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ABSTRACT 

A simple and green methodology has been developed for the synthesis of 1-alkyl-2,6-dialkyl-9-oxo-6,9-dihydro-1H-

imidazo[4,5-f]quinoline-8-carboxylic acid derivatives (8a-8b). The structures of the newly synthesized compounds 

have been conformed on the basis of spectral studies 1H NMR, 13C NMR, IR and MS. The article presents a 

comprehensive review on the antitubercular activities of some novel 2-substituted benzimidazole derivatives. 

Mechanism of action on title compounds 8a and 8b the most potent compound on mycobacterium smegmatis with 

MIC 36.57, 60.37 µM values respectively. 

Keywords: 4-nitro-o-phenylenediamine, benzimidazole, ethoxymethylene malonic acid ester, 

antitubercular activity. 
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INTRODUCTION 

The development of green methods for the synthesis of target compounds from easily available starting 

materials is a major challenge to the organic chemist. Amongst heterocyclic pharmacophores, the 

benzimidazole ring system is quite common. These substructures are often called ‘privileged’ due to their 

wide recurrence in bioactive compounds. Although there is great interest in benzimidazole ligands and 

structural chemistry, the main interest is in their biological activities. Compounds having benzimidazole 

as a structural motif have been widely used in medicinal chemistry and drug development, and 

researchers are actively seeking new uses and applications of this heterocycle1. Benzimidazole-containing 

compounds have numerous medical and biological activities, such as antitumor2 

antibacterial3,4,antifungal5, antiviral6,7,anticonvulsant8,antidepressant9, analgesic10, anti-inflammatory11 

and antidiabetic properties12. 

Tuberculosis (TB) is a chronic infectious disease caused by mycobacterium tuberculosis that usually 

affects the lungs13. It is the second greatest killer due to a single infectious agent Worldwide, and in 2012, 

1.3 million people died from the disease, with 8.6 million falling ill. TB affects all age groups and all 

parts of the world. However, the disease mostly affects young adults, and people living in developing 

countries. The emergence of multi drug resistant TB (MDR-TB) and extensively drug resistant TB (XDR-

TB) as a consequence of lengthy treatment, makes patient compliance difficult. The term MDR-TB is 

used to describe strains that are resistant to two or more of the five first-line anti-TB drugs (Isoniazid, 

Rifampicin, Pyrazinamide, Ethambutol and Streptomycin)14,15. 

Benzimidazole-based drugs exhibit a wide range of different biological activities as a result of changing 

the groups on the core structure, as shown in Figure-1. These biological activities include imet3393 (anti-

cancer, 1), bactericidal (2), carbendazim (fungicidal, 3),bezitramide (analgesic, 4) and anti-viral 

properties (5). Some have cardiovascular applications diabazole (vasodilator spasmlytic hypotensive, 6) 

while some derivatives have been synthesized and evaluated for inhibition of HIV-1 infectivity16. 

Nowadays infectious microbial diseases are causing problems world-wide, because of resistance to 

number of antitubercular agents (β-lactam antibiotics, macrolides, quinolones, and vancomycin). A 
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variety of clinically significant species of different mycobacterium smegmatis with MICs has become an 

important health problem globally. One way to fight with this challenge is the appropriate usage of the 

available marketed antitubercular drugs and the development of novel anti-antitubercular agents. 

 

 
Fig.-1: Some benzimidazole containing drugs (1-6). 

 

From literature, there are no reports of the use of ammonium salts as catalysts for the synthesis of 

benzimidazoles. In continuation, on the synthesis of heterocycles17 and on the development of synthetic 

methodologies18 we have reported a facile method for the synthesis of benzimidazoles by the reaction 

between o-phenylenediamine and acetic in the presence of HCl in very good yields.Recent reports include 

benzimidazoles bearing the 1,3,4-oxadiazole moiety, which have broad spectrum antimicrobial 

properties19, and molecules containing both the benzimidazole and indole heterocycles, which exhibit 

selective antibacterial activity20. Quinolone antibiotics constructed of quinoline ring system which can be 

considered as a privileged structure is the most spectacular example of the potential efficiency in 

medicinal chemistry. By observing the anti-tubercular activities of both benzimidazoles, quinolones and 

from the QSAR approach, the synthesis of novel (E)- 1-alkyl-2,6-dialkyl-9-oxo-6,9-dihydro-1H-

imidazo[4,5-f]quinoline-8-carboxylic acid derivatives has been proposed. A review of the literature thus 

suggests that there is the scope for the design of additional benzimidazoloquinolone carboxylic 

acids/imidazo[4,5-f]fused quinolone carboxylic acids, their subsequent transformations into other 

derivatives with anti-tuberculosis, by examining the effect of a number of different functional groups 

(CH3,C2H5 ect.,). In this paper, we report on the synthesis of a series of benzimidazole derivatives (8a-8b) 

and their anti-tuberculosis activity. A detailed study of the structure-activity relationship of these 

derivatives will pave the road to designing more potent compounds and key results are presented in 

Scheme-1. 

EXPERIMENTAL 

Preparation of 5-nitro-2-methylbenzimidazole (3) 
A mixture of ortho-phenyldiamine (1) (10 mmol) and acetic acid (2) (10 mmol) and 4N HCl (50 mL) was 

refluxed for 3 hr at 100 oC. The progress of the reaction was monitored by TLC analysis. After 

completion of the reaction, the mixture was cooled to room temperature and neutralized using aq. 

ammonia solution to pH ≥ 8.0. The separated solid was filtered, washed with ice cold water (2 x 30 mL) 

to remove any salts present and dried to obtain crude product. The latter was recrystallized using ethanol 

as solvent to obtain pure 5-nitro-2-methylbenzimidazole (2).  

 

Preparation of 5-amino-2-methylbenzimidazole (4) 
A mixture of 5-nitro-2-methylbenzimidazole (10 mmol) was dissolved in ethanol (10 mL). To this 

solution, aq. Na2S2O4 (30 mmol) was added and allowed to boil on water bath for 30 min. The completion 

of the reaction was monitored by checking TLC. After this, the reaction mixture was cooled to room 
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temperature and was added to ice cold water (2x30 mL) and extracted with ethyl acetate (3x15 mL) and 

the organic layer was separated and concentrated under reduced pressure to get a crude residual solid 5-

amino-2-methylbenzimidazole (4). 

 

Preparation of diethyl-2-(((2-methyl-1H-benzo[d]imidazol-6-yl)amino)methylene)malonate (6) from 

(4) 

A mixture of 5-amino-2-methylbenzimidazole (10 mmol), ethoxymethylene malonic acid ester (10 mmol) 

and ethanol (20 mL) was refluxed at 120-130 oC for 1 hr. At the end of this period, the reaction mixture 

was concentrated to remove excess ethanol from the reaction mixture to get residual compound (6). 

Preparation of diethyl 2-(((2-methyl-1H-benzo[d]imidazol-6-yl)amino)methylene)malonate (6) from 

(3) 

A mixture of 5-nitro-2-methylbenzimidazole (10 mmol) and aq. Na2S2O4 (30 mmol) in ethanol (20 mL) 

are refluxed on water bath for 30 min. To this mixture, ethoxymethylene malonic acid ester (10 mmol) 

was added and allowed to reflux at 120-130 ºC for 1 hr. At the end of this period, the reaction mixture was 

filtered and the collected filtrate was concentrated under reduced pressure to get residual solid compound 

(6). 

(6) : Yield = 2.2 gm (70%); M.P. 180 oC; IR (KBr): 3460-2900 cm-1 (broad, medium, due to different –

NH stretching’s), 1735 cm-1 and 1638 cm-1 (strong, sharp, due to symmetric and asymmetric C=O 

stretching’s); 1H NMR spectrum (DMSO-d6/TMS, 400MHz): δppm 1.23-1.31 (m, 6H, CH3), 2.89 (s, 3H, 

CH3), 4.19-4.26 (m, 4H, CH2), 7.19–8.41 (m, 3H, Ar-H), 8.60 (s, 1H, -NH), 8.73 (s, 1H, -NH), 8.92 (s, 

1H, CH); ESI-MS: m/z 317.9 (M+.). 

 

 
Scheme-1: Synthesis of target compounds (8a-8b) 

 

Preparation of ethyl-2-methyl-9-oxo-6,9-dihydro-1H-imidazo[4,5-f]quinoline-8-carboxylate (7) 
A mixture of diethyl-2-(((2-methyl-1H-benzo[d]imidazol-yl)amino)methylene)malonate(10 mmol) and 

diphenyl ether (25 mL) was refluxed for 30 min at 250 oC. At the end of this period, the reaction mixture 

was cooled to rt. The reaction mixture was washed with hexane (20 mL) and the separated solid was 

filtered and washed again with diethyl ether (20 mL) and dried to obtain compound. 

 
(7): Yield = 1.2 gm (72%), M.P. 216 oC;IR (KBr): 3175-3026 cm-1 (broad, medium, due to different –NH 

stretching’s), 1739 cm-1 and 1644 cm-1 (strong, sharp, due to symmetric and asymmetric C=O 
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stretching’s); 1H NMR (DMSO-d6/TMS, 400MHz): δppm 1.23-1.26 (t, 3H, CH3), 2.89 (s, 3H, CH3), 4.19-

4.24 (q, 2H, CH2), 7.07 (d, 1H, Ar-H), 7.69 (s, 1H, Ar-H), 8.60 (s, 1H, NH), 8.73 (s, 1H, NH), 8.92 (s, 

1H, CH); MS: m/z 244 (M+.). 

 

Preparation of 1-alkyl-2,6-dialkyl-9-oxo-6,9-dihydro-1H-imidazo[4,5-f]quinoline-8-carboxylic 

acid(8a-8b) 

A mixture of 7(2.71 gm, 10 mmol),alkylating agent (DMS or DES) (20 mmol) and 10% aq. NaOH (25 

mL) was allowed reflux on water bath 30 min and the completion of the reaction monitored by checking 

TLC. At the end of the period, the reaction mixture was allowed to cool at rt and was neutralized with ice 

cold conc. HCl solution till the pH paper turns into pink (pH ± 4.0). The separated solid was filtered and 

dried to obtain pure compound. 

 

1,2,6-trimethyl-9-oxo-6,9-dihydro-1H-imidazo[4,5-f]quinoline-8-carboxylic acid (8a):Yield = 1.3 gm 

(50%), m.p.240 °C, IR (KBr): 3400 cm-1 (broad, strong, due to –OH stretching’s), 1738 cm-1 (strong, 

sharp, due to O-C=O stretching) and at 1621 cm-1 (strong, sharp, due to CO stretching); 1H NMR 

(DMSO-d6/TMS, 400MHz): δppm 1.2 (s, 3H, CH3), 2.4 (s, 3H, NCH3), 3.2 (s, 3H, NCH3), 6.6 (d, 1H, Ar-

H), 7.2-7.8 (m, 3H, Ar-H), 13.3 (s, 1H, -OH, D2O exchangeable); 13C NMR (DMSO-d6, 100 MHz) δppm 

15, 31, 43, 116, 117, 127, 134, 136, 140, 154, 159, 168, 175. MS: m/z 273.15 (M+.). 

 

1,6-diethyl-2-methyl-9-oxo-6,9-dihydro-1H-imidazo[4,5-f]quinoline-8-carboxylic acid (8b):Yield = 

1.5 gm (52%), M. P.245 °C, IR (KBr): 3300-3500 cm-1 (broad, strong, due to –OH stretching’s), 1737 cm-

1 (strong, sharp, due to O-C=O stretching) and at 1614 cm-1 (strong, sharp, due to CO- stretching); 1H 

NMR (DMSO-d6/TMS, 400MHz): δppm1.24-1.28 (t, 6H, NCHCH3), 2.56 (s, 3H, CH3), 4.19-4.23 (q, 4H, 

N CHCH2), 7.04-7.05 (d, 1H, Ar-H), 7.67-7.69 (d, 1H, Ar-H), 9.32 (s, 1H, CH, α-proton to enamine 

nitrogen), 11.0 (s, 1H, OH, D2O exchangeable); MS: m/z 300.13 (M+.). 

 

Anti-Mycobacterial Activity 

Procedure 

Mycobacterium smegmatis is considered as an appropriate model for study of Anti-tubercular activity of 

compounds as it shares considerable homology with mycobacterium tuberculosis21,22. Thus, the series of 

compounds synthesized were evaluated to ascertain their anti mycobacterial capacity on M.smegmatis 

(MC2 155) strain. Primarily the activity was determined in the form of percentage inhibition following 

which the MIC was calculated for the compounds showing 30% or more growth inhibition. Initially, 

10mm stock concentrations of the compounds were diluted with the required 100% (v/v) DMSO solution 

to achieve a working concentration of 1.5 mM. The assay was performed in a 96 well format plate. 100 

µL of inoculum was incubated with 2% compound (1.5 mM), making the final concentration of 

compound as 30 µM. The inoculum of M. smegmatis was maintained in Middlebrook 7H9 broth 

supplemented with ADS (Albumin-Dextrose-Saline). Rifampicin and Isoniazid as positive controls of 

inhibition of Mycobacterium smegmatis. A series of benzimidazole derivatives 8a, 8b have been 

synthesised and screened for invitro antimycobacterial activity against mycobacterium smegmatisare 

summarized in Table-1. Therefore we could not determine effect of the compounds for 90% growth 

inhibition. 
Table-1: Physicochemical properties and antimycobacterial activity of target compounds 

 

Entry M.F M.Wt M.p. (oC)  % yield  Antimycobacterial MIC (µM) 

M. smegmatis 

8a C14H13N3O3 271.27 240  50  36.57 

8b C16H17N3O3 299.32 245  52 60.37 

Ref  a 
b 

aRifampicin—2.33 µg/mL; bisoniazid—17 µg/mL 
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RESULTS AND DISCUSSION 

Chemistry 

The reaction between4-nitro-o-phenylenediamine (1) with acetic acid (2) in 4N HCl under Phillip’s 

conditions for 3 hr to give the well-known product 5-nitro-2-methyl benzimidazole (3). Compound 3 on 

reaction with the reducing agent, i.e., sodium dithionite (Na2S2O4) in ethanol under refluxing conditions 

for 30 min gave the desired product 5-amino-2-methyl-benzimidazole (4) with good yield. Here we 

describe path 1 the preparation of 6 from 4 on reaction with ethoxymethylene malonic acid ester (5) under 

solvent free conditions at 120-130 oC for 1 hr resulted in diethyl 2-(((2-methyl-1H-benzo[d]imidazol-6-

yl)amino)methylene)malonate (6). Furthermore, in path 2 the preparation of (6) as a clean product with 

good yield and its preservation on storage proved to be somewhat difficult due to its instability in solid 

state from 3, first reduced using aq. Na2S2O4 and refluxed for 30 min and then addition of (5) directly to 

the reaction mixture and continued heating (Scheme-1). Further,the compound 6 on thermal treatment 

with diphenyl ether under refluxing conditions at 250 oC for 60 min to give in excellent desired product 

(7). 

Formation of (7) can be explained by the following mechanism- 

 

 
Scheme-2 

 

And finally,(7)on treatment with different alkylating agents like DMS or DES in 10% aq. NaOH solution 

followed by reflux on water bath for 30 min resulted 1-alkyl-2,6-dialkyl-9-oxo-6,9-dihydro-1H-

imidazo[4,5-f]quinoline-8-carboxylic acid (8a, R=CH3), 8b, R=C2H5). The structure of 8a was assigned 

on the basis of its spectral and analytical data. Thus, it’s IR (KBr) spectrum showed absorption peaks at 

3300-3500 cm-1 (broad, strong, due to –OH stretching), 1737 cm-1 (strong, sharp, due to O-C=O 

stretching) and at 1614 cm-1 (strong, sharp, due to –CO stretching). Its 1H-NMR spectrum (DMSO-

d6/TMS, 400MHz) showed signals at δ 2.5 (s, 3H, CH3), 3.4 (s, 3H, quinolone-NCH3), 3.7 (s, 3H, 

imidazole-N-CH3), 6.6 (d, 1H, Ar-H), 7.6 (d, 1H, Ar-H), 9.0 (s, 1H, -CH, α-proton to enamine nitrogen), 

11.0 (s, 1H, -OH, D2O exchangeable). Its mass spectrum in M+1 mode showed the molecular ion peak at 

272 (base peak) corresponding to a molecular mass of 271 (See experimental section). 

 

Anti-Mycobacterial Activity 

A series of benzimidazole derivatives 8a, 8b have been synthesised and screened for invitro 

antimycobacterial activity against mycobacterium smegmatis are summarized in Table-1. From the assay 

it was evident that, the compounds from the series were found to be associated with promising anti-
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mycobacterial properties. In the series, compounds 8a and 8b exhibited best anti-mycobacterial activity 

with MIC values at 36.57µM and 60.37µM, respectively.  

 

CONCLUSION 

The benzimidazole ring is an important pharmacophore in modern drug discovery. Attention has been 

increasingly given to the synthesis of 1-alkyl-2,6-dialkyl-9-oxo-6,9-dihydro-1H-imidazo[4,5-f]quinoline-

8-carboxylic acid derivatives (8a-8b) from key intermediate 7as a new source of invitro antimycobacterial 

activity against mycobacterium smegmatis. The target compounds 8a, 8b exhibited most potent anti-

mycobacterial activity with MIC values 36.57µM and 60.37 µM, respectively.  
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