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ABSTRACT 

A novel benzimidazole acetic acid derivative (1-H-benzoyl-1-H-

benzimidazol-2- yl) acetic acid was synthesized by using O-phenylene 

diamine and formic acid as the precursor through three- step process. 

The functional groups were confirmed by IR spectroscopy. The newly 

synthesized compound was screened for antioxidant, anti-

inflammatory and antibacterial activities. The new derivative showed 

moderate antioxidant and anti-inflammatory activities in comparison 

with the ascorbic acid and indomethacin as standards respectively. 

According to Kirby-Bauer, the drug was sensitive to both gram 

positive and gram-negative bacteria. They showed activity similar to 

that of standard ciprofloxacin at a concentration of 5mcg/ml. 

 

KEYWORDS: Synthesis- Hetero aryl acetic acid derivative- Antioxidant activity - Anti-

inflammatory activity -Antibacterial activity. 

 

1. INTRODUCTION 

Heterocyclic Chemistry 

Heterocyclic compounds are the cyclic compounds which contain one or more different atoms 

other than carbon in a ring structure. These compounds may be aromatic or non-aromatic. They 

are used as starting material in the synthesis of many organic compounds.
[7] They are widely 

distributed in nature e.g. pyrimidine and purine in DNA, neurotransmitter, enzymes, vitamins, 

antibiotics such as penicillin, cephalosporin; alkaloids such as vinblastine, morphine, reserpine 

etc. They are predominantly used as pharmaceuticals, agrochemicals and as vetinary products. 
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They also find applications as antioxidant, anti-microbial, corrosion inhibitors, copolymer, 

solvent and as a dye stuff. In this study the heterocyclic compound with benzimidazole ring is 

included.
[8]

 

 

Benzimidazole 

Benzimidazole is a bicyclic hetero-aromatic compound. It consists of benzene ring fused with 

an imidazole ring at its 4,5-positions. Benzimidazole nucleus is one of the most important 

heterocycles exhibiting remarkable pharmacological activities. A variety of chemical 

modifications were carried out so far around the benzimidazole core to improve its various 

activities.
[9] There is still scope for more research work to be done in this field to find a novel 

agent. In this study, the anti-inflammatory, anti-oxidant and anti-bacterial activity of acetic acid 

derivatives of benzimidazole were examined. 

 

Anti-Inflammatory Activity 

Inflammation is the complex biological response of vascular tissues to harmful stimuli such as 

pathogens, damaged cells or irritants.
[10] Anti-inflammatory drugs are those agents which are 

used to reduce inflammation (redness, swelling and pain) mainly by inhibiting the synthesis of 

prostaglandin. The hetero aryl acetic acid derivative is a major class of NSAIDS. Drugs like 

indomethacin, sulindac, tolmetin, zomepirac, etc. are among those available in the market. 

Replacement of indole nucleus of indomethacin with benzimidazole was the subject of interest 

in this study. 

 

Anti-Oxidant Activity 

Antioxidants are compounds that inhibits oxidation. Oxidation is a chemical reaction involves 

generation of free radicals, there by leading chain reaction that may damage the cells of 

organisms. Anti-oxidants can protect the human body from the free radicals and retard the 

progression of many diseases such as cardiovascular diseases, some form of cancer and 

oxidative stress responsible for DNA, protein and membrane damage.
[11] Oxidative stress can 

cause chronic inflammation and antioxidant activity of a compound accounts for its efficacy as 

an anti-inflammatory agent.
[12] 

 

Anti-Bacterial Activity 

Antibacterial activity refers to the process of killing or inhibiting the growth of disease-causing 

bacteria.
[13] A lot of evidence emerged that human pathogenic micro-organisms have 

developed antibiotic resistance. The existence of bacterial strains with reduced susceptibility 
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to antibiotics and increased number of antibiotic resistant bacterial strains caused by 

indiscriminate use of broad-spectrum antibiotics, immunosuppressive agents, intravenous 

catheters and organ transplantation. The scientists search for potential antibacterial substances 

from various sources that can combat the issues associated with them. Therefore, development 

of new drugs with activity against multiple drug resistant (MDR) is a priority task.
[14] 

 

2. MATERIALS AND METHODS 

2.1 Synthesis of acetic acid derivative of benzimidazole 

2.1.1 Chemicals used 

Table 2.1: List of chemicals used for the synthesis. 

CHEMICALS MANUFACTURER GRADE 

O-Phenylene diamine Ozone international 

Laboratory grade 

Formic acid Medilise chemicals 

Sodium hydroxide Fortune chemicals 

Benzoyl chloride NICE 

Pyridine Ozone international 

Chloroacetic acid Fortune chemicals 

Ethanol Medilise chemicals 

 

In the present work (1-benzoyl-1H-benzimidazol-2-yl) acetic acid was synthesised from N- 

benzoylated benzimidazole and chloroacetic acid. Synthesis of the compound include various 

steps as follows: 

 

Procedure for the Synthesis of Acetic Acid Derivative of Benzimidazole 

STEP 1: O-phenylenediamine (27g) was placed in a 250ml round-bottomed flask and 90% 

formic acid (17.5g) was added. The mixture was heated on a water bath at 1000C for 2 hours. 

Cooled and sodium hydroxide solution (10%w/v) was added slowly with constant stirring, until 

the mixture is alkaline to litmus. The crude benzimidazole was filtered off at the pump. Washed 

it with the ice-cold water, drained well and washed again with cold water(25ml). The crude 

product was dissolved in boiling water(400ml) and decolourising agent charcoal(2g) was added 

and digested for15 minutes. It was then filtered and the filtrate was cooled to 100C and 

benzimidazole was filtered, washed with cold water (25ml) and dried and recrystallised by 

using ethanol.
[35]

 

 

STEP 2: Benzimidazole (2g) was taken in a round bottomed flask and benzoyl chloride(2g), 

pyridine(10ml) were added to the flask. The resultant mixture was reflexed for 3 hrs at 1200C 

and the reaction was monitored by TLC. After completion of the reaction, the mixture was 
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cooled to -100C. The precipitate formed was separated by filtration, washed with cold water 

and recrystallized using ethanol.
[15] 

 

STEP 3: (1H-benzimidazol-1-yl) (phenyl) methanone (2g) and chloroacetic acid (1g) were 

placed in an RBF. Pyridine (10ml) was added to the mixture. The resultant mixture was 

reflexed for 3hrs at 1000C. The reaction was monitored by TLC. Then reaction mixture was 

poured into a beaker containing ice cold water. The precipitate was separated by filtration. 

Washed with cold water and recrystallized by using ethanol.
[36] 

 

 

Fig. 2.1: Schematic representation of the synthetic procedure. 

 



www.wjpr.net                                  Vol 9, Issue 11, 2020.  

 

 

 

Mariyam et al.                                                      World Journal of Pharmaceutical Research  

987 

2.2 Characterisation 

The characterization requires the identification of the molecular framework, the nature of 

functional groups that are present, their location within the skeletal structure and finally the 

establishment of any stereochemical relationships which may exist. 

 

In the present work, the functional groups of synthesized compounds were confirmed by 

infrared spectroscopy (IR). 

 

IR spectra were recorded in BRUKER by the Department of Pharmaceutical Analysis, NITTE 

college of pharmacy, Mangalore. The frequencies are expressed in cm-1. 

 

2.3 Evaluation of biological activity 

2.3.2 In-vitro study of antioxidant activity 

The free radical scavenging assay was employed to evaluate the antioxidant activity of the 

synthesised compound. 

 

2.3.2.1 Principle 

Free radicals are unstable molecules that are made during normal cell metabolism (chemical 

changes that take place in a cell). They can build up in cells and cause damage to other 

molecules. 

 

Antioxidants can reduce the damage by neutralizing the free radicals before they attack the 

cells. The ability of a drug to scavenge free radical is to be determined to estimate the 

antioxidant effect.
[38]

 

 

2.3.2.2 Procedure 

Drug of concentration (20,40,60 and 80 mcg/ml) and standard ascorbic acid (20,40,60 and 80 

mcg/ml) were dissolved in 0.1 M phosphate buffer-pH 7.4 (3.4 ml) and added 0.6 ml of 40 

mM solution of hydrogen peroxide. The reaction mixture was incubated for 20 min and 

absorbance was measured at 660 nm. A blank was also performed. 

 

The percentage of H2O2 scavenged = (Abs Control-Abs Sample) × 100 / Abs Control 

 

Calculation of IC50 (50% inhibitory concentration) 

The concentration (mcg/ml) of the drug required to scavenge 50% hydrogen peroxide was 

calculated from the graph. The IC50 value was calculated for inhibitory concentration of both 

samples and standard. The results are given in the table 3.3.1a. 
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2.3.3 In-Vitro Study Of Anti-Inflammatory Activity 

Anti-inflammatory drugs are those drugs that helps to reduce inflammation, which often helps 

to relieve pain. They work by blocking prostaglandins. 

 

The compound is evaluated for anti-inflammatory activity by following protein denaturation 

method. 

 

2.3.3.1 Principle 

Protein denaturation is a process in which proteins lose their tertiary structure and secondary 

structure by the application of external stress of a compound such as strong acid or base, a 

concentrated inorganic salt or heat. Most biological agents lose their biological function when 

they get denatured. Denaturation of protein is a well-documented cause of inflammation. As a 

part of investigation on the mechanism of anti-inflammatory activity, the ability of drug to 

inhibit protein denaturation was studied.
[39]

 

 

2.3.3.2 Procedure 

The reaction mixture consists (0.5ml) of Bovine serum albumin (5% aqueous solution) and 

drug solution of concentration (20, 40, 60, 80mcg/ml). Ph was adjusted to 6.3 using 1 HCL. 

The samples were incubated at 37 ⁰C for 20 min and heated at 57 ⁰C for 3 min. Indomethacin 

was used as a standard drug (20,40,60,80 mcg/ml). Then cooled the samples, phosphate buffer 

saline-pH 6.3 (2.5 ml) was added to each test tube. Distilled water was used as control. 

Absorbance was measured spectrophotometrically at 660 nm. 

 

The percentage inhibition of protein denaturation was calculated as follows: Percentage 

inhibition = (Abs Control – Abs Sample) ×100 / Abs Control. 

 

Calculation of IC50 (50% inhibitory concentration) 

The concentration (mcg/ml) of the drug required to denature 50% protein was calculated from 

the graph. The IC₅₀ value was calculated for inhibitory concentration of both the sample and 

standard. The results are given in the table 3.3.2b. 

 

2.3.4 In-Vitro Study of Antibacterial Activity 

Antibacterial activity refers to the process of killing or inhibiting the disease-causing bacteria. 

Benzimidazole derivative is having antimicrobial activity which is determined by cup-plate 

method. 
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2.3.4.1 Principle 

Cup plate method is widely used to evaluate drug sensitivity of bacteria. The method is based 

upon diffusion of the antibiotic from a vertical cylinder through a solidified agar layer in a 

Petridish or a plate such that the growth of micro-organism is prevented entirely in a zone 

around the cylinder containing a solution of antibiotic. This is called zone of inhibition. 

 

2.3.4.2 Procedure 

Test samples of the drug solutions were prepared at different concentration (5mg, 10mg) in 

DMSO. Ciprofloxacin (5mg/ml) was used as ref poured into a sterile plate. After solidification, 

the micro-organisms were swabbed on the surface of nutrient agar. Then holes about 9mm in 

diameter are cut in the medium with a sterile cork borer. The standard, control and samples 

were poured into the bore using micropipette. Incubated for 24 hours at 37± inhibition gives 

an indication of the relative antibacterial activities of drug. [40] The results were interpreted 

as per Kirby-Bauer method. 

 

3. RESULT AND DISCUSSION 

3.1 Synthesis of (1-benzoyl-1H-benzimidazol-2-yl) acetic acid 

The objective of present study was to synthesise and characterize a new series of hetero aryl 

acetic acid derivative containing benzimidazole nucleus and to study about their anti- 

inflammatory, anti-oxidant and anti-microbial activities. 

 

The synthesis and evaluation of the biological activities of acetic acid derivative of 

benzimidazole were carried out through following steps: 

1. Synthesis of benzimidazole by condensation reaction between o-phenylene diamine and 

formic acid in presence of sodium hydroxide at 1000C. 

2. Synthesis of (1H-benzimidazol-1-yl) (phenyl) methanone by treating benzimidazole with 

benzoyl chloride. 

3. Synthesis of (1-benzoyl-1H-benzimidazol-2-yl) acetic acid by treating chloroacetic acid 

with (1H-benzimidazol-1-yl) (phenyl) methanone. 

4. Confirmation of structure of the final compound from IR spectra 

5. Screening of anti-inflammatory, antioxidant and antimicrobial activities of (1-benzoyl-

1H- benzimidazol-2-yl) acetic acid. 
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In the present work the product was purified by recrystallization. Melting point was determined 

by open capillary method. 

 

Table 3.1: Physicochemical data of the synthesized compound. 

Physical state solid 

Color white 

Molecular weight 280.28gmol-1 

Molecular formula C16H12N2O3 

Melting point 2170C 

Percentage yield 76% 

Log P 2.50 

TLC solvent Ethyl acetate : n-hexane (9:1) 

Rf value 0.58 

 

The Synthesis of benzimidazole acetic acid derivative resulted in good yield. 

 

3.2 Characterization 

In the present work, IR spectroscopic analysis was carried out to confirm the functional 

groups in the newly synthesized compound are in agreement with their molecular structures. 

 

I. Spectral features 

 

(1-benzoyl-1H-benzimidazol-2-yl)acetic acid 

 

 

Fig 3.2a 3D model of the compound. 

 

Table 3.2: IR spectral data of newly synthesized compound. 

Functional group Observation(cm-1) Literature value(cm-1) 

C-H Bend(alkane) 1308.32 1340 

C-H Bend(aromatic) 755.94 700-850 
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C=C Stretch(aromatic) 1488.04 1400-1600 

C=N Stretch 1596.87 1630-1690 

C=O Amide 1524.92 1500-1700 

C=O Acid Stretch 1653.32 1700-1725 

Carboxylic acid OH Stretch 3265.75 2500-3600 

C-N Stretch 1160.63 1080-1360 

 

 

Fig 3.2b IR spectrum of the synthesized compound. 

 

3.3 Evaluation of biological activity 

3.3.1 In-vitro antioxidant activity 

Hydrogen peroxide radical scavenging assay 

The hydrogen peroxide radical scavenging assay was performed using ascorbic acid as 

standard. The compound and standard exhibited dose dependent activity. The results are 

shown in table no. 3.3.1a. 

 

Table 3.3.1a: Effect of the synthesized compound on hydrogen peroxide. 

 SAMPLE Concentration (mcg/ml) Absorbance AT 230 nm % Inhibition 

1 Control - 0.724 - 

 

2 
Standard 

20 0.426 41.16 

40 0.417 42.40 

60 0.406 43.92 

80 0.398 45.02 

 

3 
Test 

20 0.434 40.05 

40 0.428 40.88 

60 0.419 42.1 

80 0.404 44.19 
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Fig 3.3.1: Result showing the antioxidant effect of the synthesized compound. 

 

IC50 values of the test and the standard were calculated from the graph, and the results were 

tabulated. 

 

Table 3.3.1b: Results showing IC50 values as per the hydrogen peroxide scavenging 

assay. 

Sl NO. SAMPLE IC50 (mg/ml) 

1 Standard 92.94 

2 Test 165.05 

 

Table 3.3.1b 

The data shows that the newly synthesized compound have a moderate antioxidant activity. 

 

3.3.2 In-Vitro Anti-Inflammatory Activity Inhibition of Albumin Denaturation 

The compound was screened for the anti-inflammatory by protein denaturation method. As a 

part of the investigation on the mechanism of the anti-inflammatory activity, ability of the 

compound (BAA) to inhibit protein denaturation was studied. 

 

In this method, the indomethacin was employed as standard and the percentage inhibition of 

albumin denaturation was recorded. At a concentration of 80 mcg/ml, the test sample showed 

maximum inhibition of 58.9% while the standard produced a maximum of 71.23%. 
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Table 3.3.2a: Effect of newly synthesized compound on heat induced protein denaturation. 

Sl NO. Sample 
Concentration 

(mcg/ml) 

Absorbance AT 

660nm 

% inhibition of 

Protein denaturation 

1 Control - 0.073 - 

2 

 

Standard 

20 0.048 34.2 

3 40 0.040 45.2 

4 60 0.028 61.6 

5 80 0.021 71.2 

6 

Test 

20 0.049 32.8 

7 40 0.041 43.83 

8 60 0.036 50.7 

9 80 0.030 58.9 

 

 

Fig. 3.3.2: Result showing the anti-inflammatory effect of the compound by protein 

denaturation method. 

 

IC50 values of the test and the standard was calculated from the graph and the results are 

tabulated. 

 

Table 3.3.2b shows the IC50 value of the compound using protein denaturation. 

Sl NO. SAMPLE IC50(mcg/ml) 

1 Standard 42.26 

2 Test 58.00 

 

Table 3.3.2b 

The above data shows that the synthesized compound possess a moderate anti-inflammatory 

activity. 
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3.3.3 Anti-Bacterial Activity Cup-Plate Method 

The newly synthesized compound was screened for their antibacterial activity against both 

gram negative and gram-positive organisms by cup plate method. 

 

Gram positive organism screened Enterococcus faecalis NCIM 5443  

Gram negative organism screened Escherichia coli NCIM 2027 

 

Test samples of concentration 5 mg/ml and 10 mg/ml were instilled in to the well and the 

results were compared with standard drug Ciprofloxacin at 5mg/ml concentration. DMSO 

was used as the solvent. The results were interpreted as per Kirby-Bauer method (17mm & 

above: Sensitive, 13-16 mm: Moderately sensitive, <12mm: resistant). 

 

The pictorial data from the experiment is given in fig 3.3.3a and fig3.3.3b and the data is 

tabulated in table 3.3.3. 

 

 

Fig 3.3.3a 

Fig 3.3.3a: Zone of inhibition of the sensitive compounds Against Enterococcus faecalis 

NCIM 5443. 

 

 
Fig 3.3.3b 

Fig 3.3.3b: Zone of inhibition of the sensitive compounds against Escherichia coli NCIM 

2027. 
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Table 3.3.3 Diameter of zone of inhibition. 

Sl NO. SAMPLE 

Diameter of zone of inhibition in mm 

Escherichia coli NCIM 2027 Enterococcus faecalis NCIM 5443 

5mg/ml 10mg/ml 5mg/ml 10mg/ml 

1 Control 8 8 0 0 

2 Test 23 25 35 42 

3 Standard 30 - 35 - 

 

The data shows that both the gram positive and negative microbes are sensitive to the newly 

synthesized compound as per Kirby-Bauer. The gram-positive organisms were found to be 

more sensitive to the compound than the gram-negative organisms. 

 

The new derivative was found to be as active as the standard drug against gram bacteria 

positive, while it was less active than the std against gram negative. 

 

4. CONCLUSION 

We extend our thanks to Late Janab K.S Abdulla, Founder of Malik Deenar College of 

Pharmacy, Mohammed Habeebullah, Chairman of Malik Deenar College of Pharmacy and 

to the management for providing us with all the facilities for the performance of our project 

work. 

 

IR spectroscopic analysis was carried out to confirm the structure of newly synthesized 

compound, and the spectral values were in agreement with its molecular structure. 

 

The compound was screened for its biological activity and the compound exhibited anti- 

inflammatory, antioxidant and antimicrobial activity. 

 

In the invitro activity study of anti-inflammatory action, the percentage inhibition of protein 

denaturation by the newly synthesized compound was compared with that of indomethacin, 

standard drug. The compound showed a moderate anti-inflammatory activity when compared 

to standard. The antioxidant activity was determined by hydrogen peroxide scavenging assay. 

The antioxidant activity exhibited by the new compound was comparable with that of the 

standard drug, ascorbic acid. 

 

The antibacterial activity of the compound against both the gram negative and positive bacteria 

was carried out and organisms were sensitive to the newly synthesized compound as per Kirby- 

Bauer. The gram-positive organisms were found to be more sensitive to the compound than the 

gram-negative organisms. 
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The new derivative was found to be as active as the standard drug against gram bacteria 

positive, while it was less active than the std against gram negative. 
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