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Abstract

A series of novel chalcon@-alkylamine derivatives were designed, synthesaad evaluated
as multifunctional anti-Alzheimer’s disease agemased on the experimental results, com-
pound?23c exhibited good inhibitory potency on both acetglihesterase (16 = 1.3 + 0.01
uM) and butyrylcholinesterase @#g= 1.2 + 0.09uM). Besides23c exhibited selective MAO-
B inhibitory activity with IGo value of 0.57 + 0.01uM. Compound23c was also a potential
antioxidant and neuroprotectant. In addition, coomub23c could inhibit self-induced Ay.42
aggregation. Moreover, compou@8c was a selective metal chelator, and could intabi
disaggregate Cirinduced 48,4, aggregation, which was supported by the furthersmission
electron microscopy images. Furthermd&®&g¢ could cross the blood-brain barriarvitro, and
improved scopolamine-induced memory impairmantivoassay. Molecular modeling studies
showed thaR3c could bind to the active site of AChE, BuChE$14, and MAO-B. Taken to-
gether, these results suggested that comp@3ednight be a potential multifunctional agent
for the treatment of AD.

Keywords: Alzheimer’s disease; Chalcor@@alkylamine derivatives; Multi-functional agents;

Rational design; Synthesis; Precognitive effect.

Abbreviations: AD, Alzheimer’s disease; NMDAN-methyl-D-aspartate receptor; ACh, ace-
tylcholine; AChE, acetylcholinesterase; BUChE, Byholinesterase; A p-amyloid; APP,
amyloid precursor protein; MAO-B, monoamine oxid&eMAO-A, monoamine oxidase A,
FAD, flavin adenine dinucleotide; PD, Parkinsonedise; FDA, Food and Drug Administration;
MTDLs, multi-target-directed ligands; ORAC-FL, Oxgig Radical Absorbance Capacity; ThT,
thioflavin T; PDB, protein data bank; BBB, bloodabr barrier; CNS, central nervous system;
TEM, transmission electron microscopy; MTT, 3-(dlifsethylthiazol-2-yl)-2,5- diphenylte-

trazolium; PAMPA, parallel artificial membrane pegation.



1. Introduction

Alzheimer's disease (AD) is characterized by detation of memory, decline in language
skills, and other cognitive impairments in eldeople [1]. To date, more than 46.8 million
people worldwide are diagnosed with AD and this bamwill continue to increase. With the
increasing of its incidence, AD has caused a huwg&a@mic impact on both individuals and
society [2]. Currently, despite enormous effortsdman the discovery of anti-AD drugs, there
are only three acetylcholinesterase inhibitors ép@zil, rivastigmine and galantamine) and
oneN-methylD-aspartate receptor (NMDA) antagonist (memantihe) are approved for AD
treatment. Though those drugs can relieve some teyngpof AD patients, they are not able to
reverse the disease fundamentally [3, 4].

The pathogenic mechanism of AD is highly complidathe exact etiology remains un-
known. In recent years, with the continuous redearcthe neurochemical, physiological and
pharmacological, the pathogenesis of AD has madgress [5]. Several hypotheses, such as
cholinergic hypothesis [6], amyloid hypothesis [f&ve been proposed to explain the mecha-
nism of AD pathogenesis. The cholinergic hypothesiggests that low level of acetylcholine
(ACh) is the main cause of memory and cognitiveampent in AD patients. Accumulation of
studies suggests that the acetylcholinesteraseEA@lays an important role in the regulation
of several physiological reactions by hydrolyzihg heurotransmitter ACh in cholinegic syn-
apses [8]. Butyrylcholinesterase (BUChE) is an ereglosely related to AChE and serves as a
co-regulator of cholinergic neurotransmission bydayyzing ACh. In addition, with the pro-
gress of AD, the level of AChE in the brain decemsaprogressively, but BUChE activity re-
mains the same or increases up to 165% of the mdewe. In the advanced stage, BUChE
takes over the hydrolysis of ACh in the AChE defidi brain. Specific BUuChE inhibition re-
sults in a 5-fold increase in ACh levels and catildumvent the classical cholinergic toxicity
that is a common side effect of AChE inhibition [)]. Therefore, dual-inhibition of AChE

and BUChE may be a better therapeutic stratedyeitreatment of AD.



The “amyloid hypothesis” suggests thia¢ s-amyloid (A5) plaques in the brain play a
pivotal role in AD pathogenesis. The amyloid prscurprotein (APP) is hydrolyzed by secre-
tase enzymes to produces peptides that can aggregate into monomers, oligomed A8
plagues which can trigger the pathogenic cascaddinally cause the neuronal loss and de-
mentia [7]. ABr40and Apy4, are two key types of Aisoforms, A1 is present in larger
amounts in the AD brain, yetfA 4, is more dissolutive and more prone to aggregadefilrils
and is more neurtoxic thanBfso[11]. Additionally, excessive biometals including Cure”,
Zn** and AP* are found in the AD brains. These excessive bialmetre known timteract with
A peptides and promote their aggregation [12]. Tloeee preventing the aggregation of:A
42 Mmay provide a potent therapeutic strategy for Adatment.

Oxidative stress also plays a crucial role in theatbpment of AD [13]. Oxidative stress
is often abnormal in the early stage of AD, antiinvolved in the occurrence and develop-
ment of AD. In the brains of the elder people, @ed substances including nucleic acids, pro-
teins, lipids and carbohydrates, cannot be elimhaivhich lead to excessive oxidation of neu-
ron cells [14]. Furthermore, oxidative stress ceonte A8 aggregation and further form neu-
rofibrillary tangels [15]. Therefore, antioxidangents could be an effective strategy for the
treatment of AD.

Monoamine oxidases A and B (MAO-A and MAO-B) areportant flavin adenine dinu-
cleotide (FAD)-dependent enzym#sat catalyze the oxidative deamination of monoa@sin
[16]. MAO inhibitors have been proved to possessapeutic effects on CNS-related diseases
including depression, Parkinson disease (PD), Ald,so on [17]. Studies have shown that se-
lective MAO-B inhibitors contribute to improve lesng and memory [18]. Therefore, selec-

tive MAO-B inhibition is also deemed as a potenéipproach to treat AD.

So far, the drugs approved by the Food and DrugiAdimation (FDA) for clinical treat-
ment of AD can only hit single target and have tedieffects on mitigate or halt the progres-
sion of AD. In view of thenultiple pathogenesis of AD, drugs which can sisndously hit

multiple targets could be a better strategy for te&atment. Therefore, the multi-target-directed



ligands (MTDLs) strategy has been considered affantive way for the treatment of AD, and
some multifunctional agents have been developedaemth clinic trails [19-22]. These candi-
dates, which could hit two or more AD-related tésgenay represent a clinic advantage in the
future.

Chalcones (1,3-diphenyl-2-propen-1-oneBig( 1) are prominent secondary-metabolite
precursors of flavonoids and isoflavonoids in pdai@halcones and their derivatives have been
well studied for drug design because of the mdtipharmacological activities (such as radi-
cal-scavenging, anti-tumor, anti-inflammatory, arediroprotective properties) [23, 24]. Recent
studies have shown that chalcones and their synthatlogs exhibit potential bioactivities
associated with neurological diseases especialbAix For example, Choi, J. &t al report-
ed that compounds with a chalcone scaffold exerMAhibitory activities for the treatment
of AD [25]. One*®F -radiolabeled chalcone analog is used as A&im#aging agent [26]. How-
ever, the lack of ChEs inhibition and metal chelatlimited its application in AD therapy.
Therefore, design and synthesis of novel chalcereatives based on the MTDLs strategy
will increase pharmacological activities for thevel®pment of anti-AD drugs.

<InsertFig. 1>
In our previous work, a series of genist@ralkylamines and scutellari@-alkylamine

derivatives was designed and synthesized. Reduitwes] that theD-alkylamine pharmaco-
phore played the key role in cholinesterase iniobi{27, 28]. Moreover, it is reported that
numerous anti-AD compounds with two symmetrjgadrmacophoric units can exert a signifi-
cantly higher ChE inhibitory potency [29-31]. Thiene, theO-alkylamine fragment is intro-
duced into both aromatic rings of chalcone to abtaiseries of novel chalcot@alkylamine
derivatives Fig. 2), in the hope of acquiring novel molecules possgssarious multifunc-
tional activities.

Based on the MTDLs strategy, a series of chald@+akylamine derivatives was designed
and synthesized. The biological activities of theeeel compounds were testedvitro includ-
ing AChE and BuUChE inhibition, MAOs inhibition, efft on A6 4> aggregation, antioxidant ac-

tivity, biometals chelation, neuroprotective effeitte ability of cross blood-brain barrier (BBB)



in vitro and precognitive effech vivo. Besides, docking studies were also performedduige
rational explanation for their biological activiie
<InsertFig. 2>

2. Result and discussion
2.1. Chemistry

The synthetic route of the chalco@ealkylamine derivatives was indicated $theme 1
and Scheme 2 Due to the presence of intramolecular hydrogemdby, the 4'-OH of 2, 4'-
dihydroxyacetophenone was more reactive than thtiteo2'-OH, compound3-6 were easily
synthesized from 2', 4'-dihydroxyacetophenone bgguslibromo alkane in the presence of
K2CG;s in anhydrous acetone under refluxing. Subsequedybywere reacted with correspond-
ing secondary aminesd and anhydrous ¥COs;in CH;CN at 65°C to obtain compounds-10Q
Under the same conditiop;shydroxybenzaldehyd#&l was used as raw material to obtain com-
poundsl6-19 Finally, the target compoun@®-23were prepared by condensation of the ap-
propriate acetophenon@sl0with the appropriate aldehyd&s-19in ethanolic KOH solution.
In addition, compound26a and26b were obtained by the condensatior2éfwith 10cand25
with 19¢ respectively. All new compounds were confirmedyNMR and HR-ESIMS, and
parts of them were further characterized ¥y NMR.

<InsertScheme %
<InsertScheme 2

2.2. Pharmacology

2.2.1. Inhibition of AChE and BuChHhe modified Ellman’s method was used to evaluate

AChE and BuChE inhibitory activities of target conymds [27]. AChE was frorelectrophorus

electricus and BuChE was froraquine serumDonepezil was used as a reference compound.
As shown inTable 1, most of the target compounds displayed modeocag@dd inhibitory

activity against AChE and BuChE without obviousesélity, showing that the introduction of
O-alkylamines could significantly increase ChEs bitary capacity, which was consistent with
our design strategy. According to the screening tafable 1, both the length of the meth-

ylene chain and the structure of terminal groupsRRf side chain significantly affected the



AChE/BuUChE inhibitory activities. For AChE inhikotn, the AChE inhibitory activity gradual-
ly increased as the methylene extended, and theapmethylene was 6, such a8a (n =
2) >2la(n = 3) >22a(n = 4) >23a(n =6); 20b (n = 2) >21b (n = 3) >22b (n = 4) =23b (n
=6); 20c (n = 2) >21c(n = 3) <22c(n = 4) >23c(n =6). In most conditions, when the length
of the methylene chain remained the same, the ppteninhibit AChE was in the order: pyr-
role > diethylamine > piperidine > benzylpiperidiseich a20c< 20d < 20b < 205 and21c<
21d < 21b < 21a Among these compounds, compoiat showed the best AChE inhibitory
activity with 1G5 value of 0.79uM. For BUChE inhibition, when the terminal group&iR.
were benzylpiperidine, piperidine and pyrrole, BBeChE inhibitory activity increased as
methylene chain extended, such2@a> 21a> 22a> 23a 20b > 21b > 22b > 23b, and20c >
21c< 22c> 23c. When the methylene chain was 6, the tendency tbitnBuChE was in the
order: benzylpiperidine > pyrrole > piperidine >tfiylamine, such @3a< 23c< 23b < 23d.
Particularly, compoun@3a showed the best BUChE inhibitory activity withs¢Gralue of 0.8
uM.

According to the above results, compo@8t presented the balanced and high-efficiency
dual AChE/BUChE inhibitory activity with 165 values of 1.31M and 1.2uM, respectively. In
order to further evaluate the structure-activitiatienship (SAR) of compoun@3¢ com-
pounds26aand26b were synthesized and tested the AChE/BChE inhip#otivity. As shown
in Table 1, compoun@6a showed good AChE inhibitory activity with igvalue of 4.2uM
and moderate BUChE inhibitory potency withyd@alue of 12.3:M, and compoun@6b inhib-
ited AChE/BUChE inhibitory activities with Kg values of 8.uM and 50.2uM, respectively,
implying that compound86aand26b were selective AChE inhibitors. In addition, corapds
26a and 26b exhibited lower ChEs inhibitory activity than comyal 23¢, indicating that the
symmetrical O-alkylamine fragment could contribute to AChE/BuClithibitory activity,
which was consist with our design strategy. Furthempound®3¢ 26a and donepezil were
investigated usingpuAChE andhuBuChE, the results iffable 2 showed that compouri2Bc
displayed goochuAChE andhuBuChE inhibitory activity with 1G, values of 0.7&M and



0.91uM, respectively, and compouritba showed goohuAChE inhibitory activity with 1Go
value of 3.2uM, implying that AChE inhibitory activity using husan AChE was better than
that usingeeAChE.

<InsertTable 1>

<InsertTable 2>
2.2.2. Inhibition of human MAOShe inhibitory activities toward MAO-A and MAO-Bdcom-
binant human enzyme) were evaluated to furthersiiyate the multi-potent biological profiles
of the chalcon&-alkylamine derivatives [32]. Iproniazid and radimg were also tested as ref-
erenced compounds. As shownTable 1, most target compounds showed good MAO-B inhibi-
tory activities with weak MAO-A inhibitory activiéis, indicating that the target compounds were
selective MAO-B inhibitors, which contributed to ADeatment. In general, both methylene
chain and terminal groups NR, significantly influenced MAO-B inhibitory activitWwhen the
NR;R; was fixed, the MAO-B inhibitory activity increased methylene chain extended, such as
20a>2la>22a> 233 20b>21b>22b < 23b, 20c= 21c> 22c< 23¢ 20d > 21d > 22d < 23d.
Moreover, when the methylene chain was determitielcompounds with cyclic amines (pyr-
role and piperidine) showed better MAO-B inhibit@stivity than compounds with benzylpiper-
idine. Especially, compoun23c showed the best MAO-B inhibitory activity with 4¢value of
0.57 uM. Further, the mono-substitut&dalkylaminederivatives26a and 26b showed lower
MAO-B inhibitory activity than disubstitute@-alkylaminederivative23¢ implying that the di-
substitutedO-alkylaminefragment contributed to MAO-B inhibitory activitfherefore, the re-
sults revealed that compou28c was a potent selective MAO-B inhibitor and presdngood
AChE and BuChE inhibitory activities, which wasesged to perform further study.
2.2.3. Antioxidant activity in vitrdNext, we evaluated the antioxidant activity of gyathetic
compounds using the ORAC-FL (Oxygen Radical AbsockaCapacity by Fluorescein) assay
[27, 28]. As show inTable 3 most of the synthetic compounds exhibited godbaidant activi-
tiesin vitro with ORAC values of 0.96-1.4 Trolox (a syntheti@abbg of vitamin E) equivalents.
The structure-activity relationship analysis indezhthat the different substituent moiety R
and the length of methylene chain did not signiftbaaffect the antioxidant activity. Compound
23cshowed good antioxidant activity with an ORAC abf 1.3 eq.
2.2.4. Inhibition of the self-mediatedb/, aggregation.To gain further insight into the self-

induced A6;.42 aggregation inhibitory activity of synthetic chaihe-O-alkylamines derivatives,



the Thioflavin T (ThT) fluorescence method was ysed curcumin was also tested as the refer-
ence compound [27]. The results listedTable 3 indicated that most of the tested compounds
showed good potencies (51.3 ~ 71.8%) compared auitbumin (47.3 %). From the test results
we concluded that the length of methylene chaindifidrent tertiary amine units did not make
much contribution to the self-induce@A,, aggregation.

<InsertTable 3>
2.2.5. Molecular modeling studies 28c. In order to investigate the interaction mode ofnpio
ing compound3cfor AChE and BuChE, further molecular docking stuehs performed using
the docking program, AutoDock 4.2 package with Digry Studio 2.0, based on the X-ray
crystal structure of AChE (PDB code: leve) &uChE (PDB code: 4tpk) [27, 28]. The results
showed that compoun23c occupied the entire (catalytic active site) CAS thid-gorge sites
and the peripheral anionic site (PAS) of ACHEg( 3), the benzene ring of chalcone skeleton
interacted with key amino acid Phe330 wia interaction, twoo-n interactions with Trp84and
one intermolecular hydrogen bonding interactiorhvi@he288. Moreover, hydrophobic interac-
tions could be observed between the ligand and 2spp84, Gly118, Glyl17, Phe330, Tyr334,
Phe290, Phe331, Phe288, Trp279. Besides, comp2muohteracted with BUuChE via multiple
sites Fig. 4), the hydroxyl group and carbonyl of chalcone sta@i was involved in a hydrogen
bond with Pro285. In addition, the key amino acyd3B2 could interact with chalcone skeleton
via onec-m interaction and one-x interaction, respectively. And the pyrrole ringuttbinteract
with Thr120 via one intermolecular hydrogen bondiBgsides, hydrophobic interactions could
be observed between the ligand and Thr120, AspRd,16, Phe329, Ala328, Tyr332, Trp82,
His438. Based on these results observed, it caoldge rational explanation for the high activi-
ty in inhibiting BuChE and AChE #3c

<InsertFig. 3>

<InsertFig. 4>

Further molecular docking experiment was conducte@3c to explore the possible inter-

acting mode with & The protein complex was downloaded from the Fndbata Bank (PDB:
1BA4). As shown irFig. 5, the benzene ring of chalcone skeleton interastddkey amino acid
Phe20 viar-r interaction, and the hydroxyl group ®@38cinteracted with ASPYia two intermo-
lecular hydrogen bonding. Moreover, hydrophobi@iattions were observed between the lig-
and and Aspl, Phe20, Asp23, and Phel9. Thesedtitere might be favorable for the binding



of A and compoun@3c

<InsertFig. 5>

In addition, molecular docking simulations28c with MAO-B were carried out based on

the X-ray crystal structures of human MAO-B (PDBleno2V60). As shown iffrig. 6, the O-
alkylamine side chain o23c was located in the well-known binding pocketleMAO-B, in
close proximity to the enzymatic cofactor FAD. Tiedroxyl group of chalcone skeleton inter-
acted with 11e198 and GIn206 via intermolecular foggen bonding interaction, respectively, and
the carbonyl group could also interact with lle1l®9d Cys172 via intramolecular hydrogen
bonding interaction, respectively. Moreover, thenxzene ring of chalcone skeleton interacted
with Tyr398 and Tyr435 via-n interaction, respectively. Meanwhile, hydrophobiteractions
could be observed between the ligand and Cys17398y Tyr435, GIn206, 11€198, 1le199,
lle316, Prol102, Leu88. Thus, the results observigihinprovide the rational explanation for the
MAO-B inhibitory activity of23c

<InsertFig. 6>
2.2.6. Metal-chelating properties of compourd®s. We further tested the ability of compound
23cto chelate biometals including Euzr?*, AI** and F&". The experiment was conducted by
UV-vis spectrophotometer [33]. The results showeat the maximum absorption wavelength of
23c shifted from 361 nm to 422 nm after adding Gu@idicating the formation 023c-Cu**
complex Fig. 7). Conversely, the maximum absorption exhibitedgsigmificant shift when AIG,
ZnCl, and FeS@was added. These results indicated that the contp28c could selectively
chelate with C#'.

<InsertFig. 7>

Next, we determined the stoichiometry of 28c-Cu**‘complex by the molar ratio method.

The absorbance of tli#8c and CuCJ] complexes at different concentrations at 422 nm dex
termined by ultraviolet spectroscopy. As seen fiam 8, the absorbance first increased linearly
and then tended to be stable. These two linesseterd at a mole fraction of 1.06, showing a
stoichiometric ratio of the composi28c-Cu** complex of 1:1.

<InsertFig. 8
2.2.7. Effects on Girinduced #8:-4, aggregation and disaggregatiofio evaluate the Aaggre-
gation ability of chalcon®-alkylamines derivatives, Glrinduced A8:.4» aggregation and the

disaggregation assay were carried out using Thdilgnassay [27]. Some of the target com-



pounds20c, 20d, 21b, 21c, 21d, 22b, 22c, 23b, 28w 23d were selected to test inhibition po-
tency on Ct*-induced A8:.4> aggregation, and curcumin.was also tested asiymsibmpound.
As shown inTable 2, most of the tested compounds showed better tintmbiate than curcumin
(76.5%). The methylene chain and terminal groupR$Rlid not obviously affect the inhibition,
and compoun@3cdemonstrated good inhibition potency (81.2%).

For disaggregation effects on Tinduced A8;-4,aggregation. According to the data, the
representative compour28cdisplayed better disaggregation potency with 70d48aggregation
ratio than curcumin (56.5%). The results displayleat compound3c could inhibit and dis-
aggregate Ci-inducedAps;-4» aggregation
2.2.8. Effect on abundance of Abrils by compoun@3c. To complement the ThT assays#.»
aggregation was further probed by transmissiorntreleenicroscopy (TEM)Kig. 9). For inhibi-
tion assay irFig. 9B, the fresh &;.4,had aggregated into amyloid fibrils after adding,28
Cu™* during 24 h incubation, while the frestBA,was treated wittl23c and Cd*, under the
same experiments, small bulk aggregates were dadxeimplying that compoun23c could in-
hibit CU**-induced A%:.4»aggregation. As for disaggregation asday,. 9D displayed that the
well-defined AB;.4-fibrils obviously decreased after addiggc for another 24 h incubation, sug-
gesting thaR3c could decompose the structure offGmediated /& aggregation fibrilsThere-
fore, the TEM phenomenon further supported the lesian that23c could inhibit and disaggre-
gate Ca'-induced A8;.4> aggregation fibrils.

<InsertFig. 9>
2.2.9. Neuroprotective effects on@®3-induced PC12 cell injuryThe protective effects d?3c
against HO, injury were assessed using the 3-(4,5-dimethytii-yl)-2,5- diphenyltetrazoli-
um (MTT) assay [33]. According to the test resu®3¢ did not show modified cell viability up
to the concentration of oM. With increased concentration to 100, 23cinduced a decrease
of cell viability (84.7%). The cell viability as termined by MTT reduction was remarkably de-
clined after 100uM H,O, exposure, indicating significant sensitivity te®d-induced injury
(Fig. 10A). However, treatment with compou@8c, a significant dose-dependent protection was
observed on bD,-induced PC12 cell injury. Compour&3c showed significant neuroprotective
effect with 87.1% cell viability at 10.0M, and when the concentration of inhibi@8cwas 1.0
uM, the cell viabilities dropped to 63.8%i¢. 10B). This result indicated that compouB8c
could protected bD,-induced PC12 cell injury.



<InsertFig. 10>
2.2.10. In vitro blood-brain barrier permeation agsOne of the key requirements for success-
ful central nervous system (CNS) drugs is the ghib cross BBB and having high brain pene-
tration. For further evaluating the BBB penetratafrcompound3c, the parallel artificial mem-
brane permeation assay of BBB (PAMPA-BBB) was penkd [34, 35]. We compared the per-
meability of 11 commercial drugs with the reportedues and verified the effectiveness of the
assay (able SJ). The results showed that our experimental veligerature values have a good
linear correlationKigure S1). Taking into consideration of the limits estabéd by Di et al's for
the BBB penetration [35], we determined that comrmuisuwith effective permeation (Pe) values
above 3.44 x 18 cm/s could cross the BBB4ble S2. The measured permeability showed that
the Pe value a23cwas 9.68 + 0.57 x IBcm/s, which could cross the BBB vitro.
2.2.11 In vivo assayhe acute toxicity oR3cwas tested using Kunming mice at doses of 100,
250 and 500 mg/kg (n = 10 per group). The mice vedrgerved continuously for the first 4 h
through 14 days after oral administratior28t. The results showed compoud8cdid not show
any acute toxicity and well tolerated at dosesta 500 mg/kg. On this basis, the step-down
passive avoidance task was carried out to evalwaether23c could improve scopolamine-
induced memory impairment [28, 36]. Results showdelg. 11, treatment with scopolamine (3
mg/kg) alone, the step-down latency remarkablyidedIto 65.8 seqp(< 0.01) compared with
normal group (162.1 sec), while treatment with Skgglonepezil, the latency time rose to 156.5
sec p < 0.01) compared with model group. Moreover, adsiiation of compound®3c (14.8,
7.4 and 3.7 mg/kg), the latency time gradually@ased in a dose-dependent manner. In addition,
the high dose group (14.8 mg/kg) 28c showed the highest latency time (141.9 s 0.05)
among the three dose groups, but displayed lowends time than that of donepezil group (5
mg/kg, 156.5 sec). Therefore, compow&t could improve scopolamine-induced memory im-
pairment to some extent.

<InsertFig. 11>
3. Conclusion

In conclusion, we had designed and synthesizediessaef chalcon&-alkylamine deriva-

tives as multifunctional agents for the treatmeinAD. All the synthesized compounds were

evaluated by AChE and BuChE inhibition, antioxidaativity, MAO-A/MAO-B inhibition

and self-induced Ay-42 aggregation inhibitionn vitro. Among these synthesized compounds,



compound23c exhibited the best inhibitory potency of AChE and@)E inhibition, good an-
tioxidant activity, potential selective MAO-B inhtbry activities, and was able to inhibit self-
induced AP:1.42 aggregation. In addition, compou2@c was a selective metal chelator, and
could inhibit and decompose €tinduced A81.4, aggregation. Both the TEM images and
docking studies provided reasonable explain. Maeg@B8c could cross the BB vitro. The
further in vivo assay displayed that compoui®c could improve scopolamine-induced
memory impairment. Taken together, these resulggested that compour23c might be a
potential multifunctional agent for the treatmeht®®. Further studies to evalua®Scin vivo
are in progress.

4. Experiment section
4.1. Chemistry

Unless otherwise noted, all materials (reagenterackre purchased from commercial sup-
pliers and used without further purification. TH& NMR and**C NMR spectra were recorded in
CDCl; at 25 °C and referenced to tetramethylsilane (T g a Bruker 400 NMR spectrome-
ter. Mass spectra were obtained on an Agilent-6B26 LC-MS Spectrometer. The purities of
all final compounds used for biological evaluatiware determined by waters 2695 High Per-
formance Liquid Chromatography (HPLC) with a Wat¥Bridge C18 column (4.6mm x 150
mm, 5um) at a flow rate of 1.0 mL/min. Mobile phase: A1®%TFA in HO, B: 0.1% TFA in
acetonitrile. The purity of all compounds was higtien 95%. Reaction progress was monitored
by thin-layer chromatography (TLC) on silica gel Z58 plates from Qingdao Haiyang Chemi-
cal Co. Ltd. (China), the spots were detected uadddV lamp (254 nm).

4.1.1. General procedures for the synthesis of cam@s3-6.

Compounds3-6 were prepared according to our previously desdrggecedure [37].

4.1.2. General procedure for the synthesis of camgds7-10.

Compound¥-10were prepared according to our previously desdrgrecedure [37].

4.1.3. General procedure for the synthesis of aampgs12-15.

Compoundd 2-15were prepared refer to the literature and accgrtbrour previously described
procedure [27, 38].

4.1.4. General procedure for the synthesis of camgds16-19.



Compoundd 6-19were prepared refer to the literature and accgrtbrour previously described
procedure [27].

4.1.5. General procedure for the synthesis of campe20-23, 26a and 26b.

To a mixture of7-100r 25 (2 mmol) and the compounds§-19or 24 (2.5 mmol) in EtOH (7 mL)
was added an aqueous solution of potassium hydrd%d%, 6.5 mmol) at 0 °C. The mixture
was stirred at room temperature for 48 hours, #aetron was monitored by TLC, then ice-cold
water was poured into the solution and acidifiethvti0% HCI to pH = 3, and then the mixture
was adjusted pH =8 using NaHgf@ower. The mixture was extracted with £Hy (30 mL x 3),
the organic phase was evaporated under reducesupged he residue was purified using mix-
tures of CHCl,/acetone (100:1) as eluent on a silica gel chrography to obtain the products
20-23 26aand26b.
(E)-1-(4-(2-(diethylamino)ethoxy)-2-hydroxypher3dj4-(2-(diethylamino)ethoxy)phenyl)prop-2
-en-1-one 20a). Light yellow oil; Yield: 59.1%; Purity: 97.25% (HRL).'H NMR (400 MHz, C
DCls) 'H NMR (400 MHz, CDCJ) § 13.57 (s, 1H, Ar—OH), 7.92 — 7.81 (m, 2H, C=CH-—#),
7.66 — 7.59 (M, 2H, 2 x Ar—-H), 7.48 @= 15.4 Hz, 1H, C=CH), 7.00 — 6.93 (m, 2H, 2 x A}-H
6.54 — 6.46 (m, 2H, 2 x Ar—H), 4.13 (t,= 6.2 Hz, 4H, 2 x OC}), 2.93 (t,J = 6.1 Hz, 4H,

2 x CHp), 2.74 — 2.62 (m, 8H, 4 x GH 1.16 — 1.06 (m, 12H, 4 x GH™*C NMR (100 MHz, C
DCl3) 6 191.8, 166.5, 165.3, 161.1, 144.36, 131.1, 13.28,5, 117.8, 115.0, 114.26, 108.0, 10
1.7, 66.9, 66.7, 51.6, 51.4, 47.9, 11.8, 1HRMS (ESI): Cacld for (¢zHs0N20,) requires: m/z 6
59.3804, found: 659.3847.
(E)-1-(2-hydroxy-4-(2-(pyrrolidin-1-yl)ethoxy)phdimg-(4-(2-(pyrrolidin-1-yl)ethoxy)phenyl)pr
op-2-en-1-one20b). Light yellow oil; Yield: 57.2%; Purity: 97.21% (HRL)."H NMR (400 MH

z, CDCh) § 13.56 (s, 1 H, Ar—OH), 7.88 (d,= 15.4 Hz, 1H, C=CH), 7.85 (d,= 4.0 Hz, 1H, Ar
—H), 7.65 — 7.58 (m, 2H, 2 x Ar—H), 7.47 @z 15.4 Hz, 1H, C=CH), 7.35 — 7.25 (m, 4 H,
4 x Ar—H), 7.25 — 7.14 (m, 6H, 6 x Ar—H), 6.99 9B.(m, 2 H, 2 x Ar—H), 6.55 — 6.44 (m, 2H,
2 x Ar-H), 4.20 — 4.16 (m, 4H, 2 x OGH3.09 — 2.96 (m, 4H, 2 x phG}12.84 (qJ = 5.6 Hz,
4H, 2 x CH), 2.57 (dJ=7.0 Hz, 4H, 2 x Ch), 2.16 —2.03 (m, 4 H, 2 x GH 1.74 — 1.64 (m,
4H, 2 x CH), 1.63 — 1.53 (M, 2 H, 2 x CH), 1.48 — 1.31 (nH,2 x CH,). *C NMR (100 MHz,
CDChk) 6 191.8, 166.5, 165.3, 161.0, 144.2, 131.1, 13®6,28, 127.7, 127.6, 117.8, 115.0, 11
4.87,114.28, 108.07, 101.79, 67.4, 67.26, 54.9,,%4.7, 23.5. HRMS (ESI): Cacld for {¢izs
N2O,) requires: m/z 479.2865, found: 479.2896.



(E)-1-(2-hydroxy-4-(2-(piperidin-1-yl)ethoxy)phejgH(4-(2- (piperidin-1-yl)ethoxy)phenyl)prop
-2-en-1-one Z0c). Light yellow oil; Yield: 51.1%; Purity: 97.05% (HRL).’'H NMR (400 MHz,
CDCl3) 6 13.53 (s, 1 H, Ar—OH), 7.87 — 7.77 (m, 2 H, C=Q¥%-H), 7.58 (d,J = 8.5 Hz, 2 H,

2 x Ar-H), 7.43 (dJ = 15.4 Hz, 1 H, C=CH), 6.94 (dd~= 8.7, 6.6 Hz, 2 H, 2 x Ar-H), 6.51 — 6.
43 (m, 2 H, 2 xAr-H), 4.14 (1 =6.1 Hz, 4 H, 2 x OC}), 2.75-2.80 (m, 4 H, 2 x GH 2.51
(9,J = 5.4 Hz, 8H, 4 x Ch), 1.64 — 1.59 (m, 8H, 4 x GH 1.48 — 1.51 (m, 4H, 2 x GH"C N
MR (100 MHz, CDC}) 4 191.8, 190.8, 166.5, 165.2, 161.0, 144.2, 13130,4b, 128.7, 128.5, 1
27.7,127.6, 117.8, 115.1, 114.8, 114.6, 114.2,611®7.9, 101.8, 101.5, 79.7, 66.4, 66.2, 66.1,
65.9, 57.7, 57.6, 57.5, 55.0, 55.0, 55.0, 44.17,286.8, 25.8, 25.8, 25.7, 24.1, 24.1. HRMS (ES
): Cacld for (G7H34N,04) requires: m/z 451.2552, found: 451.2598
(E)-1-(4-(2-(4-benzylpiperidin-1-yl)ethoxy)-2-hyagphenyl)-3-(4-(2-(4-benzylpiperidin-1-yl)et
hoxy)phenyl)prop-2-en-1-on&Qd). Light yellow oil; Yield: 49.1%; Purity: 97.82% (HRL).'H
NMR (400 MHz, CDCY) 6 13.56 (s, 1H, Ar—OH), 7.88 (d,= 15.4 Hz, 1H, C=CH), 7.85 (d,=

4.0 Hz, 1H, Ar-H), 7.65 — 7.58 (m, 2H, 2 x Ar-H)47 (d,J = 15.4 Hz, 1H, C=CH), 7.35 - 7.25
(m, 4H, 4 x Ar-H), 7.25 — 7.14 (m, 6H, 6 x Ar—-H)99 — 6.92 (m, 2H, 2 x Ar-H), 6.55 — 6.44
(m, 2H, 2 x Ar-H), 4.18 (m, 4H, 2 x OG}13.09 — 2.96 (m, 4H, 2 x phGH 2.84 (g,J = 5.6 Hz,
4H, 2 x CH), 2.57 (dJ = 7.0 Hz, 4H, 2 x Ch), 2.16 — 2.03 (m, 4H, 2 x GH 1.74 — 1.64 (m,
4H, 2 x CH), 1.63 — 1.53 (m, 2H, 2 x CH), 1.48 — 1.31 (m, 2k CH,). **C NMR (100 MHz,
CDCls) 6 191.8, 166.5, 165.3, 161.0, 144.2, 131.1, 13(®8,2, 127.7, 127.6, 117.8, 115.0, 114.
8, 114.2, 108.0, 101.7, 67.4, 67.2, 54.9, 54.77,528.5. HRMS (ESI): Cacld for ¢@&3gN2Oy) r
equires: m/z 455.2865, found: 455.2911.
(E)-1-(4-(3-(diethylamino)propoxy)-2-hydroxypher$4-(3-(diethylamino)propoxy)phenyl)pro
p-2-en-1-oneZla). Light yellow oil; Yield: 49.5%; Purity: 98.77% (HRL)."H NMR (400 MHz,
CDCk) 6 13.57 (s, 1H, Ar—OH), 7.90 — 7.80 (m, 2H, C=CH;H#j, 7.65 — 7.58 (m, 2H, 2 x Ar—
H), 7.47 (d,J = 15.4 Hz, 1H, C=CH), 6.97 — 6.93 (m, 2H, 2 x A);-8.49 (d,J = 8.7 Hz, 2H,

2 x Ar-H), 4.09 (tJ = 6.2 Hz, 4H, 2 x OC}), 2.73 — 2.59 (m, 12H, 6 x GH 2.06 — 1.95 (m, 4
H, 2 x CHy), 1.12 — 1.05 (m, 12H, 4 x GH™*C NMR (100 MHz, CDGJ) 5 191.8, 166.6, 165.5,
161.2, 144.3, 131.1, 130.4, 127.4, 117.7, 114.8,11 107.8, 101.6, 66.6, 66.4, 49.3, 49.2, 47.0,
31.9, 31.5, 29.7, 29.4, 26.6, 26.5, 22.7, 14.5,111.4. HRMS (ESI): Cacld for ¢gHs4N.0,) re
quires: m/z 687.4117, found: 687.4149.



(E)-1-(2-hydroxy-4-(3-(pyrrolidin-1-yl)propoxy) phei-3-(4-(3-(pyrrolidin-1-yl)propoxy)phenyl)
prop-2-en-1-oneZlb). Light yellow oil; Yield: 55.3%:; Purity: 96.81% (HRL).*H NMR (400 M
Hz, CDCk) 6 13.55 (s, 1H, Ar-OH), 7.87 — 7.79 (m, 2H, C=CH-#j), 7.59 (dtJ = 8.9, 2.2 Hz,
2H, 2 x Ar-H), 7.45 (dJ = 15.4 Hz, 1H, C=CH), 6.99 — 6.91 (m, 2H, 2 x Aj;-B.54 — 6.44 (m,
2H, 2 x Ar-H), 4.20 — 4.14 (m, 4H, 2 x OgH2.97 — 2.90 (m, 4H, 2 x Gl 2.71—- 2.58 (m, 12
H, 6 x CH), 1.88— 1.77 (m, 12H, 6 x GH**C NMR (100 MHz, CDGJ) § 191.8, 168.5, 166.5,
165.2, 161.0, 144.2, 131.1, 130.4, 130.2, 127.7,5,217.8, 115.0, 114.8, 114.8, 114.2, 108.0, 1
01.7,101.5, 67.3, 67.1, 67.0, 55.0, 54.9, 54.7/,5M.1, 29.7, 23.5. HRMS (ESI): Cacld fos{C
H42N20,) requires: m/z 507.3178, found: 507.3216.
(E)-1-(2-hydroxy-4-(3-(piperidin-1-yl)propoxy)phé)$-(4-(3-(piperidin-1-yl)propoxy)phenyl)p
rop-2-en-1-one41c). Light yellow oil; Yield: 56.4%; Purity: 96.47% (HRL).'H NMR (400 M
Hz, CDCk) 6 13.57 (s, 1H, Ar-OH), 7.92 — 7.81 (m, 2H, C=CH-#j), 7.62 (dJ = 8.4 Hz, 2H,

2 x Ar-H), 7.47 (dJ = 15.3 Hz, 1H, C=CH), 6.95 (d,= 8.4 Hz, 2H, 2 x Ar-H), 6.49 (d,= 8.5
Hz, 2H, 2 x Ar—H), 4.09 (1) = 6.3 Hz, 4H, 2 x OC}J, 2.62 — 2.47 (m, 12H, 6 x GH 2.15 — 2.
01 (m, 4H, 2 x Ch), 1.73 — 1.73 (m, 8H, 4 x GH *C NMR (100 MHz, CDGJ) & 191.8, 166.6,
165.4, 161.2, 144.3, 131.1, 130.4, 127.5, 11713, 114.1, 107.9, 101.6, 66.7, 66.5, 55.8, 55.7,
54.5,54.5, 29.7, 26.3, 26.3, 25.6, 25.5, 24.21.2Z4RMS (ESI): Cacld for (§H3sN.O,4) require
S: m/z 479.2865, found: 479.2899.
(E)-1-(4-(3-(4-benzylpiperidin-1-yl)propoxy)-2-hydyphenyl)-3-(4-(3-(4-benzylpiperidin-1-yl)p
ropoxy)phenyl)prop-2-en-1-onél(d). Light yellow oil; Yield: 58.6%; Purity: 97.22% (HRL).

H NMR (400 MHz, CDCJ) 6 13.53 (s, 1H, Ar—-OH), 7.88 (d,= 15.4 Hz, 1H, C=CH), 7.85 (d,

= 4.0 Hz, 1H, Ar-H), 7.65 - 7.59 (m, 2H, 2 x Ar-H)47 (dJ = 15.4 Hz, 1H, C=CH), 7.35 - 7.
25 (m,J = 7.3 Hz, 4H, 4 x Ar-H), 7.23 (dd,= 7.4, 1.6 Hz, 2H, 2 x Ar-H), 6.96 — 6.91 (m, 2H,
2 x Ar-H), 6.50 — 6.44 (m, 2H, 2 x Ar-H), 4.15 0%.(m, 4H, 2 x OCh), 3.28 — 3.11 (m, 4H,

2 x phCH), 2.85 — 2.68 (m, 4H, 2 x GH 2.60 (g,J = 2.6 Hz, 4H, 2 x Ch}, 2.30 — 2.10 (m, 8
H), 1.80 — 1.71 (m, 4H, 2 x GH 1.69 — 1.53 (m, 6H, 3 x GH *C NMR (100 MHz, CDGJ) &
191.9, 144.3, 131.3, 130.4, 129.1, 128.4, 127.8,201217.9, 114.9, 114.4, 101.8, 42.3, 31.9, 31.
7,315, 31.5, 30.3, 30.2, 30.2, 29.7, 29.7, 28B4, 27.2, 22.7, 14.14. HRMS (ESI): Cacld for
(Ca9H42N204) requires: m/z 483.3178, found: 483.3221.
(E)-1-(4-(4-(diethylamino)butoxy)-2-hydroxyphen$H4-(4-(diethylamino)butoxy)phenyl)prop-
2-en-1-one 22a). Light yellow oil; Yield: 54.9%; Purity: 98.07% (HI).*H NMR (400 MHz,



CDCl3) 5 13.58 (s, 1H, Ar-OH), 7.91 — 7.82 (m, 2H, C=CH;-M), 7.65 — 7.59 (m, 2H, 2 x Ar—
H), 7.48 (d,J = 15.4 Hz, 1H, C=CH), 6.98 — 6.92 (m, 2H, 2 x A}-B.51 — 6.46 (m, 2H, 2 x Ar
—H), 4.05 (t,J = 6.4 Hz, 4H, 2 x OC}), 2.64 — 2.51 (m, 12H, 6 x GH 1.88 — 1.79 (m, 4H,

2 x CHy), 1.71 — 1.65 (m, 4H, 2 x G} 1.09 — 1.05 (m, 12H, 4 x GH**C NMR (100 MHz, C
DCl3) 6 191.8, 166.6, 165.6, 161.3, 144.3, 131.1, 13®@4%,7, 127.4, 117.7, 115.0, 114.7, 114.1,
108.0, 101.5, 68.2, 68.0, 52.5, 52.4, 46.8, 4619,331.7, 31.5, 31.5, 30.3, 30.2, 29.7, 29.6,,29.4
29.0, 27.2,27.1, 23.4,23.4,22.7,14.1, 11.5%,110.7. HRMS (ESI): Cacld for ¢gHsgN,O,) re
quires: m/z 715.4430, found: 715.4465.
(E)-1-(2-hydroxy-4-(4-(pyrrolidin-1-yl)butoxy)phdima-(4-(4-(pyrrolidin-1-yl)butoxy)phenyl)pr
op-2-en-1-oneqRb). Light yellow oil; Yield: 57.4%; Purity: 96.77% (HRL)."H NMR (400 MH

z, CDCE) 613.58 (s, 1H, Ar—-OH), 7.90 — 7.83 (m, 2H, C=CH, HA}-7.62 (d,J = 8.3 Hz, 2H,

2 x Ar-H), 7.48 (dJ = 15.3 Hz, 1H, C=CH), 6.95 (d,= 8.3 Hz, 2H, 2 x Ar-H), 6.49 (d,= 10.

7 Hz, 2H, 2 x Ar-H), 4.06 (1] = 6.3 Hz, 4H, 2 x OC}), 2.69 — 2.51 (m, 12H, 6 x GH 1.94 —
1.67 (m, 16H, 8 x Ch). **C NMR (100 MHz, CDGJ) § 191.8, 166.6, 165.5, 161.3, 144.3, 131.1,
130.4, 127.4, 117.7, 115.0, 114.1, 107.9, 1086,,67.9, 56.0, 56.0, 54.1, 31.9, 31.7, 31.5, 31.
4, 30.3, 30.2, 30.2, 29.7, 29.7, 29.6, 29.5, 22042, 27.2, 27.1, 25.3, 25.3, 23.4, 22.7, 14.1. HR
MS (ESI): Cacld for (gsH46N20,) requires: m/z 535.3491, found: 535.3516.
(E)-1-(2-hydroxy-4-(4-(piperidin-1-yl)butoxy)phejna-(4-(4-(piperidin-1-yl)butoxy)phenyl)prop
-2-en-1-one 22¢). Light yellow oil; Yield: 51.1%; Purity: 97.26% (HRL).'H NMR (400 MHz,
CDCl3) 6 13.58 (s, 1H, Ar-OH), 7.91 — 7.81 (m, 2H, C=CH-#j), 7.66 — 7.59 (m, 2H, 2 x Ar—
H), 7.47 (dJ = 15.3 Hz, 1H, C=CH), 6.97 — 6.92 (m, 2H, 2 x A}-B.51 — 6.44 (m, 2H, 2 x Ar
—H), 4.05 (t,J = 6.1 Hz, 4H, 2 x OC}), 2.60 — 2.44 (m, 12H, 6 x GH 1.90 — 1.73 (m, 8H,

4 x CHy), 1.71 — 1.65 (m, 8H, 4 x GH 1.53 — 1.46 (m, 4H, 2 x G} **C NMR (100 MHz, CD
Cl3) 6 191.8, 166.6, 165.5, 161.2, 144.3, 131.1, 13®@%,4, 117.7, 114.9, 114.1, 107.9, 101.5, 6
8.0, 67.8, 58.7, 54.4, 54.4, 29.7, 27.2, 27.1, 256/, 24.1, 24.1, 23.0. HRMS (ESI): Cacld for
(Cs31H42N204) requires: m/z 507.3178, found: 507.3224.
(E)-1-(4-(4-(4-benzylpiperidin-1-yl)butoxy)-2-hyasgphenyl)-3-(4-(4-(4-benzylpiperidin-1-yl)bu
toxy)phenyl)prop-2-en-1-on@4d). Light yellow oil; Yield: 60.1%; Purity: 97.73% (HRL).'H
NMR (400 MHz, CDC}) 6 13.57 (s, 1H, Ar—OH), 7.92 — 7.81 (m, 2H, C=CH-Mj, 7.66 — 7.5

8 (m, 2H, Ar-H), 7.48 (d) = 15.4 Hz, 1H, C=CH), 7.31 (d,= 7.5 Hz, 4H, 4 x Ar—H), 7.25 - 7.
14 (m, 6H, 4 x Ar—H), 6.97 — 6.91 (m, 2H, 2 x Ar-i8)48 (d,J = 8.2 Hz, 2H, 2 x Ar-H), 4.05 (t,



J=6.3 Hz, 4H, 2 x OC}), 3.05 - 2.87 (m, 4H, 2 x GH 2.56 (dJ=7.0 Hz, 4H, 2 x Ch), 2.4
6-235(m,4H, 2 xCH, 1.91 (qJ=9.4,7.2Hz,4H, 2 x Ch, 1.83 (qJ=6.9 Hz, 4H, 2 x C
H,), 1.77 — 1.62 (m, 8H, 4 x Gl 1.60 — 1.51 (m, 2H, CH *C NMR (100 MHz, CDGJ) § 191.

8, 166.6, 165.5, 161.3, 144.3, 140.7, 140.6, 13130,4, 129.1, 128.2, 127.4, 125.8, 125.8, 117.7,
115.0, 114.1, 108.0, 101.6, 68.1, 67.9, 58.5,,589, 43.2, 37.9, 32.1, 31.7, 29.7, 27.3, 27.1, 2
3.5, 23.4, 22.7, 14.2. HRMS (ESI): Cacld fog{d4eN2O4) requires: m/z 511.3491, found: 511.3
534.
(E)-1-(4-((6-(diethylamino)hexyl)oxy)-2-hydroxypkbeB-(4-((6-(diethylamino)hexyl)oxy)pheny
)prop-2-en-1-one43a). Light yellow oil; Yield: 55.1%; Purity: 96.92% (HRL).'H NMR (400
MHz, CDCk) 6 13.57 (s, 1H, Ar—-OH), 7.90 — 7.80 (m, 2H, C=CH:-M4j}, 7.60 (ddJ = 8.8, 2.4

Hz, 2H, 2 x Ar—H), 7.46 (d) = 15.4 Hz, 1H, C=CH), 6.93 (dd,= 8.7, 2.4 Hz, 2H, 2 x Ar—H), 6.
51-6.41 (m, 2H, 2 x Ar—H), 4.00 @~ 6.4 Hz, 4H, 2 x OC}}, 2.73 (qJ = 7.2 Hz, 8H, 4 x CH

2), 2.67 —2.58 (m, 4H, 2 x G} 1.88 — 1.74 (m, 4H, 2 x GH 1.61 (qJ = 8.2 Hz, 4H, 2 x C}),
1.50 (ddtJ = 14.0, 10.5, 5.9 Hz, 4H, 2 x GH1.41 (t,J = 8.6 Hz, 4H, 2 x Ch), 1.31- 1.26 (m,
4H, 2 x CH), 1.16 (tJ = 7.2 Hz, 12H, 4 x Ch). **C NMR (100 MHz, CDGJ) 5 191.8, 166.5, 1
65.5, 161.3, 144.3, 131.2, 130.4, 127.7, 127.3,99237.7, 114.9, 114.0, 107.9, 101.5, 68.1, 67.
9,52.1, 46.6, 31.9, 31.7, 31.4, 30.3, 30.2, 2207/, 29.6, 29.3, 29.0, 28.8, 27.1, 27.0, 25.83,25.
25.3,22.7,14.1, 10.3, 10.3, 10.2. HRMS (ESlxl@#or (G1HeesN204) requires: m/z 771.5056,
found: 771.5089.
(E)-1-(2-hydroxy-4-((6-(pyrrolidin-1-yl)hexyl)oxyhpnyl)-3-(4-((6-(pyrrolidin-1-yl)hexyl)oxy)ph
enyl)prop-2-en-1-one28b). Light yellow oil; Yield: 54.3%; Purity: 97.39% (HRL).'H NMR (4

00 MHz, CDC}) 6 13.57 (s, 1H, Ar—OH), 7.92 — 7.81 (m, 2H, C=CH:-Aj), 7.62 (dJ = 8.6 Hz,
2H, 2 x Ar-H), 7.48 (dJ = 15.4 Hz, 1H, C=CH), 6.95 (d,= 8.5 Hz, 2H, 2 x Ar-H), 6.54 — 6.4
4 (m, 2H, 2 x Ar—H), 4.10- 4.01 (m, 4H, 2 x OgH2.70 — 2.51 (m, 12H, 6 x GH 1.93 — 1.70
(m, 14H, 2 x CH), 1.68 — 1.57 (m, 2H, Chl 1.56 — 1.47 (m, 2H, CH} 1.47 — 1.39 (m, 2H, CH
»). *C NMR (100 MHz, CDGJ) § 191.8, 166.5, 165.6, 161.3, 144.2, 131.1, 13®3,3, 117.7,
114.9, 114.0, 107.9, 101.5, 68.2, 67.9, 56.4, 58#0,, 29.7, 28.9, 28.4, 27.3, 27.2, 25.9, 25.3, 23
4, 23.4. HRMS (ESI): Cacld for ¢&Hs4N204) requires: m/z 591.4117, found: 591.4139.
(E)-1-(2-hydroxy-4-((6-(piperidin-1-yl)hexyl)oxy)ptyl)-3-(4-((6-(piperidin-1-yl)hexyl)oxy)phen
yl)prop-2-en-1-one23c). Light yellow oil; Yield: 57.9%; Purity: 98.24% (HRL). 'H NMR (40

0 MHz, CDC}) 613.58 (s, 1H, Ar—-OH), 7.92 — 7.80 (m, 2H, C=CH, H);-7.62 (d,J = 8.4 Hz,



2H, 2 x Ar-H), 7.48 (dJ = 15.3 Hz, 1H, C=CH), 6.94 (d,= 8.5 Hz, 2H, 2 x Ar-H), 6.53 — 6.44
(m, 2H, 2 x Ar-H), 4.04 (t) = 6.2 Hz, 4H, 2 x OC}), 2.64 — 2.46 (m, 12H, 6 x G 1.88 — 1.
64 (m, 20H, 10 x Ch), 1.55 — 1.46 (m, 6H, 3 x GH 1.42— 1.37 (m, 2H, CHl **C NMR (100
MHz, CDCk) 6 191.8, 166.6, 165.6, 161.3, 144.3, 131.1, 13@4,4, 117.7, 114.9, 114.0, 107.9,
101.5, 68.2, 67.8, 58.8, 58.7, 54.4, 54.2, 31997,28.8, 27.2, 27.2, 25.8, 25.4, 24.9, 24.1,,23.8
23.0, 22.7, 14.1. HRMS (ESI): Cacld fors6850N20,) requires: m/z 563.3804, found: 563.3847.
(E)-1-(4-((6-(4-benzylpiperidin-1-yl)hexyl)oxy)-2«droxyphenyl)-3-(4-((6-(4-benzylpiperidin-1-
ylhexyl)oxy)phenyl)prop-2-en-1-or@3(l). Light yellow oil; Yield: 51.1%; Purity: 97.36% (HPL
C).'H NMR (400 MHz, CDCJ) & 13.53 (s, 1H, Ar—OH), 7.90 — 7.79 (m, 2H, C=CH;-Aj, 7.6

0 (dd,J = 8.7, Hz, 2H, 2 x Ar—H), 7.47 (d,= 15.4 Hz, 1H, C=CH), 6.92 (dd,= 8.7, 2.5 Hz, 2
H, 2 x Ar—H), 6.52 — 6.40 (m, 2H, 2 x Ar—H), 4.123:95 (m, 4H, 2 x OC}), 3.53 — 3.40 (m, 4
H, 2 x CH), 3.00 — 2.75 (m, 4H, 2 x Gl 2.67 — 2.46 (m, 10H, 5 x GH 2.11 — 1.61 (m, 20H,

4 x CHp, 4 x CHy), 1.58 — 1.36 (m, 4H, 2 x GH *C NMR (100 MHz, CDGJ) § 191.8, 166.5, 1
65.2, 161.0, 144.2, 131.1, 130.3, 130.2, 127.5,8/.125.0, 114.8, 114.7, 114.2, 107.9, 101.7, 67.
3, 67.1,54.9, 54.9, 54.7, 54.7, 23.5, 22.7, TARMS (ESI): Cacld for (gsHs4N>O,) requires:
m/z 567.4117, found: 567.4153.
(E)-1-(2-hydroxy-4-((6-(pyrrolidin-1-yl)hexyl)oxyhpnyl)-3-phenylprop-2-en-1-on26g). Light
yellow oil; Yield: 43.7%:; Purity: 98.11% (HPLCH NMR (400 MHz, CDCY) & 13.42 (s, 1H, A
r—OH), 8.07 (dJ = 7.2 Hz, 1H, Ar-H), 7.87 (d, J = 15.6 Hz, 1H, GE#*), 7.83 (d, J =9.2 Hz, 1
H, Ar-H), 7.66-7.64 (m, 2H, 2 x Ar-H), 7.58 (d=J15.6 Hz, 1H, CH=CH), 7.43-7.38 (m, 2H,
2 x Ar-H), 6.47 (d, J = 8.8 Hz, 1H, Ar-H), 6.42 (4, Ar-H), 3.98 (t, J = 6.0 Hz, 2H, OGH 3.
30-3.27 (m, 4H, 2 x NC§), 3.04 (t, J = 8.0 Hz, 2H, NG} 2.13-2.09 (m, 4H, 2 x G 1.93-1.
87 (m, 2H, CH), 1.82-1.75 (m, 2H, Ch), 1.52-1.44 (m, 4H, 2 x Gl **C NMR (100 MHz, CD
Cls) 6 191.8, 166.6, 165.7, 144.4, 134.7, 131.5, 13130,7, 129.6, 129.0, 128.5, 128.0, 120.3, 1
14.0, 108.0, 101.6, 68.0, 55.3, 53.5 (2C), 28.65,285.6, 25.4, 23.3 (2C). HRMS (ESI): Cacld f
or (GsH31NOs) requires: m/z 394.2337, found: 394.2382.
(E)-1-(2-hydroxyphenyl)-3-(4-((6-(pyrrolidin-1-yyl)oxy)phenyl)prop-2-en-1-on&6p). Ligh

t yellow oil; Yield: 49.2%; Purity: 97.92% (HPLCH NMR (400 MHz, CDC}) & 12.94 (s, 1H,
Ar—OH), 7.93 (dJ = 8.8 Hz, 1H, Ar-H), 7.90 (d, J = 16.0 Hz, 1H, GEH), 7.62 (d, J = 8.4 Hz,
2H, 2 x Ar-H), 7.55 (d, J = 15.6 Hz, 1H, CH=CHM49 (t, J = 7.6 Hz, 1H, Ar-H), 7.02 (d, J = 8.0
Hz, 1H, Ar-H), 6.98 (d, J = 9.2 Hz, 1H, Ar-H), 8.¢d, J = 8.0 Hz, 2H, 2 x Ar-H), 4.01 (t, J=6.0



Hz, 2H, OCH), 3.28-3.23 (m, 4H, 2 x NCH} 3.01 (t, J = 8.0 Hz, 2H, NG} 2.15-2.12 (m, 4H,
2 x CH), 1.94-1.89 (m, 2H, Ch), 1.84-1.80 (m, 2H, C), 1.56-1.51 (m, 2H, C}), 1.50-1.45
(m, 2H, CH). 3¢ NMR (100 MHz, CD{) 6 193.7, 163.5, 161.5, 145.4, 136.2, 132.0, 13@6, 1
9.6, 127.3, 118.8, 118.6, 117.5, 115.0, 114.7,,65&, 53.6 (2C), 29.7, 28.8, 26.5, 25.7, 23.4 (2
C). HRMS (ESI): Cacld for (§gH3:NOs) requires: m/z 394.2337, found: 394.2374.

4.2. Biological evaluation

4.2.1. AChE and BUChE inhibition assay

The modified Ellman method was used to determieeAGhE and BuChE inhibitory ability of
the compounds, using AChE from electric &4gma-Aldrich Corporatiorand human erythro-
cytes (Sigma-Aldrich Corporation) or BUChE from ggum serun{Sigma-Aldrich Corporation)
and human serum (Sigma-Aldrich Corporation). Adétgcholine iodide (1 mmol/L, 3@L),
phosphate-buffered solution (0.1 mmol/L, pH = &0,L), ChE (0.05 U/mL, final concentration,
10 uL) and different concentrations of test compoursul) were used for the ChE inhibition
assayBlanks containing all components except ChE wergezhout. 1Go values were calculat-
ed as the concentration of compound that produaes than 50% AChE or BUChE activity in-
hibition. The detailed procedure refers to theditere and our previous work [28, 36].

4.2.2. In vitro inhibition of MAOs

To evaluate the MAOs inhibition activity of targgimpoundsytecombinant human MAO-A and
-B purchased from Sigma—Aldrich Co. were used. détiled procedure refers to the literature
and our previous work [39].

4.2.3. Molecular docking

The X-ray crystal structure of AChE (PDB code: JeWBuChE (PDB code: 4tpk), A(PDB:
1BA4) and human MAO-B (PDB code: 2V60) was downlofidm Protein Data Bank
(www.rcsb.org) [39]. The AUTODOCK 4.2 program wased for the docking study &3c
Each docked system was performed by 200 runs oAtitedock search by the Lamarckian ge-
netic algorithm (LGA). A cluster analysis was penfi@ed on the docking results using a root
mean square (RMS) tolerance of 1.0 and the lowesigg conformation of the highest populat-
ed cluster was selected for analysis. Graphic nudatipns and visualizations were done by Au-
todock Tools (ADT; version 1.5.6) or Discovery Stu@.5 software.

4.2.4. Metal binding studies



The metal binding studies were performed with \&kan Flash Multimode Reader (Thermo
Scientific) [40]. After 30-minutes incubation in thanol at room temperature, the UV spectrum
value with a wavelength in the range of 200-600air23c was recorded with or without CuCl
ZnCly, AICI; and FeS@ The final concentration of test compound and neés 37.5uM.

The stoichiometry of the compound-Ciwomplex was determined by titrating the methawel s
lution of the test compounds with an increasingcemtration of CuGl The final concentration
of the test compound was 37151 and the final concentration of €uranged from 3.75 to 93.75
uM. The molar fraction relative to the test compouvaks investigated by subtracting Cu@hd
the corresponding concentration of test compoundeioording and processing.

4.2.5 Antioxidant activity assay

The antioxidant activity of target compounds wasatiged by the oxygen radical absorbance
capacity fluorescein (ORAC-FL) assay [41]. All tassays were performed with 75mM phos-
phate buffer (pH = 7.40), and the final reactiorxtonie was 20QL. FL (120uL, 150 nM final
concentration) and antioxidant (20) were added in the wells of a black 96-well platng
Trolox as a standard (148V, final concentration). The details could referermur previous
work [27, 28].

4.2.6 Self-induced/A. 4> aggregation assay

The self-induced B4 aggregation was measured by a Thioflavin T-bagéd’) binding assay
[42, 43]. Thioflavin T (Basic Yellow 1, ThT) was minased from TCI (Shanghai) Development.
S-Amyloidi_s2(Af1-42), supplied as trifluoroacetate salt, was purchdssd ChinaPeptides Co.,
Ltd. 1,1,1,3,3,3-hexafluoro-2-propanol (HFIP) wasghased from Energy Chemical. Briefly,
Apiaowas dissolved in 1 mg/mL of HFIP and incubatedZdrhours at room temperature. The
dried ABi1.4» was then re-dissolved in DMSO to make a solutibB3® pM and maintained at -
80 °C. Solutions of test compounds were preparddNiSO in 2.5 mM for storage and diluted
with phosphate buffer solution (pH 7.4) before usg, 4, (20 uL, 25 uM, final concentration)
was incubated with 20L of test compounds (2pM, final concentration) in 50 mM phosphate
buffer solution (pH 7.40) at 37 ° C for 24 h. Aftle incubation, 16QL of 5 uyM ThT in 50mM
glycine-NaOH buffer (pH 8.0) was added to each wiEliorescence was measured by a Vari-
oskan Flash Multimode Reader (Thermo Scientifidhvexcitation and emission wavelengths of
446 and 490 nm, respectively.

4.2.7 Metal-induced A .42 aggregation and disaggregation



Cu?*-induced A8:.42aggregation was determined using ThT method [28Jt®ns of C4*were
prepared from standards to concentration ofiVBHEPES buffer solution (20 mM, pH 6.6, 150
uM NaCl). The A4, stock solution was diluted in HEPES buffer (20 mpH 6.6, 150uM
NaCl). The mixture of £1.42(20 uL, 25 puM, final concentration) and Gti(20 uL, 25 pM, final
concentration) with or without the tested compo(@@luL, 25 pM, final concentration) was in-
cubated at 37 ° C for 24 h. After which, 180 of 5 uM ThT in 50 mM glycine-NaOH buffer
(pH 8.50) was added. Each assay was performedpiicéte. The detection method was the
same as the self-induce@A,experiment.

In the disaggregation of Cinduced A8 4.fibrils experiment, 8, s>stock solutions were dilut-
ed in HEPES buffer (20 mM, pH = 6.6, 150 mM Na@)nixture of A4, (20 uL, 25 uM, final
concentration and Gl1(20 uL, 25 uM, final concentration) was incubated for 24 hoatr87° C.

20 pL inhibitor (final concentration was 2oM) was then added into the mixture of¥Awith
CU?* and incubated at 37 °C for another 24 hours. IHesistant plastic film was used to mini-
mize evaporation effect. After which, glycine-Na@dffer with 190uL of 5 uM thioflavin T
was added. Each assay was run in triplicate. Thectlen method was the same as the self-
induced AB1.42eXperiment.

4.2.8 Hydrogen peroxide induced PC12 cell inji2y]

PC-12 cells were seeded into 96-well plates anaiteof 1 x 10 cells per mL in DMEM medi-
um (GIBCO.) supplemented with 10% heat-inactivdiedine calf serum (Hyclone). After incu-
bation overnight, the medium was replaced withHrB&EM medium without calf serum and
phenol red. And tested compounds at various coraténis were added and incubated with the
cells for further 2 h. Then the cells were treatgth 100 uM H,O for 2 hours. For the control
group, the cells were treated without@ for 2 hoursAt the end of the assay, the cells were in-
cubated with 0.5 mg/mL 3-(4,5-dimethylthiazol-2-¢6-diphenyltetrazolium bromide (MTT)
for 4 h at 37 ° C. The supernatants were carefelfgoved, and 150L DMSO was added into
each well. The absorbance at 570 nm of the formazmdetermined using a Varioskan Flash
Multimode Reader (Thermo Scientific). Data wereresged as mean + SD. To determine the
cytotoxicity of the compound, tested compound wasibated with PC-12 cells for 48 h without
the addition of HO,, and other procedures were similar to the abovatioreed.

4.2.9 In vitro blood-brain barrier permeation assay



As described by the literature [35], parallel &tdl membrane permeation assay was used to
evaluate the blood-brain barrier penetration cfjgticompoundsThe detailed procedure refers
to our previous work [36].

4.2.10 In vivo assay

Kunming mice at body weight of 332 g (six weeks old, either gender) were suppligdhe
Center of Experimental Animals of Sichuan Acaderhhbinese Medicine Sciences (eligibility
certification no. SCXK|[chuan] 2015-030). Mice weraintained under standard conditions with
a 12 h:12 h lightdark cycle at 20—22 °C with a relative humidityGfi—-70%. Sterile food and
water were provided according to institutional glides.

Acute toxicity.Compound23c was suspended in 0.5% carboxymethylcellulose sodiu
(CMC-Na) salt solution (100, 250, 500 mg/kg) andegi via oral administration according to the
divided experimental groups. After the administratof the compoun@3c¢ the mice were ob-
served continuously for the first 4 h for any abmal behavior and mortality changes, intermit-
tently for the next 24 h, and occasionally therafor 14 days for the onset of any delayed ef-
fects. All animals were sacrificed on the 14th dégr drug administration and were macroscop-
ically examined for possible damage to the heaer,land kidneys.

A step-down passive avoidance test was peddrto test the ability of memory in mice [27,
36]. The apparatus consisted of a grid floor withaden block placed in the center. The block
served as a shock free zone. The mice underwenséparate trials: a training trial and a test
trial 24 h later. For training trial, mice weretially placed on the block and were given an elec-
trical foot shock (0.5 mA, 2s) through the griddtmn stepping down. Compou@8c (14.8, 7.4
and 3.7 mg/kgp.o) or donepezil (5.0 mg/kg.0) as a positive control were orally given 1 h
before each training trial. After 30 min, memampairment was induced by administering sco-
polamine (3 mg/kgi.p.). Twenty-four hours after the training trial, mieesre placed on the
block and the time for the animal to step down weeasured as latency time for test trial. An
upper cut-off time was set at 300 s.

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

presence of a statistically significant difference.
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Fig. 3 (A) Representation of compourBc (green stick) interacting with residues in the Irigdsite of
TcAChE (PDB code: 1EVE). (B) 3D docking model of camnpd23cwith TCAChE.

Fig. 4 (A) Representation of compourzBc (green stick) interacting with residues in the kiigdsite of
huBuChE (PDB code: 4tpk). (B) 3D docking model of gmund23cwith huBuChE.



Fig. 5 (A) Representation of compou8c (green stick) interacting with residues in the Iniigdsite of AG; 4,
(PDB ID: 1BA4), highlighting the protein residudsat participate in the main interactions with thhibitor.
(B) 3D docking model of compourBc(green stick) with A.

Fig. 6 Compound3c (green stick) interacting with residues in the Imigdsite of MAO-B (PDB code: 2V60),
highlighting the protein residues that participat¢he main interactions with the inhibitor.
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Fig. 7 The UV spectrum of compoun@8c (37.5uM, in methanol) alone or in the presence of GUBICI;,
ZnCl, and FeSQ(37.5uM, in methanol)
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Fig. 8 Determination of the stoichiometry of complex?Cby using molar ratio method through titrating the

methanol solution of compourZBc with ascending amounts of CyCThe final concentration of tested com-
pound was 37.5M.
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Fig. 9 (A) Scheme of the inhibition experiment; (B) TEMages of & species from inhibition experiments.
(C) Scheme of the disaggregation experiments; @ENITmages of samples from disaggregation experiment
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Table 1 Inhibition of AChE/BuUChE and MAO-B/MAO-A, and selddties index of target com-
pounds and reference compounds.

Table 2 Inhibition of huAChE and huBuChE for compound3d and reference compound
donepezil.

Table 3 The antioxidant activity, and effect onfAs, aggregation of chalcorn@-alkylamines

derivatives and reference compounds.



Table 1. Inhibitions of AChE/BUChE and MAO-B/MAO-A of targeompounds and reference

compounds.
ICso (uM) £ SD? ICs (M) £ SD?
Compd. n NRiR, > () 1 0 (M) _sie
eeAChE ecBUChE® MAO-B°® MAO-A
20a 2 O/\@ 23.9+0.9 10.6+0.1%4 --- 21.6+0.6 n.al
200 2 NO 19.6 +0.4 26.2+0.2% -- 17.2+0.3 n.a/l
20c 2 "O 1.80+0.03 6.80+0.15 3.8 8.10+0.11 n.al
Y A
20d 2 N 3.10+0.02 520004 1.7 9.70+0.06 n.al
N
21a 3 | 21.8+05 12.1+0.1%4 - 16.8+031 26.1+087 1.6
21b 3 “O 570+0.06 4.10+0.01 0.7 210+045 10.1+0.1% -
21c 3 "D 0.79+0.01 3.80+0.19 4.8 8.30+0.05 n.al
Ve .
21d 3 N 470+0.05 5904022 1.3 150+0.02 6.50+0.02% ---
22a 4 | 12.7+0.6 14.3+0.9% - 154+0.2 10.6+03% -
2b 4 “O 1.80+0.16 3.60+0.27 2 0.87 £0.01 n.al
22¢ 4 "O 3.16 +0.02 4.50+0.09 1.4 0.73+0.02 n.al
—
22d 4 N 2.70+0.03 185+09 6.9 0.66+0.03 105+0.4 19
23a 6 [ 1.30+0.02 0.80+0.01 0.6 1.10+0.16 125+0.19% --
23b 6 “O 1.86+0.31 3.50+0.09 1.9 3.40+0.12 n.al
23c 6 "D 1.30+0.01 1.20+0.09 0.9 0.57+0.01 n.al
Y .
23d 6 N 3.70+0.04 420+026 1.1 1.60+0.04 8.70+0.05% --
26¢ 420400 12.3+0.7' 2¢ 12.7+0.20 95+0.029' -




26h 8.90 +0.0! 50.2 +0.6: 5.€ 18.5+0.5. 15.6+0.08%' ---

Ipro ! n.t.° n.t.° 1.35+0.02 5.48 +0.03 4.1
Rase." n.t.° n.t.° 0.0281+0.006 0.587 £0.03 20.¢
Done." 0.019+0.000 4.76+0.0: 251 n.t° n.t.°

% 1Csp values represent the concentration of inhibitouieed to decrease enzyme activity by 50% andlae t
mean of three independent experiments, each pegtbim triplicate (SD = standard deviation 3 From

electrophorus electricus® EQBUChE from equine serum® SI = selectivity index = 1§

(BUChE)/I1Go (AChE).® From recombinant human MAO-BErom recombinant human MAO-A.
9hMAO-B selectivity index = 16y (MAO-A)/IC 5o (MAO-B). " TheedBuChE inhibition percentage of
compounds at 2GM. ' The MAO-A inhibition percentage of compounds atyM. ' n.a. = no active, repre-
senting MAO-A inhibition percentage of compound$% at 10uM. ' Ipro. =Iproniazid.™ Rasa. = Rasa-

giline." Done. = Donepezif. n.t. = not tested.

Table 2 Inhibition of huAChE and huBuChE for compound23d and reference compound

donepezil.
IC M) +SD?
Compound n NR;R, ] s0 (M) S|
huAChE huBuChEe*®
23c 6 D 0.78 £0.02 0.91 £0.03 1.2
26¢ 3.2 #0.0: 15.8 +0.4!
Donepezil 0.011+0.00(8 5.12+0.C6 465

#1Csp values represent the concentration of inhibitouieed to decrease enzyme activity by 50% andlae t
mean of three independent experiments, each peztbimtriplicate (SD = standard deviation® From hu-
manAChE.¢From humanBuChE.? SI = selectivity index = 1§ (BUChE)/IGo (AChE).



Table 3Antioxidant activity, and effect on/A.12 aggregation of chalcon@-alkylamines deriva-

tives and reference compounds.

Compound

20¢
20b
20c
20d
21e
21k
21c
21d
22¢
22h
22
22d
23¢
23k
23c
23d

Curcumir

Donepezil

ORAC*?

1.0+0.0:
1.2+0.0:
1.1+0.0:
0.96 +0.0.
0.99 +0.0.
1.20+ 0.2
0.99 £ 0.0
0.98 +0.0:
1.20+£0.0.
1.10+0.0.
0.97 + (.02
1.20+0.0.
110+ 0.0
1.40+0.0.
1.30+£0.0.

1.10+ 0.0

nt'

nt'

Effect or of Apy.s0aggregation (%°

Inhibit self-induced

53.5+0.!
50.8 + 0.
61.3 0.
63.1+£0.!
61.8+ 0.¢
65.7 +0.¢
60.9 +0.8!
64.7 +0.t
62.7 £0.!
71.8 0.
63.1 +0.¢
62.7 0.
51.3 +0.:
61.8 +0..
68.3 +0.¢
63.7 +0.¢

47.3 +0.0.

n.a‘

Inhibit Ci#*-induced”  Disaggregat€u’*-induced®

n.t.'
n.t.'
86.1+0.!
85.2+0.
nt'
74.1 +0.¢
80.2 £0."
75.9 +0.¢
nt'
83.6+0.
84.5 +0.¢
n.t.'
nt'
86.5 + 0.t
81.2 £ 0.t
84.2 +0.!
76.5 £ 0.0:

nt'

nt'
nt'
nt'
nt'
nt.'
nt'
nt.'
nt'
nt.'
nt'
nt.'
nt'
nt.'

n.t.'

70.4 +0.!

nt'

56.5+ 0.2

nt.'

% Results were expressed,dd of Trolox equivalen{iM of tested compoundglnhibition of AB1.4, aggrega-

tion and disaggregation offiAs,aggregates, the thioflavin-T fluorescence-basedhogetvas used, data are the
mean + SEM of three independent experiméritshibition of self-Induced A;.4, aggregation, the concentra-
tion of tested compounds ang4,, were 25uM. 4 Inhibition of Cf*-induced #8142 aggregation. The concen-
tration of tested compounds and’Choth were 25:M. © Disaggregating of Cii-induced 48,4, aggregates,

the concentration of tested compounds afid,Awere 25uM. "n.t. = not tested.n.a. = no active. Compounds
defined “not active” showed a % inhibition loweath5.0% at 25M.



Highlights

® A series of novel chalcon@-alkylamine derivatives was design based on MTDOtategy.

Compound23c displayed the best inhibitory potency both on ycablinesterase (165 = 1.3 +
0.01uM) and butyrylcholinesterase (€= 1.2 + 0.1uM).

Compound3c exhibited the best selective MAO-B inhibitory adtyv

Compound23c showed good antioxidant activity, and displayednifigant neuroprotective
activity against HO,-induced PC12 cell injury.

Compound23c exhibited significant inhibition and disaggregatieffects on £&;.4» aggregation.

Compound3c could improve scopolamine-induced memory impairment



