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ABSTRACT: In the presented manuscript, a new series of 2-[4-methoxy-3-(5-substituted phenyl-[1,3,4]oxadiazol-2-ylmethoxy)-
phenyl]-benzothiazoles (6a−n) have been synthesized and studied in vivo and in silico for their anticonvulsant potential. Maximum
electroshocks (MES) and subcutaneous pentylenetetrazol (scPTZ) models have been used for in vivo anticonvulsant activity. Auto
Dock 4.2 software was used for in silico studies, and the targeted protein was 5IOV.sThe antidepressant activity of selected
compounds (most active) was determined as a reduction in locomotor activity through an actophotometer. In vivo and In silico
studies proved that among all the synthesized compounds, 6f, 6h, 6j, and 6l were the most potent with no neurotoxicity as compared
to conventional drugs (phenytoin and phenobarbital). The in silico studies also indicated about different binding interactions of
synthetic compounds to localize the binding receptors. The most likely mode of action for these drugs, according to the docking
analysis of active compounds with various targets, is their binding to the VGCC and NMDA receptors.

1. INTRODUCTION
Epilepsy is a serious neurologic condition associated with
stigma, psychiatric comorbidity, and high economic costs.1−3

By using the meta-analytic technique in population-based
studies of the prevalence and incidence of epilepsy, it is
established that the point prevalence of active epilepsy was
6.38 per 1000 persons while the lifetime prevalence was 7.60
per 1000 persons. The same study also established that the
annual cumulative incidence of epilepsy was 67.77 per 100,000
persons while the incidence rate was 61.44 per 100,000 person-
years.4 Epilepsy is also more common among high-income
countries, lower socioeconomic groups, and persons of
different ethnic origins within the same community.5

According to the International League Against Epilepsy
(ILAE), epilepsy can be characterized by the following: (1)
one unprovoked (or reflex) seizure and a risk of further
seizures similar to the general recurrence risk (at least 60%)
after 2 unprovoked seizures occurring within the next 10 years;
(2) at least 2 unprovoked (or reflex) seizures occurring >24 h

apart; and (3) diagnosis of an epilepsy syndrome.6 In the
middle of the 19th century, the first anticonvulsant drug
named potassium bromide was reported.7 Since then, several
antiepileptic drugs (AEDs) have been approved by scientists
and the medical community and are available as primary
treatment for people suffering from epilepsy.8,9 Currently,
barbiturates and benzodiazepines are widely used as anti-
epileptic drugs; however, these are inefficient in controlling
seizures in more than 30% of the patient and have a low
therapeutic window, drug−drug interaction, and various types
of adverse effects.10 Other marketed AEDs like gabapentin,
pregabalin, vigabatrin, lacosamide, lamotrigine, levetiracetam,
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etc. also are associated with several adverse effects such as
gastrointestinal disturbances, nausea, hirsutism, hepatotoxicity,
weight gain, resistance, and neurotoxicity.11,12 The efficacy of
an AED for a specific type of seizure and also its tolerability
and safety are factors taken into consideration in the selection
of antiepileptic drugs for treatment.12−14 Recently, the U.S.
Food and Drug Administration (FDA) permitted three new
AEDs�brivaracetam, cannabidiol, and stiripentol.15,16 How-
ever, there is always a need to search for new chemical entities
with more efficacy and fewer side effects as AEDs.

Medicinal chemists are continuously working to explore the
pharmacological potential of heterocyclic compounds in which
benzothiazoles are interesting prospects. It has been estab-
lished that the endocyclic sulfur and nitrogen activities in this
heterocyclic nucleus are essential for anticonvulsant activity.17

Benzothiazole contains benzene fused with a five-membered
thiazole ring.18,19 Benzothiazole is an affluent endocyclic ring
system with multiple biological activities including anti-
cancer,20 antidiabetic,21 antimicrobial,22 anti-inflammatory,23

antiviral,24 antituberculosis,25 etc. Further, researchers have
found that the presence of an oxadiazole moiety in the
heterocyclic ring shows potent anticonvulsant properties. 1,3,4-
Oxadiazole is a five-membered ring containing one oxygen and
two nitrogen atoms.26 Oxadiazole containing heterocyclic
compounds also have a wide range of biological activities
such as antimicrobial,27 anti-inflammatory,28 antituberculo-
sis,29 antibacterial,30 antioxidant,31 etc. To maximize the
pharmacological potential of both moieties, we created some
novel hybrid compounds of benzothiazole and hydrazones
while taking into account the structural requirements and wide
range of biological activities of both moieties. Utilizing the
MES (maximal electroshock seizure method) and scPTZ
standard protocols, the synthesized compounds were assessed
for their anticonvulsant activity (subcutaneous pentylenete-
trazole).

The pharmacophore model for anticonvulsant drugs consists
of four binding sites by way of illustration; an aryl hydrophobic
binding site (A), a hydrogen bonding domain (HBD), an

Figure 1. Structural requirements (pharmacophore model) of anticonvulsant activity.

Scheme 1. Synthesis of Target Compounds (6a−n)
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electron donor-acceptor system (D), and a hydrophobic aryl
ring (C).32 The standard drug phenytoin and phenobarbital
are considered as references for designing the pharmacophore
model of newly synthesized compounds (Figure 1).33,34

2. RESULTS AND DISCUSSION
2.1. Chemistry. Targeted compounds (6a−n) were

synthesized by following the reaction scheme as illustrated in
Scheme 1. In the initial step, 5-benzothiazol-2-yl-2-methoxy-
phenol (3) was synthesized via cyclization of 2-amino
thiophenol (1) with 3-hydroxy-4-methoxy-benzaldehyde (2).
The presence of peaks (cm−1) at 3244 (O−H str), 3065 (C−H
str, Ar), 2932−2845 (C−H str, alkane), 1586 (C�N str),
1530−1431(C�C, Ar), 1174 (C−O), 1127(C−N), and 731
(C−S−C) in the IR spectra confirmed the synthesis of
compound 3. The synthesis of compound 3 was also confirmed
by the presence of signals at 4.821 and 3.827 for OH and
OCH3 protons, respectively, in IH NMR. In the next step, (5-
benzothiazol-2yl-2-methoxy-phenoxy)-acetic acid ethyl ester
(4) was prepared by esterification with chloroethyl acetate.35

The peaks (cm−1) at 3064 (C−H, Ar), 2935−2849 (C−H,
alkane), 1763 (C�O), 1586 (C�N), 1523−1432 (C�C,
Ar), 1193 (C−O), 1136 (C−N), and 727 (C−S−C) in the IR
spectra confirm the synthesis of compound 4. The signals at
4.912, 4.128, 3.831, and 1.298 due to the presence of OCH3,
CH3, and CH2 groups in the 1H NMR again bolstered the
confirmation of intermediate 4 synthesis. In the third step, the
reaction of intermediate 4 with hydrazine hydrate yielded (5-
benzothiazol-2-yl-2-methoxy-phenoxy)-acetic acid hydrazide
(5),35 which was confirmed by the presence of peaks (cm−1)
at 3648 (N−H), 3065 (C−H, Ar), 2932−2849 (C−H,
alkane), 1757 (C�O), 1558 (C�N), 1524−1435 (C�C,
Ar), 1173 (C−O), 1146 (C−N), and 729 (C−S−C),
respectively, in the IR spectra. The structure of compound 5
was again bolstered by the presence of signals of NH2, NH,
OCH3, and CH2 protons at 8.001, 4.809, 3.830, and 2.321,
respectively, in the 1H NMR. In the final step, the targeted
compounds (6a−n) were obtained by the reaction of (5-
benzothiazol-2-yl-2-methoxy-phenoxy)-acetic acid hydrazide
(5) with substituted aromatic carboxylic acids via the
Vilsmeier−Haack reaction followed by cyclization.36,37 The
structures of targeted compounds were established by
characterization using FT-IR, 1H NMR, 13C NMR, and mass
spectral data followed by elemental analysis. The IR spectra of
the synthesized compounds showed C−H stretching (aromatic
and aliphatic) in the range of 3090−2800 cm−1. The C�N
and C�C stretching peaks appeared in the range of 1650−
1590 and 1600−1400 cm−1, respectively, whereas C−N and
C−O bending peaks were found in the range of 1300−1100
cm−1. Characteristic absorption bands at 780−650 cm−1

corresponded to the C−S, C−Cl, and C−Br bending functions
of the structures. The substituted functional groups such as
N−H and O−H were observed in the region of 3500−3300
cm−1. In 1H-NMR spectra, a doublet and triplet of aromatic
protons of the benzothiazoyl and benzene rings are found
resonating in the range of 8.034−7.330 ppm. The character-
istic peaks of the −OH, −CH2, −NH, and −OCH3 groups
appeared at 10.414, 4.816, 4.292, and 3.964 ppm, respectively.
2.2. Biological Evaluation Studies. 2.2.1. Acute Toxicity

(LD50) Study. The median lethal dose (LD50) of the derived
compounds (6a−n) was determined by utilizing data obtained
through acute toxicity studies, which were conducted as per
OECD 423 guidelines.38 All the prepared compounds were

administered to different groups of either sex of albino mice.
Each animal was observed for 24 h after the administration of
definite doses. The data obtained are shown in Table 1, which

suggests that animals with a dose concentration of 300 mg/kg
body weight of compounds, 6c, 6d, 6e, 6g, 6i, and 6k show
mortality with involuntary movements like unwanted body
stiffening and jerky movements. No other signs and mortality
have been reported in any groups at 100 mg/kg dose
concentration except compounds 6c and 6e as they showed
slight spasmodic behavior after a few minutes of admin-
istration. At lower dose concentrations of 30 and 5 mg/kg
body weight, all animals survived and stayed healthy.

2.2.2. In Vivo Anticonvulsant Activity. The maximal
electroshock (MES) and subcutaneous pentylenetetrazole
(scPTZ) induced convulsion animal models were used for
investigating the antiepileptic potential of the synthesized
compounds (6a−n) in albino mice. The purpose of these
studies was to find compounds that might prevent both
generalized absence (petit mal) and generalized tonic−clonic
(grand mal) seizures. The chosen groups of mice were given all
the synthetic compounds intraperitoneally (i.p.) at doses of 30,
100, and 300 mg/kg of body weight, and observations were
made at two distinct times (0.5 and 4 h).

As indicated in Table 2, the majority of the produced
compounds demonstrated protection in both antiepileptic
screening methods. Compounds 6f, 6h, 6j, and 6l in the MES
and scPTZ model showed protection against seizures spread
across both 0.5 and 4.0 h periods at 30 mg/kg of body weight,
indicating a potential short onset and prolonged duration of
action. Compounds 6a and 6d showed protection at the same
dose after 0.5 h but needed 100 mg/kg after 4.0 h, indicating a
rapid onset but brief duration of action. By needing a greater
dosage of 100 mg/kg of body weight and 300 mg/kg of body
weight for 0.5 and 4 h interval protection, respectively,
compounds 6e and 6k displayed intermediate activity in MES
screening, whereas in scPTZ screening, compound 6g is also
added into the same category of potential along with 6e and
6k. Further, in MES screening, compounds 6g, 6i, and 6n also
showed signs of antiepileptic activity since they offered

Table 1. Acute Toxicity Studies of Standards and
Synthesized Compounds (6a−n)

number of animals dead/tot number of animals
tested, dosage (mg/kg)

compounds 5 30 100 300

6a 0/3 0/3 0/3 0/3
6b 0/3 0/3 0/3 0/3
6c 0/3 0/3 1/3 2/3
6d 0/3 0/3 0/3 2/3
6e 0/3 0/3 1/3 1/3
6f 0/3 0/3 0/3 0/3
6g 0/3 0/3 0/3 1/3
6h 0/3 0/3 0/3 0/3
6i 0/3 0/3 0/3 1/3
6j 0/3 0/3 0/3 0/3
6k 0/3 0/3 0/3 1/3
6l 0/3 0/3 0/3 0/3
6m 0/3 0/3 0/3 0/3
6n 0/3 0/3 0/3 0/3

phenytoin 0/3 0/3 0/3 0/3
phenobarbital 0/3 0/3 0/3 0/3
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protection at 100 mg/kg of body weight at intervals of 0.5 and
4 h, but compounds 6b, 6c, and 6m were shown to have
antiepileptic potential because it showed action at 300 and 100
mg/kg of body weight at the 0.5 h, which failed to exhibit
activity after the time of 4.0 h, indicating that their effects are
limited to the dosages utilized (100 and 300 mg/kg). In scPTZ
screening, compound 6n showed signs of antiepileptic activity
since they offered protection at 100 mg/kg of body weight at
intervals of 0.5 h, but compounds 6c and 6m were shown to
have antiepileptic potential because they showed action at 300
mg/kg of body weight at the same period. Compounds 6i, 6c,
6m, and 6n failed to exhibit activity after the times of 0.5 and
4.0 h, indicating that their effects are limited to the dosages
utilized (100 and 300 mg/kg).

The structure−activity relationship of the synthesized
compound showed that the substitution of methoxy, nitro,
and hydroxyl groups on the distal aryl ring exhibited the most
potent activity as shown in Figure 2. The presence of an
oxadiazole ring in the structure exerts an electron donor ring,

which is essential for antiepileptic activity. The substitution of
the phenyl ring at R with nitro, methoxy, and hydroxy exerts
potent activity due to its electron-donating potency forms a
hydrogen bond with targeted protein and also the lipophilicity
of the distal aryl ring increased, which is required for activity.
The presence of other aryl rings and benzothiazoyl rings is also
involved in the formation of hydrophobic bonds.

2.2.3. Neurotoxicity Screening. Using rotarod equipment,
the prepared compounds’ in vivo neurotoxicity in albino mice
of either sex was evaluated. A normal mouse can stay balanced
on a revolving rod for at least 1 min without any neurological
damage.38 Failure to keep balance on a revolving rod on each
attempt is a sign of neurological impairment. In contrast to
standard (diazepam), all of the synthesized compounds were
assessed at dosages of 30, 100, and 300 mg/kg of body weight
(diazepam). As illustrated in Table 3, compound 6c

demonstrated neurotoxicity at 300 mg/kg of body weight,
although neither of the tested compounds showed any
evidence of neurotoxicity since neither of them was unable
to maintain balance on the revolving rod of the rotarod device.

2.2.4. Antidepressant Activity. The most effective anti-
convulsant compounds were chosen, and their antidepressant
efficacy was measured as a fall in locomotor activity using a
conventional actophotometer.39,40 The test substances were
injected intraperitoneally into either sex of mice at a dose of
100 mg/kg body weight. Based on these findings, a % decrease
in locomotor activity was determined and is shown in Table 3
along with the activity score. When compared to diazepam, the
most effective compounds, 6f, 6h, 6j, and 6l, showed a
negligible decrease in the range of 0.37 to 2.68. (80.4). Hence,
it was established that compounds 6f, 6h, 6j, and 6l were not
depressants, according to the study’s findings.

Table 2. Anticonvulsant Activity and Neurotoxicity of
Synthesized Compounds (6a−n)

intraperitoneal injection in micea

HLTE scPTZ neurotoxicity

compound no 0.5 h 4.0 h 0.5 h 4.0 h 0.5 h 4.0 h

6a 30 100 30 100
6b 300 300 300
6c 300 300 300 300
6d 30 100 30 100
6e 100 300 100 100
6f 30 30 30 30
6g 100 100 100 100
6h 30 30 30 30
6i 100 100 300
6j 30 30 30 30
6k 100 300 100 300
6l 30 30 30 30
6m 100 300
6n 100 100 100

phenobarbital 30 100 30 100 100 300
phenytoin 30 30 30 30 100 100

aAdministered doses were taken as 30, 100, and 300 mg/kg, and the
above data indicates the minimum dose for antiepileptic potential at
0.5 and 4 h intervals. (−) indicates an absence of activity at the
maximum dose administered. n = 5; time span 5 min; the percent
inhibition for each group was calculated by comparison with the
control group. All values are expressed as mean ± SEM (n = 5). *P ≤
0.05, **P ≤ 0.01 as compared with control. Data were analyzed by
one-way ANOVA followed by Dunnett’s test.

Figure 2. Structure−activity relationship of synthesized compounds.

Table 3. Antidepressant Activity of Most Active
Anticonvulsant Compoundsa

compound
no.

basal means ±
SEM

after treatment means ±
SEMa

%
reduction

6f 379.4 ± 2.83 369.2 ± 3.08ns 2.68
6h 374.8 ± 3.21 373.4 ± 3.85ns 0.37
6j 370.6 ± 1.63 368.8 ± 2.63ns 0.48
6l 378.6 ± 3.26 375.8 ± 3.65ns 0.73
PEG-200 384.8 ± 2.67 379 ± 3.64ns 1.50
diazepam 382.2 ± 4.70 74.6 ± 2.65** 80.4

an = 5; time = 5 min; the percent inhibition for each group was
calculated by comparison with the control group. Dose = 100 mg/kg
(p.o.); all values expressed as mean ± SEM (n = 5). *P ≤ 0.05, **P ≤
0.01 as compared with control. Data were analyzed by one-way
ANOVA followed by Dunnett’s test. 4 mg/kg (intraperitoneally).
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2.2.5. In Silico Studies. 2.2.5.1. In Silico ADME Properties.
All of the synthesized compounds (6a−n) were subjected to in
silico analyses to assess their physiochemical characteristics
(based on Lipinski’s rule). According to the Lipinski rule, there
is a direct correlation between an epileptic drug’s absorption
and its physicochemical characteristics, such as its molecular
weight, log P, number of hydrogen bond donors, and
acceptors. According to Lipinski’s criteria, every one of the
functional variants has 6−8 hydrogen bond acceptor and 1−3
hydrogen bond donor domains. The protocol of the pkCSM
descriptors method was used to evaluate the preliminary
ADME profiles of the synthesized derivatives, as indicated in
Table S4. Since the synthesized compounds are less water
soluble and have similar intestinal absorptivity to standard
drugs (phenytoin and phenobarbital), it is clear from the
tabulated data that they are more lipophilic. The produced
compounds’ excellent lipophilicity causes an improvement in
bioavailability in the conclusion. The volume of distribution of
synthetic derivatives, which suggests that the volume of
distribution at a steady state (VDss) is close to that of
standard drugs, was studied to corroborate the aforementioned
remark. These values indicate the capacity of substances to
permeate the BBB and CNS, which are located in the ranges of
−0.048 to −1.832 and −1.852 to −3.548, respectively. Total
clearance values indicated that all compounds had similar
projected maximum total clearance values. When compared to
the typical anticonvulsant medications phenobarbital and
phenytoin, the value of total clearance showed that all
compounds had equivalent anticipated maximum total
clearance values (0.536 to 0.009, respectively, compared to
0.209 and 0.277). The lowest overall clearance value among
them is for compound 6a (0.009). As a result, these substances
may be excreted more quickly, necessitating shorter dose
intervals. Compound 6a is projected to have slower clearance
rates than the reference drug phenobarbital, which might favor
longer dosage intervals for the latter two compounds.

2.2.5.2. In Silico Docking Studies. To determine the
different binding interactions of synthetic compounds within
the pocket of well-known antiepileptic medicines target such as
VGCCs and NMDA receptors, molecular docking research was
conducted. The comparative analysis of interactions with
various targets also contributed to the development of the
tested drugs’ anticonvulsant action. All the synthetic
compounds that have shown antiepileptic activity in vivo
have been chosen for in silico molecular docking studies with
various targets. Table S5 lists the binding energies of the active
substances (6a, 6d−h, 6j−l, and 6n) and standard drugs
(phenytoin and phenobarbital) with chosen targets. All active
compounds have binding energy to 5IOV that is between
−7.96 and −6.19 kcal/mol, which is quite comparable to the
standard drugs phenytoin (−5.48 kcal/mol) and phenobarbital
(−5.36 kcal/mol). However, interactions of the investigated
compounds with other targets are not as substantial. The 2D
interaction pictures of the most active substances (6f, 6h, 6j,
and 6l) and reference drugs (phenytoin and phenobarbital)
with 5IOV clearly show a resemblance with one another
(Figures 3−8). Figures 3−6 show that the carbonyl group of
acetamide makes hydrogen bonds with SER A:677, SER A:678,
THR A:516, GLU A:502, GLU A:526, LYS A:754, SER A:678,
GLY A:483, GLN A:676, GLN A:485, and LEU A:503
residues. The methoxy group in compound 6f forms a
conventional hydrogen bond with SER A:678 and THR
A:516 residues. The nitro group in compound 6h forms a

conventional hydrogen bond with LYS A:754 and GLU A:526
residues. The nitro group in compound 6j forms a conven-
tional hydrogen bond with SER A:678. The hydroxyl group in
compound 6l forms a conventional hydrogen bond with GLN
A:485. All the above information indicates good interaction
between tested compounds and targets. All the above-stated
information established that the synthesized compounds have
good antiepileptic potential and they exerted their action
primarily through NMDAs (5IOV) as the standard drugs
(phenytoin and phenobarbital) do. Also, it has seemed that the
synthesized compounds on docking with 2COJ, i.e., voltage-
gated calcium channel receptor, have significant activity against
convulsion. The compounds that are most active against
NMDA also inhibit VGCC except, compound 6l. So, it

Figure 3. 2D interaction of compound 6f on the site of 5IOV.

Figure 4. 2D interaction of compound 6h on the site of 5IOV.
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concludes that both are possible mechanisms for anticonvul-
sant activity.

3. EXPERIMENTAL SECTION
3.1. Chemistry. 3.1.1. General. The chemical and reagents

are collected from S. D. Fine Chemicals Ltd. (Mumbai, India),
Sigma-Aldrich (Missouri, USA), CDH (Central Drug House),
and E. Merck (Darmstadt, Germany). For confirming the
purity of compounds, thin-layer chromatography (TLC) was
performed using silica gel-G as the stationary phase and
toluene:ethyl acetate:formic acid (5:4:1) and benzene:acetone
(8:2) as solvent systems. The iodine was used as the visualizing
agent. The melting points were detected by the Thiele tube
apparatus. A Bruker FTIR (Model-Alpha) spectrometer was
used to determine Fourier transform infrared (FT-IR) spectra
using KBr pellets. 1H NMR and 13C NMR spectra in CDCl3

solution were recorded at CDRI, Lucknow on an NMR
spectrometer (300 MHz, Bruker-400 Ultra shield TM) using
TMS [(CH3)4Si] as the internal standard. Splitting patterns are
designated as follows: s, singlet; d, doublet; t, triplet; m,
multiplet. Mass spectra were recorded at CDRI, Lucknow on a
mass spectrometer (Waters Synapt). The physicochemical and
pharmacokinetic parameters of the synthesized compounds
were determined by the free online version of Molinspiration
and pkCSM software. AutoDock 4.2 and Biovia drug discovery
studios were used for visualizing the molecular docking and
interaction complexes, respectively.

3.1.2. 5-Benzothiazol-2-yl-2-methoxy-phenol (3). 5-Ben-
zothiazol-2-yl-2-methoxy-phenol (3) was synthesized accord-
ing to the literature procedure. Yield: 70%; m.p. 160−170
°C.10

3.1.3. (5-Benzothiazol-2-yl-2-methoxy-phenoxy)-acetic
Acid Ethyl Ester (4). (5-Benzothiazol-2-yl-2-methoxy-phe-
noxy)-acetic acid ethyl ester (4) was synthesized according
to the literature procedure. Yield: 69%; m.p. 160−165 °C.10

3.1.4. (5-Benzothiazol-2-yl-2-methoxy-phenoxy)-acetic
Acid Hydrazide (5). (5-Benzothiazol-2-yl-2-methoxy-phe-

Figure 5. 2D interaction of compound 6j on the site of 5IOV.

Figure 6. 2D interaction of compound 6l on the site of 5IOV.

Figure 7. 2D interaction of compound phenytoin on the site of 5IOV.

Figure 8. 2D interaction of compound phenobarbital on the site of
5IOV.
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noxy)-acetic acid hydrazide (5) was synthesized according to
the literature procedure. Yield: 72%; m.p. 170−175 °C.10

3.1.5. Synthesis of 2-[4-Methoxy-3-(5-substituted-phenyl-
[1,3,4]oxadiazol-2-ylmethoxy)-phenyl]-benzothiazoles (6a−
n). Compound 5 (0.01 M) was dissolved into 10 mL of
phosphorous oxychloride followed by the addition of different
substituted carboxylic acids (0.01 M). The mixture is then
refluxed for 4−5 h at 120 °C. The mixture was cooled, then
poured onto crushed ice to turn basic with NaHCO3 then
filtered, dried, and recrystallized with ethanol. The completion
of the reaction and purity optimization of the derived
compounds can be found through thin-layer chromatography.

3.1.6. Synthesis of 4-[5-(5-Benzothiazol-2-yl-2-methoxy-
phenoxy methyl)-[1,3,4]oxadiazol-2-yl]-phenylamine (6a). It
was obtained as brownish powder in color, yield 66.6%, m.p.
136−138 °C, Rf 0.88; IR (KBr), Vmax (cm−1): 3460 (NH2, str),
3090−2933.8 (str, C−H, Ar), 2835 (C−H, str, alkane), 1528−
1438 (C�C, Ar), 1210 (C−O), 1149 (C−N), 756 (C−S); 1H
NMR (300 MHz, CDCl3) δ (ppm): 10.414 (s, 2H, NH2),
8.035−8.008 (J = 8.1, d, 1H, Ar−H), 7.888−7.861 (J = 8.1, d,
1H, Ar−H), 7.693−7.659 (t, 1H, Ar−H), 7.502−7.448 (m,
4H, Ar−H), 7.386−7.332 (t, 1H, Ar−H), 7.265 (s, 1H, Ar−
H), 6.998−6.970 (J = 8.1, d, 1H, Ar−H), 4.816 (s, 2H,
−CH2−), 3.965 (s, 3H, −OCH3); 13C NMR (300 MHz,
CDCl3) δ (ppm): 168.82 (1C, N�C−S), 160.30 (1C, C−
NH2), 152.30 (2C, �C−O), 147.71 (2C, −C�), 126.73−
66.62 (15C, Ar−C), 61.67 (1C, CH2), 56.33 (1C, OCH3); EI-
MS (m/z): 431.21 [M + 1], HR-MS (m/z): 430.2195 (M+);
Anal. calcd. for C23H18N4O3S: C, 64.17; H, 4.21; N, 13.01; O,
11.15; S, 7.45. Found: C, 64.24; H, 4.28; N, 13.17; O, 11.25; S,
7.32.

3.1.7. Synthesis of 2-{4-Methoxy-3-[5-(4-methoxy-phe-
nyl)-[1,3,4]oxadiazol-2-ylmethoxy]-phenyl}-benzothiazole
(6b). It was obtained as a beige powder in color, yield 62.6%,
m.p. 140−142 °C, Rf 0.84; IR (KBr), Vmax (cm−1): 2970−2929
(str, C−H, Ar), 2835 (str, C−H, alkane), 1613 (str, C�N),
1603−1433 (C�C, Ar), 1246 (C−O), 1170 (C−N), 754
(C−S); 1H NMR (300 MHz, CDCl3) δ (ppm): 8.035−8.008
(J = 8.1, d, 1H, Ar−H), 7.888−7.861 (J = 8.1, d, 1H, Ar−H),
7.693−7.659 (t, 1H, Ar−H), 7.502−7.447 (m, 4H, Ar−H),
7.386−7.332 (t, 1H, Ar−H), 7.264 (s, 1H, Ar−H), 6.997−
6.970 (J = 8.1, d, 2H, Ar−H), 4.816 (s, 2H, -CH2−), 3.964 (s,
6H, -OCH3); 13C NMR (300 MHz, CDCl3) δ (ppm): 168.81
(1C, N�C−S), 154.31 (1C, �C−S), 152.29 (2C, �C−O),
147.70 (2C, −C�), 126.74−66.62 (16 C, Ar−C), 61.66 (1C,
CH2), 56.32 (2C, OCH3); EI-MS (m/z): 445.11, HR-MS (m/
z): 445.1182; Anal. calcd. for C24H19N3O4S: C, 64.71; H, 4.30;
N, 9.43; O, 14.37; S, 7.20. Found: C, 64.78; H, 4.22; N, 9.34;
O, 14.45; S, 7.12.

3.1.8. Synthesis of 2-{3-[5-(4-Bromo-phenyl)-[1,3,4]-
oxadiazol-2-ylmethoxy]-4-methoxy-phenyl}-benzothiazole
(6c). It was obtained as a creamy color powder, yield 61.33%,
m.p. 144−146 °C, Rf 0.80; IR (KBr), Vmax (cm−1): 2933 (str,
C−H, Ar), 2830 (str, C−H, alkane), 1630 (str, C�N), 1600−
1434 (C�C, Ar), 1246 (C−O), 1170 (C−N), 754 (C−S); 1H
NMR (300 MHz, CDCl3) δ (ppm): 8.039−7.978 (J = 18.3, d,
2H, Ar−H), 7.889−7.862 (s, 1H, Ar−H), 7.695−7.661 (t, 1H,
Ar−H), 7.503−7.448 (m, 4H, Ar−H), 7.388−7.334 (t, 1H,
Ar−H), 7.264 (s, 1H, Ar−H), 6.999−6.972 (J = 8.1, d, 1H,
Ar−H), 6.999−6.972 (J = 8.1, d, 1H, Ar−H), 4.817 (s, 2H,
−CH2−), 3.965 (s, 3H, OCH3); 13C NMR (300 MHz,
CDCl3) δ (ppm): 168.82 (1C, N�C−S), 152.31 (2C, �C−
O), 147.73 (2C, −C�), 126.73−66.63 (15 C, Ar−C), 61.64

(1C, CH2), 56.32 (1C, OCH3); EI-MS (m/z): 493.04, HR-MS
(m/z): 494.0514 (M + 1); Anal. calcd. for C23H16BrN3O3S: C,
55.88; H, 3.26; Br, 16.16; N, 8.50; O, 9.71; S, 6.49. Found: C,
55.96; H, 3.34; Br, 16.24; N, 8.58; O, 9.79; S, 6.38.

3.1.9. Synthesis of 2-[4-Methoxy-3-(5-phenyl-[1,3,4]-
oxadiazol-2-ylmethoxy)-phenyl]-benzothiazole (6d). It was
obtained as a white powder, yield 68.6%, m.p. 132−134 °C, Rf
0.82; IR (KBr), Vmax (cm−1): 2933 (str, C−H, Ar), 2839 (str,
C−H, alkane), 1590 (C�N), 1526−1430 (C�C, Ar), 1246
(C−O), 1148 (C−N), 764 (C−S).; 1H NMR (300 MHz,
CDCl3) δ (ppm): 8.035−8.008 (J = 8.1, d, 1H, Ar−H),
7.889−7.862 (J = 8.1, d, 1H, Ar−H), 7.695−7.659 (t, 1H, Ar−
H), 7.502−7.451 (t, 3H, Ar−H), 7.387−7.336 (t, 3H, Ar−H),
7.263 (s, 1H, Ar−H), 6.999−6.972 (J = 8.1, d, 1H, Ar−H),
4.817 (s, 2H, −CH2−), 3.965 (s, 3H, OCH3); 13C NMR (300
MHz, CDCl3) δ (ppm): 168.82 (1C, N�C−S), 160.30 (1C,
�C−), 152.30 (2C, �C−O), 147.69 (2C, −C�), 126.73−
66.63 (15 C, Ar−C), 61.67 (1C, CH2), 56.38 (1C, OCH3); EI-
MS (m/z): 415.10, HR-MS (m/z): 415.1164 (M+); Anal
calcd. for C23H17N3O3S: C, 66.49; H, 4.12; N, 10.11; O, 11.55;
S, 7.72. Found: C, 66.35; H, 4.22; N, 10.19; O, 11.62; S, 7.80.

3.1.10. Synthesis of 2-[3-(5-Benzyl-[1,3,4]oxadiazol-2-
ylmethoxy)-4-methoxy-phenyl]-benzothiazole (6e). It was
obtained as a brown solid, yield 73.5%, m.p. 130−132 °C, Rf
0.86; IR (KBr), Vmax (cm−1): 2972−2935 (str, C−H, Ar), 2836
(str, C−H, alkane), 1635 (str, C�N), 1608−1435 (C�C,
Ar), 1246 (C−O), 1138 (C−N), 754 (C−S);1H NMR (300
MHz, CDCl3) δ (ppm): 8.036−8.007 (J = 8.7, d, 1H, Ar−H),
7.887−7.861 (J = 7.8, d, Ar, H), 7.693−7.658 (t, 1H, Ar−H),
7.501−7.448 (m, 5H, Ar−H), 7.386−7.333 (t, 1H, Ar−H),
7.264 (s, 1H, Ar−H), 6.998−6.971 (J = 8.1, d, 2H, Ar−H),
4.816 (s, 2H, −CH2−), 3.965 (s, 3H, OCH3), 1.790 (s, 2H,
−CH2). 13C NMR (300 MHz, CDCl3) δ (ppm): 168.81 (1C,
N�C−S), 152.30 (2C, �C−O), 145.03 (2C, −C�),
126.76−66.64 (16 C, Ar−C), 61.68 (2C, CH2), 56.33 (1C,
OCH3); EI-MS (m/z):429.11, HR-MS (m/z): 429.1158 (M+);
Anal. calcd. for C24H19N3O3S: C, 67.12; H, 4.46; N, 9.78; O,
11.18; S, 7.47. Found: C, 67.18; H, 4.51; N, 9.84; O, 11.12; S,
7.32.

3.1.11. Synthesis of (E)-N-[1-(1H-Benzimidazol-2-yl)-2-
phenylethyl]-1-(2-chloroquinolin-3-yl)-methenamine (6f). It
was obtained as a white powder, yield 66.1%, m.p. 146−148
°C, Rf 0.87; IR (KBr), Vmax (cm−1): 2966 (str, C−H, Ar), 2843
(str, C−H, alkane), 1610 (C�N), 1526−1434 (C�C, Ar),
1247 (C−O), 1148 (C−N), 756 (C−S); 1H NMR (300 MHz,
CDCl3) δ (ppm): 8.034−8.006 (J = 8.4, d, 1H, Ar−H),
7.888−7.860 (J = 8.4, d, 1H, Ar−H), 7.693−7.658 (t, 1H, Ar−
H), 7.501−7.448 (m, 3H, Ar−H), 7.386−7.331 (t, 1H, Ar−
H), 7.263 (s, 2H, Ar−H), 6.998−6.971 (J = 8.1, d, 1H, Ar−
H), 6.998−6.971 (J = 8.1, d, 1H, Ar−H), 4.816 (s, 2H,
−CH2−), 3.964 (s, 9H, OCH3); 13C NMR (300 MHz,
CDCl3) δ (ppm): 174.83 (O−C�N), 168.83 (1C, N�C−S),
154.30 (1C, �C−), 152.29 (2C, �C−O), 147.71 (2C,
−C�), 126.74−66.62 (15 C, Ar−C), 61.66 (1C, CH2), 56.32
(2C, OCH3); EI-MS (m/z):475.10, HR-MS (m/z): 475.1076
(M+); Anal. calcd. for C25H21N3O5S: C, 63.15; H, 4.45; N,
8.84; O, 16.82; S, 6.74. Found: C, 63.15; H, 4.45; N, 8.84; O,
16.76; S, 6.68.

3.1.12. Synthesis of 2-{3-[5-(4-Chloro-phenyl)-[1,3,4]-
oxadiazol-2-ylmethoxy]-4-methoxy-phenyl}-benzothiazole
(6g). It was obtained as a beige powder, yield 71.4%, m.p.
142−144 °C, Rf 0.81; IR (KBr), Vmax (cm−1): 2970−2925 (str,
C−H, Ar), 2839 (str, C−H, alkane), 1540 (C�N), 1520−
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1434 (C�C, Ar), 1246 (C−O), 1138 (C−N), 765 (C-Cl),
754 (C−S); 1H NMR (300 MHz, CDCl3) δ (ppm): 8.038−
7.978 (J = 18, d, 2H, Ar−H), 7.888−7.861 (J = 8.1, d, 1H, Ar−
H), 7.695−7.661 (t, 1H, Ar−H), 7.502−7.448 (m, 4H, Ar−
H), 7.388−7.334 (t, 1H, Ar−H), 7.265 (s, 1H, Ar−H), 6.999−
6.971 (J = 8.1, d, 1H, Ar−H), 4.817 (s, 2H, −CH2−), 3.965 (s,
3H, OCH3); 13C NMR (300 MHz, CDCl3) δ (ppm): 168.82
(1C, N�C−S), 152.31 (2C, �C−O), 147.71 (2C, −C�),
126.73−66.63 (15 C, Ar−C), 61.67 (1C, CH2), 56.32 (1C,
OCH3); EI-MS (m/z):449.06, 450.06 (M + 1), HR-MS (m/
z): 450.0716 (M + 1); Anal. calcd. for C23H16ClN3O3S: C,
61.40; H, 3.58; Cl, 7.88; N, 9.34; O, 10.67; S, 7.13. Found: C,
61.32; H, 3.66; Cl, 7.80; N, 9.24; O, 10.75; S, 7.20.

3.1.13. Synthesis of 2-{4-Methoxy-3-[5-(4-nitro-phenyl)-
[1,3,4]oxadiazol-2-ylmethoxy]-phenyl}-benzothiazole (6h).
It was obtained as a grayish powder, yield 70.1%, m.p. 182−
186 °C, Rf 0.79; IR (KBr), Vmax (cm−1): 3085−2983 (str, C−
H, Ar), 2843 (str, C−H, alkane), 1635 (C�N), 1603−1431
(C�C, Ar), 1270 (N-O), 1246 (C−O), 1149 (C−N), 754
(C−S); 1H NMR (300 MHz, CDCl3) δ (ppm): 8.038−7.979
(J = 17.7, d, 2H, Ar−H), 7.889−7.862 (J = 8.1, d, 1H, Ar, H),
7.695−7.662 (t, 1H, Ar−H), 7.502−7.448 (m, 4H, Ar−H),
7.389−7.335 (t, 1H, Ar−H), 7.265 (s, 1H, Ar−H), 6.998−
6.973 (J = 7.5, d, 1H, Ar−H), 4.816 (s, 2H, −CH2−), 3.964 (s,
3H, OCH3); 13C NMR (300 MHz, CDCl3) δ (ppm): 168.82
(1C, N�C−S), 152.30 (2C, �C−O), 147.70 (2C, −C�),
126.73−66.65 (15 C, Ar−C), 61.64(1C, CH2), 56.33 (1C,
OCH3); EI-MS (m/z):460.09, HR-MS (m/z): 460.0671 (M+);
Anal. calcd. for C23H16N4O5S: C, 59.99; H, 3.50; N, 12.17; O,
17.37; S, 6.96. Found: C, 59.92; H, 3.56; N, 12.24; O, 17.43; S,
6.84.

3.1.14. Synthesis of 2-[3-(5-Benzhydryl-[1,3,4]oxadiazol-
2-ylmethoxy)-4-methoxy-phenyl]-benzothiazole (6i). It was
obtained as a dull brown powder, yield 61.9%, m.p. 160−162
°C, Rf 0.89; IR (KBr), Vmax (cm−1): 3059−2929 (str, C−H,
Ar), 2839 (str, C−H, alkane), 1613 (C�N), 1529−1421
(C�C, Ar), 1246 (C−O), 1148 (C−N), 764 (C−S); 1H
NMR (300 MHz, CDCl3) δ (ppm): 8.036−8.008 (J = 8.4, d,
1H, Ar−H), 7.888−7.862 (J = 7.8, d, 1H Ar−H), 7.692−7.659
(t, 2H, Ar−H), 7.502−7.448 (m, 6H, Ar−H), 7.388−7.332 (t,
2H, Ar−H), 7.265 (s, 1H, Ar−H), 6.998−6.971 (J = 8.1, d,
3H, Ar−H), 4.817 (s, 2H, −CH2−), 3.965 (s, 3H, OCH3),
1.790 (s, 2H, -CH-); 13C NMR (300 MHz, CDCl3) δ (ppm):
168.80 (1C, N�C−S), 152.30 (2C, �C−O), 145.03 (2C,
−C�), 140.02−66.63 (22C, Ar−C), 61.67 (2C, CH2), 56.33
(1C, OCH3), 14.44; EI-MS (m/z): 505.15, HR-MS (m/z):
505.1506 (M+); Anal. calcd. for C30H23N3O3S: C, 71.27; H,
4.59; N, 8.31; O, 9.49; S, 6.34. Found: C, 71.34; H, 4.54; N,
8.37; O, 9.42; S, 6.38.

3.1.15. Synthesis of 2-[5-(5-Benzothiazol-2-yl-2-methoxy-
phenoxymethyl)-[1,3,4]oxadiazol-2-yl]-4,6-dinitro-phenol
(6j). It was obtained as a grayish powder, yield 63.49%, m.p.
138−141 °C, Rf 0.84; IR (KBr), Vmax (cm−1): 3465 (O−H
str), 3090−2933 (str, C−H, Ar), 2835 (str, C−H, alkane),
1528−1438 (C�C, Ar), 1266 (N−O), 1210 (C−O), 1150
(C−N), 757 (C−S); 1H NMR (300 MHz, CDCl3) δ (ppm):
8.036−8.007 (J = 8.7, d, 1H, Ar−H), 7.889−7.863 (J = 7.8, d,
1H, Ar−H), 7.692−7.657 (t, 1H, Ar−H), 7.388−7.332 (t, 1H,
Ar−H), 7.264 (s, 3H, Ar−H), 6.998−6.973 (J = 7.5, d, 2H,
Ar−H), 4.815 (s, 2H, −CH2−), 4.292 (s, 1H, OH), 3.964 (s,
3H, −OCH3); 13C NMR (300 MHz, CDCl3) δ (ppm): 168.80
(1C, N�C−S), 152.30 (2C, �C−O), 147.72 (2C, −C�),
126.70−66.65 (15C, Ar−C), 61.67 (1C, CH2), 56.32 (1C,

OCH3); EI-MS (m/z):521.05, HR-MS (m/z): 521.0576 (M+);
Anal. calcd. for C23H15N5O8S: C, 52.98; H, 2.90; N, 13.43; O,
24.55; S, 6.15. Found: C, 52.93; H, 2.98; N, 13.36; O, 24.42; S,
6.23.

3.1.16. Synthesis of 2-{3-[5-(2,6-Dimethylphenyl)-[1,3,4]-
oxadiazol-2-ylmethoxy]-4-methoxy-phenyl}-benzothiazole
(6k). It was obtained as a creamy color powder, yield 70.9%,
m.p. 135−137 °C, Rf 0.83; IR (KBr), Vmax (cm−1): 2967−2930
(str, C−H, Ar), 2836 (str, C−H, alkane), 1610 (C�N),
1526−1431 (C�C, Ar), 1211 (C−O), 1149 (C−N), 764
(C−S); 1H NMR (300 MHz, CDCl3) δ (ppm): 8.036−8.008
(J = 8.4, d, 1H, Ar−H), 7.888−7.862 (J = 7.8, d, 1H, Ar−H),
7.695−7.658 (t, 1H, Ar−H), 7.502−7.452 (t, 3H, Ar−H),
7.387−7.337 (t, 4H, Ar−H), 7.264 (s, 1H, Ar−H), 6.998−
6.972 (J = 7.8, d, 1H, Ar−H), 4.817 (s, 2H, −CH2−), 3.964 (s,
3H, OCH3), 1.754 (s, 6H, -CH3); 13C NMR (300 MHz,
CDCl3) δ (ppm): 168.81 (1C, N�C−S), 152.28 (2C, �C−
O), 147.71 (2C, −C�), 126.76−66.64 (15C, Ar−C), 61.68
(1C, CH2), 56.33 (1C, OCH3), 14.43 (CH3), 10.41−10.20
(CH3). EI-MS (m/z):443.13, HR-MS (m/z): 443.1386 (M+);
Anal. calcd. for C25H21N3O3S: C, 67.70; H, 4.77; N, 9.47; O,
10.82; S, 7.23. Found: C, 67.74; H, 4.71; N, 9.42; O, 10.79; S,
7.28.

3.1.17. Synthesis of 4-[5-(5-Benzothiazol-2-yl-2-methoxy-
phenoxy methyl)-[1,3,4]oxadiazol-2-yl]-phenol (6l). It was
obtained as a beige color powder, yield 70.17%, m.p. 158−162
°C, Rf 0.85; IR (KBr), Vmax (cm−1): 3466 (O-H, str), 3090−
2934 (str, C−H, Ar), 2835 (str, C−H, alkane), 1527−1438
(C�C, Ar), 1210 (C−O), 1149 (C−N), 757 (C−S); 1H
NMR (300 MHz, CDCl3) δ (ppm): 8.036−8.007 (J = 8.7, d,
1H, Ar−H), 7.888−7.862 (J = 7.8, d, 1H, Ar−H), 7.692−
7.658 (t, 1H, Ar−H), 7.502−7.448 (m, 4H, Ar−H), 7.387−
7.333 (t, 1H, Ar−H), 7.264 (s, 1H, Ar−H), 6.998−6.972 (J =
7.8, d, 2H, Ar−H), 4.816 (s, 2H, −CH2−), 4.292 (S, 1H, OH),
3.964 (s, 3H, OCH3); 13C NMR (300 MHz, CDCl3) δ (ppm):
168.81 (1C, N�C−S), 160.31 (1C, C−OH), 152.30 (2C, �
C−O), 147.72 (2C, −C�), 126.72−66.63 (15C, Ar−C),
61.67 (1C, CH2), 56.32 (1C, OCH3); EI-MS (m/z):431.08,
HR-MS (m/z): 431.0776 (M+); Anal. calcd. for C23H17N3O4S:
C, 64.03; H, 3.97; N, 9.74; O, 14.83; S, 7.43. Found: C, 64.12;
H, 3.91; N, 9.68; O, 14.72; S, 7.37.

3.1.18. Synthesis of {4-[5-(5-Benzothiazol-2-yl-2-methoxy-
phenoxymethyl)-[1,3,4]oxadiazol-2-yl]-phenyl}-dimethyl-
amine (6m). It was obtained as a creamy color powder, yield
69.8%, m.p. 146−148 °C, Rf 0.78; IR (KBr), Vmax (cm−1):
2967−2930 (str, C−H, Ar), 2836 (C−H, str, alkane), 1611
(C�N), 1526−1431 (C�C, Ar), 1210 (C−O), 1150 (C−
N), 759 (C−S); 1H NMR (300 MHz, CDCl3) δ (ppm):
8.039−7.978 (J = 18.3, d, 2H, Ar−H), 7.889−7.861 (J = 8.4, d,
1H, Ar−H), 7.695−7.662 (t, 1H, Ar−H), 7.502−7.448 (m,
4H, Ar−H), 7.387−7.334 (t, 1H, Ar−H), 7.263 (s, 1H, Ar−
H), 6.998−6.972 (J = 7.8, d, 1H, Ar−H), 4.818 (s, 2H,
−CH2−), 3.964 (s, 3H, OCH3), 3.564 (s, 6H, -CH3); 13C
NMR (300 MHz, CDCl3) δ (ppm): 168.82 (1C, N�C−S),
160.30 (1C, �C−N), 152.30 (2C, �C−O), 147.71 (2C,
−C�), 126.73−66.62 (15C, Ar−C), 61.65 (1C, CH2), 56.33
(1C, OCH3), 46.30−40.33 (2C, N−CH3). EI-MS (m/z):
458.14, HR-MS (m/z): 458.1452 (M+). Anal. calcd. for
C25H22N4O3S: C, 65.48; H, 4.84; N, 12.22; O, 10.47; S, 6.99.
Found: C, 65.41; H, 4.78; N, 12.19; O, 10.42; S, 6.91.

3.1.19. Synthesis of 2-{3-[5-(2,6-Dimethoxyphenyl)-
[1,3,4]oxadiazol-2-ylmethoxy]-4-methoxy-phenyl}-
benzothiazole (6n). It was obtained as a grayish powder, yield
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64.2%, m.p. 160−164 °C, Rf 0.88; IR (KBr), Vmax (cm−1):
2965−2930 (C−H, str, Ar), 2835 (C−H, str, alkane), 1630
(C�N), 1603−1430 (C�C, Ar), 1211 (C−O), 1149 (C−
N), 754 (C−S); 1H NMR (300 MHz, CDCl3) δ (ppm) =
8.034−8.008 (d, 1H, Ar−H), 7.692−7.658 (t, 1H, Ar−H),
7.502−7.448 (m, 3H, Ar−H), 7.386−7.330 (t, 1H, Ar−H),
6.998−6.970 (d, 1H, Ar−H), 4.817 (s, 2H, −CH2−), 3.965 (s,
9H, OCH3); 13C NMR (300 MHz, CDCl3) δ (ppm): 174.82
(1C, �C−O), 168.83 (1C, N�C−S), 154.30 (1C, �C−O),
152.29 (2C, �C−O), 147.71 (2C, −C�), 126.74−66.63
(14C, Ar−C), 61.66 (1C, CH2), 56.32 (3C, OCH3); EI-MS
(m/z):475.10, HR-MS (m/z): 475.1056 (M+); Anal. calcd. for
C25H21N3O5S: C, 63.15; H, 4.45; N, 8.84; O, 16.82; S, 6.74.
Found: C, 63.19; H, 4.48; N, 8.88; O, 16.74; S, 6.65.
3.2. Pharmacological Activities. For evaluation of the

anticonvulsant potential of synthesized compounds, the
standard protocols established by the epilepsy branch of the
National Institute of Neurological Disorders and Stroke
(NINDS), and Antiepileptic Drug Development (ADD)
program have been followed. These include screening of all
the newly synthesized compounds by Maximal electroshock
test (MES) and subcutaneous Pentylenetetrazole (scPTZ) test.
In the laboratory environment, five animals are kept in separate
plastic cages with 12 h of light/dark cycles. Before the
experiment, they fasted for a night. The compounds were given
intraperitoneally a solution of polyethyleneglycol (PEG-200)
and tested in three different doses of 30, 100, and 300 mg/kg
at two different time intervals (0.5 and 4 h). The
actophotometer apparatus test was used for the antidepressant
activity.

3.2.1. Acute Toxicity (LD50) Study. Acute toxicity studies
(LD50) were conducted on albino mice to observe the median
lethal dose and assess the chance of the toxic effect of the
prepared derivatives. All the prepared compounds were
injected intraperitoneally in different dose concentrations (5,
30, 100, and 300 mg/kg) into Swiss albino mice.38 Each animal
was observed for 24 h after the drug administration.

3.2.2. Maximum Electroshock (MES)-Induced Seizure Test.
The anticonvulsant activity in an MES-induced seizure model
was indicated by the lower dose that protected the hind limb
tonic extension in more than half of the animals (n = 5). Each
animal received an i.p. injection of the test compounds (30,
100, and 200 mg/kg) followed by electroshock with 60 cycles
of alternating current of 50 mA for 0.25 s through an ear clip
electrode using an electro convulsometer as per the reported
procedure and activity was assessed at 0.5 and 4 h after
administration.41

3.2.3. Subcutaneous Pentylenetetrazole (scPTZ)-Induced
Seizure Screening. For anticonvulsant activity test, com-
pounds were administered 0.5 h before the scPTZ treatment
and protection was detected in terms of failure to observe an
episode of clonic spasms for 5 s duration. The control group
received subcutaneous PTZ solution (in PEG-200) in the
posterior midline of the mice, and the onset and severity of
convulsion were noted.42

3.2.4. Rotarod Neurotoxicity Test. The neurotoxicity of all
the test compounds was detected by using the rotarod
apparatus. Mice were trained to balance on the rotating rod
(3.2 cm diameter) that rotates at 6 rpm. Trained animals were
treated with test compounds at a dose of 30, 100, and 300 mg/
kg of body weight intraperitoneally. Neurotoxicity was
determined by the inability of the animal to sustain steadiness

on the rotarod for at least 1 min in each of three successive
trials.43

3.2.5. Antidepressant Activity. The antidepressant activity
of selected compounds (most active) was determined as a
reduction in locomotor activity, which was calculated with an
actophotometer through a standard protocol. The test
compounds (100 mg/kg body weight) and standard drug
(diazepam) have been administered intraperitoneally into
animals. The activity scores (basal and after the administration
of tested compounds) were noted, and the percentage
reduction in locomotor activity was calculated.39

3.3. In Silico Studies. 3.3.1. In Silico ADME Prediction. A
computational study of the title compounds was performed for
the prediction of physicochemical and ADME properties. Log
P value, number of rotatable bonds, molecular volume, number
of hydrogen donors, number of hydrogen bond acceptor
atoms, violations of Lipinski’s rule of five, intestinal absorption,
total clearance, etc. were calculated using the Molinspiration
(https://www.molinspiration.com/) and pkCSM (http://
biosig.unimelb.edu.au/pkcsm/prediction) online property cal-
culation tool kits. The physicochemical properties and ADME
data are given in Table S5.

3.3.2. Molecular Docking Study. Molecular docking studies
have been used to find out the interaction between ligands and
proteins concerning standard drugs. The molecular docking
between ligands and two different proteins such as reduced
human cytosolic branched-chain aminotransferase (VGSCs,
PDB ID: 2COJ) and GluN1/GluN2B ligand binding complex
(NMDA, PDB ID: 5IOV) was performed using Auto Dock 4.2
software. The protein was retrieved from the RCSB protein
data bank (https://www.rcsb.org/) in PDB format, and
heteroatoms and water molecules are removed from the
Swiss PDB viewer and Biovia drug discovery studios. The
ligands are prepared in the Marvin Sketch structure drawing
tool in Tripos.mol2 format. The 2D interaction complex of the
target protein and ligand is obtained from visualizing in Biovia
drug discovery studio software.

4. CONCLUSIONS
In search of better antiepileptic agents, a new series of
benzothiazoles bearing a 1,3,4-oxadiazole moiety (6a−n) have
been synthesized. The synthesized compounds have drug-like
characteristics and also fulfilled the structural requirements
(pharmacophore model) for antiepileptic drugs. The data
obtained after the characterization, in silico, and in vivo studies
established the anticonvulsant potential of synthesized
compounds. Among all, compounds 6f, 6h, 6j, and 6l were
found to have the most significant antiepileptic potential at the
dose of 30 mg/kg after 0.5 and 4 h with no neurotoxicity. The
antidepressant screening also showed that their effect on
locomotor activity was minimum in comparison with standard
drugs. The in silico studies were also performed to determine
the different binding interactions of synthetic compounds to
localize the binding receptors. The most likely mode of action
for these drugs, according to the docking analysis of active
compounds with various targets, is their binding to the VGCC
and NMDA receptors.
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Spectral data of the compounds (FT-IR, 1H NMR, 13C
NMR, mass spectra, HRMS spectra), molecular proper-
ties, ADME profile, and binding energies of synthesized
compounds (6a−n) (PDF)
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