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A B S T R A C T

In our current research, a diverse effect of acetylcholinesterase inhibitors was studied on BALB-C mice by using
pentylenetetrazole (PTZ) seizure model. A series of carboxamide analogs (4a–4i) have been synthesized via
Suzuki coupling reaction in moderate to good yields (35–84%). To study the efficacy of the synthesized com-
pounds against AD, in-vitro inhibition of acetylcholinesterase (AChE) and butyrylcholinesterase (BChE) was
performed. A number of compounds showed inhibition in low micromolar range. Subsequently, these com-
pounds were evaluated for anticonvulsive effects in BALB-C mice by using pentylenetetrazole (PTZ) seizure
model. The compound 4e displayed potential anticonvulsive effect and displayed 50% and 80% protection from
mortality at the dose of 10mg/kg, and 30mg/kg respectively. The compound 4h showed some protection (33%)
from mortality at 10mg/kg and was not further explored based on non-significant delay in onset of myoclonic
seizures. While, other compounds from the series did not show any anticonvulsive activity. To rationalize the
observed biological activity, we performed docking studies against AChE and BChE targets. To explore the
rationale of the mechanism of in-vivo anticonvulsant activity, docking studies were performed on GABAergic
receptors. Moreover, in order to establish a relationship between physiochemical data of the synthesized com-
pounds and their in-vivo performance, we employed in-silico pharmacokinetic predictions. Our in-silico predic-
tions suggest that the plasma protein binding, low to moderate blood brain barrier penetration and low solubility
are the main attributes of low in-vivo performance.

1. Introduction

Epilepsy is a common, serious and chronic neurological disease due
to brief disturbances in electrical functions of the brain and associated
with co-morbidities and social discrimination. Epilepsy affects people of
all age and is categorized into many types based on the involvement of
brain lobes. The characteristic feature of epilepsy is recurrent seizures
and it can differentiate from short and nearly unnoticeable to long
periods of vigorous convulsions [1–3]. Reports of world health orga-
nization (WHO) revealed that more than 65 million people are suffering
from epilepsy worldwide, out of them 80% are living in developing
countries with serious compromising to the quality of life [4]. During

the past years, several new anti-epileptic drugs (AEDs) have been ap-
proved. However, these new generation drugs also cause some central
nervous system disorders [5–7]. Therefore, window remained open to
find new sources of epileptic drugs.

Alzheimer’s disease (AD) is a neurodegenerative brain disorder and
most common form of dementia, in which an affected person may loss
memory, shows decline in language, and irreversible emotional or
mental impairments. Various pathological hypotheses have been put
forth to explain the onset and progression of AD. These all hypothesis
are based on the biochemical phenomenon found to be happening in
the brains of AD patients. Among all these, the cholinergic hypothesis is
widely accepted and inhibition of both cholinesterases i.e
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acetylcholinesterase (AChE) and butyrylcholinesterase (BChE) is found
to be the only effective therapeutic approach for AD up till now [8].

Alzheimer’s disease (AD) and epilepsy are frequently associated
with neurological disorders (NDs). In the last decade, there are growing
evidences that linked seizure-like activity occurring in the brain of AD
patients [9,10]. It has been reported that approximately 10–22% of
patients with AD are susceptible to unprovoked seizures. Although
highest occurrence of epilepsy is associated in a range of ages of AD
patients. However, several retrospective studies have shown that sei-
zures occur in elderly patients more frequently [4,11]. Raudino re-
viewed Medline literature until July 2016 and revealed that AD and
epilepsy are interlinked, and both can appear simultaneously in the
same patient [12]. A study by Vossel et al., on 54 patients found the
time period of onset of cognitive impairment in patients with and
without epilepsy [13].

Numerous studies reported the ameliorating effect of ACH inhibitors
in the epileptic patients with the significant nootropic effect [11]. Jeong
et al., evaluated the diverse effect of AChE inhibitor donepezil on brain
injury after pilocarpine-induced seizures [11,14]. Mishra and Goel
suggested in a preclinical adjuvant tacrine (anticholinesterase drug)
therapy for the Management of Epilepsy-Induced Memory Deficit [15].
Memantine, a glutamate NMDA receptor antagonist, is commonly
prescribed drug in AD patients. Some studies on animal models of
epilepsy revealed that memantine has shown anticonvulsant properties
[16,17]. On the other hand, Sanchez et al., it was demonstrated that use
of new generation anti-epileptic drug (AEDs) i.e. Levetiracetam (LEV,
Fig. 1b) which has relatively less adverse effect profile can ameliorate
cognitive, and behavioral dysfunctions in experimental animal models
[11,18–21]. Similarly, a study conducted by Nygaard et al demon-
strated that another potent epilepsy drug brivaracetam (Fig. 1c) is ef-
fective in treatment of memory impairment in AD mice [22]. The
neurologists anticipated that in future these two epilepsy drugs will be
part of therapeutic arsenal against AD.

Our ongoing research focuses on design and synthesis of pharma-
cologically active compounds. Our research group is involved in the
synthesis of diverse scaffolds as inhibitors of cholinesterase [23,24]. We
have also previously reported synthesis of compounds using Suzuki
cross-coupling reaction [25–29]. In current study, we selected N-(4-

methylpyridin-2-yl)thiophene-2-carboxamide core for further chemical
derivatization. Some coumarin-3-carboxamide derivatives linked to N-
benzylpiperidine scaffold were reported by Asadipour et al. as potent
AChE inhibitors [30]. The main aim of current study was to identify a
drug or molecule which at one hand can target the excitability of the
brain to exert its calm effect and on other hand proportionally decrease
excitotoxicity to prevent the progression of Alzheimer disease. To study
the effect of the compounds against Alzheimer’s disease, we planned to
perform in-vitro assays on acetylcholinesterase and butyr-
ylcholinesterase. Furthermore, the study of the diverse effect of these
acetylcholinesterase inhibitors was planned on BALB-C mice model.
Herein, we report the synthesis of diverse compounds that can act as
polyvalent compounds and are able to target simultaneously two neu-
rological disorders i.e. Alzheimer disease and epilepsy.

2. Results and discussion

2.1. Design rational

The idea was to design the inhibitors that can target simultaneously
two neurological disorders i.e. AChE and epilepsy. We decided to in-
troduce thiophene carboxamide core to design multitarget compounds.
Carbamazepine (Fig. 1a) is a common carboxamide based antic-
onvulsive drug and it is sold in market with name Tegretol. It is used for
treatments of seizures, but it also has many side effects [31]. Like
carbamazepine, levetiracetam and brivaracetam are carboxamide con-
taining antiepileptic drugs (Fig. 1b–c). Based on the insights gained
from the active site gorge of the AChE, which contains fourteen aro-
matic amino acids [32], we have proceeded to design a molecular
framework that contain hydrophobic rings on each side of thiophene
carboxamide core (antiepileptic drugs pharmacophore). Our design
strategy involved incorporating the aryl rings on the both sides of the
linker (Fig. 1d). We were in opinion that these aryl rings may form π-π
stacking interactions with aromatic residues of distinctive functional
activities (Trp84 and Trp279 of TcAChE numbering). Furthermore, ni-
trogen atom of pyridine ring may involve in hydrogen bond interac-
tions.

Fig. 1. Rationale of the designed strategy.
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2.2. Chemistry

The synthetic route to the targeted compounds is outlined in
Scheme 1. The intermediate compound 5-Bromo-N-(4-methylpyridin-2-
yl)thiophene-2-carboxamide (3) was synthesized by reacting 2-amino-
4-methylpyridine (1) and 5-bromothiophene-2-carboxylic acid (2) in
the presence of titanium tetrachloride (TiCl4). In the second step, the
intermediate compound (3) was coupled with aryl/het-aryl boronic
acids/esters under Suzuki coupling reaction conditions, using Pd
(PPh3)4 as catalyst that eventually led to the synthesis of various car-
boxamide derivatives (4a-i) in moderate to good yields (35–84%)
(Table 1, Scheme 1). For the substrates incorporating methoxy (4c), 3-
chloro (4a), 3,4-dichloro (4f), 4-chloro (4h) and 3-chloro-4- fluoro (4g)
provided high yields. The thiomethyl derivative (4d) also provided a
good yield. The substrate containing 4-carboxymethyl (4b) group af-
forded low yield, this may be due to steric hindrance. Different electron
donating and withdrawing groups were successfully tolerated under
reaction conditions. To generalize this method, under the same reaction
conditions, heteroaryl boronic ester (5-methylthiophene-2-boronic acid
pinacol ester) was coupled with (3) and desired product (4i) was

obtained in high yield (80%). Of note, methyl substituent on the het-
aryl boronic ester was also well tolerated.

2.3. Pharmacology

2.3.1. In-vitro cholinesterases (ChEs) inhibition studies
We evaluated our synthesized compounds against acet-

ylcholinesterase (eeAChE) and butyrylcholinesterase (eqBChE) by using
Ellman’s method. Galantamine and donepezil was used as standard
drug. The in-vitro activity results in terms of IC50 value are enlisted in
Table 1. The AChE selectivity was determined by analyzing selectivity
index (SI= IC50 of BChE/IC50 of AChE). The data in Table 1 showed
that all the synthesized compounds exhibited moderate to good ac-
tivity. For compounds 4a–c, low SI value showed the reduced se-
lectivity for AChE inhibition. Compound 4a with SI of 0.4 showed good
BChE inhibition (IC50= 8.45 μM). However, it failed to show good
eeAChE inhibition 19.4 ± 0.91 μM). Although, compound 4b with IC50
value of 3.08 ± 0.34 μM emerged as good inhibitor of eeAChE, but, the
same compound showed high selectivity for BChE
(IC50= 1.65 ± 0.03 μM, SI= 0.5). Compound 4i with IC50 value of
4.51 ± 0.39 μM emerged as another good and selective inhibitor of
eeAChE. However, it showed poor BChE inhibition
(IC50= 23.6 ± 1.31 μM, SI= 5.2). All the other compounds showed
moderate activity.

2.3.2. Anticonvulsive studies
In this study, the acute PTZ seizure model was used for the initial

anticonvulsive screening of synthesized 4a–4i compounds and data are
shown in Table 2. The control epileptic group after having PTZ typically
showed the development of first myoclonic jerks within 70.6 ± 6.3 s
and generalized clonic convulsions at 156.6 ± 18.5 s. There was 100%
mortality due to hyperexcitability and convulsions within 3–4min of
administration of chemoconvulsant. The total duration of convulsions
in PTZ control group lasted not more than 3min. The mice treated with
diazepam (5mg/kg) plus PTZ showed 100% protection from convul-
sions and mortality (P < 0.001 compared to control; n= 6–8). Among
the tested compounds, only 4e displayed anticonvulsive potential at the
dose of 10mg/kg with significant delay in the development of first
myoclonic jerks (172.3 ± 10.5 s compared to control; P < 0.01 vs

Scheme 1. Protocol for the synthesis of intermediate compound 5-bromo-N-(4-methylpyridin-2-yl)thiophene-2-carboxamide (3) and arylated carboxamide analo-
gues (4a–i). Conditions: i, 1 (14.48mmol, 1 eq, 3.0 g), 2, (14.48mmol, 1 eq, 1.567 g), TiCl4 (43.5mmol, 3.0 eq, 4.78mL), pyridine (150mL), 2 h, 85 °C; ii, 3, (1 eq,
0.673mmol, 0.2 g), Pd(PPh3)4 (7mol%, 0.0544 g), aryl/het-aryl boronic acid/ester (1.1 eq, 0.740mmol), K3PO4 (2 eq, 1.35mmol, 0.284 g), 1,4-dioxane/H2O (4:1),
20–25 h, 90 °C under nitrogen atmosphere.

Table 1
In vitro AChE and BChE inhibitory activity of the synthesized compounds.

Compound IC50 (µM ± SEM)a SIb

eeAChE eqBChE

4a 19.4 ± 0.91 8.45 ± 0.10 0.4
4b 3.08 ± 0.34c 1.65 ± 0.03 0.5
4c 6.92 ± 0.41 6.59 ± 0.13 0.9
4d 11.2 ± 0.29 12.9 ± 1.03 1.1
4e 17.4 ± 1.01 19.3 ± 1.11 1.1
4f 8.31 ± 0.31 35.6 ± 1.19 4.3
4g 13.4 ± 0.24 59.7 ± 1.10 4.4
4h 21.4 ± 0.31 30.8 ± 1.28 1.5
4i 4.51 ± 0.39 23.6 ± 1.31 5.2
Galantamine 4.2 ± 0.11 15.8 ± 0.38 3.7
Donepezil 0.055 ± 0.01 6.0 ± 0.27 109.0

a SEM=Standard Error of Mean.
b Selectivity Index= IC50 of BChE/IC50 of AChE.
c Bold values are for compounds showed good inhibition
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Control) but not significant latency observed with generalized seizures
(191.3 ± 22.5 s compared to control, P > 0.05, ns vs control). How-
ever, the compound 4e displayed 50% protection from mortality, which
is the good sign of further exploration and therefore 4e was further
explored at the dose of 30mg/kg. The observed results in Table 2, in-
dicated that 4e displayed potential anticonvulsive effect and displayed
50% and 80% protection from mortality at the dose of 10mg/kg, and
30mg/kg respectively. Compound 4 h showed some protection (33%)
from mortality at 10mg/kg and was not further explored based on non-
significant delay in onset of myoclonic seizures (P > 0.05). In experi-
mental studies with animals, we did not observe any sign of severe
illness with the exception of seizures.

Carbamazepine-related antiepileptic drugs are believed to possess
multiple proposed antiseizure mechanisms such as blockage of central
sodium channels, potentiation of GABA neurotransmission and down-
regulation of glutamate [31]. In our experimental settings, we used
acute PTZ model which induces convulsion in rodents by antagonizing
the GABAergic transmission and therefore mimicking the glutamate
pathways resulting in excitation. Compound 4e at the dose of 30mg/kg
demonstrated significant anticonvulsive effect which might be due to
the high affinity with GABA-A receptor which in result increases the
hyperpolarization of neuronal membranes and therefore decreased the
hyperexcitability. We employed the diazepam as a standard drug
sharing the similar mechanism of action.

2.4. In-silico studies

Docking studies on Cholinesterases (Acetylcholinesterase and bu-
tyrylcholinesterase) were carried out using Molecular Operating
Environment (MOE 2016.0208) software package. We have also per-
formed a massive in silico exploration of possible mechanism of the
antiepileptic activity. Here, we extended our study to explore the an-
tiepileptic activity by using in-silico tools. It is difficult to assume the
biomolecular target for the in-vivo antiepileptic activity. However, we
are in opinion that the reference drug used in current study will provide
some insight toward mechanism. To study the outcomes of in- vivo re-
sults, the modulation study of the synthesized compounds was explored
by molecular docking studies using MOE 2016.0208. In this in vivo
study, diazepam was used as reference drug. Diazepam is a well-known
GABA-A receptor agonist. Hence, docking studies on different GABA
receptors were carried out. First, docking studies were carried out on
human GABA-A receptor complexed with benzamidine as native ligand.
To rationalize these results, we further selected a pentameric ligand-
gated ion-channel from Erwinia chrysanthemi. The GABA-A receptors is
composed of GABA (activator) binding site and an allosteric site bound
with flurazepam (Modulator). Additionally, we also chose γ-aminobu-
tyric acid aminotransferase (GABA-AT) as molecular target. The in-
hibition of GABA-AT raises brain GABA level and thus terminates

seizures.
Furthermore, we initiated in silico pharmacokinetics prediction of

the compounds to establish in vivo-in silico relationship. The goal of this
study is to predict the in-vivo pharmacokinetic studies of our newly
synthesized compounds based on their virtual structure and their de-
rived parameters. A number of molecular descriptors were computed as
indicator of pharmacokinetic properties. The molecular descriptors re-
lated to bioavailability, plasma protein binding (PPB) and blood brain
barrier (BBB) penetration were computed. The parameters for oral ab-
sorption assessed are permeability (logPer), solubility (Sw) of the syn-
thesized compounds and compliance with the Lipinski Rule of Five
(Ro5). The Lipinski parameters determined are size of the molecule,
their ability to form hydrogen bonds, lipophilicity, topological surface
area (TPSA) and molecular flexibility were determined. Distribution
coefficient (log D) of all compounds was predicted in the various en-
vironments of alimentary canal. Plasma protein binding (PPB) of drugs
reduces their bioavailability. Hence, only a less bound drug is re-
sponsible for any pharmacological activity. PPB of the most active
compound were also predicted.

2.4.1. Docking studies on cholinesterases
Docking studies were carried out via MOE docking software. The

three-dimensional (3-D) crystal structure of Torpedo californica
(TcAChE) with donepezil as native ligand was retrieved from Protein
Data Bank (PDB accession code 1EVE) [33]. While, 3-D crystal structure
of BChE was obtained with PDB accession code 1P0I [34]. Before
docking of synthesized compounds, the re-dock method was used to
validate the docking procedure. The computed root means square de-
viation (RMSD) computed for re-docking of native donepezil into the
AChE biding site is 0.993 Å which is within the acceptable criteria
(< 2 Å). The binding pocket of TcAChE consists of residues present in
peripheral anionic site (PAS), catalytic active site (CAS), catalytic triad,
acyl pocket and oxyanion hole [32,35,36]. Docking results of the syn-
thesized compounds revealed that all the compounds occupy the space
in the TcAChE active site like the native donepezil (Fig. 2a). The
binding orientation of most active compound 4b superimposed on na-
tive donepezil into the AChE active site is shown in Fig. 2a. The 3-D
interaction plot of donepezil (standard drug) showed π-π stacking in-
teraction with Trp279 as well as with Trp84 (Fig. 2b). A πeH bond is
also observed between piperidine ring proton and Phe330. The 3-D
interaction plot shown in Fig. 2c revealed that compound 4b estab-
lished a π-π stacking interaction with Trp279 via pyridine ring. Phe331
forms π-π stacking interaction with thiophene ring. While, Phe330 also
established π-π stacking interaction with benzoate ring. Sulfur atom of
thiophene ring was involved in π-sulfur type of interactions with
Phe290. Trp84 was engaged in π-alkyl interactions (Fig. 2c).

For BChE, the docking pose of compound 4b is shown in Fig. 2d.
Trp82 is involved in a strong bifurcated π-π stacking interaction with

Table 2
Anticonvulsive potential of synthesized compounds (4a–i) in acute pentylenetetrazole (PTZ 90mg/kg) induced seizures in experimental mice model.

Group Dose Latency to onset of Tonic seizures
(Sec)

Latency to onset of Clonic seizures
(Sec)

%age of animals
convulsed

%age of animals protected from
seizures/Mortality

Control (PTZ) 90mg/kg 70.66 ± 6.33 156.67 ± 18.56 100% 0%
Standard (Diazepam) (5mg/kg) No Seizure No Seizure 0% 100%
4a 10mg/kg 102 ± 18.05 201 ± 41.93 100% 0%
4b 10mg/kg 43.33 ± 14.81 148.67 ± 94.27 100% 0%
4c 10mg/kg 63.00 ± 31.53 353.33 ± 6.93* 100% 0%
4d 10mg/kg 68.33 ± 17.47 231.67 ± 62.43 100% 0%
4e 10mg/kg 172.33 ± 10.53** 181.33 ± 22.52ns 50% 50%

30mg/kg 388.00 ± 47.95*** 723.33 ± 25.22*** 20.0% 80.0%
4f 10mg/kg 104.33 ± 64.59 120.00 ± 34.18 100% 0%
4g 10mg/kg 45.00 ± 8.73 68.67 ± 14.49 100% 0%
4h 10mg/kg 99.67 ± 31.75 472.5 ± 127.5 66.67% 33.33%

Data values are represented as mean ± SEM (n=6–8) which are analyzed by using one-way ANOVA followed by Dunnett’s test. *P < 0.05; **P < 0.01;
***P < 0.001; ns= not significant (vs control group, PTZ 90mg/kg).
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thiophene as well as benzoate ring. Phe329 also forms π-π stacking
interaction with benzoate ring. Two hydrogen bond interactions (HBI)
are also found between 4c and active site residues. Gly115 forms HBI
with carbonyl oxygen of amide. While, another HBI was found between
nitrogen atom of pyridine ring and Tyr121. A number of weak π-alkyl
type of interactions were also found (Fig. 2e).

2.4.2. Docking studies on GABA-A receptors
To explore the mechanism of anticonvulsant activity, we performed

docking studies on GABA-A receptor. For this purpose, we downloaded
three-dimensional structure of human GABA-A receptor (PDB accession
code= 4COF) complexed with benzamidine as native ligand [37]. Be-
fore docking of target compounds, algorithm was validated by the re-
docking of the native ligand. The root mean square deviation (RMSD)
was computed and was found within the threshold limit i.e.< 2.0 Å.
For the investigation of binding orientations and interacting residues,
we docked standard drug diazepam used for in-vivo studies. Further-
more, we also analyzed the binding pattern of methaqualone (a positive
allosteric GABA-A receptor modulator) to confirm the docking accu-
racy. Three-dimensional interaction plot of these two reference drugs is
shown in Fig. 3a-b. the key amino acid residues interact with these
drugs are Tyr62, Gln64 and Met115. Inspection of the binding modes
demonstrated that all synthesized compounds were bound to the active
site of reference and native drugs. Ribbon diagram of docking or-
ientation of all the synthesized compounds superimposed on diazepam,
native ligand and methaqualone is shown in Fig. 3c.

Compound 4e binding mode revealed a strong bifurcated interac-
tion of Gln64 with carbonyl oxygen (1.95 Å) and pyridine nitrogen
(2.51 Å) atom. Pyridine ring oriented itself in such a way to form a π-π
stacking interaction with Tyr62. Sulfur atom of thiophene ring was
involved in π-sulfur type of interactions with Tyr62 (Fig. 4a). Almost
same type of interactions was also shown by compound 4 h (Fig. 4b).
However, 4 h shows strong binding affinity (−6.0378 kcal/mol) com-
pared to 4e (−5.8145 kcal/mol).

Further for rationalizing results, we selected a pentameric ligand-
gated ion-channel from Erwinia chrysanthemi (PDB accession code
2YOE). The GABA-A receptor is composed of GABA (activator) binding
site and an allosteric site bound with flurazepam (Modulator, Fig. 5a).
Before the docking simulation of synthesized compounds, standard
drug diazepam was docked into the active site. Our docking study re-
vealed that diazepam and the synthesized compounds are

accommodated into the flurazepam allosteric site (Fig. 5b). The binding
affinities of the synthesized compounds were all in range −7.2366 to
−5.9831 kcal/mol.

We have also performed docking studies on gamma aminobutyric
acid aminotransferase (GABA-AT) receptors. The docking results are
presented in Supporting Information.

Fig. 2. (a) The overlaid ribbon diagram of synthesized compound 4b and native ligand donepezil into the binding site of AChE (PDB 1EVE). (b) Close-up 3-D
interaction plot of standard drug donepezil into the binding site of AChE (PDB 1EVE) (c) Close-up 3-D interaction plot of compound 4b into the binding site of AChE.
(d) Ribbon diagram of synthesized compound 4b into the binding site of BChE (PDB 1P0I). (e) Close-up 3-D interaction plot of compound 4b into the binding site of
BChE (PDB 1P0I).

Fig. 3. (a–b) Close-up 3-D depiction (line-model) of reference drugs diazepam
and methaqualone (stick-model) (c) The overlaid ribbon diagram of synthesized
compounds, diazepam (pink), methaqualone (red) and native ligand (yellow)
into the binding site of GABA-A receptor (PDB accession code= 4COF).

Fig. 4. (a–b) Close-up 3-D interaction plot of compound 4e (a) and 4h (b).
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2.4.3. Preliminary in-silico pharmacokinetic studies
In order to establish a relationship between physiochemical data of

the synthesized compounds and its in vivo performance, we employed
in-silico pharmacokinetic parameters. In contrast to the in-vitro studies,
the complex system of the whole body responds differently to the drug
in the in-vivo experiments. There is chance of promising activity in-vitro,
however, subsequent in vivo experiments may result in failure in terms
of efficacy or safety parameters. Binding affinity data computed via
docking simulations against GABA-A/GABA-AT receptors showed that
these receptors are possible mechanism of action for the synthesized
compounds. As the lack of drug activity is directly related with poor
pharmacokinetic parameters, therefore, we proceeded towards calcu-
lation of pharmacological and pharmacokinetic parameters.

In order to cross different physiological barriers, a balance between
hydrophilic and hydrophobic parameters is important in drug dis-
covery. Therefore, we calculated water solubility (mg/L). Poorly so-
luble drugs require high doses in order to reach therapeutic effect.
Water solubility data computed via Pre-ADMET indicated that only
compound 4e (16.26mg/L) and reference drug diazepam (6.17mg/L)
have shown good solubility compared to others (Table 3). Human In-
testinal Absorption (HIA) computed by using AdmetSAR online soft-
ware revealed that all the compounds have 97–100% absorption range.
Another drug-like attribute in drug discovery is low plasma protein
binding (PPB). It is assumed that unbound drugs are available to in-
teract with their pharmacological target receptors. Plasma protein
binding percentage of the synthesized drugs was computed using Pre-
ADMET online server (Table 3). The data in Table 3 revealed that the
PPB of compounds have high PPB ranging from 89.0 to 95.7%. It means
that 4.3–11% of the drug in the plasma is unbound. It is reported in
literature that 45% of the newly approved drugs have> 95% PPB and

24% are> 99% [38]. Hence, according to free drug hypothesis, com-
pound 4e with 11% unbound drug is available for pharmacological
interaction. This is in confirmation with in-vivo results. Only 4e dis-
played anticonvulsive potential at the dose of 10mg/kg and 30mg/kg
(Table 2).

To target central nervous system, blood brain barrier (BBB) pene-
tration is vital for antiepileptic drug design. We have computed BBB
penetration using two online servers. Pre-ADMET server compute BBB
penetration as [brain]/[blood]. According to the Pre-ADMET classifi-
cation, for high CNS absorption the value should be>2.0. While,
moderate and low permeable cross BBB with the value of 2.0–0.1
and < 0.1 respectively. The computed values are listed in Table 3. It
can be concluded from Table 3 values that compounds 4a, 4e–h have
moderate ability to cross BBB. The red highlighted compounds 4b–d
have poor crossing efficiency. The data also showed that reference drug
diazepam has high BBB crossing potential. Further, we also used online
BBB predictor from AlzPlatform (www.cbligand.org/AD/) [39]. All
compounds except 4a and 4f showed moderate ability to cross BBB.
Finally, toxicity/carcinogenicity of the compounds was calculate using
AdmetSAR online server (lmmd.ecust.edu.cn/admetsar1/). Only com-
pound 4c showed AMES toxicity. All the other compounds are predicted
as safe. Predicted BBB scores of synthesized compounds (4a–i) using
online BBB predictor from AlzPlatform are presented in Fig. S3-S-4 in
Supporting Information.

3. Conclusions

Since last decade, the drug discovery paradigm has been shifted to
multitarget designed ligands (polyvalent) in which a single chemical
entity may be able to hit multiple targets simultaneously. Based on this

Fig. 5. (a) Three-dimensional (3-D) structure of pentameric ligand-gated ion-channel from Erwinia chrysanthemi (PDB accession code 2YOE) showing allosteric
binding site (flurazepam site) and GABA binding site. (b) 3-D docking pose of the active compound 4e (pink) superposed on diazepam (green) into the binding site of
2YOE.

Table 3
In-silico parameters predicted to study the preliminary pharmacokinetics of the synthesized compounds.

Compd PPB (%) BBB Penetration HIA Water solubility (mg/L) AMES Toxicity (Probability) Carcinogen (Probability)

PreADMET BBB predictor

4a 91.0 0.2 0.11 96.3 0.79 − (0.5460) − (0.8365)
4b 92.5 0.02 0.09 96.8 0.99 − (0.6495) − (0.8506)
4c 93.5 0.02 0.10 96.5 3.57 + (0.6027) − (0.9099)
4d 90.0 0.05 0.15 96.8 0.84 − (0.6077) − (0.8902)
4e 89.0 0.13 0.11 97.5 16.26 − (0.6888) − (0.8810)
4f 94.4 0.33 0.09 96.8 0.11 − (0.55657) − (0.8353)
4g 92.0 0.16 0.10 96.4 0.38 − (0.5270) − (0.8157)
4h 91.6 0.13 0.11 96.4 0.75 − (0.5460) − (0.83650
4i 95.7 0.05 0.13 96.8 1.04 − (0.5835) − (0.8292)
D 98.7 2.58 0.15 99.5 6.17 − (0.0.9133) − (0.0.8312)
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shift, the main aim of our current study was to identify a drug or mo-
lecule which at one hand can target the excitability of the brain to exert
its calm effect and on other hand proportionally decrease excitotoxicity
to prevent the progression of Alzhiemer disease. In this study, a series of
carboxamide analogs have been synthesized via Suzuki cross-coupling
reaction. The compounds (4a–4i) were obtained in moderate to good
yields. The reaction conditions were found suitable for different elec-
tron donating and withdrawing moieties. The synthesized compounds
showed good inhibitory activity against cholinesterases. Some com-
pounds showed selectivity for BChE. Overall, a number of compounds
showed IC50 value in low micromolar level. Furthermore, in-vivo
screening of synthesized carboxamide derivatives for identification of
their potential against seizure was also carried out. Only compounds 4e
and 4h were able to show some anticonvulsant potential. Binding af-
finity data computed via docking simulations against GABA-A/GABA-
AT receptors showed that these receptors are possible mechanism of
action for the synthesized compounds. We were in opinion that the lack
of drug activity may be due poor pharmacokinetic parameters, there-
fore, we proceeded towards calculation of pharmacological and phar-
macokinetic parameters. Our in-silico predictions suggest that the
plasma protein binding, low to moderate blood brain barrier penetra-
tion and low solubility are the main attributes of low in-vivo perfor-
mance.

4. Material and methods

4.1. General Information

Melting points are uncorrected. 1H, 13C-NMR spectra were obtained
in CDCl3 (400/100MHz) (Bruker, MA, USA), respectively. EI-MS
spectra were obtained on a JMS-HX-110 spectrometer (JEOL, MA,
USA). For column chromatography, silica gel (70–230 mesh) was used.
The reactions were monitored on TLC cards (Merck silica gel 60 PF254).
UV lamp (254–365 nm) was used for visualization of compounds. Final
products were for their purity on Schimadzu system using C18 column
and isocratic solvent system of water/acetonitrile 50:50) at room
temperature. For elemental analyses CHN Perkin-Elmer 2400 series
analyzer was used.

4.2. General procedure for the synthesis of intermediate 5-bromo-N-(4-
methylpyridin-2-yl)thiophene-2-carboxamide (3)

TiCl4 (43.5 mmol, 3.0 eq, 4.78mL) and the 2-amino-4-methylpyr-
idine (1, 14.48mmol, 1 eq, 3 g) were added to a solution of 5-bro-
mothiophene-2-carboxylic acid (2, 14.48mmol, 1 eq, 1.567 g) in pyr-
idine (150mL). The sealed Schlenk flask containing the reaction
mixture was stirred for 2 h at 85 °C. After cooling reaction mixture, and
after removing pyridine by co-evaporation with toluene, was treated
with an aq. solution of 1 N HCl (150mL) and extracted with di-
chloromethane (3× 150mL). The washing of combined organic layers
was done with saturated aq. solution of sodium bicarbonate
(3× 150mL), dried over sodium sulfate anhydrous and evaporated to
dryness under reduced pressure. The obtained crude product was fur-
ther purified by column chromatography using 10% solution of n-
hexane, ethyl acetate.

4.3. General procedure for Suzuki coupling of amide

The catalyst Pd(PPh3)4 (7mol%, 0.0544 g) was added in inter-
mediate compound (3,1 eq, 0.673mmol, 0.2 g), under nitrogen atmo-
sphere. The 1,4-dioxane was added (8mL) and stirring of the reaction
mixture was done for 30min. The boronic acid (1.1 eq, 0.741mmol),
K3PO4 (2 eq, 1.35mmol, 0.284 g) and water (2mL) were added
[33,34]. The reaction mixture was stirred for 20–25 h at 90 °C. Then it
was cooled to room temperature (rt), and diluted with ethyl acetate.
After separation of organic layer MgSO4 was added for drying and then

the solvent was removed under vacuum. The crude residue was purified
by column chromatography by using n-hexane and ethyl acetate (25%).

4.3.1. 5-Bromo-N-(4-methylpyridin-2-yl)thiophene-2-carboxamide (3)
White porous solid, mp=105–106 °C, (80% 3.44 g), 1H NMR

(400MHz, CDCl3) δ 8.92 (s, 1H), 8.15 (d, J=8.0 Hz, 2H), 7.46 (d,
J=4.0 Hz, 1H), 7.10 (d, J=4.0 Hz, 1H), 6.93 (d, J=4.0 Hz, 1H), 2.41
(s, 3H). 13C NMR (100MHz, CDCl3) δ 159.0, 151.1, 150.6, 147.0,
140.5, 130.9, 128.8, 121.4, 119.8, 115.2, 21.5. EI/MS m/z (%): 298.0
[M+H]+, 299.2 [M+2]; [M-CH3]=281.3; [M-Br]= 217.4. Anal.
Calcd. For C11H9BrN2OS: C, 44.46; H, 3.05; N, 9.43. Found: C, 44.40; H,
3.03; N, 9.40%.

4.3.2. 5-(3-Chlorophenyl)-N-(4-methylpyridin-2-yl)thiophene-2-
carboxamide (4a)

Off white solid, mp=154–156 °C, (84%, 180mg), 1H NMR
(400MHz, CDCl3) δ 8.94 (s, 1H), 8.10 (s, 1H), 8.05 (d, J=4.1 Hz, 1H),
7.54–7.51 (m, 3H), 7.40–7.39 (m, 3H), 6.87 (d, J=5.1 Hz, 1H), 2.50
(s, 3H). 13C NMR (100MHz, CDCl3) δ 165.4, 159.1, 152.9, 150.4,
144.4, 139.9, 131.3, 129.8, 126.4, 125.5, 123.6, 121.2, 120.6, 115.4,
22.6. EI/MS m/z (%): 329.9 [M+H]+; [M-Cl]= 293.1; [M-Cl,
CH3]= 278.0. Analysis calculated for C17H13ClN2OS: C, 62.10; H, 3.98.
N, 8.52. Found: C, 62.04; H, 3.97; N, 8.55%. HPLC purity= 100.0%.
TR=22.2min.

4.3.3. Methyl 4-(5-((4-methylpyridin-2-yl)carbamoyl)thiophen-2-yl)
benzoate (4b)

off white solid, mp=199–200 °C, (35%, 83mg), 1H NMR
(400MHz, CDCl3) δ 9.51 (s, 1H), 8.26 (s, 1H), 8.18–8.06 (m, 3H), 7.86
(d, J=4.0 Hz, 1H), 7.72–7.70 (m, 2H), 7.43 (d, J=4.0 Hz, 1H), 6.94
(d, J=8Hz, 1H), 3.95 (s, 3H), 2.42 (s, 3H). 13C NMR (100MHz, CDCl3)
δ 164.3, 162.2, 159.0, 158.0, 147.0, 142.1, 139.0, 138.7, 136.8, 131.2,
129.0, 128.0, 127.8, 126.0, 125.4, 120.0, 111.8, 51.0, 21.6. EI/MS m/z
(%): 353.5 [M+H]+; [M-CH3]= 337.3; [M-COOCH3]= 293.4. Anal.
Calcd. For C19H16N2O3S: C, 64.76; H, 4.58; N, 7.95. Found: C, 64.70; H,
4.56; N, 7.97%. HPLC purity= 98.3%. TR=15.3min.

4.3.4. 5-(4-Methoxyphenyl)-N-(4-methylpyridin-2-yl)thiophene-2-
carboxamide (4c)

Light yellow solid, mp=145–147 °C, (84%, 183mg), 1H NMR
(400MHz, CDCl3) δ 8.84 (s, 1H), 8.20 (s, 1H), 8.12 (d, J=4.0 Hz, 1H),
7.63 (d, J=3.9 Hz, 1H), 7.57–7.54 (m, 2H), 7.18 (d, J=3.9 Hz, 1H),
6.95–6.91 (m, 2H), 6.88 (d, J=4.4 Hz, 1H), 3.84 (s, 3H), 2.39 (s, 3H).
13C NMR (100MHz, CDCl3) δ 162.1, 160.1, 158.0, 157.1, 147.1, 143.0,
139.0, 138.2, 129.1, 127.5, 126.1, 125.2, 121.0, 115.0, 114.0, 111.0,
56.0, 22.0. EI/MS m/z (%): 325.1 [M+H]+; [M-OCH3]= 293.3; [M-
CH3, eOCH3]=278.4. Anal. Calcd. For C18H16N2O2S: C, 66.65; H,
4.97; N, 8.64. Found: C, 66.60; H, 4.99; N, 8.66%. HPLC
purity= 99.4%. TR= 14.9min.

4.3.5. N-(4-methylpyridin-2-yl)-5-(4-(methylthio)phenyl)thiophene-2-
carboxamide (4d)

off white solid, mp=167–169 °C, (71%, 162mg), 1H NMR
(400MHz, CDCl3) δ 8.88 (s, 1H), 8.20 (s, 1H), 8.12 (d, J=5.1 Hz, 1H),
7.65 (d, J=3.9 Hz, 1H), 7.55 (d, J=8.3 Hz, 2H), 7.28–7.25 (m, 3H),
6.89 (d, J=5.0 Hz, 1H), 2.51 (s, 3H), 2.39 (s, 3H). 13C NMR (100MHz,
CDCl3) δ 162.0, 160.1, 158.0, 147.4, 141.0, 138.0, 137.0, 136.7, 131.0,
129.0, 128.7, 127.4, 126.0, 125.0, 122.8, 111.0, 22.0, 15.6. EI/MS m/z
(%): 341.1 [M+H]+; [M-CH3]=325.3; [M-CH3,-SCH3]= 278.3. Anal.
Calcd. For C18H16N2OS2: C, 63.50; H, 4.74; N, 8.23. Found: C, 63.53; H,
4.72; N, 8.20%. HPLC purity= 98.0%. TR=19.2min.

4.3.6. 5′-Methyl-N-(4-methylpyridin-2-yl)-[2,2′-bithiophene]-5-
carboxamide (4e)

Light brown solid, mp= 134–136 °C, (80%, 168mg), 1H NMR
(400MHz, CDCl3) δ 8.96 (s, 1H), 8.20 (s, 1H), 8.16–8.11 (m, 2H), 7.59
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(d, J=3.8 Hz, 1H), 7.11–7.06 (m, 1H), 6.90 (s, 1H), 6.72 (d,
J=2.3 Hz, 1H), 2.51 (s, 3H), 2.40 (s, 3H). 13C NMR (100MHz, CDCl3)
δ 165.4, 159.8, 151.2, 148.4, 144.7, 138.1, 137.1, 135.4, 131.2, 128.4,
127.9, 125.0, 117.2, 115.1, 22.5. EI/MS m/z (%): 315.6 [M+H]+; [M-
CH3]=299.1; [M-2CH3]= 284.0. Anal. Calcd. For C16H14N2OS2: C,
61.12; H, 4.49; N, 8.91. Found: C, 61.19; H, 4.50; N, 8.79%. HPLC
purity= 99.6%. TR= 16.3min.

4.3.7. 5-(3,4-dichlorophenyl)-N-(4-methylpyridin-2-yl)thiophene-2-
carboxamide (4f)

White crystalline solid, mp=178–180 °C, (83%, 202mg), 1H NMR
(400MHz, CDCl3) δ 8.91 (s, 1H), 8.21 (s, 1H), 8.15 (d, J=4.9 Hz, 1H),
7.73 (s, 1H), 7.68 (d, J=3.5 Hz, 1H), 7.48 (q, J=8.4 Hz, 2H), 7.31 (d,
J=3.5 Hz, 1H), 6.94 (d, J=4.5 Hz, 1H), 2.43 (s, 3H). 13C NMR
(100MHz, CDCl3) δ 165.4, 161.1, 159.8, 150.5, 148.4, 144.4, 137.8,
130.7, 128.4, 126.1, 124.6, 122.1, 121.1, 117.4, 117.2, 115.4, 21.9. EI/
MS m/z (%): 364.0 [M+H]+, 365.2 [M+2]; 367.3 [M+4]; [M-
2Cl]= 292.1; Anal. Calcd. For C17H12Cl2N2OS: C, 56.21; H, 3.33; N,
7.71. Found: C, 56.14; H, 3.35; N, 7.70%. HPLC purity= 96.9%.
TR=21.3min.

4.3.8. 5-(3-chloro-4-fluorophenyl)-N-(4-methylpyridin-2-yl)thiophene-2-
carboxamide (4g)

white porous solid, mp=188–190 °C, (74%, 172mg), 1H NMR
(400MHz, CDCl3) δ 8.91 (s, 1H), 8.22 (s, 1H), 8.15 (d, J=5.1 Hz, 1H),
7.69 (m, 2H), 7.53–7.49 (m, 1H), 7.29 (m, 1H), 7.21 (t, J=8.6 Hz, 1H),
6.94 (d, J=4.8 Hz, 1H), 2.43 (s, 3H). 13C NMR (100MHz, CDCl3) δ
159.7 (d, J=20Hz), 157.1, 152.8, 150.5, 148.4, 144.4, 137.9, 130.6
(d, J=5Hz), 128.4, 126.1(d, J=7Hz), 124.6, 122.0 (d, J=19Hz),
121.07, 117.4, 117.2, 115.3, 21.9 EI/MS m/z (%): 347.0 [M+H]+,
348.0 [M+2]; [M-Cl]= 311.0. Anal. Calcd. For C17H12ClFN2OS: C,
58.88; H, 3.49; N, 8.08. Found: C, 58.85; H, 3.51; N, 8.06%. HPLC
purity= 95.9%. TR= 18.0min.

4.3.9. 5-(4-chlorophenyl)-N-(4-methylpyridin-2-yl)thiophene-2-
carboxamide (4h)

Off white solid, mp=190–191 °C, (75%, 166mg), 1H NMR
(400MHz, CDCl3) δ 8.89 (s, 1H), 8.19 (s, 1H), 8.12 (d, J=5.1 Hz, 1H),
7.65 (d, J=3.9 Hz, 1H), 7.57–7.54 (m, 2H), 7.39–7.36 (m, 2H), 7.27
(d, J=4.0 Hz, 1H), 6.90 (d, J=5.1 Hz, 1H), 2.40 (s, 3H). 13C NMR
(100MHz, CDCl3) δ 162.0, 160.1, 158.3, 146.1, 142.2, 140.1, 138.2,
135.0, 132.2, 131.0, 129.1, 127.1, 126.3, 124.1, 121.0, 112.3, 21.9. EI/
MS m/z (%): 329.9 [M+H]+; [M-Cl]= 293.1; [M-Cl, CH3]= 278.0;
[M-Cl, Aryl fragment]= 217.2. Anal. Calcd. For C17H13ClN2OS: C,
62.10; H, 3.99; N, 8.52. Found: C, 62.04; H, 3.97; N, 8.56%. HPLC
purity= 998.1%. TR=20.4min.

4.3.10. 5-(3-acetylphenyl)-N-(4-methylpyridin-2-yl)thiophene-2-
carboxamide (4i)

Light brown solid, mp=164–166 °C, (53% 120mg), 1H NMR
(400MHz, CDCl3) δ 8.78 (s, 1H), 8.24 (d, J=7.0 Hz, 2H), 8.17 (d,
J=5.0 Hz, 1H), 7.96 (d, J=7.7 Hz, 1H), 7.85 (d, J=7.7 Hz, 1H), 7.71
(d, J=3.8 Hz, 1H), 7.56 (t, J=7.7 Hz, 1H), 7.42 (d, J=3.9 Hz, 1H),
6.95 (d, J=4.7 Hz, 1H), 2.68 (s, 3H), 2.44 (s, 3H). 13C NMR (100MHz,
CDCl3) δ 198.0, 162.0, 158.0, 157.9, 147.0, 143.9, 139.0, 137.0, 136.0,
134.0, 130.2, 129.0, 128.2, 127.0, 125.9, 122.2, 111.3, 27.0, 22.5. EI/
MS m/z (%): 337.5 [M+H]+; [M-COCH3]=293.3; [M-CH3,
eCOCH3]=278.3. Anal. Calcd. For C19H16N2O2S: C, 67.84; H, 4.79; N,
8.33. Found: C, 67.89; H, 4.77; N, 8.30%. HPLC purity= 97.8.0%.
TR=17.5min.

4.4. Pharmacology

4.4.1. In-vitro inhibition of cholinesterases
In-vitro inhibition of cholinesterases were carried out by following

procedures already reported by our research group [23,24]. By using

μQuant microplate spectrophotometer (MQX200, BioTek USA) all the
synthesized compounds evaluated for their AChE (Electrophorous
electricus type-VI-S, Sigma-Aldrich GmbH 4USA, code 1001596210)
and BChE inhibition (Equine serum Lyophilized Sigma-Aldrich GmbH
USA, code 101292670). Stock solution of the test derivatives were
prepared by using DMSO (I mL) and 0.1M phosphate buffer (KH2PO4/
K2HPO4) of pH 8.0 (9mL). Appropriate quantity of DTNB (Ellman’s
reagent), synthesized compounds, 0.03 U/ml of enzymes (AChE and
BChE) were reacted by pre-incubating at 30 °C for 10min and after
addition of 1mM ATCI or BTCI further incubation was done for 15min.
The enzymatic hydrolysis was measured at 412 nm using μQuant mi-
croplate spectrophotometer (MQX200, BioTek USA). DMSO was used as
negative control. Each reading was taken in triplicate and the IC50
values were obtained by plotting sample conc. vs inhibition.

4.4.2. Animals and experimental procedure
BALB/c mice (7–8weeks old) of either sex weighing 25 ± 3 g were

obtained from National Institute of Health animal breeding facility,
Islamabad. These animals were allowed to acclimatize for minimum
period of 1 week in the animal house facility of Department of
Pharmacology, Bahauddin Zakariya University, Multan to get famil-
iarize with the new environment. Six mice were accommodated in each
transparent polycarbonate cage having floor area of 750 cm2 with en-
vironmental enrichment and under controlled temperature (22–25 °C
and humidity (45–55%) with 12 h light and dark cycle. They had free
access to food (Crystal Feed Industry, Multan; Protein 22% and
Carbohydrate 60%) and water ad libitum. The sawdust bedding from
Eastern white pine wood in the polycarbonate cages were routinely
changed every 5 days and animals were monitored for their wellbeing
on daily basis. In total 10 groups each having 6–8 mice were made for
the evaluation of anticonvulsive potential of standard and experimental
drugs. Group 1 served as seizure control group and treated with chemo-
convulsive agent i.e. pentylenetetrazole (PTZ 90mg/kg, i.p.), group 2
was the standard group and administered diazepam 5mg/kg (i.p.),
groups 3–10 were initially treated with the test compounds 4a–4i at the
dose of 10mg/kg to screen any anticonvulsive potential. For those
compounds which demonstrated anti-seizure potential, the dose was
further increased to 30mg/kg. All the test compounds were suspended
in Tween 80 and water mixture (5% W/V) and administered by the oral
gavage 30–40min before challenging with 90mg/kg of pentylenete-
trazole (dissolved in normal saline) [40–43]. These mice were observed
for 30min after challenging with PTZ with the consideration of fol-
lowing parameters;

1) Latency to onset of first myoclonic jerks
2) Latency to onset of Generalized clonic convulsions
3) % age of animals showed convulsions
4) % age of animals protected from convulsions

Ideally, no sign of severe illness should appear after PTZ challenge
with the exception of convulsions. All the experiments on animals were
performed in compliance with the ARRIVE guidelines. Care was ex-
ercised for minimal number of animal usage as defined by the principle
of 3Rs, i.e., Replacement, Reduction and refinement. The Bahauddin
Zakariya University Multan ethical committee has further endorsed the
protocol via Notification Number EC/BZU/197 dated 18 May 2018.
According to protocol all survived animals after experimental trials
were euthanized by administration of 75mg/kg of Pentobarbital to
minimize the suffering and pain.

4.4.2.1. Statistical analysis. Data values are represented as
mean ± SEM (standard error of the mean) (n= 6–8). Statistical
analysis was performed by using one-way Analysis of variance
(ANOVA) followed by Dunnett’s test.
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4.5. In-silico studies

4.5.1. Docking studies
Docking simulations were performed using Molecular Operating

Environment (MOE 2016:0802) package [44]. Three-dimensional
crystal structures of the targets were downloaded from Protein Data
Bank. Structure of human GABA-A receptor (PDB accession
code= 4COF) complexed with benzamidine as native ligand. While, a
pentameric ligand-gated ion-channel from Erwinia chrysanthemi (PDB
accession code 2YOE). The downloaded enzymes were prepared ac-
cording to our previously reported parameters [24,45]. The structures
of the compounds were drawn by using molecular builder option of
MOE. The ligands were energy minimized using MMFF94 forcefield. All
these compounds were docked into the binding sites of the prepared
enzymes. Default docking parameters were set and ten different con-
formations were generated for each compound. Lowest binding energy
ligand enzyme complexes were visualized by MOE ligand interaction
module. While for 3-D interaction plot, discovery studio visualizer was
used [46].

4.5.2. In-silico pharmacokinetic predictions
For the prediction of in-silico pharmacokinetics of the synthesized

compounds, MOE and different online servers were used. Lipinski de-
scriptors were calculated from database viewer (.mdb) file. For
AdmetSAR server, Simplified Molecular Input Line Entry Specification
(SMILES), representing a 2D chemical drawing as a string, was gener-
ated from 2D structural models and used as input. MOL file format was
used to calculate the ADME properties from online Pre-ADMET and BBB
predictor server.
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