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Abstract   

   

Because of their various biological functions and possible therapeutic uses, 

benzimidazole derivatives have drawn a lot of interest in medicinal 

chemistry. Our goal was to create, manufacture, and assess a number of 

new benzimidazole derivatives with improved pharmacological properties 

in this work. In order to maximize target interactions with particular 

biological targets, the benzimidazole scaffold was logically modified 

during the design process. A multistep synthetic process was used to create 

the novel derivatives, allowing for the integration of various functional 

groups. The effective synthesis of the intended chemicals was confirmed 

by characterizing techniques such nuclear magnetic resonance (NMR) 

spectroscopy, mass spectrometry, and infrared spectroscopy. The produced 

compounds were then evaluated using an in vitro techniques. Human cell 

lines were used in preliminary cytotoxicity tests to get knowledge about the 

derivatives' possible safety characteristics. This study's findings identified 

a number of benzimidazole compounds with significant biological 

properties and possible medicinal uses. In conclusion, a number of 

substances with remarkable therapeutic potential have been produced as a 

result of the design, synthesis, and assessment of novel benzimidazole 

derivatives.  
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1. Introduction:  

 

A multi-step procedure which incorporates the Mannich reaction in combination with the benzimidazole 

architecture is required to create and synthesize novel Mannich bases that contain the benzimidazole ring (1,2). 

Typically, a primary or as secondary amine, a formaldehyde source, as well as a carbonyl molecule condense 

in the Mannich reaction. In this instance, the emphasis is on employing secondary amine to synthesize Mannich 

bases that contain the benzimidazole ring (3). Various biological effects can result from novel Mannich 

compounds of the benzimidazole ring, depending on the unique structural characteristics, substituents, and 

functional molecules that are present in the compounds.(4) 

Modern techniques like the microwave-assisted synthesis for producing the benzimidazole ring have a number 

of benefits over older ones. The use of microwave radiation in this method speeds up chemical reactions, 
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increases yields, and frequently improves selectivity.(5,6) Due to its effectiveness and capacity to accelerate 

reaction rates by encouraging uniform heating and better regulated settings, microwave synthesis has grown 

in popularity. The identification of novel chemical pathways and transformations that could be challenging to 

accomplish using conventional techniques has been made possible by microwave-assisted synthesis. (7,8) 

Because of their ability to interact with important proteins implicated in cancer processes, benzimidazole 

Mannich bases have drawn interest in anticancer research. The Mannich reaction, which involves amines, 

formaldehyde, and carbonyl compounds, produces molecules called mannich bases. On the other hand, 

benzimidazole derivatives have a variety of biological functions and are capable of being structurally altered 

to enhance their pharmacological qualities. (7,8) 

Due to their various modes of action, benzimidazole Mannich bases show promise as potentially anticancer 

medications. It's crucial to stress that docking research investigations are computational hypotheses that require 

careful experimental validation in order to be confirmed. To convert these discoveries into efficient anticancer 

treatments, collaborations involving computational chemical researchers, medicinal chemists, researchers in 

biology, and physicians are necessary. (9,10) 

 

2. Result and discussion :  

2.1  Synthesis of compounds :  

 

The compounds that were synthesized were scaled for yield, purified by recrystallization using an appropriate 

solvent system, reassigned for physical constant determination, and then subjected to spectrum analysis such 

as thin layer chromatography and IR spectroscopy, NMR spectroscopy and Mass spectroscopy. Utilizing 

diverse spectroscopic techniques, spectral analysis verifies the structure of produced substances. These 

methods shed light on the functional groups that are present, atom connectivity, and overall molecule structure.   

 

The Scheme below shows the reaction paths for the produced chemicals. The synthesis of benzoimidazoles 

involved microwave-induced condensation of o-phenylenediamine with organic acid, followed by an acidic 

oxidation step in the presence of K2Cr2O7. When 2-acetyl benzimidazole is benzoylated with benzoyl 

chloride, a benzoyl group is introduced, which can give the molecule additional characteristics and reactivity. 

There are many uses for benzoylated benzimidazole derivatives, including the production of drugs. A main or 

secondary amines that varied a carbonyl molecule (such as formaldehyde or related derivatives), as well as 

either a basic or acidic catalyst condense in the Mannich reaction, an adaptable organic synthesis. Mannich 

bases, which are crucial intermediates in the chemical production of numerous chemicals, including medicines, 

are produced as a result of the process. In this instance, the formation of a Mannich base via the interaction of 

secondary amines and 2-acetyl benzimidazole is of interest. Mannich bases are flexible intermediaries that can 

be a.lactic acid, 20%MW, b. K2Cr2O7, acetic acid , c. benzoyl chloride, NaHCO3 sol, d. formaldehyde, dil. 

HCl. 

 

 
Fig. 2.1 Synthetic scheme 1 
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Compound R1 R2 

5a -Ch3 -Ch3 

5b -C2h5 -C2h5 

5c -Ch2OH -CH2OH 

5d -C6H5 -C6H5 

5e -CH2C6H5 -CH2C6H5 

5f -C6H5 -C6H5NH2 

 

Where R1 and R2 are further altered to provide numerous functional categories and structures. The thereby 

produced Mannich base can be used in a variety of fields, such as medicine, agrochemicals, and materials 

research, depending on the type of secondary amine along with the presence of formaldehyde. 

 

2.1 Biological activity :  

2.1.1 Anticancer activity :  (22-28) 

The cell line that represent the most prevalent kind of human cancer, the human breast adenocarcinoma cell 

line (MCF7), were used to test the cytotoxicity of several substances. In order to compare, the potential 

cytotoxicity of 5Flourouracil, a common anticancer medication, was assessed under the identical 

circumstances. Tables display the IC50 and (dosage of the drug that resulted in a 50% reduction in survival 

values). According to the results of the MTT test, the compound's generated IC50 for 5-Flurouracil ought to 

equal 39.22 g/ml for MCF-7. By comparing the compound's IC50 value against the value of the standard 

compound, the drug shows a % (42.78 g/ml) inhibition, although the standard compound shows a % 

(39.22g/ml) inhibition, showing a considerable anti-cancer action. 

Among the synthesized derivatives the 5d compound showed the more affection towords the receptor binding 

site as compared to others. The derivatives 5a, 5b, 5c, 5e and 5f showed comparatively less anticancer activity 

against the receptor (PDB code : 5NQR). Regarding all of the examined tumor cell lines, it was discovered 

that all of the substances investigated drugs had potential anticancer properties. In general, MCF7 activity was 

higher for all the investigated substances. The MCF7 cell line demonstrated the greatest resistance to 

compounds 5a and 5h.  While substances 5b, 5c, 5e, and 5h have a lower level of activity against MCF7. And 

were only somewhat effective against MCF7. Nonetheless, are more potent than the typical medication used 

for testing. 

 

  

Control Standard 

 

   
5a 5b 5c 
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5d 5e 5f 

Fig. 2.2 Observations of anticancer activity on MCF7 cells 

 

 
Table. 2.1 Observation table for anticancer screening  

 

The IC50 values determined at different concentrations of 10 g/ml, 40 g/ml and 100 g/ml. in this comparative 

evaluation of the synthesized derivatives derivative 5d found out to be having most potent at the each 

concentration of compound. The comparative study of synthesized compounds among themselves the 

derivative 5a and 5d also are found to be having the potent activity and the remaining compounds were found 

to be having moderate potent anticancer activity. The comparison of IC50 values of synthesized derivatives is 

shown in following table with the standard drug taken into consideration for examination. 
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Fig. 2.3 Comparison of IC50 values 

 

2.2.2. Anthelmintic activity: (29-32) 

The bulk of recently synthesized chemicals were only mildly to moderately effective as anthelmintics against 

different types of earthworms. When the results of the activity data were compared, it was discovered that 

compound 9a possessed the highest activity at an average concentration regarding 20 mg/ml, exhibiting 

paralysis at 6.430.217 min and passing on at 29.531.80 min, when compared to the common drug albendazole, 

which exhibits paralysis at 0.410.298 min as well as death at 1.460.241min. Novel synthetic compounds 9b as 

well as 9g had only weak anthelmintic action against various earthworm specie. 

 

 
Fig. 2.4 paralysis time for anthelmintic activity 

 

 
Fig. 2.5 death time for anthelmintic activity 
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When examined for through in vitro anthelmintic activity, newly synthesized compounds showed improved 

therapeutic efficacy compared to parent medication. Several of the synthesized compounds demonstrated 

significant or equal anthelmintic efficacy against the designated earthworm species. A few analogs have also 

shown promise in action. 

 

2.3 Docking study:  

The user might choose from a variety of ligands to dock in the chosen protein binding sites. The molecules 

may dock rigidly (in which case neither a molecule of protein nor the ligand itself has torsional adaptability) 

or flexible (in which case a ligand shares a stiff protein with a torsional flexible ligand). 

 

Using a variety of scoring algorithms, including BioPredicta, which generates 85% of hinding models and the 

fewest incorrect postures coming from native co-crystallized structures, the development of this molecular 

docking tool is shooting to identify the ideal geometry of contact between the the complexes of ligand and 

receptor with low interaction energy. In the docking assays, potent NUDTS inhibitors (PDB Code-5NQR) that 

prevent hormone signaling in breast tissue have been utilized. A 2D illustration of the ligand preparation 

producing benzimidazole derivatives was produced using ChemDraw. Selecting the proper protein receptor as 

well as enzyme from the proteins data bank is part of the preparation process for receptors. Co-crystalline 

ligands which have been artificially separated by software are also added to the structure. 

 

        
       5a                           5b              5c 

     
      5d             5e     5f 

Fig. 2.6 2D Representation of derivatives (5a-5f) 

 

The synthesized derivatives were evaluated for their anticancer activity. The dock score of compounds are 

shown in table and dock score is found to be -5.042 shown minimum dock score than other compounds. 

 As we compared result of compound 9g to the literature this docking score indicated that designed compounds 

have good binding affinity for binding to receptor (PDB Code-5NQR). The best pose obtained by docking 

results is reported, where main interaction between ligand and receptor can be observed. 

 

 All designed compound adopt a very similar conformation at binding pocket, showing Hydrogen bond 

interaction with amino acid of ARG51A with amino group containing benzimiazole moieties and a 

hydrophobic interaction with the amino acid of LEU98A, TRP28A containing alkyl molecule, as shown by a 

2D representation diagram. 
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 5a    5b    5c 

     
                          5d     5e     5f 

Fig. 2.7 3D representation of derivatives (5a-5f) 

 

2.4 ADME STUDY: 

These six derivatives underwent additional testing for in silico drug-likeness prediction and ADMET research. 

Only 15 phytochemicals out of the rest adhere to the ADMET restrictions and drug-like characteristics LogP 

readings. These substances met the requirements for polarity, hydrophobicity, and lipophilicity. Based on 

TPSA (topological polar surface area) and miLogP (molinpiration LogP) values, the drug-likeness features are 

screened. This study aids in the selection of the best phytochemicals that are drug-like and biologically 

permeable in terms of polarity. Tables describe the findings from the ADMET characteristics and BOILED-

Egg models of the 15 phytochemicals, respectively.  

 

    
5a                                                                                     5b 

    
5c                                                                                    5d 
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5e                                                               5f 

Fig 2.8 ADME docking study of derivatives  

 

The compounds synthesized from 5a to 5f were found to be having molecular weight between 320-460 gm/ml 

according to spectral data analysed. The rotatable bonds in 5c and 5e were found to be 10 whereas the 

remaining derivatives were found to be having 5a with 6 and 5b, 5d and 5f with 8 rotatable bonds. Meanwhile 

these derivatives where found to be having 3-6 H-bond acceptors whereas derivative 9c found with maximum 

6 H-bond acceptor groups. The H-bond donor groups only found in derivative 5c and 5f with 2 and 1 H-bond 

acceptor groups respectively. The other data like MR, heavy atoms as well as aromatic heavy atoms as 

mentioned in table no.  

 

  
Table No. 2.2 ADME STUDY 

 

  
Table no. 2.3 ADME STUDY 
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Table No. 2.4 ADME STUDY 

 

2.5 Experimental Procedure 

A. Procedure for synthesis of 1-hydroxyethylbenzimidazole: 

A mix of 10 gm of O-phenylenediamine and 9 ml of lactic acid refluxed in microwave for 7 min. then resulting 

compound is cooled down and added 10% NaOH sol until basicity to litmus. Then it filtered, dried and 

recrystalized in hot water. (12-14) 

 

B.  Procedure for synthesis of 2-acetylbenzimidazole: 

Taken and combined are 10 mmol as part of 1-hydroxybenzimidazole over 10 ml as part of 5% acetic acid sol 

in addition 10 mmol of K2Cr2O7 in 10 ml of the 5% acetic acid sol. Using a magnetic stirrer, this liquid is 

swirled for 3 to 5 hours. The finished product is filtered, water washed, and dried. Recrystalized in alcohol. (12-

14) 

 

C. Synthesis of 1-(1-benzoyl-1H-benzo-[d]-imidazol-2-yl)ethan-1-one 

0.5 gm of 2nd step product taken in stoppered test tube having 10 ml of 10% sol of NaHCO3 and 1 gm of 

benzoyl chloride. Mixture was shaken vigorously. Afrer the odour of benzoyl chloride vanished the mixture is 

acidified with dil. HCl to congored colour and filtered. Extracted with cold ether and recrystalized from 

ethanol. (15-17) 

 

D. Procedure for synthesis of 5a-f :  

0.01 mol 3rd step product, 1.5 ml of 40% and 10 ml of DMF is taken in conical flask and mixture is stirred for 

20 min at rt. Then 20 amine is added in mixture and again stirred for 6 hours to obtain a mannich base. Filter 

out content, a cold water wash, completion of drying, and recrystalized with ethanol. (18-21) 
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The creation of mannich base derivatives products with benzimidazole moiety was the main objective of the 

research. Formation of 2-ethanolbenzimidazole is the first step. The second stage involves the oxidation of 2-

acetylbenzimidazole with K2Cr2O7.Benzoylation of 2-acetylbenzimidazole is done in the third stage. In the last 

step, secondary amino acids are used to create mannich bases while formaldehyde is present. These recently 

created compounds were produced at a respectable yield. 

To track the progress of the reaction and the purity of intermediary substances and end products, TLC was 

carried out using several solvent systems. The physicochemical properties of the synthesized compounds show 

superior solubility and an acceptable range of melting points. 

The IC50 for compound 5a (42.39), 5b (41.94), 5g (42.78), and 5-Flurouracil for MCF-7 should be 39.22g/ml, 

according to the MTT test. The most potent anti-cancer activity is shown by compound 5d, which has a 43.29% 

(10 g/ml) inhibition compared to the standard compound's 66.53% (10 g/ml) inhibition. 

 

The majority of recently created derivatives have proven modestly to moderately effective against various 

kinds of earthworms as anthelmintics. Comparing the outcome of the activity data, it was found that compound 

5a had the greatest degree of activity at a median concentration of 20 mg/ml, causing paralysis beginning at 

6.430.217 min and death at 29.531.80 min, as opposed to the widely used drug albendazole, which causes 

paralysis that 0.410.298 min and causes death at 1.460.241 min. Novel synthesized compounds 5b and 5d only 

demonstrated somewhat effective anthelmintic effects on different earthworm species. 

 

2.6 Summary and Conclusion: 

 

The disclosed synthetic methods in this study design provide new examples of heterocyclic synthesis. The 

present study describes a novel, straight forward procedure for synthesizing mannich bases made of 

benzimidazole derivatives. O-phenylenediamine is combined with lactic acid to create mannich bases, which 

are subsequently produced with an average yield of 40% to 70% by oxidation, benzoylation, and mannich base 

synthesis. The structures of all the generated compounds were predicted by IR, H1NMR, as well as mass data. 

All synthesized compounds exhibited anthelmintic and anticancer properties. 

 

The ability of the synthesized chemicals to fight cancer was assessed. The addition of the diphenylamine group 

to compound 5d, which possesses an IC50 value around 42.78 g/ml, significantly increased its activity against 

the cancer cell line MCF7. Surprisingly, the activity is markedly increased by substituting the secondary amine 

group. The diphenylamine group is necessary to deliver anticancer effect that is relevant. Compounds 5a and 

5b, with an inhibitory concentration (IC50) of 42.78 g/ml, are less active than compound 5d. 

When examined for through in vitro anthelmintic activity, newly synthesized compounds showed improved 

therapeutic efficacy compared to parent medication. Several of the synthesized compounds demonstrated 

stronger or equal antihelmintic efficacy against the designated earthworm species. Additionally, a chemical 5d 

has shown potential activity.  

Conclusive research is required to comprehend the mechanisms and elements that underlie certain activities. 

Investigating fresh synthetic substances with proven activity has been our goal. 
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