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N-(2-Aminoaryl)benzimidazoles are used in the syntheses of 
practically important fused derivatives with a nodal nitrogen 
atom containing five-, six-, or seven-membered azaheterocycles 
annulated to an imidazole unit (see Online Supplementary 
Materials, Scheme S1).1–4 Such polyfused compounds are of 
interest for development of new drugs and compounds for 
biomedical studies.5–14 Imidazo[2,1-a]benzimidazole derivatives 
are potential inhibitors of p53 protein that acts as a suppressor of 
malignant tumor formation5 and corticotropin-releasing factor 1 
receptor antagonists.6 Benzimidazo[1,2-a]quinoxalines and 
similar compounds are used to develop highly efficient 
anticancer drugs with insignificant side effects.2,7,8 Benzimidazo-
fused benzodiazepines and their isomers also play an important 
role in pharmaceutics9–12 while some of them are considered 
promising biomacromolecule markers owing to their intense 
fluorescence.4

Due to the high practical importance of these biologically 
active fused heterocycles, there is a need for new N-(2-aminoaryl)
benzimidazoles. A literature survey showed that N-arylbenz
imidazole nitro amino derivatives have not previously been used 
as substrates, although the presence of a nitro group in the 
resulting polycyclic polyazaheterocycle offers ample 
opportunities  for its further functionalization. Therefore, an 
efficient method for the synthesis of two N-(2-aminoaryl)
benzimidazole nitro derivatives not previously reported, namely, 
2-(1H-benzimidazol-1-yl)-5-nitroaniline 1a and 2-(5-nitro-1H-
benzimidazol-1-yl)aniline 2, was developed in this work. 

Of the many possible strategies for their synthesis, two 
approaches seemed to be the rational. The first one (Scheme 1) 
involved the reaction of 2-chloro-5-nitroaniline 3a with 
1H-benzimidazole followed by isomerization of the resulting 
2-(1H-benzimidazol-1-yl)-5-nitroaniline 1a in the acid-catalyzed 
recyclization discovered in our previous studies.15–17 However, 
due to low reactivity of 2-chloro-5-nitroaniline 3a in the SNAr 

reaction with benzimidazole (K2CO3, DMF, 140 °C, 10 h) the 
NMR yield of product 1a was as low as 9%.

Obviously, activation of substrate 3a was required, namely, 
by acylation of the amino group (Scheme 2), similar to that 
employed earlier in the synthesis of 4-(3-amino-4-nitro
phenoxy)benzoic acid.18 The corresponding substitution 
product 5a was obtained by an SNAr reaction in 57% yield. Its 
carboxamide function was hydrolyzed in 50% H2SO4 at 40 °C 
for 1.5 h to afford the desired compound 1a in 92% yield 
(51%  for two steps). The similar synthesis of isomeric 
4-(1H-benzimidazol-1-yl)-3-nitroaniline 1b was also 
performed; the sample 1b was necessary for identification of 
monoreduction products in further investigations. The 
structures of compounds 1a,b were identified by 1H and 
13C NMR spectroscopy and by ESI-HRMS. The proton signals 
were assigned using 2D NOESY 1H–1H spectroscopy (for 
details, see Online Supplementary Materials). 

The second pathway to compounds 1a and 2 also involved 
two steps (Scheme 3). For this purpose, 2,4-dinitrochlorobenzene 
6 was reacted with benzimidazole to obtain 1-(2,4-dinitrophenyl)-
1H-benzimidazole 7 in 97% yield. To prepare nitroaniline 1a 
from dinitroarene 7, the selective reduction of the ortho-
positioned nitro group should be accomplished. For this end, the 
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The efficiency of two strategies for the synthesis of N-(2-
aminophenyl)-5-nitrobenzimidazole derivatives was studied. 
The promising route involves the stages of 1-(2,4-dinitro
phenyl)-1H-benzimidazole monoreduction at 2-positioned 
nitro group and tandem conversion involving recyclization  
of the intermediate N-(2-amino-4-nitrophenyl)-5-nitrobenz
imidazole.
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Scheme  1  Reagents and conditions: i, benzimidazole, K2CO3, DMF, 
140 °C, 10 h.
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effect of various factors, viz., the nature of the reducing agent, 
HCl concentration and reaction temperature, on the selectivity of 
the monoreduction process was studied.

In fact, reduction of 7 with 3 equiv. SnCl2 in a dilute HCl/
H2O/PriOH mixture at 50 °C for 20 min gave a product of 
incomplete reduction, namely, nitro hydroxylamine 8 (see 
Scheme 3). If the concentration of hydrochloric acid was 
increased to 18% and the temperature was raised to 70 °C, after 
30 min the transformation of the nitro group into amine group 
did not occur, either. The appearance of the ortho-amino product 
1a was observed only when a mixture of PriOH with 24% or 
36% HCl was used. However, this reaction was not clean and 
delivered amino 1a,b and diamino 9 products along with 
hydroxylamine 8. Reduction in hydrochloric acid at 50–70 °C 
without isopropanol favored an increase in the amount of these 
impurities. 

Ultimately, we turned our attention to titanium trichloride as 
the reducing agent. With excess TiCl3 (6.1 equiv.), diamine 9 
was formed (see Scheme 3). The optimization for mono-
reduction into 1a was performed in the temperature range of 
30–80 °C; the pH of the medium and the nature of the solvent 
were also varied (Table 1). The solution of the reducing agent in 
hydrochloric acid (50 ml) was prepared by adding water or 
hydrochloric acid to 15% TiCl3 solution in 10% HCl. Dinitro 
compound 7 was dissolved in PriOH (50 ml) or hydrochloric 
acid with the required concentration. The substrate and the 
reducing agent were added simultaneously. 

In fact, the reduction of dinitro substrate 7 both in the acid 
water–alcohol medium (see Table 1, entries 1–4) or in hydro
chloric acid of various concentration (entries 5–8) at 80 °C gave 
in general three nitro amino products. As the concentration of 
HCl in the reaction mixture increased, the amount of product 1b 
of the para-nitro group monoreduction decreased. At the same 
time, the content of isomer 2 first increased and then decreased. 
Nitro amine 2, a product of the recyclization, was missing if the 
reduction was performed at 40 °C (entries 9–12). Like in the 
series of experiments 1–8, the selectivity toward nitroaniline 1a 
increased with raising proton-donor properties of the medium. 
Lowering the temperature to 30 °C (entries 13, 14) and gradual 
feeding of the reducing agent (entry 14) made it possible to 
obtain compound 1a in a yield of 93% with a minimum amount 
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Scheme  2  Reagents and conditions: i, (EtCO)2O, DMF, 90 °C, 1 h; ii, benzimidazole, DMF, K2CO3, 120 °C, 8.5 h; iii, 50% H2SO4, 40 °C, 1.5 h.
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Scheme  3  Reagents and conditions: i, benzimidazole, K2CO3, DMF, 
100  °C, 1  h; ii, SnCl2·H2O (3  equiv.), PriOH, 4% HCl, 50 °C, 20 min; 
iii,  TiCl3 (13 equiv.), HCl, 50 °C, 10 min; iv, TiCl3 (6.1 equiv.), 
PriOH + 4% HCl, 40 °C, 5 min; v, TiCl3 (6.1 equiv.), 31% HCl, 30 °C, 
5 min; vi, TiCl3 (6.1 equiv.), 31% HCl, 30 °C, 5 min, then 70% PriOH, 
80 °C, 4 h.

Table  1  Optimization of reduction of 1-(2,4-dinitrophenyl)benzimidazole 
7 (C = 35 mmol dm–3) with TiCl3.

Entry Solvent T/oC
Total yield
(%) 

1a/1b/2
ratioa,b

  1 PriOH + 4% HCl 80 94 1.00 : 0.95 : 0.22
  2 PriOH + 9% HCl 80 96 1.00 : 0.88 : 0.39
  3 PriOH + 18% HCl 80 97 1.00 : 0.75 : 0.84
  4 PriOH + 27% HCl 80 95 1.00 : 0.41 : 0.26
  5 4% HCl 80 95 1.00 : 0.68 : 0.54
  6 9% HCl 80 97 1.00 : 0.59 : 0.62
  7 18% HCl 80 98 1.00 : 0.55 : 0.51
  8 31% HCl 80 96 1.00 : 0.31 : 0.19
  9 PriOH + 4% HCl 40 94 1.00 : 0.86 : 0
10 PriOH + 18% HCl 40 96 1.00 : 0.58 : 0
11 PriOH + 27% HCl 40 96 1.00 : 0.22 : 0
12 31% HCl 40 97 1.00 : 0.09 : 0
13 31% HCl 30 98 1.00 : 0.06 : 0
14c 31% HCl 30 97 1.00 : traces : 0

a Diamine 9 was missing in all experiments. b From 1H NMR. c The reducing 
agent was added over a period of 5 min.
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of impurities. Such a regioselectivity in monoreduction of 7 may 
be explained by the existence of a dinitro amine substrate in the 
strong acidic medium in the form of hydrochloric salt. The 
presence of a positively charged substituent at the ortho-position 
to the nitro group in 1-amino-2,4-dinitrobenzenes favors its 
reduction before the other group.19–21

The highest fraction of nitro amine 2 was formed in 
experiment 3 (see Table 1) at 80 °C in a mixture of PriOH and 
18% HCl. On the other hand, the synthesis of the ortho-amino 
derivative 1a from which isomer 2 to be further produced 
required a low temperature and a stronger protogenic 
environment. Therefore, to obtain compound 2 in individual 
form, the reduction of 7 was carried out in 31% HCl at 30 °C 
(see Scheme 3, procedure vi) followed by addition of 70% 
aqueous PriOH solution and heating at 80 °C for 4 h. The target 
recyclization product 2 was thus obtained in 86% yield.

In conclusion, the efficiency of two promising strategies for 
the synthesis of 2-(1H-benzimidazol-1-yl)-5-nitroaniline 1a and 
2-(5-nitro-1H-benzimidazol-1-yl)aniline 2 was compared. The 
regularities of the monoreduction of N-(2,4-dinitrophenyl)
benzimidazole 7 and recyclization of nitroaniline 1a were 
established while implementing one of these approaches. Based 
on these studies, efficient protocols for the synthesis of N-(2-
aminophenyl)benzimidazole nitro derivatives were developed. 
These compounds can be used to obtain new biologically active 
fused benzimidazole derivatives with a nodal nitrogen atom.
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