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Abstract: In the present work, we report an efficient route for the synthesis of benzimidazole 

derivatives by the reaction of aromatic aldehydes and o-phenylenediamine at room temperature by using 

pomegranate peel powder (PGP) as a natural catalyst. The present method represents a green and 

valuable addition to the existing methods for the synthesis of benzimidazoles.  
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1. Introduction 

Benzimidazole scaffold is a bicyclic compound, having an imidazole ring with two 

nitrogen atoms situated at 1, 3 position fused to benzene [1] (Figure 1). Imidazole ring core 

structure shows biological activity against heart diseases [2]. 
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Figure 1. Structure of benzimidazole. 

The first benzimidazole was introduced by Hoebrecker in 1872, who obtained 2, 5(or 

2, 6) dimethyl benzimidazole (6, 7) by the reduction of 2-nitro 4- methyl acetanilide [3]. The 

development of simple, efficient, environmentally benign, and economically viable chemical 

processes or methodologies for widely used organic compounds is of great demand [4].  The 

most prominent benzimidazole is N-ribosyl-dimethylbenzimidazole, which is an axial ligand 

for cobalt in vitamin B12 [5]. Substituted derivatives of benzimidazoles have found 

commercial application in veterinarian medicine as anthelmintic agents and diverse 

therapeutics [6]. Benzimidazole is a nitrogen-containing bicyclic heterocyclic compound that 

shows a wide range of biological activities such as antioxidant [7], antiviral [8], antifungal [9], 

anticancer [10], antihypertensive [11], antimicrobial [12], anti-tumor [13] and antibacterial [14] 

activities. 

Benzimidazole is a very useful intermediate for the synthesis of pharmaceuticals and 

biologically active compounds. Many scientists have developed various methods for the 

synthesis of benzimidazoles using different catalysts such as zinc acetate [15], solid acid 

scolecite [16], silica boron sulfonic acid (SBSA) [17], bismuth nitrate [18], VB1 [19], zinc-

sulfate [20], etc. 
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Pomegranate shows an antioxidant activity due to the abundance of flavonoids, 

anthocyanins, and catechins in different parts like fruits, seeds, and peels. Its peels cover a 

major portion of fruit, constituting about 60% of the fruit carrying various ingredients such as 

calcium, sodium, potassium, phosphorus, and magnesium [21]. Several alkaloids are found in 

pomegranate peel, such as ellagic acid, gallic acid chlorogenic acid, cinnamic acid, 

protocatechuic hydroxy acid, hydroxybenzoic acid, etc. [22]. According to the literature, we 

observed that pomegranate peel has the ability to donate a proton; therefore, it has an acidic 

character. 

Considering the economic and environmental point of view, now a day’s more study 

has been focused on the synthesis of organic compounds using natural catalysts. These catalysts 

have advantages like easily accessible, safe, and eco-friendly nature. Herein we report the one-

pot synthesis of benzimidazole derivatives by the reaction of substituted aromatic aldehydes 

and o-phenylenediamine by using ethanol as a solvent in the presence of pomegranate peel 

powder (PGP) as a natural catalyst at room temperature in a short reaction time. 

2. Materials and Methods 

 Chemicals were spectrochem made and used without further purification. The reaction's 

progress was monitored using TLC plates in 70% n-hexane: 30% ethyl acetate. Melting points 

were recorded in capillaries open at one and were uncorrected. The products were confirmed 

by comparing their physical constant the literature values, 1H NMR, IR, mass spectral data. 

2.1 Synthesis of benzimidazoles.  

Pomegranate peel powder (PGP) (10 wt%) was added to a mixture of aromatic 

aldehydes (1 mmol) and o-phenylenediamine (1 mmol) in ethanol solvent, and the contents 

were stirred for the appropriate time as mentioned in (Scheme 1, Table 1). The progress of the 

reaction was monitored by TLC in n-hexane: ethyl acetate (7:3). After completing the reaction, 

the solvent of ethanol from the reaction mixture was evaporated, and the reaction mixture was 

poured onto ice-cold water and filtered off. The resulting solid was further purified by 

recrystallization from ethanol. 
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Scheme 1.  Synthesis of Benzimidazoles. 

 

2-(4-Methoxy-phenyl) benzimidazole [Entry 1] 1H NMR (DMSO-d6): δ ppm 11.30 (s, 1H), 

8.04 (d, 2H), 7.52-7.61 (m, 2H), 7.26-7.28 (m, 2H), 7.10 (d, 2H), 3.73 (s, 3H); ESI-MS: 225.09 

(M+1)+. 

2-(3-nitro-phenyl) benzimidazole [Entry 4]: 1H NMR (DMSO-d6): δ ppm 12.5 (s, 1H), 8.5 (s, 

1H), 8.15 (d, 1H), 8.25 (d, 1H), 7.30 (t, 1H), 7.2-7.3 (m, 2H), 7.22 (t, 2H); ESI-MS: 240.06 

(M+1) +. 
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Table 1. Synthesis of benzimidazole derivatives. 

Entry Aldehyde Product Time 

(min) 

Yield% M. P. (oC) 

Observed 

M. P.(oC) 

Reported 

1 CHO

OCH3 

N
H

N

OCH3 

60 84 230-231 230-232[6] 

2 CHO

 

N
H

N

 

65 80 290-291 289[20] 

3 CHO

OH  

N
H

N

OH

 

70 79 248-250 250-252[20] 

4 CHO

NO2 

N
H

N

NO2

 

70 82 308-309 309-310[20] 

5 CHO

OH  

N
H

N

OH 

75 80 271-273 272-274[6] 

6 CHO

Cl

 

N
H

N Cl

 

75 81 231-233 234[18] 

7 CHO

Cl  

N
H

N

Cl 

70 82 288-290 290[18] 

8 CHO

NO2

 

N
H

N NO2

 

70 80 262-264 264[18] 

9 CHO

CH3  

N
H

N

CH3 

75 79 222-224 224[20] 

3. Results and Discussion 

A model reaction was carried out on 4-methoxy benzaldehyde (1 mmol) and o-

phenylenediamine (1 mmol) using pomegranate peel powder (PGP) (10 wt %) in ethanol 

solvent at room temperature (Scheme 2, Table 2). 
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Scheme 2. Model reaction for the synthesis of benzimidazole derivatives. 
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Table 2. Effect of different solvents on the synthesis of benzimidazole derivatives. 

Entry Solvent Time(min) Amount of catalyst Yield% 

1 Water 120 10 47 

2 Without solvent 180 10 32 

3 Ethanol 60 10 84 

 

Initially, the reaction was carried out in water solvent at room temperature; but the 

desired product was obtained in a significantly less amount, 47 %. Then we carried out the 

same reaction without solvent and ethanol solvent at room temperature. We observed that the 

desired product was obtained in 32% and 84% yield, respectively. The solvent-free condition 

required more time (180 min) for the completion of the reaction as compared to water solvent 

(120 min) and ethanol solvent (60 min). Excellent yields were obtained in ethanol solvent in a 

short reaction time compared to water and without solvent (Table 2). 

 Later on, we investigated the effect of catalyst concentration on model condensation 

reaction by varying the amounts of catalyst concentration from 5, 10, 15, 20 wt %. We found 

that 10 wt % of the catalyst was sufficient enough to carry out the reaction (Table 3). 

Table 3. Effect of catalyst concentration on the synthesis of benzimidazole derivatives. 

Entry Amount of catalyst (wt %) Yield (%) 

1 5 40 

2 10 84 

3 15 80 

4 20 80 

 

To get different products, various aldehydes were used, and the results are shown in 

Table 1. Most of the aldehydes afforded excellent yields of over 80%. The highest yield (84%) 

was obtained in the case of 4-methoxy benzaldehyde as the starting material (Table 1). 

4. Conclusions 

 In conclusion, we developed a green method for the synthesis of benzimidazoles by the 

reaction of o-phenylenediamine with different substituted aromatic aldehydes using 

pomegranate peel powder (PGP) as a natural heterogeneous catalyst in ethanol as a green 

solvent. This method's important features are short reaction time, high yield, and ease of 

availability of the catalyst. 
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