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Abstract  

 

The benzimidazoles skeleton, a category of heterocyclic compounds have important biological and pharmaceutical 

properties such as antihelminthic, antiulcer, diuretic, anticonvulsant, analgesic, antiulcer, antihypertensive, anticoagulant, 

anticancer, anti-inflammatory, antimicrobial, antiviral, antiparasitic and antioxidant. On the other hand, graphene oxide 

due to their operational simplicity, easy work up and inherent non-toxic, and possessing a wide variety of functional 

groups, such as epoxy, hydroxyl, and carboxyl, pays an important role in organic synthesis. Therefore, in this chapter 

graphene oxide was investigated as an efficient catalytic system for the preparation of benzimidazole compounds via the 

condensation reaction of o-phenylenediamines with aromatic aldehydes in very good yields at ambient temperature. The 

results in this method were compared with previously reported in literature respectively. Also graphene oxide was 

recovered and reused without decreasing in its efficacy for 3
th
 runs.  

Keywords: aldehyde, phenylenediamines, graphene oxide, benzimidazoles, synthesis, phenylene diamine, nanocatalyst, 
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INTRODUCTION 
All the heterocyclic compounds are of very 

interest in pharmaceutical and medicinal chemistry. Out 

of these useful heterocyclic compounds, the benzfused 

heterocyclic compound, i.e. benzimidazoles are 

important pharmacophore and privileged structures in 

medicinal chemistry. Benzimidazole derivatives exist in 

various pharmaceutical and biological agents [1, 2] like 

antiparasitic, thiabendazole, mebendazole and 

albendazole, antihistaminic norastemizole and 

mizolastine, as well as antihypertensive telmisartan etc. 

have been reported and widely used in clinic. A wide 

variety of biological activities associated with 

benzimidazoles including antimicrobial and 

antiprotozoal, antibacterial effects [3], antiallergic 

activity [4], HIV inhibtors and antiviral effect [5], 

antiparasitic effect [6], antihypertensive agents [7], 

cardiotonic activity [8], antiulcer activity [9], 

antiproliferative activity [10], anti-inflammatory 

activity [11], antioxidant activity [12], antiprotozoal 

activity [13], antidiabetic activity [14], diuretic activity 

[15], anticonvulsant agents [16], DNA binding 

properties, bovine DHFR and antitumor [17] and 

anticoagulant [18]. 

Also, many naturally compounds like vitamin 

B12 and its derivatives have benzimidazoles skeletone. 

In addition, it has a close similarity with purine 

nucleobases structure in DNA and RNA. Due to this 

similarity, benzimidazole can be easily recognized by 

various biological systems like enzymes and receptors. 

On the other hand, benzimidazole core is a privileged 

structure in pharmaceutical industry and can be found 

in a plenty of commercial drugs with a wide variety of 

activities [19]. Among different benzimidazole 

derivatives, 1H-2-substituted benzimidazole moiety is a 

key structural motif found in numerous well-known 

drugs such as omeprazole and pantoprazole as antiulcer, 

albendazole, mebendazole, thiabendazole, flutrimazole, 

and oxfendazole as anthelmintic, mibefradil and 

pimobendan as antihypertensive as well as diamidine 

and enviroxime as antiviral drugs [19]. In addition, 

these compounds have been employed as important 

intermediates in organic reactions [20], ligands for 

asymmetric catalysis [21], and structural subunits of 

functional materials [22].  

 

Lately, various catalytic systems of Lewis 

acids have been developed for the synthesis of 
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benzimidazoles derivatives with different functional 

groups highlighting the advantages of their protocol 

over the other methods [23]. 

 

Generally, condensation reaction between o-

phenylenediamine and carboxylic acids and their 

derivatives are carried out for the production of 

benzimidazoles under acidic pH, and in high heating 

using polyphosphoric acid or by microwave irradiation 

[24].  

 

In a study, a one-step, sol-gel method was 

studied for selective preparation of 2-substituted 

benzimidazoles using high-valent molybdenum ions 

substituted into the cobalt oxide lattice. Therefore, the 

synthesis of 2-substituted benzimidazoles was 

developed using prepared catalyst in the presence of a 

wide variety of diamines and benzylamine in a one-pot, 

highly selective, and efficient catalytic protocol high 

yields. Catalytic activity of Co3O4 are enhanced by 

introducing molybdenum as an impurity into the lattice 

structure, where Mo
6+

 replaces the Co
3+

 in the crystal 

lattice, which alters the surface oxygen vacancies, 

surface defects, and redox properties of the original 

material. The advantages this protocol are: being 

environmentally benign, and cost effective, using an 

earth-abundant metal, and forming H2O and H2 as the 

sole byproducts [25] (Scheme 1). 

 

 
Scheme-1: Conversion and selectivity of X%Mo–Co3O4 and 

CoMoO4 catalysts for benzimidazole synthesis reaction 

 

In another study, the condensation reaction of 

between o-phenylenediamine with ketones and aromatic 

aldehydes resulted benzodiazepine and 1, 2-

disubstituted benzimidazoles derivatives using Fe3O4 

nanoparticles as a green and recyclable catalyst under 

solvent free conditions. The advantages of this synthetic 

method including the use of any toxic organic solvents, 

easy separation, reusability of the catalyst, high yielding 

that is very useful in industrial point of view, solvent-

free condition, separating of the catalyst using external 

magnetic field and reused for several runs [26] (Scheme 

2). 

 
Scheme-2: Synthesis of benzimidazoles 

 

The preparation of 2-substituted 

benzimidazoles was investigated via condensation of 

aromatic aldehydes with o-phenylenediamine using 

25% Co/Ce-ZrO2 as an efficient, green and nano fine 

particles under solvent free condition and at ambient 

temperature in high yield [27]. This new method has 

various advantages such as convenient procedure, easy 

purification, inexpensive and non-toxic nanoparticles, 

mild, eco-friendly and green aspects, avoiding 

hazardous solvents, the use of reusable nanocatalyst, 

shorter reaction times and high yields. Also 25% 

Co/Ce-ZrO2 was prepared according to the co-

precipitation route and was characterized by techniques 

such as SEM, XRD, FTIR and so on analysis. The 

catalyst is reusable and, reusable catalyst was 

characterized by XRD and FTIR techniques (Scheme 

3). 
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Scheme-3: Synthesis of 2-arylbenzimidazoles by 25 % Co/Ce-ZrO2 

 

2-Substituted benzimidazoles were synthesized 

from the cyclization reaction between benzene-1,2-

diamine and benzenecarbaldehydes in the presence of 

CS2, in CH2Cl2 at room temperature. The reactions were 

carried out under mild conditions with simple 

equipment and easy work up [28]. In this protocol a 

wide range of 2-substituated 1H-benzimidazoles was 

prepared by using inexpensive and readily available 

starting materials in simple and efficient procedure, to 

avoid toxic catalysts and to give nearly quantitative 

yields without any by-products (Scheme 4).  

 

 
Scheme-4: Synthesis of 2-substituted benzimidazoles 

 

In another study, a series of benzimidazole 

derivatives were proveded from 1, 2-phenylenediamine 

and aryl aldehydes at room temperature. The prepared 

compounds have been characterized on the basis of 

elemental analysis and various spectroscopic studies 

such as IR, 
1
H- and 

13
C-NMR, ESI-MS as well by X-

ray single X-ray crystallographic study. Also, 

interaction of these compounds with CT-DNA has been 

evaluated with fluorescence experiments and showed 

significant binding ability. All the synthesized 

compounds have been examined for their antitumor 

activities against various human cancer cell lines viz., 

human breast adenocarcinoma cell line (MCF-7), 

human leukemia cell line (THP-1), human prostate 

cancer cell lines (PC-3) and adenocarcinomic human 

alveolar basal epithelial cell lines (A-549). 

Interestingly, all the compounds showed significant 

anticancer activity [29] (Scheme 5). 

 

 
Scheme-5: Benimidazole derivatives 

 

To be very useful benzimidazole skeletone in 

the medicinal chemistry field, their interactions with 

biomolecules and biomacromolecules, and a wide range 

of biological applications such as antimicrobial, 

antiparasitic, antivirus, anticancer, anti-inflammatory 

and anti-histamine agents as well as drugs used to treat 

Alzheimer’s disease and hypertension, in another 

investigation, six new 2,4,6-trisubstituted 

benzimidazoles  were synthesized in the presence of 

1,2-phenylendiamine derivatives and carbonyl 

compounds using acidic and basic reagent [30] (Scheme 

6). 

 

 
Scheme-6: Synthesis of new 2, 4, 6-trisubstituted benzimidazoles 
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Jiang et al. [31] reported an efficient protocol 

for the synthesis of 2-substituted benzimidazoles from a 

variety of aliphatic/aromatic/heteroaryl aldehydes and 

o-phenylenediamine derivatives using NaHSO3 in water 

under reflux condition [31]. Interestingly, the amount of 

NaHSO3 has a huge effect on the reaction selectivity of 

2-substituted benzimidazole and 1, 2-disubstituted 

benzimidazoles in water. When the amount of the 

NaHSO3 was more than 11 equivalents, the 2-

substituted benzimidazole could be highly selectively 

formed as the sole product. Firstly, NaHSO3 was 

reacted with aldehyde to obtain the aldehyde sodium 

bisulfite, which reacted with o-phenylenediamine to 

result in the 2-substituted benzimidazole and inhibited 

the formation of 1, 2-disubstituted benzimidazole. This 

protocol solved the poor selectivity problem appearing 

in traditional method when cyclocondensation between 

o-phenylenediamine and aldehydes. The others 

advantages this strategy are: simple work up by 

filtrating, the sole 2-substituted benzimidazole 

precipitates from reaction mixture at the end of the 

reaction without further purification, applicable to both 

electron-rich and electron-poor starting materials, 

which was successfully used for synthesizing nine 

novel 2-substituted benzimidazole derivatives 

containing a 1,2,3-triazole moiety, method scalable, 

short reaction time, simple and clean separation 

procedure, high yields and broad substrates scope. 

These compounds were also characterized by NMR, IR 

and HRMS spectrum (Scheme 7). 

 

 
Scheme-7: Synthesis of 2-substituted benzimidazoles using 

NaHSO3 

 

In another study, Brătulescu developed alkyl 

halides are feasibly transformed into benzimidazoles 

derivatives by a domino reaction with o-

phenylenediamines in the presence of stoichiometric 

amounts pyridine-N-oxide under solvent-free conditions 

without need to catalyst in dry medium and little 

environmental impact. The reaction occurs in dry 

heterogeneous medium without separation of the 

intermediates and their purification. The method is an 

alternative to the expensive and poisonous catalysts, 

hazardous solvents, and strong acids usually used in all 

current protocols for the synthesis of benzimidazoles. 

The benefits of domino sequences cover reduction of 

waste generated and atom economy [32] (Scheme 8). 

 

 
Scheme-8: Conversion of primary alkyl halides to benzimidazoles 

 

The reaction of between 1,2-diaminobenzene 

and aldehydes were subjected to afford 2-substituted 

benzimidazoles under aerobic conditions, by simply 

heating in DMF at 80 °C, utilizing Ce(NO3)3-6H2O as 

promoter and atmospheric air as an efficient oxidant 

(Scheme 9). The procedure revealed good-to-excellent 

yields, new economic and eco-friendly protocol 

avoiding of the use of toxic metal catalysts, as well as 

additional bases and oxidants. Additionaly 

Ce(NO3)3.6H2O is a very convenient promoter for the 

reaction of 1,2-diaminobenzene with aldehydes, 

affording benzimidazoles in good-to-excellent yields 

after stirring for a few hours under an air atmosphere 

[33]. 

 

 
Scheme-9: Preparation of 2-substituted benzimidazoles under aerobic conditions 

 

A magnetic core-shell nanocomposite, 

Fe3O4@Chitosan@ZnO was successfully prepared by 

in situ chemical precipitation procedure and was 

employed for the synthesis of 2-substituted 

benzimidazoles using aryl aldehydes and o-

phenylenediamine in moderate-to-excellent isolated 

yields at room temperature. Fe3O4@CS@ZnO has a 

clear coreshell structure with magnetic Fe3O4 (about 

160 nm in diameter) as core, chitosan as the inner shell, 

and ZnO as the outer shell, and has high magnetization 
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(43.6 emu g
-1

) so that it can be easily separated from the 

reaction mixture within 4s by an external magnetic field 

as demonstrated by the TEM and the related elemental 

mapping. The substituted of the natural chitosan shell, 

instead of the conventional SiO2 shell, and its 

combination with the active ZnO makes this 

nanocomposite green character, environmentally 

friendly and good catalytic performance in the synthesis 

of 2-substituted benzimidazoles. The others advantages 

this catalytic method are: recyclable of the catalyst 

seven times without appreciable loss of its catalytic 

activity, easily separation by an external magnet after 

reaction and exhibited good stability, and making it an 

attractive candidate for further applications [34] 

(Scheme 10). 

 

 
Scheme-10: Synthesis of 2-phenylbenzimidazoles over various Fe3O4@Chitosan@ZnO 

 

The preparation of 1H-2-substituted 

benzimidazole derivatives was described using readily 

available substrates catalyzed by copper-doped silica 

cuprous sulfate (CDSCS) as a highly efficient 

heterogeneous nano-catalyst and diverse 2-

bromoanilines, aldehydes, and [bmim]N3 in DMF at 

110 °C in good-to-excellent yields. The main 

advantages of this catalytic method are: inexpensive 

and stable nano-catalyst, simple preparation, 

recoverable and reusable of the catalyst for many 

consecutive reaction runs without significant loss of its 

activity, straightforward, simple, and mild process for 

synthesis of 1H-2-substituted benzimidazoles.  

 

Also, the use of [bmim]N3 as a green source of 

azide, and the applicability of the method in large scale 

synthesis make this process as an attractive protocol for 

the synthesis of structurally diverse benzimidazoles 

derivatives [35] (Scheme 11). 

 

 
Scheme-11: Three-component synthesis of 1H-2-substituted 

benzimidazoles using CDSCS 

 

The diversely functionalized benzimidazoles 

and 2-substituted benzimidazoles were preparation via 

the imidazolium chloride-catalyzed cyclization of o-

phenylenediamines with DMF derivatives, and a broad 

substrate scope for aliphatic, aromatic, and 

heteroaromatic amides in moderate-to-excellent yields 

in a facile, general, an efficient and economical 

approach [36] (Scheme 12). 

 

 
Scheme-12: Synthesis of functionalized benzimidazoles using imidazolium chloride 

 

A series of functionalized benzimidazole 

derivatives bearing N-(4-chloro-or fluorophenyl) 

pyrrolidin-2-one or N-(4-chloro- or 

fluorophenyl)aminobutanoic acid moiety were 

synthesized from condensation reaction between 1,2-

phenylene diamine and carboxylic acids. 

 

These compounds have a great antibacterial 

activity, comparable to that of a commercial 

antibacterial agent oxytetracycline, against 

Staphylococcus aureus; Escherichia coli, Pseudomonas 

aeruginosa, and Bacillus cereus were identified. Also, 

some of the synthesized benzimidazoles revealed 

significant antioxidant activity such as functionalized 

benzimidazoles bearing N-(4-halophenyl) pyrrolidin-2-

one or N-(4-halophenyl) aminobutanoic acid moiety. 4-

Amino-5-[2-(1H-benzimidazol-2-yl)-3-(4-

chloroanilino) propyl]-2,4-dihydro-3H-1,2,4-triazole-3-

thione (40a) was identified as possessing antibacterial 

activity against E. coli and P. aeruginosa strains higher 

almost 60 and 30 times, than that of oxytetracycline. 4-

(1H-Benzimidazol-2-yl)-1-(4-chlorophenyl)-2-
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pyrrolidinone (2a) and N0-[(2-chloro-5-

nitrophenyl)methylidene]-2-[2-[1-(4-chlorophenyl)-5-

oxo-3-pyrrolidinyl]-1H-benzimidazol-1-

yl]acetohydrazide (2a) exhibit significant antioxidant 

activity, higher than that of a well-known antioxidant 

agent ascorbic Acid [37] (Scheme 13). 

 

 
Scheme-13: Synthesis of functionalized benzimidazoles bearing N-(4-chloro- or fluorophenyl) pyrrolidin-2-one or N-(4-chloro- or 

fluorophenyl)aminobutanoic acid 

 

The condensation reaction of between o-

phenylenediamine derivatives and aldehyde derivatives 

was successfully carried out using catalytic amount of 

p-toluenesulfonic acid coated natural phosphate 

(NP/PTSA) to afford 2-substituted benzimidazoles 

under mild conditions in high yields. The advantages 

this new method includes  the use of NP/p-TSA as a 

reusable, heterogeneous organocatalyst, simple, 

convenient, and environmentally friendly process, high 

yield, recoverable catalyst for successive condensation 

without loss an appreciable catalytic activity after the 

fourth run, and easy work-up procedure [18] (Scheme 

14). 

 

 
Scheme-14: Reaction for the synthesis of 2-phenyl-1H-benzimidazole 

 

In another study, o-phenylenediamnes and aryl 

aldehydes were subjected to prepare 2-substituted 

benzimidazoles using aerosil supported ionic liquid 

phase acronymed [BMIM]PF6@aerosil in high yields 

under mild reaction conditions (Scheme 15). This 

procedure has several advantages including high yields, 

effective simplicity, less reaction time and smooth 

reaction conditions. Also, the prepared benzimidazoles 

revealed good antifungal activity against Candida 

albicans (NCIM-3466) and Aspergiillus niger (NCIM-

3495). Additionally, molecular docking studies of 

synthesized benzimidazoles revealed hydrogen bonding 

interactions with receptor enzyme of 

acetylcholinesterase (AChE) and so prepared 

benzimidazoles act as inhibitors for AChE [39]. 

 

 
Scheme-15: [BMIM]pf6@aerosil reaction of o-phenylenediamines and aryl aldehydes 
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The synthesis of 2-substituted benzimidazole 

derivatives is reported using o-phenylenediamine and 

various substituted benzoyl chlorides in the presence of 

green catalyst water extract of papaya bark ash 

(WEPBA) at room temperature. This method provides 

several advantages such as completely green, economic, 

giving high yields and minimizing use of hazardous 

solvents. Also, the separated product does not require 

any kind of chromatographic purification. The 

homogeniety of the products were examined by using 
1
H, 

13
C NMR and mass spectrometry [40]. 

In another study, the synthesized new poly (N–

heterocyclic carbene Cu complex) immobilized on nano 

silica, (CuII–NHCs)n@nSiO2 was used for the 

preparation of benzimidazoles, benzothiazoles, 1, 2, 3–

triazoles, bis–triazoles and Sonogashira–Hagihara 

cross–coupling reactions. The (CuII–NHCs)n@nSiO2 

heterogeneous catalyst showed the advantages such as 

high efficiency, good-to-excellent yield, short reaction 

times, easy separation and high reusability of the 

catalyst [25] (Scheme 16). 

 

 
Scheme-16: Synthesis of benzimidazoles, benzothiazoles, 1, 2, 3–triazoles and Sonogashira–Hagihara cross–coupling reactions catalyzed by 

(CuII–NHCs)n@nSiO2 

 

In some of these methods, the catalysts are 

occasionally destroyed in the work-up and cannot be 

recovered and reused. Therefore, the study needs for a 

better condition for the preparation of these compounds 

in terms of the use of recoverable catalyst, and mild 

reaction condition [41-46].
 
  

 

On the other hand, graphene oxide (GO) due to 

their operational simplicity, easy work up and inherent 

non-toxic, interestingly revealed a great activity owing 

to its privileged lamellar flexible structure and 

possessing a wide variety of functional groups, such as 

epoxy, hydroxyl, and carboxyl [47]. Because of their 

high specific surface areas as well as excellent 

stabilities, GO has payed attention as  a sufficient 

material to support a variety of ions or biomolecules, 

and GO supported catalysts have been used for a variety 

of chemistry reactions [48]. But many researchers 

ignored that the carboxyl groups of GO that play an 

important role in organic reactions which can be 

applied as solid acids to catalyze the providing of 

heterocyclic compounds. To the best of our knowledge, 

only very limited ways about using GO as solid acid 

catalyst has been investigated and the application of GO 

served as the lone catalyst in the synthesis of 2-

substituted benzimidazoles from aldehydes and o-

phenylene diamines has not been reported before. 

Ongoing our last studies [49-51], we wish to investigate 

the viability of using GO as the lone catalyst to 

synthesize 2-substituted benzimidazoles using ary 

aldehydes and diamines in the presence of graphene 

oxide as solid acid catalyst at ambient temperature 

(Scheme 17).  
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Scheme-17: Synthesis of 2-substituted benzimidazole derivatives 

 

Experimental 

Melting points were measured by using the 

capillary tube method with an electro thermal 9200 

apparatus. IR spectra were recorded on Perkin Elmer 

FT-IR spectrometer did scanning between 4000–400 

cm
–1

. 
1
H NMR spectra were obtained on Bruker DRX-

300MHz NMR instrument in CDC13. Analytical TLC 

of all reactions was performed on Merck precoated 

plates (silica gel 60F-254 on aluminium). All 

compounds are known and spectra and physical data 

were compared with those of authentic samples [52, 

27]. Graphene oxide was synthesized according to 

procedure reported in literature [53]. FT-IR spectra of 

graphene oxide has been shown in figure 1, part a. 

 

Preparation of 2-substituted benzimidazole 

derivatives using graphene oxide. General procedure: In 

a one neck flask, aryl aldehydes (1 mmol), diamines (1 

mmol) and ethanol (5 ml) were mixed with graphene 

oxide (0.05 g) at ambient temperature. After completion 

of the reaction monitored by TLC (ethyl acetate:n-

hexane; 1:3), GO was filtrated off and the product was 

obtained as a solid compound after evaporation of 

ethanol. For more purification, the residue was 

recrystallized by ethanol.  

 

Recyclability of the catalyst 

The reusability of the catalyst was also 

studied. After completing of the reaction (entry 2, Table 

1), the catalyst was removed by filtration and washed 

with diethyl ether. The recycled catalyst could be 

subjected to a third or even more times. In this reaction, 

the catalyst can easily be recovered and reused after 

three runs (Table 3). FTIR analysis was shown that the 

catalytic activity of the catalyst were almost the same as 

those of the freshly used catalyst (Fig. 1). We believe 

that recover GO can be used for more runs without 

decreasing of its activity.  

 

Table-3: Reusability of the graphene oxide in the 

synthesis of 2-(4-chloro phenyl)-5-methyl-H-

benzimidazole 

Entry Runs Yield% 

1 fresh 94 

2 1
th
 92 

3 2
nd

 91 
a
 Yields of the isolated products from the reaction of 

benzaldehyde (1 mmol), o-phenylenediamine (1 mmol) 

and GO (0.05 g) at room temperature in 25 min 

 
Fig-1: FT-IR spectra of graphene oxide catalyst. a, GO fresh; b, 

GO 1
st 

run; c, GO 2
nd

 run 

 

Physical and spectra data 

2-Phenyl-1H-benzimidazole (3a). IR (KBr 

/cm
-1

): 3050.84, 1586.66, 1473.16, 1463.00, 1446.40, 

763.69. 
1
HNMR (CDCl3, 300MHz, δ ppm): 13.15 (s, 

1H), 8.22- 8.19 (d, 2H), 7.61- 7.47(m, 5H), 7.21-7.17 

(m, 2H). 

 

2-(3-Nitro phenyl)-1H-benzimidazole (3c). IR 

(KBr /cm
-1

): 3460.79, 3182.16, 1621.60, 1522.33, 

1348.97, 740.10.
1
HNMR (CDCl3, 300 MHz, δ ppm): 

8.77 (s, 1H), 8.64 (s, 1H), 8.33- 8.30 (d, 1H), 8.24- 8.22 

(d, 1H), 7.69- 7.63 (m, 1H), 7.14- 7.11 (m, 2H), 6.83- 

6.78 (m, 2H). 

 

2-(3,4-Dimethoxy)-1H-benzimidazole (3d). IR 

(KBr /cm
-1

): 3583.21, 3190.30, 2936.87, 2836.90, 

1609.50, 1590.25, 1499.76, 1244.50, 1022.28, 742.12. 
1
HNMR (CDCl3, 300 MHz, δ ppm): 8.45 (s, 1H), 7.62- 

6.73 (m, 7H), 3.98-3.94 (s, 6H). 

 

2-(4-Chloro phenyl)-5-nitro-H-benzimidazole 

(3f). IR (KBr /cm
-1

): 3433.89, 3369.04, 1602.52, 

1481.53, 1340.10, 1313.93, 821.68, 735.11.
1
HNMR 

(CDCl3, 300 MHz, δ ppm): 7.59 (m, 2H), 8.64 (m, 1H), 

7.74 (d, 1H), 8.09-8.12 (m, 1H), 8.18- 8.20 (m, 2H), 

8.45 (s, 1H), 13.60 (s, 1H). 
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2-(4-Chloro phenyl)-5-methyl-H-

benzimidazole (3g). IR (KBr /cm
-1

): 3055.65, 2918.64, 

2796.61, 1676.44, 1442.98, 1091.73, 801.82, 703.06. 
1
HNMR (CDCl3, 300 MHz, δ ppm): 2.5(s, 3H), 7.4 (m, 

1H), 7.6 (s, 1H), 7.75 (m, 4H), 8.25 (m, 2H), 12.4 (s, 

1H). 

 

RESULTS AND DISCUSSION 
To achieve scope of the reaction, various 

arylenediamines 1 were subjected to react with 

aldehyde 2 in order to investigate the reaction scope and 

several representative results are depicted in Table 1. 

As summarized in Table 1, various types of o-

phenylenediamines with electron-donating and 

electron-withdrawing groups on the aromatic ring were 

converted to the corresponding substituted 

benzimidazoles in the presence of a catalytic amount of 

GO readily and rapidly. The electronic nature of the 

groups on the aromatic ring of o-phenylenediamines 

was relevant to the yield of 3. The substituent on ring of 

aldehydes has no influence on the reaction course. 

Finally, high yields, simple and comfortable separate 

operation provided several special advantages this 

protocol. 

 

Table-1: Synthesis of 2-substituted benzimidazole derivatives using graphene oxide 

Entry R1 R2 Product Time (min) Yield% m.p (º C)[ref.] 

1 H H 3a 20 95 288-291 Behbahani et al. [27] 

2 4-Cl H 3b 25 94 289-291 

Behbahani et al. [27] 

3 3-NO2 H 3c 30 95 202-203 

Behbahani et al. [27] 

4 3,4-(OMe)2 H 3d 30 80 234-237 

Behbahani et al. [27] 

5 4-OMe H 3e 35 90 224-226 

Behbahani et al. [27] 

6 4-Cl 4-NO2 3f 50 87 279-281 

Behbahani et al. [52] 

7 4-Cl 4-CH3 3g 45 90 224-225 

Behbahani et al. [52, 54] 

 

The suggested mechanism for the graphene 

oxide-catalyzed synthesis of 2-substituted 

benzimidazoles has been described by a sequence of 

reactions as shown in Scheme 18. This involves 

formation of GO-activated of aldehyde carbonyl groups 

1 following nucleophilic attacking of o-

phenylenediamine 3 to 2 afford benzilidine iminium 4. 

After ring closure into a five-membered ring and 

oxidation of the dihydrobenzimidazole 5 by air, the 

benzimidazoles 6 were obtained.  

 

 
Scheme-18: Suggested mechanism for the synthesis of 2-substituted benzimidazoles using GO 

 

To compare the worthy of this catalytic 

method with those of previously reported the results of 

the formation of 2-phenyl-1H-benzimidazoles (entry 1, 

Table 1) were compiled in the presence of a variety of 

nano-catalysts. From the results given in Table 2, the 

advantages of our method are evident, regarding the 

catalyst amounts, short reaction and saving energy 

which are very important in chemical industry 

especially when it is combined with easy separation and 

high yield. 
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Table-2: Synthesis of 2-phenyl-1H- benzimidazoles by various nano-catalysts 

Entry Catalyst (mol% or g) Solvent Time Temp. (ᵒC) Yield% Ref. 

1 75 % Fe/CeO2-ZrO2 EtOH  2 h r.t 90 Behbahani et al. [52] 

2 Nano-ZnO (10mol %)  EtOH 100 min 80 88 Teimouri et al. [44] 

3 Nano-MnFe2O4 (10 mol %)  MeOH  4.0 h  r.t  92  Brahmachari et al. [46] 

4 25 % Co/Ce-ZrO2 (0. 1 g)  Free  10 min  r.t  98 Behbahani et al. [46] 

5 Graphene oxide (0.05 g) EtOH 20 min r.t 95 Present work 

 

CONCLUSIONS 
In conclusion, graphene oxide is employed as 

an excellent catalyst for the preparation of 

benzimidazole derivatives. This novel and practical 

method has the advantages such as mild reaction 

conditions, short reaction times, high yields of products, 

easy workup, and inexpensive of catalyst in comparison 

with the previously reported methods. 
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