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Abstract 

The scaffold benzimidazole plays an emerging role in the synthesis of significant biological 

active compounds. The term “Green Chemistry” is the advancement in the field of chemistry to 

synthesize compounds by adopting new eco-friendly strategies. By using gentler reagents and 

more environmentally friendly synthetic techniques, these green approaches reduce 

environmental contamination and the risk to human health. Further, these synthetic processes are 

included solvent-free reactions, uses of different catalysts, water as a solvent, ionic liquids, 

microwave-assisted synthesis, etc. In this review, we concentrate on the various catalysts used in 

the production of derivatives of 2-substituted benzimidazoles. 
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Introduction 

Benzimidazole is a very important fused heterocyclic compound containing Benzene and 

imidazole rings. This motif is also known as 1, 3-benzothiazoles and benzimidazoles. This 

pharmacophore is frequently found in a variety of natural products for instance in Vitamin B as 

well as therapeutically active synthetic compounds [1]. Benzimidazole and its synthetic analog 

show an extensive spectrum of biological and pharmacological activities such as analgesic[2], 

anti-inflammatory[2], antioxidant[3], antianxiety[4], antifungal[5], anti-hypertensive[6], 

anthelmintic[7], antiviral[8], topoisomerase inhibitors[9],  anticancer[10] and anti-convulsant 

activities[11]. On account of their interesting therapeutic activities, researchers have paid great 

attention to the synthetic patterns of benzimidazole derivatives. Ortho-phenylenediamine 

(OPDA) is the main precursor used in the synthesis of benzimidazole. Most commonly OPDA is 

condensed with alkyl or aryl carboxylic acid and alkyl or aryl aldehydes in the presence of 

different reaction conditions. The literary works show many synthetic procedures have been 

reported in order to create benzimidazoles, for instance, synthesis in the presence of strong acids 

and high temperatures, microwave methods, solvent-free synthesis, ionic liquids, and the use of 

different catalysts nowadays, the incorporation of different catalysts is the most favored 

approach for the synthesis of benzimidazole. This review article's objective is to highlight the 

catalytical routes of 2-substituted benzimidazoles in the past decades. 
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Synthetic Routes 

Through the condensation of OPDA with various aldehydes 

A variety of benzimidazoles has been synthesized with the condensation of OPDA with a variety 

of benzaldehydes. Due to the abundance of available aldehydes, this approach has been widely 

applied. But it is widely recognized that a direct fusion of o-aryl diamines and aldehydes 

produces a complicated combination of side products so it is not an adequate synthetic technique. 

So, researchers endeavor on the most efficient methods utilizing different catalysts in different 

reaction conditions. The fusion of OPDA with substituted benzaldehydes in the vicinity of 

catalysts is shown in Fig. 1. A variety of catalysts, reactants, and reactions conditions for the 

creation of monosubstituted or disubstituted benzimidazoles from OPDA and a variety of 

substituted benzaldehydes are shown in Table 1 along with the references [12-69]. 

 

Figure 1 

Table 1. Synthesis of benzimidazoles by different researchers using different catalyst 

S. 

No. 

Reactants Catalyst Reaction conditions Reference 

1 OPDA and Aryl aldehyde 

(1:1) 

Ceric ammonium nitrate Polyethylene glycol 

solvent,50℃ 

[12] 

2 OPDA and Aryl aldehyde 

(1:1) 

ZnO.H2O2 Room temperature 

(RT) 

[13] 

3 OPDA and Aryl aldehyde 

(1:2) 

AcOH/O2 Microwave 50℃ or 

reflux 

[14] 

4 Substituted OPDA and aryl 

aldehyde (1:1) 

NH4Cl Chloroform solvent, 

RT 

[15] 

5 OPDA and Aryl aldehyde 

(1:1) 

Yttrium (III) chloride Acetonitrile, RT [16] 

6 OPDA and Aryl aldehyde 

(1:1) 

surfactant-modified 

Moroccan Ghassoulite clay 

Methanol, RT, 30-45 

minutes 

[17] 

7 OPDA and Aryl aldehyde 

(1:1) 

Animal Bone Meal (ABM) Toluene, 110℃ [18] 

8 Substituted OPDA and Aryl 

aldehyde (1:1) 

Lead peroxide Solvent-free, Room 

Temperature 

[19] 

9 Substituted OPDA and Aryl 

aldehyde (1:2) 

Trifluoroacetic acid (TFA) H2O/ethanol :1/2 [20] 

10 Substituted OPDA and Aryl 

aldehyde (1:1) 

potassium ferrocyanide 

complex 

Solvent-free, Grinding [21] 

11 OPDA and Aryl aldehyde magnetic nano-Fe3O4 Atmospheric oxygen, [22] 
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(1:1) 85℃ 

12 OPDA and Aryl aldehyde 

(1:2) 

Amberlite IR-120 Microwave, 160 W, 3-5 

minutes 

[23] 

13 OPDA and Aryl aldehyde 

(1:1) 

NaHSO4-SiO2 Ethanol, reflux (8 

Hours) 

[24] 

14 Substituted OPDA and aryl 

aldehyde (1:1) 

Silica boron sulfonic acid 

(SBSA) 

Water (10 ml), Room 

Temperature 

[25] 

15 Substituted OPDA and aryl 

aldehyde (1:1) 

H5IO6-SiO2 Acetonitrile, Room 

Temperature 

[26] 

16 OPDA and Aryl aldehyde 

(1:1) 

zirconyl nitrate Reflux 2-5 h [27] 

17 OPDA and Aryl aldehyde 

(1:1) 

lanthanum chloride (LaCl3) Acetonitrile, Room 

Temperature 

[28] 

18 OPDA and Aryl aldehyde 

(1:2) 

Copper (II) hydroxide Methanol, RT [29] 

19 OPDA and Aryl aldehyde 

(1:1) 

PVP-

trifluoromethanesulfonic acid 

Solvent-free, RT [30] 

20 Substituted OPDA and aryl 

aldehyde (1:2) 

DBSA I2, H2O, RT, Stir [31] 

21 OPDA and Aryl aldehyde 

(1:1) 

ZnCl2. SiO2 Solvent-free [32] 

22 OPDA and Aryl aldehyde 

(1:1) 

Boric acid Water, RT [33] 

23 OPDA and Aryl aldehyde 

(1:1) 

NH4Cl Ethanol, 80-90℃ [34] 

24 OPDA and Aryl aldehyde 

(1:1) 

Zinc triflate Ethanol, reflux 8h [35] 

25 OPDA and Aryl aldehyde 

(1:1) 

Dioxane dibromide Acetonitrile, 30-60 

minutes, RT 

[36] 

26 OPDA and Aryl aldehyde 

(1:2) 

Silica gel G Grinding, RT, 30-50 

minutes 

[37] 

27 OPDA and Aryl aldehyde 

(1:1) 

hydroxyapatite core@shell γ-

Fe2O3 nanoparticles 

Water or solvent-free, 

80℃ 

[38] 

28 OPDA and Aryl aldehyde 

(1:1) 

zeolite AIMCM-41 Solvent-free, 

Microwave 

[39] 

29 OPDA and Aryl aldehyde 

(1:1) 

Co/SBA-15 Solvent-free, reflux [40] 

30 OPDA and Aryl aldehyde 

(1:2) 

Cobalt manganese oxide Solvent-free, 80℃ [41] 

31 OPDA and Aryl aldehyde 

(1:2) 

FeCl3/Al2O3 Methanol [42] 

32 OPDA and Aryl aldehyde 

(1:1) 

RuO2-MnO3 Ethanol, reflux [43] 

33 OPDA and Aryl aldehyde 

(1:1) 

Ionic liquid [B mim]PF6 Water, reflux [44] 

34 OPDA and Aryl aldehyde 

(1:1) 

NaHSO4-SiO2 Solvent-free [45] 

35 OPDA and Aryl aldehyde 

(1:1) 

5-sulfosalicylic acid Ethanol, reflux [46] 

36 OPDA and Aryl aldehyde 

(1:1) 

Resins (Amberlyt, Tulsion 

and Indion) 
Ethanol, 80-90℃ [47] 

37 OPDA and Aryl aldehyde 

(1:1) 

Fe3O4NPs Solvent-free, reflux [48] 
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38 OPDA and Aryl aldehyde 

(1:1) 

Cu(OTf)2 Water, reflux [49] 

39 OPDA and Aryl aldehyde 

(1:1) 

ZrOCl2.8H2O Acetonitrile, RT, 15 

minutes 

[50] 

40 OPDA and Aryl aldehyde 

(1:1) 

Cu-bentonite DMF, Reflux [51] 

41 OPDA and Aryl aldehyde 

(1:1) 

Oxalic acid Microwave [52] 

42 OPDA and Aryl aldehyde 

(1:1) 

Cu-doped ZnO DCM, RT, Sonication [53] 

43 OPDA and Aryl aldehyde 

(1:1) 

Tribromo melamine (TBM) Ethanol, RT [54] 

44 OPDA and Aryl aldehyde 

(1:1) 

modified montmorillonite 

clay 

Toluene, RT, 3h [55] 

45 OPDA and Aryl aldehyde 

(1:1) 

Zn(NH2SO3)2 Ethanol, 80℃ [56] 

46 OPDA and Aryl aldehyde 

(1:1) 
Au/TiO2, 25℃ CHCl3: MeOH (3:1) [57] 

47 Substituted OPDA and Aryl 

aldehyde (1:1) 

Nano-SnCl4/SiO2 Reflux [58] 

48 OPDA and Aryl aldehyde 

(1:1) 

Nano-ZrO2 60℃, 3 hr [59] 

49 OPDA and Aryl aldehyde 

(1:2) 

SnO2 nanoparticle Ethanol, RT [60] 

50 OPDA and Aryl aldehyde 

(1:1) 

Zn/NaHSO3 Heat, 60 minutes [61] 

51 OPDA and Aryl aldehyde 

(1:1) 

BF3.OEt2 30 minutes, RT [62] 

52 Substituted OPDA and Aryl 

aldehyde (1:1) 

NH4Cl or Na2S2O5 Ethanol, reflux [63] 

53 OPDA and Aryl aldehyde 

(1:2) 

Water extract from onion Ethanol/water, 12-18 hr [64] 

54 OPDA and Aryl aldehyde 

(1:1) 

Photocatalyst (BTT-TPA-

COF) 

2hr [65] 

55 OPDA and Aryl aldehyde 

(1:1) 

Camphor sulfonic acid 

(organo-catalyst) 

Ethanol: water (1:1), 

RT, 1-2 h 

[66] 

56 OPDA and Aryl aldehyde 

(1:1) 

Al2O3/CuI/PANI Ethanol, RT [67] 

57 Substituted OPDA and Aryl 

aldehyde (1:1) 

Lewis catalyst Er(OTf)3 Microwave  [68] 

58 OPDA and Aryl aldehyde 

(1:1) 

Fe2O3.SiO2-NH2-

COOH/IRMOF3-Gly, Arg or 

Lys 

30 minutes [69] 

Through the condensation of OPDA with various aryl-carboxylic acids 

Various 2-arybenzimidazoles can be produced effectively by reacting (4-methyl-1, 2-

phenylenediamine) with a variety of aromatic carboxylic acids with the aid of a zeolite (Fig. 2) 

[70]. 
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Figure 2 

Employing BF3OEt2 as a trigger, 4-methoxy-1, 2-phenylenediamine was reacted with various 

aromatic carboxylic acids to create a library of 2-substituted-benzimidazoles in Fig. 3 [71]. 

 

Figure 3 

SiO2/H2SO4 was used as a catalyst to create a variety of benzimidazole derivatives in a 

microwave oven (Fig. 4) [72]. 

 

Figure 4 

A collection of 2-aryl benzimidazoles were efficiently created (Fig. 5) by reacting substituted o-

phenylene diamines and different carboxylic acids using Borane-THF [73]. 

 

Figure 5 

Five different benzimidazole analogues were prepared by reacting 2-substituted benzimidazoles 

with different amines by adopting both conventional and microwave methods (Fig. 6) [74]. 
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Figure 6 

The formation of disubstituted benzimidazole compounds (Fig. 7) from aromatic amines and 

benzoic acid in two stages was made easy, quick, and efficient by employing sodium acetate and 

producing reaction products in an excellent yield [75]. 

 

Figure 7 

Miscellaneous methods 

A number of benzimidazoles, benzoxazoles, and oxazolo [4, 5-b] pyridines (Fig. 8) were 

produced under the sans solvent, silica sulfuric acid was used to produce [76]. 

 

Figure 8 

A new and efficient one-pot synthetic method was developed for the synthesis of various N-

substituted 2-hetero-benzimidazoles from o-haloarcarbodimides and N- or O-nucleophiles (Fig. 

9) [77].  
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Figure 9 

A sustainable approach was presented for the creation of novel benzimidazoles from 1, 2-

phenylenediamines and ortho-esters using magnetically recoverable Fe3O4 nanoparticles (Fig. 

10) [78].  

 

Figure 10 

A simple technique for creating the benzimidazole ring system was devised (Fig. 11) through a 

carbon-nitrogen cross-coupling reaction involving K2CO3 [79]. 

 

Figure 11 

The condensation of orthoester and 1,2-phenylenediamine by using ionic fluid, 1-butyl 

imidazolium bisulfate, led to the development of a sustainable and effective process for the 

synthesis of benzimidazoles (Fig. 12) [80]. 
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Figure 12 

The direct synthesis of benzimidazoles (Figure 13) was reported from 2-nitroaniline and ethanol 

over Cu-Pd/(Mg)γ-Al2O3 heterogeneous catalyst [81]. 

 

Figure 13 

As a result of the condensation of citronellal from kaffir lime oil and 1,2-phenylenediamine, 

many benzimidazole derivatives were created shown in Fig. 14 [82]. 

 

Figure 14 

Different Benzimidazoles were created by consolidating o-nitroaniline with several aromatic 

aldehydes (Fig. 15) and a tiny amount of sodium dithionite at ambient temperature [83]. 

 

Figure 15 
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A polystyrene heterogeneous [PS-Zn (II)-SALTETA] catalyst has been both created and 

generated. Further, this catalyst was successfully utilized to synthesize benzimidazoles in the 

presence of dimethylamine borane (DMAB) (Fig. 16) [84].  

 

Figure 16 

The green manufacturing of 2-phenyl-1H-benzo[d]imidazole via catalytic hydrogenation 

fusion of 2-nitroaniline with benzaldehyde using N-doped carbon nanotubes (Co@NC900) 

was developed (Fig. 17) [85] 

 

Figure 17 

A collection of benzimidazoles with 1, 2 substitutions were synthesized by iron-catalyzed 

acceptor-less dehydrogenation coupling of primary alcohols with o-phenylenediamines (Fig. 

18) [86]. 

 

Figure 18  

A copper-catalyzed domino C-N cross-coupling, one pot, and facile method was introduced to 

produce 2-arylamino benzimidazole derivatives from thiourea (Fig. 19) [87]. 
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Figure 19 

In Fig. 20, N-substituted o-phenylenediamines, terminal alkynes, and sulfonyl azides were 

used to create 1, 2-disubstituted benzimidazoles by a copper-catalyzed three-component 

coupling synthesis [88]. 

 

Figure 20 

Cucurbit [6] uril-supported magnetic nanoparticles (Fe3O4-CB[6]) were produced and used for 

the first time in the manufacturing of variety of 2-substituted benzimidazoles as a very 

effective, inexpensive, and environmentally friendly catalyst (Fig. 21) [89]. 

 

Figure 21 
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A nanocomposite of Pt@MIL-101 (Fe) was prepared and used sequentially in a one-pot 

reaction that uses light to combine alcohols with o-phenylenediamines to create 

benzimidazoles (Fig. 22) [90]. 

 

Figure 22 

Conclusion 

Green chemistry attains the goal of today and enlightens the future of organic synthesis with a 

precious scheme based on surrounding protection. This review concludes that there is a huge 

variety of valuable catalysts has been utilized when creating physiologically energetic 

benzimidazole derivatives. Since then, researchers have been fascinated with designing new 

synthetic techniques for benzimidazole having zero harm to individuals and the environment.  
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