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Abstract: The electronic structure of the 2-(4-methoxyphenyl)benzo[d]thiazole was simulated using DFT
calculations at B3LYP/ 6-311++G** level. Theoretically calculated structural parameters are in good match
with the experimentally reported parameters. Molecular reactivity and stability of the complex has been
assessed through frontier molecular orbital analysis and also through evaluation of molecular electrostatic
potential (MEP). The presence of high electron density or negative charge around the nitrogen and oxygen
atom of the molecules signify the strong nucleophilic reactivity in the molecule. Further, the intermolecular
contacts of the complex are analysed through Hirshfeld surface analysis and finger print plots. The nature of
shape index and curvedness surface confirms the molecular crystal to be stabilized through weak [1-[]
stacking interactions. The fingerprint plots indicate H---H and C--H interactions as major contacts
contributing about 46.7% and 29.4% respectively to the overall crystal packing. Further, the drug likeness
and absorption-distribution-metabolism-excretion-toxicity (ADMET) properties of the compound is
analysed to determine its potential bioactivity. ADMET studies confirms nontoxic behaviour of the
compound. Molecular docking studies confirms that the molecule is stable enough to bind strongly with the
two cancers receptor Metastasis factor (S100A4) and adhesion (GPCR ADGRL3) and can modulate the
signalling of the cancer protein that can alter the behaviour and pattern of cancer initiation in the body.
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1. Introduction

Benzothiazoles constitute a significant and widely
occurring group of fused heterocyclic compounds

Specifically, the 2-arylbenzothiazole scaffold holds
significant importance in various bioactive
compounds, including antiparasitic,

[1,2]. These compounds are characterized by a
benzene ring fused to a thiazole ring, which
contains both sulfur and a nitrogen atom in the five-
membered ring. The benzothiazole motif is
prevalent in various pharmacological agents,
natural products, and synthetic intermediates [3,4].
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antituberculotic, antitumor agents, antidiabetic,
cardiovascular, and calcium antagonist [5].
Furthermore, 2-arylbenzothiazoles have garnered
substantial interest due to their potential uses in
organic luminescent materials, industrial dyes, and
agrochemical compounds [6]. As a result, there has
been a continuous dedication to the development of
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innovative synthetic methods for producing
derivatives of 2-arylbenzothiazoles. As a result, the
innovation of new approaches in synthesizing
biologically relevant benzothiazole scaffolds is of
utmost significance [7-9].

Conventional techniques ~ for  producing
benzothiazoles typically involve the condensation
of 2-aminothiophenols with acids, alcohols,
aldehydes, and various reagents [10,11]. An
alternative method includes the intramolecular
annulation of thiobenzanilides using transition
metals [12]. However, these conventional
approaches suffer from drawbacks like multistep
synthesis, limited substrate scope, and the use of
expensive catalysts. To address these challenges,
researchers, including Zhang [13], Wang [14],
Huang [15], Zhu [16] and Jiang [17] have
introduced copper-catalysed cyclization strategies
for benzothiazole synthesis using 2-haloanilines.
Despite advancements, these approaches still face
limitations, such as prolonged reaction times, harsh

conditions. In a recent article [18], the emphasis
was on synthesizing benzothiazoles using
dithiocarbonates in conjunction with a palladium
catalyst. Building on this foundation, our research
introduces a copper-mediated synthesis  of
benzothiazoles utilizing dithioesters.

This endeavor extends our prior work, dedicated to
developing novel methodologies for synthesizing
biologically significant N-heterocycles from
organosulfur dithioesters. Our study presents an
efficient and innovative approach to synthesizing
benzothiazoles from dithioesters. The one-
component tandem cyclization enables the selective
formation of 2-(4-methoxyphenyl)
benzo[d]thiazole from 2-chloroaniline and methyl
4-methoxybenzodithioate using copper oxide
(Scheme 1).

The reaction is not only effective and facile but is
also conducted in a one-pot manner under mild
conditions.
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Scheme 1. Synthesis of 2-(4-methoxyphenyl) benzo[d]thiazole

Over the past few years computational chemistry is
a fast-evolving discipline that support analyzing
chemical observations in a molecular level [19,20].
We performed the computational studies of the
compound to understand its chemical properties
and reactivity characteristics using DFT approach.
Moreover, we have carried out a molecular docking
analysis of the compound with four therapeutic
cancer protein targets to predict the binding pattern
and energy. Cancer cells spread from one part of
the body to the other through the process of
metastasis. S100A4 also known as mtsl is a
member of S100 family of Ca2+ binding proteins
that is directly involved in tumor invasion and
metastasis via interactions with specific protein
targets including non muscle myosin I1 A [21]. It is
associated with nasopharyngeal carcinoma [22].
Other cancer proteins particularly GPCR is also

responsible for the formation and initiation of
metastatic cancer [23]. G-protein-coupled receptors
(GPCRs) are a class of integral membrane proteins
that detect environmental cues and trigger cellular
responses. GPCRs are known to modulate the
processes such as proliferative signalling,
replicative immortality, evasion of growth
suppressors, resistance to apoptosis, initiation of
angiogenesis, and activation of invasion and
metastasis that are identified as the hallmarks of
cancer [24,25].

2. Computational Method

2.1. Density Functional Theory (DFT) study

All quantum chemical calculations are carried out
using Gaussian 16 program package [26]. The
ground state geometry of the compound was
determined using DFT calculation by B3LYP
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functional in conjunction with 6-311++G** basis
set. The B3LYP functional is extensively used to
obtain reliable geometry and energetic properties
with limited computational cost [27, 28]. The
diffused and polarized Pople basis set allow for
flexibility of molecular orbitals for improved
results. The convergence criteria were maintained
at default level without any constraint on the
geometry. Geometry optimization was followed by
frequency calculation at the same level of theory to
confirm the stationary point as a true energy
minimum. The visualization of the electronic
structure was done using Gaussview 6.0 program.
Absence of imaginary frequency during vibrational
calculation confirmed the optimized geometry as
true minima on the potential energy surface. Energy
of HOMO (Highest Occupied Molecular Orbital),
LUMO (Lowest Unoccupied Molecular Orbital)
and band gap is determined to understand the
chemical reactivity of the compound. Moreover,
molecular electrostatic potential of the compound is
calculated from the electron density to predict the
electrophilic and nucleophilic regions in the
complex.

2.2. Molecular Hirshfeld surface analysis
Hirshfeld surface analysis is widely used tool for
understanding the intermolecular interactions in a
molecular crystal. The intermolecular close
contacts can be visualized qualitatively and
quantitatively through the Hirshfeld surface. The
red-white-blue colour surface of the normalized
contact distance dnorm identifies the close contacts
around van der waals radius, short contacts and
long contacts. The mapped dnorm surface shows
red spots wherever close contacts are present in the
molecular crystal.

Crystal Explorer 17.5 program [29] is used to
perform Hirshfeld surface (HS) analysis of the
complex using the cif file. Three colour coded
surface e.g. dnorm, shape index and curvedness
were mapped for the molecular crystal. The
Hirshfeld surface was generated using a high
standard surface resolution. All the surfaces were
presented in a transparent mode for clear
visualization. Additionally, 2D fingerprint plots in
terms of de and d; are determined to summarize the
nature and type of intermolecular contacts used in
packing of the molecular crystal.

2.3. Molecular Docking

Molecular docking software | GEMDOCK was
used to carry out docking procedure [30]. To
initially validate the pharmacological interactions,
we selected four therapeutic protein targets, viz,
Ca’*-Bound Activated Form of the S100A4
Metastasis Factor (PDB code 2991 [21], MRCK
beta in complex with fasudil (PDB code 3tku) [22],
an engineered AxI 'decoy receptor (PDB code 4ra0)
[23], adhesion GPCR (PDB code 8jmt) [24],
because these proteins were well studied. The
ligand in SDF format was taken for molecular
docking analysis. Binding site of the target protein
were prepared. Water molecules were removed
from all the proteins. Protein- ligand complexes
were generated using | GEMDOCK. After docking
protein-ligand interaction profiles were generated.
After that pharmacological were generated by
profiles.

3. Results and discussion

3.1. Geometry

The optimized geometry of the molecule is shown
in Figure 1. The computed structural parameters of
the molecule are listed in Table 1. The computed
bond distance and angles are in good agreement
with the experimental geometrical parameters
obtained from X-ray crystallography [REF DOI:
10.1055/a-2193-5436; Art ID: SS-2023-09-0389-
OP]. The complex acquires a distorted octahedral
geometry. The six donor sites include the 4 nitrogen
atoms and 2 oxygen atoms of the ligands.

3.2. Frontier Molecular Orbital (FMO) analysis
The frontier molecular orbital analysis was
performed to determine the global reactivity
descriptors. The energy gap between frontier
molecular orbitals (HOMO and LUMO) of a
molecule is an important parameter to predict the
stability and reactivity of the system. Various
quantum chemical descriptors such as ionization
potential (1) and electron affinity (A), global
hardness (n), global softness (S), electronegativity
(x), chemical potential (u) and electrophilicity
index (w) of the molecule is computed and
summarized in Table 2. The computed surface
plots of HOMO and LUMO is displayed in Figure
2. The low band gap (4.250 eV) predicts the
molecule to be kinetically stable and chemically
reactive. The low band gap indicates facile charge
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transfer process in the molecule. Again, the the high reactivity of the molecule to alter the
hardness value (2.125 eV) is quite low, signifying  electron density.

Figure 1. DFT optimized structure of the molecule.

Table 1. Selected bond lengths and bond angles of the DFT optimized geometry

Selected bonds Bond lengths (A) Selected bond angles Bond angles (°)
C23-02 1.423 H25-C23-H24 109.38
02-C6 1.360 H25-C23-02 105.76
C6-C14 1.399 H24-C23-02 111.31
C14-C10 1.391 C23-02-C6 118.80
C10-C5 1.401 02-C6-C12 115.85
C5-C8 1.405 02-C6-C14 124.62
C8-C12 1.381 C14-C6-C12 119.53
C12-C6 1.401 C6-C14-C10 119.78
C5-C4 1.465 C14-C10-C5 121.30
C4-N3 1.296 C10-C5-C8 118.12
N3-C7 1.380 C5-C8-C12 121.11
C7-C16 1.414 C8-C12-C6 120.15
C16-S1 1.749 C5-C4-N3 124.25
C4-S1 1.789 C5-C4-s1 121.18
C7-C17 1.401 N3-C4-S1 114.56
Cl7-c21 1.388 C4-N3-C7 112.18
c21-cz27 1.404 N3-C7-C16 113.33
C27-C19 1.391 N3-C7-C17 125.27
C19-C16 1.394 C7-C17-C21 119.08
C16-C7 1.414 Cl7-c21-c27 120.91
H25-C23 1.088 C21-C27-C19 120.94
H24-C23 1.095 C27-C19-C16 118.11
C14-H15 1.082 C19-C16-C7 121.55
C10-H11 1.083 C16-S1-C4 88.771
C12-H13 1.083 C6-C14-H15 121.04
C17-H18 1.083 C6-C12-H13 118.68
C21-H22 1.084 H15-C14-C10 119.18
C27-H28 1.084 H11-C10-C14 120.02
H20-C19 1.083 H11-C10-C5 118.67
C5-C8-H9 120.21
H9-C8-C12 118.67
C8-C12-H13 112.16
H13-C12-C6 118.68
C7-C17-H18 119.29
C21-C17-H18 121.62
H22-C21-C27 119.43
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Figure 2. 3D surface plots of HOMO and LUMO of the molecule

H28-C27-C19 119.37
H20-C19-C16 121.19
A LUMO
E ywo =-1.738
AE=4.250
4 2 HOMO
E,omo = -5.988

Table 2. FMO energy parameters and global reactivity descriptors of the molecule.

Parameters Values
HOMO (eV) -5.988
LUMO (eV) -1.738
AE = (LUMO-HOMO) (eV) 4.250
| =-E(HOMO)(eV) 5.988
A = -E(LUMO) (eV) 1.738
1=+ A)/2 (V) 3.863
p=-x(V) -3.863
n=(1-A)2 (V) 2.125
S=1/n(eV) 0.471
o =p%2 1 (eV) 3.511

331402 N

(O -3 14e-2

Figure 3. Molecular electrostatic potential map of the molecule
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3.3. Molecular Electrostatic Potential (MEP)
The electrostatic potential of a molecular entity is a
valuable tool to predict electrophilic and
nucleophilic sites within the molecule. The
propensity of formation of various types of
intermolecular interactions, for example: hydrogen
bonding, drug-receptor interaction, enzyme-
substrate interactions etc is majorly based on the
electrostatic potential of the molecule [31]. The
MEP of the metal complex is calculated using
electron density of the optimized structure and
displayed in Figure 3. The 3D map highlights the
electron density in terms of different colour in
increasing order blue<green<yellow<orange<red.
The figure indicates the presence of high electron
density or negative charge around the nitrogen and
oxygen atom of the molecules (red colored surface)
as strong nucleophilic region. While the sulphur
atom and phenyl rings are yellowish colour
indicating moderately nucleophilic reactivity on
those sites. the methyl group displays blue surface
indicating  electron  deficiency. Thus, the
electrophilic reactivity of the complex will be
centered around the methoxy group.

3.4. Hirshfeld surface analysis

The Hirshfeld surfaces of the compound mapped in
terms of dnorm, curvedness and shape index are
shown in Figure 4. The dnom Surface represents the
normalized contact distance. Several red spots in
the dnorm Surface indicates the atoms present in close
proximity to the inner and outer side of Hirshfeld
surface arising due to the N---H, O--H, S---H, and
C---H intermolecular interactions. The low intensity
of the red colour spots indicates the weak nature of
these intermolecular contacts in the studied
molecule. The white and blue surfaces indicate

atoms with medium proximity and large distance
respectively from the Hirshfeld surface. The shape
index and curvedness determine the shape and
surface area of the molecule. The shape index is a
key parameter in understanding the presence of n-n
stacking interactions in the packing modes of the
crystal [32]. The shape index surface shows
adjacent red and blue triangles indicating the
presence of adjacent concave and convex region.
This implies that the molecular crystal is stabilized
with weak n-7t stacking interactions. Further the
curvedness map supports the findings of shape
index. The presence of flat surface patches in the
curvedness map clearly tells that the crystal is
packed with w-rt stacking interactions.

The two-dimensional fingerprint plots (Figure 5) of
the major contacts are determined to quantify the
intermolecular interactions. The molecular crystal
is mostly packed with H---H and C--H contacts as
major interactions contributing about 46.7% and
29.4% respectively to the overall crystal packing.
The absence of characteristics wing feature with
bow-tie pattern of C--H contacts indicate the
absence of C-H--r interaction in the crystal [33-
36]. Additionally, O--H and N---H contacts are also
observed stabilizing the crystal through hydrogen
bonding interaction. Both O--*H and N---H contacts
in the FP plots are noticed with their signature
symmetrical sharp spikes. The sharpness of N--H
contacts are more than that of O---H advocating the
stabilization of the molecular crystal with strong
N-‘H hydrogen bonding interactions compared to
O--H contacts [37]. Other interactions with minor
contribution in the crystal packing are C:--S and
S-S interactions, contributing 2.1% and 1.3%
respectively to the packing of the crystal.

(a) dhorm

(b) Curvedness

(c) Shape index
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(d) Intermolecular interactions
Figure 4. Hirshfeld surfaces mapped over (a) dnorm, (b) curvedness (c) shape index and
(d) intermolecular interactions.
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de de
28 i 28 o HM.0 (8.5%
C-HH-C (29.4%) “HIH-O (8.5%)
26 26
2.4 2.4
22 22
2.0 20
18 1.8
16 16
14 1.4
1.2 1.2
1.0 1.0
di di
To0 T2 T4 Tb T8 20 22 24 Zb 23 T0 T2 T4 Tk T3 20 272 24 26 Z238
de de
28 2.8
N-H/H-N (6.4%) S-HIH-S (4/4%)
26 26
2.4 : 2.4
22 2.2
2.0 2.0
18 18
16 16
1.4 1.4
1.2 1.2
1.0 1.0
di di
To T2 T4 Te T8 20 22 24 26 238 To T2 T4 Te T8 20 22 24 26 238
de de
2.8 2.8
$-CIC-S (211%) $-8/8-8 (1.3%)
26 26
2.4 2.4
22 2.2
2.0 2.0
18 18
16 16
14 14
1.2 1.2
1.0 1.0
di di
To T2 T4 To T8 20 22 24 26 28 To T2 T4 To T8 20 22 24 26 28

Figure 5. Two-dimensional fingerprint plot of the molecule showing the contributions of
individual interactions.
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3.5. Molecular docking
The ligand 2-(4-methoxyphenyl)benzo[d]thiazole
is docked strongly with Metastasis factor
(S100A4)(PDB ID: 2Qp 1) with an overall binding
energy of -79.8 kcal/mol. The amount of high
binding energy correlates a strong binding affinity
between the ligand and the receptor. This is a
member of small calcium-binding protein family
and is involved in the cell proliferation and cancer
progression. The amino acid of the receptor
involved in interaction with the ligand is an acidic
amino acid Glutamic acid. Molecular docking of 2-
(4-methoxyphenyl)benzo[d]thiazole against second
cancer receptor, myotonic dystrophy-related
Cdc42-binding kinases(MRCK beta in complex
with fusadil) with PDB Id: 3ktu releases a slightly
lower binding energy of -67.8 kcal/mol. The amino
acids involved in the interaction is phenyl alanine
and it forms a hydrogen bond with the receptor. The
same ligand when docked with the third receptor.
myotonic dystrophy-related Cdc42-binding kinases
(MRCK beta in complex with fusadil) releases an

equivalent to -71.4kcal/mol. Here only amino acid
glutamine is involved in hydrogen interaction with
the receptor. How ever the same ligand docked very
strongly with the fourth cancer regulating receptor,
adhesion GPCR ADGRL3 with a binding energy of
-78kcal/mol. One non polar amino leucine and
another polar amino acid serine is involved in the
interaction with the protein. G Protein Coupled
Receptors (GPCRs) perceive many extracellular
signals and transduce them to heterotrimeric G
proteins, which further transduce these signals
intracellularly to appropriate downstream effectors
and thereby play an important role in various
signalling pathways and also an important role in
the initiation of cancer. Our docking study shows
that the ligand, 2-(4-
methoxyphenyl)benzo[d]thiazole is stable enough
to bind strongly with the two cancer receptor
(1.Metastasis factor (S100A4) 2. adhesion GPCR
ADGRL3) and can modulate the signalling of the
cancer protein that can alter the behaviour and
pattern of cancer initiation in the body.

Figure 6. Molecular docking of 2-(4-methoxyphenyl)benzo[d]thiazole against calcium bound metastatic

factor (PDB ID: 2g91).

Table 3. Amino acids involved in the interaction of 2-(4-methoxyphenyl)benzo[d]thiazole with calcium

bound metastatic factor
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SN. Compound Amino acid involved in covalent interaction
1. Hydrogen bond (kcal/mol) van deer Waal energy (kcal/mol)
Overall energy = - | Amino acid Energy | Amino acid Energy
79.8 (kcal/mol) H-S-GLU-88 -2.5 V-M-ASN-87 -4.9
H-M-GLU-91 -3.4 V-S-ASN-87 -6.1
V-M-GLU-88 -5.7
V-S-GLU-88 -5.4
V-M-ASP-95 -4.7
V-S-PHE-27 -10.4

Figure 7. Molecular docking of 2-(4-methoxyphenyl)benzo[d]thiazole againstmyotonic
dystrophy-related Cdc42-binding kinases(MRCK beta in complex with fusadil) with PDB
Id: 3ktu.

Table 4. Amino acids involved in the interaction of 2-(4-methoxyphenyl)benzo[d]thiazole with
myotonic dystrophy-related Cdc42-binding kinases.

SN. | Compound Amino acid involved in covalent interaction
1. Hydrogen bond (kcal/mol) | van deer Waal energy (kcal/mol)
Overall energy | Amino acid Energy | Amino acid Energy
= -67.5 | H-M-PHE-219 -3.5 V-S-MET-153 -4.3
(kcal/mol) V-S-TYR-155 -4.2
V-S-LEU-207 -4.5
V-M-ALA-217 -4.8
V-S-PHE-370 -4.1

10
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Figure 8. Molecular docking of 2-(4-methoxyphenyl)benzo[d]thiazole against an
engineered AxI 'decoy receptor with a PDB ID: 4raO.

Table 5. Amino acids involved in the interaction of 2-(4-methoxyphenyl)benzo[d]thiazole with
myotonic dystrophy-related Cdc42-binding kinases.

SN. | Compound Amino acid involved in covalent interaction
1. Hydrogen bond (kcal/mol) | van deer Waal energy (kcal/mol)
Overall energy = Amino acid Energy Amino acid Energy
-71.4 (kcal/mol) H-M-GLN-341 | -3.5 V-S-ARG-308 -8.8
V-M-HIS-340 -4.5
V-S-HIS-340 -4.2
V-S-ASN-420 -9.5
V-M-PRO-427 -4.7
V-S-PRO-427 -4.6

11



Turkish Comp Theo Chem (TC&TC), 10(1), (2026), 1-16

Mridula Guin, Kodipura P. Sukrutha, Kamakshi Sharma, Paratpar Sarkar, Ravani A. Roopa,
Maralinganadoddi P. Sadashiva, Kuppalli R. Kiran

Figure 9. Molecular docking of 2-(4-methoxyphenyl)benzo[d]thiazole againstadhesion

GPCR ADGRL3 with a PDB ID: 8jmt

Table 6. Amino acids involved in the interaction of 2-(4-methoxyphenyl)benzo[d]thiazole with
adhesion GPCR ADGRL3

SN. | Compound Amino acid involved in covalent interaction
1. Hydrogen bond (kcal/mol) | van deer Waal energy (kcal/mol)
Overall energy = - | Amino acid | Energy Amino acid Energy
78 (kcal/mol) H-M-LEU- -35 V-M-LEU-892 -6.4
892 -35 V-M-ARG-896 -7.1
H-S-SER- V-S-ARG-896 -8
894 VV-M-ASN-897 -5.1
V-S-HIS-900 -4.2
V-S-LYS-1206 -7.2

3.6. Drug likeness and ADMET prediction

Drug likeness and ADMET study

For a drug candidate, biological activity, ADMET
properties and pharmacokinetic profile is the
foremost parameter to know for its application in
medicinal field. The absorption of a drug inside
body and there its efficacy is predicted by the thumb
rule known as Lipinski's rule of five. The
percentage of plasma concentration is indicated by
the bioavailability score. The passive transport
system of cell membranes is directly related to the
hydrogen bonding and can be understood from the
value of topological polar surface area (TPSA). The

drug likeness, bioactivity score and ADMETox
properties of the compounds are predicted using
molinspiration [38] and ADMETSAR [39] online
servers. A number of druglike properties such as
hydrophobicity (logP), aqueous solubility (logS)
kinase inhibition, protease inhibition, nuclease
receptor ligand, GPCRL and ion channel
modulation are predicted. Further, pharmacokinetic
characteristics  like absorption,  distribution,
metabolism, excretion and toxicity profile of ligand
and complexes are recorded in the form of Caco-2
cell permeability, blood-brain barrier (BBB)
permeability, human intestinal absorption (HIA),

12
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and toxicity parameters, such as carcinogenicity,
mutagenicity, LD50 dose, and so forth. All these in-
silico predicted data are compared with the two
reference drugs riluzole and gefitinib.

Drug likeness and bioactivity scores of the
compound is shown in Table 7. It can be seen
from the drug likeness properties that the molecule
obeys Lipinski's rule without any violation. The
TPSA, mlogP values of the ligand is within the
allowable range of the candidate drug to penetrate
the bio membrane, and show good bioavailability
degree. TPSA of the molecule lies well below the
limit of 140A2 The bioactivity score of the
compound is also predicted by Molinspiration
cheminformatics software. A positive bioactivity
score predicts the compound to show significant
biological activity. While a compound having a
score between -0.5 to 0.0 is said to be moderately
active and score less than zero suggest an inactive
compound. The score in Table 7, suggest that the
molecule is moderately bioactive.

The results of the ADMET study shown in Table
8 reveal that the compound has good absorption

and distribution characteristics. The human
intestinal absorption (HIA) of this molecule is
better than the reference drugs predicting the
molecule as potent drug candidate. The Caco-2
permeability value 0.5758, indicates good
absorption. The BBB value 0.9575 as per in the
range of approved reference drugs. The predicted
value of permeability of HIA, BBB and Caco-2 is
in  high, which indicates their good
pharmacokinetics. The compounds are predicted
to be non-carcinogenic but AMES mutagenic. The
median lethal dose (LD50) value calculated in the
rat model helps determine the lethality of the
compound. It was found that the LDsg value of the
compound is 1.708 mol/kg which is lower than the
two reference drugs that are compared in this
study suggesting it as better therapeutic agent. The
drug likeness and ADMET properties of the
compounds are as per with two approved drugs
riluzole and gefitinib.

Table 7. Summarized drug likeness and bioactivity profile of the molecule (Molinspiration)

Parameters Compound Riluzole Gefitinib
Druglikeness miLogP 4.35 2.92 4.19
TPSA 22.13 48.15 68.75
Nviolations 0 0 0
Natoms 17 15 31
MW 241.31 234.20 446.91
nON 2 3 7
nOHNH 0 2 1
Nrotb 2 2 8
Volume 211.54 166.16 385.07
Bioactivity GPCRL -0.59 -0.52 0.12
scores ICM 0.058 -0.04 -0.04
Kl -0.16 -0.31 0.66
NRL -0.51 -0.80 -0.21
PI -0.67 -0.60 -0.30
El -0.23 -0.21 0.03
Table 8: The ADMET properties and toxicity analysis of all four molecules (ADMETSAR)
BBB HIA Caco-2 Renal Organic cation | AMES Carcinogenicity Rat acute Toxicity
Permeability | transporter Toxicity LDso mol/kg
Compound | 0.9575 | 1.0000 0.5758 Non-Inhibitor Toxic Non-carcinogens 1.7080
Riluzole | 0.9799 | 0.9950 0.5377 Non-Inhibitor Toxic Non-carcinogens 3.6843
Gefitinib | 0.9759 | 0.9961 0.5934 Inhibitor Non toxic Non-carcinogens 2.5141
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4.  Conclusions

This study involves the theoretical calculation of 2-
(4-methoxyphenyl)benzo[d]thiazole based on DFT
approach. Theoretical predicted structure is found
to be in good correlation with the experimentally
attained structure obtained from XRD. The FMO
analysis suggest the molecule to be kinetically
stable and chemically reactive. The band gap was
found to be 4.5 eV supporting facile electron
transfer in the molecule. The MEP map indicates
the presence of high electron density or strong
nucleophilic region of around the nitrogen and
oxygen atom of the molecules. The area near the
sulphur atom and phenyl rings will show moderate
nucleophilic reactivity while the electrophilic
reactivity of the complex will be centred around the
methoxy group. The Hirshfeld surface analysis
shows the presence of N---H, O--H, S-*H, and C--H
inter-molecular interactions accounting for the
stability of the molecular crystal. The nature of both
shape index and curvedness surface implies that the
molecular crystal to be stabilized with weak (-
stacking interactions. The two-dimensional
fingerprint plots show H--H and C---H interactions
as major contacts contributing about 46.7% and
29.4% respectively to the overall crystal packing. In
addition, O-+H and N--H hydrogen bonding
interaction also contribute significantly in crystal
packing. The drug likeness and ADMET properties
of the compound support good bioactivity and non-
toxicity of the compound. Molecular docking
studies prove the molecule to bind strongly with the
two-cancer receptor to modulate the signalling of
the cancer protein. This result supports the potential
of the compound as an effective anticancer agent
and pave the way for further investigations and
potential applications in the development of new
anticancer agent.
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