC analysis. After GC

and GCMS analyses, removing the solvents and volatiles under
vacuum, the residue was then subjected to preparative TLC isolation
(silica, eluted with cyclohexane).2a was obtained (85.5 mg, 0.48
mmol, 80%) as a white solid. The results of GC analysis of the
reaction mixture revealed that2a was formed in 85% yield.

A larger scale reaction (3.3 mmol) of1a or 1g with 1-heptyne
(3.0 mmol) afforded a similar isolated yield of2e(93%) or2l (87%)
as described in Table 2.
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