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Abstract: BUChE inhibitors play important roles in treatmetpatients with advanced
Alzheimer’s disease (AD). A series of tricyclic
pyrazolo[1,5€][1,4]benzoxazepin-5(6H)-one derivatives were sgsibed and evaluated
as acetylcholinesterase (AChE) and butyrylcholeraste (BuChE) inhibitors. Some
derivatives showed selective BUChE inhibitory atfivwhich was influenced by the
volumes of the substituted groups at the C6 paosidaod halogen substituents at the
benzene ring of tricyclic scaffold. Among them, gmunds3f and3o with dihalogen and
6-ethyl substituent showed the most potent actiVi@so = 2.95, 2.04uM, and
mixed-type, non-competitive inhibition against BUE; hrespectively). Eutomg6R)-30
exhibited better BuChE inhibitory activity tha(6S)-30. Compound 3o exhibited
nontoxic, good ADMET properties, and remarkable roptotective activity. Docking
studies revealed the same binding orientation withe active site of target enzyme.
Compound 3o was nicely bound to BuChkia three hydrogen bonds, one Alkyl
interaction and three Pi-Alkyl interactions. Theleséve BuChE inhibitors had a

potential use in progressive neurodegenerative diso
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1. Introduction

Alzheimer's disease (AD) is a chronic neurodegéveraisease that is characterized
by progressive deterioration of memory and othg@ndove functions [1]. As summarized
in World Alzheimer Report 2016, 47 million people diving with dementia worldwide,
and this number is estimated to increase to moasm th31 million by 2050 [2].
B-Amyloid oligomerization [3], tau-protein hyperphg®rylation [4], cholinergic
dysfunction [5], and oxidative stress [6], etc. alleresponsible for pathogenesis of AD
[7]. As the most effective therapeutic strategielplinergic dysfunction hypothesis
directly contributes to cognitive decline [8]. la$ been found that amyloid protein
plagues can be caused by both cholinesterases \Oh&ised as acetylcholinesterase
(AChE) and butyrylcholinesterase (BuChE), theirilaiiors can decrease those plaques
[9]. Moreover, abnormalities in cholinergic systare also closely related to other
neurodegenerative disorders, such as PD, demeritia bewy bodies and vascular
dementia [10,11].

Therefore, administration of ChE inhibitors is a&fus approach to elevate ACh levels
within the brain [12,13]. ACh could be hydrolyzeg both AChE and BuChE, but
BuChE is less substrate specific than AChE [14].hAEévels increased 16-fold in
wild-type mice treated with a selective AChE inkibj while no increase with a selective
BuChE inhibitor [15]. AChE plays the major roletime hydrolysis of ACh in the healthy
brain, while BUChE takes over the hydrolysis of AGhhe AChE deficient brain [16,17].
In AChE deficient mice, levels of excessive hippopal ACh were alleviated by BuChE
activity [18]. To avoid the adverse effects caubgdsuppression of AChE, development
of effective and selective BUChE inhibitors to eleev ACh level in progressed AD is
potentially advantageous [19,20]. Although the abseof BUChE has no significant
adverse effects on health individuals, the recerdiig that BuChE-catalyzed ghrelin
hydrolysis influences mouse aggression and socedsmay have potential implications
for humans [21]. Marketed AD drugs except for metimenare all ChEs inhibitors, but
donepezil and galantamine are selective AChE itdribj only rivastigmine is a dual
AChE-BUChE inhibitor.

BuChE is a potential therapeutic target for respCh levels in the brain, improving



cognitive impairment, reducing adverse effectsrogpessed AD patients. Although there
are different types of scaffolds with BUChE inhitit, scaffolds of selective BuChE
inhibitors are far from abundance [22,23]. As theiltifactorial neurodegenerative

disease, another trend of AD therapy is focusedmaoitiple targeted ligands, where
mostly ChE inhibition is combined with additionablogical properties, along affecting
monoamine oxidases (MAOs) metabolism as well asoahdndrial functions, and

antioxidant properties [24—-29]. Moreover, inhibiti@f enzymatic activities of MAOs

and ChEs has been pursued to identifying novelafieartic agents with a potential
disease-modifying effect [3@2]. Thus, it is expeed to discover more and more
potential ChE inhibitors with diverse structures.

In our recent work, a novel tricyclic scaffold of
pyrazolo[1,5€][1,4]benzoxazepin-5(6H)-one was found to be a ciele hMAO-B
inhibitor [33,34], which are used alone or in condiion to treat Alzheimer's and
Parkinson’s diseases [35,36]. Based on multi-tafgeiperty of AD therapy, ChEs
inhibitory activities of this tricyclic scaffold we screened to discover novel ChE
inhibitors, but they showed weak inhibitory actie# for AChE and BuChE. When 2-aryl
group of the tricyclic scaffold was substitutedrbgthyl group, new tricyclic compounds
exhibited moderate inhibitory activities against ECland weak inhibitory activities
against MAOs. It implied that 2-substituent of ygtic scaffold may lead to the change
of enzymatic inhibitory activities between MAOs a@tEs (Fig. 1). Herein, based on
above rational analysis, a series of pyrazoloflljb;4]benzoxazepin-5(6H)-one
derivatives were designed and synthesized as se&attolinesterase inhibitors. Further,

the most potent compounds will be used to studytekminary mechanism.
(Fig. 1)

2. Results and discussion

2.1. Chemistry

According to our recent works [33,34], pyrazoloftl]fl,4]benzoxazepin-5(6H)-one

derivatives 8a—3s, as shown in Table 1) were synthesized accordintghe protocol



outlined in Scheme 1. The key intermediate 2-pyaeo(l) was obtained by the
cyclization reaction of excess hydrazine hydratéhwhe styrene ketones, which were
prepared through Claisen-Schmidt condensation distguted salicylaldehyde with
acetone. The acylaton of compound with a-bromoacyl chloride gave
2-pyrazoline-1-ethanone derivativeg).( The title compounds3a—-3s were obtained
through the cyclization reaction of compouadh the presence of NaHG@atalysis in
ethanol.The total yield was 14% — 23%. CompourBlis3x were synthesized according
to the literature procedure [34].

To further study a possible influence of chiraklityC-6 on ChE inhibitory activity, two
enantiomers of compound3o0 were synthesized by the acylation of
2-bromo-4-chloro-6-(3-methyl-4,5-dihydro-1H-pyraZslyl)phenol with chiral pure
2-chloropropionic acid and subsequent cyclizatieaction in 32% and 34% yield

respectively (Scheme 2).
(Scheme 1)
(Scheme 2)
2.2. Inhibitory activity against AChE and BuChE

The inhibitory potency of compound3a—3x was assessed by Ellman’s assay on
Electrophorus electricus AChE (EeAChE) and equin€lRE (eqBuUChE) [37]. The kg
values were obtained and compared to the referelocepezil, a selective AChE
inhibitor, which was the only one of four FDA-appeal AChEIls that simultaneously
binds to catalytic active and peripheral anioniesiproviding moderate inhibition offA
aggregation [38,39]. The kg values of all tested compounds against EeAChE and

egBuChE were summarized in Table 1.

(Table 1)

Enzymatic assays revealed that 26 tricyclic comdeusxhibited inhibitory activities
against cholinesterases, among them, some compstindsed potent BuChE inhibition.

It was obvious from the data that compour8iisand 30 exhibited the best activities



against BUChE with I€ values of 2.95 and 2.Q4Vl, respectively, surpassing that of the
positive control donepezil (Kg= 11.81uM). Inspection of the chemical structures, it can
be concluded that the BuChE inhibitory activity watated to the substituent groups at
C2, C6, C8 and C10 positions of benzoxazepinonetydrable 1). From Table 1, it is
intuitive that the volume of the substituted gratpghe C2 position of the pyrazole ring
plays an important role in the activity. The methgybup at the C2 position can increase
the inhibitory activity against BUuChE. For examptempound3b has an 16, value of
5.95uM against BUChE; when the C2 position is furan (poond3u), the inhibition
rate is 23% at 20 uM.

Compounds with halogen substituents at the benz@gein the benzoxazepinone
moiety have great influence on the BuChE inhibititor example, compound3a—30
with 8- or/and 10-halogen substitutions at the bapzring were found better in terms of
potency than the corresponding compouBuls3s with methyl or methoxyl substituents.
Compound3o with 8-bromo and 10-chloro substituents showed empotent BUChE
inhibitory activity (IGo = 2.04uM) than the non-halogen substituted compouBis3s
(inhibition rate at 20 uM < 5%).

From Table 1, it is observed that the volumes @ shibstituted groups at the C6
position of the seven-membered ring have signitigafiuences on the BUChE activity.
Along with the big substituent, the inhibitory aaty was increased significantly. When
the substituents at thR, position are H, methyl and ethyl respectively, 8eChE
inhibitory activity were increased gradually. Feaenple, compoun@a has an inhibition
31% at 20uM against BUuChE; when the, position is methyl (compoungb), the 1G,
value was changed to 5.98/4; when theR; position is ethyl (compoundc), the IGp
value was changed to 4.GKI1. This trend can also be observed among otherpoands
(39, 3h, 3i; 3j, 3k, 3I; 3m, 3n, 30 except for3e < 3d < 3f).

To observe the influence of chiral C-6 on ChE iitoity activity, enantiomer§R)-30
and 65)-3o were synthesizedRegarding BuUChE affinity, an eudismic ratio equall8
was observed for both racemates. Eutor(@R)-3o0 exhibited much better BuChE
inhibitory activity than isomer6g)-3o (ICso = 1.14 and 20.4gM, respectively).



2.3 Kinetic Study of eqBuChE inhibition

The kinetic studies for the most active compougfdand3o were carried out at three
fixed inhibitor concentrations (5 uM, 10 uM and|28). In each case, the kinetic type of
enzyme inhibition was obtained through the modifiéllman’s method and
Lineweaver—Burk secondary plots [40]. As shown iig. F2A, overlaid reciprocal
LineweaverBurk plots showed both higher slopes (decreaggg) and intercepts
(higherK,) at increasing inhibitor concentrations, a trehndttis generally ascribed to a
mixed-type inhibition. In the same way, Fig. 2B wleal all lines intersect the x-axis, it
confirmed the typical characteristics of non-contpet inhibitors. The dissociation
constant¥; for compoundsf (Fig. 2C) and3o (Fig. 2D) were estimated to be 7.60 uM
and 1.50 puM, respectively.

(Fig. 2.)

2.4 Cytotoxicity assays and Neuroprotective efégdinst HO.-induced cell death in
PC12 neurons

The differentiated PC12 cells and®3 were selected as vitro model and oxidative
agent to assess neuronal differentiation and atbarobiochemical and neurobiological
studies [41,42]. The neuroprotective activity ofmpamund 30 and donepezil against
oxidative stress-induced cell death in differeetbPC12 neurons was evaluated. Thus,
differentiated PC12 cells were pretreated withed#ht concentrations (10, 25 and\Ba)
for 3 h, before treatment with,B, (300uM), and cell viability was measured after 24 h
by using the MTT assay. As shown in Fig. 3, compub8m (3A) and donepezil (3B) at
the test concentrations (1-50 pM) had no obvioagtgtoxicity in PC-12 cells, and the
relative cell viabilities of treated cells were aibre than 90%. Neuroprotective activity
of the most potent compour3d against eqBuChE was assessed by subjecting PG42 ce
to H,Oz-induced damage. As shown in Fig. 4, the perceretfviability was calculated
in comparison to control group. CompouBld exhibited remarkable neuroprotective

activity at 25uM (cell viability = 70%, ang < 0.05vs H,O, treatment alone).



(Fig. 3.)
(Fig. 4.)
2.5. Oil/water partition coefficient assessment &RMET prediction

To evaluate the drug-like properties of active coommls, Lipinski's rule of five were
used to predict the ADME profiles for active compds, i.e., log P (o/w) (octanol-water
partition coefficient), number of hydrogen bond doatom, number of hydrogen bond
acceptor atom, et al. As an important parameteredict the ability to cross blood-brain
barrier (BBB), the log P with the optimum centralvous system penetration was around
2.0 £ 0.7 [43,44]. The log P values of compoufls3c, 3f, 3i, 3l, 3n and3o were 2.49,
1.12, 1.08, 1.05, 1.11, 2.18 and 1.57, respecti(&ple 2), which suggested that the
active compounds are lipophilicity (log P < 5).

The ADMET properties were considered critical paggars for drug candidates [45].
The active compounds were analyzed with the ADMEEdetion tools of DS 2017R2.
As shown in Table 3 and Fig. 5, they showed goosbadtion, good solubility, and
medium to high penetrant. Predicted ADMET propsrté active compounds are in an
agreement with the log P values. These resultsatel that compoundh and3o were

possible sufficiently lipophilic to pass the BBBvivo.
(Table 2)
(Table 3)

2.6. Molecular docking

In order to gain more understanding of the strctactivity relationships for the
BuChE, based on the X-ray crystal structure of huBaChE HBuChE PDB ID: 1POI),
molecular docking was performed on the binding rhadgeéng the Discovery Studio
2017R2 software [46,47]. The docking calculationcompounds3a—30, (6R)-30 and
(6S)-30 was depicted in Table 4, the results showed thatpounds3a—3o, (6R)-30 and
(6S)-30 had nice binding affinity to BuChE and their



CDOCKER_INTERACTION_ENERGY had the same trend as BuChE inhibitory
activities, which further proved the correlatioriiaeen the BuChE inhibitory activity and
binding energy.

(Table 4)

Among them, compound 30 showed the maximum
-CDOCKER_INTERACTION_ENERGY, which suggested thatwias mostly easy to
bind to BUChE. The 2D and 3D binding models of comp 30 with BUChE were
depicted in Fig. 6. The amino acid residues whiatl imteractions with BUChE as well as
bond lengths were labeled. In the binding modedsnmound3o was nicely bound to
BuChE via three hydrogen bonds with His438 (distarc2.36 A), Gly116 (distance
3.04 A) and Ser198 (distanee2.85 A). Specifically, two conventional hydrogennkio
interactions arose between the C=0 group at thed@3&ion of ligand3o and the NH
groups of His438 and Glyl116. Moreover, carbon hgdrobond interaction also arose
between the C=0O group of ligan8 and the CH group of Serl98. The above
observations can explain the potent BUChE inhibitad compound3o. In addition,
compound3o was also nicely bound to BuCh#&a one Alkyl interaction and three
Pi-Alkyl interactions. The Alkyl interaction was rfoed between the end group of
Leul25 and bromine, which increased inhibitory\aintis by strengthening the binding
affinity. Three Pi-Alkyl interactions were formeetween the end group of Trp82 and the
methyl of the C6 position and 8-bromo substitu&otthermore, the H-bonds surface of
compound3o and receptor BUChE was also depicted in Fig. 7.s@&hdocking results,
along with the biological assay data, suggested ¢bapound3o possessed higher
inhibitory activity than other compounds, which Miklp us carry out the next structure

optimization.



(Fig. 6.)
(Fig. 7.)

3. Conclusions

In this work, we reported design and synthesis of series of
pyrazolo[1,5€][1,4]benzoxazepin-5(6H)-one derivatives and evadan vitro AChE
and BuChE activities. Some derivatives showed seee8uChE inhibitory activity. The
SARs analysis showed that the volumes of the dubsdi groups at the C6 position and
halogen substituent at the benzene ring have gignifinfluences for the BuChE activity.
Among them, compoundsearing dihalogen and 6-ethyl substituent showed ntost
potent activity (1Go = 2.95 and 2.04M, respectively). Eutomg6R)-30 exhibited much
better BUChE inhibitory activity than isome6S)-30 (ICsp = 1.14 and 20.42M,
respectively). Kinetic studies on substrate-enzyalationship revealed that compounds
3f and3o showed mixed-type and non-competitive inhibitigaiast BUChE I; = 7.60
and 1.50uM, respectively). The active compounds were foumdé nontoxic at their
effective concentrations against BUuChE and to lgnadl ADMET property predictions.
Compound 30 demonstrated remarkable neuroprotective activitypcking studies
showed that these potent compounds had same bindemgation within the active site
of target enzyme. Compour@b was nicely bound to BuChféa three hydrogen bonds
with His438, Gly116 and Ser198, one Alkyl interaatiand three Pi-Alkyl interactions.
The active compounds are selective BUChE inhibitwith a potential use against

progressive neurodegenerative disorder.

4. Experimental section

4.1. Chemistry

All reagents were purchased from commercial souaceswere used without further
purification. Melting points (uncorrected) were e@hined on a XT4MP apparatus (Taike
Corp., Beijing, China)*H NMR and™C NMR spectra were recorded on Bruker AV-600 or



AV-300 MHz instruments in CDGI Chemical shifts are reported in parts per mill{gn

downfield from the signal of tetramethylsilane (TM&s internal standards. Coupling
constants are reported in Hz. The multiplicity efided bys (singlet), d (doublet),t

(triplet), orm (multiplet). Optical rotationsWZZ-2S digital automatic polarimeter. High
resolution mass spectra (HRMS) were obtained orAgitent 1260-6221 TOF mass
spectrometry. Column and thin-layer chromatograg®C and TLC, resp.) were
performed on silica gel (200-300 mesh) and siliea@Fs4 (Qingdao Marine Chemical

Factory) respectively.

4.1.1. General procedure for the preparation of ponmds3a—3s

To a solution of salicylaldehyde (10 mmol) in acet¢20 mL) was added 40% NaOH
agueous solution (2 mL) dropwise and the reacti@as watirred at 60 °C for 2 h. The
mixture was poured into cold water and neutralizgtt 2 M HCI to a pH in the range of
5~6. The resulting precipitate was collected, wdskhgth water and dried to give
chalconesThe chalcone was treated with 5 times excess afdayte hydrate in ethanol
and refluxed for 5 h. The reaction mixture was theared into ice-cold water. The solid
was filtered, washed and recrystallized from eth&mafford respective pyrazolin@)( A
solution of compound in CH,CI;, (20 mL) was added-bromoacyl! chloride (5.0 mmol)
and 4-dimethylaminopyridine (6.0 mmol) and the tmacwas stirred overnight. The
reaction mixture was washed with water and brineeddwith anhydrous N&O,,
filtrated and concentrateid vacuo The resulting residue was then purified by column
chromatography to give produztNaHCGQ (3.0 mmol) was added to athanol (20 mL)
solutionof compound (2.0 mmol), then the reaction mixture was stira¢@0 °C until
the disappearance of starting material (monitorngd IbC). EtOAc (100 mL) was added
to the reaction mixture, then washed with water lamae, dried with anhydrous B&O;,
filtrated and concentrateith vacuo The residue was purified by chromatography on a

silica gel column (petroleum/EtOAc, 12 1:2) to give title compound3a—3s.

4.1.1.1.
8,10-Dichloro-2-methyl-1,11b-dihydro-pyrazolo[1,f44]benzoxazepin-5(6H)-onE3a).
White powder, yield, 20%; m.p. 217-2196; NMR (300 MHz, CDC}) 6 7.46 (d,J =



2.0 Hz, 1H), 7.14 (s, 1H), 5.83 (m, 1H, 11b-H),15(@,J = 16.8 Hz, 1H, 6-Hb), 4.43 (d,
J=16.8 Hz, 1H, 6-Ha), 3.42 (dd= 17.9, 9.1 Hz, 1H, 1-Hb), 3.27 (d#i= 17.9, 11.4 Hz,
1H, 1H-a), 2.23 (s, 3H, 2-G TOF-HRMS:m/z[M + Na]" calcd for G,H1oCloNoNaOy:
307.0012; found: 307.0014.

4.1.1.2.

8,10-Dichloro-2-methyl-6-methyl-1,11b-dihydro-pyoa¥ 1,5-d][1,4]benzoxazepin-5(6H
)-one (3b). White powder, yield, 18%:; m.p. 228-230°tEf NMR (600 MHz, CDC}) ¢
7.43 (d,J = 2.2 Hz, 1H), 7.08 (d] = 1.8 Hz, 1H), 5.69 () = 10.6 Hz, 1H, 11b-H), 5.10
(9,J = 6.9 Hz, 1H, 6-Hb), 3.34 (dd,= 10.5, 4.6 Hz, 2H, 1-H), 2.20 (s, 3H, 2-QHL.57

(s, 3H, 6-CH); *C NMR (150 MHz, CDGJ) ¢ 166.6, 157.8, 150.3, 132.6, 130.3, 129.4,
129.1, 124.8, 78.3 (C-6), 57.3 (11b-C), 42.0 (C-1).3 (6-CH), 16.2 (2-CH).
TOF-HRMS:m/z[M + NaJ" calcd for GsH1,Cl,N2NaG,: 321.0168; found: 321.0166.

4.1.1.3.

8,10-Dichloro-6-ethyl-2-methyl-1,11b-dihydro-pyré&zd ,5-d][1,4]benzoxazepin-5(6H)-
one (3c). White powder, yield, 17%; m.p. 219-221° NMR (300 MHz, CDC}) &
7.37 (d,J = 2.1 Hz, 1H), 6.98 (d] = 1.6 Hz, 1H), 5.71 (t) = 10.6 Hz, 1H, 11b-H), 4.58
(t, J= 6.5 Hz, 1H, 6-Ha), 3.50 (dd,= 17.4, 11.1 Hz, 1H, 1-Hb), 3.24 (d#i= 17.6, 10.0
Hz, 1H, 1-Ha), 2.16 (s, 3H, 2-GH 2.14 — 2.01 (m, 2H, 6H,CHs), 1.14 (t,J = 7.4 Hz,
3H, 6-CHCHs). TOF-HRMS: m/z [M + NaJ" calcd for G4H14CloN2NaQ,: 335.0325;
found: 335.0323.

4.1.1.4.
8,10-Dibromo-2-methyl-1,11b-dihydro-pyrazolo[1,94}]|benzoxazepin-5(6H)-one
(3d). White powder, yield, 21%; m.p. 223-225%€t NMR (300 MHz, CDC}) 6 7.76 (d,
J=1.9 Hz, 1H), 7.31 (s, 1H), 5.83 (m, 1H, 11b-bN0O (d,J = 16.8 Hz, 1H, 6-Hb), 4.44
(d,J =16.8 Hz, 1H, 6-Ha), 3.42 (dd~= 18.0, 8.9 Hz, 1H, 1-Hb), 3.27 (d#i= 18.0, 11.4
Hz, 1H, 1-Ha), 2.23 (s, 3H, 2-GH *C NMR (75 MHz, CDCJ) 6 163.5, 157.6, 153.9,
136.2, 134.8, 127.2, 118.5, 117.8, 71.5 (C-6), §2¥-C), 39.5 (C-1), 16.2 (2-GH
TOF-HRMS:m/z[M + Na]" calcd for G,H10BroNoNaQy: 394.9001; found: 394.9002.



4.1.1.5.
8,10-Dibromo-2-methyl-6-methyl-1,11b-dihydro-pyraib,5-d][1,4]benzoxazepin-5(6H
)-one (3e). White powder, yield, 18%; m.p. 243—-245°t NMR (300 MHz, CDC}) 6
7.72 (d,J=1.9 Hz, 1H), 7.25 (d] = 1.1 Hz, 1H), 5.68 (t) = 10.7 Hz, 1H, 11b-H), 5.07
(g, J = 6.9 Hz, 1H, 6-Hb), 3.34 (d, = 10.6 Hz, 2H, 1-H), 2.19 (s, 3H, 2-GH1.62 (s,
3H, 6-CHy); *C NMR (75 MHz, CDCY) ¢ 166.5, 158.0, 152.0, 135.9, 132.2, 128.6,
118.4, 116.6, 78.0 (C-6), 57.4 (11b-C), 42.4 (C-1).3 (6-CH), 16.2 (2-CH).
TOF-HRMS:m/z[M + Na]J" calcd for GsH1,BrN.NaQ,: 408.9158; found: 408.9160.

4.1.1.6.
8,10-Dibromo-6-ethyl-2-methyl-1,11b-dihydro-pyrad®l5-d][1,4]benzoxazepin-5(6H)-
one(3f). White powder, yield, 20%; m.p. 224—226°€; NMR (300 MHz, CDC}) § 7.66
(d,J=1.7 Hz, 1H), 7.14 (d] = 1.3 Hz, 1H), 5.72 (t) = 10.6 Hz, 1H, 11b-H), 4.56 (dd,
= 7.6, 5.5 Hz, 1H, 6-Ha), 3.52 (ddi= 17.6, 11.2 Hz, 1H, 1-Hb), 3.23 (d#i= 17.7, 9.8
Hz, 1H, 1-Ha), 2.15 (s, 3H, 2-GH 2.09 (m, 2H, 82H,CHs), 1.15 (t,J = 7.4 Hz, 3H,
6-CH,CHs). TOF-HRMS:m/z[M + Na]" calcd for G4H14BroNo.NaQ,: 422.9314; found:
422.9311.

4.1.1.7. 10-Chloro-2-methyl-1,11b-dihydro-pyrazdl®-d][1,4]benzoxazepin-5(6H)-one
(3g). White powder, yield, 23%; m.p. 186-188°%) NMR (300 MHz, CDCJ) ¢ 7.35
(dd,J = 8.5, 2.3 Hz, 1H), 7.21 (d,= 2.0 Hz, 1H), 7.14 (d] = 8.5 Hz, 1H), 5.85-5.73 (m,
1H, 11b-H), 4.96 (dJ = 16.6 Hz, 1H, 6-Hb), 4.39 (d,= 16.6 Hz, 1H, 6-Ha), 3.44 (dd,
= 17.9, 9.3 Hz, 1H, 1-Hb), 3.26 (dd= 17.9, 11.3 Hz, 1H, 1-Ha), 2.23 (s, 3H, 24H
13C NMR (75 MHz, CDCY) § 164.1, 157.9, 156.7, 132.7, 130.7, 130.6, 1223,1], 72.8
(C-6), 55.8 (11b-C), 39.7 (C-1), 16.2 (2-@HTOF-HRMS:m/z [M + Na]" calcd for
C12H11CINoNaG,: 273.0401; found: 273.0394.

4.1.1.8.
10-Chloro-2-methyl-6-methyl-1,11b-dihydro-pyrazdl@-d][1,4]benzoxazepin-5(6H)-on
e (3h). White powder, yield, 21%; m.p. 199—202°(t NMR (300 MHz, CDC}) 6 7.24



(d,J = 2.3 Hz, 1H), 7.13 (d] = 1.7 Hz, 1H), 6.98 (d] = 8.6 Hz, 1H), 5.74 (t] = 10.5 Hz,
1H, 11b-H), 4.95 (gJ = 6.8 Hz, 1H, 6-Hb), 3.36 (d,= 11.4 Hz, 2H, 1-H), 2.18 (s, 3H,
2-CHs), 1.52 (d,J = 6.8 Hz, 3H, 6-Ch); °C NMR (75 MHz, CDC}) § 166.8, 157.9,
154.1, 130.3, 129.5, 129.0, 126.4, 123.90, 76.B)(7.5 (11b-C), 42.6 (C-1), 17.4
(6-CHg), 16.2 (2-CH). TOF-HRMS:m/z[M + H]" calcd for GsH14CIN,O,: 265.0738;
found: 265.0739.

4.1.1.9.
10-Chloro-6-ethyl-2-methyl-1,11b-dihydro-pyrazol@id][1,4]benzoxazepin-5(6H)-one
(3i). White powder, yield, 19%; m.p. 188—190°€t NMR (300 MHz, CDC}) ¢ 7.23 (dd,
J=8.7, 2.2 Hz, 1H), 7.10 (s, 1H), 7.00 M= 8.6 Hz, 1H), 5.74 (t) = 10.5 Hz, 1H,
11b-H), 4.59 (ddJ = 9.4, 4.0 Hz, 1H, 6-Ha), 3.42 (d#l= 17.7, 11.1 Hz, 1H, 1-Hb), 3.30
(dd,J=17.7,9.9 Hz, 1H, 1-Ha), 2.17 (s, 3H, 24}2.10 (ddd,) = 14.7, 7.5, 4.1 Hz, 1H,
6-CH,CHz), 1.92-1.72 (m, 1H, 6H,CHs), 1.11 (t,J = 7.4 Hz, 3H, 6-ChCHs); °C
NMR (75 MHz, CDCY}) ¢ 166.3, 157.9, 154.8, 129.4, 128.4, 126.8, 12300,5, 81.3
(C-6), 57.9 (11b-C), 43.5 (C-1), 24.0 @4,CH3), 16.1 (2-CH), 10.4 (6-CHCHs).
TOF-HRMS:m/z[M + H]" calcd for G4H16CIN,O,: 279.0895; found: 279.0896.

4.1.1.10.

10-Bromo-2-methyl-1,11b-dihydro-pyrazolo[1,5-d][lhénzoxazepin-5(6H)-one (3)).
White powder, yield, 17%; m.p. 214—216°€t NMR (300 MHz, CDCY) 6 7.50 (ddJ =
8.5, 1.8 Hz, 1H), 7.36 (s, 1H), 7.08 (t= 8.5 Hz, 1H), 5.86 — 5.75 (m, 1H, 11b-H), 4.97
(d,J = 16.6 Hz, 1H, 6-Hb), 4.40 (d,= 16.6 Hz, 1H, 6-Ha), 3.45 (dd,= 17.9, 9.4 Hz,
1H, 1-Hb), 3.26 (ddJ = 18.0, 11.3 Hz, 1H, 1-Ha), 2.23 (s, 3H, 2-BHC NMR (75
MHz, CDCk) 6 163.9, 157.7, 157.0, 133.4, 132.9, 128.0, 12318, 72.5 (C-6), 55.6
(11b-C), 39.5 (C-1), 16.1 (2-GH TOF-HRMS: m/z [M + Na]" calcd for
C12H11BrN2NaG,: 316.9896; found: 316.9899.

4.1.1.11.
10-Bromo-2-methyl-6-methyl-1,11b-dihydro-pyrazol6fdl][1,4]benzoxazepin-5(6H)-on
e (3k). White powder, yield, 18%; m.p. 218—220°t&t NMR (300 MHz, CDC}) 6 7.39



(dd,J = 8.5, 2.1 Hz, 1H), 7.27 (s, 1H), 6.92 & 8.6 Hz, 1H), 5.74 (J = 10.5 Hz, 1H,
11b-H), 4.94 (gqJ = 6.8 Hz, 1H, 6-Hb), 3.46-3.24 (m, 2H, 1-H), 2(3 3H, 2-CH),
1.52 (d,J = 6.8 Hz, 3H, 6-Ch); *C NMR (75 MHz, CDC}) 6 166.5, 157.8, 154.5, 132.3,
130.4, 129.2, 124.0, 116.1, 75.9 (C-6), 57.3 (1}1b42.6 (C-1), 17.2 (6-C¥), 16.0
(2-CHs). TOF-HRMS: m/z [M + H]® caled for GsH1BrN,O,: 309.0233; found:
309.0241.

4.1.1.12.
10-Bromo-6-ethyl-2-methyl-1,11b-dihydro-pyrazol&ft][1,4]benzoxazepin-5(6H)-one
(3). White powder, yield, 16%; m.p. 195-198°€t NMR (300 MHz, CDC}) ¢ 7.37 (dd,
J=8.6, 2.2 Hz, 1H), 7.24 (s, 1H), 6.94 W= 8.6 Hz, 1H), 5.74 (t) = 10.5 Hz, 1H,
11b-H), 4.58 (ddJ = 9.4, 4.0 Hz, 1H, 6-Ha), 3.43 (dil= 17.6, 11.1 Hz, 1H, 1-Hb), 3.30
(dd,J = 17.6, 10.0 Hz, 1H, 1-Ha), 2.17 (s, 3H, 24H.14-2.01 (m, 1H, &H,CHs),
1.91-1.76 (m, 1H, &H,CHj3), 1.11 (t,J = 7.4 Hz, 3H, 6-CHCH3). TOF-HRMS:m/z[M

+ HJ" calcd for G4H16BrN»O,: 323.0390; found: 323.0388.

4.1.1.13.
8-Bromo-10-chloro-2-methyl-1,11b-dihydro-pyrazol&-][1,4]benzoxazepin-5(6H)-on
e (3m). White powder, yield, 15%; m.p. 218-221°€ NMR (300 MHz, CDC}) ¢ 7.61
(d,J=2.3Hz, 1H), 7.18 (d] = 2.1 Hz, 1H), 5.83 (dd] = 11.2, 9.0 Hz, 1H, 11b-H), 4.99
(d,J = 16.8 Hz, 1H, 6-Hb), 4.44 (d,= 16.8 Hz, 1H, 6-Ha), 3.42 (dd,= 18.1, 8.9 Hz,
1H, 1-Hb), 3.27 (ddJ = 18.0, 11.3 Hz, 1H, 1-Ha), 2.22 (s, 3H, 2-EHC NMR (75
MHz, CDCk) ¢ 163.5, 157.7, 153.4, 134.4, 133.4, 131.3, 12413,4 71.6 (C-6), 55.9
(11b-C), 39.5 (C-1), 16.2 (2-GH TOF-HRMS:m/z[M + H]" calcd for G,H11BrCIN,O:
328.9687; found: 328.9692.

4.1.1.14.
8-Bromo-10-chloro-2-methyl-6-methyl-1,11b-dihydsgrgrolo[1,5-d][1,4]benzoxazepin-
5(6H)-one(3n). White powder, yield, 16%; m.p. 205-207°€t NMR (300 MHz, CDC})
0 7.58 (dJ=2.3 Hz, 1H), 7.12 (d] = 2.2 Hz, 1H), 5.68 () = 10.6 Hz, 1H), 5.08 (d} =
6.9 Hz, 1H, 6-Hb), 3.34 (dl = 10.6 Hz, 2H, 1-H), 2.20 (s, 3H, 2-G}H1.61 (d,J =6.9



Hz, 3H, 6-CH); *C NMR (75 MHz, CDC}) 6 166.60, 157.9, 151.5, 133.2, 131.9, 129.5,
125.7, 118.1, 78.2 (C-6), 57.5 (11b-C), 42.3 (C-1y.4 (6-CH), 16.2 (2-CH).
TOF-HRMS:m/z[M + H]" calcd for GsH13BrCIN,O,: 342.9843; found: 342.9847.

4.1.1.15.
8-Bromo-10-chloro-6-ethyl-2-methyl-1,11b-dihydragmolo[1,5-d][1,4]benzoxazepin-5(
6H)-one(30). White powder, yield, 14%; m.p. 227—-229°€t NMR (300 MHz, CDC})

0 7.52 (ddJ = 2.4, 0.5 Hz, 1H), 7.01 (dd,= 2.4, 0.8 Hz, 1H), 5.72 (dd,= 10.9, 10.3
Hz, 1H, 11b-H), 4.56 (dd] = 7.5, 5.5 Hz, 1H, 6-Ha), 3.52 (dd= 17.5, 11.2 Hz, 1H,
1-Hb), 3.23 (ddJ = 16.8, 10.0 Hz, 1H, 1-Ha), 2.15 (s, 3H, 24;H2.13-2.03 (m, 2H,
6-CH,CHs), 1.15 (t,J = 7.4 Hz, 3H, 6-ChCHs); **C NMR (75 MHz, CDC}) 6 165.8,
157.8, 152.6, 132.8, 128.8, 127.8, 126.8, 115.%4®BIC-6), 58.76 (11b-C), 45.3 (C-1),
23.9 (6€CH,CHs), 16.1 (2-CH), 10.3 (6-CHCHjz). TOF-HRMS:m/z[M + H]" calcd for
C14H15BrCIN,O,: 342.9843; found: 342.9847.

4.1.1.16.
8-Methoxy-2-methyl-1,11b-dihydro-pyrazolo[1,5-d}flhenzoxazepin-5(6H)-one (3p).
White powder, yield, 19%; m.p. 180—-182° NMR (300 MHz, CDC{) ¢ 7.17 (t,J =
8.0 Hz, 1H), 6.99 (d) = 8.1 Hz, 1H), 6.83 (d] = 7.8 Hz, 1H), 5.95- .82 (m, 1H, 11b-H),
4.99 (d,J = 16.8 Hz, 1H, 6-Hb), 4.40 (d,= 16.8 Hz, 1H, 6-Ha), 3.90 (s, 3HQBL),
3.49 (ddJ = 18.0, 9.0 Hz, 1H, 1-Hb), 3.22 (d#i= 18.0, 11.4 Hz, 1H, 1-Ha), 2.21 (s, 3H,
2-CHg). TOF-HRMS:m/z[M + H]" calcd for GaH1sN-Os: 247.1077; found: 247.1085.

4.1.1.17.
8-Methoxy-2-methyl-6-methyl-1,11b-dihydro-pyraz|bfd][1,4]benzoxazepin-5(6H)-0
ne (3q). White powder, yield, 19%; m.p. 172—-174°€t NMR (300 MHz, CDC}) ¢ 7.14
(t, J=8.0 Hz, 1H), 6.97 (dl = 8.2 Hz, 1H), 6.82 (dl = 7.8 Hz, 1H), 5.76 (1] = 10.7 Hz,
1H, 11b-H), 5.13 (qJ = 7.1 Hz, 1H, 6-Hb), 3.88 (s, 3H,GB), 3.45 (ddJ = 17.7, 10.4
Hz, 1H, 1-Hb), 3.22 (dd) = 17.6, 11.2 Hz, 1H, 1-Ha), 2.20 (s, 3H, 24H.50 (d,J =
7.0 Hz, 3H, 6-CH). TOF-HRMS:m/z[M + H]" calcd for G4H17N,03: 261.1234; found:
261.1244.



4.1.1.18.
2-Methyl-10-methyl-1,11b-dihydro-pyrazolo[1,5-d#lhenzoxazepin-5(6H)-one (3r).
White powder, yield, 21%; m.p. 176-178°€t NMR (300 MHz, CDC}) 6 7.17 (d,J =
8.1 Hz, 1H), 7.07 (dJ = 8.1 Hz, 1H), 7.02 (s, 1H), 5.89 — 5.74 (m, 1#H-H), 4.95 (d,]
= 16.7 Hz, 1H, 6-Hb), 4.37 (d,= 16.7 Hz, 1H, 6-Ha), 3.51 (dd,= 17.9, 9.5 Hz, 1H,
1-Hb), 3.21 (ddJ = 17.9, 11.3 Hz, 1H, 1-Ha), 2.36 (s, 3H, 104k2.22 (s, 3H, 2-Ckj.
TOF-HRMS:m/z[M + H]" calcd for GaH1sN2O5: 231.1128; found: 231.1123.

4.1.1.19.
2-Methyl-6-methyl-10-methyl-1,11b-dihydro-pyrazdl&fd][1,4]benzoxazepin-5(6H)-on
e (3s). White powder, yield, 20%; m.p. 146—-148° NMR (300 MHz, CDC}) 6 7.09
(d,J=8.1Hz, 1H), 6.94 (d] = 8.2 Hz, 2H), 5.75 (] = 10.6 Hz, 1H, 11b-H), 4.96 (4,
= 6.9 Hz, 1H, 6-Hb), 3.42 (dd,= 17.8, 10.1 Hz, 1H, 1-Hb), 3.30 (di= 17.4, 11.0 Hz,
1H, 1-Ha), 2.34 (s, 3H, 10-G} 2.18 (s, 3H, 2-Chj, 1.49 (d,J = 6.9 Hz, 3H, 6-Ch);
3C NMR (75 MHz, CDCJ) 6 167.5, 158.0, 152.9, 133.7, 130.1, 129.0, 1262,7], 76.4
(C-6), 57.7 (11b-C), 42.0 (C-1), 21.2 (10-gHL7.7 (6-CH), 16.3 (2-CH). TOF-HRMS:
m/z[M + H]" calcd for GsH17N,0,: 245.1285; found: 245.1291.

4.1.2. General procedure for the preparation of poomds3t—3x

To a solution of aromatic methyl ketones (10 mnaol)l salicylaldehyde (11 mmol) in
ethanol (20 mL) was added 40% NaOH solution (2 ehigpwise and the reaction was
carried out at 60 °C for 5 h. The mixture was pdur¢o cold water and neutralized with
2 M HCI to a pH in the range of 5~6. The resultprgcipitate was collected, washed
with water and dried to give chalcon@se chalcone was treated with 5 times excess of
hydrazine hydrate in ethanol and refluxed for Jle reaction mixture was then poured
into ice-cold water. The solid was filtered, wasledl recrystallized from ethanol to
afford respective pyrazolind), A solution of compound in CH,Cl, (20 mL) was added
a-bromoacyl chloride (4.0 mmol) and 4-dimethylamigiogine (5.0 mmol) and the
reaction was stirred overnight. The reaction mixturas washed with water and brine,

dried with anhydrous N&Q,, filtrated and concentrated vacuo The resulting residue



was then purified by column chromatography to gikeduct2. NaHCQ (3.0 mmol) was
added to arethanol (20 mL) solutiorof compound2 (2.0 mmol), then the reaction
mixture was stirred at 70 °C until the disappeagaoicstarting material (monitored by
TLC). EtOAc (100 mL) was added to the reaction mmgt then washed with water and
brine, dried with anhydrous MaO,, filtrated and concentrated in vacuo. The residas
purified by column chromatography (petroleum/EtOALl — 1:2) to give title
compoundst—3x.

4.1.2.1. 10-Bromo-2-furan-1,11b-dihydro-pyrazol&ft][1,4]benzoxazepin-5(6H)-one
(3t). White powder, yield, 13%: m.p. 213-215°%Et NMR (300 MHz, CDCJ) 6 7.60 (d,

J = 1.5 Hz, 1H, Fu-H), 7.52 (dd,= 8.5, 2.2 Hz, 1H, Ar-H), 7.43 (d, = 1.8 Hz, 1H,
Fu-H), 7.16-7.05 (m, 2H, Ar-H), 6.58 (ddi= 3.5, 1.7 Hz, 1H, Fu-H), 5.99— .85 (m, 1H,
11b-H), 5.02 (dJ = 16.7 Hz, 1H, 6-Hb), 4.45 (d,= 16.6 Hz, 1H, 6-Ha), 3.83 (dd,=
17.7, 9.3 Hz, 1H, 1-Hb), 3.67 (dd,= 17.7, 11.5 Hz, 1H, 1-Ha}*C NMR (75 MHz,
CDCly) ¢ 164.2, 157.0, 147.8, 146.3, 145.2, 133.6, 1322B.11, 123.3, 118.2, 113.4,
112.5, 72.8 (C-6), 55.5 (11b-H), 35.4 (C-1). TOFMI® m/z [M + H]* calcd for
C1sH1,BrN,Os: 347.0026; found: 347.0029.

4.1.2.2.

8,10-Dichloro-2-furan-6-methyl-1,11b-dihydro-pyrdaid ,5-d][1,4]benzoxazepin-5(6H)-
one (3u). White powder, yield, 15%; m.p. 249-253°%) NMR (300 MHz, CDC}) ¢
7.58 (s, 1H, Fu-H), 7.45 (d,= 2.1 Hz, 1H, Ar-H), 7.17 (s, 1H, Fu-H), 7.09 {d; 3.4 Hz,
1H, Ar-H), 6.62 — 6.53 (m, 1H, Fu-H), 5.81 Jt= 10.7 Hz, 1H, 11b-H), 5.17 (4,= 7.0
Hz, 1H, 6-Hb), 3.74 (dd) = 10.7, 3.4 Hz, 2H, 1-H), 1.62 (d,= 7.0 Hz, 3H, 6-Ch).
TOF-HRMS:m/z[M + H]" calcd for G¢H13CIoN,03: 351.0298; found: 351.0302.

4.1.2.3.
8,10-Dibromo-2(4-fluoro-pheny)-1,11b-dihydro-pyrazolo[1,5-d][1,4]benzoxazepin-5(6
H)-one(3v). White powder, yield, 12%; m.p. 276—279°€t NMR (300 MHz, CDC}) ¢
7.91 (dd,J = 7.7, 5.4 Hz, 2H), 7.79 (s, 1H), 7.39 (s, 1HU6/(t,J = 8.2 Hz, 2H),
6.09-5.93 (m, 1H, 11b-H), 5.06 (d,= 16.8 Hz, 1H, 6-Hb), 4.50 (d, = 16.8 Hz, 1H,



6-Ha), 3.80 (ddJ = 17.5, 8.9 Hz, 1H, 1-Hb), 3.69 (d#i= 17.6, 11.5 Hz, 1H, 1-HaJ’C
NMR (75 MHz, CDC}) ¢ 163.8, 154.9, 153.9, 136.4, 134.6, 129.7, 12728,71, 118.7,
117.8, 116.4, 116.1, 71.8 (C-6), 56.4 (11b-H), 3&6l). TOF-HRMS:m/z[M + Na]
calcd for G/H11BroFNoNaQy,: 474.9064; found: 474.9066.

4.1.2.4.
10-Bromo-2¢4-fluoro-pheny)-1,11b-dihydro-pyrazolo[1,5-d][1,4]benzoxazepin-Bij6o
ne (3w). White powder, yield, 14%; m.p. 181-184°&) NMR (300 MHz, CDC)) &
7.97-7.83 (m, 2H), 7.52 (dd, = 8.5, 2.2 Hz, 1H), 7.44 (s, 1H), 7.21-6.92 (m,),3H
6.05-5.89 (m, 1H, 11b-H), 5.03 (d,= 16.7 Hz, 1H, 6-Hb), 4.47 (d, = 16.7 Hz, 1H,
6-Ha), 3.82 (ddJ = 17.4, 9.3 Hz, 1H, 1-Hb), 3.68 (dd,= 17.4, 11.5 Hz, 1H, 1-Ha).
TOF-HRMS:m/z[M + H]" calcd for G7H13BrFN,O,: 375.0139; found: 375.0130.

4.1.2.5.
10-Chloro-2{4-fluoro-pheny)-1,11b-dihydro-pyrazolo[1,5-d][1,4]benzoxazepin-Bjeo
ne (3x). White powder, yield, 12%; m.p. 209-211°8&4 NMR (300 MHz, CDCJ) §
7.99-7.86 (m, 2H), 7.42-7.27 (m, 2H), 7.15Jt= 8.7 Hz, 3H), 6.03-5.89 (m, 1H,
11b-H), 5.02 (dJ = 16.7 Hz, 1H, 6-Hb), 4.45 (d,= 16.7 Hz, 1H, 6-Ha), 3.82 (dd,=
17.4, 9.3 Hz, 1H, 1-Hb), 3.68 (dd,= 17.4, 11.5 Hz, 1H, 1-Ha). TOF-HRMBVz[M +
H]" calcd for G7H13CIFN,O,: 331.0644; found: 331.0650.

4.1.3. General procedure for the preparation of poomds(6R)-30 and(6S)-30

To a CHCI, 5 mL) solution of
2-bromo-4-chloro-6-(3-methyl-4,5-dihydro-1H-pyraZslyl)phenol (150 mg, 0.52 mmol)
was added 2-chloropropionic acid (67 mg, 0.55 mpeDCHCI (195 mg, 1.0 mmol)
and HOBt (135 mg, 1.0 mmol), the mixture was stirB0 min at room temperature.
After NEt; (140puL) was added, the reaction solution was stirredrugat. The mixture
was washed twice with water, dried with JS&, filtered, and concentratdd vacuo
The residue was dissolved in ethanol (10 mL), Nak(82@ mg, 1.0 mmol) was added to
the solution. The reaction mixture was stirred &8 °C until the disappearance of

starting material (TLC monitoring). EtOAc (100 mips added to the reaction mixture,



then washed with water and brine, dried with anbydr NaSQ,, filtrated and
concentratedin vacuo The residue was purified by column chromatography
(petroleum/EtOAC, 1:1 1:3) to give enantiomel$R)-3o0 and(6S)-3o.

4.1.3.1.
8-Bromo-10-chloro-6R-ethyl-2-methyl-1,11b-dihydsegrolo[1,5-d][1,4]benzoxazepin-
5(6H)-one((6R)-30). White powder, yield, 32%[a]?’ =-202° ¢ = 0.164, CHGJ); m.p.
219-221°C}H NMR (600 MHz, CDC}) § 7.51 (d,J = 1.8 Hz, 1H), 7.00 (s, 1H), 5.71 (t,
J=10.6 Hz, 1H, 11b-H), 4.55 (dd~= 8.1, 4.9 Hz, 1H, 6-Ha), 3.52 (d#l= 17.5, 11.2 Hz,
1H, 1-Hb), 3.22 (ddJ = 17.4, 10.0 Hz, 1H, 1-Ha), 2.15 (s, 3H, 242.13-2.03 (m, 2H,
6-CH,CHg), 1.13 (t,J = 7.4 Hz, 3H, 6-ChKCHj).

4.1.3.2.
8-Bromo-10-chloro-6S-ethyl-2-methyl-1,11b-dihydyegzolo[1,5-d][1,4]benzoxazepin-
5(6H)-one((6S)-30). White powder, yield, 34%[a]?’ = +167° ¢ = 0.154, CHGJ); m.p.
215-218°C;H NMR (600 MHz, CDC}) 6 7.5¢2 (d,J = 2.0 Hz, 1H), 7.00 (s, 1H), 5.71 (t,
J=10.6 Hz, 1H, 11b-H), 4.55 (dd= 8.2, 4.9 Hz, 1H, 6-Ha), 3.56 — 3.47 (m, 1H, 1}Hb
3.22 (dd,J = 17.5, 10.0 Hz, 1H, 1-Ha), 2.15 (s, 3H, 245H2.13-2.03 (m, 2H,
6-CH,CHg), 1.13 (t,J = 7.4 Hz, 3H, 6-ChKCHj).

4.2. EeAChE and eqBuChE inhibition assays

Enzymatic inhibition assays were performed on ACH®mM electric eel
(C3389-500UN; Sigma) and BuChE from equine serudR@-1KU; Sigma), according
to the spectrophotometric Ellman’s method as prestipdescribed. The experiment was
performed in 48-well plates in a final volume of05QL. Each well contained 0.036
U/mL of EeAChE or eqBuChE, and 0.1 M pH 8 phosphbtdfer. They were
preincubated for 20 min at different compound comreions at 37 °C. Then 0.35 mM
acetylthiocholine iodide (ATCh; A5751-1G; Sigma)®b mM butyrylthiocholine iodide
(20820-1G; Sigma) and 0.35 mM 5,5'-ditiobis-2-nitemzoico (DTNB; D8130-1G;



Sigma) were added. The DTNB produces the yelloverarii-thio-2-nitrobenzoic acid
along with the enzymatic degradation of acetylthame or butyrylthiocholine. Changes
in absorbance were measured at 410 nm after 20 imia Biotek Synergy HTX
Multi-Mode reader. The 165 values were determined graphically from inhibiticurves
(log inhibitor concentrations percent of inhibition). A control experiment wasrformed
under the same conditions without inhibitor and biank contained buffer, DMSO,
DTNB, and substrate.

4.3. Oil/water partition coefficient assessment &4RMET prediction

Octanol-water partition coefficients of title compals were measured by the shake
flask method with slight modification. The agueqisase was replaced by PBS (pH =
7.4). Both the octanol and the aqueous phase ve¢uneated with each other before use.
The assay mixture containing test compounds wakeshat 37 °C. After 24 h, the
mixture was centrifuged at 4000 rpm for 30 min,Idaled by the measured with
ultraviolet spectrophotometer. The logP values veateulated.

The active compounds were analyzed with the ADMESdjztion tools of DS 2017R2.
The pharmacokinetic properties are HIA (human tirias absorption), PPB (plasma
protein binding), Cytochrome P450 2D6 binding (CPB2, Aqueous solubility, and
BBB. ADMET screening in a stepwise manner is sunizedras follows. HIA: there are
four prediction levels of 0-3 represent good, matieriow, and very low absorption
respectively. The data displayed that these congwwall had good absorption (HIA
levels of 0, score < 6.126). Aqueous solubilitylubdity levels of 0-5 represent
extremely low; no, very low, but possible; yes, joyes, good; yes, optimal; no, too
soluble respectively, and we found these compourad® good solubility (solubility
level of 2 and 3). BBB: BBB levels of 0—4 represeaty high, high, medium, low, and
undefined penetration respectively. The resultsvgldbthat four compounds had high
penetrant and three compounds had medium penet@¥®2D6 binding activity:
CYP2DE6 is involved in the metabolism of a wide rarg substrates in the liver and its
inhibition by a drug constitutes a major of drugwglrinteraction. The level of 0 and 1
reflect as non-inhibitor and inhibitor. The resuisowed that active compounds were
non-inhibitors of CYP2D6 (CYP2D6 level of 0). PPBPB levels of 0, 1, and 2 reflect



on binding as < 90%, binding as > 90%, and bindiag> 95%. Based on PSA2D and
ALogP98 standard, the active compounds were foonflfill the set standard at both
95% and 99% confidence limit ellipses for the BBBnetration and HIA models,

respectively, in conformity with the data presented
4.3. Cytotoxicity Assays

PC12 cells were cultured in DMEM containing 10%afdiovine serum, 100 units/mL
penicillin, and 100 pg/mL streptomycin at 37 °Gis% CQ humidify atmosphere. Cell
cytotoxicity was evaluated by methyl thiazolyl egtolium (MTT) assay. PC12 cells were
inoculated at 1 x Tcells per well in 96-well plate. After culturedrfd4 h, the cells were
treated with different compounds which were dilui@dMEM for 24 h. Then 20 pL of
0.5 mg/mL MTT reagent was added into the cells iaedbated for 4 h. After 4 h, cell
culture was removed and then 150 uL DMSO was adtldlelissolve the formazan. The
optical density was measured at 570 nm £&DCell viability was calculated from three
independent experiments. The density of formazaméd in blank group was set as
100% of viability. Cell viability (%) = compound @0/ blank (O%s7¢) x 100%

Blank: cultured with fresh medium only.

Compound: treated with compounds or donepezil.
4.4. Neuroprotection assay

Neuroprotective activity was evaluated as descriibethe literature. Differentiated
PC12 cells were incubated with different concerdrat of the compoun@o for 3 h
before treatment with D, (300 uM). Cell viability was measured after 24yhusing the
MTT assay. Briefly, 20 pL of 0.5 mg/mL MTT reagemts added into the cells and
incubated for 4 h. After 4 h, cell culture was remd and then 150 uL DMSO was added
to dissolve the formazan. The optical density wasasared at 570 nm (Q) on the
Biotek Synergy HTX Multi-Mode reader. Results weagljusted considering OD

measured in the blank.



4.5. Kinetic studies of egBuChE inhibition

Kinetic studies were performed with the same tesdtions, using six concentrations
of substrate (from 0.1 to 1 mM) and four concerarat of inhibitor (0—2QuM). Apparent
inhibition constants and kinetic parameters wetewtated within the “Enzyme kinetics”
module of Prism 5.

4.6. Molecular docking study

A structure based in silico procedure was applediscover the binding modes of the
active compounds to BUChE enzyme active site. TB®OCKER of Discovery Studio
2017R2 (DS) was conducted to explain SAR of sez@apounds and further guide the
design of more effective and concrete BUChE inbikit The ligand binding to the crystal
structure ohBuChE with PDB ID: 1P0I was selected as template fhrget enzyme was
prepared with Prepare Protein of DS to ensure ritegrity of target. The ligand was
processed by Full Minimization of the Small Molemuin DS. Then the title compounds
were docked into the active site of protein usinDOCKER. The view results of
molecular docking were extracted after the progranming end, each docking result was
analyzed for interaction and their different po$be binding energies of most potent
compounds were clearly observed and tabulated ibleTa3. The Ilowest
-CDOCKER_INTERACTION_ENERGY values of those posesrevregarded as the

most stable and picked to analysis binding intévastwith target enzyme visualized.
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Table1
The chemical structures of compour8ds-3x and their inhibitory activities against
EeAChE and eqBuChE.

Table 2

LogP values of some compounds.

Table3
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-CDOCKER_INTERACTION_ENERGY of title compoun@s—30 and 1POl.

Fig. 1. The rational design in this study.

Fig. 2. Lineweaver—Burk plots of eqBuChE inhibition kirestiof compound8f (A) and
30 (B). The LineweavetBurk secondary plots of compound (C) and 3o (D).
Reciprocals of enzyme activity (eqBuChE)reciprocals of substrate (butyrylthiocholine
iodide) with different concentrations<R0 uM) of inhibitor. Inset: Concentrations used

for inhibitor are coded with different graphic syohé

Fig. 3. Cytotoxicity of compoundo and donepezil tested at concentrations in the range
1-50 uM in PC12 neurons for 24 h. Untreated ceksewused as control. Results are
expressed as percentage of cell surwgalntreated cell (control) and shown as mean +
SD (n = 3).

Fig. 4. Neuroprotective effect on PC12 neurons of comp@mdifter 24 h incubation at
different concentration (10, 25 and 50 pith H,O, (300 pM). Untreated cells were



used as control. Results represent mean + SEM 8). =Statistical significance was
calculated using one-way ANOVA and Bonferroni post tests”*p < 0.001 compared

with the control group:p < 0.05 compared with 40, group.

Fig. 5. The regression is based on ADMET_PSA 2D and ADMH®gR98, and the
compounds set lie entirely within the 95% confidemdlipse. (Red and green ellipses
describe 95 and 99% of HIA, respectively; pink akg blue ellipses describe 95 and
99% of BBB, respectively).

Fig. 6. Left 3D mode of interaction of compoursd and receptor BUChE (PDB code:
1PO0I) analyzed by Discovery Studio 2017R2nventional Hydrogen Bond and Carbon
Hydrogen bond and Alkyl as well as Pi-Alkyl are simoby green, light green and pink,
respectivelyRight Two dimensional mode of interaction of compowBwand receptor
BuChE (PDB code: 1P0I) analyzed by Discovery St@fib7R2.

Fig. 7. The H-Bonds surface of compou3d and receptor BUChE (PDB code: 1POI)
analyzed by Discovery Studio 2017R2.

Scheme 1. Synthesis of compourti
Reagents and conditions. (i) 40% NaOH/HO, acetone, 60°C; (ii) M4 HO, EtOH,
reflux; (iii) R,CHBrCOCI, DMAP, CHCIy; (iv) NaHCG;, EtOH, 30-70°C.

Scheme 2. Synthesis of two enantiomers of compood
Reagents and conditions: (v) EDC<HCI, HOBt, CHCI,; (vi) NaHCG;, EtOH, 60—70°C.



Tablel
The chemical structures of compour8ds-3x and their inhibitory activities against
EeAChE and eqBuChE.

R
3 N‘/N 8
R4
ICs0, UM (or inhibition % at 20N
Compound Ry R, R3 R4 AChE® BUChES

3a CHjs H Cl Cl 25+7% 31+8%

3b CH; CH; Cl Cl 22+7% 5.95+3.3I

3c CH; Et Cl Cl 26+4% 4.67+2.4(

3d CH; H Br Br d 24+4%

3e CH; CH; Br Br d 11+1%

3f CH; Et Br Br 41+7% 2.92+0.5!

3g CH; H H Cl 2+2% d

3h CH; CH; H Cl d 39+1%

3i CHjs Et H Cl d 12.83+0.9!

3 CH; H H Br 29+4% d

3k CH; CH; H Br 23+3% 18+4%

3l CH; Et H Br nt 39+6%

3m CH; H Br Cl 32+4% 18+4%

3n CHjs CHjs Br Cl d 11.10+0.8

30 CHj; Et Br Cl d 2.04+0.7:
(6R)-30 d 1.1440.41
(69-30 d 20.42+5.3

3p CH; H OCH; |H 34+2% 2+1%

3q CH; CH; OCH; |H 24+2% d

3r CH; H H CH; 24+4% d

3s CH; CH; H CH; 22+3% 1+1%




3t Fu H H Br 25+5% 20+2%

3u Fu CHs; Cl Cl 28+3% 23+3%

3v 4-F-PF | H Br Br d d

3w 4-F-PF | H H Br d 45+5%

3x 4-F-PF | H H Cl d 17+1%
donepezil 0.028+0.01 11.81+0.6!

@Each 1Go value is the mean + SEM from three experiments 8).

P AChE from electric eel.

°BuChE from horse serum.

9No inhibitory activity (%) against either EeAChE eqBuChE at 20 pM.

Table 2
LogP values of active compounds.
Compound logP*?
30 2.49
3c 1.12
3f 1.08
3i 1.05
3l 1.11
3n 2.18
30 1.57

& Octanol-water partition coefficients of some compds were measured by the shake

flask method with slight modification.

Table3
ADME properties of active compounds.

Compouni  A? D° M° E ALogP9¢® PSA2C'
3b 0 2 2 0 2 2.56( 40.90¢
3c 0 2 1 0 2 3.08¢ 40.90¢
3f 0 2 1 0 1 3.252 40.90¢
3i 0 3 2 0 2 2.41¢ 40.90¢




3l 0 2 2 0 1 2.50¢ 40.90¢
3n 0 2 1 0 1 2.64¢ 40.90¢
30 0 2 1 0 2 3.16¢ 40.90¢

& Absorption: Intestinal absorption.

b Distribution: Aqueous solubility and Blood-braiarkier penetration.
¢ Metabolism: CYPA2D6.

4 Excretion: Plasma protein binding.

¢ ALogP98: Predicted octanol/water.

"PSA: polar surface area, 2D: two-dimensional.

Table4
-CDOCKER_INTERACTION_ENERGY of title compoun@s—3o and 1POI.
Compd. -CDOCKER_INTERACTION_ENERGY AG (kcal/mol)
3a 34.326t
3b 37.540:.
3c 39.420!
3d 34.112!
3e 35.302¢
3f 36.367(
39 31.035¢
3h 33.527t
3i 35.594¢
3m 33.753(
3n 36.039.
6R-30 40.101:

6S-30 35.462¢
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Reciprocals of enzyme activity (eqBuChE)reciprocals of substrate (butyrylthiocholine
iodide) with different concentrations (0—201) of inhibitor. Inset: Concentrations used
for inhibitor are coded with different graphic syohé
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Fig. 3. Cytotoxicity of compoundo and donepezil tested at concentrations in the range
1-50 uM in PC12 neurons for 24 h. Untreated ceksewused as control. Results are
expressed as percentage of cell surwgalntreated cell (control) and shown as mean +
SD (n=3)
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Fig. 4. Neuroprotective effect on PC12 neurons of comp@mdhfter 24 h incubation at
different concentration (10, 25 and 50 pith H,O, (300 puM). Untreated cells were

used as control. Results represent mean + SEM 8). =Statistical significance was



calculated using one-way ANOVA and Bonferroni post tests”*p < 0.001 compared

with the control group:p < 0.05 compared with 4D, group.
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compounds set lie entirely within the 95% confidemdlipse. (Red and green ellipses
describe 95 and 99% of HIA, respectively; pink ahkg blue ellipses describe 95 and
99% of BBB, respectively).
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Fig. 6. Left 3D mode of interaction of compourdd and receptor BuChE (PDB code:
1PO0I) analyzed by Discovery Studio 2017R2nventional Hydrogen Bond and Carbon
Hydrogen bond and Alkyl as well as Pi-Alkyl are simoby green, light green and pink,



respectivelyRight Two dimensional mode of interaction of compoBwand receptor
BuChE (PDB code: 1P0Il) analyzed by Discovery St@fih7R2.
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Fig. 7. The H-Bonds surface of compouad and receptor BuChE (PDB code: 1PO0I)

analyzed by Discovery Studio 2017R2.
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Scheme 1. Synthesis of compourti
Reagents and conditions. (i) 40% NaOH/HO, acetone, 60°C; (ii) M4 HO, EtOH,
reflux; (iii) R,CHBrCOCI, DMAP, CHCIy; (iv) NaHCG;, EtOH, 30-70°C.
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Scheme 2. Synthesis of two enantiomers of compood
Reagents and conditions: (v) EDC<HCI, HOBt, CHCI,; (vi) NaHCG;, EtOH, 60—70°C.



Highlights
® Tricyclic compounds are reversible, selective BUChE inhibitors.
® Dihaogen and 6-ethyl substituent improve BuChE activity.
® [Cypvaluesof 3f and 30 are 2.95 and 2.04 uM, respectively.

® Compound 3o exhibited remarkable neuroprotective activity.



