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ABSTRACT 

 A new series of substituted benzimidazoles (6A-13B) were designed and synthesized using 1-chloro 2, 4 

dinitrobenzene and substituted amine by a multi-step synthesis. By using spectroscopic methods and elemental analyses, all 

the produced substances were identified. All the synthesized compounds were evaluated for in-vitro antimicrobial activity 

against various human pathogenic microorganisms by employing agar cup plate process using ciprofloxacin as standard 

drugs. The whole strains of microorganisms were active against every chemical that was generated. Among all these 7B, 

12B and 8A are the most active. Because these three compounds show valuable MIC value than other compounds .Structural 

activity relationship studies showed that compounds with an electron withdrawing. group  exhibit enhanced activity, while 

the other derivatives exhibit moderate activity. Based on the findings, three compounds—7B, 8A, and 12 B—were 

discovered to be much more active than the other compounds and standard medications in the antimicrobial experiment. 

Keywords: Antimicrobial, benzimidazoles, Structural activity relationship, ciprofloxacin, agar cup plate. 

INTRODUCTION  
 Various parasitic bacteria, including S. S. aureus S. Pyogenes E. coli and Typhimurium coli 

significantly affect the health of human mucosal tissues. Infection with S. aureus, S. pyogenes, S. 

typhimurium and E. coli may have resulted in massive host tissue degradation and potentially fatal illnesses. 

Millions of pgdgeople in impoverished nations suffer from food poisoning, rheumatic fever, and diarrhea as a 

result of these bacterial parasites.
1
 Around the world, more than 50 million people are afflicted, and up to 

1,10,000 of them pass away each year. The most popular antibiotics for this bacterial infection are 

Amoxicillin, Norfloxacin, and Ciprofloxacin, however they come with serious side effects.
2 

A serious hazard 

that could result in treatment failures and problems is the ongoing rise of bacterial infections that are resistant 

to one or more antibiotic classes.
3,4

 As a result, numerous research teams have put significant effort into 

discovering novel antimicrobial drugs. 

 The chemical compound benzimidazole is an aromatic heterocyclic compound. Since a few decades 

ago, pharmacists have been interested in the synthesis of benzimidazole-based poly heterocycles since they 

serve as a significant pharmacophore in medicinal chemistry and pharmacology. In essence, benzimidazole is 

a bicyclic molecule made by joining benzene and imidazole, which results in a favored structure. Various 

studies reported that benzimidazole   possess a wide range of bioactivities including antimicrobial 
5
, 

antiparasitic 
6
antihistaminic 

7
 antiallergic 

8
, anticancer

9-12 
and antioxidant 

13-15
. According to a literature 

review, the benzimidazole nucleus shown remarkable antitubercular
16-19

 &  antimicrobial
20-23

 activities. Some 

of the compounds showed moderate activity, but some of the derivatives of benzimidazole gave considerable 

anti mycobacterial activity. The drugs used have serious side effects on the patients ranging from nausea, 

vomiting, cardiotoxicity, renal insufficiency, teratogenicity and many more. It was of concern to synthesize a 

new derivatives of benzimidazole in order to find more dynamic and less toxic antimicrobial agents as part of 

our drug research programme that focuses on the synthesis of new, safer, and more biologically active 

compounds. 

MATERIALS AND METHODS 

 All used chemicals were of commercially available analytical grade and were used without further 

purification. On melting point equipment, melting points were calculated. 

 

General procedure 

Step 1: Mixture of 1-chloro-2,4-dinitro benzene (0.038 mol) and substituted amine (0.87mol) and heated in 

sealed tube in oven at 100 ºC for 10 h. Then remove excess of amine under reduced pressure.  
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Step 2: Reflux the mixture of substituted aniline, catalyst 0.5 gm, hydrazine monohydrate (80% , 7.4ml) and 

25ml dry ethanol for 30 min under nitrogen. Filter it to remove catalyst. Dilute the filtrate with water, extract 

with ether and dry it with sodium sulphate and evaporate.  

Procedure for Catalyst preparation: Take nickel chloride hexahydrate 23g, zinc (13gm) and dry ethanol 

(50ml) in a 250ml single necked round bottom flask equipped with nitrogen inlet and reflux it for 16hrs. 

Evaporate solvent under reduced pressure.  

Step 3: Take mixture of product found in step 2, potassium hydroxide 1.29 gm, carbon disulfide 1.38ml, 230ml 

95% ml ethanol in round bottom flask. Heat it under reflux for 3hrs. After refluxing add activated charcoal with 

heating. Filter it for removal of activated charcoal. Add 300ml warm water to filtrate and heat the mixture to 60-

70 C, then add 15ml acetic acid in 30ml water with stirring. Place the mixture in refrigerator for 3hrs to 

complete crystallization. After that filter it and dry over-night.  

Step 4: Take mixture of product found in step 3, treat it with substituted haloalkane in the presence of sodium 

and ethanol reflux it for 6-18 hrs. 

The synthesized compounds will be characterized using various spectral methods for the chemical structure 

confirmation. The newly synthesized and characterized compounds were assessed for their antimicrobial 

potential. 

General Method for antimicrobial activity 
The agar layer holding the microorganisms is diffused with antibiotics using the cup plate method. The 

zone is formed around the cylinder. The examined samples diffuse from the cup through an agar layer in a Petri 

plate to the point where the development of further bacteria is solely limited to a circular area or zone in the 

region of the cavity containing the solution of an antibiotic agent.
24 

When measured by a scale, the antibacterial 

activity is given as the zone diameter in millimeters. 

Synthesis of 1-methyl-5-nitro 2-thiobutylbenzimidazole(6A) 

1-methyl-5-nitro 2-thiobutylbenzimidazole(6A) m.pt 261-263°C  % yield 79% 

Spectral analysis: - IR Specturm: (KBr cm
-1

): 2850-2960cm
-1

(C-Hstr aliphatic), 1487cm
-

1
(C=N),788cm

-1
(C-S), (N-O) 1550cm

-1
  NMR Specturm:

 1
H NMR (300 MHz, CDCl3): 0.94 

(t,-3H,-CH3)1.49(m,-2H,-CH2)1.75(m,-2H,-CH2)2.44(s,-3H,-CH3)3.35(t,-2H,-CH2)3.62(s,-

3H,-CH3)6.99(d,-1H,-Ph)7.07(d,-1H,-Ph)7.45(s,-1H,Ph)  

13
CNMR (75.45MHz,CDCl3):13.54, 21.43, 21.79, 29.96, 31.36, 32.38, 107.89,117.96, 

123.15,131.47,134.56,143.18,152.00   and  M
+
265.05 %found C, 54.32; H, 5.70; N, 15.84; O, 12.06 

1-ethyl-5-nitro 2-thiobutylbenzimidazole (7A) C11H13N3O2S m.pt 267-269°C  % yield 

76% 

IR Spectrum(KBrcm
-1

):1479cm
-1

(C=N),800cm
-1

(C-S)(NO2)1550cm
-1

1350cm
-1 

NMRSpecturm:
1
HNMR(300MHz,CDCl3):0.84(t,3H,CH3)1.44(m,2H,CH2)1.65(m,2H,CH2)1.92

(t,2H,CH2)3.27(t,3H,CH3)4.01(q,2H,CH2)7.02(d,1H,Ph)6.92(d,1Ph)7.53(s,1H,Ph)
13

CNMR(75.

45MHz,CDCl3):13.49,14.36,21.26,21.55,31.32,32.33,38.83,108.01,117.87,123.19,131.51,133.27,151.

11,174.04 and M+
251,01 % found C, 52.57; H, 5.21; N, 16.72; O, 12.73 

Synthesis of 5-nitro 1-propyl-2-thiiobutylbenzimidazole (8A) C14H19N3O2S m.pt 278-

281°C   % yield 79% 

 IR Spectrum (KBr cm
-1

): 1475cm-1
(C=N),794cm

-1
(C-S) , (NO2) 1550cm

-
.1350cm

-
 

1HNMR(300MHz,CDCl3):0.85(t,-3H,-CH3)0.99(t,-3H,-CH3)1.47(m,-2H,-CH2)1.70(m,-2H,-

CH2)1.84(m,-2H,-CH2)3.98(t,-2H,-CH24.02(t,-2H,-CH2)7.02(d,-1H,-Ph)7.44(d,-1H,-
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Ph)7.56(s,1H,Ph)
13

CNMR(75.45MHz,CDCl3):11.52,13.44,21.72,24.35,25.72,32.57,36.44,49.83,115.

84,116.40,126.82,131.33,133.76,138.43,152.12and M
+
293% found C, 57.31; H, 6.53; N, 14.32; O, 

10.91 

Synthesis of 1-butyl 5-nitro -2-thiiobutylbenzimidazole (9A) (C15H21N3O2S) m.pt 289-

291°C   % yield 76%  

IR Spectrum (KBr cm
-1

): 2850-2960cm
-1

(C-Hstr aliphatic),  1487cm
-1

(C=N),788cm
-1

(C-S). (NO2) 

1550 cm
-1

, 1350 cm
-1

 NMR Specturm:
 1

HNMR (300 MHz, CDCl3): 0.82(t,-3H,-CH3)0.86(t,-3H,-

CH3)1.32(m,-2H,-CH2)1.45(m,-2H,-CH2)1.68(m,-2H,-CH2)1.73(m,-2H,-CH2)3.34(t,-

2H,-CH2)  3.98(t,-2H,-CH2)6.96(d,-1H,-Ph)7.06(d,-1H,-Ph)7.43(s,-1H,-Ph)
13

CNMR 

(75.45 MHz, CDCl3): 13.53, 13.61, 20.0, 21.40, 21.76, 31.27, 31.30, 32.67, 44.14, 108.41, 117.55, 

123.59,132.10,133.42,141.81,151.50 and M+
307   

%found C, 58.61; H, 6.89; N, 13.67; O, 10.41 

1-methyl 5-nitro2-thiobphenylbenzimidazole (10A) C14H11N3O2S m.pt 305-307°C   % yield 

72%  

IR Spectrum: (KBr cm
-1

): 1450cm
-1

(C=N), 790cm
-1

(C-S). 

NMR Spectrum:
 1

H NMR (300 MHz, CDCl3): 3.5  4(s,-3H,-CH3)7.05(q,-1H,-Ph) 7.33(m,-5H,-

Ph) 7.38(dd,-1H,-Ph)7.50(s,-1H,-Ph) 
13

CNMR(75.45MHz,CDCl3) :24.34, 31.26, 38.51, 112.56, 

115.46, 125.82 ,128.82,131.32,132.71,138.83,139.77,152.61  m/z: 285 (100.0%), 286 (17.3%), 287 

(6.3%)% found C, 58.93; H, 3.89; N, 14.73; O, 11.22 

1-ethyl 5-nitro -2-thiophenylbenzimidazole (11A)C15H13N3O2S m.pt 316-319°C   % yield 

70%  

IR Spectrum : (KBr cm
-1

)1479cm
-1

(C=N), 800cm
-1

(C-S), (NO2) 1550cm
-1

1350cm
-1

.
 

NMR 

Spectrum: 
1
HNMR (300MHz, CDCl3):  1.41(t,-3H,-CH3)4.33(q,-2H,-CH2)  7.01(d,-1H,-Ph) 

7.02 (d,-1H,-Ph) 7.52(s,-1H,-Ph) 11.33(s,-1H,-SH) 7.57 (d,-1H,-Ph),7.58(d,-1H,-

Ph),7.27(T,-1H,-Ph),7.27(d,-1H,-Ph) 

13
CNMR(75.45MHz,CDCl3):13.18,21.50,39.0,108.48,110.55,123.63,130.54,131.17,133.11,167.49 

and M+
299.07% found: C, 60.18; H, 4.38; N, 14.04; O, 10.69 

5-nitro 1-propyl -2-thiiophenylbenzimidazole(12A) C16H15N3O2S m.pt 327-329°C   % yield 

74%  

IR Spectrum: (KBr cm
-1

): 1475cm
-1

(C=N), 794cm
-1

(C-S), (NO2) 1550cm
-
,1350cm

-
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1
HNMR(300MHz,CDCl3):1.01(t,-3H,-CH3)1.87(m,-2H,-CH2)4.23(t,-2H,-CH2)6.99(d,-1H,-

Ph)7.26(d,-1H,-Ph)7.56(s,-1H,-Ph)7.56(d,-1H,-Ph)17.56(d,-1H,-Ph)7.27(t,-1H,-

Ph)7.27(t,-1H,-Ph)7.07(t,-1H,-Ph)1.76(s,-1H,SH) 

13
CNMR(75.45MHz,CDCl3):11.52,24.84,26.15,49.56,115.27,116.48,125.89,131.33,132.76,138.86,16

8.75 and M+
313.94 % found: C, 61.32; H, 4.82; N, 13.41; O, 10.21 

1-butyl 5-nitro2-thiophenylbenzimidazole (13A) (C17H17N3O2S) m.pt 339-341°C   % yield 

78%  

IR Spectrum: (KBr cm
-1

) 1477cm
-1

(C=N), 790cm
-1

(C-S), (NO2) 1550 cm
-1

, 1350 cm
-1 

NMR Spectrum: 
1
HNMR (300 MHz, CDCl3)0.98(t,-3H,-CH3)1.46(m,-2H,-CH2) 1.83(m,-

2H,CH2)2.41(s,3H,CH3)4.26(t,2H,CH26.997.09(m,3H,Ph)11.39(s,1H,SH)
13

CNMR(75.45M

Hz,CDCl3):13.77,20.13,21.32, 30.06,44.05,108.81,110.41,123.69, 130.64, 130.85, 133.32, 167.33 and 

M
+
327 % found C, 62.36; H, 5.23; N, 12.83; O, 9.77

 

 1-Phenyl-5-nitro 2-thiobutylbenzimidazole (6B) (C18H20N3O2S) m.pt 338-341°C   % yield 

65%  

IR Spectrum (KBr cm
-1

):2850-2960cm
-1 

(C-Hstr aliphatic)1487cm
-1

(C=N),790cm
-1

(C-S),1313cm
-

1(
C-N)NMR Spectrum: 

1
HNMR(300MHz,CDCl3):0.83(t,-3H,-CH3)1.35(m,-2H,-CH2) 1.61(m,-

2H,-CH2)2.37(s,-3H,-CH3)3.25(t,-2H,-CH2) 6.82-7.40(m,-8H,-Ph)  

13
CNMR(75.45MHz,CDCl3):13.46,21.78,24.34,32.58,36.48,48.32,115.76,115.95,124.82,126.25,127.8

3,129.86,131.32,134.73,145.67, 154.44,165.62 and M
+
342 %found C, 63.13; H, 5.89; N, 12.27; O, 

9.34 

5-nitro 1-phenyl -2-thiiophenybenzimidazole (7B) (C19H13N3O2S) m.pt 387-389°C   % 
yield 75%  
 
IR Spectrum (KBr cm

-1
) 1494cm

-1
(C=N), 796cm

-1
(C-S). 

NMR Spectrum:
1
HNMR(300MHz,CDCl3):7.43-8.42(m,-13H,-Ph)  

13
CNMR(75.45MHz,CDCl3):24.89,36.83,50.67,113.57,115.25,121.65,123.78,127.23,127.46,127.85,1

28.23,128.83,129.62, 137.73,139.74,144.42, 144.83,163.0 and M
+
347  

%found C, 65.69; H, 3.77; N, 12.10; O, 9.21 

1-cyclohexyl 5-nitro2-thiiobutytlbenzimidazole (8B) (C17H24N3O2S) m.pt 319-321°C   % 

yield 82%  
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Spectral analysis: IR Spectrum:max (KBr): 2850-2960cm
-1 

(C-Hstr aliphatic),  1425cm
-1 

(C=N),784cm
-1

(C-S), 1314cm
-1

 (C-N) 

NMR Spectrum:
 1

H NMR (300 MHz, CDCl3): 0.88(t,-2H,-CH2)1.26(m,-2H,-

CH2)1.43(m,-2H,-CH2)1.51(m,-2H,-CH2)1.65(m,-2H,-CH2)1.72(m,-2H,-CH2) 

1.92(m,-2H,CH2) 2.14(m,-2H, CH2) 3.45(t,-2H,-CH2) 4.22(m,1H,CH) 6.96(d,1HPh) 

7.20(d,1H,Ph),7.52 (s,1H,Ph)
13 

CNMR(75.45MHz,CDCl3):13.45,21.72,23.25,24.38,28.04,32.51,33.40,36.41,53.24,112.06,1

15.33,125.84,131.39,132.73,138.85,152.65 and M
+
334 %found: C, 61.05; H, 7.23; N, 12.56; 

O, 9.57 

 1-Hexyl 5-nitro -2-thiiopropylbenzimidazole (9B) (C16H19N3O2S)m.pt 307-309°C   % 

yield 74%  

IR Spectrum (KBr cm
-1

)2850-2960cm
-1

(C-Hstr aliphatic),  1473cm
1
(C=N),781cm

1
(CS). 

1
HNMR(300MHz,CDCl3): 1.35 (t,-2H,-CH2) 1.53(m,-2H,-CH2) 1.92 (d,-2H,-CH2) 2.18 (q,-2H,-

CH2)(t,-1H,-CH) 6.98 (d,-1H,-Ph)7.08 (s,-1H,-Ph)7.34 (d,-1H,-Ph) 
 
1.92 (m,-2H,CH2) 

2.14 (m,-2H,CH2) 3.45 (t,-2H,-CH2)  

13
CNMR (75.45MHz,CDCl3) :23.23,24.36, 28.04, 33.47, 52.93, 115.25, 115.47, 125.85, 131.34, 

132.70, 133.84,163.73 and M
+
317 %found C, 60.54; H, 6.03; N, 13.24; O, 10.08 

1-cycloHexyl 5-nitro -2-thioethyllbenzimidazole (10B) (C15H20N3O2S)m.pt 316-319°C   % 

yield 70%  

Spectral analysis:-
 

IR Spectrum :max (KBr): 2850-2960cm
-1

(C- Hstr aliphatic),  

1473cm
1
(C=N),781cm

1
(CS).

1
HNMR (300MHz,CDCl3): 1.35 (t,-2H,-CH2) 1.53 (m,-2H,-CH2) 

1.92(d,-2H,-CH2) 2.18(q,-2H,-CH2)(t,-1H,-CH) 6.98(d,-1H,-Ph)7.08 (s,-1H,-Ph) 7.34 

(d,-1H,-Ph) 1.92 (m,-2H,CH2)3.45 (t,-2H,-CH2)  

13
CNMR (75.45MHz,CDCl3): 23.23, 24.36, 28.04, 33.47, 52.93,115.25, 115.47, 125.85, 131.34, 

132.70, 133.84, 163.73 and M
+
 306

 
%found C, 58.80; H, 6.58; N, 13.71; O, 10.4 

 1-cyclohexyl 5-nitro -2-thiophenylbenzimidazole (11B) (C19H20N3O2S) m.pt 367-369°C   

% yield 74%  

 
Spectral analysis: IR Spectrum:max (KBr): 2850-2960cm

-1
(C-Hstr aliphatic),  1423cm

-1
(C=N), 

779cm
-1

(C-S)  
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NMR Spectrum:
 1

H NMR (300 MHz, CDCl3):1.26(m,-2H,-CH2) 1.39(m,-2H,-CH2) 1.71(m,-

2H,-CH2) 1.74 (m,-2H,-CH2)2.10 (q,-2H,-CH2) 4.24(t,-1H,-CH)7.48(d,-1H,-Ph)7.56(m,-

3H,-Ph) 7.507.63 (m,3H,Ph) 7.72(s,1H,Ph) 

13
CNMR(75.45MHz,CDCl3):21.28,24.80,25.61,30.69,39.59,59.33,112.03,115.38,125.82,126.82,128.4

2,128.92,129.35,132.75,134.50,136.46,147.91and  M
+
354 %found C, 64.38; H, 5.69; N, 11.86; O, 

9.03 

1-Hexyl 5-nitro -2-thiomethyllbenzimidazole (12B) C14H18N3O2Sm.pt 285-288°C   % 

yield 71%  

IR Spectrum: (KBr):2850-2960cm
-1

(C-Hstr aliphatic), 1473cm
1
(C=N), 781cm

1
(CS). 

1
HNMR (300MHz,CDCl3) :1.35 (t,-2H,-CH2) 1.53 (m,-2H,CH2) 1.92 (d,-2H,-CH2) 2.18 

(q,2H,CH2)(t,1H,CH) 6.98 (d,1H,Ph)7.08 (s,1H,Ph) 7.34 (d,1H,Ph) 11.03 (s,-1H,SH) 

13
CNMR(75.45MHz,CDCl3):23.23,24.36,28.04,33.47,52.93,115.25,115.47,125.85,131.34,132.70,133.

84,163.73 and M
+
292 % found C, 57.51; H, 6.21; N, 14.37; O, 10.94; S, 10.97 

1-Hexyl 5-nitro -2-thiiohexylbenzimidazole (13B) C19H27N3O2Sm.pt 351-354°C   % yield 

71%  

IR Spectrum (KBr-cm
-1

) 2850-2960cm
-1

(C-Hstraliphatic), 1473cm
1
(C=N),781cm

1
(CS). 

1
HNMR (300MHz,CDCl3):1.35(t,-2H,-CH2) 1.53 (m,-2H,CH2)1.92 (d,-2H,-CH2) 2.18(q,-2H,-

CH2)(t,-1H,-CH) 6.98(d,-1H,-Ph)7.08(s,-1H,-Ph) 7.34 (d,-1H,-Ph) 11.031.35 

(t,2H,CH2) 1.53(m,2H,CH2) 1.92(d,2H,CH2) 2.18 (q,2H,CH2)(t,1H,CH) 

13
CNMR(75.45MHz,CDCl3):23.23,24.36,28.04,33.47,52.93,115.25,115.47,125.85,131.34,132.70,133.

84,163.73 and M
+
361 %found C, 63.13; H, 7.53; N, 11.62; O, 8.85 

RESULTS AND DISCUSSION 

Chemistry 

In the present work, a series of new substituted benzimidazole and characterized. In the first step1-

chloro 2, 4 dinitrobenzene was reacted with substituted amine which was further heated with catalyst and carbon 

disulfide ,substituted benzimidazole (3A,3B) was formed. Further treatment of compound 3A, 3B with different 

halogenated aryl or alkyl groups in the presence of DMF. Finally, the title compounds 6A-13A and6B-13B were 

synthesized . Synthetic Schemes 1 and 2 provide an overview of the chemical processes implicated in the 

production of the title compounds. As shown by their spectrum analyses and TLC, the procedure utilised for the 

production and isolation of the compounds produced materials of good purity. The produced compounds' IR, 

1H-NMR, mass spectra, and elemental analyses match the prescribed structures. The IR spectra of all the 

synthesized compounds showed some characteristic peaks, representing the presence of particular groups.. The 

occurrence of an absorption band in IR at 1450 cm‑ 1 corresponding to C=O and 750 cm‑ 1 C-S stretching 

confirms the formation of compound. Formation of benzimidazole 2 was confirmed by the appearance of a 

singlet at δ 3.54 ppm for one proton of benzimidazole NCH3 This was further confirmed by the appearance of a 
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singlet at δ 11.53 ppm for SH protons and a singlet at δ 7.26 ppm for two protons of phenyl. Mass spectroscopy 

was also performed with all synthesized compounds. with reference to literature study that Electron withdrawing 

group substituted derivative exhibited better activity than electron donating group substituted analogs. 
25

 We 

take electron withdrawing group substitution at position 5 and 2 Recently, there has been reported work done on 

utilizing benzimidazole derivatives to counter antimicrobial activity with relatively good results  

Antimicrobial screening 
The cup plate method was used to test all of the title compounds for their in vitro antibacterial 

properties. In parallel trials, the MICs of Ciprofloxacin were established in order to regulate the sensitivity of the 

test organisms. The lowest concentration that completely prevented the bacteria' ability to develop visibly was 

determined to be the MIC value. The MICs of the standard drugs and test compounds 6A-13B was competently 

presented in Table 1. From the results, it was observed that compound 7A,9A,11A and 7B,10B and 12B and  

displayed comparable activity like Ciprofloxacin against S. aureus. whereas the rest of the sequ    ence displayed 

lesser activity (MIC: 15.62–62.5 μg/mL).. Compound 9A,7B and 11B displayed potent activity (MIC: 7.81 

μg/mL) than the standard, while the rest of the series exhibited lower activity against E. coli (MIC:31.25–62.5 

μg/mL) some compounds like 7B,11Band 12B displayed an equivalent activity (MIC: 7.81 μg/mL)as standard 

against P. aeruginosa.). compounds 7B and 12B exhibited higher activity against S.typhi. (MIC: 3.9 μg/mL) 

Structure Activity Relationship 

 

 
The antibacterial research revealed that substances 7A,9A,11A and 7B,9B,10B, 12B showed strong 

antimicrobial activity, which might be due to  

1. Electron withdrawing group at position 5 increases activity. 

2. Alkyl group at position 1 also increases antimicrobial activity. 

3.  Even aryl group at position 1 also increases antimicrobial activity 

4. Substitution at position 2thio with cyclohexyl decreases antimicrobial activity 

5. Substitution at position 2thio with phenyl increases antimicrobial activity. 

Scheme 1 for the synthesis benzimidazole (aliphatic substitutions at position 1) 

Antimicrobial activity 
The cup plate method was used in this work to test all the produced compounds for antibacterial 

activity. Four microorganisms were used to test the compounds' antibacterial properties i.e. Staphylococcus 

aureus, Escherichia coli, Pseudomonas aeruginosa, Salmonella typhii. For antibacterial tests, yeast was 

cultivated overnight at 30°C in agar and bacterial strains were done so in broth at 37°C.  

Minimum inhibitory concentration (MIC)  

The cup plate dilution method was used to determine the compound's MIC.
22

 Graded amounts of the 

test compounds were added to a prescribed amount of molten sterile agar in a stock solution of the produced 

chemical in dimethyl formamide. The MIC was regarded as the lowest amount of the test material 

demonstrating no discernible microbial or fungal growth on the plate. 

 

CONCLUSION  
 A number of novel benzimidazoles were created from 1-chloro 2,4 dinitrobenzene using a multistep 

reaction synthesis with the goal of creating powerful antibacterial agents. These compounds were then examined 

using FT-IR, 1H-NMR, mass spectroscopy, and elemental analysis. The agar plate dilution method was used to 

test all of the title compounds for their in vitro antibacterial activity, and its MIC was calculated against various 

types of microbes. According to the findings, substances with an electron-withdrawing group at the phenyl 

group attached 1 position exhibited stronger antibacterial properties than substances with an electron-releasing 

group. Moreover, the propyl butyl derivatives also displayed reasonable activity. 5 nito1-phenyl 2-thiophenyl 

benzimidazole outperformed other evaluated substances in terms of activity 
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Scheme 2 for the synthesis benzimidazole (aromatic substitutions at position 2 

Table 1 Minimum inhibitory concentration in µg/mL of the synthesized compounds(6A-13B) 

S. NO R1 R2 

6A CH3 nC4H9Cl 

7A C2H5 nC4H9Cl 

8A C3H7 nC4H9Cl 

9A C4H9 nC4H9Cl 

10A CH3 C6H5Cl 

11A C2H5 C6H5Cl 

12A C3H7 C6H5Cl 

13A C4H9 C6H5Cl 

S.NO R3 
R

4 

6B C6H5 n-C4H9Cl 

7B C6H5 C6H5Cl 

8B C6H12 n-C4H9Cl 

9B C6H12 C3H7Cl 

10B C6H5 C2H5Br 

11B C6H12 C6H5Cl 

12B C6H12 CH3Br 

13B C6H12 C6H12Cl 

Compounds S. aureus E.coli P. aeruginosa S. typhi 

6A 125 31.25 125 62.5 

7A 31.25 62.5 31.25 15.62 

8A 15.62 15.62 7.81 15.62 

9A 15.62 15.62 15.62 31.25 

10A 31.25 31.25 62.5 15.62 

11A 125 31.25 31.25 31.25 

12A 62.5 62.5 125 62.5 

 13A    62.5 125 62.5 31.25 

6B 31.25 15.62 31.62 15.62 

7B 15.62 15.62 7.81 3.9 

8B 31.25 15.62 15.62 7.81 

9B 62.5 31.62 15.62 7.81 

C l 

N O 2 

R 1 
H e a t   1 0   H r s 

N H R 1 

N O 2 

C a t a l y s t   
H y d r a z i n e 
m o n o h y d r a t e 

E t h a n o l   
R e f l u x Z n   

2 + 

N H R 1 

N H 2 N O 2 

C S 2 

E t h a n o l   
R e f l u x 

K O H N 

N 

R 1 

S H 

N O 2 

N 

N 

R 1 

S R 2 

N O 2 

N O 2 

R 2 C l ( 5 A ) . C 2 H 5 O H 

1 A 
2 A 

4 A 

6 A 

3 A N a 
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