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A Simple and Efficient Copper(II) Complex as a Catalyst for 
N-Arylation of Imidazoles 
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Four inexpensive and air-/moisture-stable pyrrolecarbaldiminato-Cu complexes 1－4 were synthesized and 
evaluated to be a novel class of catalysts for the N-arylation of imidazoles with aryl halides. A variety of aryl io-
dides, bromides and activated aryl chlorides underwent the coupling with imidazoles, promoted by the catalyst 4, in 
moderate to good yields without the protection by an inert gas. 
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Introduction 
N-Aryl imidazoles are prevalent building blocks of 

numerous drugs, natural products and energetic materi-
als,[1] and have been exploited as important precursors 
in the area of N-heterocyclic carbine chemistry.[2] 
Therefore, their preparations have attracted much atten-
tion. Traditionally, these compounds were synthesized 
via SNAr substitution of imidazoles with activated aryl 
halides or the classic Ullmann-type coupling reactions,[3] 

which were often suffered from harsh reaction condi-
tions and stoichiometric amounts of copper reagents. In 
recent years, the transition-metal (such as palladium, 
copper, nickel and iron), especially palladium-catalyzed 
N-arylation of imidazoles has achieved remarkable 
achievements, and shows relative mild reaction condi-
tions, broad substrate scope and excellent functional- 
group tolerance.[4] However, in comparison with the use 
of costly palladium and toxic phosphane-containing 
ligands, it is desirable to develop more effective copper 
catalytic systems for N-arylation of imidazoles. The 
breakthroughs in this area, which were achieved by two 
research groups of Buchwald[5] and Taillefer,[6] respec-
tively, have been typically driven by the implementation 
of new class of ligands and only catalytic amounts of 
copper metal under mild conditions. Following these 
pioneering works, several classes of mono- and biden-
tate chelators have thereby been developed to expedite 
the reaction rates and lower substantially the reaction 
temperature of Cu-based C－N coupling reaction.[7] In 
spite of the significant progress made in the aforemen-
tioned transformation, more efficient, air or/and mois-
ture-stable and easy-synthesis ligands or metal-com-
plexes for facilitating these coupling reactions under 

relatively milder conditions are still in demand. 

Scheme 1  Preparation of catalyst 1－4 according to the 
reported method 
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Since the first report of 2-pyrrolecarbaldimines and 
its Co and Cu chelates,[8] several pyrrolecarbaldiminato- 
metal complexes have been synthesized and demon-
strated potential applications to various processes, such 
as C－H activation,[9] ethylene polymerization,[10] neu-
tral luminescent,[11] copper metal CVD (chemical va-
pour deposition) or ALD (atomic layer deposition) pre-
cursors,[12] and so on. However, these series of Cu- 
complexes, to our knowledge, have seldom been used as 
the catalysts for the C－N coupling reaction. Moreover, 
imines have been reported as ligands to improve the 
reaction efficiency for copper-catalysed Ullmann cou-
pling reaction.[13] Therefore, we reasonably assumed 
that pyrrolecarbaldiminato-Cu complexes might be a 
class of effective copper-catalysts for C－N coupling 
reaction. Herein, we wish to report our results of pyr-
rolecarbaldiminato-Cu complexes as catalysts for the 
N-arylation of imdazoles. This methodology has several 
advantages as follows: (1) the catalysts were easily 
synthesized from cheap starting materials with satisfied 
yield on a multi-gram scale, and are stable in air and 
moisture; (2) the reaction condition was relatively 
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milder and did not require protection by an inert atmos-
phere; (3) the catalysts worked well for aryl iodides, 
bromides and electronic-withdrawing aryl chlorides 
with moderate to good yield. 

Results and Discussion 
Considering that the electronic effects and steric ef-

fects of pyrrolate-imine moieties could play an impor-
tant role in the catalytic activities, we selectively pre-
pared four typical pyrrolecarbaldiminato-Cu complexes 
(R＝CH3, t-Bu, Ph, and Bn) by reacting the pyrrole-2- 
carboxaldehyde, corresponding amines, with Cu(OAc)2 
in situ according to the reported procedures,[12a,14] and 
the four copper-complexes were characterized by ele-
mental analysis. The synthetic route was shown in 
Scheme 1. Subsequently, the catalytic activity of the 
four catalysts was evaluated by using the C－N cou-
pling of 4-iodotoluene with imidazole as a model reac-
tion in the presence of K3PO4•3H2O at 120 ℃ for 24 h 
in DMSO. As expected, the four Cu-complexes all ex-
hibited high catalytic activity for this process, and cata-
lyst 4 was the best, which gave the desired product in 
87% isolated yield (Table 1, Entries 1－4). Control ex-
periment conducted in the absence of Cu-complex from 
the reaction mixture resulted in no product (Table 1, 
Entry 5). 

With the appropriate catalyst in hand, it was reason-
able for us to further optimize the other reaction condi-
tions, including solvents, bases, catalyst loading, tem-
perature and reaction times, and the results are listed in 
Table 1. It was found that DMSO performed as the 
prime solvent; DMF and toluene were fairish, but were 
not as good as DMSO; meanwhile, dioxane was not 
suitable as a solvent (Table 1, Entries 6－8). Investiga-
tion into the bases with different basicities revealed that 
the Cs2CO3 demonstrated the best improvement among 
those screened (NaOH, KOH, K2CO3, Cs2CO3, and 
K3PO4) to give the corresponding product in 88% yield 
(Table 1, Entries 9－13). However, K3PO4•3H2O was 
the recommended base as it was less expensive and 
weaker basicity than Cs2CO3. It must be pointed out that 
the hydrate of K3PO4 can dramatically accelerate the 
arylation of imidazole (Table 1, Entry 4 vs. Entry 9). 
This could be attributed to that the hydrate of K3PO4 
increased the rate of the arylation reaction by solubiliz-
ing the base in DMSO, and thus facilitating deprotona-
tion of imidazole, which is in good agreement with the 
reported results.[15] Furthermore, decreasing the loading 
of catalyst 4 from 10 mol% to 5 mol% led to a decrease 
of the yield. In addition, reaction time and reaction 
temperature were also proved to have effects on the re-
action, shorter reaction time than 24 h or lower tem-
perature than 120 ℃ can both decelerate the reaction 
rate and led to lower yields (Table 1, Entries 15, 16). As 
mentioned above, the combination of Cu-catalyst 4 (10 
mol %), K3PO4•3H2O (2 equiv.) at 120 ℃ for 24 h in 
DMSO was chosen as the optimal conditions for  

Table 1  Screening reaction conditions for N-arylation of imi-
dazole with 4-iodotoluenea 

N

N
H

I

H3C

N

H3C

N

Solvent, base
+

Catalyst

120 oC, 24 h  
Entry Catalyst Solvent Base Yieldb/%

1 1 DMSO K3PO4•3H2O 77 
2 2 DMSO K3PO4•3H2O 73 
3 3 DMSO K3PO4•3H2O 66 
4 4 DMSO K3PO4•3H2O 87 
5 － DMSO K3PO4•3H2O 0 
6 4 DMF K3PO4•3H2O 80 
7 4 Dioxane K3PO4•3H2O 38 
8 4 Toluene K3PO4•3H2O 70 
9 4 DMSO K3PO4 77 

10 4 DMSO NaOH 86 
11 4 DMSO KOH 85 
12 4 DMSO K2CO3 81 
13 4 DMSO CsCO3 88 
14 4 DMSO K3PO4•3H2O 71c 
15 4 DMSO K3PO4•3H2O 76d 
16 4 DMSO K3PO4•3H2O 67e 

a Unless otherwise noted, the reaction was carried out with 
4-iodotoluene (0.5 mmol), imidazole (0.75 mmol), catalyst (10 
mol%), base (1.0 mmol), and solvent (1 mL) at 120 ℃ for 24 h. 
b Isolated yield. c Catalyst (5 mol%). d Reaction time: 12 h.      
e Temperature: 100 ℃. 

N-arylation of imidazole with 4-iodotoluene. 
After the best reaction condition was set, the reaction 

scope and limitations of the catalytic system were then 
investigated. As shown in Table 2, the good to excellent 
yields were obtained for the N-arylation of imidazole 
with aryl iodides. To our delight, arylation of other ni-
trogen-containing heterocycles such as benzimidazole 
and indole are also efficient with good yield under the 
standard conditions (Table 2, Entries 1－5). In general, 
although aryl bromides were less reactive than aryl io-
dides, satisfactory yields were still obtained for the aryl 
bromide only with prolonging the reaction time to 36 h. 
As we can see, the coupling of imidazole with most of 
electron-rich, electron-neutral, and electron-poor aryl 
bromides afforded the corresponding products with 
good to excellent yields. In the case of p-bromoanisole, 
which contains a strongly electron-donating substituent, 
it is a good substrate, while the 1-bromo-4-(trifluoro-
methyl) benzene reacts relative slowly (Table 2, Entries 
8, 9). Notably, a high level of selectivity was also ob-
served in the amination of aryl bromide bearing another 
amino or hydroxyl group without formation of diaryl 
ether or diarylamine products (Table 2, Entries 14, 15). 
Interestingly, heteroaryl bromides were also coupled 
with imidazole to afford the desired product in impres-
sive yields (Table 2, Entries 16, 17). In addition, the  
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Table 2  N-Arylation of imidazoles with aryl iodides, bromides 
and chlorides catalyazed by catalyzed 4a 

X

N-Het

R

R N
Cu
N
Bn

N

N

Bn

Catalyst 4

DMSO, K3PO4  3H2O

Catalyst 4

Het

5 - 18

X = Cl, Br, I

+ NH

120 oC

.

 

Entry ArX Het-NH Product Yieldb/%

1 
I

H3C  
N
H

N

 

N N

H3C
5

87 

2 
I

 
N
H

N

 

N N

6  

85 

3 
I

O2N  
N
H

N

 

N N

O2N
7

80 

4 
I
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N
H

N

 

N

N

H3C
8

88 

5 
I

H3C  

H
N

 

N

H3C
9

73 

6 
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N
H

N

 

N N

6  

70 

7 
Br

H3C  
N
H

N

 

N N

H3C
5

72 

8 
Br

O  
N
H

N

 

N N

O
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81 

9 
Br
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N
H

N

 

N N

F3C
11

62 

Continued 
Entry ArX Het-NH Product Yieldb/%
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Br

O2N N
H

N

 

N N

O2N
7

80 

11
Br

Cl
N
H

N

 

N N

Cl
12  

65 
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Br

H3COC N
H

N

 

N N

H3COC
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70 

13
Br

Ph
N
H
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N N

Ph
14  

82 

14
Br

H2N N
H
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N N

H2N
15

79 

15
Br

HO
N
H

N

 

N N

HO
16  

56 

16
N

Br

 
N
H

N

 
N

N N

17  

80 

17
S

Br
 N

H

N

 

N N

S
18  

46 

18
Br

O2N N
H

N

 

N N

O2N
7

50 

19
Cl

 
N
H

N

 

N N

6  

trace

a Reaction conditions: ArX (0.5 mmol), imidazoles (0.75 mmol), 
catalyst 4 (10 mol%), K3PO4•3H2O (1.0 mmol), and DMSO (1 
mL), 120 ℃, 24 h (X＝I) or 36 h (X＝Br and Cl). b Isolated 
yield. 

reaction of electron-deficient aryl chloride such as 
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1-chloro-4-nitrobenzene with imidazole was also suc-
cessful and provided the desired product in moderate 
yield (Table 2, Entry 18). However, only trace 
N-arylation product was observed under the experimen-
tal condition, when chlorobenzene was used as the sub-
strate (Table 2, Entry 19). 

Conclusions 
In summary, we have developed a general, mild and 

experimental method for the arylation of imidazoles 
with aryl iodides, bromides and electron-withdrawing 
aryl chlorides, promoted by inexpensive, air- and mois-
ture-stable pyrrolecarbaldiminato-Cu complexes with-
out the protection of an inert gas. Further application of 
these copper(II) complexes catalyzed organic reactions 
is currently ongoing in our laboratory. 
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