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Abstract: Benzothiazole is an amazing small molecule involved in many applications in
industrial and pharmaceutical industries to prepare many candidate compounds as
effective drugs. In this study, we presented some derivatives of this compound that were
prepared easily and quickly with the help of microwaves to minimize time, energy, and
finances. The compounds’ cytotoxicity against the two cell lines SK-GT-4 and AMGM5
was examined. The cytotoxic effect of each compound at different concentrations was
measured using the MTT assay. Compounds exhibited no potent cytotoxic effects toward
the SK-GT-4 cell line. Compounds B1 and B2 had a high ICsy value and good growth
inhibition activity against the AMGMS5 cell line. According to in silico absorption,
distribution, metabolism, and excretion analysis (ADME) prediction studies, the
compounds B1, B2, and B3 met Lipinski and were drug-like in most physicochemical
parameters. Despite some violations, generally favorable pharmacokinetic properties. It
is also assumed that it can potentially become a drug candidate in the future. Various
electronic parameters were examined using DFT/WB97XD/6-31++G(d,p), and studies
were conducted to support the experimental findings. To estimate the binding modes of
compounds B1 and B5, we also performed in silico molecular docking studies.

Keywords: ADME prediction; anticancer; benzothiazole; DFT; microwave radiation
assistance

m INTRODUCTION

Benzothiazole moiety

reported to have

human breast cancer. These compounds showed strong
anticancer efficacy. To investigate potential interactions
between these molecules and the epidermal growth factor

pharmacological properties [1-3], including anticancer,
anti-HIV, antiviral, antioxidant, anti-inflammatory, and
others [4]. Apoptosis (cell death) and inflammation are
known to be caused by the enzyme c-Jun N-terminal
kinase (JNK), which is inhibited by the compound
(benzothiazole-2yl)acetonitrile. ~ Research on  the
structure-activity relationship (SAR) of (benzothiazole-
2yl)acetonitrile ~ compounds  demonstrated  that
benzothiazole-2-pyridinyl scaffolds are critical for the
JNK inhibition activity. To obtain (benzothiazole-2yl)-2-
(2-substituted pyrimidine-4yl)acetic acids, the nitrile
group was hydrolyzed in acid and the anti-inflammatory
capabilities were then examined [5].

The 4-benzothiazol-2-yl-phenylamine derivatives

were tested towards MCF-7 and MDA-231 cell lines for

receptor (EGFR), which is highly expressed in breast
cancer. The synthesized compounds were docked into
the EGFR [6]. About sixty human carcinoma cell lines
obtained from nine neoplastic disorders were evaluated
for their potent anticancer in vitro activity using N-[4-
(benzothiazole-2-yl)phenyl]acetamide derivatives
containing various heterocyclic ring structures [7].
Chalcones-benzothiazole compounds' antiproliferative
and antioxidant activities on PANC-1 pancreatic cancer
cells were investigated [8]. In the one-dose screening
panel, thirty-five benzothiazole derivative compounds
coupled to various heterocyclic components were
created by various chemical processes, and their

potential in situ antitumor activity was evaluated against
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sixty human cancer cell lines. Only two compounds stood
out for their strong activity in the whole panel assay with
five doses and were chosen for further analysis [9].
Benzothiazole derivatives were synthesized, and
their functional activity and binding affinity to CB1 and
CB2 receptors were assessed [10]. Mishra and co-workers
[11] synthesized two Schiff bases
benzothiazole. They complexed them with lanthanide and

derived from

investigated the anti-bacterial activity against bacteria
Staphylococcus (MTCC 1144) and
Propionibacterium acnes (MTCC 1951). Benzothiazole
Schift bases are synthesized by condensing various aromatic

aureus

aldehydes with 4,6-difluoro-2-amino benzothiazole and
screened for antimicrobial activity [12]. Benzothiazole
derivatives were synthesized and were evaluated as
inhibitors for monoamine oxidases (MAQO) enzymes [13].
Thiazole/oxazole substituted benzothiazole derivatives
were created and evaluated for their anti-inflammatory,
analgesic, ulcerogenic, and free radical scavenging
properties [14]. Screening for anticonvulsants using
functionalized aryloxadiazole amine and benzothiazole
acetamide indoline derivatives was accomplished [15].

It was possible to create phenylacetamide derivatives
with the benzothiazole core. The potential of these
substances to stop the growth of paraganglioma and
pancreatic cancer cell lines was then investigated. Both
paraganglioma and pancreatic cancer cells experienced a
notable reduction in viability when exposed to the
compounds at low doses [16-17]. In the current research,
imidazo[2,1-b][1,3,4]thiadiazole derivatives containing
the benzothiazole group were synthesized and tested for
anticancer activity. Theoretical calculations supported the
experimental findings. DFT/WB97XD functional with 6-
31++G(d,p) basis set was used to optimal structures of the
compounds to study the chemical global reagent
(CGRDs),
metabolism, and excretion analysis (ADME) parameters,

descriptors absorption, distribution,

and pharmacokinetic properties.

m EXPERIMENTAL SECTION
Materials

Several chemicals were used in this study, such as 5-

bromopyridine-2-carbaldehyde (97%), thiophene-2-
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carbaldehyde (96%), 4-bromobenzaldehyde (98%), 4-
(benzyloxy)benzaldehyde (97%), and 5-(4-
(97%). All were
purchased from Sigma Aldrich without further

bromophenyl)furfural chemicals

purification.
Instrumentation

Nuclear magnetic resonance (NMR) spectra were
conducted at the University of Basrah's Department of
Chemistry in the College of Education for Pure Sciences.
The '"H-NMR was recorded using a Bruker Avance NEO
400 (400 MHz) The chemical shift
information for each resonance signal is given in terms

spectrometer.

of parts per million (ppm) relative to tetramethylsilane
(TMS) when "H-NMR spectra are assigned. The College
of Pure Sciences at Thi-Qar University used a
Bruker/FTIR Tensor 27 spectrophotometer (Japan) to
perform measurements of infrared (IR) spectra. Mass
spectra (MS) were obtained using a Shimadzu GCMS-
QP2010 plus model at Samarah University.

Procedure

Synthesis of the compounds

2-Amino-6-fluorobenzothiazole (I). The compound
was synthesized from 4-fluoroaniline (I) as mentioned
in the literature [18]. In order to obtain pure pale-yellow
needles of the compound, 1:1 aqueous-ethanol was used
to recrystallize it. The result has yielded 87% and melting
point (m.p.) of 182-185 °C. The compound was used to
Schiff further
characterization. The five compounds were made in an

prepare  the bases  without
environmentally friendly manner by condensation of
the benzothiazole amine (I) with the aldehydes (II-VII)
in the microwave, according to Scheme 1 (no reagent or
catalyst, small amount of solvent, short reaction time,
and high output). Crude products were washed with
ether first (to remove the aldehyde), then purified using
column chromatography (SiO; as packing material and
ethyl acetate 0-10% in chloroform as eluent).

N-((5-bromopyridin-2-yl) methylene)-6-
fluorobenzothiazol-2-amine (B1). 5-Bromopyridine-
2-carbaldehyde (0.332g, 1.785mmol.) and 6-
fluorobenzothiazol-2-amine (0.3 g, 1.784 mmol.) were
condensed in the presence of methanol (5 mL) using the
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microwave (800 W) for 1 min. The product yield after
purification was 0.4 g or 1.191 mmol. The compound is
freely soluble in chloroform and DMSO. 'H-NMR (500
MHz, DMSO-ds) 8: 9.00 (Schiff base proton, s, 1H), 8.70
(d,J=34.5Hz, 1H), 8.09 (s, 1H), 7.61 (s, 1H), 7.37 (s, 1H),
7.04 (s, 1H), 6.84 (s, 1H). "C-NMR (126 MHz, DMSO-ds)
0: 164.48, 158.40, 156.52, 149.93, 148.64, 139.83, 131.73,
123.37,119.81, 119.11, 113.11, 112.91, 107.90.
6-Fluoro-N-(thiophen-2-yimethylene)-
benzothiazol-2-amine (B2). Thiophene-2-
carbaldehyde (0.201g, 0.17 mL, 1.786 mmol) and 6-
fluorobenzothiazol-2-amine (0.3 g, 1.784 mmol) were
condensed in the presence of methanol (5 mL) using the
microwave (800 W) for 1 min. The product yield after
purification was 0.25 g or 0.954 mmol. The compound is
freely soluble in chloroform and DMSO. 'H-NMR (500
MHz, DMSO-d;) &: 9.31 (Schiff base proton, s, 1H), 8.05
(s, 1H), 8.03-7.93 (m, 2H), 7.89 (s, 1H), 7.33 (d, J = 20.7
Hz, 2H). “C-NMR (126 MHz, DMSO-ds) &: 170.97,
160.12, 148.08, 140.58, 138.44, 135.43, 129.25, 123.76,
115.13, 114.94, 108.97, 108.75.
N-(4-bromobenzylidene)-6-fluorobenzothiazol-2-
amine (B3). 4-Bromobenzaldehyde (0.330 g,
1.784 mmol) and 6-fluorobenzothiazol-2-amine (0.300 g,
1.784 mmol) were condensed in the presence of methanol
(5mL) using the microwave (800 W) for 1 min. The
product yield after purification was 0.27 g or 0.808 mmol.
The compound is freely soluble in chloroform and
DMSO. '"H-NMR (400 MHz, CDCl;) 8: 9.01 (Schiff base
proton, s, 1H), 7.97-7.83 (m, 3H), 7.68 (t, ] = 9.2 Hz, 2H),
7.53 (d, J=6.1 Hz, 1H), 7.22 (t, ] = 9.0 Hz, 1H). "C-NMR
(101 MHz, CDCL;) &: 164.74, 133.51, 132.47, 131.43,
131.01, 128.40, 124.25, 115.35, 115.11, 113.89, 113.65,
108.21, 107.83, 107.56.

6-Fluoro-N-(4-
(phenoxymethyl)benzylidene)benzothiazol-2-
amine (B4). 4-(Benzyloxy) benzaldehyde (0.380g,
1.793 mmol) and 6-fluorobenzothiazol-2-amine (0.30 g,
1.784 mmol) were condensed in the presence of methanol
(5mL) using the microwave (800 W) for 1 min. The
product yield after purification was 0.45 g or 1.243 mmol.
The compound is freely soluble in chloroform and
DMSO. 'H-NMR (400 MHz, CDCl;) 6: 8.90 (Schiff base
proton, s, 1H), 7.95 (d, ] = 8.6 Hz, 2H), 7.87 (dt, ] = 10.3,
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5.1Hz, 1H), 7.82 (d, ] = 8.6 Hz, 1H), 7.51-7.29 (m, 10H),
7.17 (td,]=9.0,2.4 Hz, 1H), 7.06 (d, ] = 8.3 Hz, 3H), 5.12
(s, 4H). PC-NMR (101 MHz, CDCl) &: 165.37, 163.76,
135.96, 132.44, 132.05, 130.12, 128.77, 128.38, 127.54,
123.87, 123.78, 119.72, 115.43, 115.17, 114.78, 113.83,
113.59, 108.16, 107.89, 107.56, 70.28.
N-((5-(4-bromophenyl) furan-2-yl) methylene)-6-
fluorobenzothiazol-2-amine (B5). 5-(4-
Bromophenyl) furfural (0.448 g, 1.784 mmol) and 6-
fluorobenzothiazol-2-amine (0.30 g, 1.784 mmol) were
condensed in the presence of methanol (5 mL) using the
microwave (800 W) for 1 min. The product yield after
column chromatography was 0.70 g or 1.750 mmol. The
compound is freely soluble in chloroform and DMSO.
'H-NMR (400 MHz, CDCl;) &: 9.17 (s, Schiff base
proton, s, 1H), 7.88 (dd, ] = 8.9, 4.9 Hz, 1H), 7.73-7.68
(m, 3H), 7.51 (dd, J = 8.1, 2.5 Hz, 1H), 7.20 (m, ] = 8.6,
2.9 Hz, 3H). "C-NMR (101 MHz, CDCL) §&: 183.05,
161.45, 159.01, 158.08, 148.22, 141.17, 136.35, 136.20,
135.60, 135.17, 134.11, 128.57, 128.33, 123.93, 123.84,
115.16, 114.92, 113.84, 113.60, 108.14, 107.88, 107.54.

Anticancer activity

Cancer cell lines AMGMS5 (cerebral glioblastoma
multiforme) [19], and SK-GT-4 cell line (oesophageal
adenocarcinoma, CAS 11012007-1VL) were obtained
from the IRAQ Biotech Cell Bank Unit in Basrah and
kept up with in RPMI-1640 enhanced with 10% Fatal ox-
like, 100 unit/mL penicillin, and 100
streptomycin. After passage with trypsin-EDTA, the

ug/mL

cells were reseeded at 70% confluence twice to three
times per week and kept at 37 °C and 5% CO, [20].

Cell viability assays

To determine the cytotoxic effect, the microculture
tetrazolium (MTT) cell viability assay was performed on
96-well plates. At 1 x 10* cells per well, cell lines were
plated [21]. Cells were subjected to test compounds (at
different concentrations for each compound) after 24 h
or when a confluent monolayer was attained. Cells
viability was determined by removing the medium after
72 h of the treatment. Then, 28 pL of a 2 mg/mL MTT
solution was added, and the cells were then incubated for
2 hat 37 °C. Following the removal of the MTT solution,
the remaining crystals in the wells were solubilized by
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Scheme 1. The preparation route for the synthesized Schiff bases

adding 100 uL of DMSO, which was then incubated at
37 °C for 15 min, as they were shaking [22]. This test was
completed in triplicate, and the wavelength of 620 nm was
used to evaluate absorbency using a microplate reader. The
percentage of cytotoxicity, or the rate at which cell growth
was inhibited or the proliferation rate is described in Eq. (1);

PR = 2 %100 (1)
A

where A is the mean optical density of untreated wells and
B is the optical density of treated wells. IR is equal to 100-
PR [23].

Computational details

Gaussian 09 program [24] has been employed to
estimate the ground-state optimizations of compounds
conducted using DFT/WB97XD functional with 6-
314++G(d,p) basis set. Optimizing computed geometries
has been accomplished using frequency calculations. The
fact that all wavenumbers have real values demonstrates

that the geometry optimization was successful in
quantum chemistry.

ADME prediction
The SwissADME software was utilized to predict
molecules'

pharmacokinetic and physicochemical

parameters based on their molecular structure.
m RESULTS AND DISCUSSION

4-fluoroaniline compound (I) was synthesized to
prepare five Schiff bases (B1-B5). The five compounds
were made environmentally friendly by condensing the
benzothiazole amine (I) with five aldehydes (II-VII) in a
microwave, according to Scheme 1. Product’s
identification using IR, GC-MS, 'H, and “C-NMR
spectra were conducted. All compounds' structures were
confirmed, as shown in Supplementary Data. The
physical properties and molecular formula of the
compounds are shown in Table 1.
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Table 1. The physical properties of B1-B5 compounds

Compound Molecular formula M.wt (g/mol) Color Reaction time (min) Mp. (°C) Yield (%)
Bl Ci:H7BrEN;S 336 Yellow 1 185-188 67
B2 C1,H;FN,S, 262 Yellow 1 177-180 54
B3 Cy4HsBrFN,S 335 Yellow 1 * 45
B4 C,1HisFN,OS 362 Yellow 1 72-75 70
B5 CisH10BrN,OS 401 Yellow 1 137-140 98

*not measured

In Vitro Anticancer Assay

Novel benzothiazole derivatives (B1-B5) that were
recently synthesized then were tested for their ability to
inhibit the proliferation of two cancer cell lines, AMGM5
and SK-GT-4 cell lines by being treated with various
concentrations (125, 250, 500, 750, and 1000 uM) for 72 h
of incubation. The antiproliferative activity was evaluated
using the MTT colorimetric test as described by the
percentage of cell viability and calculated ICs, by GraphPad
software (Version 8.0.2). Table 2, MTT assay showed that
the benzothiazoles (B1-B5) were examined against the

SK-GT-4 cancer cell line. Unfortunately, all these

susceptible to the effects of the examined substances B1-
B5, especially compounds B1 and B5 exhibited good
growth inhibition activity against the AMGMS5 cell line
with good ICs, value, Table 2. Moreover, compounds B2,
B3 and B4 exhibited low toxicity. Compounds' activity
and properties of tumor cells may differ due to changes
in their chemical structure. These findings show that in
vitro cell line apoptosis was caused by benzothiazole [25-
26].

Table 2. Cytotoxic effects of B1-B5 compounds on the
cell lines AMGMS5 and SK-GT-4
IC50 (mg/mL)

compounds' findings indicated lower toxicity (no Compound
P nes o oxicity - ( P AMGMS5 SK-GT-4
detectable cytotoxic action) on all cell lines tested. B1 1616
Compound B2, particularly, was more toxic than any B2 _' i
other compound. The percentages of cell viability in B3 i i
relation to various chemical concentrations against B4 .
AMGMS5 and SK-GT-4 cell lines are shown in Fig. 1(a-j). B5 332.0 B
While AMGMS5 cells were discovered to be more
120 -
(@ 97.17
§100 . é?g (b) — 63.99 64.85 67.00
£ 801 i 71.66 = 60 54.06
E 60 - 47 63 g ig
8 404 2780 &30
® 20 1 e 20
I
0 0
125 250 500 1000 125 250 500 750 1000
Concentration (pM) Concentration (uM)
100 - © 88.49 89.72 9252 92.52 90 - (d) 82.43 82.62 84.72
90 A 80
80 70 -
g o geo 1 59.31
€ 60 S 50
g % £
5 40 3345 3 401
B %8 & fg 1 e21
0 0 1l N
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Fig 1. Cell viability of the compound (a, b) B1, (c, d) B2, (e, f) B3, (g, h) B4, and (i, j) B5 against AMGM5 and SK-GT-
4 cell lines, respectively, after 72 h of treatment at 37 °C at various doses

In Silico ADME Prediction

SwissADME software was used to anticipate the new
SwissADME oftfers
information on specific fundamental parameters. The
goal of the guideline was to develop standards for novel
molecular entities in terms of their drug-likeness

compounds' ADME properties.

(Lipinski's rule of five). From Table 3, the molecule's
molecular flexibility, which should be less than 10, is
measured by the number of rotatable bonds (nRotB).
Hydrogen bond acceptor and donor, represented by
symbols HBA and HBD, respectively, indicate the nRotB.
While donors of H-bonds greater than 5. In addition to
Lipinski's parameters [27], other parameters like molar
refractivity (MR) measure a compound's volume and its
ease of polarization; It varies from 71.15-104.25. To put it

another way, the topological polar surface area (TPSA)
values were below 140 and ranged from 53.49 to 81.73.
In contrast, lipophilicity behavior is demonstrated
by a consensus Log P in the range of 4.11 to 5.52.
Compounds B1, B2, and B3 are moderately soluble,
whereas compounds B4 and B5 are poorly soluble. All
compounds have a high gastrointestinal absorption rate
in humans (GI). Compounds B2 and B4 presciently
show poor to cross the BBB while other compounds have
good BBB. The compounds are non-P-gp substrates; in
contrast, the effectiveness of each compound against CYP
enzymes varied. The differences between the predictions
show that the tested compounds are not thought of as
substrates and inhibitors of CYP2D6 inhibitor and
CYP3A4. At the same time, it was anticipated that all

Layla Jasim Abbas and Kawkab Ali Hussein



1520 Indones. J. Chem., 2024, 24 (5), 1514 - 1526
Table 3. Calculated ADME properties and pharmacokinetic properties of the compounds
Parameters Compounds
B1 B2 B3 B4 B5
Molecular weight 336.18 262.32 335.19 362.42 401.25
No. of rotatable bonds 2 2 2 5 3
No. of HBAs 4 3 3 4 4
No. of HBDs 0 0 0 0 0
Molar refractivity 78.77 71.15 80.97 104.25 98.68
TPSA(A?) 66.38 81.73 53.49 62.72 66.63
Consensus log P 4.11 4.21 4.80 5.47 5.52
Water solubility Moderate Moderate Moderate Poor Poor
GI absorption High High High High High
BBB permeant Yes No Yes No No
P-gp substrate No No No No No
CYP1A2 inhibitor Yes Yes Yes Yes Yes
CYP2C19 inhibitor Yes Yes Yes Yes Yes
CYP2C9 inhibitor Yes Yes Yes Yes Yes
CYP2D6 inhibitor No No No No No
CYP3A4 inhibitor No No No No No
log kp ~5.46 -4.97 ~4.94 ~4.24 ~4.49
Lipinski rule Yes Yes Yes Yes; 1 violation;  Yes;1 violation;
validation MLOGP >4.15 MLOGP > 4.15
Ghose Yes Yes Yes No; 1 violation;  No; 1 violation;
WLOGP > 5.6 WLOGP > 5.6
Veber Yes Yes Yes Yes Yes
Egan Yes Yes Yes No; 1 violation;  No; 1 violation;
WLOGP >5.88 WLOGP > 5.88
Muegge Yes Yes Yes No; 1 violation;  No; 1 violation;
XLOGP3>5 XLOGP3>5
Bioavailability Score  0.55 0.55 0.55 0.55 0.55
Lead likeness No;lviolation; No;lviolation; No;lviolation; No; 2 violations; No; 2 violations;
XLOGP3>35 XLOGP3>35 XLOGP3>35 MW > 350 MW > 350
XLOGP3 > 3.5 XLOGP3 > 3.5
compounds would inhibit CYP1A2, CYP2Cl19, and On the other hand, the substances under
CYP2C9. Skin permeation testing is an important tool for ~ investigation = have several beneficial ~ADME

understanding drug delivery into the various skin layers,
all compounds showed high values.
The that

compounds B1, B2, and B3 followed Lipinski's rule of five

findings demonstrate synthesized
except compounds B4 and B5. Consequently, compounds
B1, B2, and B3 had good drug-like characteristics and
reduced potency. In contrast, with high molecular weight
(M.wt >350) and XLOGP3 values, which ought to be
greater than 3.5, all compounds displayed two violations
in lead likeness, making the drug-likeness profile
Additionally, of their 0.55

bioavailability score, this indicates that they are more

unfavorable. because

drug-like in nature [28].

characteristics. The compounds' pharmacokinetics,
physicochemical characteristics, medicinal chemistry
properties and drug-likeness change when their

chemical structure is altered [29-31].

Computational Studies

Geometry optimization was used in studying
electronic properties depicted as presented in Fig. 2. The
energy difference between HOMO and LUMO governs
the molecule's kinetic stability, optical polarizability,
chemical reactivity, and chemical hardness-softness.
Table 4 summarizes the quantum chemical descriptors
such as absolute electronegativity, global hardness, and
softness.
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As shown in Table 4, the Enomo for compound B5 is
the greatest at —5.9579 eV, while that for compound B1 is
the lowest at —8.339 eV. The E;ymo of compound B5 is the
lowest, at —2.8471 eV, and compound B4 has the highest,
at —0.7415 eV. Molecules with a large energy gap (AE)
have low chemical reactivity but high kinetic stability due
to their rapid electron donation to an acceptor (a low-
energy gap molecule is generally more reactive). On the
other hand, a high-energy gap molecule is known as a
"hard molecule" and is challenging to polarize because the
excitation requires greater energy [32]. Compound B4
(the hard molecule) is the most stable and least reactive,
while compound B5 (the soft molecule) is the most stable
and most reactive.

The electronic chemical potential (p) can be

calculated as shown in Eq. (2) [33], to explain the

1521

tendency of electrons in an equilibrium system to leave.

(2)

The order of electronic chemical potentials is B5 >
B4 > B2 > B3 > B1. The ability of an atom or group of
atoms to draw electrons is characterized by a feature

1
w=> (Ezomo *+Erumo)

known as electronegativity (), which may be computed
using the formula in Eq. (3) [34].

(3)

The order of electronegativity is from small to
large: B5 < B4 < B2 < B3 < B1. A chemical system's
stability and reactivity are related to its chemical

1
xX= _E(EHOMO +Erumo)

hardness, and it demonstrates how hard it is to modify
the electron or charge distribution of a molecule [35]. It
is calculated by Eq. (4).

Table 4. Chemical global reagent descriptors (CGRDs) for compounds understudy by DFT/WB97XD/6-31++G(d,p)

Compounds HOMO (eV) LUMO (eV) AE(eV) p(eV) x(eV) H(eV) S(eV) )
B1 -8.3397 -1.1265 72131  -4.7331 4.7331 3.6066 0.2772  3.1057
B2 -8.0725 —0.8968 7.1756  —4.4847 4.4847 3.5878 0.2787 2.8028
B3 -8.2570 -0.9793 7.2776  —4.6182 4.6182 3.6388 0.2748 2.9305
B4 -8.1576 -0.7415 7.4161  —4.4496 4.4495 3.7080 0.2696 2.6696
B5 -5.9579 -2.8471 3.1107 —4.4025 4.4025 1.5554 0.6429 6.2305
J 9
9 X 9 9 9
oo L u pg a4 a B
" ¢ b L e 4 2 % g 5%
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Fig 2. The completely improved benzothiazole compounds at DFT/WB97XD/6-31++G(d,p) level. Red, blue, yellow,

light blue, dark grey, and light grey colors indicate Br, N, S, F, C, and H atoms, respectively
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1
n= E(ELUMO ~Epomo) (4)

Compound B5 is found to be less reactive and more
stable (harder), while compound B4 is found to be less
stable and more reactive.

1
S=E (5)

Eq. (5) can be used to calculate softness, which is the
opposite of hardness [36]. A softer species (atom or
molecule) is usually more polarizable and magnetizable
[37]. Compound B5 is softer and more polarizable, as
shown in Table 4, whereas compound B4 is harder and
less polarizable.

The ability of a molecule to acquire electrons is
measured by the global electrophilicity index (w). It can
be expressed as indicated in Eq. (6).

o=t (6)
n

The electrophilicity scale can classify organic molecules as
strong electrophiles. Strong electrophiles have more than
1.5 eV, while moderate electrophiles have less than 0.8 eV.
than 0.8 eV.
Superelectrophiles have an electrophilicity index greater

Marginal electrophiles have less
than 4.0 eV and are highly active in polar reactions [38].
The order of the electrophilicity is as follows: B5 > B1 >

B3 > B2 > B4.
Molecular Docking Studies

The main goal was to analyze ligand-protein
interactions to understand the mechanism for the highly

Indones. J. Chem., 2024, 24 (5), 1514 - 1526

active compounds action (B1 and B5) on the receptor
target. For the AMGMS5 cell line, molecular docking was
demonstrated using the receptor PDB (ID: 6TES5) [39].
Autodock4 [40] was used for the molecular docking
process, and Biovia Discovery Studio Visualizer was
used to analyze the results (Table 5). The interactions
between compound B1 and the amino acid residues in
the 6TE5 receptor's active site showed that compound
B1 had the best conformational docked pose, with a
good fit and binding energy, the amino acid residues that
were interacted with the ligand are ARG A:139, GLN A:
474, ALA A: 473, TYR A: 472, LEU A: 489, ASN A: 469,
CYS A: 313, LEU A: 185, LEU A: 471, TYR A: 143, PHE
A: 182, GLY A: 136, ILE A: 132, and PHE A: 308.
Additionally, two hydrogen bonds were formed with
TRP A:189 and THR A:140, as shown in Fig. 3(a). Fig.
3(b) shows the optimal pose for the protein-ligand
complex in the interaction diagram for compound B5.
In particular, the interactions with amino acid residues
are ARG A: 139, ALA A: 473, TYR A: 472, ASN A: 469,
ILE A: 132, PHE A: 308, LEU A: 185, THR A: 315, LEU
A:471, MET A: 186, CYS A: 314, TRP A: 189, PHE A: 182,

Table 5. Mean docked energy for compounds B1 and B5

with 6TE5 protein
Binding Ki Final
Compound (kcal/mol) (nM) intermolecular
energy
B1 -6.93 8310 -7.53
B5 -8.34 770.27 -9.23
¢ ASN
ad% & L
I -
A% )
A313
ALEgS LEU
AT‘1'§3 TRP. A“ilgo L g
) A:189 A6
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Fig 3. Molecular docking interactions of compounds (a) B1 and (b) B5 with 6TE5 receptor

TYR A: 143, GLN A: 475, THR A: 140, and GLY A: 136,
are all considered hydrophobic interactions, while two
hydrogen bonds with ARG A: 139 and GLN A: 474.

m CONCLUSION

Five new benzothiazole compounds’ synthesis and
characterization using IR, NMR, mass techniques, and
DFT investigations for evaluation as an anticancer drug
have been completed. The antitumor activity of the
synthesized compounds was investigated towards
AMGMS5 and SK-GT-4 cell lines. Regrettably, the MTT
assay showed that benzothiazoles B1-B5 examined
against the SK-GT-4 cell lines have no activity.
Meanwhile, compounds Bl and B2 exhibited good
growth inhibition activity against the AMGMS5 cell line
with good ICs, value. Moreover, other compound (B2, B3,
and B4) exhibited low toxicity. In silico ADME
Predictions, the compounds B1, B2, and B3 met Lipinski.
They were drug-like in most physicochemical parameters,
according to in silico ADME prediction studies, and they
had generally favorable pharmacokinetic properties,
although they had violations of some kind. It is also
assumed that it can become a possible potential future
drug candidate. The electronic chemical potentials for
molecule B5 are larger than that for other compounds.
The electrophilicity and electronegativity power of
compound B5 can be seen in the calculated values of the
global reactivity index. The results of the in silico docking
studies also showed that compounds B1 and B5 have
favorable dock scores, binding energies, and affinities for

the 6TE5
characterization, anticancer activity, molecular docking

receptor. As a result, for synthesis,
studies, in silico ADME prediction, and molecular
geometry, a trial to find new multi-targeted anticancer
treatments might be employed in the anticancer

medicines and pharmaceutical applications progress.
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