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Abstract: The present investigation deals with the structural and pharmacokinetic properties of 2-
phenyl-4H-3,1-benzoxazin-4-one and 2-(4-fluorophenyl)-4H-3,1-benzoxazin-4-one. In this study,
optimized structures of molecules have been determined using the Gaussian 09 program with density
functional theory (DFT) and B3LYP/6-311++G(d,p) basis set. In addition, thermodynamic parameters,
Mulliken charges, UV-Vis, HOMO-LUMO, DOS, and Natural population analysis of molecules have
been performed. The interaction between bonding and anti-bonding orbitals and their stabilisation
energies was computed using the NBO technique. The molecular electrostatic potential (MEP) energy
surface has been used to study the most reactive areas of the molecules. The Hirshfeld surfaces and
fingerprint techniques have been used to study the inter- and intramolecular interactions of the
molecules. Topological research, including thermodynamic parameters, LOL, and ELF, has been
carried out. From the docking analysis, the breast cancer inhibitors showed the highest binding affinity
of -10.4 and -10.6 kcal/mol for both molecules, which are comparable with the binding affinity of the
breast cancer standard drug anastrozole. Finally, ADMET profiles of the molecules have been found to
indicate their toxicity and drug-likeness.
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1. Introduction

Cancer is a complex group of diseases characterized by the uncontrolled growth and
spread of abnormal cells in the body. There are more than 100 different types of cancer, each
with its own unique features and behaviours [1]. The exact cause of cancer is often not fully
understood, but it usually involves a combination of genetic, environmental, and lifestyle
factors. Some common risk factors for cancer include tobacco use, excessive alcohol
consumption, unhealthy diet, lack of physical activity, exposure to certain chemicals and
radiation, as well as genetic predisposition [2]. Common treatment options include surgery,
chemotherapy, radiation therapy, immunotherapy, targeted therapy, hormone therapy, and stem
cell transplantation. Breast cancer is the most common type of cancer among women
worldwide, and the ICMR estimated that around 1.4 lakh new cases of breast cancer were
diagnosed in India [3], with the age group of persons suffering ranging from 20 to 60 years of
age [4]. Research has been done on the potential use of benzoxazin derivatives in the treatment
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and investigation of breast cancer [5,6]. In cases of breast cancer, benzoxazine compounds
show promise as anticancer agents. These substances can suppress cell growth and inhibit
oncogenic signalling pathways associated with breast cancer progression.

Hence, benzoxazine derivatives such as 2-phenyl-4H-3,1-benzoxazine-4-one (2PB)
and 2-(4-fluorophenyl)-4H-3,1-benzoxazine-4-one (2FPB) have been selected in this study.
Further, according to a thorough study of the literature, 2FPB has not yet been subjected to
deep theoretical investigation, although 2PB has already been published [7], but not in detail.
The 2PB molecule has a phenyl group (C6HS5) attached to the carbon atom at position 2 of the
benzoxazine ring. In the 2FPB molecule, the 4-fluorophenyl group (CsH4F) is attached to the
carbon atom at position 2 of the benzoxazine ring. The Lee Yang and Parr (LYP) connection
functional, which recovers the energetic electron link, and Becke's 3-parameter (B3) exchange-
correlation are the most effective DFT calculations. A detailed Hirshfeld surface investigation
using a 2D finger plot was conducted for selected molecules to understand the numerous
interpolating interactions. In addition, calculations using DFT have been used to establish
several molecular features through Mullikan population, DOS spectrum, MEP plot, (HOMO-
LUMO) analysis, and natural population analysis. In addition, the thermodynamic properties
and polarity of the molecules have been studied. ELF and LOL studies have been performed,
and RDG was used to study weak interactions to determine the binding nature of the molecules.
To verify their anti-breast cancer effect, docking experiments on the aforementioned molecules
have been performed on proteins linked to breast cancer, and ADMET analysis has been
revealed for their drug-likeness.

2. Materials and Methods

2.1. Quantum chemical calculations.

DFT calculations have been carried out using the Gaussian 09W [8] molecular software
program using the DFT/B3LYP/6-311++G (d,p) method. A time-dependent (TD)-
DFT/B3LYP approach has been used to study the UV-Vis spectra [9]. Prediction of Frontier
molecular orbitals (FMO) and MEP of selected molecules and identification of their optimal
structure was done using Gauss View 05 software [10]. Since intermolecular delocalizations
quantify the second-order interactions between the empty orbitals of one subsystem and the
full orbitals of another subsystem, NBO computations have been performed. Apart from these
computations, TDOS spectra in the molecules have been generated using the GaussSum [11].
Natural population and Mulliken analysis have been used to study the electron distribution in
different atomic orbital subshells at the theoretical level. The topological qualities have been
evaluated, and the ELF, LOL, and RDG plots have been generated using the Multiwfn
programme [12].

2.2. Hirshfeld surface analysis.

The CIF files of molecules have been utilised to calculate brief interactions between
neighbouring molecules using Crystal Explorer 3.0 [13]. It was intended to visualise the
interaction energies and the two-dimensional (2D) fingerprint plot of brief interatomic
encounters. The parameters obtained from the normalised contact distance dnorm have been
represented by a colour gradient, ranging from red to blue, and have been expressed in terms
of the atoms' van der Waals radii (vdW), di, and de parameters [14]. The parameters used to
2D fingerprint plots between di and de show the distances of the Hirshfeld surface from the
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nearby atomic centres. The collection of interactions was determined using 2D finger plots
between di and de within the region of 1.0-2.4 A. The light red areas signify poor interactions,
the blue spots represent non-interacting regions, and the deep red spots reflect short interatomic
contacts. Hirshfeld surface shape-index is a method to visualise stacking interactions between
n and ©. The planar stacking of molecules is characterised by vast, comparatively flat patches
on the curved surfaces. Moreover, distinguishing characteristics may be found on the shape
index plots, which are useful for examining how different molecules pack against one another.

2.3. Molecular docking analysis.

After DFT calculations, the compounds under investigation were then used for
molecular docking. Proteins associated with breast cancer have been retrieved from the RCSB
PDB data bank under PDB IDs 1AQU and 1M17 [15]. In addition, conventional anastrozole
drugs have been tested for docking with these two proteins [16]. The PyRx 0.8 Auto Dock Vina
program [17] has been used to conduct docking investigations, and BIOVIA Discovery Studio
Visualizer [18] was used to display docking results. Before molecular docking, hydrogens are
added, the chain is free of active sites, and water molecules and ligands are removed from the
protein structures. After energy minimization, the targeted proteins were saved as
macromolecules in the “.pdbqt” format, and the selected molecules were saved in this format.
The grid box was positioned in the active site, and molecular docking was performed using the
AutoDock query method in PyRx 0.8 following the import of the targeted proteins and ligand
molecules. Docking is used to calculate the binding values of ligands and proteins. BIOVIA
Discovery Studio was used to visualize PyRx output files. The data have been analysed to
identify interacting bonds, amino acid residues, and bond lengths. The Discovery Studio
Visualizer program was used to visualize the protein-ligand complex. 2D and 3D drawings
have been produced, and the interactions between the ligands and target proteins have been
characterised.

2.4. Pharmacokinetic studies.

The pharmacokinetic and physicochemical characteristics of the medicinal molecules
have been determined using the pkCSM server. The SMILES of the molecules have been
obtained from the PubChem database and loaded into the pkCSM server in order to determine
the physicochemical and pharmacokinetic properties, such as absorption, aqueous solubility,
distribution, metabolism, excretion, and toxicity, based on the chemical structure of the
molecules [19]. The BOILED-Egg model was then run using the Swiss-ADME web server,
and a number of pharmacokinetic properties, including drug similarity, lipophilicity, water
solubility, and a radar plot, were predicted.

3. Results and Discussion

3.1. Molecular structure analysis.

Figure 1 shows molecular structures of 2PB and 2FPB. The optimal global minimum
energy for 2PB and 2FPB is determined to be -744.328934 and -843.597776 Hartrees,
respectively. The calculated bond lengths C2-C16, O3-C4, C6-C15, and C13-C15 are 1.474,
1.401, 1.410, 1.405 A for 2PB and 1.472, 1.403, 1.411 and 1.404 A for 2FPB, which have C1
point group and these values are compared with experimental XRD values [20] of 1.462, 1.379,
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1.393 and 1.394 A as shown in Table 1. It is found that these bond lengths somewhat deviate
from the experimental data because the theoretical calculations are related to isolated molecules
in the gaseous phase, whereas the experimental data are related to solid-state molecules. Since
C4 is bonded to two oxygen atoms (O3 and O5), the expanded bond length of C4-C6 (1.461 A
by B3LYP and 1.448 A by experimental) offers a clear comprehension of the impact of the
ring structure. This demonstrates unequivocally that the m-electrons surrounding the C4-C6
bond are not delocalized. Table 1 also shows that the C-C bonds have a larger force of attraction
between carbon and carbon, making them stronger than C-H bonds, with bond lengths ranging
from 1.082 to 1.084 A. Compared to other C-C-C angles, the computed bond angle of the C16-
C17-C19 is larger at 122.6° in both molecules (122.9° by experiment), since bond angles
increase with increasing atom electronegativity. According to the observed values of 118.7°,
119.2°, and 122.9° for the oxygen and nitrogen atom assembly coupled at C4 and C2, the
computed angles between C4-C6-C15, C2-C16-C17, and N1-C2-C16 are 118.8°, 119.3°, and
122.6°, respectively, in both molecules. The electronegativity of the oxygen and nitrogen
atoms, O3, O5, and N1, is the cause of these asymmetries. Furthermore, an illustration of the
regression correlation graph is shown for the experimental and computed parameters of the
molecules. For 2PB, R2 = 0.9879 (bond length), 0.9238 (bond angle), and for 2FPB, R2 =
0.8717 (bond length), 0.9019 (bond angle), as shown in Figure 2, respectively.

2FPB

Figure 1. Optimized structures of 2-phenyl-4H-3,1-benzoxazin-4-one and 2-(4-fluorophenyl)-4H-3,1-
benzoxazin-4-one.

Table 1. The optimized structural parameters of 2-phenyl-4H-3,1-benzoxazin-4-one and 2-(4-fluorophenyl)-4H-
3,1-benzoxazin-4-one.

Bond length (&) 2PBD1521; ](:‘39];;{911/623;;:i3id62717 Experimental 201
N1-C2 1.283 1.283 1.275
N1-Cl15 1.386 1.386 1.394
C2-03 1.368 1.367 1.370
C2-Cl16 1.474 1.472 1.462
03-C4 1.401 1.403 1.379
C4-05 1.199 1.199 1.193
C4-C6 1.461 1.461 1.448
C6-C7 1.401 1.401 1.387
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Bond length (A) DFT-B3LYP/6-311++G(d,p) Experimental 2%
2PB R?=0.9879 | 2FPB R*= 0.8717
Co6-C15 1.410 1.411 1.393
C7-H8 1.083 1.083 0.930
C7-C9 1.385 1.385 1.371
C9-H10 1.083 1.083 0.930
C9-Cl11 1.404 1.404 1.381
Cl1-H12 1.084 1.084 0.930
C11-C13 1.386 1.386 1.369
C13-H14 1.083 1.083 0.930
C13-C15 1.405 1.404 1.394
Cl16-C17 1.403 1.403 1.384
Cl16-C25 1.402 1.402 1.388
C17-H18 1.082 1.082 0.930
C17-C19 1.389 1.388 1.371
C19-H20 1.084 1.083 0.930
C19-C21 1.396 1.389 1.374
C21-H22 (F22) 1.084 1.352 0.930
C21-C23 1.394 1.386 1.367
C23-H24 1.084 1.083 0.930
C23-C25 1.392 1.391 1.376
C25-H26 1.082 1.082 0.930
Bond angle (°) R?=0.9238 R?=0.9019
C2-N1-C15 118.3 118.2 117.8
N1-C2-03 124.5 124.6 124.7
NI1-C2-Cl16 122.6 122.6 1229
03-C2-C16 1129 112.8 1124
C2-03-C4 122.3 122.3 121.6
03-C4-05 117.8 117.7 117.0
03-C4-C6 114.3 114.2 1153
05-C4-C6 128.0 128.1 127.7
C4-C6-C7 120.5 120.5 120.7
C4-C6-Cl15 118.8 118.8 118.7
C7-C6-C7 120.7 120.7 120.6
C6-C7-H8 118.8 118.8 120.2
C6-C7-C9 119.7 119.7 119.6
H8-C7-C9 121.5 121.5 120.0
C7-C9-H10 120.1 120.1 120.0
C7-C9-Cl11 119.9 119.9 120.0
H10-C9-Cl11 120.0 120.0 120.0
C9-C11-H12 119.6 119.6 120.0
C9-C11-C13 120.9 120.9 121.3
H12-C11-C13 119.5 119.5 120.3
Cl11-C13-H14 121.6 121.6 120.3
C11-C13-Cl15 120.0 120.0 119.5
H14-C13-Cl15 118.4 118.5 120.3
N1-C15-C6 121.8 121.8 121.7
NI1-C15-C13 119.3 119.3 119.2
C6-C15-C13 1189 1189 119.1
C2-C16-C17 119.3 119.3 119.2
C2-C16-C25 121.2 121.3 121.6
C17-C16-C25 118.3 118.2 117.8
C16-C17-H18 124.5 124.6 124.7
C16-C17-C19 122.6 122.6 1229
H18-C17-C19 1129 112.8 1124
C17-C19-H20 122.3 122.3 121.6
C17-C19-C21 117.8 117.7 117.0
H20-C19-C21 114.3 114.2 115.3
C19-C21-H22 (F22) 128.0 128.1 127.7
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Figure 2. Correlation graphs of the calculated and experimental results: (a) bond distances; (b) bond angles for
2-phenyl-4H-3,1-benzoxazin-4-one; (¢) bond distances; (d) bond angles for 2-(4-fluorophenyl)-4H-3,1-
benzoxazin-4-one.

3.2. Thermodynamic parameters.

Table 2 lists the thermodynamic properties of the molecules.

Table 2. The thermodynamic parameters of 2-phenyl-4H-3,1-benzoxazin-4-one and 2-(4-fluorophenyl)-4H-3,1-
benzoxazin-4-one.

DFT-B3LYP/6-311++G(d,p)

Parameters
2PB 2FPB
Optimized global minimum Energy (Hartrees) -744.328934 -843.597776
Total energy(thermal), Ecotal (Kcal mol!) 130.438 125.740
Heat capacity, Cv (cal mol!' k') 48.946 51.917
Total Entropy, S (cal mol-' k) 110.393 114.630
Translational Entropy (cal mol™' k') 42.110 42.341
Rotational Entropy (cal mol-!' k') 32.695 33.239
Vibrational Entropy (cal mol™! k) 35.589 39.050
Vibrational energy, Evib (Kcal mol!) 128.660 123.963
Zero-point vibrational energy, (Kcal mol™) 122.826 117.597
Rotational constants (GHz)

A 1.260 1.254

B 0.274 0.204

C 0.225 0.175

Dipole moment (Debye) 2.984 3.212
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The dipole moments are extremely high because of the incredibly strong interatomic
interactions inside the molecules. Due to the presence of more electronegative nitrogen,
oxygen, and fluorine atoms in the molecules, their dipole moments are found to be higher
(2.984 and 3.212 Debye). The 2FPB has a greater dipole moment than 2PB because the fluorine
atom is attached to the carbon atom. The total energy and entropy of 2PB and 2FPB are
determined to be (130.438 and 125.740 Kcal mol™') and (110.393 and 114.630 cal mol™! k),
respectively. The immaterial vibrational energy (zero-point) is achieved for 2PB and 2FPB
(122.826 and 117.597 Kcal mol ™). The increased thermodynamic potential of 2PB and 2FPB
can be detected by analysing the chemical processes using these thermodynamic properties.
All other thermodynamic parameters have also been listed in Table 2.

3.3. Frontier molecular orbitals and DOS spectrum.

The orbitals that possess external electrons are referred to as HOMOs, and they have
the ability to contribute their electrons to FMOs. The LUMO is equivalent to the initial excited
state that is capable of accepting electrons [21]. The compound’s chemical reactivity, hardness,
softness, chemical potential, and electrophilic index are all significantly based on the HOMO-
LUMO gap (Egap). While a narrow energy gap denotes softness and is associated with strong
chemical reactivity and low stability, a big Egap suggests high stability and low chemical
reactivity [22]. The oscillator strength, wavelength, excitation energies, and major
contributions have all been calculated using the TD-DFT/B3LYP/6-311++G(d,p) technique in
order to examine the impacts of the solvent on the electronic structure of the molecules. The
results of molecular orbital calculations for 2PB and 2FPB are shown in Table 3. Figure 3
shows the 3D illustration of the border orbitals for the molecules. The whole C-C bond
possesses either the benzene ring or the delocalized LUMO of © type. On the other hand,
because the HOMO is positioned above the fluorine, oxygen, and nitrogen atoms, the HOMO
and LUMO transition implies that the electron density moves from the fluorine, oxygen, and
nitrogen atoms to the C-C bonds. For 2PB and 2FPB, the observed HOMO energy is -6.74 and
-6.79 eV, respectively. The orbital has the potential to act as an electron donor because of its
greater energy value. In contrast, the 2PB and 2FPB, with their respective LUMO energies of
-2.26 and -2.33 eV, suggest that they will act as electron acceptors. In 2PB and 2FPB, the
energy gap is determined to be 4.48 and 4.46 eV, respectively. Figure 4 displays the projected
peak in the UV-visible plot of molecules. For 2PB, the peak is found at 306.1 nm (H—L
contribution of 76.67%), and for 2FPB, it is seen at 307.1 nm (H—L contribution of 75.35%)
as given in Table 4. Consequently, the unsaturation of molecules results from the n—n* type
transition caused by the aromatic ring contact. The global reactivity descriptors of molecules
have been computed at the DFT level using Koopman's theorem [23]. The findings are
displayed in Table 4. The ionization potentials of 6.74 and 6.79 eV and electron affinity values
of 2.26 and 2.33 eV have been calculated for 2PB and 2FPB, respectively. These values
indicate that the molecules are efficient electron donors and acceptors. A hard molecule has a
large energy gap, in contrast to a soft molecule's small energy gap. It has been determined that
2PB has a hardness () of 2.24 eV and a softness (S) 0of 0.22 eV"!, whereas 2FPB has a chemical
hardness of 2.23 eV and a softness of 0.22 eV'!. A molecule's reactivity increases when its
electronic chemical potential () drops. The chemical potential (n) values for 2PB and 2FPB
are determined to be -4.50 and -4.56 eV, respectively. The opposite of the chemical potential
is defined as electronegativity (x). The enhanced electronegativity (y) value of 4.50 and 4.56
eV further supports the superior electron acceptor properties of the 2PB and 2FPB molecules.
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Using the electrophilicity (o) scale developed by Domingo et al. [24], organic compounds can
be categorized as marginal electrophiles (o < 0.8 eV), moderate electrophiles (0.8 <w < 1.5
eV), or strong electrophiles (o > 1.5 eV). The molecule’s electrophilicity indexes (®) have
been found to be 4.52 eV in the 2PB and 4.67 eV in the 2FPB, in contrast to other comparable
structures [25]. These results suggest that the molecules are potent electrophiles. It is possible
for neighbouring orbitals in a border zone to have the same degenerate energy levels. If so,
using HOMO and LUMO alone to characterize border orbitals may not be appropriate.
Therefore, using the GaussSum 3.0 tool to combine the molecular orbital data with Gaussian
curves, the density of states (DOS) [26,27] was generated. Figure 5 illustrates how a molecule's
orbital configuration affects the chemical bonds that atoms form with one another. The density
of the state plot is used to show the composition of the system's energy gap. The DOS peaks
move as a result of substitutions and changes in the bonding characteristics of the C-C bond
inside the rings, which affect the orbitals' energy levels. This reveals the electrical configuration
and chemical reactivity of the molecules.

2PB Briono 6746V Euomo = -6.79 &V Q 2FPB

AE =4.48 eV AE =4.46 ¢V

v
LUMO

@
ELumo =-2.26 eV ELumo =-2.33 eV

Figure 3. HOMO-LUMO plot for 2-phenyl-4H-3,1-benzoxazin-4-one and 2-(4-fluorophenyl)-4H-3,1-
benzoxazin-4-one.

Table 3. Global reactivity descriptors for 2-phenyl-4H-3,1-benzoxazin-4-one and 2-(4-fluorophenyl)-4H-3,1-
benzoxazin-4-one.

. B3LYP/6-311++G(d,p)

Molecular Properties 2PB 2FBP
HOMO (eV) -6.74 -6.79
LUMO (eV) -2.26 -2.33

AE (Enomo -Erumo) (eV) 448 4.46
Ionization potential (I) (eV) 6.74 6.79
Electron affinity (A) (eV) 2.26 2.33
Global hardness () (eV) 2.24 2.23
Global softness (S) (eV) 0.22 0.22
Electronegativity (y) (eV) 4.50 4.56
Chemical potential (1) (eV) -4.50 -4.56
Global electrophilicity (o) (eV) 4.52 4.67
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Figure 4. UV-Vis spectra of 2-phenyl-4H-3,1-benzoxazin-4-one and 2-(4-fluorophenyl)-4H-3,1-benzoxazin-4-
one.

Table 4. Molecular orbital contributions of 2-phenyl-4H-3,1-benzoxazin-4-one and 2-(4-fluorophenyl)-4H-3,1-
benzoxazin-4-one.
TD-DFT/ B3LYP/6-311++G(d,p)

2PB
Energy (eV) | Oscillator strength Computed wavelength (nm) Major contributions Assignment
H—-L "
4.051 0.445 306.1 (76.67 %) T—T
2FPB
Energy (eV) | Oscillator strength Computed wavelength (nm) Major contributions Assignment
H—L "
4.037 0.447 307.1 (75.34%) o
3.0 3.0
2PB 2FPB

2.5 2.5
£2.0 £2.0
5 %
3;l.s . ;_I.S .
& £
@ )
210 £ 1.0
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Energy (eV) Energy (eV)

Figure 5. DOS spectrum of 2-phenyl-4H-3,1-benzoxazin-4-one and 2-(4-fluorophenyl)-4H-3,1-benzoxazin-4-
one.

3.4. Molecular electrostatic potentials.

By using its various color codes, MEP can assist in illuminating the acceptor regions of
a chemical bond reaction. The MEP surfaces of molecules in the gas phase have been calculated
in B3LYP/6-311++G(d,p) and are shown in Figure 6 (a)and (b). MEP enhances our
understanding of electrophilic reactions, molecular reactivity, and substitution effects by
establishing intramolecular interactions with chemically active parts of the molecules. Red,
yellow, blue, and green have progressively stronger electrostatic potentials. The lone pair of
nitrogen and fluorine atoms in the molecules generates the electron-rich (red) and slightly
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electron-rich (yellow) portions. The electron-deficient (blue) portions of the molecules are
surrounded by remaining atoms [28]. The potential range of 2PB has been found as -9.399 e-2
to 9.399 e-2, and for 2FPB, it is calculated as -9.512 e-2 to 9.512 e-2. The potential range of
2PB is higher than 2FPB because of the attachment of a fluorine atom. The oxygen atom's (OS5)
electrophilic nature is clearly demonstrated by the red areas that have the highest potential for
both molecules. The oxygen (O3) linked to carbon that stands out as the most common is
known as nucleophilic patches (blue zone).

(@ 2PB ®) 2FPB
-9.399 e-2 9.399 e-2 -9.512 e-2 9.512e-2

()
1.263 -1.267 1.267

Figure 6. (a), (b) MEP plot for 2-phenyl-4H-3,1-benzoxazin-4-one and 2-(4-fluorophenyl)-4H-3,1-benzoxazin-
4-one; (¢), (d) Natural population charges for 2-phenyl-4H-3,1-benzoxazin-4-one and 2-(4-fluorophenyl)-4H-
3,1-benzoxazin-4-one.

3.5. Natural atomic charge analysis.

The charge distribution throughout a molecule is important in quantum chemistry.
Atomic charges are related to a complex's electronic density, charge distribution, and dipole
moment [29]. The natural atomic charges (NAC) for 2PB and 2FPB are determined using DFT
and are listed in Table 5. The molecules under investigation have atoms of nitrogen, fluorine,
and oxygen, which are the most electronegative. The highest electronegative atoms, O3 and
05, bonded to the C4 and C2 atoms are more electropositive when compared to other atoms.
The intrinsic atomic charges of the molecules are graphically shown in Figures 6 (c and d).
Here, the charge distribution of 2FPB is higher than that of 2PB because the fluorine atom is
bonded to the carbon atom C21. Due to the fluorine atom F22 (-0.72) in 2FPB, the two carbon
atoms C17 and C25 of the benzene ring are found to be electropositive (0.03 and 0.06). The
oxygen atoms O3 and OS5 located in the benzoxazine ring have been found to be more
electronegative than other natural atomic charges in 2PB (-0.80 and -0.81) and 2FPB (-0.80
and -0.81), as shown in Table 5, respectively. All the hydrogen atoms (HS, H10, H12, H14,
H18, H20, H22, H24, and H26) of the molecules are found to be electropositive, and they are
predicted to participate in the interatomic hydrogen bonds.

Table 5. Natural population charges and Mulliken atomic charges distribution for 2-phenyl-4H-3,1-benzoxazin-
4-one and 2-(4-fluorophenyl)-4H-3,1-benzoxazin-4-one.

Atomic charges (natural
Atoms population) by B3LYP/6- Atomic charges (Mulliken) by B3LYP/6-311++G(d,p)
311++G(d,p)
2PB 2PB 2PB 2FPB
N1 -0.72 -0.73 0.11 0.11
C2 1.01 1.03 -0.34 -0.43
03 -0.80 -0.80 -0.05 -0.05
C4 1.26 1.27 0.25 0.26
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Atomic charges (natural
Atoms population) by B3LYP/6- Atomic charges (Mulliken) by B3LYP/6-311++G(d,p)
311++G(d,p)
2PB 2PB 2PB 2FPB
05 -0.81 -0.81 -0.29 -0.29
C6 -0.28 -0.28 0.70 0.44
Cc7 -0.03 -0.03 -0.10 -0.14
H8 0.07 0.07 0.21 0.22
C9 -0.13 -0.13 -0.27 -0.43
H10 0.04 0.04 0.17 0.17
Cl1 0.10 0.10 -0.37 -0.20
H12 0.04 0.04 0.18 0.18
C13 -0.16 -0.16 -0.17 -0.25
H14 0.06 0.06 0.19 0.19
Cl15 0.45 0.45 -0.21 0.18
Clé6 -0.17 -0.24 0.74 0.89
C17 -0.03 0.03 -0.39 -0.57
H18 0.08 0.09 0.19 0.20
C19 -0.06 -0.17 -0.27 0.14
H20 0.03 0.06 0.18 0.21
C21 -0.01 0.78 -0.33 -0.69
H22
(F22) 0.03 -0.72 0.16 -0.16
C23 -0.08 -0.18 -0.33 0.14
H24 0.03 0.06 0.18 0.21
C25 -0.01 0.06 -0.35 -0.54
H26 0.09 0.09 0.21 0.22

3.6. Mulliken atomic charge distribution analysis.

The vibrational characteristics of molecules are significantly connected to the Mulliken
charge distribution. Additionally, it provides details on the transfer of charge in reactions [30].
Owing to these characteristics, it also permits the analysis of the dipole moment, polarizability,
atom charge distributions, and molecular chemical bond architectures [31]. After examining
the many charges of the molecules, it was found that, in the 2PB molecule, the C6 and C16
atoms have the most positive charge relative to the other atoms, while the C2, C11, and C17
atoms have the highest negative charge, as shown in Table 5. Generally, the carbon atoms in
the phenyl rings attached to the benzoxazine ring have the highest positive and lowest negative
values, according to research reported in the literature [32]. The carbon atom (C16) in the
phenyl ring of 2FPB was found to be the most positively charged, whereas the carbon atom
(C21) in the benzoxazine ring has the largest negative charge because of F22 bonded to C21.
Due to their high electronegativity, the benzoxazine rings of the two compounds were analysed,
and it was found that both oxygen atoms had negative charges. In the benzoxazine rings of
molecules, every nitrogen atom carried a positive charge due to the surroundings.

3.7. Natural bond orbital (NBO) analysis.

Information on intra- and intermolecular bonding as well as charge transfer is provided
by NBO studies [33]. Using the DFT/B3LYP/6-311++G(d,p) basis set, NBO analyses of
molecules were carried out using the Gaussian 09 package program. All information gathered
has been listed in Table 6 along with the E(2) stabilization energies for 2PB and 2FPB. The
transitions from o(C17-C19) to 6*(C2-03), o(C17-C19) to 6*(C21-H22), and 6(C17-C19) to
o*(N1-C15) consist of the maximum stabilization energy for 2PB molecule, which are obtained
as 9140.42, 8851.74, and 5108.85 Kcal/mol, respectively. The transitions from 6(C17-C19) to
1*(N1-C2), 6(C17-C19) to n*(C23-C25), and o(C9-C11) to LP(1)C13 are associated with the
maximum stabilization energy for 2FPB, which are found as 14.93, 11.88, and 11.66 Kcal/mol,
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respectively. These interactions result in high electron densities (about 0.04e, 0.01e, and 0.01¢)
in 2PB and (approximately 0.16e, 0.19¢, and 0.19¢) in 2FPB due to the anti-bonding acceptor
C-0O, C-H, N-C, and C-C orbitals. The strong interaction within LP (1)C13 with the anti-
bonding orbitals n(C9-C11) has an energy of 11.66 Kcal/mol in 2FPB, indicating a
considerable delocalization. Strong hyperconjugative interactions between carbon and oxygen
atoms and the ring structures result in a significant reduction in the lone pair electron density
in comparison to other orbitals.

Table 6. Second-order perturbation theory analysis of Fock matrix for 2-phenyl-4H-3,1-benzoxazin-4-one and
2-(4-fluorophenyl)-4H-3,1-benzoxazin-4-one.

. . Stabilization energy E(2)
Donor (i) ED (@) (¢) Acceptor (j) ED () (@) (Kcal/mol)g
2PB 2FPB 2PB 2FPB 2PB 2FPB
n(C6-C7) 0.81 0.81 LP*(1) C15 0.49 0.13 30.52 11.55
n(C6-C7) 0.81 0.81 n*(C4-05) 0.13 0.17 11.49 8.84
n(C9-Cl11) 0.81 0.81 LP (1)CI13 0.50 0.19 25.15 11.66
n(C16-C17) 0.81 0.81 n*(C19-C21) 0.16 0.13 9.15 941
o(C16-C25) 0.98 0.81 o*(C7-C9) 0.01 0.19 1464.22 9.42
o(C17-C19) 0.99 0.99 1*(N1-C2) 0.13 0.16 1225.12 14.93
o(C17-C19) 0.99 0.99 o*(N1-C15) 0.01 0.16 5108.85 5.99
o(C17-C19) 0.99 0.82 c*(C2-03) 0.04 0.19 9140.42 11.17
o(C17-C19) 0.99 0.99 o*(C7-C9) 0.01 0.01 735.45 10.64
o(C17-C19) 0.99 0.99 n*(C9-Cl11) 0.17 0.16 677.76 10.96
o(C17-C19) 0.99 0.84 o*(C21-H22) 0.01 0.19 8851.74 8.68
o(C17-C19) 0.99 0.84 *(C23-C25) 0.15 0.19 48.80 11.88
0(C23-C25) 0.99 0.84 o*(C7-C9) 0.01 0.16 1398.49 6.44
n(C23-C25) 0.83 0.99 n*(C23-C25) 0.15 0.01 17.79 6.00
o(C25-H26) 0.99 0.99 o*(C19-H20) 0.01 0.01 11.53 8.07
o(C25-H26) 0.99 0.99 *(C23-C25) 0.15 0.01 19.48 9.39

3.8. Hirshfeld surface analysis.

One technique for calculating and visualizing intermolecular interactions inside a
crystal structure is called Hirshfeld surface analysis. The Hirshfeld surface consists of a specific
molecular assembly and a collection of spherical atomic electron solidities. The Hirshfeld
surface's exterior and interior partings between the closest atoms are referred to as d; (density
inside) and d. (density outside), respectively. It is possible to identify the areas that are
particularly important for intermolecular interactions using the normalised contact distance
(dnorm). It is derived from the following equation, which takes into account the atom's Van
der Waals (vdW) radii as well as de and d; [34].

dnorm - vdw
Ti

. _pvdw _vdw
Ler™) lacri)

Tr

The targeted intermolecular interaction research can benefit from dnorm plotting on the
Hirshfeld surface, which appropriately highlights the donors and acceptors. The rate of the
dnorm is positive or negative depending on whether intermolecular contacts are longer or
shorter than vdW partings. Crystal Explorer 3.1 was used to perform the Hirshfeld surface
computations. The mapped surfaces of the Hirshfeld over dnorm (-0.157 to 1.065 a.u.) and (-
0.160 to 1.090 a.u.) in 2PB and 2FPB, respectively, are shown in Figures 7 and 8. The surface
is depicted as translucent in order to highlight the molecular moiety upon which this
computation is based. The Hirshfeld surface is expected to have a volume of 258.21 A3 in 2PB
and 258.91 A3 in 2FPB, as well as an area of 252 A2 in 2PB and 254.72 A? in 2FPB. The great
separation of the various hydrogen bonding interactions on the dnorm front and rear view
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surfaces is seen in Figure 7 (a,b) and 8 (a,b). The comparable ranges for the de and di values,
when the Hirshfeld surface is mapped over them, are 1.04 to 2.3 and 2.5 a.u. in 2PB and 1.02
to 2.4 and 2.5 in 2FPB. Figure 7 (c,d) and 8 (c,d) show that shape indices between -1 and 1 a.u,
and this value is applicable to curves with curvedness values between -4.0 and 0.4 a.u. [35].
Colour coding is used to depict intermolecular interactions. The dots in red, white, and blue
correspond to intermolecular connections with lengths smaller than, equal to, and greater than
van der Waals radii, respectively [36]. Hydrogen-bonding interactions are shown by the deep
red patches on the dnorm surfaces with large circular depressions. Little patches and very light-
colored spots on the surfaces, in addition to hydrogen bonds, suggest weaker and longer
interactions. The contributions of the intermolecular interactions to the assemblies may be
independently measured for each structure and are easily observable on the 2D fingerprint
schemes. Figure 7 (g-i) and 8 (g-j) show the deconstructed fingerprint plots, and the
contributions coming from different interferences have been examined on the dnorm surface.
As seen from Figures 7 and 8, the leading C-H hydrogen bonding linkages were represented
by two distinct spikes in the 2D fingerprint planes. The C...H/H...C contribution to the
Hirshfeld surfaces is most noticeable in the dnorm surface. The percentage of C...H/H...C
interactions is found to be 17.4% in 2PB and 16.8% in 2FPB from their Hirshfeld surfaces. The
C...H connections are represented by a spike with a maximum d; +d. = 6.817 A (di = 3.409 A,
de = 3.408 A) in 2PB and di +d. = 6.071 A (di=3.150 A, d. = 2.921 A) in 2FPB, the lowermost
and uppermost right portion of the fingerprint plane. This indicates that H-atoms interact with
carbon atoms of the phenyl ring and the O5 oxygen atom in 2PB and 2FPB, interacting with
the amino hydrogen atom of the phenyl ring, and are responsible for the formation of ring
motifs. The inter-contact is estimated to be large since the di+de value is bigger than the sum
of the van der Waals radii of the hydrogen atom (1.09 A) and carbon atom (1.7 A) [4]. This
spike, which appears as enormous red dots on the dnorm surface, represents the close associates
in the assemblies in Figures 7 and 8.

@ 2PB
(c

) ﬁ b) !
) d)

) i

I CHHC174%

" 0-HH-0162%
a

(2
Front view Back view (h

(

Figure 7. Hirshfeld surfaces mapped over dnorm for 2-phenyl-4H-3,1-benzoxazin-4-one (a) front view; (b)
back views; (¢) shape index; (d) curvedness; (e) density outside de; (f) density inside di; (g and h) 3D and 2D
decomposed fingerprint plots; (i) interactions view.
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Figure 8. Hirshfeld surfaces mapped over dnorm for 2-(4-fluorophenyl)-4H-3,1-benzoxazin-4-one (a) front
view; (b) back views; (c) shape index; (d) curvedness; (e) density outside de; (f) density inside di; (g, h and i)
3D and 2D decomposed fingerprint plots; (i) interactions view.

The dispersion of scattered points in the fingerprint planes mimics the relative
contribution of the O-H interaction, which accounts for 16.2% in 2PB and 15.2% in 2FPB of
the total surface portion. The distribution of dispersed points in the fingerprint planes, which
accounts for 14.3% of 2FPB, mimics the F-H interaction. Figures 7 and 8 illustrate the diversity
of connections that the molecules display, which suggests that the other interactions are
minimal (ranging from 1.0 to 4.0 %). Figures 7 and 8 illustrate the interaction between each
atom inside the Hirshfeld surfaces and an adjacent atom that is studied. The findings suggested
that whole atoms carrying Hirshfeld surfaces should have robust interactions with H atoms
close to the surfaces, with the ALL-H interface secretarial for 43.1% and 29.1% of the total
interface in 2PB and 2FPB, respectively. These interactions also involve ALL-C, ALL-O, and
ALL-N, which have proportional assists of 11.9, 0.8, and 0.3 % in 2PB and 11.5, 0.6, and 0.3
% in 2FPB with inculcated ALL-F. It is important to discuss these interactions because they
shed light on the packing of molecules. As seen in Figures 7 and 8, it is computed to determine
how one atom inside the Hirshfeld surfaces interacts with each atom closer in order to better
study molecular packing. According to the findings of this study, the H atoms in the Hirshfeld
surfaces have stronger relationships with the other atoms in the nearby molecules.

3.9. RDG, ELF, and LOL plot analysis.

The Reduced Density Gradient (RDG) has been used to identify strong connections
between the structural arrangement and its surroundings, including notable H-bond
companions, van der Waals, and repulsive steric forces [37] by non-covalent interactions.
Using the Multiwtn 3.4.1 program, the scattered graph and isosurface area were produced [38].
Gnuplot was used to construct the colored scatter plot, and Irfan View 64 was used to display
it [39,40]. Strong repulsion (the steric cyclic effect) is represented by the color red, hydrogen
bonding interactions are represented by the color blue, and van der Waals interactions are
represented by the color green. This investigation yielded the 2D scatter plane and the 3D RDG
isosurface solidities of molecules, which are shown in Figure 9 (a,b) and 10 (a,b). The area of
these linkages and their graphical depiction are obtained from the RDG research, which is
based on the electron density and its by-products. On the graph of p(r) against sign (A2)p, the
second eigenvalue of the electron density, denoted by sign (A2)p, provides useful information
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on the kind and strength of interactions. Repelling, attracting, and van der Waals (VDW)
relations are represented by the sign (A2)p values that are, respectively, sign(A2)p > 0, sign(A2)p
< 0, and sign(A2)p = 0 [41]. Figures 9 and 10 indicate that triple green shade spikes were
observed at -0.009, -0.012, -0.0014 a.u. in 2PB and -0.012, -0.0013, -0.0015 a.u. in 2FPB,
demonstrating the presence of van der Waals forces in both molecules. On the other hand, small
red points have been observed at 0.022, 0.023, 0.03, and 0.04 a.u. in both molecules, indicating
the presence of the weak steric force. The presence of non-covalent regions in 2PB and 2FPB
molecules is shown by the emergence of blue color spikes. The red flaky areas on the RDG
isosurface in the phenyl ring core suggest strong steric activity. Strong hydrogen bonds and
blue color patches suggest more attractive and robust bonds, and green flaky patches signify a
weak non-covalent interaction.

2PB

sign(iglp (au)

RDG plot

Isosurface region ELF plot LOL plot

Figure 9. Representation of the outcomes of topological analysis using the Multiwfn program: (a) Scattered
RDG plot; (b) Isosurface region; (¢) Colour-filled ELF plot; (d) Projected ELF plot; (e) Colour-filled LOL plot;
(f) Projected LOL plot of 2-phenyl-4H-3,1-benzoxazin-4-one.

The majority of studies like LOL and ELF just scratch the surface of topological
analysis. The likelihood of finding an electron pair on a molecule's surface is highly
recommended by the Multiwfn software package. Figures 9 and 10 show the color-shaded plot
and relief plot of LOL and ELF, respectively. The large or condensed peak region of the relief
chart indicates the electron condition near the corresponding atom. LOL and ELF have parallel
chemical configurations as a result of the conditions that depend on kinetic energy density. The
electron pair density is explained by ELF, whereas LOL accounts for the maximum localized
orbitals overlapping because of the orbital gradient [42,43]. Still, regions with LOL value
below 0.5 show delocalized electronic zones, and places where electron localization dominates
have LOL greater than 0.5. Regions with ELF values above 0.5 generally correspond to areas
of high electron density and strong electron localization [44]. These regions are often
associated with covalent bonds or lone pairs of electrons. Figures 9 (c-f) and 10 (c-f) display
the advanced ELF and LOL plots, which are in the ranges of 0.0 to 1.0 and 0.0 to 0.8,
respectively.
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Figure 10. Representation of the outcomes of topological analysis using the Multiwfn program: (a) Scattered
RDG plot; (b) Isosurface region; (¢) Colour-filled ELF plot; (d) Projected ELF plot; (e) Colour-filled LOL plot;
(f) Projected LOL plot of 2-(4-fluorophenyl)-4H-3, 1-benzoxazin-4-one.

3.10. In silico molecular docking.

The study of molecular docking is used in pharmacological drug development to
examine ligand and protein binding sites [45,46].

Table 7. Molecular docking binding energy of 2-phenyl-4H-3,1-benzoxazin-4-one.

Protein Binding affinity H-bonding Binding affinity H-bonding Binding affinity with
D with 2PB with distance with 2FPB with distance Anastrozole (SD)
(kcal/mol) (A) (kcal/mol) (A) (kcal/mol)
ARG A: 130
ARG A: 130 (6.114)
1AQU -10.4 (6.08 A) -10.6 PHE A: 229 -7.1
(2.70 &)
ASP A: 831 ASP A: 831
IM17 -8.4 (4.46 A) -8.6 (453 A) -8.1

Table 8. Ligand-protein interaction for PDB ID: 1AQU and 1M17 with 2-phenyl-4H-3, 1-benzoxazin-4-one and
2-(4-fluorophenyl)-4H-3,1-benzoxazin-4-one.

Protein ID | Amino acid residue of 2PB | Bond type in 2PB | Amino acid residue of 2FPB | Bond type in 2FPB
4 é]}jﬁ({} : 528 Conventional HB
ARG A: 130 Conventional HB TRP A- 53 Carbon HB
GLY A: 259 Carbon HB MET A" 232 Pi-Pi Stacked
1AQU TRP A: 53 Pi-Pi Stacked PHE A'. 299 Pi-Sulfur
MET A: 232 Pi-Sulfur MET A.' 256 Pi-Pi T-shaped
PHE A: 229 Pi-Pi T-shaped ) Pi-Alkyl
SER A:228 Halogen (Fluorine)
THR A: 227
ASP A: 831
ASP A: 831 ALA A: 719
ALA A: 719 VAL A: 702 Conventional HB
VAL A: 702 Conventional HB LEU A: 694 Pi-Alkyl
IM17 LEU A: 694 Pi-Alkyl LEU A:820 Pi-Cation
LEU A:820 Pi-Cation LYS A: 721 Carbon HB
LYS A: 721 LEU A: 764 Halogen (Fluorine)
LEU A: 764 GLY A: 772
MET A: 769
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Figure 11 (a) Molecular docking of 3D and 2D interaction with H-Bond donor-acceptor colour grade for 2-
phenyl-4H-3,1-benzoxazin-4-one and 2-(4-fluorophenyl)-4H-3,1-benzoxazin-4-one with 1AQU target
protein; (b) Molecular docking of 3D and 2D interaction with H-Bond donor-acceptor colour grade for 2-

phenyl-4H-3,1-benzoxazin-4-one and 2-(4-fluorophenyl)-4H-3,1-benzoxazin-4-one with 1M 17 target protein;

(¢) Molecular Docking of 3D and 2D interaction with H-Bond donor-acceptor colour grade for anastrozole

(standard drug) with 1AQU and 1M17 target proteins.
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We have selected breast cancer proteins for docking simulations, including the estrogen
sulfotransferase (PDB ID: 1AQU) receptor and the epidermal growth factor (PDB ID: 1M17)
receptor, based on previous studies [15]. The standard drug for breast cancer (anastrozole) [16]
has been compared with the obtained results. According to docking studies, the molecules
showed significant binding affinities with PDB ID: 1AQU (-10.4 Kcal mol!) and PDB ID:
IM17 (-8.4 Kcal mol™) in 2PB, and for 2FPB, these are found as -10.6 (1AQU) and -8.6
(1IM17) Kcal mol™!. The binding affinities of the standard drug (anastrozole) are found to be -
7.1 and -8.1 Kcal mol™! in 1AQU and 1M17, as shown in Table 7.

Furthermore, the way in which the ligand interacts with the protein explains how the
ligand influences the active components of the pathogens that cause illness [47]. Table 8 lists
the bond types and residue counts, and Figure 11 (a-c) depicts the 2D schematics for ligand,
protein, ligand in protein pocket, hydrogen bonding, and ligand-protein interaction for the
molecules in 1AQU and 1M17 [48]. About five contacts in 1AQU and seven distinct
interactions in IM17 have been detected for the ligand-protein interaction through the amino
acid residues for the 2PB molecule. MET A: 232 (Pi-Sulfur), PHE A: 229 (Pi-Pi T-shaped),
TRP A: 53 (Pi-Pi Stacked), GLY A: 259 (Carbon HB), and ARG A: 130 (Conventional HB)
residues interact in 1AQU. Similarly, ALA A: 719, VAL A: 702, LEU A: 694, LEU A: 820,
LEU A: 764 (Pi-Alkyl), LYS A: 721 (Pi-Cation), and ASP A: 831 (Conventional HB) residues
interact with the 1M17 protein. The ligand 2FPB was also found to have a strong binding
affinity in 1AQU, as demonstrated by the two Conventional HB interactions at residues ARG
A: 130 (6.11 A), PHE A: 229 (2.70 A), one Carbon HB interaction with GLY A: 259, two
halogen (Fluorine) interactions at SER A: 228, THR A: 227 residue, and one interaction of the
Pi-Sulfur, Pi-Alkyl, and Pi-Pi T-shaped type with residues MET A: 232, MET A: 256 and TRP
A: 53, as well as the H-bonding distance (A) as displayed in Figure 11 (a,b). The residue ASP
A: 831 (Conventional HB), five Pi-Alkyl interaction types at LEU A: 764, VAL A: 702, ALA
A:719and LEU A: 694, GLY A: 772 (Carbon HB), MET A: 769 Halogen (Fluorine), and LY'S
A: 721 (Pi-Cation) have been depicted in the protein-ligand interaction for the molecule 2FPB
with 1M17, as shown in Figure 11 (a,b) and Table 8. It has been determined that the ligand
2FPB has a greater binding affinity (-10.6 Kcal mol™') toward the 1AQU protein than other
proteins based on the outcomes of molecular docking and interaction research, as shown in
Figure 12. Hence, the molecule 2FPB may be a more potent inhibitor of the proteins linked to
breast cancer.

I >rB
I 2FrB
- Anastrozole

-8.6

-8.4 81

Binding affinity (kcal/mol)
1 a 1

1AQU 1M17
PDB ID

Figure 12. Comparison of the binding energies of 2-phenyl-4H-3,1-benzoxazin-4-one and 2-(4-fluorophenyl)-
4H-3,1-benzoxazin-4-one and anastrozole with 1AQU and 1M17 proteins.
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3.11. ADMET and Pharmacokinetic prediction.

The results of this investigation, which estimate several pharmacokinetic parameters of
the molecule’s absorption, distribution, metabolism, excretion, and toxicity, are shown in Table
9. The pkCSM server was utilized in this work. When assessing the drug permeability of drugs
taken orally, Caco-2 cells are the most often utilized in vitro model. A higher degree of Caco-
2 permeability is indicated if the log Papp value is more than 0.90 (log Papp in 10" cm/s). The
molecules have a log Papp value of 1.388 10" cm/s, which is considered highly permeable to
Caco-2. The human gut is necessary for both food absorption and the absorption of medicinal
compounds. Poor intestinal absorption is defined as compounds having an absorption level of
less than 30% [19]. Human intestinal absorption rates for 2PB and 2FPB are 98.122 and 96.344
%, respectively. A higher HIA suggests that the drug could be more absorbed when taken orally
and passes through the digestive system. Overcoming the protective layer of the skin is the
most challenging obstacle in the creation of topical medications. The current medicinal
compound's skin penetration level is predicted using a number of in silico techniques. The
logKp values of -2.201 and -2.434 in pkCSM server data show that 2PB and 2FPB have
superior permeability. The hypothetical volume of distribution, or VDss, is the whole dosage
of a drug that would be distributed uniformly to provide a concentration similar to blood
plasma. Increased VDss indicates a wider distribution of the medication in tissue compared to
plasma. According to the pkCSM prediction model, a high volume of distribution is represented
by log VDss >2.81 L/kg. With VDss values -0.154 and -0.234 log VDss, respectively, 2PB and
2FPB have been found, suggesting a sizable volume of dispersion. It appears that the blood-
brain barrier (BBB) is a permeable barrier that can shield the brain from dangerous chemicals.
A molecule is poorly dispersed to the brain if its logBB is -1, whereas a chemical may readily
pass through the blood-brain barrier if its logBB is more than 0.3 [49]. In this study, logBB of
0.536 and 0.537 show that 2PB and 2FPB are extensively dispersed in the brain. Another direct
assessment that may be performed with in situ brain insertion and a medication that is instantly
injected into the carotid artery is CNS permeability (logPS). According to the pkCSM
prediction method, compounds with logPS > -2 are thought to be able to enter the central
nervous system (CNS), whereas compounds with logPS < -3 are thought to be unable to do so.
The logPS values of 2PB and 2FPB have been found to be -1.356 and -1.337, respectively,
suggesting that they have the ability to enter the central nervous system [50]. This work
anticipated the inhibitory action of two crucial metabolic components, cytochrome P450 and
P-gp. The main enzyme produced in the body for detoxification, cytochrome P450 (CYP), is
also involved in the metabolism of medications. The isoforms of cytochrome P450 that are
CYP1A2, CYP3A4, CYP2C9, CYP2C19, CYP2D6, and CYP2E1 are known. At dosage
concentrations below 10 mM, the cytochrome P450 inhibitor inhibits cytochrome P450 by
50%. Furthermore, the sole enzymes responsible for drug metabolism are CYP2D6 and
CYP3A4 [51]. For most cytochrome P450 isoforms, CYP3A4, CYP1A2, and CYP2C19 have
effective inhibitory effects in 2PB and 2FPB, whereas other has no such effect. It is believed
that the P-gp is present in the hepatic, intestinal, and renal excretory systems. Important phases
in the metabolism of drugs include P-gp activation and inhibition. The pharmacokinetic
prediction indicates that P-glycoprotein II activity is unaffected by both molecules. 2PB and
2FPB appear to have a renal OCT2 substrate with total clearance rates of 0.921 and 0.782 (log
ml/min/kg) according to the pkCSM server [52]. The pharmacokinetic property investigations
of molecules meet most of the criteria for drug-likeness and might be regarded as potent cancer
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therapeutics. One of the main reasons for drug attrition and a major safety issue for new drug
development is drug-induced liver injury. Therefore, according to the PKCSM server,
molecules do not cause hepatotoxicity. Human tolerated doses for 2PB and 2FPB were
determined to be -0.025 and 0.323 log mg/kg/day, respectively. Oral treatment in rats was
computed acute and chronic toxicity limits of 2.002 and 2.143 mol/kg (LD50) and 2.06 and
2.03 log mg/kg bw/day (LOAEL) for 2PB and 2FPB, and they do not suppress hERG I or 11
[53]. These results were presented in Table 9. Swiss ADME is a free web-based program that
assesses the drug similarity, lipophilicity, solubility, and Boiled egg model of the chemicals
[54]. The ability of the ligand to cross the Blood-Brain Barrier (BBB) is demonstrated using
the BOILED-Egg model. In this study, the yolk component, or yellow region, stands for brain
penetration, while the albumin part, or white region, depicts gastrointestinal absorption as
shown in Figure 13. The drug ingredient emerges inside the yolk section, indicating the BBB
penetrability, according to the BOILED Egg model of molecules created by the Swiss ADME
website. The findings show that there is no hydrogen bond donor and that the compounds 2PB
and 2FPB only contain three and four hydrogen bond acceptors, respectively. The single
exception from the Ghose rule was the molecular weight, which was 223.23 and 241.22 g/mol.
The Fraction of sp3 carbon atoms can be used to describe the aliphatic degree and forecast the
solubility of medicinal molecules. It has been proposed that the therapeutic success rate of a
specific chemical increases with increasing saturation [55]. Fraction Csp3 for the medicinal
molecule under research was found to be zero degrees of saturation. Figure 13 displays the
radar plot that was acquired. Liphophilicity predictions for iLOGP, XLOGP3, WLOGP,
MLOGP, and SILICOS-IT have been found as 2.48, 2.93, 2.86, 2.89, 3.48 for 2PB and 2.54,
3.03,3.41, 3.29, 3.87 for 2FPB, respectively. The molecules have water solubility ESOL, ALI,
and SILICOS-IT and were predicted to be -3.70, -3.50, -5.76 in 2PB and -3.84, -3.60, -6.04 in
2FPB, respectively. The resulting values of water solubility show the variation from
moderately soluble to very soluble. These predicted pharmacokinetic properties confirm that
the title molecules have not violated most of the parameters and are confirmed to be non-toxic
drug candidates.

ZPB LIPO

FLEX SIZE

A e
s

INSATU POLAR

INSOLU

uPO

2FPB

FLEX SIZE

INSATU POLAR

INSOLU

Figure 13. BOILED-Egg plot and Radar plot for 2-phenyl-4H-3,1-benzoxazin-4-one and 2-(4-fluorophenyl)-
4H-3,1-benzoxazin-4-one.
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Table 9. ADMET profile of 2-phenyl-4H-3,1-benzoxazin-4-one and 2-(4-fluorophenyl)-4H-3,1-benzoxazin-4-one.

ADMET prediction 2PB 2FPB ADMET prediction 2PB 2FPB Pharmacokinetic properties 2PB 2FPB
Molecular weight 22323 24122
(g/mol)
CaCo-2 Number of Hydrogen 3 4
permeability (log 1.388 1.388 . . bond acceptors
Papp in 106 cm/s) Total Cleatrance (log 0.921 0.782 Physwchel.nlcal Number of Hydrogen
ml/min/kg) properties 0 0
bond donors
Intestinal absorption Excretion Fraction Csp 3 0.00 0.00
Absorption (human) (%) 98.122 96.344
Skin Permeability | = 501 | 2434 ESOL 370 3.84
(log Kp)
P-glycoprotein Renal OCT?2 substrate Water
substrate No No Renal OCT2substrate No No Solubility ALI -3.50 -3.60
P-glycoprotein I No No SILICOS-IT -5.76 -6.04
inhibitor
P-glycoprotein II No No AMES toxicity test Yes Yes iLOGP 2.48 2.54
inhibitor
VDss (human) (log | 154 | 934 XLOGP3 2.93 3.03
L/kg) Max. tolerated dose . -
Fraction unbound (human) (log mg/kg/day) -0.025 0.323 Lipophilicity
0.152 0.165 WLOGP 2.86 341
Distribution (human) (Fu)
BBB permeability s MLOGP 2.89 3.29
(log BB) 0.536 0.537 hERG I inhibitor No No SILICOS-IT 348 387
CNS permeability | 356 | 337 hERG II inhibitor No No
(log PS)
Toxicity Oral Rat Acute Lipinski Yes Yes
CYP2D6 substrate No No Toxicity (LD50) (mol/kg) 2.002 2.143
CYP3A4 substrate Yes Yes Oral Rat Chronic
s Toxicity (LOAEL) 2.06 2.03
CYP1A2 inhibitor Yes Yes (log mg/kg bw/day) Drug Likeness Veber Yes Yes
Metabolism | CYP2CI19 inhibitor Yes Yes Hepatotoxicity No No
CYP2C9 inhibitor No No Skin Sensitisation No No Ghose Yes Yes
CYP2D6 inhibitor No No T'Py“f"“i‘gs /tLO)X‘CIty Iog | 5807 | 0.593 Egan Yes Yes
CYP3A4 inhibitor No No Minnow toxicity 0748 | 0392 Bioavailability Score 0.55 0.55
(log mM)
210126
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4. Conclusions

In the present work, the molecules 2PB and 2FPB have been studied by DFT. By
computing the geometrical parameters using B3LYP/6-311++G(d,p), the optimized structures
of the molecules have been ascertained. The TD-DFT algorithm is used to carry out the UV-
visible absorption spectra in the gaseous phase. The molecular orbital research states that the
kinetic stability, organic reactivity, and intramolecular charge transfer of the molecules
influence their bioactivity. Its chemical and biological properties have been identified, along
with global reactivity descriptors and DOS spectra. Energy band gap values of 4.48 and 4.46
eV are estimated to be less chemically reactive and more structurally stable for the molecules.
The presence of reactive sites is further supported by the molecular electrostatic potential of
the molecules. The charge distribution inside each atom of the molecules has been examined
using Mulliken and the natural atomic charge population, and the natural bond orbital analysis
has been utilised to assess the molecules' intermolecular hydrogen bonding. ELF and LOL
studies have been used to evaluate the electronic characteristics of the molecules, and RDG
research confirmed their weak contacts. The intensity of atom-to-atom interactions in crystal
packing modes is identified using the Hirshfeld surface analysis and 2D finger maps. Molecular
docking has been used to evaluate the inhibitory properties against breast cancer proteins. The
estrogen sulfotransferase receptor (PDB ID: 1AQU), with which the molecules interact most
frequently, is bound with the greatest affinity (-10.4 and -10.6 kcal mol™!). Ultimately, the
physicochemical and ADMET properties confirmed the drug-like qualities of the molecules,
demonstrating that they are non-toxic and do not break any Lipinski criteria.
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