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Abstract

Introduction: DNA serves as a key target for drug development due to its structural accessibility, making it ideal for interaction
with small molecules. The traditional drug discovery process is often slow and costly, prompting the need for more efficient
approaches. In this study, we employed a combination of computational drug repositioning and molecular docking techniques
to identify pyridine-4-carbohydrazide Schiff base derivatives with potential DNA-binding activity, expediting the identification
of promising candidates for synthesis and experimental validation.

Methods: Nineteen pyridine-4-carbohydrazide Schiff base derivatives (INHO1-INH19) were screened using molecular docking
to predict their binding affinity to various DNA fragments. Compounds with the highest predicted affinities were synthesized
using a microwave-assisted method and characterized via FTIR, 'H, and 3C-NMR. The DNA-binding interactions of the
synthesized compounds were further evaluated through UV-visible absorption titration and competitive binding assays with
Rhodamine B to validate the computational predictions.

Results: Molecular docking identified key interactions between the derivatives and DNA, with aromatic planar structures and
specific substitution patterns contributing to binding activity. Four lead compounds (INHO03, INHQ09, INH14, and INH19) were
synthesized and characterized. UV-visible absorption titration and competitive assays confirmed minor groove binding to
genomic DNA. The binding constants (Kp) ranged from 6.3x10% - 7.4x10* M1, with negative Gibbs free energy values indicating
spontaneous interactions.

Conclusion: This study identified four pyridine-4-carbohydrazide Schiff base derivatives with strong DNA-binding properties,
underscoring their potential as DNA-targeting agents. The correlation between in silico predictions and experimental data

demonstrates the utility of computational methods in guiding the design and development of DNA-interacting drugs.

Keywords: DNA-targeting drugs, Schiff base, Molecular
docking, DNA binding studies.

1. Introduction

Deoxyribonucleic acid (DNA) is a fundamental macromolecule
responsible for encoding genetic information and regulating
various physiological processes (Hannon, 2007). It guides
enzyme and protein synthesis through processes such as
replication, transcription, and translation (Chatterjee et al.,
2021; Saitou, 2018). Structurally, DNA is a double helix
composed of two antiparallel polynucleotide strands,
resembling a twisted ladder. These strands are stabilized
primarily through Watson-Crick hydrogen bonds and form two
parallel grooves: a major groove and a minor groove
(Amshawee et al., 2024; Travers & Muskhelishvili, 2015).
These grooves, differing in size and binding elements, provide
distinct binding sites for small molecules and proteins
(Laughlin-Toth et al., 2017; Zhitnikova & Shestopalova, 2017).
DNA can adopt alternative conformations, influenced by
environmental factors like hydration and ionic strength and can
exist in forms such as A, B, C, D, and Z-form, with B-DNA
being predominant in biological systems (Belmont et al., 2001).
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More complex structures, including hairpin loops, triplexes (H-
DNA), cruciform, and tetraplex, add to the structural diversity
of DNA (Belmont et al., 2001; Biffi et al., 2013; Zeraati et al.,
2018).

The study of DNA-small molecule interactions, including those
involving drugs, organic dyes, and metal complexes, has gained
considerable attention for its implications in understanding
DNA's structural properties, elucidating drug mechanisms of
action, and developing DNA-targeting therapies (Dayanidhi &
Vaidyanathan, 2021; Lackner et al., 2024; Pandey & Adhikari,
2024; Yanthan & Bhattacharyya, 2023; Zhang et al., 2023). Due
to DNA’s well-defined three-dimensional structure and
accessible functional groups, it has become a prime target in
drug design (Alniss et al., 2024). Small molecules can interact
with DNA primarily through two mechanisms: DNA cleavage
or DNA binding. DNA binding interactions can be covalent or
non-covalent (Silvestri & Brodbelt, 2013). Covalent interactions
are typically irreversible, causing significant biological effects,
while non-covalent interactions, such as intercalation, groove
binding, and electrostatic interactions, are reversible and often
less harmful (Ni et al., 2006).
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Schiff bases, a class of compounds first synthesized by Hugo
Schiff in 1864(Tidwell, 2008), are of particular interest due to
their broad biological activity and structural versatility (Biswas
etal., 2024; Mushtaq et al., 2024). They are characterized by the
azomethine group (-C=N-) and are typically formed by
condensing primary amines with carbonyl compounds (Bedi et
al., 2023; Hameed et al., 2017). Their structural diversity and
ease of synthesis, combined with their ability to coordinate with
metals, make them valuable in medicinal chemistry (Catalano et
al., 2021; Pour et al., 2019). Schiff bases are known for their
antibacterial (Rollas et al., 2002; Yurttas et al., 2013), antifungal
(Karthikeyan et al., 2006; Pahontu et al., 2015), antivira
(Kaushik et al., 2023; Pahontu et al., 2015)-anticancer(lacopetta
et al., 2021; Amim et al., 2016), anti-inflammatory(Biradar et
al., 2021; Nithinchandra et al., 2012; Pontiki et al., 2008),
antimalarial(Sharma et al., 2014), antitubercular activities
(Cordeiro &Kachroo, 2020; Ferreira et al., 2009; Kumar et al.,
2024; Amim et al., 2016), antidepressant (Mesripour et al.,
2023; Sadia et al., 2021) and antihypertensive (Abdel-Wahab et
al., 2008; Saadaoui et al.,, 2019). Additionally, they are
precursors to a variety of bioactive heterocyclic compounds
(Matsumoto et al., 2020),and are used in analytical applications
(Hadjoudis& Mavridis, 2004), such as sensors(Chandran et al.,
2024; Oiye et al., 2019).SBs also have been extensively studied
for their tribological activities, particularly their application as
biolubricant additives(Kumar et al., 2019; Murmu et al., 2020).
Furthermore, their use in catalyzing CO; fixation to mitigate
atmospheric carbon accumulation has been well-documented
(Ikiz et al., 2015; Kang et al., 2024; Yaseen et al., 2021).

In our previous work, we developed a series of pyridine-4-
carbohydrazide Schiff base derivatives (INHO1-INH19) by
exploring the structural ~modification of pyridine-4-
carbohydrazide as a core scaffold. Using computational tools,
we predicted physicochemical properties, drug-likeness,
bioactivity, PASS, and ADMET profiles, identifying
compounds with promising attributes and reduced potential for
adverse effects. This in silico approach enabled us to prioritize
compounds for synthesis and screening based on their potential
efficacy and safety profiles.

2. Materials and Methods

2.1. Molecular docking studies

Molecular docking is a computational approach to predict the
binding orientation and interaction strength of small molecules
(pyridine-4-carbohydrazide Schiff base derivatives) with
biological targets (DNA) (Guedes et al., 2014; Rohs et al.,
2005). The docking protocol was configured using AutoDock
Vina in PyRx-Python Prescription 0.8, while Biovia Discovery
Studio Visualizer was used to analyze the docking outcomes and
visualize binding conformations.

The chemical structures of the compounds were generated using
ChemDraw Ultra (see Table 1), and the 3D structures of selected

DNA fragments were sourced from the Protein Data Bank
(http://rcsh.org) with PDB IDs: 1ZNA, 1D32, 1K2J, 1Z3F,
1IMTG, 1ZEW, 3EYO, 102D, 1BNA, 2DNA, 330D, 181D, and
5MVK (see Table 2). Following download, the DNA structures
were validated to ensure compatibility with docking protocols
and alignment with experimentally reported DNA-ligand
interactions. The docking study consisted of four primary steps:
ligand preparation, DNA preparation, docking simulation, and
post-docking analysis.

= Ligand Preparation: The ligands were prepared by
optimizing their geometry to obtain the lowest energy
conformation. This optimization was performed using
density functional theory (DFT) calculations to minimize
the energy of each compound. Subsequently, Gasteiger
charges were assigned to the ligands, and non-polar
hydrogen atoms were merged. The optimized structures
were saved in Protein Data Bank (PDB) format for docking
purposes.
= DNA Preparation: DNA fragments were prepared by
removing unnecessary elements like water molecules,
heteroatoms, and co-ligands from the crystal structures
using Discovery Studio Visualizer. Polar hydrogen atoms
were added to the DNA structure, and Kollman charges
were assigned using AutoDock Tools. The finalized DNA
structures were then saved in pdbqgt format for the docking
simulations.
= Docking Process: The docking process began with
determining the coordinates and dimensions of the grid box,
as summarized in Table 2, to define the search space for the
docking simulations. The DNA fragments were treated as
rigid molecules, while the ligands were treated flexible,
allowing for conformational adjustments during the
simulation. The docking simulations generated nine
different ligand conformations for each DNA fragment,
providing data on binding affinity (AG), RMSD upper
bound, and RMSD lower bound. The conformation with the
highest binding affinity and an RMSD value of zero for
both the upper and lower bounds was considered the most
favorable and was selected for further analysis. The selected
ligand-DNA conformations were saved in Structure Data
Format (SDF) for additional investigation.
= Docking Analysis: The ligand conformation with the
highest binding affinity (AG) was subjected to detailed
analysis using Discovery Studio Visualizer to examine
DNA-ligand interactions. This analysis included the
identification of hydrogen bonds, hydrophobic
interactions, and other key interactions between the
ligand and the DNA fragment. Graphs and visual
representations of the docking interactions were plotted
to facilitate a deeper understanding of the observed
binding modes and molecular interactions.
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Table 1: Codes and chemical structures of the designed compounds.

Codes Chemical Structure Codes Chemical Structure
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Table 2: Selected DNA Crystal Structures Utilized in Docking Studies.
Numbe Centers of the Dimensions (A) of the
DNA DNA r Sequence Grid Box Grid Box
(PDB ID) | forms 9
(bp) X Y z X Y y4
2843 | 13.21 28.25 | 21.98 | 33.50
1D32 A 4bp d(CGCG)2 1 ) 9.583 0 3 6
form d(CTACGCGCGTAG) | - 19.23 43.84 | 43.82
5MVK 12bp , 3932 | s 4.567 ) 7 25.00
- 28.22 | 25.83 | 26.54
1K2J 6bp d(CGTACG), 0906 | 2442 | 8121 |3 6 g
B 12.39 2419 | 51.04 | 34.70 | 29.88
1ZEW form | 10bP d(CCTCTAGAGG)2 c 2.746 | 8 5 s
3EY0 10bp d(ATATATATAT), 27.03 ;2.16 §7.99 37.46 34.25 20.93
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d(ACCGCCGGCGCC) | - - 57.68 | 44.60 | 37.77
330D 12bp | 7747 | 1883 | 1808 | 7 2 9
102D 12bp d(CGCAAATTTGCG) Z1l4.55 50.95 7388 | 25.00 i7.53 527
2
1BNA 12bp d(CGCGAATTCGCG) | 14.77 | 2151 | o o0, 30.79 {3188 | . o
2 8 8 9 4
d(CGCGAATTCGCG) | 14.42 | 24.05 | 70.41 | 40.28 | 40.15 | 62.18
2DNA 12bp 1 7 5 9 1 9 7
- i 28.26 | 33.48 | 53.74
1MTG 6bp d(GAGCTG): 3679 8.062 9.833 | 03 X
14.88 | 36.84 | 33.39 | 31.92 | 40.56
1Z3F 6bp d(CGATCG): 1862 | . 3 A A
18.01 | - 25.00 | 25.00
1ZNA . 4bp d(CGCG), 879 | g 299 | o 0 25.00
181D 6bp d(CACGCG); 4.477 | 0.345 | 5.671 56‘5 6 25 85 | 2500

Abbreviations: Deoxyribonucleic acid (DNA); PDB ID (Protein Data Bank Identifier) is a unique code assigned to each structure
within the Protein Data Bank (PDB); Base pair (bp); Nucleotide bases: adenine (A), cytosine (C), guanine (G), thymine (T). The
grid box, where docking simulations occur, is defined along three axes: X (horizontal axis), Y (vertical axis), and Z (depth axis).

2.2. Chemical synthesis

All chemical reagents and solvents utilized in the synthesis of
the target compounds were obtained from commercial suppliers
and used without further purification. The reactions were
conducted using microwave-assisted synthesis in a closed
system (Milestone Start E, 2450 MHz, lItaly), allowing for
efficient reaction times and enhanced yields. Melting points
were determined using an electrothermal apparatus (SMP30,
Stuart, UK) with open glass capillary tubes, and the values were
reported uncorrected (Cole-Parmer Ltd., Stone, UK).

Reaction progress and product purity were monitored by thin-
layer chromatography (TLC) on 20 cm x 20cm aluminum sheets
precoated with silica gel 60 F254 (0.20 mm layer thickness,
Merck KGaA Analytical, Germany). Two mobile phases were
employed: Phase 1 (chloroform:ethanol, 80:20) and Phase 2
(hexane:ethyl acetate, 30:70). TLC plates were visualized under
UV light at 254 nm. Product yields were calculated based on the
purified compounds.

NH,
HNT

Rl
X §o )
N‘ _ W N0

Pyridine-4-carbohydrazide  Aldehyde

g
SR

Infrared (IR) spectra were recorded using a Fourier-transform
infrared (FTIR) spectrometer (Cary-Varian 660, Australia) in
the range of 4000-400cm™. Nuclear magnetic resonance
(NMR) spectra were recorded on a Bruker Avance spectrometer
operating at 400 MHz for *H NMR and 100 MHz for 13C NMR,
with tetramethylsilane (TMS) as the internal standard.
Deuterated dimethyl sulfoxide (DMSO-d6) was used as the
solvent, and chemical shifts (§) were reported in ppm relative to
the residual solvent peak. UV-visible absorption spectra were
obtained at room temperature wusing a UV-visible
spectrophotometer (Specord 200 Plus, UK), ensuring that
relevant absorption maxima (Amax) Were recorded for each
compound.

The synthesis of the target compounds (INH03, INH09, INH14,
and INH19) followed the established synthetic protocol as
detailed in our previous work (Alarabi et al., 2018). Reaction
conditions are depicted in Scheme 1. The resulting crystalline
products were dried thoroughly, and their structures were
confirmed by comprehensive spectroscopic analyses, including
FTIR, 'H NMR, and BC NMR.

%\

—NH

350 - 600 watt, 60°C
0.5 - 2 min

N\ /

N

Schiff base compound

\\
8 L,

Scheme 1: Synthesis pathway of the designed compounds.
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2.3. Biological Evaluation

This section details the in-vitro investigation of DNA-binding
interactions of synthesized compounds with human genomic
DNA (G-DNA) using spectroscopic methods, specifically UV-
visible absorption titration, and competitive fluorescence
assays. These methods allow for the characterization of binding
modes and the strength of interactions, which are vital in
evaluating the potential of these compounds as DNA-targeted
agents.

The genomic DNA used in these experiments was extracted
from peripheral lymphocytes collected from anticoagulated
blood (EDTA) samples, using a proteinase K digestion protocol
followed by phenol/chloroform extraction(Ghatak et al., 2013).
DNA purity was confirmed by measuring the absorbance ratio
at 260 and 280 nm, which exceeded 1.9, indicating that the DNA
was sufficiently free of protein contaminants (Marmur& Doty,
1962). The concentration of DNA per nucleotide was
determined using absorption spectroscopy with a molar
extinction coefficient of 6600 Mt cm™ at 260 nm (Rahman et
al., 2017; Saha& Kumar, 2011). The stock solution was stored
at 4°C in the dark for up to five days and regularly stirred to
ensure homogeneity.

2.3.1. Study of DNA binding activity by UV-visible
absorbance titration

UV-visible absorption spectroscopy is a critical tool for
investigating the stability of DNA and its interactions with small
ligand molecules (Ganeshpandian et al., 2014). Stock solutions
of the synthesized compounds were prepared in a DMSO-Tris
buffer mixture (1:9). During the titrations, the concentration of
G-DNA was kept constant at 75uM, while the concentration of
the test compounds was varied from 0 to 20uM. The total
volume of each solution was adjusted to 2 mL using 0.01M Tris
buffer (pH 7.4). After adding the compounds to the DNA
solution, the mixtures were allowed to equilibrate for 8-10
minutes before gentle agitation. The absorption spectra were
then recorded to observe potential shifts in absorbance,
indicating interactions between the DNA and the ligands.

2.3.2. Study of DNA binding activity by competitive
fluorescence assay

Fluorescence spectroscopy is a sensitive and widely used
method for detecting interactions between DNA and small
molecules. In this study, we employed a Jasco FP-6200
spectrofluorometer (Tokyo, Japan) to perform a competitive
fluorescence assay using rhodamine B (RB) as a fluorescent
probe. This assay was designed to evaluate the binding affinity
of the synthesized compounds to G-DNA.
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To prepare the DNA-RB complex, DNA was titrated with RB
until a stable fluorescent complex was formed. The preformed
DNA-RB complex was then titrated with increasing
concentrations of the ligands (0-30uM). Fluorescence
measurements were taken after 30 minutes of equilibration at
room temperature, allowing sufficient time for ligand-DNA
interaction. The excitation wavelength was set at 550nm, and
fluorescence emission was monitored at 577 nm over a spectral
range of 560-650 nm. Both excitation and emission slit widths
were maintained at 10.0 nm.

3. Results and discussion

3.1. Molecular docking studies

Molecular docking is the best alternative tool to rapidly predict
binding conformations of ligands that are energetically
favorable to interact with a pharmacological receptor site(de
Ruyck et al., 2016; Torres et al., 2019). In addition, molecular
docking provides information about the mechanism of binding
of various molecules and drugs (Niazi & Mariam, 2024). It
hence contributes significantly to designing new drugs and
saving time and costs in the drug discovery and development
pipeline (Kumar Shukla & Pradhan, 2024).

Molecular docking in this project was conducted to evaluate the
DNA-binding modes, sequence selectivity, and preferred
orientations of Schiff base derivatives of pyridine-4-
carbohydrazide within various DNA fragments. Thirteen
distinct DNA fragments, representing different conformations
and base sequences, were utilized to model these interactions.
The docking study aimed to explore how structural features of
the compounds contribute to their DNA-binding behavior.
Based on the structural similarities to known DNA-binding
agents, two primary binding mechanisms were proposed: (i)
intercalation, and (ii) groove binding.

To identify the DNA-binding mode more precisely, various
crystal structures of DNA dodecamers were used, each
possessing two long CG sequences and a long AT tract of base
pairs, providing several potential binding sites. These specific
sequences were selected to offer a detailed model for assessing
how the Schiff base derivatives interact with different regions of
the DNA, particularly focusing on whether intercalation or
groove binding was the predominant mode of binding (Ricci &
Netz, 2009).

In each docking experiment, the ligand conformation with the
highest binding energy (AG) from nine potential conformations
was selected for detailed analysis. The docking results revealed
that several Schiff base derivatives displayed favorable DNA-
binding affinities, with binding energies ranging from -5.7 to -
9.1 kcal/mol, as summarized in Tables 3A and 3B.
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Table 3A: Molecular Docking Results of the Designed Compounds with B-DNA Structures.

DNA Fragments (PDB ID)
Codes B form
2DNA 1K2) 1ZEW | 3EYO 330D 102D 1BNA 1IMTG 1Z3F

INHO1 -7.0 -7.1 -7.2 -6.7 -6.5 -7.0 -6.6 -5.6 -5.9
INHO2 | -7.2 -7.5 -7.5 -7.9 -6.8 -7.3 -6.8 -5.9 -6.0
INHO3 | -8.3 -8.4 -8.7 -8.6 -7.7 -8.5 -8.0 -6.6 -6.4
INHO4 | -7.2 -7.4 -7.4 -7.4 -6.5 -7.6 -71 -5.7 -5.4
INHO5 -7.7 -7.6 -7.8 -7.8 -7.1 -7.8 -6.7 -6.4 -6.0
INHO6 | -7.7 -7.2 -7.9 -6.9 -7.1 -7.9 -6.8 -6.5 -6.4
INHO7 | -7.6 -7.6 -8.0 -7.8 -7.5 -7.8 -7.5 -6.3 -5.6
INHO8 | -7.4 -7.7 -7.5 -7.0 -7.0 -7.8 -6.7 -5.9 -5.8
INHO9 | -8.3 -8.6 -8.4 -7.7 -7.9 -8.4 -7.7 -6.7 -7.2
INH10 -7.9 -8.2 -8.3 -8.3 -7.9 -8.3 -7.2 -6.5 -6.1
INH11 -8.1 -8.2 -8.5 -8.8 -7.5 -8.4 -7.4 -6.3 -6.1
INH12 | -8.1 -8.2 -8.4 -8.4 -8.0 -8.3 -7.4 -6.1 -6.1
INH13 | -6.9 -7.1 -6.9 -6.5 -6.5 -7.0 -6.8 -5.4 -5.3
INH14 -8.7 -8.9 -8.9 -9.2 -7.9 -9.1 -8.8 -6.5 -6.5
INH15 -7.3 -7.4 -7.2 -6.9 -7.2 -7.3 -6.6 -5.7 -5.8
INH16 -6.7 -6.9 -6.4 -6.8 -6.0 -6.9 -6.6 -5.2 -5.0
INH17 | -7.8 -7.2 -7.6 -7.7 -7.2 -8.1 -7.6 -6.2 -6.6
INH18 | -7.5 -6.8 -7.7 -6.9 -6.8 -7.2 -6.9 -6.0 -6.0
INH19 | -8.9 -8.6 -8.9 -8.8 -8.1 -9.0 -8.9 -6.5 -6.5
INH -5.5 -5.4 -5.9 -5.6 5.1 -5.8 -5.5 -4.6 -5.0
PT -8.3 -6.3 -8.6 -6.3 -7.6 -8.4 -8.8 -6.9 -7.8

Abbreviations: INH=Isoniazid, PT=Paclitaxel. All Energy Values (AG) are Expressed in kcal/mol.

Table 3B: Molecular Docking Results of the Designed Compounds with A- and Z-DNA Structures.

DNA Fragments (PDB ID)
Codes A form Z form

1D32 5MVK 181D 1ZNA
INHO1 -6.3 -6.2 -6.4 -5.7
INHO2 -6.6 -6.5 -71 -6.3
INHO3 -6.9 -6.8 -7.1 -6.7
INHO4 -6.8 -6.1 -6.9 -6.2
INHOS -6.0 -6.8 -6.8 -6.3
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INHO6 -6.5 -6.5 -7.1 -6.2
INHO7 -6.6 -6.7 -7.2 -6.1
INHO8 -5.5 -6.3 -6.9 -5.9
INHO9 -7.4 -7.3 -7.4 -6.5
INH10 -6.4 -6.9 -7.2 -6.7
INH11 -6.3 -7.0 -7.2 -6.8
INH12 -6.4 -6.7 -7.1 -6.7
INH13 -5.3 -5.7 -7.5 -6.3
INH14 -6.9 -7.4 -7.4 -7.1
INH15 -6.7 -6.4 -6.5 -5.9
INH16 -5.7 -6.4 -6.9 -5.8
INH17 -6.7 -7.1 -6.8 -6.3
INH18 -6.3 -6.3 -6.8 -6.1
INH19 -6.8 -7.2 -7.6 -6.8
INH -5.4 -4.7 -5.0 -4.7
PT -8.6 -10.5 -5.8 -6.6

Abbreviations: INH = Isoniazid, PT = Paclitaxel. All Energy Values (AG) are Expressed in kcal/mol.

More negative AG values suggest more stable ligand-DNA
complexes, indicating strong geometric compatibility within the
DNA helix (Laughton & Orozco, 2009; Pandey et al., 2020).
Notably, derivatives INH14, INH19, INH09, and INHO03
exhibited highly negative binding energies, with AG values
approaching -9.0 kcal/mol, significantly outperforming the
parent compound isoniazid (INH), which showed a lower
binding affinity (AG = -5.4 kcal/mol). The absence of aromatic
substituents in INH limits its interactions with DNA to basic n-
7 stacking, unlike the more complex derivatives. In comparison
to standard drugs paclitaxel (Taxol®), the INH derivatives
generally demonstrated superior binding energies, particularly
against B-form DNA, which was identified as the most
favorable target, followed by Z-form and A-form DNA.

The results also underscore the significant influence of structural
variations in pyridine-4-carbohydrazide derivatives on DNA-
binding affinity and the stability of the resulting complexes. To
explain how these structural differences impact binding
efficacy, the derivatives were categorized based on the type of
aromatic ring, the number of aromatic rings, and the presence of
substituents  (non-substituted, mono-substituted, or di-
substituted). This categorization helped form a deeper
understanding of the relationship between chemical structure
and DNA-binding activity.

Moreover, the binding efficacy of the compounds was evaluated
against the DNA fragment 1BNA, selected for its high-
resolution crystal structure (1.90A) and its common use in
computational  studies.  Importantly, compounds that
demonstrated strong binding to 1BNA also exhibited
comparable binding activity with other DNA fragments. This
indicates that structural modifications reducing binding efficacy
against 1BNA would likely have a similar effect on other DNA
fragments, highlighting the robustness of the structure-activity
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relationship in predicting DNA-binding behavior across
different targets.

The compounds incorporating two aromatic rings, particularly
naphthalene-based derivatives such as INH09, INH14, and
INH19, demonstrated significantly enhanced DNA-binding
efficacy, with free energy changes (AG®) of -7.7, -8.8, and -8.9
kcal/mol, respectively. This superior performance contrasts with
single aromatic ring compounds, such as phenyl-substituted
derivatives (INHO1, AG® = -6.6; INH18, AG° = -6.9), and
heteroaromatic derivatives like furane (INH13, AG® = -6.8) and
thiophene (INH16, AG® = -6.6). The enhanced binding
efficiency of naphthalene-containing compounds is attributed to
the increased n-n stacking interactions between the naphthalene
moiety and DNA base pairs, reinforcing their capacity for
stabilizing DNA-ligand complexes (Chen et al., 2018; Jourdan
etal., 2012; Takenaka, 2017).

The DNA-binding activity of pyridine-4-carbohydrazide
derivatives is significantly influenced by the presence of
electron-donating groups (-OH, -OCHs;, -OCH,CHj3, -CHs, -
N(CHs).) and electron-withdrawing groups (-Cl, -NO,) at
various positions on the aromatic rings, which modulate DNA-
binding affinity. Notably, the variations in binding efficacy
observed among compounds such as INHO1, INHO3, INH12,
and INH17 can be attributed to structural differences,
particularly the presence and positional effects of nitro groups
(-NOy), as illustrated in Figure 1A. These groups alter the
compounds' electronic properties and binding affinities by
introducing additional hydrogen bonding and electrostatic
interaction sites. Specifically, the meta-substituted nitro group
in INHO3 results in a modest increase in binding efficiency (AG®
= -8.0 kcal/mol) compared to ortho (INH17, AG® = -7.6
kcal/mol) and para (INH12, AG® = -7.4 kcal/mol) substitution
patterns. In contrast, the unsubstituted derivative INHO1
exhibits lower binding activity (AG® = -6.6 kcal/mol). The
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superior efficacy of INHO3 is likely attributed to the optimal
balance between electron-withdrawing effects and reduced
steric hindrance at the meta position, facilitating enhanced
hydrogen bonding and electrostatic interactions with negatively

INHO1

INH17
T

/‘@

charged DNA backbone (Coldn et al., 2008; Jezuita et al., 2021;
Szatylowicz et al., 2017). This underscores the pivotal role of
nitro group positioning in modulating the DNA-binding
properties of pyridine-4-carbohydrazide derivatives.

N

[
"

INH12

|

Figure 1A: Effect of the Nitro Group (NO2) Position on the Localization of INHO1, INHO3, INH12, andINH17 within the Binding

Site of 1BNA.

On the other hand, introducing electron-donating groups to the
aromatic rings of mono-substituted pyridine-4-carbohydrazide
derivatives generally result in reduced DNA-binding affinity, as
indicated by the higher docking energies. This is observed in
compounds such as INHO02 (0-OH, AG° = -6.8), INHO7 (p-
N(CHs),, AG° =-7.5), INH08 (p-OCH3, AG° =-6.7), and INH09
(0-OH, AG®° = -7.7) when compared to their non-substituted
analogs INHO1 (AG® =-6.6) and INH19 (AG® = -9.0). However,
there are notable exceptions, particularly with INH14 (p-
N(CHa)2, AG® =-9.1), which exhibits enhanced binding affinity.
This can be attributed to the bulky nature of the dimethylamine
group, which may facilitate stronger electrostatic interactions or
engage in non-classical hydrogen bonding, thereby improving
DNA binding.

The reduced binding affinity observed in INHO9, despite the
presence of an electron-donating hydroxyl group (-OH), can be
explained by two key factors. First, the hydroxyl group at the 2-
position of the naphthalene ring introduces steric hindrance,
which disrupts optimal n-n stacking interactions between the
naphthalene ring and DNA base pairs, weakening the binding
(Ali et al., 2022). Second, although hydroxyl groups are
typically favorable for hydrogen bonding, the positioning of the
-OH group in INHO09 limits its ability to form strong interactions
with DNA. The planar and rigid structure of the naphthalene
ring likely restricts the hydroxyl group’s contribution to binding
stabilization, diminishing its expected positive impact on DNA-
binding affinity( Liu et al., 1996; Tanaka et al., 2010; Wei et al.,
2014). An additional exception is observed in INH15, where the
p-CHs group does not significantly alter binding energy
compared to the non-substituted INHO1 (AG®° = -6.6). This is
likely due to the weak electron-donating nature of the methyl
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group and its limited ability to interact with DNA, resulting in
similar binding behavior as seen in the unsubstituted derivative
(Gil et al., 2016; Sanchez-Gonzélez & Gil, 2021).

Furthermore, di-substituted derivatives, particularly those
containing a balance of electron-donating and electron-
withdrawing groups (e.g., INH10 and INH11, with AG® = -7.2
and -7.4, respectively), demonstrate slightly superior binding
affinity compared to their other di-substituted counterparts
(INHO5 (AG® =-6.7) and INHO06 (AG®° = -6.8) as well as mono-
substituted and non-substituted analogs. The enhanced binding
activity of INH10 and INH11 can be attributed to the synergistic
effects of electronic modulation, hydrogen bonding capabilities,
and favorable =n-m stacking interactions. The balanced
combination of these substituents likely optimizes the molecular
geometry and electronic distribution, leading to improved
stabilization of the DNA-binding interactions.

Many of the pyridine-4-carbohydrazide Schiff base derivatives
were found to predominantly bind in the DNA groove regions,
with  some  exhibiting  sequence-selective  binding—
preferentially aligning with either CG-rich or AT-rich regions
within the minor grooves. For example, INHO3 and INHO09
bound within the same groove region, while INHO1, INH14, and
INH19 preferred a different groove as present in Figure 1B,
further emphasizing the influence of aromatic ring types and
substituents on binding site selection and affinity. Minor groove
binders—such as these derivatives—are typically characterized
by their flat, crescent shape, allowing for minimal steric
hindrance (Lewis et al., 2011),and strong interactions in AT-rich
regions, where the groove is narrower and deeper than in CG-
rich regions(Hampshire & Fox, 2008; Pandya et al., 2010).
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INHO19

INH09

INHO3

Figure 1B: Structure of the Complex between the DNA Dodecamer d(CGCGAATTCGCG)2 and Chemical Compounds (INHO1,

INHO3, INHO09, INH14, INH19, and INH).

DNA minor groove binders are characterized by their flat
crescent shape,the compounds exhibit multiple intermolecular
forces, including hydrogen bonding, hydrophobic interactions,
and electrostatic interactions, involving residues such as adenine
(Ade), thymine (Thy), guanine (Gua), and cytosine (Cyt).
Among these, hydrogen bonding and hydrophobic interactions
contribute more significantly to the overall binding affinity.
Furthermore, the R group (substituents) attached to the aromatic
moiety facilitates intermolecular contact with DNA oligomers.
Therefore, a comprehensive understanding of the general ethics
governing predicted binding free energy provides valuable
insight into the nature of various interactions contributing to
molecular docking. Detailed information on AG values, base
pairs located adjacent to the compounds on the binding sites,
types, and number of binding interactions are available in
Tables 4A-41 (refer to supplementary materials).

Finally, it can be inferred that the planar aromatic system and its
substitution pattern significantly influence the activity of the
different derivatives. Theoretical modeling experiments may aid
in interpreting the binding of the compounds at the molecular
level. This binding activity is attributed to a favorable structural
environment, including an aryl group with a hydrophobic
binding site, a hydrogen bonding domain (such as -CONH-
group, -CH=N- group), an electron donor, an electron-
withdrawing group, and another hydrophobic aryl ring in this
hydrazone. Compounds INHO3, INH09, INH14, and INH19
emerged as the most promising candidates for further chemical
synthesis and biological screening, based on their strong binding
affinities, superior docking scores compared to both INH and
paclitaxel and favorable interactions with B-form DNA.

3.2. Chemical synthesis

In line with green chemistry principles, the synthetic reactions
were designed to be environmentally friendly by minimizing
hazardous reagents, reducing byproduct formation, and
avoiding solvents wherever possible (Medina Valderrama et al.,
2023; Rubab et al., 2022). A key technique employed in this
study was microwave (MW) irradiation, which provides an
efficient and sustainable alternative for both inorganic and
organic synthesis. Compared to conventional thermal methods,
MW irradiation offers higher yields and significantly shortens
reaction times. This approach also contributes to pollution

prevention by minimizing the generation of harmful substances
(Horikoshi &Serpone, 2019; Kappe, 2004).

In this study, pyridine-4-carbohydrazide was condensed with
various substituted aldehydes under microwave irradiation,
drastically reducing reaction times to between 0.5-2 minutes,
while also simplifying workup procedures. By contrast,
traditional synthesis of similar compounds typically requires
360-420 minutes under thermal conditions, often resulting in
lower yields (Thomas et al., 2009). The synthesized compounds
exhibited distinct and intense colors, which varied based on the
electronic nature of the aldehyde substituent. Aldehydes with
electron-donating groups were found to enhance reactivity and
improve yields. The structures of the synthesized derivatives
were confirmed using infrared (IR) spectroscopy, proton nuclear
magnetic resonance (*H-NMR), and carbon nuclear magnetic
resonance (3C-NMR). The obtained spectral data matched the
expected structures, validating the success of the synthesis.

N'-[(3-nitrophenyl)
carbohydrazide [INHO3]
The pure compound of INHO3 [M. F = C13H10N4O3, M. WT =
270.24] was recrystallized as a Beigecrystal from ethanol. %
Yield = 90 %. M.P = 280-282 °C. Rs(chloroform: ethanol as
solvent) =0.60. UV(DMSO) Amax: 345 nm. FT-IR (cm™):
3336.18 (NH-N), 3099.12 (C—H pyrigine), 3002.85 (C—H aromatic),
1733.42 (C=0), 1639.35 (C=N), 1594.11 (asym, NO,), 1557.23
(N—Hyend), 1547.39 (C=Caromatic), 1363(sym, NO), 1144 (N-
N).!H-NMR (400MHz, DMSO-d6): & [ppm] 12.34 (s, 1H, NH-
N), 8.82 (d, 2H, pyridine-H), 8.57 (s, 1H, HC=N), 7.86 (d, 2H,
pyridine-H), 8.58 (d, 1H, aromatic-H), 8.30 — 8.19 (m, 2H,
aromatic-H), 7.70 (d, 1H, aromatic-H).**C-NMR (100MHz,
DMSO-d6): & [ppm] 162.37(C=0), 154.36(C=N), 150.52,
147.99(C=NO,), 146.45, 140.26, 131.11, 128.18, 124.06,
121.55, 121.10.

methylidene] pyridine-4-

(E)-N'-((2-hydroxynaphthalen-1-yl)methylene)pyridine-4-
carbohydrazide [INHO09]

The pure compound of INH09 [M. F = C17H13N30,, M. WT =
291.30] was recrystallized as a yellow crystal from ethanol. %
Yield = 95.11 %. M.P = 270 — 272°C. R¢(chloroform: ethanol
as solvent) =0.73. UV(DMSO) Amax: 368nm. FT-IR(cm™):
3360.73 (-OH), 3352.85 (N-H), 3160.12 (C-Haromaic), 3043 (C-
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prridine), 167966 (CZO), 162621 (CZN), 158827 (C:Caroma[ic),
130022 (C'Ophenolic).lH'NMR (4OOMHZ, DMSO'dG) 6 [ppm]
12.53 (S, 1H, NH-N), 11.48 (s, 1H, OH), 8.85 (d, 2H, pyridine-
H), 8.39 (s, 1H, HC=N), 7.90 (d, 2H, pyridine-H), 8.32-8.30 (d,
1H, Aromatic—H), 7.95-7.90 (m, 2H, aromatic—H), 7.64-7.60 (t,
1H, aromatic—H), 7.43-7.39 (t, 1H, aromatic—H), 7.26-7.23 (d,
1H, aromatic-H). C-NMR (100MHz, DMSO-d6):
d[ppm]161.19(C=0), 158.48, 151.27(C=N), 148.32, 146.19,
141.48, 132.92, 130.35, 128.85, 127.11, 123.89, 120.16,
119.04(C-OH), 117.18, 114.91, 109.38.

N'-((4-(dimethylamino) naphthalen-1-yl)
pyridine-4-carbohydrazide [INH14]

The pure compound of INH14 [M. F = CigH1gsN4O, M.wt =
318.37] was recrystallized as a yellow crystal from ethanol.%
Yield = 87.0 %. M.P = 220 — 222°C. R(chloroform: ethanol as
solvent) = 0.75. UV(DMSO) Amax: 266, 375nm. FT-IR(cm™):
332319 (N'H Stl’), 311235 (C'Haromatic str), 294003 (C'Halipha[ic
sr), 1738.35 (amide 1), 1727.93 (C=0Ostr.), 1639.22 (C=Nstr.),
1576.00 (C=C aromatic), 1310.12 (C-N str.), 836 (C-H bending).*H-
NMR (400 MHz, DMSO-d6): s[ppm] 12.10 (s, 1H, NH-N),
8.83 (d, 2H, pyridine-H), 8.68 (s, 1H, HC=N), 7.91 (d, 2H,
pyridine-H), 7.91 - 7.26 (m, 6H, Aromatic-H), 3.47 (s, 6H,
(CH3)2-N).3C-NMR  (100MHz, = DMSO-d6):  5[ppm]
161.28(C=0), 153.03, 150.32(C=N), 149.58, 144.95, 140.62,
131.67,135.02, 131.67, 129.43, 124.82, 123.03, 122.81, 121.47,
113.22, 54.71(C-N-C).

methylene)

N’-[(E)-(naphthalen-2-yl)
carbohydrazide [INH19]
The pure compound of INH19 [M. F = Cy7H13N3O, M. WT =
275.30] was recrystallized as a white crystal from ethanol. %
Yield =93.17 %. M.P = 177-179 °C. Re(chloroform: ethanol as
solvent) =0.73. UV(DMSO) Ama. 368nm. FT-IR(cm™):
3352.85 (NH-N), 1740.66 (C=0), 1646.21 (C=N), 1588.27
(C=C aromatic).*H-NMR (400MHz, DMSO-d6): 5[ppm] 12.18 (s,
1H, NH-N), 9.10 (s, 1H, HC=N), 8.85 (dd, 2H, pyridine-H), 8.05
(dd, 2H, pyridine-H), 7.98 -7.96 (m, 1H, aromatic—H), 7.90 (dd,
2H, aromatic-H), 7.72 — 7.61 (m, 3H, aromatic-H). *C-NMR
(100MHz, DMSO-d6): &[ppm] 161.55(C=0), 150.38(C=N),
148.99, 140.44, 133.53, 130.90, 130.19, 129.24, 128.83, 128.20,
127.45, 126.34, 125.57, 124.19, 121.51.

methylidene] pyridine-4-

Absorbance

3.3. Biological Evaluation

This section evaluates the biological activity of the synthesized
compounds, particularly their DNA-binding potential as
suggested by molecular docking studies. The compounds
INHO3, INH09, INH14, and INH19 exhibited strong DNA-
binding activity scores in silico, indicating significant
interactions with DNA. Understanding the relationship between
these compounds' molecular structures and their DNA-binding
properties, including affinity and interactions, is essential to
confirm their potential biological activity.Various methods exist
to study DNA-small molecule interactions, with UV-visible and
fluorescence spectroscopy being among the most widely used
due to their simplicity, sensitivity, and reliability(Sirajuddin et
al., 2013). These techniques allow for the monitoring of drug-
DNA interactions by providing easily measurable optical
properties that are sensitive to environmental changes. By
offering qualitative and quantitative data, these methods
complement each other and enable a comprehensive evaluation
of drug-DNA binding, which is critical for drug development(Ni
et al., 2006). The results from these experimental approaches
will validate the molecular docking predictions and provide
insights into the mechanisms of DNA-ligand interaction for the
compounds in question. The compound INH14 was primarily
used for the interpretation of experimental data related to
binding activity. INH14 exhibited significant activity across all
DNA fragments analyzed in the docking study.

3.3.1. UV-Visible absorption titration

UV-visible absorption spectrophotometry is a simple and
effective technique for assessing interactions between small
molecules and DNA (Khan et al., 2023). In this technique,
changes in the absorption spectrum of free molecules and
molecule-DNA complexes are monitored, or shifts in the
spectrum of DNA are observed in the absence and presence of
the compound. Various spectral changes (hypochromic,
hyperchromic, bathochromic, and hypsochromic effects)
provide information on the mode and extent of binding(Biver,
2012).

In this work, a fixed concentration of DNA was titrated with
increasing amounts of the compound, and changes in the
absorbance intensity and position of DNA's characteristic
absorption band at 260 nm, corresponding to the w-n* transition
of DNA base pairs, were recorded. The UV spectra of DNA, in
the absence and presence of INH14, are illustrated in Figure 2A.

I 1 1 1

230 255 280 305 330 355 380 405 430
Wavelength (nm)

Figure 2: The UV absorption spectra of DNA in the absence and presence of an increasing concentration of INH14. (A) G-DNA

alone, (B) G-DNA with 20uM INHO014, and (C) INHO014 alone.
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The figure shows that the DNA’s characteristic absorption peak
at 260 nm (curve A) results from the base-conjugated double
bonds in DNA. The compound INH014 exhibits two absorption
peaks of varying intensity at 270 and 320 nm (curve C), likely
due to n-m* electron transitions from the nitrogen in the
hydrazone linkage and pyridine ring, along with n-n* electron
transitions within the conjugated naphthalene and pyridine

systems. Upon interaction with DNA, the intensity of the 260
nm peak gradually decreases (hypochromic effect) with
increasing compound concentration (curve B). This
hypochromism indicates a contraction in the DNA helix axis and
conformational changes in the DNA structure. However, no
significant redshift was observed.

The percent hypochromic (% H) was calculated according to the following formula:

?_f—
RH =

€
b % 100

Where ¢f and ¢ are the absorbances of free and bound DNA, respectively.

Table 4. The percent hypochromic (% H), bathochromic shifts of synthesized compounds.

Codes INHO3 INHO9 INH14 INH19
% H 1.38 1.41 1.41 1.39
Bathochromic shifts 1.11 1.18 1.21 1.18

The hypochromic effect (% H) and bathochromic shifts of the
synthesized compounds INHO3, INH09, INH14, and INH19
reveal a relationship between their structural features and
binding properties, suggesting groove-binding interactions with
DNA as presented in Table 4. The % H values, ranging modestly
from 1.38 to 1.41, indicate minor reductions in absorption
intensity upon binding. INH09 and INH14 exhibit the highest %
H values (1.41), indicative of slightly stronger interactions or
conformational changes. Similarly, the bathochromic shifts,
ranging from 1.11 to 1.21nm, provide insights into electronic
interactions. INH14, with the largest shift (1.21nm), benefits
from the electron-donating dimethylamino group, enhancing
conjugation and stabilizing the excited state, leading to stronger
binding interactions. Conversely, INHO3, featuring an electron-
withdrawing nitro group, shows the smallest shift (1.11nm),
likely due to reduced conjugation, while INH09’s aromatic
hydroxyl group facilitates n-n stacking interactions.

Despite these effects, the lack of significant changes in the UV
absorption spectra suggests groove-binding as the primary
interaction mode. Literature supports this hypothesis, as groove-
binding molecules typically exhibit minimal hypochromic and
bathochromic effects, with bathochromic shifts limited to 6—
8nm (Rehman et al., 2015), unlike intercalation or covalent
binding, which are characterized by substantial hypochromism
(over 35%) and bathochromic shifts exceeding 15nm (Liu et al.,

120 -
100 - 1
80 -

60 - 3

40

Fluorescence (a.u)

20

0 I T

2002; Sirajuddin, Ali, Haider, et al., 2012; Sirajuddin, Ali, Shah,
et al., 2012). Covalent binding is also associated with
hyperchromism and significant redshifts due to DNA structural
disruption (Nakamoto et al.,, 2008), while electrostatic
interactions induce hyperchromism, reflecting conformational
changes (Arjmand &Jamsheera, 2011; Pratviel et al., 1998;
Shahabadi et al., 2010). The modest spectral changes observed
in these compounds strongly indicate groove-binding
interactions, further supported by their structural features and
substitution patterns.

To further confirm the groove-binding mode of these
compounds, a competitive displacement assay was performed.

3.3.2. Competitive fluorescence assay

Fluorescence intensity changes often signal molecular
interactions, making fluorescence spectroscopy a valuable tool
for studying these interactions(Romani et al., 2010). However,
the intrinsic fluorescence of DNA is weak, and the compounds
studied here do not have fluorescent properties(Udenfriend&
Zaltzman, 1962), making direct fluorescence measurement
challenging. Rhodamine B (RB) was used as a fluorescent probe
to overcome this. RB emits negligible fluorescence in agueous
solution (Fig. 3A, curve 3) but becomes highly fluorescent upon
binding to the minor groove of DNA (Fig. 3A, curve 1), making
it an ideal dye for studying DNA interactions (Yanthan&
Bhattacharyya, 2023).

560 580

600

620 640

Wavelength (nm)
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Fig. 3: (A) Interaction of INH14 with DNA using competitive displacement assays. Fluorescence emission spectra of DNA (50mM)
in the presence of increasing concentrations of INH14 (15uM). The excitation wavelength was 550 nm. Spectra were recorded in
the range of 562-650 nm. (B) Stern—\VVolmer plot for the quenching of fluorescence intensity of fluorescent RP-DNA systems by the
successive addition of INH14 compound. (C) The binding constant (Kp) values were obtained from plots of plots of 1/(Fo-F)/ vs.

1/[DNA] at 298 K.

RB was chosen for its spectral-luminescence properties, which
enable clear detection of changes in fluorescence emission upon
binding with DNA. The binding behavior of RB is well
understood, and when small molecules displace RB from its
binding site, a quenching of fluorescence is observed, indicating
interaction with the DNA. Figure 3A (Curve 2) shows the
emission spectrum of the DNA-RB complex after the addition
of INH14. As the concentration of INH14 increases, there is a
notable decrease in fluorescence intensity, though the peak’s
position and shape remain unchanged. This quenching effect
strongly suggests that INH14 displaces RB from its binding site
on DNA.

Since the shape and position of the emission peak did not
change, this indicates that INH14 does not intercalate between
DNA base pairs but instead binds through a groove-binding
mode. This conclusion is supported by the fact that intercalative
binding would typically alter the spectral characteristics of the
emission peak, which was not observed here. Therefore, the
results confirm that INH14 and similar compounds bind to DNA
through a non-intercalative, groove-binding mode.

To evaluate the fluorescence quenching efficiency, the Stern—
Volmer quenching constant (Ks) value was determined
according to the following equation(Moodi et al., 2013):
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(FolF) =1+ Kg[Q] .......... (1),

where Fo and F are the fluorescence intensities before and after
adding the quencher, respectively. [Q] is the concentration of the
quencher (compound). The slopes of the (Fo/F) vs. [compound]
plots yield the values of Ksas presented in Fig. 3B and Table 5.

The binding constant (K,) wasdetermined using the Benesi—
Hildebrand equation(Benesi& Hildebrand, 1949), which is
commonly applied to evaluate the interaction strength between
small molecules and macromolecules, such as DNA.

1/ (Fo/F)=1/(Fo/ F) x Ky+1/(Fo/F)........... 2)

where Fo and F are the emission intensity of RB-DNA
complexin the absence and presence of a quencher, respectively.
Ky is the binding constant.From the plot of 1/(Fo-F) vs. 1[DNA],
K, can be determined from the intercept and slope respectively
Fig. 3C and Table 5.

Using the value of the binding constant calculated above, the
free energy of the interaction was calculated using the following
relation:

AG°=-RT InKg........... (3),

where AGP is the observed binding free energy, which indicates
the spontaneity/non-spontaneity of compound-DNA binding. R
is the gas constant (8.314 J/mol/k or 1.987 cal/k mol), T is the
absolute temperature (298.5 K), In is the natural logarithm, and
Ky is the binding constant.
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Table 5. The key selection vector (Ksv) values, binding constant (Kp), and free energy (AG) of synthesized compounds.

Codes Ksv (M) Kpt(M1) R?(5 points) | AG®(Kcal mol?)
INHO3 14.3x10® | 6.3x10*+0.003 | 0.968 -6.54
INHO9 14.9x 10®> | 6.5x10*+0.004 | 0.978 -6.56
INH14 17.0x10® | 7.4x10%+0.005 | 0.99 -6.63
INH19 15.9x10° | 7.3x10°+0.001 | 0.98 -6.63
Paclitaxel 5.09x10® | 5.3x10%+0.058 | 0.99 -6.44
Daunorubicin | 7.91 x 103 7.2 x 10*+0.004 0.97 -6.62

Abbreviations: 1 The mean value of three individual experiments with standard deviation (S.D.). 2 R is the correlation coefficient.

The data in Table 5 highlights the Key selection vector (Ksy)
values, binding constants (Kp), and free energy changes (AG®)
of the synthesized compounds (INHO03, INH09, INH14, and
INH19), demonstrating their affinity and interaction dynamics
with DNA. The Ksy values indicate the ability of the compounds
to displace Rhodamine B (RB) from DNA, reflecting their
competitive binding to the RB-DNA complex. INH14 exhibited
the highest Kgsy value (17.0x10°> M™), surpassing other
derivatives (INH19, INHO09, and INH03) and the reference
compounds paclitaxel and daunorubicin, indicating its superior
ability to displace RB from DNA and its strongest binding to
DNA among the synthesized compounds.

The binding constants (Ky), ranging from 6.3x10* to 7.4x10*
M, further underscore the robustness of the interactions.
INH14, with the highest K, (7.4x10* M™), owes its strong
binding affinity to the naphthalene moiety, which offers planar
aromatic rings conducive to m-m stacking and hydrophobic
interactions with DNA. Additionally, the presence of the
dimethylamino group enhances electron density in the aromatic
system, facilitating stronger electrostatic interactions with the
negatively charged phosphate backbone of DNA. Conversely,
INHO3 exhibited the lowest Kb (6.3x10* M), likely due to the
electron-withdrawing nitro group, which reduces electron
density and weakens electrostatic and aromatic stacking
interactions. INHO9 and INH19 displayed intermediate to strong
binding constants, attributed to their substituents enabling
hydrogen bonding and n-r interactions.

The negative free energy values (AG®) for all compounds (-6.54
to -6.63 kcal/mol) confirm the spontaneity of the binding
processes, with INH14 and INH19 sharing the most negative
AG® values (-6.63 kcal/mol), indicating the most
thermodynamically favorable interactions. This aligns with their
strong binding constants and structural features that enhance
interaction with DNA. Comparatively, paclitaxel displayed the
lowest Ksy (5.09x10* M) and Ky (5.3x10* M) with a AG® of
-6.44 kcal/mol, while daunorubicin showed higher Ky, (7.2x10%
M) and a AG® (-6.62 kcal/mol) close to those of INH14 and
INH19, highlighting the superior binding affinity of the
synthesized derivatives.

These trends in Ksy, Kp, and AG® are intricately tied to the
electronic and steric properties of the substituents on the
synthesized compounds. Electron-donating groups, such as the
dimethylamino group in INH14, enhance conjugation and
promote stronger n-n stacking and hydrophobic interactions,
leading to higher binding affinity. In contrast, electron-
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withdrawing groups like the nitro group in INHO3 diminish
these effects, weakening the interactions. The planar aromatic
structures in INHO9 and INH19, combined with their
substituents, facilitate optimal stacking and van der Waals
interactions, which are critical for binding efficiency.
Collectively, these findings emphasize how structural
modifications in the synthesized derivatives optimize their
binding properties, offering valuable insights for the design of
high-affinity DNA-binding agents.

4. Conclusion

This study provides detailed insights into the DNA-binding
modes of several pyridine-4-carbohydrazide derivatives, which
were designed based on previous work. Molecular docking
results reveal a strong correlation with SAR analysis,
highlighting the importance of planar aromaticity, substitution
patterns, and  functional groups (electron-donating/-
withdrawing) in enhancing DNA-binding affinity. Hydrogen
bonding and hydrophobic interactions, particularly between the
planar aromatic moieties and the DNA backbone, emerged as
key contributors to the overall binding affinity, especially in B-
form DNA. Electrostatic interactions also play a role, further
stabilizing the compound-DNA complex.

The compounds with the highest predicted affinities (INHO3,
INHO9, INH14, INH19) were synthesized using a microwave-
assisted method. This method proved efficient, providing high
yields in significantly shorter reaction times compared to
conventional synthesis techniques. Structural characterization
through FTIR, 'H-NMR, and BC-NMR confirmed the
successful synthesis of these derivatives.In-vitro binding studies
confirmed that these compounds primarily bind to genomic
DNA via minor groove binding. The binding constants (Kp)
ranged from 6.3x10%to 7.4x10* M, and the negative Gibbs free
energy values confirmed the spontaneity and stability of these
interactions.

Overall, this study emphasizes the utility of computational
methods, particularly molecular docking and SAR analysis, in
the early stages of drug discovery. The integration of computer-
aided drug design (CADD) effectively streamlines the
identification of promising DNA-binding agents by prioritizing
compounds with high affinity, thereby reducing experimental
costs and accelerating the development process. These findings
set the stage for future research efforts aimed at designing
optimized DNA-targeting compounds, contributing to
advancements in therapeutic development and drug discovery.
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Table 4A: Modeling Data of the Reported Compounds on DNA Fragment 1K2J.

Codes AG DNA Residues Involved in Interaction !\lumber &_type of bonds Involved
in Interaction
INHO1 | -7.1 04-Gual2, 02-Thy13 (2) C-H bonds.
N3-Ade4, O2-Thy3, H22-Gua2, N3-Ade4, (3) Conventional H bond, (2) C-H
INHO2 | -7.5
H1-Thy3 bond.
INHO3 | -8.4 N3-Aded, H22-Gua8, H1-Gua6, H4-Cytl1, (2) Conventional H bond, (4) C-H
' 02-Cyt11, 02-Thy3 bond.
INHO4 | -7.4 | N3-Ade4, H2-Ade4, Op1-Cyt1l &)n dconve”“o”a' H bond, (2) C-H
Phenylring-Cyt5, N3-Adel0, N3-Ade4, (4) Conventional H bond, (3) C-H
INHO5 | -7.6 H21-Gua8, H22-Gua8, Op1-Cyt5, H2-Adel0, | bonds.
H4-Ade6 (1) pi-pi stacked hydrophobic.
N3-Gual2, O2-Cytll, H4-Cyt5, H22-Gua2, &)n diom’e”t'o“a' H bond, (3) C-H
) 02-Thy3, Phenylring-Gua2, Phenylring-Cyt5, g .
INHO8 1.2 Phenylring-Ade4, Phenylring-Adel0, (1) P! g' T shHapt;ad Zydrophoblc.
5ring-Ade10 (1) pi-donor H bond.
(4) pi-alkyl hydrophobic.
INHO7 | -76 N3-Ade4, N3-Adel0, H2-Ade4, O4-Ade4, O3- | (2) Conventional H bond. (4) C-H
' Thy3, 04-Gual2, Opl-Cytll bonds.
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(1) pi-anion electrostatic bond.
INHO8 | -7.7 | H21-Gua2, N3-Aded, H2-Ade4 (2) Conventional H bond, (1) C-H
(2) Conventional H bond, (2) C-H
INHO9 | -8.6 02-Cytl1, O4-Cyt5, Phenylring-Cyt11, bond.
' 02-Thy3, H2-Ade4 (1) pi-pi stacked hydrophobic.
(1) pi-pi T-shaped hydrophobic.
INHI0 | -82 | N3-Adel0, H22-Gua8, H2-Ade10, H4-Ade10 gzo)n dCO”"e”“O”a' H bond, (2) C-H
Sring-Ade10, 02-Thy9, O2-Cyts, H4-Cyts, | (3) Conventional H bond, (4) C-H
INHIL | 82 | N3.Aded, H22-Gua2, 03-Aded bond. .
' ’ (1) pi-pi T-shaped hydrophobic.
INH12 | -8.2 | N3-Adel0, H22-Gua8, H2-Ade10, H4-Ade10 f)zo)n dCO”"e”t'O”a' H bond, (2) C-H
INH13 | -7.1 | 02-Thy3, H2-Ade4, Op1-Cty1l &)n dCO”"e”t'O”a' H bond, (3) C-H
INH14 | -89 | N3-Aded, H2-Aded, O4-Gual2, 03-Thy3 &)n dCO”"e”t'O”a' H bond, (3) C-H
INHI5 | -7.4 | 02-Thy9, N3-ade10, H5-Guab &)n dCO”"e”t'O”a' H bond, (2) C-H
) i i (1) Conventional H bond, (2) C-H
INH16 | -6.9 Eﬁeﬁﬁlno'_gz 1Tlhy9' 02-Cyts, bond.
ylring-Cyt (1) Pi-Sulfur bond.
02-Thy3, Phenylring-Cyt11, Phenylring-Cyts, | (1) Conventional H ‘bond, (2) C-H
INHI7 | 7.2 | Lo o naoadod bond.
' (1) pi-pi stacked hydrophobic
(1) Conventional H bond, (1) C-H
INH18 | -6.8 | N3-Adel0, OP1-Cyt5 bonds.
(1) pi-anion electrostatic bond.
INH19 | -8.6 | 02-Thym3, 02-Cyt11, N3-Adel0 &)n dCO”"e“t'O“a' H bond, (3) C-H
) ) i (2) C-H bond.
INH 5.4 H2-Aded, H2-Ade10 (1) pi-pi T-shaped hydrophobic.
Op2-Gua8, Op2-Thy3, H24-Cyt7, He-Thya, | (3) Conventional H bond, (1) C-H
PT -6.3 Phenylring-Cyt5 bonds.
yiring ' (1) pi-pi T-shaped hydrophobic.

Abbreviations: The table includes several key abbreviations to represent various atoms and molecular components relevant to DNA
structure. "O" stands for an oxygen atom, "H" denotes a hydrogen atom, "N" refers to a nitrogen atom, "Op" specifically represents
an oxygen atom within a phosphate group, and "C" is used for a carbon atom. The nucleobases are also abbreviated, with "Cyt"
representing cytosine, "Ade" for adenine, "Thy" for thymine, and "Gua" for guanine, all of which are essential components of DNA.

Table 4B: Modeling Data of the Reported Compounds on DNA Fragment 1ZEW.

Codes | AG | DNA Residues Involved in Interaction Number & type of bonds Involved
in Interaction
INHOL | -7.2 Opl-Gual7, O4-Ade6, O2-Thy5, O4-Thys5, (3) Conventional H bond, (2) C-H bonds.
' 03-Adel8, Phenylring-Adel18 (1) pi-pi T-shaped hydrophobic.
INHO2 | -7.5 | N3-Ade8, O4-Ade8, O4-Ade16, 02-Thy15 (4) Conventional H bond.
(1) unfavorable acceptor-acceptor.
INHO3 | -8.7 N2-Gua7, N3-Adel6, N2-Gual7?, (3) Conventional H bond, (2) C-H bond.
' Phenylring-Ade8, Phenylring-Gual? (2) pi-pi T-shaped hydrophobic.
(2) Conventional H bond, (1)
INHO4 | 7.4 02-Thy5, O4-Ade6, Phenylring-Adel8, unfavorable donor-donor, (2) pi-alkyl
' N2-Gual?, Phenylring-Gual9 hydrophobic.
(1) pi-pi T-shaped hydrophobic.
02-Thy5, O2ade6, 0O4-Gual9, O4-Thy5, N2- | (3) Conventional H bond, (1) C-H bonds.
INHO05 | -7.8
Gual? (1) unfavorable donor-donor.
3) Conventional H bond, (1) C-H bonds.
02-Thy5, O4-Ade6, 04-Gual9, ( ;
INHO06 | -7.9 04-Thy5. N2-Gual?, Phenylring-Gua19 (1) unfavor_able donor-donor, (1) pi-alkyl
hydrophobic.
INHO7 | -8.0 04-Ade6, C1-Adel6, O2-Gua7, N2-Gua?, (1) Conventional H bond, (4) C-H bonds,
' 02-Cyt14, Phenylring-Gua?, 5ring-Ade6 (1) pi-pi T-shaped hydrophobic.
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(2) pi-pi stacked hydrophobic.
2) Conventional H bond, (1) C-H bond.
02-Thy5, O4-Ade6, 04-Thyb, ( . .
INHO8 | -7.5 Phenylring-Gual9, 5ring-Gual9, N2-Gual7 ﬁi)favorglt;laelifj):)lnor-dho‘dor:)ph()bml )
INHO9 | -8.4 04-Ade6, N2-Gual7, O2-Thyb, (4) Conventional H bond, (2) C-H bond.
' C2-Adel6, O4-Thy5, Phenyring-Ad18 (1) pi-pi T-shaped hydrophobic.
INH10 | -8.3 N2-Gua7, N3-Ade8, N2-Gua9, N3-Adels6, (3) Conventional H bond, (1) C-H bond.
' Phenylring-Gua9 (1) pi-pi T-shaped hydrophobic.
C2-Ade6, N2-Gua7, O4-Ade6, N3-Adel6, .
.= | 03-Ade16, 04-Gual7, Phenylring-Ades, | () Conventional H bond, (1) C-H bond.
INH11 | -8.5 ; . (3) pi-pi T-shaped hydrophobic.
Phenylring-Gual?, Phenylring-ADE16, (1) pi-alkyl hydrophobic
Phenylring-ADE8 pi-afikyl nydrop '
. 3) Conventional H bond, (1) C-H bond.
N3-Adel6, O2-Cytl7, Phenylring-Gua9, ( L .
INH12 | -8.4 i i i (1) pi-pi T-shaped hydrophobic.
N2-Guar, O2-Cytl4, N2-Guad (1) unfavorable donor-donor.
INH13 | -6.9 | 02-Thy5, O4-Ade6, N2-Gual7, N2-Gual? (3) Conventional H bond, (1)
unfavorable donor-donor.
INH14 | -8.9 | N2-GUA7, O2-ADE16 (2) Conventional H bond, (1) C-H bond.
INH15 | -7.2 N3-Ade6, O4-Ade6, OP1-Gual7, C5-Adel8, (3) Conventional H bond, (1) C-H bond.
' 5ring-Ade8, Phenylring- Ade8 (2) pi-alky! hydrophobic
INH16 | -6.4 N2-Gual?7, O2-Thy5, O4-Ade6, O4-Thyb5, (3) Conventional H bond, (1) C-H bond.
' N2-Gual7 (1) unfavorable donor-donor
02-Thy5, 05-Gual9, N3-Adel8, N2-Gual?, . .
INH17 | -7.6 | N2-Gual9, 5ring-Gual9, Phenylring-Gual9, E)‘L)ngoz‘l")e”it_'oi”"%'_glgogg’h(lgrg"ﬁggg H
Phenylring-Gual8 (PP ped hydrop '
INH18 | -7.7 OP1-Gual7, O3-Adel6, O4-Ade6, O2-Thyb5, (4) Conventional H bond, (1) C-H bonds.
' 04-Gual?, Phenylring-Adel6 (1) pi-pi T-shaped hydrophobic.
INH19 | -8.9 | N2-Gua7, O4-Thyl5, O2-Cytl14 (3) Conventional H bond.
04-Gua20, N2-Gual7, 04-Thy5, 02-Cyt4, .
INH -5.9 | Phenylring-Adel8, Phenylring-Gual9, 5ring- Egg ﬁ?n;lﬁ_rj;ﬁ;a;dthg?g’r%z)i%H bond.
Gual9 p1-p ped hyarop :
i ] ) - (2) Conventional H bond.
PT 8.6 | N2-Gual7, N2- Gual9, Phenylring-Ade6 (1) pi-pi T-shaped hydrophobic,

Abbreviations: The table includes several key abbreviations to represent various atoms and molecular components relevant to DNA
structure. "O" stands for an oxygen atom, "H" denotes a hydrogen atom, "N" refers to a nitrogen atom, "Op" specifically represents
an oxygen atom within a phosphate group, and "C" is used for a carbon atom. The nucleobases are also abbreviated, with "Cyt"
representing cytosine, "Ade" for adenine, "Thy" for thymine, and "Gua" for guanine, all of which are essential components of DNA.

Table 4C: Modeling Data of the Reported Compounds on DNA Fragment 102D.

Codes | AG | DNA Residues Involved in Interaction Number &_type of bonds Involved
in Interaction
i (3) Conventional H bond,
INHO1 700 04-Gual8, 02-Thy9 (1) pi-donor H bonds.
) (1) pi-pi T-shaped hydrophobic
(1) Conventional H bond
INHO2 | -7.3 | O2-Thy7, C2-Ade6, O2-Thy8 (1) pi-anion electrostatic, (2) C-H
bonds.
INHO3 | -85 | N3-Ade18, 02-Thy9 (1) Conventional H bond, (1) C-H
INHO4 | -7.6 | C2-Ade17, 02-Thy9 (1) Conventional H bond, (1) C-H
N3-Adel7, O2-Thy9, O3-Adel7, C4-Thys, (2) Conventional H bond.
INHO5 | -7.8 | O2-Thy19, Phenylring-Thy18 (4) C-H bonds, (1) pi-alkyl
hydrophobic
INHO6 | -7.9 | 03-Adel7, N3-Ade18, N3-Adel7, O2-Thy9 éi)né"”"e”t'ona' H bond, (2) C-H
INHO7 | -7.8 | 02-Thy8, C2-Ade17, 04-Thy8 &)néo”"e”t'ona' H bond, (2) C-H
INHO8 | -7.8 | C2-Ade17, 03-Adel7, O2-Thy9, O4-Guall éi)néon"e”t'ona' H bond, (2) C-H
INHO9 | -84 | 02-Thy9, 03-Ade18, C3-Ade18, C3-Thy8 é%)n(jionve”t'ona' H bond, (2) C-H
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(1) pi-anion electrostatic.
INH10 | -83 04-Thy7, 04-Thy20, O4-Ade6, C5-Thy21, (2) Conventional H bond, (4) C-H
' 02-Thy7, C4-Thy20 bonds.
INHLL | 8.4 | O4Thy8, Phenylring-Ade18, 02-Ade17, &)n;;o”"e”t'ona' H bond, (4) C-H
04-Adel8, N3-Adel8, 02-Thy19 (1) pi-alkyl hydrophobic.
INH12 | -8.3 | O2-Thy8, C2-Adel7 (1) Conventional H bond, (1) C-H
' ' bonds.
INH13 | -7.0 | 02-Thy9, N3-Ade18, 03-Adel7 &)n;;o”"e”t'ona' H bond, (2) C-H
INH14 | -9.1 | O4-Ade18, 04-Gual0, 03-Cyt1l &)ndiom’e”“o”a' H bond, (3) C-H
INH15 | -7.3 | 02-Thy9, N3-Ade18, 02-Thy8 (1) Sonventional H bond, (2) C-H
INH16 | -6.9 | 02-Thy8, C2-Ade17 (1) Conventional H bond, (1) C-H
' ' bonds.
(2) Conventional H bond, (3) C-H
INH17 | -8.1 02-Thy20, O2-Thy21, C2-Ade4, OP1-Thy7, bonds.
' 04-Ade6, N3-Ade6, OP1-Thy7 (1) pi-anion electrostatic bond.
(1) unfavorable acceptor — acceptor.
INH18 | -7.2 02-Thy9, 04-Thy9, N3-Adel8, O4-Adel8, (2) Conventional H bond, (3) C-H
' 03-Adel7 bonds.
02-Thy9, O4-Thy9, OP1-Thy20, OP1-Thyg, | (2) Conventional H bond, (2) C-H
INH19 | -9.0 bonds.
03-Adel7, N3-Adel8 oo .
(2) pi-anion electrostatic bond.
INH | 58 | O4-Thyl9, 02-Thyl7, 04-Thy7, 02-Thy20, | (5) Conventional H bond, (2) C-H
' 04-Thy20 bonds.
(4) Conventional H bond, (1) C-H
Op2-Adel7, O4-Thy19, N6-Ade5, N7-Aded, [(Jf)”dis_' siama hvdronhobic
PT -84 | C8-Aded, Op2-Aded, Op2-Cyt3, 5ring-Adel?, | PI- SI9 |y pho Eond
N6-Ade5, N4-Cyt3. (2) pi-anion electrostatic bond.
' (1) unfavorable donor-donor.
(1) Pi-donor H bond.

Abbreviations: The table includes several key abbreviations to represent various atoms and molecular components relevant to DNA
structure. "O" stands for an oxygen atom, "H" denotes a hydrogen atom, "N" refers to a nitrogen atom, "Op" specifically represents
an oxygen atom within a phosphate group, and "C" is used for a carbon atom. The nucleobases are also abbreviated, with "Cyt"
representing cytosine, "Ade" for adenine, "Thy" for thymine, and "Gua" for guanine, all of which are essential components of DNA.

Table 4D: Modeling Data of the Reported Compounds on DNA Fragment 3EYO.

Codes | AG DNA Residues Involved in Interaction Number &_type of bonds Involved
in Interaction
INHOL | -6.7 | O4-Thy4, O2-Thy4, 02-Thy8, 03-Ade3 ffo)n dion"e”t'ona' H bond, (1) C-H
(2) Conventional H bond, (1) C-H
INHO2 | -7.9 | Opl-Ade7, O4-Ade7, O2-Thy6, N3-Ade7 bonds.
(1) pench bond electrostatic.
INHO3 | -8.6 | C4-Thy8, O2-Thy6, C5-Thy8, O4-Ade5 (5) C-H bonds.
INHO4 | -7.4 | O2-Thy6 (2) C-H bonds.
02-Thy6, N3-Ade5, 04-Ade5, C4-Thys8,
INHO5 | -7.8 Phenylring-Ade5, 5ring-Ade5, Phenylring- (4) C_-HIEolngsa hobi
Ade7 (3) pi-alkyl hydrophobic.
Opl-Ade9, 03-Thy8, Opi-Ade7, 02-Thy6, | (4) Conventional H bond, (2) C-H
INHO06 | -6.9 C2-Ade5, Opl-Thy8, Phenylring-Ade5, 5ring- | bonds.
Ade5, Phenylring-Ade7, Phenylring-Thy8 (4) pi-alkyl hydrophobic.
INHO7 | -7.8 | 02-Thy6, C2-Ade5, O4-Ade5, 03-Ade5 (1) Conventional H bond, (3) C-H
INHO8 | -7.0 Opl-Thy8, O3-Ade7, N3-Ade5, (1) pi-stacked hydrophobic,
' Phenylring-Thy4 (4) C-H bonds.
INHO9 | -7.7 02-Thy8, 02-Thy4, N3-Ade5 (2) Conventional H bond.
' (1) unfavorable acceptor-acceptor.
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INH10 | 8.3 02-Thy6(A), 0O2-Thy6(B), O4-Thy6(B), (3) Conventional H bond, (2) C-H
' C4-Adeb, 04-Ade7 bonds.
04-Thy6, N3-Ade5, O4-Ade7, C5-Thys, 04- | (3) Conventional H bond, (2) C-H
INH11 | -88 | Ades, Phenylring-Ade7, Phenylring-Ade5 bonds.
» FEnyiring » Fhenyinng (2) pi-alkyl hydrophobic.
INH12 | -8.4 | O4-Ade7(A), 02-Thy6, O4-Ade7(B) E)zo)n d(;on"e”t'o”a' H bond, (1) C-H
i i - (2) C-H bonds.
INH13 | -6.5 N3-Ade5, Phenylring-Thy4 (2) pi- pi stacked hydrophobic.
(2) Conventional H bond, (1) C-H
INH14 | -9.2 04-Ade7, 0O2-Thy6, O4-Ade5, Opl-Thy8 bonds.
(1) pi- anion electrostatic.
i i i i _| (2) Conventional H bond, (1) C-H
INH15 | 6.9 %? ;Il'hym8, 02-Thy4, C4-Thy8, C4-Ade9, 02- | |/
Y (1) pi-sigma hydrophobic
INH16 | -6.8 | 02-Thy6, 02-Thy6 (2) C-H bonds.
i i i i _| (2) Conventional H bond, (2) C-H
INH17 | -7.7 _(I?ﬁ Zhy& 02-Thy4, 0O2-Thy4, O4-Ade5, OP1 bonds.
Y (1) pi-anion electrostatic bond.
INH18 | -6.9 02-Thy4, 02-Thy8, O4-Ade5, N3-Ade9, (3) Conventional H bond, (3) C-H
' 03-Ade9, 02-Thy8 bonds.
INH19 | -8.8 | O4-Ade7, O4-Ade7, 02-Thy6 E)lo)n dcso”"e”t'o”a' H bond, (2) C-H
INH -5.6 | O2-Thy4, O2-Thy4, O4-Ade5, O2-Thy8 (4) Conventional H bond.
(3) Conventional H bond.
PT -6.3 04-Thy6, N6-Ade5, Op2-Thy4, N7-Ade5. (1) pi- anion electrostatic.
(1) unfavorable acceptor — acceptor.

Abbreviations: The table includes several key abbreviations to represent various atoms and molecular components relevant to DNA
structure. "O" stands for an oxygen atom, "H" denotes a hydrogen atom, "“N" refers to a nitrogen atom, "Op" specifically represents
an oxygen atom within a phosphate group, and "C" is used for a carbon atom. The nucleobases are also abbreviated, with "Cyt"
representing cytosine, "Ade" for adenine, "Thy" for thymine, and "Gua" for guanine, all of which are essential components of DNA.

Table 4E: Modeling Data of the Reported Compounds on DNA Fragment 330D.

Codes | AG DNA Residues Involved in Interaction Number &_type of bonds Involved
in Interaction
INHO1 | -6.5 N2-Gua23, O4-Gua4, 02-Cyt3 (3) Conventional H bond.
INHO2 | -6.8 03-Cyt3, N2-Gua23, 04-Gua4, O2-Cyt3, (4) Conventional H bond, (1) C-H
' N7-Gua22 bonds.
(2) Conventional H bond, (1) C-H
INHO3 | -7.7 O4-Gu§22, N2-Gua7, N2-Gual9, bond_s._ _
' Phenyring-Gua7, N2-Gual9 (1) pi-pi T-shaped hydrophobic.
(1) unfavorable donor-donor.
(2) Conventional H bond.
INHO4 | -6.5 N2-Gua7, 0O2-Cytl18, N2-Gua8, N3-Gua8, | (1) pi-donor H bond.
' Phenyl Ring-Gual0, 5 Ring-Gual0 (1) unfavorable acceptor-acceptor.
(2) pi-alkyl hydrophobic.
04-Gual9, N2-Gua20, N3-Gua20, 03-| (6) Conventional H bond, (1) C-H
INHO5 | -7.1 Gua20, bonds.
N2-Gua7, 04-Gua8, N2-Gua7 (2) pi-alky! hydrophobic.
(3) Conventional H bond, (1) C-H
INHO6 | -7.1 N2-Gua8, N2-Gual6, 03-Cyt9, 05-Guall bonds.
(1) pi-pi stacked.
03-Cyt9, N2-Gua7, 04-Gua20, N3-Gual9, (4) Conventional H bond, (5) C-H
INHO7 75 04-Cyt9, N3-Gua8, N2-Gual9, O2-Cyt5, bonds.
' 04-Cyt6, O3-Cyt6 (1) pi-alkyl hydrophobic.
N2-Gua7, 02-Cyt18, 04-Cyt18, N2-Guale, | (V) Conventional H bond, (2) C-H
INHO8 | -7.0 N2-Gua8, C1-Gual0, Phenylring-Gual0 bonds.
' ’ (1) pi-alkyl hydrophobic.
INH09 02-Gua23, N3-Gua4, O4-Cyt5, (3) Conventional H bond, (1) C-H
-7.9 Phenylring-Gua23 bonds.




(1) pi-pi T-shaped hydrophaobic.
(2) Conventional H bond, (1) C-H
bonds.
INH10 | -7.9 Sﬁé{?‘i?ﬁf’_gﬁﬁuﬂ 03-Cyt2l, N2-Guald, | 1y i donor H bond.
yirng ’ (1) pi-pi T-shaped hydrophobic.
(1) unfavorable donor-donor.
N2-Gual9, N2-Gua7, 04-Gualo, C4-Cytg, | (#) Conventional H bond, (1) C-H
INH11 | -7.5 N2-Guad bonds.
(1) pi-donor H bond
NHL2 | g0 | N2-Gua7, 04-Gualo, 04-Cyti8, N2-Guas, | () conventional H ‘bond, (1) C-H
02-Cyt18, 03-Gual9, N2-Gua8 (1) pi-donor H bond.
INH13 | -6.5 N2-Gua8, N2-Gua7, 02-Cyt18, 04-Gual9, (5) Conventional H bond, (4) C-H
' 04-Gua20, N3-Gua7, N2-Gual9, 03-Gua8 bonds.
INH14 | 7.9 03-Guall, N2-Gua7, N2-Gua8, O2-Cyt18, | (4) Conventional H bond, (1) C-H
' 04-Cyt18 bonds.
03-Guag, 02-Cyt18, 04-Gual9, O4-Cyrig, | (3) Conventional H bond, (1) C-H
INH15 | -7.2 N2-Guasd bonds.
(1) pi-donor H bond.
N3-Gua23, 04-Gua23, N2-Gua23, (3) Conventional H bond, (1) C-H
INH16 | -6.0 | phenyiring-Guaz3, 04-Thy24 bonds.
yirng ' y (1) pi-sulfur hydrophobic.
INH17 | -7.2 N3-Gua4, 04-Cyt5, 03-Gua23 (3) Conventional H bond
(1) Conventional H bond, (1) C-H
INH18 | 6.8 04-Cyt5, N2-Guad, N2-Gua23, O4-Thy24, bonds.
' Phenylring-Gua23 (1) pi-donor H bond,
(2) pi-pi T-shaped hydrophobic.
INH19 | -8.1 04-Cyt18, 02-Cyt18, N2-Gua8, N2-Gua?, (4) Conventional H bond.
' N2-Gual6, N2-Gua8 (2) pi-donor H bond.
INH 51 N2-Gua8, 04-Gual9, 02-Cyt18, O4-Cyt18, (4) Conventional H bond.
' N2-Gua7 (1) pi-donor H bond.
i ) i (1) Conventional H bond.
PT 7.6 | 02-Cyt18, N2-Gua7 (1) pi-donor H bond.

Abbreviations: The table includes several key abbreviations to represent various atoms and molecular components relevant to DNA
structure. "O" stands for an oxygen atom, "H" denotes a hydrogen atom, "N" refers to a nitrogen atom, "Op" specifically represents
an oxygen atom within a phosphate group, and "C" is used for a carbon atom. The nucleobases are also abbreviated, with "Cyt"
representing cytosine, "Ade" for adenine, "Thy" for thymine, and "Gua" for guanine, all of which are essential components of DNA.

Table 4F: Modeling Data of the Reported Compounds on DNA Fragment 1BNA.

Number & type of bonds Involved

Codes | AG DNA Residues Involved in Interaction . .
in Interaction
INHO1 | -6.6 N2-Gual-, O2-Cytll (2) Conventional H bond.
INHO2 | -6.8 N2-Gual6, N2-Gual0, O3-Cyt11,02-Cytll | (4) Conventional H bond.
INHO3 | 8.0 02-Thy19, O2-Thy7, C5-Ade4, N3-Adeb, (3) Conventional H bond.
' 02-Thy20, N2-Gua4 (3) C-H bonds.
INHO4 | -7.1 | N2-Guald, N2-Gual0, N2-Gual6 (2) Conventional H bond.
(1) pi-donor H bond.
INHO5 | -6.7 N3-Ade6, O2-Thy20 (2) Conventional H bond.
N2-Gua2, 02-Cyt23, 04-Gua24, N2-Guad, | (0) Conventional H bond, (1) C-H
INHO6 | -68 | N2_Guad, 04-Cyt23, 5Ring-Guaz? bonds,
’ ytes, g (1) pi-donor H bond.
N2-GualO, N2-Gual6, N2-Gual4, N3- | (2) Conventional H bond, (3) C-H
INHO7 | -7.5
Gual2 bonds.
INHOS | -6.7 | 04-Cty21, N2-Gua22, O4-Gua22 f)zo)n dion"e”“o”a' H bond, (2) C-H
INHO9 | -7.7 Opl-Cyt23, N2-Gua4, O2-Cyt21, 02-Thy20, | (3) Conventional H bond, (3) C-H
' N3-Ade6, C4-Adeb bonds.
(2) Conventional H bond, (1) C-H
INH10 | -7.2 02-Thy20, O4-Cyt21, C4-Thy20, N2-Gua4 bonds.
(1) pi-donor H bond.
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INH11 | -7.4 | O2-Thy20, N2-Gua4, 02-Thy19, N3-Ade6 E)Zo)n dcs:on"e”“o”a' H bond, (2) C-H
INH12 | -7.4 02-Thy20, N3-Ade6 (2) Conventional H bond.
INH13 | -6.8 gjt'lAldse“’ N2-Gualb,  N2-Guall, - O2- |4y conventional H bond.
N2-Gualé, O4-Cytll, Opl-Gualo, Pol- | (2) Conventional H bond, (1) C-H
INH14 | -8.8 Gual? 03’_0 19 ' ' bonds.
' Y (2) pi-anion electrostatic bond.
N2-Guald, 02-Cytll, 02-Cyt15, 02-Cyti1, | (B Conventional H bond, (1) C-H
INH15 | -6.6 bonds.
N3-Gual6, N2-Gual0
(1) unfavorable donor-donor
INH16 | 6.6 N2-Gual6, N2-GualO, O4-Gual6, N2- | (2) Conventional H bond, (2) C-H
' Gual4 bonds.
i i i i (3) Conventional H bond.
INH17 | -7.6 yﬁefﬂ?ﬁ'_gztflyﬂl’ 02-Cytl5, N2-Gualo, (1) unfavorable donor-donor.
yiring-Ly (1) pi-sigma hydrophobic.
(1) Conventional H bond, (3) C-H
INH18 | -6.9 02-Cyt21, C5-Gua22, 02-Thy20, N3-Ade6, | bonds.
' Phenylring- Gua4, N2-Gua22 (1) pi-donor H bond.
(1) pi-pi T-shaped hydrophobic.
i i i i (2) Conventional H bond.
INH19 | -8.9 N2-Gual6, O4-Cytll, Opl-GualO (1) pi-anion electrostatic bond.
INH 55 N2-Ade 10. N2-Ade 4 (2) Conventional H bond, (1) C-H
' ‘ bonds.
(5) Conventional H bond, (1) C-H
bonds.
06-Guad, N7-Guad, 04-Thy19, N6-Ade6 (1) pi-anion electrostatic bond.
PT -8.8 Op2-Adel7, Op2-Ade5, Phenylring-Cyt3, (1) upfayoraﬁle domor-donr?r. .
N7-Adel17, N6-Ade5, O4-Thy20 (1) Pi-Pi T-shaped hydrophobic.
' ' (1) unfavorable acceptor - acceptor.
(1) pi-sigma hydrophobic

Abbreviations: The table includes several key abbreviations to represent various atoms and molecular components relevant to DNA
structure. "O" stands for an oxygen atom, "H" denotes a hydrogen atom, "N" refers to a nitrogen atom, "Op" specifically represents
an oxygen atom within a phosphate group, and "C" is used for a carbon atom. The nucleobases are also abbreviated, with "Cyt"
representing cytosine, "Ade" for adenine, "Thy" for thymine, and "Gua" for guanine, all of which are essential components of DNA.

Table 4G: Modeling Data of the Reported Compounds on DNA Fragment 2DNA.

Codes | AG DNA Residues Involved in Interaction Number&_type of bonds Involved
in Interaction
INHO1 | -6.6 | N2-Gual0, 02-Thym9, O4-Gual2 (blo)n dfom’em'ona' H bond, (2) C-H
INHO2 | -6.8 N2-Gual0, O4-Adel7, O3-Adel7,04-Adel? | (4) Conventional H bond.
INHO3 | 8.0 | N3-Adel6, O4-Ade17, N3-Gual0, C5-Thy19 I(JZO)n df"”"e”t'ona' H bond, (2) C-H
INHO4 | -7.1 N2-Gual0 (1) Conventional H bond.
INHO5 | -6.7 N2-Gual0, 03-Thy9, O4-Gual0, O4-Gual2, | (3) Conventional H bond, (2) C-H
' Phenylring-Adel8, O4-Adel8 bonds, (1) Pi-alkyl bond.
N2-Gual0, 03-Thy9, 02-Gual2, 03-Adel8, ﬁ))n d(;o”"e”“o“a' H bond, (2) C-H
INHO06 | -6.8 04-GualO, Phenyl Ring-Adel8, 5Ring- (2) Pi-alkyl bond, (1) Unfavorable
Adel8
acceptor-acceptor.
INHO7 | 75 C2-Adel6, 03-Cyt11, N3-Gual2, (3) C-H bonds, (2) Pi-alkyl bond,
' Phenyl Ring-Gual2, N2-Gual4 (1) Pi-donor H bond.
INHOS | -6.7 | N2-Guald, O3-Cyt11, O4-Adel6 &)n dg’om’e”t'ona' H bond, (2) C-H
N2-Gual0, O4-Cytll, 03-Adel7, 04- .
INHO9 | -7.7 Gual2, E)?;)nd(;:onventlonal H bond, (3) C-H
02-Thy9, N3-Adel7 '
0O4-Adel8, 04-Thy9, N3-Adel8, Opl- | (2) Conventional H bond, (2) C-H
INH10 | -7.2
Gualo, bonds.
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C4-Thy19 (2) Pi-sigmahydrophobicbond.
03-Thy9, 02-Thy9, 04-Adel7, 02-Cyt15, . ]
INHI1 | 74 | N3-Adels, 04-Gualo, C5-Ade1s, opi-| > dgo(”l‘;egit_'g?‘}'_sh'*a TRy
Adel7, Phenylring-Thy9 ’ ped hydrop '
INH12 | -7.4 | O3-Ade18, 04-Ade17, C1-Gual0 gzo)n dfom’e”t'ona' H bond, (1) C-H
INH13 | -6.8 N2-Gual0, O2-Thy9, N3-Gual0, C2-Adel6, | (3) Conventional H bond, (2) C-H
' N3-Adel8 bonds
04-Adel8, 02-Thy9, 04-Thy9, Op2-Gualo,
Opl-Thyl9, C4-Thyl9, 03-Adel?7, C1- | (3) Conventional H bond, (7) C-H
INH14 | -8.8 Thy9, bonds.
' 03-Adel8, N3-Adel8, Opl-Thy20, O3- | (2) pi-anion electrostatic bond, (1) pi-
Thy19, sigma hydrophobic.
03-Thy8
02-Cyt15, 03-Cyt11, 02-Cyt15, N3-Adets, | (&) Conventional ‘H bond, (2) C-H
INH15 | -6.6 Phenvirind-Adel7 bonds.
yirng (1) Pi-alkyl bond.
i i i i (2) Conventional H bond, (1) pi-anion
INH16 | -6.6 02-Thy9, 04-Cytl1, Opl-Gual0 electrostatic bond.
N2-Guald, 02-Cyt15, 02-Cytll, (3) Conventional H bond, (2) C-H
INH17 | -7.6 C1-Cvtl5. N3-Adel6 bonds.
yis, (1) unfavorable donor-donor.
INH18 | -6.9 | O4-Adel6, 02-Cyt15 t()t)n d(;o”"e”t'o“a' H bond, (1) C-H
04-Ade18, 04-Thy, 02-Thys, Ca-Thy1g, | (3) Conventional H bond, (1) C-H
INH19 | -8.9 C5-Thv20. O4-Adel? bonds
yeb, (2) pi-sigma hydrophobic.
INH -5.5 N2-Ade 10, N2-Ade 4 (3) Conventional H bond.
(3) Conventional H bond, (2) C-H
Op2-Adel7, 04-Thy19, O4-Thy20, C6-Cyt3, | bonds.
PT 83 C8-Ade4, N4-Cyt3, Phenylring-Cyt3, Opl- | (2) Pi-anion electrostatic bond, (1) Pi-
' Ade4, Op2-Cyt3, 5ring-Adel7, N6-Ade5, | donor H bond, (1) Pi-Pi T-shaped
N6-Aded hydrophobic, (1) pi-sigma hydrophobic,
(3) unfavorable donor-donor.

Abbreviations: The table includes several key abbreviations to represent various atoms and molecular components relevant to DNA
structure. "O" stands for an oxygen atom, "H" denotes a hydrogen atom, "N" refers to a nitrogen atom, "Op" specifically represents
an oxygen atom within a phosphate group, and "C" is used for a carbon atom. The nucleobases are also abbreviated, with "Cyt"
representing cytosine, "Ade" for adenine, "Thy" for thymine, and "Gua" for guanine, all of which are essential components of DNA.

Table 4H: Modeling Data of the Reported Compounds on DNA Fragment 181D.

Codes | AG DNA Residues Involved in Interaction Number &_type of bonds Involved
in Interaction
(2) Conventional H bond
INHO1 | -6.4 02-Cyt9, Op2-Gual2, N2-Gual0 (1) pi-donor H bonds.
INHO2 | 7.1 02-Cytl, 02-Thyll, Op2-Gual2, O2-Cyt9, | (4) Conventional H bond, (1) C-H
' N2-Gual0 bond.
INHO3 | -7.1 N2-Gual0, O3-Cyt3, 02-Cyt3, C5-Ade2, (3) Conventional H bond, (3) C-H
' Cl-Cytl bond.
Phenyl Ring-Cyt9, C5-Guad, Op2-Guad, E)t)n dCO”Ve”“O”a' H bond, (1) C-H
INHO4 | -6.9 Op2-Cty12, O3-Cyt9, Op2-Gual0, N2-Gua4, - .
Op2-Guas (2) pi-anion electrostatic bond_.
(1) pi-pi T-shaped hydrophobic.
Op2-Guad, C5-Guad, N2-Guad, Op2-Guad, | (») Conventional H bond, (1) C-H
INHOS | -68 | 35 Thy11, 03-Cyt9, Op2-Gualo bonds.
' ’ (1) pi-anion electrostatic bond.
03-Cyt9, Op2-Guall, N2-Gua4, Op2-Gua4, (4) Conventional H bond, (3) C-H
INHO6 | -7.1 C5-Gua4, 03-Thyl1, O2-Thyl1, bonds.
Phenyl Ring OfCytp (1) pi-pi T-shaped hydrophobic.
Op2-Gual2, Op2-Guad, 02-Cytl, E)Acf))ndcsonventlonal H bond, (3) C-H
INHO7 | -7.2 02-Thy11, C5-Gua4, Phenylring-Cyt9, (1) i-. i T-shaed hvdroohobic
03-Cyt9, Op2-Gual0, N2-Gua4, Op2-Guad Pi-p1 T-shaped nycrophobic.
(2) pi-anion electrostatic bond.
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INHos | 6. | OP2-Gual2, Op2-Guad, C5-Guad, 02-Cytl, E)‘(‘))n dCO”"e”“O”a' H bond, (3) C-H
N2-Guad, Op2-Guad, Op2-Gual0, O3-Cyt9, (2) pi-anion electrostatic bond.
(3) Conventional H bond.
INHO9 | 7.4 Opl-Gual2, N2-GualO, Phenyl Ring-Thyll, | (1) pi-anion electrostatic bond.
' 02-Cytl, 02-Cyt3, Op2-Guad (1) unfavorable donor-donor.
(1) pi-pi T-shaped hydrophobic.
N2-Gua8, Op2-Gual0, 02-Cyt9, O3-Cyt9, (4) Conventional H bond, (2) C-H
INH10 | 7.2 | 5p2-Guas, Op2-Guas, Op2-Thy11 bond.
P P P y (2) pi-anion electrostatic bond.
INH1L | -7 02-Cyt3, 02-Thy11, O3-Cyt9, 02-Cyt3, (6) Conventional H bond, (1) C-H
) 02-Cyt9, N2-Gual0, 03-Cytl bond.
INH12 | -7.1 N2-Gual0, O3-Cyt3, 02-Cyt3, N2-Gual2 (4) Conventional H bond.
INHL3 | 75 | C5-Gual0, 03-Cyts, 02-Cyts, Op2-Guad, S))n dCO”"e”“O”a' H bond, (3) C-H
' Op2-Gual0, O3-Cyt9, N2-Gua8, N2-Guall '
Op2-Ade2, 02-Cyt3, 03-Cyt1, Op2-Thy11, | (&) Conventional H bond, (2) C-H
INH14 | -7.4 Op1-Guab bond.
P (1) pi-anion electrostatic bond.
N2-Gual0, O3-Cyt9, OP2-Gual0, 02-Cytg, | (3) Conventional H bond, (1) C-H
INH1S | -85 | op2 Guas, OP1-Guas bond.
' (2) pi-anion electrostatic bond.
INHL6 | 69 | OPL-GUal0, C5-Gual0, 02-Cyt5, O3-Cyis, E)‘L)n dco”"e”“o”a' H bond, (3) C-H
' OP2-Gua4, N2-Gual0, OP2-Gual0, O3-Cyt9 - .
(1) pi-anion electrostatic bond.
(2) Conventional H bond, (1) C-H
INH17 | -6.8 02-Cyt7, N2-Gual0, C5-Guall, N2-Guad bond.
(1) pi-donor H bonds.
) ) i _— (2) Conventional H bond.
INH18 | -6.8 | OP2-Gual0, O3-Cyt9, Phenylring-Cyt9 (1) pi-pi T-shaped hydrophobic.
INH19 | -7.6 | O2-Thyl1, 02-Cyt3, O3-Cytl, Op2-Ade2 f)zo)n dCO”"e““o“a' H bond, (2) C-H
i | 50 | Phenyl Ring-Cyt9, C5-Guad, Op2-Gualo, f)i)n dCO”"e”“O”a' H bond, (2)C-H
03-Cyt9, N2-Gua4, Op1-Gua6, Op2-Guas (1) pi-pi T-shaped hydrophobic,
(5) Conventional H bond, (1) C-H
bond.
02-Thy11, 02-Cytl, N2-Gual2, 02-Cytl, - .
PT -5.8 Op2-Gual2, N2-Gual2, C5-Gual2 (1) pi-anion electrostatic bond,
D unfavorable donor-donor.

Abbreviations: The table includes several key abbreviations to represent various atoms and molecular components relevant to DNA
structure. "O" stands for an oxygen atom, "H" denotes a hydrogen atom, "N" refers to a nitrogen atom, "Op" specifically represents
an oxygen atom within a phosphate group, and "C" is used for a carbon atom. The nucleobases are also abbreviated, with "Cyt"
representing cytosine, "Ade" for adenine, "Thy" for thymine, and "Gua" for guanine, all of which are essential components of DNA.

Table 4J: Modeling Data of the Reported Compounds on DNA Fragment 5SMVK.

Codes | AG DNA Residues Involved in Interaction !\lumber & type of bonds Involved
in Interaction
) ) i i i (3) Conventional H bonds, (1) pi-donor H
INHO1 | -6.2 P02-Gua5, 06-Guab, 06-Gua7, N4-Cyt4 bonds, (1) pi-pi T-shaped hydrophobic
i i i i (4) Conventional H bond, (1) pi-pi T-
INHO2 | -6.5 82_2GEZSSNE?C§£6’S?iiﬁgi‘rgSOS Guat, shaped hydrophobic, (2) unfavorable
' ' donor-donor
5) Conventional H bond, (1) pi-sigma
04-Thy2, 06-Gua9, N4-Cyt4, N4-Cyts, ( - S
INHO3 | -6.8 i o i hydrophobic, (1) pi-pi  T-shaped
N4-Cyt6, Phenylring-Thy10, C7-Thy10 hydrophobic
INHO4 | -6.1 Op2-Thy2, N4-Cyt4, N4-Cyt6, O6-Gua?, (4) Conventional H bond.
Op2-Thy2, N4-Cyt4, N4-Cyt6, 06-Gua7, O4- .
INHO5 | -6.8 TEle é4—Thy2y NG-Ade3, No-Aded1, N4 | (6) Conventional H bond, (5) unfavorable
' Cyi8 éring-GuaS)’ ’ ' donor-donor, (1) pi-alkyl hydrophobic.
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(4) Conventional H bond, (2) pi-pi T-
Op2-Cyt8, N4-Cyt6, N4-Cyt4, O4-Thy2, | shaped hydrophobic, (1) pi-stacked
INHO06 | -6.5 Plenylring-Gua7,  5ring-Gua7,Phenylring- | hydrophobic,
Thy2, 5ring-Ade3, C7-Thy12 (1) pi-sigma hydrophobic, (2) pi-alkyl
hydrophobic.
INHO7 | -6.7 Op2-Thy2, N4-Cyt6, N4-Cyt6,04-Thy2, (4) Conventional H bond, (3) C-H bonds.
' N7-Gua9, O4-Thyl10 (2) pi-alkyl hydrophobic.
INHOS | -6.3 N4-Cyt4, Op2-Thy2, N4-Cyt4,Phenylring- | (4) Conventional H bond, (2) pi-alkyl
' Cyt4, 5ring-Guab hydrophobic.
INHO9 | =73 N4-Cyt4, 06-GuaZ, N7-Gua7, NA-Cyt6 ((13) Conventional H bond, (1) unfavorable
onor-donor.
INH10 | -6.9 06-Gua9, N4-Cyt4,Phenylring-Thy2, (2) Conventional H bond, (1) pi-sigma
' 5ring-Ade3, C7-Thyl10 hydrophobic, (2) pi-alkyl hydrophobic
N4-Cytd, N6-Ade3, O4-Thy2, N6-Ade3, (‘1‘) C?_”‘i’egf'%”a' '; Eogf (ﬁ) gi'H blond?;
INH11 | -70 | Op2-Cyt8, Op2-Ade3, Phenylring-Cyts, | 2 P Pi T -shaped hydrophob c ( )”fl
Phenylring-Guag, 5ring-Guag anion eeqtrostatlc bond, (1) pi-alky
hydrophobic.
ydarop
INH12 | 6.7 | C7-Thy10, Phenylring-Gua7 (1) pi-pi T-shaped hydrophobic, (1) pi-
sigma hydrophobic.
INH13 | 5.7 N4-Cyt4, N4-Cyt8, N4-Cyt6, N4-Cyt6, (6) Conventional H bond, (2) pi-donor H
' N4-Cyt4, N4-Cyt8, Phenylring-Cyt4 bonds, (1) pi-pi T-shaped hydrophobic.
. (2) pi-pi T-shaped hydrophobic, (1) pi-
Phenylring-Cyt4, N4-Cyt4, . - A
INH14 | -7.4 - sigma  hydrophobic. (1) pi-anion
Phrnylring-Thy10, C7-Thy10, Op2-Thy2, electrostatic bond.
. (2) Conventional H bond, (1) C-H bonds.
INH15 | -6.4 OP2-Guab, 06-Gua7, OP2-Cyt6, 5ring-Gua5 (1) pi-pi T-shaped hydrophobic.
INH16 | -6.4 06-Gua7, Phrnylring-Gua9, O4-Thy2, N2- | (1) Conventional H bond, (2) C-H bonds.
' Gua9 (1) pi-pi T-shaped hydrophobic.
INH17 | -71 06-Gua7, OP2-Gua5, N4-Cyt4, OP2-Cyt6, (3) Conventional H bond, (1) C-H bonds.
' 5ring-Guab (1) pi-pi T-shaped hydrophobic.
INH18 | -6.3 N4-Cyt4, 06-Gua7, 06-Guab, N4-Cyt4, (3) Conventional H bond, (1) pi-donor H
' 5ring-Guab bonds, (1) pi-pi T-shaped hydrophobic.
INH19 | -7.2 N4-Cyt6, O6-Gua?, 5ring-Guab, Phenylring- | (2) Conventional H bond, (4) pi-pi T-
' Guab, Phenylring-Cyt8, 5ring-Gua9. shaped hydrophobic.
INH A7 Op2-Cyt4, N4-Cyt6, 06-Gua, 06-Guas, 4) Conventional H bond.
06-Gua7
N4-Cyt8, N4-Cyt4, N4-Cyt4, N6-Ade3, N7- | (6) Conventional H bond, (2) C-H bonds.
Guab, N4-Cyt6, Op2-Guab, Op2-Thy2, N7- | (2) pi-pi T-shaped hydrophobic, (2) pi-
PT -10.5 Ade3, anion electrostatic bond, (2) pi-donor H
06-Gua7, 5ring-Gua7, Phenylring-Cyt6, bonds, (2) unfavorable acceptor-
5ring-Guab, N4-Cyt8, Op2-Thy2, O6-Guab. | acceptor.

Abbreviations: The table includes several key abbreviations to represent various atoms and molecular components relevant to DNA
structure. "O" stands for an oxygen atom, "H" denotes a hydrogen atom, "N" refers to a nitrogen atom, "Op" specifically represents
an oxygen atom within a phosphate group, and "C" is used for a carbon atom. The nucleobases are also abbreviated, with "Cyt"
representing cytosine, "Ade" for adenine, "Thy" for thymine, and "Gua" for guanine, all of which are essential components of DNA.

Table 4K: Modeling Data of the Reported Compounds on DNA Fragment 3EYO.

Codes | AG DNA Residues Involved in Interaction :\r|1u|nr11tt:: i;f{i;)r/]pe of bonds Involved
INHO1 | -6.7 04-Thy4, O2-Thy4, O2-Thy8, 03-Ade3 (3) Conventional H bond, (1) C-H bonds.
INHO2 | -7.9 | Opl-Ade7, O4-Ade7, O2-Thy6, N3-Ade? 8 ggn”%eggggﬂlgsgggﬁ(cl) C-H bonds.
INHO3 | -8.6 C4-Thy8, O2-Thy6, C5-Thy8, O4-Ade5 (5) C-H bonds.
INHO4 | -7.4 | O2-Thy6 (2) C-H bonds.

02-Thy6, N3-Ade5, O4-Ade5, C4-Thys,
INHO5 | -7.8 Phenylring-Ade5, 5ring-Ade5, Phenylring- g; Ci-_|;||50|nr?sdro hobic

Ade7? pi-alkyl hyarop .
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Opl-Ade9, 03-Thy8, Opi-Ade7, O2-Thy6,
INHO6 | -6.9 C2-Ade5, Opl-Thy8, Phenylring-Ade5, | (4) Conventional H bond, (2) C-H bonds.
' 5ring-Ade5, Phenylring-Ade7, Phenylring- | (4) pi-alkyl hydrophobic.
Thy8
INHO7 | -7.8 02-Thy6, C2-Ade5, O4-Ade5, 03-Ade5 (1) Conventional H bond, (3) C-H bonds.
INHos | -7.0 Opl-Thy8, O3-Ade7, N3-Ade5, Phenylring- | (1) pi-stacked hydrophobic,
' Thy4 (4) C-H bonds.
INHO9 | -7.7 | 02-Thy8, 02-Thy4, N3-Ade5 (2) Conventional H bond.
(1) unfavorable acceptor-acceptor.
i 02-Thy6(A), 0O2-Thy6(B), O4-Thy6(B),C4- . i
INH10 | -8.3 Ade5, O4-Ade? (3) Conventional H bond, (2) C-H bonds.
INH11 | -8.8 04-Thy6, N3-Ade5, O4-Ade7, C5-Thy8, O4- | (3) Conventional H bond, (2) C-H bonds.
' Adeb, Phenylring-Ade7, Phenylring-Adeb (2) pi-alkyl hydrophobic.
INH12 | -8.4 04-Ade7(A), O2-Thy6, O4-Ade7(B) (2) Conventional H bond, (1) C-H bonds.
) i . (2) C-H bonds.
INH13 | -6.5 N3-Ade5, Phenylring-Thy4 (2) pi- pi stacked hydrophobic.
INH14 | -92 | O4-Ade?, 02-Thy6, O4-Ade5, Op1-Thyg | (2) Conventional H bond, (1) C-H bonds.
(1) pi- anion electrostatic.
INH15 | -6.9 02-Thym8, 0O2-Thy4, C4-Thy8, C4-Ade9, | (2) Conventional H bond, (1) C-H bonds.
' 02-Thy4 (1) pi-sigma hydrophobic
INH16 | -6.8 02-Thy6, 02-Thy6 (2) C-H bonds.
INH17 | -7.7 02-Thy8, 02-Thy4, 02-Thy4, 04-Ade5, | (2) Conventional H bond, (2) C-H bonds.
' OP1-Thy6 (1) pi-anion electrostatic bond.
i 02-Thy4, 02-Thy8, O4-Ade5, N3-Ade9, 03- . i
INH18 | -6.9 Ade9, 02-Thy8 (3) Conventional H bond, (3) C-H bonds.
INH19 | -8.8 04-Ade7, O4-Ade7, O2-Thy6 (1) Conventional H bond, (2) C-H bonds.
INH -5.6 02-Thy4, O2-Thy4, O4-Ade5, O2-Thy8 (4) Conventional H bond.
N6-Ade5(A), N6-Ade5(B), NE-Ade3, C6- (4) Conventional H bond, (1) C-H bonds.
PT -6.5 Thyd, (1) pi- sigma hydrophobic
. C7-Ade6(A), CT-Ade(B), N6-Ade7(B), (1) unfavorable donor-donor
N6-Ade3(A) '

Abbreviations: The table includes several key abbreviations to represent various atoms and molecular components relevant to DNA
structure. "O" stands for an oxygen atom, "H" denotes a hydrogen atom, "N" refers to a nitrogen atom, "Op" specifically represents
an oxygen atom within a phosphate group, and "C" is used for a carbon atom. The nucleobases are also abbreviated, with "Cyt"
representing cytosine, "Ade" for adenine, "Thy" for thymine, and "Gua" for guanine, all of which are essential components of DNA.

Table 4L: Modeling Data of the Reported Compounds on DNA Fragment 1IMTG.

Codes | AG DNA Residues Involved in Interaction Number_ & type of bonds Involved in
Interaction
i . i i (1) Conventional H bond, (1) C-H bonds,
INHO1 | -5.6 Phenylring-Ade8, O4-Thymb, O2-Cyt4 (1) Pi-Pi T-shaped hydrophobic.
INHO2 | -5.9 04-Thym11, O2-Thym11, O4-Cyt12 (4) Conventional H bond, (1) C-H bonds.
H22-Gua9, 04-Thymll, 02-Cytl0, O2-
INHO3 | -6.6 Thym11l, (1) Conventional H bond, (2) C-H bonds.
H2-Ade2, H1-Gua3.
INHO4 | 5.7 O4-Thymb, H2-Ade8, H1-Thym11, | (2) Conventional H bond, (2) C-H bonds,
' Phenylring-Thym11 (2) pi-alky! hydrophobic.
INHO5 | -6.4 | O4-Thym5, O2-Thym11, H22-Gua3 (4) C-H bonds.
. 3) Conventional H bond, (2) pi-alkyl
i 02-Cyt4, O4-Thym5, H22-Gua3, Phenylring- ( . X
INH06 | -6.5 Gua3, Phenylring-Cyt4, 02-Cyt10. Zé/gggg;oblc, (1) unfavorable acceptor
0O4-Thym5,  0O2-Cyt4,  Phenylring-Ade8, | (2) Conventional H bond, (2) pi-pi stacked
INHO7 | -6.3 Phenylring-Gua9, 0O2-Thym11, Phenylring- | hydrophobic, (1) C-H bonds, (1) pi-alkyl
Gua3. hydrophobic.
INHO8 | 5.9 O4-Thymb, H2-Ade8, 02-Thyml1, | (2) Conventional H bond, (2) C-H bonds,
' Phenylring-Thym11. (1) pi-alky! hydrophobic.

American | Cas Rep Rev, 2025

ISSN: 2997-321X

Page: 28 of 32




02-Thym11, Phenylring-Gua3, Phenylring-
Cyt4, Phenylring-Gua3, 5ring-Gua3,
Phenylring-Thym5,

04-Thymb.

H22-Gua3, H21-Gua3, H22-Gua9, H22-Gua9, | (4) Conventional H bond, (2) C-H bonds,
INH10 | -6.5 H1-Ade2, H4-Cyt4, Phenylring-Ade2, | (1) Pi-Pi T-shaped hydrophobic, (1) pi-

(1) Conventional H bond, (5) Pi-Pi stacked
hydrophobic, (1) unfavorable acceptor-
acceptor.

INHO9 | -6.7

Phenylring-Cyt4. alkyl hydrophobic.
INH11 | -6.3 H22—Gu_a9, H23-Gua9, H22-Gua3, H1-Gua3, | (3) C_on\_/entional H bond, (1) _C—H bonds.
' Phenylring-Gua3. (1) Pi-Pi T-shaped hydrophobic.
INH12 | -6.1 H22—Gu_a3, H21-Gua9, H2_2—Gua9, H22-Gual, | (4) Conventional _H bond, (1) Pi-Pi T-
' Phenylring-Gua3, Phenylring-Gua2. shaped hydrophobic.
INH13 | -5.4 O4_—Thym5, H22-G_ua9, Phenylring-Gua9, | (4) C_on\_/entional H bond. _
' 5Iring-Gua9, Phenylring-Cyt4 (1) Pi-Pi T-shaped hydrophobic.

(2) Conventional H bond, (1) Pi-donor H
bonds.
(2) Conventional H bond, (1) C-H bonds.

INH14 | -6.5 04-Thymb, 02-Cyt4, H22-Gua3

02-Cyt4, 02-Thyml1, H4-Thym11,

INH15 | -5.7 . . (1) Pi-Pi T-shaped hydrophobic,
Phenylring-Ade2, Phenylring-Ade2. (1) pi-alkyl hydrophobic.
(2) Conventional H bond, (2) Pi-Pi T-
INH16 | -5.2 O4-Thymb5, O4-Thymb, O4-Gua9, Phenylring- | shaped hydrophobic, (1) pi-stacked

Gua9, Phenylring-Ade8, Phenylring-Gua9 hydrophobic,
(1) C-H bonds.

(3) Conventional H bond, (1) Pi-Pi T-
shaped hydrophobic, (2) C-H bonds.

02-Cyt4, 02-Thymll, H22-Gua3, H4-
INH17 | -6.2 | Thym11,

H1-Cyt4
INH18 | -6.0 H21-Gua9, 02-Cyt4 (2) Conventional H bond.
INH19 | -65 | H22-Guad,  02-Cytl0, O4-Thymll, 021 )y =onventional H bond.
Thym11
INH -4.6 04-Thymb, 02-Cyt4, O4-Thymb (3) Conventional H bond.
i i i i (4) Conventional H bond, (2) C-H bonds,
PT -6.9 H42-Cyt10, 06-Guas, H41-Cytd, Ha2-Cyt4, (2) pi- anion electrostatic, (1) unfavorable

H3-Gual, Op2-Gua9, Op2-Gua3, N7-Gua3

acceptor-acceptor.

Abbreviations: The table includes several key abbreviations to represent various atoms and molecular components relevant to DNA
structure. "O" stands for an oxygen atom, "H" denotes a hydrogen atom, "N" refers to a nitrogen atom, "Op" specifically represents
an oxygen atom within a phosphate group, and "C" is used for a carbon atom. The nucleobases are also abbreviated, with "Cyt"
representing cytosine, "Ade" for adenine, "Thy" for thymine, and "Gua" for guanine, all of which are essential components of DNA.

Table 2M: Modeling Data of the Reported Compounds on DNA Fragment 1Z3F.

Number & type of bonds Involved

Codes | AG DNA Residues Involved in Interaction . .
in Interaction

INHO1 | 5.9 02-Cyt5, N2-Gua2, Phenylring-Gua6,5ring-Guab, (1) Conventional H bond, (1) Pi-donor H
' Phenylring-Cyt1,Phenylring-Gua2, 5ring-Gua2. bonds, (6) Pi-Pi stacked hydrophobic.
INHO2 | -6.0 02-Cyt5, N2-Gua2, Phenylring-Gua6, 5ring-Guasb, (1) Conventional H bond, (1) Pi-donor H
' Phenylring-Gua2, 5ring-Gua2, Phenylring-Cyt5. bonds, (5) Pi-Pi stacked hydrophobic.
INHO3 | -6.4 | O2-Thym4, N2-Gua2 (2) Conventional H bond.

INHO4 | -5.4 | N2-Gua2, 02-Thmy4, 02-Cyt5, 04-Cyt5 E]‘:/)drggﬁ:)’g?go”a' H bond, (1) pi-alkyl
N2-Gua2, N3-Gua2, Phenylring-Gua2, 5ring-Gua2, | (2) Conventional H bond, (1) Pi-donor H
INHO5 | -6.0 | Phenylring-Cyt1, Phenylring-Guas, 5ring-Gua6, | bonds, (1) pi-sigma hydrophobic,(3) Pi-Pi
Phenylring-Cyt5, N2-Gua6. stacked hydrophobic.

(1) Pi-donor H bonds, (1) pi-sigma

N2-Gua2, Phenylring-Gua2, Phenylring-Guaé,

INHO6 | -6.4 o > h hydrophobic, (3)  Pi-Pi  stacked
5ring-Gua6, Phenylring-Ade5, 5ring-Cyt5. hydrophobic.
INHO7 | 5.6 N2-Gua2, O2-Thym4, O2-Cyt5, C2-Ade3, N3-Ade3, (4) Conventional H bond, (3) C-H bonds,
' 02-Cyt5, Phenylring-Ade3, Phenylring-Thym4. (1) Pi-Pi T-shaped hydrophobic.
N2-Gua2, N2-Gua6, Phenylring-Gua2, 5ring-Gua2,
Phenylring-Guas, 5ring-Guas, Phenylring-Cyt1, | (2) Pi-donor H bonds, (4) Pi-Pi stacked
INHO8 | -5.8 - :
Phenylring-Guaé, hydrophobic.

Phenylring-Cyt5, Phenylring-Gua2.
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04-Thym4, O2-Cyt5, O4-Ade3, 04-Guab, N2-Gua2, N2-
INHO9 | 7.2 Guab, Phenylring-Ade3,Phenylring-Gua2, 5ring-Gua2, | (2) Conventional H bond, (2) C-H bonds,
' Phenylring-Gua6, 5ring-Gua6, 5ring-Gua2, Phenylring- | (1) unfavorable acceptor-acceptor.
Cytb.
(3) Conventional H bond, (2) C-H bonds,
INH10 | -6.1 | O2-Thym4, N2-Gua2 (4) Pi-Pi stacked hydrophobic, (10) Pi-Pi
T-shaped hydrophobic.
INH11 | -6.1 O4—Guag, N7-Gua6, Phenylring-Gua6, 5ring-Gua2, (2) Conventional H bond.
Phenylring-Cyt1.
(2) Conventional H bond, (3) Pi-Pi
INH12 | -6.1 | O2-Thym4, N2-Gua2 stacked hydrophobic, (1) Pi-Pi T-
shapedhydrophobic.
INH13 | -5.3 | 02-Cyt5, 02-Thym4, O4-Cyt5, C1-Thyml, N2-Gua2 (2) Conventional H bond.
INH14 | -6.5 02-Thym4(A), 02-Thym(B), N2-Gua2, N3-Guaz2, (2) Conventional H bond, (3) C-H bonds,
' C1-Thym4, 0O4-Gua6, O2-Cyt5. (2) Pi-donor H bonds.
) ) i i i (2) Conventional H bonds, (1) Pi-donor H
INH15 | -5.8 | O4-Cyt5, 02-Thym4, N2-Gua2, C5-Cyt5 bonds, (1) C-H bonds.
_ ) i i i (2) Conventional H bond, (2) C-H bonds,
INH16 | -5.0 | O2-Cyt5, 02-Thym9, O2-Thym4, O4-Cyt5 (4) Pi-Pi stacked hydrophobic,
N3-Ade3, 02-Cyt5, N2-Gua2, N2-Guab, N2-Gua2, O4- | (4) Conventional H bond, (1) C-H bonds,
INH17 | -6.6 | Gua6, Phenylring-Gua6, 5ring-Gua6, Phenylring-Gua2, | (1) Pi-donor H bonds, (1) unfavorable
5ring-Gua2, Phenyl-Cyt1, Phenyl-Cyt5. donor-donor.
N2-Gua2, N3-Gua2, 04-Gua2, Phenylring-Gua6, 5ring- . .
INH18 | -6.0 | Gua6,Phenylring-Gua2, 5ring-Gua2, Phenylring-Cyts, | (3) Conventional H bond, (6) Pi-Pi
. stacked hydrophobic.
Phenylring-Cytl.
INH19 | -6.5 | O4-Thymd, N2-Gua2. E)lo)ngsnventlonal H bond, (1) Pi-donor H
) i . L (1) Conventional H bond, (4) Pi-Pi
INH -5.0 Sﬁeslﬁlzn l?léuigi)Gﬁeih?p%lrlgnclauaZ, Sring-Guaz, stacked hydrophobic, (1) Pi-donor H
yirng ' yinng ' bonds, (1) C-H bonds.
) ¥ ) i (5) Conventional H bond, (10) Pi-Pi T-
PT 7.8 | 02-Thym4, O2-Cyt5, N2-Guaz2. shaped hydrophobic.

Abbreviations: The table includes several key abbreviations to represent various atoms and molecular components relevant to DNA
structure. "O" stands for an oxygen atom, "H" denotes a hydrogen atom, "N" refers to a nitrogen atom, "Op" specifically represents
an oxygen atom within a phosphate group, and "C" is used for a carbon atom. The nucleobases are also abbreviated, with "Cyt"
representing cytosine, "Ade" for adenine, "Thy" for thymine, and "Gua" for guanine, all of which are essential components of DNA.

Table 2N: Modeling Data of the Reported Compounds on DNA Fragment 1D32.

Codes | AG | DNA Residues involved in Interaction (1D32) Number &_type of bonds Involved
in Interaction
N4-Guad4, phenylring-Gua6,  5ring-Guas, o .
INHO1 | -6.3 | phenylring-Cyt5, phenylring-Cyt4, 5ring-Cyt4, (6) P! Pi stacked hydrophobic.
. (1) Pi-donor H bonds.
phenylring- Cyt3
(3) Conventional H bond, (1) Pi-Pi T-
INHO2 | -6.6 | O4-Gua, O2-Cyte7, N2-Gua2 shaped hydrophobic, (3) Pi-stacked
hydrophobic.
INHO3 | -6.9 N2-Gua4, phenylring-Cyt3, phenylring-Cyt5, | (1) Conventional H bond.
' phenylring-Gua4, phenylring-Gua6, 5ring-Cyt4 | (5) Pi-Pi stacked hydrophobic.
(5) Conventional H bond, (1) Pi-donor H
INHO4 | -6.8 | O2-Cyt3, O4-Gua4, N3-Gua4, N1-Guab bonds, (4) Pi-Pi stacked hydrophobic,(1)
Pi-Pi T-shaped hydrophobic.
) ) i i i (4) Conventional H bond, (1) Pi-donor H
INHO5 | -6.0 | O4-Gua6, 02-Cyt3, 04-Gua4, N2-Gua2 bonds, (2) Pi-Pi stacked hydrophobic.
INHO6 | -65 | 04-Guad. N2-Gua2. O4-Guak (3) Conventional H bond, (1) C-H bonds.
' ' ’ ' (1) pi-alkyl hydrophobic.
04-Guab, 02-Cyt3, 04-Guad, phenylring- . -
INHO7 | -66 | Guas 5ring-)gua6 phenyFringYGuagl (3) Conventional H bond, (4) Pi-Pi stacked
' L ’ " | hydrophobic, (1) Pi-donor H bonds.
phenylring-Cyt5.
INHO8 | -5.5 | 04-Guad, N2-Gua2, Phenylring-Gua2 (2) Conventional H bond, (1) pi-alkyl
hydrophobic.
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02-Cyt7, O4-Gua8, Phenylring-Guas,
INHO9 | -7.4 5ring-Gua8, Phenylring-Cyt7,  Phenylring- | (2) Conventional H bond, (6) Pi-Pi stacked
' Guaz, hydrophobic, (1) Pi-donor H bonds.
N2-Gua2
N1-Gua6, 04-Guad4, N2-Gua6, Phenylring- | (1) Conventional H bond, (2) C-H bonds.
INH10 | -6.4 | Gua6, 5ring-Gua6, Phenylring-Gua4, 5ring- | (1) Pi-donor H bonds, (1) Pi-sigma
Gua4, Phenylring-Cyt3 hydrophobic.
INH11 | -6.3 | Phenylring-Gua4, 5ring-Gua4, Phenylring-Cyt3 | (3) Pi-Pi stacked hydrophobic.
02-Cyt7, N2-Guab, Phenylring-Gua4, (2) Conventional H bond, (5) pi- pi stacked
INH12 | -6.4 | 5ring-Gua4, Phenylring-Gua6, 5ring-Gua6, hydrophobic, (1) unfavorable donor-donor,
Phenylring-Cyt5. (2) C-H bonds, (1) Pi-donor H bonds.
(3) C-H bonds, (5) pi- pi stacked
INHI3 | -5.3 | 04-Cyt7, O2-Cyt5, 04-Guab. hydrophobic, (1) unfavorable donor-donor.
. . (1) Conventional H bond, (1) Pi-sigma
INH14 | -6.9 gr‘i‘r;g_‘gﬁégrg‘ﬁjyﬂf%g‘?g%"“”g'G“ag* hydrophobic, ~ (5)  Pi-Pi  stacked
' ' hydrophobic.
04-Gua2, 04-Gua8, N2-Gua2, Phenylring- . .
INH15 | -6.7 | Gua8, 5ring-Guas, Phenylring-Guaz, E]Z)drgog\éz?élo(rlgllpﬁdgﬁggh(Sgnz;-stacked
Phenylring-Cyt7. ydrop ' '
INH16 | -5.7 04-Gua8, N2-Gua2, Phenylring-Gua8, (1) Conventional H bond, (3) Pi-Pi stacked
' 5ring-Gua8, Phenylring-Cyt7. hydrophobic, (1) Pi-donor H bonds.
04-Gua4, N2-Gua4, O2-Cyt7, N2-Guasb, . -
. ; . (2) Conventional H bond, (5) pi- pi stacked
INH17 | -6.7 Z'LZ%V'““Q'G”% Sring-Guad,Phenylving- | p oo oononic,  (3) C-H  bonds, (1)
5ring-Gua6, Phenylring-Cyt7 unfavorable donor-donor.
04-Guag, 02-Cyt7, N2-Gua2, Phenylring- | (1) Sonventional F bond, (4) pi- py stackec
INH18 | -6.3 | Gua2, Phenylring-Guas, 5ring- Y rophob!c, (1) ~ Pi-Pi T—_shaped
. hydrophobic, (1) C-H bonds, (1) Pi-donor
Gua8,Phenylring-Cyt7 yarop
H bonds.
INH19 | -6.8 N2-Gua4, , Phenylring-Gua6, 5ring-Guaé, (1) Pi-donor H bonds, (6) Pi-Pi stacked
' Phenylring-Gua4, 5ring-Gua4, Phenylring-Cyt3 | hydrophobic.
04-Guab, 04-Guad4, 05-Guad, N1-Guab, . -
INH -5.4 | Phenylring-Gua6, 5ring-Gua6, Phenylring- @d%opnr:ft?igo(r;?lpﬁ'-gg:gr’ I(—?)bg:]-dps)l stacked
Guab, Phenylring-Gua4 ' '
N2-Gua2, 02-Cyt7, O2-Cyt3, 04-Gua8, N2-
Guaz2, (4) Conventional H bond, (5) pi- pi stacked
PT 8.6 N2-Gua6, N2-Guad4, N3-Gua2, Phenylring- | hydrophobic, (1) C-H bonds, (1) Pi-donor
' Cyt3, Phenylring-Gua6, 5ring-Gua6, | H bonds, (2) unfavorable donor-donor, (1)
Phenylring-Gua4, unfavorable acceptor-acceptor.
5ring-Gua4.

Abbreviations: The table includes several key abbreviations to represent various atoms and molecular components relevant to DNA
structure. "O" stands for an oxygen atom, "H" denotes a hydrogen atom, "N" refers to a nitrogen atom, "Op" specifically represents
an oxygen atom within a phosphate group, and "C" is used for a carbon atom. The nucleobases are also abbreviated, with "Cyt"
representing cytosine, "Ade" for adenine, "Thy" for thymine, and "Gua" for guanine, all of which are essential components of DNA.

Table 20: Modeling Data of the Reported Compounds on DNA Fragment 1ZNA.

Codes | AG DNA Residues Involved in Interaction !\lumber & type of bonds Involved
in Interaction
INHO1 | 5.7 | O2-Cyt5, OP2-Gua8, N2-Guab, N2-Gua2 | (&) Conventional H bond, (2) Pi-donor
H bonds.
INHO? | 6.3 N2-Gua2, OP2-Gua4, 03-Cyt3, 02-Cyt3, (5) Conventional H bond,
' 03-Cyt5, N2-Guasb. (1) pi- anion electrostatic.
Op2-Gua2, 02-Cyt7, 03-Cyt7, N2-Gua4, | (5) Conventional H bond, (1) pi- anion
INHO3 | -6.7 03-Cytl, Op2-Gua4, 02-Cyt3, 02-Cyt1,N2- | electrostatic, (1) Pi-donor H bonds,
Gua2. (2) C-H bonds
INHO4 | 6 | OFCYI7, N2-Guas, Op2-Gua2, Op1-Guas, E)?;)n dion"ggg'g:a' Tl)bond’i-(s)ar?inn
' 03-Cyt3, 02-Cyt3, 03-Cytl. onas, P
electrostatic.
INHOS | -6.3 OP2-Gua2, N2-Gua8, 03-Cyt7, O3-Cyt1, (3) Conventional H bond, (3) C-H
' 02-Cyt3, 03-Cyt5, 03-Cyt3. bonds.
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OP2-Gua2, N2-Gua8, 03-Cyt7, Op1-Guas, (3) Conventional H bond, (4) C-H
INHO6 | -6.2 03-Cytl, 03-Cyt5, 02-Cyt3, O3-Cyt3, bonds.
Op2-Guasb. (1) pi- anion electrostatic.
(3) Conventional H bond, (1) pi- anion
INHO7 | -6.1 ﬁgzeiggzostc%agogi%w Op1-Guas, glectrostatic, (4) C-H bonds, (1) Pi-
onor H bonds.
INHOS | -5.9 03-Cytl, N2-Gua8, Op2-Gua8, N2-Guasb, (4) Conventional H bond, (2) pi- anion
' Op2-Gua4, Op2-Guas8. electrostatic, (1) C-H bonds.
INHO9 | -6.5 N2-Gua6, Op2-Gua4, 02-Cyt3, 03-Cyt3, (6) Conventional H bond, (2) pi- anion
' 02-Cyt7, Op2-Gua8, Opl-Gua4, Opl-Guad. | electrostatic.
03-Cyt3, 02-Cyt7, N2-Gua8, N2-Gua2, (4) Conventional H bond, (1) Pi-donor
INH10 | -6.7
N2-Gua4. H bonds.
Op2-Gua2, 02-Cyt3, 02-Cyt7, O2-Cyt3, (4) Conventional H bond, (3) C-H
INH11 | -6.8 03-Cytl, Op2-Gua4, 03-Cyt3, N2-Gua6, bonds, (1) Pi-donor H bonds,
N2-Gua2. (2) unfavorable donor-donor,
INH12 | -6.7 N2-Guab, 03-Cyt3, 02-Cyt3, N2-Guas8, (4) Conventional H bond, (2) C-H
' N2-Gua2, Op2-Gua2, N2-Gua2 bonds, (1) Pi-donor H bonds.
Op2-Gua2, N2-Gua8, 03-Cyt7, N2-Guab, .
INHI3 | -6.3 | O3-Cytl, C1-Cyt7, 02-Cyt3, O3-Cyt3, Op2- f)“) Conventional H bond, (3) C-H
Guad onds.
INH14 | 71 N2-Gua6, O3-Cyt3, 02-Cyt3, O2-Cyt7, (4) Conventional H bond, (1) Pi-donor
' N2-Gua4, Op2-Gua4, 02-Cytl. H bonds.
INH15 | -5.9 02-Cyt3, 03-Cyt3, Op2-Guad, O2-Cyt7, (3) Conventional H bond, (1) C-H
' Op1-Gua8, Op2-Gua8. bonds, (2) pi- anion electrostatic.
INH16 | -5.8 Op2-Gua2, 03-Cyt7, N2-Gua8, Op1-Guas, (3) Conventional H bond, (2) C-H
' 03-Cytl, 02-Cyt3, 03-Cyt3. bonds, (1) pi- anion electrostatic.
N2-Gua6, 02-Cyt3, Op2-Gua4, 03-Cyt3, . -
INH17 |63 | N2-Gua2, N2-Gua8, Opl-Gua8, Opl-Guaa, | () Conventional Hbond, (1) pi-anion
electrostatic.
Op2-Guas8.
(4) Conventional H bond, (2) C-H
INH18 | -6.1 N2-Gua6, 02-Cyt7, 02-Cyt3, O3-Cyt3 bonds,
' , Op1-Gua4, N2-Gua4, Op2-Gua4 (1) Pi-donor H bonds, (2) pi- anion
electrostatic.
(3) Conventional H bond, (1) C-H
INH19 | -6.8 02-Cyt3, 02-Cyt7, 03-Cyt3, N2-Gua4. bonds,
(1) Pi-donor H bonds.
INH a7 03-Cyt5, Op2-Guab, 02-Cyt3, O3-Cyt3, (4) Conventional H bond, (1) C-H
' Op2-Gua4, 02-Cyt5, N2-Guasb. bonds, (1) Pi-donor H bonds.
(3) Conventional H bond, (2) C-H
bonds
02-Cyt7, N2-Gua6, Opl1-Gua8, C5-Guab, N . .
PT -6.6 (2) pi- anion electrostatic, (1) Pi-donor
03-Cyt7, Op2-Guas, Op2-Cyt7, N2-Guaz. H bonds, (1) unfavorable donor-
donor.

Abbreviations: The table includes several key abbreviations to represent various atoms and molecular components relevant to
DNA structure. "O" stands for an oxygen atom, "H" denotes a hydrogen atom, "N" refers to a nitrogen atom, "Op" specifically
represents an oxygen atom within a phosphate group, and "C" is used for a carbon atom. The nucleobases are also abbreviated,
with "Cyt" representing cytosine, "Ade" for adenine, "Thy" for thymine, and "Gua" for guanine, all of which are essential
components of DNA.
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