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RESUMO

Introdugao: Sistemas heterociclicos hibridos que combinam nuicleos estruturalmente e farmacologicamente
relevantes sao de interesse em quimica medicinal, pois a integragdo de diferentes arcabougos pode ampliar a
diversidade molecular e modificar o comportamento de ligacdo ao alvo. Objetivo: Sintetizar e caracterizar
estruturalmente uma nova série de hibridos 1,4-di-hidropiridina—1,2,4-triazolidina-3-tiona e investigar suas
interacdes previstas com o dominio tirosina-quinase do receptor do fator de crescimento epidérmico (EGFR).
Métodos: Os compostos-alvo foram preparados por uma sequéncia de trés etapas: condensacao
multicomponente do tipo Hantzsch, formilagdo de Vilsmeier—Haack e ciclizagdo com tiosemicarbazida. Os
intermediarios e produtos finais foram caracterizados por espectroscopia no infravermelho com transformada
de Fourier (FT-IR), ressonancia magnética nuclear (RMN) de 'H e ¥C, Distortionless Enhancement by
Polarization Transfer (DEPT-135) e espectrometria de massas. O docking molecular foi realizado contra o
dominio tirosina-quinase do EGFR obtido do Protein Data Bank (PDB ID: 6JWL), utilizando o software
Molecular Operating Environment. Resultados: Os derivados-alvo foram obtidos com rendimentos moderados
a bons, e os dados espectroscépicos foram consistentes com as estruturas propostas. Entre os compostos
submetidos ao docking, M9 apresentou o escore previsto mais favoravel (-15,91 kcal/mol), seguido por M6, M3
e M12 (14,64, -14,49 e -14,44 kcal/mol, respectivamente). As poses previstas mostraram interacdes com
residuos do sitio ativo do EGFR, incluindo Lys745, Thr790 e Asp855. Discussao: As diferengcas no
comportamento de ligagao previsto foram associadas a natureza e a posi¢ao dos substituintes arila. O derivado
para-cloro M9 apresentou o escore de docking mais favoravel nas condicbes computacionais aplicadas.
Conclusées: Uma nova série de hibridos 1,4-di-hidropiridina—1,2,4-triazolidina-3-tiona foi sintetizada e
caracterizada. M9 foi o candidato computacional mais bem classificado; entretanto, os resultados s&o
preliminares e requerem confirmagéo por ensaios in vitro de inibigdo do EGFR, citotoxicidade e seletividade.

Palavras-chave: 1,4-di-hidropiridina; 1,2,4-triazolidina-3-tiona; hibridos heterociclicos; reagdo de Vilsmeier—
Haack; docking molecular; tirosina quinase EGFR; caracterizagdo espectroscdpica.

ABSTRACT

Background: Hybrid heterocyclic systems that combine structurally and pharmacologically relevant scaffolds
are of interest in medicinal chemistry because scaffold integration can expand molecular diversity and alter
target-binding behavior. Aim: To synthesize and structurally characterize a new series of 1,4-dihydropyridine—
1,2,4-triazolidine-3-thione hybrids and investigate their predicted interactions with the epidermal growth factor
receptor (EGFR) tyrosine kinase domain. Methods: The target compounds were prepared through a three-step
sequence involving Hantzsch-type multicomponent condensation, Vilsmeier-Haack formylation, and cyclization
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with thiosemicarbazide. Intermediates and final products were characterized by Fourier-transform infrared (FT-
IR) spectroscopy, proton and carbon-13 nuclear magnetic resonance ('H-NMR and ¥C-NMR), Distortionless
Enhancement by Polarization Transfer (DEPT-135), and mass spectrometry. Molecular docking was performed
against the EGFR tyrosine kinase domain obtained from the Protein Data Bank (PDB ID: 6JWL) using Molecular
Operating Environment software. Results: The target derivatives were obtained in moderate to good yields, and
the spectroscopic data were consistent with the proposed structures. Among the docked compounds, M9
showed the most favorable predicted docking score (-15.91 kcal/mol), followed by M6, M3, and M12 (-14.64,
-14.49, and -14.44 kcal/mol, respectively). The predicted poses showed interactions with EGFR active-site
residues, including Lys745, Thr790, and Asp855. Discussion: Differences in predicted binding behavior were
associated with the nature and position of the aryl substituents. The para-chloro derivative M9 showed the most
favorable docking score under the applied computational conditions. Conclusions: A new series of 1,4-
dihydropyridine—1,2,4-triazolidine-3-thione hybrids was synthesized and structurally characterized. M9 was the
highest-ranked computational candidate; however, the findings are preliminary and require confirmation through
in vitro EGFR-inhibition, cytotoxicity, and selectivity studies.

Keywords: 1,4-Dihydropyridine; 1,2,4-triazolidine-3-thione; heterocyclic hybrids; Vilsmeier—Haack reaction;
molecular docking; EGFR tyrosine kinase; spectroscopic characterization.
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1. INTRODUCTION

Heterocyclic compounds are organic
cyclic systems containing at least one heteroatom
within the ring structure. The most common
heteroatoms are nitrogen, oxygen, and sulfur;
however, heterocycles incorporating other
elements, such as selenium (Abdel-Hafez, 2008),
phosphorus, iron, and magnesium, have also
been reported. These compounds represent one
of the most prevalent and significant classes in
organic chemistry, accounting for nearly half of
the approximately 50 million organic compounds
documented in the Chemical Abstracts database
(Comins and Ma, 2016).

The importance of heterocyclic
compounds arises from their broad biological and
pharmacological relevance. They are key
structural components of many pharmaceuticals,
natural products, and biomolecules. In oncology,
nitrogen-containing heterocycles are especially
important because they provide scaffolds for

kinase-targeted agents, including inhibitors of
epidermal growth factor receptor (EGFR)
signaling (Vitaku, Smith, and Njardarson, 2014;
Irfan et al., 2025). Structurally, heterocycles are
broadly classified into aromatic (Zhao et al.,
2017) and non-aromatic systems (Vitaku, Smith,
and Njardarson, 2014). Many biologically active
compounds contain five- or six-membered rings
bearing one to three heteroatoms, either as
isolated rings or fused systems such as the
purine and pyrimidine bases in DNA (Kabir and
Uzzaman, 2022). The clinical and
pharmacological relevance of mutant-selective
EGFR inhibition is exemplified by osimertinib, a
third-generation irreversible inhibitor developed
for sensitizing and T790M-resistant EGFR
variants (Cross et al., 2014).

Among heterocyclic systems, the pyridine
ring has attracted considerable attention due to
its versatile applications in medicinal and
materials chemistry. Partial or complete reduction
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of pyridine yields important derivatives such as

piperidine, tetrahydropyridines, and
dihydropyridines, each possessing distinct
chemical and pharmacological properties.

Notably, more than 85% of biologically active
compounds either contain heterocyclic rings or
are entirely heterocyclic in nature (Heravi, 2020),
with representative examples including milrinone
and amrinone (Chalan-Gualan et al., 2022).

In particular, the 1,4-dihydropyridine ring
is a six-membered heterocyclic system containing
one nitrogen atom (Hussein and Al-Mathkuri,
2025) and is considered a crucial scaffold in
medicinal chemistry. Its derivatives exhibit a wide
spectrum of pharmacological activities, making
them essential frameworks in drug design.
Extensive research has demonstrated that
dihydropyridine derivatives can interact with
multiple biological targets, highlighting their
therapeutic potential and importance in the
development of modern pharmaceuticals (Ali and
Al-Mathkuri, 2023).

Despite substantial progress in this field,
structural modification of dihydropyridine systems
to improve target engagement remains an active
area of research (Lago et al., 2023). One strategy
is to incorporate an additional heterocyclic moiety
into a dihydropyridine or dihydropyridinone core
to expand chemical space and modulate target
specificity (Faizan et al., 2024).
Thiosemicarbazone derivatives and their cyclized
1,2,4-triazolidine-3-thione products are attractive
in this context because of their versatile reactivity
and medicinal-chemistry relevance (Gri¢ar et al.,
2025). However, their integration  with
dihydropyridinone scaffolds remains insufficiently
explored. Recent analyses of catalytic 1,4-
dihydropyridine synthesis further emphasize
continued efforts to improve efficiency,
sustainability, and structural diversity in this
scaffold class (Soni et al., 2025).

Although 1,4-dihydropyridine derivatives
and 1,24-triazolidine-3-thione systems have
each been investigated because of their
pharmacological relevance, comparatively little
attention has been given to hybrid structures that
combine both motifs within one molecular

framework; previous studies have mainly
examined independently substituted
dihydropyridines, thiosemicarbazones, or

triazolidine derivatives (Patil et al., 2019; Ramesh
and Lalitha, 2016). The direct construction of 1,4-
dihydropyridine—1,2,4-triazolidine-3-thione

hybrids, particularly the effect of electron-
withdrawing aryl substituents on synthesis,
spectroscopic features, and predicted EGFR

binding, therefore represents a defined research
gap.

In the present work, a new series of 1,4-
dihydropyridine derivatives bearing a 1,2,4-
triazolidine-3-thione moiety was synthesized
through a sequential three-step route involving
Hantzsch condensation, Vilsmeier—Haack
formylation, and cyclization with
thiosemicarbazide. The compounds contained p-
NO,, p-Br, p-Cl, or o-Cl aryl substituents to
examine their effects on reaction yield,
spectroscopic behavior, and predicted molecular
interactions. Molecular docking against the EGFR
tyrosine kinase domain was wused as a
preliminary computational approach, consistent
with prior EGFR-focused studies of
dihydropyridine derivatives (Mansour et al., 2022;
Faizan et al., 2024).

1.1. Aims

The main aim of this study was to
synthesize and structurally characterize a new
series of 1,4-dihydropyridine—1,2,4-triazolidine-3-
thione hybrid derivatives and to investigate their
predicted interactions with the EGFR tyrosine
kinase domain using molecular docking.

The specific objectives were:

1. To prepare substituted 1,4,5,6-
tetrahydropyridine derivatives through a
Hantzsch-type multicomponent reaction.

2. To convert the synthesized intermediates

into 5-formyl-1,4-dihydropyridine
derivatives using Vilsmeier—Haack
formylation.

3. To synthesize the corresponding 1,2,4-
triazolidine-3-thione derivatives by
reaction with thiosemicarbazide.

4. To characterize the  synthesized
compounds using FT-IR, '"H NMR, 3C
NMR, DEPT-135, and mass spectrometry.

5. To examine the influence of p-NO., p-Br,
p-Cl, and o-Cl substituents on the
synthetic  yields and spectroscopic
behavior of the compounds.

6. To evaluate the predicted binding modes
and interaction profiles of the final
derivatives within the EGFR tyrosine
kinase active site.
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2. MATERIALS AND METHODS

2.1. Materials

All chemicals and solvents used in this
study were of analytical grade and were
obtained from commercial suppliers, including
Merck, BDH, and Sigma-Aldrich. The reagents
included 4-nitrobenzaldehyde, 4-
bromobenzaldehyde, 4-chlorobenzaldehyde, 2-
chlorobenzaldehyde, Meldrum’s acid, methyl
acetoacetate, ammonium acetate, glacial acetic
acid, dimethylformamide (DMF), phosphorus
oxychloride (POCI3), thiosemicarbazide, sodium
acetate, and anhydrous sodium sulfate. The
solvents used included dichloromethane,
ethanol, methanol, ethyl acetate, petroleum
ether, and distilled water. Silica gel was used for
column chromatography, and pre-coated silica
gel 60 F;s, plates were used for thin-layer
chromatography. Unless otherwise stated, all
chemicals were used without further purification.

2.2. Instrumentation

Reaction progress was monitored by thin-
layer chromatography (TLC) on pre-coated silica
gel 60 F,s, plates, and spots were visualized
under ultraviolet light. Column chromatography
was performed using 60-120-mesh silica gel.
Melting points were measured on a Stuart
SMP11 apparatus and are uncorrected. Fourier-
transform infrared (FT-IR) spectra were recorded
on a Shimadzu IR Affinity-1 spectrophotometer
using KBr pellets over 4000-400 cm™. Proton
and carbon-13 nuclear magnetic resonance ('H
NMR and ®™C NMR) spectra, including
Distortionless Enhancement by Polarization
Transfer (DEPT-135) experiments, were acquired
on a Bruker spectrometer at 400 MHz for 'H and
101 MHz for '*C. CDCI; and DMSO-ds were used
as deuterated solvents, with tetramethylsilane as
the internal reference. Electrospray-ionization
mass spectra were recorded on an AB SCIEX
3200 QTRAP instrument. Molecular structures
and docking simulations were prepared and
analyzed using Molecular Operating Environment
(MOE), version 2014.

2.3. Methods

2.3.1. Synthesis of methyl 2-methyl-4-(substituted
phenyl)-6-oxo-1,4,5,6-tetrahydropyridine-3-
carboxylate derivatives (M1, M4, M7, and M10)

The synthesis was performed using a
Hantzsch-type multicomponent procedure
adapted from Vijesh et al. (2011). Methyl

acetoacetate (1 mmol), the appropriate
substituted benzaldehyde (1 mmol), Meldrum’s
acid (1 mmol), and ammonium acetate (1.5
mmol) were dissolved in glacial acetic acid (10
mL). The reaction mixture was heated under
reflux at 120 °C for 12 h, as shown in Equation 1.
Reaction progress was monitored by TLC using
ethyl acetate/petroleum ether (1:3, v/v) as the
mobile phase.

After completion, the reaction mixture was
cooled to room temperature. For the 4-bromo, 4-
chloro, and 2-chloro derivatives, the precipitated
solids were collected by filtration, washed with
cold ethanol, and recrystallized from methanol.

For the 4-nitro derivative, no precipitate
formed upon cooling. The solvent was removed
under reduced pressure, and the crude product
was purified by column chromatography using
ethyl acetate/petroleum ether. The isolated
product was dried and characterized by FT-IR, 'H
NMR, 3C NMR, and DEPT-135 spectroscopy.

2.3.2. Synthesis of methyl 6-chloro-4-
(substituted phenyl)-5-formyl-2-methyl-1,4-
dihydropyridine-3-carboxylate derivatives (M2, M5,
M8, and M11)

The Vilsmeier—Haack formylation was
performed using a procedure adapted from
Armas et al. (2000). Dimethylformamide (1.24
mL, 16 mmol) in dichloromethane (4 mL) was
added dropwise to phosphorus oxychloride (1.5
mL, 16 mmol) with continuous stirring at room
temperature. The mixture was stirred for 30 min
to generate the Vilsmeier—-Haack reagent.

A solution of the appropriate methyl 2-
methyl-4-(substituted phenyl)-6-oxo-1,4,5,6-
tetrahydropyridine-3-carboxylate  derivative (4
mmol) in dichloromethane (16 mL) was then
added slowly. The resulting reaction mixture was
stirred at room temperature for 24 h, as shown in
Equation 2. Reaction progress was monitored by
thin-layer chromatography using ethyl
acetate/petroleum ether (1:2, v/v).

After completion, an aqueous sodium
acetate solution, prepared by dissolving 16 g of
sodium acetate in 24 mL of distilled water, was
added slowly over 1 h with continuous stirring.
The mixture was extracted three times with
dichloromethane, and the combined organic
layers were dried over anhydrous sodium sulfate.

The solvent was removed under reduced
pressure.

The crude products were purified by
column chromatography using ethyl

acetate/petroleum ether (1:6, v/v) as the eluent.
The purified derivatives were obtained as light-
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yellow or yellow solids and were characterized by
FT-IR, "H NMR, and 3C NMR spectroscopy.

2.3.3. Synthesis of methyl 6-chloro-4-(substituted
phenyl)-2-methyl-5-(5-thioxo-1,2,4-triazolidin-3-yl)-
1,4-dihydropyridine-3-carboxylate derivatives (M3,
M6, M9, and M12)

The cyclization procedure was adapted
from reported thiosemicarbazone-to-triazolidine-
3-thione transformations (Gri€ar et al., 2025; Patil
et al, 2019; Ramesh and Lalitha, 2016).
Thiosemicarbazide (1 mmol) and the appropriate
methyl 6-chloro-4-(substituted phenyl)-5-formyl-2-
methyl-1,4-dihydropyridine-3-carboxylate
derivative (1 mmol) were dissolved in ethanol (5
mL) and distilled water (15 mL). The reaction
mixture was heated under reflux at 80 °C for 12 h
with continuous stirring, as shown in Equation 3.

Reaction progress was monitored by thin-
layer chromatography using ethyl
acetate/petroleum  ether (1:3, v/v). After
completion, the mixture was cooled to room
temperature, and the resulting precipitate was
collected by filtration, washed with cold ethanol,
and dried.

The crude products were purified by

column chromatography using ethyl
acetate/petroleum ether (1:6, v/v) as the eluent.
FT-IR, 'H-NMR, 'C-NMR, and mass

spectrometry were used to characterize the
purified final compounds.

2.4. Molecular Docking Study

Molecular docking was conducted to
examine the predicted binding modes of M3, M6,
M9, and M12 within the EGFR tyrosine kinase
domain, following a workflow comparable to that
used for dihydropyridine-based EGFR ligands
(Mansour et al., 2022). The crystal structure of
the L858R-mutant EGFR kinase domain in
complex with osimertinib (AZD9291) was
obtained from the Protein Data Bank (PDB ID:
6JWL; 2.55 A resolution); the co-crystallized
ligand is identified as YY3. The Protein Data
Bank is the principal open repository for
experimentally determined three-dimensional
macromolecular structures (Burley et al., 2019).

The receptor was prepared in MOE
version 2014 by inspecting  structural
inconsistencies, removing water and non-
essential  crystallographic  species, adding
hydrogen atoms, assigning protonation states
under physiological conditions, and minimizing
the structure while preserving the crystallographic
geometry. The  co-crystallized osimertinib

molecule was retained to define the ATP-binding
site and validate the protocol, then removed
before docking the synthesized compounds.
Ligands M3, M6, M9, and M12 were constructed,
protonated, and energy-minimized in MOE.

The active site was defined from the
position of co-crystallized osimertinib. Ligands
were placed using Triangle Matcher, initially
scored with London dG, and the 30 highest-
ranked poses were subjected to rigid-receptor
refinement and rescoring with GBVI/WSA dG.
The five highest-ranked refined poses were
retained for each ligand.

Protocol validation was performed by
redocking co-crystallized osimertinib under the
same placement, scoring, and refinement
settings. Reproduction of the crystallographic
orientation was assessed using the heavy-atom
root-mean-square deviation (RMSD), with a
predefined acceptance criterion of RMSD < 2.0 A.
This cutoff is consistent with the commonly
applied criterion for successful reproduction of
crystallographic ligand poses in docking-
validation studies (Warren et al., 2006; Goullieux
et al., 2023).

The final poses of the synthesized
compounds and reference ligand were evaluated
using the GBVI/WSA dG score, pose RMSD,
orientation in the ATP-binding pocket, hydrogen-
bond interactions, and other polar or hydrophobic
contacts with active-site residues.

3. RESULTS AND DISCUSSION

3.1. Results

The synthesized compounds (M1-M12)
were obtained successfully. Their physical
characteristics (color and melting point), reaction
yields, molecular formulae, and chemical
structures are summarized in Table 1.

3.1.1. Spectroscopic Characterization of 1,4,5,6-
Tetrahydropyridine Derivatives (M1, M4, M7, and
M10)

3.1.1.1. Methyl 2-methyl-4-(4-nitrophenyl)-6-oxo-
1,4,5,6-tetrahydropyridine-3-carboxylate (M1)

Off-white; yield = 41%; m.p. = 202 °C (Table
1). FT-IR (KBr, vmax, cm™): 3466-3416 (N-H),
3116 (Ar—H), 2947 (aliphatic C-H), 1793 (C=0,
ester), 1699 (C=0, amide), 1637-1599 (C=C,
aromatic/olefinic), 1514 (NO,, asym), 1350 (NO,,
sym), 1489-1450 (C—C, aliphatic), 1284 (C-N,
NO,), 1201 (C-N, amide), 1178, 1109, 1085 (C-
O, ester), 854-833 (Ar-C—H, out-of-plane). H
NMR (400 MHz, DMSO-ds) 6 10.06 (s, 1H, NH),
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8.16 (d, J = 8.7 Hz, 2H, Ar-H), 7.43 (d, J = 8.6
Hz, 2H, Ar—H), 4.27 (d, J = 7.5 Hz, 1H, CH), 3.53
(s, 3H, OCH,), 3.03 (dd, J = 16.4, 7.5 Hz, 1H,
CH,), 2.44 (d, J = 16.2 Hz, 1H, CH,), 2.35 (s, 3H,
CH,). 3C NMR (101 MHz, DMSO-ds) 5 169.27,
166.73, 150.65, 149.57, 146.43, 128.04, 123.91,
103.49, 51.18, 39.52, 37.91, 37.40, 18.33.

3.1.1.2. Methyl 4-(4-bromophenyl)-2-methyl-6-oxo-
1,4,5,6-tetrahydropyridine-3-carboxylate (M4)

Off-white; yield = 44.4%; Rf = 0.65; m.p. =
187 °C (Table 1). FT-IR (KBr, vmax, cm™): 3464
(N-H), 3057 (Ar—H), 2951 (aliphatic C—H), 1708
(C=0, ester), 1689 (C=0, lactam), 1631 (C=C,
DHP ring), 1539 (Ar C=C), 1489 (C=C), 1311 (C-
N), 1226 (C-0), 1085 (C-O-C), 731 (Ar-H, out-
of-plane), 630 (C-Br). '"H NMR (400 MHz, CDCl5)
0 8.47 (s, 1H, NH), 7.42 (d, J = 8.2 Hz, 2H, Ar—
H), 7.07 (d, J = 8.2 Hz, 2H, Ar-H), 4.23 (d, J =
7.9 Hz, 1H, CH), 3.67 (s, 3H, OCH3), 2.91 (dd, J
= 16.5, 7.9 Hz, 1H, CH;), 2.64 (d, J = 16.5 Hz,
1H, CH,), 2.40 (s, 3H, CHs). 3C NMR (101 MHz,
CDCl;) & 170.54, 167.06, 146.54, 140.97,
131.90, 128.46, 120.87, 106.68, 51.41, 37.89,
37.43, 19.14.

3.1.1.3. Methyl 4-(4-chlorophenyl)-2-methyl-6-oxo-
1,4,5,6-tetrahydropyridine-3-carboxylate (M7)

Off-white; yield = 30%; Rf = 0.67; m.p. =
173 °C (Table 1). FT-IR (KBr, vmax, cm™): 3475
(N=H), 3124 (Ar—H), 2947 (aliphatic C-H), 1747
(C=0, ester), 1697 (C=0, lactam), 1633 (C=C,
DHP ring), 1558 (Ar C=C), 1489 (C=C), 1313 (C-
N), 1222 (C-0), 1082 (C-0O-C), 823 (Ar-H, out-
of-plane), 651 (C-CI). '"H NMR (400 MHz, CDCl5)
0 8.44 (s, 1H, NH), 7.24 (d, J = 8.4 Hz, 2H, Ar—
H), 7.12 (d, J = 8.3 Hz, 2H, Ar-H), 4.22 (d, J =
7.7 Hz, 1H, CH), 3.68 (s, 3H, OCH3;), 2.92 (dd, J
= 16.5, 7.7 Hz, 1H, CH;), 2.64 (d, J = 16.5 Hz,
1H, CH,), 2.43 (s, 3H, CHs). 3C NMR (101 MHz,
CDCIl;) & 170.85, 167.15, 146.72, 140.32,
132.80, 128.97, 128.12, 106.67, 51.56, 38.03,
37.26, 19.20.

3.1.1.4. Methyl 4-(2-chlorophenyl)-2-methyl-6-oxo-
1,4,5,6-tetrahydropyridine-3-carboxylate (M10)

Off-white; yield = 42%; Rf = 0.67; m.p. = 195
°C (Table 1). FT-IR (KBr, vmax, cm™): 3477 (N—
H), 3057 (Ar-H), 2954 (aliphatic C-H), 1707
(C=0, ester), 1633 (C=C, DHP ring), 1539 (Ar
C=C), 1487 (C=C), 1301 (C-N), 1190 (C-0),
1087 (C-0O-C), 742 (Ar—H, out-of-plane), 671 (C—
Cl). '"H NMR (400 MHz, DMSO-ds) & 10.05 (s,
1H, NH), 7.51-7.44 (m, 1H, Ar-H), 7.26 (t, J =
4.8 Hz, 2H, Ar—H), 7.08-7.01 (m, 1H, Ar-H), 4.50
(d, d = 8.0 Hz, 1H, CH), 3.40 (s, 3H, OCH5), 3.01

(dd, J = 16.3, 8.0 Hz, 1H, CH,), 2.42 (d, J = 16.3
Hz, 1H, CH,), 2.29 (s, 3H, CHs). *C NMR (101
MHz, DMSO-ds) & 169.57, 167.07, 150.43,
139.15, 132.78, 130.48, 129.11, 128.03, 127.76,
103.76, 51.59, 36.85, 35.30, 18.73.

3.1.2. Spectroscopic Characterization of Methyl 6-
chloro-4-(substituted  phenyl)-5-formyl-2-methyl-
1,4-dihydropyridine-3-carboxylate Derivatives (M2,
M5, M8, and M11)

3.1.2.1. Methyl 6-chloro-5-formyl-2-methyl-4-(4-
nitrophenyl)-1,4-dihydropyridine-3-carboxylate
(M2)

Light yellow; yield = 51.8%; Rf = 0.31;
m.p. = 151 °C (Table 1). FT-IR (KBr, vmax, cm™):
3479 (N-H), 3061 (Ar—H), 2951, 2922, 2860 (C—
H), 1697 (C=0, ester), 1649 (C=0, CHO), 1606,
1512 (C=C), 1558, 1344 (NO.), 1294 (C-N),
1226, 1087 (C-0O), 862, 692 (Ar-H). 'H NMR
(400 MHz, CDCls) 6 9.76 (s, 1H, CHO), 8.10 (d, J
= 8.6 Hz, 2H, Ar—H), 7.46 (d, J = 8.6 Hz, 2H, Ar—
H), 6.90 (s, 1H, NH), 5.22 (s, 1H, CH), 3.50 (s,
3H, OCHz3), 2.45 (s, 3H, CH3). 3C NMR (101
MHz, CDCl;) & 187.19, 166.50, 152.03, 146.73,
144.66, 142.07, 128.82, 123.69, 112.12, 105.41,
51.61, 38.74, 19.08.

3.1.2.2. Methyl 4-(4-bromophenyl)-6-chloro-5-
formyl-2-methyl-1,4-dihydropyridine-3-carboxylate
(Ms)

Light yellow; yield = 59.3%; Rf = 0.35; m.p. =
141 °C (Table 1). FT-IR (KBr, vmax, cm™): 3464
(N-H), 3057 (Ar—H), 2951, 2920, 2848 (C—H),
1708 (C=0, ester), 1689 (C=0, CHO), 1600,
1539 (C=C), 1489 (C=C), 1296 (C-N), 1226,
1085 (C-0O), 775, 731 (Ar-H), 630, 605 (C-Br).
'H NMR (400 MHz, CDCI3) & 9.75 (s, 1H, CHO),
7.35 (d, J = 8.3 Hz, 2H, Ar-H), 7.15 (d, J = 8.3
Hz, 2H, Ar-H), 7.07 (s, 1H, NH), 5.09 (s, 1H,
CH), 3.63 (s, 3H, OCHz), 2.41 (s, 3H, CH3). °C
NMR (101 MHz, CDCl;) & 187.65, 167.00,
144.09, 142.17, 129.69, 120.83, 112.74, 106.13,
51.63, 38.14, 19.06.

3.1.2.3. Methyl 6-chloro-4-(4-chlorophenyl)-5-
formyl-2-methyl-1,4-dihydropyridine-3-carboxylate
(Ms)

Light yellow; yield = 50%; Rf = 0.37; m.p.
= 136 °C (Table 1). FT-IR (KBr, vmax, cm™):
3471 (N-H), 3062 (Ar—H), 2956, 2924, 2829 (C—
H), 1710 (C=0, ester), 1689 (C=0, CHO), 1618,
1544 (C=C), 1487 (C=C), 1296 (C-N), 1226,
1085 (C-0O), 804, 731 (Ar-H), 628, 455 (C—-ClI).
'H NMR (400 MHz, CDCI3) & 9.76 (s, 1H, CHO),
7.24-7.07 (m, 4H, Ar-H), 5.10 (s, 1H, CH), 3.63
(s, 3H, OCHz), 2.40 (s, 3H, CHs). '*C NMR (101
MHz, CDCl;) & 187.61, 166.95, 144.14, 143.53,
142.23, 132.56, 129.20, 128.45, 112.68, 106.15,
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51.51, 38.00, 18.90.

3.1.2.4. Methyl 6-chloro-4-(2-chlorophenyl)-5-
formyl-2-methyl-1,4-dihydropyridine-3-carboxylate
(M11)

Yellow; yield = 58%; Rf = 0.38; m.p. = 190
°C (Table 1). FT-IR (KBr, vmax, cm™): 3410 (N—
H), 3057 (Ar-H), 2954, 2922, 2854 (C—H), 1707
(C=0, ester), 1633 (C=0, CHO), 1591, 1539
(C=C), 1487 (C=C), 1301 (C—N), 1230, 1087 (C-
0), 831, 742 (Ar-H), 626, 453 (C—-Cl). '"H NMR
(400 MHz, CDCI3) 6 9.67 (s, 1H, CHO), 7.30 (d, J
= 7.7 Hz, 2H, Ar-H), 7.20 (d, J = 6.5 Hz, 1H, Ar—
H), 7.09 (t, J = 6.8 Hz, 1H, Ar—H), 7.02 (br s, 1H,
NH), 5.39 (s, 1H, CH), 3.54 (s, 3H, OCHj3), 2.27
(s, 3H, CH3). ®C NMR (101 MHz, CDCl3;) &
187.56, 167.06, 143.60, 142.41, 133.26, 131.73,
129.86, 128.02, 126.73, 112.32, 105.94, 51.23,
37.76, 18.83.

3.1.3. Spectroscopic Characterization of Methyl 6-
chloro-4-(substituted phenyl)-2-methyl-5-(5-thioxo-
1,2,4-triazolidin-3-yl)-1,4-dihydropyridine-3-
carboxylate Derivatives (M3, M6, M9, and M12)

The TLC profile before purification
showed multiple  spots, = whereas the
chromatographic fractions showed improved
separation and purity (Figure 1).

3.1.3.1. Methyl 6-chloro-2-methyl-4-(4-nitrophenyl)-
5-(5-thioxo-1,2,4-triazolidin-3-yl)-1,4-
dihydropyridine-3-carboxylate (M3)

Orange; yield = 50%; Rf = 0.20; m.p. =
226-228 °C (Table 1). FT-IR (KBr, vmax, cm™):
3545, 3419, 3317, 3236 (N-H, DHP and
triazolidine rings), 3149 (Ar-H), 2947, 2918
(aliphatic C—H), 1639 (C=C), 1541 (NO,, asym),
1342 (NO,, sym), 1224 (C=S), 1103 (C-O-C). 'H
NMR (400 MHz, DMSO-d,) 6 11.22 (s, 1H, NH),
9.93 (s, 1H, NH), 8.12 (s, 1H, NH), 8.08 (d, J =
8.7 Hz, 2H, Ar-H), 8.03 (s, 1H, triazolidine CH),
7.57 (d,J=8.7 Hz, 2H, Ar—H), 7.35 (s, 1H, DHP-
NH), 5.25 (s, 1H, DHP—-CH), 3.54 (s, 3H, OCHj),
2.28 (s, 3H, CH3). *C NMR (101 MHz, DMSO-d,)
0 17748, 167.14, 154.65, 147.10, 146.41,
140.64, 131.75, 129.45, 123.64, 107.63, 101.07,
51.29, 40.63, 18.63. MS (m/z): [M]* = 409.

3.1.3.2. Methyl  4-(4-bromophenyl)-6-chloro-2-
methyl-5-(5-thioxo-1,2,4-triazolidin-3-yl)-1,4-
dihydropyridine-3-carboxylate (M6)

Orange; yield = 45%; Rf = 0.25; m.p. =
210-212 °C (Table 1). FT-IR (KBr, vmax, cm™):
3543, 3415, 3300 (N-H, DHP and triazolidine

rings), 3037 (Ar—H), 2956, 2850 (aliphatic C—H),
1735 (C=0, ester), 1681 (C=C), 1371 (C-N),
1222 (C=S), 1039 (C-O-C), 617-561 (C—Br). H
NMR (400 MHz, DMSO-de) & 11.23 (s, 1H, NH),
9.84 (s, 1H, NH), 8.12 (s, 1H, NH), 8.01 (s, 1H,
triazolidine CH), 7.39 (d, J = 8.2 Hz, 2H, Ar-H),
7.25 (s, 1H, DHP-NH), 7.21 (d, J = 7.6 Hz, 2H,
Ar-H), 5.07 (s, 1H, DHP-CH), 3.53 (s, 3H,
OCHs), 2.26 (s, 3H, CHs). °C NMR (101 MHz,
DMSO-ds) & 176.93, 166.91, 146.22, 146.07,
140.32, 131.48, 130.96, 130.80, 129.99, 119.32,
107.66, 101.20, 50.83, 40.66, 18.15. MS (m/z):
[M]* = 443,

3.1.3.3. Methyl  6-chloro-4-(4-chlorophenyl)-2-
methyl-5-(5-thioxo-1,2,4-triazolidin-3-yl)-1,4-
dihydropyridine-3-carboxylate (M9)

Orange; yield = 62.3%; Rf = 0.22; m.p. =
208-210 °C (Table 1). FT-IR (KBr, vmax, cm™):
3425, 3145 (N-H, DHP and triazolidine rings),
3024 (Ar—H), 2974 (aliphatic C—H), 1751 (C=0,
ester), 1662 (C=C), 1371 (C-N), 1222 (C=S),
1093 (C-O-C), 553-495 (C-Cl). '"H NMR (400
MHz, DMSO-d¢) 6 11.23 (s, 1H, NH), 9.83 (s, 1H,
NH), 8.11 (s, 1H, NH), 8.01 (s, 1H, triazolidine
CH), 7.48 (s, 1H, DHP—-NH), 7.26 (m, 4H, Ar—H),
5.08 (s, 1H, DHP-CH), 3.53 (s, 3H, OCH3), 2.26
(s, 3H, CH3). ¥C NMR (101 MHz, DMSO-dg) &
177.42, 167.35, 146.46, 146.21, 140.78, 131.20,
129.98, 128.32, 108.14, 107.59, 101.72, 51.23,
40.60, 18.57. MS (m/z): [M]* = 399.

3.1.3.4. Methyl 6-chloro-4-(2-chlorophenyl)-2-
methyl-5-(5-thioxo-1,2,4-triazolidin-3-yl)-1,4-
dihydropyridine-3-carboxylate (M12)

Orange; yield = 60%; Rf = 0.22; m.p. =
210-212 °C (Table 1). FT-IR (KBr, vmax, cm™):
3414, 3336, 3163 (N-H, DHP and triazolidine
rings), 3030 (Ar—H), 2972 (aliphatic C—H), 1735
(C=0, ester), 1668 (C=C), 1371 (C-N), 1224
(C=S), 1035 (C—-0O-C), 547-420 (C—-Cl). '"H NMR
(400 MHz, DMSO-d¢) & 11.26 (s, 1H, NH), 9.94
(s, 1H, NH), 8.26 (s, 1H, NH), 8.07 (s, 1H,
triazolidine CH), 7.36-7.19 (m, 4H, Ar-H), 7.16
(s, 1H, DHP-NH), 5.37 (s, 1H, DHP—CH), 3.51 (s,
3H, OCH3;), 2.24 (s, 3H, CH;). C NMR (101
MHz, DMSO-d¢) & 177.29, 167.30, 146.14,
144.92, 141.54, 132.50, 131.36, 129.53, 128.61,
128.25, 107.82, 101.75, 51.06, 40.57, 18.43.

3.1.4. Molecular Docking Results

The docking protocol was evaluated by
redocking the co-crystallized osimertinib into the
active site of the L858R-mutant EGFR kinase
domain. The highest-ranked redocked pose
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reproduced the crystallographic orientation with a
heavy-atom RMSD of 1.35 A, which satisfied the
predefined acceptance criterion of RMSD < 2.0 A.
The corresponding GBVI/WSA dG score for
osimertinib was -13.8 kcal/mol (Table 2),
supporting use of the validated protocol for
docking M3, M6, M9, and M12. This cutoff is
consistent with the commonly applied criterion for
successful reproduction of crystallographic ligand
poses in docking-validation studies (Warren et
al., 2006; Goullieux et al., 2023).

Among the synthesized compounds, M9
showed the most favorable predicted GBVI/WSA
dG score (-15.9135 kcal/mol), followed by M6
(-14.6434 kcal/mol), M3 (-14.4948 kcal/mol),
and M12 (-14.4427 kcal/mol). M9 formed a
predicted hydrogen-bond donor interaction with
Asp855, M6 an acceptor interaction with Thr790,
M3 acceptor interactions with Lys745 and
Gly796, and M12 an acceptor interaction with
Lys745 (Table 2).

The comparatively high interaction-energy
magnitude observed for M12 was verified from
the original MOE output. This value reflects a
specific ligand-residue interaction and does not
indicate superior overall binding, as the total
docking score depends on multiple energetic and
geometric contributions.

The redocking result (RMSD = 1.35 A)
met the predefined validation criterion, and the
reference-ligand score (GBVI/WSA dG = -13.8
kcal/mol) enabled comparison with the
synthesized compounds. Nevertheless, docking
scores are computational ranking estimates and
should not be interpreted as experimentally
measured binding energies.

3.2. Discussion
3.2.1. Discussion of Step 1 (Hantzsch Reaction)

The  Hantzsch-type = multicomponent
reaction afforded the expected 1,4,5,6-
tetrahydropyridine derivatives M1, M4, M7, and
M10 in moderate yields. The observed N-H,
ester C=0, and lactam C=0 bands, together with
the aromatic, methine, methylene, methoxy,
methyl, and N—H resonances, are consistent with
Hantzsch-derived dihydropyridine systems
reported previously (Vijesh et al., 2011; Hussein
and Al-Mathkuri, 2025). The nonequivalent CH,
protons showed the expected diastereotopic
splitting pattern, and the *C NMR and DEPT-135
spectra  supported the assigned carbon
environments. Because no mechanistic or
purification data specifically explain the lower
yield of M7, no causal explanation is proposed.

3.2.2. Discussion of Step 2 (Vilsmeier-Haack
Formyilation)

Vilsmeier—Haack formylation converted
the tetrahydropyridine intermediates into the
corresponding 5-formyl-1,4-dihydropyridine
derivatives M2, M5, M8, and M11, in agreement
with the transformation reported for related
substrates (Armas et al, 2000). The
disappearance of the lactam carbonyl and CH,
features, together with aldehydic 'H signals at &
9.67-9.76 ppm and '3C signals near & 187 ppm,
supports successful formylation. The downfield
aldehyde resonances are also consistent with
established  carbonyl-anisotropy  effects in
aromatic aldehydes and ketones (Abraham,
Mobli, and Smith, 2003).

3.2.3. Discussion of Step 3 (Cyclization to
Triazolidine Derivatives)

Reaction of the formylated intermediates
with thiosemicarbazide afforded the proposed
1,2,4-triazolidine-3-thione derivatives M3, M6,
M9, and M12. Loss of the aldehyde carbonyl and
aldehydic proton signals, together with the
appearance of a C=S band near 1222 cm™ and
additional NH and ring-CH resonances, supports
cyclization. Comparable thiosemicarbazone-to-
triazolidine-3-thione transformations have been
reported by Gricar et al. (2025), Patil et al.
(2019), and Ramesh and Lalitha (2016). The
downfield NH resonances in DMSO-ds are
compatible with solvent and hydrogen-bonding
effects described for amide-type protons
(Abraham, Griffiths, and Perez, 2014).

The combined FT-IR, 'H NMR, 3C NMR,
DEPT-135, and mass-spectral data support the
proposed structures; however, two-dimensional
NMR spectroscopy or single-crystal X-ray
diffraction would provide more definitive structural
and stereochemical confirmation. This limitation
should be considered when interpreting the
assignments.

3.2.4. Substituent Effects and Molecular Docking
Analysis

The final compounds showed a narrow
range of predicted docking scores, with M9
ranked highest, followed by M6, M3, and M12.
The more favorable score of the para-chloro
derivative M9 relative to the ortho-chloro
derivative M12 is consistent with a possible
positional effect on ligand accommodation, but
the four-compound series is too small to establish
a definitive structure—activity relationship. Similar
EGFR-focused docking studies of dihydropyridine
derivatives have also emphasized the influence
of aryl substitution on predicted binding behavior

Periédico Tché Quimica. ISSN 2179-0302. (2026); vol.23 (n°53)
Downloaded from www.periodico.tchequimica.com

83



(Mansour et al., 2022; Faizan et al., 2024).

The predicted interaction profiles involved
residues within the EGFR ATP-binding region.
M3 showed acceptor contacts with Lys745 and
Gly796, M6 with Thr790, M9 a donor contact with
Asp855, and M12 an acceptor contact with
Lys745. These contacts provide a structural basis
for comparing the four poses, but the GBVI/WSA
dG score should be interpreted as a ranking
metric rather than a direct measure of binding
affinity.

M9 combined the most negative docking
score with a predicted interaction involving
Asp855, whereas M6, M3, and M12 showed
slightly less favorable scores and different
contact patterns. This ranking is broadly
consistent with prior computational work in which
dihydropyridine derivatives occupied the EGFR
ATP-binding pocket and interacted with
catalytically relevant residues (Mansour et al.,
2022). Relative to the validated osimertinib
reference score of —13.8 kcal/mol (RMSD = 1.35
A), all four synthesized compounds produced
more negative GBVI/WSA dG scores under the
applied protocol, with M9 showing the largest
numerical difference. This comparison remains
computational and does not establish superior
experimental affinity or potency.

The substituent-dependent differences are
therefore best viewed as preliminary qualitative
observations. Additional analogs, independent
docking validation, molecular ~ dynamics
simulations, and binding free-energy calculations
would be needed to test whether the observed
ranking is robust. Broader EGFR inhibitor
programs likewise combine structural
optimization with biochemical, cellular, and in vivo
validation rather than relying on docking scores
alone (Wang et al., 2022).

Overall, the docking findings provide a
hypothesis for subsequent experimental work but
do not demonstrate EGFR inhibition or anticancer
activity. Validation should include biochemical
EGFR kinase assays, cell-based cytotoxicity
testing, and selectivity assessment in non-
malignant cells.

4. CONCLUSIONS

A new series of 1,4-dihydropyridine—1,2,4-
triazolidine-3-thione  hybrid  derivatives was
synthesized through Hantzsch-type
condensation, Vilsmeier-Haack formylation, and
cyclization with thiosemicarbazide. FT-IR, 'H-

NMR, C-NMR, DEPT-135, and mass-
spectrometric data supported the proposed
structures.

Molecular docking against the EGFR
tyrosine kinase domain ranked M9 highest under
the applied computational conditions (GBVI/WSA
dG = -15.9135 kcal/mol), followed by M6, M3,
and M12. The compounds showed distinct
predicted contacts within the EGFR binding
pocket.

These  computational results  are
preliminary and do not confirm EGFR inhibition or
anticancer activity. The docking protocol was
validated by redocking osimertinib (heavy-atom

RMSD = 1.35 A; GBVI/WSA dG = -13.8
kcal/mol).  The  synthesized  compounds,
particularly M9, warrant further evaluation

through in vitro EGFR kinase assays, cytotoxicity
testing, selectivity assessment, and independent
computational validation.

5. DECLARATIONS
5.1. Study Limitations

No in vitro or in vivo biological evaluation
was performed; therefore, the docking results
represent preliminary computational predictions
only. EGFR kinase inhibition, cytotoxicity, cellular
selectivity, and mechanism-based biological
assays are required to validate the proposed
activity.

Structural assignment of the final
triazolidine-3-thione derivatives relied on FT-IR,
'H-NMR, 3C-NMR, DEPT-135, and mass
spectrometry. Two-dimensional NMR
spectroscopy or single-crystal X-ray diffraction
would provide more definitive structural and
stereochemical confirmation.

The docking analysis used a single
software platform, one receptor structure, and a
limited compound series. Independent docking,
molecular-dynamics simulations, and binding
free-energy calculations would strengthen the
computational conclusions. Moderate yields and
the use of column chromatography for several
compounds may also limit scalability.

Although the docking protocol met the
predefined redocking criterion using osimertinib
(RMSD = 1.35 A), the analysis was limited to one
software platform, one receptor structure, and a
small compound series. Independent docking,
molecular-dynamics simulations, binding free-
energy calculations, and experimental EGFR-
inhibition assays are therefore required to test the
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robustness and biological relevance of the

predicted ranking.
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Equation 1. Synthesis of 1,4,5,6-tetrahydropyridine-3-carboxylate derivatives.

R
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R= 4-NO,, 4-Br ,4-Cl ,2-C|
M2 M5 M8 M11

Equation 2. Synthesis of 5-formyl-1,4-dihydropyridine derivatives.

EtOH25%

4+ NH,CNHNH,

R=4-NO,, 4-Br ,4-Cl ,2-CI
M3 Mé M9 M12

Equation 3. Synthesis of 1,4-dihydropyridine—1,2,4-triazolidine-3-thione derivatives.
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proton transfer

-H,0

Scheme 1. Proposed mechanism for cyclization of the formylated intermediates with
thiosemicarbazide to afford 1,2,4-triazolidine-3-thione derivatives.

B
- - . 3 "15‘2:.__,_,__,,
Mg Co P (o T, 91 42 Yr4t s
(a) (b)

Figure 1. TLC analysis of compound M3 during step 3: (a) reaction-mixture profile before purification;
(b) column-chromatography fractions obtained using ethyl acetate/petroleum ether (1:3, v/v).
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- O
DRTAHSENSDAMM1.10.fid S [ 6.5x10
M1 @)

9 2 -6.0x10
O I (&)
S N S N COMOOTNOOO WO LN 55x10
o = = N8 NNINMOCOOOQOWIT M
— 0 O ININ S T < oM mmmaANNdNAN N
| N ~ | e 15,010
3 4b e 4.5x10
4a 5
’J/L M L 4.0x10
T T T T T ; I ’ ' I I ’ ‘3.5)(107
440 430 420 o1 Zf'lg(psg) 25
f1 (ppm) -3.0x10
-2.5x10
-2.0x10
J / / 11.5x10
4b L1.0x10
3
4,
ﬂ b : l5.0x16f
Jg 0.0
S @b o) T 8N
S o @ oo
~ - o M- - m --5.0x107
9.0 8.0 7.0 6.0 5.0 4.0 3.0 2.0 1.0 0.0
f1 (ppm)

Figure 3. 'H-NMR spectrum of compound M1 (400 MHz, DMSO-d;).
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Figure 9. FT-IR spectrum of compound M3 (KBr, 4000—400 cm ™).
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Figure 11. 3C-NMR spectrum of compound M3 (101 MHz, DMSO-d;).
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Table 1. Physical characteristics, reaction yields, molecular formulae, and structures of the
synthesized compounds M1-M12.

Comp Structural formula Molecular formula Color m.p. (°C) Yield
ound (%)
NO,
M1 o C14H14N20s Off-white 202 41
o
|
Light
yellow
M2 C15H13CIN20Os 151 51.8
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~0 |
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H
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Br Light
yellow
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210-212
C16H16BrCIN:O25 Orange
H

=
o
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~o |
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H
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yellow
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cl 208-210

M9 C16H16CI2N4O2S Orange 62.3

=
Q

M10 o cl C14H14CINO3 Off-white 195 42

M11
C15H13CI2NO3 Yellow 190 58

210-212

M12 ~NH C16H16CI2N4O=S Orange 60

Table 2. Molecular docking scores, RMSD values, and major predicted interactions of osimertinib and
compounds M3, M6, M9, and M12 within the EGFR tyrosine kinase active site (PDB ID: 6JWL).

Compound GBVI/WSA RMSD Ligand Receptor Interaction Distance Interaction
dG score (A) atom atom/residue (A) energy
(kcal/mol) (kcal/mol)
Osimertinib -13.8 1.35 — — Reference — —
ligand
M3 -14.4948 2.1930 O (15); CE (Lys745); H-acceptor; 3.67;4.25 -1.3;-0.8
S (27) CA (Gly796) H-acceptor
M6 -14.6434 1.4269 O (15) OG (Thr790) H-acceptor 3.29 -0.9
M9 -15.9135 2.3085 N (29) OD2 (Asp855) H-donor 2.88 -0.8
M12 —-14.4427 1.4825 S (27) NZ (Lys745) H-acceptor 3.52 -9.5
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Figure 13. Three-dimensional binding poses and two-dimensional interaction diagrams of compounds
M3, M6, M9, and M12 within the EGFR tyrosine kinase active site (PDB ID: 6JWL).
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Figure 14. Surface representations of compounds M3, M6, M9, and M12 within the EGFR binding
pocket, showing their predicted orientations and accommaodation within the active site.
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Figure 16. '"H-NMR spectrum of compound M4 (400 MHz, CDCl;).
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Figure 17. 3C-NMR spectrum of compound M4 (101 MHz, CDCls).
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Figure 18. DEPT-135 spectrum of compound MA4.
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Figure 19. FT-IR spectrum of compound M5 (KBr, 4000—400 cm ™).
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Figure 20. '"H-NMR spectrum of compound M5 (400 MHz, CDCl;).
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Figure 21. 3C-NMR spectrum of compound M5 (101 MHz, CDCl;).
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Figure 22. FT-IR spectrum of compound M6 (KBr, 4000—400 cm ™).
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Figure 23. 'H-NMR spectrum of compound M6 (400 MHz, DMSO-d;).
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Figure 25. ESI mass spectrum of compound M6.

Periodico Tché Quimica. ISSN 2179-0302. (2026); vol.23 (n°53)

Downloaded from www.periodico.tchequimica.com

104



M7 —
L
LelNsg
|58 ;
23 N
/ 5 °13 \ ‘J,*E
22 - 8 |5 87/
- 3 < e “vg
T o2l J|8 <
T s Inle
L & o8yiF |
| 2 &% §
75 Ry ~ = g 2
- 0o -—
] 53 o
70— & Ll
: N o 83
] H 3¢
L AL ULt AL L0 UL AL UL A0 UL ALt UL WL WL
4000 3600 3200 2800 2400 2000 1800 1600 1400 1200 1000 800 600 4100
cm-
Figure 26. FT-IR spectrum of compound M7 (KBr, 4000—400 cm ™).
DRTHSEENSDAMM?7.10.fid 8 2100000
M7 a) X
O
NVOVOULNM—AOQ MeEAlNUNMm—0YN - -1900000¢
TANNNHQ NNCQmO®Y WY i
ONNNNNDN T TN N ANNANNAN
e s B Sy +1700000(
5 L
3 - 1500000
5 4a 4b 2
LNy [
1300000
43 4.2 30 28 26 '
1 (ppm) 1 o) -1100000(
3 7|,8 19000000
o [
S
2, - 7000000
| ] i
M J j / - 5000000
5 4b [
4a
S — 3000000
73 7.2 7.1 7.0 i
f1 (ppm 1
(Ppm) JL Ji k 11000000
= e [
E’T g& ) o §§ -1000000
o N o~ - ™M o~ N
120 11.0 10.0 9.0 8.0 7.0 6.0 5.0 4.0 3.0 2.0 1.0 0.0
f1 (ppm)

Figure 27. 'H-NMR spectrum of compound M7 (400 MHz, CDCl;).
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Figure 28. 3C-NMR spectrum of compound M7 (101 MHz, CDCl;).
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Figure 29. DEPT-135 spectrum of compound M?7.
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Figure 30. FT-IR spectrum of compound M8 (KBr, 4000—400 cm ™).
DRTAHSEENMS.10.fid
Ms o -3.5x10
Q
=)
(&)
O OOUNNOO® o o™ o
N NNNNAN = Q <
(o)} NNNNNNN wn o™ (o] L
| ——— \ B | 3.0x10
5 ©
at
8 2 L2.5x10
O @
[o\] —
N 6 |R
| |
i 1
. -2.0x10’
7.30 7.25 7.20 7.15 | 15x1d
f1 (ppm)
-
& J/ L1.0x10
3
_
1k L5.0x10°
)
J 0.0
Y T & = &'
S a0 S - S
i m o i m o™
11.0 10.0 9.0 8.0 7.0 6.0 5.0 4.0 3.0 2.0 1.0 0.0
f1 (ppm)

Figure 31. 'H-NMR spectrum of compound M8 (400 MHz, CDClIs).
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Figure 32. 3C-NMR spectrum of compound M8 (101 MHz, CDCls).

Figure 33. FT-IR spectrum of compound M9 (KBr, 4000—400 cm ™).
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Figure 34. 'H-NMR spectrum of compound M9 (400 MHz, DMSO-d;).
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Figure 38. 'H-NMR spectrum of compound M10 (400 MHz, DMSQO-d;).
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Figure 39. 3C-NMR spectrum of compound M10 (101 MHz, DMSO-d;).
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Figure 41. FT-IR spectrum of compound M11 (KBr, 4000—400 cm ™).
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Figure 42. 'H-NMR spectrum of compound M11 (400 MHz, CDCls).
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Figure 43. '3C-NMR spectrum of compound M11 (101 MHz, CDCl;).
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Figure 44. FT-IR spectrum of compound M12 (KBr, 4000—400 cm ™).
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Figure 45. 'H-NMR spectrum of compound M12 (400 MHz, DMSO-d;).
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Figure 46. *C-NMR spectrum of compound M12 (101 MHz, DMSO-dj).
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