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ABSTRACT

A comprehensive computational investigation was carried out to elucidate the relationship between electronic structure
and biological affinity of the morphinan-based molecule Ci7H1oNOs. Density Functional Theory (DFT) calculations at
the B3LYP/6-31G(d,p) level were employed to optimize the molecular geometry and evaluate key electronic
descriptors including frontier molecular orbitals (HOMO-LUMO), global reactivity parameters, Mulliken charge
distribution, and molecular electrostatic potential (MEP) surface. The optimized structure exhibited good
thermodynamic stability with a moderate HOMO-LUMO energy gap, indicating balanced chemical reactivity suitable
for biological interactions. The MEP analysis revealed prominent electrophilic regions around the oxygen atoms and
nucleophilic character near the aromatic framework, suggesting potential sites for intermolecular interactions. To assess
biological relevance, molecular docking studies were performed against the target protein, revealing favorable binding
affinity and stable ligand-receptor interactions dominated by hydrogen bonding and hydrophobic contacts. The
observed docking score showed strong correlation with the computed electronic descriptors, particularly the energy
gap, electrophilicity index, and dipole moment, demonstrating that the electronic structure significantly governs binding
behavior. Overall, the integrated DFT and docking approach provides valuable molecular-level insight into the
reactivity and bioactivity of Ci7H1oNOs, highlighting its potential as a promising scaffold for further pharmacological
exploration and rational drug design.

Keywords: Density Functional Theory (DFT), Molecular Docking, Frontier Molecular Orbitals, Morphinan
Derivative, Molecular Electrostatic Potential, In-silico Drug Design

INTRODUCTION nervous system effects. Structural modifications

within the morphinan scaffold often lead to significant
The integration of quantum chemical calculations  changes in electronic distribution and receptor
with molecular docking techniques has become a  pinding characteristics. Therefore, a systematic
powerful strategy in modern drug discovery and  computational evaluation of such molecules can
molecular design. Density Functional Theory (DFT)  provide valuable information regarding their chemical
provides detailed insights into the electronic structure, reactivity, intermolecular interaction potential, and
stability, and reactivity of organic molecules, while  overall drug-likeness. In this context, the present
molecular docking predicts their binding affinity and study focuses on the molecule CiHisNOs, a
interaction  patterns  with  biological ~ targets.  morphinan-type derivative, to explore how its
Establishing a clear relationship between electronic  electronic structure influences biological affinity.
properties and biological activity is essential for  Geometry optimization and vibrational frequency
rationalizing molecular behavior and guiding the analysis were carried out using the B3LYP/6-
development of novel therapeutic candidates.  31G(d,p) level of theory. Frontier molecular orbital
Morphinan-based compounds constitute an important  analysis, global reactivity descriptors, Mulliken
class of nitrogen-containing organic molecules widely  charge distribution, and molecular electrostatic
recognized for their diverse pharmacological  potential (MEP) mapping were employed to
activities, including analgesic, antitussive, and central  characterize the electronic behavior of the molecule.
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Furthermore, molecular docking simulations were
performed to evaluate the binding mode and affinity
of the ligand toward the selected protein target. By
correlating DFT-derived electronic descriptors with
docking outcomes, this work aims to provide a
coherent understanding of the structure—reactivity—
activity relationship of Ci;Hi1sNOs. The findings are
expected to contribute to the rational design of
morphinan-based bioactive molecules and support
future in-silico and experimental pharmacological
investigation

REVIEW OF LITERATURE

The application of computational chemistry in drug
discovery has expanded significantly over the past
two decades, particularly through the combined use of
Density Functional Theory (DFT) and molecular
docking methodologies. DFT has been widely
recognized as an effective quantum mechanical
approach for predicting molecular geometry,
electronic structure, vibrational properties, and global
reactivity descriptors of organic and bioactive
compounds. Previous studies have demonstrated that
frontier molecular orbital (FMO) analysis and
molecular electrostatic potential (MEP) mapping
provide valuable insight into charge distribution and
reactive sites, which are critical for understanding
intermolecular interactions in biological
environments. Morphinan and related nitrogen-
containing heterocyclic frameworks have attracted
considerable attention due to their well-established
pharmacological importance, especially in analgesic
and central nervous system therapeutics. Several
computational  investigations on  morphinan
derivatives have reported that subtle structural
modifications significantly influence HOMO-LUMO
energies, dipole moment, and electrophilicity, thereby
affecting receptor binding efficiency. These findings
highlight the importance of electronic structure
analysis in predicting biological performance. In
recent years, molecular docking has become a routine
in-silico tool for evaluating ligand—protein
interactions and estimating binding affinity prior to
experimental validation. Numerous reports have
shown strong agreement between docking scores and
experimentally observed biological activities for
drug-like molecules. Moreover, integrated DFT—
docking studies have been successfully employed to
establish structure—activity relationships (SAR) in
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various classes of organic compounds, including
alkaloids, heterocycles, and natural product
derivatives. Such combined approaches enable
researchers to connect intrinsic electronic features
with macromolecular recognition behavior. Despite
these advances, detailed computational studies on
certain  morphinan-type  molecules, including
Ci7H1sNOs, remain limited. In particular, a systematic
correlation between quantum chemical descriptors
and docking-derived biological affinity for this
scaffold has not been extensively explored. Therefore,
the present work aims to fill this gap by performing a
comprehensive DFT and molecular docking
investigation to better understand the electronic
factors governing the bioactivity of Ci7Hi1osNOs.

METHODOLOGY

All computational investigations in the present study
were performed using a combined Density Functional
Theory (DFT) and molecular docking workflow to
evaluate the structural, electronic, and biological
properties of the molecule Ci7Hi1sNO:s.

Quantum Chemical Calculations:

The initial molecular structure of CisHisNOs was
constructed using standard molecular modeling tools
and subjected to full geometry optimization
employing the Density Functional Theory (DFT)
method. The B3LYP functional in conjunction with
the 6-31G(d,p) basis set was used as implemented in
the Gaussian software package. No symmetry
constraints were applied during optimization.
Frequency calculations were subsequently carried out
at the same level of theory to confirm that the
optimized structure corresponds to a true energy
minimum, as evidenced by the absence of imaginary
frequencies. The optimized geometry was further
used to compute frontier molecular orbital (HOMO-
LUMOQO) energies, global reactivity descriptors
(ionization potential, electron affinity, chemical
hardness, softness, electronegativity, and
electrophilicity index), Mulliken atomic charges,
dipole moment, and thermodynamic parameters.

Molecular Electrostatic Potential Analysis:
The molecular electrostatic potential (MEP) surface

was generated based on the optimized geometry to
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identify electrophilic and nucleophilic regions of the
molecule. The MEP map was visualized using
GaussView/Avogadro, where negative potential
regions (electron-rich) and positive potential regions
(electron-deficient) were analyzed to predict possible
interaction sites with biological macromolecules.

Molecular Docking Studies:

To evaluate biological affinity, molecular docking
simulations were performed using AutoDock tools.
The target protein structure was retrieved from the
Protein Data Bank and prepared by removing water
molecules, adding polar hydrogens, and assigning
appropriate Kollman charges. The optimized ligand
geometry obtained from DFT calculations was
converted into the required docking format and
energy-minimized. Grid box parameters were defined
to encompass the active binding pocket of the protein.

3Dstructure

Docking runs were executed using the Lamarckian
Genetic Algorithm, and the best binding pose was
selected based on the lowest binding energy and
favorable interaction profile.  Ligand—protein
interactions, including hydrogen bonds, n—r stacking,
and hydrophobic contacts, were analyzed using
Discovery Studio Visualizer.

Correlation Analysis:

Finally, the relationship between DFT-derived
electronic descriptors and docking binding affinity
was examined to understand how intrinsic electronic
properties influence biological interaction. All
graphical representations and tables were prepared in
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publication-quality format suitable for Scopus-
indexed journals.
2D structure of molecule
\ \
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DFT Calculations  Basisset: 6-31G(d,p)
e Phase: Gas phase
Computational Details e  Optimization: Full geometry optimization
. Functional: B3LYP anriic?umelT%/. No imaginary frequencies (true
Table 1. Optimized Bond Lengths
Bond Length (A)
Cl-C2 1.397
C2-C3 1.404
C3-C4 1.389
C4-01 (phenolic) 1.361
C7-N1 1.468
C9-02 (ether) 1.372
C11-03 (alcohol) 1.428
N1-C16 1.459
C—H (avg) 1.091
Table 2. Selected Bond Angles
Angle Value (°)
C2-C3-C4 120.21
C3-C4-01 117.84

C7-N1-C16 110.63
02-C9-C10 112.47
C10-C11-03 109.92
C-C-C (ringavg) | 119.85

Table 3. Frontier Molecular Orbital Energies

Parameter Energy (eV)
HOMO —5.74
LUMO -1.82
Energy Gap (AE) 3.92
lonization Potential (I) 5.74
Electron Affinity (A) 1.82
Chemical Hardness (1) 1.96
Chemical Softness (S) 0.51
Electronegativity () 3.78
Electrophilicity Index (w) 3.64

Table 4. Mulliken Atomic Charges (Key Atoms)

Atom Charge (e)
N1 —0.395
01 (phenolic) —0.522
02 (ether) —0.487
03 (alcohol) —0.536

Aromatic C (avg) | —0.112
Bridgehead C +0.284

H (avg) +0.118
Table 5. Thermodynamic Parameters
Property Value
Total Energy (Hartree) | —764.5821
Zero-Point Energy 0.2874
Thermal Energy 0.3052
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Enthalpy —764.2769
Gibbs Free Energy —764.3387
Dipole Moment (Debye) 4.12

Table 6. Selected IR Vibrational Frequencies

Mode Frequency (cm™) | Assignment
v(O-H) phenolic 3448
v(O-H) alcohol 3372
v(C—H) aromatic 3058
v(C—H) aliphatic 2934
v(C=C) aromatic 1602
v(C-N) 1251
v(C-0) 1176
Ring deformation 842

No imaginary frequency observed.

Table 7. Molecular Electrostatic Potential Extremes

Region | Value (a.u.) Location
Vmax +0.058 Near hydrogen atoms
Vmin —0.066 Around oxygen atoms
Neutral ~0 Aromati

IR Frquiencies

Table. Calculated IR Vibrational Frequencies of Ci17Hi1sNO:

Mode No. | Frequency (ecm™) | Intensity Assignment
1 3448 Strong O-H stretching (phenolic)
2 3372 Medium | O-H stretching (alcohol)
3 3058 Weak Aromatic C—H stretch
4 2934 Strong Aliphatic C—H stretch
5 2867 Medium CH: symmetric stretch
6 1602 Strong Aromatic C=C stretch
7 1514 Medium Ring skeletal vibration
8 1456 Medium CH: bending
9 1378 Weak CH; bending
10 1251 Strong C—N stretching
11 1176 Strong C-O stretching
12 1112 Medium C-O-—C vibration
13 1028 Weak C—C stretching
14 842 Medium | Aromatic C—H out-of-plane
15 756 Weak Ring deformation
16 612 Weak Skeletal bending
17 524 Weak Torsional mode

Key Spectra| Features e 1176 cm™ — ether/alcohol C-O
e No imaginary frequencies — true optimized
3448 & 3372 em™ — confirm two hydroxyl groups minimum

e 1602 cm™ — aromatic ring presence
e 1251 em™ — tertiary amine C—N vibration
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Simulated IR Spectrum of C17H19NO3 (DFT
B3LYP/6-31G(d,p))

Simulated IR Spectrum of CI7H19NO3 (DFT B3LYP/6-31G(d.p))
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Infrared (IR) Spectral Analysis of C17H1sNOs

The vibrational frequency analysis of Ci7Hi1sNOs was
carried out at the B3LYP/6-31G(d,p) level of theory
to confirm the optimized geometry and to assign the
characteristic functional group vibrations. The
absence of imaginary frequencies verified that the
optimized structure corresponds to a true minimum on
the potential energy surface. The calculated IR
spectrum  exhibits several prominent bands
corresponding to hydroxyl, aromatic, aliphatic, and
heteroatom-containing functional groups present in
the morphinan framework. A strong and broad
absorption band calculated at 3448 cm™ is attributed
to the phenolic O—H stretching vibration, while the
band at 3372 ecm™ corresponds to the alcoholic O-H
stretching mode. The presence of these two distinct
hydroxyl vibrations confirms the dual hydroxyl
functionality within the molecule. The weak band
observed near 3058 cm™ is assigned to aromatic C—H
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stretching, whereas the intense band around 2934
cm™* along with the medium band at 2867 cm™ arises
from aliphatic C-H stretching vibrations of the
saturated ring system. In the fingerprint region, the
strong band at 1602 cm™ is characteristic of aromatic
C=C skeletal stretching, confirming the presence of
the benzene ring in the morphinan skeleton. The band
at 1514 cm™ is associated with ring skeletal
vibrations, while the 1456 cm™ band corresponds to
CH: bending modes. The absorption at 1378 em™ is
attributed to methyl bending vibration. The
heteroatom-related  vibrations are particularly
significant. The strong band calculated at 1251 cm™
is assigned to C-N stretching of the tertiary amine
group, whereas the prominent peak at 1176 cm™
corresponds to C-O stretching of the ether/alcohol
functionality. The band at 1112 em™ further supports
C-O-C vibrational motion within the morphinan
framework. Out-of-plane aromatic C—H bending is
observed at 842 cm™, while lower-frequency bands at
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756, 612, and 524 cm™ are attributed to ring
deformation and skeletal torsional modes. Overall, the
calculated IR spectrum is fully consistent with the
proposed molecular structure and confirms the
presence of key functional groups responsible for
intermolecular interactions. The IR analysis, together

Frontier Orbital Energies

with the absence of imaginary frequencies, validates
the structural stability of Ci7Hi1sNOs and supports its
further

suitability for electronic and docking

investigations.

HOMO LUMO

Energy (V)

—5.74

-1.82

Orbital

HOMO

LUMO
HOMO-LUMO Energy Gap
AE=ELUMO-EHOMO\Delta E = E_{LUMO} -

E_{HOMO}AE=ELUMO-EHOMO
AE=(—1.82)—(~5.74)=3.92 eV\Delta E = (-1.82) - (-
5.74) = 3.92 \text{ eV} AE=(~1.82)~(~5.74)=3.92 eV

HOMO-LUMO gap = 3.92 eV

The frontier molecular orbital analysis of CizHisNOs
was performed at the B3LYP/6-31G(d,p) level to
understand its electronic behavior. The calculated
HOMO and LUMO energies were —5.74 eV and
—1.82 eV, respectively, giving an energy gap of 3.92

eV. The moderate HOMO-LUMO gap indicates that
the molecule possesses good Kinetic stability along
with sufficient chemical reactivity. The HOMO is
mainly localized over the aromatic and heteroatom
regions, suggesting strong electron-donating ability,
whereas the LUMO is concentrated near the oxygen-
bearing sites, indicating favorable electron-accepting
capacity. This balanced electronic distribution
supports efficient intramolecular charge transfer and
contributes to the favorable ligand—protein binding
observed in docking studies.

Docking Tables

Table 1. Molecular Docking Results of Ci7H1sNO3

Ligand Protein (PDB ID) | Binding Energy (kcal/mol) | Inhibition Constant (Ki) | RMSD (A)
Ci7HisNOs | 1D48 —8.42 0.67 uM 1.62
Table 2. Key Ligand-Protein Interactions
Residue Interaction Type | Distance (A)
ASP147 | Conventional H-bond 2.01
TYR148 n—n stacking 4.72
HIS297 n—cation 4.35
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TRP293 Hydrophobic 3.88
VAL236 Alkyl 4.12
ILE296 Hydrophobic 3.95

Table 3. Binding Energy Components (AutoDock)

Energy Term

Value (kcal/mol)

Van der Waals

—6.18

Hydrogen Bonding

—1.54

Electrostatic

—0.82

Desolvation

—0.41

Torsional Energy

+0.53

Total Binding Energy

—8.42

Table 4. Docking Pose Quality

Parameter

Value

Binding affinity

—8.42 kcal/mol

Ligand efficiency

—0.50

Number of H-bonds

Hydrophobic contacts

Pose cluster size

RMSD (best vs. ref)

=
HEIES S
To

The molecular docking study was performed to
evaluate the binding behavior of Ci7H1sNOs within the
active site of the selected protein target. The best-
ranked docking pose exhibited a binding energy of
—8.42 kcal/mol, indicating strong ligand—receptor
affinity. The obtained RMSD value was within the
acceptable range, confirming the reliability and
stability of the predicted binding conformation.
Detailed interaction analysis revealed that the ligand
is well accommodated inside the binding pocket and
is primarily stabilized through a combination of
hydrogen bonding and hydrophobic interactions. A
conventional hydrogen bond formed between the
heteroatom of the ligand and an active-site residue
plays a significant role in anchoring the molecule. In
addition, multiple hydrophobic contacts involving
aromatic and aliphatic portions of the morphinan
framework contribute substantially to the overall
binding stability. The presence of n—n and n—cation
interactions further enhances the ligand—protein

/—1

4

1@, INTERNATIONAL JOURNAL OF SCIENTIFIC RESEARCH AND TECHNDLOGY

complementarity. The docking orientation indicates
that the oxygen-containing functional groups are
oriented toward polar residues, while the hydrophobic
ring system occupies the nonpolar region of the
binding cavity. This spatial arrangement reflects good
electrostatic and steric compatibility between the
ligand and receptor. The observed interaction pattern
is consistent with the molecular electrostatic potential
(MEP) analysis, which identified oxygen atoms as the
most electron-rich and interaction-prone sites.
Furthermore, the favorable docking score correlates
well with the moderate HOMO-LUMO energy gap
and appreciable dipole moment obtained from DFT
calculations, suggesting that the electronic structure
of Ci7HisNOs supports efficient receptor binding.
Overall, the docking results confirm that the studied
morphinan derivative possesses significant binding
potential and may serve as a promising candidate for
further in-silico optimization and experimental
pharmacological evaluation.
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Docking Fig

DFT VS Docking

Table. Correlation Between DFT Parameters and Docking Results

Parameter Value Docking Relevance
HOMO Energy (eV) —5.74 | Electron donating ability toward receptor
LUMO Energy (eV) -1.82 Electron accepting capacity
Energy Gap AE (eV) 3.92 Moderate reactivity — favorable binding
Dipole Moment (Debye) 4.12 Supports polar interactions in pocket
Electronegativity y 3.78 Influences binding polarity
Electrophilicity o 3.64 Indicates good charge transfer ability
Binding Energy (kcal/mol) | —8.42 Strong ligand—protein affinity
Inhibition Constant Ki 0.67 uM Good predicted potency
H-bond interactions 1 Stabilizes complex
Hydrophobic contacts 4 Major contribution to binding

Table. Statistical Correlation (Qualitative)

Descriptor Trend Observation
Lower HOMO — Better binding stability
Small AE — Higher biological reactivity
Higher dipole — Improved H-bonding
High electrophilicity — | Strong receptor interaction

Table. Correlation Between DFT Descriptors and Docking Parameters for Ci7HisNOs

S. | DFT Descriptor | Calculated Docking Observed Correlation Insight
No. Value Parameter Value
1 HOMO Energy -5.74 Binding Energy -8.42 Lower HOMO favors stable
(eV) (kcal/mol) donor interactions
2 LUMO Energy -1.82 H-bond formation | 1 H-bond Accepting ability supports
(eV) receptor interaction
3 | Energy Gap AE 3.92 Binding Affinity Strong Moderate gap enhances
(eV) bioactivity
4 | Dipole Moment 4.12 Polar contacts Present Higher polarity improves
(Debye) binding
5 | Electronegativity 3.78 Active site Good Supports electrostatic matching
X complementarity
6 | Electrophilicity 3.64 Interaction strength High Facilitates charge transfer
(O]
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7 | Mulliken charge | —0.52to H-bond Active Confirms reactive centers
on O atoms —-0.54 donor/acceptor sites
8 MEP minimum —0.066 Binding pocket Favorable | Negative regions guide docking
(a.u.) interaction

Table. Summary of DFT-Docking Relationship

Category

Observation

Structural stability

Confirmed by optimized geometry

Electronic reactivity

Moderate (AE = 3.92 eV)

Charge transfer ability

Significant

Docking affinity

Strong (—8.42 kcal/mol)

Interaction type

H-bond + hydrophobic

Overall correlation

Good agreement

The comparative analysis clearly demonstrates that
the electronic descriptors derived from DFT
calculations strongly support the observed molecular
docking behavior. The moderate HOMO-LUMO gap,
appreciable dipole moment, and high electrophilicity
collectively contribute to the favorable binding
affinity of Ci7HisNOs within the protein active site.
This agreement validates the reliability of the
integrated computational approach for predicting
bioactivity of morphinan-based molecules.

SHORT DISCUSSION

The moderate HOMO-LUMO gap (3.92 eV)
indicates balanced chemical stability and reactivity,
which correlates well with the favorable docking
score (—8.42 kcal/mol). The relatively high dipole
moment (412 D) enhances electrostatic
complementarity within the active site. The
electrophilicity index further supports efficient charge
transfer between the ligand and receptor, explaining
the observed binding affinity. Overall, the DFT
descriptors strongly support the molecular docking
results, suggesting that CiHiwNOs is a promising
bioactive scaffold.

RESULT

The present study employed an integrated Density
Functional Theory (DFT) and molecular docking
approach to investigate the structural, electronic, and
biological characteristics of the morphinan-based
molecule Ci7HisNOs. The optimized geometry
obtained at the B3LYP/6-31G(d,p) level exhibited a
stable minimum energy conformation, which was
confirmed by the absence of imaginary frequencies in
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the vibrational analysis. The calculated bond lengths
and bond angles were found to be within the normal
ranges expected for morphinan-type frameworks,
indicating good structural reliability of the optimized
model. Frontier molecular orbital analysis revealed
HOMO and LUMO energies of —5.74 eV and —1.82
eV, respectively, with an energy gap of 3.92 eV. This
moderate band gap suggests balanced chemical
stability and reactivity, which is desirable for
biologically active molecules. The HOMO density
was primarily localized over the aromatic and
heteroatom-containing regions, while the LUMO was
mainly distributed near the oxygen-bearing sites,
indicating favorable intramolecular charge transfer
characteristics. Global reactivity descriptors further
supported the moderate electrophilic and nucleophilic
behavior of the molecule. The molecular electrostatic
potential (MEP) surface showed strongly negative
potential regions around the oxygen atoms and
positive potential near hydrogen atoms, highlighting
the probable sites for electrophilic and nucleophilic
interactions. Mulliken charge analysis also confirmed
significant charge accumulation on heteroatoms,
which is consistent with the observed MEP pattern.
Molecular  docking simulations demonstrated
favorable binding of Ci7Hi1sNOs within the active site
of the selected protein target. The best docking pose
exhibited a binding energy of —8.42 kcal/mol,
indicating strong ligand-receptor affinity. The
interaction profile revealed the presence of
conventional hydrogen bonding along with multiple
hydrophobic contacts that contribute significantly to
complex stabilization. The docking results showed
good agreement with the DFT-derived electronic
descriptors, particularly the HOMO-LUMO gap,
dipole moment, and electrophilicity index. Overall,
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the combined computational results indicate that
Ci7HisNOs possesses favorable electronic features
and strong binding potential, supporting its candidacy
as a promising bioactive morphinan derivative for
further pharmacological investigation.

DISCUSSION

The integrated DFT and molecular docking analysis
provides a coherent understanding of the structure—
reactivity—activity relationship of the morphinan-
based molecule Ci7Hi1sNOs. The optimized geometry
obtained at the B3LYP/6-31G(d,p) level confirmed
that the molecule adopts a stable minimum energy
conformation, with bond parameters consistent with
typical morphinan frameworks. The absence of
imaginary frequencies further validates the reliability
of the optimized structure and supports the suitability
of the molecule for subsequent electronic and
biological analyses. The frontier molecular orbital
results revealed a HOMO-LUMO energy gap of 3.92
eV, indicating moderate Kkinetic stability combined
with sufficient chemical reactivity. Such an
intermediate band gap is often associated with
molecules capable of efficient intermolecular
interactions  without  compromising  structural
integrity. The spatial distribution of the HOMO over
the aromatic and heteroatom regions suggests strong
electron-donating capability, whereas the LUMO
localization near oxygen-containing sites highlights
favorable  electron-accepting  behavior.  This
complementary distribution facilitates intramolecular
charge transfer and enhances the molecule’s
interaction potential within a biological environment.
The molecular electrostatic potential surface further
supports this interpretation by showing pronounced
negative potential around the oxygen atoms and
positive regions near hydrogen atoms. These
electrostatic features are critical for guiding ligand—
protein recognition, particularly through hydrogen
bonding and dipole-driven interactions. The Mulliken
charge distribution corroborates the MEP findings,
indicating significant electron density accumulation
on heteroatoms that can participate in stabilizing
noncovalent interactions. Molecular docking results
demonstrated that Ci7HisNOs binds favorably within
the active site of the selected protein, with a binding
energy of —8.42 kcal/mol. The complex is primarily
stabilized through a combination of hydrogen
bonding and hydrophobic interactions, which are
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typical for morphinan-like ligands. Importantly, the
observed binding affinity shows good qualitative
agreement with the DFT-derived global descriptors.
The moderate energy gap, appreciable dipole
moment, and electrophilicity index collectively
contribute to efficient receptor recognition and
binding stability. Overall, the discussion highlights
that the biological affinity of Ci7HisNOs is strongly
governed by its electronic structure. The synergy
between quantum chemical parameters and docking
behavior confirms that the molecule possesses a
favorable balance of stability and reactivity. These
findings not only validate the applied computational
strategy but also suggest that the studied scaffold may
serve as a useful template for the rational design of
new morphinan-based therapeutic agents.

CONCLUSION

In the present work, a comprehensive computational
investigation of the morphinan-based molecule
Ci7HisNOs was successfully performed using an
integrated Density Functional Theory (DFT) and
molecular docking approach. The geometry
optimization at the B3LYP/6-31G(d,p) level
confirmed that the molecule possesses a stable
minimum energy structure with no imaginary
frequencies. The calculated geometrical parameters
were found to be consistent with typical morphinan
frameworks, supporting the reliability of the
optimized model. Frontier molecular orbital analysis
revealed a moderate HOMO-LUMO energy gap of
3.92 eV, indicating an appropriate balance between
chemical stability and reactivity. The distribution of
electron density over the aromatic and heteroatom
regions suggests favorable charge transfer
characteristics. Molecular electrostatic potential
mapping and Mulliken charge analysis identified
oxygen atoms as the primary electron-rich sites,
highlighting their important role in intermolecular
interactions. Molecular docking studies demonstrated
strong binding affinity of CisHisNOs toward the
selected protein target, with the ligand-receptor
complex stabilized by hydrogen bonding and
hydrophobic interactions. The good agreement
between DFT-derived electronic descriptors and
docking results confirms that the electronic structure
of the molecule significantly influences its biological
behavior. Overall, the combined computational
findings suggest that CisHisNOs is a structurally
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stable and electronically favorable scaffold with
promising biological interaction potential. The
present study provides useful molecular-level insights
that may assist in the rational design and optimization
of morphinan-based bioactive compounds for future
pharmacological applications.

NOVELTY

The present study demonstrates several noteworthy
novel aspects in the computational investigation of the
morphinan-based molecule Ci7HisNOs. First, a
comprehensive and integrated workflow combining
Density Functional Theory (DFT), frontier molecular
orbital analysis, molecular electrostatic potential
mapping, and molecular docking has been
systematically applied to this specific scaffold, for
which detailed electronic—biological correlation
reports are scarce. The work moves beyond routine
geometry optimization by explicitly linking intrinsic
guantum chemical descriptors with predicted
biological affinity. Second, the study establishes a
clear qualitative relationship between the HOMO-
LUMO energy gap, global reactivity parameters, and
the observed docking binding energy. This correlation
provides deeper mechanistic insight into how
electronic  structure  governs  ligand—protein
recognition in morphinan-type molecules. Such
descriptor-to-affinity mapping remains limited in the
existing literature for CisHisNOs—based systems.
Third, the combined interpretation of MEP surface
topology and docking interaction patterns offers a
unified view of reactive site prediction and actual
binding behavior within the protein environment. This
integrated perspective strengthens the reliability of in-
silico screening for morphinan derivatives. Finally,
the present work provides a ready computational
framework and reference dataset that can support
future structural modification and rational drug design
efforts based on the CisHioNOs scaffold. These
contributions collectively enhance the understanding
of structure—electronic property—bioactivity
relationships and represent the key novelty of this
investigation.

r-—-“--.
]
~

INTERNATIONAL JOURNAL OF SCIENTIFIC RESEARCH AND TECHNDLOGY

REFERENCE

1. Becke, A. D. (1993). Density-functional
thermochemistry. I11. The role of exact exchange.
Journal of Chemical Physics, 98(7), 5648-5652.

2. Lee, C, Yang, W., & Parr, R. G. (1988).
Development of the Colle—Salvetti correlation-
energy formula into a functional of the electron
density. Physical Review B, 37(2), 785-789.

3. Frisch, M. J., Trucks, G. W., Schlegel, H. B., et
al. (2016). Gaussian 16, Revision C.01. Gaussian,
Inc., Wallingford CT.

4. Morris, G. M., Huey, R., Lindstrom, W., et al.
(2009). AutoDock4 and AutoDockTools4:
Automated docking with selective receptor
flexibility. Journal of Computational Chemistry,
30(16), 2785-2791.

5. Trott, O., & Olson, A. J. (2010). AutoDock Vina:
Improving the speed and accuracy of docking.
Journal of Computational Chemistry, 31(2), 455—
461.

6. Dennington, R., Keith, T., & Millam, J. (2016).
Gauss View Version 6. Semichem Inc., Shawnee
Mission, KS.

7. Parr, R. G, & Yang, W. (1989). Density-
Functional Theory of Atoms and Molecules.
Oxford University Press.

8. Geerlings, P., De Proft, F., & Langenaeker, W.
(2003). Conceptual density functional theory.
Chemical Reviews, 103(5), 1793-1874.

9. Pettersen, E. F., Goddard, T. D., Huang, C. C., et
al. (2004). UCSF Chimera—A visualization
system for exploratory research and analysis.
Journal of Computational Chemistry, 25(13),
1605-1612.

10. BIOVIA, Dassault Systemes. (2020). Discovery
Studio Visualizer, San Diego: Dassault Systémes.

HOW TO CITE: Devidutta Maurya*, Snigdha Lal,
Rakesh Kumar Rai, Linking Electronic Structure to
Biological Affinity: A Combined DFT And Docking
Study of C17H19NO3, Int. J. Sci. R. Tech., 2026, 3 (3),
228-239. https://doi.org/10.5281/zenod0.18942682

239 |Page



