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Abstract 

Alkyl halides are feasibly transformed into benzimidazoles by an domino reaction under 

solvent-free conditions. The organic halides react with orthophenylenediamines in 

stoichiometric amounts in the presence of pyridine-N-oxide to produce the desired 

substituted benzimidazoles. This domino synthesis does not requires catalysts. The 

synthesis occurs in dry medium and the environmental impact is minimal. The method 

provides products without intermediate separation. A mechanism of benzimidazole 

synthesis is also proposed. 
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INTRODUCTION 

The benzimidazole ring is one of the most important pharmacophores in the design of 

modern synthetic drugs.
 [1] 

 The biological activity of benzimidazole compounds is quite 
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diverse, and many benzimidazole derivatives are used in various active pharmaceutical 

ingredients for human and veterinary use.
 [2] 

 

 

Benzimidazoles and their derivatives exhibit important pharmacological properties; for 

example, they act as histamine H(4) receptor binders,
[4] 

 anti-ulcer agents, 
[4] 

 anti-

hypertensive agents, 
[5] 

 anti-cancer agents, 
[6] 

 poly(ADP-ribose) phosphorylase 

inhibitors, 
[7] 

 anti-viral agents, 
[8] 

 anti-tumour agents, 
[9] 

 anti-microbial and antifungal 

agents, 
[10] 

 anti-parasitic agents, 
[11] 

 anti-inflammatory agents 
[12] 

 and HIV inhibitors. 
[13] 

 

Benzimidazole ligands are also found in biological molecules forming complexes with 

transition metal ions. 
[14] 

From the medicinal chemistry point of view, only compounds 

substituted in positions 1, 2 and 5 exhibit a wide range of pharmacological activities. 
[15] 

 

Typically, several different approaches have been used to synthesize substituted-1H-

benzo [d]imidazoles. 
[16]

 

 

 Traditional methods of synthesizing benzimidazoles consist of the reaction 

between orthophenylenediamines and carboxylic acids 
[17]

 or their functional derivatives 

(nitriles, imidates, orthoesters) 
[18]

  or cascade reactions of o-aminoanilines or 

naphthalene-1,8-diamines with terminal alkynes and p-tolylsulfonyl azide.
[19]

 However, 

these methods have many disadvantages, such as a strong acidic medium, harsh 

dehydrating reaction conditions, high temperatures and long reaction times (from 3 h to 

23 h). 
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 The catalytic intramolecular N-arylation of N-(2-haloaryl) alkylimidamides, 
[20]

 

the condensation between arylamino oximes and dichloromethane 
[21]

  and the cascade 

intermolecular addition/intramolecular C-N coupling process of o-haloarylcarbodiimides 

with N- or O-nucleophiles produce benzimidazoles. 
[22]

 Nevertheless, many of the 

protocols used to prepare substituted benzimidazoles require hazardous solvents (tertiary 

amines, DMSO, DCM, DMEDA), expensive catalysts (e.g. palladium) and very long 

reaction times (from 6 h to 30 h).  

 

 Oxidative procedures were developed by replacing the carboxylic acids with 

aldehydes or alcohols in the synthesis of benzimidazoles from o-aminoanilines in the 

presence of an oxidant. 
[23-30]

 The oxidant performs cyclodehydrogenation of the 

corresponding aromatic amine Shiff bases intermediate. Such oxidants are H2O2, 
[23]

  

hypervalent iodine reagents, 
[24]

  potassium peroxymonosulfate, 
[25]

  MnO2, 
[26]

  

Pb(OAc)4, 
[27]

 NH4VO3, 
[28]

  nitrogen dioxide and ozone (Kyodai nitration), 
[29]

 air and 

green catalysts. 
[30]

 These methods are not straightforward and require laborious workup 

and purification procedures. The malign oxidants containing heavy metals generate toxic 

byproducts and low isolation yields. 

 

 Recently, 
[31]

 a synthetic way to obtain substituted benzimidazoles has been 

reported. The procedure uses 2-nitroanilines and aldehydes and involves a reductive 

cyclization strategy. The protocol requires sodium dithionite (Na2S2O4), formic acid, iron 

powder and NH4Cl as additives to reduce the nitro group and accomplish the imidazole 
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cyclization. However, this protocol consumes a very large amount of iron, with the 

excess turning into waste iron oxides at the end of the reaction. 

 

 Unconventional methods involving microwaves 
[32]

 and ultrasounds 
[33]

 have also 

been used to obtain substituted benzimidazoles. 

 

RESULTS AND DISCUSSION 

Given the great medicinal and pharmaceutical importance of benzimidazole derivatives, 

we developed a method that transforms organic halides and orthophenylenediamines into 

substituted benzimidazoles. From what we know so far, this is the first direct synthesis of 

benzimidazoles from halocarbons by domino reaction with the help of pyridine-N-oxide 

in absence of catalysts and solvents (Scheme 1).  

 

The pattern reaction between benzyl bromide, o-phenylenediamine and pyridine-N-oxide 

in which the 2-phenylbenzimidazole product is obtained was used as a starting point in 

our study. The reaction mixture was heated at different temperatures for varying periods 

of time. Benzimidazole production depends strongly on the molar ratio of reactants, 

temperature and time (Table 1). Thus, an excess of 25% pyridine-N-oxide gives a better 

result compared to the stoichiometric molar ratio of the reaction. The reaction 

temperature of 105 °C provided a good yield of 80% after 2 h (Table 1, entry 7). 

 

We think that in the first stage, the halide is oxidized to aldehyde by pyridin-N-oxide 

(Scheme 2). This transformation is very similar to that of the Kornblum reaction 
[34]

 but 
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with the advantage of mild reaction conditions. Next, o-phenylenediamine gives a 

condensation reaction with benzaldehyde to form the Schiff base N
1
-benzylidene 

benzene-1,2-diamine (II). The Schiff base turns into 2,3-dihydro-1H-benzoimidazole (III) 

by an intramolecular cycloaddition, followed by oxidation with pyridin-N-oxide to 2-

phenylbenzimidazole (IV). 

 

 With this set of reaction conditions, a series of benzimidazoles derivatives was 

obtained (Table 2). The synthesis of the products performs in high yields. The amount of 

benzimidazole derivative depends on the experimental conditions, such as the work 

reaction temperature, the molar ratio of reactants, the reaction time and the nature of the 

halide and amine used. 

 

Toxic by-products such as hydrogen bromide does not release from the synthesis because 

results the salt of pyridinium bromide, [PyH]
+
Br

-
. Further, pyridine was fully recovered 

from the filtrate (99.5%) using the well-known method of azeotropic distillation and 

separation of sodium hydroxide. Pyridine was recycled in the synthesis of benzimidazole 

derivatives by conversion into pyridine-N-oxide. Pyridine oxidation was achieved with 

peracetic acid using the existing protocol. 
[35]

  

 

Although the carboxylic acids, aldehydes and alcohols are more affordable than organic 

bromine compounds used in our protocol, the negative impact of the environment 

constitute a strong drawback. The synthesis of benzimidazoles from aromatic amines and 

aldehydes in excess is performed using harmful organic solvents (acetonitrile, DMSO, 
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DMF, dioxane) with large amounts of concentrated acid catalysts (350% excess of HCl 

37% and 600% excess of H2O2 30%), 
[23]

  heavy metal salts (CuCl), 
[47] 

 IBX (in excess of 

50%), 
[24]

  H2O2 37% (300% excess) coupled with ceric ammonium nitrate 
[48]

. The 

synthesis of benzimidazoles from amines and carboxylic acids requires a large amount of 

carboxylic acid (200% excess), 
[49]

 organic solvents (DCM) and Lewis acids. 
[50]

 The 

excess of aldehyde or carboxylic acid along with the catalysts and organic solvents 

generate significant harmful wastes at the end of the synthesis.  

 

Recently, a patent 
[51]

 and a paper 
[52]

 published by the same authors describe the same 

method of synthesis of benzimidazoles from organic halides, o-phenylenediamines and 

DMSO with the help of copper halide and sodium bicarbonate as catalysts at temperature 

of 120°C. This method requires 24 h reaction time and very large amount of hazardous 

organic solvents. 

 

 All these known methods involve either hazardous catalysts or toxic organic 

solvents as reaction medium. Moreover, the separation of benzimidazoles is carried out 

by chromatographic techniques and require huge amounts of toxic organic solvents. Also, 

chemistry metrics have strong drawbacks, as they have a high environmental E-factor and 

low mass efficiency. 

 

CONCLUSION 

A rapid work-up and high-yielding benign protocol that uses organohalide and amine in 

stoichiometric amounts without solvents and catalysts was developed for the domino 
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synthesis of benzimidazoles. 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 preparation of  benzimidazoles. The benefits of domino 

sequences cover reduction of waste generated and atom economy. 

 

EXPERIMENTAL  

Organic bromide, orthophenylenediamine, pyridine-N-oxide are commercial compounds. 

The synthesized products were identified by TLC (EtOAc-petroleum ether), elemental 

analysis, 
1
H-NMR, 

13
C-NMR, and IR spectra. The NMR spectra were recorded on a 

BRUKER ARX instrument (300 MHz for 
1
H and 75 MHz for 

13
C). DMSO-d6 was used 

as the solvent and tetramethylsilane as an internal standard. The infrared spectra were 

recorded using an Alpha Bruker Optics spectrometer. Microanalyses were carried out on 

a Carlo Erba CHN analyzer, model 1106. The melting points were determined on a 

Gallenkamp digital melting point apparatus.  

 

General Procedure For The Synthesis Of 2-Substituted Benzimidazoles 

Primary alkyl bromide derivative (5 mmol), pyridine-N-oxide (12.5 mmol) and 

orthophenylenediamine derivative (5 mmol) are well mixed in a 25 mL round bottomed 

flask and placed in an oil bath on a magnetic stirrer hot plate at required temperature. The 

mixture was heated to selected temperature for required time (Table 2). After completion 

of the reaction (TLC, AcOEt-petroleum ether), the organic mixture was washed with 

dilute NaOH and filtered off. The filtrate was collected for recovery of pyridine. The 
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resulting residue was recrystallized from EtOH-H2O to give the desired benzimidazole 

products. Pyridine was recovered from the filtrate (99.5%) by azeotropic distillation (bp. 

92.6°C) and separation on sodium hydroxide. Resulting pyridine was oxidized with 

peracetic acid to the pyridine-N-oxide 
[35]

 which was then reused in reaction. All of the 

products are known compounds 
[36-46]

 and their identity was easily confirmed by 

comparison with authentic samples (mp, 
1
H-NMR, 

13
C-NMR).  

 

REFERENCES 

[1] Spasov, A. A.; Yozhitsa, I. N.; Bugaeva, L. I.; Anisimova, V. A. Pharm. Chem. J. 

1999 , 33, 232 – 243. 

[2] Dennie, T. W.; Kolesar, J. M. Clin. Ther. 2009, 31, 2290-2311. 

[3] Schneider, E. H.; Strasser, A.; Thurmond R. L.; Seifert, R. J. Pharmacol. Exp. 

Ther. 2010, 334, 513-521. 

[4] Fan, C. T. (Syn. Tech. Chem. Pharm. Co. LTD) Patent US2009005570-A1. 

[5] Shah, D. I.; Sharma, M.; Bansal, Y.; Bansal, G.; Singh, M. Eur. J. Med. Chem. 

2007, 20, 1-5. 

[6] Romero-Castro, A.; Leon-Rivera, I.; Avila-Rojas, L. C.;    Navarrete-Vazquez, G.; 

Nieto-Rodriguez, A. Arch. Pharm. Res. 2011, 34, 181-189. 

[7] Ferraris, D. V. J. Med. Chem. 2010, 53, 4561-4584. 

[8] Cheng, J.; Xie, J. T.; Luo, X. J. Bioorg. Med. Chem. Lett. 2005, 15, 267-269. 

[9] Galal, S. A.; Hegab, K. H.; Hashem, A. M.; Youssef, N. S. Eur. J. Med. Chem. 

2010, 45, 5685-5691. 

[10] Fang, B.; Zhou, C. H.; Rao, X. C. Eur. J. Med. Chem. 2010, 45, 4388-4398. 



 

 9 

[11] Cedillo, R.; Hernandez-Campos, A.; Yepez, L.; Hernandez-Luis, F.; Valdez, J.; 

Morales, R.; Cortes, R.; Hernandez, M.; Castillo, R. Bioorg. Med. Chem. Lett. 2001, 11, 

187-190. 

[12] Achar, K. C. S.; Hosamani, K. M.; Seetharamareddy, H. R. Eur. J. Med. Chem. 

2010, 45, 2048-2054. 

[13] Ziolkowska, N. E., Michejda, C. J.; Bujacz, G. D. J. Mol. Struct. 2010, 963, 188-

193. 

[14] Boca, M.; Jameson, R .F.; Linert, W. Coordin. Chem. Rev. 2011, 255, 290-317. 

[15] Ansari, K. F.; Lal, C. Eur. J. Med. Chem. 2009, 44, 4028-4033. 

[16] Grimmett, M. R. Imidazole and Benzimidazole Synthesis (Best Synthetic 

Methods), Academic Press, New York, 1997. 

[17] Wagner, E. C.; Millett, W. H. Org. Synth., Coll. Vol. 1943, 2, 65. 

[18] Tidwell, R. R.; Geratz, J. D.; Dann, O.; Volz, G.; Zeh, D.; Loewe, H. J Med 

Chem. 1978, 21, 613–623. 

[19] She, J.; Jiang, Z.; Wang, Y. G. Synlett 2009, 12, 2023-2027. 

[20] Peng, J. S.; Ye, M.; Zong, C. J.; Hu, F. Y.; Feng, L. T., Wang, X. Y.; Wang, Y. F. 

J. Org. Chem. 2011, 76, 716-719. 

[21] Wray, B. C.,  Stambuli, J. P. Org. Lett. 2010, 12, 4576-4579. 

[22] Lv, X., Bao, W. J. Org. Chem. 2009, 74, 5618-5621. 

[23] Bahrami, K.; Khodaei, M. M.; Kavianinia, I. Synthesis 2007, 4, 547-550. 

[24] Moorthy, J. N.; Neogi, I. Tetrahedron Lett., 2011, 52, 3868–3871. 

[25] Beaulieu, P. L.; Hachem, B.; von Moos, E. Synthesis 2003, 11, 1683-1692. 

[26] Bhatnagar, I.; George, M. V. Tetrahedron 1968, 24, 1293-1298. 



 

 10 

[27] Stephens,  F. F.; Bower, J. D. J. Chem. Soc. 1949, 27, 2971-2972. 

[28] Jadhav, G. R.; Shaikh, M. U.; Kale, R. P.; Gill, C. H. Chin. Chem. Lett. 2009, 20, 

292-295. 

[29] Kaiya, T.; Nakamura, K.; Tanaka, M.; Miyata, N.; Kohda, K. Chem. Pharm. Bull.  

2004, 52, 570-576. 

[30] Mukhopadhyay, C.; Tapaswi, P. K. Catal. Commun. 2009, 9, 2392-2394. 

[31] Hanan, E. J.; Chan, B. K.; Estrada, A. A. ; Shore, D. G.; Lyssikatos J. P., Synlett 

2010, 18, 2759-2764.  

[32] Biradar, J. S.; Sharanbasappa, B. Synthetic Commun. 2011, 41, 885-890. 

[33] Joshi, R. S.; Mandhane, P. G.; Dabhade, S. K.; Gill, C. H. J. Chin. Chem. Soc.-

Taip. 2010, 57, 1227-1231. 

[34] Barbry, D.; Champagne, P. Tetrahedron Lett. 1996, 37, 7725-7726. 

[35] Mosher, H. S.; Turner, L.; Carlsmith, A. Org. Synth., Coll. Vol. 1963, 4, 828. 

[36] Alloum, A. B.; Bougrin, K.; Soufiaoui, M. Tetrahedron Lett. 2003, 44, 5935-

5937. 

[37] Prokopcova, H.; Kappe, C. O. J. Org. Chem. 2007, 72, 4440-4448. 

[38] Saha, D.; Saha, A.; Ranu, B. C. Green Chem. 2009, 11, 733-737. 

[39] Buchwald, S. L.; Brasche, G. Angew. Chem Int. Ed. 2008, 47, 1932-1934. 

[40] Kumar, D.; Kommi, D. N.; Chebolu, R.; Garg, S. K.; Kumar, R.; Chakraborti, A. 

K. R. Soc. Chem. Adv., 2013,3, 91-98 

[41]  Bougrin, K.; Loupy, A.; Soufiaoui, M. Tetrahedron 1998, 54, 8055-8064. 

[42] Wang, L.; Sheng, J.; Tian, H.; Qian, C. Synthetic Commun. 2004, 34, 4265–4272. 



 

 11 

[43] Al-Awadi, N. A.; George, B. J.; Dib, H. H.; Ibrahim, M. R.; Ibrahim, Y. A.; El-

Dusouqui, O. M. E. Tetrahedron 2005, 61, 8257-8263. 

[44] Kim, J. S.; Sun, Q.; Gatto, B. G.; Yu, C.; Liu, A.; Liu, L. F.; Lavoie, J. Bioorg. 

Med. Chem. 1996, 4, 621-630. 

[45] Alcalde, E.; Dinares, I.; Perez-Garcia, L.; Roca, T. Synthesis 1992, 4, 395-398. 

[46]  Ponnala, S.; Sahu, D. P. Synth. Commun. 2006, 36, 2189-2194. 

[47] Kim, Y.; Kumar, M. R.; Park, N.; Heo, Y.; Lee, S. J. Org. Chem. 2011, 76, 9577-

9583. 

[48] Bahrami, K.; Khodaei, M. M.; Naali, F. J. Org. Chem. 2008, 73, 6835-6837. 

[49] Cui, W.; Kargbo, R. B.; Sajjadi-Hashemi, Z.; Ahmed, F.; Gauuan, J. F. Synlett, 

2012, 23, 247-250. 

[50] Bastug, G.; Eviolitte, C.; Markó, I. E. Org. Lett., 2012, 14, 3502-3505. 

[51] Zeng, Q.; Qiu, D. (Chengdu University of Technology), Chin. Pat., CN 

103755642 B, 2015. 

[52] Qiu, D.; Wei, H.;  Zhou, L.; Zeng, Q.,  Appl. Organomet. Chem., 2014, 28, 109-

112. 



 

 12 

Table 1. Screening of reaction conditions for 2-phenylbenzimidazole synthesis. 

Entry Molar ratio Time 

[min.] 

T [°C] Yield 

[%] 
PhCH2Br Pyridine-N-

oxide 

o-

Phenylenediamine 

1 1 1 1 160 100 34 

2 1 1 2 130 110 78 

3 1 1.5 1 120 105 56 

4 1.5 1 1 140 110 59 

5 1 2 1 120 105 76 

6 1 2.5 1 130 100 73 

7 1 2.5 1 120 105 80 

8 1 2.5 1 130 105 80 

9 1 2.5 1.5 120 105 79 

10 1.5 2.5 1 140 110 70 

11 1 2.5 2 150 110 80 
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Table 2 Synthesis of benzimidazole derivatives in dry heterogeneous medium. 
a 

 

No Product Time [min] T [°C] Yield 
b 
[%] 

I II III IV V 

1 

 

120 105 80 

2 
 

120 105 78 

3 
 

120 110 83 

4 

 

130 105 73 

5 

 

190 110 62 

6 
 

120 110 76 

7 
 

120 105 85 

8 
 

120 110 77 

9 
 

120 110 74 

10 
 

120 110 64 

11 

 

120 110 79 

12 

 

120 105 76 

a -The products were characterized by comparison of their spectroscopic and physical 

data with authentic samples synthesized by reported procedures. 
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b - Isolated and unoptimized yields. 
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Scheme 1. Conversion of primary alkyl halides to benzimidazoles. 
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Scheme 2. Presumed reaction mechanism of formation of 2-phenyl benzimidazole.  

 


