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ABSTRACT 

A series of novel quinoline derivatives were synthesized and evaluated for their potential antimalarial activity 
against Plasmodium falciparum. The synthesized compounds were purified and characterized by 1H NMR, LC–MS, 
and elemental analysis. In vitro antimalarial activity was assessed using a microplate assay, and the synthesized 
derivatives exhibited moderate to significant parasite growth inhibition in a concentration-dependent manner. 
Among the tested compounds, G5 demonstrated the highest antimalarial activity with an IC50 value of 11.8 ± 0.7 
µg/mL, which was found to be comparable with the standard drug amodiaquine. Compounds G2 and G3 also 
showed promising antiplasmodial activity with IC50 values of 15.6 ± 0.8 and 16.9 ± 0.9 µg/mL, respectively. In 
silico ADME analysis indicated that most of the synthesized derivatives possessed acceptable drug-likeness 
properties with minimal Lipinski's rule violations and favorable physicochemical parameters. Molecular docking 
studies against the target protein (PDB ID: 4DPD) revealed strong binding affinity of the active compounds within 
the receptor binding pocket. Compound G5 exhibited the best docking score (−10.3 kcal/mol), followed by G3 and 
G2, showing significant hydrophobic interactions and stable protein–ligand complex formation with key active-site 
residues. The docking results correlated well with the experimental antimalarial activity. Overall, the present 
investigation demonstrated that structural modification of the quinoline scaffold significantly influenced antimalarial 
activity, and the synthesized derivatives may serve as promising lead molecules for the development of new 
antimalarial agents. 
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Introduction: 
Malaria continues to represent one of the most severe 
infectious diseases affecting global public health, 
particularly in tropical and subtropical countries. 
According to reports from the World Health 
Organization, millions of malaria cases and deaths 
are reported annually, with the majority occurring in 
developing regions of Africa and Asia1-5. Among the 

different Plasmodium species, Plasmodium 
falciparum is considered the most virulent and drug-
resistant parasite responsible for severe malaria 
infections and high mortality rates. Despite 
significant advancements in vector control programs 
and therapeutic interventions, malaria remains 
difficult to eradicate because of poor healthcare 
accessibility, socioeconomic limitations, inadequate 
sanitation, and the continuous emergence of resistant 
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parasite strains6-9. The rapid spread of multidrug 
resistance has significantly reduced the effectiveness 
of several conventional antimalarial drugs and 
created an urgent need for the development of novel 
therapeutic agents with improved efficacy and safety 
profiles10-16. 
The discovery and development of antimalarial drugs 
have historically been associated with natural 
products and heterocyclic medicinal chemistry. 
Quinoline derivatives occupy a highly important 
position in antimalarial drug discovery due to their 
remarkable pharmacological activities and long-
standing therapeutic success17-21. The isolation of 
quinine from the bark of Cinchona species 
represented one of the earliest successful natural 
product-based antimalarial therapies. Quinine 
remained a frontline treatment for malaria for many 
decades and later inspired the synthesis of several 
semisynthetic and synthetic quinoline analogues with 
enhanced potency and reduced toxicity. Among these 
compounds, chloroquine emerged as one of the most 
successful 4-aminoquinoline antimalarial drugs 
because of its excellent efficacy, affordability, and 
favorable safety profile22-24. However, prolonged and 
widespread clinical use of chloroquine eventually led 
to the emergence of resistant strains of P. falciparum, 
particularly in endemic regions of Southeast Asia, 
Africa, and South America. Resistance is mainly 
associated with mutations in transporter proteins such 
as PfCRT and PfMDR1, which reduce drug 
accumulation inside the parasite digestive vacuole 
and thereby diminish therapeutic activity25,26. 
The increasing prevalence of resistance against 
chloroquine, sulfadoxine-pyrimethamine, 
mefloquine, and even artemisinin-based combination 
therapies has intensified global concern regarding 
malaria treatment. Artemisinin resistance, 
characterized by delayed parasite clearance, threatens 
the effectiveness of current frontline therapies and 
highlights the necessity for continuous innovation in 
antimalarial drug discovery27-29. In response to these 
challenges, medicinal chemists have focused 
extensively on the structural modification of 
quinoline derivatives to overcome resistance and 
improve biological activity30,31. The quinoline 
nucleus is considered a privileged scaffold in 
medicinal chemistry because it exhibits a broad 
spectrum of biological properties, including 
antimalarial, antibacterial, antiviral, antifungal, 
anticancer, and antiparasitic activities32,33. Structural 
modifications involving heterocyclic hybridization, 
amino side-chain substitution, and incorporation of 
electron-withdrawing or electron-donating groups 
have produced compounds with enhanced 
antiplasmodial activity and improved selectivity. 
Several quinoline-based hybrid molecules, such as 

quinoline-thiazole and quinoline-triazole derivatives, 
have demonstrated promising activity against both 
chloroquine-sensitive and resistant strains of P. 
falciparumwith comparatively lower cytotoxicity34. 
The antimalarial activity of quinoline derivatives is 
primarily associated with their ability to interfere 
with heme detoxification within the parasite digestive 
vacuole35. During hemoglobin degradation, toxic free 
heme is released and subsequently converted into 
inert hemozoin crystals by parasite36. Quinoline 
compounds inhibit this detoxification pathway, 
leading to the accumulation of toxic heme species 
that ultimately result in parasite death. In addition to 
this mechanism, several quinoline analogues have 
also been reported to affect mitochondrial function, 
nucleic acid synthesis, enzymatic pathways, and 
membrane integrity within parasite37. Recent studies 
have further indicated that sulfur-containing 
heterocyclic systems possess considerable 
pharmacological significance because sulfur atoms 
can participate in diverse non-covalent interactions 
and improve biological activity. Thiophene-
containing compounds, in particular, have 
demonstrated significant antimicrobial, anticancer, 
and antiparasitic properties, suggesting that the 
incorporation of sulfur-based fused heterocycles into 
quinoline frameworks may provide highly promising 
antimalarial candidates37,38. 
The present investigation was therefore designed to 
synthesize and evaluate novel quinoline derivatives 
incorporating fused sulfur-containing heterocyclic 
systems. The study aims to contribute to ongoing 
antimalarial drug discovery efforts by combining 
classical quinoline pharmacophores with modern 
heterocyclic design strategies to identify promising 
lead molecules for the future development of safer 
and more effective antimalarial agents against 
resistant malaria strains. 
Materials and Methods 
All chemicals and solvents used in the present study 
were of analytical grade and procured from 
commercial suppliers. The synthesized compounds 
were purified by recrystallization and monitored by 
thin-layer chromatography (TLC) using suitable 
solvent systems. The purity of the final compounds 
was confirmed before characterization. The 
compounds were synthesized as per scheme 1. The 
synthesized compounds were characterized by 1H 
NMR, LC–MS, and elemental analysis. The 1H NMR 
spectra were recorded on a Bruker spectrometer using 
tetramethylsilane (TMS) as internal standard, and 
chemical shifts (δ) were expressed in ppm. LC–MS 
analysis was carried out to determine the molecular 
ion peaks of the synthesized compounds. Elemental 
analysis (C, H, and N) was performed to confirm the 
composition and purity of the final derivatives. To 
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synthesize compound B, Boc protection of the free 
amine in compound A was carried out using di-tert-
butyl dicarbonate ((Boc)₂O) in the presence of 
triethylamine (TEA). In the next step, nitro reduction 
of compound B was performed to obtain the 
corresponding amine intermediate C. Subsequently, 
in Step-3, compound C underwent nucleophilic 
aromatic substitution (SNAr) with the 
chloroquinoline derivative to afford compound E. In 
Step-4, Boc deprotection of compound E was 
achieved using HCl in dioxane to furnish the free 
amine intermediate F. Finally, in Step-5, alkylation of 
compound F with different alkyl halides (R–X) in the 
presence of TEA provided the target compounds G1–
G5. 
Synthetic Procedure: 
Step-1: Synthesis of tert-butyl 6-methyl-3-nitro-
2,3,4,5-tetrahydrothieno[3,2-c]pyridine-5-
carboxylate (B) 
To a stirred solution of compound A (1.0 eq) in dry 
dichloromethane (10 mL/mmol) at 0 °C was added 
triethylamine (TEA, 2.0 eq) followed by di-tert-butyl 
dicarbonate ((Boc)₂O, 1.2 eq) portion-wise under 
nitrogen atmosphere. The resulting reaction mixture 
gradually allowed to warm to room temperature and 
stirred for 2 h. The progress of the reaction was 
monitored by TLC. After completion, the reaction 
mixture was diluted with dichloromethane and 
washed successively with water and brine. The 
organic layer was dried over anhydrous sodium 
sulfate, filtered, and concentrated under reduced 
pressure. The crude residue was eluted in ethyl 
acetate/hexane (40 – 45%) solvent system by silica 
gel column chromatography to obtain compound B as 
a pale yellow solid. 
Step-2: Synthesis of tert-butyl 3-amino-6-methyl-
2,3,4,5-tetrahydrothieno[3,2-c]pyridine-5-
carboxylate (C) 
To a stirred solution of compound B (1.0 eq) in 
ethanol (10 mL/mmol) at 0 °C was added zinc dust 
(5.0 eq) followed by acetic acid (5–10 eq) dropwise. 
The reaction mixture was stirred at room temperature 
for 1 h. Completion of the reaction was confirmed by 
TLC. The reaction mixture was filtered through a pad 
of celite to remove excess zinc, and the filtrate was 
concentrated under reduced pressure. The residue 
was diluted with water and extracted with ethyl 
acetate. The combined organic extracts were washed 
with saturated sodium bicarbonate solution and brine, 
dried over anhydrous sodium sulfate, filtered, and 
evaporated under vacuum. Purification by silica gel 
column chromatography afforded compound C as an 
off-white solid. 
Step-3: Synthesis of substituted quinoline-
thienopyridine intermediate (E) 

A mixture of compound C (1.0 eq) and substituted 4-
chloroquinoline derivative D (1.0–1.1 eq) in ethanol 
(10–15 mL/mmol) was heated under reflux for 5 h 
under nitrogen atmosphere. The progress of the 
reaction was monitored by TLC. After completion, 
the reaction mixture was cooled to room temperature, 
and the solvent was removed under reduced pressure. 
The resulting residue was diluted with water and 
extracted with ethyl acetate. The combined organic 
layers were washed with brine, dried over anhydrous 
sodium sulfate, filtered, and concentrated. The crude 
product was purified by silica gel column 
chromatography in methanol/dichloromethane eluent 
(2 – 5%) to provide compound E as a yellow solid. 
Step-4: Synthesis of deprotected derivative (F) 
To a stirred solution of compound E (1.0 eq) in 
dichloromethane (10 mL/mmol) at 0 °C was added 4 
M HCl in dioxane (5–10 eq) dropwise. The reaction 
mixture was stirred at room temperature for 1 h. 
Completion of the deprotection was monitored by 
TLC. After completion, the reaction mixture was 
washed with saturated NaHCO3, dried over NaSO4 
and organic layer was evaporated under reduced 
pressure to obtain crude as a yellow gum (compound 
F), which was used in the next step without further 
purification. 
Step-5: General procedure for the synthesis of 
final compounds G(1–5) 
To a stirred solution of compound F (1.0 eq) in dry 
dichloromethane (10 mL/mmol) at 0 °C was added 
triethylamine (TEA, 2.0 eq) followed by the 
appropriate alkyl/aralkyl halide (R–X, 1.2 eq). The 
reaction mixture was stirred at room temperature for 
2 h under nitrogen atmosphere. The reaction progress 
was monitored by TLC. After completion, the 
mixture was diluted with dichloromethane and 
washed with water and brine. The organic phase was 
dried over anhydrous sodium sulfate, filtered, and 
concentrated under reduced pressure. The crude 
product was purified by silica gel column 
chromatography eluting with appropriate mixtures of 
methanol/dichloromethane (5 – 8%) to furnish the 
target compounds G(1–5) as solids in good yields. 
Compound F  
MP: 228-230 ºC; Yield: 84 %; Rf: 0.82; 1H NMR 
(400 MHz, CDCl3):δ 8.38 (d, J = 7.6 Hz, 1H), 7.93 
(d, J = 1.4 Hz, 1H), 7.76 (d, J = 7.6 Hz, 1H), 7.45 
(dd, J = 7.6, 1.4 Hz, 1H), 7.22 (s, 2H), 7.13 (d, J = 
7.6 Hz, 1H), 6.43 (s, 1H), 4.12 – 4.05 (m, 2H), 2.89 – 
2.79 (m, 2H), 2.64 – 2.59 (m, 1H), 1.48 – 1.44 (m, 
3H);LCMS: m/z [M]+ 329.92; Anal. Calcd. for 
C17H16ClN3S (329.86): C, 61.90%; H, 4.89%; N, 
12.74%; Found: C, 62.12%; H, 4.77%; N, 12.44%.  
Compound G1  
MP: 246-248 ºC; Yield: 71 %; Rf: 0.83;1H NMR (400 
MHz, CDCl3):δ8.50 (d, J = 7.6 Hz, 1H), 7.98 (d, J = 
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1.4 Hz, 1H), 7.86 (d, J = 7.4 Hz, 1H), 7.44 (dd, J = 
7.6, 1.4 Hz, 1H), 7.22 (s, 1H), 7.17 (d, J = 7.6 Hz, 
1H), 6.47 (s, 1H), 3.82 (dd, J = 44.0, 12.4 Hz, 2H), 
2.87 – 2.79 (m, 1H), 2.65 (dd, J = 12.4, 7.9 Hz, 1H), 
2.28 (s, 3H), 1.75 (dd, J = 12.4, 7.9 Hz, 1H), 1.49 (d, 
J = 6.5 Hz, 3H); LCMS: m/z [M]+ 343.78; Anal. 
Calcd. for C18H18ClN3S (343.88): C, 62.86%; H, 
5.28%; N, 12.22%; Found: C, 62.83%; H, 5.05%; N, 
11.93%.  
Compound G2  
MP: 232-234 º;Yield: 69 %; Rf value: 0.85;1H NMR 
(400 MHz, CDCl3):δ 8.42 (d, J = 7.4 Hz, 1H), 7.90 
(d, J = 1.4 Hz, 1H), 7.65 (d, J = 7.6 Hz, 1H), 7.40 
(dd, J = 7.4, 1.4 Hz, 1H), 7.32 (s, 1H), 7.20 (d, J = 
7.4 Hz, 1H), 6.67 (s, 1H), 4.03 (d, J = 12.4 Hz, 1H), 
3.72 (d, J = 12.4 Hz, 1H), 3.40 (dd, J = 12.4, 8.2 Hz, 
1H), 2.87 – 2.79 (m, 1H), 1.88 – 1.70 (m, 2H), 1.51 
(d, J = 6.5 Hz, 3H), 0.79 – 0.70 (m, 2H), 0.58 – 0.50 
(m, 2H); LCMS: m/z [M]+ 369.84 (261.56, 241.4, 
99.53); Anal. Calcd. for C20H20ClN3S (369.92): C, 
64.93%; H, 5.45%; N, 11.36%; Found: C, 64.58%; H, 
5.22%; N, 11.31%. 
Compound G3  
MP: 262-264 ºC; Yield: 76 %; Rf: 0.84;1H NMR (400 
MHz, CDCl3):δ 8.49 (d, J = 7.6 Hz, 1H), 8.04 (d, J = 
1.4 Hz, 1H), 7.68 (d, J = 7.4 Hz, 1H), 7.43 (dd, J = 
7.4, 1.4 Hz, 1H), 7.23 (d, J = 7.4 Hz, 1H), 7.13 (s, 
1H), 6.40 (s, 1H), 3.90 (d, J = 12.4 Hz, 1H), 3.73 (d, 
J = 12.4 Hz, 1H), 3.13 – 3.05 (m, 1H), 2.81 (ddd, J = 
15.6, 9.8, 2.6 Hz, 2H), 2.31 – 2.24 (m, 2H), 1.96 
(ddd, J = 11.0, 7.7, 5.2 Hz, 5H), 1.47 (d, J = 6.3 Hz, 
3H); LCMS: m/z [M]+ 384.91; Anal. Calcd. for 
C21H22ClN3S (383.95): C, 65.69%; H, 5.78%; N, 
10.95%; Found: C, 65.78%; H, 5.39%; N, 10.89%.  
Compound G4  
MP: 196-198 ºC; Yield: 73 %; Rf: 0.72; 1H NMR 
(400 MHz, CDCl3):δ 8.29 (d, J = 7.4 Hz, 1H), 8.10 
(d, J = 7.6 Hz, 1H), 7.89 (d, J = 1.2 Hz, 1H), 7.50 
(dd, J = 7.4, 1.4 Hz, 1H), 7.22 (s, 1H), 7.12 (s, 1H), 
6.71 (d, J = 7.6 Hz, 1H), 3.93 (d, J = 12.4 Hz, 1H), 
3.73 (d, J = 12.4 Hz, 1H), 3.53 (dd, J = 11.9, 6.0 Hz, 
1H), 2.83 (ddd, J = 14.2, 6.6, 1.1 Hz, 1H), 2.68 (dd, J 
= 12.4, 7.8 Hz, 1H), 1.91 (dd, J = 12.3, 7.8 Hz, 1H), 
1.50 (d, J = 6.4 Hz, 3H), 1.14 (d, J = 6.0 Hz, 
6H);LCMS: m/z [M]+ 371.82; Anal. Calcd. for 
C20H22ClN3S (371.94): C, 64.58%; H, 5.96%; N, 
11.30%; Found: C, 64.56%; H, 6.33%; N, 11.15%.  
Compound G5  
MP: 214-216 ºC; Yield: 85 %; Rf: 0.76; 1H NMR 
(400 MHz, CDCl3):δ 8.57 (d, J = 7.6 Hz, 1H), 7.93 
(d, J = 1.4 Hz, 1H), 7.69 (d, J = 7.6 Hz, 1H), 7.41 
(dd, J = 7.6, 1.4 Hz, 1H), 7.32 – 7.27 (m, 4H), 7.23 – 
7.18 (m, 2H), 7.12 (s, 1H), 6.36 (s, 1H), 4.12 (s, 1H), 
3.95 (d, J = 12.3 Hz, 1H), 3.75 (d, J = 12.4 Hz, 1H), 
3.60 (s, 1H), 2.86 – 2.79 (m, 2H), 1.95 – 1.88 (m, 
1H), 1.51 – 1.47 (m, 3H); LCMS: m/z [M]+ 419.12; 

Anal. Calcd. for C24H22ClN3S (419.98): C, 68.63%; 
H, 5.28%; N, 10.01%; Found: C, 68.35%; H, 5.37%; 
N, 10.27%.  
 
In vitro Antimalarial Activity 
In-vitro antimalarial activity of 
formulations F, G1, G2, G3, G4, G5, and standard 
Amodiaquine can be evaluated against Plasmodium 
falciparum by a microplate assay. Briefly, 
synchronized ring-stage parasites are maintained in 
human O+ erythrocytes suspended in 
complete RPMI-1640 medium at about 2% 
haematocrit and 1% parasitaemia, and 100µL of 
parasite suspension is added into each well of a 96-
well plate containing different concentrations of the 
test samples and Amodiaquine as the positive control. 
The plates are incubated at 37°C under a controlled 
gas atmosphere for 48 h, after which parasite growth 
is assessed either microscopically from Giemsa-
stained smears or by SYBR Green I fluorescence 
assay. The antimalarial effect is calculated as % 
inhibition compared with the untreated control, and 
the IC50 value is determined from the dose-response 
curve39-41. All experiments were carried out in 
triplicate and the results expressed as mean ± SD. 
In silico ADME 
In silico ADME properties of the synthesized 
quinoline derivatives were evaluated using an RDKit-
based Python script42,43. 
Molecular Docking Study 
Selection of ligands 
Ligands selected for molecular docking may be 
obtained from experimental reports, chemical 
databases, natural product libraries, designed 
analogues, or user-defined compound sets. The ligand 
structures were collected in standard chemical 
formats such as SMILES or SDF and inspected for 
chemical validity before docking. When using 
multiple ligands, all compounds were prepared using 
the same protocol to ensure consistency across the 
docking experiment. 
Protein preparation 
The three-dimensional structure of the target protein 
PfDHFR-TS (PDB id: 4DPD) was downloaded from 
rcsb.org and prepared from a PDB-format coordinate 
file. Unwanted water molecules, non-relevant hetero 
atoms, and unnecessary chains were removed 
according to the biological context of the target. 
Missing atoms and hydrogens are added during 
protein-cleaning steps. The cleaned protein structure 
is converted into AutoDock-compatible PDBQT 
format using MGLToolsAutoDockTools 
prepare_receptor4.py. The final receptor PDBQT file 
is checked for valid atom records, coordinates, 
charges, and AutoDock atom types before docking.  
Grid generation 
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The docking grid is generated to define the search 
space around the target binding site. When a co-
crystallized or reference ligand is available, the grid 
center is calculated from the ligand coordinates, and 
the grid dimensions are adjusted to cover the binding 
pocket. In the absence of a reference ligand, the grid 
can be defined manually based on known active-site 
residues, predicted pockets, or structural information. 
The final grid parameters include the center 
coordinates x=24.318, y=4.953, z=58.507 and box 
dimensions size 25 for each x, y, and z axes, 8 
exhaustiveness and the same grid is used for all 
ligands docked against a given target.  
Ligand preparation 
Ligand structures are converted into three-
dimensional forms and energy-minimized before 
docking. When RDKit is available, conformer 
generation and geometry optimization are performed 
using the MMFF94s force field; if MMFF94s 
minimization is unsuccessful, UFF is used as a 
fallback. Open Babel is used for structure format 
conversion and AutoDock-compatible PDBQT 
generation with Gasteiger charge assignment for the 
MGLTools-compatible workflow. The generated 
ligand PDBQT files are validated to ensure that they 
are non-empty and contain appropriate atom records 
before docking. 
Docking protocol and validation 
Molecular docking is performed using AutoDock 
Vina. Each prepared ligand is docked against the 
prepared receptor using the defined grid center, grid 
dimensions, exhaustiveness value, and CPU settings. 
Docking outputs are saved as PDBQT pose files, and 
binding affinity values are extracted from the Vina 
output.  
Analysis and visualization 
Docking results are summarized using binding 
affinity, ligand efficiency, estimated inhibition 
constant, docking status, and generated pose files. 
Protein-ligand complexes are created by combining 
the cleaned protein structure with docked ligand 
poses. Two-dimensional interaction diagrams are 
generated to show ligand-residue contacts in the 
binding pocket. Three-dimensional interactive 
visualizations are generated using the protein, docked 
ligand, nearby binding-site residues, residue labels, 
and hydrogen-bond-like contact lines. For validation, 
the docked reference ligand pose is overlaid with the 
original co-crystallized ligand in the protein binding 
site, allowing direct visual assessment of pose 
reproduction44-48. 
Results and Discussion 
Chemistry 
The synthetic scheme 1 was strategically designed to 
develop a series of quinoline-based derivatives (G1–
G5) by incorporating different pharmacologically 

important heterocyclic and alkyl substituents onto a 
common molecular scaffold. The design rationale 
was inspired by reference quinoline-containing drugs, 
as quinoline is a well-known privileged scaffold in 
medicinal chemistry and is reported to exhibit a 
broad spectrum of biological activities such as 
anticancer, antimicrobial, antimalarial, anti-
inflammatory, and kinase inhibitory properties. The 
presence of the quinoline nucleus enhances π–π 
interactions, hydrophobic binding, and hydrogen-
bonding interactions with biological targets, thereby 
improving pharmacological activity. In the present 
synthetic strategy, compound C acts as a key 
intermediate containing both an amino-functionalized 
heterocyclic moiety and a Boc-protected piperidine 
ring. The amino group generated after nitro reduction 
serves as a nucleophile for the SNAr reaction with 
the chloroquinoline derivative, enabling efficient 
attachment of the biologically active quinoline 
pharmacophore. The thiophene-fused heterocyclic 
system present in compound C further contributes to 
electronic delocalization and may enhance binding 
affinity and lipophilicity of the final molecules. 

 
Scheme 1: Synthesis Protocols of Compounds F & 

G1-G5 
The final compounds G1–G5 were designed by 
introducing different alkyl substituents through N-
alkylation in the last step to modulate steric, 
electronic, and lipophilic properties, which may 
influence biological activity, selectivity, and 
pharmacokinetic behavior. Compared with reference 
quinoline drugs, the synthesized molecules possess 
additional heterocyclic and substituted amine 
functionalities that may improve target interaction 
and overall therapeutic potential. 
Antimalarial Activity 
The synthesized quinoline derivatives F, G1, G2, G3, 
G4, and G5 were evaluated for their in vitro 
antimalarial activity against Plasmodium falciparum 
using a microplate assay, and the results are 
summarized in Table 1. All synthesized compounds 
exhibited concentration-dependent inhibition of 
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parasite growth, indicating that the quinoline scaffold 
retained significant antiplasmodial activity after 
structural modification. Among the tested 
compounds, G5 demonstrated the highest activity 
with 90.7 ± 0.8% inhibition at 50 µg/mL and an IC50 
value of 11.8 ± 0.7 µg/mL, which was found to be 
very close to the standard drug amodiaquine (IC50 = 
9.6 ± 0.5 µg/mL). Compounds G2 and G3 also 
showed promising antimalarial activity with IC50 
values of 15.6 ± 0.8 and 16.9 ± 0.9 µg/mL, 
respectively (Table 1, Figure 1). The enhanced 
activity observed for these derivatives may be 
attributed to the presence of hydrophobic substituents 
and favorable electronic effects that improved 
interaction with the biological target. Compound G1 
exhibited moderate activity, whereas compounds F 
and G4 displayed comparatively lower inhibition 
against the parasite. The comparatively weak activity 
of G4 may be associated with steric effects and 
reduced binding efficiency within the active site 
region. 
Table 1: Antimalarial activity data of Compound 

F, G1-G5 (mean ± SD) 

Sample 
% Inhibition 

IC50 
(µg/mL) 10 

µg/mL 
25 

µg/mL 
50 

µg/mL 

F 
31.4 ± 

1.2 
47.8 ± 

1.5 
64.2 ± 

1.3 
33.8 ± 

1.4 

G1 
38.6 ± 

1.1 
56.3 ± 

1.4 
72.8 ± 

1.2 
25.9 ± 

1.1 

G2 
49.7 ± 

1.3 
68.9 ± 

1.2 
85.6 ± 

1.0 
15.6 ± 

0.8 

G3 
47.8 ± 

1.2 
67.1 ± 

1.3 
84.1 ± 

1.1 
16.9 ± 

0.9 

G4 
26.8 ± 

1.4 
42.9 ± 

1.6 
58.7 ± 

1.4 
40.7 ± 

1.7 

G5 
54.9 ± 

1.0 
74.8 ± 

1.1 
90.7 ± 

0.8 
11.8 ± 

0.7 

Amodiaquine 
58.6 ± 

0.9 
78.5 ± 

1.0 
93.2 ± 

0.7 
9.6 ± 
0.5 

 
 

 

Figure 1: Antimalarial Activity of Compounds F, G1-
G5 

The structure–activity relationship observations 
suggested that substitution on the quinoline 
framework significantly influenced antimalarial 
potency. Increased lipophilicity and the presence of 
substituted aromatic functionalities appeared to 
enhance parasite inhibition, possibly by improving 
membrane penetration and molecular interactions 
with the heme detoxification pathway. The superior 
activity of G5 further indicated that bulky 
hydrophobic substitution favored stronger interaction 
within the receptor binding pocket. Overall, the 
synthesized quinoline derivatives demonstrated 
promising antimalarial potential, and the obtained 
results support the importance of quinoline-based 
structural modification for the development of new 
antimalarial agents. 
ADME Prediction 
In silico ADME analysis revealed that most of the 
synthesized quinoline derivatives satisfied Lipinski’s 
drug-likeness criteria with only one minor violation 
observed for compounds G1–G5 due to increased 
LogP values (Table 2). The compounds exhibited 
acceptable molecular weight, hydrogen bond 
donor/acceptor counts, and low TPSA values, 
indicating favorable membrane permeability and oral 
bioavailability potential. Among the tested 
derivatives, compound F showed complete 
compliance with Lipinski’s Rule of Five, whereas 
G2–G5 demonstrated enhanced lipophilic 
characteristics that may contribute to improved 
biological activity. 
Table 2: ADME observation of Compound F, G1-

G5 
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Molecular Docking 
The molecular docking study of the synthesized 
quinoline derivatives against the target protein (PDB 
ID: 4DPD) revealed significant binding affinity 
within the active site region. Among all tested 
compounds, G5 exhibited the highest binding affinity 
of −10.3 kcal/mol, followed by G3 (−10.2 kcal/mol), 
G2 and G4 (−9.9 kcal/mol), which were superior to 
the standard drug amodiaquine (−8.4 kcal/mol). The 
docking results suggested that the synthesized 
compounds formed stable protein–ligand complexes 
through hydrophobic interactions and hydrogen 
bonding with important active-site residues such as 
Phe A:58, Ser A:108, Ile A:164, Gly A:166, and Tyr 
A:170. Compounds G2 and G4 showed hydrogen 
bond interactions with Ser A:108, while G1 formed 
hydrogen bonds with Ile A:164 and Ser A:111, 
contributing to enhanced binding stability (Table 3, 
Figure 2). 
The enhanced docking scores observed for G2–G5 
may be attributed to the presence of substituted 
hydrophobic groups and the quinoline scaffold, 
which facilitated stronger interactions within the 
receptor binding pocket. Particularly, compound G5 
demonstrated extensive hydrophobic interactions 
with residues including Phe A:116, Tyr A:170, Leu 
A:119, Val A:195, and Ile A:164, indicating favorable 
accommodation within the active site cavity. The 
docking observations correlated well with the 
experimental antimalarial activity, where compounds 
showing better binding affinity also exhibited lower 
IC50 values. Overall, the molecular docking study 
supported the potential of the synthesized quinoline 
derivatives as promising antimalarial candidates and 
provided valuable insights into their possible binding 
mechanisms with the target protein. 
Table 3: Molecular Docking Study of Compound 

F, G1-G5 (PDB ID: 4DPD) 

Comp. 
Binding 
Affinity 

(Kcal/mol) 

H-
Bond 

Interactions 

Amodiaquine -8.4 
Leu 

A: 40 
(2.87) 

Phe A: 58, 
Leu A: 46, 
Ala A: 16, 
Asp A: 54, 
Gly A: 44, Ile 
A: 164, Met 
A: 55, Ser A: 
108, Ser A: 
111, Val A: 45 

F -8.9 

Ile A: 
164 

(3.07), 
Val A: 

45 
(3.31) 

Phe A: 58, 
Asp A: 54, 
Met A: 55, 
Val A: 195, 
Gly A: 166, 
Gly A: 41, 

Gly A: 44, 
Leu A: 40, 
Leu A: 46, 
Ser A: 108, 
Ser A: 111 

G1 -9.3 

Ile A: 
164 

(3.14), 
Ser A: 

111 
(3.54) 

Phe A: 58, 
Asp A: 54, 
Met A: 55, 
Gly A: 41, Ile 
A: 112, Leu 
A: 119, Gly 
A: 166, Gly 
A: 44, Leu A: 
40, Ser A: 
108, Val A: 
45 

G2 -9.9 
Ser A: 

108 
(3.57) 

Tyr A: 170, 
Phe A: 58, 
Gly A: 41, 
Met A: 55, 
Ala A: 16, 
Gly A: 166, 
Gly A: 44, Ile 
A: 164, Leu 
A: 40, Ser A: 
111, Ser A: 
167, Thr A: 
107 

G3 -10.2 - 

Phe A: 58, 
Asp A: 54, 
Cys A: 15, 
Thr A: 185, 
Gly A: 41, 
Leu A: 46, 
Val A: 195, 
Ala A: 16, 
Gly A: 166, 
Gly A: 44, Ile 
A: 14, Leu A: 
40, Ser A: 
108, Ser A: 
111, Ser A: 
167, Val A: 
45 

G4 -9.9 
Ser A: 

108 
(3.57) 

Tyr A: 170, 
Phe A: 58, 
Gly A: 41, 
Met A: 55, 
Ala A: 16, 
Gly A: 166, 
Gly A: 44, Ile 
A: 164, Leu 
A: 40, Ser A: 
111, Ser A: 
167, Thr A: 
107, Val A: 
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45 

G5 -10.3 - 

Phe A: 116, 
Tyr A: 170, 
Phe A: 58, 
Gly A: 41, 
Leu A: 119, 
Leu A: 46, 
Val A: 
195,Ala A: 
16, Gly A: 
166, Ile A: 
112, Ile A: 
164, Leu A: 
40, Pro A: 
113, Ser A: 
167 

 

  
G2 

  
G3 

 
G4 

 
G5 

Figure 2: 2D and 3D Binding Interactions of 
Compounds G2, G3, G4 and G5 

Conclusion 

The present study successfully synthesized and 
evaluated a series of novel quinoline derivatives for 
their antimalarial potential against Plasmodium 
falciparum. Among the synthesized compounds, G2, 
G3, and particularly G5 demonstrated promising 
antimalarial activity with lower IC50 values 
comparable to the standard drug amodiaquine. In 
silico ADME analysis revealed favorable drug-
likeness properties with minimal Lipinski’s rule 
violations, while molecular docking studies 
confirmed strong binding affinity and significant 
molecular interactions within the receptor active site, 
especially for compound G5. The overall findings 
indicate that structural modification of the quinoline 
scaffold can effectively enhance antimalarial activity 
and support the development of new therapeutic 
candidates. These results suggest that the synthesized 
quinoline derivatives may serve as promising lead 
molecules for future anti-malarial drug discovery, 
although further in vivo studies, toxicity evaluation, 
and detailed pharmacological investigations are 
necessary to establish their therapeutic potential. 
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