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Abstract

A series of novel chalcone derivatives was desigisgdthesized and evaluated as
multifunctional agents for the treatment of AD. Amgo of these synthesized
compounds, compoun@M-2 was a selective BUChE inhibitor @& 2.6uM) and
selective MAO-B inhibitor (IGo = 5.3uM), which were supported by docking study.
CompoundTM-2 also showed good antioxidant activity, and wa®lactive metal
chelator, as well as a neuroprotectant. MoreowmmpoundTM-2 could significantly
inhibit self-induced and Cirinduced 484, aggregation with 70.2% and 80.7%
inhibition rate, respectively, and could disaggteg@tf*-induced A8:.4» aggregation
(73.5%), the further TEM images observed providational explanation. Besides,
compoundTM-2 displayed good PAMPA-BBB permeability and conforntedthe
Lipinski's rule of five. Further, compound@M-2 presented precognitive effect on
scopolamine-induced memory impairment in vivo as$agrefore, compoundM-2
might be a promising multifunctional hit compourmt the treatment of AD, and the

further structure optimization are in progress.

Keywords: Alzheimer’'s disease; chalcone derivatives; Multdiional agents;
BuChE inhibitors; Antioxidant agents; Monoamine dese B inhibitor; A&

aggregation inhibitors; Biometals chelator; Neuatective effect; Precognitive effect



1. Introduction

Alzheimer’'s disease (AD) is a progressive and fatalrodegenerative disorder
affecting 46 million people. It is characterized the progressive deterioration of
various cognitive domains, including a decline irmory and thinking [1]. The
current clinical drugs for the treatment of AD mdé four acetylcholinesterase
inhibitors (AChEIs) such as tacrine, donepezilagtdmine and rivastigmine ande
N-methyl-D-aspartate (NMDA) receptor antagonistsnely memantine. Although
these single-target drugs could temporarily deleygrogression of cognitive decline
in AD, their effects are modest. In addition, AChlproduce several undesirable side
effects, such as gastrointestinal disturbancesjybeadia, and excessive salivation,
which are associated with peripheral cholinergiceptors [2]. Up to now, the
pathogenesis of AD is still not known, with sevarampeting hypotheses, such as the
cholinergic hypothesis, amyloid hypothesis, oxwiatstress hypothesis and metal

chelation hypothesis, attempting to explain it4B,

According to the “cholinergic hypothesis”, cognéidecline in AD is closely
related to the level of acetyl choline (ACh) [5, Blormally, ACh can be hydrolyzed
by both AChE and BUChE. The recent studies showAGhE plays the major role in
the hydrolysis of ACh in the healthy brain, while@hE takes over the hydrolysis of
AChE in the AChE deficient brain. As AD developélde AChE level in the brain
decreases progressively, but BUChE activity in@sap to 165% of the normal level
[7]. In addition, selective BUChE inhibition is jattially advantageous because it
may circumvent the classical cholinergic toxicibat is a common side effect of
AChE inhibition [8]. Therefore, BUChE is a promigitarget for the treatment of the

advanced stages of AD.

The production and accumulation of soluble amyloidjomers of A are a
central event in the neuropathology of AD basedhen"amyloid hypothesis" [9, 10],
as they are thought to be able to initiate the ggehic cascade, ultimately leading to
neuronal loss and dementiag and A4, are the main isoforms of Apeptides,

increasing evidences suggest thatAshows more toxic than/Ao. In addition, A84,



could form protofibrils and fibrillar aggregates &wer concentrations. Thus,
preventing the formation and aggregation @f 4y is a potential therapeutic approach

for AD.

Oxidative damage is one of the major causes of Al), [affecting every class of
biological macromolecules, such as nucleic acidstens, carbohydrates and lipids.
It also triggers amyloid plaques and neurofibnilaangles. Therefore, antioxidant
protection is an important way to treat AD. Moregueansition metals, such as Cu
Zn**, AI** and Fé', could promote A aggregation, and might contribute to the
production of reactive oxygen species (ROS) andaikie stress, implying that these
biometals are closely related to several critisglests of AD [12,13]. So, modulation

of these biometals in the brain might be a potétiErapeutic strategy against AD.

Monoamine oxidase (MAO), an enzyme of the proteiamify of
flavin-containing amine oxidoreducatases, is resgme@ for the metabolism of
neurotransmitters such as dopamine (DA), serot(GydT), and noradrenaline (NE).
There are two types of MAO, hMAO-A and hMAO-B. Siesl show that hMAO-A
catalyzes the oxidative deamination of serotorinemaline, and noradrenaline, while,
hMAO-B preferentially leads to deamination @phenethylamine and benzylamine
[14]. Recently, the selective MAO-B inhibitor, suak selegiline, has been shown to
significantly improve learning and memory defiditsanimal models associated with
AD and to slow the disease progression in AD p&i¢h5]. So, selective MAO-B

inhibitors seem to be an effective treatment of AD.

Due to the complexity of AD and the involvement multi-systems in its
progression, multi-target-directed ligands (MTDlstjategy is considered to be an
effective way to treat this disease [16-18]. Thesmilti-functional agents,
simultaneously possessing two or more complemenarlogical activities, may

present an important clinical advance in the future

Chalcones d-phenyl#-benzoylethylene) are prominent secondary-metabolit

precursors of flavonoids and isoflavonoids, andla¢dee found widely in plants.



Chalcone and its derivatives are important bioactolecules with multi biological
activities including antioxidant activity, metal elation property, anti-inflammatory,
MAO-B inhibition and neuroprotective properties [PD]. In our previous work, the
multi-functional agent compoundeJ-7f showed significantly selective BuChE
inhibitory activity, and th&-alkylamines fragment was the important pharmacopho
group [21]. However, compourteld-7f exhibited weak antioxidant activity, moderate
inhibition effect on A aggregation, and compoundlJ-7f did not show metal
chelating ability and hMAO-B inhibitory activity.Rerefore, according to the MTDLs
drug design strategy, we plan to fuse chalcone Bhdf to obtain novel chalcone
derivatives Figure 1), to test whether these novel molecules possesplementary

multi-functional activities.

In this paper, a series of chalcone derivativesewdgsigned and synthesized
based on MTDLs. These target compounds were eealigt ChEs/MAQOs inhibition,
effect on AG;.4> aggregation, antioxidant activity, biometals chela ability,
neuroprotective effect, the ability of cross bldw@in barrier in vitro and
precognitive effecin vivo assay. Besides, docking studies were also pertbiime

provide rational explanation for their biologicatiaities.

<InsertFigure 1>

2. Results and discussion

2.1. Chemistry

The synthetic route of target compouridd-1~TM-8 was depicted ischeme land
Scheme 2 In the Scheme 1 the starting material 3-hydroxybenzaldehydevas
treated with excessive amounts of 1,3-dibromopreqdaa), 1,4-dibromobutane2p),
1,5-dibromopentane2€) or 1,6-dibromohexane2(), respectively, in the presence of
K2CQOsin anhydrous acetonitrile at 65 °C to obtain thernmediate8a-3d, and then
the intermediate8a-3d were reacted with cyclic secondary amidesand4b to get

intermediatesba~5e Finally, the target compounddV-1~TM-5 were obtained by



the condensation of intermediates~5ewith 1-hydroxy acetophenor&in alcoholic

50% KOH solution.
<InsertScheme %

Additionally, as for the synthesis diM-6~TM-8, 2’,4’-dihydroxyacetophenon@&
was used as raw material, the key intermedi@ée®9cwere obtained under the same
experiments condition described Bcheme 2 Finally, benzaldehyde derivatives
10a~10cwere reacted with intermediat®a~9cin alcoholic 50% KOH solution to get

the target compound&aVi-6~TM-8 .
<InsertScheme 2
<InsertScheme &

Further, as shown iBcheme 3TM-9 was obtained by the reduction reaction of
TM-2 in the presence of Pd/C ang.Hhese target compound#-1~TM-9 have
not been reported in the literature. Their struesuvere confirmed biH NMR, *°C

NMR and ESI-MS spectroscopy.
2.2. Pharmacology

2.2.1 Inhibition studies on AChE and BuChEhe inhibitory activities of target
compoundsTM-1~TM-9 againsteéAChE (from electric eel and egBuChE (from
equine seruimwere evaluated using the modified Ellman’s metfg&it] 23]. Chalcone
and donepezil were tested as the positive confita. results were listed ifable 1,
expressed as kg values. As expected, the target compouhis1~TM-9 showed
moderate to good inhibitory activity against AChBdaBuChE compared with
chalcone, implying that introduction @-alkylamines fragment could increase the
AChE/BUChE inhibitory activity, which was consistewith our design strategy.
According to the screening dataTiable 1, the terminal groups NIR, and methylene
chain length of side chain significantly affectée tinhibitory activities oeqBuChE.
Firstly, the BuChE inhibitory activity presentedsgtove trend as the methylene chain

length increased, and the optimal methylene cleigth was 4, such @M-1 (ICsp=



11.2uM) > TM-2 (ICs0= 2.6 uM) < TM-3 (ICs0= 3.7uM) < TM-4 (ICs0= 4.1 pM).
Replacing the 1,2,3,4-tetrahydroisoquinoline Td¥1-2 with 4-benzylpiperidine to
obtain compoundTM-5, the BuChE inhibitory activity decreased to 4uM, it
showed that 1,2,3,4-tetrahydroisoquinoline fragnoemitributed to BuChE inhibition.
Secondly, in order to further explore the structacavity relationship, we changed
the position of side chain dfM-1 (ICso= 11.2 uM) to get compound'M-6, the
BuChE inhibitory activity decreased to 13, and then changing the position of
side chain offTM-2 to get compound M-7, the BuChE inhibitory activity increased
to 5.2uM, but it showed good AChE inhibitory activity witlCsovalue of 8.3uM.
Moreover, changing the position of side chainTM-4 to obtain compound M-8,
which was a selective AChE inhibitor @& 6.6uM) and displayed moderate BuChE
inhibitory potency (IGo = 10.4 uM). According to the phenomenon observed,
changing the position of side chain could decreéaseBuChE inhibitory activity, but
increased the AChE inhibitory potency. Besides, dleetron-donating groups, such
as OCH in TM-7 and N(CH), in TM-8, were beneficial to AChE/BUChE inhibition,
while the electron-withdrawing group (such as FTiM-6) decreased the BuChE
inhibitory activity. Thus, compoundM-2 exhibited the best BuChE inhibitory
activity with 1Cso value of 2.6uM, and compoundrM-8 indicated the best AChE
inhibitory potency (IGo= 6.6 uM). More interestingly, when compounidM-2 was
reduced toTM-9 in the presence of Pd/C and,Hhe BuChE inhibitory activity
increased to 0.64M, but TM-9 showed weak AChE inhibitory activity with g
value of 23.1uM, suggesting that the reduction reaction of olefirond contributed

to BUChE inhibitory activity.
<InsertTable 1>

2.2.2 Molecular modeling studies B¥-2. According to the above results, compound
TM-2 would be the optimal compound to further studye Tiwrther computational
study was performed to explore possible bindinghmasm of AChE and BuChE for
compoundTM-2 using the docking program, AutoDock 4.2 packagé \itscovery
Studio 2.5, based on the X-ray crystal structureAGhE (PDB code: 1EVE) and



BuChE (PDB code: 4tpk) [21, 24]. The results intecathatTM-2 could occupy the
entire AChE enzymatic catalytic active site (CA8)e mid-gorge sites and the
peripheral anionic site (PASFigure 2). The hydroxyl group and carbonyl group of
TM-2 formed one intramolecular hydrogen bonding inteoa¢ and the hydroxyl
interacted with Phe331 via intermolecular hydrogending, moreover, the benzene
ring of chalcone skeleton interacted with key amaeal Tyr334 vias-n interaction.
Meanwhile, hydrophobic interactions could be obednbetween the ligand and
amino acid residues Asp72, Trp84, Gly118, Gly12381Z1, Phe290, Phe288, Tyr334,
and Phe331.

<InsertFigure 2>

In the TM-2-BuChE complex, we found that compoumi¥-2 interacted with
BuChE via multiple sitesHigure 3), the hydroxyl group and carbonyl of chalcone
skeleton interacted via intramolecular hydrogendawg, and further the hydroxyl
interacted with Ser287 via intermolecular hydrogending. In addition, the benzene
ring of 1,2,3,4-tetrahydroisoquinoline interactedhwthe benzene ring of chalcone
skeleton vian-n interaction, and the benzene ring of 1,2,3,4-steoisoquinoline
interacted with key amino acid Tyr332 vian interaction, and one intermolecular
hydrogen bonding was observed between lighhMi2 and key amino acid Trp82.
Besides, hydrophobic interactions could be obserbetiveen the ligand and
important amino acid residues Trp82, Phe329, TyrE&2287, Trp231 and His438.
Therefore, the phenomenon observed might providerabional explanation for the
highly selective BUChE inhibition &fM-2.

<InsertFigure 3>

2.2.3 BUChE reversibility of inhibition bByM-2. The recovery o€qBuChE inhibitory
activities after dilution with time monitoring werested to evaluate thegBChE
reversibility inhibition byTM-2 [25]. As shown inFigure 4A, the 0.1 X ICs of
standard donepezil increasedBChE activity to 9.4% compared with control, that
implying partial recovery of thegBChE from donepezil. While the 0.X ICs of

standard rivastigmine increasedBChE activity to -0.7%, indicating no recovery of



theedBChE from rivastigmie. In addition, under the sacoadition, the 0.1X 1Csg

of TM-2 edBChE activity to 8.2%as similar with donepezil. Furthermore, according
to the screening data Figure 4B, theedBChE activity restored to 126.8% with 0.1x
ICso donepezil at 240 min, and thegBChE activity of 0.1x 1@y rivastigmine
gradually increased to 73.2% at 240 min. As expeced theegBChE activity of
0.1x IGp TM-2 increased to 103.5% at 240 min, similar with dazdp So, the
observed phenomenon revealed that compound TM-2 avasversible BuChE

inhibitor.
<InsertFigure 4>

2.2.4 Inhibition of MAOSs in vitroAs shown inTable 1, the MAO-A and MAO-B
(recombinant human enzyme) inhibitory activitiegaiget compound$§M-1~TM-9
were determined, iproniazid and rasagiline were #dsted as referenced compounds
[26]. The results showed that all the target conmpiguindicated selective MAO-B
inhibitory activities, which contributed to the &tenent of AD. Among of these target
compounds, compountiM-3 showed the best MAO-B inhibitory activity with 4
value of 4.8 uM. According to the structure-active-relationshihe MAO-B
inhibitory activity improved as methylene chain neased, while the optimal
methylene chain was 5, such®¢¥-1 (ICso = 10.7uM) > TM-2 (ICs50 = 5.3uM) >
TM-3 (ICs0 = 4.8uM) < TM-4 (IC50 = 6.7 uM), in addition, the side chain terminal
NR;:R; fragment did not display obvious effect on MAO+hibitory activity, such as
TM-5 (ICs0 = 6.4uM) vsTM-2. Moreover, the position of side chain also affddtes
inhibitory activity, compound3dM-6~TM-8 was obtained by changing the position
of O-alkylamines, the results showed that compouid4-7 and TM-8 with
electron-donating groups indicated better MAO-Bilitbry potency than compound
TM-6 with electron-withdrawing group. Further, the e#nit bond of compound
TM-2 was reduced tdM-9, the MAO-B inhibitory activity sharply decreased26.7
uM, and MAO-A inhibitory activity did not show obvis change, suggesting that the

a,pf-unsaturated ketone fragment was conducive to MAGHEItory activity.

2.2.5 Molecular modeling study of MAO-B.o further study the binding mode of



TM-2 with MAO-B, molecular docking study based on theay crystal structures of
human MAO-B (PDB code: 2V60) was performed [26]. gkown inFigure 5, the
2-hydroxy acetophenone moiety ®M-2 was located in the well-known binding
pocket ofhuMAO-B, in close proximity to the enzymatic cofacteAD, and formed
one intermolecular hydrogen bonding interaction.réoer, the benzene ring of
chalcone skeleton interacted with Tyr398 wia interaction, and the benzene ring of
1,2,3,4-tetrahydroisoquinoline interacted with 1é3viac-rn interaction. Meanwhile,
hydrophobic interactions could be observed betwbenligand and residues Ile316,
Phel68, 11e199, Prol02, Phel03, Tyr326, Phe34343byrand Leu88. Thus, the
phenomenon observed could explain why-2 could decrease the MAO-B

inhibitory activity.
<InsertFigure 5>

2.2.6 Antioxidant Activity in VitroThe antioxidant activities of the target compounds
TM-1~TM-9 were tested by the ORAC-FL method (Oxygen Radiédisorbance
Capacity by Fluorescence) [27, 28Bhe vitamin E analogue Trolox was used as a
standard. According to the screening datd able 1, all the compounds exhibited
good ORAC-FL values of 0.92-1.6 Trolox equivalertee terminal groups NiR»
and methylene chain length of side chain showedobwious influence on the
antioxidant activity, such aéM-1~TM-5. When changing the position of side chain,
the data showed that the compounds with electrowailty groups{M-7 andTM-8)
displayed better antioxidant activity than compodind6 with electron-withdrawing
group. It might be that the electron-donating goupelp antioxidant activity. In

addition, compoundM-9 showed good antioxidant activity with ORAC valuelct
eq.

2.2.7 Inhibition of Self-inducedpi 4> Aggregation.The inhibitory activities of the
target compounds against self-inducef; A, aggregation were evaluated using a
thioflavin T (ThT) fluorescence assay [29]. Curcamiwas used as reference
compound. As summarized ifable 2 all the target compound$M-1~TM-8

displayed more inhibition of self-inducegbA 4, aggregation than curcumin (43.1% at



25 uM). Taken together, th®-alkylamines side chain showed no meaningful impact
on self-induced Ai-4» aggregation inhibition. While, changing ti@alkylamines
side chain ofTM-1~TM-5 to obtainTM-6~TM-8, the inhibitory activity remarkably
improved, and further the electron-donating gro(ip®-7 and TM-8) in chalcone
skeleton displayed better inhibitory activity thanompound TM-6  with
electron-withdrawing group in chalcone skeletorpeeglly, compound M-8 with
dimethylamino group exhibited the best inhibitootiaty with 97.5% inhibition rate

at 25uM. It might be that the electron-donating groupved as an important role in

the inhibition of self-induced A4, aggregation.
<InsertTable 2>

2.2.8 Molecular modeling studies Af. To further explore the binding mode of the
compound TM-2 with Af (PDB: 1BA4), a molecular docking experiment was
performed [30]. As shown iRigure 6, compoundlM-2 was locked at the C-terminal
hydrophobic area of A The hydroxyl group and carbonyl group of chalcekeleton
formed one intramolecular hydrogen bonding, anth&urthe carbonyl interacted with
Aspl via intermolecular hydrogen bonding. In adudtitithe benzene ring of chalcone
skeleton interacted with Lys Ma positive ionz interaction, and the methylene chain
interacted with Phel9 via twer interactions. Moreover, compouddM-2 formed
the hydrophobic interactions with the residues ASPHE20, LYS28, ASN27 and
ILE31. These interactions might be favorable fag tinding of A¢ and compound

T™M-2.
<InsertFigure 6>

2.2.9 Metal-chelating properties of compoufi-2. The ability of compound
TM-2 to chelate biometals such as?Gwn’*, AI**, F&*, Cu" and F&"was studied by
UV-vis spectrometry [31]. As shown kigure 7, when compound TM-2 was treated
with CuChL and AICE, the maximum absorption wavelength shifted fromk 86 to
418 nm and 426 nm, respectively, indicating themfaion of TM-2-Cl/** and

TM-2-Al**complex. Conversely, the maximum absorption exéébino significant



shift after adding Zfi, F&*, Cu" and F&". These results indicated that the compound

TM-2 was a selective metal chelator.
<InsertFigure 7>

The stoichiometry of th&M-2-Cu?* complex was determined using molar ratio
method by preparing solutions of compodrid-2 with increasing amounts of CucCl
According to theFigure 8, the absorbance linearly increased at first aed tended
to be stable at 426 nm. The two straight linesrggieted at a mole fraction of 1.01,

revealing a 1:1 stoichiometry for compl&M-2-Cu*,
<InsertFigure 8>

2.2.10 Effects on CGlrinduced 48;-4, aggregation and disaggregatiofhioflavin T
(ThT) binding assay was used to test inhibition diséiggregation effect GiM-2 on
Cu**-induced A8:.4» aggregation [32, 33]. As shown Tfable 2, compoundTM-2
could inhibit Cd*-induced A8;.4> aggregation with 80.7% inhibition rate, which was
better than that of curcumin (76.5%). And transmisslectron microscopy (TEM)
supported the dat&igure 9B illustrated that the sample off\4, aggregated into
amyloid fibrils after adding 2aM CU** for 24 h incubation, while only small bulk
aggregations were observed in the sample gf,Ain the presence ofM-2. In
addition, compoun@M-2 remarkably disaggregated €4nduced A8:1.4» aggregation
(73.5% at 25.M), which was supported by TEM figure 9D. Thus, both the data
and TEM revealed thatM-2 could inhibit and disaggregate €tnduced A8:.4»

aggregation fibrils.

<InsertFigure 9>

2.2.11 Neuroprotective effects on ,@4-induced PC12 cell injury. The
3-(4,5-dimethylthiazol-2-yl)-2,5- diphenyltetrazatn (MTT) assay was performed to
test the protective effects diM-2 against HO,—induced injury [34]. As shown in

Figure 10A, TM-2 had a wide therapeutic safety range. In additiefl,\vtability was



sharply declined to 51.3 %p (< 0.01vs control) after 100uM H,O, exposure in
Figure 10B, while compoundlM-2 showed protective effects in a dose-dependent
manner against #D,-induced PC12 cell injury. At concentrations ofQM, the cell
viability of compoundTM-2 was 82.6%, exhibiting significantly neuroprotective
effects, and the cell viability decreased to 61&8¢he concentration reduced to 1.0
uM. Therefore, the results revealed that compound-2 possessed potent

neuroprotective effect onJdd—induced cell injury.

<InsertFigure 10>

2.2.12 In vitro blood-brain barrier permeation agsaThe parallel artificial
membrane permeation assay of the blood-brain barfiRAMPA-BBB) was
performed to evaluate the BBB permeability of targempoundsTM-1~TM-9 [35,
36]. 11 commercial drugs were selected to valitleassayTable 3), a good linear
correlation was produced¢Exp) = 0.9163Fbibl.) — 0.2247 (R = 0.9558)(Figure
11). From the expression and considering the limitaldshed by Diet al,
compounds with permeability above 3.44 x®16m/s were considered to cross the
blood-brain barrierTable 4). According to the measured permeabilityTable 5, all

the target compounds could cross the BBBitro.
<InsertTable 3>
<InsertFigure 11>
<InsertTable 4>
<InsertTable 5>

2.2.13 Theoretical evaluation of ADME properti€s.evaluate the druglike properties
of chalcone derivativesTM-1~TM-9, we adopted the Molinspiration property
program to calculate the items including milBgpKa, topological polar surface area

(TPSA), the number of hydrogen-bond acceptors,thachumber of hydrogen-bond



donors [37]. From the data listed Table 6, we determined that compouiiM-2

abided by the Lipinski’s rule of five, acting apr@mmising drug candidate.
<InsertTable 6>
2.2.14 In vivo assay

Acute Toxicity. The acute toxicity ofM-2 was assessed in Kunming mice at
doses of 250, 500 and 1000 mg/kg (n = 10 per grodfper oral administration of
compoundTM-2, mice were observed continuously for the first thtough 14 days
for any abnormal behavior and mortality changese Tésults exhibited that the
animals treated with compouridM-2 did not show any acute toxicity or mortality

immediately.

Effect on scopolamine-induced memory impairmentThe step-down passive
avoidance task was performed to further assesshehdiM-2 could improve
scopolamine-induced memory impairment [38, 39].sAewn inFigure 12, treatment
with scopolamine alone, the step-down latency tamarply decreased to 70.4 sec (
< 0.01) compared with normal group (159.7 sec). |&hifter treatment with
donepezil (5 mg/kg), the latency time significantigreased to 151.7 sep € 0.01)
compared with scopolamine group, thus implying ttiet model worked well. In
addition, treatment with compountM-2 (16.8, 5.6 and 1.9 mg/kg) increased the
latency time in a dose-dependent manner, and thle tose group (16.8 mg/kg)
presented the longest latency time (126.4 §e€.0.05) of the three dose groups, but
the high dose (16.8 mg/kg) of compounil-2 showed lower latency time than the
drug control group with donepezil (5 mg/kg, 151et)s These results showed that
compoundTM-2 could improve scopolamine-induced memory impainmand the

optimal dose was 16.8 mg/kg.
<InsertFigure 12>

3. Conclusion



In summary, a series of chalcone derivatives waggded and synthesized as
multifunctional agents for the treatment of AD. AHe target compounds were
evaluated by ChEs/MAOs inhibitory activities, amtaant activity, effect on By.42
aggregation. Among of these synthetic compoundsipoandTM-2 indicated the
best BUChE inhibitory activity with I§ value of 2.6uM, and showed selective
MAO-B inhibitory activity (ICso = 5.3uM), which were supported by molecular
docking study.TM-2 was also an antioxidant and could significantlyiliit
self-induced #8,:.4> aggregation (70.2%). In addition, compoui®l-2 was a
selective metal chelator, and could inhibit (80.7%)d disaggregate (73.5%)
Cu**-induced A9;.4» aggregation. Moreovef,M-2 acted as a neuroprotectant and
could cross the blood-brain barrier (BBB) vitro, as well asabidance by the
Lipinski’'s rule of five. Further, compound@M-2 presented precognitive effect on
scopolamine-induced memory impairment. TherefoommoundTM-2 might be a

promising multifunctional hit compound for the thegnt of AD.
4. Experiment section

4.1. Chemistry

All materials were obtained from commercial supgli@and used without further
purification.'H NMR and**C NMR spectra were recorded using a Bruker 400 NMR
spectrometer. Mass spectra were recorded on Agil2bd TOF LC-MS Spectrometer.
The purity of compounds was determined by highqyerince liquid chromatography
(HPLC) analysis to be over 96%. HPLC analysis wassied out on a Shimadzu
LC-10Avp plus system with the use of a Kromasj} €olumn (4.6 mm x 250 mm,

5um). All the final compounds were obtained by cafuchromatography.

4.1.1. General procedures for the synthesis ofriméeliates3a-3d and 8a-8c. The
appropriate dibromoalkane derivati2a-2d (25 mmol) were added to a mixture of
the starting material 3-hydroxybenzaldehydg ¢r 2,4-dihydroxyacetophenon&)(
(20.0 mmol), and the mixture was heated aiC6%or 8-12h in the presence of
anhydrous KCO; (12.0 mmol) in 30 mL CBCN. The reaction was detected by TLC.

The solvent was evaporated under reduced press$igre camplete reaction. The



residue was resolved with water (100 mL) and waseted with CHCIl, (50 mL x

3). The combined solvents were treated with satdratqueous NaCl, dried over
NaSQy, and filtered. The organic phase was evaporatedbtain crude product,
which was purified on a silica gel chromatograptsing petroleum ether/acetone

(30:1) as eluent to give the intermediadas3d and8a-8c

4.1.1.1 3-(3-bromopropoxy)benzaldehy@a). Colorless oil, 65.7% yield:H NMR
(400 MHz, CDC4) 8 9.86 (s, 1H, CHO), 7.33 (d,= 5.6 Hz, 2H, 2 x Ar-H), 7.28 (s,
1H, Ar-H), 7.09-7.05 (m, 1H, Ar-H), 3.93 @,= 6.4 Hz, 2H, OCH), 1.75 (t,J = 6.0
Hz, 2H, BrCH), 1.47-1.43 (m, 2H, C).

4.1.1.2 3-(4-bromobutoxy)benzaldehy@b). Colorless oil, 70.2% vyield'H NMR
(400 MHz, CDC4) 3 9.89 (s, 1H, CHO), 7.38-7.30 (m, 2H, 2 x Ar-H), =331 (m,
1H, Ar-H), 7.11-7.07 (m, 1H, Ar-H), 3.98 ({,= 5.6 Hz, OCH)), 3.42 (t,J = 5.6 Hz,
BrCH,), 2.04-1.97 (m, 2H, Cp), 1.93-1.86 (m, 2H, C4).

4.1.1.3 3-((6-bromohexyl)oxy)benzaldehy@. Colorless oil, 53.9% yieldH NMR

(400 MHz, CDC}) §9.97 (s, 1H, CHO), 7.45-7.43 (m, 2H, 2 x Ar-H), g (l,J = 2.0
Hz, 1H, Ar-H), 7.19-7.15 (m, 1H, Ar-H), 4.02 @t,= 6.4 Hz, 2H, OCh), 3.43 (t,J =

6.8Hz, 2H, BrCH2), 1.93-1.86 (m, 2H, GH1.85-1.79 (m, 2H, C}), 1.56-1.49 (m,
4H, 2 x CH).

4.1.1.4 1-(4-(3-bromopropoxy)-2-hydroxyphenyl)ethaone (8a). Colorless oll,
78.4% vyield.*H NMR (400 MHz, CDCY) & 12.64 (s, 1H, OH), 7.50 (d,= 8.8 Hz,
1H, Ar-H), 6.31 (dJ = 9.2 Hz, 1H, Ar-H), 6.28 (s, 1H, Ar-H), 4.00 {t= 5.6 Hz, 2H,
OCHy), 3.47 (t, J = 6.0 Hz, 2H, BrG 2.42 (s, 3H, Ch), 2.25-2.17 (m, 2H, C).

4.1.1.5 1-(4-(4-bromobutoxy)-2-hydroxyphenyl)ethamre(8b). Colorless oil, 80.5%
yield. H NMR (400 MHz, CDC}) & 12.75 (s, 1H, OH), 7.64 (d, J = 8.8 Hz, 1H,
Ar-H), 6.44 (dd, 4= 6.8 Hz, 3= 2.0 Hz, 1H, Ar-H), 6.41 (d, J = 2.0 Hz, 1H, Aj;H
4.04 (t, J = 6.0 Hz, 2H, OGH 3.50 (t, J = 6.4 Hz, 2H, BrG}f 2.57 (s, 3H, Ch),
2.11-2.04 (m, 2H, Ch), 2.01-1.94 (m, 2H, CH).

4.1.1.6 1-(4-((6-bromohexyl)oxy)-2-hydroxyphenylet1-one (8c). Colorless oail,



68.5% yield.'"H NMR (400 MHz, CDC)) 5 *H NMR 12.73 (s, 1H, OH), 7.61 (d, J =
8.8 Hz, 1H, Ar-H), 6.42 (d, J = 9.2Hz, 1H, Ar-H)38 (s, 1H, Ar-H), 3.99 (t, J = 6.0
Hz, 2H, OCH), 3.42 (t, J = 6.4 Hz, 2H, BrG 2.54 (s, 3H, Ch), 1.91-1.84 (m, 2H,
CH,), 1.83-1.76 (m, 2H, CH), 1.52-1.45 (m, 4H, 2 x G}l

4.1.2. General procedures for the synthesis ofim¢gliatesba-5e and9a-9c.

A mixture of the intermediate3a-3d (3 mmol) or8a-8c,anhydrous KCO; (4.0
mmol) and corresponding secondary amineRiRta-4b (3.5 mmol) was heated at
65 °C in CHCN (15 ml). The reaction was treated referencedi#tail of4.1.1 The
residue was purified on a silica gel chromatographging mixtures of

petroleum/acetone (15: 1) as eluent to obtain camgsba-5eand9a-9c

4.1.2.1 3-(4-(3,4-dihydroisoquinolin-2(1H)-yl)butgkenzaldehydesb). Colorless oll,
85.9% vyield.*H NMR (400 MHz, CDCJ) 8 9.96 (s, 1H, CHO), 7.44-7.42(m, 2H, 2 x
Ar-H), 7.38 (s, 1H, Ar-H), 7.19-7.15 (m, 1H, Ar-HJ,13-7.08 (m, 3H, 3 x Ar-H),
7.03-7.01 (m, 1H, Ar-H), 4.07 (8,= 6.0 Hz, OCH), 3.67 (s, 2H, phCh), 2.92 (t,J

= 5.6 Hz, phCH), 2.77 (t,J = 5.6 Hz, phCH), 2.61 (t,J = 6.8 Hz, phCH), 1.91-1.84
(m, 2H, CH), 1.83-1.78 (m, 2H, CH).

41.2.2 3-((6-(3,4-dihydroisoquinolin-2(1H)-yhéyoxy)benzaldehyde  5d).
Colorless oil, 81.6% vyield'H NMR (400 MHz, CDCJ) & 9.91 (s, 1H, CHO),
7.40-7.36 (m, 2H, 2 x Ar-H), 7.35 (s, 1H, Ar-H)18:7.11 (m, 1H, Ar-H), 7.09-7.04
(m, 2H, 2 x Ar-H), 6.99-6.97 (m, 1H, Ar-H), 3.96 t= 6.4 Hz, 2H, OC}), 3.59 (s,
2H, phCH), 2.87 (t, J = 6.0 Hz, 2H, NG} 2.68 (t, J = 6.0 Hz, 2H, NG} 2.48 (t, J
= 7.6 Hz, 2H, NCH), 1.83-1.76 (m, 2H, C}J, 1.65-1.58 (m, 2H, C}), 1.53-1.46 (m,
2H, CH,), 1.44-1.39 (m, 2H, CH).

4.1.2.3 3-(4-(4-benzylpiperidin-1-yl)butoxy)benzddgde %He). Colorless oil, 88.3%
yield. *H NMR (400 MHz, CDC}) 8 9.95 (s, 1H, CHO), 7.43-7.41 (m, 2H, 2 x Ar-H),
7.36 (s, 1H, Ar-H), 7.27 (t, J = 7.2 Hz, 2H, 2 xHY, 7.18 (t, J = 7.6 Hz, 1H, Ar-H),
7.14 (t,J = 7.6 Hz, 3H, 3 x Ar-H), 4.02 (t, J ©4z, 2H, 2 x Ar-H), 3.03 (d, J = 11.2
Hz, 2H, phCH), 2.54 (d, J = 7.2 Hz, 2H, NGH 2.48 (t, J = 7.6 Hz, 2H, NG 2.00
(t, J = 11.2 Hz, 2H, NC}), 1.83-1.74 (m, 4H, 2 x G 1.67 (d, J = 12.8 Hz, 2H,
CH,), 1.59-1.53 (m, 1H, CH), 1.44 (t, J = 11.6 Hz, ZHH,).



4.1.2.4

1-(4-(3-(3,4-dihydroisoquinolin-2(1H)-yl)propoxy H&droxyphenyl)ethan-1-onég).
Colorless oil, 87.2% yieldH NMR (400 MHz, CDCJ) & 12.73 (s, 1H, OH), 7.62 (d,
J = 8.8 Hz, 1H, Ar-H), 7.14-7.08 (m, 3H, 3 x Ar-H),03-7.01 (m, 1H, Ar-H), 6.44
(dd, 3 = 6.4 Hz, = 2.4 Hz, 1H, Ar-H), 6.42 (d, J = 2.4 Hz, 1H, Aj);H.11 (t, J =
6.4 Hz, 2H, OCH), 3.66 (s, 2H, phC}), 2.92 (d, J = 5.6 Hz, 2H, phGH2.76 (d, J =
6.0 Hz, 2H, NCH), 2.69 (t, J = 7.2 Hz, 2H, NG} 2.55 (s, 3H, COCH¥), 2.12-2.05
(m, 2H, CH).

4.1.25
1-(4-(4-(3,4-dihydroisoquinolin-2(1H)-yl)butoxy)+Bdroxyphenyl)ethan-1-onedk).
Colorless oil, 80.9% yieldH NMR (400 MHz, CDCJ) & 12.75 (s, 1H, OH), 7.60 (d,
J = 9.2 Hz, 1H, Ar-H), 7.13-7.08 (m, 3H, 3 x Ar-H),02-7.00 (m, 1H, Ar-H), 6.43
(dd, J1 = 6.4 Hz, J2 = 2.4 Hz, 1H, Ar-H), 6.39 Jck 2.4 Hz, 1H, Ar-H), 4.03 (t, J =
6.0 Hz, 2H, OCH), 3.64 (s, 2H, phC}), 2.91 (t, J = 6.0 Hz, 2H, NG} 2.74 (t, J =
6.0 Hz, 2H, NCH), 2.58 (t, J = 7.6 Hz, 2H, NG} 2.53 (s, 3H, COC}), 1.90-1.80
(m, 2H, CH), 1.77-1.73 (m, 2H, CH.

4.1.2.6
1-(4-((6-(3,4-dihydroisoquinolin-2(1H)-yl)hexyl)oxg2-hydroxyphenyl)ethan-1-one
(9c). Colorless oil, 76.9% vyield'H NMR (400 MHz, CDC}) & 12.76 (s, 1H, OH),
7.61 (d, J =8.8 Hz, 1H, Ar-H), 7.13-7.08 (m, 3Hx &r-H), 7.02-7.00 (m, 1H, Ar-H),
6.42 (dd, d=6.4 Hz, d= 2.4 Hz, 1H, Ar-H), 6.40 (d, J = 2.4 Hz, 1H, A});.99 (t, J
= 6.4 Hz, 2H, OCH), 3.62 (s, 2H, phC}), 2.90 (t, J =5.6 Hz, 2H, NG 2.73 (t, J =
6.0 Hz, 2H, NCH), 2.51 (t, J = 7.6 Hz, 2H, NGi 1.83-1.77 (m, 2H, CH),
1.65-1.59 (m, 2H, C}J, 1.52-1.45 (m, 2H, C}J, 1.43-1.39 (m, 2H, CH).

4.1.3. General procedure for the synthesis of camgseTM-1~TM-8.

A mixture of benzaldehyde derivativéa-5¢ 10a, 10b and10c (5.0 mmol) with
the corresponding acetophenone derivatévasd9a-9¢(5.5 mmol)was added slowly
to an amount of 30% aqueous KOH (20 mmol) soluitioBtOH (7 mL). The mixture
was stirred for 72 h at room temperature, and geemed into ice-cold water. Acidified
with 10% HCI, and was extracted with g, (50 mL x 3), the organic phase was

evaporated under reduced pressure. The residuepwsdsed using mixtures of



CHCl,/acetone (30:1) as eluent on a silica gel chronmapdty to obtain the products

TM-1~TM-8.

(E)-3-(3-(3-(3,4-dihydroisoquinolin-2(1H)-yl)propp)phenyl)-1-(2-hydroxyphenyl)pr
op-2-en-1-one TM-1).Yellow oil, 46.8% yield, 97.8% HPLC purityd NMR (400
MHz, CDCk) & 12.81 (s, 1H, OH), 8.08 (d, J = 7.2 Hz, 1H, Ar-AP4 (d, J = 7.6 Hz,
1H, Ar-H), 7.87 (d, J = 15.6 Hz, CH=CH), 7.64 (d; 15.6 Hz, 1H, CH=CH), 7.50 (t,
J = 8.0 Hz, 1H, Ar-H), 7.41 (t, J = 7.6 Hz, 1H, Hj; 7.33 (t, J = 8.0 Hz, 2H, 2 x
Ar-H), 7.24 (d, J = 7.2 Hz, 1H, Ar-H), 7.18 (d, B0 Hz, 2H, 2 x Ar-H), 7.03 (d, J =
8.0 Hz, 1H, Ar-H), 6.96 (g, J = 7.6 Hz, 2H, 2 x HA); 4.07 (t, J = 5.2 Hz, 2H, OGH
3.67 (s, 2H, phCH, 3.59 (t, J = 5.6 Hz, 2H, phGH 3.00 (t, J = 6.0 Hz, 2H, NG}
1.89-1.86 (m, 4H, 2 x CHL **C NMR (100 MHz, CDGJ) 193.8, 163.6, 159.4, 145.4,
137.9, 136.4, 136.0, 131.6, 130.0, 129.8, 129.8.312127.1, 126.8, 121.5, 120.4,
120.0, 118.9, 118.6, 117.1, 114.2, 67.6, 46.9, 48312, 26.6, 24.4. MS (ESI) m/z:
414.2 [M + H]*
(E)-3-(3-(4-(3,4-dihydroisoquinolin-2(1H)-yl)butoyphenyl)-1-(2-hydroxyphenyl)pro
p-2-en-1-one TM-2). Yellow oil, 50.7% yield, 98.5% HPLC purityd NMR (400
MHz, CDCL) & 12.80 (s, 1H, OH), 7.87 (d, J = 7.6 Hz, 1H, Ar-RA)75 (d, J = 15.2
Hz, 1H, CH=CH), 7.56 (d, J = 15.2 Hz, 1H, CH=CHBJ (t, J = 8.0 Hz, 1H, Ar-H),
7.23 (t, J = 8.0 Hz, 1H, Ar-H), 7.20-7.13 (m, 1H:1), 7.09-7.06 (m, 3H, 3 x Ar-H),
7.04 (t, J = 7.2 Hz, 1H, Ar-H), 6.98-6.90 (m, 3Hx Ar-H), 6.88-6.84 (m, 1H, Ar-H),
4.02 (s, 2H, phChH, 3.94 (t, J = 5.2 Hz, 2H, OGN 3.15-3.13 (m, 2H, phCHj
3.01-2.99 (m, 2H, NCH, 2.94-2.91 (m, 2H, NC}), 1.97-1.95 (m, 2H, C),
1.82-1.78 (m, 2H, CH. MS (ESI) m/z: 428.2 [M + H]

(E)-3-(3-((5-(3,4-dihydroisoquinolin-2(1H)-yl)pemtyxy)phenyl)-1-(2-hydroxyphenyl
)prop-2-en-1-one TM-3). Yellow oil, 42.1% vyield, 97.6% HPLC purityt NMR
(400 MHz, CDC}) 6 12.81 (s, 1H, OH), 7.96 (d, J = 7.6 Hz, 1H, Ar-FA)}38 (d, J =
15.6 Hz, 1H, CH=CH), 7.67 (d, J = 15.2 Hz, 1H, CHH(7.54-7.48 (m, 1H, Ar-H),
7.36-7.31 (m, 2H, 2 x Ar-H), 7.29-7.23 (m, 2H, 2A%H), 7.20-7.16 (m, 2H, 2 x
Ar-H), 7.10 (d, J = 7.2 Hz, 1H, Ar-H), 7.03 (d, B= Hz, 2H, 2 x Ar-H), 6.96 (t, J =
5.6 Hz, 1H, Ar-H), 4.04 (s, 2H, phGH 3.92 (t, J = 5.2 Hz, 2H, OGH 3.15-3.13 (m,



2H, phCH), 2.34 (t, J = 7.6 Hz, 2H, NG} 2.13-2.08 (m, 2H, NCH), 1.91-1.83 (m,
4H, 2 x CH), 1.64-1.59 (m, 2H, CH. MS (ESI) m/z: 442.2 [M + H]

(E)-3-(3-((6-(3,4-dihydroisoquinolin-2(1H)-yl)hejxgky)phenyl)-1-(2-hydroxyphenyl)
prop-2-en-1-oneM-4). Yellow oil, 45.3% yield, 98.3% HPLC puritjHd NMR (400
MHz, CDCk) 8 12.79 (s, 1H, OH), 7.91 (d,= 8.4 Hz, 1H, Ar-H), 7.87 (d, J = 16.0
Hz, 1H, CH=CH), 7.62 (d, J = 15.6 Hz, 1H, CH=CH}¥J (t, J = 7.6 Hz, 1H, Ar-H),
7.32 (t, J = 8.0 Hz, 1H, Ar-H), 7.23 (d, J = 7.6,HH, Ar-H), 7.17 (s, 1H, Ar-H),
7.11-7.08 (m, 3H, 3 x Ar-H), 7.03-7.01 (m, 2H, 2%H), 6.97 (d, J = 9.2 Hz, 1H,
Ar-H), 6.92 (d, J = 7.6 Hz, 1H, Ar-H), 4.01 (t, J6:0 Hz, 2H, OCH), 3.66 (s, 2H,
phCHy), 2.91 (t, J = 5.2 Hz, 2H, phGH 2.77 (t, J = 5.6 Hz, 2H, NGM 2.55 (t, J =
7.6 Hz, 2H, NCH), 1.85-1.80 (m, 2H, C}), 1.70-1.62 (m, 2H, Ch), 1.56-1.51 (m,
2H, CH), 1.46-1.39 (m, 2H, CH). *C NMR (100 MHz, CDGJ) 193.7, 163.6, 159.6,
145.5, 136.4, 136.0, 134.4, 134.2, 130.0, 129.8.712126.6, 126.2, 125.7, 121.3,
120.4, 120.1, 118.9, 117.1, 114.4, 68.1, 58.1,,35)B, 29.2, 28.8, 27.3, 26.9, 26.0.
MS (ESI) m/z: 456.2 [M + H]

(E)-3-(3-(4-(4-benzylpiperidin-1-yl)butoxy)phengb2-hydroxyphenyl)prop-2-en-1-o
ne (TM-5). Yellow oil, 40.8% vyield, 97.8% HPLC puritfd NMR (400 MHz, CDGJ)
0 12.81 (s, 1H, OH), 8.00-7.91 (m, 1H, Ar-H), 7.8¢ § = 15.2 Hz, 1H, CH=CH),
7.66 (d, J = 15.2 Hz, 1H, CH=CH), 7.54-7.49 (m, 2t Ar-H), 7.35-7.28 (m, 3H, 3
x Ar-H), 7.24-7.19 (m, 2H, 2 x Ar-H), 7.16-7.11 (&H, 2 x Ar-H), 7.07-7.00 (m, 2H,
2 x Ar-H), 6.96 (t, J = 8.4 Hz, 1H, Ar-H), 4.04 {t= 6.0 Hz, 2H, OC}), 3.51 (d, J =
5.6 Hz, 2H, phCh), 2.98-2.95 (m, 2H, NCH, 2.60 (d, J = 6.8 Hz, 2H, NGH
2.56-2.51 (m, 2H, NC}), 2.05-2.01 (m, 4H, 2 x CH 1.86-1.80 (m, 5H, 2 x CH
CH). MS (ESI) m/z: 470.3 [M + H]
(E)-1-(4-(3-(3,4-dihydroisoquinolin-2(1H)-yl)propp)k2-hydroxyphenyl)-3-(4-fluoro
phenyl)prop-2-en-1-oneT-6). Yellow oil, 52.1% vyield, 97.5% HPLC purityt
NMR (400 MHz, CDC}) 3 *H NMR 12.34 (s, 1H, OH), 7.85 (d, J = 15.2 Hz, 1H,
Ar-H), 7.82 (d, J = 8.0 Hz, 1H, Ar-H), 7.66 (d, b= Hz, 1H, Ar-H), 7.64 (d, J = 5.6
Hz, 1H, Ar-H), 7.49 (d, J = 15.2 Hz, 1H, CH=CH)29-7.26 (m, 2H, 2 x Ar-H), 7.19



(d, J = 6.8 Hz, 1H, Ar-H), 7.15-7.09 (m, 3H, 3 x-H), 6.46 (d, J = 8.8 Hz, 1H,
Ar-H), 6.43 (d, J = 1.6 Hz, 1H, Ar-H), 4.23 (s, 2phCH), 4.16 (t, J = 5.6 Hz, 2H,
OCH,), 3.37-3.35 (m, 2H, phCi 3.22-3.20 (m, 4H, 2 x NG} 2.46 (m, 2H, Ch).
MS (ESI) m/z: 432.2 [M + H]

(E)-1-(4-(4-(3,4-dihydroisoquinolin-2(1H)-yl)butoxg-hydroxyphenyl)-3-(2-methoxy
phenyl)prop-2-en-1-oneTM-7). Yellow oil, 56.4% vyield, 98.6% HPLC purityH
NMR (400 MHz, CDCJ) & 13.58 (s, 1H, OH), 8.18 (d, J = 15.6 Hz, 1H, CH3CH
7.79 (d, J = 8.8 Hz, 1H, Ar-H), 7.67 (d, J = 15.6 HH, CH=CH), 7.61 (d, J = 7.6 Hz,
1H, Ar-H), 7.36 (t, J = 7.6 Hz, 1H, Ar-H), 7.12-8.Qm, 3H, 3 x Ar-H), 7.02-6.95 (m,
2H, 2 x Ar-H), 6.92 (d, J = 8.4 Hz, 1H, Ar-H), 6673 (m, 2H, 2 x Ar-H), 4.02 (t, J
= 5.6 Hz, 2H, OCH), 3.89 (s, 3H, OCH), 3.67 (s, 2H, phCh), 2.91 (t, J = 5.6 Hz,
2H, phCH), 2.77 (t, J = 5.6 Hz, 2H, NG 2.60 (t, J = 6.8 Hz, 2H, NGl 1.87-1.78
(m, 4H, 2 x CH). ¥*C NMR (100 MHz, CDGJ) 192.4, 166.6, 165.6, 158.9, 140.0,
134.3, 134.1, 132.0, 131.4, 129.4, 128.7, 126.6.312125.7, 123.8, 120.9, 120.8,
114.2, 111.3, 107.9, 101.6, 68.1, 57.6, 55.9, 55068, 29.8, 28.8, 27.0, 23.5. MS
(ESI) m/z: 458.2 [M + HJ

(E)-1-(4-((6-(3,4-dihydroisoquinolin-2(1H)-yl)hexgky)-2-hydroxyphenyl)-3-(4-(dim
ethylamino)phenyl)prop-2-en-1-on&M-8). Yellow oil, 32.7% yield, 98.2% HPLC
purity.'"H NMR (400 MHz, CDCY) 5 13.77 (s, 1H, OH), 7.86 (d, J = 15.2 Hz, 1H,
CH=CH), 7.81 (d, J = 8.8 Hz, 1H, Ar-H), 7.55 (ds 8.4 Hz, 2H, 2 x Ar-H), 7.36 (d,
J = 15.6 Hz, 1H, CH=CH), 7.12-7.10 (m, 3H, 3 x Ay-H.02 (d, J = 5.2 Hz, 1H,
Ar-H), 6.68 (d, J = 8.4 Hz, 2H, 2 x Ar-H), 6.45 = 9.6 Hz, 2H, 2 x Ar-H), 4.00 (t,
J = 6.4 Hz, 2H, OCH), 3.68 (s, 2H, NChph), 3.04 (s, 6H, 2 x NC})| 2.93 (t, J = 5.2
Hz, 2H, phCH), 2.79 (t, J = 5.2 Hz, 2H, NG} 2.56 (t, J = 7.6 Hz, 2H, NGH
1.83-1.79 (m, 2H, Ch), 1.70-1.64 (m, 2H, C}), 1.55-1.47 (m, 2H, C}), 1.46-1.42
(m, 2H, CH). *C NMR (100 MHz, CDGJ) 191.8, 166.5, 165.3, 152.2, 145.3, 134.1,
134.0, 130.9, 130.6 (2C), 128.7, 126.6, 126.3,7,2822.6, 114.7, 114.3, 111.9 (2C),
107.7, 101.6, 68.2, 58.0, 55.8, 50.7, 40.1 (2C)),288.6, 27.2, 26.8, 25.9. MS (ESI)
m/z: 499.3 [M + HJ'



3-(3-(4-(3,4-Dihydroisoquinolin-2(1H)-yl)butoxy)pind)-1-(2-hydroxyphenyl)propan
-1-one(TM-9). To a mixture offM-2 (1.5 mmol) in EtOH, Pd/C (0.075 mmol) was
added to the mixture in the presence of Fhe reaction was stirred for 28h at room
temperature, the mixture was treated and the acgphase was evaporated under
reduced pressure. The residue was purified usix¢uneis of petroleum ether/acetone
(50:1) as eluent on a silica gel chromatographyhtain TM-9. Light yellow oill,
40.1% yield, 98.2% HPLC purityd NMR (400 MHz, CDCJ) 3'H NMR (400 MHz,
CDCl;) 6 12.79 (s, 1H, OH), 7.52 (d, J = 7.6 Hz, 1H, Ar-HM)20-7.15 (m, 4H, 4 x
Ar-H), 7.13-7.11 (m, 1H, Ar-H), 7.04 (d, J = 7.6 H2H, 2 x Ar-H), 7.00 (d, J = 4.4
Hz, 1H, Ar-H), 6.95 (d, J = 8.0 Hz, 1H, Ar-H), 6.94, 1H, Ar-H), 6.87-6.83 (m, 1H,
Ar-H), 4.03 (t, J = 6.0 Hz, 2H, OGM 3.99 (t, J = 6.0 Hz, 2H, phG}4 3.89-3.86 (m,
4H, 2 x phCH), 3.02-3.00 (m, 4H, 2 x NCH| 2.80-2.77 (m, 2H, COCH 1.93-1.85
(m, 4H, 2 x CH). MS (ESI) m/z: 430.2 [M + H]

4.2 Biological activity

4.2.1 Inhibition assay of AChE and BuChEhe inhibitory potency of synthetic
compounds against AChE and BuChE was assessed thjiedcEllman assay [22,
39]. For AChE inhibition assays, a reaction mixt{#®0 pL) containing ATC (1
mmol/L, 30 pL), pH = 8.0 phosphate-buffered solntid0 uLEeAChE (0.45 U/mL)
and different concentrations of test compoundsyRPwas incubated at 37°C for 15
min. Then 5,5-dithiobis-2-nitrobenzoic acid (DTNB,2%, 30 uL) was added. The
inhibitory activities were determined by using aivakan Flash Multimode Reader at
412 nm. The inhibition percentage was calculatethkyfollowing formula: (1A/A)

x 100, whereA;, and A are the absorbance obtained for AChE in the poesand
absence of inhibitors, respectivelyn vitro BUChE assay was performed using a

method similar as described above.

4.2.2 Recombinant human MAO-A and MAO-B inhibitgindies. Recombinant
human MAO-A and MAO-B were purchased from Sigmasrfdd and stored at
-80 °C [26]. Solutions of test compounds were pregpan DMSO (2.5 mM) and
diluted with potassium phosphate buffer (100 mM, p#0, containing KCI 20.2 mM)

to a final volume of 50QuL containing various concentrations of test compmsun



(0-100 uM) and kynuramine (4%uM for MAO-A and 30 uM for MAO-B). The
reactions were initiated by the addition of theyene (7.5ug/mL) and then incubated
for 30 min at 37. Then 40QL NaOH (2N) and 100QuL water were added to
terminate the enzymatic reactions and the mixtua® centrifuged at 160009 for 10
min> The concentrations of the MAOs generated 4-hydyailine were
determined by measuring the fluorescence of thersapant on a Varioskan Flash
Multimode Reader (PerkinElmer) with excitation agchission wavelengths at 310
nm and 400 nm, respectively. A linear calibrationrve was constructed by
preparing samples containing 4-hydroxyquinoline040-1.56uM) dissolved in
500uL potassium phosphate buffer. To each calibratiandard, 40QL NaOH (2 N)
and 100QuL water were added. The appropriate control samplee included to
confirm that the test compounds do not fluorescequench the fluorescence of
4-hydroxyquinoline under the assay conditionggl€alues were calculated from
sigmoidal dose-response curves (graphs of thelimite of kynuramine oxidation
versus the logarithm of inhibitor concentration)ack sigmoidal curve was
constructed form six different compound concentragispanning at least three orders
of magnitude. Data analyses were performed withpltRad Prism 5 employing the
one site competition model. 4g7alues were determined in triplicate and expreased

mean = SD.
4.2.3. Antioxidant activity assay

The antioxidant activity was tested by the oxygewlical absorbance capacity

fluorescein (ORAC-FL) assay. The details referermadprevious work [24].
4.2.4. Metal binding study

The metal binding studies were performed in a \&am Flash Multimode Reader
(Thermo Scientific). The CuglZnCh, AICI3;, FeSQ, CuCl, and Fe(Ng); were used
to test the metal binding assay. In addition, tloéchiometry of the compound-€u

complex could reference our previous work [24, 34].



4.2.5. Effect of test compounds on self-inducgdsAaggregation assaylhioflavin
T-based flurometric assay was performed to invastigthe self-induced /A4
aggregation [24, 29]. Briefly, the A s, treated20 pL, 25 uM, final concentration)
was incubated at 37 °C for 24 h with or without 200of test compounds at different
concentrations ranging from 1-5®/1 in 50 mM pH = 7.4. After incubated, 16 of

5 uM thioflavin T in 50 mM glycine-NaOH buffer (pH 8.%vas added. Fluorescence
was measured by a Varioskan Flash Multimode Reétleermo Scientific) with
excitation and emission wavelengths at 446 and®0respectively. Each assay was
run in triplicate. The presence of the inhibitor swealculated by the following
expression (1-AF;) x 100, in which IFand Ik are the fluorescence intensities
obtained for ;.42 in the presence and absence of inhibitors aftbtracting the

background, respectively.

4.2.6. Effect of test compounds or?Gimduced 4,4, aggregation.The mixture of
ApB1.42(20 uL, 25 uM) and CE* (20 uL, 25 uM) was incubated at 37 °C for 24h with
or without the tested compound. After incubated) 4B of 5 uM Thioflavin T in 50
mM glycine-NaOH buffer (pH 8.5) was added. The dete method was performed
according to the self-inducegbf4, experiment [24, 32].

As for the disaggregation of €uinduced A8 fibrils experiment, the mixture of the
APB14>(20 pL, 25 uM) with CL#* (20 uL, 25 uM) was incubated 37 °C for 24 h. The
tested compound (20L, 25 uM) was then added and incubated at 37 °C for anothe
24 h. After incubation, 19QL of 5 uM thioflavin T in 50 mM glycine-NaOH buffer

(pH 8.5) was added. The detection method was tine s& above.

4.2.7. Transmission Electron Microscopy (TEM) AsSde preparation of samples
could reference the self-induced and*Ginduced A%:.4, aggregation experiments.
Aliquots (10uL) of the samples were placed on a carbon-coatpderérhodium grid
for 2 min at room temperature. Excess sample wasoved using filter paper
followed by washing twice with ddi®. Each grid was incubated with uranyl acetate
(1% w/v ddHO). Upon removal of excess uranyl acetate, thesgridre dried for 15

min at room temperature. Images from each sampte va&en on a Field Emission



Transmission Electron Microscope (JEM-2100F).

4.2.8. HO, induced PC12 cell injuryMTT reduction assay was used to evaluate the
protection effect ofTM-2 [34]. The cells were grown at 37 °C in a humidified
atmosphere of 5% GONeuronal PC12 cells were plated at a densityotells/well

on 96-well plates in 10QL of DEME. The cells were pre-incubated witiM-2 for

24 h before KO, (100 uM) was added. The cells were treated with or withdsO,
for two hours, and then replaced with fresh DMEMdinen. Assays for cell viability
were performed 24 h after cultured at 37 °C inHregedium. The cells were treated
with 25 uL MTT (5 mg/mL in PBS) for 4 h at 37 °Ccathen were lysed in a buffered
solution containingN, N-dimethylformamide (pH 4.5, 50% (aq, v/v)) and sodi
dodecyl sulfate (SDS, 20% (w/v)) overnight at rotemperature in the dark. The
absorbance (A590 nm) was measured using EIx800opiate reader (Bio-Tek). %
inhibition = [1-(AsampidAcontro)]*100.

4.2.9. In vitro blood-brain barrier permeation assa

The blood-brain barrier penetration of compounds waaluated using the paral
lel artificial membrane permeation assay (PAMPA}satided by Diet al [36].
The detailed procedure refers to our previous work.

4.2.10. Step-down passive avoidance t€shming mice at body weight of 332 g
(six weeks old, either gender) were supplied byGeater of Experimental Animals
of Sichuan Academy of Chinese Medicine Sciencegyilpdlty certification no.
SCXK][chuan] 2015-030). Mice were maintained undandard conditions with a 12
h: 12 h lightdark cycle at 20-22 °C with a relative humidity6éf—70%. Sterile food

and water were provided according to instituticguatlelines.

A step-down passive avoidance test was performddstothe ability of memory in
mice [39]. The apparatus consisted of a grid flwdh a wooden block placed in the
center. The block served as a shock free zonemite underwent two separate trials:
a training trial and a test trial 24 h later. Rairting trial, mice were initially placed

on the block and were given an electrical foot &h@&5 mA, 2s) through the grid



floor on stepping down. We used a total of 60 nicthe passive avoidance test with
10 mice were used per treatment. Compouds2 (1.9, 5.6 and 161.8 mg/kg,0)

or donepezil (5.0 mg/k@.0) as a positive control were orally given 1 h befeach
training trial. After 30 min, memorympairment was induced by administering
scopolamine (3 mg/kd,p.). Twenty-four hours after the training trial, mieeere
placed on the block and the time for the animatép down was measured as latency

time for test trial. An upper cut-off time was s&t300 s.

All data are expressed as mean + SEM. Differenedsden groups were examined
for statistical significance using one-way ANOVAtviStudent’d test. AP value less
than 0.05 denoted the presence of a statisticgihfeeant difference.
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Figure 5 CompoundTM-2 (green stick) interacting with residues in the lmgdsite
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Figure 9 (A) Scheme of the inhibition experiment; (B) TEMages of & species
from inhibition experiments. (C) Scheme of the dp@gation experiments; (D) TEM

images of samples from disaggregation experiments.

Figure 10 (A) Effects of TM-2 on cell viability in PC12 cells. (B) Protectivefets
of TM-2 on cell injury induced by pD, (100uM) in PC12 cells*p < 0.01vs control;

"p < 0.05vs H,0, group and p < 0.01vs H,O, group.
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Figure 12 Effects of compound@M-2 on scopolamine-induced memory deficit in the
step-down passive avoidance test. Values are esquess the mean £ SEM (n=10). #

p < 0.05vsnormal group. * < 0.05 and **p < 0.01vs scopolamine-treated control

group.
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Figure 2. (A) Representation of compouridM-2 (green stick) interacting with residues in the

binding site of TCAChE (PDB code: 1EVE). (B) 3D docking model of canpd TM-2 with
TcAChE.



Figure 3. (A) Representation of compouridM-2 (green stick) interacting with residues in the
binding site ofhuBUChE (PDB code: 4tpk). (B) 3D docking model of qgaund TM-2 with
huBuChE.
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three independent experiments.



Figure 5 CompoundTM-2 (green stick) interacting with residues in the loigdsite of MAO-B
(PDB code: 2V60), highlighting the protein residtieat participate in the main interactions with
the inhibitor.

Figure 6 Docking studies of compountM-2 with Af;14, (PDB ID: 1BA4). (A) TM-2 (green
stick) interacting with residues in the bindingesitf AS;1.4» (PDB code: 1BA4). (B) 3D docking
model of compound@M-2 with Af; 4.
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Figure 9 (A) Scheme of the inhibition experiment; (B) TEMages of A& species from inhibition
experiments. (C) Scheme of the disaggregation @xrpets; (D) TEM images of samples from
disaggregation experiments.
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Figure 10 (A) Effects of TM-2 on cell viability in PC12 cells. (B) Protectivefedts of TM-2 on
cell injury induced by KO, (100 uM) in PC12 cells*p < 0.01vs control; p < 0.05vs H,0,
group and p < 0.01vsH,0, group.
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Figure 11 Lineal correlation between experimental and reggbptermeability of commercial drugs
using the PAMPA-BBB assa.(exp) = 0.916B4(bibl.) —0.2247 (R = 0.9558).
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Figure 12 Effects of compoundM-2 on scopolamine-induced memory deficit in the stepm
passive avoidance test. Values are expressed andghe + SEM (n=10). # < 0.05vs normal
group. *p < 0.05 and **p < 0.01lvsscopolamine-treated control group.



Scheme 1Synthesis of target compoun@sl-1~TM-5. Reagents and conditions: (i)
Br(CHy)nBr (2a~29d, Ko.CO;, CHCN, 65 °C, 6-10 h; (ii) NHRR; (4a~4b, K,CO;,
CH3CN, refluxed, 6-8 h; (iii) 50% aqueous KOH, EtOHpmo temperature, 3 to 4
days.

Scheme 2Synthesis of target compoun@sl-6~TM-8 . Reagents and conditions: (i)
Br(CHp)nBr (2a, 2b, 2¢, K,CO;, CHCN, 65 °C, 6-10 h; (ii) KCO;, CHsCN,
refluxed, 6-8 h; (iii) 50% aqueous KOH, EtOH, roamperature, 3 to 4 days.

Scheme 3.Synthesis of target compoufidM-9. Reagents and conditions: (i) Pd/C,
H,, EtOH, room temperature, 8h.
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Scheme 1Synthesis of target compoun@sl-1~TM-5. Reagents and conditions: (i) Br(@kBr
(2a~29, K,CO;, CHCN, 65 °C, 6-10 h; (i) NHIR, (4a~4bh, K,CO;, CH:CN, refluxed, 6-8 h;
(i) 50% aqueous KOH, EtOH, room temperature, & tiays.
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Scheme 2Synthesis of target compoun@sl-6~TM-8. Reagents and conditions: (i) Br(&kBr
(2a, 2b, 29, K,COs, CHCN, 65 °C, 6-10 h; (ii) KCO;, CHsCN, refluxed, 6-8 h; (iii) 50%
agueous KOH, EtOH, room temperature, 3 to 4 days.
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Scheme 3.Synthesis of target compoufiiM-9. Reagents and conditions: (i) Pd/G;, IEtOH,
room temperature, 28h.



Table 1.Inhibition of AChE/BuChE and MAO-B/MAO-A, and theselectivity index

by target compounds and referenced compounds.

Table 2. The antioxidant activity and effect onpfs; aggregation of chalcone

derivatives and referenced compounds.

Table 3 Permeability Pex10° cm/s) in the PAMPA-BBB assay for 11 commercial

drugs used in the experiment validation.
Table 4 Ranges of permeability of PAMPA-BBB assafsx10° cm/s)

Table 5 Permeability Pe (xI8® cm/s) in the PAMPA-BBB assay of compounds
TM-1~TM-9 and their predictive penetration in the CNS.

Table 6 Theoretical prediction of the ADME properties ohgpoundsI M-1~TM-9



Table 1.Inhibition of AChE/BuChE and MAO-B/MAO-A, and theselectivity index

by target compounds and referenced compounds.

Comp. ICso (uM) £SD?  SI?  ICso (uM) £ SD? SE

eAChE®  eqBuChE® MAO-B © MAO-A '

TM-1  17.6%0.83  11.2+053 16 10.7+0.27 29.8+0.69 2.8

TM-2 1624034  2.640.03 62 53+0.16 na"
T™M-3 186022 3.7x005 72 48+0.07 na"
TM-4  27.120.97  4.1%0.02 66 6.7+0.15 31.5+0.47 4.7
TM-5  15.3#0.26  4.94002 31 644031 n.a’
TM-6  22.3#0.51  13.4%0.26 17 126+046 26.1+0.87 2.1

T™-7  8.3%0.03 52001 16 95+0.19 30.1+0.05 2.4

TM-8 6.6+0.07 10.4+0.12 o 7.1 +0.08 n.anh —

TM-9 23.1+0.32 0.64+0.01 36 26.7+0.39 n.a" -




Iproniazid n.t.' nt.' 1.35+0.02 5.48+0.03 4.1
Rasagiline n.t.' n.t.' 0.0281+0.0068 0.587 +0.03820.9

Donepezil 0.019:0.0003 4.7620.02 251 nt.' nt.'

% |Cs values represent the concentration of inhibitquied to decrease enzyme activity by 50%
and are the mean of three independent experimeats, performed in triplicate (SD = standard
deviation ).IO Fromelectrophorus electricuSEgBUChE fromequine serunf SI = selectivity index

= ICsp (BUChE)/IG, (AChE).® From recombinant human MAO-BFrom recombinant human
MAO-A. ¢ hMAO-B selectivity index = Ig, (MAO-A)/ICs, (MAO-B). " na. = no active,
representing MAO-A/MAO-B inhibition rate of compads< 5% at 1QuM. ' n.t. = not tested.



Table 2. The antioxidant activity and effect onpfs, aggregation of chalcone

derivatives and referenced compounds.

Compound ORAE Effect on of A8,..,aggregation (%)

Inhibit self-induced  Inhibit Ci#*-induced® Disaggregate Cirinduced®

TM-1 1.1+0.02 65.9 + 0.76 nt.' nt.'
TM-2  1.2+0.02 70.2 +0.38 80.7 +0.29 73.5+0.24
T™-3 1.2+0.01  69.7 +£0.32 nt.' nt.'
TM-4  1.1+0.01  65.6+0.61 n.t.' n.t.'
TM-5  1.2+0.01 71.4+0.22 nt.' nt.'
TM-6  0.92#0.01  72.4 +0.38 n.t.' n.t.'
TM-7  1.5+0.01 83.1+0.52 nt.' nt.'
TM-8  1.6£0.01 97.5 +0.46 n.t.' n.t.'
TM-9 1.4+ 0.02 n.t.' n.t. n.t.f
Curcumin n.t.' 47.3+0.01 76.5 + 0.02 56.5+ 0.21
Donepezil  n.t.f n.a’ nt.' nt.'

% Results are expressed,ad of Trolox equivaleniiM of tested compoundglnhibition of AB1.4
aggregation and disaggregation gf,4, aggregation, the thioflavin-T fluorescence methaasw
used, data are the mean + SEM of three indeperapatiments: Inhibition of self-Induced f.4»
aggregation, the concentration of tested compotlaras AG; 4, were 25uM. ¢ Inhibition of
Cu**-induced A$,.4» aggregation. The concentration of tested compoandsCé" both were 25
uM. € Disaggregating of Cii-induced A8,.4» aggregation, the concentration of tested compounds
and AB;1.4; were 25uM. "n.t. = not tested.n.a. = no active. Compounds defined “no activeanse
percent inhibition less than 5.0% at a concentnatio25uM.



Table 3 Permeability Pex10° cm/s) in the PAMPA-BBB assay for 11 commercial

drugs used in the experiment validation.

Commercial drugs Bibl 2 PBS:EtOH(70:30%
verapamil 16 16.9
oxazepam 10 9.6
diazepam 16 11.86
clonidine 5.3 51

Imipramine 13 10.1



testosterone 17 16.3

caffeine 1.3 1.28
enoxacine 0.9 0.471
piroxicam 2.5 0.718

norfloxacin 0.1 0.423
theophylline 0.12 0.1

& Taken from ref [35].

® Data are the mean + SD of three independent enpats

Table 4Ranges of permeability of PAMPA-BBB assae{10° cm/s)

Compounds of high BBB permeation (CNS+) P> 3.44
Compounds of uncertain BBB permeation (CNS+/-) 3.44> P, >1.61

Compounds of low BBB permeation (CNS-) P.< 1.61




Table 5 Permeability Pe (xI8® cm/s) in the PAMPA-BBB assay of compounds
TM-1~TM-9 and their predictive penetration in the CNS.

compound Pe (x10° cm/sf prediction
T™-1 10.18 £ 0.63 CNS+
TM-2 11.34 £ 0.29 CNS+
TM-3 10.02 £ 0.49 CNS+
TM-4 11.85 £ 0.59 CNS+
TM-5 12.35+0.54 CNS+
TM-6 12.56 £ 0.77 CNS+
T™-7 13.11 £ 0.67 CNS+
TM-8 13.16 £ 0.38 CNS+
TM-9 16.79 + 0.93 CNS+

& CompoundsTM-1~TM-9 were dissolved in DMSO at 5 mg/mL and diluted wWRBS/EtOH
(70:30). The final concentration of compounds wag ig/mL.

® Values are expressed as the mean + SD of threpémdent experiments.



Table 6 Theoretical prediction of the ADME properties ohgooundslI M-1~TM-9

Comp. miLogP pKa MW TPSA(A) n-ON  n-OHNH  volume (&)

T™-1 5.48 7.943 4135 49.77 4 1 393.02
T™M-2 5.77 7.943 4275 49.77 4 1 409.82
TM-3 6.25 7.943 4416 49.77 4 1 426.62
T™-4 6.76 7.943 455.6 49.77 4 1 443.42
TM-5 6.93 7.943 469.6 49.77 4 1 460.25
TM-6 5.64 7.530 4315 49.77 4 1 397.95
T™-7 5.58 7.543 457.6 59.01 5 1 435.36
TM-8 6.86 7.725 498.7 53.01 5 1 489.33
T™M-9 5.72 8.535 4296 49.77 4 1 416

MW, Molecular weight; TPSA, topological polar swéaarea; n-OH, number of hydrogen
acceptors; n-OHNH, number of hydrogen bond dondie data were determined with the
Molinspiration calculation software.



Highlights.

® CompoundTM-2 was a selective BUChE inhibitor €= 2.6 uM) and selective MAO-B
inhibitor (ICsp = 5.3uM)

® Compoundl M-2 showed good antioxidant activity and served asaprotectant
CompoundTM-2 was a selective metal chelator, and could sigamifily inhibit/disaggregate
self-induced and Cirinduced A$;.4, aggregation.
Compoundl M-2 was a potent selective MAO-B inhibitor.
CompoundTM-2 displayed good PAMPA-BBB permeability and conforntedthe Lipinski’'s
rule.

® Compoundl M-2 presented precognitive effect on scopolamine-iedunemory impairment



