
Bioorganic Chemistry 110 (2021) 104792

Available online 6 March 2021
0045-2068/© 2021 Elsevier Inc. All rights reserved.

Design and synthesis of novel coumarin derivatives as potential 
acetylcholinesterase inhibitors for Alzheimer’s disease 

Kamilia M. Amin, Doaa E. Abdel Rahman, Heba Abdelrasheed Allam, Haidy H. El-Zoheiry * 

Pharmaceutical Chemistry Department, Faculty of Pharmacy, Cairo University, Kasr El-Aini St., Cairo 11562, Egypt   

A R T I C L E  I N F O   

Keywords: 
Coumarin 
Acetylcholinesterase 
Neuroprotective 
Alzheimer’s disease 

A B S T R A C T   

Twenty novel 7-benzyloxycoumarin based compounds were synthesized with a variety of bioactive chemical 
fragments. The synthesized compounds showed remarkable acetylcholinesterase (AChE) inhibitory activity. In 
vitro assay revealed that compounds 7-benzyloxy-4-{[(4-phenylthiazol-2(3H)-ylidene)hydrazono]methyl}-2H- 
chromen-2-one (5b, IC50= 0.451μM), 7-benzyloxy-4-({[4-(4-methoxyphenyl)thiazol-2(3H)-ylidene]hydrazono} 
methyl)-2H-chromen-2-one (5d, IC50= 0.625μM), 5-amino-1-[2-(7-benzyloxy-2-oxo-2H-chromen-4-yl)acetyl]- 
1H-pyrazole-4-carbonitrile (13c, IC50= 0.466μM), 2-(7-benzyloxy-2-oxo-2H-chromen-4-yl)-N-(2-methylimino-4- 
phenylthiazol-3(2H)-yl)acetamide (16a, IC50= 0.500μM) and 2-(7-benzyloxy-2-oxo-2H-chromen-4-yl)-N-[4-(4- 
methoxyphenyl)-2-methyliminothiazol-3(2H)-yl]acetamide (16b, IC50= 0.590μM) exhibited promising AChE 
inhibitory activity even better than donepezil (IC50= 0.711μM). Kinetic study for compound 5b implied mixed 
type inhibitor which could bind peripheral anionic site (PAS) and catalytic active site (CAS) of AChE enzyme. In 
addition, in vivo evaluation of compounds 5b, 13c and 16a confirmed significant memory improvement in 
scopolamine-induced impairment model in tested mice. Furthermore, in silico studies were performed on the 
synthesized compounds which included molecular docking study at the active site of recombinant human 
acetylcholinesterase enzyme (rhAChE) as well as prediction of ADMET and other physicochemical parameters. A 
correlation between the docking results and IC50 of tested compounds was routinely observed and shared similar 
binding pattern to the co-crystallized ligand donepezil.   

1. Introduction 

Alzheimer’s disease (AD) is a dramatically neurodegenerative brain 
disorder that is the driving inducer of dementia and is potentially fatal 
[1]. Decline in memory, language, thinking skills and other cognitive 
functions are considered as the distinctive symptoms of dementia [2]. 
This deterioration is due to damage to nerve cells in parts of the brain 
that are involved in cognitive function. Unfortunately, certain parts of 
the brain that allow a person to perform basic physical functions such as 
swallowing and walking are also impaired. As a result, people in the 
final stages of AD are bed-bound and require around-the-clock care [3]. 
Moreover, more than 18 million of the world population are projected to 
experience AD and numbers of patients will rise to 70 million by 2050 
[4]. Officially, AD is ranked as the sixth trigger for death in the United 
States based on Alzheimer’s association report in 2018 [3]. Conse
quently, AD is gaining overdue attention by researchers. Various pa
rameters have been recognized to be involved in the etiology of AD. 
Deposits of abnormal proteins such as amyloid beta peptides (Aβ) and 

tau proteins besides cholinergic degeneration in the brain neurons are 
considered as the potential drivers of AD [5]. It is thought that the Aβ’s 
accumulation interferes with the neuron-to-neuron communication at 
synapses which lead to cell death. In addition, tau tangles block nutrient 
and other essential molecules transport within neurons and also 
contribute to cell death [6]. On the other hand, around 30 years ago the 
cholinergic theory was conceived. It stated that, substantial loss of 
cholinergic activity in the central nervous system (CNS) contributed 
significantly to AD-associated cognitive impairment. This loss in 
cholinergic function is due to deficiency in choline acetyltransferase 
enzyme (ChAT) which is charged with the synthesis of acetylcholine 
(ACh) in addition to the reduction of choline uptake and ACh release 
[7,8]. Since a cholinergic hypothesis has been postulated as a crucial 
element in AD symptoms etiology, acetylcholinesterase inhibitors 
(AChEIs) have been the mainstay drugs used against AD until today [9]. 
So, AChEIs like donepezil, rivastigmine and galantamine are used 
presently in clinics for the symptomatic treatment of AD [10]. It seems 
however necessary today to complete this symptomatic approach with a 
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more disease-modifying drugs [11]. Therefore, dual binding site AChEIs 
appear as promising anti-AD agents owing to their ability to restore the 
cholinergic deficit by inhibiting the catalytic active site (CAS) of AChE 
enzyme and at the same time to reduce the Aβ deposition and aggre
gation through their interaction with the peripheral anionic site (PAS) of 
the enzyme [12]. So, the design of dual binding site AChEIs could 
demonstrate an effective therapeutic approach for the symptomatic 
treatment of AD and delaying its development. 

Interestingly, extensive researches have been directed towards the 
identification of AChEIs with the majority of them arising from the plant 
kingdom. There have also been many attempts to obtain semi-synthetic 
or synthetic derivatives from these naturally derived AChEIs aiming to 
improve the inhibitory potency and selectivity in addition to attaining 
dual modes of action relevant to AD therapy [13]. 

Coumarin, 2H-1-benzopyran-2-one, is a core structure in various 
natural products and synthetic compounds displaying a diverse array of 
biological activities such as anticancer [14,15], antioxidant, anti- 
aflatoxigenic [16], carbonic anhydrase inhibitory activity [17], antiox
idant activity [18] in addition to AChE inhibitory activity. Moreover, the 
fact that chemical substitutions can occur at many positions of this core 
structure, has made coumarins interesting molecules for drug discovery 
in the field of AChEIs [19]. Among these natural products many 
coumarin derivatives such as esculetin I, decursinol II, scopoletin III and 
mesuagenin IV [20]. It has been already reported that the use of 

benzyloxy group at position 7 of coumarin scaffold has a great effect on 
AChE inhibitory activity as found in compounds V, VI [21] and VII [22]. 
A closer examination of binding mode of compound VII revealed that 
the 4-fluorophenyl ring formed a π-π stacking with Trp86 which may be 
contributed to the increase in AChE inhibitory activity [22]. Moreover, 
researches revealed that, substitution at position 4 of coumarin 
emphasize its AChE inhibitory activity as found in compounds VIII [13] 
and IX [23] Fig. 1. 

Furthermore, literature review indicated that pharmacologically 
active heterocylic rings such as thiazolines [24,25], thiazolidinones 
[24,25], cyclic imides [26,27], triazoles [28] and pyrazoles [29,30] 
were recognized in numerous AChEIs. In the same vein, from structural 
point of view versatile linkers especially nitrogenous linkers were 
incorporated in potent AChEIs. Among these linkers hydrazonomethyl 
[31], acetamide [32] or acetohydrazide [33]. 

Based on the above cited findings and with the aim to identify 
compounds with potent AChE inhibitory activity and safety profile for 
AD, it was considered valuable to present new compounds as promising 
potent AChEIs, having the 7-benzyloxycoumarin scaffold substituted 
with different distinct heterocycles at position 4 via appropriate linkers. 
These linkers are intended to stabilize the molecule inside the gorge of 
AChE enzyme and adjust the distance between PAS and CAS binding 
moieties, Fig. 2. The synthesized derivatives were tested for their AChE 
inhibitory activity and the promising compounds were subjected to in 
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Fig. 1. The structure of different natural and synthetic coumarin compounds with potential AChE inhibitory activity.  
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vivo neurobehavioral assessment. Furthermore, the binding mode of the 
synthesized compounds was revealed through in silico molecular 
modeling study 

2. Results and discussion 

2.1. Chemistry 

In this work, synthesis of the target coumarin derivatives 5a-e, 6a,b, 
11a-c, 12, 13a-c, 15 and 16a,b were achieved by different routes as 
illustrated in Schemes 1–3 using the key intermediates 1-[(7-benzyloxy- 
2-oxo-2H-chromen-4-yl)methylene]thiosemicarbazide 4 in Scheme 1 
and 2-(7-benzyloxy-2-oxo-2H-chromen-4-yl)acetohydrazide 10 in 
Schemes 2 and 3. 

In Scheme 1, the synthesis of the target thiazolines 5a-e were 
adopted according to Hantzsch reaction in which an α-halocarbonyl 
compounds, namely chloroacetone, appropriate phenacyl bromides and 
ethyl 2-chloroacetoacetate, react with a compound bearing the N ــ C ــ S 
fragment such as thiosemicarbazone derivative 4. 1H NMR spectra of 
compounds 5a-d revealed the characteristic CH proton of thiazoline ring 
at δ= 7.30–7.56 ppm. Cyclization of thiosemicarbazone derivative 4 
with an α-haloester, ethyl bromoacetate, yielded the corresponding 
thiazolidinone derivative 6a that was featured by presence of singlet 
signal at δ= 3.99 ppm corresponding to CH2 protons of thiazolidinone 
ring in its 1H NMR spectrum. Thia-Michael addition or conjugate (1,4) 
addition was adopted between maleic anhydride as Michael acceptor 
and thiosemicarbazone derivative 4 as Michael donor with the aid of 
sodium acetate as basic catalyst to obtain thiazolidinone derivative 6b 
which showed a triplet signal corresponding to thiazolidinone CH pro
ton at δ= 4.48 ppm in its 1H NMR spectrum. The appearance of D2O 
exchangeable NH of compounds 5a-e and 6a,b in the region δ 
11.84–12.88 and 12.30–12.43, respectively, supported their assigned 
structure in Scheme 1 and excluded their possible tautomeric hydrazone 
structure. 

In scheme 2, the reaction of appropriate cyclic anhydrides with the 
key acetohydrazide intermediate 10 yields derivatives 11a-c which 
were structurally established by the disappearance of NH2 singlet signals 
in 1H NMR spectra. The 1,2,4-triazole derivative 12 was obtained from 
the acetohydrazide derivative 10, carbon disulfide and ethanolic po
tassium hydroxide which lead to the formation of potassium dithio
carbazate salt then undergoes ring-closure by reaction with hydrazine 
hydrate in absolute ethanol. The target compound 12 was confirmed by 
the presence of C––S carbon signal at 166.45 ppm in the 13C NMR 

spectrum. The target derivatives 13a,b were obtained through 
condensation of the key acetohydrazide intermediate 10 with ethyl 
acetoacetate and acetylacetone, respectively. 1H NMR spectra displayed 
singlet signal at 7.19 ppm attributed to pyrazolinone CH in compound 
13a spectrum and extra aromatic proton of pyrazole ring at 6.39 ppm in 
compound 13b spectrum. Finally, synthesis of the pyrazole-4- 
carbonitrile derivative 13c can be explained by the initial Michael 
addition in which the acetohydrazide derivative 10 which acts as 
Michael donor attacks β-carbon of ethoxymethylene malononitrile 
which acts as Michael acceptor. The structure of compound 13c was 
ascertained by the existence of the CN characteristic band at 2206 cm− 1 

in its IR spectrum. 
In Scheme 3, the acetohydrazide key intermediate 10 reacted with 

appropriate isothiocyanates and yielded acylthiosemicarbazide de
rivatives 14a,b. Afterwards, derivative 14a underwent cyclization re
action with ethyl bromoacetate in 1:1 mixture of absolute ethanol/ 
chloroform in presence of anhydrous sodium acetate to yield thiazoli
dinone derivative 15 which was confirmed by the appearance of thia
zolidinone CH2 protons at 3.97 ppm. On the other hand, condensation 
reaction of acylthiosemicarbazide derivative 14a and appropriate phe
nacyl bromides in presence of anhydrous sodium acetate according to 
Hantzsch thiazoline synthesis gave derivatives 16a,b. The IR spectra of 
the target derivatives 16a,b revealed the disappearance of the 2NH and 
C––S bands of the acylthiosemicarbazide derivative 14a. 

2.2. Biological evaluation 

2.2.1. In vitro biological studies 

2.2.1.1. In vitro AChE inhibition assay. AChE inhibitory activities of the 
synthesized compounds were carried out according to an improved 
Ellman’s method and calculated using Graphpad prism 8 software [34] 
and the results are proposed as IC50±standard deviation (SD) in 
(Table 1). Results showed that the synthesized compounds showed good 
AChE inhibition in micromolar range (0.451–3.588μM) compared to 
donepezil as reference standard (IC50= 0.711μM). 

From the above mentioned IC50 results it was concluded that the 
thiosemicarbazone derivative 4 showed good AChE inhibitory activity 
and upon cyclization to 4-substituted thiazolines as in compounds 5a- 
d better activity was achieved while cyclization to 4,5-disubstituted 
thiazoline or N-unsubstituted thiazolidin-4-one abolished activity as in 
compounds 5e and 6a,b, respectively. In addition, the 4-phenyl 
substituted thiazoline moiety as in compounds 5b-d and 16a,b exhibi
ted better activity than the 4-methyl substituted thiazoline compound 
5a and even parent thiosemicarbazone compound 4. Unsubstituted 
phenyl compound 5b showed better activity than p-methoxy substituted 
one 5d while p-bromophenyl compound 5c showed comparable activity 
to 4-methylthiazoline compound 5a. Cyclization of the acetohydrazide 
compound 10 to cyclic imides resulted in an active pyrrolidin-2,5-dione 
derivative 11a and inactive derivatives 2,5-dihydropyrrole-2,5-dione 
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Table 1 
IC50 values of the tested compounds and donepezil.  

Compound No. IC50 ± SD* (μM)  Compound No. IC50 ± SD* (μM)  

4 0.778 ± 0.022 12 0.722 ± 0.022 
5a 1.911 ± 0.053 13a 3.278 ± 0.079 
5b 0.451 ± 0.012 13b 1.419 ± 0.048 
5c 1.812 ± 0.061 13c 0.466 ± 0.016 
5d 0.625 ± 0.015 14a 1.720 ± 0.062 
5e 2.272 ± 0.083 14b 3.213 ± 0.107 
6a 2.310 ± 0.082 15 0.826 ± 0.021 
6b 3.242 ± 0.067 16a 0.500 ± 0.018 
11a 1.098 ± 0.066 16b 0.590 ± 0.013 
11b 2.316 ± 0.057 Donepezil 0.711 ± 0.017 
11c 3.588 ± 0.078    

* All results were found to be statistically significant at P < 0.05. 
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11b and isoindol-1,3-dione 11c. Cyclization of the acetohydrazide 
compound 10 to 1,2,4-triazole compound 12 and pyrazole-4- 
carbonitrile compound 13c provided good AChE inhibitory activity 
while activity of 3,5-dimethylpyrazole compound 13b was moderate. 
On the contrary, cyclization to 3-methylpyrazolin-5-one 13a yielded 
inactive compound. Cyclization of methyl substituted acylth
iosemicarbazide derivative 14a to 4-phenylthiazoline derivative pro
duced active compounds 16a,b that were more active than the N- 
methylthiazolidin-4-one cyclized product 15. As observed before, 
unsubstituted phenyl compound 16a showed better activity than p- 
methoxy substituted one 16b. Briefly, it was observed that 4-methyl and 
phenyl thiazolines were active and unsubstituted phenyl was more 
active than 4-methoxyphenyl while 4,5-disubstituted thiazolines were 
inactive. In addition, pyrazole-4-carbonitrile, 1,2,4-triazole and 
pyrrolidine-2,5-dione were active. Moreover, thiosemicarbazone, 
methyl substituted acylthiosemicarbazide were active while phenyl 
substituted acylthiosemicarbazide was inactive. Furthermore, N-meth
ylthiazolidin-4-one was active while the unsubstituted thiazolidin-4- 
ones were inactive. Interestingly, compounds 5b,d, 13c and 16a,b 
showed better activity than donepezil. 

2.2.1.2. Kinetic study of AChE inhibition. To investigate the AChE 
inhibitory mechanism for the synthesized compounds, the most potent 
compound 5b was selected for kinetic study following the modified 
Ellman’s method.[34] The overlaid reciprocal Lineweaver-Burk plots 
(Fig. 3) showed increasing slopes and increasing intercepts at increasing 
inhibitor concentration. This pattern suggested a mixed-type inhibition 
and hence concluded that compound 5b might be eligible for binding to 
PAS as well as CAS of AChE enzyme. 

2.2.2. In vivo behavioral studies on scopolamine-induced dementia model 
Compounds 5b, 13c and 16a that showed promising in vitro activity 

were further evaluated in AD animal models. The in vivo scopolamine 
model was used to evaluate the anticholinesterase activity in animals. 
Two behavioral tests were conducted Y-Maze [35] and Passive avoid
ance [36] using donepezil as positive control. 

Y-Maze test results (Fig. 4), mice in model group exhibited mean % 
alternations = 52.19 that is lower than mean % alternation showed by 
control group = 73.42 with P= 0.0077. Moreover, donepezil treated 
mice showed significant change in mean % alternations from 52.19 to 
68.42 with P= 0.0487. On the other hand, treatment with compound 5b 
exhibited a significant increase in mean % alternation from 52.19 to 
70.51 with P= 0.0004. While treatment with compound 13c showed 
significant increase in mean % alternations from 52.19 to 63.12 with P=
0.0266. Finally, compound 16a increased mean % alternation signifi
cantly from 52.19 to 66.69 with P= 0.0464. 

Passive avoidance test results (Fig. 5), results showed that mice in 
model group showed shortness in mean transfer latency time (TLT =

217.5 s) compared to mice in control group (mean TLT = 360.5 s) with P 
< 0.0001. While donepezil group exhibited increase in mean TLT from 
217.5 s to 336.0 s with P= 0.0001. In addition, treated group with 
compound 5b reverse the lowered scopolamine mean TLT from 217.5 s 
to 301.3 s with P= 0.0104. Treated group with compound 13c increased 
mean TLT from 217.5 s to 350.0 s with P = 0.0014. Furthermore, 
compound 16a exhibited longer mean TLT from 217.5 s to 353.3 s with 
P= 0.0011. 

In conclusion, a novel series of coumarin derivatives were assessed 
for their in vitro anticholinesterase activities and in vivo model using Y- 
maze and passive avoidance tests. In vitro assay revealed that com
pounds 5b (IC50= 0.451μM), 5d (IC50= 0.625μM), 13c (IC50= 0.466μM) 
and 16a (IC50= 0.500μM) and 16b (IC50= 0.590μM) exhibited prom
ising AChE inhibitory activity even better than donepezil (IC50=

0.711μM). Kinetic assay of compound 5b showed mixed type of inhi
bition. In vivo evaluation of compounds 5b, 13c and 16a confirmed 
significant memory improvement in scopolamine-induced impairment 
model. 
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2.3. In silico studies 

2.3.1. Molecular docking study 
In silico docking study aims to rationalize the obtained biological 

data and help in understanding the possible interaction between small 
molecules commonly called ligands and the target macromolecules 
(receptor, enzymes and nucleic acids) fit together with the crystal 
structure of the target. 

In this work, molecular docking study was conducted to realize the 
binding mode of the synthesized compounds in the active site of the 
AChE enzyme with the aim of explaining their inhibitory activity using 
Molecular Operating Environment (MOE, 2009.10) software.[37] 
Analysis of the binding mode elucidated that the docked compounds 
showed good fit in the active site of AChE enzyme like that of the native 
ligand donepezil. The most active compounds 5b,d, 13c and 16a,b 
showed a common predicted binding pattern in the AChE binding site 
with their benzyloxy moiety accommodated in the same region as the 
benzylpiperidine moiety of the co-crystalized inhibitor donepezil 
through π-π stacking interaction with Trp86. Also a water mediated 
hydrogen bond interaction exist between carbonyl group of coumarin 
nucleus, instead of protonated piperidine in donepezil and Asp74, 
Tyr337 and Tyr341. Besides two new hydrogen bonding interactions 
between oxygen of benzyloxy moiety in the docked compounds and 
Ser203 in AChE binding site and between carbonyl group of coumarin 

nucleus which acts as hydrogen bond acceptor and Tyr341. Finally, all of 
them were able to occupy both PAS and CAS sites like donepezil 
Figs. 6–8 Table 2. 

2.3.2. Physicochemical properties and pharmacokinetics prediction 
Pharmacokinetic properties of the most active compounds 5b,d, 13c 

and 16a,b were calculated using the free accessible web server pkCSM 
(http://biosig.unimelb.edu.au/pkcsm/prediction) compared with 
donepezil as the standard drug [38]. Results revealed that partition 
coefficient of the tested compounds showed good lipophilicity Clog P=
2.9052 to 5.3720 compared to 4.3611 for donepezil. Concerning the 
distribution, most of the compounds possess moderate penetration to the 
blood brain barrier (BBB) with values = − 1.054 to − 0.353 compared to 
0.157 for donepezil. Besides, the tested compounds possess good CNS 
permeability values from − 2.476 to − 1.667 compared to − 1.464 for 
donepezil. Finally, the tested compounds showed LD50 values from 
2.193 to 3.137 compared to 2.759 for donepezil and LOEAL from 0.211 
to 1.360 compared to 0.991 for donepezil Table 3. 

3. Conclusion 

Twenty novel coumarin derivatives were designed, synthesized and 
screened for their in vitro AChE inhibitory activity. The results elicited 
that compounds 5b,d 13c and 16a,b have promising anti-AD activity. 
Kinetic study for compound 5b implied mixed type inhibitor which 
could bind PAS and CAS sites of AChE enzyme. In addition, in vivo 
scopolamine-induced dementia model for the three most active com
pounds showed that there is a significant improvement in cognitive 
functions in tested mice. A correlation between docking results and IC50 
of tested compounds was routinely observed and shared similar binding 
pattern to the native co-crystallized ligand donepezil. Finally, predicted 
physicochemical and pharmacokinetic properties revealed that the 
synthesized compounds possessed good lipophilicity and moderate BBB 
penetration. 

4. Experimental section 

4.1. Chemistry 

4.1.1. General 
All chemicals and solvents were purchased from commercial sup

pliers and were used without further purification. All reactions were 
followed up by thin layer chromatography (TLC), using Macherey-Nagel 
Alugram Sil G/UV254 silica gel plates with fluorescent indicator UV254 Fig. 6. 2D diagram of donepezil in the AChE binding site.  

Fig. 7. 2D diagram (a) and 3D representation (b) of 5b in the AChE binding site.  
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and chloroform/methanol (90:10 v/v) or chloroform as the eluting 
system and the spots were visualized using Vilber Lourmet ultraviolet 
lamp at λ = 254 nm. Melting points were determined by open capillary 
tube method using Electrothermal Stuart SMP3 digital melting point 
apparatus and were uncorrected. The IR spectra were recorded as KBr 
discs using Shimadzu Infrared spectrometer (IR-435) and FT-IR 1650 
(Perkin Elmer) spectrophotometer and expressed in wave number (υmax) 
cm− 1 at Microanalytical unit, Faculty of Pharmacy, Cairo University. 
NMR spectra were performed on a Bruker spectrophotometer (Germany) 
in dimethyl sulfoxide (DMSO‑d6) at Microanalytical center, Faculty of 
Pharmacy, Cairo University. 1H NMR Spectra were recorded in δ scale 
given in parts per million (ppm) downfield from tetramethylsilane 
(TMS) as internal standard at 400 MHz and 13C NMR Spectra were 
recorded at 100 MHz. Mass spectra were performed on HP MODEL: 
MS_5988 mass spectrometer and on Shimadzu QP- 2010 Plus (EI, 70 ev), 
Micro Analytical Center, Faculty of Science, Cairo University. Elemental 
microanalysis were performed at the Regional Center for Mycology and 
Biotechnology, Al-Azhar University. 

Compounds 1 [39], 2 [40], 3 [41], 7 [42], 8 [42,43] and 10 [44,45] 
were synthesized according to the previously reported methods. 

4.1.2. 1-[(7-Benzyloxy-2-oxo-2H-chromen-4-yl)methylene] 
thiosemicarbazide (4) 

To a solution of aldehyde compound 3 (2 g, 7 mmol) in 1:1 mixture of 
benzene/ absolute ethanol (50 mL), thiosemicarbazide (0.63 g, 7 mmol) 
and catalytic amount of glacial acetic acid were added. The mixture was 
refluxed for 10 h. The obtained solid was filtered, dried and crystallized 
from absolute ethanol. 

Yellow powder, (yield 90%), m.p. 210–2 ◦C. IR (KBr, νmax/cm− 1): 
3471, 3371, 3275 (NH2, NH), 3086 (CH aromatic), 2985, 2927 (CH 

aliphatic), 1720 (C––O), 1612, 1590, 1531 (C––N, NH, C––C), 1265 
(C––S). 1H NMR (DMSO‑d6) δ ppm: 5.24 (s, 2H, OCH2), 6.99 (s, 1H, H-3 
Ar), 7.09–7.11 (m, 2H, H-6,8 Ar), 7.35 (t, 1H, J = 7.2 Hz, H-4′ Ar), 7.42 
(t, 2H, J = 7.5 Hz, H-3′,5′ Ar), 7.48 (d, 2H, J = 7.1 Hz, H-2′,6′ Ar), 7.89 
(d, 1H, J = 8.8 Hz, H-5 Ar), 8.40 (s, 1H, CH = N), 8.56 (s, 2H, NH2, D2O 
exchang.), 11.77 (s, 1H, NH, D2O exchang.). 13C NMR (DMSO‑d6) δ ppm: 
70.37 (OCH2), 102.65, 109.28, 111.15, 113.62, 126.31, 128.38, 128.60, 
129.01, 136.12, 136.68, 145.13, 155.90 (aromatic carbons), 160.76 
(C––O), 161.87 (CH––N), 179.12 (C––S). Anal. Calcd. for C18H15N3O3S 
(353.39): C, 61.18; H, 4.28; N, 11.89; Found C, 60.89; H, 4.41; N, 12.15. 

4.1.3. General procedure for synthesis of compounds (5a-e) 
A mixture of thiosemicarbazone compound 4 (0.52 g, 1.5 mmol), 

chloroacetone (0.12 mL, 1.5 mmol), appropriate phenacyl bromide 
(1.65 mmol) or ethyl 2-chloroacetoacetate (0.2 mL, 1.5 mmol), respec
tively and anhydrous sodium acetate (0.24 g, 3 mmol) in absolute 
ethanol (50 mL) was refluxed for 48 h. The obtained solid was filtered 
while hot, washed with water to remove excess sodium acetate and 
dried. The product was crystallized from ethanol/chloroform mixture. 

4.1.3.1. 7-Benzyloxy-4-{[(4-methylthiazol-2(3H)-ylidene)hydrazono] 
methyl}-2H-chromen-2-one (5a). Brown powder, (yield 90%), m.p. 
285–6 ◦C. IR (KBr, νmax/cm− 1): 3282 (NH), 3066 (CH aromatic), 2989, 
2870 (CH aliphatic), 1701 (C––O), 1612, 1531 (C––N, NH, C––C). 1H 
NMR (DMSO‑d6) δ ppm: 2.40 (s, 3H, CH3), 5.25 (s, 2H, OCH2), 6.22 (s, 
1H, H-3 Ar), 7.03–7.08 (m, 2H, H-6,8 Ar), 7.34 (t, 1H, J = 7.0 Hz, H-4′

Ar), 7.37 (t, 2H, J = 7.3 Hz, H-3′,5′ Ar), 7.42 (d, 2H, J = 7.1 Hz, H-2′,6′

Ar), 7.47 (s, 1H, CH thiazoline), 7.69 (d, 1H, J = 8.7 Hz, H-5 Ar), 8.41 (s, 
1H, CH = N), 11.84 (s, 1H, NH, D2O exchang.). 13C NMR (DMSO‑d6) δ 
ppm: 18.58 (CH3), 70.30 (OCH2), 102.12, 111.70, 113.14, 113.74, 

Fig. 8. 2D diagram of compounds (a) 5d, (b) 13c, (c) 16a, and (d) 16b in the AChE binding site.  
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126.95, 128.32, 128.36, 128.54, 128.98, 136.76, 153.84 (aromatic 
carbons, C-4,5 thiazoline), 155.12 (CH = N), 160.58 (C––O), 161.80 
(C––N). Anal. Calcd. for C21H17N3O3S (391.43): C, 64.43; H, 4.38; N, 
10.73; Found C, 64.71; H, 4.57; N, 11.02. 

4.1.3.2. 7-Benzyloxy-4-{[(4-phenylthiazol-2(3H)-ylidene)hydrazono] 
methyl}-2H-chromen-2-one (5b). Yellowish brown powder, (yield 90%), 
m.p. 239 ◦C (decomp.). IR (KBr, νmax/cm− 1): 3197 (NH), 3062 (CH ar
omatic), 2931, 2873 (CH aliphatic), 1710 (C––O), 1670, 1612, 1558, 
1543 (C––N, NH, C––C). 1H NMR (DMSO‑d6) δ ppm: 5.26 (s, 2H, OCH2), 
6.51 (s, 1H, H-3 Ar), 7.12–7.14 (m, 2H, H-6,8 Ar), 7.31–7.45 (m, 9H, CH 
thiazoline, Ar-H), 7.49 (d, 2H, J = 7.2 Hz, H-2′’,6′’ Ar), 7.88 (d, 1H, J =
7.2 Hz, H-5 Ar), 8.16 (s, 1H, CH = N), 12.87 (s, 1H, NH, D2O exchang.). 
13C NMR (DMSO‑d6) δ ppm: 70.34 (OCH2), 102.61, 105.53, 110.38, 
111.66, 113.32, 126.05, 127.95, 128.24, 128.38, 128.58, 128.75, 
129.00, 129.15, 136.72, 145.06 (aromatic carbons, C-4,5 thiazoline), 
156.00 (CH = N), 160.68 (C––O), 161.77 (C––N). Anal. Calcd. for 
C26H19N3O3S (453.51): C, 68.86; H, 4.22; N, 9.27; Found C, 68.52; H, 

4.34; N, 9.50. 

4.1.3.3. 7-Benzyloxy-4-({[4-(4-bromophenyl)thiazol-2(3H)-ylidene] 
hydrazono} methyl)-2H-chromen-2-one (5c). Yellowish brown powder, 
(yield 90%), m.p. 260 ◦C (decomp.). IR (KBr, νmax/cm− 1): 3190 (NH), 
3066 (CH aromatic), 2935, 2870 (CH aliphatic), 1718 (C––O), 1670, 
1612, 1558, 1535 (C––N, NH, C––C). 1H NMR (DMSO‑d6) δ ppm: 5.26 (s, 
2H, OCH2), 6.52 (s, 1H, H-3 Ar), 7.10–7.16 (m, 2H, H-6,8 Ar), 7.36 (t, 
1H, J = 7.2 Hz, H-4′ Ar), 7.42 (t, 2H, J = 7.4 Hz, H-3′,5′ Ar), 7.49 (d, 2H, 
J = 7.2 Hz, H-2′,6′ Ar), 7.56 (s, 1H, CH thiazoline), 7.62 (d, 2H, J = 8.4 
Hz, H-2′’,6′’ Ar), 7.82 (d, 2H, J = 8.3 Hz, H-3′’,5′’ Ar), 8.17 (s, 1H, CH =
N), 8.48 (d, 1H, J = 8.0 Hz, H-5 Ar), 12.88 (s, 1H, NH, D2O exchang.). 
13C NMR (DMSO‑d6) δ ppm: 70.33 (OCH2), 102.57, 106.39, 110.34, 
111.61, 113.31, 121.25, 127.90, 128.04, 128.35, 128.58, 129.00, 
132.05, 133.95, 136.68, 137.64, 145.00 (aromatic carbons, C-4,5 thia
zoline), 155.96 (CH = N), 160.69 (C––O), 161.75 (C––N). Anal. Calcd. 
for C26H18BrN3O3S (532.41): C, 58.65; H, 3.41; N, 7.89; Found C, 58.96; 
H, 3.64; N, 8.12. 

Table 2 
The docking scores and interactions of compounds 5b,d, 13c, 16a,b and native ligand donepezil.  

Compound No. Docking score (S) Kcal/mol Binding amino acids Interacting group H-bond (Å) 

5b − 14.9576 Asp74 (H2O mediated) 
Trp86 (π–π) 
Gly121 
Ser203 
Phe295 
Tyr337 (H2O mediated) 
Tyr341 (H2O mediated) 
Tyr341 

C––O coumarin 
Benzyl 
OCH2 

OCH2 

C––N 
C––O coumarin 
C––O coumarin 
C––O coumarin 

3.19 
- 

2.53 
3.30 
2.88 
3.19 
3.19 
2.44 

5d − 16.8714 Asp74 (H2O mediated) 
Trp86 (π–π) 
Gly121 
Gly122 
Ser203 
Ser293 
Tyr337 (H2O mediated) 
Tyr341 (H2O mediated) 
Tyr341 

C––O coumarin 
Benzyl 
OCH2 

OCH2 

OCH2 

OCH3 

C––O coumarin 
C––O coumarin 
C––O coumarin 

2.84 
- 

2.43 
3.08 
3.52 
2.72 
2.84 
2.84 
2.25 

13c − 16.3673 Asp74 (H2O mediated) 
Trp86 (π–π) 
Gly121 
Tyr124 
Ser203 
Phe295 
Tyr337 (H2O mediated) 
Tyr341 (H2O mediated) 
Tyr341 

C––O coumarin 
Benzyl 
OCH2 

C––O amide 
OCH2 

C––N 
C––O coumarin 
C––O coumarin 
C––O coumarin 

3.17 
- 

2.57 
3.10 
3.35 
2.67 
3.17 
3.17 
2.63 

16a − 17.3909 Asp74 (H2O mediated) 
Trp86 (π–π) 
Tyr124 
Ser203 
Tyr337 (H2O mediated) 
Tyr341 (H2O mediated) 
Tyr341 
His447 

C––O coumarin 
Benzyl 
C––O amide 
OCH2 

C––O coumarin 
C––O coumarin 
C––O coumarin 
OCH2 

3.01 
- 

2.95 
4.21 
3.01 
3.01 
2.44 
2.98 

16b − 19.6007 Asp74 (H2O mediated) 
Trp86 (π–π) 
Gly121 
Tyr124 
Ser203 
Tyr337 (H2O mediated) 
Tyr341 (H2O mediated) 
Tyr341 

C––O coumarin 
Benzyl 
OCH2 

OCH3 

OCH2 

C––O coumarin 
C––O coumarin 
C––O coumarin 

2.88 
- 

2.45 
2.26 
3.11 
2.88 
2.88 
2.76 

Donepezil − 13.0561 Asp74 (H2O mediated) 
Trp86 (π–π) 
Trp86 (π -cation) 
Trp286 (π–π) 
Phe295 
Tyr337 (π -cation) 
Tyr337 (H2O mediated) 
Tyr341 (H2O mediated) 

N of Piperidine 
Benzyl 
N of Piperidine 
Indanone 
C––O indanone 
N of Piperidine 
N of Piperidine 
N of Piperidine 

2.17 
- 
- 
- 

1.97 
- 

2.17 
2.17  
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4.1.3.4. 7-Benzyloxy-4-({[4-(4-methoxyphenyl)thiazol-2(3H)-ylidene] 
hydrazono} methyl)-2H-chromen-2-one (5d). Yellowish brown powder, 
(yield 90%), m.p. 159 ◦C (decomp.). IR (KBr, νmax/cm− 1): 3282 (NH), 
3062 (CH aromatic), 2935, 2835 (CH aliphatic), 1720 (C––O), 1670, 
1604, 1558, 1553 (C––N, NH, C––C). 1H NMR (DMSO‑d6) δ ppm: 3.79 (s, 
3H, OCH3), 5.26 (s, 2H, OCH2), 6.51 (s, 1H, H-3 Ar), 6.99 (d, 3H, J = 8.1 
Hz, H-6,3′’,5′’ Ar), 7.12 (s, 1H, H-8 Ar), 7.30 (s, 1H, CH thiazoline), 
7.37–7.44 (m, 3H, H-3′,4′,5′ Ar), 7.50 (d, 2H, J = 6.7 Hz, H-2′,6′ Ar) 7.80 
(d, 2H, J = 7.7 Hz, H-2′’,6′’ Ar), 8.16 (s, 1H, CH = N), 8.49 (d, 1H, J =
8.9 Hz, H-5 Ar), 12.83 (s, 1H, NH, D2O exchang.). 13C NMR (DMSO‑d6) δ 
ppm: 55.61 (OCH3), 70.34 (OCH2), 102.60, 110.39, 111.59, 113.30, 
114.50, 127.40, 127.97, 128.37, 128.58, 129.00, 136.72, 145.08, 
156.00 (aromatic carbons, C-4,5 thiazoline), 159.43 (CH = N), 160.69 
(C––O), 161.75 (C––N). Anal. Calcd. for C27H21N3O4S (483.54): C, 
67.07; H, 4.38; N, 8.69; Found C, 67.30; H, 4.56; N, 8.76. 

4.1.3.5. Ethyl-2-{2-[(7-benzyloxy-2-oxo-2H-chromen-4-yl)methylene] 
hydrazono}-4-methyl-2,3-dihydrothiazole-5-carboxylate (5e). Yellow 
powder, (yield 90%), m.p. 290 ◦C (decomp.). IR (KBr, νmax/cm− 1): 3159 
(NH), 3035 (CH aromatic), 2924, 2870 (CH aliphatic), 1720, 1693 (2C 
= O), 1670, 1612, 1558, 1535 (C––N, NH, C––C). 1H NMR (DMSO‑d6) δ 
ppm: 1.28 (t, 3H, J = 7.0 Hz, CH2CH3), 2.49 (s, 3H, CH3), 4.23 (q, 2H, J 
= 7.0 Hz, CH2CH3), 5.25 (s, 2H, OCH2), 6.55 (s, 1H, H-3 Ar), 7.09–7.12 
(m, 2H, H-6,8 Ar), 7.36 (t, 1H, J = 7.1 Hz, H-4′), 7.42 (t, 2H, J = 7.5 Hz, 
H-3′,5′ Ar), 7.49 (d, 2H, J = 7.1 Hz, H-2′,6′ Ar), 8.24 (s, 1H, CH = N), 
8.41 (d, 1H, J = 8.4 Hz, H-5 Ar), 12.84 (s, 1H, NH, D2O exchang.). 13C 
NMR (DMSO‑d6) δ ppm: 14.70 (CH3CH2, CH3), 60.91 (CH2CH3), 70.35 
(OCH2), 102.57, 110.34, 112.36, 113.25, 127.79, 128.32, 128.56, 
128.98, 136.70, 144.79 (aromatic carbons, C-4,5 thiazoline), 155.95 
(CH = N), 160.56 (C––O), 161.79 (C––N), 162.05 (C––O). Anal. Calcd. 
for C24H21N3O5S (463.51): C, 62.19; H, 4.57; N, 9.07; Found C, 62.43; H, 
4.73; N, 9.21. 

4.1.4. General procedure for synthesis of compounds (6a,b) 
A mixture of thiosemicarbazone compound 4 (0.52 g, 1.5 mmol), 

ethyl bromoacetate (0.18 mL, 1.65 mmol) or maleic anhydride (0.14 g, 
1.5 mmol), respectively and anhydrous sodium acetate (0.24 g, 3 mmol) 
in absolute ethanol (50 mL) was refluxed for 48 h. The obtained solid 
was filtered while hot, washed with water to remove excess sodium 
acetate and dried. The product was crystallized from ethanol/chloro
form mixture. 

4.1.4.1. 2-{2-[(7-Benzyloxy-2-oxo-2H-chromen-4-yl)methylene]hydra
zono} thiazolidin-4-one (6a). Yellow powder, (yield 90%), m.p. 305 ◦C 
(decomp.). IR (KBr, νmax/cm− 1): 3421 (NH), 3040 (CH aromatic), 2927, 
2870 (CH aliphatic), 1720, 1708 (2C = O), 1640, 1612, 1558 (C––N, NH, 
C––C). 1H NMR (DMSO‑d6) δ ppm: 3.99 (s, 2H, CH2 thiazolidine), 5.26 
(s, 2H, OCH2), 6.71 (s, 1H, H-3 Ar), 7.07 (d, 1H, J = 9.0 Hz, H-6), 7.14 (s, 
1H, H-8 Ar), 7.36 (t, 1H, J = 7.2 Hz, H-4′), 7.42 (t, 2H, J = 7.4 Hz, H-3′,5′

Ar), 7.49 (d, 2H, J = 7.3 Hz, H-2′,6′ Ar), 8.59 (s, 1H, CH = N), 8.65 (d, 
1H, J = 9.0 Hz, H-5 Ar), 12.30 (s, 1H, NH, D2O exchang.). 13C NMR 
(DMSO‑d6) δ ppm: 33.89 (CH2 thiazolidine), 70.34 (OCH2), 102.54, 
110.37, 113.31, 115.71, 128.36, 128.59, 128.76, 129.01, 136.69, 
145.08, 154.59 (aromatic carbons), 156.03 (CH––N), 160.62 (C––O), 

161.82 (C––N), 174.79 (C––O). Anal. Calcd. for C20H15N3O4S (393.42) 
C, 61.06; H, 3.84; N, 10.68; Found C, 61.32; H, 4.07; N, 10.93. 

4.1.4.2. 2-(2-{[(7-Benzyloxy-2-oxo-2H-chromen-4-yl)methylene]hydra
zono}-4-oxothiazolidin-5-yl) acetic acid (6b). Yellow powder, (yield 
90%), m.p. 310 ◦C (decomp.). IR (KBr, νmax/cm− 1): 3433 (NH), 3059 
(CH aromatic), 2974, 2920 (CH aliphatic), 2758–2627 (carboxylic OH), 
1720, 1708, 1693 (3C = O), 1612, 1604, 1558 (C––N, NH, C––C). 1H 
NMR (DMSO‑d6) δ ppm: 2.95–3.08 (m, 2H, CH2COOH), 4.48 (t, 1H, J =
4.1 Hz, CH thiazolidine), 5.25 (s, 2H, OCH2), 6.69 (s, 1H, H-3 Ar), 7.05 
(d, 1H, J = 9.0 Hz, H-6), 7.11 (s, 1H, H-8 Ar), 7.35 (t, 1H, J = 7.1 Hz, H- 
4′), 7.41 (t, 2H, J = 7.5 Hz, H-3′,5′ Ar), 7.48 (d, 2H, J = 7.2 Hz, H-2′,6′

Ar), 8.60 (d, 2H, J = 8.7 Hz, CH = N, H-5 Ar), 12.43 (s, 2H, NH, COOH, 
D2O exchang.). 13C NMR (DMSO‑d6) δ ppm: 36.70 (CH2COOH), 44.45 
(CH thiazolidine), 70.34 (OCH2), 102.65, 110.41, 113.22, 115.57, 
128.34, 128.57, 128.63, 129.00, 136.71, 145.07, 154.72, (aromatic 
carbons), 156.01 (CH––N), 160.58 (C––O), 161.85 (C––N), 172.07, 
176.01 (2C––O). Anal. Calcd. for C22H17N3O6S (451.45) C, 58.53; H, 
3.80; N, 9.31; Found C, 58.78; H, 3.69; N, 9.47. 

4.1.5. Methyl 2-(7-benzyloxy-2-oxo-2H-chromen-4-yl) acetate (9) 
A mixture of compound 8 (2.34 g, 10 mmol), benzyl chloride (4.6 

mL, 40 mmol), anhydrous potassium carbonate (2.76 g, 20 mmol) in dry 
acetone (50 mL) was refluxed for 24 h. The reaction mixture was poured 
onto ice (50 mL). The precipitated solid was filtered, washed with 
ethanol and dried. The crude product was crystallized from absolute 
ethanol. 

White powder, (yield 60%), m.p. 98–102 ◦C. IR (KBr, νmax/cm− 1): 
3062 (CH aromatic), 2920, 2850 (CH aliphatic), 1724, 1693 (2C––O), 
1608, 1558 (C––C). 

1H NMR (DMSO‑d6) δ ppm: 3.58 (s, 3H, CH3), 3.96 (s, 2H, CH2CO), 
4.09 (s, 2H, CH2CO), 5.22 (s, 2H, OCH2), 6.31 (s, 1H, H-3 Ar), 7.04 (d, 
1H, J = 8.9 Hz, H-6 Ar), 7.08 (s, 1H, H-8 Ar), 7.35 (t, 1H, J = 7.0 Hz, H-4′

Ar), 7.41 (t, 2H, J = 7.4 Hz, H-3′,5′ Ar), 7.47 (d, 2H, J = 7.0 Hz, H-2′,6′

Ar), 7.80 (d, 1H, J = 9.0 Hz, H-5 Ar). 13C NMR (DMSO‑d6) δ ppm: 36.86 
(CH3), 52.93 (CH2CO), 70.39 (OCH2), 102.53, 111.81, 112.28, 113.50, 
128.39, 128.60, 128.73, 129.00, 129.34, 136.66, 138.31, 153.02, 
155.39 (aromatic carbons), 160.34, 171.85 (2C––O). Anal. Calcd. for 
C19H16O5 (324.33) C, 70.36; H, 4.97; Found C, 70.53; H, 5.13. 

4.1.6. General procedure for synthesis of compounds (11a-c) 
A solution of carboxazide compound 10 (0.32 g, 1 mmol) in glacial 

acetic acid (20 mL) and appropriate cyclic acid anhydride (succinic, 
maleic or phthalic anhydrides) (2 mmol) was refluxed for 48 h. The 
solution was poured onto ice (20 mL) then filtered, dried and crystal
lized from absolute ethanol. 

4.1.6.1. 2-(7-Benzyloxy-2-oxo-2H-chromen-4-yl)-N-(2,5-dioxopyrrolidin- 
1-yl) acetamide (11a). Buff powder, (yield 89%), m.p. 225–8 ◦C. IR 
(KBr, νmax/cm− 1): 3255 (NH), 3062 (CH aromatic), 2927, 2858 (CH 
aliphatic), 1710, 1693 (4C––O), 1604, 1558 (NH, C––C). 1H NMR 
(DMSO‑d6) δ ppm: 2.77 (s, 4H, CH2CH2), 3.96 (s, 2H, CH2CO), 4.06 (s, 
2H, CH2CO), 5.25 (s, 2H, OCH2), 7.09 (s, 1H, H-3 Ar), 7.19–7.20 (m, 2H, 
H-6,8 Ar), 7.35 (t, 1H, J = 6.8 Hz, H-4′ Ar), 7.41 (t, 2H, J = 6.8 Hz, H- 

Table 3 
BBB and CNS permeability, LD50, LOEAL and Clog P for the most active compounds.  

Compound No. Distribution Toxicity CLogP 

BBB permeability CNS permeability Oral rat acute toxicity (LD50) mol/Kg Oral rat chronic toxicity (LOAEL) log mg/Kg_bw/day 

5b − 0.668 − 1.667 2.193 1.360 5.3634 
5d − 0.824 − 1.949 2.808 0.382 5.3720 
13c − 1.054 − 2.476 2.574 0.820 2.9052 
16a − 0.353 − 1.988 3.137 0.255 4.7453 
16b − 0.556 − 2.158 3.034 0.211 4.7539 

Donepezil 0.157 − 1.464 2.753 0.991 4.3611  
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3′,5′ Ar), 7.48 (d, 2H, J = 6.7 Hz, H-2′,6′ Ar), 7.78 (d, 1H, J = 8.8 Hz, H-5 
Ar), 10.90 (s, 1H, NH, D2O exchang.). 13C NMR (DMSO‑d6) δ ppm: 26.75 
(CH2CH2), 32.88, 33.72 (CH2CO), 70.30 (OCH2), 101.91, 113.23, 
113.66, 123.97, 126.65, 127.52, 128.29, 128.65, 128.85, 129.00, 
136.76, 139.07, 145.12, 153.86 (aromatic carbons), 161.18, 167.26, 
174.52 (4C––O). Anal. Calcd. for C22H18N2O6 (406.39) C, 65.02; H, 
4.46; N, 6.89; Found C, 64.87; H, 4.78; N, 7.13. 

4.1.6.2. 2-(7-Benzyloxy-2-oxo-2H-chromen-4-yl)-N-(2,5-dioxo-2,5-dihy
dro-1H-pyrrol-1-yl)acetamide (11b). Buff powder, (yield 89%), m.p. 
115–7 ◦C. IR (KBr, νmax/cm− 1): 3421 (NH), 3032 (CH aromatic), 2931, 
2877 (CH aliphatic), 1740, 1716, 1700, 1693 (4C = O), 1604, 1558 (NH, 
C––C). 1H NMR (DMSO‑d6) δ ppm: 3.91 (s, 2H, CH2CO), 3.95 (s, 2H, 
CH2CO), 5.24 (s, 2H, OCH2), 7.08 (s, 1H, H-3 Ar), 7.18–7.19 (m, 2H, H- 
6,8 Ar), 7.26 (d, 2H, J = 3.2 Hz, CH = CH), 7.35 (t, 1H, J = 6.8 Hz, H-4′

Ar), 7.41 (t, 2H, J = 7.0 Hz, H-3′,5′ Ar), 7.48 (d, 2H, J = 6.8 Hz, H-2′,6′

Ar), 7.77 (d, 1H, J = 8.7 Hz, H-5 Ar), 10.21 (s, 1H, NH, D2O exchang.). 
13C NMR (DMSO‑d6) δ ppm: 32.87, 33.97 (CH2CO), 70.27 (OCH2), 
101.94, 113.16, 113.85, 123.72, 126.58, 127.55, 128.29, 128.66, 
128.99, 134.22, 136.82, 139.29, 145.91, 153.87 (aromatic carbons), 
161.11, 167.18, 168.34, 168.49 (4C = O). Anal. Calcd. for C22H16N2O6 
(404.37) C, 65.34; H, 3.99; N, 6.93; Found C, 65.71; H, 4.17; N, 7.20. 

4.1.6.3. 2-(7-Benzyloxy-2-oxo-2H-chromen-4-yl)-N-(1,3-dioxoisoindolin- 
2-yl) acetamide (11c). White powder, (yield 89%), m.p. 245–7 ◦C. IR 
(KBr, νmax/cm− 1): 3414 (NH), 3016 (CH aromatic), 2927, 2858 (CH 
aliphatic), 1747, 1720, 1670 (4C = O), 1604, 1558 (NH, C––C). 1H NMR 
(DMSO‑d6) δ ppm: 3.99 (s, 2H, CH2CO), 4.15 (s, 2H, CH2CO), 5.25 (s, 
2H, OCH2), 7.10 (s, 1H, H-3 Ar), 7.20–7.29 (m, 2H, H-6,8 Ar), 7.35 (t, 
1H, J = 6.9 Hz, H-4′ Ar), 7.41 (t, 2H, J = 7.4 Hz, H-3′,5′ Ar), 7.49 (d, 2H, 
J = 7.0 Hz, H-2′,6′ Ar), 7.83 (d, 1H, J = 8.7 Hz, H-5 Ar), 7.95–7.96 (m, 
4H, H-3′’,4′’,5′’,6′’ Ar), 11.15 (s, 1H, NH, D2O exchang.). 13C NMR 
(DMSO‑d6) δ ppm: 32.94, 33.71 (CH2CO), 70.32 (OCH2), 101.94, 
113.25, 113.67, 124.05, 124.25, 126.64, 127.52, 128.33, 128.55, 
128.69, 128.85, 128.99, 129.91, 135.79, 136.80, 139.14, 145.05, 
153.91 (aromatic carbons), 161.22, 161.37, 165.45, 168.13 (4C = O). 
Anal. Calcd. for C26H18N2O6 (454.43) C, 68.72; H, 3.99; N, 6.16; Found 
C, 69.01; H, 4.16; N, 6.38. 

4.1.7. 4-[(4-Amino-5-thioxo-4,5-dihydro-1H-1,2,4-triazol-3-yl)methyl]-7- 
benzyloxy-2H-chromen-2-one (12) 

Carbon disulfide (0.08 mL, 1.5 mmol) was added to ice cold mixture 
of potassium hydroxide (0.08 g, 1.5 mmol) and carboxazide compound 
10 (0.32 g, 1 mmol) in absolute ethanol (30 mL). The mixture was 
stirred at room temperature for 12 h. Ether (20 mL) was added to this 
mixture, the separated solid was filtered and washed with ether. The 
obtained precipitate was refluxed with hydrazine hydrate 99% (0.1 mL, 
2 mmol) in absolute ethanol (20 mL) for 24 h, then cooled and poured 
onto ice. The obtained solid was filtered, dried and crystalized from 
absolute ethanol. 

Yellowish brown powder, (yield 70%), m.p. 230–2 ◦C. IR (KBr, νmax/ 
cm− 1): 3417, 3336 (NH2, NH), 3062 (CH aromatic), 2927, 2860 (CH 
aliphatic), 1708 (C––O), 1640, 1606, 1580, 1535 (C––N, NH, C––C), 
1284 (C––S). 1H NMR (DMSO‑d6) δ ppm: 3.98 (s, 2H, NH2, D2O 
exchang.), 4.29 (s, 2H, CH2), 5.23 (s, 2H, OCH2), 7.10 (s, 1H, H-3 Ar), 
7.16–7.18 (m, 2H, H-6,8 Ar), 7.34 (t, 1H, J = 7.1 Hz, H-4′ Ar), 7.40 (t, 
2H, J = 7.3 Hz, H-3′,5′ Ar), 7.47 (d, 2H, J = 7.2 Hz, H-2′,6′ Ar), 7.64 (d, 
1H, J = 9.0 Hz, H-5 Ar), 13.47 (s, 1H, NH, D2O exchang.). 13C NMR 
(DMSO‑d6) δ ppm: 32.88 (CH2), 70.31 (OCH2), 101.99, 113.33, 123.81, 
126.60, 128.30, 128.50, 128.54, 128.79, 128.99, 136.79, 139.26, 
145.50, 149.46, 153.99 (aromatic carbons), 161.20 (C––N), 161.58 
(C––O), 166.45 (C––S). Anal. Calcd. for C19H16N4O3S (380.42) C, 59.99; 
H, 4.24; N, 14.73; Found C, 60.21; H, 4.53; N, 14.97. 

4.1.8. General procedure for synthesis of compounds (13a-c) 
A mixture of carboxazide compound 10 (0.32 g, 1 mmol), ethyl 

acetoacetate (0.12 mL, 1 mmol), acetylacetone (0.1 mL, 1 mmol) or 
ethoxymethylene malononitrile (0.12 g, 1 mmol), respectively and 
anhydrous sodium acetate (0.16 g, 2 mmol) in absolute ethanol (30 mL) 
was refluxed for 48 h. The precipitated solid was filtered, washed with 
water to remove excess sodium acetate, dried and crystalized from ab
solute ethanol. 

4.1.8.1. 1-[2-(7-Benzyloxy-2-oxo-2H-chromen-4-yl)acetyl]-3-methyl-1,2- 
dihydropyrazol-5-one (13a). Buff powder, (yield 60%), m.p. 113–5 ◦C. 
IR (KBr, νmax/cm− 1): 3414 (NH), 3040 (CH aromatic), 2974, 2839 (CH 
aliphatic), 1720, 1700, 1685 (3C = O), 1608, 1562 (NH, C––C). 1H NMR 
(DMSO‑d6) δ ppm: 3.96 (s, 5H, CH3, CH2CO), 4.07 (s, 2H, CH2CO), 5.23 
(s, 2H, OCH2), 7.10 (s, 1H, H-3 Ar), 7.19 (s, 1H, CH pyrazolinone), 7.21 
(s, 1H, NH, D2O exchang.), 7.24 (d, 2H, J = 7.0 Hz, H-6,8 Ar), 7.35 (t, 
1H, J = 7.1 Hz, H-4′ Ar), 7.41 (t, 2H, J = 7.3 Hz, H-3′,5′ Ar), 7.47 (d, 2H, 
J = 7.4 Hz, H-2′,6′ Ar), 7.64 (d, 1H, J = 8.8 Hz, H-5 Ar). 13C NMR 
(DMSO‑d6) δ ppm: 19.14 (CH3), 32.68, 34.71 (CH2CO), 70.31 (OCH2), 
101.99, 107.25, 113.39, 113.64, 123.53, 126.58, 127.31, 128.32, 
128.51, 128.78, 128.99, 136.78, 139.23, 145.22, 153.91 (aromatic 
carbons), 161.22, 161.65, 169.31 (3C = O). Anal. Calcd. for C22H18N2O5 
(390.39) C, 67.69; H, 4.65; N, 7.18; Found C, 67.96; H, 4.83; N, 7.39. 

4.1.8.2. 7-Benzyloxy-4-[2-(3,5-dimethyl-1H-pyrazol-1-yl)-2-oxoethyl]- 
2H-chromen-2-one (13b). Buff powder, (yield 60%), m.p. 118–120 ◦C. 
IR (KBr, νmax/cm− 1): 3062 (CH aromatic), 2927, 2873 (CH aliphatic), 
1701 (2C = O), 1635, 1620, 1562 (C––N, NH, C––C). 1H NMR 
(DMSO‑d6) δ ppm: 1.69 (s, 3H, CH3), 2.01 (s, 3H, CH3), 3.96 (s, 2H, 
CH2CO), 4.08 (s, 2H, CH2CO), 5.24 (s, 2H, OCH2), 6.39 (s, 1H, CH 
pyrazole), 7.10 (s, 1H, H-3 Ar), 7.17–7.21 (m, 2H, H-6,8 Ar), 7.35 (t, 1H, 
J = 7.2 Hz, H-4′ Ar), 7.41 (t, 2H, J = 7.3 Hz, H-3′,5′ Ar), 7.47 (d, 2H, J =
7.1 Hz, H-2′,6′ Ar), 7.58 (d, 1H, J = 8.9 Hz, H-5 Ar). 13C NMR (DMSO‑d6) 
δ ppm: 16.38 (CH3), 26.37 (CH3), 32.91, 35.30 (CH2CO), 70.31 (OCH2), 
101.86, 113.28, 114.25, 123.21, 126.56, 127.57, 128.26, 128.53, 
128.79, 128.99, 136.82, 139.31, 145.23, 147.43, 153.90, 155.87 (aro
matic carbons), 161.22 (C––N), 161.68, 169.31 (2C = O). Anal. Calcd. 
for C23H20N2O4 (388.42) C, 71.12; H, 5.19; N, 7.21; Found C, 70.91; H, 
5.47; N, 7.49. 

4.1.8.3. 5-Amino-1-[2-(7-benzyloxy-2-oxo-2H-chromen-4-yl)acetyl]-1H- 
pyrazole-4-carbonitrile (13c). Brown powder, (yield 65%), m.p. 79–81 
◦C. IR (KBr, νmax/cm− 1): 3340, 3217 (NH2), 3028 (CH aromatic), 2916, 
2873 (CH aliphatic), 2206 (CN), 1716, 1708 (2C = O), 1620, 1597, 1562 
(C––N, NH, C––C). 1H NMR (DMSO‑d6) δ ppm: 3.91 (s, 2H, CH2CO), 3.93 
(s, 2H, CH2CO), 5.23 (s, 2H, OCH2), 7.09 (s, 1H, H-3 Ar), 7.19–7.25 (m, 
3H, CH pyrazole, H-6,8 Ar), 7.34 (t, 1H, J = 7.1 Hz, H-4′ Ar), 7.40 (t, 2H, 
J = 7.3 Hz, H-3′,5′ Ar), 7.46 (d, 2H, J = 7.1 Hz, H-2′,6′ Ar), 7.74 (d, 1H, J 
= 7.9 Hz, H-5 Ar), 10.39 (s, 2H, NH2, D2O exchang.). 13C NMR 
(DMSO‑d6) δ ppm: 32.89, 33.93 (CH2CO), 70.29 (OCH2), 101.96, 
110.67, 113.21, 113.83, 123.77, 126.59, 127.47, 128.30, 128.54, 
128.66, 128.99, 136.81, 139.24, 145.73, 153.91 (CN, aromatic car
bons), 161.15 (C––N), 161.45, 167.10 (2C=O). Anal. Calcd. for 
C22H16N4O4 (400.39) C, 66.00; H, 4.03; N, 13.99; Found C, 66.24; H, 
4.24; N, 14.23. 

4.1.9. General procedure for synthesis of compounds (14a,b) 
A mixture of carboxazide compound 10 (0.32 g, 1 mmol) and 

appropriate isothiocyanate derivatives (methyl and phenyl isothiocya
nate) (1 mmol) in absolute ethanol (30 mL) was refluxed for 12 h. The 
precipitated solid was filtered, dried and crystallized from absolute 
ethanol. 

4.1.9.1. 1-[2-(7-Benzyloxy-2-oxo-2H-chromen-4-yl)acetyl]-4-methyl
thiosemicarbazide (14a). White powder, (yield 95%), m.p. 228–230 ◦C. 

K.M. Amin et al.                                                                                                                                                                                                                                



Bioorganic Chemistry 110 (2021) 104792

11

IR (KBr, νmax/cm− 1): 3350, 3263, 3163 (3 NH), 3066 (CH aromatic), 
2960, 2935 (CH aliphatic), 1724, 1678 (2C = O), 1608, 1558 (NH, 
C––C), 1288 (C––S). 1H NMR (DMSO‑d6) δ ppm: 2.89 (s, 3H, CH3), 3.91 
(s, 2H, CH2CO), 3.94 (s, 2H, CH2CO), 5.25 (s, 2H, OCH2), 7.04 (s, 1H, H- 
3 Ar), 7.20–7.24 (m, 2H, H-6,8 Ar), 7.35 (t, 1H, J = 7.1 Hz, H-4′ Ar), 7.41 
(t, 2H, J = 7.3 Hz, H-3′,5′ Ar), 7.47 (d, 2H, J = 7.2 Hz, H-2′,6′ Ar), 7.68 
(d, 1H, J = 8.9 Hz, H-5 Ar), 7.99 (s, 1H, NH, D2O exchang.), 9.28 (s, 1H, 
NH, D2O exchang.), 10.10 (s, 1H, NH, D2O exchang.). 13C NMR 
(DMSO‑d6) δ ppm: 31.16 (CH3), 32.92, 34.21 (CH2CO), 70.28 (OCH2), 
102.56, 105.22, 113.89, 126.47, 126.64, 128.55, 128.99, 129.17, 
136.60, 137.56, 145.88, 153.87, 156.30, 158.31 (aromatic carbons), 
161.12, 161.44 (2C = O), 171.75 (C––S). Anal. Calcd. for C20H19N3O4S 
(397.45) C, 60.44; H, 4.82; N, 10.57; Found C, 60.73; H, 4.96; N, 10.80. 

4.1.9.2. 1-[2-(7-Benzyloxy-2-oxo-2H-chromen-4-yl)acetyl]-4-phenyl
thiosemicarbazide (14b). Buff powder, (yield 95%), m.p. 195–7 ◦C. IR 
(KBr, νmax/cm− 1): 3421, 3350, 3147 (NH), 3062 (CH aromatic), 2938, 
2877 (CH aliphatic), 1724, 1685 (2C = O), 1608, 1558 (NH, C––C), 1284 
(C––S). 1H NMR (DMSO‑d6) δ ppm: 3.96 (s, 2H, CH2CO), 3.98 (s, 2H, 
CH2CO), 5.24 (s, 2H, OCH2), 7.10 (s, 1H, H-3 Ar), 7.18–7.20 (m, 2H, H- 
6,8 Ar), 7.35 (t, 2H, J = 7.3 Hz, H-4′,4′’ Ar), 7.41 (t, 4H, J = 7.5 Hz, H- 
3′,5′,3′’,5′’ Ar), 7.48 (d, 4H, J = 7.2 Hz, H-2′,6′,2′’,6′’ Ar), 7.74 (d, 1H, J 
= 7.2 Hz, H-5 Ar), 9.65 (s, 2H, 2NH, D2O exchang.), 10.28 (s, 1H, NH, 
D2O exchang.). 13C NMR (DMSO‑d6) δ ppm: 32.96, 34.26 (CH2CO), 
70.29 (OCH2), 101.94, 113.24, 113.90, 122.06, 123.54, 125.04, 128.29, 
128.54, 128.60, 128.85, 128.99, 136.82, 138.27, 139.22, 139.48, 
153.89, 154.32, 158.25, 159.76 (aromatic carbons), 161.13, 161.99 
(2C=O), 170.05 (C––S). Anal. Calcd. for C25H21N3O4S (459.52) C, 
65.34; H, 4.61; N, 9.14; Found C, 65.02; H, 4.88; N, 9.45. 

4.1.10. 2-(7-Benzyloxy-2-oxo-2H-chromen-4-yl)-N’-(3-methyl-4- 
oxothiazolidin-2-ylidene) acetohydrazide (15) 

A mixture of acylthiosemicarbazide derivative 14a (0.65 g, 1.5 
mmol), ethyl bromoacetate (0.18 mL, 1.65 mmol) and anhydrous so
dium acetate (0.24 g, 3 mmol) in 1:1 mixture of absolute ethanol/ 
chloroform (30 mL) was refluxed for 48 h. The obtained solid was 
filtered while hot, washed with water to remove excess sodium acetate 
and dried. The product was crystallized from absolute ethanol. 

Buff powder, (yield 90%), m.p. 270–2 ◦C. IR (KBr, νmax/cm− 1): 3209 
(NH), 3062 (CH aromatic), 2943, 2912 (CH aliphatic), 1716 (3C = O), 
1651, 1604, 1550, 1510 (C––N, NH, C––C). 1H NMR (DMSO‑d6) δ ppm: 
3.11 (s, 3H, CH3), 3.97 (s, 4H, CH2 thiazolidine, CH2CO), 4.05 (s, 2H, 
CH2CO), 5.24 (s, 2H, OCH2), 7.09 (s, 1H, H-3 Ar), 7.24–7.27 (m, 2H, H- 
6,8 Ar), 7.35 (t, 1H, J = 7.1 Hz, H-4′ Ar), 7.41 (t, 2H, J = 7.0 Hz, H-3′,5′

Ar), 7.47 (d, 2H, J = 7.1 Hz, H-2′,6′ Ar), 7.77 (d, 1H, J = 8.7 Hz, H-5 Ar), 
10.63 (s, 1H, NH, D2O exchang.). 13C NMR (DMSO‑d6) δ ppm: 29.61 
(CH3), 32.71 (CH2 thiazolidine), 33.35, 34.48 (CH2CO), 70.28 (OCH2), 
101.93, 113.28, 123.63, 126.59, 127.42, 128.30, 128.54, 128.63, 
128.81, 128.99, 136.78, 139.35, 146.29, 154.03 (aromatic carbons), 
159.53 (C––N), 161.99, 164.62, 172.24 (3C = O). Anal. Calcd. for 
C22H19N3O5S (437.47) C, 60.40; H, 4.38; N, 9.61; Found C, 60.27; H, 
4.51; N, 9.89. 

4.1.11. General procedure for synthesis of compounds (16a,b) 
A mixture of acylthiosemicarbazide derivative 14a (0.39 g, 1 mmol), 

appropriate phenacyl bromides (1 mmol) and anhydrous sodium acetate 
(0.16 g, 2 mmol) in 1:1 mixture of absolute ethanol/chloroform (30 mL) 
was refluxed for 48 h. The precipitated solid was filtered, washed with 
water to remove excess sodium acetate, dried and crystallized from 
ethanol/chloroform mixture. 

4.1.11.1. 2-(7-Benzyloxy-2-oxo-2H-chromen-4-yl)-N-(2-methylimino-4- 
phenylthiazol-3(2H)-yl)acetamide (16a). Buff powder, (yield 70%), m.p. 
226–8 ◦C. IR (KBr, νmax/cm− 1): 3228 (NH), 3059 (CH aromatic), 2939, 
2877 (CH aliphatic), 1724, 1705 (2C = O), 1651, 1612, 1589, 1573 

(C––N, NH, C––C). 1H NMR (DMSO‑d6) δ ppm: 3.19 (s, 3H, CH3), 3.92 (s, 
2H, CH2CO), 4.01 (s, 2H, CH2CO), 5.25 (s, 2H, OCH2), 6.26 (s, 1H, CH 
thiazoline), 7.10 (s, 1H, H-3 Ar), 7.19–7.21 (m, 2H, H-6,8 Ar), 7.35 (t, 
1H, J = 7.0 Hz, H-4′ Ar), 7.41 (t, 2H, J = 7.1 Hz, H-3′,5′ Ar), 7.48 (br s, 
7H, H-2′,6′,2′’,3′’,4′’,5′’,6′’ Ar), 7.84 (d, 1H, J = 9.0 Hz, H-5 Ar), 10.63 
(s, 1H, NH, D2O exchang.). 13C NMR (DMSO‑d6) δ ppm: 32.90 (CH3), 
33.59, 34.75 (CH2CO), 70.30 (OCH2), 101.91, 113.22, 114.01, 123.55, 
126.57, 127.51, 128.32, 128.53, 128.69, 128.81, 128.98, 129.05, 
129.68, 130.96, 136.83, 139.46, 140.91, 146.53, 153.92 (aromatic 
carbons), 161.12 (C––N), 161.58, 168.00 (2C = O). Anal. Calcd. for 
C28H23N3O4S (497.56) C, 67.59; H, 4.66; N, 8.45; Found C, 67.81; H, 
4.85; N, 8.72. 

4.1.11.2. 2-(7-Benzyloxy-2-oxo-2H-chromen-4-yl)-N-[4-(4-methox
yphenyl)-2-methyliminothiazol-3(2H)-yl]acetamide (16b). Orange pow
der, (yield 70%), m.p. 189–191 ◦C. IR (KBr, νmax/cm− 1): 3201 (NH), 
3062 (CH aromatic), 2966, 2840 (CH aliphatic), 1712 (C––O), 1620, 
1558, 1508 (C––N, NH, C––C). 1H NMR (DMSO‑d6) δ ppm: 3.17 (s, 3H, 
CH3), 3.81 (s, 3H, OCH3), 3.90 (s, 2H, CH2CO), 4.00 (s, 2H, CH2CO), 
5.25 (s, 2H, OCH2), 6.16 (s, 1H, CH thiazoline), 7.04 (d, 2H, J = 8.4 Hz, 
H-3′’,5′’ Ar), 7.09 (s, 1H, H-3 Ar), 7.22–7.27 (m, 2H, H-6,8 Ar), 7.35 (t, 
1H, J = 7.2 Hz, H-4′ Ar), 7.41 (t, 4H, J = 7.9 Hz, H-3′,5′,2′’,6′’ Ar), 7.48 
(d, 2H, J = 7.2 Hz, H-2′,6′ Ar), 7.83 (d, 1H, J = 8.8 Hz, H-5 Ar), 10.34 (s, 
1H, NH, D2O exchang.). 13C NMR (DMSO‑d6) δ ppm: 32.88 (CH3), 33.45, 
34.69 (CH2CO), 55.74 (OCH3), 70.28 (OCH2), 101.90, 113.26, 113.97, 
114.69, 123.14, 123.55, 126.61, 128.30, 128.55, 128.64, 128.83, 
129.00, 130.55, 136.78, 139.38, 140.78, 146.51, 153.89, 160.33 (aro
matic carbons), 161.10 (C––N), 161.62, 168.17 (2C = O). Anal. Calcd. 
for C29H25N3O5S (527.59) C, 66.02; H, 4.78; N, 7.96; Found C, 65.88; H, 
4.97; N, 8.15. 

4.2. In vitro biological studies 

4.2.1. In vitro AChE inhibition assay 
The method of Ellman was used to determine the in vitro cholines

terase inhibitory potencies of the target compounds. This method is 
based on the calculation of production rate of thiocholine as acetylth
iocholine is hydrolyzed. This is achieved by the ongoing reaction of the 
thiol with 5,5′-dithiobis-2-nitrobenzoate ion (I) (DTNB) to produce the 
yellow anion of 5-thio-2-nitro-benzoic acid (II). The color production 
rate is determined at 412 nm using photometer [34]. Records of the full 
assay can be retrieved by detecting the output of the photometer on a 
continuous basis. Donepezil was used as reference drug. The IC50 was 
calculated by plotting an absorbance and % inhibition curve and 
assessing the influence of four different concentrations. The IC50 values 
were computed by measuring the required concentration to suppress 
half of the full biological response of the substrate. 

4.2.2. Kinetic study 
Kinetic characterization of AChE was carried out experimentally 

using Ellman’s method [34] with three different concentrations of the 
inhibitor (225, 450, 900 nM) in addition to a parallel experiment that is 
carried out in absence of inhibitor. Lineweaver-Burk reciprocal plot was 
built by implementing 1/velocity against 1/[Substrate]. Then the results 
were analyzed using Microsoft Office Excel 2013. 

4.3. In vivo behavioral studies on scopolamine-induced dementia model 

4.3.1. Experimental design 

4.3.1.1. Chemicals and reagents. Donepezil hydrochloride (CAS Num
ber: 120011-70-3), scopolamine hydrobromide (CAS Number: 6533-68- 
2), acetylthiocholine iodide (ATCI) (CAS Number: 1866-15-5), 5,5′- 
dithiobis-2-nitrobenzoic acid (DTNB) (CAS Number: 69-78-3) and 
dimethyl sulfoxide (DMSO) (CAS Number: 67-68-5) were all purchased 
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from Sigma-Aldrich (Egypt). 

4.3.1.2. Animals. Healthy male Balb c mice, weighing 25–30 g were 
provided by the Laboratory Animal House of VACSERA (Egypt). All 
animals were held in standard environmental regulated conditions: 
temperature (25 ± 2 ◦C), relative humidity (60 ± 10%), room air change 
(12–18 times/h) and light/dark cycle (12/12). Food and water were 
available ad libitum. This study was performed according to approved 
protocols by the research ethics committee for experimental and clinical 
studies at Faculty of Pharmacy, Cairo University (Approval number: 
PC1334). 

4.3.1.3. Experimental protocol. Animals were divided into 6 groups 
containing 4 animals each:  

(i) Control  
(ii) Model (Scopolamine) (3 mg/kg)  

(iii) Scopolamine plus donepezil (1 mg/kg)  
(iv) Scopolamine plus compound 5b (1 mg/kg)  
(v) Scopolamine plus compound 13c (1 mg/kg)  

(vi) Scopolamine plus compound 16a (1 mg/kg) 

The route of drug administration was intraperitoneal injection (i.p.) 
for all the groups. Donepezil and test compounds were administered in 
equimolar concentration (1 mg/kg) once daily in different groups for 
seven days. Scopolamine (3 mg/kg) was dissolved in distilled water and 
administered i.p. on the seventh day, 30 min. after test or donepezil 
administration [11,35]. 

All the group animals except control were administered with 
scopolamine on the seventh day to induce amnesia. The different animal 
sets were adopted for Y-maze and passive avoidance experiments. The 
experimental findings are presented as Mean ± SD. The significance of 
difference between groups was determined using unpaired student t-test 
using GraphPad Prism 8 software.[46] 

4.3.2. Behavioral studies 

4.3.2.1. Y-Maze test. The Y-maze study aims to detect rodents’ spon
taneous alternations. Spontaneous alternations is a behavioral test for 
measuring exploratory behavior. Normal rodents will prefer to experi
ence a different arm of the maze than the one they visited on their 
previous entry. Y-maze is a horizontal three-armed labyrinth (45 cm 
long, 14 cm wide, 16 cm high) wherein the arms are positioned in a 
symmetric manner at 120◦ angles one from another. Training session of 
15 min. was carried out in which animals were placed in Y-maze with 
novel arm closed. Main study was performed after 5 min. of scopolamine 
injection. In this session the animal was positioned in the middle of the 
arm to explore all three of those arms. The experiment was performed 
for 15 min. and entry of the mice in each of the arms was recorded with 
in camera and repeated arm entry was considered as the sign of memory 
impairment. Further, consecutive arm choices (ABC, BCA, CAB not BAB) 
and novel arm entry were considered as the memory improvement. The 
memory improvement score was calculated using the equation [35]: 

% alternation = (No. of alternations/Total arm entries – 2) × 100 

4.3.2.2. Passive avoidance test. Passive avoidance is experienced as a 
rodent tries to avoid a species-typical behavior (i.e., crossing to the 
darkened area of the chamber) so as to deter an associated disinterested 
trigger (i.e., mild foot-shock). This paradigm consists of a two chamber 
apparatus, an illuminated chamber connected by a hole to a large dark 
one with a 2 mm stainless steel rods of 1 cm spacing. A guillotine door 
divides the two chambers. The mice alternate between two separate 
experimental tests incorporate a training or acquisition trial besides a 
test or retention trial 24 h later. For the acquisition trial, mice were 
positioned in the lighted chamber firstly. 10 s later, the door separating 
the two chambers opened. As mice reached the darkened area, the door 

was immediately shut down and a 3 s electric foot shock (0.5 mA) was 
conducted via the stainless steel rods. 24 h following the acquisition 
phase, mice were returned to the illuminated area for retention testing. 
Transfer latency time (TLT) was defined as the period of time needed by 
mice to go through the darkened area which expressed in seconds and 
indicating memory improved performance [36]. 

4.4. In silico studies 

4.4.1. Molecular docking study 
The molecular docking study were implemented using Molecular 

Operating Environment (MOE, 2009.10) software [37]. In the current 
work, we used (PDB ID: 4EY7) [47] which has recombinant human 
AChE (rhAChE) co-crystallized with donepezil downloaded from PDB 
(https://www.rcsb.org/). All minimizations were carried out with MOE 
until RMSD gradient of 0.05 kcal∙mol− 1Å− 1 with MMFF94x force field 
and the partial charges were automatically calculated. The score func
tion or dock function (s, kcal/mol), developed by MOE program was 
used for testing the binding affinity of the ligand. The enzyme was 
prepared for docking study by acting on only one chain of amino acids 
containing one molecule of E20 and deleting all water of crystallization 
away from the active site. Prior to docking of coumarin derivatives, 
validation of the molecular docking protocol was performed by re- 
docking of the co-crystallized ligand donepezil in the AChE active site. 
The most stable conformer obtained for each compound was virtually 
docked into the predefined active site. Triangle Matcher placement 
method and London dG scoring function were adopted by the docking 
protocol. The developed dock models were energetically minimized and 
then used to predict the interaction of the ligand with the amino acids in 
the active site of the enzyme. 

4.4.2. Physicochemical properties and pharmacokinetics prediction 
Pharmacokinetic properties such as absorption, distribution, meta

bolism, excretion and toxicity (ADMET) play an integral role in the 
development of active therapeutic reagents. Therefore, pharmacokinetic 
properties of the finally targeted compounds were calculated using the 
free accessible web server pkCSM (http://biosig.unimelb.edu. 
au/pkcsm/prediction) compared with donepezil as standard drug [38]. 
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