1540 Indones. J. Chem., 2025, 25 (5), 1540 - 1558

Design, Synthesis, In-Silico Study of Novel Benzofuran Thiazolyl Hydrazones
as Anticancer Agents Targeting EGFR Kinase
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Compounds 5g and 5h also showed significant antioxidant activity as measured by the

DPPH method. The molecular docking investigation was conducted against the EGFR
(PDB: 1M17) to learn about the interactions of synthesized compounds with binding
pockets. Furthermore, an ADME research and molecular dynamics simulation study was
conducted to provide insight into drug-likeness and conformational stability. The results
show a good match between reported anticancer effects and computational analyses.
Compounds 5g and 5h exhibited significant cytotoxicity against lung, breast, and prostate
cancer cell lines. These findings underscore the potential of benzofuran-thiazolyl
hydrazone derivatives as promising candidates for the development of novel anticancer
therapeutics.
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m INTRODUCTION proteins, specifically threonine, tyrosine, and serine.

Such modifications are necessa for successful
Cancer is a severe worldwide health hazard, 1 y
cells

communication between and maintaining

affecting around 19-20 million individuals every year. By . . . .
. , homeostasis [3]. Among protein kinases, tyrosine

2030, the number of new cancer instances and mortality . C . .
kinases (TKs) are crucial since their activity is carefully

is anticipated to increase to 24.2 million and 13.1 million,
respectively [1]. Cancer is described as abnormal cell
growth and proliferation that results in significant
physiological abnormalities [2]. Protein kinases are

important signal transduction intermediaries that
regulate many biological processes, including cell growth,
division, migrations, metabolism, and controlled cell
death. These tyrosine kinases use ATP to generate the

phosphorylation of certain amino acid residues in target

controlled in normal cells. Mutations or structural
changes in tyrosine kinases have been linked to the
formation and progression of many human cancers. As
a result, TKs and their growth-factor ligands were
discovered as potential candidates for medical therapy
using small-molecule medications [4]. Several tiny
molecules of epidermal growth factor receptor (EGFR)
inhibitors, either alone or in combination with other

licensed anticancer drugs, have been discovered to treat
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various types of cancer. These drugs include dasatinib,
dabrafenib, gefitinib, osimertinib, and erlotinib [5-8].
According to various research reports, erlotinib and
gefitinib were the first EGFR inhibitors [9]. In addition,
N-heterocyclic derivatives such as triazole [10-11],
quinoline [12-13], quinazoline [14-15], pyrimidine [16-
17], and thiazole [18-19] were revealed to have EGFR
inhibitory activity, making it an ideal strategy for
developing novel EGFR inhibitors.

Benzofuran molecules have several uses in drug
discovery. They show antibacterial [20], anti-allergic,
[21], [22] effects.
Furthermore, benzofuran derivatives show promise as
El-Khouly et al. [22]
synthesized benzofuran thiazolyl hydrazone I, II, III, and

antioxidant and antitumor

protein kinase blockers [23].

IV (Fig. 1), which had anticancer action by blocking
EGFR action. Previous research has demonstrated that
benzofuran analogs such as ebenfuran III, iophirone D,
and iophirone E are naturally occurring compounds that
exhibit anticancer action by blocking EGFR [24]. The
thiazole moiety is a frequently used heterocycle in drug
development because of its many biological properties
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[25-26].
designed to target specific cellular pathways, and their

Various thiazole compounds have been

antiproliferative activities differ correspondingly [27].
Dasatinib and dabrafenib containing a thiazole ring are
EGFR inhibitors that have been authorized as cancer
treatments. Hydrazones are a prominent structural
group found in a range of biologically active compounds
[28]. Their diverse antiproliferative effect implies that
additional studies should be done on these intriguing
molecular structures to discover new promising
chemotherapy drugs [29]. These chemical compounds
are vital since they may serve as prototypes for supplying
critical structural frameworks that may aid medication
development in key phases in this quest for effective
prospective and innovative derivatives.

Despite substantial advances in cancer treatment,
numerous restrictions remain. These include issues with
cancer cell selectivity, undesired side effects, and
development of resistance to multiple drugs in tumor
cells, which renders them unresponsive to existing
therapy options [30-31].
innovative tiny molecules that have excellent potency

As a result, developing
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and specificity remains a tough challenge in medical
chemistry. Furthermore, the creation of drugs that may
overcome resistance to multiple drugs in tumor cells is a
critical field of research. Identifying the mechanisms that
cause drug resistance and prospective targets or pathways
that may be changed to restore drug sensitivity are
essential phases of this effort [32]. The investigators can
develop and synthesize novel substances that efficiently
overcome drug-resistant tumor cells by explaining these
processes, using structure-activity relationship findings,
computational modeling, and high-throughput screening
approaches to determine key substances and optimize
their therapeutic effects. In our studies, we developed and
synthesized benzofuran thiazolyl hydrazones by linking a
modified benzene ring at the thiazole-C, position and
conjugating the benzofuran structure and thiazole ring
via the methylene hydrazinyl linkage at the thiazole-C,
site (Fig. 1) by considering aspects such as phenyl ring
substitutions, which may result in hydrogen bonding with
amino acids present in the EGFR’s active site, ring size
variations, and molecular orientation. The most effective
chemical discovered was then studied for enzymatic
inhibition and capacity to cause apoptosis, which gave
information on its mode of action and promise as an
anticancer drug.

m EXPERIMENTAL SECTION
Materials

All solvents and chemicals used in this study,
including benzo[b]furan-2-carboxaldehyde (1), hydrazine
carbothioamide (2), substituted bromoacetophenone 5(a-
h), 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium
bromide (MTT), 1,1-diphenyl-2-picrylhydrazyl (DPPH),
fetal bovine serum (FBS), Modified Eagle's Medium
(MEM), ethanol, acetic acid, ethyl acetate, and n-hexane,
were obtained from Avra and TCI laboratory.

Instrumentation

Utilizing thin layer chromatography (TLC) plates
that had previously been treated with silica gel 60 F-254
aluminum by Merck, the progression of the reaction was
monitored each hour under an ultraviolet (UV) light
source. The melting point of each derivative was
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determined using the Buchi 530 Melting Point Device.
The Fourier-transform infrared (FTIR) spectra were
created with Bruker FTIR. DMSO-ds was used as the
solvent to generate the proton and carbon nuclear
magnetic resonance (‘H-NMR (500 MHz) and “C-
NMR (125 MHz)) spectra on the Bruker Avance-II
NMR spectrometer. Tetramethylsilane was employed as
an NMR technique standard within the procedure.
Chemical shift readings are given in parts per million
(ppm), and the coupling constant (J) is provided in Hz.
The double doublet (dd), triplet (), multiple (1), singlet
(s), and broad singlet (brs) are the acronyms for the
NMR splitting pattern. The micro mass was verified
using an electron spin impact (ESI) source that was
mounted Q-TOF on a Waters.

Procedure

Synthesis of compounds 5(a-h)

In a dry round bottom flask, compounds 1 (1.0 mol
equivalent), and 2 (1.0 mol equivalent) were added in 4-
5 mL of ethanol in the presence of 2-3 drops of acetic
acid functioning as a catalyst. After 2 h of mixing the
reaction ingredients at 75-80 °C, the progression of the
reaction was observed on a TLC utilizing a 3:7 ethyl
acetate:n-hexane mobile system. After completion of the
reaction, compound 5(a-h) (1.0 mol equivalent) was
added and stirred for an additional 4 h at ambient
temperature [33]. TLC was used to continuously
monitor the progression of the reaction using a 10%
chloroform: methanol solvent solution. The solid
product 5(a-h) was cooled to room temperature to
achieve the final pure derivatives, filtered, dried, and
recrystallized from ethanol [34]. All spectroscopic data
can be found in Fig. S1-S32.
2-(2-(benzofuran-2-ylmethylene)hydrazineyl)-4-
(4-nitrophenyl)thiazole (5a). Dark-yellow solid;
Yield: 90%; FTIR (KBr, vcm™): 3303 (N-H stretch),
1569 (C=N stretch), 1497 and 1323 (-NO, stretch), 1276
(C-N stretch thiazole), 1148, 1102 (C-N, C-O stretch),
851 (C-S-C stretch); '"H-NMR (DMSO-ds, 500 MHz):
12.53 (bs, 1H), 8.30-8.27 (m, 2H), 8.13-8.11 (m, 2H),
8.08 (s, 1H), 7.77 (s, 1H), 7.69-7.65 (m, 2H), 7.39-7.36
(m, 1H), 7.30-7.27 (m, 2H); “"C-NMR (125 MHz,
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DMSO-ds): 168.06, 154.61, 151.10, 148.56, 146.25, 140.53,
131.67, 127.94, 126.35, 125.79, 124.12, 123.44, 121.63,
111.31, 108.99, 108.86; HRMS Calcd. for CisH,N,O5S:
m/z 364.0630, Found 365.0713 [M+H]".
2-(2-(benzofuran-2-ylmethylene)hydrazineyl)-4-(4-
chlorophenyl)thiazole (5b). Light-yellow solid; Yield:
86%; FTIR (KBr, vcm™): 3056 (N-H stretch), 1576 (C=N
stretch), 1434 (C=C stretch), 1291 (C-N stretch thiazole),
1010, 1093 (C-N, C-0O, C-CI stretch), 836 (C-S-C
stretch); 'H-NMR (DMSO-ds, 500 MHz): 12.54 (bs, 1H),
8.06 (s, 1H), 7.68-7.61 (m, 3H), 7.35-7.28 (m, 5H), 7.27-
7.23 (m, 2H); 3C-NMR (125 MHz, DMSO-ds): 165.98,
157.69, 154.63, 151.00, 132.80, 129.61, 128.50, 127.92,
125.72, 124.76, 123.39, 122.32, 121.59, 121.53, 111.40,
111.32, 109.12, 104.98; HRMS Calcd. for C;sH,,CIN;OS:
m/z 353.039, Found 354.2671 [M+H]".
2-(2-(benzofuran-2-ylmethylene)hydrazineyl)-4-(p-
tolyl)thiazole (5c). Cream yellow solid; Yield: 92%; FTIR
(KBr, vcm™): 3040 (N-H stretch), 1555 (C=N stretch),
1442 (C=C stretch), 1250 (C-N stretch thiazole), 1152,
1092 (C-N, C-O stretch), 827 (C-S-C stretch); 'H-NMR
(DMSO-ds, 500 MHz): 12.50 (bs, 1H), 8.05 (s, 1H), 7.67-
7.57 (m, 3H), 7.33-7.27 (m, 2H), 7.26-7.21 (m, 3H), 7.05
(d, ] = 8.1 Hz, 2H), 2.29 (s, 3H); *C-NMR (125 MHz,
DMSO-ds): 165.72, 158.52, 154.62, 151.11, 137.38, 131.30,
129.01, 127.95, 127.77, 125.65, 124.63, 123.37, 121.56,
111.38,108.91, 104.60; HRMS Calcd. for C;oH15N;0S: m/z
333.0936, Found 334.1023 [M+H]".
4-(2-(2-(benzofuran-2-
ylmethylene)hydrazineyl)thiazol-4-yl)phenol (5d).
Dark-yellow solid; Yield: 95%; m.p. 227-229 °C; FTIR
(KBr, vem™): 3227, 3056 (N-H, O-H stretch), 1622
(C=N stretch), 1283 (C-N stretch thiazole), 1172, 1122
(C-N, C-O stretch), 870 (C-S-C stretch); 'H-NMR
(DMSO-ds, 500 MHz): 11.80 (s, 1H), 9.03 (s, 1H), 8.28 (s,
1H), 7.66-7.63 (m, 2H), 7.04 (s, 1H), 6.80-6.77 (m, 2H),
5.85 (bs, 1H), 5.85 (bs, 1H), 2.47 (s, 3H); BC-NMR
(125 MHz, DMSO-dq): 168.07, 157.52, 148.07, 143.50,
137.28, 130.24, 129.16, 128.77, 127.24, 124.97, 115.43,
114.51, 101.06; HRMS Calcd. for C;sH;3N;O.S: m/z
335.0728; Found 336.08 [M+H]".
2-(2-(benzofuran-2-ylmethylene)hydrazineyl)-4-(4-
methoxyphenyl)thiazole (5e). Light-yellow solid;
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Yield: 87%; FTIR (KBr, vcm™): 3061 (N-H stretch),
1607 (C=N stretch), 1494 (C=C stretch), 1315 (C-N
stretch thiazole), 1250 (C-O stretch), 1186, 1026 (C-N,
C-S stretch); 'H-NMR (DMSO-ds, 500 MHz): 12.10 (bs,
1H), 9.03 (s, 1H), 8.28 (s, 1H), 7.79-7.76 (m, 2H), 7.16 (s,
1H), 6.99-6.96 (m, 2H), 3.79 (s, 3H), 2.48 (s, 3H); “C-
NMR (DMSO-ds, 125 MHz): 167.95, 158.99, 154.29,
151.75, 134.80, 129.67, 128.83, 127.75, 126.98, 114.01,
113.85, 109.02, 55.09, 15.18; HRMS Calcd. for
C1sH15N50,S: m/z 349.0885; Found 350.0685 [M+H]".
4-([1,1'-biphenyl]-4-yl)-2-(2-(benzofuran-2-
ylmethylene)hydrazineyl)thiazole (5f). Brown solid;
Yield: 85%; FTIR (KBr, vcm™): 3150 (N-H stretch),
1558 (C=N stretch), 1444 (C=C stretch), 1255 (C-N
stretch thiazole), 1144, 1050 (C-N, C-O stretch), 810
(C-S-C stretch); 'H-NMR (DMSO-ds, 500 MHz): 12.53
(bs, 1H), 8.09-8.08 (m, 1H), 7.97-7.95 (m, 1H), 7.74-
7.71 (m, 2H), 7.68-7.65 (m, 2H), 7.56-7.53 (m, 2H),
749-744 (m, 3H), 7.37-7.24 (m, 5H); “C-NMR
(DMSO-ds, 125 MHz): 167.66, 154.33, 150.93, 139.75,
138.80, 135.27, 129.10, 129.02, 128.92, 127.64, 127.16,
126.82, 126.62, 107.89, 15.27; HRMS Calcd. for
C:H7N50S: m/z 395.1092, Found 396.1174 [M+H]".
4-(2-(2-(benzofuran-2-
ylmethylene)hydrazineyl)thiazol-4-yl)benzonitrile
(58). Dark-yellow solid; Yield: 91%; FTIR (KBr, vcm™):
3256 (N-H stretch), 2217 (CN stretch), 1567 (C=N
stretch), 1422-1569 (C=C stretch)), 1276 (C-N stretch
thiazole), 1135, 1045 (C-N, C-O stretch), 839 (C-S-C
stretch); 'H-NMR (DMSO-ds, 500 MHz): 12.53 (bs, 1H),
8.30-8.27 (m, 2H), 8.13-8.11 (m, 2H), 8.08 (s, 1H), 7.77
(s, 1H), 7.69-7.65 (m, 2H), 7.39-7.36 (m, 1H), 7.30-7.27
(m, 2H); “C-NMR (125 MHz, DMSO-ds): 167.95,
154.60, 151.13, 150.90, 138.62, 132.69, 131.57, 127.88,
126.11, 125.75, 123.43, 121.61, 118.95, 111.30, 109.65,
108.76, 107.97; HRMS Calcd. for C,oH;2N,OS: m/z
344.0732, Found 345.0805 [M+H]".
2-(2-(benzofuran-2-ylmethylene)hydrazineyl)-4-
(4-(trifluoromethyl)phenyl)thiazole (5h). Yellow
solid; Yield: 95%; FTIR (KBr, v cm™): 3066 (N-H stretch),
1612 (C=N stretch), 1490 (C=C stretch), 1322 (C-N
stretch thiazole), 1174, 1115, 1069 (C-N, C-S stretch),
948 (C-F stretch); 'H-NMR (DMSO-ds, 500 MHz):
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12.63 (bs, 1H), 8.23 (s, 1H), 8.20 (bs, 2H) 8.11-8.06 (m,
4H), 7.78 (d, ] = 8.3 Hz, 2H), 7.68 (s, 1H), 6.98 (dd, ] =
7.45, 59 Hz, 1H); “C-NMR (DMSO-ds, 125 MHz):
167.91, 154.07, 151.79, 138.16, 135.45, 134.38, 128.45,
127.80, 126.06, 125.58, 125.31, 123.16, 106.70, 15.19;
HRMS Calcd. for CisH2,F3N;0S: m/z 387.0653; Found
388.078 [M+H]*.

In vitro MTT assay

Biological assessment of all synthesized compounds
was performed using the standard MTT test to investigate
antiproliferative activity against A549, MCF7, DU145,
and MCF10 cells. First, 10% FBS was utilized to develop
these cell lines. In a 96-well plate, precisely 4x10° cells
were suspended in MEM and exposed to 5% CO, for the
duration of the experiment. The cancerous cells were
incubated in the culture mix containing all eight
synthesized compounds for 72 h. A fresh solution of MTT
was introduced to each well, and the cells were
subsequently incubated for four hours at 37°C [35].
Utilizing a multimode reader acquired from Synergy Mx,
BioTek, the absorbance at 492 nm was determined to
calculate the MTT decrease.

In vitro enzymatic assay

The Kinase Glo Plus luminescence kinase assay set
performed an enzymatic test on all
For 45 min, this
experiment was run at 30 °C. Then, 0.2 mg/mL enzyme-
substrate (Poly(Glu, Tyr)), 40 mM Tris, 25 ng kinase,
10 mM MgCl, 10 uM ATP, 0.1 mg/mL BSA, 1 mM, and
DTT pH = 7.4 are all included in the 50 puL reaction

mixture used in this test. To achieve a final concentration

synthesized

compounds in vitro. enzymatic

of 1% in the DMSO solution, 5uL of every sample
solution was individually added to a 45pL reaction
mixture after the molecules had been dissolved in a 10%
DMSO solvent. A 50 pL of the Promega Kinase-Glo Plus
Luminescence Kinase assay reagent was added to each
reaction well after the enzymatic reaction. After that, the
plate was left to sit at ambient temperature in a dark room
for 15 min. A microplate reader called Spectra Max was
used to measure the luminescence signal. The amount of
ATP fluorescence is negatively correlated with the level of
kinase activity. Graph Pad Prism 8.0 software was used to
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create a sigmoidal dose-response curve, and nonlinear
regression analysis was used to get the ICs, values. For
each concentration, three separate batches of the tests
were conducted.

DPPH assay

The previously reported DPPH assay was utilized
to evaluate the free radical scavenging activity of the
tested compounds [36]. The compounds were prepared
in methanol at concentrations ranging from 0 to
25 ug/mL. For each test, 2.5mL of the compound
solution at three different concentrations was mixed
with 1 mL of a 0.3 mM DPPH solution in ethanol.
Additionally, 1 mL of methanol was added to the
mixture, which was then incubated in the dark at room
temperature for 30 min. The absorbance was measured
at 518 nm. The blank solution contained 2.5 mL of the
test compound and 1 mL of methanol, while the negative
control consisted of 1 mL of DPPH solution combined
with 2.5 mL of methanol. The percentage of antioxidant
activity was calculated using Eq. (1);
Aa=AB L 100% (1)

Ap

where Ag is the blank sample absorption and A, is the

%Inhibition =

test sample's absorption. The percentage inhibition
value was calculated and compared with that of ascorbic
acid as a reference.

Computational methods

Ligand structure preparation. The two-dimensional
(2D) chemical structures of 5(a-h) were sketched using
ACD/ChemSketch software [37]. Prior to the study, the
molecular structures and IUPAC nomenclature of the
compounds were confirmed using the PubChem®
The
structures were then converted from the .cdx file format
to the .sdf MDL MOL format as a single file using
OpenBabel 2.4.1 software. The energy of the ligand was

database  (https://pubchem.ncbi.nlm.nih.gov/).

minimized to prepare it for docking studies.

In-silico drug-likeness and ADMET. The drug-
likeness and ADME properties of the newly synthesized
predicted using SwissADME
(http://www.swissadme.ch/), an online web server.

compounds were

Drug-likeness, commonly known as Lipinski's rule of
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five, is crucial for assessing a molecule's potential to be an
orally active drug. This rule was established to predict the
pharmacokinetic characteristics of novel therapeutic
candidates. According to the rule, a compound should
have a molecular weight below 500, a log P value, no more
than 5 hydrogen bond donors, and hydrogen bond
acceptors not exceeding 10. The pKCSM web server
(https://biosig.lab.uq.edu.au/pkesm/)  is  specifically
developed to predict the ADMET properties of small
molecules. It employs machine learning algorithms
data to these
characteristics. By analyzing the structural features of

trained on experimental assess
small compounds, these algorithms create predictive
models that accurately classify substances based on their
pharmacokinetic and toxicological profiles [38]. In this
study, the server was utilized to predict toxicity.
Molecular docking study. Molecular

experiments were performed on synthesized drugs that
target the crystal structure of the human EGFR with PDB

code 1M17. The molecules were synthesized with LigPrep,

docking

and the protein structure was analyzed according to prior
research techniques. Docking was done inside the active
site of the EGFR utilizing AutoDock Vina 1.5.7 software
[39-40]. The QikProp module was used to analyze drug-
likeness parameters, while the pkCSM server was used for
in silico ADMET studies. The crystal structure of the
EGFR protein was retrieved from the Protein Data Bank
(https://www.rcsb.org/) and subsequently processed.
Protein preparation involved selecting the chain
containing the relevant amino acids for the co-crystallized
ligand, (2R)-2-(1-oxo-1,3-dihydro-2H-isoindol-2-yl)-2-
phenyl-N-(1,3-thiazol-2-yl)acetamide ~ (57N).  Non-
additional chains,
heteroatoms, and water molecules were removed from the

essential components such as
structure. The binding site was identified based on the co-
crystal structure of the native ligand, with dimensions set
at x-center = —23.723, y-center = 31.599, and z-center =
12.231, maintaining a uniform box size of 50 (Fig. 2). The
energy range was adjusted to 4. Molecular docking was
conducted using AutoDock Vina 1.5.7 software to analyze
the interactions between all hydrazone analogs and the
EGEFR protein. AutoDock Vina is an advanced docking
tool that incorporates a gradient-based local search genetic
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Fig 2. The binding cavity is selected around the native
co-crystal ligand

algorithm for enhanced accuracy. The ligand-protein
interactions were visualized using BIOVIA Discovery
Studio 2021. These interactions resulted in binding
energy calculations and were analyzed in both 2D and
3D representations.

Docking process validation. The docking method
was validated by calculating the root mean square
deviation (RMSD) value through the superimposition of
the hydrazone derivatives onto the native co-crystallized
ligand (57N). This analysis was conducted using PyMOL
2.6 software (https://pymol.org/).

Molecular dynamics simulations. Derivatives with
good docking scores and potential in vitro cytotoxic
activity were further evaluated by a molecular dynamics
(MD) simulation over 100 ns [41]. These MD simulations
were performed by using the Desmond program from
the Schrodinger software [42]. Each protein-targeted
molecule complex was inserted and solvated within an
orthorhombic container. Periodic boundary parameters
and the TIP4PEW water model were used to generate an
adequate simulation setting for the protein-ligand
combined form in the solvated box [43]. Na* or Cl” ions
were inserted into the simulation environment to
generate an overall neutral charge on the protein-ligand
complexes [44]. The NPT ensemble was used for energy
minimization and relaxing protein-ligand complexes.
The complexes were minimized using the most difficult
descent approach after progressively exposing the
system to 0 to 310 K, with annealing steps occurring
every 2000 steps. Then, a system equilibration phase was
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carried out for 1000 steps before the start of the final
production run [45]. The MD calculations were carried
out for 100 ns, with data collected every 100 ps. The
system's temperature and pressure remained constant
during the simulation processes at 310 K and 1.01325 bar,
respectively. The results of MD trajectory analysis were
performed with statistical metrics like as RMSD, RMSF,
and protein-ligand interactions. Furthermore, the binding
free energy was estimated using the MMGBSA method
[46]. The binding free energy was calculated by running
the Python software thermal MMGBSA.py on the latest
fifty images of MD trajectories with a single-step sampling
size [47]. The binding free energy was determined using
the principle of additivity, where individual energy
modules  (AGping, AGpinaCoulomb,  AGyiaCovalent,
AGpindHbonds AGpinaLipo, AGpinaSolvGB, and AGyingvdW)
were combined. The calculation of AGying was performed
utilizing Eq. (2);

AGping =AGpy +AGg,ly ~AGgy (2)
where AGuing is the binding free energy value, AGuw is the
difference between the free energies of protein-ligand
complexes and the total energies of protein and ligand in
isolated form, AGs, is the difference in the Gsa solvation
energies of the protein-ligand complex and the sum of the
solvation energies of the receptor and the ligand in the
unbound state, and AGs, represents the difference in the
surface area energies for the protein and ligand.

S

2-3 drops of acetic acid
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m RESULTS AND DISCUSSION

Synthesis
In the present work, benzofuran thiazolyl
hydrazones were synthesized by a one-pot

multicomponent reaction, forming the thiazole ring and
Schiff base functionality. This one-pot multicomponent
condensation reaction includes the C-S, C=N, and C-N
bonds [48-49].
carboxaldehyde (1) was reacted with 2 in ethanol in the

formation Benzo[b]furan-2-
presence of acetic acid as a catalyst to form 2-
(benzofuran-2-ylmethylene)hydrazine-1-
carbothioamide as respective thiosemicarbazone
derivative (3) (Schiff base). This intermediate (3) was
further in-situ refluxed with an equimolar quantity of
substituted bromoacetophenone 4(a-h) in ethanol to
synthesize targeted compounds 5(a-h) with good yields
(86-90%) by Hantzsch thiazole synthesis (Scheme 1).
The newly synthesized 2-aminopyridine thiazolyl
hydrazones derivatives were characterized and
confirmed by FTIR, 'H-NMR, and "“C-NMR mass
spectroscopy analysis.

The FTIR of 5(a-h) exhibited a characteristic
absorption band around 1650 + 10 cm™, indicating the
presence of the imine (C=N) group. The newly formed
thiazolyl ring was confirmed by absorption around

1230 + 15 cm™. In 'H-NMR, a singlet peak around 6 value

S
>\-—NH2

0
/ H 2

) v

5A:R=-NO,  5E:R=-OCH,
5B: R= —CI 5F: R= —CgHs
5C:R=-CH;  5G:R=-CN
5D: R= —OH 5H: R= —CF;

> O, N—NH
Ethanol relux, 75— 80 °C P 74

3
o

Br
R

4(a-h)
R
S/YQ/
=
H

(¢} /N—N
@i/)_/ 5(a-h)

Scheme 1. Synthetic route for targeted compounds of 5 (a-h)
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8.1-8.2 ppm and a broad singlet around § 12.50 ppm are
assigned to amine hydrogen attached to the thiazolyl ring
and imine proton attached to the pyridine ring,
respectively. The derivative 5h showed a characteristic
absorption band in FTIR spectra at 948 cm™ (C—F stretch),
whereas analog 5g showed absorption at a frequency of
2217 cm™, confirming the ~CN group.

Biological Study

In vitro anticancer activity

The MTT assay test was used to assess the
antiproliferative activity against the chosen cancer cell
lines. Doxorubicin and osimertinib were used as a
reference for biological assay. The result of the MTT assay
was shown as ICs, values in Table 1. Compounds 5a, 5g,
and 5h have shown better anticancer activity. Compound
5h has shown the best antiproliferative activity against A-
549, MCF7, and DU145 cells with ICs, values of 9.05,
12.03, and 10.01 uM, respectively. We have attempted the
structural activity relationship data of the synthesized
derivatives. It revealed that compounds 5a and 5g with an
electron-withdrawing group (NO, and CN) on the
benzene ring diminished activity against A-549 and
MCEF?7 cell lines. The imine derivatives 5a, 5g, and 5h
showed noticeable anticancer activity against A-549 and
MCF?7 cell lines with an ICs value ranging from 9-12 uM.

In vitro enzymatic activity assay
An in-vitro test was performed to inhibit the
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enzymatic activity of the synthesized molecules against
wild-type EGFR. Osimertinib was taken as a reference
standard. The results are mentioned in Table 2. Among
all, compounds 5g and 5h demonstrated strong
inhibitory activity against wild-type EGFR with an ICs,
of 2.40 and 1.89 pM, respectively.

DPPH radical scavenging activity

Free radicals have a key role in cancer,
cardiovascular, and auto-immune illnesses, as well as
aging-related issues, leading to new medical approaches
[50]. The scavenging capacity of the produced
compounds was evaluated using the previously
published DPPH technique. Ascorbic acid was employed
as a control. As indicated in Table 3, the compounds 5g
and 5h were evaluated at concentrations such as 10, 50,
and 100 uM, displaying good antioxidant properties.
Compound 5g showed substantial antioxidant activity at
a concentration of 100 uM, with a DPPH radical
scavenging value of 91.46%.

Table 2. In vitro enzymatic inhibitory activity of
synthesized molecules against EGFR

IC50 l,I.Ma
Compound EGER inhibition
5g 2.40 £ 0.21
5h 1.89 £ 0.10
Osimertinib (5i) 1.35+0.14

*The data reported are the mean values from three independent
experiments

Table 1. In vitro anticancer screening of the synthesized 5(a-h) against four different cell lines

ICso pM?
Compound A549 MCF7 DU145 MCF10 Selectivity index
(WTEGFR) (WTEGFR) (WTEGFR) (Non-special gene type)
5a 13.57 £0.60 10.05+1.90 14.09+1.40 87.23 6.93
5b 54.01 £0.20 57.04+£0.50 56.08 +0.80 ND -
5c 14.56 £ 1.10 45.67 £1.80 55.03 £ 0.60 ND -
5d 78.06 £1.20 70.01 £1.50 78.09 +0.40 ND -
5e 60.04 £1.20 67.05+0.80 19.07 £1.20 ND -
5f 18.09£0.80 15.03+1.20 24.11+1.60 92.77 4.86
5g 10.08 £1.80 13.09£1.40 15.06+0.40 85.64 6.72
5h 9.05+190 12.03+1.40 10.01£1.10 78.46 7.57
Osimertinib (5i) 8 £2.40 - - 98.45 12.30
Doxorubicin 25+£1.10 13.7 £ 2.40 11.3+1.70 95.35 10.47

*The reported data is based on the mean values of three separate experiments; ND = not determined
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Table 3. DPPH antioxidant activity results

Antioxidant (DPPH radical scavenging activity %) at various concentrations (uM)

Compound
100 50 10
5g 91.46 94.57 53.26
5h 80.88 81.23 52.38
Ascorbic acid 96.73 92.27 64.75
Computational Study excellent absorption characteristics. Overall, the

Druglikeness and ADMET study

The evaluation of synthesized compounds using
Lipinski's rule of five and Jorgensen's rule of three is given
in (Table 4). The synthesized compounds 5(a-h) have
molecular weights (MW) ranging from 333.41 to 395.48,
all below the 500 thresholds of Lipinski’s rule. The number
of hydrogen bond donors (donor HB) for all compounds
is 1 or 2, within the acceptable limit of 5. Hydrogen bond
acceptors (acceptor HB) range from 3.0 to 5.5, also within
the acceptable range of 10. Despite this, 5b and 5¢ each
have one violation of Lipinski’s rule of five due to their
QPlogPo/w values exceeding 5. Regarding Jorgensen’s
rule of three, which assesses solubility, permeability, and
metabolic stability, most compounds have QPlogS values
below the threshold of —5.7, except for 5¢. The number of
primary metabolites (#metab) for the compounds ranges
from 0 to 1, well below the threshold of 7. The QPPCaco
values, representing cell permeability, are above the
threshold of 22 nm/s for all compounds, indicating good
permeability. Notably, all compounds exhibit a predicted
human oral absorption percentage of 100%, suggesting

compounds comply with Lipinski’s rule of five and
Jorgensen’s rule of three, indicating good drug-likeness
and high potential for oral absorption in humans.

The in silico ADMET predictions for the
synthesized 5(a-h) indicate several notable characteristics
regarding their pharmacokinetic and toxicity profiles.
All compounds exhibit moderate to low water solubility,
with 5f being the least soluble and 5d the most soluble.
All compounds are P-glycoprotein substrates and
inhibitors, indicating potential for drug-drug
interactions. It also suggests these compounds may be
effectively transported across cellular barriers. In terms
of distribution, the distribution volume suggests low
distribution for most compounds, with 5d having the
highest and 5h having the lowest values (Table 5). They
all show high protein binding with low fractions unbound
in human plasma and varying degrees of blood-brain
barrier permeability, with 5b and 5¢ having the highest
permeability. None of the compounds are substrates for
CYP2D6, reducing the risk of interactions with drugs

metabolized by this enzyme. Most compounds do not

Table 4. Lipinski’s rule of five and Jorgensen rule of three (drug likeliness) of prediction synthesized compounds

Lipinski’s rule of five

Jorgensen rule of three

Comp Donor Acceptor Rule %Human. oral
ID mol MW HB HB QPlogPo/w Rule of five QPlogS #metab QPPCaco of three absorption
5a 364.38 1 5.50 3.65 0 -5.53 3 542.06 0 100
5b 353.83 1 3.00 5.43 1 -5.40 3 4815.71 0 100
5¢ 33341 1 3.00 5.25 1 -6.54 4 4813.35 1 100
5d 335.38 2 5.25 3.13 0 -4.30 3 823.59 0 100
5e 34941 1 5.25 4.44 0 —-5.58 3 4570.88 0 100
5f 395.48 1 3.00 4.37 0 -4.99 3 4831.82 0 100
5g 344.39 1 4.50 4.18 0 -4.93 3 999.44 0 100
5h 387.38 1 3.00 4.92 0 -5.40 3 4813.36 0 100

Lipinski’s rule of five: MW < 500, log Po/w < 5, donor HB < 5, accept HB < 10; Jorgensen’s rule of three: QPlogS < -5.7, QPPCaco > 22 nm/s,
# primary metabolites < 7; percent human oral absorption on 0 to 100% scale (> 80% is high < 25% is poor)
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Table 5. In silico ADMET prediction of the synthesized compounds
Parameters 5A 5B 5C 5D 5E 5F 5G 5H
Water solubility (log mol/L) —5.041 -5.349 5221 -4.678 -4.785 —-6.392 —-4.942 -5.498
. P-glycoprotein substrate Yes Yes Yes Yes Yes Yes Yes Yes
Absorption .
P-glycoprotein I inhibitor Yes Yes Yes Yes Yes Yes Yes Yes
P-glycoprotein II inhibitor Yes Yes Yes Yes Yes Yes Yes Yes
VDss (human) (L/kg)? -0.097 0.124 0.137 -0.053  0.155 0.46 0.019 0.164
Distribution  Fraction unbound (human) (Fu) 0.061 0.073 0.083 0.095 0.068 0.165 0.078 0.061
BBB permeability (log BB)® -0.791  0.537 0.550 -0.508  0.409 0.513  -0.447  0.497
CYP2D6 substrate No No No No No No No No
CYP3A4 substrate Yes Yes Yes Yes Yes Yes Yes Yes
CYP1A2 inhibitor Yes Yes Yes Yes Yes Yes Yes Yes
Metabolism  CYP2CI19 inhibitor Yes Yes Yes Yes Yes Yes Yes Yes
CYP2C9 inhibitor Yes Yes Yes Yes Yes Yes Yes No
CYP2D6 inhibitor No No No No Yes No No No
CYP3A4 inhibitor Yes No No No No Yes No Yes
Excretion Total clearance (mL/min/kg) 0.298 0.263 0.338 0.162 0.31 0.348 0.362 0.315
Renal OCT?2 substrate No Yes Yes Yes Yes No Yes Yes
AMES toxicity Yes Yes Yes Yes Yes Yes Yes Yes
Max. tolerated dose (human)
0.165 -0.131 -0.145 -0.15 -0.143 0.73 -0.218 -0.213
(log mg/kg/day)*
Toxicity hERG-I inhibitor No No No No No No No No
Oral rat acute toxicity (LDso, mol/kg) 3.052 2.074 2.072 2.071 2.199 2.179 2.074 2.164
Oral rat chronic toxicity (LOAEL,
1.158 0.702 0.829 0.949 1.172 1.026 0.883 0.618

mg/kg bw/day)

“VDss is considered low if below 0.71 L/kg and high if above 2.81 L/kg; *For a given compound a logBB > 0.3 considered to readily cross the blood brain

barrier while molecule with logBB < —1 are poorly distributed to the brain; “For a given compound maximum tolerated dose of less than or equal to 0.447

log(mg/kg/day) is considered low and high if >0.477 log(mg/kg/day)

inhibit CYP2D6 (except 5e), minimizing potential drug-
drug interactions involving this enzyme. Several
compounds (5b, 5¢, 5d, 5e, and 5g) do not inhibit CYP3A4,
reducing the risk of interactions with drugs metabolized
by this enzyme. The compounds exhibit moderate total
clearance rates, and most are substrates for renal OCT2,
affecting renal excretion. Toxicity profiles reveal that all
compounds tested positive for AMES toxicity, suggesting
potential mutagenic effects. The maximum tolerated doses
are generally low, with S6 showing the highest tolerance.
None of the compounds inhibit the hERG channel,
indicating a lower risk of cardiotoxicity. In summary, the
synthesized compounds exhibit favorable safety profiles
in terms of blood-brain barrier permeability, lack of
CYP2D6 interaction, non-inhibition of hERG channels,
and acceptable acute and chronic toxicity values.
However, concerns regarding P-glycoprotein interaction

and AMES toxicity need further investigation to ensure
comprehensive safety in drug development.

Molecular Docking Results

To better understand the biological processes

behind newly synthesized nitrobenzene thiazolyl
hydrazone derivatives, we assessed their binding affinity
and interaction mode at the EGFR protein binding site.
The EGFR protein was chosen as the docking target
because of its clearly defined crystal structure and high
affinity for its 57N ligand. The docking study found the
compounds with the lowest binding energy, the most
hydrogen bonds, and the shortest bond lengths. The
bond length, bonding type, and binding energy were
shown in both 2D and 3D forms [51]. The docking results
for the synthesized compounds against EGFR protein are

summarized in Table 6, with docking scores indicating
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Table 6. Docking score of the synthesized compound in
the active site of EGFR protein

Compound Docking score (kcal/mol)
5a -7.361
5b -6.958
5c -6.827
5d -6.944
5e -6.962
5f -6.853
5g ~7.445
5h -7.223

Osimertinib (5i) -7.900

the binding score of each compound. A more negative
score signifies stronger interactions with the enzyme.
The docking scores of the compounds range from
-7.445 to —6.827 kcal/mol.
compounds 5a, 5g, and 5h exhibit particularly promising
docking affinities with values of -7.361, -7.445, and
—7.223 kcal/mol, respectively. The promising docking

Among these scores,

scores of 5g and 5h indicate a strong potential for binding
and modulation of EGFR activity. These compounds also
demonstrate significant efficacy in inhibiting EGFR

‘ ’ | @) N
‘\‘ | \\)
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Fig 3. The 2D and 3D molecular interaction of compounds (a) 5g and (b) 5h against EGFR protein
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enzyme function, as evidenced by their respective ICs
values of 2.40 and 1.89 uM, highlighting their potential
as lead compounds for further development in targeted
cancer therapy. The 2D and 3D binding poses of
compounds 5g and 5h are visually represented in Fig. 3,
and the 2D non-covalent interactions of all compounds
against the EGFR protein can be found in Fig. $33-S39.
Both compounds do not involve direct hydrogen bond
interactions but exhibit interactions with the active site
residues of EGFR through van der Waals forces of
interaction. These include Leu694, Gly695, Glu697,
Phe699, Val702, Leu764, Thr766, Leu768, Met769,
Gly772, Thr830, and Asp831. Such interactions are
crucial for stabilizing the ligand-protein complex and
facilitating the inhibition of EGFR activity.

MD Simulations

The MD simulations of 5g and 5h with EGFR
receptor were the focus of the MD simulation analysis of
the docked complexes, which was carried out over 100 ns
using the Desmond software. Numerous parameters, i.e.,
RMSD, root mean square fluctuations (RMSF), changing
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protein-ligand interactions throughout time, and binding
free energy computations based on the MD trajectory's
final frames, were used extensively to assess the resultant
MD trajectory. A thorough investigation of the dynamic
behavior of the protein-ligand complexes over the 100 ns
simulation period was made possible by the MD
simulation of compounds 5g and 5h with EGFR kinase.
The study included an in-depth investigation of how the
binding interactions and free energy of compounds 5g
and 5h with EGFR kinase develop in a realistic
physiological simulation. Parameters such as RMSD and
RMSF provided information on the complex's general
stability and fluctuations, whilst changing protein-ligand
contacts provided a dynamic perspective of the
interactions throughout the simulation. Additionally,
binding free energy calculations help to understand the
thermodynamic features of ligand-protein binding.

Fig. 4 shows the RMSD curve of simulated
complexes. After the first 20 ns of simulation, the RMSD
profile of the 1M17-5h complex showed a continuous
trend with a centered graph. Fig. 4(a) shows that the
1IM17-5h complex's RMSD values went up slightly.
Furthermore, the complex exhibited increased dispersion
in RMSD before around 20 ns, which can be attributed to
the complex's first stabilization stages. The post-20 ns
centered graph represents a time in which the complex
gained a more stable conformation, resulting in a more
uniform RMSD pattern. The first scattering detected
this
conformational changes as the complex first interacts

before period might indicate structural or
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with the protein target. Once stabilization is achieved,
the RMSD readings show a more regulated and centered
behavior, indicating that the 1M17-5h complex is in a
stable this
simulation period. The RMSD analysis of the backbone
Ca of EGFR and the bound molecule 5h in Fig. 4(a) with
sky-blue and green colors, respectively, demonstrates a

generally configuration throughout

constant alignment throughout the simulation with low
scattering. The individual structures (1M17 and 5h) had
lower RMSD than their complex form (1M17-5h). The
RMSD of 5h showed a continuous curve with RMSD
value below ~2 A. However, a substantial variance was
noted in the early 20 ns. RMSD study of the backbone
Ca revealed significant scattering ranging from ~40 to
~50 ns. Individual structures had stable and reduced
RMSD values with insignificant variation compared to
their complex form, indicating that both structures
maintained their structural arrangement with minor
fluctuations during the simulation.

In Fig. 4(b), the RMSD profile of the 1IM17-5g
complex, along with the backbone Ca and compound 5g,
was analyzed. All components in the 1IM17-5g complex
have RMSD values below ~3.5 A. Notably, compound 5g
had the most stable conformation in its bound state
within the EGFR binding pocket, and the RMSD plot for
this derivative was continuously centered with negligible
dispersion. The centered RMSD plot for compound 5g
from ~0.5A to ~1A revealed a relatively stable
conformation when coupled to the EGFR protein. The
RMSD profiling of the MD trajectory for both complexes

1M17-5h
EGFR(PDB:1M17) l
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Fig 4. RMSD profile for scaffold protein, protein-ligand complex, and ligand structure from simulated complexes of

(a) IM17-5h and (b) 1M17-5g over 100 ns MD simulation
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revealed important information on the structural
dynamics and stability of the 1M17-5h and 1M17-5g
complexes. The slight discrepancies in the RMSD values
and plot, as seen in Fig. 4, necessitated more investigation
to determine and recognize the underlying reasons for
these RMSD values. The structural shift seen in the RMSD
figure might be attributable to residual changes in amino
acid residues involved in drug binding or the protein's
overall structure. To go further into the specifics of these
residual oscillations and get more thorough insights,
RMSF analysis was performed on the simulated MD
trajectory. The RMSF profiling was useful for estimating
the residual variations of individual amino acid residues
in the EGFR protein during the 100 ns MD simulation.
The RMSF plot for both simulated complexes is shown in
Fig. 5. The RMSEF study of the 1M17-5h complex found
minor alterations in all amino acid residues, with values
typically below ~3 A. The 1M17-5g complex followed a
similar RMSF trend. The RMSF profiling data showed
that amino acid residues migrated in predictable ways
over the 100 ns MD simulation. The small fluctuations in
RMSF values indicated that the amino acid residues
involved in the interaction with compounds 5g and 5h
exhibited exceptionally stable and controlled dynamics
during the 100 ns MD simulation. This coordinated
mobility of residues indicates a well-mannered and stable
protein-ligand complex, with binding interactions
contributing to system stability. Overall, RMSF profiling
confirmed that residue variations are not responsible for

Indones. J. Chem., 2025, 25 (5), 1540 - 1558

the conformational divergence of complexes seen in the
RMSD.

Further examination of changing protein-ligand
interactions during the simulation was conducted to
determine their function in the conformational variation
found in RMSD. This approach involves determining the
proportion of binding contacts and the consistency of
interactions between residues and bounded compounds
during the 100 ns MD trajectory. Fig. 6 shows the results
charts from this investigation. These charts offered
useful information on how the protein-ligand
interactions changed during the MD simulation run and
how they altered the complex structure The proportion
of binding contacts and the uniformity of interaction
were used to assess if individual residues contributed to
the stability of the complex or whether there are
transitory interactions that may have influenced the
noticed conformational aberrations in the RMSD plot.
Fig. 6(a) and 6(b) show that Phe856 consistently binds
to compound 5h in the interaction analysis of the 1IM17-
5h complex. Phe856 made the most hydrogen bonds in
comparison to other residues. This conclusion is
consistent with the findings from the docking
investigation, where the identical residue, Phe856,
formed a mt-mt T-shaped contact with 5h. The continuous
binding of Phe856 to compound 5h, as shown by the
proportion of hydrogen bonds, revealed that this residue
played an essential role in stabilizing the complex across

the 100 ns simulation. The docking investigation found

6 1M17-5h \
1M17-5g
5
z |
2
s 3
x |
2 \
1
. 1
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Residue

Fig 5. RMSF profile for backbone protein from simulated (a) 1IM17-5h and (b) 1M17-5g complexes over 100 ns MD

simulation
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a -1 T-shaped connection, which supports the idea that
Phe856 has constant and unique interactions with
compound 5h. In the instance of the 1IM17-5h complex,
whereas Phe856 was shown to contribute to binding
interactions regularly, Leu858 was also discovered to
contribute to complex stability. Leu858's involvement
revealed that many residues worked together to provide
stability to the protein-ligand complex through binding
interactions. The study of protein-ligand interactions in
Fig. 6(c-d) revealed that Phe723 consistently binds to
compound 5g. In addition, compound 5h formed
hydrogen bonds with Asp855 and Phe856. This showed
that these residues substantially stabilized the complex by
forging persistent connections with 5h. Particularly, the
majority of the amino acid residues discovered during the
binding interaction research following docking helped
create protein-ligand interactions during the MD
simulation. This alignment of docking and MD
simulation findings confirmed the trustworthiness of the
binding interactions discovered using computational
approaches. These particular acids might contribute to

1553

8 H-bonds 1 Hydrophobic Mllonic B Water bridges |

"

(c) & & & & 93\” 03\‘ o?‘ Cq° °?¢ J’Q ?’P z?‘? «?"\ of
&EY Y A A i P A
eI { [} i“ I I

Lrs_ 748 4

uu_nn}

RE_739 4
Gw_%62 4
MET_2¢66 4
Crs 775 4
(TR !

Interactions Fraction

S —

S D A P O
PO K o\c £

L 7es 4
MET_790 1
ARG_86 {
THAR 834 ‘
ASP 855 !
PHE 856 4
LY, 857 |
LEU_ 858 {

(d)

LITHIE

Time (ns) '

Protein-ligand contacts from simulated (a-b) 1M17-5h and (c-d) 1M17-5g complexes over 100 ns MD

the protein-ligand complexes' stability throughout the
100 ns MD simulation. This information improves the
usability of the MD simulation findings and gives a more
detailed picture of the molecular connections that
control the behavior of these complexes over time.

The binding free energy of the simulated complexes
was analyzed using the MD trajectory's end frames, and
the energies were calculated using the MMGBSA
technique. Fig. 6 shows a graph of the obtained data.
Interestingly, both complexes have virtually comparable
calculated interaction energies, such as AGuyina,
AGyinaCoulomb, AGyingCovalent, AGyindHbond,
AGindLipo, AGpinaSolvGB, and AGyinavdW. Interestingly,
both complexes showed high AGuinaCoulomb energies.
The identical patterns in interaction energies found in
both complexes, as shown in Fig. 7, provide credence to
the notion that protein-ligand interactions stay stable
during the 100 ns MD simulation. Strong AGpindCoulomb
energies with large negative values indicate strong
This
extensive investigation of binding free energy yielded new

electrostatic interactions within complexes.
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Fig 7. Graphical fépresentaﬁon of calculated Binding free energy profile of simulated complexes

quantitative insights into the thermodynamic stability of
protein-ligand complexes. The overall results from MD
simulations provided a more thorough insight into the
binding modes, affinity, type of interactions, and general
stability of the compounds inside the EGFR binding site.
This real-time simulation verified and expanded upon the
findings of the first docking and in vitro cytotoxicity
investigation. This knowledge is critical for improving the
future design of these molecules as possible as anticancer
medicines. As a result, running molecular dynamics
simulations was a natural and significant next step in
investigating compounds 5h and 5g. This helped
thoroughly assess their efficacy as anticancer drugs
targeting EGFR.

m CONCLUSION

We synthesized novel benzofuran thiazolyl thiazolyl
hydrazones using a pharmacophore-based drug-design
method via a one-pot multicomponent reaction. Various
analytical techniques were utilized to determine the
structures of novel molecules. The synthesized derivatives
were assessed for antiproliferative activity against MCF7,
A549, DU145 cancer, and MCF10 normal cell lines.
Among all, 5g and 5h could inhibit EGFR activity at
concentrations ~1.89-2.40 uM. As per MTT assay results,
all the derivatives demonstrated moderate (9 uM) to

better (15 uM) inhibition as compared to reference
drugs. Compounds 5g and 5h showed the most potent
inhibition activity against EGFR and good antioxidant
activity. In molecular docking investigations, all ligands
in their conformational state were adequately anchored
into the pocket of the wild EGFR enzymes. Thus, all these
findings of this study show that benzofuran thiazolyl
hydrazones, specifically 5g and 5h, have significant
anticancer potential and might be further optimized for
the design and development of new EGFR inhibitors.
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