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ABSTRACT

The loss of cholinergic neurons in the brain and hippocampus is the hallmark of Alzheimer’s disease (AD). 
The hydrolyzing enzyme acetylcholinesterase (AChE) has been identified as a potential treatment for AD. 
One of the most significant scaffolds for AChE binding is benzyl piperidine, which is included in the 
medication donepezil. Along with benzimidazole, early investigations have also shown to significantly 
inhibit AChE. This study includes in designing of a hybrid of benzyl piperidine and benzimidazole as 
AChE inhibitors. The study revealed that B24, A24, and B8 showed the highest blood–brain barrier (BBB) 
permeability and binding affinities (−11.4 kcal/mol, 11.0 kcal/mol, and 11.1 kcal/mol, respectively). All 
the chemicals behaved similarly in the binding pocket of AChE. These important interactions between 
residues include those between Trp86, Tyr341, Ser293, and others. To stop the BBB from penetrating, polar 
substitutions on more than two locations were also identified. However, compound B24 is an exception. The 
series’ most potent ligands may be further evaluated biologically.

KEY WORDS: Acetylcholinesterase, Alzheimer’s disease, Benzimidazole, Benzyl piperidine, Molecular 
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INTRODUCTION

Alzheimer’s disease (AD) is a specific brain disorder that 
may display symptoms comparable to dementia, whereas 
dementia is a medical illness in which the patient has 
cognitive impairment. Alois Alzheimer, a neurologist 
from southern Germany, came across a patient around 
the turn of the 19th century who displayed unintentionally 
abnormal behavior, short-term amnestic disease, along 
with disorientation and dysphasia. This particular 
neurodegenerative disease was given the name AD in honor 
of that German physician.[1,2] A scientific research found 
that one in every nine adults over the age of 65 had AD. AD 
is becoming a major concern for the elderly. A 2019 survey 
found that 50 million people globally suffer from AD.[3] 
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Dementia does not cause AD, although it can cause dementia 
through affecting memory. A statistical study found that in 
2022, 27% of persons (1.75 million). Acetylcholine (ACh) 
levels reducing and cholinergic neurons deteriorating in the 
hippocampus and cortical area are linked to the cholinergic 
hypothesis. The hydrolyzing enzyme acetylcholinesterase 
(AChE), which is situated at the neuromuscular junction, 
is in charge of breaking down ACh. The AChE enzyme has 
an ellipsoidal shape, 12 strands, and a combination of 14 
helixes and -sheets. It also interacts with amyloid plaque in 
people with AD.[4] The primary role of AChE is to hydrolyze 
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ACh, leading to the termination of synaptic impulses.[5] The 
extracellular matrix’s amyloid plaque interacts with the 
AChE enzyme’s peripheral site.[6-8] The interaction between 
the AChE and A complex makes amyloid fibrils more toxic 
than they would be on their own. ACh is hydroxylated 
by AChE, which lowers the quantity of ACh and impairs 
synaptic transmission. AChE’s peripheral anionic site 
contains aromatic residues that interact specifically with 
the substrate (ACh). The carboxylate ion of glutamic acid 
acts as a hydrogen bond acceptor, pulling the proton from 
the imidazole ring of histidine and then from the hydroxy 
group of serine. This results in an electron cloud that is 
rich in electrons and assaults the carboxy group of ACh. 
Serine forms a covalent link with ACh, causing it to split 
into its acetyl and choline components [Figure 1]. On the 
other hand, AChE is more effective in hydrolyzing ACh. 
Aromatic residues selectively interact with the substrate 
(ACh) at the peripheral anionic site of AChE. To attack the 
carboxy group of ACh, the carboxylate ion of glutamic acid 
pulls the proton from the imidazole ring of histidine, then 
pulls the proton from the hydroxy group of serine. This 
creates an electron cloud that is rich in electrons. A covalent 
bond between serine and ACh causes the acetyl portion of 
ACh to be broken while keeping the choline intact. To attack 
the carboxy group of ACh, the carboxylate ion of glutamic 
acid pulls the proton from the imidazole ring of histidine, 
then pulls the proton from the hydroxy group of serine. This 
creates an electron cloud that is rich in electrons. A covalent 
bond between serine and ACh causes the acetyl portion of 
ACh to be broken while keeping the choline intact. There are 
also several different hypotheses about neurodegeneration in 
AD, such as the amyloid hypothesis and the tau hypothesis. 
The amyloid hypothesis proposes that neurodegeneration 

is induced by the accumulation of neurotoxic plaquing 
of a transmembrane protein, amyloid precursor protein. 
A different way, in the case of the tau hypothesis, is made 
up of tangled neurofibrils that cause the separation of the 
cytoskeleton of neurons. Prior research has clearly shown 
the substantial inhibitory efficacy of N-benzyl piperidine 
and benzimidazole-containing drugs against AChE. A series 
of donepezil-like compounds were reported by Costanzo 
et al. in 2016 as AChE inhibitors. The synthetic molecule 
with the highest inhibitory efficacy against AChE was 
compound 1 (IC50: 0.043 µM).[9] Similar to this, Asadi et al. 
reported a series of AChE inhibitors that included hybrids 
of phthalimide and dithiocarbonate. With a corresponding 
IC50 of 4.6 µM, compound 2 was found to be the most 
effective.[10] Another team of researchers discovered the 
high AChE inhibitory efficacy of compounds containing 
benzyl piperidine in 2019. They discovered that compound 
3 with a pyridine substitution had the highest potency, with 
an IC50 of 0.41 µM. In the case of benzimidazole, another 
interesting scaffold, earlier investigations also revealed 
strong inhibitory activity against AChE.[11] Hussain et al. 
have published a series of benzimidazole-based thiazole 
derivatives in 2022. With an IC50 of 0.10 µM, compound 4 
had the greatest potency among the synthetic compounds.[12] 
Similarly, a series of potent AChE inhibitors containing 
benzimidazole was discovered in 2020, with compound 
5 (IC50: 0.60 µM) being the most effective in the series[13] 
[Figure 2]. We created two series of ligands using the results 
of these earlier investigations. Series B has nitrogen linkers 
while series A has oxygen linkers. Furthermore, molecular 
docking and ADME investigations will be used to screen 
these ligands [Figure 3].

Figure 1: Catalytic break down mechanism of acetylcholine.
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Figure 2: Literature survey of benzimidazole and benzyl piperidine containing acetylcholinesterase inhibitors.

Figure 3: Rationale behind designing the new inhibitors.

MATERIALS AND METHODS

All the studies were performed on Dell Inspiron 15 3000 
series with i3 10th Generation intel processor, 4 GB 
RAM, and 1TB ROM. The crystal structure of the 
AChE (PDB id. 4EY7) was obtained from the protein 
data bank for the computational study, that is, molecular 
docking.

Protein and ligand preparation

The crystal protein AChE was prepared in MGL tool 
1.5.6. This process is comprised the deletion of the water 
molecule, addition of the partial kollman charge, and the 
addition of the polar hydrogens. In addition, grid generation 
was carried out on the donepezil’s comparable binding site. 
Approximately, a grid dimension of 1Å with spacing of 24, 
24, 24 along in x,y and z axis was developed.  The proposed 
ligands were drawn using ChemDraw software. First, an 

MMFF94 force field with an RMS gradient of 0.001 was 
used to do the energy minimization in chem3d.[14] then.pdb 
format was stored. The final preparation was carried out in 
the next phase using MGL tool 1.5.6.[15,16]

Molecular docking

In Auto Dock Vina, a site-specific molecular docking 
study was carried out. A molecular docking tool based on 
the Lamarckian genetic algorithm produces nine docked 
conformations for each ligand.[17] The supramolecular 
association between the receptor and the ligand was 
optimized using this methodology, using a popular 
in silico technique, for the subsequent biological activity. 
Furthermore, these compounds were redocked and the 
RMSD was calculated to determine docking accuracy. In 
addition, the docking poses were observed in Discovery 
Studio to estimate the receptor-ligand contacts for 
activity.[18,19]
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ADMET and drug-likeness prediction

ADMET and drug-likeness studies were performed to 
check the druggability of the designed compounds. This 
screening includes several parameters such as molecular 
weight (MW) (≤500 KDa), Log P (<5), hydrogen 
bond donor (HBD) (≤5), hydrogen bond acceptor 
(≤10), and topological polar surface area (TPSA) 
(≤120 [Å]2) and number of rotatable bonds (<15). The 
drug-likeness and ADME prediction was performed on 
swissADME, a freeware webserver of Swiss Institute Of 
Bioinformatics.[20]

RESULTS AND DISCUSSION

Molecular docking studies

Molecular docking studies were performed in AutoDock 
Vina which showed a good fitting of the designed ligand 
inside the AChE binding cavity with similar interactions 
[Figure 4]. The volume of the AChE inhibitor binding 
pocket is approximately 910.91 Å3 with a surface area 
of 734.09 Å2. The main purpose of this docking study is 
to find out the optimal interactions between proteins and 
ligands. Those are necessary for the activity. The docking 
study was performed on AChE (PDB ID.4EY7). Total of 

nine conformations were generated by the software which 
was further visualized in discovery studio.

The proposed compounds interacted extensively with 
the AChE binding pockets, and the effects of HBDs and 
acceptors on the binding and the ADME profile were also 
seen. Particularly, the permeability of the blood–brain 
barrier (BBB) and GI absorption can alter depending on 
the location of halogen groups such as fluorine, bromine, 
and chlorine on the ring. Numerous substantial interactions 
that are comparable to the reference drug have also been 
reported. Compound B24 had comparable interactions with 
several amino acids in the binding pockets in Figure 5, 
including Trp286, Trp86, Tyr337, and others, particularly 
on the peripheral site and the catalytic triad of Tyr341 and 
Ser293. Similar results occur when 3-methoxy substitution 
occurs [Figure 6], despite the fact that there are less hydrogen 
bonds. Only hydrogen bonding with Tyr72 was seen. 
However, it did exhibit negative interactions with Tyr124, 
Tyr341, and Trp286. When Tyr124 and Tyr72 were hydrogen 
bonded with 2,5-dimethoxy substituted derivatives, it also 
interacted with Trp286. In various regions of the compound 
skeleton, it showed a number of interactions between the 
π-cations and π-stacked with the ring’s electron cloud 
[Figure 7]. For this investigation, donepezil was used as the 
standard, and it had a binding affinity of −10.6 kcal/mol. 

Figure 4: Ligand fitting inside the binding pocket of the acetylcholinesterase.

Figure 5: (a) 3D docking pose of B24 and (b) 2D docking poses of B24.
a b
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Figure 6: (a) 3D docking pose of B8 and (b) 2D docking pose of B8.
a b

Figure 7: (a) 3D docking pose of A24 and (b) 2D docking pose of compound A24.
a b

Figure 8: (a) 3D docking pose donepezil and (b) 2D docking pose of donepezil.

Comparatively to donepezil, compound B24 had greater 
binding potency (−11.4 kcal/mol). It was evidently 
discovered that all binding modes were comparable to those 
of donepezil [Figure 8]. Particularly, the large, electron-rich 
amino acid residue Trp86 shows π-π interaction with the 
benzyl ring cloud. However, the interaction changed into 
a charge-attracted interaction as a result of the protonation 

of the nitrogen in the piperidine. However, the piperidine 
molecule must be protonated in order for the inhibitory 
action to occur. All of the compounds demonstrated greater 
accuracy in the redocking procedure, with significant 
RMSD <2Å. Despite the fact that, compound B24 had a 
very low RMSD of 0.395Å. It validated the best fitting of 
the ligands as well as the reproducibility of the method and 

a b
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the tool. All the interactions with their distance are shown 
in Table 1. Further, interacting residues along with distance 
and interaction types are shown in Table 2.

Drug-likeness and ADME

In the drug-likeness and ADME prediction, none of the 
compounds displayed any breaches of the Lipinski rule. 
All of the proposed ligands, with the exception of bromo, 
chloroma hydroxyl, and methoxy-modified molecules, 
demonstrated a considerable blood–brain barrier 
permeation due to their growing polarity. However, these 
phenomena can change depending on where the halogen 
and methoxy groups are located. The fluro group at the 
third position or the chloro group at the 2nd position was 
shown to have high BBB permeability. Compounds A10, 
A5, B5, and B10 are restricted from permeating the BBB 
due to a sharp rise in topological polar surface area (TPSA) 
caused by substitutions at the 2nd, 4th, and 6th positions 
with nitro or methoxy groups. However, BBB penetration 
also occurs in the case of molecules containing methoxy, 
particularly at the 2nd and 5th positions. No PAINs were 

detected for any of the compounds in the series, which 
strongly shows that these compounds are AChE-selective, 
as shown in Table 3.

A total of 48 ligands were developed and investigated in 
this in silico study using molecular docking, drug-likeness, 
and ADME. All of the compounds have been found to fit 
well into the AChE binding pocket and to interact similarly 
with donepezil. Here, the 2nd position of the benzimidazole 
was clubbed with benzyl piperidine, favoring a particular 
binding mode for optimum interactions. The 2nd scaffold, 
benzimidazole, is a substitute for the reference medicine 
(donepezil’s 2,3-dihydro-1H-inden-1-one). Additionally, it 
revealed a number of π-π interactions within the binding 
pocket. The preferred substituted phenyl group at the 
peripheral position is crucial due to its special interaction 
with the peripheral portion of the receptor. Except for B24, 
any polar substitution, such as methoxy, hydroxy, and 
halogen groups at more than two positions, prevents the 
designed compounds from permeating the BBB, as shown 
in Figure 9.

Table 1: Docking score of the designed ligands
S. No. Compound Docking score 

(Kcal/mol)
RMSD 

(Å)
S. 

No.
Compound Docking score 

(kcal/mol)
RMSD 

(Å)
1 A1 −10.0 1.030 26 B1 −10.6 0.876
2 A2 −10.3 0.970 27 B2 −10.9 1.690
4 A3 −10.3 0.890 28 B3 −10.8 0.967
5 A4 −10.7 1.390 29 B4 −9.68 1.695
6 A5 −10.7 0.961 30 B5 −9.7 1.234
7 A6 −10.3 0.858 31 B6 −10.6 1.250
8 A7 −9.68 0.341 32 B7 −11.0 1.045
9 A8 −10.6 0.850 33 B8 −11.2 0.459
10 A9 −10.05 0.943 34 B9 −9.41 0.966
11 A10 −9.01 0.918 35 B10 −10.9 0.999
12 A11 −10.1 1.852 36 B11 −10.48 0.983
13 A12 −10.7 1.496 37 B12 −10.2 0.876
14 A13 −10.9 0.978 38 B13 −10.3 0.988
15 A14 −10.2 0.982 39 B14 −10.3 0.973
16 A15 −10.9 0.985 40 B15 −10.8 0.997
17 A16 −10.6 0.825 41 B16 −10.03 0.987
18 A17 −9.65 0.973 42 B17 −10.6 0.991
19 A18 −4.96 0.991 43 B18 −10.8 0.769
20 A19 −6.31 0.973 44 B19 −9.09 0.697
21 A20 −10.61 0.893 45 B20 −10.3 0.799
22 A21 −10.99 0.769 46 B21 −10.5 0.891
23 A22 −10.6 0.937 47 B22 −10.9 0.769
24 A23 −11.0 0.971 48 B23 −10.6 0.893
25 A24 −11.2 0.360 49 B24 −11.4 0.395

50 Donepezil −10.6 0.197
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Table 2: Interacting amino and their distance of top ligands
S. No. Compounds Interacting 

amino acids
Distance 

(Å)
Interaction 
category

Interaction type 

1 B24 A: ASP74 5.55754 Electrostatic Attractive Charge

A: TYR341 1.69821 Hydrogen Bond Conventional Hydrogen Bond

A: TYR341 2.85692 Hydrogen Bond Carbon Hydrogen Bond

A: TRP86 4.72887 Electrostatic π‑Cation

A: TYR337 4.31964 Electrostatic π‑Cation

A: TYR337 2.67666 Hydrophobic π‑Sigma

A: TYR341 3.63085 Hydrophobic π‑π Stacked

2 B8 A: TYR72 2.3062 Hydrogen Bond Conventional Hydrogen Bond

A: TRP86 4.53407 Hydrophobic π‑π Stacked

A: TRP86 3.9188 Hydrophobic π‑π Stacked

A: TRP286 4.37304 Hydrophobic π‑π Stacked

A: TYR341 5.95992 Hydrophobic π‑π T‑shaped

3 A24 A: ASP74 5.45508 Electrostatic Attractive Charge

A: TYR124 2.48594 Hydrogen Bond Conventional Hydrogen Bond

A: TYR341 2.39236 Hydrogen Bond Carbon Hydrogen Bond

A: TYR337 2.90247 Hydrogen Bond Carbon Hydrogen Bond

A: TRP86 4.71016 Electrostatic π‑Cation

A: TYR337 3.93108 Electrostatic π‑Cation

A: TYR341 3.94177 Hydrophobic π‑π Stacked

A: LEU76 4.22667 Hydrophobic Alkyl

4 Donepezil B: SER293 3.55026 Hydrogen Bond Carbon Hydrogen Bond

A: TYR72 3.61665 Hydrogen Bond Carbon Hydrogen Bond

A: TYR341 3.9158 Hydrophobic π‑Sigma

A: TYR341 3.93888 Hydrophobic π‑Sigma

A: TRP286 3.68349 Hydrophobic π‑Sigma

Figure 9: Correlation between structure and in silico screening results.
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Table 3: Drug‑likeness and ADME studies of the designed ligands
Compound Substitutions MW HBD HBA Log 

P
TPSA 
(Å) 2

BBB GI 
abs

Pains Rotatable 
bonds 

Lipinski 
Violations 

A1 ‑ 383.49 1 3 3.91 41.15 Yes High 0 5 0
A2 ‑CH3 397.51 1 3 4.11 41.15 Yes High 0 5 0
A3 4‑OH 399.48 2 4 3.35 61.38 Yes High 0 5 0
A4 4‑Cl 417.93 1 3 4.38 41.15 Yes High 0 5 0
A5 2,4,6‑Trinitro 518.48 1 9 2.13 178.61 No Low 0 8 0
A6 4‑OCH3 413.51 1 4 3.55 50.38 Yes High 0 6 0
A7 3,4‑Dimethoxy 443.54 1 5 3.21 59.61 Yes High 0 7 0
A8 3‑OCH3 413.51 1 4 3.55 50.38 Yes High 0 6 0
A9 3,5‑Dichloro 452.38 1 3 4.85 41.15 No High 0 5 0
A10 2,4,6‑trimethoxy 473.56 1 6 2.88 68.84 No High 0 8 0
A11 Pyridine 384.47 1 4 2.87 54.04 Yes High 0 5 0
A12 4‑F 401.48 1 4 4.28 41.15 Yes High 0 5 0
A13 2‑Cl 417.93 1 3 4.38 41.15 Yes High 0 5 0
A14 2,3‑dimethoxy 443.54 1 5 3.21 59.61 Yes High 0 7 0
A15 3‑F 401.48 1 4 4.28 41.15 Yes High 0 5 0
A16 3‑Br 462.28 1 3 4.48 41.15 No High 0 5 0
A17 2‑NO2 428.48 1 5 3.76 86.97 No High 0 6 0
A18 3‑Cl 417.93 1 3 4.38 41.15 Yes High 0 5 0
A19 2‑CH3 397.51 1 3 4.11 41.15 Yes High 0 5 0
A20 4‑cyclopropyl 423.55 1 3 4.51 41.15 No High 0 6 0
A21 3‑OH 399.48 2 4 3.35 61.38 Yes High 0 5 0
A22 3‑OC2H5,4‑OH 443.54 2 5 3.21 70.61 No High 0 7 0
A23 2,4‑ dihydroxy 415.48 3 5 2.8 81.61 No High 0 5 0
A24 2,5‑dimethoxy 443.54 1 5 3.21 59.61 Yes High 0 7 0
B1 ‑ 382.5 2 2 3.91 43.95 Yes High 0 5 0
B2 ‑CH3 396.53 2 2 4.11 43.95 Yes High 0 5 0
B3 4‑OH 398.5 3 3 3.35 64.18 Yes High 0 5 0
B4 4‑Cl 416.95 2 2 4.38 43.95 Yes High 0 5 0
B5 2,4,6‑Trinitro 517.49 2 8 2.13 181.41 No Low 0 8 0
B6 4‑OCH3 412.53 2 3 3.55 53.18 Yes High 0 6 0
B7 3,4‑Dimethoxy 442.55 2 4 3.21 62.41 Yes High 0 7 0
B8 3‑OCH3 412.53 2 3 3.55 53.18 Yes High 0 6 0
B9 3,5‑Dichloro 451.39 2 2 4.85 43.95 No High 0 5 0
B10 2,4,6‑trimethoxy 472.58 2 5 2.88 71.64 No High 0 8 0
B11 Pyridine 383.49 2 3 2.87 56.84 Yes High 0 5 0
B12 4‑F 400.49 2 3 4.28 43.95 Yes High 0 5 0
B13 2‑Cl 416.95 2 2 4.38 43.95 Yes High 0 5 0
B14 2,3‑dimethoxy 442.55 2 4 3.21 62.41 Yes High 0 7 0
B15 3‑F 400.49 2 3 4.28 43.95 Yes High 0 5 0
B16 3‑Br 461.40 2 2 4.48 43.95 No High 0 5 0
B17 2‑NO2 427.5 2 4 3.76 89.77 No High 0 6 0
B18 3‑Cl 416.95 2 2 4.38 43.95 Yes High 0 5 0
B19 2‑CH3 396.53 2 2 4.11 43.95 Yes High 0 5 0
B20 4‑cyclopropyl 422.56 2 2 4.51 43.95 No High 0 6 0
B21 3‑OH 398.5 3 3 3.35 64.18 Yes High 0 5 0
B22 3‑OC2H5,4‑OH 442.55 3 4 3.21 73.41 No High 0 7 0
B23 2,4‑ dihydroxy 414.5 4 4 2.8 84.41 No High 0 5 0
B24 2,5‑dimethoxy 442.55 2 4 3.21 62.41 Yes High 0 7 0
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CONCLUSION

AChE has consistently been identified as a key target for 
AD. Due to the severe loss of cholinergic neurons in the 
hippocampus region in brain results the depletion of acetyl 
choline (ACh) level. Similarly, AChE also a major cause of 
reduction of ACh level. One of the most crucial scaffolds for 
AChE binding is benzyl piperidine, which is also included 
in the medication donepezil. Along with benzimidazole, in 
which earlier investigations also showed considerable AChE 
inhibition. To create substituted 2-(1-benzylpiperidin-4-yl)-
5-phenoxy-1H-benzo[d]imidazole derivatives and test their 
binding affinities and ADME profiles, benzyl piperidine and 
benzimidazole were combined in this work. The compounds 
B24, A24, and B8 in this investigation had the greatest 
binding affinities as well as BBB permeability in the ADME 
analysis (-11.4 kcal/mol, 11.2 kcal/mol, and 11.2 kcal/mol, 
respectively). According to the docking accuracy data, 
compounds with higher affinity had an RMSD <1Å; however, 
rest of the compounds had an RMSD <2Å. In the AChE’s 
binding pocket, all the compounds interacted similarly. 
These significant inter-residue interactions include Trp86, 
Trp286, Tyr341, Ser293, and others. Polar substitutions on 
more than two positions were also discovered to prevent 
the BBB from permeating. Compound B24 is an exception, 
though. Compound B24, the most efficient chemical, will be 
employed in further biological tests.
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