
Archiv der Pharmazie 

FULL PAPER 

Design, Synthesis, and Biological Evaluation of Novel 
Benzimidazole/Schiff Base Hybrid Derivatives With 
Potential Biological Activities 
Mohamed Y. Abdel‐Hady1 | Martha M. Morcoss2 | Abdullah Yahya Abdullah Alzahrani3 | Bahaa G. M. Youssif4 |
El Shimaa M. N. Abdelhafez5 | Mohamed Abdel‐Aziz5

1Pharmaceutical Chemistry Department, Faculty of Pharmacy, Badr University in Assiut (BUA), Asyut, Egypt | 2Department of Pharmaceutical Chemistry, 
Faculty of Pharmacy, Nahda University, Beni‐Suef, Egypt | 3Department of Chemistry, Faculty of Science, King Khalid University, Abha, Saudi 
Arabia | 4Pharmaceutical Organic Chemistry Department, Faculty of Pharmacy, Assiut University, Assiut, Egypt | 5Department of Medicinal Chemistry, 
Faculty of Pharmacy, Minia University, Minia, Egypt

Correspondence: Bahaa G. M. Youssif (bgyoussif2@gmail.com) | Mohamed Abdel‐Aziz (Abulnil@hotmail.com)

Received: 5 August 2025 | Revised: 4 November 2025 | Accepted: 25 November 2025

Keywords: antiproliferative | benzimidazole | EGFR | HER‐2 | hydrazone | thiosemicarbazide

ABSTRACT
A novel series of benzimidazole‐based derivatives (5a–g), (6a–b), and (7a–b) were designed, synthesized, and evaluated for 
their potential as dual inhibitors of EGFR and HER‐2. The synthesized compounds were subjected to in vitro screening against 
a panel of selected human cancer cell lines. Additionally, their cytotoxicity was assessed using normal human mammary 
epithelial cells (MCF‐10A) to evaluate their safety profile. Among the tested derivatives, compounds 5b, 5f, and 6a demon
strated the most pronounced antiproliferative activity, exhibiting IC₅₀ values of 6, 8, and 5 µM, respectively. These values reflect 
a potency at least fourfold greater than that of the reference drug Doxorubicin (IC₅₀ = 33 µM). EGFR and HER‐2 enzyme 
inhibition assays were conducted to explore the potential molecular targets responsible for the observed anticancer effects. 
Notably, compound 6a (R₁ = phenyl, thiosemicarbazide) exhibited superior efficacy against the MCF‐7 breast cancer cell line, 
with an IC₅₀ of 5 µM, approximately six times more potent than Doxorubicin. Conversely, compound 7b, with an IC₅₀ value of 
85 µM against MCF‐7 cells, was the least active, underscoring the critical role of the phenyl moiety in antiproliferative activity. 
Furthermore, a molecular docking study was conducted to investigate the binding interactions of 6a within the active sites of 
EGFR and HER‐2, providing insight into its potential mechanism of action.

1 | Introduction 

Cancer is classified as one of the most aggressive and fatal 
diseases globally. GLOBOCAN 2021 estimates indicate that in 
2020, there were approximately 18.1 million new cancer diag
noses and 9.6 million cancer‐related deaths globally [1]. Female 
breast cancers have overtaken lung cancers as the most often 
diagnosed malignancies, with an anticipated 2.3 million new 
cases (11.7%), followed by lung cancers (11.4%) and colorectal 
cancers (10.0%). Lung cancer continued to be the predominant 
cause of cancer mortality, accounting for over 1.8 million 

fatalities (18%) [2]. Targeted therapy, a distinctive form of 
chemotherapy, effectively inhibits the proliferation and dis
semination of cancer cells by focusing on certain genes or 
proteins.

The epidermal growth factor receptor (EGFR) family, com
prising EGFR (ErbB1, HER1), HER‐2 (ErbB2), HER3 (ErbB3), 
and HER4 (ErbB4), is a prominent subfamily of protein kinases, 
commonly referred to as HER or ErbB receptors [3, 4]. The 
EGFR family is crucial in signal transduction, and its over
expression is associated with the etiology of various human 
solid tumors, including non‐small cell lung cancers (NSCLCs) 

© 2025 Deutsche Pharmazeutische Gesellschaft. 

1 of 16 Archiv der Pharmazie, 2025; 358:e70165 
https://doi.org/10.1002/ardp.70165

https://orcid.org/0009-0000-0739-5437
https://orcid.org/0000-0001-8385-0171
https://orcid.org/0000-0002-6834-6548
mailto:bgyoussif2@gmail.com
mailto:Abulnil@hotmail.com
https://doi.org/10.1002/ardp.70165


and breast cancers [5–7]. EGFR inhibitors are commonly used 
to treat breast and NSCLCs cancers by inhibiting the EGFR‐ 
controlled signaling pathways.

Cancer is a complicated disease; thus, targeting a single cause 
may result in treatment failure [8–10]. In general, the EGFR 
kinase inhibitors used in clinical settings only worked when 
cancer cells had certain EGFR mutations that made them 
more likely to be activated. These mutations seemed to keep the 
ligand‐dependency of receptor activation while changing the 
signaling patterns further downstream [11]. A limited percent
age of lung cancer patients may derive benefits from treatment 
with EGFR inhibitors [12]. Cancers that initially respond to 
treatment with EGFR inhibitors frequently develop resistance 
due to point mutations in the ATP‐binding site of EGFR, 
including T790M, L858R, and Cys797, among others [13, 14]. 
Moreover, cancer cells may activate specific pro‐survival sig
naling pathways, as demonstrated by the amplification of MET 
in lung tumors subjected to EGFR inhibitors [15, 16].

Combination therapy that targets many cancer pathways has 
demonstrated efficacy through synergistic and/or additive 
methods. The simultaneous administration of many medica
tions remains a barrier in clinical therapy due to numerous 
dose‐limiting toxicities and drug–drug interactions resulting 
from modified pharmacokinetic profiles [17, 18]. Consequently, 
a singular pharmaceutical agent aimed at two or more targets 
may constitute an efficacious approach for cancer treatment. 
Currently, medications exhibiting poly‐pharmacological activi
ties demonstrate greater advantages over combination therapy 
due to their reduced incidence of adverse effects and enhanced 
therapeutic resilience [19]. The dual target‐single‐agent 
approach has emerged as a prominent area of research in 
cancer treatment, with increasing interest among researchers in 
developing innovative dual‐target drugs in recent years. 
A multitude of research examining the efficacy of dual or multi‐ 
target inhibitors targeting wild‐type and/or mutant EGFR have 
been accomplished yielding promising results that suggest these 
inhibitors represent an appealing way to enhance anticancer 
activity and/or surmount drug resistance [9, 20–23].

HER‐2 and EGFR, as members of the EGFR family, exhibit the 
highest homology in their kinase catalytic domains and share 
multiple analogous biochemical and kinetic characteristics. 
Aberrant expression of HER‐2 is crucial in the advancement of 
numerous aggressive malignancies, including breast cancers 
and NSCLCs [24, 25]. Furthermore, its overexpression may 
enhance glucose uptake, oxygen consumption, and lactate 
generation, leading to the reprogramming of tumor metabolism 
[26]. The utilization of multiple HER‐2 inhibitors in cancer 
treatment suggests with the synergistic transformative effects of 
EGFR and ErbB2, suggests that co‐targeting the catalytic 
domains of EGFR and HER‐2 with a dual EGFR/HER‐2 
inhibitor may yield superior therapeutic outcomes compared 
with monotherapy [27–30].

In a recent publication [31], various benzimidazole‐based 
compounds have demonstrated significant antiproliferative ef
fects. For instance, compound I (Figure 1) exhibited greater 
anticancer activity than the standard chemotherapeutic agent 
5‐fluorouracil (5‐FU) against MCF‐7 breast cancer cells, with 
IC₅₀ values of 5 and 7 μM, respectively. Moreover, it showed 
notable EGFR inhibitory activity, achieving an IC₅₀ of 0.08 μM, 

which is comparable to that of the clinically approved 
EGFR inhibitor gefitinib (IC₅₀ = 0.01 μM) [32]. Compound II 
(Figure 1) demonstrated IC₅₀ values of 5.67 and 1.87 μM against 
MDA‐MB‐231 and MCF‐7 cells, respectively, indicating 
greater potency than the reference drug erlotinib 
(IC₅₀ = 7.46 and 4.58 μM, respectively). Among the series of 
synthesized benzimidazole derivatives, compounds III and IV 
(Figure 1) emerged as the most potent, with IC₅₀ values ranging 
from 0.95 to 2.10 μM across multiple cancer cell lines, including 
Panc‐1, HT‐29, A‐549, and MCF‐7 [33]. In this context, Jubie 
et al. synthesized three hydrazone derivatives incorporating the 
1H‐benzimidazole scaffold and evaluated their anticancer effi
cacy against HER‐2 and MCF‐7 breast cancer cell lines using 
the MTT assay [34]. Among these, compound V (Figure 1) 
demonstrated superior anticancer activity compared with la
patinib, a well‐known HER‐2 inhibitor. Molecular docking 
analyses further confirmed its strong binding affinity to HER‐2, 
supporting its potential as a promising anti‐breast cancer agent.

Additionally, El‐Meguid et al. developed a novel series of 
6‐benzoyl‐1H‐benzimidazole derivatives and evaluated their 
cytotoxicity against HeLa cells, with doxorubicin serving as the 
reference drug [35]. These compounds exhibited inhibitory 
activity against several tyrosine kinases (TKs), including EGFR, 
HER‐2, PDGFR‐β, and VEGFR‐2, while displaying negligible 
toxicity toward normal cells, highlighting their therapeutic 
potential. Notably, compounds VI and VII demonstrated the 
most potent cytotoxic effects against HeLa cells, with IC₅₀ 
values of 1.62 ± 0.16 µM and 1.44 ± 0.06 µM, respectively.

1.1 | Rationale Design 

A number of investigations have identified essential pharmaco
phoric characteristics frequently shared among EGFR‐TKIs (TK 
inhibitor). These fundamental structural components can be 
categorized into four primary regions: (i) A planar heteroaro
matic ring system fills the adenine‐binding pocket of the ATP site 
and can make hydrogen bonds with essential amino acid resi
dues, including Met793, Thr854, and Thr790. This core generally 
includes a minimum of one hydrogen bond acceptor, commonly 
a nitrogen atom or a carbonyl group, which mimics the inter
action between ATP's purine ring and the kinase hinge region. 
(ii) A terminal hydrophobic head group located within hydro
phobic region I, enhancing molecular affinity via van der Waals 
interactions. (iii) An imino linkage (NH–spacer) that promotes 
hydrogen bonding with amino acids in the linker region, hence 
augmenting binding selectivity. A stretch of spacer connecting 
the hydrophobic tail and the hinge‐binding moiety.

These spacers demonstrate significant structural diversity 
among EGFR inhibitors, ranging from straightforward 
one‐atom linkers, as shown in gefitinib, erlotinib, afatinib, and 
dacomitinib, to more intricate aryl‐based linkers present in 
compounds such as lapatinib and olafertinib. The EGFR bind
ing pocket exhibits significant tolerance for enhanced spacer 
complexity. (iv) A hydrophobic tail moiety, which occupies 
hydrophobic region II, significantly enhances the stability of the 
contact with the kinase domain. A hydrophobic tail, with 
binding properties that fluctuate based on the molecular 
architecture of the inhibitor. In inhibitors with shortened 
spacers (e.g., gefitinib), this tail fills a profound hydrophobic 
cavity proximal to the hinge area. In contrast, in drugs with 
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elongated spacers (e.g., lapatinib), the tail can access and 
interact with allosteric areas located farther from the hinge 
[36–43] (Figures 2–4).
In this study, we intend to design and synthesize a series of 
dual‐targeted inhibitors for HER‐2 and EGFR. Our molecular 
design strategy utilizes a substituted benzimidazole framework 

to occupy the ATP‐binding sites of EGFR kinases. The spacer 
region incorporates an acyl hydrazone moiety introduced at the 
5‐position of the benzimidazole ring (5a–g). The spacer region 
can be rigidified by the triazole thione ring (7a–b), which acts as 
a flexible linker between the hinge‐binding region and the DFG 
(Aspartate–Phenylalanine–Glycine) motif, along with an acid 

FIGURE 1 | Benzimidazole‐based compounds (I–VII) as potent anticancer agents. 
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hydrazone group that offers vital hydrogen bond acceptor/donor 
(HBA/HBD) functionalities, essential for replicating the EGFR 
pharmacophore. These spacer components have exhibited com
patibility with EGFR, as evidenced by the aforementioned 
structural characteristics. The terminal hydrophobic segment is 
further modified with electron‐withdrawing or electron‐donating 
substituents, facilitating various hydrophobic interactions with 
the allosteric sites of both kinases (Figures 2–4).

2 | Results and Discussion 

2.1 | Chemistry 

Scheme 1 demonstrates the synthesis of compounds 5a–g, 6a–b, 
and 7a–b. Benzimidazole‐5‐carboxylic acid 3a was synthesized 
in high yield by condensing 3,4‐diaminobenzoic acid 1 with 
4‐methoxybenzaldehyde 2 in the presence of sodium metabi
sulphite and DMF [31]. Fischer esterification of carboxylic acid 

FIGURE 2 | Design and structures of the new benzimidazoles 5a–g, 6a–b, and 7a–b. 
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3a was achieved to afford compound 3b in 60% yield [44]. The 
hydrazide 4 was synthesized in 58% yield by heating the ester 3b 
at reflux with 99% hydrazine monohydrate in ethanol [45]. The 
target compounds 5a–g were synthesized in high yield by re
fluxing hydrazide 4 with substituted benzaldehyde in ethanol, 
and the structure of hydrazone derivatives 5a–g was validated 
by different spectroscopic methods. The 1H NMR spectra of 
compounds 5a–g showed characteristic signals for the azo
methine (CH═N) and hydrazone (NH) protons, while the 13C 
NMR spectra confirmed the presence of the hydrazone (C═N) 
carbon, consistent with the proposed structures.

The thiosemicarbazide 6a–b was prepared via heating at reflux 
of the hydrazide 4 with ethyl isothiocyanate in absolute ethanol. 
The 1H NMR spectra of compounds 6a–b showed characteristic 
signals corresponding to the thiosemicarbazide NH and ethyl 
protons, while the 13C NMR spectra confirmed the presence of 
C═O, C═S, and ethyl carbon signals, consistent with the pro
posed structures.

The 1,2,4‐triazole‐3‐thiones 7a–b were synthesized through the 
cyclization of 1,4‐disubstituted thiosemicarbazide 6a–b, which 
involves the nucleophilic addition of terminal nitrogen atoms to 
the carbonyl group, followed by the elimination of water to 

FIGURE 3 | Design and structure of 3D caption of Erlotinib within the EGFR binding pocket. 

FIGURE 4 | 3D docking overlay of compound 6a (pink color)with the reference anilinoquinazoline‐based inhibitor erlotinib (Turquoise color). 
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yield the triazole products 7a–b. The chemical structure of 7a–b 
was determined by spectroscopic methods and elemental anal
ysis. The 1H NMR and 13C NMR spectra of compounds 7a–b 
confirmed the presence of triazole NH, ethyl, and C═S groups, 
in agreement with the proposed structures.

2.2 | Biology 

2.2.1 | Cell Viability Assay 

The impact of novel compounds 5a–g, 6a–b, and 7a–b on the 
viability of a normal human cell line, specifically human 
mammary gland epithelial cells (MCF‐10A), was assessed to 
ascertain the safety of the newly synthesized compounds. The 
MTT test was employed to assess the cell viability of the novel 
compounds after a 4‐day incubation with MCF‐10A cells 
[22, 46]. Table 1 indicates that none of the tested compounds 
exhibited cytotoxicity against normal cells; all compounds pre
served cell viability above 89% at a concentration of 50 µM.

2.2.2 | Antiproliferative Assay 

The in vitro antiproliferative effects of compounds 5a–g, 6a–b, 
and 7a‐b on two breast cancer cell lines (MCF‐7 and MDA‐ 
MB231) were evaluated using the MTT test [17, 47]. The IC50 

values for each compound were calculated, as shown in Table 2. 
Doxorubicin was employed as the reference drug.

An analysis of the results in Table 1 indicates that compounds 
5a–g, 6a–b, and 7a–b demonstrate greater efficacy against the 
MCF‐7 breast cancer cell line compared with the MDA‐ 
MB231cell line. The IC50 values for compounds 5a–g, 6a–b, and 

SCHEME 1 | Synthesis of target compounds 5a–g, 6a–b, and 7a–b. Reagent and reaction conditions: (a) DMF, Na2S2O8; (b) Conc. H2SO4, 

methanol, reflux; (c) NH2NH2, H2O; (d) aldehyde, CH3COOH; (e) appropriate isothiocyanate, ethanol; reflux 6h; (f), NaOH. 

TABLE 1 | Results of cell viability assay and IC50 values of com
pounds 5a–g, 6a–b, and 7a–ba.

Compound
Cell 

viability %

Antiproliferative activity 
IC50 (µM)

MCF‐7 MDA‐MB231

5a 90 33 ± 2 40 ± 02
5b 92 6 ± 0.4 47 ± 02
5c 90 57 ± 3 245 ± 08
5d 93 72 ± 3 220 ± 06
5e 89 26 ± 2 235 ± 07
5f 90 8 ± 0.5 10 ± 0.5
5g 91 35 ± 2 230 ± 06
6a 94 5 ± 0.2 25 ± 01
6b 94 68 ± 3 250 ± 08
7a 90 15 ± 1 240 ± 07
7b 89 85 ± 4 20 ± 01
Doxorubicin — 33 ± 3 3 ± 0.10

aThe “cell viability %” column refers to MCF‐10A cells, and that MTT assays were 
used to determine cytotoxicity.
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7a–b against the MCF‐7 cancer cell line range from 5 to 85 µM, 
in contrast to the doxorubicin IC50 value of 33 µM. Compounds 
5a–g, 6a–b, and 7a–b demonstrated IC50 values between 10 and 
250 µM against the MDA‐MB‐231 breast cancer cell line, in 
comparison to the standard doxorubicin, which had an IC50 

value of 3 µM.

Regarding action against the MCF‐7 breast cancer cell line, 
compounds 5b, 5f, and 6a exhibited the highest potency, with 
IC50 values of 6, 8, and 5 µM, respectively, rendering them at 
least four times more effective than the reference Doxorubicin 
(IC50 value = 33 µM). Compound 6a (R1 = Phenyl, thiosemi
carbazide) displayed the best potency among all the produced 
compounds against the breast cancer (MCF‐7) cell line. 
The IC50 value was 5 µM, indicating a potency that is six times 
more than that of the reference Doxorubicin, which has an IC50 

value of 33 µM. The substitution of the phenyl group at N1 in 
the thiosemicarbazide moiety with an ethyl group, as observed 
in compound 6b (R1 = ethyl, thiosemicarbazide), resulted in a 
significant decrease in antiproliferative activity. The IC50 value 
for component 6b was 68 µM. The data indicate that the pres
ence of a phenyl group is well‐tolerated and promotes activity, 
but the ethyl group is not conducive to activity.

Compounds 5b (R1 = 4‐Cl, Schiff base) and 5f (R1 = 3,4‐di‐ 
OMe, Schiff base) exhibited the second and third‐highest 
activity, with IC50 values of 6 and 8 µM, respectively. 
Compounds 5b and 5f demonstrated five‐ and fourfold better 
efficacy than doxorubicin against the MCF‐7 breast cancer cell 
line. The substitution of the chlorine atom in the para position 
of the phenyl group of Schiff bases 5a–g with a fluorine atom, as 
in compound 5c (R1 = 4‐F, Schiff base), or with a nitro group, 
as in compound 5d (R1 = 4‐NO2, Schiff base), resulted in an 
immense decrease in antiproliferative activity. The IC50 values 
were 57 µM for compound 5c and 72 µM for compound 5d. The 
data indicate that the substitution pattern at the para position of 
the phenyl group in Schiff bases 5a–g substantially influences 
the antiproliferative action of these compounds. The presence of 
a fluorine atom or nitro group is not conducive to action. 
Conversely, the unsubstituted derivative, compound 5a (R1 = H, 
Schiff base), the 4‐methoxy derivative, compound 5e (R1 = 4‐ 
OMe, Schiff base), and compound 5g (R1 = 3,4,5‐tri‐OMe, Schiff 
base) demonstrate significant antiproliferative activity with IC50 

values of 33, 26, and 35 µM, being at least four times less potent 
than compound 5b, yet still comparable to or even more potent 
than doxorubicin.

Ultimately, the 1,2,4‐triazole derivative, compound 7a 
(R1 = Ph), had the fourth highest activity with an IC50 value of 
15 µM, demonstrating a potency threefold inferior to that of the 

thiosemicarbazide derivative 6a, although still exhibiting a 
potency twofold superior to the reference doxorubicin 
(IC50 = 33 µM). Once more, the ethyl‐1,2,4‐triazole derivative 7b 
(R1 = ethyl) demonstrated inferior activity compared with the 
phenyl‐1,2,4‐triazole derivative 7a. Compound 7b had an IC50 

value of 85 µM, rendering 7b the least efficient derivative 
among all newly synthesized compounds against the breast 
cancer cell line (MCF‐7), highlighting the importance of the 
phenyl group for antiproliferative action.

2.2.3 | EGFR Inhibitory Assay 

Compounds 5b, 5f, and 6a, demonstrating the greatest efficacy 
as antiproliferative agents, were subsequently evaluated for 
their capacity to target the EGFR‐TK [48, 49], a likely target for 
their effective antiproliferative action. The IC50 values for each 
compound were determined and compared to Erlotinib, which 
acted as a reference. Table 2 enumerates the IC50 values.

The outcomes of this in vitro assay are congruent with the 
findings of the antiproliferative assay. Compound 6a (R1 = Ph; 
thiosemicarbazide), the most potent antiproliferative agent, also 
exhibited the highest efficacy as an EGFR inhibitor, with an 
IC50 value of 76 nM. It exhibited comparable potency to the 
reference Erlotinib (IC50 value = 80 nM). Compounds 5b and 5f 
exhibited noteworthy EGFR inhibitory effects, with IC50 values 
of 97 nM and 125 nM, respectively. This indicates they were 
1.2‐ and 1.6‐fold less effective as EGFR inhibitors compared with 
Erlotinib. The data suggest that compound 6a is an effective 
antiproliferative agent that may act as an EGFR inhibitor.

2.2.4 | HER‐2 Inhibitory Activity 

Compounds 5b, 5f, and 6a were subsequently evaluated for 
their inhibitory effects on HER‐2 TK [27, 50], utilizing Lapati
nib as a reference compound. Results are presented in Table 2. 
Compound 6a emerged as the most effective HER‐2 inhibitor, 
with an IC50 value of 60 nM, whereas the reference Lapatinib 
demonstrated an IC50 value of 26 nM. The in vitro assay data 
indicated that compound 6a is an effective antiproliferative 
drug suitable for use as an anti‐breast cancer treatment, ex
hibiting dual targeting capabilities against EGFR and HER‐2.

2.3 | Molecular Docking 

Molecular docking was performed using AutoDock Vina within 
the PyRx platform. The docking search grid boxes were set 
based on the co‐crystallized ligands to fully enclose them, with a 
total size of 25 Å³ and coordinates x = 22.013690, y = 0.252828, 
z = 52.794034. Exhaustiveness was set to 24, generating 10 poses 
per docking experiment. Docking poses were visualized using 
PyMOL v3.1.0, and 2D captions were generated using BIOVIA 
Discovery Studio v25.1.0.24284. The protocol was validated by 
re‐docking Erlotinib into the EGFR active site, with the top‐ 
scoring pose showing good alignment with the co‐crystallized 
ligand (RMSD = 0.988 Å), Table 3 [52].

Compound 6a showed a comparable interaction to the ATP‐ 
binding site of EGFR TK. It formed a strong interaction with 
Met769 key residue within the binding site, with overall binding 
affinity of –8.9 kcal/mol if compared to the positive control 
Erlotinib with a binding score of –8.3 kcal/mol. On the other 

TABLE 2 | IC50 values of compounds 5b, 5f, and 6a against EGFR 
and HER‐2.

Comp. EGFR IC50 ± SEM (nM)
HER‐2 

IC50 ± SEM (nM)

5b 97 ± 5 74 ± 3
5f 125 ± 6 89 ± 5
6a 76 ± 3 60 ± 2
Erlotinib 80 ± 3 —
Lapatinib — 26 ± 1
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hand, compound 6b, the ethyl derivative, showed a binding 
affinity of –7.4 kcal/mol with no interaction to the key amino 
acid Met769 that could explain the superior activity of the 
phenyl derivative compound 6a over the ethyl derivative com
pound 6b as an EGFR TK inhibitor (Figures 5–8).

2.4 | ADMET Studies 

Compound 6a and the orally active positive control drug erlo
tinib were converted into Simplified Molecular Input Line Entry 
System (SMILES) format. The pharmacokinetic prediction 
capabilities of online pkCSM (https://biosig.lab.uq.edu.au/ 
pkcsm/) were employed to ascertain the pharmacokinetic 
parameters of the drugs analyzed [53]. ADMET prediction 
results indicated low aqueous solubility for both compound 6a 
and the reference drug erlotinib, with predicted clogS values of 
(–2.892 and –5.144, respectively). Additionally, PKCSM soft
ware was utilized to predict certain ADMET parameters that 
may affect the pharmacokinetics of the synthesized medicines, 
Table 4.

This entailed quantifying the blood–brain barrier (BBB) parti
tion coefficient, an essential parameter for pharmaceuticals 
targeting the brain with therapeutic effectiveness (a compound 
with clog BB > 0.3 can penetrate the BBB) [54]. Compound 6a 
exhibits insufficient probability for permeating the BBB. Phar
maceuticals having a low probability of penetrating the BBB 
demonstrate little deleterious effect on the central nervous 
system. The Caco2 permeability coefficient, which measures the 
translocation of substances across a monolayer of human colon 
adenocarcinoma cells with tight junctions, was another variable 
component, serving as a model for paracellular transport (high 
Caco2 permeability > 0.90) [55]. Compound 6a demonstrated 
increased permeability in Caco‐2 cells.

Furthermore, the inhibition of cytochrome P450 3A4 (CYP450 
3A4) has been effective in evaluating drug–drug interactions. 
Compound 6a demonstrates a potential drug–drug interaction 
and shows a markedly enhanced projected total clearance 
value. It should be noted that all ADMET‐related data, 
including drug–drug interaction potential and clearance values, 
are predictive and were obtained using the pkCSM computa
tional tool. No experimental (in vitro or in vivo) measurements 
were conducted; therefore, these results represent in silico es
timations only. The software incorporates a mechanism for 
predicting the toxicity profile of chemicals, including potential 
hepatotoxicity consequences.

Compound 6a had a satisfactory safety profile for cardiotoxicity, 
particularly concerning the human ether‐a‐go‐go‐associated 
gene I, which displayed an acceptable safety margin. More
over, hepatotoxicity is considered a critical factor, with the 
analyzed medications exhibiting adherence to an acceptable 
range. Unlike erlotinib, which may cause hepatotoxicity with 
extended use.

In‐silico ADME/Tox predictions suggest that compound 6a is 
anticipated to exhibit superior pharmacokinetic properties and 
an advantageous safety profile. This suggests its potential as a 
feasible option for oral treatment of cancer.

3 | Conclusion 

The present study successfully identified a new class of 
benzimidazole‐based derivatives (5a–g), (6a–b), and (7a–b) with 
promising dual inhibitory activity against EGFR and HER‐2, 
highlighting their potential as anticancer agents. Among the 
synthesized compounds, 5b, 5f, and particularly 6a demonstrated 
superior antiproliferative effects, significantly outperforming the 
reference drug Doxorubicin in vitro. The remarkable efficacy of 

TABLE 3 | Molecular docking results for compounds 6a, 6b, and Erlotinib during docking in the crystal structure of EGFR domain with 
4‐anilinoquinazoline inhibitor erlotinib (PDB ID: 1M17) active domain (Erlotinib as reference drug) [51]; including binding affinities (kcal/mol), 
distance (Å) from main residue contacts and type of the interaction.

EGFR Tyrosine Kinase (PDB ID: 1M17)
Compound Affinity (kcal/mol) Distance (in Å) from main residue Type of interaction

6a −8.9 2.69 Met769 H‐bond donor
3.71 Leu694 Hydrophobic
3.61 Asp831 H‐bond acceptor
3.22 Arg817 H‐bond acceptor
4.01 Lys704 Hydrophobic
4.37 Leu768 Hydrophobic

6b −7.4 4.07 Asp831 H‐bond acceptor
4.61 Leu820 Hydrophobic
4.22 Leu694 Hydrophobic
2.98 Phe699 Hydrophobic

Erlotinib −8.3 1.60 Met769 H‐bond acceptor
3.55 Leu694 Hydrophobic
3.21 Leu764 Hydrophobic
3.80 Lys721 Hydrophobic
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compound 6a against MCF‐7 cells, alongside its favorable bind
ing interactions observed in molecular docking studies, under
scores its potential as a lead candidate for further development. 
Moreover, the comparative lack of activity in compound 7b 
reinforces the critical role of structural features, such as the 
phenyl group, in modulating biological activity. These findings 
warrant further pharmacological and mechanistic studies to 
optimize and validate the therapeutic potential of these deriva
tives in cancer treatment.

4 | Experimental 

4.1 | Chemistry 

4.1.1 | General Details 

See Appendix A (Supplementary File).

The synthesized compounds were characterized using NMR 
spectroscopy and elemental analyses. The purity of the 
compounds was confirmed by UPLC. All corresponding 

FIGURE 5 | 2D caption of compound 6a showed the binding modes to the active site of EGFR TK active site. 

FIGURE 6 | 3D caption of compound 6a showed the binding modes to the active site of EGFR TK active site. 

FIGURE 7 | 2D caption of erlotinib showed the binding modes to the active site of EGFR TK active site. 

9 of 16 Archiv der Pharmazie, 2025



spectra and chromatograms are provided in the 
Supporting Information.

The key intermediates 3a, 3b, and 4 were prepared according to 
previously reported procedures [30–32].

4.1.2 | General Procedure for Synthesis N′‐Benzylidene‐2‐(4‐ 
methoxyphenyl)‐1H‐benzoimidazole‐5‐carbohydrazide (5a–g) 

Equimolar ratios of hydrazide 4 (2 mmol, 0.50 g) and the cor
responding benzaldehyde (2 mmol) in absolute ethanol (25 mL) 
were subjected to reflux for 6 h using glacial acetic acid as a 
catalyst. The resultant precipitate was filtered and recrystallized 
from ethanol, affording compounds 5a–g in good yields.

4.1.2.1 | N′‐Benzylidene‐2‐(4‐methoxyphenyl)‐ 
1H‐benzoimidazole‐5‐carbohydrazide (5a) 

Grey powder, 80% yield, m. p: 206°C–208°C; 1H NMR (DMSO‐ 
d6, 400 MHz, ppm): 3.86 (s, 3H, OCH3), 7.15 (d, 3H, 
J = 8.00 Hz, Ar‐H), 7.47 (d, 4H, J = 8.00 Hz, Ar‐H), 7.76 (d, 
2H, J = 8.00 Hz, Ar‐H), 7.82 (d, 1H, J = 8.00 Hz, Ar‐H), 8.18 (d, 
2H, J = 12.00 Hz, Ar‐H), 8.52 (s, 1H, CH ═ NH), 11.89 (s, 1H, 
NH, hydrazone), 13.06 (s, 1H, NH benzimidazole); 13C NMR 
(DMSO‐d6, 100 MHz, δ ppm): 55.86 (OCH3), 114.71(Ar‐C), 
114.96 (Ar‐CH), 115.05(Ar‐CH), 122.59(Ar‐CH benzimidazole), 
127.44(Ar‐CH benzimidazole), 127.46(Ar‐CH benzimidazole), 
127.55 (Ar‐C C═O), 127.62 (Ar‐CH C═N), 128.66 (Ar‐CH C═N), 
128.83 (Ar‐CH C═N), 128.94 (Ar‐CH), 129.30 (Ar‐CH), 129.32 
(Ar‐CH C═N), 129.32 (Ar‐C C═N), 129.33 (Ar‐CH C═N), 130.43 
(Ar‐C benzimidazole), 130.47(Ar‐C benzimidazole), 134.95 
(C═N hydrazone), 147.81 (C═N benzimidazole), 161.50 (Ar‐C 
C–O), 164.20 (C═O); Elemental analysis calculated for 
C22H18N4O2 (M. Wt.: 370.41): C, 71.34; H, 4.90; N, 15.13; O, 
8.64; Found C, 71.21; H, 5.12; N, 15.30.

4.1.2.2 | (4‐Chlorobenzylidene)‐2‐(4‐methoxyphenyl)‐ 
1H‐benzoimidazole‐5‐carbohydrazide (5b) 

Grey powder, 85% yield, m.p: 238°C–240°C; 1H NMR (DMSO‐d6, 
400 MHz, ppm): 3.86 (s, 3H, OCH3), 7.15 (d, 2H, J = 8.00 Hz, 
Ar‐H), 7.53 (d, 2H, J = 8.00 Hz, Ar‐H), 7.79 (m, 3H, Ar‐H), 8.20 

(m, 4H, Ar‐H), 8.51 (s, 1H, CH═NH), 11.95 (s, 1H, NH, hy
drazone), 13.07 (s, 1H, NH benzimidazole); 13C NMR (DMSO‐d6, 
100 MHz, δ ppm): 55.84 (OCH3),111.42 (Ar‐C), 114.32 (Ar‐CH), 
114.94 (Ar‐CH), 115.28 (Ar‐CH benzimidazole), 122.65 (Ar‐CH 
benzimidazole), 128.79 (Ar‐CH benzimidazole), 128.86 (Ar‐C 
C═O), 128.89(Ar‐CH C═N), 129.06 (Ar‐CH C═N), 129.09 
(Ar‐CH C═N), 129.12 (Ar‐CH), 129.36 (Ar‐CH), 129.39 (Ar‐CH 
C═N), 129.40 (Ar‐C C═N), 129.41 (Ar‐C C═N), 133.95 (Ar‐C 
benzimidazole), 134.83 (Ar‐C benzimidazole), 146.32 (C═N hy
drazone), 153.71 (C═N benzimidazole), 161.46 (Ar‐C C–O), 
164.24 (C═O); Elemental analysis calculated for C22H17ClN4O2 

(M. Wt.: 404.85): C, 65.27; H, 4.23; Cl, 8.76; N, 13.84; O, 7.90; 
Found C, 65.50; H, 4.37; N, 14.05.

4.1.2.3 | N′‐(4‐Fluorobenzylidene)‐2‐(4‐methoxyphenyl)‐ 
1H‐benzoimidazole‐5‐carbohydrazide (5c) 

Grey powder, 78% yield, m. p: 234°C–236°C; 1H NMR (DMSO‐d6, 
400 MHz, ppm): 3.86 (s, 3H, OCH3), 7.15 (d, 2H, J = 8.00 Hz, 
Ar‐H), 7.30 (t, 2H, J = 8.00 Hz, Ar‐H), 7.61 (d, 1H, J = 8.00 Hz, 
Ar‐H), 7.82 (d, 4H, J = 8.00 Hz, Ar‐H), 8.18 (d, 3H, J = 12.00 Hz, 
Ar‐H), 8.52 (s, 1H, CH═NH), 11.90 (s, 1H, NH, hydrazone); 13C 
NMR (DMSO‐d6, 100 MHz, δ ppm): 55.85 (OCH3),114.92 (Ar‐C), 
114.95 (Ar‐CH), 114.97 (Ar‐CH), 116.24 (Ar‐CH benzimidazole), 
116.25 (Ar‐CH benzimidazole), 116.45 (Ar‐CH benzimidazole), 
116.46 (Ar‐C C═O), 122.60 (Ar‐CH C═N), 127.40 (Ar‐CH C═N), 
128.83 (Ar‐CH C═N), 128.84 (Ar‐CH), 129.61 (Ar‐CH), 129.61 
(Ar‐CH C═N), 129.67 (Ar‐C C═N), 129.69 (Ar‐C benzimidazole), 
131.58 (Ar‐C benzimidazole), 146.62 (C═N hydrazone), 153.98 
(C═N benzimidazole), 161.49(Ar‐C C–O), 162.29 (Ar‐C F), 164.22 
(C═O); Elemental analysis calculated for C22H17FN4O2 (M. Wt.: 
388.39): C, 68.03; H, 4.41; F, 4.89; N, 14.43; O, 8.24; Found C, 
68.22; H, 4.59; N, 14.71.

4.1.2.4 | 2‐(4‐Methoxyphenyl)‐N′‐(4‐Nitrobenzylidene)‐ 
1H‐benzoimidazole‐5‐carbohydrazide (5 d) 

Yellow powder, 75% yield, m. p: 219°C–221°C; 1H NMR (DMSO‐ 
d6, 400 MHz, ppm): 3.86 (s, 3H, OCH3), 7.14 (d, 2H, J = 8.00 Hz, 
Ar‐H), 7.67 (d, 1H J = 8.00 Hz, Ar‐H), 7.83 (m, 1H, Ar‐H), 7.99 
(d, 2H, J = 8.00 Hz, Ar‐H), 8.15 (m, 2H, Ar‐H), 8.30 (d, 3H, 
J = 8.00 Hz, Ar‐H), 8.59 (s, 1H, CH═NH), 12.19 (s, 1H, NH, hy
drazone), 13.07 (s, 1H, NH benzimidazole,); 13C NMR (DMSO‐d6, 
100 MHz, δ ppm): 55.84 (OCH3), 111.46 (Ar‐C), 114.90 
(Ar‐CH), 114.93 (Ar‐CH), 114.94 (Ar‐CH benzimidazole), 118.77 
(Ar‐CH benzimidazole), 122.60 (Ar‐CH benzimidazole), 124.50 
(Ar‐C C═O), 124.5283 (Ar‐CH C═N), 126.88 83 (Ar‐CH C═N), 
128.3083 (Ar‐CH C═N), 128.33 (Ar‐CH), 128.36 (Ar‐CH), 128.78 
(Ar‐CH C═N), 128.92 (Ar‐C C═N), 141.33 (Ar‐C benzimidazole), 
143.88 (Ar‐C benzimidazole), 145.04 (C═N hydrazone), 148.19 
(Ar‐C NO2), 153.75 (C═N benzimidazole), 161.46 (Ar‐C C–O), 
164.45 (C═O); Elemental analysis calculated for C22H17N5O4 

(M. Wt.: 415.40): C, 63.61; H, 4.12; N, 16.86; O, 15.41; Found C, 
63.87; H, 4.30; N, 17.04.

4.1.2.5 | N′‐(4‐Methoxybenzylidene)‐2‐(4‐methoxyphenyl)‐ 
1H‐benzoimidazole‐5‐carbohydrazide (5e) 

Grey powder, 82% yield, m. p: 247°C–249°C; 1H NMR (DMSO‐d6, 
400 MHz, ppm): 3.82 (s, 3H, OCH3), 3.86 (s, 3H, OCH3), 7.04 
(d, 2H, J = 8.00 Hz, Ar‐H), 7.15 (d, 2H J = 8.00 Hz, Ar‐H), 7.69 

FIGURE 8 | 3D caption of erlotinib showed the binding modes to 
the active site of EGFR TK active site. 

10 of 16 Archiv der Pharmazie, 2025



T
A

B
L

E
4 

| 
A

D
M

ET
 s

tu
di

es
 fo

r 
co

m
po

un
d 

6a
.

Pa
ra

m
et

er
M

od
el

 n
am

e
U

ni
t

6a
R

ef
er

en
ce

M
ol

ec
ul

ar
 p

ro
pe

rt
ie

s
M

ol
ec

ul
ar

 W
ei

gh
t

am
u

41
7.

49
4

<
 5

00
Lo

gP
N

um
er

ic
3.

86
99

>
 5

D
on

or
s

N
um

er
ic

4
>

 5
A

cc
ep

to
rs

N
um

er
ic

4
>

 1
0

R
ot

at
ab

le
 b

on
ds

N
um

er
ic

4
>

 5
A

bs
or

pt
io

n
W

at
er

 s
ol

ub
ili

ty
N

um
er

ic
 (

lo
g 

m
ol

 L
−

1 )
−

2.
89

2
So

lu
bi

lit
y 

de
cr

ea
se

d 
by

 in
cr

ea
si

ng
 lo

g 
S

In
te

st
in

al
 a

bs
or

pt
io

n 
(h

um
an

)
N

um
er

ic
 (

%
 a

bs
or

be
d)

82
.8

82
Po

or
ly

 a
bs

or
be

d 
>

 3
0%

C
ac

o2
 p

er
m

ea
bi

lit
y

N
um

er
ic

 (
lo

g 
Pa

pp
 in

 
10

−
6 

cm
 s

−
1 )

1.
05

1
Lo

w
 p

er
m

ea
bi

lit
y 

>
 0

.9
0

Sk
in

 P
er

m
ea

bi
lit

y
N

um
er

ic
 (

lo
g 

K
p)

−
2.

73
5

Lo
gk

p 
>

 −
2.

5
P‐

gl
yc

op
ro

te
in

 I
 in

hi
bi

to
r

C
at

eg
or

ic
al

 (
Ye

s/
N

o)
N

o
—

P‐
gl

yc
op

ro
te

in
 I

I 
in

hi
bi

to
r

C
at

eg
or

ic
al

 (
Ye

s/
N

o)
Ye

s
—

P‐
gl

yc
op

ro
te

in
 s

ub
st

ra
te

C
at

eg
or

ic
al

 (
Ye

s/
N

o)
Ye

s
—

D
is

tr
ib

ut
io

n
Fr

ac
tio

n 
un

bo
un

d 
(h

um
an

)
N

um
er

ic
 (

Fu
)

0.
28

1
H

ig
h 

>
 0

.4
5

V
D

ss
 (

hu
m

an
)

N
um

er
ic

 (
lo

g 
L 

kg
−

1 )
0.

08
2

Lo
g 

V
D

ss
 is

 c
on

si
de

re
d 

Lo
w

 <
 −

0.
15

.
Lo

g 
V

D
ss

 is
 c

on
si

de
re

d 
hi

gh
 >

 0
.4

5
C

N
S 

pe
rm

ea
bi

lit
y

N
um

er
ic

 (
lo

g 
PS

)
−

2.
25

4
– 

Lo
g 

PS
 <

 −
3 

un
ab

le
 to

 p
en

et
ra

te
 C

N
S

– 
Lo

g 
PS

 >
 −

2 
pe

ne
tr

at
e 

C
N

S
BB

B 
pe

rm
ea

bi
lit

y
N

um
er

ic
 (

lo
g 

BB
)

−
0.

81
3

– 
Lo

g 
BB

 <
 −

1 
po

or
ly

 d
is

tr
ib

ut
ed

 to
 th

e 
br

ai
n

– 
Lo

g 
BB

 >
 0

.3
 c

ro
ss

 th
e 

BB
B

M
et

ab
ol

is
m

C
YP

1A
2 

in
hi

bi
to

r
C

at
eg

or
ic

al
 (

ye
s/

no
)

Ye
s

Th
is

 c
an

 b
e 

po
si

tiv
el

y 
co

rr
el

at
ed

 to
 th

e 
lip

op
hi

lic
ity

 o
f t

he
 c

om
po

un
d 

to
 m

et
ab

ol
is

m
 

re
la

te
d 

to
xi

ci
ty

C
YP

2C
19

 in
hi

bi
to

r
C

at
eg

or
ic

al
 (

ye
s/

no
)

Ye
s

C
YP

2C
9 

in
hi

bi
to

r
C

at
eg

or
ic

al
 (

ye
s/

no
)

Ye
s

C
YP

2D
6 

in
hi

bi
to

r
C

at
eg

or
ic

al
 (

ye
s/

no
)

N
o

C
YP

3A
4 

in
hi

bi
to

r
C

at
eg

or
ic

al
 (

ye
s/

no
)

Ye
s

C
YP

2D
6 

su
bs

tr
at

e
C

at
eg

or
ic

al
 (

ye
s/

no
)

Ye
s

C
YP

3A
4 

su
bs

tr
at

e
C

at
eg

or
ic

al
 (

ye
s/

no
)

Ye
s

Ex
cr

et
io

n
R

en
al

 O
C

T2
 s

ub
st

ra
te

C
at

eg
or

ic
al

 (
ye

s/
no

)
Ye

s
—

To
ta

l c
le

ar
an

ce
N

um
er

ic
 (

lo
g 

m
l m

in
−

1 
kg

−
1 )

0.
65

3
—

To
xi

ci
ty

H
ep

at
ot

ox
ic

ity
C

at
eg

or
ic

al
 (

ye
s/

no
)

Ye
s

Sk
in

 S
en

si
tiz

at
io

n
C

at
eg

or
ic

al
 (

ye
s/

no
)

N
o

(C
on

tin
ue

s)

11 of 16 Archiv der Pharmazie, 2025



(m, 4H, Ar‐H), 7.81 (d, 1H, J = 8.00 Hz, Ar‐H), 8.17 (d, 3H, 
J = 8.00 Hz, Ar‐H), 8.46 (s, 1H, CH═NH), 11.75 (s, 1H, NH); 13C 
NMR (DMSO‐d6, 100 MHz, δ ppm): 55.75 (OCH3), 55.86 (OCH3), 
114.78(Ar‐C),114.80(Ar‐CH), 114.82(Ar‐CH), 114.83(Ar‐CH benz
imidazole), 114.92 (Ar‐CH benzimidazole), 114.95 (Ar‐CH benz
imidazole), 114.97(Ar‐C C═O), 122.61(Ar‐CH C═N), 122.62(Ar‐ 
CH C═N), 127.53(Ar‐CH C═N), 127.59(Ar‐CH), 128.79(Ar‐CH), 
128.82 (Ar‐CH C═N), 128.85 (Ar‐C C═N), 129.07(Ar‐C benz
imidazole), 129.12(Ar‐C benzimidazole), 129.13(C═N hydrazone), 
147.68(C═N benzimidazole), 161.22(Ar‐C C–O), 161.47(Ar‐C 
C–O), 164.04 (C═O); Elemental analysis calculated for 
C23H20N4O3 (M. Wt.: 400.43): C, 68.99; H, 5.03; N, 13.99; O, 11.99; 
Found C, 69.12; H, 5.15; N, 14.23.

4.1.2.6 | N′‐(3,4‐Dimethoxybenzylidene)‐2‐(4‐methoxyphenyl)‐ 
1H‐benzoimidazole‐5‐carbohydrazide (5f) 

Grey powder, 78% yield, m. p: 226°C–228°C; 1H NMR (DMSO‐d6, 
400 MHz, ppm): 3.82 (s, 6H, OCH3), 3.86 (s, 3H, OCH3), 7.04 (d, 
1H, J = 8.00 Hz, Ar‐H), 7.15 (d, 2H J = 8.00 Hz, Ar‐H), 7.23 (d, 1H, 
J = 8.00 Hz, Ar‐H), 7.39 (s, 1H, Ar‐H), 7.72 (m, 2H, Ar‐H), 8.18 (m, 
3H, Ar‐H), 8.45 (s, 1H, CH═NH), 11.78 (s, 1H, NH, hydrazone), 
13.06 (s, 1H, NH benzimidazole); 13C NMR (DMSO‐d6, 100 MHz, δ 
ppm):55.83 (OCH3), 55.85 (OCH3), 56.03(OCH3), 108.76(Ar‐C), 
111.38 (Ar‐CH), 111.98 (Ar‐CH), 114.95 (Ar‐CH benzimidazole), 
114.97 (Ar‐CH benzimidazole), 118.50 (Ar‐CH benzimidazole), 
122.27(Ar‐C C═O), 122.31(Ar‐CH C═N), 122.69(Ar‐CH C═N), 
127.73 (Ar‐CH C═N), 128.77 (Ar‐CH), 128.81 (Ar‐CH), 128.86 (Ar‐ 
C C═N), 135.16 (Ar‐C benzimidazole), 137.96 (Ar‐C benz
imidazole), 147.94 (C═N hydrazone), 148.05 (Ar‐C C‐O), 149.57 
(Ar‐C C‐O), 151.14 (C═N benzimidazole), 161.45(Ar‐C C–O), 
164.10 (C═O); Elemental analysis calculated for C24H22N4O4 (M. 
Wt.: 430.46): C, 66.97; H, 5.15; N, 13.02; O, 14.87; Found C, 67.08; 
H, 5.29; N, 13.27.

4.1.2.7 | 2‐(4‐Methoxyphenyl)‐N′‐(3,4,5‐Trimethoxybenzylidene)‐ 
1H‐benzoimidazole‐5‐carbohydrazide (5 g) 

Grey powder, 75% yield, m. p: 207°C–209°C; 1H NMR (DMSO‐d6, 
400 MHz, ppm): 3.73 (s, 3H, OCH3), 3.86 (s, 9H, OCH3), 7.06 (s, 
2H, Ar‐H), 7.15 (d, 2H J = 8.00 Hz, Ar‐H), 7.81 (d, 2H, J = 8.00 Hz, 
Ar‐H), 8.17 (d, 3H, J = 8.00 Hz, Ar‐H), 8.45 (s, 1H, CH═NH), 11.88 
(s, 1H, NH, hydrazone),13.07 (s, 1H, NH benzimidazole); 13C NMR 
(DMSO‐d6, 100 MHz, δ ppm): 55.86 (OCH3), 56.43 (OCH3), 56.44 
(OCH3), 60.60 (OCH3), 104.72 (Ar‐C), 104.75 (Ar‐CH), 104.77 (Ar‐ 
CH), 104.78 (Ar‐CH benzimidazole), 114.93(Ar‐CH benzimidazole), 
114.95(Ar‐CH benzimidazole), 114.97(Ar‐C C═O), 114.98(Ar‐CH 
C═N), 122.64(Ar‐CH C═N), 128.77(Ar‐CH C═N), 128.80(Ar‐CH), 
128.82 (Ar‐CH), 128.86(Ar‐CH benzimidazole),130.50 (Ar‐C benz
imidazole), 130.52 (Ar‐C C–O), 139.62(C═N hydrazone), 147.76 
(C═N benzimidazole), 153.6714(Ar‐C C–O), 153.67(Ar‐C C–O), 
161.48(Ar‐C C–O), 164.23(C═O); Elemental analysis calculated for 
C25H24N4O5 (M. Wt.: 460.48): C, 65.21; H, 5.25; N, 12.17; O, 17.37; 
Found C, 65.47; H, 5.33; N, 12.40.

4.1.3 | General Procedure for the Synthesis of N‐Ethyl‐2‐(2‐(4‐ 
Methoxyphenyl)‐1H‐Benzoimidazole‐5‐Carbonyl) Hydrazine 
Carbothioamide Derivatives (6A‐B) 

Equimolar amounts (2 mmol, 0.50 g) of compound 4 and the 
corresponding isothiocyanate (2 mmol) in absolute ethanol T
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(25 mL) were subjected to reflux for 6 h. The resultant solid 
was filtered and dried, then utilized in the subsequent step 
without additional purification to afford thiosemicarbazides 
6a–b in a good yield.

4.1.3.1 | 2‐(4‐Methoxyphenyl)‐N‐(2‐Phenylhydrazine‐ 
1‐Carbonothioyl)‐1H‐Benzimidazole‐5‐Carboxamide (6a) 

Beige powder, 63% yield, m. p: 209°C–211°C; 1H NMR (DMSO‐ 
d6, 400 MHz, ppm): 3.87 (s, 3H, OCH3), 7.15 (d, 3H, 
J = 8.00 Hz, Ar‐H), 7.35 (m, 2H, Ar‐H), 7.50 (s, 2H, Ar‐H), 7.85 
(d, 1H, J = 8.00 Hz, Ar‐H), 8.18 (d, 4H, J = 8.00 Hz, Ar‐H), 9.72 
(s, 1H, Ar‐H), 9.86 (s, 1H, NH thiosemicarbazide), 10.53 (s,1H, 
NH thiosemicarbazide), 13.03(s,1H, NH benzimidazole); 
13C NMR (DMSO‐d6, 100 MHz, δ ppm): 55.87 (OCH3), 114.91 
(Ar‐C), 114.94 (Ar‐CH), 114.95 (Ar‐CH), 115.04 (Ar‐CH benz
imidazole), 122.67 (Ar‐CH benzimidazole), 122.69 (Ar‐CH 
benzimidazole), 125.41 (Ar‐C C═O), 125.49 (Ar‐CH C═N), 
126.45(Ar‐C C═N), 126.58(Ar‐CH C═N), 126.75 (Ar‐CH C═N), 
128.47 (Ar‐CH C═N), 128.50(Ar‐CH C═N), 128.50 (Ar‐CH), 
128.78 (Ar‐CH), 128.79 (Ar‐C benzimidazole), 128.82 (Ar‐C 
benzimidazole), 128.86 (C═N benzimidazole), 139.80(Ar‐C 
C–O), 161.46 (C═O), 167.09 (C═S); Elemental analysis calcu
lated for C22H19N5O2S (M. Wt.: 417.48): C, 63.29; H, 4.59; N, 
16.78; O, 7.66; S, 7.68; Found C, 63.45; H, 4.67; N, 17.03; S, 7.75.

4.1.3.2 | N‐Ethyl‐2‐(2‐(4‐methoxyphenyl)‐1H‐benzoimidazole‐ 
5‐carbonyl)hydrazine carbothioamide (6b) 

Grey powder, 63% yield, m. p: 239°C–241°C; 1H NMR (DMSO‐ 
d6, 400 MHz, ppm): 1.09 (t, 3H, J = 8.00 Hz, CH3), 3.67 (q, 2H, 
J = 8.00 Hz, CH2), 3.86 (s, 3H, OCH3), 7.14 (d, 2H, J = 8.00 Hz, 
Ar‐H), 7.73 (m, 2H, Ar‐H), 8.19 (m, 4H, Ar‐H), 9.24 (s, 1H, 
Ar‐H), 10.31(s, 1H, NH thiosemicarbazide), 13.07(s.1H, NH 
benzimidazole); 13C NMR (DMSO‐d6, 100 MHz, δ ppm): 14.97 
(CH3), 114.99 (CH2), 55.86 (OCH3), 114.93(Ar‐C), 114.95(Ar‐ 
CH), 114.96(Ar‐CH), 114.97 (Ar‐CH benzimidazole), 122.51(Ar‐ 
CH benzimidazole), 122.56 (Ar‐CH benzimidazole), 122.61 (Ar‐ 
C C═O), 126.57(Ar‐CH), 128.78 (Ar‐CH), 128.80 (Ar‐C benz
imidazole), 128.82 (Ar‐C benzimidazole), 128.87 (C═N benz
imidazole), 153.91 (Ar‐C C–O), 161.47 (C═O), 167.15 (C═S); 
Elemental analysis calculated for C18H19N5O2S (M. Wt.: 
369.44): C, 58.52; H, 5.18; N, 18.96; O, 8.66; S, 8.68; Found C, 
58.69; H, 5.37; N, 19.09; S, 8.62.

4.1.4 | General Procedure for the Synthesis of 4‐Ethyl‐3‐(2‐(4‐ 
Methoxyphenyl)‐1H‐Benzoimidazol‐5‐Yl)‐1H‐1,2,4‐Triazole‐ 
5(4H)‐Thione (7a–b) 

Appropriate thiosemicarbazide 6a–b (10 mmol) was dissolved in 
2 N sodium hydroxide solution (20 mL) and subsequently sub
jected to reflux for 4 h. The solution was acidified with dilute 
HCl to a pH of 3; the resultant precipitate was filtered, washed 
with distilled water, dried, and subsequently recrystallized 
from ethanol to provide 1,2,4‐triazoles 7a–b in a good yield.

4.1.4.1 | 3‐(2‐(4‐Methoxyphenyl)‐1H‐Benzoimidazol‐5‐Yl)‐ 
4‐Phenyl‐1H‐1,2,4‐Triazole‐5(4H)‐Thione (7a) 

Yellow powder, 65% yield, m. p: 237°C–239°C; 1H NMR (DMSO‐ 
d6, 400 MHz, ppm): 3.85 (s, 3H, OCH3), 7.12 (m, 4H, Ar‐H), 7.24 

(d, 1H, J = 8.00 Hz, Ar‐H), 7.40(d, 1H, J = 8.00 Hz, Ar‐H), 7.44 
(s, 1H, Ar‐H), 7.52 (m, 2H, Ar‐H), 7.64 (d, 1H, J = 8.00 Hz, Ar‐H), 
7.85 (d, 1H, J = 8.00 Hz, Ar‐H), 8.09 (d, 1H, J = 8.00 Hz, Ar‐H), 
8.16 (d, 2H, J = 8.00 Hz, Ar‐H); 13C NMR (DMSO‐d6, 100 MHz, δ 
ppm): 55.87 (OCH3), 114.93(Ar‐CH), 114.97 (Ar‐CH benz
imidazole), 114.99 (Ar‐CH benzimidazole), 115.01 (Ar‐CH), 116.97 
(Ar‐CH), 122.11 (Ar‐CH benzimidazole), 123.99 (Ar‐CH benz
imidazole), 124.93 (Ar‐C N triazole), 128.84 (Ar‐CH N triazole), 
128.91 (Ar‐CH N triazole), 128.94 (Ar‐CH N triazole), 128.96 (Ar‐ 
CH N triazole), 129.25 (Ar‐CH), 129.82 (Ar‐CH), 129.83 (Ar‐C N 
triazole), 151.84 (Ar‐C benzimidazole), 153.56 (Ar‐C benz
imidazole), 154.05 (C═N triazole), 161.64(C═N benzimidazole), 
168.33(Ar‐C C–O), 168.92 (C═S); Elemental analysis calculated for 
C22H17N5OS (M. Wt.: 399.47): C, 66.15; H, 4.29; N, 17.53; O, 4.01; 
S, 8.03; Found C, 66.07; H, 4.40; N, 17.68; S, 8.20.

4.1.4.2 | 4‐Ethyl‐3‐(2‐(4‐Methoxyphenyl)‐1H‐Benzoimidazol‐ 
5‐Yl)‐1H‐1,2,4‐Triazole‐5(4H)‐Thione (7B) 

Brown powder, 65% yield, m. p: 221°C–223°C; 1H NMR (DMSO‐d, 
400 MHz, ppm): 1.18 (t, 3H, J = 8.00 Hz, CH3), 3.81 (s, 3H, 
OCH3), 4.09 (q, 2H, J = 8.00 Hz, CH2), 7.09 (d, 2H, J = 8.00 Hz, Ar‐ 
H), 7.44 (d, 1H, J = 8.00 Hz, Ar‐H), 7.62 (d, 1H, Ar‐H), 7.73 (d, 1H, 
J = 8.00 Hz, Ar‐H), 7.86 (d, 1H, J = 8.00 Hz, Ar‐H), 8.19 (m, 3H, Ar‐ 
H); 13C NMR (DMSO‐d6, 100 MHz, δ ppm): 13.91 (CH3), 18.92 
(CH2), 55.77 (OCH3), 114.85(Ar‐C), 114.87(Ar‐CH), 114.90(Ar‐CH), 
119.82(Ar‐CH benzimidazole), 122.51(Ar‐CH benzimidazole), 
122.58(Ar‐CH benzimidazole), 123.89(Ar‐C N triazole), 126.11(Ar‐ 
CH), 128.85(Ar‐CH), 128.88(Ar‐C benzimidazole), 152.49(Ar‐C 
benzimidazole), 154.01(C═N triazole), 161.42(C═N benzimidazole), 
167.07 (Ar‐C C–O), 168.98 (C═S); Elemental analysis calculated for 
C18H17N5OS (M. Wt.: 351.43): C, 61.52; H, 4.88; N, 19.93; O, 4.55; S, 
9.12; Found C, 61.78; H, 5.03; N, 20.14; S, 9.31.

4.2 | Biology 

4.2.1 | Cell Viability Assay 

The impact of new compounds 5a–g, 6a–b, and 7a–b on cell 
viability was evaluated utilizing the human mammary gland 
epithelial normal cell line (MCF‐10A). The MTT assay was em
ployed to assess the viability of 5a–g, 6a–b, and 7a–b following 
4 days of incubation with MCF‐10A cells [43]. Refer to Sup
porting Information S1: Appendix A for additional information.

4.2.2 | Antiproliferative Assay 

The MTT assay was employed to assess the antiproliferative 
effects of compounds 5a–g, 6a–b, and 7a–b on two breast 
cancer cell lines (MCF‐7 and MDA‐MB231). Doxorubicin was 
employed as a reference [44]. The dose–response experiments 
established the IC50 values for the new compounds. The pro
vided data were obtained from at least two different studies, 
each comprising three repeats per concentration. Supporting 
Information S1: Appendix A contains experimental specifics.

4.2.3 | EGFR Inhibitory Assay 

Compounds 5c, 5f, and 6a were evaluated for their capacity to 
inhibit EGFR via the EGFR‐TK assay [45], with erlotinib 
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serving as the reference compound. Supporting Information S1: 
Appendix A has more information.

4.2.4 | HER‐2 Inhibitory Assay 

The compounds 5c, 5f, and 6a were assessed for their ability to 
inhibit HER‐2 using a kinase assay [47]. Lapatinib functioned as 
the reference compound. Consult Supporting Information S1: 
Appendix A.

4.3 | Molecular Docking 

Molecular docking was conducted using AutoDock Vina within 
the PyRx platform.

The docking grid enclosed the co‐crystallized ligands with 
coordinates x = 22.01, y = 0.25, z = 52.79 (25 Å³ volume). 
Ten poses were generated per run with exhaustiveness set 
to 24.

Validation by re‐docking Erlotinib into EGFR showed good 
alignment (RMSD = 0.988 Å).

Docking results were visualized using PyMOL and BIOVIA 
Discovery Studio [52].

4.3.1 | Docking Procedures 

1. Ligand Structure Generation [56] 

Open Babel v.3. sed 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 AutoDock Tools v.4.2, all torsions 
of the selected structures were assigned, and their 
Gasteiger charges were provided for all studied atoms in 
structures.

2. Protein Structure Preparation [57] 

For docking screening, the crystal structure of Epidermal 
Growth Factor Receptor TK domain with 
4‐anilinoquinazoline inhibitor erlotinib (PDB ID: 1M17) 
were used. PDBfixer was used to edit the downloaded 
structure, adding missing residues and atoms, and re
moving co‐crystalized waters and agents. Through Au
toDock Tools v.4.2, polar hydrogen and Gasteiger 
charges were subsequently made available for both 
proteins.
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