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Abstract

A series of rasagiline-clorgyline hybrids was desid, synthesized and investigated
in vitro for their inhibition of monoamine oxidas@d amyloidg aggregation. Most of
compounds were found to be selective and highlgmidiMAO-B inhibitors showing
ICs0 values in the nanomolar, and exhibited a modeirattébition of amyloidf
aggregation. 7-((5-(methyl(prop-2-yn-1-yl)amino) npd)oxy)chroman-4-one 6f)
was the most interesting compound identified irs tteisearch, endowed with higher
hMAO-B potency (IGo = 4 nM) and selectivity (SI>25000) compared to the
reference selective inhibitor rasagiline {§G 141 nM, SI>355), and exhibited good
inhibitory activity against B;.42 aggregation (40.78%, 2BM). Kinetic and molecular
modeling studies revealed tt&twas a competitive reversible inhibitor for hMAO-B.
Moreover, compoundj displayed low toxicity and good neuroprotectivéeets in
SH-SY5Y cell assay, and could penetrate the blgadibbarrier according to the
parallel artificial membrane permeability assayaacokinetics assay revealed that
compound6j possessed good pharmacokinetic profiles afteavettous and oral
administrations. Overall, these results highlightieat compoundj was an effective

and promising multitarget agent against Alzheimdrsease.



1. Introduction

Given social development, better living conditioasd medical advances, the
proportion and lifespan of older people in the gllopopulation are increasing. The
aging population is a feature trends in developetideveloping countries. The aging
population is closely related to the increasingdence rate of neurodegenerative
diseases in old age and increasing government ditpes on health and social care.
Now the care costs of 35 million patients with detreewas over $ 600 billion per
year that is about one percent of global Gross Btim@&roduct [1]. Kuca et al. [2]
simulated prolonging the length of a person’s ‘stayhe Mild, Moderate, or Severe
stage, the total cost of care for all persons wé&mentia will increase by 2080. Kuca
et al. showed that prolonging the stay in the Mitdge of AD (by lowering the
incidence by 10%, 30%, or 50%) reduced the cost4(Bg%, 16.78% and 32.48%,
respectively). Therefore, it is of great significanto develop drugs for the mild and
moderate stages of AD.

Alzheimer's disease (AD) is a complex neurodegeiveradisease and widely
researched owing to the poor efficiency of AD tneait and brain functional damage
for daily life inabilities, leading to high familiaand social burden for patient care [3,
4]. Alzheimer’s Association has reported that thaeme about 47 million AD patients
worldwide, and the number will rise to 100 milliday 2050 [5]. Many AD studies
have shown that the loss of neurons associated thiwthaggregation of amyloigl-
peptide (A) and hyperphosphorylation of tau protein in thaimmregions [6]. A
aggregation in neuronal plaques, oxidative stresdyced by neurtransmitters and
many other factors are mainly causing neuronal meggion in AD [7, 8]. A
multitarget-directed-ligand (MTDL) strategy is mgeeomising and effective for the
treatment of AD because of the complex and muliiiaal pathological mechanism
of AD [9,10].

Monoamine oxidases (MAOs) are flavin adenine dieotttle (FAD)-containing
enzymes that catalyse the oxidative deaminatiomaabus biogenic and xenobiotic
monoamines such as serotonin, epinephrine, dopaamdexenobiotic amines from

dietary [11]. Monoamine oxidases (MAOs) are separainto two different



isoenzymes, namely MAO-A and MAO-B [12, 13]. Theotwsoform enzymes
encoded by different genes exhibit distinct tisdiggribution, different substrate and
specific inhibition [14-18]. MAO-A is responsibleif the oxidative deamination of
various neurotransmitters including norepinephriserotonin and epinephrine.
Clorgyline is an irreversible inhibitor of sele@WAO-A, and moclobemide is a
reversible inhibitor of selective MAO-A [11]. MAO-Breferentially catalyses the
derivative of benzylamine or 2-phenethylamine. §iélee and rasagiline are selective
and reversible inhibitors of MAO-B. MAO-A are assed with depression, whereas
MAO-B are used for the treatment of Alzheimer'ssdse by more and more evidence
[19-21]. With increasing age, more and more expoesievel of MAO-B is found in
the patients’ brain tissue and cerebral spinadfl(CSF) [22]. High expression of
MAO-B can cause the increment of oxidative fredaald, the disorder of cholinergic
neurons and the formation of amyloid plaques [ZBhus, high selective and
reversible inhibitors of MAO-B are considered a®mising candidates for AD
treatment.

AP plaques plays an important role in the key pathiokl feature of AD. &
plaques are mainly consisted of aggregation pfp&ptide, a 39 to 43 residue long
protein degraded from the amyloid precursor pro{@RP) [24-25]. Ain the brain
leads to the formation of oligomers, fibrils andgpies, causing neuronal toxicity,
neuronal loss and dementia [26-27]. Therefore bitibn of AB aggregation is also a
promising and potential therapy for AD.

Alzheimer’s disease is a complex multifactoriurodegenerative disease, the
initiation and progression involve multiple targetsfactors [28]. The approach “one
molecule, one target” does not always lead to featisry efficacy. Two approaches
are often used for multi-target therapeutics. Tingt fapproach is combinations of
drugs with one target or a single active ingredi@sipectively, whereas the second
approach is multi-target directed ligands (MTDL2P]. The former approach has
some advantages, such as providing better dosiifigxby directly adjust ratio of
drugs in mixture, lower treatment cost. Howevermbmations of drugs often

suffered from more adverse effects such as dosgdgntoxicities, drug-drug



interactions, complex PK/PD properties of the npldticomponents and poor patient
compliance [30-31]. MTDLs that are new chemicalitgnhave some advantages,
such as the PK/PD properties be easier to formuatepared with a mixture, the
increasing therapeutic efficacy through synergtdswa dosages and reduced adverse
effects enable wider therapeutic windows [32-34jn $35] et al. had discussed the
advantages and disadvantages of the above twoa@E®.

Our group have made great efforts to find potentalltitarget-directed-ligands
(MTDLs) targeting monoamine oxidases, cholinestera$ protein and oxidative
free radicals etc [36-39]. In this paper, a seaksasagiline-clorgyline hybrids was
designed, synthesized and evaluated for their gicéd activities, toxicity and
pharmacokinetics. In addition, the development efvrdrugs targeted to the CNS
requires good blood brain-barrier (BBB) permeapilA good permeability through
the BBB is essential because of the target sit@fis located in the CNS [40-41].
Drugs that can penetrate BBB is a challenging igsu&D therapy. Thus, to evaluate
the compounds whether have good brain penetrasosady as possible [42-43], a
well-known high throughput screening (HTS) techeigparallel artificial membrane
permeation assay, was performed. Without consideratf P-glycoprotein (Pgp)
efflux, high plasma protein binding and low capiigermeability, this method can
quickly predict the ability of present compound<toss the BBB [40]. Furthermore,
kinetic and molecular modeling studies were alsdopmed to investigate the high
selective and strong affinity modes of compoépaith hMAO-B.

2. Results and discussion

2.1. Design of rasagiline-clorgyline hybrids
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Fig. 1. Design strategy for rasagiline-clorgyline hybrids

Clorgyline (hydrochloride) is an irreversible, pot@nd selective MAO-A inhibitor
with ICspvalues of 0.004@M for MAO-A and 62uM for MAO-B. Rasagiline is a
potent, selective and irreversible monoamine oxddagMAO-B) inhibitor.As shown
in Fig.1, the 2,3-dihydro-#H-indene analogues of rasagiline show the inhibitory
activity for amyloid$ aggregation. Given the similar structure betwderggline and
rasagiline, the drug fragment of clorgyline andaane are combined to design and
optimize a series of rasagiline-clorgyline hybrigd)ich are expected to be highly
selective and potent hMAO-B inhibitors, as well A8 aggregation inhibitors. In
addition, we focus the structural optimization ¢8-Blihydro-H-indene (marked at
the blue color as shown kig.1.) and the length of flexible linker (marked at tieel
color as shown irFig.1.). Rasagiline-clorgyline hybrids and its analogaes under
investigation for the treatment of Alzheimer’s dise.

2.2. Chemistry
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4c: X=CHp; m=2 6e: X=CHy; m=2; n=4 6f: X=CH,; m=2; n=5
4d: X:O; m=2 Gg X=CH2; m=2; n=6 Gh: X=O; m=2; n=3

6i: X=0; m=2; n=4 6j: X=0; m=2; n=5
6k: X=0; m=2; n=6 6l: X=0; m=2; n=8
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de-h 5e-h n=456 6m-t n=456

4e: Ry=R3=H; Ro=CH3CO 6m: R1=R3=H; R;=CH3CO; n=4

4f R4=Ry=H; R4=CH30 6n: Ry=R3=H; R;=CH3CO; n=6

4g: Ry=CH30; Ro=CH3CO; Ry=H Bo: Ry=Rp=H; Ry=CH30; n=5

4h: R1=H; R2=HCO; R3=CH30 Gp: R1=CH30; R2=CH3CO; R3=H; n=4

6qg: R1=CH3z0; R,=CH3CO; R3=H; n=5
6r: R4=H; R;=HCO; R3=CH30; n=4
6s: R1=H; R;=HCO; R3=CH30; n=5
6t: R¢=H; R,=HCO; R3=CH30; n=6

Scheme 1Synthesis of rasagiline-clorgyline hybrifia-6t. Reagents and conditions:
(i) CRSGOsH, 80 °C, 30 min; (i) 2 M NaOH (aq), 5 °C to r6.M H,SO, (aq), 2 h; (iii)
a, o-dibromoalkanes, ¥CO;, DMF, reflx, 4 h; (iv) propargyl amine, anhydrous
K,CO;, KI, CHsCN, 65 °C, 1-2 h.

The target compounds were synthesized as showBchreme 1 The initial
compound4a-4c and 4e-4h were purchased from the market. The initial conmabu
4d was obtained according to our previously repogggerimental method [42]. The
alkylation of compounda-4hwith corresponding., o-dibromoalkanes under,KOs;
alkaline condition at 76C generated producta-h. It was noted that the reactivity
equivalent of corresponding o-dibromoalkanes were ranged from 4 to 6. Finally,
the target compounda-6t were obtained by nucleophilic substitution of campds
5a-h with the appropriate propargylamine in the preseoicK,CO; and DMF at 60
°C.



2.3.MAOQOs inhibitory activities of all synthesized compounds 6a-6t.

The hMAO-A and hMAO-B inhibitory potencies of compoundia-6t were tested
by a reported fluorescence-based Amplex Red assiag glorgyline, rasagiline and
iproniazid as reference compounds [44]. THMEAO inhibition 1Cso values and
corresponding selectivity indexes (S| =5¢@MAO-A/ICso MAO-B) obtained for all
synthesized compounds-6t and reference compounds were showmahble 1. Most
of the design compounds exhibited potent the itlibi of hMAO-B enzymatic
activity in nanomolar. On the contrary, the sammpounds showed no inhibition or
poor efficacy againshMAO-A, up to the highest concentration tested (100).
Owing to the MAO-A inhibition may cause adversectem in the peripheral tissues,
these high selective and potent inhibitors of MAG&ivity will be more beneficial
for AD treatment. Recently, some research groupkrbported represented MAO-B
inhibitors, such as hydroxypyridinonecoumarin hglbri [45],
(Pyrrolo-pyridin-5-yl)benzamides [46], 1-ProparghiStyrylpiperidine-Like
Analogues [47], 4H-benzopyran-4-one derivatives].[480st of these compounds
show similar potent and less selective than compéjn

In the series hybridéa-6t, compound6j was the most potent and the highest
selective inhibitors of hMAO-B (1§ = 4 nM, Sl > 25000), which was more potent
and selective than the reference compounds rasagilnd iproniazid (1§ = 141.7
nM and 7410 nM, SI >355 and = 0.89, respectivedg)shown infable 1 Due to the
linker length between aromatic ring and propargylire having relations with the
MAOs inhibitory potencies, compounds with the diéet linker length were
synthesized for evaluation of MAOs inhibition adtyv A comparison of inhibitory
capabilities of the compoundh-6l (n = 3-8) showed that the inhibitory activity for
MAO-B was increased with the increase of cartonrckength (from 3 carbon atoms
to 5 carbon atoms), but decreased with further dorggarton chain (from 5 carbon
atoms to 8

Table 1. MAOs inhibitory activities of rasagiline-clorgyknhybrids6a-6t.

Compound X R: R, Rs m n IGso% SD (nMY Sr




6a
6b
6C
6d
6e
6f
69
6h
6i
6]
6k
6l
6m
6n
60
6p
6q
6r
6s
6t
Clorgyline
Rasagiline

Iproniazid

CH,
CH,

CH,

CH,
CH,

CH,

CH;0

CH,0

CH,CO

CH,CO

CHCO
CHCO
HCO
HCO

HCO

CHO
CHO

CHO

hMAO-A

7.93+1.03%

31.01+4.21%

4.42+0.97%

11.67+1.03%
30.88+4.97%
26.05+2.14%
24.99+4.50%
32.14+11.32%
22.78+3.26%
6.04:0.78% °
34.06+6.25%
28.65+3.68%
28.61+4.119%
37.28+5.33%
32.33+9.46%
21.10+2.2198
39.52+7.529%
29.37+3.88%8
27.13+10.11%

37.39+7.93%

4.58#.35

47.91+2.31%

6590 + 270

hMAO-B
366.3+13.2
94.845.8
128.6+9.1
51.945.7
72.5+7.4
46.3+3.8
133.1+8.5
11414+128
58.945.7
4.0+0.6
117.0+8.3
422.0+15.2
56.51+4.1
20.42+2.2
100.86+7.9
1150437
6520+24
41.25%
5735+120

551.8+33

62010+870

141.70+6.34

7410 + 340

> 273
> 1055
> 777
> 1927
> 1379
> 2160
> 751
>9
> 1698
>2.5¢10""
> 855
> 237
> 1770
> 4897
> 991
> 87
> 15
> 17
> 181
0.000074
> 355

0.89

2 Data are expressed as mean + S.D. from threeedifexperiments Inhibition% at 100 uM°SI:
hMAO-B selectivity index = IG(hMAO-A)/ ICs(hMAO-B). ¢ Inhibition% at 50 pM*Values
obtained under the assumption that the correspgniflg, against MAO-A was the highest

concentration tested (100 pM).

carbon atoms). Compour@j (ICso = 4 nM) with a five-carbon chain presented more

potent activity than the corresponding compowhmdcontaining three-carbon chain



(ICso = 11414 nM) andbi containing four-carbon chain (= 58.9 nM).However,
the compound6k containing six-carbon chain (3¢ = 117 nM) and6l with
eight-carbon atom chain (¢ = 422 nM) showed less inhibitory activity than
compoundgj containing a five-carbon chain @&= 4 nM). Similar structure-activity
relationships (SARs) were also found in other coomas, such as compoun@a-6¢
6e-6gand6r-6t.

After exploring the SARs of chain length, the A& different heterocycle were
also explored. As shown ifable 1, the target compounds containing six-membered
heterocycle §e 6f) was about 5-fold and 2-fold more potent thandbeesponding
target compounds 66 6b) containing five-membered heterocycle, whereas
compounds6g containing six-membered heterocycle and compouwdsontaining
five-membered heterocycle showed similar potencgofparison of the potency of
the four rasagiline-clorgyline hybridéd, 6k, 6¢, 6g) revealed that the replacement of
carbon atom with oxygen atom substituent at th&ipas3 of benzene ringsf vs. 6¢,
6k vs. 6¢g) provided more hMAO-B inhibitory activity. Giverhé above discussion,
the chromanone moiety (compou6k with 1Csy: 116 nM) produced an increment in
potency when compared to 2,3-dihydid-ihden-1-one (compoun@éc with 1Cs:
128.6 nM) and 3,4-dihydronaphthalen-#ij2one moieties (compoungg with ICs:
133.1 nM). Furthermore, the ring-opening of benrafiu3(ZH)-one moiety
(compoundsd) was to generate analogugs 6sand6t. The corresponding functional
group of these analoguedr-6t were expressed as,®ICO- and B = CH;O-
substituents. Surprisingly, the ring-opening ana&sg6r-6t resulted in dramatic
reduction in potency towards MAO-B compared to ¢baesponding heterocyctal.

It was worth noting that, the acetyl{R CH;CO-) substituent group at the position 4
of benzene ring were necessary for the potent hMBA@ibitory activity, as
compoundssm and6n showed significant MAO-B inhibition activity (kg = 56.51,
20.42 nM, respectively). Finally, the additionabstitution with methoxy group (R=
CH30-) at the position 2 of benzene ring (compouBpland6q) exhibited a dramatic
loss ofhMAO-B potency, compared to compourtite andén.

2.4. Docking studies of compound 6] with hMAO-B
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Fig. 2. (a) 3D docking model of compounéj with hMAO-B. Atom colors:
green-carbon atoms 6f, gray-carbon atoms of residueshtlAO-B, yellow-carbon
atoms of FAD, dark blue-nitrogen atoms, red-oxygémms. The green dashed line
represents the interaction between the protein thedligand. (b) 2D schematic
diagram of docking model of compoulg with hMAO-B. The figure was prepared
using the ligand interactions application in MOE.

In order to rationalize the binding modes of theatbgsized compounds with
hMAOs at molecular level, docking studies were eatriout by the Molecular
Operating Environment (MOE 2015.10) software. Tlmnpound6j with highly
selective and most potent towdmllAO-B was selected and researchechMAO-B
binding modes. The binding mode of compoujdwith respect to MAO-B was
investigated based on the X-ray crystal struct@irfi® human monoamine oxidase B
in complex with 7-(3-chlorobenzyloxy)-4-(methylarodmethyl-coumarin (PDB code

2V61), and the protein was energy minimized andpB@onated using the structure



preparation module of MOE. It can be seen fromRige 2. that the propargylamine
moiety of compound6j was oriented to the flavin adenine dinucleotid)
cofactor and establish a ‘arene-H’ interaction Wiyin 435 in the substrate cavity. The
chromanone moiety occupied the entrance cavityirsedacted with leul71, Cys172,
le198, lle199, lle 316, Tyr 326, Trp 119 and PH&XbBrough van der waals and
hydrophobic interactions. For comparison purpoasagiline was also selected for
docking studies (Fi®1). The results showed that compowcand rasagiline showed
very similar docking poses in the substrate cavitylAO-B; however, in comparison
to the rasagiline, compourj could also interact with the residues in entraceoaty

of MAO-B, thereby exhibiting higher binding affigito MAO-B than rasagiline.

2.5. Reversibility and kinetic study of hMAO-B inhibition

100+ no inhibitor
80 @B [6j] =0.1xIC5,
] £ [6j] = 1% ICs
X 60+ [pargyline] = 0.1x IC5,
P T
§ 40-
20+
0-

Fig. 3. Recovery of enzyme inhibition activity after diloti of enzyme-compound
complex. hMAO-B were pre-incubated with compowdjcat 10 x G, concentration
and 100 x IGy concentration for 30 min and then diluted to 0.ICx and 1 x 1Gg
concentrations, respectively.

It was well known that reversible inhibitors are nm@ffective for the treatment of
AD than irreversible inhibitors. The most promisiogmpound6j, a highly selective
and potent MAO-B inhibitor, was selected for furttetudies. A reported enzyme
inhibition experiment [49-50] was carried to inugate whether compoun@gj was
reversible or irreversible, and pargyline was uagdreversible reference compound.

Firstly, the MAO-B enzyme and compoun@lj were incubated together at



concentrations of 0, 10 and 100 xs¢@or 30 min, respectively. Then, these 10 and
100xI1Go concentrations of enzyme-compound complex wereutetll to
corresponding concentrations of 0, 0.1 and 1%IThe tested compound will be
reversible if the activity of the enzyme is restbr® about 90% and 50% after
dilution to 0.1xIGy, and 1xIGo, respectively. The tested compound will be
irreversible if the activity of the enzyme is nagger restored after dilution. As shown
in Fig. 3, the activity of MAO-B enzyme was restored to ab®2% and 45% after
compoundgj dilution to 0.1x Gy and 1x G, respectively. The activity of MAO-B
enzyme was no longer restored (less than 10% ofrapnafter the reference
irreversible inhibitor pargyline be diluting. Thesesults showed that compou6gis

a reversible MAO-B inhibitor.

8x1097+ - 0
a2 = 10 nM
6x10-07 - 5nM
-+ 2.5nM
4x107-

2x107 4

1/v fluorescence units

10 20 30

-2x1074 s mm?

Fig. 4. Kinetic study on the mechanisms of interactionwaen hMAO-B and

compound6j. Overlaid Lineweaver—Burk reciprocal plots IfIAO-B at different

concentrations of compour§j (2.5, 5 and 10 nM) using-tyramine (0.05-3.0 mM)
as substrate.

Furthermore, an enzyme kinetic study on the meshasiof interaction between
hMAO-B and compound6j was carried out. As shown irFig. 4, the
Lineweavere-Burk reciprocal plots were establishgdrates of MAO-B catalyzed

oxidation forp-tyramine at different concentrations of compowd2.5, 5 and 10



nM). All lines were orthogonal on the Y-axis, whishggested that compougwas

a competitive MAO-B inhibitor.

2.6. AB1.4» self-aggregation inhibitory activity of all synthesized compounds 6a-6t

All synthesized compounds tested for their MAQ@Aibitory activity were also

evaluated for their capabilities againgliA, self-induced aggregation by thioflavin-T

Table 2. Inhibitions of AB;.4, self-induced aggregation of rasagiline-clorgyline

hybrids6a-6t.

Compound Inhibition rate (%} Compound Inhibition rate (%}
6a 31.27 £ 3.01% 6k 0.66 £ 0.26%
6b 11.37 £ 1.10% 6l 0.34 = 0.08%
6¢c 0.68 £ 0.22% 6m 6.18 £1.97%
6d 9.76 + 1.53% 6n 12.72 £ 2.04%
6e 13.39+1.41% 60 22.23 £ 4.55%
6f 10.28 £ 2.34% 6p 21.79 £2.74%
69 18.15+2.17% 6q 574 £0.31%
6h 7.77 £2.19% 6r 0.86 £0.14%
6i 43.9 £ 4.85% 6s 0.82 £ 0.20%
6j 40.78 £6.27% 6t 0.99 £ 0.33%

Curcumin 46.1 £6.71%

a

Inhibition of self-induced ;4> aggregation (means

SD of three experiments).

The

thioflavin-T fluorescence method was used, and rnieasurements were carried out in the

presence of 25M inhibitor.

based fluorescence assay [51-53]. Curcumin (Curg weed as reference compounds,

and AB1.42 self-aggregation inhibitory activity data of afirgshesized compound were

summarized iMMable 2 As can be seen from tAable 2, most of compounds showed

weak-to-moderate potencies compared to the refereampound curcumin (46.1 +

6.71%, at 25:M). Compoundsi, 6] which exhibited remarkable inhibitory activities

against MAO-B, had good inhibition property off Aelf-induce aggregation (43.9 +

4.85%, 40.78 + 6.27% at 2hM). It was hard to draw the structure-activity

relationships, due to the vague outline betweersetheompounds and inhibitory

activities of A3 self-aggregation.



To further analyze the effect of compounds on itlwb of AB aggregation,
compound6j with potent inhibitory activity was selected fdret TEM assay. The
results indicated that the TElhage analysis is consistent with ThT binding assay
(Fig S2 and S3. More well-defined B1.42 aggregates were observed in the presence

of Ap alone, and fewer (.4, aggregates were observed when compoBindnd

curcumin were added to the samples.
2.7. Invitro blood-brain barrier permeation assay

The blood-brain barrier (BBB) was the main obkgaof the entrance of the
anti-AD agents for central nerval system into theairbh Hence, it was necessary to

assess the blood-brain barrier permeability ofefamgpmpounds. The blood-brain

barrier

Table 3. PermeabilityP. (x10°) in the PAMPA-BBB assay for 9 commercial drugs in
the experiment validation.

Commercial drugs Bibliography’ Experimerﬁ
Testosterone 17.0 16.06 £ 0.53
Estradiol 12.0 12.45 +0.46
Progesterone 9.3 9.26 £+ 0.34
Chlorpromazine 6.5 7.12£0.17
Corticosterone 5.1 2.17 £ 0.08
Hydrocortisone 1.9 0.76 £0.02
Caffeine 1.3 1.54 £ 0.05
Atenolol 1.02 1.66 £0.11
Theophylline 0.1 0.69 £0.03

®Taken from Ref [54].

b Experimental data are expressed as mean + SDth@a independent experiments, using PBS :
EtOH (70:30) as solvent.
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Fig. 5. Lineal correlation between experimental and regbripermeability of
commercial drugs using the PAMPA-BBB asday(exp.) = 0.970P (bibl.) - 0.1043
(R2=0.9573).

Table 4. Permeability Pe (x10° cm/s) in the PAMPA-BBB assay for the target
compounds and their predicted penetration into CNS.

Compound Pe (x10P cm/s} Prediction}
6a 9.61+0.88 CNS
6b 10.91 +1.02 CNS
6c 12.85 +0.91 CNS
6d 8.30 £ 0.54 CNS
6e 8.70 £ 0.65 CNS
6f 10.63 £ 0.73 CNS
69 8.58 +0.43 CNS
6h 9.21 +0.32 CNS
6i 13.66 + 1.01 CNS
6j 10.25 +0.68 CNS
6k 8.54 +0.42 CNS
6l 8.91+0.61 CNS
6m 10.63 +0.40 CNS
6n 8.69 +0.52 CNS

60 10.54 +0.39 CNS




6p 12.53+0.87 CNS

6q 12.94 +0.94 CNS
6r 13.14 +1.12 CNS
6s 14.04 +0.64 CNS
6t 11.18 +0.39 CNS

2 permeability P, (x10° cm/s) values were expressed as mean+SD from timéependent
experiments, using PBS: EtOH (70:30) as solvent.
® CNS"was predicted as high BBB permeation vith(x 1° cm/s) > 3.78.

(BBB) was detected by the parallel artificial meare permeation assay [54]. As
shown inTable 3, 9 commercial drugs endowed with reported valuesewsed as
reference compounds. Describ&d were regarded as dependent variables and
experimentaP, as independent variables when we performed sinmmar regression
analysis:Pe (exp.) = 0.970%, (bibl.) - 0.1043 (R= 0.9573) Fig. 5). Based on this
equation and the limit established by Di et al. BBB permeation, the value of
permeability was as followP. (x 16 cm/s) > 3.78 represented high BBB permeation
(CNS'). FromTable 4, theP.values of all compounds were higher than 3.78, whic
indicated all compounds had high permeability afool-brain barrier.

2.8. SH-SY5Y neuroblastoma cell toxicity
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Fig. 6. SH-SY5Y cell viability after treatment of variogencentrations of compound
6] by MTT assay. Data were shown as mean + SD oétm@ependent experiments
(*P <0.05, **P <0.01, compared to control group).



To evaluate the biological safety of these potenttibitors for MAO-B and
amyloid{ aggregation, compounflj was selected for cytotoxicity test in human
neuroblastoma cell line (SH-SY5Y). SH-SY5Y cellsrevencubated with different
concentrations of compour§j for 24h, and then the cell viability was testedthg
3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazatiu (MTT) experiment [55]. As
shown inFig. 6, compoundsj showed non-toxic at the concentrations oufs Due
to the high inhibitory potency of compour§ on MAO-B, it would be safe at
therapeutic concentration.

2.9. Neuroprotection assays in SH-SY5Y cells

The neuroprotection was extraordinary significant AD treatment, so the

potential protective effects against neurotoxirdured damage was investigated in

SH-SY5Y cells using the method described by zhengl ¢56]. Compoundsj was

selected to
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Fig. 7. Neuroprotective effects of compouBfagainst 6-OHDA-induced toxicity in
SH-SY5Y cells. Rasagiline was the reference comgo&esults were shown as cell
viability. All data were the means + SEM of thredépendent experiments <0.05,
**P <0.01,***P <0.01, compared to 6-OHDA group).

verify the neuroprotective effect. The bar charFigf. 7 showed that cell viability rate
of 6-hydroxydopamine-treated SH-SY5Y cell groupngigantly decreased when

compared to that of control and DMSO group. Différeoncentrations of compound



6j were respectively incubated with 6-OHDA (20M) in SH-SY5Y cells for 24h,
and the corresponding cell viability rates wergggsoy MTT assayCell survival
rates were gradually increased when 6-OHDA-treafdd-SY5Y cells were
respectively incubated with 1.563, 3.125, 6.25,51225 uM (the increasing
concentrations) of compoun€j. A similar phenomenon of reference compound
rasagiline was also observed under the same conslitiThe results indicated that
compoundsj had neuroprotective capability against neurodegeioa disease.
2.10. Pharmacokinetic evaluation of compound 6j

Compound 6j with potent inhibitory activities for MAO-B and A
self-aggregation was selected as representativefurfiner pharmacokinetic studies
following intravenous (iv) and oral (po) dosing @D rats. The key pharmacokinetic
parameters of compours] were shown inTable 5 Compound6j showed a high
maximal concentration (fax = 639.29 and 142.1{g/L), appropriate half-life (f, =
1.02 and 1.33 h), and good oral bioavailability.{36). These results suggested that
compoundsj would have acceptable pharmacokinetic properties.

Table 5.Pharmacokinetic parameters of compound 6j aftearygbi.v. administration

Parameterd T12(h) Tmax(h) Crax{g/L) AUC.ins (ng/L*h)  CI(L/h/kg) F%

iv. (3mgkg)  1.02+0.17 - 639.29+89.06 247.74+81.4  3.33:0.15

po (10 mg/kg)  1.33+0.16 0.3  142.17+72.21 268.492B9. - 36.10%

#Compounds were dosed to equal number of male Sgfagwley rats in po (10 mg/kg) and i.v.
(3 mg/kg) administration (n = 3).
3. Conclusion

To seek effective drugs for Alzheimer diseassgr@es of new dual inhibitoGa-6t
by hybridization of rasagiline and clorgyline wedesigned, synthesized and
evaluated. All the target compounds were investidydor their ability to inhibit the
monoamine oxidases and amyl@idaggregationWWe were surprised to find that all
compounds were selective hMAO-B inhibitors withyd®@alues ranging from 5.4M
to 4 nM, and could penetrate the blood-brain barfenong these compounds,
compound6j exhibited higherhMAO-B potency and selectivity (K3 = 4 nM,
SI>25000) than the reference inhibitor rasagilili®d¢&141 nM, Sl > 355), as well as



good inhibition of A81.4» aggregation. In addition, kinetic and moleculardelong
studies suggested compouitfl was a competitive and reversible inhibitor for
hMAO-B. Meanwhile, compoundj showed low cytotoxicity and neuroprotective
effects according to cell viability and neuroprdiec activity assay. The further
pharmacokinetics studies showed that compoénchad good pharmacokinetic
characteristics after intravenous and oral adnratisins. These properties highlighted
that compoundj could serve as an effective and promising candiatd&D therapy.

4. Experimental section

4.1. Chemistry

Chemicals were purchased from Sinopharm Chemicag&# Co., Ltd. (China).
Thin layer chromatography (TLC, GF254 Qingdao Hag/a&Chemical, QingDao,
China) was used for checking reaction, and compsneere visualized using UV
light. The compounds were purified by column chrtygeaphy (silica gel, 90-150
mm; Qingdao Marine Chemical Inc.). The synthesizehpounds were characterized
by melting points apparatusH NMR, *C NMR and a Mariner ESI-TOF
spectrometer (HRESIMS) respectiveiit NMR and**C NMR spectra were recorded
on a Bruker AM-600 spectrometer, using CP& DMSO-@ as the solvent.

4.2. 3-Chloro-1-(2,4-dihydroxyphenyl)propan-1-one (3)

A mixture of resorcinol (5.5 g) and 3-chloropropwracid (5.4 g) were added
trifloromethanesulfonic acid (15 g). The reactioasvstirred at 86C for 30 min. The
completed reaction solution was cool to room terajpee and then poured into ice
water (120 ml). The water solution was extractethvdLCH,. The C}CH, layer was
concentrated under vacuum to afford crude prodsetl fior the next reaction, without
further purification. It is the same method as gnoup reported reference [42].

4.3. 7-Hydroxychroman-4-one (4d)

To a solution of 2 N aqueous, crude compound 3 agaked and stirred at room
temperature for 2h. After the reaction completéd, dolution was acidified with 6 M
H,SO, to PH = 2, and then was extracted with ethyl deetéhe producdd was
purified by silica gel chromatography. Structurdéntification data of compountt

as shown in our reported reference [42].



4.4. General procedures for the preparation of compounds 6a-6t

A mixture of compoundta-4h (4 mmol), suitabler, o-dibromoalkanes (40 mmol)
and powdered ¥CO; (8 mmol) in acetone was stirred at reflux for Zhe obtained
residue was purified by silica gel chromatograpligph WE/EA (6:1) as elution solvent
to give compound$a-h [42]. To a solution of compoundsa-5h (1 mmol) and
K2CO; (2 mmol) in DMF was added propargyl amine (1.4 M)mbhe reaction was
stirred at 60°C for 6-12 h. After completion, the residue waseatldthyl acetate, and
the organic phase was washed with water three tifffes combined organic phase,
dried over anhydrous N80y, concentrated on vacuum, and was purified byasijel
chromatography with PE/EA (4:1) as eluent to obthatarget compoundz-6t.
4.4.1. 5-(4-(methyl (prop-2-yn-1-yl )Jamino)butoxy)-2,3-dihydro- 1H-inden-1-one (6a)
Yield 83%; pale yellow oil*H NMR (500 MHz, CDCY) § 7.68-7.63 (m, 1H), 6.87 (d,
J=5.4 Hz, 2H), 4.04 (] = 6.3 Hz, 2H), 3.36 (d] = 2.2 Hz, 2H), 3.12-3.02 (m, 2H),
2.69-2.61 (m, 2H), 2.54-2.47 (m, 2H), 2.32 (s, 342 (t,J = 2.2 Hz, 1H), 1.89—
1.80 (m, 2H), 1.72-1.61 (m, 2HYC NMR (126 MHz, CDGJ) 6 205.45 (s), 164.83
(s), 158.27 (s), 130.35 (s), 125.42 (s), 115.74 1&P.36 (s), 78.38 (s), 73.41 (s),
68.17 (s), 55.18 (s), 45.59 (s), 41.75 (s), 369H3 26.95 (s), 25.97 (s), 24.03 (S).
HRMS: calcd for GiH2:NO, [M+H] ™ 272.1645, found 272.1658.
44.2.  5-((5-(methyl(prop-2-yn-1-yl)amino)pentyl)oxy)-2,3-dihydro-1H-inden-1-one
(6b)
Yield 87%; pale yellow oil!H NMR (500 MHz, CDC}) J 7.68-7.62 (m, 1H), 6.89—
6.83 (m, 2H), 4.01 (t) = 6.4 Hz, 2H), 3.34 (d] = 2.3 Hz, 2H), 3.09 — 3.02 (m, 2H),
2.68-2.60 (M, 2H), 2.47-2.43 (m, 2H), 2.31 (s, 3422 (t,J = 2.3 Hz, 1H), 1.88-
1.77 (m, 2H), 1.59-1.45 (m, 4HYC NMR (126 MHz, CDG)) 6 205.45 (s), 164.87
(s), 158.28 (s), 130.30 (s), 125.41 (s), 115.73 18p.31 (s), 78.40 (s), 73.38 (),
68.33 (s), 55.53 (s), 45.58 (s), 41.82 (s), 3652 29.04 (s), 27.29 (s), 25.96 (s),
23.92 (s). HRMS: calcd for gH23NO, [M+H] " 286.1802, found 286.1813.
4.4.3. 5-((6-(methyl (prop-2-yn-1-yl)amino)hexyl)oxy)- 2,3-dihydro-1H-inden-1-one
(6¢)
Yield 78%; pale yellow solid; m.p. 52.7-532; 'H NMR (500 MHz, CDC}) § 7.68—



7.64 (m, 1H), 6.87 (d) = 4.9 Hz, 2H), 4.01 () = 6.5 Hz, 2H), 3.34 (d] = 2.2 Hz,

2H), 3.10-3.03 (m, 2H), 2.69-2.60 (m, 2H), 2.4882A@, 2H), 2.30 (s, 3H), 2.21 (t,

J=2.2 Hz, 1H), 1.87-1.76 (m, 2H), 1.49 (dgs 14.5, 7.2 Hz, 4H), 1.39 (dd= 14.3,

7.5 Hz, 2H).33C NMR (126 MHz, CDG)) § 205.43 (s), 164.92 (s), 158.27 (s), 130.30

(s), 125.41 (s), 115.74 (s), 110.34 (s), 78.4873)31 (s), 68.41 (s), 55.64 (s), 45.57

(s), 41.84 (s), 36.52 (s), 29.12 (s), 27.53 (S)127s), 26.02 (s), 25.96 (S). HRMS:

calcd for GoH2sNO, [M+H] ™ 300.1958, found 300.1961.

4.4.4. 6-((6-(methyl (prop-2-yn-1-yl)amino)hexyl )oxy)benzofuran-3(2H)-one (6d)

Yield 86%; yellow oil;*H NMR (500 MHz, CDCY) 6 7.55 (d,J = 8.6 Hz, 1H), 6.63

(dd,J = 8.6, 1.7 Hz, 1H), 6.51 (d,= 1.5 Hz, 1H), 4.61 (s, 2H), 4.01 {= 6.4 Hz,

2H), 3.41 (s, 2H), 2.55 — 2.47 (m, 2H), 2.37 (s),3427 (s, 1H), 1.86 — 1.77 (m, 2H),

1.55 (dd,J = 15.0, 7.5 Hz, 2H), 1.51 — 1.46 (m, 2H), 1.43.361(m, 2H).2*C NMR

(126 MHz, CDC}) 6 196.72 (s), 175.69 (s), 166.88 (s), 124.18 (s3,24.(s), 111.20

(s), 95.88 (s), 74.67 (s), 73.06 (S), 67.77 (5)534s), 44.44 (s), 40.66 (S), 27.96 (),

26.20 (S), 26.12 (S), 24.97 (s). HRMS: calcd fegHzNOs [M+H] ™ 302.1751, found

302.1764.

4.4.5. 6-(4-(methyl(prop-2-yn-1-yl)amino)butoxy)-3,4-dihydronaphthalen-1(2H)-one
(6e)

Yield 91%; pale yellow oil*H NMR (500 MHz, CDCJ) 6 7.96 (d,J = 8.7 Hz, 1H),

6.78 (dd,J = 8.7, 1.9 Hz, 1H), 6.67 (s, 1H), 4.01Jt 6.3 Hz, 2H), 3.34 (d] = 1.8

Hz, 2H), 2.88 (tJ = 6.0 Hz, 2H), 2.60 — 2.54 (m, 2H), 2.47X& 7.3 Hz, 2H), 2.30 (s,

3H), 2.21 (s, 1H), 2.12 — 2.04 (m, 2H), 1.86 — 1(Ti7 2H), 1.68 — 1.57 (m, 2H}°C

NMR (126 MHz, CDC}) 5 197.30 (s), 163.10 (s), 147.00 (s), 129.66 (s§,22 (s),

113.50 (s), 113.18 (s), 78.46 (s), 77.16 (s), 733067.87 (s), 55.16 (s), 45.57 (s),

41.73 (s), 38.96 (s), 30.22 (s), 26.95 (s), 24.82 23.45 (s). HRMS: calcd for

C18H23NO, [M+H] " 286.1801, found 286.1815.

4.4.6.

6-((5-(methyl (prop-2-yn-1-yl)amino)pentyl Joxy)-3,4-dihydronaphthal en-1(2H)-one

(6f)

Yield 76%; pale yellow oil*H NMR (500 MHz, CDCJ) 6 7.96 (d,J = 8.7 Hz, 1H),



6.77 (dd,J = 8.7, 2.1 Hz, 1H), 6.66 (d,= 1.4 Hz, 1H), 3.98 (1] = 6.4 Hz, 2H), 3.32
(d, J= 2.1 Hz, 2H), 2.88 () = 6.0 Hz, 2H), 2.59 — 2.54 (m, 2H), 2.42Jt& 7.1 Hz,
2H), 2.29 (s, 3H), 2.21 (8 = 2.0 Hz, 1H), 2.11 — 2.03 (m, 2H), 1.85 — 1.75 2H),
1.56 — 1.42 (m, 4H):3C NMR (126 MHz, CDCJ) 6§ 197.31 (s), 163.14 (s), 147.00 (s),
129.65 (s), 126.18 (s), 113.48 (s), 113.14 (sy78s), 73.27 (s), 68.02 (s), 55.50 (s),
45.55 (s), 41.79 (s), 38.94 (s), 30.20 (s), 29%)3 27.28 (s), 23.88 (s), 23.43 (s).
HRMS: calcd for GgHsNO, [M+H] ™ 300.1958, found 300.1970.

4.4.7.

6-((6-(methyl (prop-2-yn-1-yl )amino)hexyl)oxy)-3,4-dihydronaphthalen-1(2H)-one

(69)

Yield 74%; pale yellow oil*H NMR (500 MHz, CDCJ) § 7.97 (d,J = 8.7 Hz, 1H),
6.78 (dd,J = 8.7, 2.4 Hz, 1H), 6.67 (d,= 2.2 Hz, 1H), 3.98 () = 6.5 Hz, 2H), 3.34
(d, J = 2.3 Hz, 2H), 2.89 (] = 6.1 Hz, 2H), 2.58 (J = 6.5 Hz, 2H), 2.42 (} = 6.5
Hz, 2H), 2.30 (s, 3H), 2.21 @,= 2.3 Hz, 1H), 2.14-2.04 (m, 2H), 1.84-1.74 (m)2H
1.48 (m, 4H), 1.38 (m, 2H)*C NMR (126 MHz, CDGJ) 6 197.35 (s), 163.21 (s),
147.02 (s), 129.68 (s), 126.19 (s), 113.50 (s),14.8s), 78.45 (s), 73.31 (s), 68.11 (S),
55.63 (s), 45.54 (s), 41.81 (s), 38.98 (s), 3024 Z9.13 (s), 27.50 (s), 27.18 (9),
26.00 (S), 23.47 (s). HRMS: calcd fopg,7/NO, [M+H]* 314.2114, found 314.2127.
4.4.8. 7-(3-(methyl (prop-2-yn-1-yl)Jamino)propoxy)chroman-4-one (6h)

Yield 81%; yellow solid; m.p. 55.1-56°C; *H NMR (500 MHz, CDC}) § 7.81 (d,J

= 8.8 Hz, 1H), 6.56 (dd] = 8.8, 2.2 Hz, 1H), 6.39 (d,= 2.2 Hz, 1H), 4.49 (t] = 6.4
Hz, 2H), 4.03 (tJ = 6.3 Hz, 2H), 3.36 (d] = 2.2 Hz, 2H), 2.73 (t) = 6.4 Hz, 2H),
2.60 (t,J = 7.1 Hz, 2H), 2.33 (s, 3H), 2.23 {t= 2.3 Hz, 1H), 1.95 (p] = 6.6 Hz, 2H).
%C NMR (126 MHz, CDCJ) 5 190.65 (s), 165.49 (s), 163.87 (s), 128.93 (s5,29
(s), 110.33 (s), 101.37 (s), 78.27 (), 73.5268M6 (S), 66.47 (S), 52.13 (S), 45.75 (S),
41.76 (s), 37.53 (s), 27.14 (s). HRMS: calcd fegHzoNOs [M+H] " 274.1438, found
274.1438.

4.4.9. 7-(4-(methyl (prop-2-yn-1-yl )Jamino)butoxy)chroman-4-one (6i)

Yield 71%; pale yellow oil*H NMR (500 MHz, CDCJ) ¢ 7.82 (d,J = 8.8 Hz, 1H),
6.56 (dd,J = 8.8, 2.4 Hz, 1H), 6.38 (d,= 2.3 Hz, 1H), 4.50 () = 6.3 Hz, 2H), 4.00



(t, J = 6.3 Hz, 2H), 3.37 (d] = 2.3 Hz, 2H), 2.74 (J = 5.0 Hz, 2H), 2.50 (t) = 5.0
Hz, 2H), 2.33 (s, 3H), 2.23 (1,= 2.4 Hz, 1H), 1.87-1.77 (m, 2H), 1.64 (m, 2HT
NMR (126 MHz, CDC}) 6 190.77 (s), 165.63 (s), 163.78 (s), 128.95 (s5,24.(s),
110.31 (s), 101.28 (s), 78.01 (s) 73.69 (s), 6§9)967.43 (s), 55.06 (s), 45.73 (s),
42.00 (s), 37.29 (s), 27.07 (s), 23.98 (s). HRMSica for GHx»NOs [M+H]*
288.1594, found 288.1568.

4.4.10. 7-((5-(methyl (prop-2-yn-1-yl )Jamino)pentyl )oxy)chroman-4-one (6j)

Yield 89%; yellow oil;*H NMR (500 MHz, CDCJ) § 7.82 (d,J = 8.8 Hz, 1H), 6.55
(dd,J = 8.8, 2.4 Hz, 1H), 6.38 (d,= 2.3 Hz, 1H), 4.50 (t] = 6.4 Hz, 2H), 3.98 (] =
6.4 Hz, 2H), 3.37 (d) = 2.3 Hz, 2H), 2.74 (1 = 5.0 Hz 2H), 2.47 ( = 5.0 Hz, 2H),
2.33 (s, 3H), 2.24 (t) = 2.4 Hz, 1H), 1.81 (q) = 6.6 Hz, 2H), 1.60-1.52 (m, 2H),
1.48 (m, 2H).®*C NMR (126 MHz, CDGJ) § 190.76 (s), 165.61 (s), 163.90 (s),
128.97 (s), 115.30 (s), 110.32 (s), 101.29 (sR78s), 73.69 (s), 68.35 (s), 67.49 (s),
55.53 (s), 45.59 (s), 41.82 (s), 37.57 (s), 289827.38 (s), 23.92 (s). HRMS: calcd
for C1gH2sNO5 [M+H]* 302.1751, found 302.1745.

4.4.11. 7-((6-(methyl (prop-2-yn- 1-yl )Jamino)hexyl )oxy)chroman-4-one (6k)

Yield 73%; pale yellow oil*H NMR (500 MHz, CDCJ) ¢ 7.82 (d,J = 8.8 Hz, 1H),
6.56 (dd,J = 8.8, 2.3 Hz, 1H), 6.38 (d,= 2.3 Hz, 1H), 4.58-4.45 (m, 2H), 3.97t,

= 6.4 Hz, 2H), 3.46 (s, 2H), 2.79-2.70 (m, 2H),228.51 (m, 2H), 2.42 (s, 3H), 2.31
(s, 1H), 1.86-1.73 (m, 2H), 1.58 (dt= 15.0, 7.6 Hz, 2H), 1.52-1.45 (m, 2H), 1.40
(dd, J = 15.1, 8.1 Hz, 2H)"C NMR (126 MHz, CDGJ) 6 190.69 (s), 165.63 (s),
163.92 (s), 128.98 (s), 115.26 (s), 110.39 (s),3AD{s), 68.37 (s), 67.50 (s), 55.47 (s),
45.34 (s), 41.52 (s), 37.57 (s), 29.01 (s), 279)725.94 (s), 26.93. HRMS: calcd for
C1oH2sNO3 [M+H] " 316.1907, found 316.1913.

4.4.12. 7-((8-(methyl (prop-2-yn-1-yl)Jamino)octyl )oxy)chroman-4-one (6l)

Yield 89%; pale yellow oil*H NMR (500 MHz, CDCJ) 6 7.82 (d,J = 8.8 Hz, 1H),
6.56 (dd,J = 8.8, 2.3 Hz, 1H), 6.38 (d,= 2.3 Hz, 1H), 4.50 (1§} = 6.4 Hz, 2H), 3.97
(t, J = 6.5 Hz, 2H), 3.39 (d] = 2.1 Hz, 2H), 2.74 () = 5.0 Hz, 2H), 2.46 () = 5.0
Hz, 2H), 2.35 (s, 3H), 2.25 (@,= 2.3 Hz, 1H), 1.77 (m, 2H), 1.55-1.40 (m, 4HR3L.
(br, 6H).*C NMR (126 MHz, CDGJ) 5 190.68 (s), 165.69 (s), 163.91 (s), 128.95 (s),



115.21 (s), 110.41 (s), 101.29 (s), 77.90 (s), #B8sY, 68.52 (s), 67.48 (s), 55.73 (s),
45.47 (s), 41.71 (s), 37.57 (s), 29.50 (s), 294 29.07 (s), 27.37 (s), 26.01 (s).
HRMS: calcd for GiH2gNOs [M+H] " 344.2220, found 344.2221.

4.4.13. 1-(4-(4-(methyl (prop-2-yn- 1-yl Jamino) butoxy)phenyl ) ethan-1-one (6m)

Yield 81%; pale yellow oil’H NMR (500 MHz, DMSO-d6) 7.91 (d,J = 8.8 Hz,
2H), 7.02 (dJ = 8.8 Hz, 2H), 4.06 (t] = 6.5 Hz, 2H), 3.29 (s, 3H), 3.10 (s, 1H), 2.39
(t, J = 7.1 Hz, 2H), 2.19 (s, 3H), 1.78-1.68 (m, 2H{3L(dt,J = 14.6, 7.3 Hz, 2H),
1.34 (s, 2H).2*C NMR (126 MHz, DMSO)s 196.32 (s), 162.55 (s), 130.51 (s),
129.75 (s), 114.28 (s), 75.77 (s), 67.70 (S), 54)544.89 (s), 41.18 (s), 29.80 (s),
26.42 (s), 26.31 (s), 23.24 (s). HRMS: calcd fegHz:NO, [M+H]* 260.1645, found
260.1651.

4.4.14. 1-(4-((6-(methyl (prop-2-yn-1-yl)amino)hexyl )oxy) phenyl )ethan- 1-one (6n)

Yield 74%; pale yellow oifH NMR (500 MHz, DMSO-d6) 8.00-7.80 (m, 2H),
7.09-6.93 (m, 2H), 4.04 (3,= 6.5 Hz, 2H), 3.27 (s, 3H), 3.09 (s, 1H), 2.32¢ 7.1
Hz, 2H), 2.17 (s, 3H), 1.77-1.68 (m, 2H), 1.43-1(86 4H), 1.35-1.27 (m, 4H}°C
NMR (126 MHz, DMSO)S 196.31 (s), 162.58 (s), 130.50 (s), 129.74 (s},28.(s),
75.68 (s), 67.85 (s), 54.87 (s), 44.90 (s), 4129 28.53 (s), 26.79 (s), 26.55 (s),
26.42 (s), 25.36 (s). HRMS: calcd fors82sNO, [M+H]* 288.1958, found 288.1966.
4.4.15. 5-(3-methoxyphenoxy)-N-methyl-N-(prop-2-yn-1-yl ) pentan-1-amine (60)

Yield 84%; pale yellow oil*H NMR (500 MHz, DMSO-d6) 7.15 (t,J = 8.2 Hz, 1H),
6.50 (t,J = 2.5 Hz, 1H), 6.48 (t) = 2.4 Hz, 1H), 6.46 (] = 2.3 Hz, 1H), 3.92 () =
6.5 Hz, 2H), 3.72 (s, 3H), 3.10 (s, 1H), 2.35 (4),22.18 (s, 3H), 1.69 (dd, = 12.8,
5.9 Hz, 2H), 1.46-1.38 (m, 4H), 1.35 @@= 2.6 Hz, 2H)."*C NMR (126 MHz,
DMSO) § 160.94 (s), 160.39 (s), 130.37 (s), 107.03 (s),8D6s), 101.07 (s), 67.81
(s), 55.51 (s), 55.28 (s), 45.33 (s), 30.24 (s)0Q@Ys), 23.83 (s). HRMS: calcd for
C16H23NO, [M+H] " 262.1801, found 266.18009.

4.4.16. 1-(3-methoxy-4-(4-(methyl (prop-2-yn-1-yl)amino)butoxy)phenyl)ethan-1-one
(6p)

Yield 75%; pale yellow solid; m.p. 65.1-658; *H NMR (500 MHz, CDC}) 6 7.54
(dd,J = 8.3, 2.0 Hz, 1H), 7.50 (d,= 2.0 Hz, 1H), 6.87 (d] = 8.4 Hz, 1H), 4.10 (1]



= 6.6 Hz, 2H), 3.90 (s, 3H), 3.35 (@= 2.4 Hz, 2H), 2.55 (s, 3H), 2.51 — 2.45 (m, 2H),
2.31 (s, 3H), 2.21 () = 2.4 Hz, 1H), 1.89 (dd] = 14.9, 6.8 Hz, 2H), 1.65 (di,=
15.0, 7.5 Hz, 2H)**C NMR (126 MHz, CDGJ) 6 196.71 (s), 152.70 (s), 149.08 (s),
130.14 (s), 123.09 (s), 111.01 (s), 110.25 (sR78s), 72.91 (s), 68.39 (s), 55.86 (S),
54.81 (s), 45.35 (s), 41.50 (s), 26.60 (s), 25.99 23.59 (s). HRMS: calcd for
C17H23NO; [M+H] 7 290.1751, found 290.1749.

44.17.

1-(3-methoxy-4-((5-(methyl (prop-2-yn- 1-yl )amino) pentyl )oxy) phenyl )ethan-1-one (6q)
Yield 79%; yellow oil;'H NMR (500 MHz, CDC}) § 7.54 (dd,J = 8.3, 2.0 Hz, 1H),
7.50 (d,J = 2.0 Hz, 1H), 6.87 (d] = 8.4 Hz, 1H), 4.10 (t) = 6.6 Hz, 2H), 3.90 (s,
3H), 3.35 (dJ = 2.4 Hz, 2H), 2.55 (s, 3H), 2.51-2.45 (m, 2HB12(s, 3H), 2.21 (1)

= 2.4 Hz, 1H), 1.89 (ddJ = 14.9, 6.8 Hz, 2H), 1.65 (df,= 15.0, 7.5 Hz, 2H}:*C
NMR (126 MHz, CDC}) ¢ 196.98 (s), 152.98 (s), 149.29 (s), 130.28 (s3.42(s),
111.09 (s), 110.55 (s), 78.51 (s), 73.31 (s), 68%9756.13 (s), 55.54 (s), 45.61 (S),
41.84 (s), 28.96 (s), 27.30 (s), 26.34 (s), 23 88HRMS: calcd for GgHsNO;
[M+H]" 304.1907, found 304.1908.

4.4.18. 2-methoxy-4-(4-(methyl (prop-2-yn-1-yl)amino)butoxy)benzal dehyde (6r)

Yield 79%; red solid; m.p. 83.6-84°Z; 'H NMR (500 MHz, CDCJ) 6 10.26 (s, 1H),
7.78 (d,J = 8.7 Hz, 1H), 6.52 (ddl = 8.7, 1.9 Hz, 1H), 6.43 (d,= 2.0 Hz, 1H), 4.04
(t, J= 6.3 Hz, 2H), 3.88 (s, 3H), 3.36 (s, 2H), 2.5372(m, 2H), 2.32 (s, 3H), 2.22 (t,
J = 2.3 Hz, 1H), 1.88-1.79 (m, 2H), 1.70-1.60 (m).2£C NMR (126 MHz, CDG)

5 188.48 (s), 165.80 (s), 163.71 (s), 130.85 (9,1 (s), 106.28 (s), 98.45 (s), 78.38
(s), 73.42 (s), 68.17 (s), 55.71 (s), 55.16 (s)6@]s), 41.77 (s), 26.96 (S), 24.02 (S).
HRMS: calcd for GeH21NOs [M+H] ™ 276.1594, found 276.1601.

4.4.19. 2-methoxy-4-((5-(methyl (prop-2-yn-1-yl)amino) pentyl ) oxy)benzal dehyde (6s)

Yield 82%; yellow solid; m.p. 51.2-51%; *H NMR (500 MHz, CDCJ) ¢ 10.24 (s,
1H), 7.76 (d,J = 8.7 Hz, 1H), 6.49 (dd] = 8.7, 1.8 Hz, 1H), 6.41 (d,= 1.9 Hz, 1H),
4.00 (t,J = 6.4 Hz, 2H), 3.87 (s, 3H), 3.33 @@= 2.2 Hz, 2H), 2.43 () = 7.1 Hz, 2H),
2.37 (s, 1H), 2.29 (s, 3H), 2.21 &= 2.2 Hz, 1H), 1.87-1.76 (m, 2H), 1.50 {t=
11.4 Hz, 4H).*®*C NMR (126 MHz, CDGJ) 5 188.44 (s), 165.82 (s), 163.68 (s),



130.79 (s), 118.92 (s), 106.24 (s), 98.38 (s), 8}, 73.29 (s), 68.33 (s), 55.66 (s),
55.50 (s), 45.56 (s), 41.81 (s), 29.02 (s), 27.29 23.89 (s). HRMS: calcd for
C17H2aNO3 [M+H]* 290.1751, found 290.1764.
4.4.20. 2-methoxy-4-((6-(methyl (prop-2-yn-1-yl)amino)hexyl ) oxy) benzal dehyde (6t)
Yield 73%:; yellow power; m.p. 57.5-57°€;'H NMR (500 MHz, CDC}) 6 10.26 (s,
1H), 7.77 (dJ = 8.7 Hz, 1H), 6.51 (dd} = 8.7, 1.5 Hz, 1H), 6.42 (d,= 1.8 Hz, 1H),
4.00 (t,J = 6.5 Hz, 2H), 3.88 (s, 3H), 3.34 (@= 2.1 Hz, 2H), 2.48-2.38 (m, 2H),
2.30 (s, 3H), 2.21 (] = 2.2 Hz, 1H), 1.85-1.74 (m, 2H), 1.55-1.44 (m),4H39 (dd,
J =145, 7.6 Hz, 2H)**C NMR (126 MHz, CDCJ) ¢ 188.44 (s), 165.87 (s), 163.70
(s), 130.82 (s), 118.94 (s), 106.26 (s), 98.4178)47 (s), 73.31 (s), 68.41 (s), 55.64
(s), 45.57 (s), 41.83 (s), 29.14 (s), 27.53 (s)121s), 26.01 (s). HRMS: calcd for
C1gH25NO3 [M+H] ™ 304.1907, found 304.1921.
4.5. MAQ inhibition assay

The potential effects of all the synthesized conmaisba-6t on MAOS activity was
investigated according to preciously reported #soence methods [57-58]. The
experiment was measuring the production o0$OH from p-tyramine, using
recombinant human MAOs and Amplex Red assay kie¢ dlzyme ohMAO-A and
hMAO-B was obtained from Sigma-Aldrich (St. Louis,OM USA), andp-tyramine
was purchased from Molecular Probes, Inc. (Eug@mnegon, USA). Each synthetic
compound was adjusted with DMSO and PBS buffer tewluto different final
concentrations (DMSO < 0.1%). The test compoundagasbined witthMAO-A (or
hMAO-B) and other substrate, and then incubatedifomin at 37°C in a 96-well
black microtiter plate in the dark. The results evdested by a multidetection
microplate fluorescence reader at excitation/eminssvavelengths of 545/590 nm.
Data were shown as mean + SD of three independgetienents.
4.6 Molecular modeling studies
Molecular modeling studies were carried out usimg €hemical Computing Group's
Molecular Operating Environment (MOE) software (Mwal, Canada, version
2015.10). The docking template structure of MAO-Bswderived from the X-ray

crystal structure of the human MAO-B in complex  twit



7-(3-chlorobenzyloxy)-4-(methylamino)methyl-counmatiPDB code 2V61) and all
water molecules were removed. The protein was gmangimized and 3D protonated
using the structure preparation module of MOE. hayjéile for the molecular docking
studies was prepared in MOE and energy minimizedguslerck Molecular force
field (MMFF94x, RMSD gradient: 0.05 kcal mblA™). Then, the optimized
geometry of ligand was saved in a molecular datafilsand docked into the active
site of the protein using the MOE-Dock program. Tmdon dG was chosen as
initial scoring method and Rigid Receptor was delgé@s the final scoring method.
Finally, the geometry of docked complex was analylag the pose viewer utility in
MOE.
4.7. Reversibility and kinetic study of hMAO-B inhibition

The reversibility experiment of compouffifor MAO-B was performed according
to a previously reported method [59]. Compo@pat concentrations of 10x¢gand
100x1Gso was treated witlMAO-B enzyme (0.73ng/mL) for 30 min at 37C. The
parallel control was without compourgj under the same condition. Then, the
concentrations of compoun®i was diluted to 100-fold respectively. Pargyline at
concentration of 10x1§g was diluted to 0.1 x I§ by the same times.

Lineweaver-Burk reciprocal plots revealddAO-B inhibition mechanism of
compoundsj. Compoundsj at three different concentrations (2.5, 5 and [¥) were
for kinetic study. The initial catalytic rates i¥1AO-B were tested in the presence or
absence of compoundj at the corresponding concentrations with different
concentrations (0.05, 0.1, 0.5, 1.0, 1.5, and ) wf p-tyramine. The results were
analyzed by Graph Pad Prism 4.03 software (SandD@g, USA).
4.8. Inhibition of self-induced AB1.4, aggregation

A thioflavin T (ThT)-binding assay [60] was used fweasure the inhibition of
self-induced A;.42 aggregation. Curcumin was the reference compoukigiss, was
aliquoted and stored at -8C. Before the experiment of compounds inhibiting
self-induced A;.42 aggregation, py.42 stock solution was diluted to 50 mM with 50
mM phosphate buffer (ph = 7.4) BA4, solution (10 mL, 25 mM, final concentration)
in the presence or absence of compound (10 mL)imasated at 37C for 48 h.



Using 50 mM phosphate buffer (pH 7.4) instead ${.A in the presence or absence
of inhibitors as blanks. The sample was dilutedirial volume of 200 mL using 50
mM glycine-NaOH buffer (pH 8.0) containing thiofiavl (5 mM). Then we detected
the fluorescence intensities 5 min later (excitgtid46 nm; emission, 490 nm). The
calculation formula was (1-IFi/IFc)*100%. IFi and~d were the fluorescence
intensities, which was [\ .42 in the presence and absence of inhibitors after
subtracting the background, respectively.
4.9. In vitro blood brain barrier permeation assay

Parallel artificial membrane permeation assay (PAMiRas used to tested the
blood brain barrier(BBB) permeability of all syn#ised compounds. The materials
of experiment included commercial drugs (from Sigand Alfa Aesar), porcine brain
lipid (PBL, Avanti Polar Lipids), donor microplaVDF membrane, pore size 0.45
mm), the acceptor microplate and the 96-well UMel&orning Incorporated). Filter
membrane was coated with PBL(4 ml) in dodecanen{@0nL) and acceptor 96-well
microplate with 300 mL of PBS/EtOH (7:3). Compoundituted to 100 mg/mL
concentration using DMSO (<0.1%) and PBS/EtOH (8dyution, and then added to
donor wells. The donor ate and acceptor filter i@sned a sandwich and was
undisturbed for 16 h at 2. The concentration of compound in the acceptdiswe
was tested by a UV plate reader (Flexstation@ ®mercial drugs with BBB
permeability were also detected as controls.
4.10. SH-SY5Y neuroblastoma cell toxicity assay

The cytotoxicity effect of compoun@j on SH-SY5Y neuroblastoma cells were
tested by MTT according to previously reported mdth[61]. The human
neuroblastoma SH-SY5Y cells were cultured in DMENpgemented with fetal
bovine serum (FBS)00 U/mL penicillin and 100 pg/mL streptomycin whiko CQ
in air at 37°C. A density of 10,000 SH-SY5Y cell were seeded i96-well plates,
and then different concentrations of compo@nd6.25-100 uM) or rasagiline were
also added into 96-well plates. After they wereutmated at 37 °C for 24 hours, 20 pL
MTT was added into 96-well plates, and the mixtwess incubated at 37 °C for 4 h.

Subsequently, we removed the medium and added RODMISO to dissolve the



MTT formazan crystal. We used a microculture platader to test each well
absorbance at a wavelength of 570 nm and a refeneavelength of 630 nm. All
experiment data was presented as the meant8eaf independent experiments.
4.11. Pharmacokinetics assay in Sorague-Dawley rats [ 62]

The pharmacokinetic parameter of male SD rats' ocumg 6] was measured by
intravenous injection and oral administration wagled. Male SD rats (n=3, 220 +
20 g) received compourg) by intravenous injection (3 mg/kg) or orally gaead.0
mg/kg). We collected a serial of samples at appabtpintervals (0.083, 0.17, 0.5, 1,
1.5, 2, 4,6, 8, 12, 24, 36 and 48 h post dosenhpBss were centrifuged at 10000 rpm
for 2 min and stored at -Z. Plasma proteins were precipitated using two meisi
of 0.5% formic acid/acetonitrile (v/v). The supdarats after centrifugation (14000
rom, 14 min) were analyzed by LC-MS/MS (Waters, AGQQY-TQ-XS). PK

parameters were calculated via DAS 2.0 softwaren@h
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Highlights

Twenty rasagiline-clorgyline hybrids were designed and synthesi zed.

All compounds were highly selective and potent hMAO-B inhibitors.

6] exhibited low nanomolar inhibition for MAO-B and good inhibition for AB1.42
aggregation.

6] showed neuroprotective effects and could penetrate the BBB.

6] had good pharmacokinetic characteristics after intravenous and orad

administrations.
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