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ARTICLE INFO ABSTRACT

Keywords: As anandamide (N-arachidonoylethanolamine, AEA) shows neuroprotective effects, the inhibition of its degra-
Fatty acid amide hydrolase dative enzyme, fatty acid amide hydrolase (FAAH) has been considered as a hopeful avenue for the treatment of
Acetylcholinesterase

neurodegenerative diseases, like Alzheimer’s disease (AD). Memory loss, cognitive impairment and diminution of
the cholinergic tone, due to the dying cholinergic neurons in the basal forebrain, are common hallmarks in
patients with AD. By taking advantage of cholinesterase inhibitors (ChEIs), the degradation of acetylcholine
(ACh) is decreased leading to enhanced cholinergic neurotransmission in the aforementioned region and ulti-
mately improves the clinical condition of AD patients. In this work, new carbamates were designed as inhibitors
of FAAH and cholinestrases (ChEs) (acetylcholinestrase (AChE), butyrylcholinestrase (BuChE)) inspired by the
structure of the native substrates, structure of active sites and the SARs of the well-known inhibitors of these
enzymes. All the designed compounds were synthesized using different reactions. All the target compounds were
tested for their inhibitory activity against FAAH and ChEs by employing the Cayman assay kit and Elman method
respectively. Generally, compounds possessing aminomethyl phenyl linker was more potent compared to their
corresponding compounds possessing piperazinyl ethyl linker. The inhibitory potential of the compounds 3a-q
extended from 0.83 + 0.03 pM (3i) to 100 pM (3a) for FAAH, 0.39 + 0.02 pM (3i) to 24% inhibition in 113 +
4.8 uM (3b) for AChE, and 1.8 + 3.2 uM (31i) to 23.2 + 0.2 pM (3b) for BuChE.

Compound 3i a heptyl carbamate analog possessing 2-oxo-1,2-dihydroquinolin ring and aminomethyl phenyl
linker showed the most inhibitory activity against three enzymes. Also, compound 3i was investigated for
memory improvement using the Morris water maze test in which the compound showed better memory
improvement at 10 mg/kg compared to reference drug rivastigmine at 2.5 mg/kg. Molecular docking and mo-
lecular dynamic studies of compound 3i into the enzymes displayed the possible interactions of key residues of
the active sites with compound 3i. Finally, kinetic study indicated that 3i inhibits AChE through the mixed- mode
mechanism and non-competitive inhibition mechanism was revealed for BuChE.

Inhibitors
Alzheimer’s disease

Abbreviations: AEA, N-arachidonoylethanolamine (anandamide); ChEs, cholinestrases; ChEsl, cholinestrases inhibitor; FAAH, fatty acid amide hydrolase; AD,
Alzheimer’s disease; AChE, acetylcholinesterase; BuChE, butyrylcholinesterase; ACh, acetylcholine; AB, amyloid-B; MAGL, monoacylglycerol lipase; IL-1p, inter-
leukin-1p; IL-6, interlukin-6; TNF-a, tumour necrosis factor-a; NFTs, neurofibrillary tangles; MAPK, mitogen-activated protein kinase; MAFP, methyl arachidonyl
fluorophosphonate; GSK-3 P, glycogen synthase kinase-3p; iNOS, inducible nitric oxide synthase; COX-2, cyclooxygenase-2; NO, nitric oxide; CT, Catalytic triad;
MAC, membrane access channel; ABP, acyl chain-binding pocket; CP, cytosolic port; PAS, anionic site; OH, oxyanion hole; MOE, molecular operating environment;
RMSDs, root-mean-square derivations; RMSF, root mean square fluctuation; Rg, radius of gyration; AMC, 7-amino-4-methylcoumarin; AMC-AA, 7-amino-4-meth-
ylcoumarin-arachidonamide; DTNB, 5,5-Dithiobis-(2-nitrobenzoic acid); AT, acetylthiocholine iodide; LDso, median lethal dose.
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1. Introduction:

Alzheimer’s disease, a neurodegenerative disorder associated with
the deterioration of memory, learning skills and other cognitive pro-
cesses, is known to be the main cause of dementia in the elderly and it is
predicted that 115 million people will suffer from AD by 2050 [1].
Amyloid-p (Ap) plaques originated from extraneuronal accumulation of
Ap peptides [2] and intraneuronal aggregation of deformed shapes of
hyperphosphorylated tau protein are the main pathological hallmarks of
AD [3]. Both of the aforementioned phenomena lead to neuronal loss
and synapse dysfunction especially in the cholinergic pathways in the
brain including the basal forebrain, hippocampus, and cerebral cortex
which are in charge of learning capability, memory and other cognitive
skills [4]. Not for the purpose of curing AD but for the purpose of
elevating the ACh level in those regions of the brain affected by Ap
plaques, the FDA has approved the use of ChEI’s like galantamine,
donepezil and rivastigmine in recent decades.

Unfortunately, worldwide efforts over the past two decades to find a
new drug to cure the disease and stop its progression have remained
fruitless. Thus, there is an urgent need to explore new targets that can
address the aforementioned issues. Long-term post-mortem studies of
AD patients have also revealed considerable increases in the level of
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inflammatory mediators at the amyloid deposits including activated
microglia and astrocytes as well as proinflammatory cytokines (inter
interleukin-1p (IL-1p), interleukin-6 (IL-6) and tumor necrosis factor-o
(TNF-a)) [5]. These proinflammatory mediators, released by microglia
and astrocytes, may accelerate the vicious cycle and maybe the main
factor in the progression of AD [6] (Fig. 1.). Indeed, microglia itself may
create a positive feedback mechanism and play a pivotal role in the
disease progression via expressing of Ap and tau [7-11].

FAAH with amidase and esterase activity is a membrane-bound
protein from the serine hydrolase family [12]. FAAH has the ability of
hydrolyzing and thereby terminating a class of bioactive lipids namely
oleamide, 2-arachidonoylglycerol (2-AG) and especially AEA.
Regarding the endocannabinoid system pathways in the brain, the in-
hibition of FAAH may result in the higher concentration of AEA and
consequently AEA shows its anti-inflammatory effects through the
activation of cannabinoid receptors CB; and CBjy located on neurons,
microglia and astrocytes [1] (Fig. 1.). Briefly, as shown in Fig. 1. the
activation of cannabinoid receptors (CB1/CBy) via elevated concentra-
tion of AEA resulting from FAAH inhibition might stop the several
processes in AD progression including; production of IL-1f, IL-6 and
TNF-o in microglia which after release, activate the production of
neurofibrillary tangles (NFTs) in neurons through mitogen-activated
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Fig. 1. Neurodegeneration signaling pathways that might be inhibited by CB;/CB; activation.
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protein kinase (MAPK), glycogen synthase kinase-3p (GSK-3p) and
caspase-3 pathways [7-9,11] and cause neuroinflammation around Af
plaques [13,14]; production of TNF-a, inducible nitric oxide synthase
(iNOS) and cyclooxygenase-2 (COX-2) in astrocytes and consequently,
nitric oxide (NO) which leads to cell death in neurons [15]; pathways of
MAPK, GSK-3p and caspase-3 in neurons which lead to the emergence of
AB monomers and NFTs [16-18]; the release of cytochrome C via
mitochondria in neurons which leads to cell death [19-22].

Based on these facts, the elevation of AEA concentration in the brain
through the inhibition of FAAH might be a promising avenue for AD
treatment.

Catalytic triad (CT) is the main part of FAAH which comprises three
residues Ser217, Ser241 and Lys142 [23]. Hydrolysis of AEA occurs in
the CT through a nucleophilic attack of Ser241 on the substrate carbonyl
group. Crystallography studies showed that in addition to the active site
there are three cavities and channels leading away from the catalytic
triad that are vital for the enzyme function [24,25]. The membrane
access channel (MAC) which directs substrate to the next lipophilic
pocket named acyl chain-binding pocket (ABP). The ABP accommodates
the non-polar part of substrate like the lipophilic chain of AEA. Cytosolic
access channel or cytosolic port (CP) is a hydrophilic channel which
directs polar products from active site into the cytosol.

ACh hydrolyzing in neuronal synapses is mainly performed by AChE.
Another cholinesterase known as AChE’s sister is BuChE whose active
site structure is very similar to that of AChE and mostly is found in the
liver. On the basis of recent studies, unlike AChE, the activity of BuChE
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in the brain significantly increases during the disease progression
[26,27].

Generally, hydrolysis of Ach occurs at the end of a deep groove of
AchE called the gorge. The first place in which the initial binding of
ligand occurs, is the peripheral anionic site (PAS) leading away from the
catalytic triad (CT) located at the rim of the gorge [28,29]. The oxyanion
hole (OH) is a hydrophobic site comprised of three residues Trp84,
Ph330 and Glu99 which are thought to form n-cation interactions with
quaternary ammonium group of substrates [30,31]. The main stage of
hydrolysis of substrate occurs at the bottom of the gorge where the CT
(Ser200, His440 andGlu327), anionic site and acyl pocket are located
[32].

From two aspects, the active site structures of three enzymes
described above resemble each other. all enzymes have a CT with the
same nucleophile residue (Serine). There is also a hydrophobic channel
(ABP) far away from the CT in FAAH which is similar to the PAS in ChEs.

In the current study, on the basis of the aforementioned facts and
inspired by the structures of the native substrates, the SARs of the well-
known inhibitors of these enzymes that most of them include an active
carbonyl group, tertiary amine section and a lipophilic moiety and also
our initially in silico results from structure of active sites, we designed
and synthesized a new series of highly electrophilic “serine trap”
carbamate based analogs 3a-q in the hope of inhibiting both enzymes
effectively (Fig. 2.). The structures of substrates and well-known FAAH
/AchE inhibitors [26,27,33-38] and our four parts designed molecules
are shown in Fig. 3. All target compounds were tested for their inhibitory
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Fig. 2. Structure of native substrates and well-known FAAH /AChE inhibitors.
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Fig. 3. Four substructures A (Aromatic rings), B (Alkyl chain), C (Linker) and D (Carbamate alkyl group) of our designed compounds as inhibitor of AChE and FAAH.

activity against FAAH and cholinesterases by employing‘ the Cayman
assay kit [39] and Ellman method [40]respectively. Besides, the most
potent inhibitor of both targets was chosen for investigation in silico,
kinetic and MTT assay. Also, it was assessed for its role in improving

memory in vivo, using the Morris water maze test Morris water maze.

2. Results and discussion

2.1. Synthesis

Compounds 3a-q were synthesized as illustrated in Scheme 1.

OH

Briefly, the hydroxyl group of heterocycles was alkylated in the presence
of potassium carbonate (K»CO3), 1-bromo-5-chloropentane and 1-
bromo-3-chloropropane to afford compoundsla-e. The reaction of
compounds 1a-e with 2-(piperazin-1-yl)ethan-1-ol and N,N-(3-hydrox-
ybenzyl)-methylamine[34] in the presence of Et3N resulted in the for-
mation of compounds 2a-g. Finally, in the presence of a proper base,
desired carbamates 3a-q were obtained through the nucleophilic addi-
tion of compounds 2a-g to the corresponding isocyanates.
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Scheme 1. Reagents and conditions: (a) K,CO3, acetone, reflux, 24 h; (b) ethanol, Et3N, reflux, 24 h (c¢) NaH, DMF, rt, 2 h; (d) Et3N, DMSO, rt, 3 h.
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2.2. Biological evaluation and structure activity studies

Different structural alterations were tried on four sections of the
designed scaffold to attain a better prediction of the structural re-
quirements needed for the activity towards enzymes. In vitro activity
evaluation of all synthesized carbamates was performed by
fluorescence-based Cayman FAAH inhibitor screening assay kit with the
standard JZL195 [39] and Ellman method [40] with the standard in-
hibitor rivastigmine (Tables 1 and 2). When considering the effect of
structure on activity, it is informative to examine each of the four sub-
structures of the compounds in isolation to see how individual changes
within each of these regions impact the pharmacological properties of
the compounds. Our compounds dissected into four substructures A
(Aromatic rings), B (Alkyl chain), C (Linker) and D (Carbamate alkyl
group) (Fig. 3).

The inhibitory potential of the compounds 3a-q extended from 0.83
+ 0.03 pM (3i) to *100 pM (3a) for FAAH, 0.39 + 0.02 pM (3i) to 24%
inhibition in 113 + 4.8 pM (3b) for AChE and 1.8 + 0.2 pM (31i) to 23.2
+ 3.2 uM (3b) for BuChE (Table S1 in supplementary data). Compound
3a showed weak potency against FAAH (ICsp: 100 pM) and AChE
(IC50:75 + 3.65 pM).

2.2.1. Alteration in section A (Aryl) and D (carbamate alkyl group)

A tiny elevation and considerable decrease of potency was observed
against FAAH (ICso: 88 + 3.66 pM) and AChE (ICs50:°100 uM) respec-
tively, when the 4-phenoxy group in 3a was replaced by 2-oxo-1,2-dihy-
droquinolin-6-oxy (3b). These activities stood almost unchanged after
the n-heptyl gave its position to 2-ehtylhexyl (3¢) (FAAH, ICs0: 90 +
5.67 pM; AChE, ICs¢: *100 pM).

2.2.2. Section B modification (alkyl chain)

For 3d and 3e, potency was significantly improved by elongation of
propoxy to five methylene units (3d, FAAH, ICso: 67 + 2.22 pM; AChE,
ICs0: 25 -+ 2.23 uM), (3e, FAAH, ICsq: 70 & 3.11 pM; AChE, ICs¢: 11.8 &
0.92 pM).

2.2.3. Section C (linker) modification

A dramatic increase in potency occurred when the 3-((methylamino)
methyl) phenoxy was introduced instead of piperazine ethoxy applied in
two previous compounds (3i, FAAH, ICs¢: 0.83 + 0.04 pM: AChE, ICs(:

Table 1
The in vitro activities of inhibitors 3a—e against FAAH and AChE.

Ar\OMNﬁN \/\O)(J)\NHR

Compd Ar n R In vitro®

FAAH AChE
(v (uM)

3a N 1 9~ 100 75
\©\€ 3.65

NN > *
3b 1 2 i86j6: 100

108+  *100*
5.67
=
3d w 3 NN 67k 25+
N 2.22 2.23

3e 3 70 £ 11.8 +
3.11 0.92

? ICso values are expressed as the mean + S.D. of three independent
experiments.

" Inhibitory potency of 3b and 3¢ were found about 24% in 113 uM and 44%
in 130 uM respectively.

3c 1
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0.39 £ 0.02 pM), (3j, FAAH, IC5¢: 1.7 £ 0.11 pM; AChE, ICs50: 1.3 +0.12
pM). Inhibitory potential experienced a decline of more than eight times
the rate for FAAH with substitution of 2-ethylhexyl in 3j with phenyl
butyl to afford compound 3k (ICs¢: 8.3 + 0.52 uM). However, compound
3k inactivated AChE in acceptable concentration with ICsy of 1.74 +
0.25 pM.

2.2.4. Shortening the alkyl chain (section B) in three previous compounds
(3i))

By shortening the pentoxy-moiety in the last three compounds to
three methylene units, similar activity was observed for heptyl (3f, ICs:
0.96 + 0.07 pM) and 4-phenylbutyl (3h, ICso: 7.5 + 1.12 pM) carbamic
substituted analogs against FAAH while 2-ethylhexyl derivative (3g)
showed much lower activity (ICsp: 6 + 0.45 pM) compared to 3j. The
inhibitory potential of the three aforementioned compounds towards
AChE faced a three to nine times decrease (3f, ICs¢: 2.63 + 0.15 puM; 3g,
ICs0: 11.76 = 0.38 uM; 3h, ICsq: 5.97 + 0.30 pM).

2.2.5. Replacement of aryl in section A in compounds 3f-g

The replacement of 2-oxo-1,2-dihydroquinolin-6-oxy in compounds
3f-h with 2-oxo-1,2-dihydroquinolin-7-oxy led to compounds 3l-n
which showed the similar trend and activity against FAAH (31, ICso: 1.4
+ 0.03 pM; 3m, ICsp: 5.7 £+ 0.13 pM; 3n, 7.3 + 0.43 pM). While n-heptyl
carbamic substituted analog 3l experienced a significant decrease in
potency against AChE (ICsg: 4.82 + 0.38 pM), 2-ethyl hexyl (3m) and
phenylbutyl (3n) carbamic analogs inactivated acetylcholinesterase
much more effectively as opposed to compounds 3g and 3h (3m, ICs¢:
1.43 £+ 0.16 pM; 3n, ICs0: 0.92 + 0.01 pM).

2.2.6. Elongation of alkyl chain (section B) in three previous compounds
3ln

Finally, propoxy moiety in 31-n was elongated to pentoxy (30-q) to
observe whether they would express similar activity and trends as
observed for 3i-k. While similar activities and trends were observed for
FAAH inactivation (30, IC50: 1.2 + 0.13 pM; 3p, IC50: 2.3 £ 0.16 pM; 3q,
ICs0: 11.3 + 2.23 pM), 30 and 3q experienced nearly three times the
decrease in inhibitory potency against AChE and 3p remained almost
unchanged (30, IC5p: 1.41 4 0.12 pM; 3p, ICs0: 0.49 + 0.51 pM; 3q, ICs:
5.91 + 0.51 uM).

Overall, among the test inhibitors, compounds 3a-e bearing pipera-
zine moiety in linker section showed the weakest activity against both
enzymes (Tablel). A dramatic elevation in potency was observed when
the piperazine moiety was replaced by 3-((methylamino) methyl)phe-
noxy (Table2).

As shown in Table2, in most cases n-heptyl carbamic substituted
analogs showed more inhibitory potency compared to 2-ethylhexyl and
phenylbutyl ones. For FAAH, inhibitors had a similar potency trend in
the compounds with the same core and different carbamic group which
was: n-heptyl > 2ethylhexyl > phenyl butyl.

Also, compounds containing longer alkoxy chain in section B (n = 3)
were more potent against FAAH in comparison with those containing
three methylene units (n = 1). Regarding the aryl groups in potent test
compounds, after using 2-oxo-1,2-dihydroquinolin-6-oxy instead of 4-
nitro phenoxy group in section A, a significant improvement in po-
tency was observed. Variation also experienced another aryl, 2-oxo-1,2-
dihydroquinolin-7-oxy which showed similar performance as oxo-1,2-
dihydroquinolin-6-oxy.

On the other hand, no clear trend was found for AChE inactivation.

2.3. Molecular docking studies

For better understanding of ligand-receptor affinity and picturing
their interactions, molecular docking studies of all final compounds 3a-q
and references (JZL195 and rivastigmine) within receptors FAAH (PDB
ID: 1mt5), AChE (PDB ID: 1gqr) and BuChE (PDB ID: 2wsl, Fig. S4 in
supplementary data) were performed successfully using Autodock4.2



M.F. Maleki et al.

Table 2
The in vitro activities of inhibitors 3f-q against FAAH and AChE.
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Ar\/M»\
o) N O._NHR
n I/\©/ \(f)f

Compd Ar n R In vitro®
FAAH (uM) AChE (uM)
3f 1 N 0.96 + 0.07 2.63 +0.15
3g 1 ‘1/\(\/\ 6+ 0.45 11.76 + 0.38
3h 1 W\/@ 7.5+1.12 5.97 + 0.30
. Z \)"
3i )\ | 3 RN 0.83 + 0.04 0.39 + 0.02
=
3j o N 3 w/\(\/\ 1.7 £0.11 1.3 +0.12
3k 3 W\/@ 8.3 +0.52 1.74 + 0.25
31 1 N e 1.4 +0.03 4.82 +0.38
3m 1 5/\(\/\ 5.7 £0.13 1.43 +0.16
3n 1 W\/@ 7.3 +0.43 0.92 + 0.01
30 7 I N 3 I N 1.2 +0.13 1.41 +0.12
2.3+0.1 .49 + 0.51
3p S 3 5/\(\/\ 34016 0.49 + 0.5
3q 3 W\/@ 11.3 +2.23 5.91 + 0.51
Rivastigmine - 3.12+ 0.46
JZL 195 0.0045 + 0.0009 -

@ 1Csp values are expressed as the mean + S.D. of three independent experiments.

software (http://autodock.scripps.edu/). Results were reported as
binding energy (AG) in which high affinity was indicated by a negative
score. 2D and 3D views of active site were visualized using molecular
operating environment 2014.0901 (MOE) (www.chemcomp.com) and
discovery studio 4.0. (www.3dsbiovia.com) respectively.

Interestingly, 3i was stabilized through the interactions with the
expected domains of AChE. As shown in Fig. 4. Trp279 (a residue in
PAS) formed a - n stacking interaction with the 2-o0xo0-1,2-dihydroqui-
nolin-6-oxy group of 3i. The cationic amine made a n-cation interac-
tion with the benzene group of Phe330 in oxyanion hole and at the same
site, the ligand affinity to AChE was improved by forming another n- ©
stacking interaction between the benzene groups of Trp84 and ligand’s
linker. Additionally, the carbamate group which potentially can form a
covalent bond with Ser200, located in catalytic triad near the afore-
mentioned residue.

Docking results also showed that the best pose of 3i was oriented in
the FAAH active site correctly as the N-heptyl located in the catalytic
triad and cytosolic port, phenoxy and alkoxy groups together occupied
the ABP and 2-oxo-1,2-dihydroquinolin-6-oxy placed in the MAC.
Noticeably, the “serine trap” carbamate group formed a hydrogen bond
interaction with the key Ser241 residue within the catalytic triad of
FAAH (Fig. 4).

2.4. Molecular dynamic simulation

For defining dynamic interaction templates between 3i and the en-
zymes, 100 ns molecular dynamic simulations were run for three targets.
The 20 ns snapshots of trajectory files showed that 3i remained in

contact with the active site of enzymes during the whole 100 ns simu-
lation period (Fig. S1, S2 and S3 in supplementary data, Fig. 5). Three
main outputs of the simulations; root-mean-square derivations (RMSDs),
root mean square fluctuation (RMSF) and radius of gyration (Rg) of the
enzyme-inhibitor complexes were compared with the apo forms of
FAAH, AChE and BuChE (Fig. S6 in supplementary data).

RMSD plot of backbone, a criterion for system stability, revealed that
the complex structure of ChEs-3i had more stability (average RMSDachE:
0.151 + 0.0153 A; RMSDgycpg: 0.171 + 0.0149 A) upon the ligand-
enzyme interactions in comparison with apo-form of ChEs (average
RMSDAChEZ 0.174 + 0.023 10\; RMSDBuChEI 0.193 + 0.0169 A) (Fig. 6,
Fig. S6A, in supplementary data). FAAH-3i complex became more stable
with average RMSD value of 0.187 + 0.0219 A relative to the apo-form
with RMSD of 0.199 + 0.0208 A (Fig. 6).

Fig. 6 also shows RMSF as an indicator applied in molecular dynamic
for macromolecule structures flexibility and local changes. Residues in/
and around the active sites reached the lower amount of RMSF values
indicating less flexible for these regions. RMSF values for complexes and
apo-forms of AChE and BuChE (Fig. S6, B, in supplementary data) were
0.0870 + 0.015 A, 0.0843 + 0.021 A and 0.0874 + 0.011 A, 0.095 +
0.016 A respectively. These amounts for FAAH were 0.0991 + 0.032 A
and 05.0908 + 0.021 A.

Radius of gyration (Rg) is a measure of protein structure compact-
ness. 3i-ChEs/FAAH complexes gain the higher average Rg values
compared to apo-forms. Average Rg of 3i-ChEs and 3i-FAAH were
calculated in which Rgsj.ache = 2.32 £ 0.0076 A, Rgsi-puche = 2.351 +
0.0059 A (Fig. S6, C, in supplementary data) and Rgsjraan = 2.34 +
0.0068 A were higher than their apo-forms (FAAH 2.28 + 0.0072 A,
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YAK

Fig. 4. 2 and 3D representation of compound 3i interactions with FAAH and AChE. (A) 2D representation of docked 3i within FAAH. (B) 3D illustration of 3i-FAAH
in which membrane access channel (MAC), acyl chain-binding pocket (ABP), catalytic triad (CT) and cytosolic port (CT) are defined. (C) 2D representation of 3i
docked within AChE. (D) Peripheral anionic site (PAS), oxyanion hole (OH) and catalytic triad (CT) were shown in 3D.

AChE 2.33 + 0.0061 A, BuChE 2.33 + 0.0048 A).

2.5. Cytotoxicity

Compounds 3i also was investigated for its effects on human
neuronal SH-SY5Y viability using colorimetric MTT metabolic activity
assay[41] described in experimental section. We assigned 50% cell
viability as the severity of the compound 3i cytotoxic effect. As shown in
Fig. 7, 3i did not decrease SH-SY5Y cells viability until around con-
centration of 30 uM and showed an acceptable therapeutic window.

2.6. In vivo toxicity study

As a pointer of compound 3i’s acute toxicity, the median lethal dose
(LDs) was calculated using Lorke’s method [42]. Rivastigmine also was
used as a reference drug. The LDsy dose of compound 3i and riva-
stigmine was determined after intraperitoneal injection in male Wistar
rats (200-250 g) and 72 h animals screening. Results indicated a low
acute toxicity of compound 3i with high LDsq value (42.5 + 3.25 mg/kg)
compared with rivastigmine (10.65 + 0.95 mg/kg).

2.7. In vivo section (Morris water magze test)

Spatial learning and memory ability were evaluated by Morris water
maze test [43]. The memory impairment in this model was only due to
the Ach and hence did not confirm FAAH inhibition contribution.

Fig. 8. shows the escape latency time during the first 5 days of the

test. On the 1st day of the test, the animals did not take anything. Ob-
tained data showed that hyoscine injection at 1.5 mg/kg increased the
time period for finding the platform relative to control group interest-
ingly (P < 0.001). Also injections of rivastigmine at 2.5 mg/kg along
with hyoscine, could decline latency time in a significant manner (P <
0.05 for 2nd day and P < 0.001 for days 3-5). In addition, treatment of
rats with 10 and 20 mg/kg of compound 3i decreased the latency time
significantly in comparison with hyoscine group (for dose 10 mg/kg: P
< 0.05 on the 4th day and P < 0.01 on the 5th day & for dose 20 mg/kg:
P < 0.01 on the 3rd day and P < 0.001 on day 3-4).

In Fig. 9 the time that was spent by rats in target quadrant during
probe day was depicted. Analyzed data has shown that hyoscine
noticeably reduced duration of time that rats spent in target quadrant in
comparison to control group (P < 0.001). On the other hand, co-
administration of rivastigmine with hyoscine, significantly elevated
this time toward hyoscine group (P < 0.01). Also compound 3i treated
group in doses of 10 and 20 mg/kg noteably increased the time the rats
spent in the target zone compared to the hyoscine group (P < 0.01 and P
< 0.05, respectively).

2.8. Cholinesterase kinetic assay

To get better insight to mechanism that compounds inhibit the
enzyme, kinetic study was performed. Compound 3i the most potent
compound against both cholinesterases was selected for kinetic study.
The Lineweaver-Burk plot was constructed by plotting 1/vmax versus 1/
[S]. According to the plot it was revealed that 3i inhibited
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Fig. 5. (A) and (C) 2D view of 3i-FAAH/AChE complex interactions after 100 ns simulation. (B) and (D) 3D representation of 3i in FAAH and AChE after 100 ns.

acetylcholinesterase by mixed mode manner (Fig. 10(A)). Mixed inhi-
bition is a type of enzyme inhibition in which the inhibitor may bind to
the enzyme whether or not the enzyme has already bound the substrate
but has a greater affinity for one state or the other. It was implied that 3i
could interact with peripheral binding site with or without occupation of
catalytic anionic site. Although in case of butyrylcholinesterase the non-
competitive inhibition was revealed (Fig. 10(B)). Non-competitive in-
hibition is a type of enzyme inhibition where the inhibitor reduces the
activity of the enzyme and binds equally well to the enzyme whether or
not it has already bound the substrate. Steady-state inhibition constant
(ki) of 3i for both enzymes was calculated (AChEKki: 0.62, BuChEki =
0.41) using slope versus 3i concentration plots (Fig. 10C and D).

2.9. Reversibility of FAAH inhibition

Inhibition mechanism of target compounds was evaluated using
preincubation method [44]. Generally, potency of an irreversible in-
hibitor in the presence of the FAAH prior to AMC addition is improved if
the incubation times become longer. Conversely, reversible inhibitors
show almost constant potency against the enzyme in different incuba-
tion times. Results of the mechanism study showed that compound 3i
blocked the enzyme in a constant manner while stronger blockage was
observed by irreversible inhibitor MAFP in longer periods of incubation.
(Table 3)

2.10. FAAH selectivity

The possible selectivity of two most potent compounds (31, 3f) versus
the other hydrolase monoacyl glycerol lipase (MAGL) also was evalu-
ated. As shown in Table 4. 3i and 3f showed a promising FAAH selec-
tivity, around 70 —fold.

3. Conclusion

In this research, a series of 17 new class of carbamate-based de-
rivatives as inhibitors for ChEs and FAAH were designed and synthe-
sized with respect to the structure of native substrates (AEA and
acetylcholine), well-known inhibitors and tridimensional structures of
enzyme binding sites. The inhibitory potency of compounds towards
enzymes was investigated and compound 3i was found to be the most
potent inhibitor for three main targets (AChE, IC59 = 0.39 + 0.02 pM,
FAAH ICso = 0.83 + 0.04 pM, BuChE, ICsg = 1.8 + 0.2 pM). Also, 3i
exhibited memory improvement in hyoscine-induced impairment in the
Morris water maze test. Furthermore, molecular docking study showed
that 3i could interact with the key residues of enzymes binding sites. In
continuation of the docking study, 100 ns molecular dynamics simula-
tion of 3i in the enzymes active sites indicated that the compound 3i has
the ability of forming a stable ligand — receptor complex with enzymes
active site. Kinetic study to understand the inhibition mechanism of
ChEs via 3i was investigated and mixed-mode manner inhibition indi-
cated for AChE while non-competetive one revealed for BuChE.

4. Experimental section
4.1. Chemistry

All target inhibitors were characterized by 'H /3C NMR and mass
spectra. All mass spectra were recorded on Q-trap 3200 AB SCIEX LC/
MS (Framingham, USA) applying electrospray ionization (ESI) interface.
'H NMR (300 MHz) and *3C NMR (75 MHz) were obtained by Bruker FT-
300 MHz instrument (Karlsruhe, Germany), (CDCl3, DMSO-dg). Chem-
ical shifts were expressed in parts per million () relative to the internal
standard (tetramethylsilane, TMS). Perkin Elmer 1420 spectrometer
(Massachuset, USA) was exploited to obtain infrared spectra applying
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Fig. 7. Cytotoxicity of compound 3i on human neuronal cells (SHSY-5Y) after
24 h. Data are expressed as mean + SD (n = 8).

KBr disks. Compounds 7-hydroxyquinolin-2(1H)-one and 6-hydroxyqui-
nolin-2(1H)-one were obtained from Liverpool Chirochem (Liverpool,
UK) and AK Scientific, Inc. (California, US) respectively. 1-Bromo-5-
chloropentane was obtained from Sigma-Aldrich (UK) and 1-Bromo-3-
chloropropane was purchased from Merck & Co (Darmstadt, Ger-
many). Isocyanates was obtained from Sigma-Aldrich (USA). Thin-layer
chromatography (TLC) technique was applied to monitor the progress of
all reactions using aluminum precoated silica gel 60 GF-254 sheets
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Fig. 8. The scape latency time for rats to find the hidden platform position.
Hyoscine (H, 1.5 mg/kg) increased the time of finding hidden platform in
comparison with control group (### P < 0.001). Pretreatment group with
rivastigmine (Riva, 2.5 mg/kg) and compound 3i diminished the scape latency
time than hyoscine group (*P < 0.05, **P < 0.01 and ***P < 0.001). Data are
expressed as mean + S.D (n = 4).
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Fig. 9. The time spent in target quadrant by different group in probe day.
Hyoscine (H, 1.5 mg/kg) decreased the time that spent in target quadrant in
comparison with control group (### P < 0.001). Pretreatment group with
rivastigmine (Riva, 2.5mh/kg) and compound 3i increased the spent time in
target quadrant than Hyoscine group (* P < 0.05 and **P < 0.01). Data are
expressed as mean + S.D (n = 4).
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reaction carried on in room temperature for 2 h and finally was
quenched with water (2 ml) to afford a milky suspension. The suspen-
sion was centrifuged (4 min, 350 rpm) and filtered. The crude was
washed with water/ethanol (15 ml/10 ml) and after drying under vac-
uum was stirred in hot n-hexane (10 ml) for 20 min. The mixture was
filtered to obtain pale yellow compounds 3a-e.

4.2.2. 2-(4-(3-(4-nitrophenoxy)propyDpiperazin-1-yDethyl
heptylcarbamate (3a)

Ca3H3gN4Os (450.21); Ry — 0.5 (methanol); 'H NMR (300 MHz,
DMSO-de) § (ppm) 0.88 (t, J = 6.4, 3H, —CH3), 1.28-1.41 (m, 10H),
1.89-193 (m, J = 6.7 Hz, 2H, —CH,—), 2.40-2.53 (m, 12H), 2.96 (q, J
= 6.4, Hz, 2H, —CH,—NH), 4.03 (t, J = 5.8 Hz, 2H, —CH>,—O—Ar),
4.16 (t, J = 6.3 Hz, 2H, —CH,—0—CO), 5.72 (t, J = 5.8 Hz, 1H, NH),
7.16 (d, J = 9.3 Hz, 2H, Ar), 8.22 (d, J = 9.3 Hz, 2H, Ar); 13¢ NMR (75
MHz, DMSO-de) 6 (ppm) 14.4, 22.5, 26.8, 29.0, 29.9, 30.6, 31.8, 53.3,
53.5, 54.6,57.3, 60.3, 67.5, 115.5, 126.4, 141.2, 158.6, 164, (ESI, m/2):
451.2 [M+1]1"; Anal. caled: C, 61.31; H, 8.50; N, 12.43; found: C, 61.37;

Table 3
ICsp values of MAFP and 3i at three different preincubation times.

Merck & Co (Darmstadt, Germany). Melting points were determined Compd 5 min 30 min 60 min
with Electrothermal melting point apparatus IA9000 (Stafford, UK) and MAFP 8.00 + 0.2 nM 6.31 + 0.1 nM 413 + 0.07 oM
were uncorrected. 3i 0.98 + 0.07 uM 0.80 + 0.01 uM 0.85 + 0.02 uM
4.2. Synthesis route of compounds 1a-e and 2a-g along with their spectra
are noted in the supplementary material (S.1-S.8 in supplementary data) Table 4
FAAH/MAGL selectivity.
4.2.1. General route to the synthesis of compounds (3a-e) Compd FAAH ICso MAGL ICso Selectivity index
Sodium hydride (NaH, 0.416 mmol, 10 mg) was added to a cold 3i 0.83 + 0.01 629+ 6 75.8
solution of 2a-c (1 mmol) in tetrahydrofuran (THF, 8 ml). After 5 min 3f 0.96 + 0.07 69.4 + 5.1 72.3
respective isocyanate (2 mmol) was added into the cold solution and
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Fig. 10. (A) and (C) Lineweaver-Burk plot of AChE and BuChE inhibition by 3i at different concentration of substrate ([S]), (B) and (D) slope versus 3i concentration

for calculating of K; for AChE and BuChE.
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H, 8.47; N, 12.41.

4.2.3. 2-(4-(3-((2-oxo-1,2-dihydroquinolin-6-yDoxy)propyDpiperazin-1-
yDethyl heptylcarbamate (3b)

CocH4oN4O4 (472.3); mp: 81-84 °C; R¢ — 0. 6 (methanol); 'H NMR
(300 MHz, DMSO-ds) 5 (ppm) 0.86 (t, J = 6.5 Hz, 3H, —CH3), 1.24-1.41
(m, 10H), 1.83-1.92 (m, 2H, —CH,—), 2.39-2.52 (m, 12H, 6 x CH,-N),
2.95 (tq, J = 6.6 Hz, 2H, —CH,—NH), 3.99-4.05 (m, 4H, —CHy;—O—Ar,
—CH,—0—CO0), 5.74 (t,J = 6.1, 1H, NH), 6.50 (d, J = 9.5 Hz, 1H, —Ar),
7.11-7.26 (m, 3H, Ar), 7.85 (d, J = 9.6 Hz, 1H, Ar), 11.66 (s, 1H, NH-
ring); 3C NMR (75 MHz, DMSO-dg) § (ppm)14.4, 22.5, 26.7, 28.9,
29.9, 30.6, 31.7, 53.3, 53.4, 54.9, 57.2, 61.4, 66.7, 110.6, 116.8, 120.2,
120.4, 122.7, 134.2, 140.3, 153.9, 156.7, 162.0; (ESI, m/2): 473.2
[M+1]"; Anal. caled: C, 66.07; H, 8.53; N, 11.85; found: C, 65.90; H,
8.50; N, 11.88.

4.2.4. 2-(4-(3-((2-oxo-1,2-dihydroquinolin-6-yDoxy)propyDpiperazin-1-
yDethyl (2-ethylhexyl)carbamate (3c)

Co7H4oN 404 (486.32); mp: 90-93 °C; R¢ = 0. 55 (methanol); HNMR
(300 MHz, DMSO-dg) 6 (ppm) 0.78-0.89 (m, 6H, 2 x —CHj3), 1.18-1.28
(m, 9H), 1.86-1.91 (m, 2H, —CHy—), 2.36-2.53 (m, 12H, 6 x CHy;—N),
2.90 (q, J = 6.1 Hz, 2H, —CH,—NH), 3.99-4.06 (m, 4H, —CH,—O—Ar,
—CH,—0—CO0), 5.7 (br, J = 6, 1H, NH), 6.50 (d, J = 9.5 Hz, 1H, Ar),
7.09-7.28 (m, 3H, Ar), 7.85 (d, J = 9.6 Hz, 1H, Ar), 11.65 (s, 1H, NH-
ring); '3C NMR (75 MHz, DMSO-dg) § (ppm)11.1, 14.4, 21.6, 23.9,
26.7, 28.4, 30.2, 53.3, 53.4, 54.9, 57.3, 61.4, 66.7, 110.5, 116.8, 120.2,
120.3, 122.3, 133.7, 140.3, 153.9, 156.9, 162.1. (ESI, m/z): 487.3
[M+1]1"; Anal. caled: C, 66.64; H, 8.70; N, 11.51; found: C, 66.62; H,
8.75; N, 11.45.

4.2.5. 2-(4-(5-((2-oxo0-1,2-dihydroquinolin-6-yl)oxy)pentyDpiperazin-1-
yDethyl heptylcarbamate (3d)

CagH44N404 (500.34); mp: 90-93 °C; R¢ — 0. 68 (methanol); 1H NMR
(300 MHz, DMSO-dg) & (ppm) 0.87 (t, J = 6.3 Hz,3H, —CHj), 1.25-1.48
(m, 14H), 1.70-1.78 (m, 2H, —CHy—), 2.24—2.53 (m, 12H, 6 X
CHy;—N), 2.97 (q, J = 6.3, 2H, —CH,—NH), 3.96-4.04 (m, 4H,
—CHy—0—Ar, —CH;—0—CO0), 5.73 (t, J = 5.9, 1H, NH), 6.50 (d, J =
9.5 Hz, 1H, Ar), 7.10-7.27 (m, 3H, Ar), 7.84 (d, J = 9.6 Hz, 1H, Ar),
11.64 (s, 1H, NH-ring); '*C NMR (75 MHz, DMSO-ds) & (ppm)14.4, 22.5,
24.0, 26.8, 29.0, 29.1, 29.9, 30.6, 31.8, 53.3, 53.5, 57.3, 58.3, 61.4,
68.3, 110.6, 116.8, 120.2, 120.3, 122.7, 133.7, 140.3, 153.9, 158.6,
162.0; (ESI, m/2): 501.3 [M+11"; Anal. caled: C, 67.17; H, 8.86; N,
11.19; found: C, 67.15; H, 8.83; N, 11.18.

4.2.6. 2-(4-(5-((2-oxo0-1,2-dihydroquinolin-6-yl)oxy)pentyDpiperazin-1-
yDethyl (2-ethylhexyl)carbamate (3e)

Co9HueN4O4 (514.35); mp: 103-106 °C; Rf — 0. 65 (methanol); H
NMR (300 MHz, DMSO-dg) § (ppm) 0.80-0.89 (m, 6H, 2 x —CHjy),
1.16-1.50 (m, 13H), 1.70-1.79 (m, 2H, —CHy—), 2.24-2.88 (m, 12H, 6
x CHp—N), 2.92 (q, J = 6.1, 2H, —CH;—NH), 3.94-4.08 (m, 4H,
—CHy,—O0—Ar, —CH,—0—CO0), 5.6 (t, J = 5.8, 1H, NH), 6.50 (d, J =
9.5 Hz, 1H, Ar), 7.08-7.36 (m, 3H, Ar), 7.84 (d, J = 9.6 Hz, 1H, Ar),
11.65 (s, 1H, NH-ring); 13C NMR (75 MHz, DMSO-ds) 5 (ppm) 11.1,
11.8, 14.4, 23.0, 23.9, 24.0, 26.5, 28.8, 29.1, 30.6, 53.3, 53.5, 57.3,
58.3,61.4,68.3,110.5,116.8,120.2, 120.3, 122.7, 133.7, 140.2, 154.0,
156.9, 162.0; (ESI, m/z): 515 [M+11"; Anal. caled: C, 67.67; H, 9.01; N,
10.89; found: C, 67.63; H, 9.03; N, 10.91.

4.3. General route to the synthesis of compounds (3f-q)

To a stirring cold solution of compounds 2d-g (1 mmol) and Et3N (1
mmol, 0.1 g) in DMSO (5 ml), DMSO solution (1.5 ml) of respective
isocyanate (2 mmol) was added drop wise through the five minutes.
Reaction carried on in room temperature for 7 h and finally was
quenched with water (1 ml) to afford a milky suspension. The suspen-
sion was centrifuged (4 min, 350 rpm) and filtered. The crude was
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washed with water/ethanol (15 ml/10 ml) and after drying at vacuum
was stirred in hot n-hexane (10 ml) for 20 min. The mixture was filtered
to obtain pale yellow compounds 3f-q.

4.3.1. 3-((methyl(3-((2-o0xo-1,2-dihydroquinolin-6-yl)oxy)propyl)amino)
methylDphenyl heptylcarbamate (3f)

CogH37N304 (479.62); mp: 72-74 °C; R¢ _ 0. 65 (methanol); 'H NMR
(300 MHz, DMSO-dp) § (ppm) 0.79 (t, J = 6.1 Hz,3H, —CH3), 1.18-1.52
(m, 10H), 1.87-1.96 (m, 2H, —CHy—), 2.17 (s, 3H, N—CH3), 2.48 (t, J
= 6.8 Hz, 2H, CHoNH—CH,—Ph), 3.16 (q, J = 6 Hz, 2H,
CH,—NH—CO), 3.48 (s, 2H, NH(Me) —CHy—Ph), 3.99 (t, J = 6.4 Hz,
2H, CH,—0—Ar), 5.02 (t, J = 6, 1H, NH), 6.64 (d, J = 9.4 Hz, 1H, Ar),
6.91 (p, J = 3.3, 2.7 Hz, 2H, Ar), 7.04 (dd, J = 8.8, 2.6 Hz, 3H, Ar),
7.15-7.20 (m, 1H, Ar), 7.28 (d, J = 8.9 Hz, 1H, Ar), 7.68 (d, J = 9.5 Hz,
1H, Ar), 12.36 (s, 1H, NH-ring); 13C NMR (75 MHz, DMSO-de) 6 (ppm)
14.4, 22.5, 23.8, 26.7, 27.0, 28.9, 31.7, 40.9, 42.2, 57.1, 61.6, 68.2,
99.0, 111.3, 113.7, 118.9, 120.5, 122.1, 125.4, 128.8, 129.7, 140.5,
141.1, 141.3, 151.6, 154.8, 160.2, 162.7; (ESI, m/z): 480.6 [M+1]1";
Anal. caled: C, 70.12; H, 7.78; N, 8.76; found: C, 70.16; H, 7.75; N, 8.77.

4.4. 3-((methyl(3-((2-0x0-1,2-dihydroquinolin-6-yl) oxy)propyDamino)
methylDphenyl (2-ethylhexyl)carbamate (3g)

Ca0H3oN304 (493.29); 63-65 °C; R¢ — 0. 69 (methanol);'H NMR (300
MHz, DMSO-de) § (ppm) 0.78-0.83 (m, 6H, 2 x —CH3), 1.18-142 (m,
9H), 1.89-194 (m, 2H, —CHy—), 2.17 (s, 3H, N—CHa), 2.49 (t, J = 6.8
Hz, 2H, CH,NH—CH,—Ph), 3.11 (q, J = 6.1 Hz, 2H, CHy—NH—CO),
3.44 (s, 2H, NH(Me) —CHo—Ph), 3.98 (t, J = 6.3 Hz, 2H, CH;—O—Ar),
4.99 (t,J = 6.1, 1H, NH), 6.64 (d, J = 9.5 Hz, 1H, Ar), 6.91 (dt, J = 5.1,
2.4 Hz, 2H, Ar), 7.05 (dd, J = 9.2, 2.4 Hz, 3H, Ar), 7.14-7.21; (m, 1H,
Ar), 7.28 (d, J = 8.9 Hz, 1H, Ar), 7.68 (d, J = 9.5 Hz, 1H, Ar), 12.48 (s,
1H, NH-ring); '3C NMR (75 MHz, DMSO-ds) § (ppm)11.1, 14.4, 23.0,
24.0, 25.6, 27.0, 28.8, 30.7, 42.2, 44.0, 53.7, 61.5, 66.5, 99.0, 111.3,
113.8, 118.9, 119.8, 120.5, 122.1, 125.4, 129.3, 129.7, 140.5, 141.1,
151.6, 155.0, 160.9, 162.7; (ESI, m/z): 494 [M+11"; Anal. caled: G,
70.56; H, 7.96; N, 8.51; found: C, 70.59; H, 7.92; N, 8.47.

4.4.1. 3-((methyl(3-((2-oxo-1,2-dihydroquinolin-6-yDoxy)propyl)amino)
methylDphenyl (4-phenylbutyl)carbamate (3h)

C31H35N304 (513.26); mp: 67-69 °C; Ry — 0. 62 (methanol);lH NMR
(300 MHz, DMSO-ds) 6 (ppm) 1.48-1.65 (m, 4H, 2 x —CHy—),
1.89-1.95 (m, 2H, —CHy—), 2.16 (s, 3H, N—CH3), 2.46-2.58 (m, 4H,
CHo,NH—CH,—Ph, CHp,—CHp—Ph), 3.18 (q, J = 6.6 Hz, 2H,
CH,—NH—CO), 3.43 (s, 2H, NH(Me) —CH,—Ph), 3.98 (t, J = 6.3 Hz,
2H, CH,—0—Ar), 5.01 (t, J = 6.5, 1H, NH), 6.63 (d, J = 9.4 Hz, 1H, Ar),
6.90-7.29 (m, 12H, Ar), 7.67 (d, J = 9.5 Hz, 1H, Ar), 12.37 (s, 1H, NH-
ring); 13C NMR (75 MHz, DMSO-dg) 5 (ppm) 28.7, 28.9, 35.3, 41.6, 42.2,
53.8, 61.5, 66.7, 67.1, 110.6, 116.9, 120.2, 120.4, 120.6, 122.2, 122.7,
125.5, 126.1, 128.7, 129.3, 133.8, 140.3, 142.6, 142.7, 151.6, 154.0,
154.9, 162.1; (ESI, m/z): 514 [M+117"; (ESI, m/z): 514 [M+1]"; Anal.
caled: C, 72.49; H, 6.87; N, 8.18; found: C, 72.53; H, 6.85; N, 8.15.

4.4.2. 3-((methyl(5-((2-0xo-1,2-dihydroquinolin-6-yl)oxy)pentyl)amino)
methyl)phenyl heptylcarbamate (3i)

C30H41N304 (507); mp: 70-73 °C; R¢ — 0. 67 (methanol); H NMR
(300 MHz, DMSO-ds) § (ppm) 0.80 (t, J = 6.1 Hz,3H, —CH3),1.18-1.51
(m, 14H), 1.68-1.79 (m, 2H, —CHy—), 2.11 (s, 3H, N—CHj), 2.32 (t, J
= 7.0 Hz, 2H, CH,NH—CH,—Ph), 3.16 (t, J = 6.7 Hz, 2H,
CH,—NH—CO), 3.39 (s, 2H, NH(Me) —CH,—Ph), 3.90 (t, J = 6.5 Hz,
2H, CH,—0—Ar), 5.08 (t, J = 6.5, 1H, NH), 6.64 (d, J = 9.5 Hz, 1H, Ar),
6.86-7.32 (m, 7H, Ar), 7.67 (d, J = 9.5 Hz, 1H, Ar), 12.65 (s, 1H, NH-
ring); 13C NMR (75 MHz, DMSO-dg) 5 (ppm) 14.4, 23.0, 23.0, 23.8, 24.0,
24.2, 28.8, 29.0, 31.0, 42.2, 44.0, 57.1, 61.6, 68.3, 105.7, 110.4, 116.8,
120.2, 120.3, 121.6, 122.6, 125.3, 129.2, 133.8, 140.2, 141.3, 151.7,
154.0, 155.0, 162.1; (ESIL, m/z): 508 [M+1]"; Anal. caled: C, 75.62; H,
7.21; N, 8.02; found: C, 75.53; H, 7.18; N, 7.99.
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4.4.3. 3-((methyl(5-((2-o0xo-1,2-dihydroquinolin-6-yl)oxy)pentyl)amino)
methylDphenyl (2-ethylhexyl)carbamate (3j)

C31H43N304 (521.33); mp: 71-74 °C; R¢ — 0. 7 (methanol); 'H NMR
(300 MHz, DMSO-dg) 6 (ppm) 0.78-83 (m, 6H, 2 x —CH3), 1.18-1.51
(m, 13H), 1.71-1.75 (m, 2H, —CHy—), 2.11 (s, 3H, N—CH3), 2.32 (t, J
= 6.8 Hz, 2H, CH,NH—CH,—Ph), 3.11 (q, J = 6.5 Hz, 2H,
CH,—NH—CO), 3.40 (s, 2H, NH(Me) —CHy—Ph), 3.91 (t, J = 6.3 Hz,
2H, CH,—0—Ar), 5.01 (t, J = 6.3, 1H, NH), 6.64 (d, J = 9.5 Hz, 1H, Ar),
6.87-7.32 (m, 7H, Ar), 7.67 (d, J = 9.5 Hz, 1H, Ar), 12.59 (s, 1H, NH-
ring); '3C NMR (75 MHz, DMSO-ds) 5 (ppm) 11.3, 14.4, 23.0, 23.0, 24.0,
27.0, 29.0, 29.1, 30.7, 31.0, 42.2, 44.0, 57.1, 61.6, 68.3, 110.5, 116.8,
120.2, 120.3, 122.0, 122.7, 125.3, 129.2, 133.8, 140.2, 141.4, 151.7,
154.0, 155.0, 158.9, 162.8; (ESL, m/z): 522 [M+11"; Anal. caled: C,
71.37; H, 8.31; N, 8.05; found: C, 71.33; H, 8.27; N, 8.13.

4.4.4. 3-((methyl(5-((2-o0xo-1,2-dihydroquinolin-6-yl)oxy)pentyl)amino)
methyDphenyl (4-phenylbutyl)carbamate (3k)

C33H39N304 (541.29); mp: 83-86; R¢ — 0. 75 (methanol); H NMR
(300 MHz, DMSO-dg) § (ppm) 1.35-1.59 (m, 8H), 1.70-1.75 (m, 2H,
—CHy—), 2.11 (s, 3H, N—CH3), 2.47-2.59 (m, 4H, CHo,NH—CH,—Ph,
CH,—CHy—Ph), 3.06 (q, J = 6.1, 2H, CH,—NH—CO), 3.39 (s, 2H, NH
(Me) —CH2—Ph), 3.90 (t, J = 6.4 Hz, 2H, CH,—0—Ar), 5.08 (t, J = 5.9,
1H, NH), 6.61 (d, J = 9.5 Hz, 1H, Ar), 6.60-7.28 (m, 12H, Ar), 7.64 (d, J
= 9.5 Hz, 1H, Ar), 12.36 (s, 1H, NH-Ar); *C NMR (75 MHz, DMSO-dg) &
(ppm) 27.0, 28.7, 29.4, 30.3, 35.3, 41.5, 42.2, 57.2, 61.6, 68.3, 110.5,
116.9, 120.2, 120.5, 122.1, 122.7, 125.4, 126.1, 128.7, 129.3, 133.8,
140.3, 141.4, 142.5, 142.7, 151.7, 154.0, 154.9, 162.1; (ESI, m/z): 542
[M+1]1"1T; Anal. caled: C, 73.17; H, 7.26; N, 7.76; found: C, 73.15; H,
7.28; N, 7.73.

4.4.5. 3-((methyl(3-((2-o0xo-1,2-dihydroquinolin-7-yl)oxy)propyl)amino)
methylDphenyl heptylcarbamate (31)

CogH37N304 (479.62); mp: 83-85 °C; R¢ — 0. 6 (methanol); 11 NMR
(300 MHz, DMSO-dg) 6 (ppm) 0.86 (t, J = 6.1 Hz, 3H, —CHj3), 1.41-1.50
(m, 10H), 1.90-1.97 (m, 2H, —CHy—), 2.15 (s, 3H, N—CH3), 2.51 (t, J
— 6.8 Hz, 2H, CH,NH—CH,—Ph), 3.05 (q, J = 6.3 Hz, 2H
CH,—NH—CO), 3.49 (s, 2H, NH(Me) —CHy;—Ph), 4.06 (t, J = 6.4 Hz,
2H, CH;—0—Ar), 5.08 (t, J = 6, 1H, NH), 6.31 (d, J = 9.5 Hz, 1H, Ar),
6.72-6.82 (m, 1H, Ar), 6.79-6.85 (m, 2H, Ar), 6.96 (dd, J = 7.8, 2.4 Hz,
1H, Ar), 7.03 (t,J = 2.0 Hz, 1H, Ar), 7.12 (d, J = 7.6 Hz, 1H, Ar), 7.55 (d,
J=8.7Hz, 1H, Ar), 7.69 (t,J = 5.7 Hz, 1H, Ar), 7.80 (d, J = 9.5 Hz, 1H,
Ar), 11.59 (s, 1H, NH-ring); 1*C NMR (75 MHz, DMSO-ds) & (ppm)14.2,
22.8, 23.4, 24.0, 26.98, 29.0, 31.3, 42.5, 44.0, 56.2, 61.3, 68.1, 104.5,
109.4, 115.7, 119.2, 119.3, 119.4, 122.3, 122.8, 125.3, 130.2, 133.5,
140.4, 141.3, 151.5, 154.0, 155.2, 162.3; (ESI, m/z): 480.6 [M+1]";
Anal. caled: C, 70.12; H, 7.78; N, 8.76; N, 7.76; found: C, 70.16; H, 7.72;
N, 8.71.

4.4.6. 3-((methyl(3-((2-oxo-1,2-dihydroquinolin-7-yl)oxy)propyl)amino)
methyDphenyl (2-ethylhexyl)carbamate (3m)

CaoH3oN304 (493.29); 63-65 °C; Rf _ 0. 53 (methanol); 'H NMR
(300 MHz, DMSO-dg) § (ppm) 0.77-0.86 (m, 6H, 2 x —CHg3), 1.19-1.39
(m, 9H), 1.84-191 (m, 2H, —CH,—), 2.19 (s, 3H, N—CH3), 2.46 (t, J =
6.8 Hz, 2H, CH,NH—CH,—Ph), 3.11 (q, J = 6 Hz, 2H, CH,—NH—CO),
3.43 (s, 2H, NH(Me) —CH,—Ph), 3.97 (t, J = 6.1 Hz, 2H, CH,—0—Ar),
5.37 (t,J = 5.8, 1H, NH), 6.47 (d, J = 9.4 Hz, 1H, Ar), 6.64-6.73 (m, 2H,
Ar), 6.86-7.08 (m, 3H, Ar), 7.11-7.22 (m, 1H, Ar), 7.33 (d, J = 8.5 Hz,
1H, Ar), 7.63 (d, J = 9.6 Hz, 1H, Ar), 12.25 (s, 1H, NH-ring); '*C NMR
(75 MHz, DMSO-dg) 6 (ppm)10.8, 14.2, 22.7, 24.3, 21.7, 25.6, 27.7,
30.7, 42.0, 43.5, 51.7, 65.5, 68.3, 99.4, 113.2, 114.3, 119.2, 119.8,
120.5, 122.8, 124.6, 130.5, 132.3, 141.7, 142.3, 151.6, 155.3, 162,
163.7; (ESL, m/2): 494 [M+117; Anal. caled: C, 70.56; H, 7.96; N, 8.51;
N, 7.76; found: C, 70.49; H, 7.95; N, 8.47.
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4.4.7. 3-((methyl(3-((2-o0xo-1,2-dihydroquinolin-7-yl)oxy)propyl)amino)
methylDphenyl (4-phenylbutyl)carbamate (3n)

C31H35N304 (513.26); mp: 67-69 °C; R — 0. 69 (methanol); H NMR
(300 MHz, DMSO-dg) 6 (ppm) 1.43-1.68 (m, 4H) 1.83-1.93 (m, 2H,
—CHy—), 2.27 (s, 3H, N—CH3), 2.44-2.57 (m, 4H, %NH—CHZ—Ph,
CH,—CHy—Ph), 3.23 (q, J = 6.3 Hz, 2H, CH,—NH—CO), 3.44 (s, 2H,
NH(Me) —CH,—Ph), 3.92 (t, J = 6.2 Hz, 2H, CHy—0—Ar), 5.48 (t, J =
6.1 Hz, 1H), 6.68 (d, J = 9.4 Hz, 1H, Ar), 7.07-7.23 (m, 10H, Ar),
7.29-7.59 (m, 2H, Ar), 7.61 (d, J = 9.5 Hz, 1H,Ar), 12.13 (s, 1H, NH-
ring); 3C NMR (75 MHz, DMSO-ds) & (ppm) 27.0, 30.3, 34.6, 41.5, 58,
62,67.7,109,117,120.4,120.5,120.8,122.3,122.7,125.4,127, 129.5,
130.6 135, 144.3, 145.7, 147.8, 153.2, 156.0, 158.9, 158.7, 164.1; (ESI,
m/z): 514 [M+11"; Anal. caled: C, 72.49; H, 6.87; N, 8.18; found: C,
72.43; H, 6.83; N, 8.21.

4.4.8. 3-((methyl(5-((2-o0xo-1,2-dihydroquinolin-7-yl)oxy)pentyl)amino)
methylDphenyl heptylcarbamate (30)

C30H41N304 (507.3); mp: 82-84 °C; R¢ — 0. 60 (methanol); 1H NMR
(300 MHz, DMSO-dg) 6 (ppm) 0.78 (t, J = 6.3 Hz,3H, —CH3),1.18-1.51
(m, 14H), 1.68-1.79 (m, 2H, —CH,—), 2.13 (s, 3H, N—CH3), 2.31 (t, J
= 6.8 Hz, 2H, CH,NH—CH,—Ph), 3.05 (q, J = 59 Hz, 2H,
CH,—NH—CO), 3.41 (s, 2H, NH(Me) —CH,—Ph), 3.92 (t, J = 6.3 Hz,
2H, CHy—O0—Ar), 5.46 (t, J = 5.7 Hz, 1H, NH), 6.48 (d, J = 9.5 Hz, 1H,
Ar), 6.68-6.95 (m, 4H, Ar), 7.09-7.22 (m, 2H, Ar), 7.34 (dd, J = 8.6, 4.0
Hz, 1H, Ar), 7.65 (d, J = 9.4 Hz, 1H, Ar), 12.44 (s, 1H, NH-ring); '3C
NMR (75 MHz, DMSO-dg) § (ppm) 11.4, 20.0, 21.0, 21.8, 22.5, 23.2, 27,
31, 31.3, 41, 44.0, 52.1, 59.3, 65.3, 100.7, 110.4, 113.8, 120.5, 120.8,
121.7, 122.8, 128.3, 129.7, 133.8, 140, 141.3, 147.5, 151.0, 152.0,
162.8; (ESI, m/z): 508 [M+1]7; Anal. caled: C, 70.98; H, 8.14; N, 8.28;
found: C, 70.90; H, 8.16; N, 8.24.

4.4.9. 3-((methyl(5-((2-o0xo-1,2-dihydroquinolin-7-yl)oxy)pentyl)amino)
methyDphenyl (2-ethylhexyl)carbamate (3p)

C31H43N304 (521.33); 82-84 °C; Rf _ 0. 75 (methanol); 'H NMR
(300 MHz, DMSO-dg) 6 (ppm) 0.77-0.86 (m, 6H, 2 x CHgs), 1.18-1.39
(m, 13H, —CH3, —CHs), 2.18 (s, 3H, N—CHa), 2.46 (t, J = 6.8 Hz, 2H,
CHo,NH—CH,>—Ph), 3.11 (q, J = 6.2 Hz, 2H, CH,—NH—CO), 3.43 (s,
2H, NH(Me) —CHy—Ph), 3.98 (t, J = 6.3 Hz, 2H, CHy—0—Ar), 5.38 (t,
J=6.0Hz, 1H, NH), 6. 47 (d, J = 9.5 Hz, 1H, Ar), 6.63-7.34 (m, 7H, Ar),
7.63 (d, J=9.5 Hz, 1H, Ar), 12.18 (s, 1H, NH-ring); 13¢ NMR (75 MHz,
DMSO-dg) & (ppm) 13.5, 14.2, 23.0, 23.8, 24.9, 26.0, 28.5, 29.8, 30.7,
31.8, 42.2, 44.0, 57.9, 63.6, 69.3, 112.7, 115.8, 125.2, 126.3, 128.3,
129.7, 130.3, 131.2, 133.8, 140.8, 145.6, 153.5, 154.7, 158.0, 161.9,
162.0; (ESL, m/2): 522 [M+11%; Anal. caled: C, 70.98; H, 8.14; N, 8.28;
found: C, 70.90; H, 8.16; N, 8.24.

4.4.10. 3-((methyl(5-((2-oxo-1,2-dihydroquinolin-7-yl)oxy)pentyl)
amino)methyl)phenyl (4-phenylbutyl)carbamate (3q)

C33H39N304 (541.29); mp: 83-86; R¢ — 0. 75 (methanol); 'H NMR
(300 MHz, DMSO-dg) 6 (ppm) 1.35-1.75 (m, 10H), 2.13 (s, 3H, N—CH3s),
2.2.47-2.59 (m, 4H, %NH—CHz—Ph, CH,—NH—CO0), 3.06 (q, J =
6.1, 2H, 2H, CHy—NH—CO), 3.41 (s, 2H, NH(Me) —CHy—Ph), 3.91 (t, J
= 6.4 Hz, 2H,), 5.13 (t, J = 6 Hz, 1H, NH), 6.46 (d, J = 9.5 Hz, 1H, Ar),
6.88-7.28 (m, 10, Ar), 7.61 (d, J = 9.5, Ar), 12.25 (s, 1H, NH-ring); 13C
NMR (75 MHz, DMSO-dg) § (ppm) 26.4, 27.9, 30.02, 31.3, 37.5, 44.7,
45.3, 55.1, 63.3, 71.5, 114.7, 119.3, 121.5, 123.7, 125.1, 128.3, 130.7,
133.3, 136.4, 140.3, 142.5, 145.8, 146.4, 148.8, 149.2, 151.3, 156.5,
158.1, 162.0; (ESI, m/z): 542 [M+11"; Anal. caled: C, 73.17; H, 7.26; N,
7.76; found: C, 73.11; H, 7.24; N, 7.79.

4.5. FAAH inhibition assay

In vitro Activity evaluation of all final compounds was performed by
fluorescence-based Cayman FAAH inhibitor screening assay Kit (item
number: 10005196) [39]. 7-amino-4-methylcoumarin-arachidonamide
(AMC-AA) is hydrolyzed by the FAAH and release the fluorophore
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substrate, 7-amino-4-methylcoumarin (AMC) [45,46]. By preventing
AMC production through the FAAH enzyme inhibition, fluorescence of
the sample falls down. Hence, the test compounds showed their inhib-
itory potentials (IC5p) by amount of decreasing in fluorescent emission
originated from AMC and Inhibitory activity was analyzed in ex355-
em465nm wave lengths. In summary, test solutions were prepared via
dissolving compounds 3a—q in dimethyl sulfoxide—in twelve concen-
trations (0.05->100 uM) and JZL 195 was chosen as a reference. To a
mixture of diluted FAAH (10 pl) and buffer (170 pl, 125 mM Tris-HCI,
pH 9.0 containing 1 mM EDTA), test solutions (10 pl) were added and
preincubated for five minutes at 37 °C. After adding AMC-AA (10 pl, 20
pM) to the mixtures and after 30 min incubation at 37 °C with gentle
shaking, fluorescence was measured using Synergy H4 Hybrid Multi-
mode microplate reader (Biotek, Model:H4MLFPTAD). Inhibitor and
FAAH enzyme solutions were not added to the Control and blank wells
respectively and each assay performed in triplicate. The method did not
confirm the probable enhancement level of endogenous FAAH.

4.6. 6. Mechanism study of FAAH inhibition (reversible/irreversible)

The study was performed according to the method described above
in three different incubation times 5, 30 and 60 min. Irreversible in-
hibitor MAFP was purchased from Enzo life sciences (France).

4.7. 7. MAGL inhibition assay

ICso of the compounds were calculated using monoacylgelycreol
lipase inhibitor screening assay kit from Cayman Chemical Co. In brief,
MAGL hydrolazes the substrate, 4-nitrophenylacetate, to 4-nitrophenol
which is traceable with an absorbance of 405-412 nm. Reactions were
performed in 96 well microtiter plates with final volume of 180 pl. Three
wells were taken as 100% initial activity which consisted of 150 ul of
assay buffer (10 mM Tris-HCI, pH 7.2, containing 1 mM EDTA), 10 ul of
MAGL containing solution, 10 pl of the solvent used for inhibitor. Blank
solutions were prepared by adding 160 pl of assay buffer, 10 pl of solvent
used for inhibitors. Wells of inhibitors also were filled by 150 pl of assay
buffer, 10 ul MAGL and 10 pl of inhibitors solutions ranged from 0.05 to
150 pl. All aforementioned wells were incubated for 5 min prior to
adding 10 ul of substrate (final concentration 150 pM). After the incu-
bation had proceeded for 30 min, absorbance values of all wells were
measured using Synergy Hy Hybrid Multi-mode microplate reader
(Biotek, Model:H4MLFPTAD) at 408 nm. The amount of inhibition of
each concentration of inhibitors were calculated using the equation

(A(100%initial activity) — A(inhibitor) ) — A(blank solution) 100
A(100% initial activity) — A(blank solution)

Resulted sigmoidal log (dose)/ response curve was used to ICsg
measurement using GraphPad Perism software.

4.8. ChEs inhibition assay

5,5-Dithiobis-(2-nitrobenzoic acid) (DTNB), AChE (E.C.3.1.1.7, from
electrical eel, 1000 Units/mg), BuChE (E.C.3.1.1.8 BChE from equine
serum), acetylthiocholine iodide, and butyrylthiocholine iodide were
obtained from Sigma-Aldrich(Steinheim, Germany). Potassium dihy-
drogen phosphate (KHyPO4), dipotassium hydrogen phosphate
(K2HPO4), - potassium hydroxide (KOH) and sodium hydrogen car-
bonate were provided by Fluka. The standard rivastigmine powder was
received as a gift from Razak Pharma Ltd. (Iran).

Briefly, to prepare test solutions, target compounds were dissolved in
DMSO (1 ml) and methanol (9 ml) and diluted with assay buffer (0.1 M,
KH3PO4/KoHPO4, pH 8) until defined assay concentrations were
reached.

Five concentrations of each target compound and rivastigmine as a
reference for triplicates were tested for inhibitory potency on AChE
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ranged 20-80%.

Each test solution (100 ml) was added to the assay medium (0.1 M,
phosphate buffer, 3 ml, pH 8; AChE 2.5 Unit/ml; 0.01 M, DTNB, 100 ml).
After 15 min incubating at 25 °C on the shaker, 20 ml of the substrate
(AT) was added to the assay tube. Absorbance changing was screened at
412 nm for 6 min on the baseline defined by blank (3 ml buffer, water
200 ml water, 100 ml DTNB and 20 ml substrate) via Unico Double
Beam Spectrophotometer (SQ4802). Finally, inhibition curve analyzing
(log [inhibitor] vs %inhibition) determined the ICsy values. The same
method with butyrylthiocholine iodide instead of acetylthiocholine io-
dide was used to evaluate anti- butyrylcholinestrase activity. Probable
enhancement in endogenous concentration of acetylcholine and butyr-
ylcholine could not be investigated by Ellman method.

4.9. Molecular docking

To better understand target compounds binding mode within the
enzymes, AutoDock package was used [47,48]. The PDB format of X-ray
crystal structure of FAAH (PDB ID: 1mt5; in complex with inhibitor:
methyl arachidonyl fluorophosphonate (MAFP); resolution: 2.8 A),AChE
(PDB ID: 1gqr; in complex with inhibitor: rivastigmine; resolution: 2.2
A) and BuChE (PDB ID: 2wsl; in complex with inhibitor: ethyl dihy-
drogen phosphate; resolution: 2.00 A) were retrieved from the Protein
Data Bank (PDB). Co-crystalized small molecules (MAFP and Riva-
stigmine) and water molecules were removed prior to adding polar
hydrogen atoms to the receptors and saving them with pdbqt format
using graphical front-end AutoDock tools (1.5.6). The 2D structure of
compounds 3a-q was drawn with ChemDraw Ultra 18.0 software
(http://www.cambridgesoft.com/) and 3D format was prepared using
Chem3D 18.0 (http://www.cambridgesoft.com/). As estimated pKa for
tertiary amines is about 11-12, the tertiary amine in all test compounds
were protonated before docking. For both enzymes a grid box with a
number of points of (40 x 40 x 40) along with a grid spacing of 0.375 A
was defined and the center of co-crystallized molecules were chosen as
grid box center (1mt5: X = 21.536, Y = -18.472, Z = 21.139; 1gqr: X =
4.889, Y = 61.972, Z = 60.444). Genetic Algorithm Lamarckian (LGA)
was taken to find the best conformations in which each job involved 100
runs. In order to view the ligand-receptor interactions, Molecular
Operating Environment (MOE) version 2014.0901(www.chemcomp.
com) was used to view resulting poses. Finally, compound 3i was
taken for molecular dynamic simulation.

4.10. Molecular dynamic simulation

Investigation of ligand — receptor interactions at simulated physio-
logical condition (T = 37 °C, P = 1 atm) during 100 ns was performed
using package GROMACS 4.6.3 version with charm37force field (www.
gromacs.org).

Initially, enzyme structures were corrected by adding missed atoms
and bonds using protein wizard of Maestro2017 [49] and the parameters
needed for the ligand 3i force field were defined by swiss param [50]. In
order to neutralize the 3i-enzyme complexes 7 sodium and 4 chloride
ions were added to AChE and FAAH respectively. Also, Tip3p 3-point
water model was set as solvent water through the simulation. System
energy was minimized with steepest-descent algorithm. Other parame-
ters were set as described in gromacs tutorial (http://www.mdtutorials.
com/gmx/complex). Results were analyzed via Visual Molecular Dy-
namics (VMD) [51].

4.11. Cell viability assay

Cytotoxicity of selected compounds was investigated using the
colorimetric MTT metabolic activity assay. For this reason, cells were
cultured in a 96-well microplate and incubated with different concen-
trations (5-50 pM) of synthesized compounds for 6 h. Then, cells were
incubated with MTT solution (0.5 mg/ml) for 3 h. Subsequently, the
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upper medium was removed and 150 pl DMSO added to each well in
order to dissolve the purple crystal. To evaluate cell viability, the
absorbance was measured at two wavelengths (545 nm and 630 nm as a
reference) using an ELISA reader. Fig. 6. presents the correlation be-
tween different concentrations of compound X and Z and cell viability
on human neuronal cells (SHSY-5Y).

4.12. 10. In vivo toxicity study

The median lethal dose (LDsp) of compound 3i was investigated
using Lorke’s method [42] and rivastigmine was selected as reference
drug. Male Wistar rats in the weight range of 200-250 g were purchased
from Bu Ali pharmaceutical research center, Iran, Mashhad, University
of Medical Sciences. The animals were kept at room temperature (21 +
2 °C) on a 12/12 light/dark cycle with free access to water and food.
Animals were maintained and handled during experimental procedure
based on the Mashhad Medical Sciences Ethics Committee Acts (code:
IR.MUMS.SP.1395.67). The desired dose of compounds was mixed into a
solution of %5 DMSO, normal saline (v/v). The rats were divided into
seven groups of three animals for each compound and then were injected
with different dose of test compound. After injection the rats were
screening during 72 h to ascertain whether any symptom of acute
toxicity such as salivation, convulsions and tremors may be observed.
The average of the minimum killer dose (LD1o) and the maximum dose
without mortality (LDo) was indicated as median lethal dose (LDsg).

4.13. Morris water maze test

Male Wistar rats in the weight range of 200-250 g were purchased
from Bu Ali pharmaceutical research center, Iran, Mashhad, University
of Medical Sciences. The animals were kept at room temperature (21 +
2 °C) on a 12/12 light/dark cycle with free access to water and food.
Animals were maintained and handled during experimental procedure
based on the Mashhad Medical Sciences Ethics Committee Acts (code:
IR.MUMS.SP.1395.67). Morris Water Maze was used to assess
hippocampal-dependent learning, including acquisition and retention of
memory. The water maze consisted of a black round pool which was 136
cm in diameter and 90 cm in height and was filled to a depth of 60 cm
with 22 + 1 °C water. The pool had four equal quadrants, northeast
(NE), northwest (NW), southeast (SE) and southwest (SW) that were
placed in a dark room with visual signs on the room walls. A black
platform (13 cm in diameter) was placed in the NW quadrant, 2 cm
under the water surface. Also animal swimming paths were recorded by
a camera that was located above the pool. The procedure of the test took
six days. On the 1st day, animals swam to find the platform (~1 cm
above the water surface) from the 4 different quadrants. Those rats who
could not find the platform, were helped in finding it and they rested on
it for 20 sec. On days 2-5, the platform was immersed under the surface
and the experiment was repeated. On the 6th day (probe day), the
platform was removed from the water. On probe day, all groups (except
control group) received intra-peritoneal injection Hyoscine (1.5 mg).
After 20 min, positive control animals were injected intraperitoneally
with 5, 10, 20 mg/kg of 3i and rivastigmine 2.5 mg/kg. finally, one hour
after drug injection the test was run. The duration of the trial was 60 sec
and the rats started to swim from the farthest quadrant as opposed to the
target quadrant. The path length, escape latency time and time spent in
target quadrant were used to evaluate the spatial memory of animals.

4.14. Statistical analysis

Statistical analyses were done using GraphPad Prism software 8
(GraphPad, La Jolla, CA, USA). One-way ANOVA followed by Tukey as a
post hoc test was applied to determine significance. P-value of <0.05
was considered significant. Data are presented as mean + S.D and all
experiments were performed in three independent experiments.
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4.15. Pan-assay interference compounds (PAINS) analysis

The most potent compound 3i was filtered for PAINS assay [52]
exploiting online filters http://zinc15.docking.org/patterns/apps/ch
ecker/, http://www.swissadme.ch/index.php/, and https://sma
rtsview.zbh.uni-hamburg.de/smartssearch (center for bioanformatics
of Hamburg university). None of the mentioned filters indicated 3i as
PAINS.

4.16. Cholinesterase kinetic study

Mechanism of anti-cholinesterase activity of the most potent com-
pound 3i was investigated using Lineweaver-Burk plot (Fig. 10). Com-
pound 3i was prepared in four concentrations (0.09, 0.19, 0.78, 1.56 uM
for AChE; 0.45, 1.8, 3.6, 7.2 uM for BuChE). Six different concentrations
of substrate (S acetylthiocholine iodide, butyrylthiocholine iodide
reciprocal) (20000, 13000, 6000, 4000, 2600, 1755 uM) were also used
to draw the 1/Vmax versus 1/[S] plots. Another plot used for inhibition
constant (ki) was drawn using slope of each curve of Lineweaver-Burk
plot versus 3i concentrations. The intercept of the horizontal axis was
defined as ki.
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