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A variety of useful methods for the formation of aryl-

nucleophile bonds using various sources of C-, O-, N-, P-, and S-
nucleophiles have been developed in cross-coupling chemistry.

1-6
 

Combinations of transition metals and ligands have been reported 
as highly efficient catalytic systems for the synthesis of C-C, C-
N, and C-O bonds.

1-6
 High catalytic activity and selectivity are 

important parameters for new catalytic systems. 
The formation of carbon-carbon bonds is important in the 

synthesis of pharmaceuticals, and natural and industrial 

products.
7-10

 The Sonogashira coupling reaction is a powerful 
synthetic procedure for the construction of C(sp)-C(sp

2
) bonds by 

the introduction of a triple bond into aromatic systems via cross-
coupling of aryl/alkyl halides and terminal alkynes.

11,12
 Alkynes 

are building blocks for a wide range of pharmaceuticals, natural 
products and materials.

13
 The original and general catalytic 

systems for Sonogashira coupling reactions involve the use of 
palladium-ligand (often a phosphine ligand) complexes as 
catalysts and a copper(I) salt as a co-catalyst.

14,15
 The role of the 

copper co-catalyst is to generate a copper-acetylide intermediate 
that subsequently transmetallates at the palladium centre. In view 
of modern organic synthesis, the use of expensive palladium 

catalysts and the requirement for a copper(I) salt as a co-catalyst 
is less attractive, in particular, for industrial scale synthesis. A 
number of important studies have focused on the development of 
new catalytic systems with high catalytic activity including 

phosphine- and palladium-free conditions. Numerous 
catalytically active metals have been developed for the 
Sonogashira coupling reactions. 

 
Salts or nanoparticles of iron,

16
 cobalt,

17
 nickel,

18
 silver,

19
 

gold
20

 and ruthenium
21

 in combination with various ligands have 

been reported as catalysts for Sonogashira-type coupling 

reactions. Copper-based catalysts are powerful in C-N, C-O, C-S, 
and some C-C bond-forming reactions.

22
 Recent attention has 

been concerned with employing copper-only catalytic systems in 
coupling reactions, in particular, for Sonogashira-type couplings. 
A number of copper-based catalytic systems have been proposed, 
including nanoparticles,

23
 supported copper complexes,

24
 a bis(µ-

iodo)bis[(-)-sparteine]dicopper(I) catalyst,
25

 Cu(I)/amino acid,
26

 
CuI/DABCO

27
 and Cu(I)/diamine.

28
 Miura and co-workers 

suggested a Cu(I)/Cu(III) mechanistic pathway for copper-
catalyzed coupling reactions.

29
 The development of a new 

catalytic system that is eco-friendly, readily available, mild and 
easily separable would be useful in modern synthesis.  

Quaternary ammonium and phosphonium salts (Q
+
 X

–
) have been 

highly successful in enhancing the reactivity and selectivity of 
metal-catalyzed organic reactions.

30-32
 The efficiency of these 

systems is due to the involvement of metal nanoparticles 
stabilized by quaternary salts and/or the formation of new 
catalytic systems. 

In continuation of our studies on the synthesis and 
development of catalysts containing quaternary ammonium and 

phosphonium salts,
32-34

 we introduce the new and interesting 
catalytic system of [N-benzyl DABCO]

+
[Cu4Cl5]‾ as an efficient 

catalyst for Sonogashira-like reactions of aryl halides with 
phenylacetylene giving quantitative yields. 

Dimeric palladium(II) ammonium and phosphonium 
complexes have been previously reported as catalysts for 
chemical reactions;

35-37
 however, only a few reports are available 

for the preparation of copper(I) complexes containing ammonium 
salts and Cu4Cl5.

38-40
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A new and effective catalytic system using [N-benzyl DABCO]
+
[Cu4Cl5]‾ was developed for the 

palladium-free Sonogashira cross-coupling reactions of phenylacetylene with a variety of aryl 

halides. In this homogeneous catalytic system, 1-benzyl-4-aza-1-azoniabicyclo[2.2.2]octane 

chloride, a quaternary ammonium salt containing a coordinating centre, plays an important role 

and increases the efficiency of Cu(I) species during the reaction. A number of internal alkynes 

were produced in moderate to excellent yields, in short reaction times in DMF at 135 ˚C. 

2009 Elsevier Ltd. All rights reserved.
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Our first goal was the synthesis and characterization of [N-
benzyl DABCO]

+
[Cu4Cl5]‾ (Catalyst A).

41
 The preparation of 1-

benzyl-4-aza-1-azoniabicyclo[2.2.2]octane chloride ([N-benzyl 
DABCO]Cl) has been reported in our previous work.

42
 [N-Benzyl 

DABCO]Cl was reacted with freshly recrystallized CuCl in 
methanol at reflux temperature under an N2 atmosphere to give 
the catalyst A. The compound synthesized was characterized by 
elemental analysis (CHN), inductively coupled plasma analysis 

(ICP), UV–vis spectroscopy and thermogravimetric analysis 
(TGA). In 2003, Mys’kiv et al. reported the [Cu4Cl5]

–
 species as a 

counteranion for the quaternary ammonium cation, N,N'-
diallylmorpholinium.

38
 Also, Flonani et al. have introduced a 

structure for the anion [Cu4Cl5]
–
.
40

 These reports, and also the 
results obtained from the CHN and ICP analysis of our 
compound helped us to suggest the formula, [N-benzyl 
DABCO]

+
[Cu4Cl5]‾, for catalyst A. This compound is stable in 

air for several months and is insoluble in common organic 
solvents such as methanol, ethanol, acetonitrile and ethyl acetate, 
but is soluble in DMF. 

The optical absorption properties of the catalyst A were 

investigated by UV–vis spectroscopy in DMF solution at room 
temperature. Figure 1 shows the absorbance spectra of [N-benzyl 
DABCO]Cl, CuCl and the catalyst A.  
 

 
 

Figure 1. UV–vis absorption spectra  
 

The UV–vis spectrum of [N-benzyl DABCO]Cl shows a sharp 

absorption band at 270 nm. In the spectrum of CuCl and catalyst 
A two absorption bands at around 276 nm and 284 nm were 
observed. The band in the 436-434 nm wavelength range also 
appeared in the UV–vis spectrum of catalyst A. 

The thermal stability of catalyst A was investigated by 
thermogravimetric analysis with a heating rate of 10 ˚C min

−1
 

under an N2 atmosphere. Figure 2 shows TGA thermograms of 
weight loss as a function of temperature for pure [N-benzyl 

DABCO]Cl and catalyst A. TGA results indicate that the catalyst 
A is stable up to 200 ˚C; and a total of 45.8% weight loss 
occurred by 800 ˚C. 
The efficiency of this catalytic system was evaluated in the 

Sonogashira cross-coupling reactions of aryl halides and 
phenylacetylene.

43
 In order to optimize the reaction conditions, 

we examined the effect of various reaction parameters such as 
solvent, base and temperature on the yields and reaction times of 

a series of screening experiments carried out for the cross-
coupling of 4-iodonitrobenzene with phenylacetylene as a model 
reaction (Table 1). 

 
 

Figure 2. TGA thermograms 

Screening of different bases such as K2CO3, KOH and t-

BuOK revealed K2CO3 as the most effective base (Table 1, 
entries 7, 8, 11). The concentration of K2CO3 was also found to 
be important in this reaction system (Table 1, entry 6). Among 
the different solvents tested such as H2O, MeCN, DMF, NMP 
and DMSO, DMF gave the best result. It is noteworthy that the 
reaction temperature plays an important role in this reaction. The 
yield of the model reaction increased when the reaction was 
conducted at 135 ˚C (Table 1, entries 3 and 9). 

We also examined catalyst loadings for the title reaction 

(Table 1), employing various amounts under optimized 
conditions. A catalyst loading of 5 mol% was found to be optimal 
with respect to the yield and short reaction times (Table 1, entries 

3, 10, 11). A lower catalyst concentration usually led to slow 
reactions, and increasing the amount of catalyst shortened the 
reaction time. However, increasing the catalyst concentration to 
10 mol% did not have any further significant effect on the yield 
or reaction time. 

As shown in Table 1 (entries 13 and 14), we also investigated 
the efficiency of CuCl as the catalyst in this reaction. Without the 
aid of any ligands, treatment of 4-iodonitrobenzene with 
phenylacetylene, CuCl (10 mol%), and K2CO3 (2 equiv) in DMF 

afforded only a trace amount of the corresponding Sonogashira 
product (5%). Under the same reaction conditions, adding [N-
benzyl DABCO]Cl (5 mol%) to the reaction mixture improved 

the yield slightly (up to 10%). 
According to the experimental results, the optimized 

conditions were obtained using N,N-dimethyl formamide (DMF) 
as solvent and K2CO3 (2 eq) as a base at 135 °C. Under these 
conditions 4-nitro-1-phenylethynylbenzene was obtained as the 
desired product in 99% yield with only a trace amount of 1,4-
diphenylbuta-1,3-diyne as a by-product formed via the homo-
coupling of phenylacetylene. 

Having optimized the reaction conditions, catalyst A was 

applied to the Sonogashira coupling of various aryl halides with 
phenylacetylene. We examined electronic effects on the resulting 
yields and conversion times. This catalytic system was 

compatible with a wide range of functional groups such as nitro, 
cyano, methoxy, halogen, and carbonyl on the aryl halides. 
Electron-poor aryl halides, in comparison to electron-rich aryl 
halides, gave better conversions in shorter reaction times. As 
shown in Table 2, all the aryl iodides were rapidly converted into 
the corresponding Sonogashira products in excellent yields. Aryl 
bromides also reacted with phenylacetylene to afford the 
corresponding Sonogashira products (Table 2. entries 7–11). 
However, the reactivity of aryl bromides was lower than that of 

the aryl iodides and they required longer times giving lower 
yields. 
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Table 1. Optimization of the reaction conditions for the Sonogashira-like coupling 
a
 

 

Entry Solvent Base Catalyst (mol%) 
Temp 
(°C) 

Conversion 
(%)

b
 

1 H2O K2CO3 A, (5) 100 - 

2 MeCN K2CO3 A, (5) 80 - 

3 DMF K2CO3 A, (5) 135 99 

4 NMP K2CO3 A, (5) 135 48 

5 DMSO K2CO3 A, (5) 135 50 

6
c
 DMF K2CO3 A, (5) 135 50 

7 DMF t-BuOK A, (10) 135 90 

8 DMF KOH A, (10) 135 85 

9 DMF K2CO3 A, (5) 115 7 

10 DMF K2CO3 A, (2.5) 135 25 

11 DMF K2CO3 A, (10) 135 99 

12 DMF K2CO3 - 135 0 

13 DMF K2CO3 CuCl, (10) 135 5 

14 DMF K2CO3 CuCl, (10) / [N-benzyl DABCO]Cl, (5) 135 10 
a
Reaction conditions: 4-nitroiodobenzene (0.1 mmol), phenylacetylene (0.12 mmol), 30 min. 

bGC conversion. 
c
0.15 mmol K2CO3. 

 
 

Substituent effects in the aryl iodides were less significant 
than those in the aryl bromides, and the reactivities of aryl 
bromides with electron-withdrawing substituents were higher 
than those of aryl bromides with electron donating substituents. 

For example, coupling of 4-bromoanisole with phenylacetylene 
(Table 2, entry 8) was slow. Aryl chlorides were inactive in this 
system. 

.

 
Table 2. Sonogashira-like coupling reactions of aryl halides with phenylacetylene using catalyst A

a
 

 

Entry Ar–X Sonogashira product Time 

(h) 

Conversion 

(%)
b
 

Yield 

(%)
c
 

1 
  

0.5 99 95 

2 
  

4.5 97 90 

3 
  

2 99 96 

4 
  

1.5 98 91 

5 
  

3 60 55 
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6 

  

1.5 97 95 

7
d
 

  
6 69 61 

8 
  

7 1 0 

9 
  

7 55 49 

10 
  

7 74 65 

11 

  

3.5 97 85 

12 
  

12 -  

a
Reaction conditions: aryl halide (0.2 mmol), phenylacetylene (0.22 mmol), K2CO3 (0.4 mmol), DMF, 135 ˚C, 5 mol% catalyst A, N2 

atmosphere. 
b
GC conversion. 

c
Isolated yield. 

d
In DMSO solvent

 

The selectivity of the procedure was examined using 1-bromo-
4-iodobenzene and 1,4-diiodobenzene. In these reactions iodide 
acted as the better leaving group (Scheme 1).  
The absence of Pd contamination in the starting materials, 
including the bases (K2CO3, KOH, t-BuOK) and the Cu complex 

was investigated by inductively coupled plasma (ICP) analysis, 
and no Pd-impurity was observed in any of the samples. 
 

 

 
Scheme. 1. Reaction selectivity of 1-bromo-4-iodobenzene and 1,4-diiodobenzene with phenylacetylene.

In conclusion, we have synthesized [N-benzyl 
DABCO]

+
[Cu4Cl5]‾ and employed it as an efficient and stable 

catalyst in Sonogashira-like cross-coupling reactions. Using this 
palladium-free catalytic system, a variety of substituted aromatic 

alkynes were prepared in good to excellent yields. 
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