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ievable lepidocrocite supported
copper oxide nanocatalyst (Fe–CuO) for
N-arylation of imidazole†

R. Sivakami,a S. Ganesh Babu,c S. Dhanuskodi*a and R. Karvembu*b

A simple and efficient lepidocrocite-supported copper oxide catalyst (Fe–CuO) has been successfully

prepared by a simple precipitation method in aqueous medium from readily available inexpensive

starting materials and was used as a heterogeneous nanocatalyst for the N-arylation of imidazole with

various aryl halides. The morphology, crystal structure, magnetic property, chemical state and surface

area of the catalyst were studied. The N-arylation reaction was chosen to demonstrate the catalytic

efficiency of the as-prepared Fe–CuO. Importantly, the catalyst can be easily recovered by magnetic

attraction and its catalytic activity remains unaltered even after 6 consecutive cycles. Hence, Fe–CuO is

an environmentally friendly, easily applicable and cost effective catalyst.
Introduction

Transition-metals-catalyzed cross-coupling reactions represent
one of the robust methods for the formation of carbon–carbon
and carbon–heteroatom bonds.1 Particularly, the synthesis of N-
arylimidazole attracted signicant interest because of the
frequent occurrence of these structural units in biologically
active inhibitors.2 N-Arylimidazole is not only important in
biological systems but is also a common moiety in pharma-
ceutical research. A signicant number of N-arylimidazole
derivatives have been reported to have biomedical applications;
serve as cyclic AMP phosphodiesterase inhibitors,3 AMPA
receptor antagonists,4 cardio tonic agents,5 thromboxane
syntheses inhibitors6 and topical antiglaucoma agents.7 There-
fore, their preparation has attracted much attention. In recent
years, the homogeneous Pd-catalyzed N-arylation of imidazole
has made remarkable achievements, and is performed under
relatively mild reaction conditions.8 In spite of having wide
scope and excellent compatibility with many functional groups,
these protocols oen suffer from the disadvantages resulting
from (i) the high cost of the Pd precursors, (ii) the need for
ancillary ligands, (iii) the toxicity of Pd salts and (iv) the
extended reaction times.

In addition, higher stoichiometric amounts of Pd catalyst are
oen required. To circumvent these issues, newer and milder
y, Tiruchirappalli-620 024, India. E-mail:

e of Technology, Tiruchirappalli-620 015,

ttankulathur 603203, Chennai, India

tion (ESI) available. See DOI:

hemistry 2015
homogeneous transition metal catalysts have been developed.
The major drawback of homogeneous catalysts is difficulty in
separation from the product and/or reaction medium and thus
product purication, recovery and regeneration of catalyst are
very difficult.9 Nowadays, heterogeneous catalysts particularly
metal nanoparticles (MNPs) including CuO with high surface
area are getting so much attention from both economic and
industrial point of view because they possess very good activity
and are highly recyclable.10,11 Despite of their advantages,
drawbacks remain in these catalysts too, as the metal nano-
particles effortlessly agglomerate during the reaction and are
less stable under severe reaction conditions, which lead to low
catalytic activity as well as poor reusability of the catalysts.12 To
prevent the agglomeration of metal nanoparticles and the over-
stoichiometric use of Cu reagents, several inorganic materials
such as alumina and silica have been used as a support for
metal nano particles, but again they have limited stability under
both acidic and basic conditions.13 Therefore, developing an
efficient and recyclable catalyst for the N-arylation of heterocy-
cles with the use of lower amount of Cu remains a challenging
one. Magnetically active nano particles have recently emerged
as viable alternatives to conventional catalyst supports.14,15 On
the other hand, magnetic nanocomposites serve both as the
support and stabilizer for the nanoparticles, thus providing a
better chance to prevent aggregation. Furthermore, magnetic
separation is an alternative to ltration or centrifugation as it
prevents loss of catalyst and increases the reusability.16 Iron
oxides, such as magnetite, hematite and some other iron oxides
have been well investigated as catalysts or supports in various
important organic transformations.17–20 For instance, copper on
iron oxide was used for the synthesis of propargylamines21 and
Pd-magnetite was exploited in carbonylative Sonogashira
coupling reaction.22 In recent years, copper based catalysts/
RSC Adv., 2015, 5, 8571–8578 | 8571
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nanocatalysts are widely employed in various organic processes
and catalytic reactions23–26 including energy conversion.27

However less attention has been focused on the catalytic
applications of Fe–CuO. We believe that Fe–CuO magnetic
nanocatalyst could overcome the drawbacks exist in the N-ary-
lation of heterocycles. Herein we describe an inexpensive,
stable, magnetically separable and recyclable Fe–CuO nano-
catalyst for N-arylation reaction of imidazole with various aryl
halides under ligand-free condition. This system provides a
simplied procedure for the isolation of the catalyst.
Fig. 2 XRD pattern of g-FeOOH and Fe–CuO.

Fig. 3 TEM images of Fe–CuO nanocatalyst (a) as prepared and (b)
calcined at 500 �C for 3 h [inset is the particle size distribution].
Results and discussion

The lepidocrocite and Fe–CuO were prepared following the
literature.28 Aer drying the resulting material, the initial
investigation was focused on the characterization of the solid
material. Based on the inductively coupled plasma optical
emission spectroscopic (ICP-OES) analysis, the amount of Cu
and Fe were found to be 0.431 and 0.602 mol g�1 respectively in
Fe–CuO.

The crystallinity of the g-FeOOH and Fe–CuO was examined
by powder X-ray diffraction. The XRD peaks correspond to
single orthorhombic phase. The crystallite size of the g-FeOOH
and Fe–CuO was found to be 47 and 41 nm (calculated using
Scherrer's equation), respectively.

FT-IR conrms the Cu substitution in the g-FeOOH nano-
particles29–32 (see ESI – S1†). SEM images of g-FeOOH and
Fe–CuO reveal the compact arrangement of nanoparticles with
spherical shape (see ESI – S2†). Elemental composition
obtained from the EDAX analysis shows that the weight
percentage of Cu is around 4.9 in Fe–CuO. TEM images revealed
that the particle size of as prepared (7 nm) and calcined at
500 �C for 3 h (32 nm) Fe–CuO nanocomposites (Fig. 3). Images
show the agglomeration of the nanoparticles, which may be
attributed to the interactions among the magnetic particles.33

XPS spectra of Fe–CuO are displayed in Fig. 4(i–iv). As seen in
Fig. 4(i), the wide XPS spectrum reveals the presence of Fe, Cu
and O elements. The curve tting was performed on Fe, Cu and
O 1s spectra of Fe–CuO using a Gaussian–Lorentzian peak
Fig. 4 XPS spectra of Fe–CuO nanocatalyst (i) XPS survey spectrum,
(ii) main peaks of Fe 2p (iii) main peaks of Cu 2p and (iv) O 1s spectra.

Fig. 1 Photograph of the (a) catalyst dispersed in the reaction mixture
and (b) magnetic separation of the catalyst from the reaction medium.
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Fig. 5 N2 adsorption–desorption isotherm of (a) as prepared and (b)
calcined Fe–CuO nanocatalyst.

Table 1 Optimization of the reaction conditions for the Fe–CuO-
catalyzed N-arylation of imidazole (1a) with 4-bromobenzonitrile (1b)
to obtain N-arylated imidazole (1c)a

Entry Solvent Base Time (h)
Temperature
(�C) Yieldb (%)

1 DMF K2CO3 10 70 16
2 DMSO K2CO3 8 80 18
3 DMAc K2CO3 30 140 53
4 CH3CN KOH 12 110 3
5 DMAc — 24 110 NR
6 DMAc CS2CO3 20 40 7
7 DMAc–H2O NaOH 6 50 3
8 DMAc Kt-OBu 10 80 9
9 DMAc K3PO4 15 75 5
10 DMAc K3PO4 22 60 6
11 DMAc K2CO3 24 120 83
12 DMAc K2CO3 16 100 71
13 DMAc K2CO3 40 110 77

a All the reactions were performed with Fe–CuO (10 mg), 1 mmol (182
mg) of 4-bromobenzonitrile, 1.2 mmol (81 mg) of imidazole, and 2.0
mmol of base in 4 mL of solvent at 120 �C for 24 h. b GC yield, NR ¼
no reaction.
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shape. Fig. 4(ii) shows the Fe 2p core level spectrum. The peaks
located at 713.39 eV for Fe 2p3/2 and 726.02 eV for Fe 2p1/2 are
ascribed to the presence of Fe3+ ions in FeOOH. These values are
in good agreement with the reported data.34

In Fig. 4(iii), the peaks at the binding energies of 956.2 and
936.3 eV accompanying with their shakeup satellites, corre-
spond to Cu 2p1/2 and Cu 2p3/2, which proved the presence of
Cu2+ ions35 and thereby conrmed the formation of CuO. In
fact, the shake-up satellite feature is peculiar to CuO that relates
to d9 conguration of ground state of the Cu. Fitting of the
oxygen region produced two O 1s peaks. In Fig. 4(iv), the peak at
530.80 eV corresponds to O2� in the lattice. Similarly the peak at
532.54 eV is due to surface hydroxyl groups or chemisorbed
water molecules.36 The peak at 289 eV is attributed to C 1s
spectra. This proves that there has been a strong interaction
between lepidocrocite and CuO nanoparticles.

The Raman spectrum (see ESI – S3†) conrms the presence
of Fe and Cu nanoparticles in the material. The band positions
of the Fe and Cu phases are in excellent match with the litera-
ture values.37,38 Thermal stability of the catalyst was found to be
stable up to 1000 �C by TG/DTA39–41 (see ESI – S3†).

The ferromagnetic behaviour was conrmed using magne-
tization curves of g-FeOOH and Fe–CuO at room temperature.
The observed saturation magnetization (Ms) and coercivity (Hc)
values have been summarized in table [inset Fig. S5] (see ESI –
S5†). The increase of saturation magnetization for CuO loaded
sample is due to the higher surface electron spins. The CuO
added sample showed reduction in coercive eld. This may be
due to the effect of CuO into the domains of g-FeOOH.42

Aer the successful preparation and characterization of
Fe–CuO, its catalytic activity was examined for N-arylation of
imidazole with 4-bromobenzonitrile. Initially, the reaction
conditions such as base, solvent, reaction time and reaction
temperature were optimized. The results showed that 120 �C
was required for the coupling reaction to give 83% yield (Table
1, entry 12) of the product. Shorter or longer reaction time than
24 h and lower or higher temperature than 120 �C decelerated
the reaction rate and led to lower yields (Table 1, entries 1–11).
The reaction is very slow in water; use of DMAc–water (1 : 1)
mixture results in 3% yield indicating that this coupling process
is fairly sensitive to water (Table 1, entry 7). In the absence of
base, reaction fails completely (Table 1, entry 5). Among the
several solvents tested, DMF, CH3CN and DMSO were less
effective compared to DMAc (Table 1, entries 1–4). Bases such as
Cs2CO3, K3PO4, K2CO3, KOH and Kt-OBu are found to facilitate
the coupling reaction. Among them K2CO3 is the better base
which gave good yield when compared to other bases (Table 1,
entries 6–10). The N-arylation of imidazole is also found to be
highly sensitive to reaction temperature and time. At lower
temperature (30–90 �C) or lower reaction time (6–12 h), the
reaction proceeds slowly or moderately (Table 1, entries 1–11).
These preliminary results revealed that Fe–CuO is a good cata-
lyst for N-arylation of imidazole in the presence of K2CO3 in
DMAc solvent at 120 �C, which afforded the corresponding N-
arylated product in 83% yield aer 24 h (Table 1, entry 12). Once
the conditions were found, other aryl halides were subjected to
the same reaction under identical conditions and the results are
This journal is © The Royal Society of Chemistry 2015
presented in Table 2. Bromo is the better leaving group
compared to chloro and uoro groups (the leaving group ability
of halogens is in the order of I > Br > Cl > F). Hence, the aryl
bromides react faster compared to the aryl chlorides and uo-
rides (Table 2, entries 3, 10 and 11). It is noteworthy to mention
that C–N cross-coupling reactions with aryl chlorides rarely gave
good yields. Even then, the aryl chlorides are also coupled with
imidazole to afford the corresponding N-arylated products in
excellent yields (Table 2, entries 7–10) which was not so in some
other catalytic systems.43,44 The para-substituted aryl halides
RSC Adv., 2015, 5, 8571–8578 | 8573
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Table 2 Fe–CuO-catalyzed N-arylation of imidazole with various aryl
halidesa

Entry Aryl halides (1b) Product (1c) GC yield (%)

1 90 (68)b

2 83 (77)b

3 92 (84)b

4 62 (59)b

5 83 (82)b

6 89 (83)b

7 94 (90)b

8 82 (78)b

9 76 (57)b

10 99 (89)b

11 74 (70)b

Table 2 (Contd. )

Entry Aryl halides (1b) Product (1c) GC yield (%)

12 99 (94)b

13c 5 (3)b

a All the reactions were performed with Fe–CuO (10 mg), 1 mmol (182
mg) of 4-bromobenzonitrile, 1.2 mmol (81 mg) of imidazole and 2.0
mmol of K2CO3 in 4 mL of solvent at 120 �C for 24 h. b Isolated yield.
c Reaction performed with bare g-FeOOH.
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provided a better yield in comparison to the ortho-substituted
(Table 2, entries 4 and 11) aryl halides. The low yield of ortho-
substituted aryl halides may be due to the steric effect.25

Gopiraman et al., used CNTs supported CuO NPs as a catalyst
for the N-arylation with the similar substrates under similar
reaction conditions. But in many cases the present catalytic
system showed higher activity. For instance the reaction of 4-
chlorobenzoic acid with imidazole gave excellent yield (99%) of
N-arylated product in the present catalytic system (Table 2, entry
10) whereas the same product was obtained only in 88% yield by
Gopiraman et al.26 Punniyamurthy and co-workers45 exploited
the high surface area and reactive morphology of the CuO
nanoparticles for successful C–N cross-coupling reactions.
Although the results are promising for the N-arylation reaction,
only low yields were obtained when aryl chlorides were used.
Park and co-workers46 used acetylene-carbon-immobilized CuO
hollow nano spheres for N-arylation reactions at higher
temperature (i.e. 180 �C) to get good yield and temperature
lower than 180 �C led to lower yields but the present catalytic
system provided excellent yields at 120 �C. Usually C–F bond
activation is not so easy; but the aryl uorides are also coupled
with imidazole to afford the corresponding N-arylated products
in excellent yields (Table 2, entries 11 and 12). Especially, 4-
ouroacetophenone gave an excellent yield of 99% (Table 2,
entry 12). Karvembu and co-workers reported that the CuO
nanoparticles catalyzed C–N cross coupling of benzimidazole
with 4-ouroacetophenone to form N-arylated benzimidazole
product under identical reaction conditions but the yield was
low (67%)25 as compared with the present catalytic system (99%)
(entry 11). Suramwar et al.,47 have reported the ligand-free
This journal is © The Royal Society of Chemistry 2015
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Table 3 Fe–CuO-catalyzed N-arylation of various heterocycles with
4-bromobenzonitrilea

Entry Het-NH Product Time (h) Yieldb (%)

1 20 72

2 24 83

3 24 98

4 16 65

5 24 67

a All the reactions were performed with Fe–CuO (10 mg), 1 mmol (182
mg) of 4-bromobenzonitrile, 1.2 mmol of heterocycles and 2.0 mmol
of K2CO3 in 4 mL of solvent at 120 �C. b GC yield.
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copper oxide nanocatalyst for N-arylation of triazole with
various aryl halides. They found that the copper oxide catalyst
showed very high conversions when the reaction was carried out
in DMF or toluene as the solvent and difficulty in separation of
product limits the method. No signicant yield was observed
with g-FeOOH (Table 2, entry 13). Nevertheless the activity
enhanced predominantly by the loading of CuO (Table 2, entries
1–12). Bimetallic systems generally showed better activity than
monometallic systems,45–48 which was evident in the present
protocol as well. Niranjan et al., reported that the bimetallic
system possesses a much higher surface area and hence much
higher activity than those monometallic systems.49 A similar
result was observed previously,50 in which Fe–Cu bimetallic
system showed better catalytic performance than pure Fe2O3.
Hence, many researchers are involved in the development of
bimetallic nanocomposite system for a targeted reaction.51–54

Notably, the Fe–CuO catalyst yielded the N-arylated imidazole
product smoothly, which is promising and predominant over
the previous reports.50 To expand the scope of this protocol
further, other nitrogen containing heterocycles such as benz-
imidazole, carbazole, pyrrole, indole, and triazole are coupled
with 4-bromobenzonitrile to give the corresponding N-arylated
products in good yield (Table 3). In order to show that Fe–CuO
nanoparticles are heterogeneous catalysts, a hot ltration test
was performed for N-arylation of imidazole with 4-bromo-
benzonitrile. In a typical experiment, the catalyst was separated
out from the reaction mixture aer 12 h by using a magnet, and
then stirring was continued without the catalyst. The reaction
was allowed to proceed further for 12 h and the yield was
determined by GC at each 4 h intervals. The result indicated
that no further conversion occurred aer the nanocatalyst was
separated out from the reaction mixture, which indicates that
the N-arylation reaction of imidazole occurred only due to solid
Fe–CuO (see ESI – S6†). Isolation and reuse of the catalyst are
the crucial requirements for any practical application in terms
of cost and environmental protection. It is well known that
magnetic separation makes the recovery of catalysts from the
reaction medium much easier than the traditional separation
procedures such as ltration and centrifugation. In the present
system, the catalyst can be easily recovered by using an external
magnet as shown in Fig. 1. Once the reaction was completed,
the catalyst was trapped with the help of a magnet, washed with
ethyl acetate, air dried and used directly in the next cycle. The
catalyst could be reused six times without any signicant
detrimental effect on the yield (see ESI – S7†).

Surface area and particle size play a vital role in heteroge-
neous catalysis. Owing to the highly active surface area of MNPs,
they are usually employed as a heterogeneous nanocatalyst in
various reactions and facilitate better yields. Particularly, MNPs
having the size of fewer than 10 nm exhibited a dramatic cata-
lytic activity.55 Therefore, the effect of Fe–CuO particle size on
catalytic efficiency in terms of yields has been investigated. For
this purpose, another nanocatalyst with Fe–CuO size of around
33 nm was prepared following the same procedure, but the
calcination was carried out at 500 �C for 3 h. It is well known
that MNPs can easily agglomerate to form bigger particles
particularly at higher temperature due to their high specic
This journal is © The Royal Society of Chemistry 2015
surface energy.56 Here, it is postulated that the Fe–CuOmight be
agglomerated to form bigger Fe–CuO (33 nm) at the calcination
temperature of 500 �C. The increases in the temperature from
30 to 500 �C increased the size of Fe–CuO from 7 nm to 33 nm;
this suggests that the size of Fe–CuO depends on the temper-
ature. The Fe–CuO catalyst (33 nm) has a BET surface area of
50.31 m2 g�1 with a pore volume of 0.224 cm3 g�1 (Fig. 5).

The surface area per unit mass (S) of 7 nm sized Fe–CuO was
found to be 83.1989 m2 g�1 with a pore volume of 0.419 cm3 g�1.
Both the nanocatalysts were employed in the N-arylation reac-
tion of imidazole with various aryl halides (Table 3). As expec-
ted, 7 nm Fe–CuO exhibited a good catalytic activity in
comparison to the one which has 33 nm size (Table 4). When
the size of Fe–CuO decreases, the surface area per unit mass (S)
certainly increases. Consequently, a larger number of active
sites are available.57 Thus, Fe–CuO having the particle size of 7
nm showed excellent catalytic activity.

A plausible three-step mechanism for the Fe–CuO-catalyzed
N-arylation is proposed. The catalytic reaction is expected to
take place via adsorption followed by desorption. In the rst
step, the aryl halide adsorbed over the surface of Fe–CuO
nanocomposites to form intermediate-II. At the same time base
RSC Adv., 2015, 5, 8571–8578 | 8575
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Table 4 Catalytic activity of Fe–CuO (33 nm) and Fe–CuO (7 nm)
toward N-arylation of imidazole with various aryl halidesa

Entry Ar-X (1b) Product (1c) Yieldb (%) Yieldc (%)

1 90 43

2 92 56

3 94 28

4 99 47

a All the reactions were performed with Fe–CuO (10 mg), 1 mmol (182
mg) of 4-bromobenzonitrile, 1.2 mmol (81 mg) of imidazole and 2.0
mmol of K2CO3 in 4 mL of DMAc at 120 �C for 24 h. b GC yield of the
product when the particle size of Fe–CuO is 7 nm. c GC yield of the
product when the particle size of Fe–CuO is 33 nm.

Fig. 6 Proposed mechanism for Fe–CuO-catalyzed N-arylation of
imidazole with aryl halides.

8576 | RSC Adv., 2015, 5, 8571–8578
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removed proton from the imidazole which further displaced the
halide ion from the surface of the catalyst. The imidazole anion
attacks the phenyl cation to from N-arylated imidazole. In the
nal step the desired N-arylated imidazole product desorbed
from the surface of the catalyst to complete the catalytic cycle
(Fig. 6).
Conclusions

In summary a simple, highly efficient, economical, environ-
mental friendly, easily separable and reusable heterogeneous
Fe–CuO magnetic catalyst was prepared by a very simple
precipitation technique. It showed a good catalytic activity
towards the N-arylation of imidazole with various aryl halides.
More signicantly, this catalyst could be easily recovered by
magnetic separation and reused for several cycles without
signicant loss of activity. This catalyst solves the basic prob-
lems of catalyst separation and recovery and thus this protocol
may nd widespread use for the preparation of N-arylated
heterocycles.
Experimental section

The reagents used in the synthesis, such as FeSO4$7H2O and
CuSO4 were purchased from Sigma-Aldrich and used as received
without any further purication. 1H NMR spectra were recorded
at 250 and 400 MHz, and 13C NMR spectra were recorded at 62.9
and 100 MHz in CDCl3 using TMS as an internal standard.
Column chromatography was carried out on silica gel 60 Merck
(230–240 mesh) in glass columns (2 or 3 cm diameter) using 15–
30 grams of silica gel per one gram of the crude mixture. The
morphology of the catalyst was investigated on scanning elec-
tron microscope (Hitachi COM-S-4200 SEM) and transmission
electron microscope (Jeol, JEM-2100F TEM) with accelerating
voltage of 120 kV. XRD analyses were performed on a Bruker D-8
Advance diffractometer using Cu Ka radiation (l ¼ 1.5418 Å).
The Fourier transform infrared (FT-IR) spectra were recorded
(Jasco 460 Plus FT-IR) as KBr pellets in the wavenumber range
4000–400 cm�1. The oxidation state of the metals was deter-
mined by X-ray photoelectron spectroscopy (Kratos Axis-Ultra
DLD, Kratos Analytical Ltd, Japan). The magnetic measure-
ments were carried out on a vibrating sample magnetometer
(Lakeshore, Model-7400) with an applied eld between �15 000
and 15 000 (Oe) at room temperature. The Cu loading was
determined by inductively coupled plasma optical emission
spectrometry (ICP-OES, Élan DRC-e, and Perkin Elmer). Thermo
gravimetric analysis was made with (SII EXSTAR 6200) TG/DTA
analyzer. Raman spectrometer (Hololab 5000, Kaiser Optical
Systems Inc.) was applied to examine the interaction between
copper oxide nanoparticles (CuONPs) and lepidocrocite. The
argon laser was operated at 532 nm with a Kaiser holographic
edge. The specic surface area of the magnetic catalyst was
determined by BET analysis while pore volume was determined
by the Barrett–Joyner–Halenda (BJH) method using Quanta
Chrome (NOVAe) surface area analyzer.
This journal is © The Royal Society of Chemistry 2015
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Preparation of lepidocrocite

The lepidocrocite and Fe–CuO were prepared following the
literature.28 To prepare lepidocrocite, FeSO4$7H2O (0.13 M) was
dissolved in distilled water (100 mL). Then NH4OH (10%) was
added drop wise into the suspension until the pH of the solu-
tion was adjusted to 6.5. Themixture was stirred vigorously for 4
h. The black precipitate was collected from the solution by an
external magnet and washed with double distilled water. Finally
the black product was dried under vacuum at 80 �C.

Preparation of Fe–CuO catalyst

CuSO4$5H2O (0.005 M), was dissolved in distilled water (50 mL).
g-FeOOH (0.51 g) was then dispersed in the above solution and
sonicated to obtain a uniform suspension. The suspension was
vigorously stirred at room temperature for 50 min to ensure that
enough Cu2+ had been adsorbed on the surface of g-FeOOH.
Then the pH was adjusted to 6.5 by adding 10% NH4OH. The
mixture was stirred vigorously for 4 h. The precipitated black
product was collected from the solution using an external
magnet (Fig. 1), washed with water, and dried under vacuum at
80 �C.

Procedure for N-arylation of imidazole

In a typical procedure, Fe–CuO catalyst (10mg) was added into a
mixture of imidazole (1.2 mmol, 81 mg), 4-bromobenzonitrile
(1 mmol, 182 mg) and K2CO3 (2 mmol, 276 mg) in DMAc (4 mL),
stirred under air atmosphere at 120 �C for 24 h. Aer the
complete consumption of starting materials as monitored by
thin layer chromatography (TLC), the catalyst was separated by
magnetic decantation and washed well with diethyl ether and
dried in an oven at 110 �C for 3 h. The organic layer was parti-
tioned between 10 mL of ethyl acetate and 5 mL of saturated
aqueous NaCl solution. The product was extracted with ethyl
acetate and dried over anhydrous sodium sulfate. The yield of
product was determined by GC. Finally, the organic layer was
concentrated to obtain N-arylated imidazole.

Product analysis

In order to conrm the formation of the product, samples of
both reactants and products were dissolved in ethyl acetate and
analyzed by gas chromatograph (Shimadzu 2010) equipped with
5% diphenyl and 95% dimethyl polysiloxane, Restek-5 capillary
column (0.32 mm dia, 60 m length and 0.32 mm dia) and a
ame ionization detector (FID). The initial column temperature
was increased from 60 to 150 �C at the rate of 10 �C min�1 and
then to 220 �C at the rate of 40 �C min�1. N2 was used as a
carrier gas. During the product analysis the temperatures of the
FID and injection port were kept constant at 150 and 250 �C
respectively.
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