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ABSTRACT

In the study, a series of novel cholesterol carbamate derivatives were computationally investigated using density functional
theory (DFT) and molecular docking methods to evaluate their global reactivity and potential biological interactions. Ten
derivatives, incorporating aliphatic and aromatic amide functionalities, were modeled and optimized using the B3LYP/6-
31G level of theory. Key global descriptions such as HOMO-LUMO energy gap (AE), chemical hardness (1), softness
(S), electronegativity (), and global electrophilicity index (®) were calculated to assess the stability and reactivity of
each compound. Among them, the 4-nitroaniline derivative (C8) displayed the lowest energy gap (AE = 2.68 ¢V), highest
electrophilicity index (w = 5.5140), and highest dipole moment (8.73 D), suggesting strong reactivity and potential for
favorable interactions with biological targets. Furthermore, molecular docking studies against calf thymus DNA (ct-DNA)
revealed that C8 exhibited the most favorable binding, with a binding energy of —7.90 kcal./mole and an inhibition constant
of 1.61 uM. Compounds C4 and C7 also showed promising interactions, supported by their moderate energy gaps and high
electron-donating capacities. The combined computational approach offers valuable insights into the electronic features
and the binding potential of cholesteryl carbamate derivatives, paving the way for future biological and experimental
validations.
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1. INTRODUCTION

Cholesterol derivatives have gained significant attention due to their
potential biological activities, including antimicrobial, anticancer,
and anti-inflammatory properties [1-13]. Among them, carbamate
derivatives, in particular, are known for their chemical stability and
broad pharmacological potential. Incorporating aromatic and aliphatic
amides into the cholesterol framework may enhance the biological
activity and molecular interactions of these compounds.

Computational approaches, such as density functional theory
(DFT) [13-15] and molecular docking, provide valuable insights into
the structural stability, electronic reactivity, and binding potential of
newly designed molecules [16]. These in silico techniques are widely
used in drug discovery to predict the behavior of candidate molecules
before experimental validation.

This study aims to evaluate the global reactivity descriptors and
docking behavior of 10 novel cholesteryl carbamate derivatives, with
the goal of identifying promising bioactive compounds for further
biological investigation.

2. COMPUTATIONAL METHODS
2.1. DFT Calculations

All molecular structures were optimized using Gaussian software with
the B3LYP functional and 6-31G basis set [Figure 1]. The calculations
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were performed in a gas phase with a singlet spin state. Global reactivity
descriptors [17-19] such as HOMO and LUMO energies, energy gap
(AE), chemical potential (u), chemical hardness (1), softness (S),
electronegativity (y), electrophilicity index (), and dipole moment
were computed. Gaussview was used for molecule structure building
and visualization.

2.2. Molecular Docking

Molecular docking studies [19,20] were performed using AutoDock
4.2 to assess the binding affinities of the 10 cholesteryl carbamate
compounds against calf thymus DNA (ct-DNA), selected as the
model biomolecular target due to its relevance in DNA-interacting
drug target. Ligands were prepared by energy minimization and saved
in PDBQT format, whereas the ct-DNA structure was processed
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Table 2: Molecular docking results off cholesteryl carbamate derivatives with ct-DNA: Binding energy (AG), inhibition
constant (Ki) uM, free energy A, internal energy, and entropy (*S=4.58 kcal./moL/k, unless otherwise specified) at
298.15 K.

S. no. Binding energy Inhibition Free energy Internal energy
(AG, keal./mol) constant (Ki, uM) (A kcaL/mole) (kcaL/moL)
1 —6.55 15.76 —1370.16 —5.92
2 —6.49 17.46 —1370.25 —6.01
3 =7.07 6.55 —1370.44 —6.20
4 =7.71 2.25 —1371.00 —6.76
5 -7.29 4.56 —1370.30 —6.06
6 —6.82 9.95 —1370.46 —6.22
7 —7.54 2.97 —1370.93 —6.69
8 —=7.90 1.61 —1371.36 -7.13
9 —7.00 7.43 —1370.61 —6.37
10 =7.17 5.56 —1371.04 —6.81
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Figure 1: Modeled structures of 10 cholesteryl carbamate derivatives.

DNA groove. This correlates well with its high electrophilicity and with the DFT results and support the structure-activity relationship
dipole moment, which likely enhance its ability to form hydrogen observed in this study.
bonds and - stacking with the DNA base pairs. Compound C4 .

. o e o Figures show the docked poses of selected compounds C8, C4, and
(methoxybenzylamine derivative) and C7 (4-chloroaniline derivative) : o S
also exhibited strong binding affinities, with AG values of —7.71 and C7 clearly illustrate group binding and stabilization through hydrogen
~7.54 keaL/moL, respectively. These interactions are attributed to ~ onding and n—m stacking, providing visual confirmation of molecular
electron-donating and halogen groups promoting favorable van der interaction modes. The docking results correlate well with the DFT
Waals and electrostatic interactions with the DNA helix. In addition, findings, confirming that derivatives with electron-withdrawing groups
C5 and C10 also displayed good binding profiles, whereas other have better binding potential due to their enhanced reactivity and
derivatives displayed moderate activity. These findings are consistent favorable electronic distribution.
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Molecule Electrostatic Potential Maps
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Figure 2: ChemDraw structures, molecular orbital energy diagrams HOMO and LUMO, and electrostatic potential Maps (ESP) of
Compounds.
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1 Figure 1: Molecular docking interaction of compound C8 (4-nitroaniline derivative) with ct-DNA
Left: 3D binding pose shows groove binding and hydrogen bond stabilization. Right: 2D interaction map highlighting hydrogen
bonding, n— stacking, and van der Waals interactions with base pairs DT:A7, DC:A9, and DG:A10.

2 Figure 2: Docking interaction of compound C4 (methoxybenzylamine derivative) with ct-DNA
Left: 3D pose (left) shows m-alkyl interactions and groove binding;
Right: 2D map (right) highlights van der Waals and hydrogen bonding with base pairs DT:A8, DC:A9, and DG:A10.
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3 Figure 3: Docking interaction of compound C5 (cyclohexylamine derivative) with ct-DNA.
Left: 3D pose shows hydrogen bonding and hydrophobic embedding into the DNA groove; Right: 2D map confirms key carbon-
hydrogen bond contacts with DA:A6 and DT:A7.

4 Figure 4: Docking interaction of compound C7 (4-chloroaniline derivative) with ct-DNA. n—n T-shaped and n-alkyl interactions
dominate the binding, stabilizing the ligand within the minor groove.
Left: 3D binding pose shows relevant binding mode.
Right: 2D interaction map shows hydrogen bonding, n—= stacking, or van der Waals contacts.
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5 Figure 5: Docking of compound C10 (quinoline derivative) with ct-DNA
Left: 3D binding pose shows relevant binding mode.
Right: 2D interaction map shows van der Waals, conventional hydrogen bonding, n—r stacking, or van der Waals contacts
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Figure 3: Molecular docking interactions of selected compounds with ct-DNA. (a) Compound C8 (4-nitroaniline derivative): groove
binding and hydrogen bonding stabilization. (b) Compound C4 (methoxy benzylamine derivative): m-alkyl interactions and groove
binding. (¢) Compound C5 (cyclohexylamine derivative): hydrogen bonding and hydrophobic embedding into the DNA groove.
(d) Compound C7 (4-chloroaniline derivative): n—nt T-shaped and n—alkyl interactions within the minor groove. (¢) Compound C10
(quinoline derivative): relevant binding mode showing van der Waals and n—n interactions.
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4. CONCLUSION

The combined DFT and molecular docking analysis of cholesterol

In silico and in vitro studies, Drug Delivery and Translational
Research, 9: 106-122.

carbamate derivatives highlights the influence of different termites 10. S. S. Mayengbam, A. Singh, A. D. Pillai, M. K. Bhat, (2021)
on their electronic properties and binding affinities. Among them, Influence of cholesterol on cancer progression and therapy,
compound C8 emerged as the most promising candidate for further Translational Oncology, 14: 101043.

biological evaluation and development of cholesterol-based bioactive 11. K. Stagel, L. Ielo, K. Bica-Schroder, (2023) Continuous synthesis

molecules. of carbamates from CO, and amines, ACS Omega, 8: 48444-

48450.
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