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Abstract

A series of scutellarei@-acetamidoalkylbenzylamines derivatives were dexigmased on a
multitarget-directed ligands strategy for the tneait of Alzheimer’s disease. Among these
compounds, compound-22 demonstrated excellent acetylcholinesterase itanji moderate
inhibitory effects on self-induced A4, aggregation, Ci-induced A81.4> aggregation, human
AChE-induced #,.40 aggregation and disassembled @nduced aggregation of the well-structured
Api.42 fibrils, and also acted as potential antioxidamd diometals chelator. Both kinetic analysis of
AChE inhibition and molecular modeling study sudgdshatT-22 interacted with both the catalytic
active site and peripheral anionic site of AChE. rébwver, compoundl-22 showed a good
neuroprotective effect against®-induced PC12 cell injury and low toxicity in SH-5Y cells.
Furthermore, the step-down passive avoidance tadicated T-22 significantly reversed
scopolamine-induced memory deficit in mice. Takegether, the data showed thaR2 was an

interesting multifunctional lead compound worthyfwfther study for AD.

Keywords: Alzheimer’'s disease; Scutellareracetamidoalkylbenzylamines; Multifunctional

agents; Acetylcholinesterase inhibitorg;, Aggregation inhibitors; Antioxidant agents.



1. Introduction

Alzheimer’s disease (AD) is the most common ageateel neurodegenerative disease,
characterized by loss of cognitive ability, seveedavioral abnormalities, and ultimately death [1].
More than 47 million people worldwide suffered frgkD, currently, and the figure is expecting to
reach 131.5 million in 2050 [2]. Although the etigly of AD has not been completely known today,
several factors including low levels of acetylcheli(ACh), oxidative stress, dyshomeostasis of
biometals andg-amyloid (Af) deposits have been considered to play significatds in the
pathogenesis of AD [3-5].

ACh can be degraded by two types of cholinesteyasasely acetylcholinesterase (AChE) and
butyrylcholinesterase (BuChEg) [6]. AChE acts priilyams a regulatory enzyme at chlinergic
synapses, while BuChE functionas as a co-regulaforcholinergic neurotransmission. Both
Inhibition of acetylcholinesterase (AChE) and bulgholinesterase (BuChE) has been recognized as
critical targets for the effective management of BYincreasing the availability of synaptic ACh in
the brain regions [7]. However, BUChE is mainlydtized in the peripheral tissues including plasma
and very small amount is present in the brain regMany side effectse§. gastrointestinal events,
nausea, vomiting, diarrhoea, dizziness) mainly @dased with their peripheral AChE inhibitory
activity [8]. Therefore, development of selectiveCHE inhibitors, with expectation of lesser
peripheral inhibition of cholinesterase enzyme, rbaya more suitable therapeutic strategy for the
treatment of AD [9].

According to the amyloid hypothesis, the productaml accumulation of oligomeric aggregates
of AB in the brain are a central event in the pathoger&sAD [10]. AB4 and AB4, are the main
isoforms of A8 peptides, are primarily produced depending onvelga of amyloid precursor protein
(APP) by - and y-secretases, respectivelyfA is a major constituent of amyloid plaques and
displays lower solubility and more toxic and has tendency to form protofibrils and fibrillar
aggregates at lower concentrations tha#iaofl1]. Excess of metal ions such as’Gure”, Zré* and
Al**have been found in Aplaques of AD brains, remarkably, €and Zrf*have been proved to
promote A6 aggregation as indicated previously [12]. Moreowbe abnormally high levels of
redox-active metal ions such as’Cand Fé&" in brain might contribute to the overproduction of
reactive oxygen species (ROS). Meanwhilg,cduld enter the mitochondria where it would inseea

the generation of ROS and induce oxidative stréss tlamages biological molecules such as
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proteins, DNA, and lipids [13]. Interestingly, oxsiive stress promotespAtoxicity through the
production of free radicals, and increases the rgeioa of A peptides, thus forming a vicious circle
[14]. Noticeably, in accordance with “amyloid hypesis”, AChE produces secondary
non-cholinergic functions that facilitatefAleposition in the form of senile plaques or nebrdfary
tangles in the brain [9].

The multifaceted factors of the AD have encouratiexl development of multitarget-directed
ligands (MTDLs) to act as agents for the treatmanthis disease [15,16]. These drugs, which
possess two or more complementary biological dms/i may present significant clinical
effectiveness in the future.

Scutellarin (45,6-trinydroxyflavone-7-glucuronide), the majotigae component in breviscapine
extracted from the Chinese hdthigeron breviscapus (vant.) Hand.-Mazz., possesses a broad range
of pharmacological properties related to neurolalgidisorders, such as anti-inflammatory,
antioxidant, neuroprotective and metal chelatingpprties [17,18]. Moreover, many researchers
demonstrated that scutellarin can inhibg Aggregation, attenuatefAnduced toxicity and reduce
senile plaques [19]. However, scutellarin’s poolubiity, low oral absorption and difficultly in
passing through the blood-brain barrier restrictiinical uses as an anti-AD drug [20]. Donepexil
approved by the FDA as an AChE inhibitor for theatment of AD, the 1-benzylpiperidine fragment
of donepezil has been shown as the cholinestemagatory pharmacophore [21]. In addition, in our
preliminary researches, the pharmacophore benzgtaiat linked by alkylene is also required,
which has suggested that this pharmacophore wasteld toward peripheral anionic site of AChE by
molecular modeling studies [22,23]. And the amideug could improve AChE inhibitory activities
[24]. Therefore, in this paper, we aimed to use w@tirarget-directed drug design strategy to
combine  4hydroxy-5,6,7-trimethoxyflavone or 3;dihydroxy-6,7-dimethoxyflavone  with
appropriate benzylamine fragments using amide tmkwith different lengths. These new
scutellarein©-acetamidoalkylbenzylamines derivatives may sinmadtaisly possess a dual binding
site for AChE inhibition, anti-oxidative, metal dagng effects, neuroprotective properties, and
inhibit Ag aggregation.

In this study, a novel series of scutellar@racetamidoalkylbenzylamines derivatives were
designed, synthesized and evaluated for their gicdd activities, including inhibition of AChE and
BuChE, the kinetics of enzyme inhibition, metaldeli@g properties, antioxidant activities, effects
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on AB aggregation and disaggregation, cytotoxic effeatSH-SY5Y cells, protective effect against
H,O,-induced PC12 cell injury, and neuroprotective &fein the mouse scopolamine model of
memory impairment. The chemical design strategysfartellarein©-acetamidoalkylbenzylamines

derivatives is depicted iRigure. 1
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Figure 1. Design strategy for the scutellarédacetamidoalkylbenzylamines derivatives.

2. Result and discussion
2.1. Chemistry

The synthetic route for the target compounds wasvehin Schemel. Firstly, the starting
material 1 was treated with excessive amounts of 1,2-dibrdh@oee, 1,3-dibromopropane,
1,4-dibromobutane or 1,6-dibromohexane in the praseof KCO;in anhydrous acetone under
reflux to give the compoundga-d. The key intermediatesecondary amine3a-d were obtained
according to the previous literature procedureunlab [23]. Compound4-7 were obtained by the
reaction of intermediate®a-d with 3a-d in the presence of &O;in anhydrous CECN. Then, the
key primary amine8-11 were synthesized through the hydrazinolysig-Gf On the other hand, the
p-hydroxybenzaldehyde was treated with chloromethyhethyl ether to obtain
4-(methoxymethoxy)benzaldehyd&3] which was reacted with materia® in the presence of 50%
KOH to afford the key intermediatied, and then hydrolyzed with 10% HCI to obtain commambd5.

Compoundl6 was prepared by the reaction of compofbdavith Kl in the presence afonc.H,SOy,



removal of 5-methyl at flavonoid nucleus by anhydroAlClL in CHsCN at 55-60°C gave the
corresponding 5-OH scutellarein derivatilveé Compound4d.8a-bwas obtained by the reaction1s

or 17 with ethyl bromoacetate in the presence g€&;, and then hydrolyzed with 30% LiOH and
acidizing with 10% HCI to furnish the intermediaté8a-b. Finally, condensation of compounds

19a-b with the appropriate diaminés11in the presence of EDCI in THF gave the targetipots

T-1~24
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Scheme 1.Synthesis of scutellarei@-acetamidoalkylbenzylamines derivativésl~24. Reagents
and conditions: (a) Br(CH,).Br, K.CO;, acetone, reflux, 7-8 h; (b1RNH (3a-d)*, K,COs, CH:CN,
65°C, 6-8 h; (c) INNHyH,0, EtOH, reflux for 5 h: (dp-MOM-O-PhCHO (.3), 30% KOH, ethanol,



at r.t. for 3 days; (e) 10% HCI, ethanol, 50°C, ;4(fy KI, conc.H,SO,, DMSO, 100°C, 3-5 h;
(9)AICl3, anhydrous CECN, 60°C, 1 h; (h) BrCHCOOGHs, K,COs, anhydrous CECN, 65°C, 8 h;
(i) LIOH, THF/H.0, reflux for 2 h, then 10% HCI; (j) EDCI, THF, &t for over night.

2.2. Pharmacology

2.2.1. Inhibition of AChE and BUuChE

Inhibitory activities toward AChE and BuChE of tlsgnthetic compounds were evaluated
according to the modified Ellman’s method [22]. Thactivities were initially assayed on AChE
from rat cortex homogenate and BuChE from rat seidoreover, the compounds were evaluated
using electric eel AChE( EeAChE) (Table 1), and the representative compounds were rationally
selected and re-evaluated using human erythrocf@@EA HUAChE) (Table 2). In the above
experiments, donepezil was used as reference cardpmd parent compounds and17 were also
evaluated for comparative purposes. The Malues and selectivity index for the inhibitionAChE
and BuChE were summarized Table 1 As shown inTable 1, all the target compounds showed
moderate to good AChE inhibitory activity and actéechighly selective AChE inhibitors. Compound
T-22 displayed the most potent inhibitory activity fAChE with 1Govalue of 0.051 + 0.008M,
which was similar to donepezil (4= 0.015 + 0.002:M). Almost all the target compounds showed
weak activity against BUChE. Among them, compodnt exhibited the most potent inhibitory
activity for BUChE with 1Gyvalue of 2.4 £ 0.0LM.

In preliminary studies, as expected, the parentpmmdsl6 (ICso > 500uM) and17 (ICso > 500
uM) exhibited no significant inhibition of AChE. Idduction of benzylamines group increased the
AChE inhibitory capacity and improved the seledyivior AChE over BuChE. Considering the
potential role of BUChE in AD pathogenesis, thikeskvity profile may be a limitation, but this als
may be beneficial to diminish peripheral cholinergide effects and provide lower toxicity [25].
Through analysis and comparison, we found thatpifuperties of the substitutions at flavonoid
nucleus 5 position showed significant influenceA&hE inhibitory activities: 5-methoxy substituted
derivatives T-3, T-4, T-7, T-8, T-15 and T-16) exhibited higher activity than that with 5-hydgbx
substituted T-17, T-18, T-19, T-20, T-23 and T-24), except compoundd-11 and T-12 with
5-methoxy (IGo= 8.32+ 0.21uM and 0.074 + 0.00@M, respectively) exhibited much less potent



than corresponding compoun@®1 and T-22 with 5-hydroxyl (1Go = 2.29 + 0.02:M and 0.051 £
0.001 uM, respectively). The screening data also revedthed the structure of terminal groups
NR;R, of side chain affected inhibitory activities. Geally, the N-2-methoxybenzyl groups
indicated stronger inhibitory potency thidrbenzyl groups. And the compounds possessixgthyl
group showed obviously better AChE inhibitory aityithan the compounds withNtmethyl group,
which was consistent with the previously reportesuits in our lab [22,23Dn the other hand, we
also investigated the effects of the side chaigtlen inhibitory ability of AChE, the optimal cimai
length was four-methylene linker. Finally, compoufi@2 showed the most potent inhibition for
RatAChE with an 1G value of 0.051 + 0.00iM. For the inhibition oEeAChE, it is notable that all
the tested compounds exhibited a higher inhibitatyvity towardsRatAChE thanEeAChE (Table

1). Furthermore, compoundsl2, T-16, T-22and T-24, which displayed the better potent inhibitory
activity for RatAChE (1G5 = 0.074 + 0.00M, 0.35 = 0.02uM, 0.051 £+ 0.00uM and 0.37 £ 0.01
uM, respectively), were re-evaluated usiRgAChE (Table 2). The inhibitory activity against
RatAChE is lower than that againduAChE.

Table 1 Inhibition of AChE and BuChE activity, and oxygeadicals absorbance capacity (ORAC,

Trolox Equivalents) by compoundsl~24 16, 17 and donepezil.

Compound R n -NERR, ICs0 + SOF (uM) Selectivity ORAC
RatAChE® RatBuChE® EeAChE’ index
T-1 CHs A 15.80 £ 0.46 >500 17.90 £ 0.56 >31.6 0.42eq
T-2 CHjs B 0.58 £ 0.06 >500 16.20 £0.42 >862 0.3%¢eq
T-3 CHs; C 1.44 £0.08 110.0 £0.56 13.40£0.51 76.4 0.40eq
T-4 CHjs D 2.39 £0.04 65.4 £0.13 6.81£0.19 27.4 0.42eq
T-5 CHs A 8.42 £0.32 >500 23.51+1.05 >59.4 0.3%¢eq
T-6 CHjs B 3.28+0.11 >500 18.56 £0.73 >152 0.38eq
T-7 CHs C 1.58 £0.03 >500 5.20+£0.11 >316 0.40eq
T-8 CHjs D 0.24 £0.01 346.0 £ 1.26 6.63 £0.17 1442 0.33eq
T-9 CHs A 5.36 £0.22 >500 13.93£0.32 >03.3 0.35eq
T-10 CHjs B 0.76 £0.01 219.1+2.13 14.38 £0.52 288 0.36eq
T-11 CHs C 8.32+£0.21 >500 18.40£0.71 >60.1 0.37eq




T-12

T-13

T-14

T-15

T-16

T-17

T-18

T-19

T-20

T-21

T-22

T-23

T-24

16

17

CH; 4
CH; 6
CH; 6
CH; 6
CH; 6
H 2
H 2
H 3
H 3
H 4
H 4
H 6
H 6

Donepezil

> O

o 060 O 0 O O U O O O w

0.074 +0.006

4.63+0.12

2.84 +0.09

5.54 +0.17

0.35+0.02

1.97£0.04

4.98 +0.22

2.59 +0.07

0.31+0.01

2.29+0.02

0.051 +0.001

6.63 +0.02

0.37+0.01

>500

>500

0.015 +0.002

>500

117.7 £0.65

108.0 +£0.78

130.0 £1.67

24+0.01

105.5+0.69

74.3 +0.57

>500

>500

178.0 £0.96

>500

>500

>500

>500

>500

20.7 +1.36

9.77+0.34
23.44 +0.96
33.24 +1.03
16.23 £ 0.68
17.65 £ 0.47
14.03 £ 0.46
14.11 £0.25
1550+ 0.72
11.22+0.11
17.13+0.58
15.95+0.39
12.29 £ 0.47
11.67 £0.26

N

N

>6757

25.3

38.0

23.5

6.8

53.3

14.9

>193

>1613

7.7

>9804

>75.4

>1351

0.027 +0.001 1380

0.38eq
0.37eq.
0.3%eq.
0.41eq.
0.34eq.
1.18eq.
1.04eq.
1.14eq.
0.97eq.
0.97eq.
1.13eq.
1.01eq.
0.99eq.
1.86eq
3.07eq
NT

#1Csp values represent the concentration of inhibitguied to decrease enzyme activity by 50% andrarenean

of 3 independent experiments.

® From 5% rat cortex homogenate.

¢ BUChE from rat serum.

Y Fromel ectrophorus electricusc.

¢ Selectivity index = 1§, (RatBuChE)/IG (RatAChE).

"Results are expressed,dd of Trolox equivalenitM of tested compound.

9NT = not tested.

2.2.2. Kinetic characterization of AChE inhibition.

To

investigate

the

AChE

inhibitory

mechanism

for

isth class of

scutellarein©-acetamidoalkylbenzylamines derivatives, compounr#2, the most potent AChE

inhibitor,

was selected for further

kinetic studieSraphical

analysis of the

reciprocal

Lineweaver-Burk plotsKigure 2) showed both increasing of slopes (decredsgg and intercepts
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(higher Ki,) with increasing concentration of the inhibitorhi§ pattern indicated a mixed-type

inhibitory type and revealed that compouRé?2 could bind to both CAS and PAS of AChE.

¢ mnoinhibitor
B [T-22]=40nM o 60
4 [T-22]=20nM < 50
A [T22]=10nM ‘_‘g ‘
£ 40
-
30
10 |
L 1 1 1 1 1 ]
A
13 -10 -5 0 3 10 15

[ATCh]! (mM1)
Figure 2. Kinetic study on the mechanism &RACHhE inhibition by compoundl-22. Merged
Lineweaver-Burk reciprocal plots of AChE initial lgeity with increasing substrate concentration
(100-400uM) in the absence or presencele??. Lines were derived from a weighted least-squares

analysis of data points.

2.2.3. Molecular modeling study

To further explore the possible interaction mode of the
scutellarein©-acetamidoalkylbenzylamines derivatives wilbrpedo californica (Tc)AChE (PDB
code: 1IEVE), a molecular modeling study was performed using tlocking program named
AUTODOCK 4.2 package with Discovery Studio 2.1 [28% shown inFigure 3, T-22 occupied the
entire enzymatic catalytic active site (CAS), thiel4qgorge sites and the peripheral anionic site (PAS
and could simultaneously bind to both CAS and PlhSthe TcAChE-T-22 complex, the benzene
ring of 4H-chromen-4-one was observed to bind to the WaSa n-n interaction with Trp279, and
potential hydrophobic interactions with residuepZit9, Leu282, Phe288, Phe331. The 5-hydroxy
group at the flavonoid nucleus could bind to thé&SR#a intermolecular hydrogen bond with Ser286.
The side chailN-(2-methoxybenzyl)ethanamine moiety occupied theS@A AChE, could bind to
the CASvia a potential hydrophobic interaction with Ser124y1B0, Trp84, Glyl123, Serl22,
Glyl118 and Glyl11l7. The benzene ring at 2-positidn4dd-chromen-4-one could bind to the
mid-gorge sitesia an-n interaction with Tyr334, and the amide group coliladd to the mid-gorge
sitesvia one intermolecular hydrogen bond with Tyr121. ¢idiéion, the long chain of methylene,
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amide group and the benzene ring at the 2-positibriH-chromen-4-one could fold into a
conformation in the gorge that allowed them to riaté with Phe330, His440, Ser200 and Gly119
through hydrophobic interaction. Similar to the dpezil complex, water-bridged hydrogen bonding
may have occurred under biological circumstancésden compound-22 andTcAChE. Therefore,
the above results provided a reasonable explan&tioits highly potent inhibitory activity against

AChE.

Figure 3. Representative compourid22 (colored by atom type) interacting with residuasthe
binding site ofTCAChE (PDB codelEVE), highlighting the protein residues that parti¢goan the

main interaction with the inhibitor.

2.2.4. Metal-chelating properties of compound T-22

The ability of compound-22 to chelate biometals such as*?Gr?*, AI** and Fé"was studied
by UV-visual spectrometry [27]. As shown Kigure 4, the UV-vis spectrum of compound22
showed a red shift (the peak at 336 nm shifted4® 13m) after the addition of CuClIThe result

demonstrated that compoufie22 could interact with the Cii effectively. Similar results were also
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obtained when AlGlwas added, the peak in the UV-vis spectrum of aamdT-22 at 336 nm shift
to 357 nm. However, when ZnGind FeSQ@were added, the UV-vis spectrumBR2 exhibited no
significant shift. The results showed th&22 had the selectivity for metal chelation. It was
reasonable to estimate that the 5-hydroxyl and rdecgyl groups at the flavonoid nucleus

contributed to the chelation.

1.00

an | B\ - T-22+CH;0H

— T-22+Cu?*

— T-22+Zn**
T-22+AP*

—T-22+Fe**

0.a0

0.7

Abs

200 240 280 320 360 400 440 480 20
Wavelength (nm)

Figure 4. UV spectrum of compound@-22 (37.5uM in methanol) alone or in the presence of GuCl
ZnCl,, AICl; and FeSQ@(37.5uM for all metals in methanol).

The stoichiometry of thel-22-Cu** complex was determined using molar ratio method by
preparing solutions of compoudd22 with increasing amounts of CuCIr'he UV spectra was used
to obtain the absorbance of the complexT<f2 and CuC] at different concentrations at 386 nm.
According to theFigure 5, the absorbance linearly increased at first aed tbnded to be stable. The
two straight lines intersected at a mole fractidnO®9, indicating a 1:1 stoichiometry of the

ligand-Cuf* complex.
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Figure 5. Determination of the stoichiometry of compl€x?* by using molar ratio method through
titrating the methanol solution of compouel2 with ascending amounts of CyCIThe final
concentration of tested compound was 3iVB and the final concentration of €uanged from 3.75

to 93.75uM.

2.2.5. Antioxidant activity in vitro.

The antioxidant activities of the target compoumase evaluated by following the ORAC-FL
method (Oxygen Radicals Absorbance Capacity byrEkaence) [28]lrolox, a vitamin E analogue,
was used as a standard, and the results were sggdras Trolox equivalents. The parent compounds
16 and 17 were also tested, which had ORAC values of 1.86 and 3.07 Trolox equivalents,
respectively. As shown ihable 1, all the compounds exhibited significant antioxidactivities with
ORAC-FL values of 0.33-1.18 Trolox equivalents. é&spected, introduction of substitutions to
4'-hydroxyl group decreased the radical capture agpdut the different benzylamines moieties on
the side chain had little influence on the radeagbture capacity. In general, compounfd 7~T-24)
with 5-hydroxyl at the flavonoid nucleus exhibitéigher radical capture capacity than that of
5-methoxyl T-1~T-16). It is apparent that the free hydroxyl is crudialthe radical scavenging
ability. The compound-22 showed good antioxidant activity with an ORAC-Filue of 1.13 trolox
equivalents.

2.2.6. Inhibition of self- and HUAChE-induced AS aggregation.

The ability of the target compounds to inhibit sefluced A8;.s2aggregation was evaluated using
the thioflavin T (ThT) fluorescence assay with aumin as reference compound [29]. Donepezil and
the parent compound4q and17) were also evaluated for comparative purposes.rébelts were

13



summarized infable 2 All the target compounds showed potent inhibiteffect with inhibition
ratio ranging from 25.8% to 59.8%. The marketed dtDg, donepezil, did not show any significant
inhibitory activity under the same experimental @itions. The parent compound$ and 17 also
exhibited weak inhibitory potency with inhibitiomtio of 6.7% and 9.8%, respectively. It might be
possible that the introduction of substitutions ioyed the inhibitory activity against self-induced
Api.s2aggregation. The screening data showed that thelfxy at flavonoid nucleusl{17~T-24)
showed remarkably higher inhibitory activity thdmat of 5-methoxyl T-3, T-4, T-7, T-8, T-11, T-12,
T-15 and T-16), and different tertiary amine units on the sidein had little influence on the
inhibitory activity. The results revealed that thaglrogen bonds are crucial in the interaction betwe
ligand and proteins. The representative compot#2? also showed a dose-dependent inhibitory
effect on self-induced A 4> aggregation (43.6% at 12uB/, 57.1% at 25.M, 75.2% at 5QM).

It was reported that AChE could play a crucial roleaccelerating the formation of amyloid
fibrils due to the interaction of AChE withgfby a hydrophobic environment close to the perigher
anionic site (PAS) [29]. Thus, inhibition of AChEspecially inhibition of PAS of AChE, might
affect A3 aggregation. The kinetic study showed that theessgntative compount22 exhibited a
mix-type inhibition and could bind to both the CA®d PAS of AChE. To further explore the
multifunctional properties of these compounds, ieter AChE inhibitors, compounds12, T-16,
T-22 and T-24, were selected to assess their ability to inhibié HUAChE-induced #8;.40
aggregation by using a thioflavin T fluorescencethod. According to the results ihable 2
compoundsT-22 andT-24 (inhibition ratio of 57.3% and 58.1% at 1(M, respectively) indicated
much higher inhibitory potency than donepezil (mtion ratio of 18.8%), but compoundsl2 and
T-16 (inhibition ratio of 8.8% and 6.5%, respectivekyXxhibited lower inhibitory potency than
donepezil under the same conditions. Compol®? also showed a dose-dependent inhibitory
effect onHUAChE-induced #;.40 aggregation (32.7% at 28M, 57.3% at 5QM, 63.8% at 10QuM).

It was apparent that compoun@®2 and T-24 with 5-methoxyl group could bond to the PAS of
AChE better than donepezil. The results also shadvvhgldroxy at flavonoid nucleus seemed to be
beneficial to inhibitory activity againsiuAChE-induced #;.40 aggregation, which was consistent
with the outcome of inhibitory activity against AEh

Table 2. Inhibition of self-induced .4 aggregation,HUAChE-induced #1.40 aggregation,
Cu**-induced A%;.4, aggregation and disaggregation of’Gimduced A%:.4» aggregation by target
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compounds and reference compounds.

Comp. Inhibition of % Inhibition of A3 Aggregatiofi? Disaggregation of A
HUAChE (IGso, uM) ®  Self-induced HUAChE 2% induced fibrils(%) *
-induced
T-1 NT" 448 +2.4 NT NT" NT"
T-2 NT" 375+1.0 NT NT" NT"
T-3 NT" 29.4+0.8 NT NT" NT"
T-4 NT" 26.9+0.6 NT NT" NT"
T-5 NT" 34.2+22 NT NT" NT"
T-6 NT" 25.8+ 0.4 NT NT" NT"
T-7 NT" 275+0.6 NT NT" NT"
T-8 NT" 424 +32 NT NT" NT"
T-9 NT" 29.6 +0.9 NT NT" NT"
T-10 NT" 29.1+0.4 NT NT" NT"
T-11 NT" 41.2+39 NT NT" NT"
T-12 0.063 + 0.005 44.7+15 8.8+0.2 NT NT"
T-13 NT" 443+1.6 NT NT" NT"
T-14 NT" 34.4+10 NT NT" NT"
T-15 NT" 36.1+0.7 NT NT" NT"
T-16 1.25+0.08 355+2.1 6.5+0.2 NT" NT"
T-17 NT" 54.7+1.6 NT 493+1.2 57.0+1.0
T-18 NT" 59.8+0.9 NT 475+1.3 58.9+0.8
T-19 NT" 53.9+4.1 NT 449 +0.7 51.6+1.2
T-20 NT" 49.1+2.0 NT 45.1+1.9 54.7 +0.6
T-21 NT" 56.9 +1.0 NT 42,6 +0.7 67.1+0.6
T-22 0.039 + 0.002 57.1+19 57.3+08 43.4+0.9 66.3+2.6
T-23 NT" 53.3+3.1 NT 415+0.3 61.2+25
T-24 1.37 £0.07 56.7+27 581+19 427+1.1 65.0 + 1.3
16 NT" 6.7+0.3 NT NT" NT"
17 NT" 9.8+0.1 NT NT" NT"
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Curcumin NT 43.1+1.1 NT 58.0+2.1 56.5+2.1

Donepezil 0.012 + 0.002 <5.0 18.8+1.6 <5.0 "NT

% From human erythrocytes.

® For inhibition of A3 aggregation, the thioflavin-T fluorescence methad used.

¢ Inhibition of self-induced £&;.4, aggregation, the concentration of tested compoand#%;.4, were 25M.

4 Inhibition of human AChE-induced /Ao aggregation. The concentration of tested compoamdsAg;_4 was
100 and 23@M, respectively, and the/A 4dHUACHE ratio was equal to 100/1.

® Inhibition of Cif*-induced A%+, aggregation produced by tested compounds a5

f Disaggregating Cii-induced A8;.4, aggregation. The concentration of tested inhibitord A8;.4, were 25uM.

9 Data are presented as the mean + SEM of threpémdient experiments.

"NT=not tested.

iCompoundT-22 had a dose-dependent inhibitory effect on seléasdl A8, 4, aggregation (43.6% at 12,6,
57.1% at 25.M, 75.2% at 5QuM).

jCompoundT-22 had a dose-dependent inhibitory effectthsAChE-induced #8;.40 aggregation (32.7% at 28/,

57.3% at 5@M, 63.8% at 10Q:M).

2.2.7. Effects on Cu**-induced AB1.4, aggregation and disaggregation.

In order to investigate the effects on “Ginduced A4, aggregation, we carried out two
individual studies Table 2): inhibitory activity of C@*-induced A4, aggregation and
disaggregation effects on &Eiinduced 4614, aggregation by the compoundsl7~T-24 using
Thioflavin T (ThT) method with curcumin as the nefiece compound [30]. Thefs, peptide (25
uM) was first treated with one equivalent ofCor 2 min at room temperature and then incubated
with or without the testing compounds for 24 h @@ (Figure 6). It can be seen that €ucould
accelerate the aggregation oA, The rate of &i.., aggregation slowed when adding tested
compounds to the samples. It suggested that testeghounds could inhibit Gtrinduced A8:.4»
aggregation noticeably by chelating with “5uAs shown inTable 2, compoundsT-17~T-24
(inhibition ratio ranging 41.5% to 49.3%) exhibitedoderate potency compared with curcumin
(58.0+2.3%). The results indicated that the inbilyitactivity decreased slightly as the length @& th
side chain carbon spacer increased, for exanipld, (49.3%) >T-19 (44.9%) >T-21 (42.6%) >
T-23 (41.5%); T-18 (47.5%) >T-20 (45.1%) >T-22 (43.4%) >T-24 (42.7%), and different
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benzylamines units on the side chain had littlugrice on the inhibitory activity.

Inhibition experiment
Chelator

ApB (fresh) ¢ 2+ > » A/f Species
2min, it 24h, 37°C
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Figure 6. Inhibition of Cd*-induced aggregation by compoundsl7~24 and curcumin. The
thioflavin-T fluorescence method was used.

For the disaggregation studies, compoumeds/~T-24 were added to A fibrils, which were
generated by reactingfi4, with one equivalent of Ciifor 24 h at 37 °C. The result3aple 2)
showed that all the tested compounds exhibited nateleto good disaggregation potency
(disaggregation ratio ranging 51.6% to 67.1%) camegbavith curcumin (56.5%). The disaggregation
potency decreased as the length of the side claahor spacer increased, which was consistent with
the results of inhibition Ci-induced A814, aggregation. The compound-22 manifested
disaggregation potency with inhibition ratio of 88 (Table 2). Therefore, we can conclude that
compoundT-22 is capable of inhibiting Cirinduced A$1.4» aggregation and disassembling the

well-structured 4 fibrils.

2.2.8. Cytotoxic effects of compounds T-12 and T-22 on SH-SY5Y cells

To examine the cytotoxicity of the representatieenpoundsrl-12 and T-22, human neuronal
cell line SH-SY5Y cells were exposed to the testechpounds at three different concentrations (1,
10 and 10QuM) for 24 h, and the cell viability was tested the t3-(4,5-dimethylthiazol-2-yl)-2,5-
diphenyltetrazolium (MTT) assays [22]. As showrFigure 7, T-12 andT-22 did not show modified
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cell viability up to the concentration of 10M. With increased concentration to 10M, T-12 and
T-22 induced a decrease of cell viability (79.4% andi82.respectively), it may be considered that
the compound-12 with 5-methoxyl at flavonoid nucleus exhibited maytotoxicity than that of a
5-hydroxyl (T-22). These results showed that the target compouadsahwide therapeutic safety
range. Further, based on the above results, consduh2 and T-22 could be selected for further

studies to elucidate the neuroprotective mechanisms

I
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Figure 7. Effects of T-12 andT-22 on cell viability in human SH-SY5Y cells. Data anean values

+ SEM of three independent experiments.

2.2.9. Cdll protective effects on H,O,-induced PC12 cell injury

The neuroprotective capacities of target compouaginst oxidative stress were assayed
according to the reported protocol [31]. After 0@ H,O, exposure, cell viability was determined
by MTT reduction was markedly decreased to 43.9 24<(0.01 vs control), suggesting high
sensitivity to HO,-induced injury. However, compoundsl2 andT-22 showed protective effects in
a dose-dependent manner againgd+induced PC12 cell injuryFigure 8). At concentrations of
10.0 uM, compoundsT-12 and T-22 indicated significantly neuroprotective effectsdatie cell
viabilities were 63.3% and 82.7%, respectively. Whige concentration is reduced to 1M, their
cell viabilities decreased to 60.1%, and 67.6%peeBvely. It revealed that compoufieR2, with
5-hydroxy on the flavonoid nucleus, had higher alrvival ratio than compound-12 with
5-methoxy group. It is reasonable to speculate ttats-hydroxy can capture the hydroxyl radical,

generated by pO».
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Figure 8. Neuroprotective effect of compouridl2 andT-22 at the concentration of 1M and
10.0uM on cell injury induced by hydrogen peroxide(®, 100uM) in PC12 cells.
2.2.10. In vivo assay

In vitro the above effects exhibited thabmpoundT-22 was a promising multifunctional
compound for AD treatment. However, threvivo effect of compound-22 in models of learning
and memory is lacking. In order to further studyetfterT-22 could improve memory impairment
induced by scopolamine, we carried out the steprdpassive avoidance task, which had been used
extensively to evaluate potential therapeutic agyémt treating AD [22,32JAs shown inFigure 9,
the step-down latency of mice treated with scopaianalone (control group) was significantly
shorter than that of vehicle-treated mice (nornraup, p < 0.01). Treatment with compouid22
(3.67, 7.33 and 22 mg/kg) increased the latence fima dose-dependent manner, but the medium
dose group (7.33 mg/kg) presented the longestdatéme (194.3 secp < 0.01) of the three dose
groups. The medium dose (7.33 mg/kg) of compolh2@ also showed slightly lower latency time
than the drug control group with donepezil (5 mg/R@3.7 sec). Meanwhile, the latency time of the
high dose off-22 (22 mg/kg) demonstrated slightly shorter (176.4 siean that of the medium dose.
It might be possible that the high dose had someotexicity and the medium dose could be the
optimal dose. These results wf vivo assay indicated that compouiie22 could permeate the
blood-brain barrier and reverse cognitive defigitibcreasing brain cholinergic activity due to the

inhibition of AChE.
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Figure 9. Effects of compoundl-22 on scopolamine-induced memory deficit in the stepm
passive avoidance test. Compouiie®2 (3.67, 7.33 and 22.0 mg/kp.,0.) or donepezil (5.0 mg/kg,
p.o.) were orally given 1 h before treatment with sdapone. After 30 min, the mice were treated
with scopolamine (3 mg/kg.p.) and tested in the step-down passive avoidandae¥are expressed
as the mean + SEM (n=10). ¢ < 0.05vs normal group. *p < 0.05 and **p < 0.01vs

scopolamine-treated control group.

3. Conclusion

In conclusion, to develop effective drugs for treatment of Alzheimer’s disease (AD), a novel
series of scutellarei®-acetamidoalkylbenzylamines derivatived~24 were designed, synthesized
and evaluated as multi-targets anti-Alzheimer agjeAtl of these synthetic compounds showed
potent AChE inhibitory activityn vitro and high selectivity for AChE over BUuChE. CompoUdr#2
exhibited the best inhibitory activity toward ACh#th 1Cs5 value of 0.051 + 0.008M. Moreover,
both kinetic analysis of AChE inhibition and thelerular modeling study indicated that compoound
T-22 showed mixed-type inhibition and could bind tolb@AS and PAS of AChE. More importantly,
CompoundT-22 exhibited good antioxidant potency (1e§j3f Trolox), metal chelating properties
and significant inhibition of Aaggregation. In particular, compoude2?2 inhibited: self-induced
Ap1.4, aggregation, Ci-induced A$1.4, aggregation antHuAChE-induced #8140 aggregation by
57.1%, 43.4% and 57.3%, respectively. Furthermaanpound T-22 could disassemble the
well-structured 1.4, fibrils generated Cil-induced A1.4, aggregation by 66.3%. Especially,
compoundT-22 diaplayed a good neuroprotective effect again§€yHnduced PC12 cell injury and a

low toxicity in SH-SY5Y cells. More interestinglihein vivo study indicated that mice treated with
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T-22 (7.33 mg/kg,p.0.) displayed similar step-down latency time compangith the drug control
group treated with donepezil (5.0 mg/kgp.) in the step-down passive avoidance test. These
properties highlight that compouffd22 may be a promising multifunctional agent for threatment

of AD. Further studies to evaluate compounr@?2 in vivo and to develop structural refinements are

underway and will be reported in due course.

4. Experiment section

4.1. Chemistry

Unless otherwise noted, all materials were obtaifrech commercial suppliers and used
without further purification. Melting points werecagded on YRT-3 melting-point apparatus (China)
and are uncorrectetH NMR and**C NMR spectra were recorded at room temperatu@D&l; or
DMSO-ds solutions using a Varian INOVA 400 NMR spectrome@hemical shifts are reported in
parts per millions (ppm) relative to tetramethysg (TMS). Coupling constants are given in hertz,
and spin multiplicities are given as s (singlet)s lfbroad singlet), d (doublet), t (triplet), or m
(multiplet). Mass spectra were recorded on Agilgt0 TOF LC-MS Spectrometer. The purity of all
final compounds was determined by high-performdigged chromatography (HPLC) analysis to be
over 96%. HPLC analysis was carried out on a ShamddC-10Avp plus system with the use of a
Kromasil Gg column (4.6 mm x 250 mm, pm). All the reactions were monitored by thin-layer
chromatography (TLC) on silica gel GF254 platesfrQingdao Haiyang Chemical Co. Ltd. (China),
and then visualized with an UV lamp (254 nm). Whaperopriate, crude products were purified by
column chromatography using silica gel (230-400mesirchased from Qingdao Haiyang Chemical
Co. Ltd. (China).
4.1.1. General procedures for the synthesis of compounds 2a-d.
To a suspension of the appropriate dibromoalkaBar(®ol) and potassium carbonate (18 mmol) in
anhydrous acetone (30 mL), and potassium phthadiniid mmol) was added slowly over a 15
minutes period, and then the reaction mixture waatdd under reflux for 8-10 h. The reaction
mixture was filtered, and the acetone was evaporatezacuo. The crude product was purified by
column chromatography on silica gel (petroleum/faetas eluent) to obtala-d aswhite solid.
4.1.1.1. 2-(2-Bromoethyl)-1H-isoindole-1,3(2H)-dione (2a). White solid. Yield 68.1%; mp:
151.3-152.5 °C (lit.[33] 150-153 °C).
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4.1.1.2. 2-(3-Bromopropyl)-1H-isoindoline-1,3(2H)-dione (2b). White solid. Yield 64.7%; mp:
71.0-72.5 °C (lit.[34] 7275 °C).

4.1.1.3. 2-(4-Bromobutyl)-1H-isoindoline-1,3(2H)-dione (2c). White solid. Yield 68.3%; mp:
79.1-80.6 °C (lit. [34] 781 °C).

4.1.1.4. 2-(6-Bromohexyl)-1H-isoindoline-1,3(2H)-dione (2d). White solid. Yield 53.7%; mp:
56.8-58.2 °C (lit. [34] 57-58 °C).

4.1.2. General procedure for the synthesis of compounds 4-7.

A mixture of the corresponding secondary amgaed [23] (5.5 mmol), anhydrous CO; (6
mmol) and compound®2a-d (5 mmol) were added in GEN (20 ml). The mixture was heated at
65 °C for 8-10 h. The solvent was evaporated umeduced pressure. Then water (25 mL) was
added, and the mixture was extracted with dichl@tbvane (20 mLx3). The combined organic
phases were washed with saturated aqueous sodiondeh(30 mL), dried over sodium sulfate, and
filtered. The solvent was evaporated under vacutlihe residue was purified on a silica gel
chromatography using mixtures of petroleum/acetmeluent to obtain the oil produdts.
4.1.2.1. 2-[2-[ Methyl (phenyl methyl)amino] ethyl] -1H-isoindole-1,3(2H)-dione (4a). Colorless oil *H
NMR (400 MHz, CDC}) &: 7.84-7.82 (m, 2H), 7.73-7.70 (m, 2H), 7.32-7.8Q @H), 7.15-7.13 (m,
3H), 3.82 (tJ = 7.6 Hz, 2H), 3.52 (s, 2H), 2.66 Jt= 7.6 Hz, 2H), 2.30 (s, 3H).
4.1.2.2. 2-[2-[ Ethyl(phenylmethyl)amino] ethyl] -1H-isoindole-1,3(2H)-dione (4b). Colorless oil.*H
NMR (400 MHz, CDCJ) &: 7.81-7.79 (m, 2H), 7.72-7.69 (m, 2H), 7.17 (= 6.8 Hz, 2H),
7.12-7.06 (m, 3H), 3.75 (§,= 6.0 Hz, 2H), 3.57 (s, 2H), 2.70 {t= 6.0 Hz, 3H), 2.60-2.56 (M, 2H),
1.03 (t,J = 6.8 Hz, 3H).
4.1.2.3.2-[ 2-[[ (2-Methoxyphenyl )methyl] methylamino] ethyl] - 1H-isoindole-1,3(2H)-dione(4c).Colorl

ess oil.'H NMR (400 MHz, CDCJ) &: 7.83-7.81 (m, 2H), 7.71-7.69 (m, 2H), 7.18-7.18 @H),
6.78 (d,J = 6.4 Hz, 1H), 6.74 (t] = 7.2 Hz, 1H), 3.85 (t] = 6.4 Hz, 2H), 3.73 (s, 3H), 3.59 (s, 2H),
2.71 (t,J = 7.2 Hz, 2H), 2.33 (s, 3H).
4.1.2.4.2-[ 2-[[ (2-Methoxyphenyl )methyl] ethylamino] ethyl] - 1H-isoindole-1,3(2H)-dione(4d).Colorles
s oil. '"H NMR (400 MHz, CDCJ) 5 7.79-7.78 (m, 2H), 7.69-7.68 (m, 2H), 7.19dd 7.2 Hz, 1H),
7.09 (t,J = 7.2 Hz, 1H), 6.73 (t) = 7.6 Hz, 1H), 6.67 (t) = 7.2 Hz, 1H), 3.77 (t) = 6.4 Hz, 2H),
3.73 (s, 3H), 3.63 (s, 2H), 2.74 Jt= 6.0 Hz, 2H), 2.64-2.61 (m, 2H), 1.05Jt 6.8 Hz, 3H).
4.1.2.5. 2-[3-[Methyl(phenylmethyl)amino] propyl] -1H-isoindole-1,3(2H)-dione (5a), colorless oil.
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'H NMR (400 MHz, CDC}) 7.84-7.82 (m, 2H), 7.72-7.69 (m, 2H), 7.29-7.88 6H), 3.76 (tJ =
7.2 Hz, 2H), 3.48 (s, 2H), 2.45 (t=7.2 Hz, 2H), 2.17 (s, 3H), 1.92-1.87 (m, 2H).

4.1.2.6. 2-[3-[ Ethyl (phenylmethyl)amino] propyl] -1H-isoindole-1,3(2H)-dione (5b).Colorless oil.*H
NMR (400 MHz, CDC}) &: 7.84-7.80 (m, 2H), 7.73-7.70 (m, 2H), 7.32J¢ 6.8 Hz, 2H), 7.27 (1]

= 6.8 Hz, 2H), 7.19 (t) = 6.8 Hz, 1H), 3.72 (t) = 7.2 Hz, 2H), 3.55 (s, 2H), 2.54-2.48 (m, 4H),
1.88-1.82 (m, 2H), 1.02 (§,= 7.2 Hz, 3H).

4.1.2.7.2-[ 3-[[ (2-Methoxyphenyl )methyl ] methylamino] propyl] - 1H-isoindole-1,3(2H)-dione(5¢).Colo
rless oil.'H NMR (400 MHz, CDC}) & 7.85-7.83 (m, 2H), 7.73-7.71 (m, 2H), 7.30 Jds 7.2 Hz,
1H), 7.20 (tJ = 7.2 Hz, 1H), 6.88 (] = 7.2 Hz, 1H), 6.84 (d] = 7.2 Hz, 1H), 3.82 (s, 3H), 3.77 {t,
= 7.2 Hz, 2H), 3.51 (s, 2H), 2.50 {t= 7.2 Hz, 2H), 2.21 (s, 3H), 1.95-1.92 (m, 2H).

4.1.2.8.  2-3-[[ (2-Methoxyphenyl)methyl] ethylamino] propyl] -1H-isoindole-1,3(2H)-dione  (5d).
Colorless oil*H NMR (400 MHz, CDCY) & 7.84-7.82 (m, 2H), 7.72-7.69 (m, 2H), 7.43 Jd 7.2
Hz, 1H), 7.20 (tJ = 7.2 Hz, 1H), 6.90 (] = 7.2 Hz, 1H), 6.83 (d] = 7.2 Hz, 1H), 3.82 (s, 3H), 3.72
(t, J= 6.8 Hz, 2H), 3.70 (s, 2H), 2.65-2.57 (m, 4HREE1.91 (m, 2H), 1.11 ( = 7.2 Hz, 3H).
4.1.2.8. 2-[4-[Methyl (phenylmethyl)amino] butyl] - 1H-isoindole-1,3(2H)-dione (6a).Colorless oil.*H
NMR (400 MHz, CDC}) & 7.85-7.83 (m, 2H), 7.71-7.70 (m, 2H), 7.29-7.22 &H), 3.69 (tJ = 7.2
Hz, 2H), 3.51 (s, 2H), 2.43 (,= 6.8 Hz, 2H), 2.19 (s, 3H), 1.72-1.68 (m, 2HHQE1.56 (M, 2H).
4.1.2.9. 2-[4-[ Ethyl(phenylmethyl)amino] butyl] -1H-isoindole-1,3(2H)-dione (6b).Colorless oil. *H
NMR (400 MHz, CDC}) & 7.85-7.83 (m, 2H), 7.73-7.71 (m, 2H), 7.33Jd 6.8 Hz, 2H), 7.29 (1]

= 6.8 Hz, 2H), 7.22 (t) = 6.8 Hz, 1H), 3.67 (t) = 7.2 Hz, 2H), 3.58 (s, 2H), 2.57-2.46 (m, 4H),
1.71-1.66 (m, 2H), 1.56-1.52 (m, 2H), 1.02)(t 7.2 Hz, 3H).

4.1.2.10. 2-[4-[[(2-Methoxyphenyl)methyl] methylamino] butyl] -1H-isoindole-1,3(2H)-dione  (6c).
Colorless oil*H NMR (400 MHz, CDCY) & 7.85-7.83 (m, 2H), 7.73-7.71 (m, 2H), 7.30 J&; 7.2
Hz, 1H), 7.21 (t) = 7.2 Hz, 1H), 6.91 (] = 7.2 Hz, 1H), 6.85 (d] = 7.2 Hz, 1H), 3.81 (s, 3H), 3.71
(t, J = 6.8 Hz, 2H), 3.49 (s, 2H), 2.44 {t= 7.2 Hz, 2H), 2.20 (s, 3H), 1.74-1.69 (m, 2HB2L1.59
(m, 2H).

4.1.2.11.  2-[4-[ (2-Methoxyphenyl )methyl] ethylamino] butyl] -1H-isoindole-1,3(2H)-dione  (6d).
Colorless oil.*H NMR (400 MHz, CDCY) & 7.84-7.81 (m, 2H), 7.72-7.69 (m, 2H), 7.39 J& 7.2
Hz, 1H), 7.19 (tJ = 7.2 Hz, 1H), 6.91 (] = 7.2 Hz, 1H), 6.83 (d] = 7.2 Hz, 1H), 3.81 (s, 3H), 3.68
(t, J = 6.8 Hz, 2H), 3.57 (s, 2H), 2.53-2.47 (m, 4HY3t1.66 (m, 2H), 1.56-1.51 (m, 2H), 1.04Jt,
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= 7.2 Hz, 3H).

4.1.2.12. 2-[6-[Methyl(phenylmethyl)amino] hexyl] -1H-isoindole-1,3(2H)-dione (7a). Colorless oil.
'H NMR (400 MHz, CDC}) 5 7.85-7.82 (m, 2H), 7.73-7.70 (m, 2H), 7.29-7.23 &H), 3.67 (tJ =
7.2 Hz, 2H), 3.48 (s, 2H), 2.36 (3= 7.2 Hz, 2H), 2.18 (s, 3H), 1.69-1.66 (m, 2Hp51.49 (m,
2H), 1.38-1.31 (m, 4H).

4.1.2.13. 2-[ 6-[ Ethyl (phenylmethyl)amino] hexyl] -1H-isoindole-1,3(2H)-dione (7b). Colorless oil.*H
NMR (400 MHz, CDC}) & 7.85-7.82 (m, 2H), 7.73-7.71 (m, 2H), 7.36 Jd&; 7.2 Hz, 2H), 7.31 (1]

= 7.2 Hz, 2H), 7.24 () = 6.8 Hz, 1H), 3.66 (] = 7.2 Hz, 2H), 3.63 (s, 2H), 2.56 (= 7.2 Hz, 2H),
2.47 (t,J=7.2 Hz, 2H), 1.67-1.65 (m, 2H), 1.56-1.49 (m)2H33-1.29 (m, 4H), 1.07 @,= 7.2 Hz,
3H).

4.1.2.14. 2-[6-[[ (2-Methoxyphenyl)methyl] methylamino] hexyl] -1H-isoindole-1,3(2H)-dione  (7c).
Colorless oil.*H NMR (400 MHz, CDCY) & 7.85-7.83 (m, 2H), 7.72-7.70 (m, 2H), 7.30 J& 7.2
Hz, 1H), 7.22 (tJ = 7.2 Hz, 1H), 6.92 (] = 7.2 Hz, 1H), 6.85 (d] = 7.2 Hz, 1H), 3.82 (s, 3H), 3.68
(t, J = 7.2 Hz, 2H), 3.49 (s, 2H), 2.38 @= 7.2 Hz, 2H), 2.20 (s, 3H), 1.70-1.65 (m, 2HE51.51
(m, 2H), 1.39-1.35 (m, 4H).

4.1.2.15. 2-[4-[[ (2-Methoxyphenyl)methyl] ethylamino] butyl] -1H-isoindole-1,3(2H)-dione  (7d).
Colorless oil.*H NMR (400 MHz, CDCJ)  7.85-7.83 (m, 2H), 7.72-7.70 (m, 2H), 7.40 Jd& 8.0
Hz, 1H), 7.20 (tJ) = 8.0 Hz, 1H), 6.92 (] = 8.0 Hz, 1H), 6.84 (d] = 8.0 Hz, 1H), 3.81 (s, 3H), 3.66
(t,J=7.2 Hz, 2H), 3.58 (s, 2H), 2.52 @)= 6.8 Hz, 2H), 2.44 (] = 6.4 Hz, 2H), 1.68-1.65 (m, 2H),
1.50-1.47 (m, 2H), 1.33-1.31 (m, 4H), 1.04)(t 6.8 Hz, 3H).

4.1.3. General procedure for the synthesis of compounds 8-11.

Compounds4-7 (10 mmol) and 80% hydrazine hydrate solution (3@at) were added in
ethanol (50 mL). The reaction mixture was heatetkuneflux for 3-5 h, and then filtered, the filtrate
was concentrated under reduced pressure. The eesids dissolved in dichloromethane (50 mL),
washed with water (30 mLx2) and saturated aqueodsis chloride (30 mL), dried over B&BO;,
and filtered. The solvent was evaporated underaediypressure to obtain compour@d$l as light
yellow oil with high purity. The products were diiever BOs under vacuum for 24 h and used for
further reactions directly.

4.1.31.  (E)-1-(6-hydroxy-2,3,4-trimethoxyphenyl)-3-(4-(methoxymethoxy)phenyl)prop-2-en-1-one
(14). To a solution op-hydroxybenzaldehyde (10 mmol) and potassium catgo(ll mmol) in 15
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mL anhydrous acetone, chloromethyl methy ether5(h@mol) was added slowly. The mixture was
heated at reflux for 5-6 h, cooled to room temperiand filtered, the filtered was concentrated
under reduced pressure to give compo8das light yellow oil, which was used in the nexpst
without further purification.

To a mixture of the start material 6-hydroxy-2,&iethoxyacetophenor (5 mmol) with the
4-(methoxymethoxy)benzaldehyde3 (5.5 mmol) in EtOH (7 mL). An amount of 30% aqueous
KOH (6 mmol) solution was slowly added to the reactt The mixture was stirred for 3-4 days at
room temperature, and then poured into ice-cole&wdhe mixture was acidified with 10% HCI and
stirred at romm temperature for overnight. Theowlkolid formed was collected by filtration and
recrystallized from 80% ethanol to give compourd Yield 90%; mp: 94.2-94.5°CH NMR (400
MHz, CDCk) & 13.78 (s, 1H), 7.87 (d = 15.6 Hz, 1H), 7.81 (d] = 15.6 Hz, 1H), 7.60 (d] = 8.8
Hz, 2H), 7.08 (dJ = 8.8 Hz, 2H), 6.30 (s, 1H), 5.23 (s, 2H), 3.933(d), 3.91 (s, 3H), 3.84 (s, 3H),
3.50 (s, 3H).
4.1.3.2. 4,2"-Dihytroxy-4',5',6'"-trimethoxychalcone (15). A mixture of compound.4 (10 mmol) and
10%HCI (6 mL) in 8 mL ethanol was heated at 50 6€3J h, then cooled to room temperature and
poured into ice-water. The mixture was stirredaann temperature for overnight. The yellow solid
formed was collected by filtration and recrystatizfrom 90% ethanol to give compou8 as
yellow solid. Yield 91%; mp: 146.2-147.2°84 NMR (400 MHz, CDCJ) 5 13.79 (s, 1H), 7.86 (d,
= 16.0 Hz, 1H), 7.81 (d] = 16.0 Hz, 1H), 7.54 (dl = 8.4 Hz, 2H), 6.88 (d] = 8.4 Hz, 2H), 6.30 (s,
1H), 5.41 (brs, 1H), 3.93 (s, 3H), 3.90 (s, 3H®43(s, 3H).
4.1.3.3. 4-Hydroxy-5,6,7-trimethoxyflavone (16). Compoundl5 (5 mmol) and potassium iodide (0.2
mmol) was added to a solutionanc. H,SO, (0.1 mL) in 10 mL DMSO. The mixture was heated at
100°C for 3-5 h, then poured into ice-water contajrsodium thiosulfate (0.21 mmol) and stirred at
room temperature for overnight. The solid formed wallected by filtration and recrystallized from
80% alcohol to afford yellow solid6. Yield 91.6%; mp: 224.1-225.4°CH NMR (400 MHz,
DMSO-ds) 8 10.25 (s, 1H), 7.91 (d, = 8.4 Hz, 2H), 7.19 (s, 1H), 6.92 @@= 8.8 Hz, 2H), 6.64 (s,
1H), 3.95 (s, 3H), 3.80 (s, 3H), 3.77 (s, 3H).
4.1.3.4. 5,4'-Dihydroxy-6,7-dimethoxyflavone (17). To a solution of compount6 (5 mmol) in 15 mL
anhydrous acetonitrile was added aluminium chlo¢id®mmol). The mixture was heat at 60 °C for
1 h, then added 10 mL10% HCI, and refluxed for IThe solution was poured into ice-water,
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filtrating, the residue was recrystallized from hwetyethanol to afford light yellow compounds.
Yield 90.1%; mp: 261.1-262.3°CH NMR (400 MHz, DMSOds) 5 12.94 (s, 1H), 10.41 (s, 1H),
7.98 (d,J = 9.2 Hz, 2H), 6.95-6.93 (m, 3H), 6.87 (s, IHR3B(s, 3H), 3.74 (s, 3H).

4.1.4. General procedure for the synthesis of compounds 18a-b.

To a solution of compoundkss or 17 (5 mmol) and anhydrous,KO; (6.0 mmol) in CHCN, and
ethyl bromoacetate (5.5 mmol) was slowly added. fdaetion mixture was heated at 65 °C and
stirred for 8-10 h under an argon atmosphere. Aftenplete reaction, the solvent was evaporated
under reduced pressure. Then water (50 mL) wasdaiddihe residue and the mixture was extracted
with dichloromethane (30 mLx3). The combined orgghiases were washed with saturategOX3
agueous solution (30 mLx3) and saturated aquealisraacchloride (60 mL), dried over MNaQO,, and
filtered. The solvent was evaporated to drynesse Tosidue was purified on a silica gel
chromatography using mixtures of petroleum/acetasesluent to obtain the compout8a-b as
light yellow solid.

4.1.4.1. Ethyl 2-(4-(5,6,7-trimethoxy-4-oxo-4H-chromen-2-yl)phenoxy)acetate (18a). Light yellow
solid. Yield 89.5%; mp: 132.2-133.6°¢H NMR (400 MHz, CDCY) 3 7.84 (d, 2H,) = 8.4 Hz), 7.02
(d, 2H,J = 8.8 Hz), 6.80 (s, 1H), 6.64 (@= 5.2 Hz, 1H), 4.70 (s, 2H), 4.30 (,= 14.0 HzJ, = 7.2
Hz, 2H), 3.99 (s, 6H), 3.92 (s, 3H), 1.32)& 7.2 Hz, 3H).

4.1.4.2. Ethyl 2-(4-(5-hydroxy-6,7-dimethoxy-4-oxo-4H-chromen-2-yl)phenoxy)acetate (18b). Light
yellow solid. Yield 80.7%; mp: 157.2-158.1°@&4 NMR (400 MHz, CDC}) & 12.68 (brs, 1H), 7.86
(d, J= 9.2 Hz, 2H), 7.03 (d] = 8.8 Hz, 2H), 6.59 (s, 1H), 6.55 (s, 1H), 4.722), 4.30 (q)=7.2
Hz, 2H), 3.97 (s, 3H), 3.93 (s, 3H), 1.32)& 6.8 Hz, 3H).

4.1.5. General procedure for the synthesis of compounds 19a-b.

The mixture of LIOH (15 mmol) in water (15 mL) wadded to a solution of compoun@i®a-b in
THF (20 mL), and then heated under reflux for Z'lhe solution was concentrated in vacuo, diluted
with water (20 mL), acidified with 10% HCI. The abformed was collected by filtration, washed
with water, dried, and recrystallized from ethatwoafford light yellow compound$9a-h

4.1.5.1. 2-(4-(5,6,7-Trimethoxy-4-oxo-4H-chromen-2-yl)phenoxy)acetic acid (19a). Light yellow
solid. Yield 83.2%; mp: 234.0-235.7°¢H NMR (400 MHz, DMSOdg) 8 13.15 (s, 1H), 8.02 (d, 2H,
J=8.8 Hz), 7.23 (s, 1H), 7.09 (d, 2Bi= 9.2 Hz), 6.73 (s, 1H), 4.82 (s, 2H), 3.95 (s),3B480 (s,
3H), 3.77 (s, 3H).
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4.1.5.2. 2-(4-(5-Hydroxy-6,7-dimethoxy-4-oxo-4H-chromen-2-yl)phenoxy)acetic acid (19b).Light
yellow solid. Yield 88.7%; mp: 228.3-229.7°¢4 NMR (400 MHz, DMSOds) 5 13.18 (s, 1H),
12.88 (s, 1H), 8.07 (d, 2H,= 8.8 Hz), 7.12 (d, 2H] = 8.8 Hz), 6.97 (s, 1H), 6.96 (s, 1H), 4.84 (s,
2H), 3.93 (s, 3H), 3.74 (s, 3H).

4.1.6. General procedure for the synthesis of compounds T-1~T-24.

To a mixture of (1-(3-dimethylaminopropyl)-3-ethgtbodiimide hydrochloride (EDCI, 0.45 mmol)
and compound49a-b (0.3 mmol) in THF (3 mL) was stirred for 0.5 hrabm temperature, then
added the solution of the appropriate intermedigt&$ (0.33 mmol) in THF (1 mL). And then was
stirred at room temperature for overnight. The sotwvas evaporated in vacuo. The residue was
dissolved in dichloromethane (30 mL), washed wititex (20 mLx2) and saturated aqueous sodium
chloride (30 mL), dried over sodium sulfate, anldefed. The solvent was evaporated under a
vacuum to give the crude product which was purifisd column chromatography on silica gel
(CH.CI,/CH3;OH as eluent) to obtain the desired prodddts24.

4.1.6.1.N-(2-(benzyl (methyl)amino)ethyl)-2-(4-(5,6, 7-trimethoxy-4-oxo-4H-chr omen-2-yl ) phenoxy)ac
etamide (T-1). Light yellow oil. Yield 41.3%; Purity: 98.2% (by HI); *H NMR (400 MHz,
CDCls) 8 7.88 (d, 2H,J = 8.8 Hz), 7.29-7.24 (m, 5H), 7.19 (brs, 1H), 7(69J = 8.4 Hz), 6.81 (s,
1H), 6.61 (s, 1H), 4.55 (s, 2H), 3.99 (s, 6H), 3(833H), 3.54 (s, 2H), 3.48-3.44 (m, 2H), 2.5972.5
(m, 2H), 2.24 (s, 3H)**C NMR (100 MHz, CDGJ) & 177.1, 167.2, 160.5, 159.5, 157.6, 154.4,
152.5, 140.3, 138.6, 128.7 (2C), 128.3 (2C), 1223, 127.2, 125.2, 115.0 (2C), 112.7, 107.4, 96.2,
67.3,62.2, 62.1, 61.5, 56.2, 55.0, 41.6, 36.1;(ESl) m/z 533.3 [M + H].

4.1.6.2.N-(2-(benzyl (ethyl)amino)ethyl )-2-(4-(5,6, 7-trimethoxy-4-oxo-4H-chr omen-2-yl ) phenoxy)acet
amide (T-2). Light yellow oil. Yield 49.5%:; Purity: 98.8% (by HE); 'H NMR (400 MHz, CDC}))
57.88 (d, 2H, = 8.8 Hz), 7.29-7.23 (m, 5H), 7.21 (brs, 1H), 7(67J = 8.0 Hz), 6.81 (s, 1H), 6.61
(s, 1H), 4.53 (s, 2H), 3.99 (s, 6H), 3.93 (s, 3BH9 (s, 2H), 3.41-3.38 (M, 2H), 2.65-2.52 (M, 4H),
1.03 (t,J = 7.2 Hz, 3H);"*C NMR (100 MHz, CDGJ) 5 177.0, 167.0, 160.5, 159.5, 157.6, 154.3,
152.4, 140.2, 139.1, 128.5 (2C), 128.2 (2C), 1223, 126.9, 125.1 114.9 (2C), 112.7, 107.3, 96.1,
67.2,62.0, 61.4,57.7, 56.2, 51.3, 47.0, 36.17;1M1S (ESI) m/z 347.3 [M + H]
4.1.6.3.N-(2-((2-methoxybenzyl ) (methyl)amino)ethyl )-2-(4-(5,6, 7-trimethoxy-4-oxo-4H-chromen-2-yl
)phenoxy)acetamide (T-3). Light yellow oil. Yield 41.6%; Purity: 97.6% (by HE); *H NMR (400
MHz, CDCL) & 7.83 (d,J = 8.4 Hz, 2H), 7.47 (brs, 1H), 7.32 (t= 7.2 Hz, 1H), 7.27 (1] = 6.8 Hz,
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1H), 7.04 (d,J = 8.8 Hz, 2H), 6.92-6.87 (m, 2H), 6.80 (s, 1HBSB(s, 1H), 4.55 (s, 2H), 3.99 (s,
6H), 3.92 (s, 3H), 3.81 (s, 3H), 3.62 (s, 2H), 3%20 (M, 2H), 2.66-2.65 (M, 2H), 2.27 (s, 3L
NMR (100 MHz, CDC4) 6 177.0, 167.3, 160.6, 159.6, 157.7, 157.6, 15452.41 140.2, 130.5,
128.6, 127.7 (2C), 125.2, 125.0, 120.3, 115.1 (2C¢.7, 110.4, 107.3, 96.2, 67.3, 62.1, 61.4, 56.2,
55.5, 55.3, 54.9, 41.8, 36.0; MS (ESI) m/z 563.24M]".

4.1.6.4.N-(2-(ethyl (2-methoxybenzyl Jamino)ethyl)-2-(4- (5,6, 7-trimethoxy-4-oxo-4H-chromen-2-yl ) ph
enoxy)acetamide (T-4). Light yellow oil. Yield 39.5%; Purity: 97.3% (by HE): 'H NMR (400
MHz, CDCL) & 7.87 (d,J = 8.8 Hz, 2H), 7.40 (brs, 1H), 7.33 (t= 7.2 Hz, 1H), 7.26 (] = 7.2 Hz,
1H), 7.04 (d,J = 8.0 Hz, 2H), 6.92-6.87 (m, 2H), 6.83 (s, 1HEB(s, 1H), 4.56 (s, 2H), 4.01 (s, 6H),
3.95 (s, 3H), 3.82 (s, 3H), 3.63 (s, 2H), 3.47-3(AB 2H), 2.66 (tJ = 7.2 Hz, 2H), 2.56-2.50 (m,
2H), 1.00 (t,J = 7.2 Hz, 3H);**C NMR (100 MHz, CDGJ) & 177.1, 167.0, 160.6, 159.6, 157.6,
157.6, 154.3, 152.4, 140.2, 130.0, 128.1, 127.%,(225.0, 120.2, 114.9 (2C), 112.7, 110.3, 107.3,
96.1, 67.2,62.1, 61.4, 56.2, 55.2, 51.5, 51.24,436.2, 11.7; MS (ESI) m/z 577.4 [M + H]
4.1.6.5.N-(3-(benzyl (methyl )Jamino)propyl)-2-(4-(5,6, 7-trimethoxy-4-oxo-4H-chr omen-2-yl ) phenoxy)
acetamide (T-5). Light yellow oil. Yield 51.1%; Purity: 97.9% (by HE); *H NMR (400 MHz,
CDCls) 8 8.07 (brs, 1H), 7.80 (d} = 8.4 Hz, 2H), 7.31-7.24 (m, 5H), 6.88 (= 8.8 Hz, 2H), 6.79
(s, 1H), 6.58 (s, 1H), 4.55 (s, 2H), 3.99 (s, 6BP2 (s, 3H), 3.51 (s, 2H), 3.47-3.42 (m, 2H),
2.52-2.49 (m, 2H), 2.17 (s, 3H), 1.75-1.72 (m, 2HE NMR (100 MHz, CDG)) 5 176.9, 167.1,
160.5, 159.5, 157.5, 154.2, 152.3, 140.1, 138.9,A.22C), 128.2 (2C), 127.6 (2C), 127.1, 124.8,
114.8 (2C), 112.6, 107.1, 96.1, 67.2, 62.9, 62104,656.1 (2C), 41.6, 38.9, 25.4; MS (ESI) m/z
547.3 [M + HJ.

4.1.6.6.N-(3-(benzyl (ethyl)amino)propyl )-2-(4-(5,6, 7-trimethoxy-4-oxo-4H-chromen-2-yl ) phenoxy)ac
etamide (T-6). Light yellow oil. Yield 53.3%; Purity: 98.6% (by HE); *H NMR (400 MHz, CDC}))
57.90 (brs, 1H), 7.82 (d, = 8.8 Hz, 2H), 7.31-7.20 (m, 5H), 6.92 (b= 8.4 Hz, 2H), 6.80 (s, 1H),
6.59 (s, 1H), 4.54 (s, 2H), 3.99 (s, 3H), 3.983d), 3.92 (s, 3H), 3.56 (s, 2H), 3.44-3.37 (M, 2H),
2.55-2.52 (m, 4H), 1.73-1.71 (m, 2H), 1.07J(& 7.2 Hz, 3H)*C NMR (100 MHz, CDCJ) 5 177.1,
167.2, 160.6, 159.5, 157.6, 154.4, 152.4, 140.8,713129.0 (2C), 128.2 (2C), 127.7 (2C), 127.0,
125.0, 114.9 (2C), 112.7, 107.3, 96.1, 67.3, 6@115, 58.4, 56.2, 51.8, 47.1, 39.0, 25.5, 11.1; MS
(ESI) m/z 561.3 [M + H].

4.1.6.7.N-(3-((2-methoxybenzyl ) (methyl )amino)propyl)-2-(4- (5,6, 7-trimethoxy-4-oxo-4H-chromen-2-
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yl)phenoxy)acetamide (T-7). Light yellow oil. Yield 51.1%:; Purity: 98.3% (by HF): *H NMR (400
MHz, CDCk) & 8.41 (brs, 1H), 7.74 (d, = 8.8 Hz, 2H), 7.25-7.22 (m, 2H), 6.92 Jt= 7.2 Hz, 2H),
6.85 (d,J = 8.4 Hz, 2H), 6.79 (s, 1H), 6.56 (s, 1H), 4.512), 3.99 (s, 6H), 3.92 (s, 3H), 3.79 (s,
3H), 3.52 (s, 2H), 3.49-3.43 (m, 2H), 2.57-2.53 @H), 2.09 (s, 3H), 1.75-1.73 (m, 2HJC NMR
(100 MHz, CDC}¥) 6 177.0, 167.1, 160.6, 159.6, 157.9, 157.5, 15452.3, 140.2, 131.1, 128.6,
127.5 (2C), 126.0, 124.6, 120.0, 114.7 (2C), 11216.3, 107.1, 96.1, 67.1, 62.0, 61.4, 57.0, 56.8,
56.2, 54.9, 41.4, 39.5, 25.2; MS (ESI) m/z 577.44M]".

4.1.6.8.N-(3-(ethyl (2-methoxybenzyl )amino)propyl)-2-(4- (5,6, 7-trimethoxy-4-oxo-4H-chromen-2-yl)p
henoxy)acetamide (T-8). Light yellow oil. Yield 37.6%; Purity: 98.2% (by HE); *H NMR (400
MHz, CDCk) & 8.15 (brs, 1H), 7.79 (d] = 8.8 Hz, 2H), 7.44-7.42 (m, 1H), 7.29-7.26 (m,)1H
6.93-6.85 (M, 4H), 6.80 (s, 1H), 6.58 (s, 1H), 4(522H), 3.99 (s, 6H), 3.89 (s, 3H), 3.82 (s, 3H),
3.81 (s, 2H), 3.49-3.44 (m, 2H), 2.76-2.72 (m, 4HY¥7-1.94 (m, 2H), 1.16 (§,= 7.2 Hz, 3H)C
NMR (100 MHz, CDC4) 6 177.1, 167.4, 160.7, 159.5, 157.9, 157.6, 15452.4, 140.2, 131.3,
128.9, 127.6 (2C), 124.7, 120.2, 114.8 (2C), 1121D.4, 107.2, 96.2, 67.0, 62.1, 61.5, 56.2, 55.1,
51.9, 51.8, 47.1, 39.1, 24.8, 10.4; MS (ESI) m/2.39M + HJ'.

4.1.6.9.N-(4-(benzyl (methyl)ami no)butyl )-2-(4- (5,6, 7-trimethoxy-4-oxo-4H-chromen-2-yl ) phenoxy)ac
etamide (T-9). Light yellow oil. Yield 46.2%; Purity: 97.7% (by HE); *H NMR (400 MHz, CDC}))

5 7.84 (d,J = 8.8 Hz, 2H), 7.32-7.24 (m, 5H), 7.01 (b= 8.8 Hz), 6.91 (brs, 1H), 6.79 (s, 1H), 6.59
(s, 1H), 4.56 (s, 2H), 3.99 (s, 3H), 3.98 (s, 3BP2 (s, 3H), 3.53 (s, 2H), 3.39-3.35 (m, 2H),
2.46-2.42 (m, 2H), 2.21 (s, 3H), 1.63-1.59 (m, 4HE NMR (100 MHz, CDG)) 5 177.1, 167.4,
160.5, 159.4, 157.6, 154.3, 152.4, 140.2, 138.9,1122C), 128.2 (2C), 127.7 (2C), 127.1, 125.1,
115.0 (2C), 112.7, 107.3, 96.1, 67.3, 62.1, 62104,656.5, 56.2, 41.9, 38.8, 27.1, 24.4; MS (ESI)
m/z 561.3 [M + HJ.

4.1.6.10.N-(4-(benzyl (ethyl)amino)butyl )-2-(4- (5,6, 7-trimethoxy-4-oxo-4H-chromen-2-yl ) phenoxy)ac
etamide (T-10). Light yellow oil. Yield 51.2%; Purity: 96.9% (by HF); 'H NMR (400 MHz,
CDCl;) 8 7.85 (d,J = 9.2 Hz, 2H), 7.31-7.23 (m, 5H), 7.02 (= 8.8 Hz, 2H), 6.79 (s, 1H), 6.70
(brs, 1H), 6.59 (s, 1H), 4.55 (s, 2H), 3.99 (s, 681P2 (s, 3H), 3.57 (s, 2H), 3.37-3.32 (m, 2H),
2.55-2.46 (m, 4H), 1.58-1.54 (m, 4H), 1.05)(& 6.8 Hz, 3H)*C NMR (100 MHz, CDGJ) & 177.0,
167.3, 160.4, 159.4, 157.5, 154.3, 152.3, 140.8,8,3128.8 (2C), 128.1 (2C), 127.7 (2C), 126.8,
125.0, 114.9 (2C), 112.6, 107.2, 96.1, 67.2, 62104, 57.7, 56.2, 52.3, 47.0, 38.8, 27.2, 24.12;11.
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MS (ESI) m/z 575.3 [M + H]

4.1.6.11.N-(4-((2-methoxybenzyl ) (methyl Jamino)butyl )-2-(4-(5,6, 7-trimethoxy-4-oxo-4H-chromen-2-
yl)phenoxy)acetamide (T-11). Light yellow oil. Yield 47.4%; Purity: 98.6% (by HE); *H NMR
(400 MHz, CDC$) 8 7.83 (d,J = 9.2 Hz, 2H), 7.36 (d] = 6.8 Hz, 1H), 7.29 (] = 7.6 Hz, 1H), 7.21
(brs, 1H), 6.99 (dJ = 8.8 Hz, 2H), 6.95 (tJ = 7.6 Hz, 1H), 6.88 (dJ = 8.0 Hz, 1H), 6.80 (s, 1H),
6.58 (s, 1H), 4.55 (s, 2H), 3.99 (s, 6H), 3.933(4), 3.84 (s, 3H), 3.69 (s, 2H), 3.40 (,= 12.0
Hz, J, = 6.4 Hz, 2H), 2.62-2.59 (m, 2H), 2.31 (s, 3Hp71.63 (m, 4H)}*C NMR (100 MHz,
CDCl) 6 177.1, 167.4, 160.5, 159.5, 157.8, 157.6, 15452,.3] 140.2, 131.3, 128.9, 127.7 (2C),
124.9, 120.2, 114.9 (2C), 112.6, 110.4, 107.2,,9%712, 62.1, 61.4, 56.6, 56.2, 55.2, 55.0, 4187/6,3
26.9, 23.9; MS (ESI) m/z 591.3 [M + H]

4.1.6.12.N-(4-(ethyl (2-methoxybenzyl Jamino)butyl )-2-(4- (5,6, 7-trimethoxy-4-oxo-4H-chromen-2-yl ) p
henoxy)acetamide (T-12). Light yellow oil. Yield 53.1% ; Purity: 98.2% (by®LC); *H NMR (400
MHz, CDCh) & 7.83 (d,J = 8.8 Hz, 2H), 7.62 (d] = 7.2 Hz, 1H), 7.53 (brs, 1H), 7.38 Jt= 8.0 Hz,
1H), 7.13 (dJ = 8.4 Hz, 2H), 7.01 (1) = 7.2 Hz, 1H), 6.92 (d] = 8.4 Hz, 1H), 6.78 (s, 1H), 6.57 (s,
1H), 4.58 (s, 2H), 4.20 (s, 2H), 3.98 (s, 6H), 3(813H), 3.87 (s, 3H), 3.41 (d = 12 Hz,J, = 5.6
Hz, 2H), 3.04-2.94 (m, 4H), 1.98-1.93 (m, 2H), 1582 (m, 2H), 1.39 (tJ = 7.2 Hz, 3H);**C
NMR (100 MHz, CDC4) 6 177.1, 168.0, 160.7, 159.7, 158.0, 157.6, 15452.41 140.2, 133.0,
131.4,127.7, 124.8, 121.2, 117.5, 115.2, 112.G,911107.2, 96.2, 67.1, 62.1, 61.5, 56.3, 55.52,51.
49.9, 46.8, 37.5, 29.6, 26.4, 8.7; MS (ESI) m/z.8Q& + HJ".

4.1.6.13.N-(6-(benzyl (methyl )amino)hexyl)-2-(4-(5,6, 7-trimethoxy-4-oxo-4H-chromen-2-yl ) phenoxy)
acetamide (T-13). Light yellow oil. Yield 41.3%; Purity: 97.4% (by HE); '"H NMR (400 MHz,
CDCl;) 87.86 (d,J = 9.2 Hz, 2H), 7.32-7.24 (m, 5H), 7.04 (tk 8.8 Hz, 2H), 6.80 (s, 1H), 6.60 (s,
1H), 6.55 (brs, 1H), 4.56 (s, 2H), 3.99 (s, 6HPAB(s, 3H), 3.51 (s, 2H), 3.38-3.33 (m, 2H),
2.39-2.37 (m, 2H), 2.21 (s, 3H), 1.59-1.52 (m, 4HB5-1.31 (m, 4H)'*C NMR (100 MHz, CDG))
5177.0, 167.2, 160.5, 159.4, 157.6, 154.3, 15248,2] 138.7, 129.0 (2C), 128.1 (2C), 127.7 (2C),
126.9, 125.2, 115.0 (2C), 112.7, 107.3, 96.1, 65231, 61.4, 57.1, 56.2, 42.0, 39.0, 29.4, 27.19,26
26.6; MS (ESI) m/z 589.4 [M + H]

4.1.6.14.N-(6-(benzyl (ethyl)amino)hexyl)-2-(4- (5,6, 7-trimethoxy-4-oxo-4H-chromen-2-yl ) phenoxy)ac
etamide (T-14). Light yellow oil. Yield 41.3%; Purity: 97.1% (by HR); 'H NMR (400 MHz,
CDCl;) 87.86 (d,J = 8.4 Hz, 2H), 7.39-7.25 (m, 5H), 7.05 (tk 9.2 Hz, 2H), 6.80 (s, 1H), 6.60 (s,
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1H), 6.58 (brs, 1H), 4.56 (s, 2H), 3.99 (s, 6HPA(s, 3H), 3.68 (s, 2H), 3.37-3.32 (m, 2H),
2.63-2.50 (m, 4H), 1.59-1.52 (m, 4H), 1.33-1.29 @Hl), 1.11 (t,J = 6.8 Hz, 3H):"*C NMR (100
MHz, CDCk) 5 177.1, 167.3, 160.5, 159.4, 157.7, 154.4, 1526,3, 138.2, 129.3 (2C), 128.3 (2C),
127.8 (2C), 127.4, 125.3, 115.1 (2C), 112.8, 109652, 67.3, 62.2, 61.5, 57.5, 56.3, 52.6, 47.0),39
29.7 (2C), 29.4, 26.8, 26.5; MS (ESI) m/z 603.4-4M]".

4.1.6.15.N-(6-((2-methoxybenzyl ) (methyl Jamino)hexyl )-2-(4-(5,6, 7-trimethoxy-4-oxo-4H-chromen-2-
yl)phenoxy)acetamide (T-15). Light yellow oil. Yield 47.4%; Purity: 98.3% (by HF): *H NMR
(400 MHz, CDC4) 8 7.85 (d,J = 8.8 Hz, 2H), 7.48 (d] = 8.8 Hz, 1H), 7.36 (] = 8.0 Hz, 1H), 7.05
(d, J = 8.8 Hz, 2H), 6.98 (t) = 7.2 Hz, 1H), 6.91 (d] = 8.0 Hz, 1H), 6.80 (brs, 1H), 6.79 (s, 1H),
6.59 (s, 1H), 4.55 (s, 2H), 4.06 (s, 2H), 3.97(), 3.90 (s, 3H), 3.84 (s, 3H), 3.34 (g,= 13.2 Hz,

J, = 6.4 Hz, 2H), 2.82-2.76 (m, 2H), 2.53 (s, 3HB1:1.78 (M, 2H), 1.58-1.54 (m, 2H), 1.35-1.32
(m, 4H); ¥C NMR (100 MHz, CDGJ) 6 177.1, 167.4, 160.5, 159.4, 158.0, 157.6, 15452.3]
140.2, 132.6, 130.6, 127.7 (2C), 124.9, 120.8,A{&C), 112.6, 110.7, 107.1, 96.2, 67.1, 62.1, 61.4
56.2, 55.5, 55.4, 53.3, 39.8, 38.7, 29.0, 26.31,254.6; MS (ESI) m/z 619.3 [M + H]
4.1.6.16.N-(6-(ethyl (2-methoxybenzyl Jamino)hexyl)-2-(4-(5,6, 7-trimethoxy-4-oxo-4H-chromen-2-yl ) p
henoxy)acetamide (T-16). Light yellow oil. Yield 48.3%; Purity: 98.7% (by HIZ); *H NMR (400
MHz, CDCh) & 7.86 (d,J = 8.8 Hz, 2H), 7.54 (d] = 7.2 Hz, 1H), 7.30 (] = 7.2 Hz, 1H), 7.06 (d]

= 8.8 Hz, 2H), 6.97 () = 7.2 Hz, 1H), 6.89 (d] = 8.0 Hz, 1H), 6.81 (s, 1H), 6.66 (brs, 1H), 6(60
1H), 4.56 (s, 2H), 3.99 (s, 6H), 3.92 (s, 3H), A852H), 3.84 (s, 3H), 3.35 (& = 13.2 Hz,J, = 6.8
Hz, 2H), 2.77-2.63 (m, 4H), 1.69-1.66 (m, 2H), :594 (m, 2H), 1.34-1.32 (m, 4H), 1.21 ]t 6.8
Hz, 3H); *C NMR (100 MHz, CDGJ) & 177.0, 167.3, 160.5, 159.4, 157.7, 157.6, 15452.4]
140.2, 131.5, 129.4, 127.7 (2C), 125.1, 120.6,A1*C), 112.6, 110.4, 107.2, 96.2, 67.2, 62.1, 61.4
56.2, 55.3, 52.3, 50.5, 47.2, 38.8, 29.2, 26.63,285.2, 10.3; MS (ESI) m/z 633.4 [M + H]
4.1.6.17.2-(4-(5-Hydroxy-6, 7-dimethoxy-4-oxo-4H-chromen- 2-yl ) phenoxy)-N-(2-((2-methoxybenzyl ) (
methyl )amino)ethyl Jacetamide (T-17). Light yellow oil. Yield 43.2%; Purity: 98.2% (by HE); *H
NMR (400 MHz, CDC}) 8 12.73 (s, 1H), 7.83 (d,= 8.8 Hz, 2H), 7.53 (brs, 1H), 7.33 (= 7.6 Hz,
1H), 7.22 (tJ = 7.2 Hz, 1H), 7.06 (d] = 8.8 Hz, 2H), 6.89-6.84 (m, 2H), 6.80 (s, 1H),8(5, 1H),
4.54 (s, 2H), 4.00 (s, 3H), 3.84 (s, 3H), 3.8283@), 3.65 (s, 2H), 3.53-3.51 (M, 2H), 2.68)& 7.2
Hz, 2H), 2.29 (s, 3H)}*C NMR (100 MHz, CDQ) 5 182.6, 167.3, 163.4, 160.1, 158.9, 157.8, 153.5,
152.8, 132.5, 130.7, 127.9 (2C), 124.6, 120.4,2{ZC), 110.3, 106.1, 104.3, 90.5, 67.3, 60.8,56.2
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55.9, 55.0, 54.9, 41.8, 36.3; MS (ESI) m/z 549.24M]".

4.1.6.18.N-(2-(ethyl (2-methoxybenzyl Jami no)ethyl)-2- (4-(5-hydroxy-6, 7-dimethoxy-4-oxo-4H-chrome
n-2-yl)phenoxy)acetamide (T-18). Light yellow oil. Yield 49.1%:; Purity: 97.8% (by HE): *H NMR
(400 MHz, CDC4) 8 12.73 (s, 1H), 7.86 (d,= 8.8 Hz, 2H), 7.37 (brs, 1H), 7.30 (= 6.4 Hz, 1H),
7.23 (t,J = 7.2 Hz, 1H), 7.03 (d] = 8.4 Hz, 2H), 6.89-6.84 (m, 2H), 6.60 (s, 1H),8(5, 1H), 4.54
(s, 2H), 3.98 (s, 3H), 3.93 (s, 3H), 3.79 (s, 3BKO (s, 2H), 3.45-3.41 (m, 2H), 2.63tF 7.2 Hz,
2H), 2.51 (m, 2H), 0.98 (i = 7.2Hz, 3H):*C NMR (100 MHz, CDCJ) 5 182.6, 167.0, 163.4, 160.1,
158.7, 157.7, 153.1, 153.0, 132.5, 130.1, 128.1,(224.8, 120.2, 115.1 (2C), 110.3. 106.1, 104.5,
90.5, 67.3, 60.8, 56.3, 55.2, 51.6, 51.2, 47.%,36L..8; MS (ESI) m/z 563.3 [M + H]
4.1.6.19.2-(4-(5-Hydroxy-6, 7-dimethoxy-4-oxo-4H-chromen- 2-yl ) phenoxy)-N-(3-((2-methoxybenzyl ) (
methyl)amino)propyl)acetamide (T-19). Light yellow oil. Yield 47.1%; Purity: 98.1 % (by PLC);

H NMR (400 MHz, CDCJ) 8 12.73 (s, 1H), 8.40 (brs, 1H), 7.77 (d= 8.4 Hz, 2H), 7.29-7.26 (m,
2H), 6.92 (tJ = 7.2 Hz), 6.86 (dJ = 8.4 Hz, 2H), 6.79-6.74 (m, 2H), 6.57 (s, LHEH(s, 1H), 4.53
(s, 2H), 3.98 (s, 3H), 3.93 (s, 3H), 3.81 (s, 3RO (s, 2H), 3.50-3.43 (m, 2H), 2.63-2.59 (M, 2H),
2.16 (s, 3H), 1.81-1.77 (m, 2HYC NMR (100 MHz, CDCJ) & 182.5, 167.1, 163.4, 160.1, 158.7,
158.0, 153.1, 152.9, 132.2, 132.5, 131.3, 128.9,92C), 124.4, 120.1, 114.9 (2C), 110.4. 106.0,
104.3, 90.5, 67.1, 60.7, 56.8, 56.6, 56.2, 55.(08,439.3, 25.1; MS (ESI) m/z 563.3 [M +H]
4.1.6.20.N-(3-(ethyl (2-methoxybenzyl Jamino)propyl )-2-(4-(5-hydroxy-6, 7-dimethoxy-4-oxo-4H-chro
men-2-yl)phenoxy)acetamide (T-20). Light yellow oil. Yield 43.1%; Purity: 98.5 % (by PLC); *H
NMR (400 MHz, CDC}) 5 12.73 (s, 1H), 8.28 (brs, 1H), 7.79 {d= 8.8 Hz, 2H), 7.38-7.35 (m, 1H),
7.27-7.25 (m, 1H), 6.92-6.82 (m, 4H), 6.57 (s, 16154 (s, 1H), 4.51 (s, 2H), 3.97 (s, 3H), 3.92 (s,
3H), 3.80 (s, 3H), 3.74 (s, 2H), 3.48-3.44 (m, 2MK9-2.62 (m, 4H), 1.89-1.86 (m, 2H), 1.09)(t

6.8 Hz, 3H):**C NMR (100 MHz, CDGJ) 5 182.4, 167.2, 163.4, 159.9, 158.6, 157.9, 15%5@,8,
132.4,131.3, 129.0, 127.9 (2C), 124.3, 120.2,912C), 110.3, 105.9, 104.2, 90.4, 67.0, 60.7, ,56.2
55.0, 51.8, 51.7, 47.1, 39.0, 24.7, 10.3; MS (B%) 577.3 [M + H].

4.1.6.21.2-(4-(5-Hydroxy-6, 7-dimethoxy-4-oxo-4H-chromen- 2-yl ) phenoxy)-N-(4-((2-methoxybenzyl ) (
methyl)amino)butyl)acetamide (T-21). Light yellow oil. Yield 47.4%; Purity: 98.9 % (byPLC); *H
NMR (400 MHz, CDC}) § 12.73 (s, 1H), 7.85 (d,= 9.2 Hz, 2H), 7.41 (brs, 1H), 7.34-7.27 (m, 2H),
7.06-7.02 (m, 2H), 6.97 (8,= 6.8 Hz, 1H), 6.90 (d] = 8.4 Hz, 1H), 6.58 (s, 1H), 6.55 (s, 1H), 4.57
(s, 2H), 3.97 (s, 3H), 3.93 (s, 3H), 3.84 (s, 3HB3 (S, 2H), 3.41 (M, 2H), 2.72-2.69 (M, 2H), 281
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3H), 1.79-1.65 (m, 4H)**C NMR (100 MHz, CDG)) 5 182.6, 167.5, 163.4, 160.0, 158.7, 157.9,
153.2, 153.0, 132.6, 131.9, 129.8, 128.1 (2C), ,2420.6, 115.2 (2C), 110.6. 106.1, 104.5, 90.5,
67.3, 60.9, 56.3, 55.4, 54.6, 54.5, 41.2, 38.37,283.3; MS (ESI) m/z 577.3 [M + H]
4.1.6.22.N-(4-(ethyl (2-methoxybenzyl Jami no)butyl )-2-(4-(5-hydroxy-6, 7-di methoxy-4-oxo-4H-chrom
en-2-yl)phenoxy)acetamide (T-22). Light yellow oil. Yield 44.3% vyield, Purity: 98.8 Y%by HPLC);

'H NMR (400 MHz, CDCJ) 8 12.73 (s, 1H), 7.86 (d,= 8.8 Hz, 2H), 7.50 (m] = 7.2 Hz, 1H), 7.30

(t, J = 8.0 Hz, 1H), 7.20 (brs, 1H), 7.09 = 8.8Hz, 2H), 6.97 (t) = 7.2 Hz, 1H), 6.89 (d] = 8.0
Hz, 1H), 6.58 (s, 1H), 6.55 (s, 1H), 4.57 (s, 28188 (s, 3H), 3.93 (s, 3H), 3.88 (s, 2H), 3.843(4),
3.41-3.36 (M, 2H), 2.77-2.73 (m, 4H), 1.77-1.75 B), 1.66-1.61 (m, 2H), 1.22 @,= 6.8 Hz, 3H);
3c NMR (100 MHz, CD) 6 182.4, 167.4, 163.4, 160.0, 158.6, 157.7, 1530,8], 132.4, 131.36,
129.4, 128.0 (2C), 124.5, 120.5, 115.1 (2C), 1100%6.9, 104.2, 90.5, 67.2, 60.7, 56.2, 55.3, 52.0,
50.6, 47.2, 38.3, 26.8, 23.0, 10.2; MS (ESI) m/2.39M + HJ".

4.1.6.23.2-(4-(5-Hydroxy-6, 7-dimethoxy-4-oxo-4H-chromen-2-yl ) phenoxy)-N-(6- ((2-methoxybenzyl ) (
methyl )amino)hexyl)acetamide (T-23). Light yellow oil. Yield 48.1%:; Purity: 97.4 % (by®LC); *H
NMR (400 MHz, CDC}) 5 12.71 (s, 1H), 7.88 (d,= 8.8 Hz, 2H), 7.53 (d, J = 7.2 Hz, 1H), 7.39(t,

= 7.2 Hz, 1H), 7.09 (d] = 8.8 Hz, 2H), 7.01 (t) = 7.6 Hz, 1H), 6.94 (d] = 8.0 Hz, 1H), 6.81 (brs,
1H), 6.61 (s, 1H), 6.56 (s, 1H), 4.56 (s, 2H), 4(452H), 3.98 (s, 3H), 3.93 (s, 3H), 3.87 (s, 3H),
3.37 (9,J1 = 12.8 Hz,J, = 6.4 Hz, 2H), 2.86 (t) = 7.2 Hz, 2H), 2.58 (s, 3H), 1.86-1.83 (m, 2H),
1.60-1.57 (m, 2H), 1.39-1.36 (m, 4H}C NMR (100 MHz, CDGJ) & 182.4, 167.3, 163.3, 159.9,
158.7, 158.0, 153.0, 152.8, 132.9, 132.4, 130.8,A22C), 124.6, 120.9, 118.6, 115.1 (2C), 110.7,
105.9, 104.2, 90.5, 67.2, 60.7, 56.2, 55.4, 53220,539.3, 38.7, 29.0, 26.2, 26.0, 24.3, 22.6; HESI)
m/z 605.3 [M + HJ.

4.1.6.24.N-(6- (ethyl (2-methoxybenzyl )Jami no)hexyl )-2-(4-(5-hydroxy-6, 7-di methoxy-4-oxo-4H-chrom
en-2-yl)phenoxy)acetamide (T-24). Light yellow oil. Yield 48.1%; Purity: 97.1 % (by FLC); 'H
NMR (400 MHz, CDC}) 5 12.73 (s, 1H), 7.89 (d,= 8.8 Hz, 2H), 7.65 (d] = 6.4 Hz, 1H), 7.37 (1]

= 7.2 Hz, 1H), 7.09 (d] = 8.8 Hz, 2H), 7.02 (t) = 7.2 Hz, 1H), 6.93 (d] = 8.0 Hz, 1H), 6.78 (brs,
1H), 6.61 (s, 1H), 6.57 (s, 1H), 4.58 (s, 2H), 4(862H), 3.98 (s, 3H), 3.93 (s, 3H), 3.87 (s, 3H),
3.39-3.33 (m, 2H), 2.96-2.84 (m, 4H), 1.65-1.58 @), 1.38-1.36 (m, 5H); MS (ESI) m/z 619.3 [M
+ HJ".
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4.2. Biological evaluation.

4.2.1. Inhibition experiments of AChE and BUChE.

The determination of AChE and BuChE inhibitory aapaof the compounds were tested by Ellman
assay with slight modification, using AChE from 38& cortex homogenate or purified AChE from
electric eel (Sigma-Aldrich Co.) or BUChE from rat serum [22,23he brain homogenate was
pre-incubated for 5 min with tetraisopropyl pyrophboramide ifo-OMPA, selective inhibitor of
BuChE, 4.0 mmol/L) (Sigma-Aldrich Co.) before user rat AChE or BUChE inhibition assays, a
reaction mixture (100 pL) containing acetylthiocheliodide (1 mmol/L, 30 pL)J&K Scientific) or
butyrylthiocholine iodide (1 mmol/L, 30 pL) (TCI 8hghai Development), phosphate-buffered
solution (0.1 mmol/L, pH = 7.4, 40 pL), 5% homogenar 25% serum (10 pL) and different
concentrations (< 1% DMSO) of test compounds (20 was incubated at 37°C for 15 min. Then
5,5’-dithiobis-2-nitrobenzoic acid (DTNB, 0.2%, 3Q.) (J&K Scientific) was added. The activities
were determined by using a Varioskan Flash Multiem&®ader (Thermo Scientific) at 405 nm. For
electric eel AChE and human AChE inhibition assagAChE or HUAChE (0.05 U/mL, final
concentration) was used and the assay was camieitt @ phosphate buffer (0.1 mmol/L, pH=8.0).
Changes in absorbance were detected at 412 nmothke procedure was the same as described
above. Compounds inhibiting AChE or BUChE actiwiguld reduce the color generation. Thus,
ICso values were calculated as the concentration ofpoaimd that produces 50% AChE or BUuChE
activity inhibition. Data presented were the averafthree independent experiments + SD

4.2.2. Kinetic characterization of AChE inhibition.

Kinetic characterization of AChE inhibition was fegmed based on a reported method using
purified AChE fromelectric eel (EeAChE) [35]. The assay solution (1QQ) consists of 0.1 M
phosphate buffer (pH 8.0), with the addition of 80 of 0.2% DTNB, 10uL of 0.5 units/mL
EeAChE, and 2QuL of substrate (ATCh). Three different concentrasi@f inhibitors were added to
the assay solution and pre-incubated for 15 mBi7atC with theEeAChE followed by the addition
of substrate in different concentrations (0.1-0.K)mKinetic characterization of the hydrolysis of
ATCh catalyzed b¥eAChE was done spectrometrically at 412 nm. Thellgdu@ontrol experiments
were performed without inhibitor in the assay. Thets were assessed by a weighted least square

analysis that assumed the varianc¥ ¢d be a constant percentage/dbr the entire data set. Slopes
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of these reciprocal plots were then plotted agaimstconcentration of the inhibitors in a weighted
analysis.
4.2.3. Molecular docking.
The crystal structure of AChE complexed with doreépgcode ID: 1EVE) was obtained from the
Protein Data Bank after eliminating the originahilmitors and water molecules [26]. The 3D
Structure ofT-22 was built and performed geometry optimization bglenular mechanics. After
addition of Gasteiger charges, removal of hydrogeanms, addition of their atomic charges to
skeleton atoms, and the assignment of proper attypes, the further preparation of the inhibitor
was accomplished. Autotors was then used to defieerdtatable bonds in the ligands. Docking
studies were performed using the AUTODOCK 4.2 paogr By using Autodock Tools (ADT;
version 1.5.6), polar hydrogen atoms were addedimo acid residues, and Gasteiger charges were
assigned to all atoms of the enzyme. The resultimgyme structure was used as an input for the
AUTOGRID program. AUTOGRID performed a pre-calcathtatomic affinity grid maps for each
atom type in the ligand, plus an electrostatics iaag a separate desolvation map presented in the
substrate molecule. All maps were calculated wiBVBA spacing between grid points. The center
of the grid box was placed at the center of donépé@ih coordinatesx = 2.023,y = 63.295,z =
67.062. The dimensions of the active site box veeteat 50 x 50 x 50 A. Flexible ligand docking
was performed for the compounds. Each docked systas performed by 100 runs of the
AUTODOCK search by the Lamarckian genetic algoritfifGA). Other than the referred
parameters above, the other parameters were adcaptéefault. A cluster analysis was performed
on the docking results using a root mean squareSRidlerance of 1.0 and the lowest energy
conformation of the highest populated cluster welecded for analysis. Graphic manipulations and
visualizations were done by Autodock Tools or Disary Studio 2.1 software.
4.2.4. Metal binding studies.
The metal binding studies were carried out in aiogan Flash Multimode Reader (Thermo
Scientific) [27]. The UV absorption of the testednmgpoundT-22, in the absence or presence of
CuChk, ZnCh, AICI; and FeS@was recorded with wavelength ranging from 200 @ ém after
incubating for 30 min in methanol at room tempeamtd he final volume of reaction mixture was
200uL, and the final concentrations of tested compaoamd metals were 378M.

The stoichiometry of the compound-£womplex was determined by titrating the methanol

35



solution of tested compound with ascending of GuThe final concentration of tested compound
was 37.5:M, and the final concentration of €uranged from 3.75 to 93.78V. The UV spectra was
recorded and treated by numerical subtraction ofl€and tested compound at corresponding
concentrations, plotted versus the mole fractiotesfed compound.

4.2.5. Antioxidant activity assay.

The antioxidant activity was determined by the axygadical absorbance capacity fluorescein
(ORAC-FL) assay [28,36]. 2,2’-Azobis(amidinoproparghydrochloride (AAPH) was purchased
from Accela ChemBio Co., Ltd. 6-hydroxy-2,5,7,8réehethylchromane-2-carboxylic acid (trolox),
and fluorescein (FL) were purchased from TCI (ShangDevelopment. All the assays were
conducted with 75 mM phosphate buffer (pH 7.4), dimel final reaction mixture was 2Qd..
Antioxidant (20uL) and fluorescein (120L, 150nM final concentration) were placed in thdlsvef

a black 96-well plate. The mixture was pre-incutddta 15 min at 37 °C, and then AAPH solution
(60 uL, 12 mM final concentration) was added rapidly ngsian autosampler. The plate was
immediately placed in a Varioskan Flash MultimodeeaBer (Thermo Scientific) and the
fluorescence recorded every minute for 90 min \eilitation at 485 nm and emission at 535 nm.
The plate was automatically shaken prior to eaalirg. Trolox was used as standard (@M final
concentration). A blank (FL + AAPH) using phosphaigffer instead of antioxidant and trolox
calibration were carried out in each assay. Thepsesrwere measured at different concentration
(1-10 uM). All the reaction mixture was prepared in dugte, and at least three independent assays
were performed for each sample. Antioxidant cuiifie®rescence versus time) were normalized to
the curve of the blank in the same assay, The ORR®alues were calculated as described in the
reference, and the final results werepiM(Trolox equivalent)/(M pure compound).

4.2.6. Effect of test compounds on self-induced AB1.4> aggregation assay.

In order to investigate the self-induce@:4, aggregation, a Thioflavin T-based flurometric gssa
was performed [29,30,37]. Thioflavin T was purclthsitkom TCI (Shanghai) Development.
Amyloid-f1.42 (AB1-42), supplied as trifluoroacetate salt, was purch&sed China Peptides Co., Ltd.
1,1,1,3,3,3-hexafluoro-2-propanol (HFIP) were puselafrom Energy Chemical. Briefly,fAs,was
dissolved in HFIP (1 mg/mL) and incubated for 24hraom temperature, and solvent was
evaporated. Then the HFIP pretreategh £ was re-solubilized in dry DMSO in order to have a
stable stock solution of 200M and was kept at —80 °C. Solutions of tested camgds were
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prepared in DMSO in 2.5 mM for storage and diluteth phosphate buffer solution (pH 7.4)5:A:

(20 uL, 25 uM, final concentration) was incubated at 37 °C 2dr with or without 20uL of test
compounds at different concentrations ranging fles0 uM in 50 mM phosphate buffer solution
(pH 7.4). To minimize evaporation effect the wellsre sealed by a transparent heat-resistant plastic
film. After incubated, 16QuL of 5 uM thioflavin T in 50 mM glycine-NaOH buffer (pH 8.5was
added. Each assay was run in triplicate. Fluoresceiras measured by a Varioskan Flash Multimode
Reader (Thermo Scientific) with excitation and esiia wavelengths at 446 nm and 490 nm,
respectively. The fluorescence intensities were pamed and the percent inhibition due to the
presence of the inhibitor was calculated by theesgion (1-1FIF:) x 100, in which IFand IF are

the fluorescence intensities obtained fofi14y in the presence and absence of inhibitors after
subtracting the background, respectively.

4.2.7. Inhibition of HUAChE-induced AB;.-40 aggregation.

The thioflavin-T (ThT) fluorescence method was usedpreviously described [22,38,39]. HFIP
pretreatedA\f1-40 (Sigma Co.) and tested compounds were dissolv&MBO to obtain 2.3 mM and

1 mM solutions respectively. For the AChE-inducedagy, Aliquots of 2iL of Af;.4owere incubated
for 24 h at room temperature in 0.215 mM sodiumspihate buffer (pH 8.0) at a final concentration
of 230 uM. For co-incubations experiments, 16 of HUAChE (final concentration of 2.3M,
Af1.40AChE molar ration of 100:1) and AChE in the preseof 2uL of the tested inhibitor (final
concentration 10@M) in 0.215 M sodium phosphate buffer (pH 8.0) siolus were added. Blanks
containing A61.40 alone, human AChE alone, an@:A, plus tested inhibitors in 0.215 mM sodium
phosphate buffer (pH 8.0) were prepared. After liation, 180ulL of 5 uM thioflavin T in 50 mM
glycine-NaOH buffer (pH 8.5) was added. Each asgay run in triplicate. The detection method
was the same as above. The percent inhibitionedoABhE-induced aggregation due to the presence
of the tested compound was calculated by the fatigiormula: 100-IFIF.*100), where IFand Ik
were the fluorescence intensities obtained fgrpfus AChEnN the presence and in the absence of
inhibitors, respectively, minus the fluorescendemsities due to the respectively blanks.

4.2.8. Effect of test compounds on metal-induced Af1.4, aggregation experiments and disaggregation

by ThT method.

For the inhibition of Cti-induced A8;.42aggregation experiment [40]. HEPES buffer soluti(@®
mM, pH 6.6) containing 15QM NaCl were prepared with distilled wat8olutions of C&" were
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prepared from standards to concentration ofivbusing the HEPES buffer at pH = 6.6. Thg1A
stock solution was diluted in HEPES buffer. The tomig of the peptide (2L, 25 uM, final
concentration) and Gti(20 uL, 25 uM, final concentration), was incubated at 37 °CZdh with or
without the tested compound at different concemmngt (20puL, 25 puM, final concentration). After
incubated, 19QiL of 5 uM Thioflavin T in 50 mM glycine-NaOH buffer (pH 8.5%vas added. Each
assay was run in triplicate. The detection methas the same as that of self-inducef; £
experiment.

For the disaggregation of copper-inducef #orils experiment, the As.4> stock solution was
diluted in HEPES buffer (20 mM, pH 6.6, 150 mM NaQlhe mixture of the £;.42(20 uL, 25 uM,
final concentration) with Cii (20 uL, 25 uM, final concentration) was incubated 37 °C fort24rhe
tested compound (20L, 25 uM, final concentration) was then added and incubaie37 °C for
another 24 h. To minimize evaporation effect thdlsweere sealed by a transparent heat-resistant
plastic film. After incubation, 19QL of 5 uM thioflavin T in 50 mM glycine-NaOH buffer (pH 8.5
was added. Each assay was run in triplicate. Ttectien method was the same as above.

4.2.9. Sudies of cytotoxic effects on SH-SYSY (MTT assay) [41,42] .

The human neuroblastoma SH-SY5Y cells were purchdsem the American Type Culture
Collection (ATCC). The cell line was maintainedDulbecco’s modified Eagle’s medium (DMEM
from GIBCO) containing 10% (v/v) fetal bovine ser#BS, Hyclone), 100 U/ml penicillin, and
100 mg/ml streptomycin (Invitrogen). The cells wgrewn at 37 °C in a humidified atmosphere of
56 CQ. For the MTT (3-(4,5-dimethylthiazol-2-yl)-2,5-dipnyltetrazolium bromide,
Sigma-Aldrich) assay, SH-SY5Y cells were seede@Binvell plate (4 x 1bcells in 100 pL per well).
Then, the cells were incubated for 24 h at 37 °Ge B the poor solubility of compouidl2 and
T-22 in water or media, the final amount of DMSO used % (v/v). On the consecutive day, the
cells were treated with 25 pl MTT (5 mg/ml in PB®) 4 h at 37 °C and then were lysed in a
buffered solution containindy,N-dimethylformamide (pH 4.5, 50% (aq, v/v)) and sodidodecyl
sulfate (SDS, 20% (w/v)) overnight at room tempam®in the dark. The absorbance (A590 nm) was
measured using a EIx800 microplate reader (puréteed Bio-Tek). % inhibition = [1 — (Aumple/
Acontro)|X100.

4.2.10. Hydrogen peroxide induced PC12 cell injury. [26,31]

MTT reduction assay was determined withiawitro toxicology assay. PC12 cells were propagated
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in phenol red free Dulbecco’s modified Eagle’s nuedi(DMEM from GIBCO) containing 10% (v/v)
fetal calf serum (FCS, Hyclone), 100 U/ml peniailland 100 mg/ml streptomycin (Invitrogen). The
cells were grown at 37 °C in a humidified atmosphafr5% CQ. Neuronal PC12 cells were plated
at a density of 10cells/well on 96-well plates in 10@ of DEME. The compound$-12 andT-22
were dissolved with 2% DMSO first, and then dilutedh phosphate-buffered saline (PBS). The
cells were pre-incubated with compounds for 24 &dgfore HO, (100 uM) was added. The cells
were treated with or without J@, for two hours, and then replaced with fresh DMEMdmM.
Assays for cell viability were performed 24 h afteittured at 37 °C in fresh medium. The cells were
treated with 25 pul MTT (5 mg/ml in PBS) for 4 h3at °C and then were lysed in a buffered solution
containingN,N-dimethylformamide (pH 4.5, 50% (aq, v/v)) and sodidodecyl sulfate (SDS, 20%
(w/v)) overnight at room temperature in the darkeTabsorbance (A590 nm) was measured using
EIx800 microplate reader (Bio-Tek). % inhibitior] (A sampidAcontro)]*100.

4.2.11. Sep-down passive avoidance test.[23]

Materials and animals

Donepezil was purchased from Eisai China Inc. Skeopme was purchase from J&K Scientific.
Kunming mice at body weight of 382 g (six weeks old, either gender) were suppliethle Center

of Experimental Animals of Sichuan Academy of Ckiméledicine Sciences (eligibility certification
no. SCXK-Sichuan 2008-19). Mice were maintainedeannstandard conditions with a 12 h:12 h
light—dark cycle, a temperature and humidity controlledi/nment with access to food and water
ad libitum. The mice were submitted to behavioests one day after 7 days of treatment with
compounds.

Assay method

A modification of step-down passive avoidance teass$ used to assess learning and memory in mice.
The apparatus consisted of a grid floor with a wevoldlock placed in the center. The block served as
a shock free zone. The mice underwent two sep#aiate: a training trial and a test trial 24 h late
For training trial, mice were initially placed dnet block and were given an electrical foot shock (0
mA, 2s) through the grid floor on stepping down. \ged a total of 60 mice in the passive avoidance
test with 10 mice were used per treatment. Compedr2R (3.67, 7.33 and 22 mg/kg.0.) or
donepezil (5.0 mg/kg.0.) as a positive control were orally given 1 h befeach training trial. After

30 min, memorympairment was induced by administering scopolani®g/kg,i.p.). Twenty-four
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hours after the training trial, mice were placedio® block and the time for the animal to step down
was measured as latency time for test trial. Arengpt-off time was set at 300 s.

Satistical analysis

All data are expressed as mean + SEM. Differenetwden groups were examined for statistical
significance using one-way ANOVA with Student'dest. AP value less than 0.05 denoted the

presence of a statistically significant difference.

Supporting Information Available:
'HNMR and ®*CNMR spectra of some target compounds are availablesupplementary

material.
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Figure, Scheme and Table Captions

Figure 1. Design strategy for the scutellarédiacetamidoalkylbenzylamines derivatives.

Figure 2. Kinetic study on the mechanism &RACHhE inhibition by compoundl-22. Merged
Lineweaver-Burk reciprocal plots of AChE initial lgeity with increasing substrate concentration
(100-400uM) in the absence or presencele??. Lines were derived from a weighted least-squares

analysis of data points.

Figure 3. Representative compourid22 (colored by atom type) interacting with residuasthe
binding site ofTCAChE (PDB codelEVE), highlighting the protein residues that partitgo@n the

main interaction with the inhibitor.

Figure 4. UV spectrum of compoun®@22 (37.5uM in methanol) alone or in the presence of GuClI

ZnCl,, AICl3 and FeSQ@(37.5uM for all metals in methanol).

Figure 5. Determination of the stoichiometry of compl€x?* by using molar ratio method through
titrating the methanol solution of compouel2 with ascending amounts of CyCIThe final
concentration of tested compound was 3iVB and the final concentration of €uanged from 3.75

to 93.75uM.

Figure 6. Inhibition of Cd'-induced aggregation by compound@sl7~24 and curcumin. The

thioflavin-T fluorescence method was used.

Figure 7. Effects of T-12 andT-22 on cell viability in human SH-SY5Y cells. Data anean values

+ SEM of three independent experiments.

Figure 8. Neuroprotective effect of compouridl2 andT-22 at the concentration of 1M and

10.0uM on cell injury induced by hydrogen peroxide(®, 100uM) in PC12 cells.
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Figure 9. Effects of compoundl-22 on scopolamine-induced memory deficit in the stepm
passive avoidance test. Compouie®2 (3.67, 7.33 and 22.0 mg/kp.,0.) or donepezil (5.0 mg/kg,
p.o.) were orally given 1 h before treatment with sdapone. After 30 min, the mice were treated
with scopolamine (3 mg/kg.p.) and tested in the step-down passive avoidandae¥are expressed
as the mean + SEM (n=10). ¢ < 0.05vs normal group. *p < 0.05 and **p < 0.01vs

scopolamine-treated control group.

Scheme 1.Synthesis of scutellarei@-acetamidoalkylbenzylamines derivativésl~24. Reagents
and conditions: (a) Br(CH).Br, K,COs, acetone, reflux, 7-8 h; (bxR.NH (3a-d)**, K,COs, CH:CN,
65°C, 6-8 h; (c) INNH2H,0, EtOH, reflux for 5 h; (dp-MOM-O-PhCHO (3), 30% KOH, ethanal,
at r.t. for 3 days; (e) 10% HCI, ethanol, 50°C, ;4(fy KI, conc.H,SO,, DMSO, 100°C, 3-5 h;
(9)AICI3, anhydrous CECN, 60°C, 1 h; (h) BrCHCOOGHs, KoCOs, anhydrous CECN, 65°C, 8 h;
(i) LIOH, THF/H.0, reflux for 2 h, then 10% HCI; (j) EDCI, THF, @&t for over night.

Table 1 Inhibition of AChE and BuChE activity, and oxygeadicals absorbance capacity (ORAC,

Trolox Equivalents) by compoundsl~24 16, 17 and donepezil.
Table 2. Inhibition of self-induced .42 aggregation,HUAChE-induced #1.40 aggregation,

Cuw?*-induced A%:.4, aggregation and disaggregation of°Gimduced A%:.4» aggregation by target

compounds and reference compounds.
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Highlights

A series of novel scutellarein-O-acetamidoal kylbenzylamines were synthesi zed.

Compound T-22 exhibited good acetylcholinesterase inhibitory and antioxidant activity.
Compound T-22 exhibited excellent inhibitory effects on A aggregation.

Compound T-22 markedly disassembled the Cu?*-induced Aj aggregation.

T-22 showed neuroprotective effects, low toxicity and reversed scopolamine-induced memory

deficit in mice.



