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Abstract

Five new oxadiazole/benzimidazole hybrids were designed and synthesized as EGFR inhibitors. The structure of the new
compounds was confirmed with *H NMR and 3C NMR as well as elemental analyses. Molecular docking studies were done to
investigate their binding mode in ATP binding site of EGFR. The synthesized hybrids exhibited good binding in EGFR binding
site. The thiol tautomers got better docking scores than thione ones. The docking scores of hybrids ranged from -7.4 kcal/mol to -
8.7 kcal/mol which were comparable to that of the co-crystalized ligand Erlotinib (score = -9.7 kcal/mol). In silico physicochemical
and pharmacokinetic properties prediction of them indicated that they have drug like properties.
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1. Introduction

The most robust global challenges and difficulties in the 21st
century is cancer because it is the leading cause of death
globally, the increasing cancer cases rate than that of the
population growth is the leading reason for global concern. For
instance, in Egypt, the expected number of cancer patients in
2050 will exceed 350,000[1]. Additionally, the severe side
effects and lack of selectivity which were associated with the
currently used chemotherapeutic agents. Therefore, there is an
urgent need for more selective anticancer agents with fewer side
effects [2].

The epidermal growth factor receptor (EGFR) is a signaling
system that promotes cell survival and proliferation.[3]
Mutation in EGFR promotes the uncontrolled growth of cancer
cells by enhancing cell proliferation, angiogenesis, and reducing
the apoptotic pathway [4], therefore EGFR inhibitors may play
a critical role in cancer treatment.

Heterocyclic compounds are considered building blocks of
natural compounds such as DNA, RNA, chlorophyll and
haemoglobin [5]. Additionally, heterocyclic compounds showed
different biological activities such as anti-inflammatory,
antifungal, antidiabetic, antibacterial, antiviral, enzyme inhibitor
and anticancer activities [6]. Moreover, many heterocyclic
anticancer drugs exerted their effect through inhibition of EGFR
such as: I, Erlotinib, 11, Gefitinib, and 111, Lapatinib [7] (Fig.1).
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Fig. 1. Some approved anticancer drugs contain heterocyclic core.
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Fig. 2. Some approved anticancer drugs contain 1,3,4-oxadiazole core.

Additionally, 1,3,4-oxadiazole containing compounds displayed
an important role as anticancer agents with several mechanisms
of action, such as induction of apoptosis, cell cycle arrest at
different phases, and inhibition of tubulin, angiogenesis, and
EGFR.% For example, 1V, Nesapidil, V, Tiodazosin, and VI,
Zibotentan are anticancer drugs founded in markets that contain
oxadiazole ring [9] (Fig.2).
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Fig. 3. Structures of 1,3,4-oxadiazoles VII-XII which displayed EGFR
inhibitory activities.

Also, many oxadiazoles showed promising anticancer activity
as EGFR inhibitors (Fig. 3). For example, compound VII
showed potent EGFR inhibitory activity through binding of the
molecule to ATP binding site. It was more potent than the
reference drug Erlotinib against EGFR with 1Csy equal to 0.28
nM and 0.42 nM, respectively. Additionally, compound VII
showed potent anti-proliferative activity against UO-31 cell line
with ICsp equal to 5.76 nM, while the reference drug
Doxorubicin had an ICsy equal to 7.45 nM[10]. Furthermore,
compound VIII showed good docking score equal to -7.03
kcal/mol against EGFR (PDB ID: 4hjo). Compound VIII also
showed potent anticancer activity with 1Cso ranged from 0.34
MM to 2.45 uM against MCF-7, A549 and MDA MB-231 cell
lines while Doxorubicin as reference drug exhibited 1Cs ranged
from 2.10 pM to 3.41 pM[11]. Moreover, compound IX
showed potent anticancer activity against MCF-7 and EGFR
with ICsp equal to 1.09 uM and 1.51 uM, respectively while
Gefitinib standard drug had 1Cso equal to 12.05 puM and 0.02
MM, respectively. The binding energy of compound IX in
EGFR binding site was equal to -10.7 kcal/mol. The
inconsistency between the anti-proliferative activity of
compound IX and its enzyme inhibition indicated that it could
act as multi-kinase inhibitor, one of its targets is EGFR[12].
Also, the oxadiazole X displayed remarkable EGFR Kkinase
inhibition with ICso equal to 0.41 pM while the reference drug,
Erlotinib had 1Csp = 0.30 uM. Compound X showed promising
anticancer activity against MCF-7 and HepG2 with 1Cso equal to
2.13 pg/mL and 1.63 pg/mL, respectively compared to the
activity of Doxorubicin as reference drug which had ICso equal
to 1.41 pg/mL and 1.61 pg/mL[13]. Additionally, compound XI
showed good EGFR inhibition with ICso equal to 2.80 uM
compared to Erlotinib (ICso of 0.04 pM). Furthermore,
compound XI displayed potent anticancer activity against
HCT116, A549, and A375 cancer cell lines with 1Cso ranged
from 6.43 pM to 9.62 uM. Its activity was more potent than
Erlotinib (ICso ranged from 17.86 uM to 23.81 pM)[14]
Recently, compound XI1 displayed potent EGFR inhibition with
I1Cs0 equal to 0.24 uM compared to Gefitinib standard drug (ICso
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= 0.023 uM). Additionally, compound XII showed potent
anticancer activities against three leukemia cell lines K-562,
KG-1a, and Jurkat cell lines with ICso ranging from 1.95 to 3.45
UM comparable to Cisplatin as a positive control (ICsp ranging
from 3.21 to 15.12 pM)[15].

Another important example of organic heterocyclic rings is
benzimidazole nucleus which showed potent anticancer
activities as their structure similar to natural purines[16]. They
exhibited their anticancer activity by inhibition of one or more
of the following targets: sirtuin (SIRT1 and SIRT2),
phospholipase A2-V& COX-2 enzymes, topoisomerase 1& I,
tubulin polymerization, and EGFR.[17]. Additionally, many
marketed drugs contain benzimidazole building block as XIII,
Abemaciclib, XIV, Dovitinib, XV, Binimetinib, and XVI,
Selumetinib (Fig. 4)[18].
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Fig. 4. Some approved anticancer drugs contain benzimidazole core

Compound XVII showed promising anticancer activity with
ICso ranging from 2.2 uM to 11.9 pM against MCF7, MDA-
MB231 and A549 cell lines comparable to 5-FU as a reference
drug with 1Cs ranging from 1.16 uM to 7.12 uM. Compound
XVII showed good EGFR inhibitory activity with 1Cso equal to
0.97 uM which is comparable to Gefitinib (ICsp = 0.011 uM).
Molecular docking study showed binding energy equal to -
34.581 Kcal/mol with five key hydrogen bonds and two -
interaction.® Moreover, 3-(substituted phenyl)-1-[2-(1-hydroxy-
ethyl)]-1H-benzimidazole-1-yl) prop-2-en-1-one derivatives
XVllla-b showed docking scores equal to -8.4 Kcal/mol and -
8.2 Kcal/mol, respectively and showed potent affinity to EGFR
receptor tyrosine kinase[20].
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Several trials were done for designing and synthesis anticancer
agent by gathering benzimidazole and oxadiazole in one
compact unit as hybrid to overcome resistance of cancer
cells[21] Also, this.hybridization might afford synergetic effect
and/or improvement of physiochemical and pharmacokinetic
properties[22] For example, the hybrid XI1X (Fig. 5) showed
potent inhibitory activities against EGFR, erbB2 with I1Cso equal
to 0.081 uM and 0.098 uM, respectively. Moreover, compound
XIX was more potent than the reference drug 5-FU against

MCF7 cell line with 1Cs value equal to 5 uM. In addition to its
EGFR inhibition activity, it showed induction of apoptotic
activity accompanied by cell cycle arrest at G2/M phase.?
Furthermore, compound XX showed remarkable anti-
proliferative activities with ICso values of 4.68 uM, 4.16 uM,
and 5.40 pM against the HeLa, MCF-7, and A549 cell lines,
respectively, comparable to Doxorubicin as positive control
with I1Cso values of 2.04 pM, 1.73 pM, and 2.34 pM.
Additionally, compound XX was less toxic against normal
human embryonic kidney cell line HEK293 (ICso = 37.25 pM)
than Doxorubicin (ICso = 6.40 uM). A molecular docking study
showed a high affinity of the compound to the EGFR kinase site
(PDB_ID: 4HJO) with the value of -8.6 Kcal/mol which is
comparable to that of Doxorubicin (-8.9 Kcal/mol)[24]
Additionally, hybrids XXla-b showed promising anticancer
activity against MCF-7 cell lines with ICsp equal to 1.53 uM and
2.08 uM, respectively compared to Doxorubicin (ICsp =1.45
uM). Moreover, the two compounds had higher binding affinity
in EGFR (PDB 1M17) with binding energy equal to -8.42
kcal/mol and -8.45 kcal/mol kcal/mol, respectively than
Erlotinib which had binding energy equal to -7.90 kcal/mol[25].
Based on the above-mentioned aspects, we designed and
synthesized new hybrids by direct linking of 1,3,4-oxadiazole
on benzimidazole core containing different aryl rings at position
two for synergistic EGFR inhibitory activity (Fig. 6). Moreover,
the new compounds were docked into the ATP binding sites of
EGFR (PDB ID: 1M17) to investigate their binding affinity.
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Fig. 5. Structures of 1,3,4-oxadiazole/benzimidazole hybrids XIX-XXI.
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Fig. 6. Pharmacophore of the target compounds.
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2. Results and Discussion
2.1. Chemistry

The sequence of the chemical reactions that were utilized in the
synthesis of new oxadiazole/ benzimidazole hybrids 6a-e is
sketched in Scheme 1. The first step was the formation of The
appropriate sodium hydroxy(phenyl)methanesulfonate adduct
2a-e by the slow addition of sodium meta bisulfite to the
appropriate aldehyde la-e in ethanol followed by vigorous
stirring for 30 min. The formed adducts then underwent
condensation with 3,4-diamino benzoic acid upon reflux in
DMF for 3-6 h* to afford the substituted 2-phenyl-1H-
benzo[d]imidazole-5-carboxylic acids 3a-e. The substituted
ethyl 2-aryl-1H-benzo[d]imidazole-5-carboxylate 4a-e were
formed upon refluxing 3a-e with absolute ethanol in the
presence of concentrated H,SO4 as a dehydrating agent for 20
h.?” Hydrazinolysis of ester derivatives 4a-e underwent upon
reflux with hydrazine mono hydrate for 6-7 h that afforded the
carbohydrazide compounds 5a-e.?” Finally, our target
oxadiazole/benzimidazole hybrids 6a-e were obtained by
refluxing carbohydrazide compounds 5a-e with carbon disulfide
and KOH in absolute ethanol overnight.! The solid were
obtained upon evaporation of solvent under vacuum. The
resulting solid was dissolved in water and acidified with 10%
HCI. The formed precipitate was filtered off, washed with
water, dried, and recrystallized from ethanol to generate the
corresponding oxadiazole/benzimidazole derivatives 6a-e in
good yield ranged from 60% to 87%. 'H MMR and *C NMR
spectroscopy as well as elemental analysis were used for
confirming the structure of the new compounds. 'H NMR
spectra of compounds 6a-c showed singlet signals at &: 7.22-
8.22 ppm related to H atom at position 4 of benzimidazole ring,
in addition all aromatic or aliphatic hydrogen's appeared in the
expected chemical shift. The 3C NMR spectra of compounds
6a-e revealed the presence of the carbon of thione group in all
compounds at &: 162.57-168.83 ppm. All other carbons
appeared in their expected chemical shift.

2 HOH  hooc NH, oM
N a Y sogNa \©: b R&= N
RT/ —— RT/ NH, > \ / N
2a-e

H
1a-e
3a-e
l c

Rg= N CONHNH, ¢ Ro—= N COOEt

4 4
OO0 = O

H H

5a-e 4a-e

e

N-NH '/Hf

R\ N { O/Es R\ N o)\SH
(e — O,

H H

6a-e
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Reagent and reaction conditions: (a) EtOH, Sodium meta bisulfite in
water, vigorous stirring 0.5 h; (b) DMF, reflux 3-6 h; (c) EtOH, Conc.

H2S04, reflux 20 h; (d) NH2NHz, EtOH, reflux 3-7 h; (e) 1- CS2, KOH,
EtOH, reflux 12 h.; 2- Conc HClI, (60.0-87.0%).

Schemel. Synthesis of oxadiazole/benzimidazole hybrids 6a-e.

2.2. Docking results

The structures of the synthesized derivatives (i.e., 6a-e) were
prepared and docked inside the active site of EGFR (PDB ID:
1M17) to investigate their binding interactions (Fig.7A-E). We
took into consideration the effect of thiol-thione tautomerism of
these derivatives during the docking step, where each tautomer
was docked separately. The resulting docking scores of these
derivatives, including their tautomers, were to some extent
convergent (i.e., docking scores ranged from -7.4 to -8.7
kcal/mol, Table 1) and comparable with that of the co-
crystalized ligand Erlotinib (score = -9.7 kcal/mol).

Table 1. Docking scores of compounds (6a-€) inside the active
site of EGFR

Docking score (kcal/mol)

Compound
Thiol tautomer Thione tautomer
6a -8.2 -8.7
6b -8.1 -8.3
6c -7.8 -8.0
6d -1.7 -8.0
6e -7.4 -7.6
Erlotinib -9.7

In general, thiol tautomers got better scores than thione ones.
Additionally, the substitution on the phenyl ring led to lower
docking scores, where the triimethoxy substitution in compound
6e was associated with lowest scores (-7.4 kcal/mol and -7.6
kcal/mol for thiol and thione tautomer, respectively). The
binding modes of all derivatives (i.e., 6a-e€) were comparable,
where hydrophobic interactions with LEU 694, VAL 702, LYS
721, and LEU 820 were the key interacting residues (Fig. 7A-
E). Both 6a and 6d showed similar binding poses, while the
remaining structures (6b, 6¢, and 6e) showed also similar but
flipped poses (Fig. 7A-E). In regard to hydrophilic interactions
(i.e., H-bonding), LYS 721, THR 766, MET 769, and THR 830
were the common interacting residues. Judging from the
previous in silico structural analysis, it can be concluded that the
derivatives 6a-e are considered promising structure motifs
acting as EGFR inhibitors.

2.3. Insilico prediction of physicochemical and
pharmacokinetic properties

In this investigation, we used Swiss ADME to estimate the
physicochemical and pharmacokinetic features of target
substances (http://www.swissadme.ch/index.php). Briefly, the
five independent models SILICOS-IT, MLOGP, iLOGP,
XLOGP3, and WLOGP all predict lipophilicity. Consensus log
Po/w is determined using their arithmetic mean[28]. A map of
polarity expressed in TPSA vs lipophilicity expressed in
WLOGP, another model for predicting lipophilicity, is called
BOILED Egg. In the BOILED Egg plot (Fig. 8), the yolk
indicates the potential for BBB permeability while the white
represents the potential for Gl absorption. Lastly, a plot of
bioavailability radar is a plot of six different physicochemical
properties size, polarity, flexibility, solubility, saturation and
lipophilicity[29,30] The ideal range for good oral bioavailability
is represented by the pink hexagon in the center of the image.
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These calculations revealed that target compounds
outperformed erlitonib in terms of the metrics, which are shown
in Table 2 and Fig.9. Additionally, they were projected to have
higher Gl absorption than erlitonib due to the target compounds'
notable reduction in lipophilicity (WLOGP 3.57-4.22) as
compared to Erlotinib (WLOGP 3.48). Additionally, the
polarity of these target compounds was acceptable (TPSA
106.40-124.86) except 6e with unacceptable TPSA 134.09 and
erlotinib with TPSA equal to 74.73.

A F ;__

; : = //
/ —— VAL-702 \

The target molecular compounds' weights of less than 500
g/mol. Otherwise, no target compounds deviated from the
Lipinski rule. All of the target compounds had less Fraction
Csp3 than erlotinib. The molecular flexibility of most target
drugs had lower RB than erlotinib, which also increases the oral
activity of the target compounds. The five compounds have 2-5

RB, while erlotinib has 10 RB, the ideal range <9 RB.

THR-766

| vaL702

LEU-820

Fig. 7. A-E: Binding modes of compounds 6a-e, respectively (Brick red colored structures are thione tautomers, while cyan-colored structures are
thiol tautomers) inside the binding site of the kinase domain of human EGFR (PDB ID: 1M17) together with the co-crystalized ligand
(F; orange-colored structure).

Table 2. Predicted pharmacokinetics and physicochemical properties of target compounds 6a-e and Erlotinib

Erloitnib 6a 6b 6c 6d 6e
M.Wt 393.44 294.33 328.78 324.36 354.38 384.41
Fraction Csp3 0.27 0.00 0.00 0.06 0.12 0.17
RB 10 2 2 3 4 5
HBA 6 4 4 5 6 7
HBD 1 1 1 1 1 1
MR 111.40 82.07 87.08 88.57 95.06 101.55
TPSA 74.73 106.40 106.40 115.63 124.86 134.09
Log P 3.23 3.02 3.57 3.07 2.99 2.99
Gl absorption High High High High High High
BBB Yes No No No No No
LipV 0 0 0 0 0 0
Bio.SC 0.55 0.55 0.55 0.55 0.55 0.55
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Fig.8. Forecast Boiled-Egg plotting from Swiss ADME online website for scaffolds 6a-e and Erloitnib
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Fig.9. Radar bioavailability diagram from Swiss ADME website for scaffolds 6a-e and Erolitinib. The pink area characterizes the optimum
property values range for the oral bioavailability, and the red lines represent the forecasted characters.
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3. Conclusion

New five oxadiazole/benzimidazole hybrids were synthesized
and their structures were confirmed with *H NMR and *C NMR
as well as elemental analyses. Molecular docking study of the
new hybrids inside the active site of EGFR (PDB ID: 1M17)
revealed that the new hybrids had docking scores ranged from -
7.4 to -8.7 kcal/mol which were comparable to that of the co-
crystalized ligand Erlotinib (score = -9.7 kcal/mol).
Additionally, all derivatives 6a-e had comparable binding
modes and could be considered promising structure motifs
acting as EGFR inhibitors. Furthermore, Swiss ADME
estimation of the physicochemical and pharmacokinetic features
of hybrids 6a-e indicated that compounds 6a-e had drug like
properties. Thus the hybrids 6a-e might be potent anticancer
agents via EGFR inhibition. However, further in vitro and in
vivo anti-proliferation experiment studies are needed to proof
and clarify their efficacy an anticancer agents.

4. Experimental Section

4.1. Chemistry section:

e All used solvent and chemicals were of Analytical grade.
chemicals and solvents were used.

e Thin layer chromatography precoated Merck silica gel 60
F254 aluminum sheets were used for monitoring the progress of
reactions.

e Stuart electro-thermal melting point apparatus was used for
detection of melting points and they were uncorrected.

e 'H NMR spectra were recorded on Burker AG, Switzerland,
500 MHz, Faculty f Pharmaceutical Sciences, Umm Al-Qura
University, Mecca, Saudi Arabia; chemical shift (3) was
expressed in ppm relative to TMS (6 = 0 PPM) as internal
standard and DMSO-ds as a solvent. Chemical shifts (3) were
expressed in parts per million (ppm) and coupling constants (J)
were expressed in Hertz. The signals were designated as
follows: s, singlet; d, doublet; t, triplet; g, quartet, m, multiplet.
e 13C NMR spectra were recorded on Burker AG, Switzerland
and 125 MHz, faculty of Pharmaceutical Sciences, Umm Al-
Qura University, Mecca, Saudi Arabia using TMS as the
reference standard and DMSO-ds as a solvent. Chemical shifts
() were expressed in parts per million (ppm).

e Elemental analyses were recorded on Shimadzu GC/ MS-
QP5050A at the Regional center for Mycology and
Biotechnology, Al-Azhar University, Egypt

4.1.1. General procedure for the synthesis of the adduct 2a-
e[31]

A Solution of sodium meta bisulfite (1.6 gm/10mL water) was
added drop wisely to the appropriate benzaldehyde derivative
solution in ethanol with vigorous stirring for 30 min. The
precipitate that formed was filtered off and dried in vacuo and
used in the next step without purification.

4.1.2. General procedure for the synthesis of substituted
phenyl-1H-benzo[d]imidazole-5-carboxylic acid 3a-e [32]

A mixture of the appropriate adduct 2a-e (2 mmol) and 3,4-
diamino benzoic acid (2 mmol) in DMF (5 mL) was heated
under reflux for (3-6) h after which the reaction mixture was
cooled, poured into ice water. The formed solid was collected

and recrystallized from the appropriate solvent to afford the
corresponding acid in good yield.

4.1.2.1. 2-Phenyl-1H-benzo[d]imidazole-5-carboxylic acid
(3a).

White powder (83.0% yield); mp: >300 °C (Reported mp: 325
°C) [33].

4.1.2.2. 2-(4-Chlorophenyl)-1H-benzo[d]imidazole-5-
carboxylic acid (3b).

White powder (80.0% yield); mp: 180-181 °C (Reported mp:
168-169 °C) [34].

4.1.2.3. 2-(4-Methoxyphenyl)-1H-benzo[d]imidazole-5-
carboxylic acid (3c).

White powder (78.0% yield); mp: 244-246 °C (Reported mp:
246-247 °C) [35].

4.1.2.4. 2-(3,4-Dimethoxyphenyl)-1H-benzo[d]imidazole-5-
carboxylic acid (3d).

White powder (69.0% vyield); mp: 215-217 °C (Reported mp:
200(bubl)°C) [36].

4.1.2.5. 2-(3,4,5-Trimethoxyphenyl)-1H-benzo[d]imidazole-
5-carboxylic acid (3e).

White powder (66.0% yield); mp: 275-277 °C (Reported mp:
280-281°C) [37].

4.1.3 General procedure for the synthesis of substituted
ethyl 2-phenyl-1H-benzo[d]imidazole-5-carboxylate (4a-e).?’

A mixture of the appropriate substituted phenyl-1H-
benzo[d]imidazole-5-carboxylic acid (0.01 mol) and 2 mL of
concentrated H,SO. in 100 mL of absolute ethanol was heated
under reflux for 20 h. The reaction mixture was concentrated
under vacuum, then washed with saturated NaHCOs; (2 X 20
mL). The resulting solid was filtered off, dried to give the ethyl
ester derivatives 2a-e, and used for following step without
further purification.

4.1.3.1. Ethyl-2-phenyl-1H-benzo[d]imidazole-5-carboxylate
[38] (4a).

White powder (71.0% yield); mp: 183-184 °C.

4.1.3.2. Ethyl-2-(4-chlorophenyl)-1H-benzo[d]imidazole-5-
carboxylate (4b).

White powder (78.0% yield); mp: >300 °C.

4.1.3.3. Ethyl-2-(4-methoxyphenyl)-1H-benzo[d]imidazole-5-
carboxylate (4c).

White powder (68.0% yield); mp: 202-205 °C (Reported mp:
188-189 °C) [39].
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4.1.3.4. Ethyl-2-(3,4-dimethoxyphenyl)-1H-
benzo[d]imidazole-5-carboxylate® (4d).

White powder (69.0% yield); mp: 230-232 °C.

4.1.3.5. Ethyl-2-(3,4,5-trimethoxyphenyl)-1H-
benzo[d]imidazole-5-carboxylate (4e).

White powder (74.0% yield); mp: 260 °C.

4.1.4. General procedure for the synthesis of substituted 5-
hydrazineyl-2-phenyl-1H-benzo[d]imidazole(5a-¢e) [40]

A mixture of the appropriate substituted ethyl 4-(1H-
benzo[d]imidazol-2-ylbenzoate 4a-c (0.1 mol) hydrazine
monohydrate 99% (0.25 mol), was heated under reflux for 6 h.
Hydrazine monohydrate was removed under vacuum and the
residue was poured into 200 mL of cold water. The formed solid
was collected, washed with ice-cold water and recrystallized
from 95% ethanol.

4.1.4.1. 2-{Phenyl-1H-benzo[d]imidazole}-5-
carbohydrazide (5a).

Beige Crystal (1.8g, 73% vyield); m.p: 247-249 °C; 'H NMR
(500 MHz, DMSO-ds) & (ppm): 3.74 (2H, s, NH,), 7.21-7.26
(1H, m, Ar-H), 7.58-7.69 (1H, m, Ar-H), 7.99 (3H, d, J = 8.2
Hz, Ar-H), 8.09 (2H, d, J = 8.2 Hz, Ar-H), 8.21-8.27 (1H, s, Ar-
H), 9.76 (1H, s, NH);1*C NMR (125 MHz, DMSO-dg) & (ppm):
108.43, 117.83, 126.15, 126.72, 127.94, 129.67, 135.55, 136.29,
142,73, 142.93,152.79, 168.79.

4.1.4.2. 2-{[4-Chlorophenyl]-1H-benzo|d]imidazole}-5-
carbohydrazide (5b).

Beige Crystal (2.0g, 70% vyield); m.p: 250-252 °C; *H NMR
(500 MHz, DMSO-dg) & (ppm): 3.85 (2H, s, NHy), 7.13 (2H, d,
J =8.7 Hz, Ar-H), 7.50-7.65 (1H, m, Ar-H), 7.70 (1H, d, J = 8.1
Hz, Ar-H), 7.99-8.07 (1H, m, Ar-H), 8.14 (2H, d, J = 8.7 Hz,
Ar-H), 9.76 (1H, s, NH); 3C NMR (125 MHz, DMSO-dg) &
(ppm): 108.01, 111.10, 114.90, 115.08, 122.74, 127.40, 128.72,
134.99, 135.70, 153.80, 161.35, 167.08.

4.1.4.3. 2-{[4-Methoxyphenyl]-1H-benzo[d]imidazole}-5-
carbohydrazide® (5c).

White powder (80.0% yield); mp: 257-259 °C (Reported mp:
250-252 °C).

4.1.4.4. 2-{[3,4-Dimethoxyphenyl]-1H-benzo[d]imidazole}-
5-carbohydrazide (5d).

Gray Crystal (2.2g, 72% yield); m.p: 230-231 °C; *H NMR (500
MHz, DMSO-ds) & (ppm): 3.85 (3H, s, OCHs), 3.89 (3H, s,
OCHjy), 7.13-7.16 (1H, m, Ar-H), 7.51-7.61 (1H, m, Ar-H),
7.68-7.72 (1H, m, Ar-H), 7.75-7.81 (2H, m, Ar-H), 8.03-8.13
(1H, m, Ar-H), 9.72 (1H, s, NH); 3C NMR (125 MHz, DMSO-
de) & (ppm): 56.07, 56.09, 110.30, 112.28, 114.13, 116.11,
120.07, 121.68, 122.81, 123.08, 127.51, 148.34, 149.38,
151.02, 153.71, 167.09.

4.1.45. 2-{[3,4,5-Trimethoxyphenyl]-1H-
benzo[d]imidazole}-5-carbohydrazide (5e).

Brown Crystal (2.3g, 68% yield); m.p: 264-266 °C; 'H NMR
(500 MHz, DMSO-dg) & (ppm): 3.89 (6H, s, 20CH3), 3.92 (3H,
s, OCHy), 7.32-7.37 (1H, m, Ar-H), 7.51-7.56 (3H, m, Ar-H),
7.70-7.74 (1H, m, Ar-H), 9.79 (1H, s, NH); '*C NMR (125
MHz, DMSO-ds) & (ppm): 56.54, 60.71, 104.47, 104.69,
120.19, 125.53, 127.40, 138.27, 139.63, 146.15, 148.64, 151.35,
153.72, 167.11.

4.1.5. General procedure for the synthesis of substitute 5-(2-
phenyl-1H-benzo[d]imidazol-5-yl)-1,3,4-oxadiazole-2-
thiol(6a-e) [1]

Equimolar  quantities of 5-substituted ethyl 4-(1H-
benzo[d]imidazol-2-yl)benzohydrazides 5a-e (0.05mol) and
KOH (0.05mol) refluxed with carbon disulfide (0.17 mol,
10mL) in ethanol 70mL overnight until evaluation of H.S gas
stopped. The reaction mixture was concentrated under vacuum.
The formed solid was collected and dissolved in H,O then
acidified with 10% HCI to pH 2. The formed solid was collected
and washed with water and recrystallized with an appropriate
solvent to afford the target oxadiazoles 6a-e in good yield.

4.1.5. 1. 5-{2-Phenyl-1H-benzo[d]imidazol-5-yl}-1,3,4-
oxadiazole--2(3H)-thione (6a).

Beige Crystal (1g, 81% yield); m.p: 270-272 °C; *H NMR (500
MHz, DMSO-dg) & (ppm): 7.55-7.62 (3H, m, Ar-H), 7.71-7.77
(2H, m, Ar-H), 7.95 (1H, s, Ar-H), 8.00 (2H, d, J = 8.1 Hz, Ar-
H), *C NMR (125 MHz, DMSO-dg) & (ppm): 112.61, 115.84,
118.51, 122.61, 125.07, 127.72, 129.60, 132.80, 135.57, 137.30,
152.52, 161.05, 163.83; Anal. calcd. for C15H10N4OS: C 61.21,
H 3.42, N 19.04, S 10.89. Found: C 61.42, H 3.52, N 19.20, S
10.99.

4.1.5. 2. 5-{2-[4-Chlorophenyl]-1H-benzo[d]imidazol-5-yl}-
1,3,4-oxadiazole-2(3H)-thione (6b).

Beige Crystal (1.2g, 76% vyield); m.p: 253-255 °C; 'H NMR
(500 MHz, DMSO-ds) 6 (ppm): 7.60 (1H, d, J = 8.3 Hz, Ar-H),
7.64 (1H, d, J = 8.3 Hz, Ar-H), 7.71-7.75 (1H, m, Ar-H), 7.90-
7.92 (1H, m, Ar-H), 8.01-8.08 (1H, m, Ar-H), 8.09 (1H, d, J =
8.3 Hz, Ar-H), 8.22 (1H, s, Ar-H) **C NMR (125 MHz, DMSO-
ds,) 6 (ppm): 113.57, 115.07, 117.31, 129.26, 129.60, 130.57,
136.82, 137.31, 140.57, 151.82, 152.57, 161.52, 168.05; Anal.
calcd. for CisHoCIN4OS: C 54.80, H 2.76, N 17.04, S 9.75.
Found: C 55.03, H 2.96, N 17.24, S 9.65.

4.1.5.3. 5-{2-[4-Methoxyphenyl]-1H-benzo[d]imidazol-5-yl}-
1,3,4-oxadiazole-2(3H)-thione (6c).

Beige Crystal (1.7g, 80% vyield); m.p: 284-286°C; 'H NMR
(500 MHz, DMSO-ds) & (ppm): 3.81(3H, s, OCH3), 7.10 (1H, d,
J = 8.9 Hz, Ar-H), 7.13 (1H, d, J = 8.9 Hz, Ar-H), 7.72 (1H, s,
Ar-H), 7.88-7.90 (1H, m, Ar-H), 7.97-8.07 (3H, m, Ar-H ), 1C
NMR (125 MHz, DMSO-dg,) & (ppm): 55.61, 112.82, 114.82,
115.86, 116.08, 117.11, 121.06, 129.05, 129.31, 137.58,
140.53, 153.82, 161.53, 162.57; Anal. calcd. for C1sH12N4O,S:
C 59.25, H 3.73, N 17.27, S 9.88. Found: C 59.35, H 3.63, N
17.17, S 9.93.
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4.1.5.4. 5-{2-[3,4-Dimethoxyphenyl]-1H-benzo[d]imidazol-5-
yl}-1,3,4-oxadiazole-2(3H)-thione (6d).

Beige Crystal (1.7g, 80% vyield); m.p: 283-285°C; ‘*H NMR
(500 MHz, DMSO-ds) & (ppm): 3.86(3H, s, OCHgs), 3.90 (3H, s,
OCHjg) 7.14-7.18 (1H, m, Ar-H), 7.61-7.68 (2H, m, Ar-H), 7.72-
7.74 (1H, m, Ar-H), 8.02 (1H, d, J = 9.0 Hz, Ar-H), 8.15 (1H, d,
J = 9.0 Hz, Ar-H); 3C NMR (125 MHz, DMSO-ds,) & (ppm):
56.15, 56.24, 110.45, 112.36, 116.24, 116.38, 120.28, 120.39,
122.28, 122.45, 123.87, 124.63, 148.15, 149.46, 151.37, 161.99,
168.35; Anal. calcd. for Ci7H14N4O3S: C 57.62, H 3.98, N
15.81, S 9.05. Found: C 57.52, H 3.88, N 15.99, S 9.15.

4.1.5.5. 5-{2-[3,4,5-Trimethoxyphenyl]-1H-
benzo[d]imidazol-5-yl}-1,3,4-oxadiazole-2(3H)-thione (6e).

Brown Crystal (1.5g, 70% vyield); m.p: 232-234°C; 'H NMR
(500 MHz, DMSO-ds) & (ppm): 3.73 (3H, s, OCHjs), 3.88 (6H,
s, 20CHs), 7.25 (2H, s, Ar-H ), 7.67-7.72 (1H, m, Ar-H ), 7.89-
7.96 (1H, m, Ar-H), 8.18- 8.33(1H, m, Ar-H), 13.40 (1H, s,
NH); *C NMR (125 MHz, DMSO-ds,) & (ppm): 56.60, 60.61,
106.87, 107.13, 117.78, 121.55, 130.83, 139.20, 144.31, 144.67,
149.57, 151.99, 153.56, 153.72, 166.65; Anal. calcd. for
CisH16N4O4S: C 56.24, H 4.20, N 14.58, S 8.34. Found: C
56.29, H 4.15, N 14.68, S 8.39.

4.2. Docking based virtual screening
4.2.1. Ligand Structure Generation

OpenBabel v.3.1.1 was used to convert the structures’ SMILE
codes to three-dimensional configurations that were
subsequently subjected to a minimization of energy using the
steepest descent technique with the same software. The
minimization was performed by the force field MMFF94. Using
AutoDockTools v.4.2, all torsions of the selected structures
were assigned and their Gasteiger charges were provided for all
studied atoms in structures.*4?

4.2.2. Protein Structure Preparation

For docking screening, the human EGFR crystal structure (PDB
code: 1M17) were used. PDBfixer was used to edit the
downloaded structure, adding missing residues and atoms, and
removing co-crystalized H;O and heteroatoms. Through
AutoDock Tools v.4.2, polar hydrogen and Gasteiger charges
were subsequently made available for both proteins.*?

4.2.3. Structural Docking

The docking process was carried out using the PyRx platform's
built-in  AutoDock Vina software According to the co-
crystalized ligands of both enzymes, the docking search grid
boxes were determined to perfectly enclose them with a 20 A3
total size.*+

The grid box coordinates were set to be x = -10.857; y = 22.836;
z = -16.347. Pymol software was used to evaluate and display
docking poses. Exhaustiveness was set to 24. Ten poses were
generated for each docking experiment. Docking poses were
analyzed and visualized using Pymol software. The docking
protocol was validated by re-docking the co-crystalized ligand
(i.e. Erlotinib) into the active sites of the enzyme (i.e. EGFR).
The resulting top-scoring poses of both ligands were in good

alignment with the co-crystalized one with slight deviation
(RMSDs = 1.143A) [46].
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