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ABSTRACT

Background: Heterocyclic compounds, particularly triazines, have significant attention in
pharmaceutical and industrial research due to their broad spectrum of biological activities.
Objectives: This study focuses on the synthesis and molecular docking analysis of 15 novel
triazine derivatives (TCT1-TCT15) to evaluate their potential as inhibitors of two critical
cancer-related targets: human epidermal growth factor receptor 2 (HER2) and poly (ADP-ribose)
polymerase 1 (PARP1). Materials and Methods: The derivatives were synthesized by reacting
2,4,6-Trichloro-1,3,5-Triazine (TCT) with various aldehydes, thereby incorporating diverse
substituent groups. Molecular docking was conducted using AutoDock 1.5.5, and protein-ligand
interactions were visualized through Chimera software. Results: The docking results revealed
strong binding affinities of the synthesized compounds to both HER2 and PARP1. For HER2, TCT9
(-12.73 kcal/mol), TCT4 (-12.47 kcal/mol), and TCT5 (-12.34 kcal/mol) showed the most favorable
binding energies, all with inhibition constants in the nanomolar range. For PARP1, TCT13 (-13.96
kcal/mol), TCT12 (-13.64 kcal/mol), and TCT4 (-13.33 kcal/mol) demonstrated superior binding
interactions, surpassing those of standard inhibitors. Structural analysis indicated that the
presence of electron-withdrawing groups such as -Cl and -NO,, as well as electron-donating
groups like -OH and -OCH;, significantly influenced the binding efficacy of the compounds.
Stabilization of the protein-ligand complexes was primarily mediated by hydrogen bonding
and hydrophobic interactions. Conclusion: These findings suggest that the synthesized triazine
derivatives, particularly TCT9, TCT13, and TCT4, exhibit strong potential as anticancer agents,
warranting further in vitro and in vivo investigations to explore their clinical applicability.
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INTRODUCTION

Heterocyclic compounds represent a significant class of organic
molecules, comprising more than half of all known organic
substances. These compounds are ubiquitous in a broad
range of applications, including pharmaceuticals, vitamins,
natural products, and various biologically active agents such
as antitumor, antibiotic, anti-inflammatory, antidepressant,
antimalarial, anti-HIV, antimicrobial, antibacterial, antifungal,
antiviral, antidiabetic, herbicidal, fungicidal, and insecticidal
substances.!) Furthermore, heterocyclic compounds serve as
essential building blocks in the development of synthetic drugs
and agrochemicals.’! Some of these compounds also exhibit
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intriguing properties such as solvatochromism, photochromism,
and biochemical luminescence.! Beyond medicinal uses, they
play a vital role in materials science, being utilized in dyes,
fluorescent sensors, optical brighteners, data storage devices,
plastics, and analytical reagents.” They are also valuable in the
realms of supramolecular and polymer chemistry, particularly
in the development of conjugated polymers.”! For medicinal
chemists, the core structures of heterocycles are particularly
advantageous as they allow for the generation of a vast array of
derivative compounds, which can be screened against various
biological targets to identify multiple active agents.” The
immense diversity of fused heterocyclic structures enables the
creation of new polycyclic frameworks with diverse physical,
chemical, and biological properties.®! As a result, developing
efficient synthetic methods to construct polycyclic scaffolds from
biologically active heterocyclic templates remains a key goal
for both organic and medicinal chemists.””! Ultimately, the core
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aim of medicinal chemistry is to design and discover innovative
therapeutic agents.[1%

1,2,4-triazine.

(3)

1,2,3-triazine

(2)

Isomeric forms of triazine (1), (2), and (3)

1,3,5-triazine

(1)

TRIAZINES

Nitrogen-containing heterocycles play a crucial role in both
biological systems and industrial applications.!'”) Among these,
triazines are among the earliest discovered nitrogen heterocycles
and consist of a six-membered ring incorporating three nitrogen
atoms. Triazines exist in three isomeric forms: 1,2,3-triazine,
1,2,4-triazine, and 1,3,5-triazine.!'!

1,3,5 TRIAZINE

The symmetrical triazine ring system-commonly referred to as
s-triazine-is also known as 1,3,5-triazine, a term often used in
British scientific literature. The numbers in this name indicate
where the nitrogen atoms are located within the six-membered
ring.["*! Historically, older German texts referred to s-triazine as
cyanide or y-triazine, but today, the name s-triazine is widely
accepted, especially in official chemical databases like Chemical
Abstracts and the Ring Index.' In s-triazine, the nitrogen
atoms occupy positions 1, 3, and 5, while the carbon atoms are
at positions 2, 4, and 6. This arrangement gives the molecule a
highly symmetrical structure, which contributes to its unique
physical properties.'! Physically, s-triazine is a crystalline solid
known for its high volatility. It has a melting point of 86°C and
a boiling point of 114°C at standard atmospheric pressure. It
dissolves easily in ether (at around -5°C) and in ethanol.'®!
The molecule’s symmetrical nature explains its relatively high
melting point and volatility. Due to this volatility, s-triazine can
be easily removed from reaction mixtures by passing dry air or
nitrogen over it a process known as entrainment.!'” The crystals
themselves are highly refractive, rhombohedral in shape, and
have a density of approximately 1.38 g/cm®.'®¥ Interestingly,

&

1.3.5-tnazine
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adding nitrogen atoms to the ring doesn’t significantly affect the
boiling point, but it does cause a steady increase in the melting
point." In terms of practical use, s-triazine derivatives are widely
applied in agriculture as herbicides-notably atrazine, simazine,
and propazine.?”! In the pharmaceutical industry, s-triazines
serve as intermediates in the production of antibacterial and
antiviral drugs.?Y They also play a valuable role in polymer
chemistry, particularly in the manufacture of fire retardants and
cross-linking agents for resins.*

2,4,6-TRICHLORO-1,3,5-TRIAZINE

The chlorine atoms in 2,4,6-trichloro-1,3,5-triazine can be
easily replaced by a variety of nucleophiles, especially when
a hydrochloride acceptor-such as sodium carbonate, sodium
bicarbonate, sodium hydroxide, or a tertiary amine-is present.
This reactivity makes it a valuable reagent for synthesizing mono-,
di-, and tri-substituted 1,3,5-triazines.”” The extent of chlorine
substitution can be precisely controlled by adjusting the reaction
temperature:

e Mono-substitution occurs at or below 0°C,?
¢ Di-substitution takes place around 40-45°C,>’!

e Tri-substitution requires temperatures above 120°C.>]

However, substitution isn't solely dependent on temperature-it
also varies with factors like the nucleophile’s structure and
basicity, steric hindrance, the nature of pre-existing substituents
on the triazine ring, and the solvent used.’” By carefully
managing temperature, reaction time, solvent choice, and base
selection, it's possible to replace the chlorine atoms in a one-pot
reaction with different substituents, as long as the order of
nucleophile addition is properly planned.?®! 2,4,6-Trichloro-
1,3,5-triazine is an essential starting material for synthesizing
cyanuric chloride derivatives, which are widely utilized in the
production of reactive dyes, pharmaceutical compounds, and
high-performance polymer materials.””’ Additionally, it is a key
ingredient in the manufacturing of optical brighteners and UV
stabilizers, expanding its significance across various industries."!

Pharmacological Actions of S-Triazines

S-triazines, a class of compounds featuring a six-membered ring
with nitrogen atoms at the 1, 3, and 5 positions, exhibit a broad
spectrum of pharmacological activities. Their diverse biological
effects make them valuable in multiple therapeutic areas.®!! Here
are some of their notable activities:

* Antimicrobial Activity: S-triazines demonstrate strong
antibacterial, antifungal, and antiviral properties. Their
antimicrobial efficacy is largely attributed to their ability
to interfere with DNA replication and inhibit microbial
growth.r
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e Anticancer Activity: Certain S-triazine compounds
have shown potential in cancer therapy by inducing
apoptosis (programmed cell death), causing cell cycle
arrest, and suppressing tumor cell proliferation.””!

* Anti-inflammatory  Activity: = Some  S-triazine

derivatives exert anti-inflammatory effects by
modulating pro-inflammatory cytokines and other

mediators involved in inflammation.?%

e Antioxidant Activity: These compounds also have
potential antioxidant properties, helping to reduce
oxidative stress and protect cells from damage caused by
free radicals.?

e Enzyme Inhibition: Certain derivatives act as
enzyme inhibitors, notably of acetylcholinesterase, an
enzyme linked to neurodegenerative diseases such as
Alzheimer’s, making them promising candidates for

neurological drug development.©*

2,4,6-Trichloro-1,3,5-Triazine (TCT)

2,4,6-Trichloro-1,3,5-Triazine (TCT) is a chlorinated derivative
of s-triazine widely utilized in both industrial and pharmaceutical
fields. It serves as a versatile building block in the synthesis of
agrochemicals, herbicides, and is frequently used as a reagent
in various chemical processes.’””? Here are some of the notable
activities and applications of TCT and its derivatives

* Herbicidal Action: TCT-based
extensively used in agriculture due to their strong
herbicidal
photosynthesis in plants, effectively controlling weed

compounds are

properties. They work by inhibiting

growth.l®!

e Antiviral Activity: Research indicates that certain
TCT derivatives have antiviral effects, functioning by
disrupting viral replication, making them potential
candidates for antiviral drug development.

e Insecticidal Activity: Some derivatives of TCT exhibit
insecticidal properties, targeting the nervous system
of insects and pests, which makes them useful in pest
control applications.™

¢ Potential Anticancer Activity: TCT derivatives are also
being explored for their anticancer potential. They may
act through mechanisms such as inducing apoptosis
(cell death) and inhibiting cancer cell proliferation.!!

Due to this wide range of bioactivities, TCT remains a valuable
compound in the development of pharmaceuticals, pesticides,
and other specialty chemicals.™*?

Pharmacognosy Research, Vol 17, Issue 4, Oct-Dec, 2025

Cancer

Cancer is a complex group of diseases marked by uncontrolled
cell growth and the potential to spread to other parts of the body,
arising from genetic mutations and abnormal gene expression.
It can originate in nearly any tissue, forming solid tumors or
affecting the blood and lymphatic systems, as seen in leukemia
and lymphoma.”! The most common types include carcinomas
(e.g., breast, lung, colorectal), sarcomas (e.g., bone, fat), and
hematologic cancers (e.g., leukemia, lymphoma, multiple
myeloma).*! While inherited genetic mutations account for only
5-10% of cases, environmental exposures (radiation, pollution,
toxins) and lifestyle factors (smoking, alcohol, poor diet, stress,
inactivity) play significant roles.**! Aging also increases cancer
risk, as does DNA damage from carcinogens and infections.*!
Although not all tumors are malignant, cancerous tumors can
invade nearby tissues and metastasize.””! According to the WHO,
cancer is the second leading cause of death worldwide, with men
most commonly diagnosed with lung, prostate, and colorectal
cancers, while women frequently develop breast, colorectal,
and lung cancers.*® In children, leukemia, brain tumors, and
lymphoma are most prevalent.*! Diagnosis and treatment rely on
early detection and targeted therapies; breast cancer, for example,
is classified by markers like the Estrogen Receptor (ER) and HER2,
which influence treatment decisions.”” Standard treatments
include surgery, chemotherapy, radiation, immunotherapy, and
hormone therapy,©!! though these often cause serious side effects
such as fatigue, immune suppression, and organ-specific toxicities
(e.g., cardiotoxicity from anthracyclines, pulmonary toxicity
from bleomycin).®? As conventional methods face challenges
like toxicity and resistance, innovations like nanotechnology are
being explored to improve diagnostic accuracy and therapeutic
outcomes, especially as cancer cases continue to rise, with 1.9
million new diagnoses estimated by the end of 2021.*!

Breast Cancer

Breast cancer is the most frequently diagnosed cancer in
women.* While many cases are benign and manageable through
surgical intervention, approximately 25% exhibit a slow-growing
yet aggressive nature that facilitates early metastasis.* Although
current therapies can delay tumor progression, recurrence is
common, contributing to high mortality rates.”® The behavior
of breast cancer cells is rooted in the early developmental stages
of embryonic mammary cells, which are inherently motile
and invasive-traits essential for normal development but also
critical in cancer spread.™ Carcinogenesis, the process by which
normal cells transform into cancerous ones, is characterized by
six hallmarks: evading apoptosis, limitless replication potential,
enhanced angiogenesis, resistance to growth-inhibitory signals,
promotion of growth signals, and the capacity to metastasize.l**!
These changes are driven by genetic and environmental factors."!
With cancer emerging as a major global health challenge, it
significantly diminishes quality oflife and results in high treatment
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costs, even if not always fatal.* Breast cancer alone accounts for
2.3 million new cases globally according to GLOBOCAN 2020
and ranks as the fifth leading cause of cancer-related deaths.®"
Mortality is higher in transitioning regions such as Melanesia,
Western Africa, Micronesia/Polynesia, and the Caribbean
compared to more developed areas like Australia/New Zealand,
Western Europe, North America, and Northern Europe.[*”
Prevention and early detection through behavioral changes and
screening programs are essential for reducing breast cancer
rates.l®) Organizations like the Breast Health Global Initiative
(BHGI) are instrumental in developing international guidelines
for breast cancer management.! This review specifically
addresses breast cancer in women, as it remains the most
prevalent form of cancer among females.**!

Types of Breast Cancer

¢ Non-Invasive Breast Cancer: In this type, cancerous
cells remain confined within the milk ducts, without
breaching the surrounding fatty or connective tissues.
Ductal Carcinoma in situ (DCIS) is the most prevalent
form, representing about 90% of non-invasive breast
cancer cases.®® Lobular Carcinoma in situ (LCIS),
though less common, serves as an indicator of elevated
breast cancer risk./*”)

e Invasive Breast Cancer: This category involves
malignant cells penetrating the duct or lobular walls,
allowing them to infiltrate adjacent breast tissue.
However, not all invasive cancers immediately spread

(metastasize) to lymph nodes or other body organs.!*®!

e Triple-Negative Breast Cancer (TNBC): Representing
approximately 10-15% of breast cancer cases, TNBC is
defined by the absence of estrogen, progesterone, and
HER?2 receptors on tumor cells.””! This subtype is more
frequently diagnosed in women under 40, particularly
those of African descent or carrying the BRCA1 gene
mutation.” TNBC often aligns with the basal-like
molecular classification and typically does not respond
to HER2-directed treatments.”"!

POLY (ADP-RIBOSE) POLYMERASE (PARP1)

PARP1 is an enzyme from a family that facilitates the transfer
of ADP-ribose units to proteins, playing a crucial role in
cellular processes such as transcription regulation, chromatin
remodeling, DNA replication, recombination, and especially
in DNA repair.”? PARP enzymes are significant in cancer
therapy development because of their involvement in DNA
damage repair. Blocking PARP1 activity compromises this
repair mechanism, making cancer cells more susceptible to
treatments that induce DNA damage, like chemotherapy and
radiation.” Thus, PARP1 inhibitors enhance the efficacy of these
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therapies.”" In several cancer types, PARP1 is a key DNA repair
pathway, and its inhibition results in genomic instability and cell
death.”! Additionally, tumor suppressor genes such as BRCA1
and BRCA2, which are vital for double-strand DNA break repair
through homologous recombination, work in conjunction with
PARP1.%! Disrupting both BRCA and PARP1 functions leads
to an accumulation of DNA damage in cancer cells, ultimately
causing cell death, which highlights the therapeutic value of this
dual inhibition strategy (Figure 1).07!

HER 2

HER?2 is a receptor protein that is homologous to oncogenic
growth factor receptors found in humans and rodents. It was
initially discovered as an amplified gene in human breast
cancer cells and was named HER2."®! HER2 shares structural
similarities with the Epidermal Growth Factor Receptor (EGFR)
and has intrinsic tyrosine kinase activity.” Proteins in the HER
family are classified as type I transmembrane growth factor
receptors and are essential for initiating intracellular signaling in
response to external signals.® These receptors consist of three
primary regions: an extracellular domain for ligand binding, a
transmembrane region, and an intracellular domain with tyrosine
kinase activity.®” Upon ligand binding, HER family receptors
dimerize and undergo transphosphorylation, which activates
downstream signaling pathways that govern cell proliferation and
survival.®? Detailed genetic analysis and post-genomic studies
have led to the identification of four receptor family members:
EGFR (HER1/erbB1), HER2 (erbB2/HER2/neu), HER3 (erbB3),
and HER4 (erbB4) (Figure 2).18

Molecular Docking

Molecular docking is a computational method used to simulate
the interaction between a ligand (a small molecule) and a target
macromolecule such as a protein, DNA, or RNA. It is extensively
applied in drug discovery, structural biology, and studies
of enzyme-ligand interactions, aiming to identify potential
therapeutic compounds and refine lead candidates.!* The central
objective of molecular docking is to predict the optimal binding
conformation of a ligand within the receptor’s active site and assess
the strength of this interaction.®! The docking process involves
two primary steps: predicting the ligand’s binding orientation
(pose prediction) and estimating the binding strength (binding
affinity), which is evaluated through scoring functions.®® These
functions consider hydrogen bonds, hydrophobic interactions,
and electrostatic forces.®™”’ Docking algorithms explore a range of
ligand conformations to identify the most stable interaction.®®
There are two main types of docking:

* Rigid docking assumes fixed structures for both ligand
and receptor, allowing only positional adjustments.®!

e Flexible docking permits conformational changes
in either the ligand, the receptor, or both, thereby
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providing a more accurate representation of biological
interactions.”"!

Molecular docking is foundational in Structure-Based Drug
Design (SBDD), enabling high-throughput screening of
compound libraries for inhibitory potential.®”’! However, its
precision depends on variables like protein flexibility, solvent
effects, and the accuracy of scoring methods.” To improve
reliability, docking results are often validated with molecular
dynamics simulations and experimental data.”” Despite inherent
challenges, docking remains an essential tool in computational
drug discovery and biomedical research."

AutoDock 1.5.5

AutoDock 1.5.5 is a widely used molecular docking software
developed by The Scripps Research Institute, designed to
predict interactions between small molecules (ligands) and large
biomolecular targets, including proteins, DNA, and RNA.P? It
is part of the AutoDock suite, which also includes AutoGrid for
preparing the grid maps essential for docking calculations.?
AutoDock 1.5.5 supports both rigid and flexible docking
approaches, making it adaptable for studying diverse molecular
interactions such as protein-ligand, protein-protein, and nucleic
acid-ligand bindings.”” It employs search algorithms like the
Lamarckian Genetic Algorithm (LGA) and Simulated Annealing
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to examine different ligand orientations and determine the most

energetically favorable binding poses.

MATERIALS AND METHODS

Protein Preparation

The three-dimensional structures of HER2 (PDB ID: 8U8X) and
PARP1 (PDB ID: 7KK4) were obtained from the RCSB Protein
Data Bank. These structures were processed using AutoDock
Tools 1.5.5 to prepare them for molecular docking. Preparation
included removing water molecules, adding polar hydrogens,
assigning Kollman partial charges, and applying AD4 atom types.
The structures were saved in the.pdbqt file format, ensuring

readiness for docking simulations.

cl M

"‘-n
N7 RN . - .
Py —
5
cl H a W scetome, H.O -__F.
-\..""_‘-\-.
STERP1

1286

(K Ny
knw\.u—-p | +
/J a.:tmel-.c: /L\”'-PJ\”H | .

Ligand Preparation

Fifteen ligands (TCT1 to TCT15) were initially drawn in 2D using
Marvin Sketch and then converted to 3D using Marvin View for
spatial optimization. These structures were saved in. PDB format
and subsequently processed in Auto Dock Tools 1.5.7, where they
were converted to.pdbqt format for docking.

Molecular Docking Analysis

Docking simulations were performed using Auto Dock 1.5.5.
Each ligand underwent twenty-five independent docking runs for
accurate binding predictions. The simulations used specific grid
box parameters (Table 1), and results were analyzed for binding
energy and inhibition constants to assess interaction strength and
stability.
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Protein-Ligand Complex Visualization

Chimera software was used to visualize the resulting

protein-ligand complexes. This allowed for detailed analysis of
hydrophobic and polar interactions. Both 2D and 3D images of
these interactions were created to deepen the understanding of
the docking mechanisms.

Scheme for the synthesis of designed derivatives

Where R(aldehyde)substituted in

1. TCTI is Benzaldehyde,
TCT2 is 4-Hydroxy benzaldehyde,
TCT3 is 4-methoxy benzaldehyde,
TCT4 is 4-chloro benzaldehyde,
TCTS5 is 2-hydroxy benzaldehyde,
TCT6 is furfural,
TCT?7 is Thiophene 2 carbaldehyde,
TCT8 is pyridine-2-carbaldehyde,

¥ ® N & Uu ok »Dd

TCT9 is cinnamaldehyde,

p—t
e

TCT10 is hexanal,

[
[

TCT 11 is 2- methyl pentanal,

p—t
N

TCT12 is 3,4-Dihydroxy benzaldehyde,

13. 'TCT13 is 4-nitro benzaldehyde,
14. TCT14 is 5-hydroxy-2-methoxy benzaldehyde,
15. TCT15 is perilialdehyde.

RESULTS

Molecular Docking Docking simulations assessed interactions
between TCT1-TCT15 ligands and target proteins HER2 (PDB
ID: 8U8X) and PARP1 (PDB ID: 7KK4). Binding energy, ligand
efficiency, inhibition constants, and interaction energy were
analyzed. HER2 docking scores indicated that most designed
compounds bound more effectively than the reference standard.
TCT9 (-12.73 kcal/mol), TCT4 (-12.47 kcal/mol), TCT5 (-12.34
kcal/mol), and TCT12 (-12.56 kcal/mol) exhibited strong
HER2 binding. TCT9 demonstrated the best binding energy
and a low inhibition constant of 464.9 nM. TCT4 and TCT5
also performed well with constants of 718.83 nM and 900.69
nM, respectively. The reference compound (-10.84 kcal/mol)
showed weaker binding. Van der Waals, hydrogen bonding, and
desolvation energy contributed to the stability of TCT9, TCT4,
and TCTS5 interactions with HER2, mainly through hydrophobic
and hydrogen bonding interactions. PARP1 docking results
also revealed superior binding energies for several compounds
compared to the reference. TCT13 (-13.96 kcal/mol), TCT12
(-13.64 kcal/mol), TCT4 (-13.33 kcal/mol), TCT15 (-13.41 kcal/
mol), and TCT2 (-13.12 kcal/mol) were top performers. TCT13
showed the best binding and a low inhibition constant of 58.09

Table 1: Energy Minimization Table for HER2 (PDB ID-8U8X) (Figure 3).

Compound code Binding energy Ligand efficiency

TCT1 -11.93 -0.28
TCT2 -11.88 -0.28
TCT3 -11.7 -0.27
TCT4 -12.47 -0.29
TCT5 -12.34 -0.29
TCT6 -11.29 -0.28
TCT7 -11.79 -0.29
TCT8 -11.65 -0.28
TCT9 -12.73 -0.29
TCT10 -10.59 -0.26
TCT11 -10.9 -0.27
TCT12 -12.56 -0.29
TCT13 -12.05 -0.26
TCT14 -12.46 -0.28
TCT15 -11.99 -0.27
Standard -10.84 -0.34

Pharmacognosy Research, Vol 17, Issue 4, Oct-Dec, 2025

Inhibitory constant Vdw-hb- Intermol energy
desolvation energy
1.79 -14.26 -14.62
1.95 -14.12 -14.57
2.67 -14.31 -14.68
718.83 -14.69 -15.16
900.69 -14.69 -15.02
5.28 -13.25 -13.68
2.28 -13.74 -14.18
2.87 -13.69 -14.34
464.9 -15.37 -15.71
17.31 -14.18 -14.47
10.27 -14.08 -14.48
617.62 -14.86 -15.25
1.48 -14.56 -15.03
735.25 -14.83 -15.15
1.64 -14.52 -14.97
11.29 -12.05 -12.04
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«
Figure 3: HER2(PDB ID-8U8X) A-TCT 4,8-TCT9,C-TCT13.
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A

©
Figure 4: PARP1(PDB ID:7KK4) A-TCT 4,B-TCT12,C-TCT13.
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Table 2: Energy Minimization Table for PARP1 (PDB ID:7KK4) (Figure 4).

Compound code Binding energy Ligand efficiency Inhibitory constant Vdw-hb-desolvation

TCT1 -12.8 -0.3 414.71
TCT2 -13.12 -0.31 242.26
TCT3 -12.64 -0.29 547.41
TCT4 -13.33 -0.31 170.54
TCT5 -12.06 -0.28 1.45
TCT6 -11.83 -0.29 2.14
TCT7 -12.72 -0.31 472.21
TCTS8 -11.83 -0.28 2.12
TCT9 -12.22 -0.28 1.11
TCT10 -11.94 -0.29 1.78
TCT11 -11.69 -0.29 2.69
TCT12 -13.64 -0.31 101.02
TCT13 -13.96 -0.3 58.09
TCT14 -12.83 -029 395.34
TCT15 -13.41 -0.3 146.88
Standard -10.62 -027 16.35

nM, while TCT12 and TCT4 followed closely. The reference
compound (-10.62 kcal/mol) was less effective. Comparative
analysis highlighted TCT4, TCT12, and TCT13 as strong binders
for both targets. TCT9 was optimal for HER2, while TCT13
led for PARPI. Overall, the designed compounds had higher
binding energies than the standard, indicating strong inhibitory
potential. Chimera visualization identified key stabilizing
interactions. TCT9 and TCT4 formed multiple hydrogen bonds
with HER2, while TCT13 and TCT12 exhibited hydrogen
bonding and n-m stacking with PARP1. Hydrophobic interactions
further stabilized the complexes. Structure-activity relationship
analysis indicated that electron-withdrawing (-Cl, -NO,) and
electron-donating (-OH, -OCH;) groups influenced binding
strength. Electron-withdrawing groups enhanced binding
scores, while hydroxyl and methoxy groups contributed through
hydrogen bonding.

CONCLUSION

In this study, fifteen novel triazine derivatives (TCT1-TCT15)
were synthesized and evaluated for their potential as inhibitors
of HER2 and PARP1, two critical proteins implicated in cancer
progression. Molecular docking studies using AutoDock 1.5.5
revealed that several of these compounds exhibited strong
binding affinities to both HER2 and PARPI, surpassing the
reference standards in terms of binding energy and inhibition
constants. Notably, TCT9, TCT4, and TCT5 demonstrated
exceptional binding to HER2, with TCT9 showing the highest
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-14.47 -15.48
-13.64 -15.8
-14.71 -15.62
-15.34 -16.01
-14.01 -14.74
-12.03 -14.21
-14.17 -15.11
-13.7 -14.52
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-14.04 -15.82
-13.73 -15.27
-15.64 -16.32
-14.66 -16.95
-14.4 -15.51
-15.52 -16.4
-13.23 13.9

binding energy (-12.73 kcal/mol) and a low inhibition constant
of 464.9 nM. For PARP1, TCT13, TCT12, and TCT4 emerged as
the most potent inhibitors, with TCT13 exhibiting the strongest
binding affinity (-13.96 kcal/mol) and an inhibition constant of
58.09 nM. The structural analysis highlighted the importance of
electron-withdrawing groups (-Cl, -NO,) and electron-donating
groups (-OH, -OCH3;) in enhancing binding efficacy. Hydrogen
bonding, hydrophobic interactions, and m-m stacking were
identified as key stabilizing forces in the protein-ligand complexes.
These findings underscore the potential of the synthesized triazine
derivatives as promising anticancer agents targeting HER2 and
PARPI1. Overall, this research provides valuable insights into
the design and development of novel triazine-based inhibitors
with enhanced therapeutic potential. The results call for further
in vitro and in vivo studies to validate the efficacy and safety of
these compounds, paving the way for their potential application
in cancer therapy.
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SUMMARY

This research presents the design, synthesis, and molecular
docking analysis of fifteen novel 1,3,5-triazine derivatives
(TCT1-TCT15) aimed at inhibiting two critical breast cancer
targets: HER2 and PARP1. Using AutoDock 1.5.5, the study
evaluated the binding affinities and inhibition constants of
these compounds, identifying several derivatives with superior
docking performance compared to standard inhibitors. Notably,
TCT9 showed the strongest binding to HER2 (-12.73 kcal/mol,
Ki =464.9 nM), while TCT13 was the most potent against PARP1
(-13.96 kcal/mol, Ki = 58.09 nM). Structural insights revealed that
electron-withdrawing (e.g., -Cl, -NO,) and electron-donating
groups (e.g., -OH, -OCH3) significantly contributed to binding
strength through hydrogen bonding, hydrophobic interactions,
and m-m stacking. These findings highlight the potential of
triazine scaffolds as dual-target inhibitors for HER2 and PARP1
and support their further evaluation through biological studies
for future anticancer therapy development.
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