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Abstract: An efficient palladium-catalyzed copper-free Sono-
gashira reaction in water and acetone has been developed under
mild conditions. The results showed that the aryl iodides could carry
out the cross-coupling reaction with a variety of terminal alkynes in
high yields in water–acetone in the absence of amine, copper(I)
salts, or phosphine ligands at 60 °C for one hour, and good yields
were obtained for aryl bromides at 60 °C for 12–24 hours in the
presence of triphenylphosphine and piperidine. The method could
be used to synthesize polyethynyl aromatic compounds in a one-pot
reaction.
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The Sonogashira reaction via the coupling of terminal
alkynes with aryl or alkenyl halides has provided a pow-
erful synthetic tool in organic chemistry and constitutes
the key step in the preparation of many natural products
and functionalized materials.1,2 Generally, the Sonogash-
ira reaction is performed in the presence of palladium
complex and copper salts using a variety of ligands in or-
ganic solvents.3,4 However, copper salts can induce the
homocoupling of the terminal alkynes when the reaction
is exposed to air or oxidants,5 and thus lead to low yields
of desired products and separation problems. Recently,
copper-free Sonogashira reaction has been developed and
good results were achieved,6–11 which include the use of
other metal co-catalysts,8 special reaction techniques,9,10

and special ligands.11

The development of transition-metal-catalyzed reactions
in aqueous solvent system has aroused much interest due
to the economical and environmental reasons.12 The palla-
dium–copper-catalyzed Sonogashira reaction in aqueous
media has been applied in the synthesis of biomolecules
using aqueous soluble phosphine ligands.13 Very recently,
Yang et al. reported an elegant copper-free Sonogashira
reaction in water, but only examples of aryl iodides were
given and the reaction time was relatively long (around 24
h).13h In accordance with our research program on the
catalytic reactions in aqueous phase, we have studied the
effects of water on the palladium-catalyzed coupling reac-
tions.14 In this paper, we report the results of Sonogashira
coupling reactions in water and acetone without copper
salts.

Initially, we chose the coupling of 1-iodo-4-methoxy-
benzene (1 mmol) and 1-ethynylbenzene (1.5 mmol) as
the model reaction to study the Sonogashira reaction in
water in the absence of copper and phosphine ligands. The
reaction was carried out under different conditions for one
hour using 1 mol% Pd(OAc)2 as the catalyst and the
results were summarized in Table 1. It was found that the
reaction was sluggish in pure acetone (Table 1, entry 1).
However, the reaction rate was significantly promoted by
the addition of water and an optimum yield was achieved
when the amount of water to acetone was 3 g to 3 g (Table
1, entries 2–4). Phase-transfer agents and ionic liquids like
PEG 2000, [bmim]BF4, and [bmim]PF6 gave poor yields
when used in a mixture with water (Table 1, entries 5–7).
Among the bases tested, Na2CO3, K2CO3, K3PO4, Et3N,
and piperidine gave poor yields (Table 1, entries 9–13),
while high yields were obtained with strong bases such as
NaOH and KOH (Table 1, entries 3 and 8). Raising or
lowering the reaction temperature did not improve the
yield (Table 1, entries 14 and 15).

We next explored the scope and limitation of this aqueous
catalytic system for different substrates.15 A variety of the
aryl iodides were subjected to the conditions and the
results were summarized in Table 2. The yields were gen-
erally high after one hour for both electron-rich and elec-
tron-deficient aryl iodides and all of the products were
easily separated by the extraction with diethyl ether
(Table 2, entries 1–11). In the reaction of 1-bromo-4-
iodobenzene with phenylacetylene, 1,4-biphenyl-ethynyl-
benzene was isolated as a byproduct, and 1-bromo-4-
phenylethynyl benzene was obtained in a moderate yield
(Table 2, entry 7), but excellent yield and selectivity was
afforded when using 1-chloro-4-iodobenzene as the sub-
strate (Table 2, entry 8). The hydrolysis of 4-iodobenzo-
nitrile lowered the desired coupling yield (Table 2, entry
10) and no coupling product was obtained with ethyl 4-
iodobenzoate. Excellent yield was obtained for 1-iodo-
naphthalene (Table 2, entry 6). It is worth mentioning that
the catalytic system could tolerate a broad range of func-
tional groups, such as OMe, OH, NH2, and COMe, NO2.
The coupling of various terminal alkynes delivered the
products with high yields (Table 2, entries 12–20).

In the case of aryl bromides, the catalytic system present-
ed low activity and only a 38% yield was obtained for the
activated 1-bromo 4-nitrobenzene (Table 2, entry 21).
Trace of the coupling product was observed with bro-
mobenzene. In order to optimize the performance for aryl
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bromides in water–acetone, we examined the Sonogashira
reaction of 1-(4-bromophenyl)ethanone and phenyl-
acetylene in the presence of 10 mol% PPh3 under various
reaction conditions. It was found that a combination of 5
mol% PdCl2 and 2 equivalents piperidine gave the best
isolated yield of 84% at 60 °C for 12 hours (Table 3, entry
7). This optimized reaction conditions were applicable to
a range of aryl bromides.16 As presented in Table 3, high
yields were afforded for the electron-deficient aryl
bromides (Table 3, entries 1–8), but longer reaction time
was required for the electron-rich aryl bromides (Table 3,
entries 10, 11).

1-Bromo-4-chlorobenzene reacted with phenylacetylene
gave 1-chloro-4-(2-phenylethynyl)benzene as the only
product, thus showing a good selectivity (Table 3, entry
8). The coupling reaction of 1-bromonaphthalene and
bromoheteroaryl delivered moderate to good yields after
the reaction time was prolonged to 24 hours (Table 3, en-
tries 12–16). The hydrolysis of groups such as CN and
CO2Et was suppressed markedly in this catalytic system
and good coupling yields were obtained (Table 3, entries
4–6, 19, 20). Unfortunately, the catalytic system was in-
active for aryl chlorides (Table 3, entries 21 and 22).

Table 1 Effect of Solvent, Base, and Temperature on the Sonogashira Reactiona

Entry Solvent (g:g) Base Temp (°C) Conv. (%) Yield (%)b

1 acetone–H2O (6:0) NaOH 60 10 10

2 acetone–H2O (4:2) NaOH 60 42 38

3 acetone–H2O (3:3) NaOH 60 100 87

4 acetone–H2O (2:4) NaOH 60 63 53

5 H2O–PEG2000 (3:3) NaOH 60 50 50

6 H2O–[bmim]BF4 (3:3) NaOH 60 0 0

7 H2O–[bmim]PF6 (3:3) NaOH 60 3 3

8 acetone–H2O (3:3) KOH 60 100 88

9 acetone–H2O (3:3) Na2CO3 60 14 14

10 acetone–H2O (3:3) K2CO3 60 32 32

11 acetone–H2O (3:3) K3PO4 60 83 74

12 acetone–H2O (3:3) Et3N 60 27 27

13 acetone–H2O (3:3) piperidine 60 58 38

14 acetone–H2O (3:3) NaOH 50 94 83

15 acetone–H2O (3:3) NaOH 80 71 53

a Reaction conditions: 1-iodo-4-methoxybenzene (1 mmol), phenylacetylene (1.5 mmol), base (2 mmol).
b GC yield based on the amount of 1-iodo-4-methoxybenzene used.

IO +
1 mol% Pd(OAc)2

O
base, 1 h 

H2O–acetone

Table 2 Sonogashira Reaction of Aryl Iodides with Terminal Alkynesa 

Entry R1 Alkyne Product Yield (%)b

1 4-OMe

a

83

2 4-OH a 91

IR1 + R2

H2O–acetone

R1 R2

NaOH, 60 °C, 1 h

1 mol% Pd(OAc)2
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3 4-NH2 a 88

4 4-Me a 98

5 H a 90

6 1-Naph a 99

7 4-Br a 68

8 4-Cl a 91

9 4-COMe a 90

10 4-CN a 66

11 4-NO2 a 93

12 4-OMe

b

92

13 4-OMe

c

85

14 4-OMe

d

50

15 H b 84

16 H c 83

17 H d 75

18 4-NO2 b 85

19 4-NO2 c 99

20 4-NO2 d 94

Table 2 Sonogashira Reaction of Aryl Iodides with Terminal Alkynesa  (continued)

Entry R1 Alkyne Product Yield (%)b

IR1 + R2

H2O–acetone

R1 R2

NaOH, 60 °C, 1 h

1 mol% Pd(OAc)2

H2N

Br

Cl

O

NC

O2N

O

O

OH

O

HO

HO

O2N

O2N

HO

O2N
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21 a 38c

22 a Tracec

23 a 0c

a Reaction conditions: aryl halide (1 mmol), terminal alkyne (1.2 mmol), 1 mol% Pd(OAc)2, NaOH (2 mmol), H2O–acetone = 3:3 g, 60 °C (bath 
temperature), 1 h.
b Isolated yields.
c 6 h.

Table 2 Sonogashira Reaction of Aryl Iodides with Terminal Alkynesa  (continued)

Entry R1 Alkyne Product Yield (%)b

IR1 + R2

H2O–acetone

R1 R2

NaOH, 60 °C, 1 h

1 mol% Pd(OAc)2

BrO2N O2N

Br

BrO O

Table 3 The Coupling of Aryl Bromides with Terminal Alkynesa 

Entry Bromide Alkyne Time (h) Yield (%)b

1

a

12 85

2 a 12 94

3 a 12 86

4 a 12 95

5 a 12 83

6 a 12 90

7 a 12 84

8 a 24 80

9 a 24 52

10 a 24 61c

11 a 24 67c

BrR1 + R2

H2O–acetone, 60 °C
R1 R2

PdCl2, PPh3, piperidine

BrO2N

Br

O2N

Br

NO2

BrEtOOC

BrNC

Br

NC

Br

O

BrCl

Br

Br

BrO
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12 a 24 58c

13 a 24 77

14 a 12 66

15 a 12 85

16 a 12 53

17

b

12 70

18

d

12 72

19 a 1 91

20 a 1 87

21 a 48 42

22 a 48 Trace

a Reaction conditions: aryl halide (1 mmol), terminal alkyne (1.2 mmol), 5 mol% PdCl2, 10 mol% PPh3, piperidine (2 mmol), H2O–
acetone = 3:3 g, 60 °C (bath temperature), N2.
b Isolated yield.
c Terminal alkyne (1.5 mmol).

Table 3 The Coupling of Aryl Bromides with Terminal Alkynesa  (continued)

Entry Bromide Alkyne Time (h) Yield (%)b

BrR1 + R2

H2O–acetone, 60 °C
R1 R2

PdCl2, PPh3, piperidine

Br

Br

N

Br

N

Br
S

Br
S

BrO2N

BrO2N

OH

IEtOOC

INC

ClO2N

Cl

Table 4 Coupling of Dihaloaryls and Polyhaloaryls with Terminal Alkynesa 

Entry Halide Alkyne Time (h) Product Yield (%)b

1

a

24 83

2 a 24 74

BrI

Br

I
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The PdCl2–PPh3–H2O–acetone catalytic system was also
utilized to synthesize the polyethynyl aromatic com-
pounds (Table 4), which have currently attracted much at-
tention because of their potential applications in various

optoelectronic devices.17 It can be seen that the use of 10
mol% PdCl2 and 20 mol% PPh3 at 60 °C delivered the bi-
ethynylaryls as the main products (Table 4, entries 1–5).16

More PdCl2 and PPh3 were required for tribromo- and

3 a 24 64

4 a 24 51

5 a 24 47

6 a 48 58c

7 a 48 46d

8 a 48 78

9

e

48 68

a Reaction conditions: dihalide (1 mmol), terminal alkyne (2.4 mmol), 10 mol% PdCl2, 20 mol% PPh3, piperidine (4 mmol), 
H2O–acetone = 3:3 g, 60 °C (bath temperature), N2.
b Isolated yield.
c Reaction conditions: trihalide (1 mmol), terminal alkyne (3.6 mmol), 15 mol% PdCl2, 30 mol% PPh3, piperidine (6 mmol), 
H2O–acetone = 3:3 g, 60 °C (bath temperature), N2.
d Reaction conditions: tetrahalide (1 mmol), terminal alkyne (4.8 mmol), 20 mol% PdCl2, 40 mol% PPh3, piperidine (8 mmol), 
H2O–acetone = 3:3 g, 60 °C (bath temperature), N2.

Table 4 Coupling of Dihaloaryls and Polyhaloaryls with Terminal Alkynesa  (continued)

Entry Halide Alkyne Time (h) Product Yield (%)b

Br
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tetrabromobenzene (Table 4, entries 6 and 7). In the reac-
tion of 2,6-dibromopyridine, 2,6-biethynyl pyridine was
afforded in 78% yield (Table 4, entry 8). Ethynylation of
bromoiodobenzene with 2-ethynyl pyridine gave the
desired product in 68% yield (Table 4, entry 9).

In summary, we have developed a copper-free Sono-
gashira reaction in aqueous media under mild reaction
conditions. The catalytic system tolerates a range of
groups, including the unprotected hydroxy and amino
groups. The high efficiency and easy separation of the
products make the method attractive and viable in
aqueous media.
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