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ABSTRACT

Some new aminobenzimidazole derivatives were synthesized and investigated
their pharmacological potential including anti-oxidant and acetylcholinesterase
inhibitory activity to treat AD. A series of eight benzimidazole derivatives was
synthesized by two-step procedure. All the synthesized derivatives were
characterized by spectroscopic techniques such as NMR (*H-NMR) and FTIR. All
the compounds were further evaluated for their anti-oxidant and AchE
inhibitory potential. Four compounds 2g, 2a and 2Zb have shown potent
inhibitory activity as 91.86%, 88.69%, and 81.91% respectively. Among eight
synthesized compounds, the highest anti-oxidant activity 86.64% was exhibited
by compound 2d, and compound 2d showed higher potency with IC50 of 4.96
pg/mL. Next docking studies were performed by using Auto Dock Vina program
for which acetylcholinesterase has been used as target. Compounds 2e, 2a and
2d have exhibited the highest binding affinity with acetylcholinesterase among
the synthesized derivatives with a value of -10.5 kcal/mo], -10.4 kcal/mol and -
10.3 kcal/mol respectively. The results indicated that benzimidazole derivatives
could be used as lead molecules for acetylcholinesterase inhibitors and can be
further evaluated for their therapeutic potential for the treatment of AD.

INTRODUCTION

additionally contribute to the worsening of cognitive

Alzheimer's disease (AD) is the most prevalent dementia
and is defined by a progressive loss of cognitive functions
[1]. Initial symptoms usually include short-term memory
impairment, mood changes, difficulty in learning, and
difficulty in executing daily tasks [2]. AD is a multifactorial
neurodegenerative disorder that emerges from multiple
interrelated pathological processes ultimately resulting in
neuronal dysfunction and death [3]. The major
neuropathological features of AD are extracellular amyloid
plaques, intracellular neurofibrillary tangles, and
dysfunction of the cholinergic neurotransmission system
[4]. In addition, oxidative stress and synaptic loss

impairment. The deposition of amyloid-f3 (AB) peptides—
produced by the amyloidogenic cleavage of amyloid
precursor protein (APP)—lies at the core of senile plaque
formation and is involved in disease causation [5]. High
levels of pro-inflammatory mediators like interleukin-1f3
(IL-1B), tumor necrosis factor-a (TNF-a), prostaglandin E2
(PGEZ2), and cyclooxygenase-2 (COX-2) have been found in
AD brains and have been used as markers of
neuroinflammation and progression of the disease. Of
these, COX-2 is the premier enzyme mediating
neuroinflammatory cascades and is significantly
upregulated in the brains of AD patients, and hence is a
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potential therapeutic target for drug development. This
enzyme is over-expressed in AD patient brain and has also
been utilized as a drug target to design drugs [6]. Loss of
cholinergic neurons, especially in the basal forebrain, is
coupled with loss of neurotransmitter acetylcholine.
Reduced levels of acetyl choline in the brain of AD patients
seem to be an essential component in causing dementia
[7].

Acetylcholine plays very significant role in attention,
learning, memory and motivation. A widely distributed
hydrolase enzymes are classified into Cholinesterases
such as acetylcholinesterase (AChE) and
butyrylcholinesterase (BChE). The imbalance between
AChE and BChE leads to the development of AD in patients.
Since AChE enzymes are more hydrolytic than BChE, so to
save this AChE inhibitors are the best choice to treat AD
[8]. Davies and Maloney in 1976 proposed this theory
regarding AD pathogenesis named as cholinergic
hypothesis [9]. As a result of this hypothesis the first drug
to be approved for the treatment of AD is Tacrine.
According to this hypothesis the cholinergic neurons in the
brain undergo degeneration which leads to the decrease in
the level of neurotransmitter acetylcholine as well as its
associated enzyme choline acetyltransferase (ChAT). The
specific regions of the brain are hippocampus and cortex
where low level of AChE occurs resulting in learning and
memory dysfunction [10].

In order to prevent and treat AD, the researchers need to
develop new therapies. As the AD pathogenesis
mechanisms need more clarification, up till now, there is
difficulty in development of effective drugs. The
researchers need to develop multiple drug target
therapies as multiple factors are involved in progression of
AD [11]. So far, the USA Food and Drug Administration
(FDA) approved only five drugs for the treatment of AD,
but all of these five drugs are used for symptomatic
treatment with temporary relief. Among the currently
available therapeutic options for Alzheimer’s disease, four
drugs function as acetylcholinesterase (AChE) inhibitors
tacrine (now withdrawn from clinical use), donepezil
(DNP), rivastigmine, and galantamine while memantine
acts as an N-methyl-D-aspartate (NMDA) receptor
antagonist [12]. However, these agents are often
associated with adverse effects, including gastrointestinal
discomfort, muscle pain, nausea, heartburn, headaches,
loss of appetite, diarrhea, imbalance, hepatotoxicity, and
short biological half-lives. Consequently, ongoing research
efforts are focused on discovering and developing novel
therapeutic candidates with improved efficacy and fewer
side effects for the management of Alzheimer’s disease
[13].

The heterocyclic benzimidazole scaffold is an important
structural motif in the synthesis of various
pharmacologically active compounds [14]. Benzimidazole
compounds such as ricobendazole, thiabendazole,
albendazole, and oxfendazole have been shown to inhibit
cholinesterases in several studies. New compounds with
cholinesterase inhibitory action have been discovered
involving benzimidazole moiety. The anticholinesterase
and antioxidant effects of a variety of Mannich bases of
benzimidazole derivatives with a phenolic group were
investigated. Ellman's method was used to assess the
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inhibitory activity of acetylcholinesterase (AChE) and
butyrylcholinesterase (BuChE) in vitro. All of the
compounds had moderate to good AChE inhibitory action,
according to the activity data [15-16]. The benzimidazole
ring system is a privileged scaffold in medicinal chemistry,
known for its wide range of pharmacological applications.
Benzimidazole-based molecules including albendazole,
thiabendazole, and ricobendazole have been reported to
inhibit cholinesterase enzymes, highlighting their
potential in neuroprotective drug development. Recent
studies have also demonstrated that Mannich base
derivatives of benzimidazole possessing phenolic groups
exhibit both antioxidant and AChE inhibitory properties.
Given their structural versatility, benzimidazole
derivatives offer a promising framework for designing
multifunctional agents that can simultaneously target
oxidative stress and cholinergic dysfunction two critical
factors implicated in AD progression. Synthesis of amides
have been the focus of organic synthesis since decades and
a number of methods have been developed. Using succinic
anhydride with amines is a convenient and inexpensive
method of bond formation, therefore it was selected in the
current research to synthesize new amide containing
benzimidazole derivatives.

In this context, the present study was designed to
synthesize and characterize a novel series of 2-
aminobenzimidazole derivatives. The compounds were
evaluated for their antioxidant and acetylcholinesterase
inhibitory potential, complemented by molecular docking
studies to explore ligand-target interactions and binding
affinities. This integrated approach aims to identify
promising lead structures for the development of safer and
more effective therapeutic agents against Alzheimer’s
disease.

MATERIALS AND METHODS

Drugs and Chemicals: Materials required for initiation
were obtained from Sigma Aldrich (St. Louis, MO, USA).
Melting points of all newly synthesized benzimidazole
derivatives were recorded via the A Digital Gallen Kamp
apparatus (Sanyo, Osaka, Japan) was utilized for melting
point determination. Proton nuclear magnetic resonance
(*H-NMR) spectra were recorded on a Bruker AM-300
spectrometer (Billerica, Massachusetts, UK) operating at
300 MHz, using DMSO-d¢ as the solvent and
tetramethylsilane (TMS) as the internal reference.
Fourier-transform infrared (FTIR) spectra were obtained
with an ATR eco ZnSe spectrophotometer, and the
absorption maxima (V_max) were expressed in cm™. The
progress of all chemical reactions was monitored using
thin-layer chromatography (TLC). Analytical-grade
reagents, including 2-aminobenzimidazole,
dichloromethane, thionyl chloride, triethylamine, and
succinic anhydride, were employed throughout the study.
All solvents, chemicals, and reagents used were of 99%
HPLC purity.

General Procedure for One-Pot Synthesis of 2-
aminobenzimidazole Derivatives (2a-2h): Equimolar
amounts of succinic anhydride and 2-aminobenzimidazole
were dissolved in dry dichloromethane and stirred at
ambient temperature for approximately 20 minutes. The
reaction progress was monitored using thin-layer
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chromatography (TLC). Solvent systems comprising
chloroform:methanol in ratios of 4:1 and 7:1 were utilized
to assess the purity of the synthesized compounds. After
completion, the resulting solid product was filtered and
recrystallized from methanol to yield the desired
compound (1) [17]. Subsequently, 1 mmol of
cyclohexylamine-4-oxobutanoic acid was reacted with 1
mmol of the corresponding amine and 3 mmol of
triethylamine (Et3N). To this mixture, 1 mmol of thionyl
chloride (SOCl;) was added at room temperature. The
reaction mixture was stirred for 30-60 minutes, and its
progress was monitored by TLC. Following completion, the
solvent was evaporated under reduced pressure to obtain
the crude product. The residue was dissolved in
dichloromethane and sequentially washed with 1 N HCl
and 1 N NaOH. The organic phase was then dried over
anhydrous sodium sulfate (Na,SO,), filtered, and
evaporated to dryness, affording the corresponding amide
derivatives 2(a-h). (Figure 1: General synthetic pathway;
Figure 2: Structures of the newly synthesized 2-
aminobenzimidazole derivatives).

Figure 1

Scheme for the synthesis of new Z-aminobenzimidazole
derivatives. DCM, dichloromethane; rt, room temperature;
SOCI2, thionyl chloride

o
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2a = Cyclohexylamine

2b = Morpholine

2c = 0-anisidine

2d = p-anisidine

2e = 4-chlorobenzylamine
2f = N-octylamine

2g = N-methyl piperazine
2h = 2-amino pyridine

Figure 2
Structures of all newly synthesized 2-aminobenzimidazole
derlvatzves

Qo Q0 Qo
: - W L
QOO 0
A B | L }
A NP P o SN
OV O O StapllV

DPPH Free Radical Scavenging Assay: The synthesized
derivatives were evaluated for anti-oxidant activity by
diphenyl-1-picrylhydrazyl (DPPH) radical scavenging
method. As positive and negative control, Ascorbic acid
(10 pL) was used as the standard, while a blank solution
containing 10 pL of DMSO and 190 uL of DPPH solution
served as the control. Various concentrations (10, 20, and
40 pL) of each test compound were mixed with 0.1 mM
DPPH solution in methanol and vigorously shaken. The
resulting mixtures were incubated at 37°C for 30 minutes.
After incubation, the absorbance was recorded at 517 nm
using a UV-visible spectrophotometer. The ICs, values,
representing the concentration required to achieve 50%
radical scavenging activity, were determined by plotting
the percentage inhibition against concentration in
Microsoft Excel. The corresponding x-values were
obtained from the linear regression equation. The plotted
graphs indicated that the tested compounds demonstrated
maximum percentage inhibition with the lowest ICsq
values. The percentage inhibition or radical scavenging
activity was calculated using the following formula [18].

% scavenging activity = 1 - Absorbance of sample x 100

Absorbance of control

Acetylcholinesterase Assay: The acetylcholinesterase
(AChE) inhibitory activity was assessed using the Hestrin
hydroxamic acid method with minor modifications to
Ellman’s procedure. A total reaction volume of 100 puL was
prepared, consisting of 60 uL of 50 mM Na,HPO, buffer
(pH 7.7), 10 pL of the test compound (0.5 mM/well), and
10 pL of AChE enzyme (0.005 unit/well). The mixture was
gently mixed, and an initial absorbance reading was taken
at 405 nm. Subsequently, the samples were preincubated
at 37°C for 10 minutes. The enzymatic reaction was
initiated by adding 10 pL of acetylthiocholine iodide (0.5
mM/well) as the substrate, followed by 10 pL of DTNB
[5,5'-dithio-bis-(2-nitrobenzoic acid)] at a concentration
of 0.5 mM/well. After incubation for 37 minutes at 37°C,
the absorbance was recorded at 405 nm using a microplate
reader (Synergy HT, BioTek, USA). Physostigmine (0.5
mM/well) served as the reference inhibitor. The
percentage inhibition of AChE activity was calculated
using the following formula
% Inhibition = Control - Test x 100
Control

where control is the total enzyme activity without
inhibitor and test is the enzyme activity in the presence of
test compound [19].

In-silico studies: Docking were performed using free
license software packages. Machines used for molecular
docking was laptop built of Intel core i5-6300U CPU with
6GB DDR3 RAM running Windows 10 operating system.
Chemoinformatics was used to determine chemo-
informatics of synthesized compounds. Chemdbiodraw,
ChemSketch  v2.5, Discovery Studio Visualizer
v17.2.0.16349 were used to find ligand and protein
interaction and their binding affinities. PyRX was used for
molecular docking. All the synthesized ligand were docked
against the specific protein (AchE PDB ID: 1GQR) using
PyRX. Docking analysis of 2-aminobenzimidazole
derivatives (2a-2h) against acetylcholinesterase was
performed to compare the relative binding affinity of
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ligand and protein. Protein structure (PDB ID: 1GQR) was
downloaded from RCSB from protein data bank site.
Discovery studio was used to remove water molecule and
ligand to clean the protein and saved in the form of PDBQT
file format for further use. Discovery Studio Visualizer was

RESULTS
Table 1
Spectral Analysis and Properties of Synthesized Compounds

utilized to analyze the optimal conformational poses and
visualize ligand-target molecular interactions. The
docking protocol was validated by superimposing and
comparing the conformations of the co-crystallized ligands
with those obtained from the re-docking simulations [20].

(2a-2h)

Physical Melting Rf

Compound State / Color Point (°C) Value

FTIR (cm™) (Key
Bands)

*H-NMR (8, ppm, DMSO-d¢, 300 MHz) (Key signals)

2a N4-(1H-benzo[d]imidazol-2-yl)-

N,-cyclohexylsuccinamide White solid 160-180 0.71
2b N-(1H-benzo[d]imidazol-2-yl)-  Light brown 60-90 085
4-morpholino-4-oxobutanamide solid '
2c¢ N;-(1H-benzo[d]imidazol-2-yl)-  Off-white B
N,-(2-methoxyphenyl)succinamide solid 150-170 083
2d N;-(1H-benzo[d]imidazol-2-yl)- . i
N,-(4-methoxyphenyl)succinamide B L
2e N;-(1H-benzo[d]imidazol-2-yl)- Light brown B
N,-(4-chlorophenyl)succinamide solid 60-100 092
ZfN1-(1H-be.nzo[Fi]lmldazol-Z-yl)- Light b_rown 120-170  0.83
N,-octylsuccinamide solid

2g N-(1H-benzo[d]imidazol-2-yl)-

4-(4-methylpiperazin-1-yl)-4- Yellow solid 180-185 0.85
oxobutanamide

2h N;-(1H-benzo[d]imidazol-2-yl)- Dark brown _
N,-(pyridin-2-yl)succinamide solid LY ME

3304 (N-H), 1649
(C=0), 1542 (C=C)

3395 (N-H), 1720
(C=0), 1569 (C=C)

3384 (N-H), 1669
(C=0), 1524 (C=C)

3302 (N-H), 1648
(C=0), 1505 (C=C)

2929 (N-H), 1721
(C=0), 1569 (C=C)

3295 (N-H), 1628
(C=0), 1543 (C=C)

3369 (N-H), 1625
(C=0), 1569 (C=C)

3216 (N-H), 1675
(C=0), 1548 (C=C)

8.64 (s, 1H, amide-NH), 7.14 (s, 1H, amide-NH), 8.31-6.35
(m, 4H, Ar-H), 3.63-3.56 (m, 2H, CHy), 3.45 (d, 2H, CH,),
3.15 (m, 10H, CH,)

8.04 (s, 1H, amide-NH), 7.14 (s, 1H, amide-NH), 8.22-6.15
(m, 4H, Ar-H), 3.43-3.21 (m, 2H, CHy), 3.75 (d, 2H, CH,),
3.15 (m, 8H, CH,)

9.64 (s, 1H, amide-NH), 9.14 (s, 1H, amide-NH), 8.01-6.15
(m, 4H, Ar-H), 3.83-3.76 (m, 2H, CH,), 3.35 (d, 2H, CH,),
2.76-2.69 (d, 3H, OCH3, ] =21 Hz)

8.24 (s, 1H, amide-NH), 7.47 (s, 1H, amide-NH), 8.72-6.35
(m, 8H, Ar-H), 3.33-3.11 (m, 2H, CH,), 3.25 (d, 2H, CH>),
2.86-2.59 (d, 3H, OCH3, ] = 21 Hz)

8.29 (s, 1H, amide-NH), 7.71 (s, 1H, amide-NH), 8.52-6.15
(m, 8H, Ar-H), 3.33-3.11 (m, 6H, CH;)

7.97 (s, 1H, amide-NH), 7.74 (s, 1H, amide-NH), 7.10-6.83
(m, 4H, Ar-H), 2.98 (d, 2H, CH,), 2.26 (d, 2H, CH,), 1.35-
1.33 (d, 14H, alkyl-H), 0.879-0.840 (t, 3H, CH3)

8.54 (s, 1H, amide-NH), 7.74 (s, 1H, amide-NH), 8.32-6.45
(m, 4H, Ar-H), 3.43-3.21 (m, 2H, CHy), 3.75 (d, 2H, CH,),
3.15 (m, 8H, CHy), 2.56-2.29 (d, 3H, OCHs, ] = 21 Hz)

8.34 (s, 1H, amide-NH), 7.23 (s, 1H, amide-NH), 8.52-6.25

(m, 8H, Ar-H), 3.53-3.31 (d, 2H, CH,), 3.35 (d, 2H, CH,),
2.56-2.29 (d, 3H, OCHj, ] = 21 Hz)

DPPH Free Radical Scavenging Assay

The anti-oxidant activity of the synthesized compounds
was evaluated by monitoring the discoloration of stable
purple color of 2,2-diphenyl-1-picrylhydrazyl to yellow
color [21]. The highest activity was 86.4% shown by 2d
with ICso value 4.96 pg/mL. The compounds 2b and 2g also
showed good activity with % inhibition 56.7 and 55.6 and
ICso values were 9.68 and 8.56 pg/mL respectively. As the
% inhibitions of compounds 2f, 2e, 2c and 2a were below
50% so their ICso values were not calculated. Ascorbic acid
was used as standard or positive control.

Table 2
DPPH Assay and ICso (ug/ml) Values

Figure 3

Graphical Representation of DPPH Assay and ICso (ug/ml)

Values

100

, |
2a

DPPH Assay

I-I |_I I I-
2b 2c 2d 2e 2f 2g

m % inhibition m IC50

Ascorbic
acid

Acetylcholinesterase Inhibition Assay

Compounds Scavenging potential (%) IC50 (pg/ml)
2a 15.87 -

2b 56.7 9.68

2c 13.26 -

2d 86.64 496

2e 25.3 -

2f 30.2 -

2g 55.6 8.56
Ascorbic acid 94 4.31

IJBR Vol. 3 Issue. 10 2025
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The acetylcholinesterase (AChE) inhibition potential of the
synthesized compounds was assessed by the assay

described in the section 2.4. All the synthesized
compounds exhibited moderate to good
acetylcholinesterase inhibitory activities. Four

compounds 2g, 2a and 2b showed potent inhibitions of
91.86%, 88.69% and 81.91%with ICso values 3.23, 3.67,
5.23 and 4.87 respectively. As % inhibitions of compounds
2c¢, 2d, 2e and 2f was below 50% so their ICs0 values were
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not calculated. Donepezil was used as standard with %
inhibition of 100% with ICso value 3.04.

Table 3
Acetylcholinesterase Inhibitory Activity

Compounds % Inhibition Activity IC50 (nM+SE)
2a 88.69 3.67 +£0.092

2b 81.91 5.23+0.072

2c 43.13 -

2d 36.87 -

2e 23.88 -

2f 35.04 -

2g 91.86 3.23+0.093
Donepezil 100 3.04+0.011

Figure 4

Graphical Representation of Acetylcholinesterase Inhibitory
Activity

Acetylcholinesterase inhibitory

activity

120

100

80

60

40 I

20 I I

O — —_— . — —
WP 3° A¢ P % * o Qz&*
&
&

W % inhibition M Activity 1C50

Evaluation of In-silico Studies

Acetylcholinesterase PDB ID: 1GQR was used for docking
the structure of synthesized ligands as per the
methodology given in chapter 2. Highest binding affinity of
the individual ligands is given in the Table 4. All the
compounds showed good binding affinities while
compounds 2e, 2a and 2d exhibited the highest binding
affinity with acetylcholinesterase among the synthesized
derivative with a value of -10.5 kcal/mol, -10.4 kcal/mol
and -10.3 kcal/mol respectively.

Table 4

Binding Affinity of Ligands (2a-h) with Acetylcholinesterase
Highest Binding Affinity

Protein Target Ligand (Kcal/mol)?
2a -10.4
2b -9.6
2c -10.1
2d -10.3
e g,
2f -8.9
2g -9.6
2h -9.7
Donepezil -10.9

Amino acids involved in ligand protein interaction are
given in Table 4. In Physostigmine TYR 130 showed
conventional hydrogen bond interaction with distance of

IJBR Vol. 3 Issue. 10 2025

(2.79, 3.09 A) and TRP 84 showed pi-stacked interaction
with distance of 3.96 A. All the compounds from 2a to 2h
showed conventional hydrogen bond with TYR 121 having
distance of (2.59, 3.20 A), (3.03,3.20 A), 2.66 A, 2.96 A, 2.95
A, 1.92 A, 3.10 A and 2.98 A respectively and except the
compounds 2e and 2g all other compounds showed pi-pi
stacked interaction with TRP 84 having distance of (4.57,
5.23A),5.27A,5.02 4, (4.83,4.83 4),3.27 A, (4.29,4.29 A).
The compound 2e and 2g showed pi-sigma and pi-alkyl
interactions with TRP 84 with distance of 5.62 A and 5.53
A respectively

Table 5
Distance of Protein Ligands (2a-2h) Interaction with
Acetylcholinesterase

Compound

Amino acid involved Distance(A)

5.18, (2.59, 3.20), (4.57,

TYR 121, TRP 84, HIS 440, PHE

2a 5.23), (444, 4.44), 4.81,
330, PHE 331 A,
o TYR 121, TRP 84, PHE 330, PHE  3.18,3.72, (3.03, 3.20),
331, ASP 72, PHE 288 2.35,5.08, 3.86, 5.27
2 TYR 121, TRP 84, PHE330 2.6, 3.78, 5.34, 5.02
TYR 121, TRP 84, PHE 330, PHE  2.96, (4.83, 4.83), 4.84,
2d 331, PHE 288, SER 286, ARG 289, 3.39,3.18,3.69, 3.64,
ILE 287 4.96
2o TYR 121, TRP 84, HIS 440, PHE  4.14, 2.95, (4.23, 3.76),
330 (5.24, 4.00), 5.62
. TYR 121, TRP 84, TYR 70, SER g:gg: E’;g;}’(gzggffgz
122, His 440, PHE 331, PHE 330 527, (60 2202
2 TYR 121, TRP 84, TYR 334, TRP  3.65, 3.34, 5.53, 4.23,
279, GLU 199, TYR 130 3.69,3.10, 5.43
2h TYR 121, TRP 84 2.98, (4.29, 4.29)
Donepezil  TYR12LTYR130, TRP 84, PHE  3.01, 398, 3.96,3.83,
330 4.79, (2,79, 3.09)
Figure 5

2a Docking with Acetylcholinesterase

TYR
A2l
HIS
Ad0 TRP. 30
ABd

4305%.40
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Al AL

Figure 6

2b Docking with Acetylcholinesterase
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Figure 7
2c¢ Docking with Acetylcholinesterase

2%6 3

e A3
A

Interactions
Comsentora Hyctogen Bord Pif Staced

Corben Hycrogen Bond Pt Thaped

Figure 8
2d Docking with Acetylcholinesterase

Ann

(il 4%

PHE
A3

Interactions

Figure 9
2e Docking with Acetylcholinesterase

ORI

562

#5 T
it A ‘Cg‘;o

TiR
Lo PHE
w3

Iteractons
Conestun Hdogenband Aisaded

Figure 10
2f Docking with Acetylcholinesterase

TR
A0
YR
sl

192 SER!
12

wm

435
5,14 460538
Hs. S15481431y
PHE L4 o

e (TRP
A ASY

Interactions

RATHwed

IJBR Vol. 3 Issue. 10 2025

Figure 11
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DISCUSSION

Eight amide derivatives were synthesized and purity of all
compounds was checked by TLC using solvent system
chloroform: methanol (4:1) and (7:1). Single spot was
obtained in each case. The formation of final products was
confirmed by IR and 'THNMR spectral data as mentioned
earlier. In IR spectra of compounds 2(a-h) N-H stretching’s
were observed at 2929-3395 cm-1. The starching vibration
of amide C=0 were observed at 1625-1721 cm! for all
synthesized compounds 2(a-h) indicating the formation of
amide bond. Other peaks at 1505-1569 cm'! were
observed due to C=C of aromatic moiety. The absence of
carboxylic stretching vibration at 1700-1710 cm,
confirmed the formation of amide derivatives.

Further, 1TH-NMR data confirmed the structure of the
synthesized derivatives. Singlet of amide proton peak was
observed in compounds 2c, 2e and 2f at 7.74-9.64 ppm.
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Aromatic protons appeared in the range of 6.15 -8.01 ppm.
In 2c a triplet of methoxy protons was observed at 2.76-
2.69 ppm. The CH2 protons of succinic moiety appeared
downfield as two triplets in range of 2.26-4.76 ppm in all
compounds due to electron withdrawing effect of C=0
group attached. In compound 2f Alkyl-H proton appeared
as doublet in range of 1.35-1.33 ppm.

The DPPH method was used to test the free radical
scavenging potentials of the synthesized compounds and
ascorbic acid at different concentrations and the results
are depicted in Figure 3. Antioxidants interact with DPPH,
a stable nitrogen-centered free radical that exhibits a
distinct absorbance peak at 517 nm, reducing it to 1,1-
diphenyl-2-picrylhydrazine. The extent of color fading
corresponds to the free radical scavenging capacity of the
tested compounds. The experimental findings revealed
that all synthesized compounds demonstrated antioxidant
activity have reduced the DPPH radical in different
concentrations. At 40 pg conc, the synthesized compounds
and ascorbic acid exhibited 15.87% (2a), 56.7% (2b),
13.26% (2c¢), 86.64% (2d), 25.3% (2e), 30.2% (2f), 55.6%
(2g) and 94.4% (ascorbic acid) free radical scavenging
activity. Results indicated that among all the synthesized
compounds, the compound 2d was found highly effective
having ICso value 4.96 pg/ml.

The acetylcholinesterase (AChE) inhibition potential of the
synthesized compounds was assessed by the Ellman’s
method. Data for their inhibition of acetylcholinesterase
(AChE) are reported in Table 3. All the compounds
synthesized were found to have acetylcholinesterase
inhibitory activity. Four compounds 2g, 2a and 2b showed
strong inhibitions as 91.86%, 88.69% and 81.91% with
IC50 values 3.23, 3.67 and 5.2 respectively. 2c, 2d, 2e and
2f compounds did not exhibit activity. Compound 2g
showed the best acetylcholinesterase inhibitory activity
(91.86%), which can be ascribed to the attachment of a
methylpiperazine moiety responsible for improved
enzyme-ligand interactions by hydrogen bonding and
hydrophobic contacts. Compound 2e was found to possess
the lowest activity, which could be due to the attachment
of a 4-chlorobenzyl substituent reducing its binding
efficiency in the active site. These results underscore the
importance of acetylcholinesterase inhibition as an
integral therapeutic strategy in the treatment of
Alzheimer's disease (AD) and point to the role of structural
changes in biological activity.

2b
The SAR analysis of the thus synthesized 2-
aminobenzimidazole derivatives (2a-2h) provides

insightful information regarding the effect of structural
diversity on their antioxidant and acetylcholinesterase

IJBR Vol. 3 Issue. 10 2025

(AChE) inhibitory activity. The incorporation of amide
linkage through succinic anhydride increased molecular
conjugation and stability, resulting in enhanced
interaction potential inside the catalytic domain of AChE.
Overall, derivatives with aromatic substituents showed
greater AChE inhibitory activity than those with aliphatic
side chains. Interestingly, compound 2e (4-chlorobenzyl)
and compound 2d (4-methoxyphenyl) exhibited good
binding affinities of -10.5 and -10.3 kcal/mol,
respectively, through molecular docking. Electron-
donating (-OCH3) and electron-withdrawing (-Cl) groups
at the para position of the aromatic ring favored m-m
stacking and hydrogen bond interactions with important
amino acid residues, Tyr121 and Trp84, involved in
catalytic inhibition [22]. Conversely, compound 2g, with a
methylpiperazine moiety, had the highest AChE inhibition
(91.86%), which may be attributed to its capability of
forming extra hydrogen bonds and electrostatic
interactions in the enzyme's active pocket. Piperazine ring
nitrogen atoms could further increase affinity via
hydrogen bonding or dipole stabilization with catalytic
residues [23]. Likewise, compound 2a, bearing a
cyclohexylamine substituent, was found to be strongly
inhibited (88.69%), suggesting sterically bulky groups
have the ability to stabilize ligand orientation and enhance
hydrophobic interactions with the enzyme surface. In
contrast, compounds like 2c (o-anisidine) and 2f (n-
octylamine) had weaker antioxidant and inhibitory
activities, likely due to restricted m-conjugation and
decreased planarity of the molecules, which compromise
stacking interaction in the aromatic binding site of AChE.
The antioxidant activity was greatest in compound 2d,
which contains a methoxy group with ability to donate
hydrogen atoms and stabilize free radicals via resonance
mechanisms. Such an observation underscores the
significance of electron-rich aromatic systems in radical
scavenging capacity and overall antioxidant activity.

Molecular docking studies were conducted to understand
the binding mode and interaction affinity of the
synthesized derivatives with the AChE enzyme (PDB ID:
1GQR). Docking simulations, conducted with AutoDock
Vina incorporated into PyRx, were able to accurately
predict bindin energies and interaction patterns. The
structure of the enzyme was retrieved from the RCSB
Protein Data Bank, and pre-processing like the removal of
crystallized water molecules and ligands was done using
Discovery Studio Visualizer [24]. Hydrogen atoms were
added, and the protein was formatted to PDBQT. Ligands
were geometry-optimized, and the docking grid was set to
encompass the catalytic anionic site (CAS) and the
peripheral anionic site (PAS) regions responsible for
ligand recognition and catalytic activity. The docking
protocol was tested by re-docking the native co-
crystallized ligand, which resulted in low RMSD values,
validating the correctness of the computational setup. The
docking outcomes provided binding energies between
-8.9 and -10.5 kcal/mo], reflecting favorable interactions
for the series of derivatives. Out of all, 2e (-10.5 kcal/mol),
2a (-10.4 kcal/mol), and 2d (-10.3 kcal/mol) maintained
the strongest affinities, very close to that of the reference
inhibitor donepezil. Visualization of binding poses
indicated that all active ligands formed hydrogen bonds
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with Tyr121 and - stacking with Trp84, key residues in
the AChE catalytic site. They make significant
contributions to complex stabilization and increased
inhibitory potency. The similar binding orientation of
these derivatives with donepezil indicates that they
contain crucial pharmacophoric elements necessary for
efficacious AChE inhibition.

In summary, the experimental and in-silico results
collectively demonstrate that the synthesized 2-
aminobenzimidazole derivatives possess dual antioxidant
and anti-AChE activities, both integral to neuroprotection
in Alzheimer’s disease (AD). The structural flexibility and
favorable interaction profile of the benzimidazole
framework underscore its promise as a multifunctional
scaffold for developing next-generation therapeutic
candidates targeting both oxidative stress and cholinergic
dysfunction associated with AD pathology [25].

CONCLUSION

A new series of eight 2-aminobenzimidazole derivatives
(2a-2h) were synthesized through an easy two-step
reaction sequence with succinic anhydride and different
substituted amines. The molecular structures of the
synthesized molecules were ascertained by FTIR and *H-
NMR spectroscopic studies, which ensured the existence of
amide linkages and the structural purity of the
compounds. Biological studies revealed that some
derivatives showed significant antioxidant and
acetylcholinesterase (AChE) inhibitory effects. Among
them, compound 2d exhibited the highest antioxidant
activity (86.64%, 1Cso = 4.96 pg/mL), due to the presence
of an electron-donating methoxy group that increased its
free radical scavenging activity. Compound 2g, 2a, and 2b,
on the other hand, possessed strong AChE inhibitory
activities (91.86%, 88.69%, and 81.91%, respectively),
with relative potencies comparable to the standard
inhibitor donepezil, highlighting their therapeutic
potential as neuroprotective agents. The structure-
activity relationship (SAR) analysis revealed that both
heterocyclic and aromatic substituents significantly

REFERENCES

1. Weller, ].; Budson, A., Current understanding of Alzheimer’s
disease diagnosis and treatment. F1000Research 2018, 7.
https://doi.org/10.12688/f1000research.14506.1

2. Hu, Y.-S; Xin, J; Hu, Y,; Zhang, L; Wang, ]., Analyzing the
genes related to Alzheimer’s disease via a network and
pathway-based approach. Alzheimer's research & therapy
2017,9, 1-15.
https://doi.org/10.1186/s13195-017-0252-7

3. Bajda, M.; Guzior, N.; Ignasik, M.; Malawska, B., Multi-target-
directed ligands in Alzheimer's disease treatment. Current
medicinal chemistry 2011, 18, 4949-4975.
https://doi.org/10.2174/092986711797535245

4. Ramirez, M. ], 5-HT 6 receptors and Alzheimer's disease.
Alzheimer's research & therapy 2013, 5, 1-8.

5. Chen, C; Li, X.-H,; Zhang, S.; Tu, Y,; Wang, Y.-M.; Sun, H.-T,,
7, 8-dihydroxyflavone ameliorates scopolamine-induced
Alzheimer-like  pathologic dysfunction. Rejuvenation
research 2014, 17, 249-254.
https://doi.org/10.1089/rej.2013.1519

6. Hu, Y.-S; Xin, J; Hu, Y,; Zhang, L.; Wang, ]., Analyzing the
genes related to Alzheimer’s disease via a network and

IJBR Vol. 3 Issue. 10 2025

@Ioeio

impacted the measured biological activities. Electron-
donating substituents enhanced antioxidant activity, while
electron-withdrawing or cyclic amine bulky groups
increased AChE inhibition by facilitating more
hydrophobic and hydrogen-bonding interactions with the
active site of the enzyme. Most significantly, the presence
of piperazine and cyclohexylamine groups facilitated
higher binding stability and optimal molecular orientation
in the catalytic pocket.

The molecular docking study also confirmed the
experimental results, indicating that 2e (-10.5 kcal/mol),
2a (-10.4 kcal/mol), and 2d (-10.3 kcal/mol) showed the
most significant binding affinities to AChE (PDB ID: 1GQR).
They developed stable hydrogen bonds with Tyr121 and
- stacking interactions with Trp84, which are residues
found to be most crucial in the inhibition of AChE. Their
binding modes were very similar to that of donepezil,
indicating these derivatives could be a good structural
template for the creation of next-generation inhibitors.
Generally, the unification of the synthetic, biological, SAR,
and in-silico results is indicative of the potential of 2-
aminobenzimidazole derivatives as a multifaceted scaffold
with dual antioxidant and cholinesterase inhibitory
activity. These molecules are potential candidates for the
development of new therapeutics for the prevention of
oxidative stress and cholinergic impairment in
Alzheimer's disease. In-vivo studies, ADME profiling, and
toxicity assessment should be the focus of future studies to
ascertain their safety and therapeutic potential.

Declarations

Ethics Approval: It is noted that this investigation did not
entail the involvement of either animal subjects or human
participants, thereby rendering ethics approval
unnecessary.

Consent to Participate: The concept of obtaining consent
for participation does not apply to the scope of this study.

Consent for Publication: All the authors have diligently
examined and provided their approval for the final version
of the manuscript, endorsing its readiness for publication.

pathway-based approach. Alzheimer's research & therapy
2017,9, 1-15.
https://doi.org/10.1186/s13195-017-0252-z

7. Goverdhan, P.; Sravanthi, A.; Mamatha, T., Neuroprotective
effects of meloxicam and selegiline in scopolamine-induced
cognitive impairment and oxidative stress. International
Journal of Alzheimer’s Disease 2012, 2012.
https://doi.org/10.1155/2012/974013

8. Acar Cevik, U,; Saglik, B. N.; Levent, S,; Osmaniye, D.; Kaya
Cavusoglu, B.; Ozkay, Y.; Kaplancikli, Z. A., Synthesis and
AChE-inhibitory activity of new benzimidazole derivatives.
Molecules 2019, 24, 861.
https://doi.org/10.3390 /molecules24050861

9. Davies, P.; Maloney, A, Selective loss of central cholinergic
neurons in Alzheimer's disease. The Lancet 1976, 308, 1403.
https://doi.org/10.1016/s0140-6736(76)91936-x

10. Bajda, M.; Guzior, N.; Ignasik, M.; Malawska, B., Multi-target-
directed ligands in Alzheimer's disease treatment. Current
medicinal chemistry 2011, 18, 4949-4975.
https://doi.org/10.2174/092986711797535245

11. Ozben, T.; Ozben, S, Neuro-inflammation and anti-
inflammatory treatment options for Alzheimer's disease.

Page | 183

Copyright © 2025. IJBR Published by Indus Publishers
This work is licensed under a Creative Commons Attribution 4.0 International License.


https://doi.org/10.12688/f1000research.14506.1
https://doi.org/10.1186/s13195-017-0252-z
https://doi.org/10.2174/092986711797535245
https://doi.org/10.1089/rej.2013.1519
https://doi.org/10.1186/s13195-017-0252-z
https://doi.org/10.1155/2012/974013
https://doi.org/10.3390/molecules24050861
https://doi.org/10.1016/s0140-6736(76)91936-x
https://doi.org/10.2174/092986711797535245

Shaheen, F. et al.,

12.

13.

14.

15.

16.

17.

18.

19.

IJBR Vol. 3 Issue. 10 2025

Design, Synthesis, Molecular Docking, and Pharmacological Evaluation...

Clinical biochemistry 2019, 72, 87-89.
https://doi.org/10.1016/j.clinbiochem.2019.04.001
Piemontese, L.; Tomads, D.; Hiremathad, A.; Capriati, V.
Candeias, E.; Cardoso, S. M.; Chaves, S.; Santos, M. A.,
Donepezil  structure-based  hybrids as  potential
multifunctional anti-Alzheimer’s drug candidates. Journal of
enzyme inhibition and medicinal chemistry 2018, 33, 1212-
1224,

https://doi.org/10.1080/14756366.2018.1491564

Kumar, S.; Chowdhury, S.; Kumar, S, In silico repurposing of
antipsychotic drugs for Alzheimer’s disease. BMC
neuroscience 2017, 18, 1-16.
https://doi.org/10.1186/s12868-017-0394-8

Right, ]. B., The chemistry of the benzimidazoles. Chemical
reviews 1951, 48,397-541.
https://doi.org/10.1021/cr60151a002

Tiirkan, F., Investigation of the toxicological and inhibitory
effects of some benzimidazole agents on
acetylcholinesterase and butyrylcholinesterase enzymes.
Archives of physiology and biochemistry 2021, 127,97-101.
https://doi.org/10.1080/13813455.2019.1618341

Alpan, A. S.; Sarikaya, G.; Coban, G.; Parlar, S,; Armagan, G.;
Alptiizin, V., Mannich-Benzimidazole Derivatives as
Antioxidant and Anticholinesterase Inhibitors: Synthesis,
Biological Evaluations, and Molecular Docking Study. Archiv
der Pharmazie 2017, 350, 160-171.
https://doi.org/10.1002/ardp.201600351

Leggio, A.; Belsito, E.; De Luca, G.; Di Gioia, M.; Leotta, V,;
Romio, E.; Siciliano, C.; Liguori, A, One-pot synthesis of
amides from carboxylic acids activated using thionyl
chloride. Rsc Advances 2016, 6, 34468-34475.
https://doi.org/10.1039/c5ra24527c

Shaik, A., Antioxidant and Free Radical Scavenging Activity
of Citrus Medica. International Journal of Pharma Research
and Health Sciences 2015.

Mahmood, W.; Saleem, H.; Ahmad, I.; Ashraf, M.; Gill, M. S.
A.; Ahsan, H. M.; Chaman, S.; Abbas, S.; Mubashar, A.; Khan,
S. U, In-vitro studies on acetylcholinesterase and

Cloe

BY NC SA

20.

21.

22.

23.

24.

25.

butyrylcholinesterase inhibitory potentials of aerial parts of
Vernonia oligocephala (Asteraceae). Tropical Journal of
Pharmaceutical Research 2018, 17, 2445-2448.
https://doi.org/10.4314 /tjpr.v17i12.20

Ali Kharl, H. A., Nadeem, H., Khan, A. U., Mehreen, A., Afzal, A.,
Mehdj, S. M. Q., ... & Fozilova, S. (2025). Synthesis, Molecular
Docking, and Investigation of Enzyme Inhibition Activities of
Benzimidazole-Pyrazole Hybrids. ] Vis Exp, 1.

Abbasi, I., Nadeem, H., Saeed, A., Kharl, H. A. A, Tahir, M. N,,
& Naseer, M. M. (2021). Isatin-hydrazide conjugates as
potent a-amylase and a-glucosidase inhibitors: Synthesis,
structure and in vitro evaluations. Bioorganic Chemistry,
116,105385.
https://doi.org/10.1016/j.bioorg.2021.105385

Sulman, A, Afzal, A, Arif, H., Muatter, A., Aamir, Z., Alvi, M. F,,
& Kharl, H. A. A. (2025). Oxadiazole Derivatives: A
Comprehensive Review of Their Chemistry, Synthesis, and
Pharmacological Potential. Journal of Pharma and
Biomedics, 3(2), 37-50.

Sulman, A., Kashif, M., Kanwal, H., Ayub, M. M,, Shafaqat, M,
Hammad, M, & Kharl, H. A. A (2024). 2-
Mercaptobenzimidazoles as Privileged Scaffolds: Synthetic
Techniques, Docking Analysis, and Biological Evaluation. A
mini review. Journal of Pharma and Biomedics, 2(2), 101-
114.

Amanullah, Rehman, F.U.,, Aiman, U. et al. Synthesis of new
nicotintaldehyde derivatives via Pd(0) catalyzed suzuki
coupling with structural characterization and co-combined
computational-experimental evaluation against oral
pathogens. Sci Rep 15, 22205 (2025).
https://doi.org/10.1038/s41598-025-05156-0

Zubair, A. M., Malik, M. N. H., Younis, W., Malik, M. A. H,,
Jahan, S., Ahmed, 1., & Imran, A. (2022). Novel acetamide
derivatives of 2-aminobenzimidazole prevent
inflammatory arthritis in rats via suppression of pro-
inflammatory mediators. Inflammopharmacology, 30(3),
1005-1019.

https://doi.org/10.1007/s10787-022-00969-1

Page | 184

Copyright © 2025. IJBR Published by Indus Publishers
This work is licensed under a Creative Commons Attribution 4.0 International License.


https://doi.org/10.1016/j.clinbiochem.2019.04.001
https://doi.org/10.1080/14756366.2018.1491564
https://doi.org/10.1186/s12868-017-0394-8
https://doi.org/10.1021/cr60151a002
https://doi.org/10.1080/13813455.2019.1618341
https://doi.org/10.1002/ardp.201600351
https://doi.org/10.1039/c5ra24527c
https://doi.org/10.4314/tjpr.v17i12.20
https://doi.org/10.1016/j.bioorg.2021.105385
https://doi.org/10.1038/s41598-025-05156-0
https://doi.org/10.1007/s10787-022-00969-1

