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 We have developed a mild, easy, and highly efficient green catalyst for the synthesis 
of 2-substituted benzimidazole. In this study, Ace-dock and DockThore performed molecular 
docking of the designed benzimidazole molecules with the selected protein FAAH (PDB ID: 3LJ7). 
We assessed the drug’s likeliness (Lipinski’s rule of 5) and potential toxicity using the Protox-II 
software. We can confidently state that the synthesized molecules adhere to Lipinski’s rule of 
five, given that the design molecules’ properties are within acceptable limits. In comparison 
to the reference Ibuprofen, the proposed compounds exhibited favorable pharmacokinetic 
properties and achieved docking scores ranging from -10.88 to -27.31 (Acedock) and -6.045 to 
9.122 (DockThore). We synthesized the benzimidazole derivatives 3a to 3g. Based on an in silico 
study, we synthesized the molecules, chose the best ones, and then tested their anti-inflammatory 
action in a lab setting. We employed the albumin denaturation assay test to determine the extent 
of heat-induced protein denaturation inhibition. Both of the synthesized compounds and the 
standard drug, diclofenac sodium, inhibit denaturation of proteins at concentrations between 10 
and 50 ppm. At a dose of 10 ppm, compound 3f showed the highest level of inhibition, at 70%. 
Diclofenac sodium exhibited the highest suppression, measuring 97.20% at a concentration of 
40 ppm. We could further investigate 3F to determine its anti-inflammatory characteristics.
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 Imidazole heterocycle is found in 
benzimidazoles, which are the benzo derivatives 
of imidazole 1. The word used to refer to the parent 
compound in the series is widely accepted, and the 

numbering scheme follows the standardized pattern 
for heterocyclic compounds. Heteroaromatic 
compounds have garnered significant attention 
due to their role in the development of intricate 
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Fig. 1. benzimidazole Structure (Self prepared with 
the help of ChemBio Draw Ultra 14.0)

Fig. 2. Ibuprofen Structure (Self-prepared with the 
help of ChemBio Draw Ultra 14.0)

Fig. 3. Synthetic Scheme for benzimidazole derivatives

organic materials and physiologically active 
molecules 2. Organic molecules containing 
nitrogen atoms in their ring structures, known 
as nitrogen-containing heterocyclic compounds, 
have attracted considerable attention due to their 
relevance in pharmacology and biology 3. Scientists 
are continuously seeking novel applications and 
purposes for this heterocycle, which has been 
widely utilized in medicinal chemistry and drug 
development because of its benzimidazole structural 
motif 4. Compounds containing benzomidazole 
display a wide range of biological and therapeutic 
properties, such as anti-inflammatory, analgesic, 
antibacterial, antifungal, antiviral, antidepressant, 
anticonvulsant, anticancer, and anti- diabetic 
effects 5. Hoebrecker synthesized the inaugural 
benzimidazole compound in 1872 through the 
reduction of 2-nitro-4-methyl acetanilide. In recent 
times, a multitude of researchers have reported a 
range of methods for synthesizing benzimidazole 
derivatives with 1-substituted or 1-disubstituted 
structures 6. These methods involve the use of 
different chemical groups and are carried out 
under different atmospheric reaction circumstances 
7. Fused imidazole derivatives have become 
prominent in the field of medicinal chemistry due 
to their significant features as clinically useful 

medications 8. Consequently, the pharmaceutical 
sector is researching benzimidazole, and its 
derivatives have been found in several medical 
uses. Benzimidazole derivatives demonstrate a 
diverse array of pharmacological effects as a result 
of their adaptable core, which is found in multiple 
molecules 9, 10.

ExpErimEntal mEthods

molecular docking
 Selection of Ligand: There are a lot of 
written descriptions of synthetic benzimidazole 
molecules and derivatives, which is why we chose 
to focus on this moiety for our in silico study. In 
addition, we kept making new substances while we 
were doing our study 11, 12.
selection of protein
 The enzyme fatty acid amide hydrolase 
hydrolyzes anandamide, an endocannabinoid. The 
enzyme fatty-acid amide hydrolase breaks down 
the endocannabinoid anandamide inside cells. 
Only in some cells does epirazole successfully halt 
this process 13. The fact that epirazole (Figure 2) 
prevents anandamide oxidation while maintaining 
carrier-mediated absorption is interesting. This 
prevents the breakdown of anandamide, leading to 
its accumulation in neurons and eventual release 
from the cells 14, 15.
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molecular docking: Following are the design molecules for molecular docking

Fig. 4. Benzimidazole design molecules for molecular docking

molecular docking
 For molecular docking of benzimidazole 
derivatives, one can use various computational 
tools like Ace-dock and DockThore. We used 
the Protein Data Bank (PDB ID: 3LJ7) to obtain 
the protein’s structure. Next, we extracted the 
heteroatoms and water molecules from the structure 
to deprotonate it. The protein’s structure determines 
the binding sites. We used Chem-Draw software to 
display the molecules’ structures. After changing 

its shape, we labeled the molecule as a ligand. 
We created a receptor grid for ligand docking and 
recorded the found docking number 16-18.
toxicity studies
 Toxicity studies involve the application 
of predictive toxicology in the development of 
ecologically friendly products and chemicals 
that are less harmful. This approach helps 
reduce exposure and waste 19. The Protox-II 
software was utilized to forecast the organ 
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table 1. Comparative study using different docking 
software

Sr. No. Molecule DockThor ACE DOCK

 Standard
1 Ibuprofen -5.656 -11.88
 Benzimidazole derivatives
1 3a -6.444 -25.93
2 3b -9.122 -10.88
3 3c -6.226 -19.71
4 3d -8.318 -15.89
5 3e -6.535 -21.65
6 3f -6.231 -21.85
7 3g -6.621 -17.72
8 3h -6.045 -23.61
9 3i -6.458 -17.27
10 3j -6.432 -17.72
11 3k -7.432 -18.82
12 3l -6.407 -18.73
13 3m -8.874 -18.38
14 3n -8.140 -25.71
15 3o -6.483 -14.69
16 3p -6.424 -18.71
17 3q -6.424 -27.31
18 3r -5.565 -30.00
19 3s -7.633 -18.64
20 3t -6.172 111.67

toxicities and toxicological endpoints of the 
ligands, encompassing their LD50 values. The 
Protox-II software can be used to determine the 
hepatotoxicity, carcinogenicity, immunotoxicity, 
mutagenicity, and cytotoxicity of the substances. 
Illustrate the molecular configuration, select the 
predetermined degree of toxicity, and record the 
resulting consequence 20, 21.
admE properties
 For the ADME, it is very important to get 
the factors of absorption, distribution, metabolism, 
and excretion just right. It is well known that 
people with these traits are good candidates for 
medicines. Along with how well and selectively it 
works, a medicine’s success depends on how badly 
it is supposed to be broken down by the body 22. 
In the early stages of ADME predictions, a few 
basic ADME or ADME-related factors are often 
used. These include intrinsic solubility (logS), 
partition coefficient (logP), and apparent partition 
coefficient (logD). We used Protox-II software to 
guess the ADME properties of a certain molecule 

based on these qualities. Lipinsky’s rule of five is 
used to figure out factors like molecular weight, 
logP, hydrogen bond acceptors and hydrogen bond 
donors 23, 24.
synthesis of benzimidazole derivatives
 We combined 0.15 grams (30%) of 
NH4Cl with 0.100 grams (0.92 mmol) of OPD 
and 0.125 grams (0.92 mmol) of anisaldehyde in 
4 mL of ethanol. We stirred the mixture for two 
hours at a temperature of 80 °C. We determined 
the conclusion of the TLC reaction using a solvent 
mixture of ethylacetate and hexane at a ratio of 
1:2 v/v. When the reaction mixture was added 
to ice-cold water, a pale yellow solid formed 
as a precipitate. After filtering the contents, we 
subjected the product to two water washes, dried 
it, and then recrystallized it with ethanol to produce 
a pure product 25, 26.
Evaluation of Anti-inflammatory activity
 For the purpose of determining the 
anti-inflammatory efficacy in vitro, a protein 
denaturation experiment was conducted utilizing 
egg albumin as the experimental protein. 
procedure
 Preparation of Control Solution: In order 
to prepare the control solution, 2 ml of freshly 
prepared egg albumin were combined with 20 ml 
of distilled water to get 50 ml 27.
 Preparation of Standard Solution: 2 
ml of freshly prepared egg albumin (pH 6.4) were 
combined with 28 ml of phosphate buffer saline. 
Subsequently, a 20 ml solution of diclofenac 
sodium varying in concentration from 10 to 50 ppm 
was added to make the 50 ml standard solution.
 Preparation of Test Solution: Test 
Solution was prepared by adding 20 milliliters of 
the synthesized drug solution, which ranged in 
concentration from 10 to 50 ppm, to 2 milliliters 
of freshly made egg albumin, further it was mixed 
with the 28 milliliters of phosphate buffered saline 
(pH 6.4).
 All prepared solutions was subjected 
to heat for 5 minutes at 70 °C in a water bath 
and incubated for 15 minutes at 37 ± 2 °C. 
We allowed room-temperature cooling for the 
solutions. Next, we used a vehicle and a UV-visible 
spectrophotometer to determine the absorbance at 
660 nm 28-30.
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Interactions of Ibuprofen with FAAH Protein (PDB ID: 3LJ7):

Fig. 5a. The fatty acid amide hydrolase (PDB ID: 3LJ7) protein and Ibuprofen drug receptor interaction were 
represented in 3D using AceDock software. (3D representation of the drug receptor interaction diagram available 

after molecular docking study by using AceDock software)

Fig. 5b. Ibuprofen drug receptor interaction with the protein fatty acid amide hydrolase (PDB ID: 3LJ7) is 
represented in 3D using DockThore software. (3D representation of the drug receptor interaction diagram 

available after molecular docking study by using DockThore software)

rEsUlts

 A comprehensive analysis was carried 
out on the molecular structure of benzimidazole 

derivatives, including their docking scores and 
interactions with certain receptor proteins (Table 
1). The compounds 3r (DockThore) and 3r (Ace 
dock) exhibited the highest affinity (docking score) 
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Interaction of benzimidazole molecule with FAAH protein (PDB ID: 3LJ7)

Fig. 6a. The figure illustrates the 3D representation of the drug interaction between 2-(3,5-dimethoxyphenyl)-
1H-benzo[d]imidazole (3b) and the fatty acid amide hydrolase (PDB ID: 3LJ7) protein by usning Ace dock. (3D 

representation of the drug receptor interaction diagram available after molecular docking study by using AceDock 
software)

Fig. 6b. The 3D representation depicts the drug interaction between 4-(1H-benzo[d]imidazole-2-yl)-3-
formylbenzenesulfonic acid (3r) and the fatty acid amide hydrolase (PDB ID: 3LJ7) protein by using DockThore) 

(3D representation of the drug receptor interaction diagram available after molecular docking study by using 
DockThore software)
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table 2. ADME Properties benzimidazole molecules

Molecule  Compound Mass Log P H Bond  H Bond 
Number    Acceptor Donar

 Standard
1 Ibuprofen 206.28 3.07 20 1
 Benzimidazole Derivatives
1 3a 222.24 3.04 12 1
2 3b 254.28 3.25 17 1
3 3c 238.24 2.75 13 2
4 3d 252.27 3.14 15 2
5 3e 236.27 3.43 14 1
6 3f 238.24 2.75 13 2
7 3g 298.34 4.46 16 1
8 3h 251.24 3.44 13 1
9 3i 472.31 2.84 12 1
10 3j 252.27 3.05 15 1
11 3k 268.27 2.76 16 2
12 3l 265.27 3.83 15 1
13 3m 251.28 3.6 16 2
14 3n 267.28 3.31 17 3
15 3o 267.28 3.3 17 3
16 3p 251.24 3.44 13 1
17 3q 270.24 2.16 15 4
18 3r 270.31 3.21 13 2
19 3s 281.29 3.06 18 1
20 3t 350.45 5.34 29 2

of -9.122 and -30.00, respectively, towards the 
FAAH (PDB ID: 3LJ7) receptor. This indicates 
that these molecules should be further investigated 
in vitro. To facilitate comparisons, this molecule 
is also juxtaposed with the reference molecule, 
ibuprofen. The molecule exhibits a docking score 
(affinity) of -5.656 (DockThore) and -11.88 (Ace 
dock). In addition, both the ligand molecule for the 
FAAH protein and the other proposed compounds 
exhibited docking scores (Affinity) ranging from 
-6.045 to 9.122 (DockThore) and -10.88 to -27.31 
(Acedock), which fall within the permitted range of 
docking scores for conventional Ibuprofen. These 
chemicals, which have been specifically developed, 
may possess anti-inflammatory characteristics due 
to their high docking score (Figure 5a, 5b, 6a and 
6b).
 All the previously mentioned features 
were within acceptable thresholds, and the 
molecules under design exhibited appropriate 
pharmacokinetics. The compound exhibited 
hydrogen bond donor and acceptor values that 

met the specified criteria. We determine acceptable 
ranges for both the molecular weight and the 
expected partition coefficient.
 The molecular weight of ibuprofen is 
typically 206.28 g/mol, but the molecular weights 
of the design molecules range from 222.24 to 
350.45 g/mol. Ibuprofen possesses a log P value 
of 3.07, and its designed molecule exhibits a 
range of 2.75 to 5.34. Ibuprofen is composed of 
one hydrogen bond donor and 20 hydrogen bond 
acceptors. The proposed molecules also have a 
similar number of hydrogen bond donors and 
acceptors, which is considered acceptable. The 
Lipinski rule of five is an essential criterion for 
developing novel molecules.
 Assessing the molecules toxicity level 
is a pivotal step in the advancement of new 
pharmaceuticals. Computational methods for 
toxicity prediction provide a faster alternative, 
perhaps decreasing the necessity for animal testing. 
We derived the toxicity prediction from six distinct 
targets, including hepatotoxicity, carcinogenicity, 
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table 3. Prediction of insilico toxicity of benzimidazole molecule

Sr.  Design Hepatotoxicity  Carcinogenicity  Immunotoxicity  Mutagenicity  Cytotoxicity 
No. Molecule with   with   with   with   with  
  threshold  threshold  threshold  threshold  threshold 
  value value value value value

 Standard
1 Ibuprofen 0.66 0.74 0.99 0.99 0.85
 Benzimidazole Derivatives
1 3a 0.64 0.58 0.98 0.55 0.82
2 3b 0.50 0.50 0.94 0.73 0.70
3 3c 0.58 0.51 0.95 0.62 0.76
4 3d 0.55 0.52 0.74 0.64 0.77
5 3e 0.59 0.53 0.99 0.53 0.81
6 3f 0.58 0.51 0.95 0.62 0.76
7 3g 0.62 0.54 0.99 0.52 0.78
8 3h 0.62 0.74 0.95 0.80 0.81
9 3i 0.54 0.63 0.95 0.51 0.83
10 3j 0.50 0.56 0.74 0.67 0.75
11 3k 0.54 0.56 0.54 0.69 0.67
12 3l 0.59 0.77 0.79 0.79 0.80
13 3m 0.56 0.74 0.88 0.69 0.75
14 3n 0.67 0.70 0.86 0.78 0.79
15 3o 0.58 0.65 0.80 0.71 0.69
16 3p 0.59 0.74 0.67 0.80 0.81
17 3q 0.54 0.55 0.79 0.58 0.78
18 3r 0.59 0.57 0.81 0.54 0.67
19 3s 0.52 0.59 0.72 0.69 0.72
20 3t 0.56 0.53 0.60 0.57 0.80

Color coding represents
Active Below Threshold 
Inactive Below Threshold  
Active Above Threshold
Inactive Even if above Threshold

and cytotoxicity, all of which are associated 
with unfavorable pharmaceutical effects. Each 
compound showed signs of hepatotoxicity 3s and 
3t. Several compounds, specifically 3a, 3e, 3g, 3h, 
and 3r, do not exhibit any activity. A red, dark tint 
indicates the presence of the 3s active component in 
immunotoxicity. The remaining substances exhibit 
activity in the mutagenicity test, whereas 3a, 3g, 
3i, and 3r are devoid of activity. All cytotoxicity 
molecules are inert, as evidenced by their dark 
green color. We used the Protox-II server to 
investigate toxicity.
 In order to investigate the fundamental 
process behind the anti-inflammatory effects, we 
assessed the compound’s capacity to hinder protein 
denaturation. The results show that both the chemical 

that was synthesized and Diclofenac sodium can 
stop protein denaturation, but the amount needed 
depends on the concentration, which is between 
10 and 50 ppm. At a concentration of 40 ppm, 
the chemical 3f exhibits the greatest inhibition, 
reaching 70%. In comparison, diclofenac sodium 
demonstrates a maximum inhibition of 97.20% at 
the same concentration (Figure 7).

discUssion

 Inflammation is a widespread condition 
that impacts a substantial proportion of the 
world’s population. We are currently synthesizing 
compounds with potential anti-inflammatory 
properties. We have chosen the benzimidazole 
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table 4. Synthesized benzimidazole molecules and their percentage yields and melting point

Sr.. Synthesized molecules Code of molecules Percentage yield M.P (°C)
No.

1  3a 25.35 216

2   3b 23.56 230

3   3c 21.28 190

4   3d 72.56 220

5   3e 17.90 217

6   3f 39.74 195

7   3g 23.39 230
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table 5. Heat induced protein denaturation effect on 
synthesized compounds

Concentration  Absorbance 
(ppm) Control Standard  3c  3f

10ppm 0.036 0.0021 0.034 0.058
20ppm 0.036 0.0025 0.042 0.038
30ppm 0.036 0.003 0.039 0.041
40ppm 0.036 0.001 0.051 0.061
50ppm 0.036 0.007 0.041 0.037

table 6. Percentage inhibition activity of test 
compounds control and standard sample

 
Concentration            Percentage inhibition
(ppm) Control Standard  (3c)  (3f)

10ppm 0 94.16 5 61.6
20ppm 0 93 38.3 5.5
30ppm 0 91.6 8.6 16.1
40ppm 0 97.2 41.9 70
50ppm 0 2.9 13.8 3.3

Each value represents the mean (n=3).

Fig. 7. Effect of synthesized molecules on heat induced protein denaturation (Self prepared by using Microsoft 
Excel)

moiety as the essential building block for 
synthesizing the desired compounds. We performed 
our computational analysis utilizing Ace Dock 
and DockThore. For this investigation, we 
assessed the anti-inflammatory characteristics of 
each synthesized molecule and compared them. 
Based on the docking results (Figure 2), we have 
selected the benzimidazole derivatives for further 
analysis. We will analyze their interaction with 
specific receptor proteins. With scores of -9.122 
and -30.00, respectively, the compounds 3r 
(DockThore) and 3r (Ace dock) had the highest 
docking scores (affinities) with the FAAH receptor 
(PDB ID: 3LJ7). Therefore, it is necessary to 

conduct additional in vitro research on these 
compounds. Consequently, there is potential for 
further in vitro investigation on these compounds. 
In addition, we provide a baseline for comparison 
by juxtaposing this chemical with the reference 
compound, ibuprofen. Its docking scores (affinity) 
for the FAAH protein and the other suggested 
compounds were between -6.0455 and 9.122 (Dock 
Thore) and -10.88 to -27.31 (Acedock), which is 
the same range that Ibuprofen normally falls in. 
The compounds’ elevated docking score indicates 
that they possess anti-inflammatory effects. 
Furthermore, the proposed compounds exhibit 
acceptor and donor hydrogen bond values that fall 
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within a tolerable range. All molecules adhere to 
Lipinski’s rule of five, which provides fundamental 
criteria for designing novel compounds based 
on their expected characteristics. Assessing the 
cumulative negative impacts is a crucial stage 
in the pharmaceutical development process. We 
have identified compounds that display cytotoxic, 
immunotoxic, mutagenic, carcinogenic, and 
hepatotoxic properties. We have identified the 
hepatotoxic characteristics of molecules 3s and 
3t. Currently, some molecules, such as 3a, 3e, 
3g, 3h, and 3r, are inactive, which contributes to 
the development of potential molecules. A deep 
crimson color indicates the presence of the 3S active 
component in immunotoxicity. Chemicals 3a, 3g, 
3i, and 3r exhibit inactivity in the mutagenicity 
test, while the other chemicals demonstrate activity. 
All the cytotoxicity molecules are inactive, as 
indicated by their dark green hue. We employed 
the PROTOX-II server to evaluate the ligand’s 
immediate toxicity. Additionally, we employed 
spectroscopic techniques to produce and examine 
the molecules derived from benzimidazole. 
After selecting these compounds based on their 
performance in laboratory experiments, we used 
computer simulations to evaluate their potential 
as pharmaceuticals. We examined the efficacy 
of the synthesized compounds in inhibiting 
the denaturation of egg albumin protein. This 
allowed us to better understand their methods 
for reducing inflammation. This strategy is a 
valuable and uncomplicated method for assessing 
anti-inflammatory activity. The test showed that 
synthetic compounds and the common medicine 
diclofenac sodium, when present in amounts 
between 10 and 50 parts per million, had different 
levels of success in keeping proteins from 
breaking down. Compound 3f, when given at 
a concentration of 100 parts per million (ppm), 
had a maximum inhibition of 70%. Diclofenac 
sodium at a concentration of 40 parts per million 
(ppm) demonstrated the highest level of inhibition, 
measuring 97.20%. Therefore, the compounds 
produced have the ability to inhibit the denaturation 
of the protein membrane. These compounds’ 
benzimidazole-based structure contributes to their 
resilience against denaturation.

conclUsion

 Computer-aided drug design was used to 
develop and evaluate benzimidazole compounds 
against inflammatory enzymes such as FAAH. 
These drugs interacted with these receptors better 
than ibuprofen. The Protox-II algorithm uses 
Lipinski’s rule of 5 to verify drug similarity. All 
molecular features of the produced derivatives are 
within permissible ranges, indicating compliance 
with Lipinski’s rule of five. Anti-inflammatory 
medicines with excellent pharmacokinetics and 
docking scores of -10.88 to -27.31 for Acedock 
and -6.045 to 9.122 for DockThore are likely to 
succeed. We tested the ligand’s acute toxicity with 
PROTOX-II. The green synthesis method produced 
high-quality, pure benzimidazole derivatives. Both 
chemicals and diclofenac sodium reduced protein 
denaturation to 10–50 ppm. At 40 ppm, Compound 
3f had the greatest inhibition at 70%. Diclofenac 
sodium gave the maximum inhibition at 40 ppm 
and 97.20%. This research may help design an anti-
inflammatory drug by understanding the molecular 
process behind these molecules. In vitro and in vivo 
studies can confirm these findings.
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