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The efficient direct amination of azoles, including benzoxazole,

benzothiazole and 1-methylbenzimidazole, was accomplished in

moderate to good yields using CuCl2 complexes of amines as a

readily available and effective nitrogen source. The coupling

reactions were performed under mild conditions: at 30–50 uC

within 3–6 h, in air without oxidant, additive, ligand and

anhydrous conditions.

Heteroarylamines have received much attention from synthetic
chemists because of their ubiquity in pharmaceuticals and
functional materials.1 2-Aminobenzoxazole derivatives are impor-
tant compounds in medicinal chemistry, and significant targets in
combinatorial approaches.2 Some 2-aminobenzo-thiazole deriva-
tives have protective effects against c-irradiation via experiments
on plasmid DNA.3 The 1-methyl-2-amino-benzimidazoles are
promising class of chemical compounds with different biological
effects as immunotropic, diuretic or anti-histaminic.4 The poly-
functionality of the aminoazole molecule has made it a building
block for the synthesis of pharmacological interest.

Given the importance of the azole motif in biological medicinal
chemistry and material chemistry, the transition-metal-catalyzed
direct C–H functionalization of azole rings is of great interest5 in
organic synthesis because the reaction shows an advantage in
atom efficiency compared to related cross-coupling with organo-
metallic compounds.6 Among the many types of C–H functiona-
lization of azoles documented, the direct C–H amination of azoles
pioneered by Mori,7 Schreiber,8 Chang,9 Miura,10 and others11

provided a rapid and straightforward access to the heteroaryla-
mines. However, all of the aforementioned methods inherently
suffer from harsh conditions such as high temperature is
required; the use of a stoichiometric amount of oxidant
(PhI(OAc)2, ICl, Mn(OAc)2 or O2) is inevitable. Additionally, the
scope of aromatic amines is limited. Therefore, further develop-
ment for direct C–H amination would be highly desired.

In our recent research,12 we found that metal complexes of
diamines were easy to obtain from the reaction of amines/amides
with relative metal halide in acidic ethanol solution.13 This kind of
complexes combines couple advantageous features: solid, stable in
air, odorless smell, and excellent water-solubility.14 Furthermore, it
combines both the source of nitrogen and the catalytic center of
metal ion. In view of these advantages, we envisaged whether this
kind of complexes can be used in process of arylamination.
Herein, we introduce CuCl2 complexes of amines as a kind of
readily available and effective nitrogen source for heteroaromatic
C–H functionali-zation. All reactions are under open system and
there is no need of oxidant, additive, ligand and anhydrous
condition. Use of this type of reagent enables the formation of
heteroarylamino linkages even at room temperature so as to
provide a rapid and straight-forward access to the heteroaryl-
amines of quite important in biological and medicinal chem-
istry.15 To the best of our knowledge, there is no example for the
preparation of heteroarylamines by coupling reactions of azoles
with metal complexes of organic amines.

We began our optimization studies with benzoxazole and
CuCl2 complex of n-propylamine as model substrates (Table 1).

School of Chemical Engineering and Environment, Beijing Institute of Technology,

Beijing 100081, China. E-mail: shidaxin@bit.edu.cn

3 Electronic supplementary information (ESI) available: Detailed experimental
procedures and spectroscopic data for the products. See DOI: 10.1039/c3ra41496e

Table 1 Optimization studies of benzoxazole with CuCl2 complex of n-propy-
lamine

Entry Base Solvent Yield (%)

1 K2CO3 CH3CN 89
2 Na2CO3 CH3CN 82
3 NaHCO3 CH3CN 80
4 Et3N CH3CN 74
5 Pyridine CH3CN 72
6 No CH3CN 0
7 K2CO3 CH2Cl2 70
8 K2CO3 1,4-Dioxane 65
9 K2CO3 MeOH 71
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After the extensive screening of various solvents and bases, we
found that the amination of benzoxazole and CuCl2 complex of
n-propylamine afforded N-propylbenzoxazol-2-amine in 89% yield
with K2CO3 as base and CH3CN as solvent (Table 1, entry 1). The
use of other organic or inorganic bases, including Na2CO3,
NaHCO3, NEt3 and pyridine, could promote the reaction, although
the yield was inferior to that using K2CO3 (Table 1, entries 2–6).
Solvents such as CH3CN, CH2Cl2, 1,4-dioxane and MeOH were
investigated. CH3CN was more favored. With CH2Cl2, 1,4-dioxane
and MeOH, yields were comparatively low. Notably, the amination
reaction could even be carried out within 3 h at room temperature.
All solvents were analytical grade without pre-treatment, which
indicated the coupling process was fairly insensitive to water and
no special precautions was required to exclude moisture from this
reaction.

With the optimized conditions for direct C–H amination in
hand, a variety of amines were chose to form CuCl2 complexes and
were examined for the direct amination of benzoxazole (Table 2).

As summarized in Table 2, a wide range of CuCl2 complexes of
amines could undergo the amination. The reactions with acyclic
and cyclic alkylamines proceeded without any difficulties to afford
the corresponding amination products. Acyclic amines such as
n-propylamine (3a), dimethylamine (3b) and ethane-1,2-diamine
(3c) were smoothly reacted to give the product. Cyclic amines were
readily employed for this reaction. For instance, benzoxazoles
bearing cyclic amino groups such as pyrrolidinyl (3d) and
morpholinyl (3e), as well as N-methylpiperazinyl (3f) could be
isolated in good yields. To our delight, we found that the
amination was also efficiency in aromatic amines. Both electron-
withdrawing and electron-donating functional groups were
tolerated well on the aryl ring of the amines.
2-Aminobenzoxazole derivatives substituted with phenyl (3g),
4-nitrophenyl (3h), and p-tolyl (3i) groups were easily obtained.

The synthesis of 2-aminobenzoxazole or 1-methyl-2-amino-
benzimidazoles requires multiple-step sequences which makes it
difficult to lend themselves to the syntheses of many structural
analogues.16 To overcome this obstacle, we expand the direct C–H
functionalization to benzothiazole and 1-methylbenzo-imidazole
with CuCl2 complexes of amines (Table 3). These transformations

offer successful examples of challenging intermolecular C–N bond
formation using aromatic C–H and CuCl2 complexes of amines.

By using the modified protocol, various types of CuCl2
complexes of amines could take place the amination reaction
and afford products. 2-aminobenzothiazole derivatives substituted
with dimethyl (5a), n-propyl (5b), pyrrolidinyl(5c), piperidinyl (5d),
morpholinyl (5e), and N-methyl-piperazinyl (5f) as well as p-tolyl
groups (5g) were easily obtained, thus offering an additional
opportunity for further manipulation of the products. Meanwhile,
when 1-methyl-benzimidazole was treated with CuCl2 complexes
of amines, the corresponding product were obtained in moderate
yield (5h, 5i, 5j, 5k). Although a higher reaction temperature (50
uC) was required to achieve satisfactory product yields, the CuCl2
complexes system was efficient enough to include various types of
amines reactants.

Although comprehensive studies are required to elucidate the
mechanistic details of the present reactions, a tentative proposal is
presented in Scheme 1. As shown in Scheme 1, we thought
organocopper 1a and 1b would be the key intermediates.8 Then C–
N reductive elimination at the 2-position to give the amination
product. Ligandless ‘‘CuNPh2’’ arose from any form of copper
(metal, Cu+ or Cu2+) was proposed by Paine17 in 1987 to be an
intermediate in Ullmann reactions. From then on, there has been

Table 2 Reaction scopes of the direct amination of benzoxazole

Entry R1 R2 Product Yield (%)

1 CH2CH2CH3 H 3a 89
2 CH3 CH3 3b 92
3 NH2CH2CH2 H 3c 79
4 (CH2)4 3d 90
5 (CH2)2O(CH2)2 3e 91
6 (CH2)2N(CH3)(CH2)2 3f 82
7 Ph H 3g 76
8 4-NO2Ph H 3h 72
9 4-CH3Ph H 3i 81

Table 3 Reaction scopes of the direct amination of Benzothiazole and
1-methylbenzimidazolea

Entry X R1 R2 Product Yield (%)

1 S CH2CH2CH3 H 5a 83
2 CH3 CH3 5b 78
3 (CH2)4 5c 81
4 (CH2)5 5d 79
5 (CH2)2O(CH2)2 5e 80
6 (CH2)2N(CH3)(CH2)2 5f 75
7 4-CH3Ph H 5g 69
8 NCH3 CH2CH3 CH2CH3 5h 66
9 (CH2)5 5i 68
10 (CH2)2O(CH2)2 5j 62
11 4-NO2Ph H 5k 60

a Benzothiazole: 30 uC for 5 h; 1-methylbenzimidazole: 50 uC for 6 h.

Scheme 1 A proposed mechanism for the direct amination of azoles.
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great progress in the mechanisms and models for copper
mediated nucleophilic aromatic substitution.18

In summary, we have developed a new catalytic system for the
direct amination of azoles by using CuCl2 complexes of amines as
nitrogen source with K2CO3 in CH3CN. The reaction is highly
attractive from the synthetic point of view in that optimal reaction
conditions are mild, and substrate scope is broad. In addition, a
mechanistic proposal is made on the basis of the results. The
present reaction, therefore, is anticipated to be a powerful tool for
the synthesis of 2-aminoazoles which are important pharmaco-
phores of high biological activity. Ongoing work seeks to uncover
the detailed mechanism and expand the reaction scope with CuCl2
complexes of amines of high potential in direct C–H amination
chemistry.
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