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ABSTRACT

Epilepsy affects up to 1% of the global population, with nearly 30% of patients failing to achieve satisfactory seizure
control using traditional antiepileptic drugs (AEDs). Furthermore, legacy therapies often induce debilitating central
nervous system (CNS) side effects like severe drowsiness and motor coordination deficits. To overcome these therapeutic
limitations, structural hybridization was utilized to develop novel chemical entities combining the privileged quinazoline
ring system with aryl semicarbazone linkers.

Objective: This study aimed to design, computationally screen, and profile a library of sixteen novel quinazoline
semicarbazone derivatives designed to act as potent, non-sedating Gamma-Aminobutyric Acid (GABA) inhibitors
targeting neuronal over-firing.

Methods: Computer-aided drug design (CADD) and molecular docking simulations were performed using the
Schrodinger software suite against the human GABA-A receptor (PDB ID: 4COF). The compounds' drug likeness, oral
absorption, and blood-brain barrier (BBB) distribution were evaluated using predictive ADMET and regulatory safety
filters. For downstream validation, an in vivo phenotypic screening paradigm (Maximal Electroshock, subcutaneous
Pentylenetetrazole, and Rotarod models) and a scalable four-step synthesis method were developed.

Results: Significant binding affinities were found across the library by computational screening; docking scores ranged
from -3.36 kcal/mol to -7.79 kcal/mol. Due to an improved hydrogen-bonding network created by its phenolic hydroxy
groups with the receptor pocket, compound P8, a dihydroxy-substituted derivative, emerged as the top choice and
produced the maximum binding affinity (-7.79 kcal/mol). With excellent aqueous solubility (QPlogS): -3.65 to -5.96 mol
dm-3, the ADMET study showed that the entire library closely followed Lipinski's Rule of Five. Importantly, passive
central nervous system tracking was shown by the blood-brain partition coefficients (QPlogBB): -1 to -2, indicating a
reduced risk of the sedative side effects common to conventional AEDs.
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1. INTRODUCTION

1.1. The Unmet Need in Global Epilepsy Management

One percentage of people worldwide suffer from epilepsy,
making it one of the most common neurological
conditions. Highly dependable, long-term pharmaceutical
treatments are required for this complicated set of central
nervous system (CNS) disorders, which are characterized
by abrupt, uncontrollable neuronal hyperexcitability and
firing.! Even though they currently have the largest market
share, well-known medications like valproic acid,

carbamazepine, phenytoin, and phenobarbital are far from
ideal. Based on the current treatment protocol, nearly 30%
of epilepsy patients are unable to attain adequate seizure
control. Moreover, individuals who do respond recurrently
have to laid up with side effects, such as:

e Severe drowsiness and sedation

e Ataxia and motor coordination deficits

Megaloblastic anaemia
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e Hirsutism

For pharmaceutical executives and R&D leaders, this
therapeutic ceiling represents a clear directive: the market
urgently requires novel chemical entities (NCEs) that
deliver robust efficacy with significantly reduced toxic
profiles.>*

1.2. Strategic Pattern Modification

In order to overcome the shortcomings of current
antiepileptic drugs (AEDs), modern medicinal chemistry is
concentrating on structural hybridization. This paper
details a sophisticated study that integrated the quinazoline
ring system and aryl semicarbazones, two well-known
pharmacological templates. An enhanced chemical
architecture designed to function as a strong Gamma-
Aminobutyric Acid (GABA) inhibitor was produced by
carefully crafting new quinazoline semicarbazones,
therefore directly targeting the underlying cause of
neuronal overfiring.

2. PRIVILEGED SCAFFOLDS: A DUAL-ACTION
FRAMEWORK

2.1. The Quinazoline Ring System

Long recognized as a privileged scaffold in drug
discovery, quinazolinone’® derivatives have demonstrated
versatile  biopharmaceutical applications.  Historical
literature establishes their broad clinical potential, which
spans several critical medical domains:

e Anticonvulsant & Antiepileptic: Acting directly on
central pathways to suppress localized neural firing.

e Anticancer & Cytostatic: Exhibiting significant
efficacy against human carcinoma and glioblastoma
cell lines through EGFR and DHFR inhibition.5

e Antimicrobial & Antitubercular: Demonstrating
strong inhibition profiles against pathogens, including
specific strains like Mycobacterium H37Rv.\?

e Cardiovascular Regulation: Displaying measurable
antihypertensive and analgesic capabilities.

2.2. The Semicarbazone Linker

Functioning as an ideal partner template, semicarbazones
possess explicit anticonvulsant, anticancer, antiviral, and
antimicrobial capabilities. Semicarbazones are
synthetically derived from aromatic amines and aromatic
amino compounds containing a heteroatom with aromatic
carbonyl compounds.

When chemically fused to the quinazoline core, the
semicarbazone linker provides a flexible, electronically
optimized backbone that satisfies the essential structural
parameters required for high-affinity receptor binding.

3. PHARMACOPHORE ARCHITECTURE &
STRUCTURAL DESIGN

3.1. The Four-Point Pharmacophore Model'!

The structural engineering of the targeted quinazoline
semicarbazones  follows a  precise  four-point
pharmacophore model explicitly required for high-affinity
anticonvulsant activity Aryl Hydrophobic Binding Site
(ARYL): An aromatic ring system with a substitution
located preferably in the para position to anchor the
molecule within the receptor's hydrophobic pocket.

1. Two-Electron Donor System (D): Provided by the
electron-rich nitrogen atoms embedded inside the
heterocyclic quinazoline core.

2. Hydrogen Bonding Domain (HAD): A dedicated
carboxamide-linked component containing highly
accessible NH groups capable of establishing stable
intermolecular bonds.

3. Hydrophobic/Hydrophilic Balancing Site: A variable
terminal structural region designed to tightly control
the overall pharmacokinetic and ADMET properties of
the compound.

C HAD

PHRAMACOPHORE

A HYDROPHOBIC UNIT

B ELECTRON DONOR UNIT

A

Fig.1: Pharmacophore Model
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4. COMPUTER-AIDED DRUG
MOLECULAR DOCKING

To maximize corporate R&D efficiency and de-risk the

program prior to wet-lab synthesis, a library of sixteen

target compounds was subjected to rigorous computer-

assisted molecular docking simulations.

DESIGN &

4.1. Docking Methodology
The industry-standard Schrodinger software suite was
used for all modeling studies. The human GABA-A

receptor was chosen as the biological target and was
obtained straight from the Brookhaven Protein Databank
(PDB ID: 4COF). In order to reliably anticipate true
binding affinities, this software maps flexible ligand
conformations against fixed grid interaction potentials.

4.2. Binding Affinities and Glide Scores

The computational screening exposed vital binding
affinities across the planned library, with total docking
scores ranging from -3.36 Kcal/mol to -7.79 Kcal/mol.

Table 1: Binding Affinities and Glide Scores

Compound Docking Score Glide Score Primary Structural Feature
Code (Kcal/mol) (Kcal/mol)
P1 -5.56 -5.56 para-Hydroxy substitution.
P2 -5.39 -5.40 ortho-Hydroxy substitution.
P3 -4.59 -4.59 Variable aromatic carbonyl
derivative.
P5 -4.52 -4.52 Halogenated (para-Chloro)
derivative.
P8 -1.79 -71.79 Lead Candidate: Dihydroxy-
substituted.
P11 -4.88 -4.88 Cinnamaldehyde-derived extended
linker.
P12 -4.99 -4.99 Unsubstituted benzaldehyde
derivative.
P16 -5.59 -5.59 Heteroaromatic (Furan-2-yl)
derivative.

Note: Steric hindrance mutations within the pocket caused compounds with scores less than -1.91Kcal/mol, like P9, to be

deprioritized.

4.3. Structural Mechanics of the Lead Candidate (P8)
Compound P-8 appeared as the highest-performing entity,
yielding a peak Glide score of -7.79 Kcal/mol. Analysis of
its binding conformation highlights:

e Enhanced Hydrogen Bonding: The structural
orientation of the phenolic hydroxy groups, hydrazine
hydrogens, and carboxamide oxygen establishes multi-
point lock-and-key binding with the target protein
residues.

Step-1: Synthesis of amino quinazolinone.

(0]

e ADMET Stability: This optimal hydrogen bonding
network directly translates to improved aqueous
solubility and high overall bioavailability.

5. SCALABLE SYNTHETIC CHEMISTRY
PATHWAY
The projected synthetic scheme influences highly

reproducible synthetic methodologies, opening from cost-
effective, commercially available raw materials.

(e}

COOH ridine NH
S + cl by NN
R—— P ‘ _
NH, NH,NH,H,0 A >
R
R=NO,,Cl
substituted anthranilic acid benzoyl chloride 2-aryl-3-amino-4(3H)quinazolinone
Step-11: Synthesis of urea / thiourea.
Sodi / P
odiumcyanate,
Ammonium thio ~ N~ NHCXNH,

dL J\ : cyanate

2-aryl-3-amino-4(3H)quinazolinone

= =
Glacial acetic acu%{/ N

Quinazolinone urea/thiourea

X=0,S
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Step-111: Synthesis of quinazolinone semi/thiosemicarbazide.

% o

_NHCXNH,
N N N - NHOXNHNH,

\ NaOH
7N T /L/// z
hydrazine N
hydrate, EtOH R

Quinazolinone urea/thiourea

R

Quinazolinone
semicarbazide/thiosemicarbazide

Step-1V: Synthesis of targeted compounds.

= y
N N/NHCXNHNHZ Aldehyde/ N N/NHCXNHN CH

‘ Ketone ‘/
= = _ P Z
R/ N )\© EtOH,GAA R N )\Q

Quinazolinone
2-aryl-3-amino-4(3H)quinazolinone semicarbazones/thiosemicarbazones
semicarbazide/thiosemicarbazide

z- H,OH,N(CH3)3 etc

y- OH,Cl,etc.
5.1. Step-by-Step Chemical Protocol Filtered and recrystallized from pure alcohol to yield

1. Step I: Synthesis of 2-aryl-3-amino-4(3H)- the finished compounds.
quinazolone: Anthranilic acid (0.01 mol) was All the prepared compounds were immediately structural-
dissolved in dry pyridine at room temperature. The elucidated via FT-IR, NMR, Mass Spectrometry, and
flask was cooled and slowly added a solution of Elemental CHN analysis.
benzoyl chloride (0.02 mol) with constant stirring.
Reacted for 30 minutes, the resulting paste was washed 6. RESULTS & DISCUSSION
with aqueous sodium bicarbonate, and filtered the  6.1. Predictive ADMET & Safety Profiling
Benzoxazine intermediate. The precipitate was To be considered a clinically viable pharmaceutical
dissolved in anhydrous pyridine, added hydrazine resource, the P-series library underwent filtration using
hydrate dropwise, and refluxed continuously for 6  specialized predictive algorithms to assess safe metabolic
hours. Transferred the solution over ice-cold water  absorption and distribution.
containing dilute hydrochloric acid to isolate the pure . - .
crystallized amine. 6.2. Bioavailability and Permeability Profiles
e Oral Gastrointestinal Absorption: A perfect oral
equimolar quantities of the Step I amine (dissolved in absorption profile was attained by compounds P-3, P-
glacial acetic acid) and sodium cyanate (dissolved in 5, P-7,P-9, P-12, and P-13.
hot water). Mixed thoroughly and kept a side for 30 o (Caco-2 Cell  Permeability: Most of  the
minutes, and cooled over ice to generate the pure urea molecules showed remarkable cell-permeable
precipitate. scores that were significantly higher than the critical
baseline of >500 nm/sec (e.g. The g. P-3 = 461.03, P-4
Added an equimolar quantity of hydrazine hydrate to = 570.81. Candidates P-8 and P-14 were the only ones
the quinazoline urea intermediate suspended in water. to fall below the 60 nm/sec threshold.

Made alkaline the medium using a sodium hydroxide o Aqueous Solubility QPlogS: Excellent physical
solution, introduced pure ethanol to clear the liquid, bioavailability and a predictable formulation
and refluxed for 1.5 hours. Cooled and recrystallize characteristic ~ were  provided by all active
from ethanol.

2. Step II: Synthesis of quinazoline urea: Combined

3. Step III: Synthesis of quinazoline semicarbazide:

compounds falling strictly within the highly permitted

4. Step IV: Synthesis of quinazoline semicarbazone: optimal range of -3.65 to -5.96 mol dm-3.
Added an equimolar quantity of the chosen aromatic
aldehyde or ketone (in alcohol) to the quinazoline
semicarbazide solution. Added a few drops of glacial ® Lipinski’s Rule of Five Compliance: An asset's
acetic acid catalyst and refluxed for 30 minutes. likelihood of clinical success increases if it adheres to

drug-like boundaries. Almost the entire library

6.3. Strict Regulatory and Toxicity Filtering
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registered zero violations of Lipinski’s Rule, with
minor single exceptions P-4 and P- 15 recording just
one violation.

¢ Blood-Brain Barrier (BBB) Partitioning & Safety:
Polar drug interactions often lead to accidental
accumulation inside central networks, causing side
effects. The testing models confirmed that the blood-
brain partition coefficients QPlogBB and active central
nervous system tracking for all 16 compounds
remained entirely inactive (scores of -1 to -2). This
confirms that the molecules are uniquely optimized to
avoid central nervous system toxicities-effectively
sidestepping the severe drowsiness that limits current
legacy therapies.

7. TECHNICAL APPENDICES

In Vivo Screening Protocols & Statistical Models

To confirm the validity of the computational data, a
structured, industry-standard in vivo testing paradigm is
established to directly evaluate phenotypic protection
against neurological stressors.

1. Maximal Electroshock (MES) Seizure Model: The
main phenotypic screening tool for generalized tonic-
clonic seizures is this model. To cause immediate hind-
limb tonic extensor (HLTE) phases in animals, corneal
electrodes are used to deliver an alternating
current. The main  indicator  of  anticonvulsant
effectiveness is the total elimination of hind-limb
extensor.

2. Subcutaneous Pentylenetetrazole (scPTZ) Model:
A chemical seizure modelis used to assess the
compound's particular interaction with the intended
GABAergic pathway. PTZ administered
subcutaneously causes threshold-level clonic spasms
by acting as a potent GABA-A receptor antagonist. It
is confirmed that the synthetic quinazoline
semicarbazones effectively protect the GABA pathway
in vivo by delaying or completely preventing the onset
of clonic seizures.

3. Neurotoxicity & Behavioral Deficit Screens: The
Rotarod Test is used to create parallel safety profiles to
make sure the target molecules don't have the crippling
side effects of traditional antiepileptic medications
(like phenytoin or phenobarbital).
Animals are positioned on a revolving rod with knurles
(e. The g. 6 RPM) to eV.

4. Statistical Verification: Following a comprehensive
one-way Analysis of Variance (ANOVA) on
experimental data points, Dunnett's post-hoc test is
carried out. Only compounds that exhibit a statistically
significant change (P < 0.05 or P < 0.01) in
comparison to the vehicle control group are subjected
to chemical optimization.

Structure-Activity Relationship (SAR) Mapping
The structural changes between the synthesized molecules
relate their biological property. The structure-activity

relationship (SAR) is mainly determined by electronic
variations on the aromatic ring joined to the
semicarbazone linker

Electron-donating property(P-8): Due to the presence of
a phenolic hydroxy (—OH) group at the para-position in
compound P-8, scored the total maximum binding affinity
(Docking Score: -7.79 Kcal/mol) . The orientation of this
specific group permitted it to serve as a extremely efficient
hydrogen-bond donor straight to the amino acid residues
of the GABA-A binding pocket.

Effect of halogen (P-1, P-2, P-5): Addition of
electrophilic halogens like Chlorine or Bromine at the
para or meta positions maintained stable binding scores
ranging from -4.52 to -5.56 Kcal/mol. These electron-
withdrawing groups boosted lipophilicity, refining
standard membrane interaction profile.

Steric Hindrance (P-9): the binding score fallen sharply
to its weakest point -1.91 Kcal/mol by bulky substituents
or poorly oriented methoxy OCHs; groups. This drop
shows that the targeted GABA-A receptor pocket is
sensitive to steric crowding around the aromatic core.

DISCUSSION

The In-Silico profiling of quinazoline semicarbazones
were experimented based on the results, the primary
novelty respites on the chemical hybridization of three
structural components: the quinazoline core, the
centralized urea/semicarbazide linker, and the variable
aromatic  carbonyl  compounds.  This  particular
pharmacophore offers a strong basis for obtaining sound
composition-of-matter patents worldwide since it
represents an unmapped chemical area. Current
medications frequently cause central nervous system
toxicity since they primarily target sodium or calcium
channel blockades (e.g., carbamazepine). In contrast, this
stage focuses specifically on using an advanced non-
sedating structural component to upregulate GABA
networks. These drugs were specifically positioned to
target the massive "refractory epilepsy" market, which
presently accounts for billions of dollars in unmet clinical
expenses annually, by avoiding interactions that cause
fatigue brought on by the blood-brain barrier.

8. CONCLUSION

This quinazoline semicarbazone represents a highly viable
route for growing product groupings related to the central
nervous system. The current study effectively created a
highly potent chemical library by using computer-aided
molecular docking against the GABA-A receptor, which is
exemplified by the exceptionally potent lead drug, P-
8.This platform stands out as a high-value option for
progressive in vivo validation and eventual -clinical
licensing collaboration due to its anticipated synthetic
scalability, flawless Lipinski rule compliance, and novel
safety profile intended to reduce systemic toxicity.
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