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Abstract 

 
Background and purpose: Alzheimer’s disease is the most common form of dementia and the sixth most 
common cause of death in the US according to the Alzheimer’s Association. As regards, to date, no effective 
treatments are available because of the multifactorial nature of the disease, therefore, a large body of recent 
research has been allocated to the design and development of multi-target-directed ligands that can become 
effective drug candidates.  
Experimental approach: A novel series of benzamide derivatives (5a-5l) containing piperidine core were 
synthesized in the current work. After identification of the chemical structures of the members of this series 
using 1H NMR, IR, and MS spectra, their anti-acetylcholinesterase activity was assessed by the Ellman᾽s test. 
Docking studies were also performed to investigate the binding mode and determine the interacting amino 
acids with the corresponding ligands. Finally, the pharmacokinetic (ADME parameters) of the most potent 
derivative (5d) was predicted and compared with donepezil.      
Findings/Results: Compound 5d possessing the fluorine atom substitution at position ortho was the most 
active compound in these series (IC50 = 13 ± 2.1 nM). This compound demonstrated superior activity than the 
reference drug donepezil (IC50 = 0.6 ± 0.05 µM). Molecular docking showed a significant hydrogen bonding 
of the carbonyl group of compounds 5d with tyrosine 121 into the active site of acetylcholinesterase. 
Fortunately, this compound showed better promising ADME properties than donepezil.  
Conclusion and implication: The benzamide derivatives introduced in this paper could be proposed as 
potential anti-acetylcholinesterase. 
 
Keywords: Acetylcholinesterase; Alzheimer’s disease; Piperidine; Synthesis. 

 
INTRODUCTION 

 
Alzheimer’s disease (AD), a chronic and 

gradual neurodegenerative disorder (1), 
distinguished by memory decline, language 
impairment, and loss the level of intellectual 
ability, is one of the most frequent diseases in 
the aged population and the prime reason for 

death in developed countries (2-5). AD as a 
neurodegenerative illness is a multifaceted 
disorder and is associated with various 
molecular events.  
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Misfolding and aggregation of proteins 
inside the central nervous system (CNS), 
oxidative stress, mitochondrial abnormalities, 
and neuroinflammatory causes play an 
important role in the pathophysiology of AD 
(6). One of the principal causes of cognitive 
decline is the impairment in the 
neurotransmission activity of the cholinergic 
pathways. Acetylcholine (ACh) as a 
neurotransmitter conducts the related signals in 
the neuronal pathways. The action of the ACh 
terminates via the hydrolysis reaction by 
acetylcholinesterase (AChE). The mentioned 
enzyme has a critical role in cholinergic 
neurotransmission. Accumulation of the 
amyloid beta plaques and neurofibrillary 
tangles in neural cells and junction of the 
synapses especially in the hippocampus area is 
the main hallmark of the disease. This 
phenomenon impairs memory function and 
cognition (7). The disturbance in the pathways 
related to the other neurotransmitters like N-
methyl-D-aspartate (NMDA) may also affect 
AD. Antagonistic activity on the NMDA 
receptor by administration of the memantine 
drug attenuates the disease progression (8,9). 
Other studies confirm the role of monoamine 
oxidase (MAO) in the pathogenesis of AD. 
MAO-A inhibitors are applied for the treatment 
of depression and anxiety, whereas MAO-B 
inhibitors are beneficial for AD and Parkinson’s 
disease. Extreme levels of MAO-B gene 
expression would have resulted in the 
beginning of some biochemical events 
concerning neuronal dysfunction. Generated 
free radicals due to MAO activity have an 
essential impact on the pathogenesis of AD. 
MAO-B inhibitors protect the neuronal cells 
from oxidative stress (10,11). 

The advantageous effects of 
acetylcholinesterase inhibitors on cognitive, 
functional, and behavioral signs of the disease 
are considered one of the pharmacological 
therapy of AD. Currently, rivastigmine, tacrine, 
galantamine, and donepezil (Fig. 1), 
fashionable medications in the market for the 
pharmacological therapy of AD as AChE 
inhibitors, have been prescribed (4,12). These 
inhibitors can merely delay the progression of 
AD via enhancement of the half-life of the 
acetylcholine, but not fully stop the disease. 
According to the acquired knowledge from X-
ray crystallography, it has been identified that 
two dissimilar parts are noticeable in the active 

position of AChE (13). The first one is placed 
at the bottom of the active site and named the 
catalytic anionic site (CAS) and the second one 
is the peripheral anionic site (PAS) and is 
located at the entrance (14). The molecule of 
donepezil as an impressive AChE inhibitor can 
bind to both sections mentioned as the 
enzyme’s active site. The indanone ring is 
bonded to the PAS, whereas the benzyl 
piperidine portion is bonded to the CAS in the 
protonated state (15-17). Replacement of the 
piperidine ring with piperazine congener or 
removal of the nitrogen atom of the piperidine 
ring reduces the enzyme activity. Furthermore, 
N-acylation of the nitrogen atom of the 
piperidine moiety decreases the potency of 
AChE (18-21). Although the therapeutic 
potential of these inhibitors in the treatment of 
AD is well-recognized, their application in the 
treatment of AD is significantly constrained by 
their associated side effects, which present a 
considerable challenge in clinical settings.                 
(10-14). In light of the abovementioned 
suppositions and the escalating demand from 
patients for more effective therapeutic options, 
the design and development of novel AChE 
inhibitors with more potent activity  and lower 
side effects compared with the above four 
inhibitors remain a formidable challenge for 
pharmacologists and chemists (15,22). In recent 
decades, many natural products or their 
derivatives were discovered as a new potential 
remedy for the treatment of AD (23-25). 

According to the works of the former 
literature (Fig. 2), benzamide derivatives have 
the potential activity to inhibit the AChE 
enzyme (15,26,27). These compounds promote 
learning and memory and could be beneficial in 
the treatment of neurodegenerative disorders, 
cognitive impairment, depression, and AD 
(28,29). Therefore, the current study 
synthesized some novel benzamide derivatives 
containing piperidine core to inhibit AChE 
enzyme in vitro. 

In designed compounds (Fig. 3), the 
benzamide group mimics the aromatic 
character of the indanone ring in donepezil, and 
the piperidine ring still appears as the piperidine 
ring of donepezil. Furthermore, a molecular 
docking study was also supported to explore the 
likely binding mode of the most potent 
derivative (30). This technique was applied to 
find the probable interactions and to compare 
the binding state with donepezil.    
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Fig. 1. Structures illustration of FDA (Food and Drug Administration)-licensed acetylcholinesterase inhibitors for the 
symptomatic treatment of Alzheimer’s disease. 
 
 

 
 
Fig. 2. (A and B) Benzamide derivatives were reported previously as potent acetylcholinesterase inhibitors.  
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Fig. 3. Design of target compounds 5a-5l. The intended derivatives were designed according to the requisite parts of the 
donepezil pharmacophore. PAS as well as CAS binding groups were considered in the structures of the final compounds 
5a-5l. PAS, Peripheral anionic site; CAS, catalytic anionic site; 

 
MATERIALS AND METHODS 

 
The commercial solvents and reagents were 

purchased from popular commercial provisions 
such as Merck and Sigma-Aldrich and used 
without extra purification. All tests were 
performed on  glassware that was thoroughly 

cleaned and dried. A rotary vacuum evaporator 
was used to remove solvents from the product 
under reduced pressure. Proton nuclear 
magnetic resonance (1H NMR, 250 MHz) 
spectra were recorded on a Bruker (Germany) 
spectrophotometer in deuterated chloroform 
solvent using tetramethylsilane as an internal 
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standard. The chemical bonding data of the 
synthesized compounds were extracted by a 
recorded infrared (IR) spectrum on a Shimadzu 
470 spectrophotometer (Japan) in the range of 
400-4000 cm-1. The compounds were 
monitored on the Merck silica gel GF-254 
plates under UV at 254 nm. 
 
Chemistry 
Synthesis of 2-(2-(piperidine-1-yl)ethyl) 
isoindoline-1,3-dione (3)  

The synthesis of 2-(2-(piperidine-1-
yl)ethyl)isoindoline-1,3-dione (3) started from 
1-(2-chloroethyl) piperidine hydrochloride (2) 
(1 g, 6.80 mmol), in the presence of 
triethylamine, acetonitrile was responsible                   
for dissolving the reagents. Triethylamine                 
was applied to release compound (2) from                 
the related HCl salt. The reaction mixture                  
was left to be refluxed overnight. After 
scanning the reaction via thin-layer 
chromatography (TLC) and achieving                           
the endpoint, the solvent was removed                     
under reduced pressure. The residual was 
diluted with H2O and extracted with ethyl 
acetate, detached from the solvent, the isolated 
brown oil was dissolved in CH3CN, and 
potassium phthalimide (1.26 g, 6.80 mmol) was 
added to the suspension. The mixture reaction 
refluxed overnight. After completion of the 
reaction, the solvent was removed using a 
Rotavap (Heidolph, Germany). The obtained 
product was diluted with H2O and extracted 
with ethyl acetate; the solvent was removed 
under diminished pressure. Eventually, by 
cooling, compound 3 was obtained as a white 
crystalline precipitant (31). 
 
Synthesis of 2-(piperidine-1-yl)ethan-1-amine 
(4) 

Precursor 3 (1 g, 7.81 mmol) and 
methylamine (0.6 mL, 78.1 mmol) in                   
absolute ethanol were heated under reflux 
overnight. After observing the TLC                  
evidence, the solvent removal process                         
and product extraction by water and ethyl 
acetate were performed, the organic                        
solvent was separated under the vacuum,                       
and the yellow liquid of the yield was                 
afforded (31).  

Synthesis of N-(2-(piperidine-1-yl) ethyl) 
benzamide derivatives (5a-5l) 

This method was selected as a template to 
prepare all derivatives (5a-5l). In a  50 mL round-
bottom flask, appropriate benzoic acid derivatives 
(1.56 mmol), compound 4 (0.2 g, 1.56 mmol), 
hydroxybenzotriazole (HOBt; 0.211 g, 1.56 
mmol), and dicyclo-hexylcarbodiimide (DCC; 
0.321 g, 1.56 mmol) were dissolved in 
tetrahydrofuran (THF). The mixture was stirred 
for 1 h at 0 °C. This process was continued at 
room temperature for 24 h. After the termination 
of the process, the solvent was removed by rotary 
evaporator, and recrystallization with diethyl 
ether was carried out. Finally, the pure yellow 
crystal has emerged (32). 

  
Molecular docking 

To study the in silico molecular interaction 
of the target compounds, ArgusLab 4.0 
software was utilized and a docking procedure 
was implemented (33,34). The structure of 
compound 5d was constructed in the Arguslab 
workspace and afterward was minimized 
energetically using Austin Model 1 (AM1) as a 
semi-empirical method. AChE enzyme in 
complex with donepezil (PDB code: 1EVE) 
was downloaded from the Brookhaven protein 
data bank as a PDB file (35). The donepezil as 
the co-crystallized ligand was docked into the 
active site of the AChE to validate the software 
internally. The obtained root mean squared 
deviation (RMSD) deduced between the 
docking of the co-crystallized molecule and the 
newly defined donepezil molecule was 0.064 Å. 
The calculated binding free energy for this 
docking process was -12.74 kcal/mol. The 
structure of the AChE enzyme was optimized 
geometrically using the universal force field as 
a molecular mechanic method. The docking 
process was done for ligand 5d in the 
workspace of ArgusLab 4 software. Initially, 
the related groups for the corresponding ligand 
and AChE were defined. The binding location 
of donepezil was characterized as a binding              
site for finding the best pose and conformation 
for exploring ligands. The binding mode                   
and related interactions of ligand 5d were 
explored in Molegro molecular viewer software 
(Fig. 4) (36).  



Mohammadi-Farani et al. / RPS 2024; 19(6): 698-711 
 

702 

 

 
Fig. 4. (A) Superimposition of donepezil (yellow) and compound 5d (green) into the active site of AChE. Essential 
interacting amino acids are observable in this area; (B) interaction of compound 5d into the active site of AChE. 
Hydrogenic interaction with Tyr121 has occurred. AChE, Acetylcholinesterase. 
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Scheme 1. Total illustration for the synthesis of final compounds 5a-5l. a, CH3CN, reflux overnight; b, CH3NH2, reflux, 
EtOH; c, dicyclohexylcarbodiimide, hydroxybenzotriazole, tetrahydrofuran, room temperature. 
 
Ellman’s test 

Ellman's test is used to evaluate the possible 
inhibitory effects of the compounds on AChE 
(37). The procedure was done based on the 
previous study, with slight modifications (38). 
Briefly, the agents were solubilized in ethanol 
and prepared in 8 different concentrations                     
(0, 10-3, 10-4, 10-5, 10-6, 10-7, 10-8 and 10-9 µM). 
Ellman’s test is based on the acetylthiocholine 
conversion to acetate and thiocholine. The thio 
compound then reacts with 5,5'-dithio-bis-[2-
nitrobenzoic acid] (DTNB) to form 5-thio-2-
nitrobenzoate, a chromophore with maximum 
absorption at 412 nM. The test was done in a 
96-well microplate. Enzyme inhibition is 

measured when different drug concentrations  
are used with Ellman’s reagents. The results are 
then normalized based on the protein content of 
each well which is determined by the method of 
Bradford (39). The IC50 values were calculated 
and used to compare the potency of the agents.  
 
Drug-likeness prediction 

Pharmacokinetic properties and ADME 
(absorption, distribution, metabolism, 
elimination) parameters related to the drug-
likeness prediction of the most active 
compound, namely compound 5d (ortho 
fluorine) and donepezil, were calculated using 
http://swissadme.ch website (40). 
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RESULTS 
 

Chemistry 
All target compounds 5a-5l were prepared 

according to Scheme 1. Compound 2 was 
purchased as HCl salts and liberation from the 
hydrochloride salt was done using 
triethylamine as a basic substance. After the 
freedom of the related amine as a liquid 
material, potassium phthalimide as a potent 
nucleophile was utilized to achieve compound 
3 with an average yield of 58%. Phthalimide 
residue was applied to perform a Gabriel 
synthetic procedure for primary amine 
formation (compound 4). However, the 
phthalimide residue was cleaved from 
compound 3 using methylamine base under 
reflux conditions. At last, compound 4 was 
afforded as presented in Table 1 with a 30% 
yield. Final benzamide derivatives 5a-5l were 
synthesized using DCC as a coupling agent and 
HOBt as an additive agent in THF. Most of 
these derivatives were obtained with high yields 
and the corresponding physicochemical 
features such as melting points were also 
measured. Furthermore, spectroscopic data 
(NMR, IR, MS) were also collected to confirm 
the synthesized substances.  
 
Characterization data for the synthesized 
compounds 
2-(2-(Piperidine-1-yl)ethyl)isoindoline-1,3-
dione (3) 

1HNMR (CDCl3, 250 MHz) δ (ppm): 1.39 
(m, 2H, H4-piperidine), 1.51 (m, 4H, H3,5-
piperidine), 2.46 (m, 4H, H2,6-piperidine), 2.59 

(m, 2H, -N-CH2-CH2-piperidine), 3.82 (m, 2H, 
-N-CH2-CH2-piperidine), 7.70 (m, 2H, H5,6-
phthalimide), 7.83 (m, 2H, H4,7-phthalimide). 
IR (KBr, cm-1) ῡ: 3086 (stretch, C-H, aromatic), 
2939, 2850 (stretch, C-H, aliphatic), 1712 
(stretch, C=O phthalimide). MS (m/z, %): 258 
(M+, 10), 160 (30), 147 (20), 98 (100).   
 
2-(Piperidine-1-yl)ethan-1-amine (4) 

1HNMR (CDCl3, 250 MHz) δ (ppm): 1.24     
(s, 2H, NH2), 1.39 (m, 2H, H4-piperidine), 1.51   
(m, 4H, H3,5-piperidine), 2.45 (m, 4H, H2,6-
piperidine), 2.58 (t, 2H, -CH2-CH2-NH2),                  
3.81 (t, 2H, -CH2-CH2-NH2). IR (KBr, cm-1)                 ῡ: 3411, 3240 (stretch, NH2), 3082 (stretch,              
C-H, aromatic), 2939, 2850 (stretch, C-H, 
aliphatic), 1712 (stretch, C=O phthalimide). 
MS (m/z, %): 128 (M+, 5), 104 (80), 98 (100). 
 
2-Chloro-N -(2- (piperidine-1-yl) ethyl) 
benzamide (5a) 

1HNMR (CDCl3, 250 MHz) δ (ppm): 1.11 
(m, 2H, H4-piperidine), 1.25 (m, 4H, H3,5-
piperidine), 1.66 (m, 4H, H2,6-piperidine), 1.91 
(m, 2H, -N-CH2-CH2-piperidine), 3.39 (m, 2H, 
-N-CH2-CH2-piperidine), 7.63 (t, 1H, J = 7.5 
Hz, H4-2-chlorophenyl), 7.86 (t, 1H, J = 7.5 Hz, 
H5-2-chlorophenyl), 8.02 (d, 1H, J = 7.5 Hz, 
H6-2-chlorophenyl), 8.52 (d, 1H, J = 7.5 Hz, 
H3-2-chlorophenyl), 9.72 (brs, NH). IR (KBr, 
cm-1) ῡ: 3329 (stretch, NH), 3066 (stretch, C-H, 
aromatic), 2927, 2850 (stretch, C-H, aliphatic), 
1675 (stretch, C=O). MS (m/z, %): 266 (M+, 
weak), 160 (55), 139 (100), 111 (95), 98 (30), 
75 (85). 

 
Table 1. Properties of compounds 5a-5l and related obtained yields of the final compounds. 

Yield (%) mp (°C) MW (g/mol) Chemical formula R Compound 

58 78 258.32 C15H18N2O2 - 3 

30 186* 128.22 C7H16N2 - 4 

94 91 266.77 C14H19ClN2O 2-Cl 5a 

42 106 266.77 C14H19ClN2O 3-Cl 5b 

63 100 266.77 C14H19ClN2O 4-Cl 5c 

69 82 265.35 C15H22FN2O 2-F 5d 

86 86 265.35 C15H22FN2O 3-F 5e 

53 86 265.35 C15H22FN2O 4-F 5f 

45 120 277.32 C14H19N3O3 2-NO2 5g 

70 102 277.32 C14H19N3O3 3-NO2 5h 

98 125 277.32 C14H19N3O3 4-NO2 5i 

67 78 262.35 C15H22N2O2 2-OCH3 5j 

31 89 262.35 C15H22N2O2 3-OCH3 5k 

61 145 262.35 C15H22N2O2 4-OCH3 5l 

*, The value is related to the boiling point; MW, molecular weight; mp, melting point.  
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3-Chloro-N-(2- (piperidine-1-yl) ethyl) 
benzamide (5b) 

1HNMR (CDCl3, 250 MHz) δ (ppm): 1.12 
(m, 2H, H4-piperidine), 1.30 (m, 4H, H3,5-
piperidine), 1.62 (m, 4H, H2,6-piperidine), 1.89 
(m, 2H, -N-CH2-CH2-piperidine), 3.40 (m, 2H, 
-N-CH2-CH2-piperidine), 7.47 (d, 1H, J = 7.5 
Hz, H6-3-chlorophenyl), 7.57 (t, 1H, J = 7.5 Hz, 
H5-3-chlorophenyl), 7.76 (d, 1H, J = 7.5 Hz, 
H4-3-chlorophenyl), 8.27 (s, 1H, H2-3-
chlorophenyl). IR (KBr, cm-1) ῡ: 3329 (stretch, 
NH), 3070 (stretch, C-H, aromatic), 2927, 2850 
(stretch, C-H, aliphatic), 1693 (stretch, C=O). 
MS (m/z, %): 266 (M+, 10), 160 (35), 139 (100), 
111 (75), 98 (40), 75 (65). 
 

4-Chloro-N- (2- (piperidine-1-yl )ethyl) 
benzamide (5c) 

1HNMR (CDCl3, 250 MHz) δ (ppm): 1.14 
(m, 2H, H4-piperidine), 1.30 (m, 4H, H3,5-
piperidine), 1.68 (m, 4H, H2,6-piperidine), 1.90 
(m, 2H, -N-CH2-CH2-piperidine), 3.42 (m, 2H, 
-N-CH2-CH2-piperidine), 7.58 (d, 2H, J = 7.5 
Hz, H3,5-4-chlorophenyl), 8.20 (d, 2H, J = 7.5 
Hz, H2,6-4-chlorophenyl). IR (KBr, cm-1) ῡ: 
3329 (stretch, NH), 3089 (stretch, C-H, 
aromatic), 2927, 2850 (stretch, C-H, aliphatic), 
1624 (stretch, C=O). MS (m/z, %): 266 (M+, 
15), 160 (65), 139 (100), 111 (45), 98 (60),               
75 (85). 
 
2-Fluoro-N- (2- (piperidine-1-yl) ethyl) 
benzamide (5d) 

1HNMR (CDCl3, 250 MHz) δ (ppm): 1.14 
(m, 2H, H4-piperidine), 1.34 (m, 4H,                         
H3,5-piperidine), 1.62 (m, 4H, H2,6-piperidine), 
1.91 (m, 2H, -N-CH2-CH2-piperidine), 3.39   
(m, 2H, -N-CH2-CH2-piperidine), 7.09-7.23 
(m, 1H, H4-2-fluorophenyl), 7.40-7.61 (m, 1H, 
H5-2-fluorophenyl), 7.68-7.86 (m, 1H,                         
H6-2-fluorophenyl), 8.03 (t, 1H, J = 7.5,                  
H3-2-fluorophenyl), 10.83 (brs, NH). IR (KBr, 
cm-1) ῡ: 3325 (stretch, NH), 3089 (stretch,                   
C-H, aromatic), 2927, 2850 (stretch, C-H, 
aliphatic), 1616 (stretch, C=O). MS                        
(m/z, %): 250 (M+, weak), 140 (95), 123 (100), 
95 (50).  
 

3-Fluoro-N-(2- (piperidine-1-yl) ethyl) 
benzamide (5e) 

1HNMR (CDCl3, 250 MHz) δ (ppm): 1.22 
(m, 2H, H4-piperidine), 1.62 (m, 4H, H3,5-
piperidine), 1.66 (m, 4H, H2,6-piperidine), 1.90 
(m, 2H, -N-CH2-CH2-piperidine), 3.39 (m, 2H, 
-N-CH2-CH2-piperidine), 7.30 (t, 1H, J = 7.5 
Hz, H5-3-fluorophenyl), 7.43 (t, 1H, J = 7.5 Hz, 
H6-4-fluorophenyl), 7.76 (m, 1H, H4-4-
fluorophenyl), 7.89 (m, 1H, H2-4-
fluorophenyl). IR (KBr, cm-1) ῡ: 3325 (stretch, 
NH), 3066 (stretch, C-H, aromatic), 2927, 2850 
(stretch, C-H, aliphatic), 1693 (stretch, C=O). 
MS (m/z, %): 250 (M+, weak), 140 (60), 123 
(100), 95 (65).  
 

4-Fluoro-N-(2- (piperidine-1-yl) ethyl) 
benzamide (5f) 

1HNMR (CDCl3, 250 MHz) δ (ppm): 1.22 
(m, 2H, H4-piperidine), 1.62 (m, 4H, H3,5-
piperidine), 1.66 (m, 4H, H2,6-piperidine), 1.90 
(m, 2H, -N-CH2-CH2-piperidine), 3.39 (m, 2H, 
-N-CH2-CH2-piperidine), 7.46-7.57 (m, 2H, 
H2,6-4-fluorophenyl), 8.32 (m, 2H, H3,5-4-
fluorophenyl). IR (KBr, cm-1) ῡ: 3329 (stretch, 
NH), 3074 (stretch, C-H, aromatic), 2927, 2850 
(stretch, C-H, aliphatic), 1681 (stretch, C=O). 
MS (m/z, %): 250 (M+, weak), 140 (85), 123 
(100), 95 (40).  
 

2-Nitro-N-(2-(piperidine-1-yl)ethyl)benzamide 
(5g) 

1HNMR (CDCl3, 250 MHz) δ (ppm): 1.14 
(m, 2H, H4-piperidine), 1.29 (m, 4H,                   
H3,5-piperidine), 1.66 (m, 4H, H2,6-piperidine), 
1.92 (m, 2H, -N-CH2-CH2-piperidine), 3.40   
(m, 2H, -N-CH2-CH2-piperidine), 7.70 (t, 1H,               
J = 7.5 Hz, H5-2-nitrophenyl), 7.86 (t, 1H, J = 
7.5 Hz, H4-2-nitrophenyl), 8.33 (d, 1H, J = 7.5 
Hz, H6-2-nitrophenyl), 8.56 (d, 1H, J = 7.5 Hz, 
H3-2-nitrophenyl). IR (KBr, cm-1) ῡ: 3332 
(stretch, NH), 3078 (stretch, C-H, aromatic), 
2927, 2850 (stretch, C-H, aliphatic), 1620 
(stretch, C=O). MS (m/z, %): 277 (M+, weak), 
150 (100), 134 (90), 104 (35), 76 (95), 63 (40), 
51 (80).  
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3-Nitro-N-(2-(piperidine-1-yl)ethyl)benzamide 
(5h) 

1HNMR (CDCl3, 250 MHz) δ (ppm): 1.22 
(m, 2H, H4-piperidine), 1.36 (m, 4H, H3,5-
piperidine), 1.63 (m, 4H, H2,6-piperidine), 1.92 
(m, 2H, -N-CH2-CH2-piperidine), 3.39 (m, 2H, 
-N-CH2-CH2-piperidine), 7.69 (t, 1H, J = 7.5 
Hz, H5-3-nitrophenyl), 8.43 (m, 2H, H4, H6, 3-
nitrophenyl), 8.94 (s, 1H, H2-3-nitrophenyl), 
10.25 (brs, NH). IR (KBr, cm-1) ῡ: 3325 (stretch, 
NH), 3089 (stretch, C-H, aromatic), 2927, 2850 
(stretch, C-H, aliphatic), 1624 (stretch, C=O). MS 
(m/z, %): 277 (M+, 10), 150 (100), 134 (70), 104 
(45), 76 (85), 63 (60), 51 (45).  
 
4-Nitro-N-(2-(piperidine-1-yl)ethyl)benzamide 
(5i) 

1HNMR (CDCl3, 250 MHz) δ (ppm): 1.13 
(m, 2H, H4-piperidine), 1.36 (m, 4H, H3,5-
piperidine), 1.67 (m, 4H, H2,6-piperidine), 1.89 
(m, 2H, -N-CH2-CH2-piperidine), 3.40 (m, 2H, 
-N-CH2-CH2-piperidine), 7.32 (d, 2H, J = 7.5 
Hz, H2,6-4-nitrophenyl), 7.83 (d, 2H, J = 7.5 Hz, 
H3,5-4-nitrophenyl), 10.52 (brs, NH). IR (KBr, 
cm-1) ῡ: 3329 (stretch, NH), 3113 (stretch, C-H, 
aromatic), 2927, 2850 (stretch, C-H, aliphatic), 
1693 (stretch, C=O). MS (m/z, %): 277 (M+, 
12), 150 (100), 134 (70), 104 (55), 76 (85), 63 
(20), 51 (70).  
 
2-Methoxy-N-(2- (piperidine-1-yl) ethyl) 
benzamide (5j) 

1HNMR (CDCl3, 250 MHz) δ (ppm): 1.10 
(m, 2H, H4-piperidine), 1.25 (m, 4H, H3,5-
piperidine), 1.63 (m, 4H, H2,6-piperidine), 1.86 
(m, 2H, -N-CH2-CH2-piperidine), 3.44 (m, 2H, 
-N-CH2-CH2-piperidine), 3.97 (s, 3H, -OCH3), 
7.12 (t, 1H, J = 7.5 Hz, H5-2-methoxyphenyl), 
7.42 (d, 1H, J = 7.5 Hz, H3-2-methoxyphenyl), 
7.68 (t, 1H, J = 7.5 Hz, H4-2-methoxyphenyl), 
8.06 (d, 1H, J = 7.5 Hz, H6-2-methoxyphenyl), 
8.85 (brs, NH). IR (KBr, cm-1) ῡ: 3325 (stretch, 
NH), 3055 (stretch, C-H, aromatic), 2927, 2850 
(stretch, C-H, aliphatic), 1712 (stretch, C=O). 
MS (m/z, %): 262 (M+, weak), 152 (75), 135 
(100), 123 (50), 105 (95), 92 (45). 
 
3-Methoxy-N-(2- (piperidine-1-yl) ethyl) 
benzamide (5k) 

1HNMR (CDCl3, 250 MHz) δ (ppm): 1.12 
(m, 2H, H4-piperidine), 1.27 (m, 4H, H3,5-
piperidine), 1.67 (m, 4H, H2,6-piperidine), 1.90 

(m, 2H, -N-CH2-CH2-piperidine), 3.44 (m, 2H, 
-N-CH2-CH2-piperidine), 3.97 (s, 3H, -OCH3), 
6.85 (s, 1H, H2-3-methoxyphenyl), 7.23 (d, 1H, 
J = 7.5 Hz, H4-3-methoxyphenyl), 7.69 (d, 1H, 
J = 7.5 Hz, H4-3-methoxyphenyl), 7.77 (t, 1H, 
J = 7.5 Hz, H5-3-methoxyphenyl). IR (KBr, cm-

1) ῡ: 3325 (stretch, NH), 3062 (stretch, C-H, 
aromatic), 2927, 2850 (stretch, C-H, aliphatic), 
1693 (stretch, C=O). MS (m/z, %): 262 (M+, 10), 
152 (65), 135 (100), 123 (70), 105 (65), 92 (85). 
 
4-Methoxy-N-(2- (piperidine-1-yl) ethyl) 
benzamide (5l) 

1HNMR (CDCl3, 250 MHz) δ (ppm): 1.11 
(m, 2H, H4-piperidine), 1.36 (m, 4H, H3,5-
piperidine), 1.66 (m, 4H, H2,6-piperidine), 1.90 
(m, 2H, -N-CH2-CH2-piperidine), 3.47 (m, 2H, 
-N-CH2-CH2-piperidine), 3.94 (s, 3H, -OCH3), 
7.06 (d, 2H, H3,5-4-methoxyphenyl), 8.24 (d, 
2H, H2,6-4-methoxyphenyl). IR (KBr, cm-1) ῡ: 
3325 (stretch, NH), 3062 (stretch, C-H, aromatic), 
2927, 2850 (stretch, C-H, aliphatic), 1624 
(stretch, C=O). MS (m/z, %): 262 (M+, 15), 152 
(45), 135 (100), 123 (65), 105 (85), 92 (90). 
 

AChE inhibition 
The synthesized compounds 5a-5l were 

tested against AChE and the obtained IC50 
values were compared to donepezil as a 
reference drug. Various moieties namely Cl, F, 
NO2, and OCH3 were examined on the                 
diverse positions of the phenyl residue in                  
terms of their electronic, polarity, and 
hydrophilicity/lipophilicity impacts. 
Compound 5d with the fluorine atom 
substitution at position ortho was the most 
active compound in these series (IC50 = 13 ± 2.1 
nM). Compound 5d demonstrated superior 
activity than donepezil (IC50 = 0.6 ± 0.05 µM). 
Interestingly, compound 5a with ortho 
positioning of the chlorine atom also rendered 
remarkable inhibitory activity toward AChE 
(IC50 = 0.09 ± 0.002 µM) and this inhibitory 
effect was higher than donepezil. Movement of 
the chlorine moiety to the meta position 
(compound 5b) also led to a potent derivative 
(IC50 = 0.63 ± 0.0002 µM) with comparable 
potency to donepezil. The rest of the 
synthesized derivatives did not display potency 
greater than donepezil. According to the results 
obtained electron-withdrawing substituents that 
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possess lipophilic properties such as Cl and                       
F indicated an increase in the potency at 
position ortho. However, this effect is not 
produced by nitro moiety as an electron-
withdrawing substituent at position ortho 
because of the hydrophilic property of this 
moiety. Investigation of the methoxylated 
derivatives as compounds bearing electron-
donating moiety exhibited no favorable 
inhibitory effect against AChE. Changing the 
position of the lipophilic electron-withdrawing 
moieties (Cl and F) from ortho to para 
decreased the inhibitory effect of the enzyme. 
In contrast, as observed in Table 2, electron-
withdrawing groups, the nitro group for 
instance, exhibited greater polarity and 
hydrophilic properties and yielded an enhanced 
outcome at the position para which was the 
opposite of Cl and F impact. 

Molecular docking       
Molecular docking showed a significant 

hydrogen bonding of the carbonyl group of 
compound 5d with Tyr121 into the AChE 
active site (Fig. 4). The hydroxyl group of the 
respective amino acid was responsible for the 
mentioned hydrogenic interaction. Other 
important amino acids in the active site of 
AChE such as Phe330, Phe331, and Trp279 
were also observable in the binding area of 
compound 5d. Bonding interactions of 
donepezil inside the active site of AChE 
prepared using Ligandscout 2 software and the 
regarded image have been demonstrated in            
Fig. 5. Hydrophobic (Phe330, Trp84, Ile444), 
electrostatic (Tyr334, Phe330), and π-
interaction (Trp84) were the main                   
interactions that have been seen in this in silico 
investigation (Table 3).  

 
 

Table 2. Results of acetylcholinesterase inhibitory assessment (IC50, µM) of compounds 5a-5l. 

Compound 5a 5b 5c 5d 5e 5f Donepezil 

R 2-Cl 3-Cl 4-Cl 2-F 3-F 4-F - 

IC50 (µM) 0.09 ± 0.002  0.63 ± 0.0002 46 ± 2.4 13 ± 2.1* 1.6 ± 0.06 3.1 ± 0.47 0.6 ± 0.05 

Compound 5g 5h 5i 5j 5k 5l  

R 2-NO2 3-NO2 4-NO2 2-OCH3 3-OCH3 4-OCH3  

IC50 (µM) 19 ± 4 2 ± 0.34 2.4 ± 0.2 4.7 ± 1.5 5.2 ± 0.5 5.6 ± 0.3  

*, nM 
 

 
 
Fig. 5. Bonding interactions of donepezil inside the active site of acetylcholinesterase. 
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Table 3. Binding free energies and the related interacting amino acids for each ligand. 

Compound R 
Binding free 
energy (kcal/mol) 

Interaction 

5a 2-Cl -9.83 Hydrogenic (Tyr121), hydrophobic (Phe331, Phe288, Phe330, Phe290). 

5b 3-Cl -9.92 Hydrophobic (Phe331, Phe330, Tyr334). 

5c 4-Cl -10.17 Hydrophobic (Phe331, Phe330, Tyr334). 

5d 2-F -9.76 Hydrogenic (Tyr121), hydrophobic (Phe331, Phe330, Tyr334). 

5e 3-F -9.63 Hydrogenic (Tyr121), hydrophobic (Tyr70, Tyr334), electrostatic (Trp279). 

5f 4-F -9.53 
Hydrogenic (Tyr121), hydrophobic (Phe331, Phe330, Tyr334), electrostatic 
(Trp279). 

5g 2-NO2 -9.45 
Hydrogenic (Tyr121, 2 cases), hydrophobic (Phe331, Phe330, Tyr334), 
electrostatic (Asp72, Tyr334, Trp279). 

5h 3-NO2 -8.92 
Hydrogenic (Tyr334), hydrophobic (Phe331, Phe330), electrostatic (Asp72, 
Tyr334, Trp279). 

5i 4-NO2 -9.14 Hydrogenic (Tyr334, Tyr121), electrostatic (Asp72). 

5j 2-OCH3 -9.26 Hydrogenic (Tyr121, 2 cases), hydrophobic (Phe331, Phe330). 

5k 3-OCH3 -8.96 
Hydrophobic (Phe331, Phe330, Tyr334), electrostatic (Trp279), π-interaction 
(Phe331). 

5l 4-OCH3 -9.10 
Hydrogenic (Tyr121), hydrophobic (Phe331, Phe330, Trp84), electrostatic 
(Trp279), π-interaction (Phe331). 

Donepezil - -12.74 
Hydrophobic (Phe330, Trp84, Ile444), electrostatic (Tyr334, Phe330), π-
interaction (Trp84). 

 
 

Table 4. Properties of compound 5d and donepezil. 

Compound MW 
Rotatable 
bond 

H-bond 
acceptor 

H-
bond 
donor 

TPSA 
GI 
absorption 

BBB 
permeation 

P-gp 
substrate 

Bio- 
availability 

CYP450 
interaction 

5d 250.31 5 3 1 32.34 High Yes No 0.55 No 

Donepezil 379.49 6 4 0 38.77 High Yes Yes 0.55 
Yes (2D6, 
3A4) 

MW, Molecular weight; GI, gastrointestinal; BBB, blood-brain barrier; TPSA, topological polar surface area.  

 
The interactions for other compounds were 

obtained by Ligandscout 2 which are reported in 
Table 3 provided as a supplementary                               
file (https: //github.com/Alireza1878/RPS-
supplementary). The value of the binding free 
energy for donepezil inhibition of the AChE was 
-12.74 kcal/mol. This value was higher than the 
binding free energy for other tested compounds. 
Binding free energy for compound 5d as the most 
potent inhibitor in the enzymatic test was also one 
of the highest obtained values compared to the 
other ligands. According to Table 3, the main 
interactions in the enzyme active site were the 
hydrophobic, hydrogen bonding, π-interaction, 
and electrostatic interplays. Phe330, Phe331, and 
Tyr334 were the critical amino acids for 
hydrophobic interactions. Hydrogen bonding was 
carried out via the Tyr121 in most cases and the 
Tyr334 in two cases. Compounds 5k and 5l as 
methoxylated derivatives participated in π-
interaction by Phe331.   

Drug-likeness prediction 
The corresponding results obtained from the 

http://swissadme.ch website are listed in              
Table 4. The achieved data exhibited that the 
properties of compound 5d conform to the 
drug-likeness factors such as Lipinski, Ghose, 
Egan, Veber, and Muegge rules. Fortunately, 
compound 5d did not show any violation of the 
mentioned rules. Higher gastrointestinal 
absorption and blood-brain barrier penetration 
of this compound was the same as donepezil. In 
contrast to donepezil, the predicted data 
exhibited no affinity for the P-gp pump. 
Besides, compound 5d did not rendered any 
interaction with CYP450 isoenzymes (CYP2C9, 
CYP2C19, CYP2D6, CYP1A2, CYP3A4), 
whereas donepezil displayed interaction with 
CYP2D6 and CYP3A4 isoenzymes. Overall, 
better pharmacokinetic features were anticipated 
for compound 5d compared to donepezil. 
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DISCUSSION 
 

Synthesis of compound 3 as a phthalimide 
derivative was implemented according to the 
Gabriel protocol (Scheme 1). 1-(2-Chloroethyl) 
piperidine hydrochloride (compound 2) was 
released from the hydrochloride salt and 
consequently via the reaction with potassium 
phthalimide in toluene, the intended 
phthalimide derivative (compound 3) was 
afforded with an acceptable yield (Table 1). The 
best condition for reaction performance was the 
reflux process in the presence of triethylamine 
as a proton acceptor. In the next step, 
methylamine was applied in absolute ethanol to 
cleave the phthalimide residue and achieve the 
corresponding primary amine (compound 4). 
This reaction was also carried out under 
refluxing conditions. At last, target compounds 
5a-5l were prepared through amidation protocol 
using DCC and HOBt at room temperature. 
Most of the final compounds were obtained 
with an average yield.  

Synthesis of compounds 5c (4-Cl), 5h                      
(3-NO2), and 5i (4-NO2) have been reported in 
the previous papers (41,42). A different method 
was applied for the synthesis of the intended 
compounds. Fortunately, higher yield was 
afforded for compounds 5c (63% vs 30%) and 
5i (98% vs 86%) compared to the previously 
reported procedures. Different melting points 
for these compounds have been reported 
previously. Likely, differences in the 
preparation methods and consequently different 
probable impurities and purification methods 
may affect the results of melting point analysis.    

Comparison of the obtained results of the 
benzamide derivatives of the current project 
with other chemical pharmacophores such as 
phthalimide analogs showed that replacement 
of the phthalimide residue with benzamide 
congener and concomitant replacement of the 
piperazine ring with piperidine as its 
bioisosteric group can significantly enhance the 
enzyme inhibitory activity (30,43). Probably, 
more flexibility of the amidic functional group 
compared to rigid phthalimide analogs 
potentiates the capability of these compounds 
for more effective interaction with the regarded 
receptor. In addition, the benzamide derivatives 
introduced in this research demonstrated higher 

enzyme inhibitory potency than the previously 
stated compounds (15). It could be proposed 
that the hydrogenic interaction that connected 
the amidic bond to the Tyr121 of the enzyme 
may be a determinant factor for the potency 
enhancement. Former synthesized benzamide 
analogs that bear piperazine heterocycle 
displayed inferior activity than currently 
investigated compounds. It could be proposed 
that the higher lipophilicity of the piperidine 
heterocycle in the current derivatives is 
responsible for the remarkable potency. 

Recently some benzamide derivatives as 
AChE inhibitors were synthesized that 
possessed the inhibitory effects in micromolar 
concentrations (44). The mentioned compounds 
did not contain the amine side chain compared 
to the compounds present in the current project. 
This evidence confirmed the pivotal role of the 
amine side chain that appeared in the target 
derivatives 5a-5l as a piperidine heterocycle. 
Besides, the molecular docking study also 
showed that the amine functional group 
presented in donepezil participated in an 
electrostatic interaction with Phe330 (18) (Fig. 
5). This important interaction also occurred for 
most of the tested compounds between the 
nitrogen of the piperidine heterocycle and 
Trp279 (Table 3). 

Exploration of the previous literature 
showed that compound 5c (4-Cl) positively 
treats depression in vivo (41). Structural 
similarity of the synthesized compounds is 
obvious with the antidepressant drug 
moclobemide. Therefore, it could be proposed 
that these compounds may be effective as MAO 
inhibitors in the treatment of CNS disorders 
such as depression and Alzheimer’s disease. 
Some of the nitrated benzamide derivatives like 
5h (3-NO2) and 5i (4-NO2) were also 
synthesized as intermediates to prepare 
anticancer agents (42).  

According to the literature and Table 3, the 
obtained results for the in-silico interactions of 
donepezil were hydrophobic (Phe330, Trp84, 
Ile444), electrostatic (Tyr334, Phe330), and π-
interaction (Trp84) (18). The afforded results 
for target compounds 5a-5l showed that the 
interacting amino acids with donepezil are also 
observable for the interaction of the docked 
ligands 5a-5l. In addition, the amidic bond 
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caused most of the investigated compounds to 
communicate with the enzyme active site via a 
hydrogenic interaction by Tyr121. The phenyl 
ring and aliphatic part of the synthesized 
compounds potentiated the hydrophobic 
interplays with the receptor, whereas the 
nitrogen atom of the piperidinyl moiety 
fortified the electrostatic interaction. Nitrated 
derivatives also participated in an electrostatic 
interaction through the nitro group. 
Methoxylated compounds contribute to π-
interaction with Phe331. This type of 
interaction has not been reported for donepezil.  
 

CONCLUSION 
 

The benzamide derivatives introduced in this 
paper could be proposed as potential anti-
acetylcholinesterase. Compound 5d with ortho 
fluorine atom as a potent inhibitor (IC50 = 13 ± 
2.1 nM) is a susceptible drug candidate for in 
vivo investigation. A strong hydrogen bonding 
was rendered for this compound in molecular 
docking investigation and a similar in silico 
binding mode and superimposition were 
observed. Furthermore, better pharmacokinetic 
features were predicted for this compound to 
support the drug-likeness possibility. 
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