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Abstract

Alzheimer᾽s disease is characterized by cognitive deficits, impaired long-term potentiation 
of learning and memory. A progressive reduction in cholinergic neurons in some areas of 
the brain such as cortex and hippocampus is related to the deficits in memory and cognitive 
function in Alzheimer’s disease (AD). In the current project a new series of phthalimide 
derivatives were synthesized. Phthalic anhydride was reacted with 4-aminobenzoic acid in 
the presence of triethylamine under reflux condition. Then, the obtained acidic derivative was 
utilized for preparation of final compounds via an amidation reaction through a carbodiimde 
coupling reaction. Anti-acetylcholinesterase activity of synthesized derivatives was assessed 
by Ellman᾽s test. Compound 4g in this series exhibited the highest inhibitory potency (IC50 = 
1.1 ± 0.25 µM) compared to donepezil (IC50 = 0.41 ± 0.12 µM) as reference drug.   
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Introduction

Alzheimer᾽s disease, one of the most 
common neuron-degenerative diseases, is 
characterized by the appearance of senile plaques 
mainly composed of amyloid β (Aβ), and by 
the development of neurofibrillary tangles in 
patients′ brain. Patients with Alzheimer᾽s 
disease have cognitive deficits, impaired long-
term potentiation of learning and memory (1). 
A progressive reduction in cholinergic neurons 
in some areas of the brain such as cortex and 
hippocampus is related to the deficits in memory 
and cognitive function in Alzheimer’s disease 

(AD) (2-6). Alzheimer’s disease (AD) is the 
most prevalent cause of dementia with ageing. 
Pharmacological treatment of AD is based on 
the use of acetylcholinesterase inhibitors, which 
have beneficial effects on cognitive, functional, 
and behavioural symptoms of the disease. 
AChE inhibitors are the most widely developed 
compounds for the symptomatic treatment of 
this disease. Rivastigmine, tacrine, galantamine 
and donepezil are the current medications in the 
market prescribed for AD patients (Figure 1.).

According to the literatures, phthalimide 
derivatives have potential activity for inhibition 
of acetylcholinesterase enzyme (Figure 2.) (7-
12). In fact, phthalimide-based compounds 
are capable of strong binding to the peripheral 
binding site (PAS) of the acetylcholinesterase.
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However, in the current investigation, we 
focused on the design and synthesis of new 
anti-acetylcholinesterase analogs containing 
phthalimide substructure. In fact, phthalimide 
based compounds have similar pharmacophoric 
portions like indanone ring of the donepezil and 
are able to act as peripheral binding site inhibitor 
of AChE (13, 14). 

Experimental

Chemistry
All starting materials, reagents and solvents 

were purchased from commercial suppliers like 

Merck and Aldrich companies. The purity of the 
prepared compounds was proved by thin layer 
chromatography (TLC) using various solvents 
of different polarities. Merck silica gel 60 F254 
plates were applied for analytical TLC. Column 
chromatography was performed on Merck silica 
gel (70-230 mesh) for purification of intermediate 
and final compounds. 1H-NMR spectra were 
recorded using a Bruker 400 MHz spectrometer, 
and chemical shifts are expressed as δ (ppm) with 
tetramethylsilane (TMS) as internal standard. 
The IR spectra were obtained on a Shimadzu 
470 spectrophotometer (potassium bromide 
disks). Melting points were determined using 

Figure 1. Structures of acetycholinesterase inhibitors in the market.

Figure 2. Structures of three phthalimide based anticholinesterase.
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electrothermal melting point analyzer apparatus 
and are uncorrected. The mass spectra were run 
on a Finigan TSQ-70 spectrometer (Finigan, 
USA) at 70 eV.

Synthesis of 4-(1,3-Dioxoisoindolin-2-yl)
benzoic acid (3):

In a flask 3 g (20 mmol) of Phthalic anhydride, 
2.78 g (20 mmol) 4-aminobenzoic acid and 
2.9 mL (20 mmol) triethylamine (Et3N) were 
mixed in 50 mL of toluene solvent (Scheme 
1). The reaction mixture was refluxed for 24 h 
and the termination of reaction and formation 
of the desired product was confirmed by thin 
layer chromatography. The discoloration of the 
reaction medium and formation of a yellow 
precipitate was also an indicator of the progress 
of the reaction. Then, toluene was evaporated 
under reduced pressure using rotary evaporator 
apparatus and the obtained white powder was 
washed several times by n-hexane and diethyl 
ether (Et2O) (15-17).

1HNMR (DMSO-d6, 250 MHz) δ: 7.60 
(d, 2H, J = 10 Hz, H3,5-Phenyl), 7.94 (m, H5,6-
Phthalimide), 7.98 (m, H4,7-Phthalimide), 8.09 
(d, 2H, J = 10 Hz, H2,6-Phenyl). IR (KBr, cm-1) ῡ: 
3483 (N-H, Stretch, Amide), 3020 (C-H, Stretch, 

Aromatic), 1712 (C=O, Stretch, Phthalimide), 
1689 (C=O, Stretch, Acid), 1608 (C=C, Stretch, 
Aromatic), 1581, 1516, 1427 (C=C, Stretch, 
Aromatic), 1381, 1292, 1226, 1176, 1118, 1083, 
925, 891, 856, 794, 771, 713, 551, 532, 509. 

General procedure for synthesis of 
compounds 4a-4h:

According to the scheme 1, in a flat bottom 
flask compound 3 was mixed with equimolar 
quantities of N-ethyl-N-dimethyl aminopropyl 
carbodiimide (EDC) and hydroxyl benzotriazole 
(HOBt) in acetonitrile solvent and was stirred 
for 30 min at room temperature. Then, equimolar 
quantity of appropriate aniline derivative was 
added to the reaction medium. The stirring 
was continued for 24 h. After confirmation of 
the reaction end by TLC, the acetonitrile was 
evaporated and water/ethyl acetate mixture was 
added to the residue. The organic phase was 
separated and was washed two times by sodium 
bicarbonate 5%, diluted sulfuric acid and brine. 
Anhydrous sodium sulfate was added, filtered and 
the ethyl acetate was evaporated. The obtained 
powder was washed by diethyl ether, n-hexane 
and purified by column chromatography (EtOAc/
Petroleum ether) (18-21).

۴ 
 

Scheme 1. Synthetic pathway for synthesis of compounds 4a-4h. 

 

1HNMR (DMSO-d6, 250 MHz) δ: 7.60 (d, 2H, J = 10 Hz, H3,5-Phenyl), 7.94 (m, H5,6-

Phthalimide), 7.98 (m, H4,7-Phthalimide), 8.09 (d, 2H, J = 10 Hz, H2,6-Phenyl). IR (KBr, cm-
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Phthalimide), 1689 (C=O, Stretch, Acid), 1608 (C=C, Stretch, Aromatic), 1581, 1516, 1427 
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General procedure for synthesis of compounds 4a-4h: 

According to the scheme 1, in a flat bottom flask compound 3 was mixed with equimolar 

quantities of N-ethyl-N-dimethyl aminopropyl carbodiimide (EDC) and hydroxyl 

benzotriazole (HOBt) in acetonitrile solvent and was stirred for 30 min at room temperature. 

Scheme 1. Synthetic pathway for synthesis of compounds 4a-4h.



 Mohammadi-Farani A et al. / IJPR (2016), 15 (3): 313-320

316

4 - (1 ,3 -D ioxo i so indo l i n -2 - y l ) -N- (2 -
fluorophenyl)benzamide (4a):

1HNMR (DMSO-d6, 250 MHz) δ: 7.32 (m, 
1H, 2-Fluorophenyl), 7.62 (d, 2H, J = 10 Hz, 
Phenyl), 7.68 (m, 1H, 2-Fluorophenyl), 7.94 
(m, 2H, H5,6-Phthalimide), 7.99 (m, 2H, H4,7-
Phthalimide), 8.29 (m, 4H, Aromatic), 10.25 
(brs, NH). IR (KBr, cm-1) ῡ: 3410 (N-H, Stretch, 
Amide), 3070 (C-H, Aromatic), 1712 (C=O, 
Phthalimide), 1658 (C=O, Stretch, Amide), 1604 
(C=C, Stretch, Aromatic), 1508 (N-H, Bend), 
1381 (C-F, Stretch). 

4 - (1 ,3 -D ioxo i so indo l i n -2 - y l ) -N- (3 -
fluorophenyl)benzamide (4b):

1HNMR (DMSO-d6, 250 MHz) δ: 7.36 (m, 
6H, Aromatic), 7.95 (m, H5,6-Phthalimide), 7.99 
(m, H4,7-Phthalimide), 8.08 (d, 2H, J = 10 Hz, 
H2,6-Phenyl), 10.54 (brs, NH). IR (KBr, cm-

1) ῡ: 3394 (N-H, Stretch, Amide), 1716 (C=O, 
Phthalimide), 1658 (C=O, Stretch, Amide), 1604 
(C=C, Stretch, Aromatic), 1438 (C=C, Stretch, 
Aromatic), 1384 (C-F, Stretch). MS (m/z, %): 
360 (M+, 60), 267 (15), 250 (100), 222 (80), 194 
(15), 166 (55), 139 (25), 104 (45), 90 (15), 83 
(12), 76 (50), 63 (15), 50 (15). 

N-(3-Chlorophenyl)-4-(1,3-dioxoisoindolin-
2-yl)benzamide (4c):

1HNMR (DMSO-d6, 250 MHz) δ: 7.17 (d, 1H, 
J = 7.5 Hz, H6-3-Chlorophenyl), 7.36 (t, 1H, J = 
7.5 Hz, H5-3-Chlorophenyl), 7.63 (d, 1H, J = 7.5 
Hz, H3,5-Phenyl), 7.72 (d, 1H, J = 7.5 Hz, H4-3-
Chlorophenyl), 7.93 (m, 2H, H5,6-Phthalimide), 
7.95 (m, 2H, H4,7-Phthalimide), 7.96 (s, 1H, H2-
3-Chlorophenyl), 8.07 (d, 1H, J = 7.5 Hz, H2,6-
Phenyl), 10.50 (brs, NH). IR (KBr, cm-1) ῡ: 3448 
(N-H, Stretch, Amide), 1712 (C=O, Stretch, 
Phthalimide), 1654 (C=O, Stretch, Amide), 1593 
(C=C, Stretch, Aromatic), 1504 (N-H, Bend), 
1481 (C=C, Stretch, Aromatic). MS (m/z, %): 
376 (M+, 2), 250 (25), 222 (15), 166 (30), 146 
(15), 126 (30), 99 (90), 90 (70), 76 (100), 63 
(45), 50 (30). 

N-(4-Chlorophenyl)-4-(1,3-dioxoisoindolin-
2-yl)benzamide (4d):

1HNMR (DMSO-d6, 250 MHz) δ: 7.37 (d, 
2H, J = 7.5 Hz, H2,6-4-Chlorophenyl), 7.58 (d, 
2H, J = 7.5 Hz, H3,5-Phenyl), 7.82 (d, 2H, J = 

7.5 Hz, H3,5-4-Chlorophenyl), 7.93 (m, 2H, 
H5,6-Phthalimide), 7.95 (d, 2H, J = 7.5 Hz, H2,6-
Phenyl), 7.98 (m, 2H, H4,7-Phthalimide), 10.47 
(brs, NH). IR (KBr, cm-1) ῡ: 3425 (N-H, Stretch, 
Amide), 1716 (C=O, Stretch, Phthalimide), 1654 
(C=O, Stretch, Amide), 1627 (C=C, Stretch, 
Aromatic), 1519 (N-H, Bend), 1469 (C=C, 
Stretch, Aromatic).

4 - (1 ,3 -D ioxo i so indo l i n -2 - y l ) -N- (2 -
nitrophenyl)benzamide (4e):

1HNMR (DMSO-d6, 250 MHz) δ: 6.60 (t, 
1H, J = 7.5 Hz, H4-2-Nitrophenyl), 7.00 (t, 1H, 
J = 7.5 Hz, H6-2-Nitrophenyl), 7.39 (m, 8H, 
H3,5-Phenyl, H3,5-2-Nitrophenyl, Phthalimide), 
7.98 (d, 2H, H2,6-Phenyl), 10.45 (brs, NH). IR 
(KBr, cm-1) ῡ: 3444 (N-H, Stretch, Amide), 
1712 (C=O, Stretch, Phthalimide), 1627 (C=O, 
Stretch, Amide), 1570 (N-H, Bend, Amide), 
1504 (Stretch, Asymmetric, NO2), 1435 (C=C, 
Stretch, Aromatic), 1346 (Stretch, Symmetric, 
NO2), 1257 (C-N, Stretch). MS (m/z, %): 387 
(M+, 5), 368 (10), 316 (12), 295 (12), 281 (30), 
267 (65), 257 (15), 250 (100), 241 (15), 236 (25), 
225 (15), 224 (70), 222 (90), 211 (20), 206 (20).

4 - (1 ,3 -D ioxo i so indo l i n -2 - y l ) -N- (4 -
nitrophenyl)benzamide (4f):

1HNMR (DMSO-d6, 250 MHz) δ: 6.56 (m, 
4H, aromatic), 6.71 (brs, 4H, Phthalimide), 7.94 
(m, 4H, aromatic), 10.48 (brs, NH). IR (KBr, cm-

1) ῡ: 3363 (N-H, Stretch, Amide), 1712 (C=O, 
Stretch, Phthalimide), 1631 (C=O, Stretch, 
Amide), 1593 (C=C, Stretch, Aromatic), 1473 
(C=C, Stretch, Aromatic), 1303 (C-N, Stretch).

4 - (1 ,3 -D ioxo i so indo l i n -2 - y l ) -N- (3 -
methoxyphenyl)benzamide (4g):

1HNMR (DMSO-d6, 250 MHz) δ: 3.78 
(s, 3H, -OCH3), 6.71 (d, 1H, J = 10 Hz, H6-
3-Methoxyphenyl), 7.27 (t, 1H, J = 7.5 Hz, 
H5-3-Methoxyphenyl), 7.40 (d, 1H, J = 10 
Hz, H4-3-Methoxyphenyl), 7.50 (s, 1H, H2-3-
Methoxyphenyl), 7.64 (d, 2H, J = 10 Hz, H2,6-
Phenyl), 7.94 (m, 2H, H5,6-Phthalimide), 8.00 
(m, 2H, H4,7-Phthalimide), 8.07 (d, 2H, J = 10 
Hz, H2,6-Phenyl), 10.33 (brs, NH). IR (KBr, cm-

1) ῡ: 3387 (N-H, Stretch, Amide), 2924 (C-H, 
Asymmetric, Aliphatic), 2854 (C-H, Symmetric, 
Aliphatic), 1712 (C=O, Phthalimide), 1658 
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(C=O, Stretch, Amide), 1600 (C=C, Stretch, 
Aromatic), 1527 (N-H, Bend), 1431 (C=C, 
Stretch, Aromatic), 1373, 1273 (C-O, Stretch, 
Methoxy), 1049, 844. MS (m/z, %): 372 (M+, 
80), 250 (100), 222 (40), 194 (10), 166 (30), 139 
(12), 104 (20), 90 (10), 76 (20), 63 (5), 50 (5).

4 - (1 ,3 -D ioxo i so indo l i n -2 - y l ) -N- (4 -
methoxyphenyl)benzamide (4h):

1HNMR (DMSO-d6, 250 MHz) δ: 3.76 
(s, 3H, -OCH3), 6.95 (d, 1H, J = 10 Hz, H3,5-
4-Methoxyphenyl), 7.62 (d, 2H, J = 10 Hz, 
H3,5-Phenyl), 7.70 (d, 2H, J = 10 Hz, H2,6-4-
Methoxyphenyl), 7.94 (m, 2H, Phthalimide), 
8.01 (m, 2H, Phthalimide), 8.07 (d, 2H, J = 10 
Hz, H2,6-Phenyl), 10.24 (brs, NH). IR (KBr, cm-

1) ῡ: 3425 (N-H, Stretch, Aromatic), 2924 (C-H, 
Asymmetric, Aliphatic), 2858 (C-H, Symmetric, 
Aliphatic), 1712 (C=O, Stretch, Phthalimide), 
1651 (C=O, Stretch, Amide), 1631, 1600 (C=C, 
Stretch, Aromatic), 1519 (N-H, Bend, Amide), 
1469 (C=C, Stretch, Aromatic), 1238 (C-N, 
Stretch).

Anti-acetylcholinesterase assay
Lyophilized powder of acetylcholinesterase 

from electric eel source (AChE, E.C. 3.1.1.7, 
Type V-S, 1000 unit) was purchased from Sigma-
Aldrich (Steinheim, Germany). 5,5′-Dithiobis-
(2-nitrobenzoic acid, DTNB), potassium 
dihydrogen phosphate (KH2PO4), dipotassium 
hydrogen phosphate (K2HPO4), potassium 
hydroxide (KOH), sodium hydrogen carbonate 
(NaHCO3), and acetylthiocholine iodide were 
purchased from Fluka (Buchs, Switzerland). 
Spectrophotometric measurements were run on 
a Cecil BioAquarius CE 7250 Double Beam 
Spectrophotometer.

Compounds 4a-4h were dissolved in a mixture 
of 20 mL distilled water and 5 mL methanol and 
then diluted in 0.1 M KH2PO4/K2HPO4 buffer 
(pH 8.0) to yield a final concentration range. 
According to the literature, the Ellman test was 
performed for assessment of the anticholinesterase 
activity of intended compounds in-vitro. To 
achieve 20-80% inhibition of AChE activity five 
different concentrations of each compound were 
tested. Compounds 4a-4h were added to the 
assay solution and preincubated at 25 °C with 
the enzyme for 15 min followed by adding 0.075 

M of acetylthiocholine iodide. After rapid and 
immediate mixing the change of absorption was 
measured at 412 nm. 

The blank reading contained 3 mL buffer, 
200 µL water, 100 µL DTNB and 20 µL 
substrate. The reaction rates were calculated, 
and the percent inhibition of test compounds was 
determined. Each concentration was analyzed in 
triplicate, and IC50 ± SD values were determined 
graphically from inhibition curves (log inhibitor 
concentration vs. percent of inhibition) (22, 23).

Results and Discussion

Chemistry
All final compounds 4a-4h were synthesized 

according to the Scheme 1. Starting from 
phthalimide and 4-aminobenzoic acid through a 
Gabriel like reaction the intermediate compound 
3 were prepared. Triethylamine (Et3N) was 
added to the reaction medium as a proton 
acceptor. The reaction was done under reflux 
condition in toluene solvent for 24 h. Thin 
layer chromatography (TLC) was applied for 
determining the end of the reaction. n-Hexane and 
diethyl ether (Et2O) was utilized for trituration 
of the obtained precipitate. The obtained white 
precipitate of compound 3 was used for the 
next reaction without any extra purification. 
N-Ethyl-N-dimethylaminopropyl carbodiimide 
(EDC) as carbodiimide coupling agent and 
hydroxybenzotriazole (HOBt) as additive agent 
were used for preparation of the final amidic 
derivatives 4a-4h. 1H NMR spectroscopy 
was done in deutrated dimethylsulfoxide 
(DMSO-d6) solvent and trimethylsilane (TMS) 
was considered as internal standard. Potassium 
bromide (KBr) disk was prepared for all 
compounds for acquisition of the IR spectra. 
According to Table 1, all compounds were 
synthesized with an average yield. Compound 
4c with ortho fluorine moiety showed the lowest 
yield 37% whereas, compound 4g with ortho 
nitro substituent demonstrated the highest yield 
69%. Melting point analyzer apparatus was 
applied for measuring the corresponding melting 
point of all prepared compounds.

Anticholinesterase activity
Ellman᾽s test was performed for evaluating 



 Mohammadi-Farani A et al. / IJPR (2016), 15 (3): 313-320

318

the anticholinesterase activity of compounds 
4a-4h. Acetylcholinesterase enzyme extracted 
from electric eel was utilized for assessment of 
the potency of intended compounds. Inhibitory 
concentration (IC50, µM) was calculated and 
listed in Table 2. Unfortunately, none of the 
tested derivatives does not exerted stronger 
potency than donepezil as reference drug. 
Only compound 4g with ortho nitro moiety 
rendered the highest inhibitory potency (IC50 
= 1.1 ± 0.25 µM) compared to donepezil (IC50 
= 0.41 ± 0.12) µM. Nitro moiety is an electron 
withdrawing group. But, this moiety caused a 
significant enhancement in enzyme inhibitory 
effect at position ortho of the phenyl ring. 
Whereas, it was not showed any remarkable 
potency at other positions of the phenyl ring and 
also replacement of this substituent with other 
electron withdrawing moiety such as chlorine 
and fluorine does not rendered any favorable 
improvement in inhibitory activity towards the 

enzyme. It is likely that electrostatic charge 
property and interaction of the nitro moiety 
maybe a rational reason for the deep difference 
in influencing the activity compared to other 
moieties. On the other hand, it is probable that 
positioning of the nitro group is also another 
critical factor for interaction to the receptor. 
Namely, ortho position (compound 4g) is better 
than para position (compound 4h) for exerting 
the electrostatic interaction of this moiety.  
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Table 1. Physicochemical properties of compounds 3 and 4a-4h.

 Yield (%)m.p. (°C) MW (g/mol)Molecular  
formula(R)Compound

61289267C15H9NO4-3

40250377C21H13Cl N2O33-Cl4a

39221377C21H13Cl N2O34-Cl4b

37208360C21H13FN2O32-F4c

45258360C21H13FN2O33-F4d

54213372C22H16N2O43-OCH34e

44248372C22H16N2O44-OCH34f

6961387C21H13N3O52-NO24g

51140387C21H13N3O54-NO24h

Table 2. Results of enzymatic assay (IC50, µM) of compounds 4a-4h.

Compound 3-Cl 4-Cl 2-F 3-F 3-OCH3 4-OCH3 2-NO2 4-NO2 Donepezil

IC50 (µM) > 250 > 250 > 250 > 250 > 250 > 250 1.1 ± 0.25 > 250 0.41 ± 0.12



Phthalimide analogs as acetylcholinesterase inhibitors

319

References

Vitorović-Todorović MD, Juranić IO, Mandić 
LM and Drakulic BJ. 4-Aryl-4-oxo-N-phenyl-2-
aminylbutyramides as acetyl- and butyrylcholinesterase 
inhibitors. Preparation, anticholinesterase activity, 
docking study, and 3D structure–activity relationship 
based on molecular interaction fields. Bioorg. Med. 
Chem. (2010) 18: 1181-93.
Weinstock M and Groner E. Rational design of a drug 
for Alzheimer’s disease with cholinesterase inhibitory 
and neuroprotective activity. Chem. Biol. Interact. 
(2008) 175: 216-221.
Zhang J, Zhu D, Sheng R, Wu H, Hu Y, Wang F, Cai T, 
Yang B and He Q. BZYX, a novel acetylcholinesterase 
inhibitor, significantly improved chemicals-induced 
learning and memory impairments on rodents and 
protected PC12 cells from apoptosis induced by 
hydrogen peroxide. Eur. J. Pharmacol. (2009) 613: 
1-9.
Mustazza C, Borioni A, Rosaria Del Giudice M, Gatta 
F, Ferretti R, Meneguz A and Volpe MT. Synthesis and 
cholinesterase activity of phenylcarbamates related 
to Rivastigmine, a therapeutic agent for Alzheimer’s 
disease. Eur. J. Med. Chem. (2002) 37: 91-109.
Trujillo-Ferrara J, Montoya Cano L and Espinoza-
Fonseca M. Synthesis, anticholinesterase activity and 
structure-activity relationships of m-aminobenzoic 
acid derivatives.  Bioorg. Med. Chem. Lett. (2003) 13: 
1825-7.
Araújo JQ, Araújo de Brito M, Bôas Hoelz LV, 
de Alencastro RB, Castro HC, Rodrigues CR 
and Albuquerque MG. Receptor-dependent (RD) 
3D-QSAR approach of a series of benzylpiperidine 
inhibitors of human acetylcholinesterase (HuAChE). 
Eur. J. Med. Chem. (2011) 46: 39-51.
Kapková P, Alptüzün V, Frey P, Erciyasb E and 
Holzgrabe U. Search for dual function inhibitors for 
Alzheimer᾽s disease: Synthesis and biological activity 
of acetylcholinesterase inhibitors of pyridinium-
type and their Aβ fibril formation inhibition capacity. 
Bioorg. Med. Chem. (2006) 14: 472-8.
Alonso D, Dorronsoro I, Rubio L, Munoz P, García-
Palomero E, Del Monte M, Bidon-Chanal A, Orozco 
M, Luque FJ, Castro A, Medina M and Martínez A. 
Donepezil-tacrine hybrid related derivatives as new 
dual binding site inhibitors of AChE. Bioorg. Med. 
Chem. (2005) 13: 6588-97.
Mary A, Zafiarisoa Renko D, Guillou C and Thal 
C. Potent acetylcholinesterase inhibitors: Design, 
synthesis, and structure-activity relationships of bis-
interacting ligands in the galanthamine series. Bioorg. 
Med. Chem. (1998) 6: 1835-50.
Zhao Q, Yang G, Mei X, Yuan H and Ning J. 
Novel acetylcholinesterase inhibitors: Synthesis 
and structure-activity relationships of phthalimide 
alkyloxyphenyl N,N-dimethylcarbamate derivatives. 
Pestic. Biochem. Phys. (2009) 95: 131-4.

(1)

(2)

(3)

(4)

(5)

(6)

(7)

(8)

(9)

(10)

Ignasik M, Bajda M, Guzior N, Prinz M, Holzgrabe 
U and Malawska B. Design, synthesis and evaluation 
of novel 2-(aminoalkyl)-isoindoline-1,3-dione 
derivatives as dual-binding site acetylcholinesterase 
inhibitors. Arch. Pharm. Chem. (2012) 345: 509-516.
Sugimoto H, Iimura Y, Yamanishi Y and Yamatsu 
K. Synthesis and structure-activity relationships 
of acetylcholinesterase inhibitors: 1-Benzyl-4-
[(5,6-dimethoxy-l-oxoindan-2 yl)methyl]piperidine 
hydrochloride and related compounds. J. Med. Chem. 
(1996) 38: 4821-9.
Sugimoto H, Yamanishi Y, Iimura Y and Kawakami 
Y. Donepezil hydrochloride (E2020) and other 
acetylcholinesterase inhibitors. Curr. Med. Chem. 
(2000) 7: 303-339.
Kryger G, Israel Silman and Sussman JL. Structure 
of acetylcholinesterase complexed with E2020 
(Aricept®): implications for the design of new anti-
Alzheimer drugs. Structure (1999) 3: 297-307.
Mohammadi-Farani A, Ahmadi A, Nadri H and 
Aliabadi A. Synthesis, docking and acetylcholinesterase 
inhibitory assessment of 2-(2-(4-Benzylpiperazin-
1-yl)ethyl)isoindoline-1,3-dione with potential anti-
alzheimer effects. Daru: J. Pharm. Sci. (2013) 21: 
47-55.
Foroumadi A, Mohammadi-Farani A, Garmsiri 
Mahvar M and Aliabadi A. Synthesis and evaluation 
of anti-acetylcholinesterase activity of 2-(2-(4-(2-Oxo-
2-phenylethyl)piperazin-1-yl)ethyl)isoindoline-1,3-
dione derivatives with potential anti-Alzheimer effects. 
Iran. J. Basic Med. Sci. (2013) 10: 1049-54.
Ragavendran JV, Sriram D, Patel SK, Reddy IV, 
Bharathwajan N and Stables J. Design and synthesis of 
anticonvulsants from a combined phthalimide-GABA-
anilide and hydrazone pharmacophore. Eur. J. Med. 
Chem. (2007) 42: 146-151.
Aliabadi A, Eghbalian E and Kiani A. Synthesis and 
cytotoxicity evaluation of a series of 1,3,4-thiadiazole 
based compounds as anticancer agents. Iran. J. Basic 
Med. Sci. (2013) 11: 1133-8.
Mohammadi-Farani A, Heidarian N and Aliabadi 

A.N - (5 -Mercap to -1 ,3 ,4 - th i ad iazo l -2 -y l ) -2 -
phenylacetamide derivatives: Synthesis and in vitro 
cytotoxicity evaluation as potential anticancer agents. 
Iran. J. Pharm. Res. (2014) 13: 487–492.
Aliabadi A, Hasanvand Z, Kiani A and Mirabdali 
SS. Synthesis and in vitro cytotoxicity assessment 
ofN-(5-(Benzylthio)-1,3,4-thiadiazol-2-yl)-2-(4-
(trifluoromethyl)phenyl)acetamide with potential 
anticancer activity. Iran. J. Pharm. Res. (2013) 4: 687-
693.
Aliabadi A, Andisheh S, Tayarani-Najaran Z 
and Tayarani-Najaran M. 2-(4-Fluorophenyl)-N-
phenylacetamide derivatives as anticancer agents: 
synthesis and in vitro cytotoxicity evaluation. Iran. J. 
Pharm. Res. (2013) 3: 267-271.
Nadri H, Pirali-Hamedani M, Shekarchi M, Abdollahi 
M, Sheibani V, Amanlou M, Shafiee A and Foroumadi 
A. Design, synthesis and anticholinesterase activity 

(11)

(12)

(13)

(14)

(15)

(16)

(17)

(18)

(19)

(20)

(21)

(22)



 Mohammadi-Farani A et al. / IJPR (2016), 15 (3): 313-320

320

(23)

of a novel series of 1-benzyl-4-((6-alkoxy-3-
oxobenzofuran-2(3H)-ylidin) methyl) pyridinium 
derivatives. Bioorg. Med. Chem. (2010) 18: 6360-6.
Ellman GL, Courtney KD, Andres V and Feather-

Stone RM. A new and rapid colorimetric determination 
of acetylcholinesterase activity. Biochem. Pharmacol. 
(1961) 7: 88-95.

This article is available online at http://www.ijpr.ir


