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This study reveals the synthetic method for preparation of the N-arylimidazole 
derivatives with commercially available aluminium oxy-hydroxide-supported palladium 
(Pd/AlO (OH)) nanoparticles. The expected products were achieved with high yields 
in a mixture of H2O/IPA (v/v=1/1) under ultrasonic conditions. It is a province in the 
literature as the catalyst and application area used. The isopropyl alcohol was used as 
a support for water for solubility, and reactions were carried out in an environmentally 
friendly solvent medium. The catalyst purified from the reaction medium was used 
repeatedly without losing its effectiveness. The method developed for the synthesis 
of N-arylimidazole derivatives; is an environmentally friendly, economical and highly 
available method.
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Introduction
N-arylimidazole derivatives are molecules that have biological 

activity and have an important place in scientific studies in recent 
years. The scientists focused on the synthesis of natural and 
unnatural N-arylimidazole derivatives to examine the intercourse 
between biological activity and molecular structure [1,2]. 
Heterocyclic imidazole derivatives such as Liarozole, Alcaftadine 
and Zolpidem, which are shown in Figure 1, form the active 
ingredient of many drugs and are known to be vital with their effects. 
Liarozol has been demonstrated to inhibit cytochrome P450 (CYP) 
enzymes that perform retinoic metabolism in the body, thereby 
revealing the body’s retinoic acid synthesis and its therapeutic 
effect as in synthetic retinoids. Retinoic acids not only support the  
normal growth of the body, but also play an important role in the 
differentiation of epithelial cells [3]. Alkaftadine has a therapeutic 
effect especially on the outermost layer of the eye resulting from an 
allergic reaction [4]. Zolpidem is used as an active ingredient of drugs 
used in anxiety and insomnia problems (Scheme 1) [5]. In recent  

 
years, the use of heterogeneous catalysts in classical reactions such 
as hydrogenation [6,7] and coupling [8,9] has become the focus of 
attention by scientists. Especially the use of single metal containing 
(monometallic) transition metal nanoparticles as well as two 
metal containing (bimetallic) nanoparticles as a heterogeneous 
catalyst creates a more advantageous situation in terms of reaction 
conditions.

Scheme 1: Active ingredients of some drugs containing 
imidazole ring some bioactive biphenyl derivatives.
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Figure 1:
a) SEM image before the reaction; 
b)	 SEM	image	after	five	uses;	
c) EDX spectrum before the reaction; 
d)	 EDX	spectrum	after	five	uses	of	Pd/AlO(OH)	NPs.

There are some disadvantages in the reactions performed with 
classical methods; high catalyst amounts, low catalyst activity and 
low reaction efficiency. The more economical catalyst systems 
are developed with heterogeneous catalysts. Also, heterogeneous 
catalysts are very easy to obtain, maintain and use. The reuse of 
the catalysts is an important advantage for heterogeneous catalysts, 
especially after the reaction, after simple washing and drying with 
water and some organic solvents, without any significant loss 
in activity. It is very difficult to remove homogeneous catalysts 
from the reaction medium and reuse them. Several catalysts such 
as CuNPs/MagSilica [10] Cuo-4A [11] SWCNT-Met/Pd [12] Cu@
Cu2O NPs-RGO [13] Tyr-G-Cu [14] CuO/AB [15] CuO NPs [16] 
Cu2O [17] Cu(OAc) [2,18] and [Cu]/Meso-N-C-1[19] are utilized 
for the formation of N-aryimidazol derivatives. On the other hand, 
due to the high trenchancy of Pd-based catalysts, in the synthesis 
of N-arylimidazoles has been frequently utilized [20]. In this 
study, commercially available Pd/AlO(OH) nanoparticles (NPs) 
were used in the synthesis o [f N-arylimidazoles. Moreover, Pd/
AlO(OH) nanoparticles, which maintains its stability in different 
environmental conditions were used as the catalyst in the 
hydrogenation of nitro,[6] aldehyde [21] and azido compounds [22] 
and in the knoevenagle condensation [23] dehalogenation of aryl 
halides [23] and in the oxidation of benzylic alcohols [24]. Herein, 
the formation of N-aryl imidazoles was carried out using ultrasonic 
conditions and PdAlO (OH) NPs, which is highly stable and reusable 
in eco-friendly solvent mixture such as H2O / IPA.

Experimental
Materials

All reagents (imidazoles, aryl halides, catalyst, potassium 

hydroxide) and solvents were provided from Sigma-Aldrich and 
used without further purification. 

Characterization Methods

1H/13C NMR spectra were recorded on a Jeol ECS 400 MHz 
spectrometer.

General Procedure for the Synthesis of N-Arylimidazoles 

1.0 mmol of imidazole compounds and 3.0 mmol of potassium 
hydroxide with 4 ml of water-isopropyl mixture (v / v = 1/1) in 
the reaction vessel were mixed with the magnetic stirring for 15 
minutes. Then, 25 mg of PdAlO (OH) NPs and 1.0 mmol of aryl halides 
were added to the mixture, and the reaction was continued under 
ultrasonic conditions for 2 hours. After completion of the reaction, 
the catalyst was removed by applying simple centrifugation and 
washing with ethanol (3x15 ml). The filtrate was taken to dryness 
in the evaporator and N-aryl imidazole derivatives were purified 
by silica gel column chromatography with ethyl acetate / hexane 
mixture (v/v=1/5).

Results and Discussion
The Scanning Electron Microscopy (SEM) and x-ray diffraction 

(XRD) (Figure S1) analysis of the catalyst was taken before the 
synthesis of N-aryl imidazole derivatives and after the same 
reaction was repeated five times. As seen in irregularly spreading 
SEM images, the catalyst displays the nanocrystalline Boehmite 
structure, a hydrated form of alumina (AlOOH). When the surface 
area of a nanocatalyst is sufficiently enlarged, information about 
the surface of the catalyst can be obtained (Figure 1). After the Pd/
AlO (OH) nanoparticles are reused five times as shown in Figure 
1b, agglomerates occur on the catalyst surface. The elemental 
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composition of the catalyst consists of carbon, aluminum and 
palladium, as seen in Figures 1c & 1d. It is likely that carbon is 
contaminated by air. In the literature, XRD analysis of Pd/AlO(OH) 
nanoparticles clearly reveals the surface-centered cubic crystal 
structure of the catalyst [25]. The catalytic activity of Moreover, 
Transmission Electron Microscopic Analysis (TEM) reveals that 

the average size of Pd/AlO(OH) NPs is about 3 nm [26] the Pd/
AlO(OH) NPs was studied for the synthesis of N-phenyl imidazole 
in the presence of KOH as base source under ultrasonic conditions 
(Table 1). Firstly, different solvents such as isopropyl alcohol (IPA), 
methanol (MeOH), ethanol (EtOH), dichloromethane (CH2Cl2) and 
water (H2O) were tested. 

Table 1:	Optimization	requirements	for	the	synthesis	of	N-phenyl	imidazolea.

N

H
N

I

Solvent, Base
)))))

N

N

PdAlO(OH) NPs

Entry Solvent Catalyst amount (mg) KOH (mmol) Time (h) Yieldb (%)

1 IPA 25 3 5 45

2 MeOH 25 3 5 10

3 EtOH 25 3 5 -

4 CH2Cl2 25 3 5 -

5 H2O 25 3 5 12

6 H2O/IPA (1:1) 25 3 2 93

7 H2O/IPA (1:1) 25 1 5 40

8 H2O/IPA (1:1) 25 2 4 63

9 H2O/IPA (1:1) 25 4 4 93

10 H2O/IPA (1:1) 5 3 5 -

11 H2O/IPA (1:1) 10 3 5 15

12 H2O/IPA (1:1) 15 3 5 68

13 H2O/IPA (1:1) 20 3 3 90

14 H2O/IPA (1:1) - 3 6 -

The best results were obtained by the using of water/isopropyl 
as solvent mixture. The compatibility of water with the substrate 
and product was also noteworthy. Addition of 3.0 mmol of KOH 
with 15 mg of Pd/AlO(OH) NPs as catalyst in the presence of H2O/
IPA mixture showed a significant increase in the yield (Table 1, 
entry 12). Eventually, 25 mg of catalyst and 3.0 mmol of KOH 
were used with 4.0 ml of water/isopropyl alcohol (v/v=1/1) to 
obtain N-phenyl imidazole (Table 1, entry 6). However, there was 
no N-phenyl imidazole formation in the absence of catalyst and 
under ultrasonic conditions (Table 1, entry 14). Table 2 showed 

that the commercially available Pd/AlO(OH) catalyst was tested 
in the synthesis of N-aryl imidazole derivatives. In this reaction, 
aryl halides and imidazole derivatives were preferred as the 
starting material. N-phenyl imidazole (2) and 1-(4-nitrophenyl)-
1H-imidazole (6) compounds were obtained using different aryl 
halides. In this study, the effects of the groups –Cl, -Br and –I were 
compared as the leaving group. As expected, iodine benzene (4) 
reacted with higher yields to obtain related products (Table 2, 
entries 1-6). 

Table 2:	Pd	AlO(OH)	NPs	catalyzed	reaction	with	imidazole	derivatives	of	various	arylhalides.

3 mmol KOH
0.12 mmol% PdAlO(OH)

iPrOH:H2O (v/v=1:1)
2h

))))))

N

H
N

X

R1

N

N

R1

R
R

Entry Substrate Product Selectivityb (%) Yieldc (%)

1

Cl

1

N N

 
2

>99 70

2
Br

 
3

N N

 
2

>99 82
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3
I

 
4

N N

 
2

>99 93

4

Cl

O2N  
5

N N

NO2  
6

>99 76

5

Br

O2N  
7

N N

NO2  
6

>99 89

6

I

O2N  
8

N N

NO2  
6

>99 96

7
Br

Br  
9

N N

Br

O2N

 
10

>99 72

8
Br

MeO  
11

N N

OMe

O2N

 
12

>99 62

9
Br

MeO  
11

N N

OMe

O2N

 
13

>99 55

10
I

NO2

 
14

N N

EtO2C

O2N  
15

>99 77

11
I

 
16

N N

EtO2C

 
17

>99 70

12
I

Cl

 
18

N N

EtO2C

Cl  
19

>99 68

1-(4-Bromophenyl)-4-nitro-1H-imidazole (10) was obtained 
in low yields. Because, the nucleophilic feature is weakened due 
to the -NO2 group, which is the electron attracting group in the 
imidazole structure used as the starting material (Table 2, entry 
7). The presence of the -NO2 group in the imidazole structure 
and the presence of the -MeO group in the aryl halide structure 
caused the formation of 1-(4-Methoxyphenyl)-4-nitro-1H-
imidazole (12) in lower yields (Table 2, entry 8). In the formation 
of 1- (4-Methoxyphenyl)-2-methyl-4-nitro-1H-imidazole (13), in 
addition to the aforementioned electronic effects, steric effects 
also manifested and the reaction efficiency decreased even more 

(Table 2, entry 9). The electronic effects come to the fore in the 
formation of 4-ethoxycarbonyl-1- (2-nitrophenyl) imidazole 
(15), 4-ethoxycarbonyl-1-(4-methylphenyl) imidazole (17) and 
4-ethoxycarbonyl-1-(2-chlorophenyl) imidazole (19) compounds. 
As expected, aryl halides containing nitro groups turn into products 
with higher yields (Table 2, entries 10-12). The amount of palladium 
passed to the reaction medium after 5 repeated reactions in the 
water-isopropyl solvent mixture under ultrasonic conditions was 
calculated with ICP-MS and is 1%. This result is a negligible result, 
suggesting that the method is an environmentally friendly method 
(Table 3).
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Table 3:	Reusing	of	Pd/AlO(OH)	NPs.

Entry Substrate Product
1st run 5th run

Yieldb % Time, h Yieldb % Time, h

1
Cl

N N 70 2 2 65

2
I

N N 93 2 2 90

The literature information related to the synthesis of N-phenyl 
imidazole is given in Table 4. The use of different types of 
heterogeneous catalysts in N-arylation reactions appears to have 
some advantages: high yield synthesis of products, recovery of 
catalysts and repeated use. However, it is an important problem 
that the reaction times are long and the reactions are carried 
out at high temperatures. Table 4 shows that copper-containing 
heterogeneous catalysts are used in N-arylation reactions. However, 
since the catalysts containing copper are unstable, the catalyst 
structure deteriorates under atmospheric conditions and the 

transition of the metal to the reaction medium is an environmental 
threat. Therefore, the repeated use of copper-containing catalysts is 
very weak. However, the catalyst we use in this study is stable under 
different atmospheric conditions and has a feature that can be used 
many times by being easily removed from the reaction medium. 
Of course, in the literature, heterogeneous catalysts containing 
palladium are also used in N-arylation reactions. However, as seen 
in Table 1, long reaction times and high temperatures are a major 
disadvantage in terms of time and energy economy.

Table 4:	Comparison	of	designed	catalytic	system	with	recent	published	works	about	the	synthesis	of	N-phenylimidazole.

Catalyst Conditions Temp. oC Time, h Yield,[a] %

CuNPs/MagSilica Catalyst (100 mg), bromo benzene (1 mmol), imidazole (2 mmol), DMF 
(6 mL), K2CO3 (2 mmol) 152 24 80

Cuo-4A (molecular 
sieve)

Catalyst (0.3 g), iodine benzene (3 mmol), imidazole (6 mmol), DMF (5 
mL), Cs2CO3 (6 mmol) 150 24 >99

SWCNT-Met/Pd Catalyst (0.02 g), iodine benzene (1.1 mmol), imidazole (1 mmol), DMF 
(3 mL), NEt3 (2 mmol) 110 10 96

Cu@Cu2O NPs-RGO Catalyst (100 mg), iodine benzene (0.5 mmol), imidazole (0.5 mmol), 
DMSO (2 mL), Cs2CO3 (0.75 mmol) 110 1 96

Tyr-G-Cu Catalyst (5 mg), iodine benzene (1 mmol), imidazole (1.2 mmol), DMSO 
(2 mL), NaOH (2 mmol) 110 24 93

CuO/AB Catalyst (70 mg), iodine benzene (1.5 mmol), imidazole (2.25 mmol), 
DMSO (2 mL), t-BuOK 180 18 100

CuO NPs Catalyst (2.5 mol%), iodine benzene (1 mmol), imidazole (1.25 mmol), 
DMSO (1 mL), NaOH (1 mmol) 110 24 91

Cu2O Catalyst (0.1 mmol), iodine benzene (1 mmol), imidazole (1.5 mmol), 
DMSO (2 mL), K3PO4 (2 mmol) 120 6 94

Cu(OAc)2
Catalyst (1 mol%), iodine benzene (1.2 mmol), imidazole (1 mmol), 

DMSO (2 mL), Cs2CO3 (2 mmol) 110 24 98

[Cu]/Meso-N-C-1 CuI (0.15 mmol), Meso-N-C-1 (50 mg), iodine benzene (1 mmol), imida-
zole (1.5 mmol), DMSO (4 mL), KOH (3 mmol) 100 24 88

PdAlO(OH NPs 
(this study)

Catalyst (25 mg, 0.5 wt% metal content), iodine benzene (1.0 
mmol), imidazole (1.0 mmol), KOH (3 mmol),   H2O/iPrOH (v/

v=1/1)
25 2 93

Also, the use of toxic and carcinogenic solvents such as DMF and 
DMSO is a negative side of N-arylation reactions in the literature. 
However, as in different catalytic applications, the main purpose in 
catalytic applications of catalysts is to develop a more advantageous 
method. The main purpose of our study is to give the literature an 
economical method for the synthesis of N-aryl imidazoles in an 
environmentally friendly solvent, accompanied by a heterogeneous 
catalyst that is commercially available, recyclable and reused. The 
scheme of the coupling reactions of aryl halides and imidazole 
derivatives occurring on the catalyst surface is given in Scheme 2. 

In the proposed mechanism; After AlO(OH) supported Pd (0) was 
oxidized to Pd (II) with oxidative addition step, N-arylimidazole 
products were obtained with the formation of steps such as 
transmetalation and reductive elimination In the transmetalation 
phase, KOH, a strong base, accelerates the separation of the 
hydrogen atom from the imidazole compound. In this way, the 
nucleophilic power of the imidazole molecule increases and the 
coupling reaction with aryl halides is accelerated over the catalyst 
surface. Finally, Pd (II) is reduced to Pd (0) again and the reaction 
continues under catalytic conditions [27].

http://dx.doi.org/10.26717/BJSTR.2020.27.004537
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Scheme 2:	The	possible	mechanism	for	the	N-aryl	imidazole	derivatives.

Conclusion
In summary, a new method has been developed for the 

synthesis of N-aryl imidazole derivatives with high yields and short 
periods using Pd/AlO(OH) NPs in ultrasonic conditions. The use of 
the relevant catalyst in coupling reactions is a first in the literature. 
The use of a second solvent, such as isopropyl alcohol, which will 
support the solubility of imidazole derivatives and aryl halides, 
as the starting materials, increases the solubility and makes the 
reaction easily. In addition, after the reaction, the catalyst was 
gained and used again and again. The rate of metal that has passed 
into the solvent after their reuse was determined with ICP-MS. The 
method we developed is an alternative for environmentally friendly, 
economical and docking reactions.
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