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K E Y W O R D S 

We introduced a very simple, one-pot three component procedure 
for preparation of 2,4,5-triaryl-imidazoles from the reaction of 
benzyl, aldehydes and ammonium acetate, as ammonia source, 
catalyzed by Caro's acid-silica gel under Solvent –free condition. 
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Introduction 

There is an increasing interest in the use of 

environmentally feasible reagents 

particularly in solvent-free condition. 

Prevention of organic solvents during 

reactions in organic synthesis leads to a 

clean, efficient, and economical technology; 

not only with the increment of safety, the 

simplicity of work up, and the reduction of 

cost, but also by the increased amount of 

reactants it can be achieved in the same 

equipment without huge modifications. 

Reactivity and sometimes selectivity may be 

enhanced without dilution [1]. 

Multi-component reactions (MCR) are 

useful and efficient methods in organic 

synthesis. The major advantages of these 

reactions are (1) a single purification step, 

(2) higher yields than stepwise assembly, 

(3) the use of simple and diverse precursors 

to construct complex molecules, and (4) the 

use of only a single promoter or catalyst. 

Thus, the development of new multi-

component reaction is a popular area of 

research in current organic chemistry and is 

also acceptable from a Green Chemistry 

point of view [2]. 

Multi-substituted imidazoles are an 

important class of compounds in the field of 

pharmaceuticals and exhibit a wide 

spectrum of biological activities [3]. 

Optimization of benzimidazole-based 

structures has resulted in marketed 

medicines such as Omeprazole [4], led 

compounds in a wide range of 

therapeutic(hepatitis C virus) [5] and 

eprosartan is one of the series of 1-

(carboxybenzyl) imdazole-5-acrylic acids, 

which is a potent and selective angiotensin 

II receptor antagonist [6]. In addition, many 

of ionic liquids have imidazole structures 

[7].  

Many methods for the synthesis of this 

important heterocycle have been published 

such as four-component condensation of 

arylglyoxals, primary amines, carboxylic 

acids and isocyanides on Wang resin [8], 

hetero-Cope rearrangement [9]. The 

synthesis of 2,4,5-triaryl-imidazoles from 

aryl aldehydes and 1,2-diketones or α-

hydroxy ketone and NH4OAc in the presence 

of ionic liquid [10], silica sulfuric acid [11], 

NiCl2.6H2O [12], sodium bisulfite [13], 

potassium aluminum sulfate (alum) [14], 

boric acid [15], ceric ammonium nitrate 

[16], Ionic Liquid [17], L-Proline [18].       

Several micro-wave (MW) assisted 

syntheses of imidazoles in the presence of a 

variety of catalysts [19-21] have been 

described. Recently, the use of Caro's acid-

silica gel (CA-SiO2) as catalysts or promoters 

in organic synthesis has attracted great 

interest from many chemists. CA-SiO2 can 

enhance the reactivity and selectivity of 

many types of reaction, such as oxidative 
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coupling of thiols to disulfides [22], 

synthesis xanthen [23] and synthesis 

tetrahydrobenzo[b]pyran [24]. 

Experimental 

Matherials and Methods 

Melting points were taken using the 

capillary tube technique with an 

electrothermal 9200 apparatus and are 

uncorrected. IR spectra were recorded from 

KBr disk on the FT-IR Bruker Tensor 27. 1H 

NMR spectra were recorded on a Bruker 

AQS Avance 500-MHz spectrometer by using 

tetramethylsilane (TMS) as an internal 

standard. All the reagents and solvents were 

purchased from Merck and Aldrich with 

high-grade quality and without any 

purification was used. 

General Procedure 

A mixture of aromatic aldeyde (1 mmol), 

benzyl (1 mmol) and ammonium acetate 

(1.2 mmol) and of Caro's acid (0.1 g) was 

magnetically stirred at 60 °C for the 

appropriate time as indicated in Table 3. The 

reaction was followed by TLC. After 

completion, the reaction mixture was 

washed with CHCl3. For further purification 

it was crystallized with ethanol to afford the 

pure product. 

Selected spectroscopic data 

2-(4,5-Diphenyl-1H-imidazol-2-yl)-phenol 
(4a) 

mp: 273-275 °C; IR: 1262, 1501, 1583, 1601, 

3058, 3204, 3409 cm-1; 1H NMR 

(CDCl3/DMSO-d6, 500 MHz) δ 6.90–7.02 (d, 

2H, J=7.5 Hz), 7.26–7.64 (m, 10H), 7.95– 7.98 

(d, 2H., J=8.06 Hz), 9.08 (s, 1H), 12.74 ppm 

(brs, 1H).  

2-(4-Methyl-phenyl)-4,5-diphenyl-1H-
imidazole (4c)  

mp 225–227 °C; IR: 1250, 1528, 1613, 

2958, 3407 cm-1; 1H NMR: δ CDCl3/DMSO-d6, 

500 MHz) δ 3.09 (s, 3H, CH3), 7.03–7.83 (m, 

12H), 8.02-8.052 (d, 2H, J=8.3 Hz), 12.60 

ppm (brs, NH). 

Results and Discussion 

In connection with our ongoing work on 

synthesis of heterocyclic compounds with 

CA-SiO2 [25, 26] wish to report a facile 

procedure for preparation of imidazoles 

derivatives with CA-SiO2 as a nontoxic, 

inexpensive, and easily available reagent. 

In our initial research, aromatic aldehyde 

was selected as the representative 

aldehydes to examine the catalytic activity of 

different acids. In a general experimental 

procedure, a mixture of aromatic aldehydes 

(1 mmol), benzyl (1 mmol) and ammonium 

acetate (1.2 mmol) was magnetically stirred 

at 60 °C in the presence of various catalysts 

(0.02 mol%). 

Then the reaction mixture was washed with 

H2O. The pure product was obtained by 

recrystallization using acetone. As a result, 
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we can conclude from Table 1 that all acids, 

examined were very effective and all the 

reactions were completed within 20-60 min. 

in excellent yields.  

Table1. Catalytic activity of various catalysts for 
the reaction of benzyl, benzaldehyde and 
NH4OAc   

Entry Catalyst 
Time 
(min) 

Yield 
(%)a 

1 MCM 30 89 
2 Cellulose-

OSO3H 
60 83 

3 NH2SO3H 25 90 
4 CA-SiO2 15 93 

a Isolated yields 

Considering the reaction times and the 

yields, Caro's acid was selected as the 

optimum catalyst used in the following 

study. To evaluate the effect of catalyst 

concentration, the model reaction was 

carried out in the presence of different 

amounts of catalyst (Table 2). 

Table 2. Optimization amount of CA-SiO2 on the 
reaction of benzyl, benzaldehyde and NH4OAc 

Entry 
 

Catalyst 
(g) 

Time 
(min) 

Yield 
(%)a 

1 0.04 35 89 
2 0.08 20 90 
3 0.1 15 93 

a Yields refer to the pure isolated products 

The results showed that 0.1 g of catalyst was 

sufficient to achieve a fairly high yield. With 

0.04 g of Caro's acid, a lower yield was 

observed under the same reaction period. 

Encouraged by these results, we extended 

this study using various aromatic aldehydes 

in the presence of a catalytic amount of acid. 

The results are summarized in Table 3. 

We found that several  aromatic aldehydes 

carrying either electron-releasing or 

electron-withdrawing substitutes in the 

meta, and para positions the products the 

reaction proceeded very efficiently in all 

cases but for electron withdrawing 

substitutes longer reaction times need to 

drive the reaction to completion. 

In order to show the merit of Caro's acid in 

comparison with other reported catalysts, 

we summarized some of the results for the 

preparation of 2,4,5-triaryl-imidazoles in 

Table 4, which shows that Caro's acid is 

more efficient catalyst with respect to 

reaction time and yield than previously 

reported ones. 

Table 3. Synthesis of compound 4a-g by Caro's acid 

Entry Producta R Time (min) Yield (%)b Mp (°C ) [Lit] 

1 4a C6H5 15 93 273-275[272-273]12 
2 4b 4-HO-C6H4 22 90 230-233[230-232]14 
3 4c 4-Me-C6H4 15 92 225-227[229-231]12 
4 4d 4-OMe-C6H4 20 91 231-234[230-232]27 
5 4e 4- NO2-C6H4 30 87 230-232[235-238]12 
6 4f 4-Cl-C6H4 25 91 263-266[262-264]27 
7 4g 3- NO2-C6H4 30 89 312-315[313-315]12 

a Products were characterized by comparison of their spectroscopic data (GC-Mass and IR) and mps with those reported in the literature. 
b Isolated yield 
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Table 4. Comparison of Caro's acid with reported catalysts in synthesis 4a 

Catalyst/solvent/temperature/ °C Catalyst load Time (min.) Yield (%) Ref. 

KAl(SO4).12H2O/ethanol/ 70 0.3g 150 93 [14] 

CAN/ethanol-water/ 65 10 mole% 50 98 [16] 

BO3H3/ ethanol-water/ r.t. 5 mole% 30 98 [15] 

Sodium bisulfite/ ethanol-water/ 80 10 mole% 30 98 [13] 

Caro's acid /Solvent-free/ 60 0.1g 15 93 This work 

 

Conclusion  

In conclusion, we developed an efficient 

and simple alternative for the preparation 

of 2,4,5-triaryl-imidazoles via Caro's acid 

catalyzed under Solvent-free conditions. 

Prominent among the advantages of this 

new method are operational simplicity, 

good yields, short times and an easy 

work-up procedure. 
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