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Introduction

The significance of amination of aryl halides has been
manifested by its wide applications in the synthesis of the
organically and medicinally interesting building blocks
containing the N-aryl moiety throughout pharmaceuticals,
agrochemicals, natural products, and materials.1 The state-
of-the-art in the area includes the copper-mediated Ullmann
coupling2 and the Buchwald-Hartwig reaction3 by utilizing
the palladium-catalyzed arylation of amines. Although these
methods are highly effective, there is still much room for
improvement, for example, these methods usually require
long reaction times and high reaction temperatures, and
moreover some of them suffer from a relatively narrow scope
of substrates. Microwave (MW)-assisted organic reactions
have been demonstrated as a powerful means in significantly
accelerating organic processes including aromatic nucleo-
philic substitution reactions.4 Notably, Tu and Meciarova,
respectively, reported the construction of arylamines using
this technique.5 Our group also have achieved success by
using arylboronic acids and amines as the substrates.6

However, the described methods are only limited to electron-
rich aliphatic amines or imidazole. The electron-deficient
nitrogen-containing aromatic heterocycles were found to be
less reactive or unreactive.7

Herein, we wish to report a novel MW-assisted protocol
for the efficient amination of aryl halides with various amines
in the presence of Cu(OAc)2. Several distinguished features
of the process are deserved to be mentioned: (i) proceeding
faster and generally giving good to excellent yields, (ii) using
Cu(OAc)2 without requiring any other additives, and more
significantly, (iii) a much broader substrate scope: both
aromatic and aliphatic amines and various substituted aryl
halides can be applied.

Initially, we studied the MW-assisted amination of aryl
halides using iodobenzene and imidazole as the model
substrates for optimization of the reaction conditions, and
the results are summarized in Table 1. No coupling occurred
in the absence of the Cu(OAc)2 (entry 1, Table 1), while the
addition of 1.0 equiv of Cu(OAc)2 resulted in the formation
of the desired coupling product in 77% yield after 10 min

of irradiation at 120 °C in the presence of DBU (entry 2,
Table 1). Probing of the solvent effect revealed that DMSO
was superior to dioxane or DMF (entries 2-4, Table 1). We
next examined the effect of base on the coupling reaction.
It was found that the nature of bases had a pronounced impact
on the process. DBU turned out to be better than NEt3, while
the inorganic base NaOH was ineffective (entries 2, 5 and
6, Table 1). Finally, the increase of the reaction temperature
to 130 °C in the presence of 1.0 equiv of Cu(OAc)2 and 2.0
equiv of DBU led to better results (entry 12, Table 1). No
gain was observed when the reaction temperature was further
increased (entries 13, Table 1). When comparing microwave
reactions with conventional preheated oil bath reaction, we
observed a sharp decrease in yield (27%) under conventional
thermal condition (entries 12, 14, Table 1).

With the optimized conditions in hand, we then examined
the generality of the process. As shown in Tables 2 and 3,
we were pleased to find that the method was applicable to a
broad substrate scope on both aryl halides and amines.

First, the new process was applied to a variety of nitrogen-
containing compounds, including aliphatic morpholine, iso-
propylamine, and aromatic amines imidazole, pyrazole,
indole, pyrrole, benzimidazole, and substituted 1,2-dihydro-
pyridin-2-one, with iodo- or bromobenzene. The desired
amination products were obtained in moderate to excellent
yields (Table 2). Both the aliphatic amines and nitrogen
heterocycles were effective in the formation of C-N bond
(entries 1-6, and 9-12, Table 2). This coupling reaction is
sensitive to steric hindrance. Moderate yields were observed
for 2-methylimidazole and 2-isopropylimidazole (entries 7
and 8, Table 2).

The scope of the process with respect to the variation of
aryl halides was investigated next (Table 3). The coupling
reaction of imidazole, which proved to be a difficult substrate
with poor reaction yields,5 with a vast array of aryl halides
containing various electron-donating and -withdrawing sub-
stituents were also carried out under the optimal reaction
conditions. As shown, the corresponding N-arylation products
were obtained in moderate to excellent yields (entries 1-6
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Table 1. Optimization of the Catalysis Conditions

entry solvent
base

(equiv)
Cu(OAc)2

(equiv)
temp
(°C)

yield
(%)a

1 DMSO DBU (1.0) 0.0 120 0
2 DMSO DBU (1.0) 1.0 120 77
3 dioxane DBU (1.0) 1.0 120 0
4 DMF DBU (1.0) 1.0 120 67
5 DMSO NaOH (1.0) 1.0 120 7
6 DMSO NEt3 (1.0) 1.0 120 16
7 DMSO DBU (1.0) 0.5 120 81
8 DMSO DBU (1.0) 2.0 120 79
9 DMSO DBU (0.5) 1.0 120 76
10 DMSO DBU (2.0) 1.0 120 87
11 DMSO DBU (3.0) 1.0 120 83
12 DMSO DBU (2.0) 1.0 130 92
13 DMSO DBU (2.0) 1.0 140 90
14b DMSO DBU (2.0) 1.0 130 27

a Isolated yield. b Cross-coupling under conventional thermal condi-
tion.
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and 8-18, Table 3). Electronic effects on the reactions were
limited. Both electron-rich and electron-poor substituted aryl
halides were tolerated (entries 2, 5, 8, and 10, Table 3).
However, steric effect is significant. Reactions of para- or
meta-substituted aryl halides proceeded in high yields (entries
2, 3, 5, and 6, Table 3), while more steric ortho-substituted
ones were not effective. Only a trace of the product was
observed when 2-iodobenzotrifluoride was coupled with
imidazole (entry 7, Table 3). However, prolonging the
reaction time and elevating the reaction temperature led to
a significant improvement in reaction yields (entry 4, Table
3). Encouraged by this result, we further investigated the
coupling reaction of different heterocyclic halides with
imidazole. It was found that pyridyl and pyrimidyl halides
worked well, affording the corresponding product in good
yields (entries 14 and 15, Table 3). The less-reactive thienyl
halides gave rise to moderate yields (entries 12 and 13, Table
3). Coupling reactions of dihalogenated aryl halides with
imidazole were also tested, and the chloride showed lower

reactivity compared with bromides and iodides. The results
indicate the reactivity order of aryl halides: iodides >
bromides > chlorides (entries 16-18, Table 3). This
selectivity in favor of the monosubstitution product thus
allows an active halide site to be retained for further
functionalization.

The reaction mechanism may be similar to that postulated
for N-arylation with aryl siloxanes or arylboronic acids8

(Scheme 1). The first step involves the rapid coordination
and dissolution of copper (II) acetate by heterocycles, such
as imidazole, to form a four-coordination copper complex
(intermediate 29). The second step involves the oxidative
addition of the aryl halides to form a five-coordination copper
complex (intermediate 30). Complex 30 can undergo reduc-

Table 2. Microwave-Assisted Cross-Coupling of Aryl Halides
with Various Nitrogen Derivatives

a Isolated yield. b Cross-coupling of iodobenzene with amides. c Cross-
coupling of bromobenzene with amides. d Reacted at 150 °C.

Table 3. Microwave-Assisted Cross-Coupling of Imidazole with
Different Substituted Aryl Halides

a Isolated yield. b Cross-coupling of iodide with imidazole. c Cross-
coupling of bromide with imidazole. d Reacted at 150 °C for 30 min.
e Reacted at 150 °C for 10 min.
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tive elimination to give the C-N cross coupled products.
Quantum chemical calculations at the level of B3LYP/
LANL2DZ9 indicate that these two intermediates may stably
exist. The detailed results of calculations are presented in
the Supporting Information (Tables S1 and S2 and Figures
S2 and S3).

In summary, motivated by the deficiency and limitations
of the current N-arylation reactions, we have developed a
practical, convenient strategy for the preparation of ary-
lamines. The processes are efficiently promoted by readily
available Cu(OAc)2 in the presence of DBU in MW
irradiation. A variety of amines and aryl halides can
participate in the process with good yields. The short reaction
times and simple reaction conditions, coupled with a broad
substrate scope, render this method particularly attractive for
the efficient preparation of biologically and medicinally
interesting molecules, and the versatility of this methodology
is suitable for library synthesis in drug discovery efforts.
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Scheme 1. Possible Mechanism of N-Arylation Promoted by
Copper(II) Acetate (X ) Br, I)
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