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ABSTRACT 

Objective: This study aimed to design and evaluate a series of novel 5-Methyl-6aH-benzo [4,5]oxazolo [3,2-a]quinolin-2-ol derivatives as potential 
anticancer agents targeting the human amine oxidase (AO) enzyme. 

Methods: Seventeen oxazole-based ligands were designed and subjected to molecular docking simulations using the crystallographic structure of 
human AO (PDB ID: 2v5z). GlideScore was used to assess binding affinity, and key molecular interactions were analyzed. Additionally, ADME-
Toxicity properties were predicted to evaluate pharmacokinetic and safety profiles. 

Results: Among the ligands, compounds 8 and 10 demonstrated the highest binding affinities, with GlideScores of –10.219 and –10.461 kcal/mol, 
respectively, significantly better than the reference drug R-(–)-Deprenyl (–6.205 kcal/mol). These ligands exhibited strong hydrophobic and π–π stacking 
interactions with active site residues PHE168, TRP119, and TYR435, indicating stable binding. ADME-Toxicity analysis revealed that all designed ligands had 
favorable pharmacokinetic profiles, including high oral absorption, low predicted toxicity, and acceptable blood-brain barrier permeability. 

Conclusion: The results highlight the therapeutic potential of oxazole derivatives as effective scaffolds for developing new anticancer agents 
targeting amine oxidase, with compounds 8 and 10 emerging as promising lead candidates. 

Keywords: Benzo [4, 5]oxazolo [3,2-a]Quinolin-2-ol amine oxidase (AO), Molecular docking, Anticancer agents, Glide score, 2v5z, π–π stacking 
interactions, Hydrogen bonding, ADMET prediction, In silico drug design, Deprenyl, Biogenic amine deamination, Structure-based drug design 
(SBDD), Tumor progression, Pharmacokinetics 
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INTRODUCTION 

Amine oxidases (AOs) catalyze the oxidative deamination of amines, 
generating aldehydes, hydrogen peroxide (H2O2), and reactive oxygen 
species (ROS), thereby influencing cellular processes, and among 
them, monoamine oxidase A (MAO-A)-a mitochondrial flavoprotein-
plays a critical role in prostate cancer progression by promoting ROS 
production, epithelial–mesenchymal transition (EMT), and tumor 
growth, making it a promising therapeutic target for inhibition [1-5]. 
Dysregulation of monoamine oxidase A (MAO-A) has been extensively 
linked to various pathologies, including neuropsychiatric disorders 
such as depression and anxiety-where its hyperactivity disrupts 
neurotransmitter balance-as well as neurodegenerative diseases like 
Parkinson’s and Alzheimer’s, and cardiovascular conditions, including 
myocardial injury and heart failure [6-9]. In the context of cancer 
biology, particularly prostate cancer, elevated MAO-A activity has been 
associated with increased ROS production, epithelial–mesenchymal 
transition (EMT), and tumor progression. Inhibition of MAO-A has 
shown therapeutic promise in limiting tumor growth and metastasis 
[10, 11]. Within this framework, 5-Methyl-6aH-benzo [4,5]oxazolo [3,2-
a]quinolin-2-ol has emerged as a potential anticancer agent. Its fused 
tricyclic aromatic core promotes π–π stacking and hydrogen bonding 
within the MAO-A active site. Molecular docking studies predict a 
favorable binding orientation, suggesting effective inhibition of MAO-A 
by occupying the catalytic site and disrupting its enzymatic function 
[12-17]. Recent studies highlight the emerging role of MAO-A in 
cancer, particularly in prostate cancer (PC), one of the most commonly 
diagnosed non-skin cancers and a leading cause of cancer-related 
deaths in men [18-20]. Elevated MAO-A expression in prostate tumors 
correlates with higher Gleason grades and poor differentiation, 
suggesting its involvement in cancer progression and metastasis [21-
25]. Overexpressed MAO-A has been shown to suppress E-cadherin 
and upregulate vimentin and Twist, driving epithelial-to-mesenchymal 
transition (EMT) and contributing to metastasis [23-25]. Moreover, 
MAO-A upregulation has been linked to resistance against androgen 

deprivation and antiandrogen therapies in prostate cancer, indicating 
its role in castration-resistant prostate cancer (CRPC) [26-28]. MAO-A 
mediates resistance by regulating neuroendocrine differentiation 
through pathways involving GR (Glucocorticoid Receptor) activation 
and relieving REST transcriptional suppression, which promotes cell 
survival via autophagy while inhibiting apoptosis [29]. Contrastingly, 
studies on hepatocellular carcinoma (HCC) and cholangiocarcinoma 
reveal inconsistent roles for MAO-A, emphasizing the complexity of its 
function in cancer biology [30-33]. Nonetheless, MAO-A’s involvement 
in tumor progression, therapy resistance, and regulation of prostate 
epithelial cell growth makes it a promising target for cancer therapy 
[23, 25, 34, 35]. In particular, repurposing clinically available MAO 
inhibitors (MAOIs) offers a potential strategy for treating prostate 
cancer, with preclinical and clinical data supporting their efficacy [36-
38]. Additionally, benzoxazole-containing compounds have 
demonstrated significant anticancer activities across various cell lines 
[39-42]. Novel compounds integrating benzoxazole moieties with 
quinoline frameworks have exhibited promising antitumor effects, 
further underscoring their potential in cancer treatment [42-45]. 
Together, these findings position MAO-A and its inhibitors as key 
targets for advancing therapeutic strategies against cancer, 
particularly for aggressive and treatment-resistant forms like CRPC 
[46-48]. 

The benzo [d]oxazole nucleus, a privileged heterocycle incorporating 
both nitrogen and oxygen within a fused aromatic system, is known 
for its metabolic stability, binding affinity, and broad bioactivity, 
including anticancer effects. Its planar aromatic nature enhances π–
π stacking within enzyme binding pockets, while its modular 
structure enables systematic substitution to optimize potency, 
selectivity, and pharmacokinetic properties [49-51]. 

Altogether, these features make benzo [d]oxazolo derivatives 
compelling candidates for the development of novel MAO-A 
inhibitors with potential therapeutic applications in prostate cancer.
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Fig. 1: Structures of docked ligands and reference compound 
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MATERIALS AND METHODS 

Software and computational tools 

All computational studies were carried out using the Schrödinger 
Suite 2021-4 (Schrödinger, LLC, New York, NY, USA) [52, 53]. The 
following modules were employed: Maestro (for molecular 
visualization), LigPrep (for ligand preparation), Protein Preparation 
Wizard (for receptor preprocessing), Glide (for molecular docking), 
Receptor Grid Generation, and QikProp (for ADME/T predictions). 
Calculations were performed on a system running Windows 10 with 
Intel® Core™ i7 processor and 16 GB RAM. 

Ligand preparation 

A set of 17 ligands, including sixteen benzo [4, 5]oxazolo 
derivatives(compounds 8, 10) and the reference compound R-(–)-
deprenyl, were constructed using ChemDraw Ultra 12.0. These 
structures were imported into Maestro, and geometry optimization 
was performed using LigPrep with the OPLS4 force field. Ligands 
were desalted, tautomers and stereoisomers were generated, and 
ionization states were predicted using Epik at pH 7.0±2.0. 

Protein preparation 

The crystal structures of human amine oxidase (PDB IDs: 2v5z, 2v60, 
and 2v61) were obtained from the PDB (Protein Data Bank) 
(https://www.rcsb.org/) [54-56]. These protein structures were 
subsequently refined using the Protein Preparation Wizard in the 
Glide module. The preparation process involved several critical steps 
to ensure structural accuracy for further computational studies. 
Hydrogen atoms were added to the structures, and side chains distant 
from the active site or not participating in salt-bridge formation were 
neutralized. Crystallographic water molecules were removed, and 
appropriate protonation states and tautomeric forms of histidine 

residues were assigned. Additionally, the positions of hydroxyl and 
thiol hydrogen atoms were optimized, and the correct rotameric forms 
of Asn, Gln, and His residues were selected. Following these 
modifications, energy minimization was performed using the OPLS-
2005 force field to ensure a stable and energetically favorable 
conformation of the protein structures. These PDB entries represent 
monoamine oxidase (MAO) isoforms with known co-crystallized 
inhibitors, suitable resolutions, and relevance to MAO-A inhibition.  

Receptor grid generation 

For docking simulations, the binding site was defined using the 
centroid of the co-crystallized ligand or active site residues. A 
receptor grid was generated using the Receptor Grid Generation 
module with default parameters and grid box coordinates X = 
10.869, Y = –9.290, Z = 9.489. Water molecules were excluded, and 
no constraints were applied during grid setup. 

Molecular docking simulation 

Molecular docking was performed using the Glide XP (Extra 
Precision) mode with flexible ligand sampling (up to 100 poses per 
ligand) and the OPLS-2005 force field to ensure high-accuracy 
predictions. Docking poses were evaluated using GlideScore, Glide 
Energy, and Emodel Energy. GlideScore, an empirical estimate of 
binding affinity, considers van der Waals and electrostatic 
interactions, hydrogen bonds, lipophilic contacts, and structural 
penalties or rewards. The best pose for each ligand was selected 
based on the lowest GlideScore and favorable interactions with 
active site residues. 

ADMET prediction 

Pharmacokinetic and ADMET properties were predicted using the 
QikProp module. The following parameters were evaluated.

 

Table 1: Predicted ADMET parameters and acceptable ranges 

Parameter Description Acceptable range 
WPSA Weakly polar surface area 0.0–175.0 
Volume Total solvent-accessible volume (Å³) 500.0–2000.0 
Donor HB Number of hydrogen bond donors 0.0–6.0 
Acceptor HB Number of hydrogen bond acceptors 2.0–20.0 
QPlogS Aqueous solubility (mol/dm³) –6.5 to 0.5 
QPlogHERG Predicted IC₅₀(Half Maximal Inhibitory Concentration) for HERG K⁺ channel blockage <–5 
QPPCaco Caco-2 cell permeability (nm/sec) >500 
QPlogBB Logarithm of Brain/Blood Partition Coefficient –3.0 to 1.2 
QPPMDCK MDCK cell permeability (nm/sec) >500 
QPlogKp Logarithm of Skin Permeability –8.0 to –1.0 
Human Oral Absorption Estimated percentage of oral absorption >80% (High) 
Lipinski’s Violations Number of violations of Lipinski’s Rule of Five Minimal preferred 

These descriptors aided in assessing drug-likeness and the potential of the compounds as orally bioavailable antibacterial agents. 

 

Visualization and binding analysis 

The binding poses and molecular interactions between ligands and 
the amine oxidase active site were visualized using Pose Viewer and 
2D Interaction Diagrams in Maestro. Hydrogen bonds, π–π stacking, 
and hydrophobic contacts were examined. Superposition of docked 
poses was performed to compare the binding mode and orientation 
of structurally related compounds [56-58]. 

RESULTS AND DISCUSSION 

Molecular docking simulations 

Molecular docking simulations were conducted to assess the binding 
interactions of a designed library of 17 ligands with three 
crystallographic structures of the amine oxidase enzyme (PDB IDs: 
2v5z, 2v60, and 2v61). The docking scores revealed favorable binding 
affinities, with ranges of –7.148 to –10.461 for 2v5z, –3.04 to –4.79 for 
2v60, and –9.576 for 2v61. Corresponding binding energies (in 
kcal/mol) were observed within the ranges of –8.837 to –27.538 for 

2v5z, –27.022 to –30.816 for 2v60, and –20.611 for 2v61. A detailed 
listing of docking scores and binding energies for ligands 1–16 and the 
reference compound R-(–)-deprenyl (ligand 17) is presented in table 
1, while graphical representations for docking scores and binding 
energies specific to 2v5z are shown in fig. 2 and 3, respectively. 
Further molecular interaction parameters were analyzed, including 
potential energy (OPLS-2005: 122.486 to 245.665), Glide hydrogen 
bonding energy (Glide Hbond: 0 to –0.697), van der Waals energy 
(Glide EVDW: –6.213 to –44.356), and Coulombic energy (Glide ECoul: 
–0.015 to –8.431). These results, detailed in table 2, indicate strong 
and favorable ligand–protein interactions, particularly for ligands 
exhibiting substantial van der Waals and electrostatic contributions. 

Molecular docking energy evaluation 

Further analysis focused on the binding interactions of the 17 
ligands with amine oxidase (PDB: 2v5z) using the Glide module 
(Schrödinger) with the OPLS-2005 force field. Key docking 
parameters are summarized in table 2.

 

https://www.rcsb.org/
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Table 2: Docking scores of ligand1-16 and reference compound R-(-) –deprenyl with protein amine oxidase 

S. 
No. 

Protein name PDB Ligand 
No. 

Potential energy (OPLS-
2005) 

Docking 
Score 

Glide 
Hbond 

Glide 
EVDW 

Glide 
ECoul 

Glide 
energy 

1 Amine Oxidase 2v5z 1 122.486 -9.679 -0.7 -26.019 -1.519 -27.538 
2 Amine Oxidase 2v5z 2 136.114 -9.523 0 -22.626 0.568 -22.058 
3 Amine Oxidase 2v5z 3 136.814 -9.801 0 -25.21 1.201 -24.009 
4 Amine Oxidase 2v5z 4 167.127 -9.609 0 -18.431 2.629 -15.802 
5 Amine Oxidase 2v5z 5 173.213 -8.12 0 -22.998 2.046 -20.952 
6 Amine Oxidase 2v5z 6 159.544 -7.148 0 -16.802 2.635 -14.168 
7 Amine Oxidase 2v5z 7 177.254 -7.291 0 -21.802 3.089 -18.713 
8 Amine Oxidase 2v5z 8 245.665 -10.219 0 -17.492 2.35 -15.142 
9 Amine Oxidase 2v5z 9 204.574 -7.728 0 -19.4 2.332 -17.068 
10 Amine Oxidase 2v5z 10 239.395 -10.461 0 -22.248 2.564 -19.685 
11 Amine Oxidase 2v5z 11 197.629 -7.434 0 -19.395 3.053 -16.342 
12 Amine Oxidase 2v5z 12 135.323 -7.783 0 -9.643 0.806 -8.837 
13 Amine Oxidase 2v5z 13 140.921 -9.13 0 -16.166 2.048 -14.118 
14 Amine Oxidase 2v5z 14 154.112 -9.734 0 -18.602 2.191 -16.411 
15 Amine Oxidase 2v5z 15 215.576 -7.353 0 -20.603 2.208 -18.394 
16 Amine Oxidase 2v5z 16 178.869 -7.586 0 -20.187 2.464 -17.723 
*17 Amine Oxidase 2v5z 17 61.176 -6.412 0 -23.761 -1.307 -25.068 
 

Among all ligands, Ligand 10 exhibited the most favorable docking 
score (–10.461), alongside a significant Glide energy (–19.685 
kcal/mol), attributed to robust van der Waals and electrostatic 
interactions. Ligand 8 followed closely with a docking score of –
10.219; however, its high potential energy (245.665 kcal/mol) 
indicates possible conformational changes upon binding. Ligand 3 
also displayed a strong docking score (–9.801) and substantial Glide 
energy (–24.009), driven by strong van der Waals forces. Notably, 
Ligand 1 displayed one of the most negative Glide energies (–
27.538), indicating highly favorable binding interactions. It also 
showed the only significant hydrogen bond contribution (–0.7), 
suggesting specific H-bond interactions with active site residues, 
potentially enhancing selectivity and stability. In contrast, the 
reference compound Ligand 17 yielded the weakest performance 
(docking score –6.412; Glide energy –25.068), implying poor fit or 
unfavorable electrostatic compatibility within the binding pocket. 
Ligands 6, 7, 11, 15, and 16 presented moderately unfavorable 
profiles, with docking scores between –7.1 to –7.7. These findings 
indicate that Ligands 10, 8, 3, and 1 exhibit the most promising 
binding affinities and interaction energies. While Ligand 10 balances 
docking affinity and energy optimally, Ligand 1 demonstrates 
selective hydrogen bonding, and Ligand 8 suggests possible induced 
fit upon binding. These insights support the potential of these 
ligands for further in vitro and in vivo validation, with Ligand 17 
considered unsuitable for further development due to weak binding 
affinity. 

Pharmacokinetic (ADME/T) predictions 

ADME/T profiling was conducted using the QikProp module to 
predict pharmacokinetic behavior, including water solubility 
(QPlogS), Logarithm of Brain/Blood Partition Coefficient (QPlogBB), 
Predicted Permeability of Caco-2 Cells (QPPCaco), and human oral 

absorption. The results are provided in table 3. Most ligands 
demonstrated excellent predicted oral absorption (100%) and 
compliance with Lipinski’s Rule of Five, indicating good drug-
likeness. Notably, Ligands 2, 3, 5, 10, 13–16 passed all essential 
criteria. Ligand 17, while showing high oral absorption, had a high 
number of hydrogen bond donors/acceptors, violating the rule of 
five and possibly contributing to its poor binding. Table 3 
summarizes the ADME/T and pharmacological profiles of selected 
ligands and reference compounds predicted using QikProp. Most 
ligands show favorable absorption characteristics, with 100% 
predicted human oral absorption. Ligands such as 2 and 3 exhibit 
high Caco-2 and MDCK(Madin-Darby Canine Kidney) permeability, 
suggesting good intestinal absorption and blood-brain barrier (BBB) 
penetration. Ligands 10, 14, and 16 show moderate permeability 
and acceptable predicted logBB values, indicating potential CNS 
activity. Ligand 17, although distinct in structure (notably with 4 H-
bond donors and 11.1 acceptors), shows significantly lower 
Permeability of MDCK Cells (QPPCaco: 48.54; QPPMDCK: 24.66) and 
a high logBB (2.44), suggesting limited oral bioavailability but high 
CNS penetration potential. Most ligands follow Lipinski’s Rule of 
Five, indicating drug-likeness, though the high logHERG blockade 
values in some cases (e. g., ligand 10: –6.928) warrant caution due to 
potential cardiotoxicity. 

Receptor interaction analysis 

Ligands 8 and 10, which showed top docking performance, were 
further analyzed for their interaction profiles within 4 Å of the active 
site residues (table 4). Both ligands formed extensive hydrophobic 
contacts with residues such as Leu164, Leu167, Ile316, and Phe168, 
and π–π stacking with aromatic residues like Tyr326, Tyr60, and 
Phe343. Ligand 1 exhibited specific hydrogen bonding with Gln206, 
further supporting its strong binding stability.

 

Table 3: ADME/T and pharmacological parameters prediction for the ligands and the reference compounds using QikProp 

S. 
No. 

WPSA Volume Donor 
HB 

Accept
HB 

QPlo
gS 

QPlog
HERG 

QPPCaco QPlog
BB 

QPPMDCK QPlog
Kp 

Percent human 
oral absorption 

Rule of 
five 

1 0 800.706 1 1.5 -7.1 -4.827 287.911 0.023 1549.062 -1.382 100 0 

2 73.485 967.511 0 1.5 -9.1 -4.486 9450.506 0.603 100 -0.328 100 1 

3 73.346 1029.073 0 1.5 -8.5 -5.722 94.188 0.542 10000 -0.233 100 1 

5 0 1214.651 0 3.5 -8.3 -3.85 234.545 0.571 1362.065 -0.082 100 1 

10 0 1215.674 0 3.5 -5.4 -6.928 217.901 0.594 1250.541 -2.184 100 1 

13 0 1017.551 0 3.5 -3.7 -6.237 192.306 0.684 1140.412 -0.456 100 0 

14 0 1126.766 0 3.5 -4.4 -6.418 229.99 0.629 1346.519 -2.163 100 0 

15 0 1096.073 0 3.5 -4.2 -6.186 209.223 0.71 1213.656 -0.381 100 0 

16 0 1139.339 0 3.5 -4.9 -6.557 2169.153 0.722 1263.92 -2.376 100 0 

*17 21.52 1140.31 4 11.1 -3.79 -5.08 48.54 2.44 24.66 -0.29 100 0 

 

Predicted interaction with receptors 

The hydrophobic interactions of ligands 8 and 10 with the amine 
oxidase protein (PDB ID: 2v5z) were analyzed, revealing their 

strong engagement with key hydrophobic and nonpolar residues 
within the binding pocket. Ligand 8 interacted notably with 
residues such as Leu164, Leu167, Ile316, Ile199, Met341, Leu328, 
Leu171, Tyr398, Tyr188, Tyr435, Cys172, Ile198, Trp119, and 
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Phe168, while ligand 10 engaged a similar set including Leu164, 
Leu167, Ile198, Met341, Leu328, Leu171, Tyr188, Tyr435, Cys172, 
Ile316, Trp119, and Phe168. Both ligands established π-π stacking 
interactions with aromatic residues Tyr60, Tyr326, and Phe343, 
enhancing their stabilization within the hydrophobic environment 
of the active site. Additionally, interactions with the polar residue 

Gln206 contributed to overall binding stability. The hydrophobic 
interaction profiles of ligands 8 and 10 are detailed in table 4, with 
visual representations provided in fig. 2(A-B) and 3(A-B), 
underscoring the importance of hydrophobic contacts and π-π 
stacking in driving their strong binding affinity toward amine 
oxidase.

 

Table 4: Receptor interactions within 4Å for best ligands 

Protein PDB Ligand Hydrophobic residues Polar residues Pi-Pi interactions 
Amine 
Oxidase 

2v5z 8 Leu164, Leu167, Ile316, Ile199, Met341, Leu328, Leu171, Tyr398, 
Tyr188, Tyr435, Cys172, Ile198, Trp119, Phe168 

Gln206 Tyr326, Tyr60, 
Phe343 

  10 Leu164, Leu167, Ile198, Met341, Leu328, Leu171, Tyr188, Tyr435, 
Cys172, Ile316, Trp119, Phe168 

Gln206 Tyr326, Tyr60, 
Phe343 

 

ADME-toxicity and interaction analysis 

The pharmacokinetic and toxicity (ADME-T) profiles of ligands 1–16 
were evaluated using the QikProp module (Schrödinger, 2012), with 
results summarized in table 3. Most ligands displayed acceptable 
pharmacokinetic parameters, indicating favorable oral and systemic 
properties. All compounds showed 100% predicted human oral 
absorption, and except for ligand 1, QPlogHERG values indicated low 
cardiotoxicity risk. Only ligands 10–16 showed potential blood-brain 
barrier permeability, while ligands 2 and 3 had low skin 
permeability, and ligands 1–3 had suboptimal hydrogen bond 
acceptor values. Docking studies with amine oxidase (PDB ID: 2v5z) 
revealed strong binding interactions for ligands 8 and 10. Ligand 8 
showed hydrophobic interactions with PHE94, LEU198, and ILE124, 
along with π-π stacking with PHE99 and a hydrogen bond with 
GLU206. Ligand 10 exhibited a similar pattern, with additional 
electrostatic interaction with LYS66 and enhanced π-π stacking, 
suggesting stronger binding. Collectively, the ADME-T and docking 

results identify ligands 10–16, particularly ligand 10, as promising 
antimicrobial candidates with drug-like properties. 

Molecular docking visualization and interaction analysis 

The three-dimensional molecular docking visualization offers key 
insights into the interaction between the target protein and 
synthesized ligands. The protein is shown in wireframe, revealing its 
coiled structure with alpha-helices and loops, while atoms follow 
standard color codes (e.g., blue for nitrogen, red for oxygen). The 
ligand-binding site is highlighted by green residues, notably 
aromatic ones like histidine, phenylalanine, and tryptophan, which 
suggest a predominantly hydrophobic and aromatic pocket. These 
residues facilitate π-π stacking and hydrophobic interactions, 
favoring ligands with aromatic or heteroaromatic features. Ligands 8 
and 10 showed strong binding within a deep pocket, supported by 
docking scores and interaction data, with stabilization likely through 
π-π stacking and hydrogen bonding.

 

 

2A)      2(B) 

Fig. 2: Hydrophobic interaction of ligand 8 with 2v5z 2D (2A) and 3D (2B) 
 

 

3(A)      3B) 

Fig. 3: Hydrophobic interaction of ligand 10 with 2v5z 2D (3A) and 3D(3B) 
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The comprehensive docking analysis against human amine oxidase 
(PDB ID: 2v5z) confirms successful accommodation of the 5-Methyl-
6aH-benzo [4,5]oxazolo [3,2-a]quinolin-2-ol derivatives within the 
active site, reinforcing their biochemical relevance and therapeutic 
potential. Ligands 8 and 10 demonstrated the strongest binding 
affinities with docking scores of –10.219 and –10.461 kcal/mol, 
respectively, owing to their rigid fused aromatic scaffolds that 
facilitate π–π stacking with key residues such as PHE168 and TRP119, 
and their flexible ethoxy linkers ending in morpholine or piperidine 
moieties, which further enhance hydrophobic and polar interactions. 
Other derivatives like 1, 3, and 14 also exhibited favorable binding 
through van der Waals and electrostatic interactions driven by specific 
substituents. Conversely, compounds with bulkier or less interactive 
terminal groups (5–7, 9, 11–12, 15–17) displayed weaker binding 
affinities due to suboptimal fit within the enzyme’s active pocket. 
Collectively, the study underscores the importance of a planar 
aromatic core, strategic linker flexibility, and interactive terminal 
functionalities in maximizing ligand binding and highlights the 
potential of these synthesized compounds, including sulfonyl 
piperidine carboxamides, as promising amine oxidase inhibitors 
through reinforced hydrophobic and aromatic interactions. 

Coumarin–artemisinin hybrid demonstrated superior anticancer 
activity compared to previously reported derivatives by Zhang et al. 
(2015) [59], highlighting that the absence of a chemical linker 
enhances mitochondrial localization and cytotoxic potential. This 
observation is in agreement with the findings of Liu et al. (2019), who 
underscored the importance of mitochondrial ROS generation as a 
therapeutic mechanism in anticancer strategies [60]. Furthermore, 
structure–activity relationship (SAR) analyses of azole-linked hybrids 
support the results of Rani et al. (2021), wherein 1,2,3-triazole-
substituted coumarins exhibited enhanced anticancer efficacy, 
attributed to improved solubility and stronger target binding [61]. The 
Glide docking results align with these findings, as higher docking 
scores correlated with stronger in vitro activity. Key interactions such 
as hydrogen bonding, π–π stacking, and salt bridge formation 
contributed significantly to binding affinity, although the scoring of 
certain hydrogen bonds remained neutral due to desolvation effects 
[62]. Collectively, these results validate the rational design of the 
hybrid molecules and emphasize the critical role of non-covalent 
interactions in modulating bioactivity [63]. 

Future prospective 

Building on these promising computational results, future work 
should focus on the synthesis of ligands 8 and 10 followed by in vitro 
and in vivo biological evaluation to validate their anticancer efficacy 
and safety profiles. Structural optimization and analog design may 
further enhance their activity and selectivity. Additionally, molecular 
dynamics simulations could be performed to investigate the stability 
and interaction dynamics of the ligand-protein complexes under 
physiological conditions. These efforts will be crucial for advancing 
ligands 8 and 10 toward preclinical development as novel anticancer 
agents. 

CONCLUSION 

In this study, molecular docking using Glide was conducted to assess 
16 designed ligands against the amine oxidase enzyme (PDB ID: 2v5z), 
with special attention to hydrogen bond scoring nuances. While 
hydrogen bonds are typically favorable, their direct impact on binding 
affinity is often neutral due to water displacement, though entropy 
gain may enhance overall interaction. Notably, ligands 8 and 10 
showed the highest binding affinity, with docking scores of –10.219 
and –10.461, respectively, outperforming the reference ligand R-(–)-
deprenyl (–6.412). These ligands formed strong van der Waals and 
electrostatic interactions, exhibited the lowest Glide energies, and 
demonstrated excellent ADME-Toxicity profiles, including 100% 
predicted oral absorption and compliance with drug-likeness rules, 
marking them as promising anticancer candidates. 
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