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Graphical abstract
Synthesis and anti-cholinester ase activity of new 7-hydroxycoumarin derivatives

Masoumeh Alipour, Mehdi Khoobi, Alireza Moradi, HehiNadri, Farshad Homayouni
Moghadam, Saeed Emami, Zeinab Hasanpour, Alireraulrtadi, Abbas Shafiee*
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A series of 7-hydroxycoumarins were synthesizedtladinesterase inhibitors. Compoudd
was the most potent compound against AChky(#C1.6 pM). Also, compoundr significantly
protected neurons againsi®3-inducedcell death.



Highlights
*  New coumarin-derived cholinesterase inhibitors were synthesized from 7-OH-coumarins.

*  Among them, acetamide derivative 4r was the most potent compound against AChE.

Selectivity index of compound 4r against AChE vs. BUChE was about 26.

Compound 4r significantly protected neurons against H,O»-induced cell death.
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Abstract: A series of 7-hydroxycoumarin derivatives connecbgdan amidic linker to the
different amines were designed and synthesizechabnesterase inhibitors. Most compounds
showed remarkable inhibitory activity against atstglinesterase (AChE) and
butyrylcholinesterase (BuChE). Among thawi(1-benzylpiperidin-4-yl)acetamidgerivative4r
with ICso value of 1.6 uM was the most potent compound ag&AChE. The selectivity index of
compound4r for anti-AChE activitywas about 26. Moreover, the compoufrdsignificantly
protected PC12 neurons againsiOgtinducedcell death at low concentrations. The docking
study of compoundr with AChE enzyme showed that both CAS and PASoaoeipied by the
ligand.
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1. Introduction

Alzheimer’s disease (AD) is a progressive neurodegaive disorder characterized by cognitive
impairment, loss of memory and language deterimmaf]. It is the most common form of
dementia affecting more than 5% of the populatieer the age of 65 years [2].

At the molecular level, patients affected by AD whabnormal deposits @-amyloid peptide
(AB) and abnormal spiral filaments in neurons, incedasxidative stress, and low levels of
acetylcholine (ACh) [3]. In general, the death elurons during the progression of AD affects
the levels of brain neurotransmitters. Besides A@her neurotransmitter, e.g. glutamate and
serotonin are also affected later in the diseakse [4

Currently, there is no cure for AD and treatmemategies being primarily symptomatithe
main therapeutic strategy is based on tielinergic hypothesis and specifically on
acetylcholinesterase (AChE) inhibition to improveolkinergic neurotransmission in the brain
[5]. The recent studies have shown that AChE involvesh& extraneous non-cholinergic
function by binding to £ [6, 7]. The X-ray crystallography of AChE structure ligsnonstrated
that the active site of AChE is a deep and narrowgg mainly composed of two distinct binding
sites: the Ser-His-Glu catalytic site located & Hottom of gorge, and the peripheral anionic
binding site (PAS) located at the gorge entrande The PAS has a crucial role in the
polymerization of 8 plaques and fibrils formation [9].

In the recent decades, several AChE inhibitors sagtdonepezil, tacrine, rivastigmine, and
galantamine have been introduced for the treatmentild to moderate AD [10JAmong these
agents, donepezil interacts with both active-siiyg and PAS, in which the dimethoxyindanone
part of donepezil binds to the PAS [11].

Structural development of AChE inhibitors resultedntroducing coumarin class of compounds
such as ensaculine and AP2238 as anti-Alzheimeagémta (Fig. 1). Previous studies have
demonstrated that coumarin motif can bind primaolyhe PAS of AChE [12]. Accordingly, we
have recently designed some novel coumarin-3-carbale derivatives linked toN-
benzylpiperidine as potent AChE inhibitors [13]rthermore, we described 4-hydroxycoumarin
derivatives in which ail-phenylpiperazine oN-benzylpiperidine moiety was connected with an
alkoxy amide spacer to the coumarin scaffold. Paldrly, N-(1-benzylpiperidin-4-yl)acetamide
derivative displayed the highest AChE inhibitontiaty [14]. In the search for finding new

coumarin-based AChE inhibitors, we decided to displthe side chain from 4- to 7-position of
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coumarin core structure. Thus, in continues of pravious works on the synthesis of novel
AChE inhibitors [13-15], we describe here synthesid biological activity evaluation, as well as

docking study of 2-(2-oxo+2-chromen-7-yloxy)amideda-s

2. Chemistry

As illustrated in Scheme 1, the target compoufals could be easily prepared starting from 7-
hydroxycoumarinsla,b. 7-Hydroxycoumarinla was commercially available and 4-methyl-7-
hydroxycoumarinlb was prepared by using Pechmann condensation Qdijpoundl was
converted to ethyl ester derivativea-c by O-alkylation with ethyl 2-bromoacetate or ethyl 4-
bromobutanoate in the presence oK, in refluxing acetone. The esteé2savere hydrolyzed
with aqueous solution of sodium hydroxide to affahe corresponding acid3a-c Finally,
different procedure were screened for the condemsaf the carboxylic acid3 with appropriate
amines, such as application of dicyclohexylcarbuiie (DCC),N-(3-dimethylaminopropylN-
ethylcarbodiimide hydrochloride (EDC) with hydroxariwotriazole (HBT) and N-
hydroxysuccinimide (NHS) in different solvents. Angpthese, the best result was obtained by
EDC/HBT in acetonitrile.

3. Results and discussion

3.1. Pharmacology

3.1.1. Cholinesterase inhibitory activity

The cholinesterase inhibitory activity of synthesizcompounds4a-s in comparison with
standard drug donepezil was evaluated against A@ZItEBUChE enzymes and the results were
expressed as Kgvalues in Table 1. The tested compounds showeg i@nging from 1.6 to 74
MM against AChE. Among them, benzylpiperidinylamaerivative4r exhibited the most potent
inhibitory activity. However, compound$&a-¢ 4f, 4i, 41, and4q showed good activity against
AChE (I1Gses <10 pM).

The obtained Ig values of 4-phenylpiperazinyl derivativa-e against AChE revealed that the
substitution of phenyl ring by 2-OH, 2-F, 4-F and-&L diminished the activity4b-evs4a). In
contrast, in 4-methylcoumarin seriés-lI containing4-phenylpiperazinyl moiety, the 2-OH, 2-F

and 3,4-CJ groups increased the inhibitory activity towardShi.
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In the case of 4-unsubstituted coumarins with thosgbons linker (n = 3), the (2-
hydroxyphenyl)piperazine, (2-fluorophenyl)piperagin and 4-benzylpiperidine derivatives
(compounds4b, 4c and 4f, respectively) showed similar activities. Whilem@ng the 4-
unsubstituted coumarins with n=1, (1-benzylpiperdiyl)amino moiety was more favorable
than phenylpiperazine.

The comparison of 4-methylcoumarin derivativdsm and 4-unsubstituted coumarin analogs
4a-g in terms of anti-AChE activity, revealed that th#ect of methyl group at 4-position
depended on the type of pendent group on the TigosiFor example, although the 4-methyl
derivative4l was more potent than its unsubstituted andedout 4-methyl derivativdh was
less potent than corresponding analag

As shown in Table 1, the length of side chain Imke = 1 or 3) could affect the inhibitory
activity. In phenylpiperazine derivatives, the waityi of compound4a (n = 3) was higher than
compound4n (n = 1). In addition, the anti-AChE activity of -{Riorophenyl)piperazine
derivative 4¢ (n= 3) was superior than that of its analbg bearing shorter linker (n = 1).
Compoundsde and 4f containing (3,4-dichlorophenyl)piperazine and hydmiperidine were as
potent as4p and4q, respectively. Thus, the effect of amidic linkepénded on the type of
substituted amine which attached to the linker. Thervey of the Ig values of
(fluorophenyl)piperazine derivatives against AChEmdnstrated that the 2-fluoro substituent is
more favorable than the 4-fluoro ok {/s.4d and4j vs. 4Kk).

It should be noted that the most of target compeumalve distal tertiary amine that would be
protonated at the physiological pH. However, commusuf, 4g, 4m, 4g and4s contain only
amidic nitrogen without distal amine. Interestnghmongst the latter compounds, 4-
benzylpiperidine derivative4f and4q showed good activities (ks <10 pM).

The 1G, values of compoundéa-sagainst BUChE were in the range of 15 to 387 pMclwh
were significantly higher than those of AChE. Amotlge tested compounds only (4-
fluorophenyl)piperazine derivativgk showed more selective activity against BUChE. Hexe
the (2-fluorophenyl)piperazine derivativic was the most potent compound against BuChE.
Notably, the effect of structural modifications &uChE activity was the same as AChE.
Nevertheless, the most potent compound against AChEpounddr) was not the most active

one against BUChE.



The coumarin nucleus has been extensively coresdder the design of AChE inhibitors,
resulted in introducing anti-Alzheimer’s agents lswas ensaculine and AP2238. In order to
explore wide structure—activity relationships ofunmarin derivatives, 3, 4, 6 or 7-substituted
coumarins have been studied more extensively. Attant of functionalized amine via an
appropriate spacer to the mentioned positions amagin template is the typically explored
modifications. Recently, we have synthesized aeseof coumarin-3-carboxamide derivatives
bearingN-benzylpiperidine side chain as potent AChE inlitsit[13]. Also, we have described
4-hydroxycoumarin derivatives containifdsphenylpiperazine oN-benzylpiperidine residues.
Among themN-(1-benzylpiperidin-4-yl)acetamide derivative depdd highest AChE inhibitory
activity (ICso= 1.2 uM) with 37-fold selectivity for AChE respetd the BUuChE [14]In the
present work, we found that 7-hydroxycoumarin detrixe 4r containingN-(1-benzylpiperidin-
4-yl)acetamidederivative with ICso value of 1.6 uM was the most potent compound a&fjain
AChE. These findings revealed tiNd(1-benzylpiperidin-4-yl) substituent is a favoralsicaffold

to attaching to the 4- or 7-hydroxycoumarin scaffala an acetamido linker.

3.1.2. Kinetic study of AChE inhibition

The most active compountt was subjected to kinetic studies. For this purptse rate of the
enzyme activity was measured at four different eoti@ations of compoundr (0, 0.64, 1.27 and
2.55uM) using different concentration of the substratetg@thiocholine (ATCh). In each case,
the initial velocity was measured at different cemications of the substrate (S), and the
reciprocal of the initial velocity (1/v) was plotteagainst the reciprocal of [ATCh]. The double
reciprocal (Lineweavere-Burk) plot showed a patt@f increasing slopes and increasing
intercepts with higher inhibitor concentration (Fig). This pattern indicates mixed-type
inhibition of the enzyme by compoudd. The inhibitory constan() for the compoundir was

calculated using secondary plot as depicted inFi = 1.32 uM).

3.1.3. Ferric reducing antioxidant power (FRAP)

Ferric reducing antioxidant power (FRAP) assay wsead to measure total antioxidant activity
of the target compounds based on the method ofiBemd Strain [17]. In this method the
compounds act as reductants in a redox-linked icoétric method. In principle ferric tripyridyl
triazine complex is reduced to ferrous form whichs ha deep blue color. The change of
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absorbance is measured at 585 nm. The antioxid#imita of the compounds is shown in Table
2. CompoundsAs showed the highest antioxidant activity with FRARIue of 5.43. This
compound was less effective than the standard»adéiots ascorbic acid and quercetin (FRAP
value = 7.26 and 10.79 umole®Hg, respectively)Moreover, compoundéb, 4i and4p showed

significant antioxidant activity.

3.1.4. Protective effect against H,O,-induced cell death in PC12 neurons

The neuroprotective activity of the compouid against oxidative stress-induced cell death in
differentiated PC12 cells was evaluated. The obthmhata are shown in Fig. 3 in which the cell
viability was determined in comparison with®}-treated group. The neuroprotective activity of
the compound was evaluated at the concentratiothis mf10 uM. Moreover, quercetin was used
as reference compound at the concentration of 5 @dnpound4r exhibited no cytotoxic
activity towards PC12 cells at the tested concéntra. Based on the results;®3 significantly
reduced the cell viability to ~49% compared to tatrol. Pretreatment of PC12 cells with the
compound4r significantly protected neurons against cell deattall used concentrations? (
value <0.001).

As expected for standard agent quercetin, the vbdaesults from both FRAP assay (Table 2)
and oxidative stress-induced cell death test ifeihtiated PC12 cells (Fig 3) revealed the high
potential of quercetin as neuroprotective and aant agent. In contrast, the selected
compound4r which showed good protection against oxidativessttinduced cell death in
differentiated PC12 cells was not an effective coomul in FRAP assay. These results
demonstrated that the protection mechanism of comgdr maybe different from that of

guercetin.

3.2. Ligand-protein docking simulation

A molecular modeling study was performed to gaisight into the binding mode of target
compounds to the AChE enzyme. For this purposdesied compoundéa-swere docked into
the active site of the enzyme using Autodock Vinagpam and the best docked poses in terms
of the free energy of binding were further analyreclarify interactions between ligands and
the target enzyme. The results showed that all comgs were similarly oriented in the active

site. In the case of the most active compodndFig. 4), the ligand was well accommodated in
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the gorge of AChE active site so that the benzgipgin moiety was leaning toward the catalytic
anionic subsite (CAS). Specifically, phenyl ringqcks against the Trp83 via T-shape (edge-to-
face) n-n interaction and the piperidine ring that is locat the vicinity of the Phe329 and
Phe330, formed a-cation interaction. In this binding mode, the caum scaffold formedt-
stacking with the aromatic ring of Trp278 in the ¥And its carbonyl group was hydrogen-
bonded to Arg288. This binding mode is in agreemdtit mixed-mode inhibition pattern df,

in which both CAS and PAS are occupied by the kigan

4. Conclusion

We designed and synthesized 7-hydroxycoumarin agves connected by an amidic linker to
the different amines such as (substituted)phengtpgine, 4-benzylpiperidine, 1-
benzylpiperidin-4-yl-amino-, 4-(substituted phergthydroxypiperidine. Most compounds
showed remarkable inhibitory activity against AChdhd BuChE. Among themN-(1-
benzylpiperidin-4-yl)acetamidderivative 4r with 1Cso value of 1.6 uM was the most potent
compound against AChE. The FRAP assay of synthesipenpoundsta-s showed that some
compounds had good antioxidant activity. Althougdite tselected compoundr showed no
significant antioxidant activity as evaluated by ARR assay, butould significantly protect
neurons against J@,-inducedcell death at low concentrations. The Kinetic studyAChE
inhibition indicated a mixed-type inhibition of tlezyme by compoundr. The docking study
of compound4r with AChE enzyme showed that both CAS and PAS aceimed by the ligand.
These results make the prototype compouhds promising cholinesterase inhibitors for further

developments.

5. Experimental

All starting materials, solvents and reagents wauechased from Sigma-Aldrich, Fluka, or

Merck, and used without further purification. Malii points were measured on a Kofler hot
stage apparatus and are uncorrected. The IR speeteataken using Nicolet FT-IR Magna 550
spectrometer (KBr disks)'H NMR spectra were recorded on a Bruker 500 MHz NMR
instrument. The chemical shift§) (@and coupling constantd)(are expressed in parts per million

(ppm) and Hertz (Hz), respectively. Mass spectraewabtained by using an HP (Agilent

technologies) 5937 Mass Selective Detector. Eleah@mtalyses were carried out with a Perkin-

7



Elmer model 240-C apparatus. The results of elemh@malyses (C, H, N) were within £ 0.4%

of the calculated values.

5.1. General procedure for the synthesis of compounds 3a-c

A mixture of 7-hydroxycoumarinl@) or 4-methyl-7-hydroxycoumarinlp) (5.0 mmol) and
potassium carbonate (5.5 mmol) in acetone (5 mb stared at room temperature for several
minutes. Then, ethyl 2-bromoacetate or ethyl 4-lmoumtanoate (5.2 mmol) was added dropwise
to the mixture under argon atmosphere and the mextas refluxed for 7-9 h. After completion
of the reaction (monitored by TLC), the mixture wamled to room temperature and diluted
with water. The precipitated produ2twas collected by filtration and washed with waterd
used without further purification. The crude prod2atc was dissolved in aqueous 10% NaOH
(25 ml) and the solution was refluxed for 4 h. Téaction mixture was cooled and acidified with
aqueous 6% HCI. The precipitated white solid whsréd off and subsequently washed with

water to give compoungl

5.1.1. 2-((2-Oxo-2H-chromen-7-yl)oxy)acetic acid (3a)

Yield 96%; white crystal; mp 180-182 °C; IR (KBmnt) vmax 1746 and 1623 (C=0), 3362
(OH); *H NMR (CDCk, 500 MHz,)5 3.91 (s, 2H, CkD), 6.11 (d, 1H, K coumarin,J = 9.4
Hz), 6.82-6.84 (m, 2H, &k coumarin), 7.27 (d, 1H, $4coumarinJ = 8.3 Hz,), 7.52 (d, 1H, H
coumarinJ = 9.4 Hz). Anal. Calcd for HsOs: C, 60.00; H, 3.66. Found: C, 60.32; H, 3.40.

5.1.2. 4-(2-Oxo-2H-chromen-7-yloxy)butanoic acid (3b)

Yield 98%:; white crystal: mp 182-184 °C; IR (KBmM¢) vmax 1725 and 1679 (C=0), 3083
(OH); *H NMR (DMSO-ds, 500 MHZ)8 1.93-1.99 (m, 2H, CHCH,CHy), 2.39 (t, 2H, CHC=0,
J=7.3 Hz), 4.09 (t, 2H, OCKlJ = 6.4 Hz), 6.28 (d, 1H, £toumarinJd = 9.5 Hz), 6.94 (dd, 1H,
Hs coumarin,d = 2.5 and 8.6 Hz), 6.97 (d, 1Hzsldoumarin,J = 2.5 Hz), 7.61 (d, 1H, H
coumarin,J = 8.6 Hz), 7.98 (d, 1H, , Atoumarin,J = 9.5 Hz). Anal. Calcd for gH1.0s: C,
62.90; H, 4.87. Found: C, 63.24; H, 4.52.

5.1.3. 4-(4-Methyl-2-oxo-2H-chromen-7-yl oxy) butanoic acid (3c)



Yield 97%; white crystal; mp 168-170 °C; IR (KBmnt) vmax 1736 and 1684 (C=0), 3457
(OH); *H NMR (CDCk, 500 MHz)$ 2.16-2.20 (m, 2H, CKCH,CH,), 2.41 (s, 3H, CH), 2.62 (t,
2H, CH,C=0,J = 6.9 Hz), 4.10 (t, 2H, OCHlJ = 5.7 Hz), 6.15 (s, 1H, $toumarin), 6.81 (s,
1H, Hg coumarin), 6.86 (d, 1H, $toumarinJ = 8.6 Hz), 7.50 (d, 1H, $toumarin,J = 8.6 Hz).
Anal. Calcd for G4H140s: C, 64.12; H, 5.38. Found: C, 64.37; H, 5.64.

5.2. General procedure for the synthesis of compounds 4a-s

Compound3 (1.0 mmol), EDC (1.0 mmol) and HBT (1.0 mmol) wedespersed in dry
acetonitrile (5 ml). The mixture was stirred at modemperature for 1 h and then appropriate
amine (1.0 mmol) was added to the mixture. The unétvas stirred at room temperature for 24
h. After completion of the reaction (monitored bi{d), the solvent was evaporated and the
residue was washed with saturated sodium carbomh&eresulting crude product was purified

by crystallization from ethanol.

5.2.1. 7-(4-Oxo-4-(4-phenyl pi per azin-1-yl) butoxy)-2H-chromen-2-one (4a)

Yield 87%, yellow crystal; mp 128-130 °C. IR (KBm™) vmax 1721 and 1647 (C=0OjH NMR
(CDCl3, 500 MHZz)6 2.19-2.23 (m, 2H, CKCH,CH,), 2.59 (t, 2H, CHC=0,J = 6.7 Hz), 3.16-
3.18 (m, 4H, 2ChkN), 3.65-3.81 (m, 4H, 2CiN), 4.12 (t, 2H, OCHKH J = 5.4 Hz), 6.24 (d, 1H,
Hs coumarin,d = 9.3 Hz), 6.82-6.86 (m, 2H,sdoumarin and H phenyl), 6.90-6.93 (m, 3H H
coumarin and 2kphenyl), 7.28 (t, 2H, 2ighenyl,J = 7.3 Hz), 7.37 (d, 1H, HoumarinJ = 8.4
Hz), 7.63 (d, 1H, Wcoumarin,d = 9.3 Hz).*C NMR (CDCk, 125 MHz)5 24.0, 28.6, 41.0,
44.8, 48.9, 49.2, 67.2, 101.1, 112.0, 112.6, 11¥0,1, 128.3, 128.7, 142.9, 150.3, 155.3, 160.7,
161.6, 169.9. Anal. Calcd for,€H24N20,4: C, 70.39; H, 6.16; N, 7.14. Found: C, 70.76; H.96

N, 7.48.

5.2.2. 7-(4-(4-(2-Hydroxyphenyl) pi per azin-1-yl )-4-oxobutoxy)-2H-chr omen-2-one (4b)

Yield 89%; yellow crystal; mp 151-153 °C; IR (KBrmY) vmax 1731 and 1624 (C=0), 3296
(OH); *H NMR (CDCk, 500 MHz)5 2.20-2.24 (m, 2H, CKCH,CHy), 2.61 (t, 2H, CHC=0,J =
6.9 Hz), 2.85-2.87 (m, 4H, 2GN), 3.67-3.81 (m, 4H, 2Ci), 4.13 (t, 2H, OCKHJ = 5.6 Hz),
6.26 (d, 1H, Hcoumarin,J = 9.4 Hz), 6.83-6.91 (m, 4H, OH and 3H phenyl376(d, 1H, H
phenyl,J = 7.8 Hz), 7.07-7.13 (m, 2H,¢d coumarin), 7.38 (d, 1H, Hcoumarin,J = 8.4 Hz),
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7.64 (d, 1H, Hcoumarin,d = 9.4 Hz)."*C NMR (CDCE, 125 MHz)5 24.0, 28.6, 41.7, 45.5,
51.8, 52.2, 67.1, 101.1, 112.1, 112.6, 113.9, 11%2D.8, 126.4, 128.3, 137.6, 142.8, 150.7,
155.3, 160.7, 161.6, 170.0. Anal. Calcd foeHG.N.Os: C, 67.63; H, 5.92; N, 6.86. Found: C,
67.30; H, 6.30; N, 7.18.

5.2.3. 7-(4-(4-(2-Fluor ophenyl)pi per azi n-1-yl)-4-oxobutoxy)-2H-chr omen-2-one (4c)

Yield 85%; white crystal; mp 111-113 °C; IR (KBMC) vmax 1723 and 1642 (C=0jH NMR
(CDCl3, 500 MHZz)6 2.19-2.23 (m, 2H, CKCH,CH,), 2.59 (t, 2H, CHC=0,J = 6.6 Hz), 3.05-
3.07 (m, 4H, 2CkN), 3.66-3.82 (m, 4H, 2Ci\), 4.12 (t, 2H, OCH J = 5.3 Hz), 6.25 (d, 1H,
Hs coumarin,J = 9.3 Hz), 6.83 (s, 1H, Hhenyl), 6.85 (d, 1H, kcoumarin,J =8.5 Hz), 6.90-
6.93 (m, 1H, Hohenyl), 6.94-6.99 (m, 1H, Hhenyl), 7.03-7.07 (m, 2H, ¢Hcoumarin and H
phenyl), 7.37 (d, 1H, KcoumarinJ = 8.5 Hz), 7.63 (d, 1H, ftoumarin,J = 9.3 Hz).”*C NMR
(CDCl;, 125 MHz)$ 24.0, 28.6, 41.2, 45.0, 49.8, 50.4, 67.2, 10112.1, 112.6, 115.6, 115.8,
118.6, 122.6, 122.7, 124.0, 128.3, 142.9, 154.3,.315160.7, 161.6, 169.9. Anal. Calcd for
CasH23FNO4: C, 67.31; H, 5.65; N, 6.83. Found: C, 67.68; B%N, 6.37.

5.2.4. 7-(4-(4-(4-Fluor ophenyl)piper azin- 1-yl)-4-oxobutoxy)-2H-chromen-2-one (4d)

Yield 90%; yellow crystal; mp 138-140 °C; IR (KBM™) vmax 1721 and 1652 (C=0jH NMR
(CDCls, 500 MHz)3 2.19-2.23 (m, 2H, CHCH,CHy), 2.59 (t, 2H, CHC=0,J = 6.8 Hz), 3.06-
3.08 (M, 4H, 2CkN), 3.65-3.79 (m, 4H, 2CH), 4.12 (t, 2H, OCKJ = 5.5 Hz), 6.25 (d, 1H,
Hs coumarin,J = 9.4 Hz), 6.82-6.91 (m, 4H,¢d coumarin and 2kbhenyl), 6.97 (m, 2H, 2H
phenyl), 7.37 (d, 1H, HcoumarinJ = 8.4 Hz), 7.63 (d, 1H, Ftoumarin,J = 9.4 Hz).**C NMR
(CDCl3, 125 MHz)é 24.0, 28.6, 41.1, 44.9, 49.9, 50.2, 67.2, 10112,.Q, 112.6, 115.1, 115.3,
118.0, 118.1, 128.3, 142.8, 147.0, 155.3, 156.8.(15160.6, 161.6, 169.9. Anal. Calcd for
Ca3H23FNO4: C, 67.31; H, 5.65; N, 6.83. Found: C, 67.70; 45N, 6.40.

5.2.5. 7-(4-(4-(3,4-Dichlor ophenyl) piper azin- 1-yl)-4-oxobutoxy)-2H-chr omen-2-one (4€)

Yield 95%; white crystal; mp 139-141 °C; IR (KBM&) vinax 1724 and 1650 (C=0JH NMR
(CDCl, 500 MHz)8 2.19-2.23 (m, 2H, C¥CH,CHy), 2.59 (t, 2H, CHC=0,J = 6.6 Hz), 3.13-
3.15 (m, 4H, 2ChkN), 3.64-3.79 (m, 4H, 2CH), 4.12 (t, 2H, OCH J = 5.3 Hz), 6.25 (d, 1H,
HscoumarinJ = 9.3 Hz), 6.74 (d, 1H, BHhenyl,J = 8.0 Hz), 6.82 (s, 1H, phenyl), 6.84 (d, 1H,
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Hs coumarinJ = 8.6 Hz), 6.94 (s, 1H, $toumarin), 7.29 (d, 1H, Bhenyl,J = 8.0 Hz), 7.37 (d,
1H, Hs coumarin,J = 8.6 Hz), 7.63 (d, 1H, ftoumarin,J = 9.3 Hz).**C NMR (CDC}, 125
MHz) & 24.0, 28.6, 40.7, 44.5, 48.4, 48.5, 67.1, 10112,Q, 112.6, 115.3, 117.3, 122.6, 128.3,
130.1, 132.4, 142.8, 149.7, 155.3, 160.6, 161.9,9lAnal. Calcd for gzH22CI.N2O4: C, 59.88;

H, 4.81; N, 6.07. Found: C, 60.21; H, 5.19; N, 6.35

5.2.6. 7-(4-(4-Benzylpi peridin-1-yl)-4-oxobutoxy)-2H-chromen-2-one (4f)

Yield 85%:; yellow crystal; mp 102-104 °C: IR (KBmY) vmax 1720 and 1630 (C=0OjH NMR
(CDCl;, 500 MHz) & 1.12-1.16 (m, 2H, 2CHC#), 1.67-1.77 (m, 3H, CH piperidine and
2CHCHN), 2.15-2.19 (m, 2H, CH¥CH,CH,), 2.51-2.57 (m, 5H, C¥=0, CHN and Chl
benzyl), 2.91-2.98 (m, 2H, 2CHN), 3.85-3.87 (m, 1BHN), 4.10 (t, 2H, OCHJ = 5.6 Hz),
4.61-4.64 (m, 1H, CHN), 6.25 (d, 1HgEbumarin,J = 9.3 Hz), 6.82 (s, 1H, $toumarin), 6.85
(d, 1H, K coumarin,d = 8.4 Hz), 7.13 (d, 1H, dhenyl,J = 7.0 Hz), 7.22 (t, 1H, lghenyl,J =
7.0 Hz), 7.26-7.31 (m, 2H, Bhenyl), 7.37 (d, 1H, KHcoumarin,J = 8.4 Hz), 7.64 (d, 1H, H
coumarin,J = 9.3 Hz).*C NMR (CDCE, 125 MHz)$ 24.1, 28.7, 31.3, 32.0, 37.7, 41.5, 42.4,
45.2, 67.3, 101.1, 112.0, 112.1, 112.5, 125.5,8,2128.2, 128.5, 139.3, 142.9, 155.3, 160.7,
161.6, 169.6. Anal. Calcd fora6H,7NO,4: C, 74.05; H, 6.71; N, 3.45. Found: C, 74.36; H26

N, 3.78.

5.2.7. 7-(4-(4-(4-Bromophenyl)-4-hydr oxypi peridin-1-yl)-4-oxobutoxy)-2H-chromen-2-one (49g)
Yield 88%; white solid; mp 149-151 °C; IR (KBr, &)wmax 1725 and 1643 (C=0), 3450 (OH);
'H NMR (CDCk, 500 MHz)8 1.54-1.70 (m, 4H, 2C}), 1.96-2.01 (m, 2H, CHCH,CH,), 2.39

(t, 2H, CHC=0,J = 6.5 Hz), 2.87-2.93 (m, 1H, CHN), 3.36-3.60 (i, ZH;N), 3.92 (t, 2H,
OCH,,J = 5.5 Hz), 4.32-4.36 (m, 1H, CHN), 4.48 (s, 1H,)06103 (d, 1H, HcoumarinJ = 9.3
Hz), 6.62 (s, 1H, klcoumarin), 6.67 (d, 1H, $€oumarinJd = 8.3 Hz), 7.15 (d, 2H, Hhenyl,J =
8.2 Hz), 7.21-7.27 (m, 3H, 2phenyl and H coumarin), 7.49 (d, 1H, Atoumarin,Jd = 9.3 Hz).
13C NMR (CDCE, 125 MHz)3 24.0, 28.4, 36.9, 37.2, 37.9, 41.1, 67.1, 69.9,8,0111.8, 112.0,
112.2, 119.9, 126.0, 128.3, 130.4, 143.0, 147.3.115160.5, 161.5, 169.5. Anal. Calcd for
C24H24BrNOs: C, 59.27; H, 4.97; N, 2.88. Found: C, 59.58; 624 N, 3.17.

5.2.8. 4-Methyl-7-(4-o0xo-4-(4-phenyl pi per azin-1-yl ) butoxy)-2H-chromen-2-one (4h)

11



Yield 89%; white crystal; mp 143-145 °C; IR (KBM&) vmax 1715 and 1644 (C=0JH NMR
(CDCl;, 500 MHz)$ 2.19-2.23 (m, 2H, CHCH,CHy), 2.40 (s, 3H, Ch), 2.60 (t, 2H, CHC=0,J

= 6.8 Hz), 3.15-3.17 (m, 4H, 2GN), 3.66-380 (m, 4H, 2Ci\), 4.12 (t, 2H, OChKJ = 5.6 Hz),
6.14 (s, 1H, Hcoumarin), 6.83 (s, 1H, #¢oumarin), 6.86-6.90 (m, 1H, H phenyl), 6.90-6.88 (
3H, Hs coumarin and 2ighenyl), 7.28 (t, 2H, 2ighenyl,J = 7.3 Hz), 7.50 (d, 1H, Hcoumarin,

J = 8.7 Hz).®C NMR (CDCE, 125 MHz)§ 18.1, 24.0, 28.6, 41.0, 44.8, 48.9, 49.2, 67.1,110
111.5, 111.7, 113.1, 116.1, 120.1, 125.0, 128.0,3,5152.0, 154.7, 160.8, 161.4, 169.9. Anal.
Calcd for G4H26N204: C, 70.92; H, 6.45; N, 6.89. Found: C, 70.56; H8 N, 7.27.

5.2.9. 7-(4-(4-(2-Hydroxyphenyl) pi per azin- 1-yl )-4-oxobutoxy)-4-methyl-2H-chromen-2-one (4i)

Yield 91%; white crystal; mp 158-160°C; IR (KBr, ¢nvmax 1725 and 1623 (C=0), 3326
(OH); *H NMR (CDClk, 500 MHz)$ 2.20-2.24 (m, 2H, CKHCH,CH;), 2.40 (s, 3H, Ch), 2.61 (t,
2H, CH,C=0,J = 6.9 Hz), 2.85-2.87 (m, 4H, 2GN), 3.67-3.81 (m, 4H, 2Ci\), 4.13 (t, 2H,
OCH, J = 5.6 Hz), 6.14 (s, 1H, +toumarin), 6.83-6.91 (m, 4H, OH and 3H phenyl),76(8,
1H, Hphenyl,J =7.8 Hz), 7.07-7.13 (m, 2H, 4 coumarin), 7.50 (d, 1H, Hcoumarin,J = 8.7
Hz). C NMR (CDCE, 125 MHz)$ 18.1, 24.0, 28.6, 41.8, 45.5, 51.8, 52.2, 67.1,1,0111.5,
111.7, 113.1, 113.9, 119.7, 120.8, 125.0, 126.4,613.42.8, 150.7, 152.0, 160.7, 161.4, 170.0.
Anal. Calcd for G4H26N20s: C, 68.23; H, 6.20; N, 6.63. Found: C, 67.95; 536 N, 6.29.

5.2.10. 7-(4-(4-(2-Fluorophenyl)pi perazin-1-yl)-4-oxobutoxy)-4-methyl-2H-chr omen-2-one (4j)

Yield 90%; white crystal; mp 123-125°C; IR (KBr, &jnvmas 1717 and 1654 (C=0OjH NMR
(DMSO-dg, 500 MHZz)6 1.97-2.00 (m, 2H, CKCH,CH,), 2.36 (d, 3H, ChlJ = 1.0 Hz), 2.52 (t,
2H, CHC=0,J = 7.2 Hz), 2.91-2.97 (m, 4H, 2GN), 3.58-3.62 (m, 4H, 2Ci\), 4.10 (t, 2H,
OCH,, J = 6.4 Hz), 6.17 (d, 1H, ¥toumarin,d = 1.0 Hz), 6.92-7.00 (m, 4H,ddcoumarin and
2H phenyl), 7.06-7.15 (m, 2H, 2phenyl), 7.64 (d, 1H, Hcoumarin,J = 9.0 Hz).**C NMR
(CDCls, 125 MHz)6 18.0, 24.1, 28.3, 41.0, 44.8, 50.0, 50.4, 67.4,.1,0111.0, 112.3, 113.0,
115.8, 116.0, 119.4, 122.7, 124.7, 126.3, 139.8,315153.9, 154.7, 155.9, 160.1, 161.5, 170.0.
Anal. Calcd for G4H25FNO4: C, 67.91; H, 5.94; N, 6.60. Found: C, 67.68; 835 N, 6.35.

5.2.11. 7-(4-(4-(4-Fluorophenyl)pi perazin-1-yl)-4-oxobutoxy)-4-methyl -2H-chromen-2-one (4k)
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Yield 92%: yellow crystal; mp 162-164 °C: IR (KBmY) vmax 1716 and 1653 (C=0OjH NMR
(CDCls, 500 MHz)5 2.19-2.23 (m, 2H, CBCH,CH), 2.39 (s, 3H, CH), 2.59 (t, 2H, CHC=0,J

= 6.6 Hz), 3.06-3.08 (m, 4H, GN), 3.65-3.79 (m, 4H, 2Ci\), 4.12 (t, 2H, OCKHJ = 5.3 Hz),
6.13 (s, 1H, Hcoumarin), 6.81 (s, 1H, ¢toumarin), 6.86-6.88 (m, 3H,soumarin and 2H
phenyl), 6.95-6.99 (m, 2H, 2phenyl), 7.49 (d, 1H, HcoumarinJ = 8.6 Hz).**C NMR (CDCE,
125 MHz) 6 18.1, 24.0, 28.6, 41.1, 44.9, 49.9, 50.2, 67.1,.1,0111.4, 111.7, 113.1, 115.2,
115.3, 118.0, 118.1, 125.0, 147.0, 152.0, 154.%,115158.0, 160.7, 161.4, 169.9. Anal. Calcd
for Co4H2sFN,O4: C, 67.91; H, 5.94; N, 6.60. Found: C, 67.54; R% N, 6.28.

5.2.12. 7-(4-(4-(3,4-Dichlorophenyl)piperazin- 1-yl)-4-oxobutoxy)-4-methyl-2H-chromen-2-one
(41)

Yield 94%; white crystal; mp 143-145 °C; IR (KBM&) vmax 1711 and 1649 (C=0JH NMR
(CDCls, 500 MHz)5 2.19-2.23 (m, 2H, CKCH,CHy), 2.40 (s, 3H, Ch), 2.59 (t, 2H, CHC=0,J
= 6.8 Hz), 3.13-3.15 (m, 4H, 2GN), 3.65-3.79 (m, 4H, 2CM), 4.12 (t, 2H, OCH J = 5.5
Hz), 6.14 (s, 1H, kicoumarin), 6.74 (d, 1H, Hhenyl,J = 8.0 Hz), 6.82 (s, 1H, Bhenyl), 6.86
(d, 1H, B coumarinJ = 8.6 Hz), 6.94 (s, 1H, 4€oumarin), 7.30 (d, 1H, Hhenyl,J = 8.0 Hz),
7.50 (d, 1H, H coumarin,J = 8.6 Hz).**C NMR (CDC}, 125 MHz)$ 18.1, 24.0, 28.6, 40.7,
44.5,48.4, 48.5, 67.0, 101.1, 111.5, 111.7, 1113.5,3, 117.3, 122.7, 125.0, 130.1, 132.4, 149.7,
151.9, 154.7, 160.7, 161.3, 170.0. Anal. Calcd@H,4Cl,N,O4: C, 60.64; H, 5.09; N, 5.89.
Found: C, 60.31; H, 5.35; N, 6.29.

5.2.13. 7-(4-(4-(4-Bromophenyl)-4-hydroxypi peridin-1-yl)-4-oxobutoxy)-4-methyl-2H-chr omen-
2-one (4m)

Yield 88%:; white solid; mp 149-151 °C; IR (KBr, &)wmax 1704 and 1638 (C=0), 3457 (OH);
'H NMR (DMSO<ds, 500 MHz)& 1.56-1.84 (m, 4H, 2CH), 1.96-2.01 (m, 2H, CHCH,CH,),
2.39 (s, 3H, CH), 2.53-2.57 (m, 2H, CKO), 2.89-2.95 (m, 1H, CHN), 3.38-3.41 (m, 1H,
CHN), 3.77-3.80 (m, 1H, CHN), 4.11 (t, 2H, OgBl= 5.5 Hz), 4.34-4.38 (m, 1H, CHN), 5.25
(s, 1H, OH), 6.21 (s, 1H, #toumarin), 6.95-6.99 (m, 2H,sldcoumarin), 7.39 (d, 2H, Bhenyl,
J=7.9 Hz), 7.47 (d, 2H, Bhenyl,J = 7.8 Hz), 7.67 (d, 1H, toumarin,J = 8.5 Hz).**C NMR
(DMSO, 125 MHz)s 18.1, 24.2, 28.2, 37.3, 37.9, 41.2, 67.9, 69.9,1,0111.0, 112.3, 113.0,
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119.4, 126.4, 127.1, 130.6, 148.7, 153.3, 154.7).116161.6, 169.6. Anal. Calcd for
CasH26BrNOs: C, 60.01; H, 5.24; N, 2.80. Found: C, 59.78; 615N, 2.44.

5.2.14. 7-(2-Oxo-2-(4-phenyl pi per azin-1-yl)ethoxy)-2H-chromen-2-one (4n)

Yield 90%; white solid; mp 178-179 °C; IR (KBr, &)vmas 1728 and 1651 (C=OfH NMR
(CDCl3, 500 MHz,)6 3.16-3.20 (m, 4H, 2C#N), 3.70-3.80 (m, 4H, 2CiN), 4.82 (s, 2H,
CH;0), 6.29 (d, 1H, B coumarin,J= 9.3 Hz), 6.85-6.87 (m, 1H, phenyl), 6.91-6.94 (m, 4H,
Hss coumarin and 2Hphenyl), 7.27-7.30 (t, 2H, 2ihenyl, J= 7.4 Hz), 7.39 (d, 1H, H
coumarin,J = 8.3 Hz,), 7.63 (d, 1H, Hcoumarin,J= 9.3 Hz).**C NMR (CDCE, 125 MHz)$
41.5, 44.6, 48.8, 49.3, 66.8, 95.3, 101.5, 1121@,8, 113.2, 116.2, 120.2, 128.5, 128.7, 142.7,
150.2, 155.1, 160.4, 164.8. Anal. Calcd ferHZoN2O4: C, 69.22; H, 5.53; N, 7.69. Found: C,
68.94; H, 5.81; N, 7.83.

5.2.15. 7-(2-(4-(2-Fluorophenyl)pi perazin-1-yl)-2-oxoethoxy)-2H-chromen-2-one (40)

Yield 85%; white crystal; mp 198-199 °C; IR (KBM¢) vmax 1725 and 1651(C=0JH NMR
(CDCl;, 80 MHZz)6 2.81-3.23 (m, 4H, 2C#\), 3.42-3.81 (m, 4H, 2CH\), 5.02 (s, 2H, OCH),
6.33 (d, 1H, Hcoumarin,J = 9.4 Hz), 6.89-7.14 (m, 6H, 4H phenyl anglgidoumarin), 7.65 (d,
1H, Hs coumarin,J = 9.0 Hz), 7.93 (d, 1H, Hcoumarin,J = 9.4 Hz). Anal. Calcd for
C2iH19FN2O4: C, 65.96; H, 5.01; N, 7.33. Found: C, 66.19; R%N, 7.17.

5.2.16. 7-(2-(4-(3,4-Dichlorophenyl)piperazin-1-yl)-2-oxoethoxy)-2H-chromen-2-one (4p)

Yield 85%; white solid; mp 174-176 °C; IR (KBr, &)vmas 1731 and 1648 (C=OfH NMR
(DMSO-dg, 500 MHz,)$ 3.13-3.22 (m, 4H, 2C#N), 3.60-3.61 (m, 4H, 2Ci), 5.04 (s, 2H,
CH0), 6.29 (d, 1H, K coumarin,J= 9.5 Hz), 6.80-6.83 (m, 1H, phenyl), 6.96-6.98 (m, 2H,
Hg coumarin and khenyl), 7.01 (d, 1H, flcoumarinJ = 2.3 Hz), 7.22-7.26 (m, 1H, phenyl),
7.62 (d, 1H, H coumarin,J = 8.7 Hz,), 7.99 (d, 1H, HcoumarinJ= 9.5 Hz).**C NMR (DMSO-
ds, 125 MHz,)$ 41.0, 43.8, 48.2, 48.05, 65.9, 95.3, 101.4, 11212.8, 115.8, 119.3, 128.9,
129.2, 140.3, 144.2, 150.7, 155.1, 160.2, 161.8,116Anal. Calcd for g&H;1sC2N.O4: C, 58.21;
H, 4.19; N, 6.47. Found: C, 58.42; H, 4.09; N, 6.30

5.2.17. 7-(2-(4-Benzyl piperidin-1-yl)-2-oxoethoxy)-2H-chromen-2-one (4q)
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Yield 87%; yellow crystal; mp 101-103 °C. IR (KBm™) vmax 1728 and 1620(C=0JH NMR
(CDCl3, 80 MHz)6 1.10-1.41 (m, 2H, 2CHCH), 1.46-3.21 (m, 2H, 2CHCH), 3.21-3.40 (m,
5H, CH piperidine, 2CHN and GHbenzyl), 3.41-3.82 (m, 2H ,2CHN) ,4.93 (m, 2H, OfH
6.27 (d, 1H, HcoumarinJ = 9.4 Hz), 6.86-7.46 (m, 7H, 5H phenyl anglsgldoumarin), 7.55 (d,
1H, Hs coumarin,J = 9.2 Hz), 7.92 (d, 1H, Hcoumarin,J = 9.4 Hz). Anal. Calcd for
CaH23NOy: C, 73.19; H, 6.14; N, 3.71;. Found: C, 72.896H.1; N, 3.82.

5.2.18. N-(1-Benzyl piperidin-4-yl)-2-((2-oxo-2H-chromen-7-yl)oxy)acetamide (4r)

Yield 82%; yellow crystal; mp 142-144 °C. IR (KBin™) vmax 1735 and 1620 (C=0), 3258
(NH); *H NMR (DMSO<ds, 80 MHz) & 1.06-1.83 (m, 4H, 2CKH,N), 2.75-3.19 (m, 4H,
2CHN), 3.31-3.49 (m, 1H, Cligiperidine), 3.44 (s, 2H, Gtbenzyl) ,4.57 (s, 2H, OGH 6.32
(d, 1H, HycoumarinJd = 9.5 Hz), 6.82-7.48 (m, 7H, 5H phenyl anglgidoumarin), 7.55 (d, 1H,
Hs coumarin,d = 9.3 Hz), 8.01 (d, 1H, }toumarin,d = 9.5 Hz). Anal. Calcd for £H24Ny: C,
70.39; H, 6.16; N, 7.14. Found: C, 70.68; H, 51837.39.

5.2.19. N-(3,4-Dimethoxyphenethyl)-2-((2-oxo-2H-chromen-7-yl)oxy)acetamide (4s)

Yield 84%; white crystal; mp 148-150 °C; IR (KBm¢) vmax 1734 and 1670 (C=0), 3364
(NH); *H NMR (DMSO-ds, 500 MHz)$§ 2.41-2.67 (m, 2H, Ch), 3.12-3.46 (m, 2H ,CHN) ,
3.64-3.65 (m, 6H, OC¥J, 4.58 (s, 2H, OC}), 6.31 (d, 1H, Hcoumarin,Jd = 9.5 Hz), 6.69 (d,
1H, H phenylJ = 8.5 Hz), 6.79 (s, 1H, H phenyl), 6.83 (d, 1Hpkknyl,J = 8.5 Hz), 6.95-6.97
(m, 2H, K g coumarin), 7.64 (d, 1H, 4toumarinJ = 8.3 Hz), 8.00 (d, 1H, }toumarinJ = 9.5
Hz), 8.18-8.20 (m, 1H, NH)1.3C NMR (DMSO+#g, 125 MHz)6 30.6, 34.5, 55.2, 55.4, 67.1,
101.6, 111.7, 112.3, 112.6, 112.8, 120.3, 129.4,513144.2, 147.1, 148.5, 155.1, 160.1, 160.7,
166.7. Anal. Calcd for §H21NOs: C, 65.79; H, 5.52; N, 3.65. Found: C, 65.95; 225N, 3.86.

5.3. AChE and BuChE inhibition assay

Acetylcholinesterase (AChE, E.C. 3.1.1.7, Type \y8philized powder, fronglectric eel, 1000
unit), butyrylcholinesterase (BuChEk, E.C. 3.1.1@m equine serum) and butyrylthiocholine
iodide (BTCh) were provided from Sigma-Aldrich. %[&Ethiobis-(2-nitrobenzoic acid)
(DTNB), potassium dihydrogen phosphate, dipotassibgdrogen phosphate, potassium
hydroxide, sodium hydrogen carbonate, and acetylidline iodide (ATCh) were purchased
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from Fluka. The stock solutions of the target coomuts were prepared in a mixture of DMSO
(2 ml) and ethanol (9 ml) and diluted with 0.1 M 0,/ K;HPO, buffer (pH = 8.0) to obtain
final concentrations. 20 ul of substrate (acetglitholine iodide 0.075 M) was added to the test
solution to obtain final concentration of 466 uMI @&xperiments were performed based on the
previously described method [18]. Spectrophotoroetreasurements were performed on a UV
Unico Double Beam Spectrophotometer. The same rdeilas also taken for BUChE inhibition

assay.

5.4. Ferric reducing antioxidant power (FRAP) assay

The FRAP assay was performed based on the metipodted by Benzie and Strain [16] with
slightly modification. 300 mM acetate buffer (3.LgH3NaG,.3H,O and 16 ml gH40,), pH 3.6
and 10 mM TPTZ (2,4,6-tripyridyd-triazine) solution in 40 mM hydrochloric acid ag8@ mM
ferric chloride hexahydrate solution were mixed AR solution). The temperature of the
solution was raised to 37 °C before the assayr Alfiet 300 ul of the compound stock solution
was added the test solution was incubated for 1% fihen, the change of absorbance was
monitored at the 585 nm. Results are expressedmialquferrous/g dry mass of compounds
according to the plotted standard curve of ferrsuigate. Ascorbic acid was used as reference
compound.

5.5. Cdll culture, differentiation, and treatment conditions for cell viability assay

Rat undifferentiated PC12 cells were cultured inMRR640 media with 10% FCS containing
100 units/ml penicillin and 100 pg/ml streptomy¢idl from GIBCO, Grand Island, NY, USA).
Cells were treated with trypsin and*I€ells were placed on each well of 96-well cultplates

in RPMI 1640 media. For induction of neuronal diffetiation, PC12 cells were cultured in
serum-free media (RPMI 1640 media containing 10@siml penicillin and 100 pg/ml
streptomycin) for 2 days, thereafter the mediunnged to aforementioned serum free medium
containing NGF (50 ng/ml, Sigma) and continued %ordays until neurite outgrowth was
observed by inverted microscope [19]. Differentif2C12 cells were incubated with different
concentrations (1, 5 and 10 uM) of the compounds8 fio before treatment with,B, (300 pM).
The occurrence of apoptosis was established ath@nirsg with DAPI, and cell viability was

measured after 24 h by using the MTT assay astexppreviously [20].
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5.6. Docking studies

The crystal structure oforpedo californica acetylcholinesterase (PDB entery code leve) in
complex with E2020 was obtained from Protein DaaalB[21]. Then, the co-crystallized ligand
and waters were removed from the protein. For aarkixperiments, ligand molecule was drawn
using MarvineSketch 5.8.3, 2012, ChemAxon (httpswwchemaxon.com) and energy

minimized to a minimum root mean standard deviagicedient of 0.100 using Chem3D Ultra.

The structures were converted to 3D by means ohgdeel 2.3.1 [22]. Afterwards, the protein
and optimized structures of ligands were convettedequired pdbgt format using Autodock
Tools 1.5.4 [23]. Docking simulations were perfothvaith Auto Dock vina 1.1.1 [24]. A box of

15x15%15 A in x, y and z directions was used toecall binding sites of the active site. The
center of box was set to x = 2.023, y = 63.295,67:662 (geometrical center of co-crystallized
ligand). The exhaustiveness was set to 100 anddéifieult settings were used for all other
parameters. At the end of docking, the best dodepavith lowest binding free energies were
further analyzed to find out possible interactidieween the AChE and inhibitors. Molecular

visualizations were carried out in DS Viewer Pra¢alrys, Inc., San Diego, CA).
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Captions:

Figure 1. Examples ofknown AChE inhibitors donepezil as indanone derivative, and

ensaculine and AP2238 as coumarin derivatives.

Figure 2. Left: Lineweavere-Burk plot for the inhibition &ChE by compoundir at different
concentrations of acetylthiocholine (ATCh), RigB8econdary plot of the enzyme for calculation
of steady-state inhibition constaiti£1.32 uM) of4r.

Figure 3. Neuroprotective activity of compoundr against HO.-induced cell death in
differentiated PC12 cells (**P < 0.001).

Figure 4. Theschematic 2D and 3D representations (top and bottspectively) of compound
4r, docked in the active site of AChE.

Scheme 1Synthesis of compoundia-s Reagents and conditions: (a) Ethyl 2-bromoacetate or ethyl

4-bromobutanoate,CO;, acetone, reflux; (b10% NaOH (aq), reflux and the6% HCI (aq); (c)
appropriate aminégDC, HBT, CHCN.
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Table 1

The enzyme inhibitory activity (I§, uM) of the target compounds-sagainst AChE and BuChE.

Rl

/@\)1

2

R\H/Hn\o o~ ~o
o)

Compound R R? AChE BuChE

43 H QN/\:\)'_ 3.43+£0.1 120+

4b H Cgl — 7 +0.3¢ 280+ 16
NN

4c H d — 6.9+0.3 15+£0.8!
N -

4d H @CN_ 50 £ 2.¢ 75 £ 4.

4e H j@ — 26 1.7 80 +5..

o N -

4f H @\/@f 6.9+0.. 387 + 2

4g H gt 73+ 180 + 1(

4h CH; QNC)._ 20.8 £ 1.¢ 68 £ 3.:

4i CHs <;/§” — 6.2 £ 0.1¢ 184+8.:
N -

4 CH; d — 16.4 £ 0.9! 29 + 2.6:
N -

4k CH; F_QCN_ 416 2. 24 £ 1.4

4] CH; j%} — 4.38 + 0.2 250 £ 1t

o N -
4m CHy o 7Y\ 34.6 2.2 141 £5.2;




4n

40

4p

4q

4r

4c

Donepezi

33+ 1.

345+ 1.

268+ 1.

9.8 £0.5:

1.6 +0.08:

74 + £

0.022 +0.00

50 2.

86 £¢

120 + 7

46 + 2.7

42 +2.¢

163 £9.!

7.3 +0.4.

¥Data are expressed as Mean + SE (three indepeexigatiments)
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Table 2
The total antioxidant activity of the compountissdetermined by FRAP assay

Compounds FRAP Values
(umole Fé'/g)

4a 1.1:
4b 2.82
4c 0.1
4d 1.37
4e 0.7¢
4f 1.61
4q 0.0z
4h 0.07
4i 2.01
4j 0.1C
4k 0.0¢
41 0.0t
4m 0.0¢
4n 1.9¢
40 0.07
4p 2.01
4q 0.0¢
4r 0.0¢
4s 5.42
Ascorbic acid 7.2¢€
Quercetin 10.7¢
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Figure 1. Examples ofknown AChE inhibitors donepezil as indanone derivative, and

ensaculine and AP2238 as coumarin derivatives.
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Figure 2. Left: Lineweavere-Burk plot for the inhibition &ChE by compoundir at different
concentrations of acetylthiocholine (ATCh), RigBecondary plot of the enzyme for calculation

of steady-state inhibition constaiti£1.32 uM) of4r.
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Figure 3. Neuroprotective activity of compoundr against HO.-induced cell death in
differentiated PC12 cells (**P < 0.001).
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Figure 4. Theschematic 2D and 3D representations (top and bottespectively) of compound
4r, docked in the active site of AChE.
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R1

5 O

1a R'=H 2an-1R1 33”_1R11 3
1b R'=Me 2bn-3,R1 3b n=3;R'=H
2cn=3'R1=Me 3¢ n=3;R'=Me

c
(Substituted)phenylpiperazine R1

4-Benzylpiperidine
R2 1-Benzylpiperidin-4-yl-amine N
4-(Substituted phenyl)-4-hydroxypiperidine \n/H\
@) @]

3,4-Dimethoxyphenethylamine

Scheme 1Synthesis of compoundia-s Reagents and conditions: (a) Ethyl 2-bromoacetate or ethyl
4-bromobutanoatek,CO;, acetone, reflux; (b10% NaOH (aq), reflux and the6% HCI (aq); (c)
appropriate aminégDC, HBT, CHCN.
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Supplementary material

Synthesis and anti-cholinester ase activity of new 7-hydroxycoumarin derivatives

Masoumeh Alipour , Mehdi Khoobi, Alireza Moradi, Hamid Nadri, Farshad Homayouni Moghadam, Saeed Emami,

Zeinab Hasanpour, Alireza Foroumadi, Abbas Shafiee

'H and *3C spectra for selected compounds:

Compound
4-(4-Methyl - 2-oxo-2H-chromen-7-yl oxy)butanoic acid (3c)

7-(4-Oxo-4-(4-phenyl pi perazin-1-yl ) butoxy)-2H-chromen-2-one (4a)

7-(4-(4-(2-Hydr oxyphenyl ) pi per azi n- 1-yl)-4-oxobutoxy)-2H-chromen-2-one (4b)
7-(4-(4-(2-Fluorophenyl) piper azin-1-yl)-4-oxobutoxy)-2H-chromen-2-one (4c)
7-(4-(4-(4-Fluorophenyl) piper azin-1-yl)-4-oxobutoxy)-2H-chromen-2-one (4d)
7-(4-(4-(3,4-Dichlorophenyl) pi peraz n-1-yl )-4-oxobutoxy)-2H-chromen-2-one (4€)
7-(4-(4-Benzyl pi peridin-1-yl)-4-oxobutoxy)-2H-chromen-2-one (4f)
7-(4-(4-(3,4-Dichlorophenyl)pi perazin-1-yl)-4-oxobutoxy)-4-methyl -2H-chromen-2-one(4l)
7-(2-Oxo-2-(4-phenyl pi perazin-1-yl ) ethoxy)-2H-chromen-2-one (4n)
7-(2-(4-(3,4-Dichlorophenyl) pi per azi n-1-yl )-2-oxoethoxy)-2H-chr omen-2-one (4p)

N-(3,4-Dimethoxyphenethyl)-2-((2-oxo-2H-chromen-7-yl)oxy)acetamide (4s)
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