Yavuz BMC Chemistry (2024) 18:146
https://doi.org/10.1186/513065-024-01241-z

BMC Chemistry

Synthesis of new two 1,2-disubstituted

Check for
updates

benzimidazole compounds: their in vitro
anticancer and in silico molecular docking

studies

Sevtap Caglar Yavuz'

Abstract

each other.

Molecular docking

In this study, two new molecules were synthesized from the reaction of 2-methyl-1H-benzold]imidazole with aryl
halides in the presence of a strong base. The structures newly of synthesized 1,2-disubstituted benzimidazole
compounds were characterized using spectroscopic techniques (FT-IR, "THNMR, ">*CNMR) and chromatographic
technique (LC/MS). For discovering an effective anticancer drug, the developed heterocyclic compounds were
screened against three different human cancer cell lines (A549, DLD-1, and 1929). The results demonstrated that of
IC50 values of compound 2a were higher as compared to cisplatin for the A549 and DLD-1 cell lines. The frontier
molecular orbital (FMO), and molecular electrostatic potential map (MEP) analyses were studied by using DFT
(density functional theory) calculations at B3LYP/6-31G** level of theory. The molecular docking studies of the
synthesized compound with lung cancer protein, PDB ID: 1M17, and colon cancer antigen proteins, PDB ID: 2HQ6
were performed to compare with experimental and theoretical data. Compound 2a had shown the best binding
affinity with -6.6 kcal/mol. It was observed that the theoretical and experimental studies carried out supported
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Introduction

Heterocycles are the basis of drug discovery and form the
core structure of approximately 80% of pharmaceuticals
[1]. The benzimidazole nucleus, a heterocyclic compound
with a broad spectrum of biological activity, is considered
a biological pharmacophore [2]. There is a wide variety
of drugs available that have benzimidazoles as their core,
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examples of some of the few blockbuster drugs such as
candesartan, omeprazole, and albendazole [3]. Benz-
imidazole derivatives also easily interact with the bio-
polymers of living systems, being structural isosteres
of inherently consisting nucleotides [4], and are widely
used in the improving of recent curative agents against
many illnesses. Benzimidazole and its derivatives, which
have been extensively researched in the pharmaceutical
field, have versatile pharmacological properties that are
very useful in drug development. Many pharmacological
activities have been described for benzimidazole deriva-
tives, anti-cancer, anti-tubercular, anti-acetylcholines-
terase, anti-viral, anti-protozoal, analgesic, anti-malarial,
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anti-inflammatory, anti-fungal, and anti-histamine
[5—11]. The different activities of benzimidazole and its
derivatives may result from different groups on the benz-
imidazole nucleus [12].

Cancer is one of the deadliest diseases in the world.
This disease, which begins with the abnormal and uncon-
trolled growth of cells, destroys body tissue and causes
metastasis [13, 14].

The death rate from cancer is set to almost double
in the coming years, according to an info issued by the
World Health Organization (WHO) [15].

Biological therapies such as radiotherapy, chemother-
apy, surgery, immunotherapy, hormone therapy, and gene
therapy can be used alone or in combination in the treat-
ment of cancer [16]. Due to the complex nature of cancer,
there are currently no drugs that can destroy only can-
cer cells in patients [17]. The majority of methods used
to treat many cancer diseases are toxic, and have caused
morbidity [18].

Therefore, there is a great need to develop new cancer
treatment approaches to target only cancer cells without
harming normal cells and to discover new and powerful
chemotherapeutics with minimal side effects. Although
there are few anticancer drugs containing benzimidazole
core (nokodazole, carbendazim, bendamustine) (Fig. 1)
on the market, there are many studies in the literature on
the anticancer effectiveness of benzimidazoles.

The epidermal growth factor receptor (EGFR) is a
family of cellular transmembrane tyrosine kinases that
are overexpressed in many human tumors, including
colorectal, prostate, ovarian, breast, and lung cancers.
Abnormal activation of EGFR is common in many types
of cancer and is associated with apoptosis, angiogenesis,
and metastasis [19].

Cyclophilins (Cyps) are a family of proteins that are
ubiquitous in organisms and have biological functions
such as promoting intracellular protein folding and par-
ticipating in pathological processes such as inflammation
and tumors. Cyps inhibit the proliferation and differenti-
ation of cells and support apoptosis. Cyps are also known
to be involved in many pathological processes including
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viral infections, cardiovascular disease, inflammatory
responses, and cancer [20].

Focal adhesion kinase (FAK) is a non-receptor tyro-
sine kinase. FAK is involved in tumor growth and various
cell functions, including motility, proliferation, adhe-
sion, metastasis, apoptosis, chemo-resistance, and angio-
genesis, related to integrin signal transduction. In many
cancers, such as prostate, lung, and breast cancer, FAK
expression has been detected. Therefore, FAK is expected
to serve as a new potential target in tumor therapy [21].

The phosphatidylinositol 3-kinase (PI3K)/AKT/mam-
malian target of rapamycin (mTOR) signalling pathway
is the significant intracellular pathways regulating cell
growth, motility, metabolism and angiogenesis. Activat-
ing the PIBK/AKT/mTOR pathway helps improving of
tumor and endurance to cancer treatments. In almost all
human cancers, such as breast cancer, colorectal cancer,
and haematological malignancies, the PI3K/AKT/mTOR
signalling pathway has been reported to be dysregulated.
The efficacy of PI3K inhibitors in inhibiting tumor pro-
gression is becoming increasingly clear [22].

Due to the information provided above, EGFR, Cyps,
FAK, and PI3K proteins for molecular docking were used
as a target.

In-silico drug design or computer-aided drug design is
made predictable by computer simulations and model-
ing of many important parameters related to molecules
that can be drug candidates, using different sub-fields
of artificial intelligence. It is generally use high perfor-
mance molecular dynamics simulation software (GRO-
MACS, AMBER, and NAMD etc.) [23-27] known for
their extensive simulation capabilities and accuracy, and
molecular docking software (SeeSAR and Autodock etc.)
[23, 28].

Benzimidazole is a heterocyclic ring that is frequently
used in drug development due to its different biological
and pharmacological effects and is an important struc-
ture that plays a key role in new drug candidates. In this
study, two 1,2-disubstituted benzimidazole compounds
were designed and synthesized that may have new poten-
tial anticancer effects. The docking analysis were carried
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Fig. 1 Chemical structure of some commercial benzimidazole-derived anticancer drugs
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out using UCSF Chimera software with its AutoDock
Vina tool. The cytotoxic effects of the compounds 2a and
2b on A549, DLD-1, and L929 cell lines were tested for
48 h.

With respect to the outcomes acquired compound (2a)
had cytotoxic activities against human cancer cell lines
(A549, DLD-1, and L929) with IC50 values of 111.70,
185.30, and 167.3 mM, respectively. The potential mech-
anism of action for these two compounds was explored
through molecular docking. In addition, DFT computa-
tions were achieved using the B3LYP/6-31G** basis set to
predict the structural and electronic features of the syn-
thesized novel benzimidazole derivatives. Thanks to the
EMO analysis of the compounds, an idea was obtained
about their chemical reactivity and stability. MEP maps
of the compounds were obtained in three dimensions and
regions open to electrophilic and nucleophilic attacks
were identified.

Materials and methods

Chemicals & equipments

The essential chemical substances, such as 2-methyl-
benzimidazole, 3-chlorobenzyl chloride, 2,3,5,6-tetra-
methylbenzyl chloride, ethyl alcohol (EtOH), potassium
hydroxide (KOH) were purchased from Sigma-Aldrich,
Merck, and Isolab. 'HNMR (400 MHz) spectra and
I3CNMR (100 MHz) spectra were recorded on a Bruker
AM 400 MHz NMR spectrometer with DMSO-d6 as
the solvent. The FT-IR analysis was performed by FT-IR
spectrometer (Nicolet 6700, Thermo Scientific). LC-MS/
MS spectra were recorded using a Shimadzu 8040
LC-MS spectrophotometer. The compounds were pre-
pared according to the literature [29, 30] (Scheme 1).
KOH is a prototypical strong base used in a variety of
laboratory and chemical synthesis applications due to
its effectiveness and reliability in providing high concen-
trations of hydroxide ions. In this study, we used KOH,
which is a strong base. The reaction was conducted at 80
°C for 12 h.

Synthesis procedure of compound 2a
2-methylbenzimidazole (0.5 g) was dissolved in EtOH
(4 ml), and KOH (0.004 mol) was added to this solution.
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It was mixed 1 h at 25°C. Then, 3-chlorobenzyl chloride
(0.003 mol) was slowly added to this solution, and the
reaction mixture was stirred for 12 h at 80 °C. The aimed
final product was washed a few times with EtOH and
dried under vacuum.

Color: Cream. IR: 1447 (C=N); 2916 and 3043 cm™!
(C-H). '"HNMR (400 MHz, DMSO-d,, 298 K), &: 2.51
(s, 3H, CH,NCCH,); 549 [s, 2H, NCH,C.H,(C])-3];
7.02-7.57 (m, 8H, Ar-H). 3 CNMR (100 MHz, DMSO-
de, 298 K), 6: 13.8 (CH,NCCH,); 46.1 [NCH,C.H,(CI)-3];
152.6, 142.0, 139.6, 135.3, 133.9, 131.2, 128.1, 126.8,
125.7, 122.6, 118.6, 114.6, 110.5 (Ar-C and NCN). Ele-
mental analysis for C,;H;3N,Cl (256.74 g/mol) %: Found
C: 70.05; H: 5.21; N: 10.82. Anal. Calc. C: 70.17; H: 5.10;
N: 10.91. LC/MS (m/z): Anal. Calcd. for C;zH;sN,Cl is
256.74; found is 257.

Synthesis procedure of compound 2b
2-methylbenzimidazole (0.5 g) was dissolved in EtOH
(4 ml), and KOH (0.004 mol) was added to this solution.
It was mixed 1 h at 25 °C. Then, 2,3,5,6-tetramethylben-
zyl chloride (0.003 mol) was slowly added to this solution,
and the reaction mixture became cloudy after a while.
The reaction mixture was stirred for 12 h at 80 °C. The
aimed final product was washed a few times with EtOH
and dried under vacuum.

Color: White. IR: 1436 (C=N); 2918 and 3054 cm™*
(C-H). 'HNMR (400 MHz, DMSO-d,, 298 K),
8: 205, 219, and 237 [s, 15H, CH,NCCH; and
NCH,CH(CH,),]; 542 (s, 2H, NCH,C.H,(CH,),);
6.76-7.49 (m, 5H, Ar-H). >*CNMR (100 MHz, DMSO-
de, 298 K), &:14.6, 15.8, and 20.6 [CH,NCCH,; and
NCH,CH(CH,),]; 44.5 [NCH,C,H(CH,),]; 152.8, 142.2,
135.6, 134.0, 132.1, 131.8, 121.9, 121.5, 118.6, 110.6 (Ar-
C and NCN). Elemental analysis for C,oH,,N, (278.40 g/
mol) %: Found C: 82.08; H: 7.84; N: 10.04. Anal. Calc. C:
81.97; H: 7.97; N: 10.06. LC/MS (m/z): Anal. Calcd. for
C,oHy,N, is 278.40; found is 279 (See supplementary file
for NMR, IR and LC/MS spectra of compounds).

Cytotoxic activity studies

Cytotoxic activity analyses of 2a and 2b were carried
out by the process designated in the literature [31-34].

Cl
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Scheme 1 Reaction representation of 2-methyl-1H-benzo[dlimidazole with aryl halides
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Colon (DLD-1; ATCC® CCL-221™), lung (A549; ATCC®
CCL-185™) cancer, cell lines were purchased from the
American Type Culture Collection (ATCC, USA). DLD-
1, A549, and L929 cells were cultured in Dulbecco’s
modified Eagle’s Medium-high-glucose (DMEM) supple-
mented with 10% fetal bovine serum (FBS) and 1% Glu-
taMAX™. After the cells reached 90% density, they were
removed from the flask using trypsin-EDTA and counted.
The cell seeding was done at a density of 5x 10° cells/well
into sterile 96-well plates. After seeding, the plates were
incubated for 24 h. After the incubation period was com-
pleted, the medium in the wells was removed and fresh
medium was added instead. The DLD-1, A549, and L929
cells were exposed to the compounds (2a and 2b) at
300, 150, 75, 37.5 and 18.75 pM concentrations for 48 h.
After the cells were incubated for 48 h, the medium was
removed. The MTT stock solution (50 puL, 5 mg/mL) was
added to the plate wells and incubated for an additional
2 h. After the 2-hour incubation period, the dye in the
medium was carefully slowly removed and 200 uL. DMSO
was added in its place. It was left to mix slowly for half an
hour. Absorbance values were measured in the Epoch 2
Elisa plate reader device at 590 nm. ICy, values were cal-
culated by GraphPad Prism Software 5.

Methods of calculation

The theoretical calculations of synthesized compounds
were performed using Spartan’10 software packages [35].
The geometry of the synthesized compounds has been
optimized by B3LYP method with 6-31G** [36] origin
using DFT technique. The docking analyses were accom-
plished using UCSF Chimera software with its AutoDock
Vina tool [37]. Some druggability, pharmacokinetics,
and toxicity analyses were estimated owing to online
web tools. The used web servers were ADMETIab [38],
admetSAR [39], SwissADME [40], Pro Tox-II (Banerjee
and Ulker, 2022). Biovia Discovery Studio was used to
visualize and analyze the docking results. [41]. Crystal
data of the 1M17, 1MP8, 2HQ6, and 1E8X macromol-
ecules are obtained from the RCSB Protein Data Bank
website (https://www.rcsb.org/ ).

Results and discussion

Spectral characterization of compounds 2a and 2b

Two new 1,2-disubstituted benzimidazole compounds
were synthesized in one step (Scheme 1). The obtained

Table 1 IC,, outcomes for compounds 2a and 2b in A549, DLD-
1,and L929 cell lines

Compounds 1C54 (M)

A549 DLD-1 L929
2a 111.70+£6.22 185.30+£5.87 167.30+£4.79
2b 176.80+4.66 >300 >300
Cisplatin 9.79+091 55.58+4.05 741£047
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compounds were characterized by means of FT-IR spec-
troscopy, 'HNMR, *CNMR, and elemental analysis. The
'HNMR spectra of the compounds were run at 400 MHz
in DMSO-d6, and also 3 CNMR spectra of the com-
pounds were run at 100 MHz in DMSO-d6. In THNMR,
the signal related to a methyl group 2-position on benz-
imidazole ring resonated upfield at § 2.51, and 2.39 ppm
as 3 H singlets for 2a and 2b, respectively. The >*CNMR
spectra were run in DMSO-d6 at 100 MHz. The imid-
azole-linked methyl carbon signals resonated at § 13.76
ppm for 2a, § 14.59 ppm for 2b. The aryl-linked methyl
carbon signals resonated at § 46.06 ppm for 2a, and at §
21.45 ppm and 58.47 ppm for 2b. The IR spectrum out-
put of the compounds demonstrated the stretching fre-
quencies of the characteristic C=N peak at 1447.81, and
1436.87 cm-1 for 2a and 2b, respectively. The stretching
frequency bands of C—H were observed at 2916.93 and
3043.48 cm™ ! for 2a, 2918.58 and 3054.74 cm™ ! for 2b.

Cytotoxic activity studies

The newly synthesized compounds 2a and 2b were
tested against three different cell lines as in vitro. Using
the MTT assay method, the compounds were appraised
for their cytotoxicity at 18.75, 37.5, 75, 150, and 300 uM
in the A549, DLD-1, and L929 cell lines. In the study, a
positive control drug (cisplatin) was used as a reference
compound for comparison under the same experimental
conditions. The cancer cell lines were exposed to syn-
thesized compounds for a period of 48 h. The results are
given in Table 1.

It is known that colon cancer is a common type of can-
cer worldwide and can cause death if not diagnosed early.
Lung cancer, which occurs as a result of the uncontrolled
growth of abnormal cells, is another type of cancer that
is most common and causes the most deaths worldwide.
For this reason, many studies on lung and colon cancer
cell lines continue to be conducted in the literature to
find new drug candidates [42, 43]. For this reason, colon
and lung cell lines were preferred as cancer cell lines
in this study. Mouse fibroblast cell line was used as the
healthy cell.

Compound 2a had cytotoxic effects with IC, values
of 111.70£6.22, 185.30+5.87, and 167.30+4.79 uM for
A549, DLD-1, and L929, respectively. Compound 2b
had cytotoxic effects with IC;, values of 176.80+4.66,
>300, and >300 pM for A549, DLD-1, and L9209, respec-
tively. Although compound 2b was found to be inactive
in DLD-1 and L1929 cell lines, the same compound was
found quite less active against A549 cell line. The spe-
cifically compound 2a inhibited the proliferation of A549
cancerous cells rather than DLD-1 cancer cells. Com-
pounds 2a and 2b appeared to be much less effective
against the A549 and DLD-1 cell lines than the reference
drug.
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While compound 2a has the chloro group on the ben-
zyl ring at the 3-position, compound 2b contains sub-
stituents with the methyl group at the 2,3,5,6-positions.
Compound 2a showed better, albeit low, activity against
the cell lines studied than compound 2b.

The different substituents on the benzyl ring (electron
donating or withdrawing) may be responsible for these
differences.

The change in viability rates depending on concentra-
tion is given in Figs. 2, 3 and 4. Compound 2b was the
medicine candidate with the least efficient level. Even
when used at a high concentration of 300 uM, a cell
viability rate of around 40% was observed. Therefore,
compound 2b does not have a high toxic effect on A549,
DLD-1, and L929 cell lines.

Compound 2a, which has a chloride group, was the
more potent compound than compound 2b and induced
significant cytotoxicity at 150 and 300 uM. Compound 2a
showed cytotoxicity, especially at a concentration of 300
uM. The compound 2-methyl-3-(3-chlorobenzyl)benz-
imidazole 2a can inhibit DNA replication and transcrip-
tion by binding or intercalating with DNA. This effect can
stop cell division and lead to apoptosis in cancer cells.

The compounds (2a, 2b) inhibited the proliferation of
fast cell division lung cancerous cells rather than colon
and fibrosarcoma cancerous cells. Inactive compound
2b appears to be able to inhibit the growth of colon cells
only at the highest concentration 300 pM. It was found
that compound 2a inhibited the growth of colon cells
more at 300 and 150 uM.

Computational studies
The FMOs are called the highest occupied molecular
orbital (HOMO) and the lowest unoccupied molecular
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orbital (LUMO). [44]. According to Fukui’s FMO the-
ory, the chemical reactivity of the molecule in terms of
HOMO or LUMO electron density is interpreted and
helps us know how electric charges move within the
molecule. While the HOMO molecular orbital symbol-
izes the highest occupied orbital filled by electrons, the
LUMO orbital is described as the lowest unfilled orbital

L929
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Fig. 4 Cell viability ratio of L929 (Noted: blue: 2a, orange: 2b, and gray: cisplatin)
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Table 2 Effect of solvents on the HOMO-LUMO energies for
compounds 2a and 2b
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Table 3 Global reactivity descriptors of the title molecules in the
gaseous ambient

Medium Compound Epomolev) Eyumotev) AEqy,) (2a) (2b)
gas (2a) -5.9043 -0.6482 5.2561 Parameters Values(eV)
water 61917 05252 56665 Evomo 59043 56877
ethanol -6.1877 05271 5,6606 ELumo 06482 -018%
gas (2b) -5.6877 -0.1896 54981 Energy band gap (AE = E, yyio-Eromo) 5.2561 5.4981
water -6.1075 -04631 5.6444 lonization potential (I = -Ejoy0) 59043 5.6877
ethanol -6.0908 -0.4476 5.6432 Electron affinity (A = -E o) 0.6482 0.1896
Electronegativity (x =(I + A)/2) 32763 29387
Chemical hardness (n= (I-A)/2) 26281 2.7491
Chemical softness (o = 1/2n) 0.1902 0.1819
Chemical potential (u=—(1+ A)/2) -3.2763 -29387
Electrophilicity index (w = u%/2n) 20422 15707
Maximum charge transfer index (AN, = -p/n) 1.2466 1.0689

LuMo
I AE=5.2561 eV
HOMO

AE=5.4981 eV

2a 2b
Fig. 5 HOMO and LUMO orbitals for compounds 2a and 2b

[45]. FMOs are significant parameters in quantum chem-
istry that play a role in defining the global and local
properties of the molecule. The larger the gap between
HOMO-LUMO orbitals, the harder and the less reac-
tive the molecule will be as electron flow will be less. On
the other hand, the smaller the HOMO-LUMO gap, the
softer the molecule and the more reactive it is. Parame-
ters such as molecular chemical hardness, electronegativ-
ity, chemical potential, and softness were calculated using
HOMO and LUMO energies. Effect of different solvent
mediums on the HOMO-LUMO energies for compounds
2a and 2b were shown in Table 2, it is possible to see that
the water environment had the highest energy range with
a value of 5.6665 eV and 5.6444 eV, respectively. For the
title compounds, especially in the aqueous environment,
the AE energy gaps were larger than in the gaseous envi-
ronment and methanol environment. HOMO and LUMO
orbitals for title compounds were displayed in Fig. 5. For
compound 2a, Ey;5)0=-5.9043 eV, E| ;i0=-0.6482 eV, and
AE=5.2561 eV were found. The fact that the structure

has high energy range, high hardness (n=2.6281 eV),
and low softness parameters (0=0.1902 eV) shows that
it is quite stable with low chemical activity and high
kinetic stability. For compound 2b, E,joyio=-5.6877 €V,
Eiumo=-0.1896 eV, and AE=5.4981 eV were found. Its
high hardness (n1=2.7491 eV) and low softness parame-
ter (0=0.1819 eV) indicate that this compound has high
chemical stability and low reactivity. The chemical poten-
tial values of compounds 2a and 2b were determined to
be -3.2763 eV and —2.9387 eV, respectively and the elec-
tronegativity index values were 3.2763 eV and 2.9387 eV,
respectively. In gaseous environment the calculated
energy gap values are less than 5 eV, which stands for
that this compounds are a good bioactive material. Other
chemical reactivity parameters of the synthesized com-
pounds were shown in Table 3.

In order to understand the charge distribution of the
synthesized compounds, the results obtained from the
calculations made with the B3LYP/6-31G** level were
visualized in three dimensions using the Spartan’10 pro-
gram. Obtained resulting molecular electrostatic poten-
tial surface maps are given in Fig. 6.

Dissimilar values of the electrostatic potential on the
surface are given in distinct colors (blue to red). In MEP
maps, the red regions show nucleophilic regions, which
are atoms or groups of atoms rich in electron density,
while the blue regions show electrophilic regions, which
are atoms or groups of atoms that are poor in electron
density. The green color points out neutral electrostatic
potential [46]. In Fig. 6, both mono-chloro and tetra-
methyl substituted benzene have a high electron density
inside the aromatic ring (red color). This means that the
aromatic C-H has become more basic.

Molecular docking

Molecular docking computations are an important cal-
culation technique that estimates the binding affinity of
ligands to receptor proteins in molecular pharmaceuticals
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Fig. 6 MEP surfaces of compounds 2a and 2b

[47]. Benzimidazole derivatives are compounds that can
contribute to designing efficient bioactive molecules for
the discovery and development of innovative drugs, par-
ticularly in the therapy of cancer [48]. Benzimidazole
derivatives have been often used for their anticancer
activity against different human cancer cell lines [49, 50].
Therefore, it was performed molecular docking of the
compound 2a with anticancer protein targets from colon
cancer (PDB code: 2HQ6), tumor invasion and metas-
tasis (PDB code: 1MP8), cancer cells proliferation and
tumor growth (PDB code: 1E8X) and lung cancer (PDB
code: 1M17). Active sites of proteins were described as
including residues at the centre of the active site of the
protein. A grid box size of 30 A x 30 A x 30 A was used
for the grid generation in all docking studies. The mol-
ecules were optimized using the Spartan’10 package pro-
gram for molecular docking calculation. It was created
.pdb file of optimized structure. In the computations per-
formed using these files, the biological activities of mol-
ecule 2a were compared with the proteins known in the
stages of colon cancer and lung cancer. Good energy val-
ues of the docking results (-6.6 kcal/mol, -6.4 kcal/mol,
-4.8 kcal/mol, and —3.9 kcal/mol respectively) for PDB
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ID: 1M17, PDB ID: 1MP8, PDB ID: 2HQ6 and PDB ID:
1E8X of molecule 2a were shown in Table 4. Molecule
2a constituted secondary interactions (van der Waals,
hydrogen bonding, m-anion, n-sigma, alkyl, and mn-alkyl)
with the EGFR tyrosine kinase (1M17). On the other
hand same molecule constituted secondary interactions
(van der Waals, m-cation, amide-m stacked, alkyl, and
ni-alkyl) with the 2HQ6 protein which identified serologi-
cally as the cyclophilin CeCYP16-like domain of colon
cancer. Hydrogen bonds describe principle stabilization
potencys in biomolecular structure. Van der Waals forces
are also very important in the formation of protein-
ligand complexes, and it is noted that these interactions
are important in determining the binding affinity of the
ligand to the protein. On the other hand, the hydropho-
bic interaction types such as m alkyl, m-sigma, and n-nt
stacked, types of electrostatic interactions as attractive
charge, pi-anion, pi-cation interactions assist increase
the interaction of the ligand in the binding pocket of the
receptor [51]. It can be seen in Figs. 8 and 10 that 1MP8
and 1E8X proteins also make secondary interactions with
compound 2a. Such bonds encountered in docking anal-
yses are important for the structural unity of many bio-
logical molecules such as protein and DNA, as well as for
drug-receptor interactions. These interactions are shown
in Figs. 7, 8, 9 and 10.

In silico pharmacokinetics/ADME-Tox studies

Computer-aided approaches are able to potential to
accelerate drug discovery in terms of help minimize the
costs, and reduce the time [52]. Computer-aided drug
discovery includes in silico assessment, modification,
analysis and optimization of computational identifica-
tion of potential drug targets [53]. According to Lipin-
ski rule, the molecule should comply specific factors to
be improved as an orally drug [54]. According to Lipin-
ski rule, these parameters are: molecular weight (should
be <500 Dalton), hydrogen bond acceptor (should be
number of HBAs<10), hydrogen bond donor (should be
number of HBDs<5), lipophilicity (should be clogP<5)
and number of rotatable bonds (should be <10) [55].
The pharmacokinetics/ ADME results demonstrated
that synthesized compounds comply with Lipinski rule.
These compounds displayed molecular weight less than
500 proposing that these compounds can be well moved
in the body. In 80% of the total drugs the molecular
weight is below 450 daltons. When a compound meets
these rules, it is more likely to have cell membrane per-
meability and be easily absorbed in the body [56, 57]. To
be an effective medicine, a substance must be soluble
in both water and oil. Medicines taken by mouth must
pass through the intestinal lining and penetrate the cell
membrane to reach the interior of a cell. The model com-
pound for the cell membrane is octanol, known as log
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Molecular structure 2a
PDB ID Docking Score RMSD Amino Acid Residues
(keal/mol)

IM17 -6.6 1.793 LEU23, VAL31, ALA48,
LYS50, LEU97, LEU149,
ASP160

1MP8 -6.4 1.984 ILE1S, VAL23, ALA37,
LYS39, CYS87, LEU138

2HQ6 -4.8 2.019 ARGS4, ALA100, ASN101,
ALA102, LEUI21, LYS124,
HIS125

1E8X -3.9 2.051 LEU671, SER672, TRP674,

LYS676, LYS678, CYS679,

PHE685, ALA688

Table 4 Molecular docking results of the molecule 2a

Pow and this value stands for the octanol/water parti- Another importance of this coefficient is that it is used
tion coefficient. Low lipophilicity (logP<5) frequently as a descriptive in the calculations made for the blood-
contributes to good oral absorption land high solubility.  brain barrier (BBB) in an aqueous environment. One of
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Fig. 7 Graphs of the protein-ligand interaction for the most steady complexes (PDB ID: 1M17)
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Fig. 8 Graphs of the protein-ligand interaction for the most steady complexes (PDB ID: 1MP8)
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Fig. 9 Graphs of the protein-ligand interaction for the most steady complexes (PDB ID: 2HQ6)
Table 5 Physicochemical properties predictions of the synthesized compounds 2a and 2b
Comp. Lipinski parameters
No. Mw? HBAP HBD® iLogP? Molar Ref. Violations nROTBf TPSAY BBB" GI ABS'
2a 256.73 1 0 262 7546 0 2 17.82 Yes High
2b 27839 1 0 3.08 90.31 0 2 17.82 Yes High

the most important features for drug candidate mole-
cules is the ability to cross the BBB. It is especially essen-
tial for drugs used in central nervous system diseases to
pass through the BBB. It was predicted exhibit high gas-
trointestinal (GI) absorption and BBB permeability of the
synthesized compounds. It cannot be concluded that the
compounds have exactly the desired pharmacokinetics
required for the development of an orally available drug.

Drug likeness evaluation for the compounds (2a, 2b)
is assessed on their in silico pharmacokinetics studies
depended on the Lipinski rule (Table 5).

C

@ Molecular weight. ® Hydrogen Bond Acceptor.
Hydrogen Bond Donor. ¢ Partition Coefficient. ¢ Molar
Refractivity. { Number of rotable bonds. & Topological
Polar Surface Area. " Blood Brain Barrier. | Gastrointes-
tinal absorption.

Toxicity analysis was carried out using the Protox-II
online tool [58] which ensures knowledge about carcino-
genicity, immunotoxicity, mutagenicity, and cytotoxicity
related to the compounds. It has acute toxicity estimation
findings such as toxicity class classification from 1 (toxic)
to 6 (non-toxic). It was estimated that the synthesized
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Fig. 10 Graphs of the protein-ligand interaction for the most steady complexes (PDB ID: 1E8X)

Table 6 The toxicity computation of synthesized 2a and 2b by Pro-tox Il web tool

Tox. class Organ toxicity (probability)
Comp. Hepatotoxicity Carcinogenicity Immunotoxicity Mutagenicity Cytotoxicity
2a v Inactive Inactive Inactive Inactive Inactive
2b % Inactive Inactive Inactive Active Inactive

compounds were classified as acute toxicity class 4
(slightly toxic). The results recommend that compound
2a is non-carcinogenic and has no effect on immunotox-
icity, cytotoxicity, and mutagenicity. On the other hand,
it shows that the 2b compound is active on mutagenicity
(Table 6).

Conclusion
Two 1,2-disubstituted benzimidazole compounds were
synthesized, characterized, offered, and debated herein.
DFT analysis of the molecular structure, together with
the HOMO-LUMO orbitals, was carried out by using the
Spartan’10 program software. Assessment of the antican-
cer activity of new compounds was performed and dem-
onstrated moderate activity also the compounds showed
good inhibitory activity against molecular docking. The
pharmacokinetic properties of the synthesized molecules
were predicted using ADMET, and 2a molecule has no
toxic effect were kept as hepatotoxicity, carcinogenicity,
immunotoxicity, mutagenicity, and cytotoxicity. How-
ever, molecule 2b has only mutagenicity toxicity. The
ProTox-II program used to predict various toxicological
properties of compounds is not sufficient on its own and
has classified synthesized compounds as acute toxicity
class 4 (slightly toxic). In vitro studies also support this
prediction. In particular, compound 2b was found to be
toxic to two human cell lines (DLD-1 and L929).

In this study, the synthesized compounds 2a and 2b
were tested in vitro against different cancer cell lines. The

results showed that 2a, had slightly antiproliferative activ-
ity compared to cisplatin for the A549, DLD-1, and L929
cell lines while 2b was only found to be active against
A549 cell line. The molecular docking behaviour of com-
pound 2a with lung cancer protein, PDB ID: 1M17 and
colon cancer antigen proteins, PDB ID: 2HQ6 and PDB
ID: 1E8X were compared with experimental and theo-
retically. The predicted binding energies were found to
be -6.6 kcal/mol, -4.8 kcal/mol, and -3.9 kcal/mol respec-
tively. The docking results showed that compound 2a was
inhibited through secondary interactions. Compound 2a
compared to compound 2b was softer and more reactive
because the HOMO-LUMO energy gap is smaller than
compound 2b. It could be said that compound 2a showed
better biological activity than compound 2b in the in
vitro analyses. It showed that substituents with electron
withdrawing capacity (-Cl), as in compound 2a, make
the molecule polar and show good activity. In general, it
could be said that compound 2a may exhibit a therapeu-
tic potential for the prevention of lung cancer based on
the cytotoxic analyses obtained. It can be concluded that
these compounds affect the inhibitory potential depend-
ing on whether the substituents have electron-withdraw-
ing or electron-donating properties.
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