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By the introduction of a tertiary benzylamine, structure-based optimization was
conducted to significantly improve the potency and selectivity of J-sulfon-fused
pyrazole as BUChE inhibitors. Compounds C4 and C6 showed high selective
nanomolar BUChE inhibitors, mild antioxidant capacity, nontoxicity, lipophilicity and

remarkably neuroprotective activity.
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Abstract:

Structure-based optimization was conducted to ivgrie potency and selectivity of
BuChE inhibitors with o-sulfonolactone-fused pyrazole scaffold. By mimizkithe
hydrophobic interactions of donepezil at PAS, thteoduction of a tertiary benzylamine
at 5-position can significantly increase BUChE hitairy activity. Compound€£4 and
C6 were identified as high selective nanomolar Bu@ittbitors (IG = 8.3 and 7.7 nM,
respectively), which exhibited mild antioxidacapacity, nontoxicity, lipophilicity and
neuroprotective activity. Kinetic studies showedttBuChE inhibition of compoun@6
was mixed-type against BuChkg; (= 24 nM) and > 2000-fold selectivity for BUChE ove
AChE. The proposed binding mode of new inhibitoeswonsistent with the results of

structure—activity relationship analysis.
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1. Introduction

Alzheimer’s disease (AD) is a progressive neurodegsive disorder associated with
progressive memory loss and cognitive impairmeNesarly 47 million individuals are
affected by Alzheimer's disease in 2018, and 73ianilpeople are affected by 2030
globally [1]. In the past decades, the biologicaécimanisms on AD widely studied
included amyloid plaques of amylofijtau-protein aggregations, cholinergic dysfunction
oxidative stress and biometal dyshomeostasis, 4. Up till now, the clinical drugs
approved by FDA for AD patients are focused onwchkolinesterase (AChE) inhibitors
such as donepezil, galantamine and rivastigminee Tlebulous and complicated
pathogenesis of AD leads to failure of many prongstrug candidates, which makes
research on AD be still a hot topic [5-8].

Cholinergic system has been extensively studiethi®design of anti-AD drugs [9,10].
Physiologically, the activity of ACh in the synapsean be terminated by AChE and
butyrylcholinesterase (BuChE). AChE hydrolyzestgority of ACh in a healthy brain,
while, with BUChE in the progressive AD takes ottee main role of AChE, reaching
almost 80% of the overall ChE activity [11,12]. tlre AChE deficient mice, levels of
excessive ACh were alleviated by BuChE activity ,]43, moreover in the
BuChE-knockout mice, BUChE deficience augmentedniag capacities and reduced
fibrillar B-amyloid in subcortical structures to lower itsitoty [15-18]. Selective BuChE
inhibition might circumvent the classical choliniergtoxicity of AChE inhibitors,
therefore, BUChE inhibitors have great potentidiiythe treatment of AD, especially the
progressive AD [19,20]. Although two ChEs contaircatalytic active site (CAS), a
peripheral anionic site (PAS), and a mid-gorge gedon site between CAS and PAS,
the wider space of BUChE in acyl-binding site akolarger substrate to be recognized
and hydrolyzed [21,22]. The structural featureBafChE help to perform the rational
drug design of selective BUChE inhibitors with nloseaffolds [23-26].

The §-sultone-fused heterocycles can be efficiently sgsized through sulfur (VI)
fluoride exchange (SuFEXx), which is a rapid and @dw click chemistry reaction owing
to the balanced properties of fluoride bonding t@irbgen and sulfur (VI) [27,28].

SuFEXx building blocks provided structurally verkascaffolds in medicinal chemistry.



[29-32]. Recent, a class of novekulfonolactone-fused pyrazole scaffold was discede
as highly selective submicromolar BuChE inhibitor§33]. SAR on
7-aryl-4,5-disubstituted 6-sultone-fused pyrazoles showed that (i) C4-, C5-,
N7-substituents affected BuChE inhibition, howesempounds with Ckat C4 position
showed better BUuChE inhibition; (ii) the volume G6-substituent affected BuChE
inhibition; (iii) BUChE inhibition of 2-substituerdt N7-phenyl ring was better than that
of 3-substituent; (iv) compounta was identified as a most potent BUChE inhibit@sgl

= 0.20uM). Moreover, this scaffold showed reversible, niixgpe BuChE inhibitory
activity, which may be used to improve disease ggmp in progressive AD.

The molecular modeling results showed that thevaatompounds accommodated
into hBuChEvia n—S interaction and hydrophobic interactions, asd-gultone ring falls
into the hydrolysis sub-pocket of hBuChE active sitowever, it is not observed for the
interaction between thesultone-fused pyrazole scaffold and PAS of BuGBEnerally,

a ChE inhibitor (reversible or pseudo-irreversilidehtains a basic nitrogen atom crucial
for the interaction with the ChE binding site. Téfere, the inhibitors were designed for
optimal binding to BuChE, and targeting was conéichthrough docking analysis [34,35].
Herein, we report the structure-based optimizateymthesis, and evaluation for their
ChE inhibition to further improve the potency arelestivity of this series of BUuChE
inhibitors (Fig. 1).
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Fig. 1. The design strategy of structural optimizatiornhis study.

2. Results and Discussion

2.1. Chemistry

According to our recent work-sultone-fused pyrazoles as the lead scaffold vgas u
to synthesize the following compounds (seAe®).

Firstly, to know that C5-/N7-substituents &sultone-fused pyrazoles affected BUuChE
inhibition, seriesA were synthesized as shown in Scheme 1 througditket annulation
of ethenesulfonyl fluoride (ESF) under equimolaroamts of pyrazolones and NaHgO
and 5 mol% DBU in DCM at room temperature for 1®ith good yields.

Secondly, to introduce a basic tertiary amine gratlipyl chloroacetoacetate was used
to synthesize the intermedidien dioxane rather than ethanol by condensatioatica
The key intermediaté was efficiently synthesized through Sulfur(VI) &fide Exchange
(SUFEXx), and was substituted by a secondary amimggve serie8 andC as shown in
Scheme 2.

Finally, compounds containing different substituehtthe benzylamine at 5-positon
were prepared to further study the SAR betweentehery amine group and BuChE

inhibition, for example serie8 andD as shown in Scheme 2.
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Scheme 1Synthesis of compounds Serfes-Al4
Reaction conditions and reagents(i) EtOH, AcOH, NaHCQ, reflux, 1.5 h; (ii) ESF
(1.0 equiv.), DBU (30 mol%), C¥ly, 12 h, r.t.
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Scheme 2.Synthesis of compounds Seried-B14 C1-Cl0and D1-D10 (for the
intermediates, B1: R = CI; B8: R' = F)

Reaction conditions and reagents(i) dioxane, 60°C, 12 h; (ii) ESF (1.0 equiv.), DBU
(30 mol%), CHCI,, 12 h, r.t.; (i) HNRR® CH:CN, KoCOs, r.t.

2.2. Inhibition of Equine BUChE and Electrophorus electricus AChE

The o-sulfonolactone-fused pyrazoles were evaluatedtteir activity with equine
BuChE (egBuChE) ancElectrophorus eectricus AChE (EeAChE), using modified
Ellman’s method.

Table 1 ChE inhibitory activity of compounds A1-A14.2

Q0
_S
107,73
Q;\ N a
Rl 2‘ 5 R
ICs0, LM (or inhibition% at 20 pM)
Compd. R R?
AChE® BUChE®
Al 2-F Me na ¢ 1.19+0.47

A2 2-Cl cyclopropyl na ¢ 0.18+0.01




A3 3-Cl cyclopropyl na 0.70+0.34
A4 2-F cyclopropyl na ¢ 0.14+0.02
A5 3-F cyclopropyl na ¢ 0.37+0.09
A6 2-F phenyl na‘ 0.18+0.04
A7 2-F 4-Cl-phenyl na ¢ 0.20+0.05
A8 2-F 4-Br-phenyl na ¢ 0.47+0.24
A9 2-F 4-F-phenyl na ¢ 0.1620.04
A10 2-Cl phenyl na ¢ 0.17+0.03
All 2-Cl 4-Cl-phenyl na‘ 1.58+0.38
A12 2-Cl 4-Br-phenyl na ¢ 3.69+2.90
A13 2-Cl 4-F-phenyl na ¢ 0.13+0.07
Al4 3-Cl | 4-MeO-phenyl na ¢ 8.78+0.52

& Each IGo value is the mean + SEM from at least three inddpet experiments.

P AChE from electric eeha, no inhibitory activity (%) against EeAChE at 2Dy

¢ BuChE from horse serum. Positive control compouhdd the following results
(compound: EeAChE I§, eqBuChE IGgy): donepezil: 0.025 uyM, 10.38 uM,;
rivastigmine: > 20 uM, 0.56 puM.

9ha = no inhibitory activity

As shown in Table 1, compound&d1-A10 and Al1l3 (series A) exhibited the
submicromolar inhibitory effect on BUChE @€values: 0.20.7 uM). Compounds with
2-substituent at R position showed better BUChE inhibition than thosih the
corresponding 4-/3-substituenAZ > A3; A4 > A5). For the 2-substituted group of
N7-benzene ring, the activity of 2-F substituenguperior to that of 2-Cl substitue®4
> A2; A7 > All; A8 > Al2; A9 > A13; except forAl10 = A6). Moreover, for the



substituent on the benzene ring &t@sition, the order of BuChE inhibitory activity i
4-F > H > 4-Cl > 4-Br (for examplé9 > A6 > A7 > A8 for R' = 2-F;A13> A10 > All
> A12 for R* = 2-Cl). Based on the above SAR analysis, it wasaus that compounds
with 2-F or 2-Cl at R position exhibited better BUChE inhibitory actixiDue to a basic
group being important for ChE inhibitor, the intmtion of a tertiary amine at’R
position may improve the BuChE inhibitory activityfherefore, seriesB were

synthesized and evaluated for their ChE activity.

Table 2 ChE inhibitory activity of compounds B1-B14?

\ 7/
1 o/S 3
Oy
[ N\
Rl N 5 Rj
ICs0, LM (or inhibition % at 20 pM)
Compd. R* NR°R®
AChEP BuChE®
B1 2-Cl —cl na ¢ 0.20+0.01
CH, J
B2 2-Cl | na 0.07+0.02
—N-CH,Ph
CH,CH,4 g
B3 2-Cl | na 0.05+0.02
—N-CH,Ph
B4 2-Cl frzCHO d 0.04+0.02
- +
—N-CH,Ph na R
2-Cl —N O d 0.41+0.10
B5 na
B6 2-Cl —N  N-CHs na¢ 2.22+0.63
__/
d
B7 2-Cl —N  NCH,Ph na 0.46+0.23
\__/




BS 2-F —cl na ¢ 0.19+0.15
CH; d
B9 2-F B r'\| ehph na 0.08+0.05
2
CH,CH,4 g
B10 2-F B r'\| enph na 0.08+0.01
2
CH,CH,0H d
B11 2-F r'u choph na 0.04+0.02
— N7 2
B12 2-F —N O na¢ 0.15+0.06
B13 2-F —N  N-CHs, na ¢ 2.17+1.01
d
B14 2-F —N  NCH,Ph na 0.68+0.11

& Each IGo value is the mean + SEM from at least three inddpat experiments.

P AChE from electric eeha, no inhibitory activity (%) against EeAChE at 20y

¢ BuChE from horse serum. Positive control compouhdd the following results
(compound, EeAChE I, eqBuChE IGy): donepezil, 0.025 pM, 10.38 uM;
rivastigmine, > 60 uM, 0.56 pM.

9ha = no inhibitory activity

As shown in Table 2, when botf Bnd R are aliphatic substituent, the activity isn't
improved compared to those of serfesThe introduction of an aromatic group increased
the activity 87 > B6, B14 > B13). According to the structure characteristics afejoezil,
the introduction of a tertiary benzylamine at 54ipos can significantly increase BuChE
inhibitory activity. Some ofs-sultone-fused pyrazoles (seriB$ exhibited nanomolar
inhibition against BUChE. Another substituent degiary benzylamine affected BUuChE
inhibition, for example, the order of 4gvalues for BUChE inhibition is hydroxyethyl >
ethyl > methyl B4 > B3 > B2 for R* = 2-Cl; B11 > B10 > B9 for R' = 2-F). To further
study the relationship between the substituted ylesvzd BuChE inhibition, a series of
substituted phenyl-methyl derivatives were prepaed evaluated their ChE inhibitory



activity (Table 3).

Table 3. ChE inhibitory activity of compounds C1-C102

\//
10773 OH
7 4
NG = /|
N=AL N A
F 5
ICs0, UM (or inhibition% at 20 uM) RP of DPPH
Compd. R
AChE® BUChE® assay’
C1 3-F na ® 0.09+0.08 5.0%
C2 3-Cl na € 0.19+0.10 4.7%
C3 3-Br na 0.33+0.17 0.8%
C4 4-F na € 0.0083+0.0015 5.5%
C5 4-Cl na 0.09+0.05 10.2%
C6 4-Br 43.3+4.7% 0.0077+0.0006 22.2%
C7 2,4-Cl na ® 0.09+0.05 1.8%
C8 4-CHs na ® 0.17+0.09 5.2%
C9 4-OCHs na ® 0.26+0.13 3.2%
C10 3,4-OCH na ® 0.56+0.36 5.5%

& Each IGo value is the mean + SEM from at least three inddpat experiments.

® AChE from electric eeha, no inhibitory activity (%) against EeAChE at 2Dy

¢ BUChE from horse serum. Positive control compouhdd the following results
(compound, EeAChE 1§, eqBuChE 0.025 uM, 10.38 uM;
rivastigmine, > 60 uM, 0.56 puM.

9RP of 1, 1-Diphenyl-2-picrylhydrazyl (DPPH) (%yeduction percentage of DPPH,

IGo): donepezil,



compounds at a concentration of 10d0.

®na = no inhibitory activity

As shown in Table 3, the substituent of benzeng ain5-positon of scaffold affected
the BUChE inhibitory activity: (i) the activity @ompounds with 4-halogen substituent is
superior to that of compounds with 3-halogen stlostn (C4 >C1; C5>C2; C6 > C3);

(i) compounds with 4-halogen substituent exhibibedter BuChE inhibition@4 > C7,
C5>C7,C6 >C7, C4 >C8, C5>C8, C6 > C8); (iii) compoundsC4 (4-F) andC6
(4-Br) had the best BUChE activity @&= 8.3 and 7.7 nM, respectively).

Table 4. ChE inhibitory activity of compounds D1-D102

\ 7/
107 3 )
R 2
7 4 R
NS |
N= N
F 5
ICs0, UM (or inhibition% at 20 pM) RP of DPPH
Compd. R R?
AChEP BUChE® assay
D1 -CH,CH,OCH; | -H na® 0.24+0.12 2.3%
D2 -CH,CH,OCH; | -F na® 0.11+.0.09 6.3%
D3 -CH,CH,OCH; | -Cl na® 0.09+0.04 3.6%
D4 -CH,CH,OCH; | -Br na® 0.15+0.02 4.8%
B11 -CH,CH, -H na® 0.08+0.01 5.4%
D5 -CH,CHj -F na® 0.07+0.01 0.6%
D6 -CH,CH; -Cl na® 0.04+0.01 4.2%
D7 -CH,CH, -Br na® 0.07+0.01 12.9%




B10 -CH; -H na*® 0.08+0.05 1.8%
D8 -CHs -F na*® 0.04+0.02 5.7%
D9 -CHs -Cl na® 0.02+0.01 6.1%
D10 -CH, -Br 33.6214% 0.0720.02 0.2%

& Each IGo value is the mean + SEM from at least three inddpet experiments.

P AChE from electric eeha, no inhibitory activity (%) against EeAChE at 20y

¢ BUChE from horse serum. Positive control compouhdd the following results
(compound, EeAChE 14, eqBuUChE): donepezil, 0.025 uM, 10.38 uM; rivasiie, >
60 pM, 0.56 pM.

9RP of 1,1-Diphenyl-2-picrylhydrazyl (DPPH) (%)eduction percentage of DPPH,
compounds at a concentration of 10d.

®na = no inhibitory activity

The data in Table 4 showed that BuChE inhibitiors &fected by another substituent
(RY of the benzylamine at 5-positon: (i) the activifignificantly decreased when the
hydroxyethyl group was methylate8Y1 > D1; C4 > D2; C5 > D3; C6 > D4); (ii)
compoundsB9, B10, D5-D10 (R' = -Me or -Et) with smaller substituent exhibited
similar BUChE inhibitory activity (I values for 24 — 78 nM). In all in, by simulating
the structural characteristics of Donepezil, intrcttbn of a tertiary benzylamine group
significantly increased BuChE inhibitory activityf oj-sultone-fused pyrazoles to

nanomole level.

2.3. Molecular docking model of C6 with hBuChE

It has been confirmed that there are two flexibter® acids Leu286 and Val288 in
the acyl pocket of hBuChE compared to hAChE. Siandbusly, the two flexible amino
acids allows binding of bulkier ligands which m#éyerefore, be selective for huBuChE
[36]. A docking model of hBuChE with compou@ (Fig. 2A and 2B) showed that the

tertiary benzylamine is extended by a hydroxyettdin, and compoun@6 is nicely



bound to hBuChBia a strong hydrogen bond interaction between théhyloeoxyl unit
with Asn68, p# interaction between the benzyl ring with Leu2861288 and Phe329 in
the acyl subpocket, andna-anion interaction between the S atom of sultong with
His438 in the hydrolysis sub-pocket. In additiongs-eanion interaction is observed

between the pyrazole ring at N7 position with 2&p

A HIS43E g B AWy ghn £
\ i Py B PHE 5
s“:?sLa B:329 3
B?l“t’i .
_ i &
PHE325 S #5395 o ¢ =t
5 ‘\_f\’j\?
== k I
Y

VAL288 N
# N

Fig. 2. (A) 3D mode of the pocket surface of compo@iwith receptor hBuChE (PDB
ID: 5LKR) performed using Discovery Studio Clieni8/1.0. (B) 2D mode of the
interaction of compoun@6 with receptor hBuChE (conventional H bond and Merd,
halogen,r—anion, alkyl, andi—alkyl are represented by green, light green, brquimk
and light pink lines, respectively) performed usibigcovery Studio Client v18.1.0.

2.4. DPPH radical scavenging activity

1,1-Diphenyl-2-picrylhydrazyl (DPPH) is an extremekffective free radical
scavenger that can be used to monitor a chemieatioa that involves free radicals
[37,38]. The DPPH assay was performed with ascabid and donepezil as reference
antioxidants to evaluate the ability of the synihed compounds to scavenge activated
oxygen species. As shown in Tables 3 and 4, somthefsynthesized compounds
exhibited mild free radical scavenging activity withe RP of DPPH for 0.2%-22.2% at a

concentration of 100M, amongst them, compound6 showed the best antioxidant



activity, while methylation of ethoxyl grou@) led its activity to decrease.

2.5. Kinetic study of egBuChE inhibition

CompoundC6, the derivative with the highest inhibitory activiwas subjected to
enzyme kinetics analysis to determine the kineifd8uChE inhibition. As shown in Fig.
3A, the plots of the remaining enzyme activity wsr¢he concentration of enzyme (O,
0.045, 0.090, 0.18, 0.36 and 0.72 U/mL) in the gmee of different concentrations of
compoundC6 for the catalysis of butyrylcholine gave a seonéstraight lines. In case of
compoundC6 all the lines intersected at the same point. bwireg the inhibitor
concentration resulted in a decrease in the sldpthe lines, which indicated that
compoundC6 were reversible BUChE inhibitors. The slopes antkrcepts of the
reciprocal Lineweaver—Burk plot presented in Fi§ Bcreased with the increase in
inhibitor concentration. The intersection of eacknd line in the fourth quadrant
indicated a mixed-type inhibitory mode. As showrFig. 3C, the dissociation constants
Ki for compoundC6 from the Lineweavere-Burk secondary plots werareged to be 24

nM.

Kinetic studies of eqBuChE inhibition Kinetic stediwere performed with the same
test conditions, using six concentrations of sabst(0.1-1 mM) and four concentrations
of inhibitor (0-0.08M). Apparent inhibition constants and kinetic paedens were
calculated within the “Enzyme kinetics” module afdth 5. The effect of concentrations
of compoundC6 on the activity for the catalysis of BUChE at 3/AR@s also studied.
Assay conditions were same as described in assapcot except that the final
concentration of enzyme was varied (0-0.72 U/mlgnéentrations of compour@6 (O,
0.02, 0.04, 0.08M) were used respectively, for the determinatiomevkrsible as well as
irreversible binding of inhibitors at enzyme.
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Fig. 3 Relationship between eqBuChE inhibition and wuasioconcentrations of
compoundC6 (A). Lineweaver-Burk plots of egBuChE inhibitiomltics of compound
C6 (B). The Lineweaver-Burk secondary plots of commb€6 (C). Reciprocals of
enzyme activity (eqBUChE) vs reciprocals of sultst@utyrylthiocholine iodide) with
different concentrations (0-0.Q/) of inhibitor.

2.6. Comparison of oil/water partition coefficient assay and ADMET prediction with hit

The physicochemical parameters of a drug are eteelwith the membrane
permeability of the body. Lipinski's rule of five iused as the rule of thumb when
assessing whether a compound can be used as adroga[37,38]. For example, the
oil/lwater partition coefficient, which is expressed a logP value, can reflect the

absorption of a drug in an organism [39]. The aallev partition coefficients of



compounds that showed strong potency in bioacta#tyessment were measured. As an
important parameter, the loB (o/w) (octanol-water partition coefficient) witthe
optimum central nervous system penetration wasrar@i0 = 0.7 [40,41]. Meanwhile,
the absorption, distribution, metabolism, excretiand toxicity (ADMET) properties of
the selected five compounds were also predictecudigg Discovery Studio Client
v18.1.0 [42]. The different descriptors of ADMET arhcteristics have different
prediction levels. Table 5 shows that the Bgalues of compound89, B10, B11, C4,
and C6 ranged from 1.78 to 2.42. These results indichgd, taccording to the hit
compound, the modified compounds still retains gtypadphilicity (log P < 5). These
compounds and the hit compound likely demonstratedgabsorption in the human
intestine (HIA levels of 0), good solubility in veatat 25°C (solubility levels of 1 and 2)
and moderate blood-brain barrier permeability. Mee, the results show that these
compounds are noninhibitors of CYP2D6 (CYP2D6 leveD) and are highly likely to

bind to plasma proteins.

Table 5.Log P values and ADMET properties of active compounds.

Compouni | LogF?® [ AP D° MY E° ALogP9¢ PSA2[Y
Hit 2.0¢ 0 2 2 0 1 3.0€ 60.1<
B9 1.7¢ 0 2 1 0 1 3.89] 63.49:
B10 2.0C 0 1 1 0 1 4.2/ 63.49:
B11 2.0¢ 0 1 2 0 1 3.35; 84.30¢
C4 2.42 0 1 2 0 1 4.01¢ 84.30¢
C6 1.9¢ 0 1 2 0 1 3.557 84.30¢

@Octanol-water partition coefficients of some commasliwere measured by the shake
flask method with slight modification.

® Absorption: Intestinal absorption.

¢ Distribution: Aqueous solubility and blood-braiarkier penetration.

4 Metabolism: CYPA2D6.



© Excretion: Plasma protein binding.
' ALogP98: Predicted octanol/water.

9PSA: polar surface area, 2D: two-dimensional.

2.7. Cytotoxicity assays and neuroprotective study

To examine the cytotoxicity of the representatieenpoundC6, the inherent toxicity
towards human hepatoblastoma HepG2 cells and huraamal liver cells LO2 were
studied using the MTT assay at four different coticggions of compound C6 ranging
from 5~50uM [43]. As shown in Fig. 4A and Fig. 4B, the viatyilof the modified cells
of C6 was almost absent at the concentrations afMG@nd 25uM, respectively. With
increasing concentrations to 50 uM, C6 decreasddviability (82.8% and 95.3%,
respectively). The results show that the target pmmd C6 has a wide range of
therapeutic safety for HepG2 cells and LO2 celisadidition, these preliminary results
should encourage further research to explain theropeotective mechanisms of

compoundC6.
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Fig. 4. Cytotoxicity of donepezil, compoun@6 tested at concentrations in the range
1-50 pM in HepGZA) cells and LOZB) cells for 24 h. Untreated cells were used as
control. Results are expressed as percentage lo§umwival vs untreated cell (control)

and shown as mean £ SD (n = 3)

The protective effects of compoui@b against free radicals damage were assessed by
measuring the ability of the compound to protediast HO, injury according to the
reported protocol [44]. After 100 uM B, exposure, cell viability as determined by



MTT reduction was obviously decreased to 39.8P4<(0.01 vs control), manifesting
high sensitivity to HO,-induced injury. However, compoun@6 showed protective
effects in a dose-dependent manner agaipSgHhduced PC12 cell injury (Fig. 5). At a
concentration of 25 pM, compour@eb showed neuroprotective effects and was slightly
stronger than the positive control donepezil, vatltell viability of 49.6%. When the
concentration was reduced to 6.25 uM, the cellilieds decreased to 40.9%. It clarified

that the compoun@6 could capture the hydroxyl radical, generated b4

Cell viability (%)

: I Bssaeees

B £ & oy
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L 1 [
v
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1

Donepezil+ C Compd Cé6+
H,0,(100u.M) H,0,(100pM)

Fig. 5. Neuroprotective effect on PC12 neurons of comdoDf. Results represent
mean = SEM (n = 3). Statistical significance wakkwated using one-way ANOVA and
Bonferroni post hoc tests. ###k 0.001 compared with the control groug £ 0.05
compared with BO, group; **p < 0.01 compared with #, group; *p < 0.001
compared with kO, group.

3. Conclusion

In summary, the structure-based optimization dedulfonolactone-fused pyrazole
scaffold was carried out to improve the potency saléctivity of BUChE inhibitors, and
48 compounds were designed and synthesized throbghstepwise guidance of
structure-activity relationship. By mimicking thgdrophobic interactions of donepezil at
PAS, the introduction of a tertiary benzylaminebgtosition can significantly increase
BuChE inhibitory activity. CompoundsC4 and C6 with 4-F/4-Br-substituted



benzylamine at C-5 were identified as high selectimsnomolar BuChE inhibitors (3=

8.3 and 7.7 nM, respectively). The scavenging gbdf compoundC6 has mild values
(22.2% for DPPH) comparing to ascorbic acid at aceotration of 10QM. Kinetic
studies indicate that the inhibition of BUChE bymamundCe6 is reversible and mixed
competitive K; = 24 nM). Compound6 has been found to be non-toxic to HepG2 cells
and LO2 cells, up to 5(0M, with good predictions of ADMET properties, anaosving
significant neuroprotective activity. Molecular darg showed that compour@é was
nicely bound to hBuChEvia a strong hydrogen bond interaction with Asn68,
p-r interaction with Leu286, Val288 and Phe329, amd-anion interaction with His438,
Asp70. CompoundC6 has significant potential and can be further dgvetl as a

promising therapy for AD treatment.

4. Experimental section
4.1. Chemistry

4.1.1. General Information

All chemicals, reagents and solvents were purchiteedcommercial sources and used
without further purification. Reactions were chetks thin-layer chromatography (TLC)
on precoated silica gel plates (Qingdao Marine Gbainfactory, Gkss); Spots were
visualized by UV at 254 nm. Melting points are detmed on a XT4MP apparatus (Taike
Corp., Beijing, China) and are not corrected. Theitp (relative content) of active
compounds was determined by HPLC through area ri@atian method'H NMR and
13C NMR spectra were recorded on Bruker AV-300, AB4fF AV-600 MHz instruments
using DMSOds; and CDC}4 as solvent. Chemical shifts are reported in gagtamillion ©)
downfield from the signal of tetramethylsilane (TM&s internal standards. Coupling
constants are reported in Hz. The multiplicity &fided bys (singlet), d (doublet),t
(triplet), orm (multiplet). High resolution mass spectra (HRMS3rev obtained on an
Agilent 1260-6221 TOF mass spectrometry.

4.1.2. General procedure for the preparation of compounds 6 (B8)and A1-Al14

To a solution of phenylhydrazine hydrochloride @Léamol) in ethanol (20 mL) was



added saturated NaHG®olution (2 mL), acetic acid (5 mL) and ethyl aaetetate (10.0
mmol), the reaction was heated for 1.5 h at reflthe mixture was poured into EtOAc
(100 mL) and was washed with water and saline mwmlusequentially, dried over
anhydrous MgS@ for 2 h, filtrated, concentrated to 10 mL, thetowakd to stand
overnight in cold storage. The mixture was collddig filtration to give the title product
3.

Ethyl chloroacetoacetate (10.0 mmol) were addeithé¢odioxane (20 mL) solution of
phenylhydrazine hydrochloride (10.0 mmol) and thaction was heated to reflux for 12
h. The mixture was poured into EtOAc (100 mL) armswashed with water and saline
solution sequentially, dried over anhydrous Mg3@ 2 h, filtrated, concentrated to 10
mL, then allowed to stand overnight in refrigeratiorhe mixture was filtered and
collected to get the title produst

To a solution of an oven-dried reaction tube (20 mvhs charged with ethenesulfonyl
fluoride (ESF, 0.5 mmol) and the pyrazoloi®eaf 5 0.5 mmol, 1.0 equiv), DBU (180
mg dissolved in 10 mL C§l,, 2 mL, 30 mol%), and NaHCQ42 mg, 0.5 mmol, 1.0
equiv). The resulting mixture was stirred at ro@mperature for 12 h with monitoring
by TLC. The crude products were purified by coluctirtomatography on silica gel
(petroleum ether / EtOAc, 10: 1 to 8: 1) to give thle product$ andA1-Al4.

4121 7-(2-fluorophenyl)-5-methyl -4, 7-dihydro-3H-[ 1,2] oxathiino[ 6,5-c] pyrazole
2,2-dioxide (Al). Yellow powder, yield 71%; m.p. 132-133°&4 NMR (400 MHz,
CDClg) ¢ 7.54 — 7.33 (m, 2H), 7.30 — 7.13 (m, 2H), 3.5Q &, 6.6 Hz, 2H), 3.12 (i) =
6.5 Hz, 2H), 2.26 (s, 3H).

4122

7-(2-chlorophenyl)-5-cyclopropyl-4,7-dihydro-3H-[ 1,2] oxathiino[ 6,5-c] pyrazole

2,2-dioxide (A2). Light yellow powder, yield 73%; m.p. 112-113°¢{ NMR (400 MHz,
CDCls) 0 7.66 (t,J = 2.0 Hz, 1H), 7.52 (dd} = 8.2, 1.1 Hz, 1H), 7.35 (§,= 8.1 Hz, 1H),
7.26 (s, 1H), 3.52 (1 = 6.6 Hz, 2H), 3.21 (] = 6.6 Hz, 2H), 1.90 — 1.65 (m, 1H), 1.09 —
0.79 (m, 4H). TOF-HRMSm/z [M + H]" calcd for G4H13CIN,OsS: 325.0408; found:
325.0402.



4.1.2.3 7-(3-chlorophenyl)-5-cyclopropyl-4,7-dihydro-3H-[ 1,2] oxathiino[ 6,5-c] pyrazole
2,2-dioxide (A3). Light yellow powder, yield 61%; m.p. 182-183%t NMR (400 MHz,
CDCl) 6 7.50 (t,J = 4.8 Hz, 1H), 7.44 — 7.32 (m, 3H), 3.50J& 6.5 Hz, 2H), 3.22 (1]
= 6.5 Hz, 2H), 1.85 - 1.72 (m, 1H), 0.98 — 0.89 {n¥, 3.8, 2.2 Hz, 4H). TOF-HRMS:
m/z[M + H]" calcd for G4H13CIN30,S: 325.0408; found: 325.0402.

4.1.2.4 5-cyclopropyl-7-(2-fluorophenyl)-4,7-dihydro-3H-[ 1,2] oxathiino[ 6,5-c] pyrazole
2,2-dioxide (A4). Light yellow powder, yield 81%; m.p. 152-153%t NMR (400 MHz,
CDCl3) 0 7.48 — 7.32 (m) = 8.4, 7.8, 4.2 Hz, 2H), 7.26 — 7.15 (@ns 10.4, 4.3 Hz, 2H),
3.50 (t,J = 6.5 Hz, 2H), 3.21 (t) = 6.5 Hz, 2H), 1.85 — 1.70 (M,= 6.7 Hz, 1H), 1.06 —
0.82 (m,J = 4.0, 2.2 Hz, 4H). TOF-HRMS1z [M + H]" calcd for G4H13FN,OsS:
309.0704; found: 309.0704.

4.1.25 5-cyclopropyl-7-(3-fluorophenyl)-4,7-dihydro-3H-[ 1,2] oxathiino[ 6,5-c] pyrazole
2,2-dioxide (A5). Light yellow powder, yield 75%; m.p. 122-123%t NMR (400 MHz,
CDCl) 6 7.52 — 7.48 (mJ = 7.8, 1.8 Hz, 1H), 7.44 — 7.29 (m, 3H), 3.50)( 6.5 Hz,
2H), 3.22 (tJ = 6.5 Hz, 2H), 1.93 — 1.70 (m, 1H), 1.05 — 0.82 4iH). TOF-HRMSm/z
[M + H]" calcd for G4H13FN.O3S: 309.0704; found: 309.0698.

4.1.2.6 7-(2-fluor ophenyl)-5-phenyl -4, 7-dihydr o-3H-[ 1,2] oxathiino[ 6,5-c] pyrazole
2,2-dioxide (A6). Light yellow powder, yield 71%; m.p. 141-142%€t NMR (400 MHz,
CDCl3) 6 7.73 — 7.66 (m, 2H), 7.60 — 7.51 (dw 7.7, 1.7 Hz, 1H), 7.48 — 7.34 (m, 4H),
7.31 - 7.20 (m, 2H), 3.51 @,= 6.4 Hz, 2H), 3.38 () = 6.5 Hz, 2H). TOF-HRMS/z
[M + H]" calcd for G7H13FN,O5S: 345.0704; found: 345.0701.

4.1.2.7

5-(4-chlorophenyl)-7-(2-fluor ophenyl)-4,7-dihydro-3H-[ 1,2] oxathiino[ 6,5-c] pyrazole
2,2-dioxide (A7). Light yellow powder, yield 74%; m.p. 105-106%t NMR (300 MHz,
CDCl) 6 7.73 — 7.61 (m, 2H), 7.62 — 7.38 (m, 4H), 7.36.3471m, 2H), 3.56 (1) = 6.4



Hz, 2H), 3.41 (tJ = 6.3 Hz, 2H). TOF-HRMS1z[M + H]" calcd for G/H1,CIFN,OsS:
379.0314; found: 379.0314.

4128

5-(4-bromophenyl)-7-(2-fluorophenyl)-4, 7-dihydro-3H-[ 1,2] oxathiino[ 6,5-c] pyrazole
2,2-dioxide (A8). Light yellow powder, yield 82%; m.p. 136-137%€t NMR (300 MHz,
CDCl) 6 7.65 — 7.41 (m, 6H), 7.39 — 7.23 (m, 2H), 3.56) & 6.4 Hz, 2H), 3.41 (i) =
6.5 Hz, 2H). TOF-HRMSm/z [M + H]" calcd for G/H1,BrFN,OsS: 422.9809; found:
422.9808.

4129

7-(2-fluor ophenyl)-5-(4-fluor ophenyl)-4,7-dihydro-3H-[ 1,2] oxathiino[ 6,5-c] pyrazole
2,2-dioxide (A9). Yellow powder, yield 91%; m.p. 142-145°¢&4 NMR (400 MHz,
CDCls) § 7.73 — 7.66 (m, 2H), 7.58 — 7.52 (m, 1H), 7.49.427m, 1H), 7.29 (t) = 7.7
Hz, 2H), 7.14 (tJ) = 8.7 Hz, 2H), 3.55 () = 6.4 Hz, 2H), 3.40 (tJ = 6.4 Hz, 2H)**C
NMR (101 MHz, CDC}) 6 163.18, 156.31, 148.56, 146.05, 131.03, 128.78,6822C),
128.16, 125.03, 124.29, 117.12, 116.08(2C), 9887, 20.08. TOF-HRMSWz[M +
H]" calcd for G7H1,F,N20sS: 363.0609; found: 363.0604.

4.1.2.10 7-(2-chlorophenyl)-5-phenyl-4,7-dihydr o-3H-[ 1,2] oxathiino[ 6,5-c| pyrazole
2,2-dioxide (A10). Yellow powder, yield 78%; m.p. 104-106°¢H NMR (400 MHz,
CDCI3)¢ 7.73 (d,J = 7.1 Hz, 2H), 7.54 (ddd, = 14.6, 7.4, 2.0 Hz, 2H), 7.48 — 7.37 (m,
5H), 3.54 (t,J = 6.3 Hz, 2H), 3.44 () = 6.2 Hz, 2H).*C NMR (101 MHz, CDCI3Y
149.02, 146.12, 134.04, 132.52, 132.00, 131.14,713029.64 (2C), 129.01, 128.85,
127.86, 126.92 (2C), 93.64, 45.00, 20.18. TOF-HRMS$z [M + H]" calcd for
C17H13CIN2OsS: 361.0408; found: 361.0402.

41211

7-(2-chlorophenyl)-5-(4-chlorophenyl)-4,7-dihydro-3H-[ 1,2] oxathiino[ 6,5-c] pyrazole
2,2-dioxide (A11). Yellow powder, yield 83%; m.p. 172-173°¢H4 NMR (400 MHz,
CDCl;) 6 7.70 — 7.63 (m, 2H), 7.56 (dd~ 7.8, 1.7 Hz, 1H), 7.53 — 7.37 (m, 5H), 3.55 (t,



J = 6.4 Hz, 2H), 3.43 (t) = 6.4 Hz, 2H). TOF-HRMSmz [M + H]" calcd for
C17H1.Cl,N205S: 395.0018; found: 395.0019.

41212

5-(4-bromophenyl)-7-(2-chlorophenyl)-4, 7-dihydro-3H-[ 1,2] oxathiino[ 6,5-c] pyrazole
2,2-dioxide (A12). Yellow Powder, yield 68%; m.p. 110-112°84 NMR (400 MHz,
CDCly) ¢ 7.66 — 7.53 (m, 5H), 7.53 — 7.38 (m, 3H), 3.559 &, 6.5 Hz, 2H), 3.42 (t) =
6.4 Hz, 2H). TOF-HRMSm/z [M + H]" calcd for G7H1,BrCIN,OsS: 438.9513; found:
438.9508.

41213

7-(2-chlorophenyl)-5-(4-fluor ophenyl)-4,7-dihydro-3H-[ 1,2] oxathiino[ 6,5-c] pyrazole
2,2-dioxide (A13). Light yellow powder, yield 81%; m.p. 141-143%t NMR (400 MHz,
CDCl) 6 7.75 — 7.64 (m, 2H), 7.56 (dd,= 7.8, 1.6 Hz, 1H), 7.51 (dd,= 7.4, 2.1 Hz,
1H), 7.44 (tdJ = 7.4, 1.9 Hz, 2H), 7.14 (8,= 8.7 Hz, 2H), 3.55 (t) = 6.5 Hz, 2H), 3.42
(t, J = 6.4 Hz, 2H). TOF-HRMSm/z [M + H]* calcd for G/H1:CIFN;O5S: 379.0314;
found: 379.0313.

41214

7-(4-chlorophenyl)-5-(4-methoxyphenyl)-4, 7-dihydro-3H-[ 1,2] oxathiino[ 6,5-c] pyrazole
2,2-dioxide (A14). Light yellow powder, yield 61%; m.p. 92-95°84 NMR (600 MHz,
CDCl) ¢ 7.78 — 7.57 (m, 4H), 7.48 — 7.41 (m, 2H), 7.03.956(m, 2H), 3.86 (s, 3H),
3.55 (t,J = 6.5 Hz, 2H), 3.40 (t) = 6.5 Hz, 2H). TOF-HRMSmz [M + H]" calcd for
C1gH15CIN2O4S: 391.0514; found: 391.0507.

4.1.3. General procedure for the preparation of compounds B1-B14

To a solution of compoun@ (1 mmol) in MeCN (20 mL) was added the secondary
amine HNR2R3, 1.2 equiv) and BCO; (1.2 equiv). The suspension solution was stirred
at room temperature for 12 h, and subjected toneolehromatography on silica gel
(CH.CI, / methanol, 50: 1) to obtain the title produBts-B14



4131

5-(chloromethyl)-7-(2-chlorophenyl)-4,7-dihydro-3H-[ 1,2] oxathiino[ 6,5-c] pyrazole
2,2-dioxide (B1). Yellow powder, yield 51%; m.p. 192-195°@4 NMR (400 MHz,
CDCl) 6 7.56 — 7.52 (m, 1H), 7.47 — 7.37 (m, 3H), 4.6®2(3), 3.53 (tJ = 6.6 Hz, 2H),
3.30 (t,J = 6.5 Hz, 2H). TOF-HRMSmz [M + H]" calcd for G2H1oCl.N2OsS: 332.9862;
found: 332.9863.

4132

5-((benzyl (methyl)amino)methyl)-7-(2-chlorophenyl)-4,7-dihydro-3H-[ 1,2] oxathiino[ 6,5-

c] pyrazole 2,2-dioxide (B2). Colorless oil, yield 51%'H NMR (600 MHz, CDCY) ¢
7.52 (d,J = 8.1 Hz, 1H), 7.43 — 7.26 (m, 8H), 3.57 (s, 2BIB5 (s, 2H), 3.46 (J = 6.6
Hz, 2H), 3.21 (tJ = 6.5 Hz, 2H), 2.26 (s, 3H}*C NMR (101 MHz, CDGCJ) 5 148.41,
145.84, 138.76, 133.96, 132.11, 131.01, 130.64,51292C), 129.38 (2C), 128.53,
127.77, 127.49, 95.12, 62.40, 54.59, 45.17, 4218569. TOF-HRMSm/z [M + H]*
calcd for GoH20CIN3OsS: 418.0987; found: 418.0992.

4.1.3.3

5-((benzyl (ethyl)amino)methyl)-7-(2-chlorophenyl)-4,7-dihydro-3H-[ 1,2] oxathiino[ 6,5-c]
pyrazole 2,2-dioxide (B3). Colorless oil, yield 53%'H NMR (400 MHz, CDCJ) § 7.52
(dd,J = 5.1, 4.5 Hz, 1H), 7.45 — 7.36 (m, 3H), 7.36 267(m, 5H), 3.73 — 3.65 (NJ,=
10.7, 6.3 Hz, 6H), 3.43 (§ = 6.5 Hz, 2H), 3.06 () = 6.5 Hz, 2H), 2.78 (] = 5.3 Hz,
2H). **C NMR (101 MHz, CDGJ) § 147.82, 145.67, 138.22, 133.65, 131.83, 130.90,
130.51, 129.29 (2C), 129.27 (2C), 128.48, 127.€3,.48, 94.76, 58.99, 58.70, 55.84,
50.89, 44.80, 18.32. TOF-HRM®&yz [M + H]" calcd for GiH,,CIN30,S: 448.1092;
found: 448.1089.

4134

5-((benzyl (2-hydroxyethyl)amino)methyl)-7-(2-chl orophenyl)-4,7-dihydro-3H-[ 1,2] oxathi
ino[ 6,5-c] pyrazole 2,2-dioxide (B4). Colorless oil, yield 68% NMR (400 MHz,
CDCl) 6 7.51 (dJ = 7.9 Hz, 1H), 7.45 — 7.32 (m, 6H), 7.26 (s, 2BIRO0 (s, 4H), 3.43 (t,



J=6.4 Hz, 2H), 3.19 ( = 6.3 Hz, 2H), 2.58 (d] = 6.7 Hz, 2H), 1.11 (1) = 6.9 Hz, 3H).
TOF-HRMS:m/z[M + H]" calcd for G1H,,CIN3O3S: 432.1143; found: 432.1145.

4.1.35

7-(2-chlorophenyl)-5-(mor pholinomethyl)-4,7-dihydr o-3H-[ 1,2] oxathiino[ 6,5-c] pyrazole
2,2-dioxide (B5). Colorless oil, yield 63%'H NMR (400 MHz, CDCY) § 7.55 — 7.49 (m,
1H), 7.45 - 7.34 (m, 3H), 3.76 — 3.69 (m, 4H), 3(§52H), 3.50 (tJ = 6.5 Hz, 2H), 3.27
(t, J = 6.5 Hz, 2H), 2.51 (s, 4H). TOF-HRM8Vz [M + H]" calcd for GgH1sFN3OsS:
384.0779; found: 384.0778.

4.1.3.6

7-(2-chlorophenyl)-5-((4-methyl pi per azin-1-yl)methyl)-4,7-dihydro-3H-[ 1,2] oxathiino[ 6,
5-c] pyrazole 2,2-dioxide (B6). Colorless oil, yield 55%'H NMR (400 MHz, CDC}) ¢
7.52 (d,J = 7.8 Hz, 1H), 7.47 — 7.32 (m, 3H), 3.57 (s, 2BI48 (t,J = 6.5 Hz, 2H), 3.26
(t, J = 6.4 Hz, 2H), 2.52 (d] = 28.1 Hz, 8H), 2.30 (s] = 13.3 Hz, 3H)**C NMR (101
MHz, CDCk) ¢ 147.70, 145.74, 133.92, 131.98, 131.00, 130.60,42 127.75, 95.07,
55.66, 55.17 (2C), 52.86 (2C), 45.92, 45.12, 18TAF-HRMS:m/z[M + H]" calcd for
C17H21CIN4O5S: 397.1096; found: 397.1092.

4.1.3.7

5-((4-benzyl pi perazin-1-yl)methyl)-7-(2-chl or ophenyl)-4,7-dihydro-3H-[ 1,2] oxathiino[ 6,

5-c] pyrazole 2,2-dioxide (B7). Colorless oil, yield 54%'H NMR (400 MHz, CDC}) ¢
751 (d,J=7.7Hz, 1H), 7.46 — 7.34 (d,= 16.8, 7.4 Hz, 3H), 7.34 — 7.27 (th= 14.5,
4.0 Hz, 5H), 3.55 (dJ) = 15.1 Hz, 4H), 3.48 (1] = 6.5 Hz, 2H), 3.26 () = 6.5 Hz, 2H),
2.53 (s, 8H).13C NMR (101 MHz, CDQJ) ¢ 147.51, 145.55, 137.44, 133.74, 131.82,
130.81, 130.42, 129.34 (2C), 129.31 (2C), 128.27,.36, 127.23, 94.95, 62.89, 55.49,
52.93(2C), 52.87(2C), 44.94, 18.61. TOF-HRM®z [M + H]* calcd for GsH,sCIN4OsS:
473.1409; found: 473.14009.

4.1.3.8
5-(chloromethyl)-7-(2-fluor ophenyl)-4,7-dihydro-3H-[ 1,2] oxathiino[ 6,5-c] pyrazole



2,2-dioxide (B8). Yellow powder, yield 61%; m.p. 162-163°¢4 NMR (400 MHz,
CDCly) 6 7.53 — 7.40 (m, 2H), 7.29 (d,= 7.2 Hz, 1H), 7.24 (d] = 9.0 Hz, 1H), 4.61 (s,
2H), 3.55 (t,J = 6.6 Hz, 2H), 3.31 (1) = 6.6 Hz, 2H). TOF-HRMSwz[M + H]" calcd
for C12H10CIFN,O3S: 317.0157; found: 317.0158.

4139

5-((benzyl (methyl)amino)methyl)-7-(2-fluorophenyl)-4,7-dihydro-3H-[ 1,2] oxathiino[ 6,5-

c] pyrazole 2,2-dioxide (B9). Light yellow oil, yield 66%H NMR (400 MHz, CDC}) ¢
7.49 —7.36 (m, 2H), 7.32 (s, 5H), 7.25 — 7.18 2iM), 3.57 (s, 2H), 3.55 (s, 2H), 3.46 (t,
J = 6.4 Hz, 2H), 3.20 () = 6.3 Hz, 2H), 2.26 (s, 3H}*C NMR (101 MHz, CDGJ) 6
156.06, 148.92, 145.47, 138.79, 130.52, 129.13,3B2%2C), 127.81 (2C), 127.25,
124.72, 124.19, 116.87, 95.25, 62.38, 54.66, 444934, 18.53. TOF-HRMSWwz[M +
H]" calcd for GoHooFN3OsS: 402.1282; found: 402.1284.

4.1.3.10

5-((benzyl (ethyl)amino)methyl)-7-(2-fluorophenyl)-4,7-dihydro-3H-[ 1,2] oxathiino[ 6,5-c]
pyrazole 2,2-dioxide (B10). Light yellow oil, yield 71%;'H NMR (400 MHz, CDC}) §
7.48 — 7.34 (m, 3H), 7.31 (d,= 3.5 Hz, 4H), 7.25 — 7.19 (m, 2H), 3.60 (s, 4Bi%2 (t,J

= 6.4 Hz, 2H), 3.17 () = 6.4 Hz, 2H), 2.59 (dd] = 13.5, 6.6 Hz, 2H), 1.12 d,= 6.9 Hz,
3H). 1*C NMR (101 MHz, CDGJ) ¢ 156.20, 149.52, 145.55, 130.60, 129.25 (2C), 128.7
128.37 (2C), 127.95, 127.16, 124.86, 124.36, 11R6242, 58.43, 51.56, 48.15, 45.05,
18.72, 12.10. TOF-HRMSm/z [M + H]" calcd for GiH»,FNsOsS: 416.1439; found:
416.1442.

41311

5-((benzyl (2-hydr oxyethyl)amino)methyl)-7-(2-fluor ophenyl)-4,7-dihydr o-3H-[ 1,2] oxathi
ino[ 6,5-c] pyrazole 2,2-dioxide (B11). Colorless oil, yield 73%'H NMR (400 MHz,
CDCl) 6 7.51 — 7.38 (m, 2H), 7.37 — 7.26 (m, 6H), 7.23)d; 9.6 Hz, 1H), 3.68 (m,
6H), 3.42 (tJ = 6.5 Hz, 2H), 3.05 (t] = 6.5 Hz, 2H), 2.78 (1) = 5.3 Hz, 2H)'*C NMR
(101 MHz, CDC}) 0 156.18, 148.57, 145.65, 138.54, 130.78, 129.39,(2£8.64 (2C),



127.92, 127.60, 124.95, 124.26, 117.10, 95.23,66%2.00, 56.13, 51.30, 44.90, 18.49.
TOF-HRMS:m/z[M + H]" calcd for GiH2,FNsO,4S: 432.1388; found: 432.1392.

4.13.12

7-(2-fluor ophenyl)-5-(mor pholinomethyl)-4, 7-dihydr o-3H-[ 1,2] oxathiino[ 6,5-c] pyrazole
2,2-dioxide (B12). Colorless oil, yield 58%'H NMR (400 MHz, CDC}) 6 7.48 (dd,J =
7.1, 1.5 Hz, 2H), 7.30 — 7.26 (m, 2H), 3.76](t 5.7, 4.3 Hz, 4H), 3.61 (s, 2H), 3.541t,

= 6.5 Hz, 2H), 3.31 () = 6.5 Hz, 2H), 2.58 (s, 4H}*C NMR (101 MHz, CDG) ¢
156.02, 147.57, 145.48, 130.64, 127.80, 124.76,002416.87, 95.36, 66.94 (2C), 56.05,
53.60 (2C), 44.87, 18.58. TOF-HRM®/z[M + H]" calcd for GeH1sFNzO,S: 368.1075;
found: 368.1080.

4.1.3.13

7-(2-fluor ophenyl)-5-((4-methyl pi per azin-1-yl)methyl)-4,7-dihydr o-3H-[ 1,2] oxathiino[ 6,

5-c] pyrazole 2,2-dioxide (B13). Colorless oil, yield 61%'H NMR (400 MHz, CDCY) ¢
7.46 — 7.37 (m, 2H), 7.20 (dd= 16.9, 8.1 Hz, 2H), 3.55 (s, 2H), 3.48]t 6.5 Hz, 2H),
3.21 (t,J = 6.5 Hz, 2H), 2.60 (s, 8H), 2.37 (s, 3£C NMR (101 MHz, CDGJ) J 156.20,
147.87, 145.62, 130.80, 128.01, 124.92, 124.29,061 B5.53, 55.42, 54.94 (2C), 52.34
(2C), 45.51, 45.06, 19.36. TOF-HRM®/z [M + H]* calcd for G/H21FN4O3S: 381.1391;
found: 381.1392.

4.1.3.14

5-((4-benzyl pi perazin-1-yl)methyl)-7-(2-fluor ophenyl)-4,7-dihydro-3H-[ 1,2] oxathiino[ 6,

5-c] pyrazole 2,2-dioxide (B14). Colorless oil, yield 58%'H NMR (400 MHz, CDCY) &
7.48 — 7.37 (m, 2H), 7.35 — 7.30 (m, 5H), 7.25397m, 2H), 3.58 (s, 2H), 3.56 (s, 2H),
3.49 (t,J = 6.5 Hz, 2H), 3.25 (tJ = 6.5 Hz, 2H), 2.57 (s, 8H}*C NMR (101 MHz,
CDCl) ¢ 156.18, 148.11, 145.58, 130.73, 129.55 (2C), B8128.49 (2C), 127.99,
127.46, 124.89, 124.31, 117.02, 95.54, 63.06, 555309 (4C), 45.07, 18.82.
TOF-HRMS:m/z[M + H]" calcd for GsHsFN4O3S: 457.1704; found: 457.1701.



4.1.4. General procedure for the preparation of compounds C1-C10

K2COs (1.2 equiv) was added to a solution of compoGnd mmol, 1.2 equiv)
and the hydroxyethyl benzylamin@NR?R?, 1 mmol) in MeCN (20 mL), then the
reaction mixture was stirred at room temperatunre 1 h, and subjected to column
chromatography on silica gel (GEl, / methanol, 50: 1) to obtain the title products
C1-C10.

4141

5-(((3-fluor obenzyl ) (2-hydroxyethyl )amino)methyl )-7-(2-fluor ophenyl)-4,7-dihydr o-3H-[

1,2] oxathiino[ 6,5-c] pyrazole 2,2-dioxide (C1). Light yellow oil, yield 69%; purity,
99.8%."H NMR (400 MHz, CDC}) 6 7.51 — 7.37 (mJ = 14.0, 6.4 Hz, 2H), 7.32 — 7.24
(m, 3H), 7.08 (t, 2H), 6.96 (0 = 7.4 Hz, 1H), 3.71 (d] = 13.2 Hz, 6H), 3.45 (d1 = 6.2
Hz, 2H), 3.11 (tJ = 6.1 Hz, 2H), 2.81-2.73 (m, 2H). TOF-HRM&Zz [M + H]+ calcd
for Co1H21FN304S: 450.1294; found: 450.1296.

4142

5-(((3-chlorobenzyl) (2-hydr oxyethyl)amino) methyl)- 7-(2-fluor ophenyl)-4, 7-dihydr o-3H-[

1,2] oxathiino[ 6,5-c] pyrazole 2,2-dioxide (C2). Light yellow oil, yield 66%; purity,
99.9%."H NMR (400 MHz, CDC}) § 7.51 — 7.39 (m, 2H), 7.33 (s, 1H), 7.29 — 7.18 (m,
5H), 3.70 (s, 2H), 3.68 (s, 2H), 3.67 (s, 2H), 3(#9 = 6.5 Hz, 2H), 3.09 (U = 6.5 Hz,
2H), 2.78 (t,J = 5.2 Hz, 2H).”*C NMR (101 MHz, CDGJ) 6 156.13, 148.34, 145.66,
140.85, 134.38, 130.81, 129.90, 129.25, 127.86,6827127.40, 124.95, 124.18, 117.08,
95.19, 59.43, 58.56, 56.32, 51.23, 44.87, 18.52F-HRMS: m/z [M + H]" calcd for
C21H21CIFN30,4S: 466.0998; found: 466.0997.

4143

5-(((3-bromobenzyl) (2-hydr oxyethyl)amino) methyl)- 7-(2-fluor ophenyl)-4,7-dihydr o-3H-[

1,2] oxathiino[ 6,5-c] pyrazole 2,2-dioxide (C3). Light yellow oil, yield 70%; purity,
99.2%.'H NMR (400 MHz, CDC}) § 7.51 — 7.37 (m, 5H), 7.28 (s, 1H), 7.24 — 7.16 (m,
3H), 3.69 (s, 2H), 3.67 (s, 2H), 3.66 (s, 2H), 348 = 6.5 Hz, 2H), 3.08 () = 6.5 Hz,



2H), 2.79 (t,J = 5.3 Hz, 2H).*C NMR (101 MHz, CDCJ) § 156.18, 148.41, 145.70,
141.26, 132.21, 130.83, 130.65, 130.24, 127.91,8027124.97, 124.23, 122.69, 117.12,
95.18, 59.49, 58.57, 56.40, 51.24, 44.92, 18.59F-HRMS: m/z [M + H]* calcd for
Ca1H21BrFN;O,S: 510.0493; found: 510.0489.

4144

5-(((4-fluor obenzyl ) (2-hydroxyethyl)amino)methyl)- 7-(2-fluor ophenyl )-4, 7-dihydr o-3H-[

1,2] oxathiino[ 6,5-c] pyrazole 2,2-dioxide (C4). Light yellow oil, yield 53%; purity,
99.5%.'H NMR (400 MHz, CDCJ) § 7.51 — 7.41 (m, 2H), 7.32 — 7.25 (m, 4H), 7.03 (t,
= 8.1 Hz, 2H), 3.70 (s, 2H), 3.68 (s, 4H), 3.43(, 6.2 Hz, 2H), 3.10 () = 6.2 Hz, 2H),
2.78 (s, 2H).°C NMR (101 MHz, CDGJ) ¢ 162.28, 156.18, 148.49, 145.68, 134.21,
130.89 (2C), 130.79, 127.88, 124.96, 124.21, 117115.46 (2C), 95.15, 59.30, 58.14,
55.96, 51.03, 44.88, 18.53. TOF-HRMBvz [M + H]" calcd for GiH21FN304S:
450.1294; found: 450.1294.

4145

5-(((4-chlorobenzyl) (2-hydr oxyethyl)amino) methyl)-7-(2-fluor ophenyl)-4,7-dihydr o-3H-[

1,2] oxathiino[ 6,5-c] pyrazole 2,2-dioxide (C5). Light yellow oil, yield 58%; purity,
99.7%."H NMR (400 MHz, CDC}) § 7.55 — 7.38 (m, 3H), 7.32 — 7.27 (m, 3H), 7.25 —
7.21 (m, 2H), 3.68 (s, 2H), 3.66 (s, 4H), 3.45@&, 6.5 Hz, 2H), 3.08 (] = 6.5 Hz, 2H),
2.76 (t,J = 5.3 Hz, 2H)**C NMR (101 MHz, CDGJ) § 156.00, 148.28, 145.51, 136.93,
133.13, 130.68, 130.48 (2C), 128.60 (2C), 127.22.81, 124.04, 116.95, 94.99, 59.20,
58.11, 55.93, 50.94, 44.72, 18.38. TOF-HRM®z[M + H]" calcd for GiH,1CIFN30,4S:
466.0998; found: 466.0999.

4.1.4.6
5-(((4-bromobenzyl) (2-hydr oxyethyl)amino) methyl)-7-(2-fluor ophenyl)-4,7-dihydr o-3H-[
1,2] oxathiino[ 6,5-c] pyrazole 2,2-dioxide (C6). Light yellow oil, yield 61%; purity,



99.7%.'H NMR (400 MHz, CDC}) 6 7.52 — 7.40 (m, 4H), 7.28 (d= 7.8 Hz, 2H), 7.22
(dd,J = 8.9, 4.7 Hz, 2H), 3.73 — 3.62 (th= 4.2 Hz, 6H), 3.47 (] = 6.5 Hz, 2H), 3.10 (1,
J=6.5 Hz, 2H), 2.77 () = 5.3 Hz, 2H)13C NMR (101 MHz, CDGJ) ¢ 156.17, 148.45,
145.68, 137.67, 131.72 (2C), 130.99 (2C), 130.827.88, 124.97, 124.20, 121.39,
117.12, 95.12, 59.38, 58.34, 56.13, 51.12, 44.8%5. TOF-HRMSmz[M + H]* calcd
for Co1H21BrFN30,S: 510.0493; found: 510.0493.

4147

5-(((2,4-dichlorobenzyl) (2-hydr oxyethyl)amino)methyl)-7-(2-fluor ophenyl)-4,7-dihydro-3
H-[1,2] oxathiino[ 6,5-c] pyrazole 2,2-dioxide (C7). Light yellow oil, yield 83%; purity,
95.7%.'H NMR (400 MHz, CDC)) § 7.47 — 7.34 (m, 4H), 7.26 — 7.16 (m, 3H), 3.79 (s,
2H), 3.67 (s, 2H), 3.65 (s, 2H), 3.43t= 6.4 Hz, 2H), 3.07 () = 6.4 Hz, 2H), 2.77 (s,
2H). *C NMR (101 MHz, CDGJ) § 155.99, 147.96, 145.51, 135.04, 134.55, 133.92,
132.49, 130.68, 129.56, 127.70, 127.14, 124.80,0224116.94, 95.17, 59.17, 56.20,
55.93, 47.66, 44.72, 18.25. TOF-HRM®&{z [M + H]" calcd for GiH2Cl.FN3O,4S:
500.0608; found: 500.0606.

4148

7-(2-fluor ophenyl)-5-(((2-hydr oxyethyl) (4-methyl benzyl)amino)methyl)-4,7-dihydro-3H-[

1,2] oxathiino[ 6,5-c] pyrazole 2,2-dioxide (C8). Light yellow oil, yield 69%; purity,
98.5%."H NMR (400 MHz, CDC{) ¢ 7.51 — 7.36 (m, 2H), 7.25 (dd,= 10.2, 6.3 Hz,
2H), 7.19 (dJ = 7.9 Hz, 2H), 7.12 (d] = 7.8 Hz, 2H), 3.65 (d] = 9.6 Hz, 6H), 3.43 (]

= 6.5 Hz, 2H), 3.07 (t) = 6.5 Hz, 2H), 2.76 () = 4.9 Hz, 2H), 2.33 (s, 3H}C NMR
(101 MHz, CDC}) ¢ 156.14, 148.61, 145.63, 137.22, 135.31, 131.10,78B3 129.33
(2C), 129.28 (2C), 127.89, 124.92, 124.25, 1179%24, 59.19, 58.64, 55.95, 51.26,
44,89, 21.28, 18.50. TOF-HRMBVz[M + H]" calcd for G,H24FNsO,4S: 446.1544; found:
446.1547.

4149
7-(2-fluor ophenyl)-5-(((2-hydr oxyethyl ) (4-methoxybenzyl Jamino) methyl) -4, 7-dihydr o-3H



-[ 1,2] oxathiino[ 6,5-c] pyrazole 2,2-dioxide (C9). Light yellow oil, yield 53%; purity,
95.7%.'"H NMR (400 MHz, CDC}) 6 7.52 — 7.36 (m, 2H), 7.29 — 7.19 (m, 4H), 6.86 (d,
J=7.7 Hz, 2H), 3.79 (s, 3H), 3.66 (s, 4H), 3.642(d), 3.44 (tJ = 6.2 Hz, 2H), 3.07 (1]

= 6.2 Hz, 2H), 2.76 (t, 2H)**C NMR (101 MHz, CDCJ) 6 159.08, 156.17, 148.69,
145.64, 140.90, 136.82, 130.75, 130.57 (2C), 127124.93, 124.26, 117.07, 113.96
(2C), 95.20, 59.20, 58.25, 55.88, 55.44, 51.1294418.53. TOF-HRMSWz[M + H]*
calcd for GoH24FN3OsS: 462.1493; found: 462.1488.

4.1.4.10

5-(((3,4-dimethoxybenzyl ) (2-hydr oxyethyl yamino)methyl)-7-(2-fluorophenyl)-4,7-dihydro
-3H-[ 1,2] oxathiino[ 6,5-c] pyrazole 2,2-dioxide (C10). Light yellow oil, yield 62%; purity,
99.8%."H NMR (400 MHz, CDC}) 6 7.52 — 7.38 (m, 2H), 7.29 (d,= 5.7 Hz, 1H), 7.23
(d,J =9.9 Hz, 1H), 6.92 (s, 1H), 6.83 @ 8.2 Hz, 2H), 3.87 (s, 3H), 3.84 (s, 3H), 3.68
(d, J = 7.9 Hz, 6H), 3.46 (1) = 6.4 Hz, 2H), 3.10 (tJ = 6.4 Hz, 2H), 2.78 (s, 2H}C
NMR (101 MHz, CDC}) ¢ 156.00, 148.96, 148.53, 148.35, 145.53, 130.740,653
127.74,124.86, 124.12, 121.47,116.96, 112.47.981®5.14, 59.15, 58.47, 55.96, 55.94,
55.84, 50.70, 44.76, 18.45. TOF-HRM8Zz[M + H]" calcd for GaH26FN3OeS: 492.1599;
found: 492.1598.

4.1.5. General procedure for the preparation of compounds D1-D10

K2COs (1.2 equiv) was added to a solution of compour{d éhmol, 1.2 equiv)
and the secondary amine (HRRE, 1 mmol) in MeCN (20 mL), then the reaction mixtur
was stirred at room temperature for 12 h, and stdgeto column chromatography on
silica gel (CH2CI2 / methanol, 50: 1) to obtain thlke productdD1-D10.

4151

5-((benzyl (2-methoxyethyl)amino)methyl)-7-(2-fluor ophenyl)-4,7-dihydro-3H-[ 1,2] oxathi
ino[ 6,5-c] pyrazole 2,2-dioxide (D1). Light yellow oil, yield 63%;:'H NMR (400 MHz,
CDCl) § 7.42 (dtJ = 12.9, 7.4 Hz, 2H), 7.34 — 7.28 (m, 4H), 7.26.167(m, 3H), 3.68
(s, 4H), 3.52 (tJ = 5.1 Hz, 2H), 3.43 (] = 6.4 Hz, 2H), 3.30 (s, 3H), 3.21 {t= 6.4 Hz,
2H), 2.74 (t,J = 4.6 Hz, 2H).*C NMR (101 MHz, CDCJ) § 156.20, 149.44, 145.58,



139.35, 130.65, 130.61, 128.39 (2C), 127.93 (227,26, 124.86, 124.36, 117.02, 95.59,
71.42, 59.66, 58.79, 53.49, 52.55, 45.10, 18.61F-HRMS: m/z [M + H]+ calcd for
Ca2H24FN304S: 446.1544; found: 446.1545.

4152

5-(((4-fluor obenzyl ) (2-methoxyethyl yamino)methyl)-7-(2-fluor ophenyl)-4,7-dihydro-3H-[

1,2] oxathiino[ 6,5-c] pyrazole 2,2-dioxide (D2). Light yellow oil, yield 61%;"H NMR
(400 MHz, CDC}) § 7.47 — 7.36 (m, 2H), 7.31 — 7.25 (m, 3H), 7.23187m, 1H), 6.99
(t, J = 8.2 Hz, 2H), 3.65 (s, 2H), 3.63 (s, 2H), 3.502d), 3.45 (tJ = 6.4 Hz, 2H), 3.30
(s, 3H), 3.20 (tJ = 6.3 Hz, 2H), 2.70 (s, 2H}*C NMR (101 MHz, CDCJ) 6 161.95,
156.03, 149.10, 145.45, 134.78, 130.53 (3C), 127124.70, 124.14, 116.87, 115.02
(2C), 95.33, 71.22, 58.63, 58.57, 53.10, 52.14914418.46. TOF-HRMSWz [M + H]*
calcd for GoHa3FN304S: 464.1450; found: 464.1454.

4153

5-(((4-chlor obenzyl) (2-methoxyethyl )amino) methyl )-7-(2-fluor ophenyl)-4,7-dihydr o-3H-[

1,2] oxathiino[ 6,5-c] pyrazole 2,2-dioxide (D3). Light yellow oil, yield 65%;"H NMR
(400 MHz, CDC}) 0 7.51 — 7.41 (m, 2H), 7.34 — 7.25 (m, 6H), 3.7@2(3), 3.68 (s, 2H),
3.55 (t,J = 5.1 Hz, 2H), 3.49 (1) = 6.5 Hz, 2H), 3.34 (s, 3H), 3.24 = 6.5 Hz, 2H),
2.75 (t, J = 4.9 Hz, 2HY>C NMR (101 MHz, CDGJ)  156.02, 149.00, 145.45, 137.66,
132.75, 130.50, 130.38, 128.35 (2C), 127.73 (224,70, 124.12, 116.86, 95.33, 71.20,
58.64 (2C), 53.17, 52.19, 44.89, 18.46. TOF-HRMS8z [M + H]" calcd for
C22H235CIFN30,4S: 480.1155; found: 480.1156.

4154

5-(((4-bromobenzyl) (2-methoxyethyl )amino) methyl )-7-(2-fluor ophenyl)-4, 7-dihydr o-3H-[
1,2] oxathiino[ 6,5-c] pyrazole 2,2-dioxide (D4). Light yellow oil, yield 65%;'H NMR
(400 MHz, CDC}) § 7.47 — 7.36 (m, 4H), 7.25 — 7.16 (m, 4H), 3.6682(), 3.62 (s, 2H),
3.50 (t,J = 5.1 Hz, 2H), 3.45 (1] = 6.5 Hz, 2H), 3.31 (d] = 8.0 Hz, 3H), 3.20 (1 = 6.4
Hz, 2H), 2.71 (tJ = 5.0 Hz, 2H)*C NMR (101 MHz, CDGJ) 6 156.21, 149.16, 145.64,



138.39, 131.49 (2C), 130.94 (2C), 130.69, 127.22,89, 124.31, 121.02, 117.05, 95.51,
58.88, 58.83, 53.38, 52.40, 45.08, 18.65. TOF-HRM®z [M + H]" calcd for
CooHo3BrEN3O4S: 524.0649; found: 524.0650.

4155

5-((ethyl (4-fluor obenzyl)amino)methyl)-7-(2-fluor ophenyl)-4,7-dihydro-3H-[ 1,2] oxathiin

o[ 6,5-c] pyrazole 2,2-dioxide (D5). Light yellow oil, yield 63%;'H NMR (400 MHz,
CDCl3) 6 7.39 (m, 2H), 7.21 (m, 4H), 6.97 &= 8.4 Hz, 2H), 3.56 (s, 2H), 3.54 (s, 2H),
3.42 (t,J = 6.5 Hz, 2H), 3.15 (1) = 6.4 Hz, 2H), 2.54 (d] = 6.5 Hz, 2H), 1.08 (1} = 6.8

Hz, 3H)."*C NMR (101 MHz, CDG)) 6 160.71, 156.02, 149.17, 145.42, 134.91, 130.57,
130.48 (2C), 127.74, 124.70, 124.14, 116.86, 11%2@), 95.19, 57.35, 51.10, 47.76,
44.85, 18.57, 11.86. TOF-HRM®Yz [M + H]" calcd for GiH»1Fo>N30sS: 434.1344;
found: 434.1344.

4156

5-(((4-chlorobenzyl)(ethyl)amino)methyl)-7-(2-fluor ophenyl)-4, 7-dihydr o-3H-[ 1,2] oxathi

ino[ 6,5-c] pyrazole 2,2-dioxide (D6). Light yellow oil, yield 67%;:'H NMR (400 MHz,
CDCl) 6 7.45 — 7.33 (m, 2H), 7.24 — 7.18 (m, 6H), 3.562(), 3.54 (s, 2H), 3.43 (§,=
6.4 Hz, 2H), 3.15 (tJ = 6.2 Hz, 2H), 2.53 (s, 2H), 1.08 (&= 6.0 Hz, 3H).*C NMR
(101 MHz, CDC}) ¢ 156.23, 149.33, 145.64, 132.91, 131.13, 130.70,563 128.56
(2C), 127.95 (2C), 124.91, 124.33, 117.08, 95.36% 51.48, 48.07, 45.05, 18.80,
12.09. TOF-HRMSm/z[M + H]" calcd for GiH»CIFN;O3S: 450.1049; found: 450.1050.

4.15.7

5-(((4-bromobenzyl)(ethyl)amino)methyl)-7-(2-fluor ophenyl)-4, 7-dihydr o-3H-[ 1,2] oxathi
ino[ 6,5-c] pyrazole 2,2-dioxide (D7). Light yellow oil, yield 60%;'*H NMR (400 MHz,
CDCl) 6 7.50 — 7.38 (m, 5H), 7.25 — 7.17 (m, 4H), 3.564(8), 3.46 (tJ = 6.5 Hz, 2H),
3.18 (t,J = 6.6 Hz, 2H), 2.59 (s, 2H), 1.12 @&,= 6.7 Hz, 3H).°C NMR (101 MHz,
CDCl) ¢ 156.19, 149.18, 145.60, 131.74, 131.47 (2C), BQXC), 130.68, 128.74,
127.92, 124.89, 124.29, 117.04, 95.35, 57.70, 514806, 45.01, 18.76, 12.07.
TOF-HRMS:m/z[M + H]" calcd for GiH21BrFNsO3S: 494.0544; found: 494.0546.



4158

5-(((4-fluor obenzyl) (methyl)amino) methyl )-7-(2-fluor ophenyl)-4, 7-dihydro-3H-[ 1,2] oxat
hiino[ 6,5-c] pyrazole 2,2-dioxide (D8). Light yellow oil, yield 62%;'*H NMR (400 MHz,
CDCl) 0 7.51 — 7.37 (m, 2H), 7.27 — 7.30 (m, 2H), 7.26.397m, 2H), 7.01 (t) = 8.6
Hz, 2H), 3.54 (s, 4H), 3.49 (@,= 6.5 Hz, 2H), 3.20 (t) = 6.5 Hz, 2H), 2.24 (s, 3H}*C
NMR (101 MHz, CDC}) ¢ 162.06, 156.06, 148.72, 145.49, 134.37, 130.60, (28D.57,
127.80, 124.74, 124.15, 116.89, 115.14(2C), 9564145, 54.52, 44.90, 42.45, 18.55.
TOF-HRMS:m/z[M + H]" calcd for GoH19F2N30sS: 420.1188; found: 420.1187.

4159

5-(((4-chlorobenzyl) (methyl)amino)methyl)-7-(2-fluor ophenyl)-4,7-dihydro-3H-[ 1,2] oxat
hiino[ 6,5-c] pyrazole 2,2-dioxide (D9). Light yellow oil, yield 59%;'*H NMR (400 MHz,
CDCl) 6 7.61 — 7.36 (m, 3H), 7.36 — 7.27 (m, 3H), 7.26.387(m, 2H), 3.54 (s, 4H),
3.48 (t,J = 6.3 Hz, 2H), 3.20 (t) = 5.2 Hz, 2H), 2.23 (s, 3H}°C NMR (101 MHz,
CDCly) § 156.04, 148.65, 145.50, 137.25, 132.90, 130.59,413(2C), 128.47 (2C),
127.80, 124.76, 124.14, 116.89, 95.25, 61.47, 54888, 42.50, 18.56. TOF-HRMS:
m/z[M + H]" calcd for GoH1gCIFN305S: 436.0892; found: 436.0891.

4.15.10

5-(((4-bromobenzyl)(methyl)amino)methyl)-7-(2-fluorophenyl)-4,7-dihydro-3H-[ 1,2] oxat
hiino[ 6,5-c] pyrazole 2,2-dioxide (D10). Light yellow oil, yield 60%:'H NMR (400 MHz,
CDCl3) 6 7.51 — 7.33 (m, 4H), 7.26 — 7.19 (m, 4H), 3.59.413m, 6H), 3.20 (t) = 6.4
Hz, 2H), 2.23 (s, 3H)™C NMR (101 MHz, CDGJ) § 156.05, 148.67, 145.50, 137.82,
131.43 (2C), 130.75 (2C), 130.58, 127.79, 124.78,14, 121.00, 116.89, 95.21, 61.54,
54.67, 44.89, 42.54, 18.57. TOF-HRM®z [M + H]" calcd for GoH1gBrFNzOsS:
480.0387; found: 480.0387.



4.2. EeAChE and eqBuChE inhibition assays

Assays were performed on AChE from electric eel3@B500UN; Sigma) and BuChE
from equine serum (C4290-1KU; Sigma), accordingthhe Ellman’s method. The
experiment was performed in 48-well plates in alfimolume of 500 pL. Each well
contained 0.036 U/mL of EeAChE or eqBuChE, and\.pH 8 phosphate buffer. They
were preincubated for 20 min at different compouondcentrations at 37 °C. Then 0.35
mM acetylthiocholine iodide (ACh; A5751-1G; Sigmey 0.5 mM butyrylthiocholine
iodide (BuCh; 20820-1G; Sigma) and 0.35 mM 5,5idttis-2-nitrobenzoico (DTNB;
D8130-1G; Sigma) were added. The DTNB produces tyellow anion
5-thio-2-nitrobenzoic acid along with the enzymatiegradation of ACh or BuCh.
Changes in absorbance were measured at 410 nn2@ftain in a Biotek Synergy HTX
Multi-Mode reader. The 163 values were determined graphically from inhibiticurves
(log inhibitor concentrations percent of inhibition). A control experiment wasrformed
under the same conditions without inhibitor and bienk contained buffer, DMSO,
DTNB, and substrate.

4.3. Radical scavenging activity (DPPH assay)

The antioxidant capacity of the test compounds vemauated by DPPH method in
which DPPH free radical chould be scavenged byoamwtant. Briefly, 150 mL of the
compound (100 puM) with 150 mL of DPPH (140 uM) wasked and incubated in a
96-well plate for 2 h in the dark at 37°C. The valet absorbance of the reaction mixture
was measured at 520 nm using a microplate readeT¢B Synergy HT). The reducing
percentage (RP) of DPPH was determined by the fleenRP = (1 - A/Ao) x 100%,
where Ac/A are DPPH absorbance in the presence and absemtghitors, respectively.

Ascorbic acid was used as a standard for DPPHrdatation.

4.4. Oil/water partition coefficient assay and ADMET prediction

Using the classical shake flask method, the oilwatartition coefficient of the

compounds were tested. The same amount of olesepfmoctanol) and aqueous phase



(PBS pH 7.4) were mixed. And the mixture was shabkgmltrasonic (400 W, 40 kHz)
and allowed to stand for 24 h to obtain a saturatddtion of noctanol. An appropriate
amount of the compounds was added. After sealimgte¢st compounds was shaken at
37°C for 48 h to make it fully equilibrated in tiwo phases. Then the mixture was
measured with a high performance liquid chromatolgya

The active compounds were analyzed with the ADMESdjetion tools of Discovery
Studio Client v18.1.0. The pharmacokinetic progsrtiare HIA (human intestinal
absorption), PPB (plasma protein binding), CytoatneoP450 2D6 binding (CYP2D6),
Aqueous solubility, and BBB. ADMET screening intesvise manner is summarized as
follows. HIA: there are four prediction levels of®represent good, moderate, low, and
very low absorption respectively. The data disptayeat eleven compounds had good
absorption (HIA levels of 0, score < 6.126), onenpounds had moderate absorption and
one had low absorption. Aqueous solubility: soliypilevels of 0-5 represent extremely
low; no, very low, but possible; yes, low; yes, dpyes, optimal; no, too soluble
respectively, and we found these compounds shdeaat possible solubility (solubility
level of 1 and 2). BBB: BBB levels of 0—4 represeaty high, high, medium, low, and
undefined penetration. The results showed that comepounds had high penetrant, there
compounds had medium penetrant and two compoundsuhdefined penetration.
CYP2D6 binding activity: CYP2D6 is involved in theetabolism of a wide range of
substrates in the liver and its inhibition by a glrconstitutes a major of drug-drug
interaction. The level of 0 and 1 reflect as nomiditor and inhibitor. The results showed
that active compounds were non-inhibitors of CYPZD&P2D6 level of 0). PPB: PPB
levels of 0 and1l reflect on binding as < 90%, bgdas > 90%.

4.5. Kinetic studies of eqBUChE inhibition.

Kinetic studies were performed with the same testdtions, using six concentrations
of substrate (0.1-1 mM) and four concentrationsintfibitor (0-0.08 uM). Apparent
inhibition constants and kinetic parameters wetewtated within the “Enzyme kinetics”
module of Prism 5. The effect of concentrationg@ihpoundC6 on the activity for the
catalysis of BUChE at 37°C was also studied. Assaglitions were same as described in

assay protocol except that the final concentratibenzyme was varied (0-0.72 U/mL).



Concentrations of compour@6 (0, 0.02, 0.04, 0.08V) were used respectively, for the
determination of reversible as well as irreverslileing of inhibitors at enzyme.

4.6. Molecular docking study

A structure based in silico procedure was appleediscover the binding modes of the
active compounds to BUChE enzyme active site. TRB®CKER of Discovery Studio
Client v18.1.0 (DS) was conducted to explain SARsefies compounds and further
guide the design of more effective and concrete lEi@hibitors. The ligand binding to
the crystal structure ¢fBuChE with PDB ID: 5LKR was selected as templatee Target
enzyme was prepared with Prepare Protein of DShsoire the integrity of target. The
ligand was processed by Full Minimization of the @inMolecular in DS. Then title
compounds were docked into the active site of protsing CDOCKER. The view
results of molecular docking were extracted after grogram running end, each docking
result was analyzed for interaction and their défeé pose. Those poses with the lowest
-CDOCKER_INTERACTION_ENERGY values were regardedtlas most stable and

picked to analysis binding interactions with targezyme visualized.

4.7. Cytotoxicity assays

Human hepatoblastoma cells HepG2 and human normei ktells LO2 were
maintained at 37°C in a humidified incubator comitag 5% CQ in DMEM containing
10% fetal bovine serum, 100 U/mL penicillin, and01@g/mL streptomycin. Cell
cytotoxicity was evaluated by methyl thiazolyl s#tolium (MTT) assay. HepG2 cells
and LO2 cells were inoculated at 1 x 104 cellswelt in 96-well plate. After cultured
for 24 h, the cells were treated with different gamunds which were diluted in DMEM
for 24 h. Then 20 pL of 0.5 mg/mL MTT reagent wddled into the cells and incubated
for 4 h. After 4 h, cell culture was removed anénhl50 pL DMSO was added to
dissolve the formazan. The optical density was omeds at 492 nm (OD492). Cell
viability was calculated from three independent eskpents. The density of formazan
formed in blank group was set as 100% of viabil@ell viability (%) = compound
(OD492 / blank (OD492) x 100%



Blank: cultured with fresh medium only.

Compound: treated with compounds or donepezil.

4.8. Neuroprotection assay

PC12 cells were dispensed into 96-well microtitéates at a density of 1 x 104
cells/well. Following incubation overnight, celleere treated with a range of compound
C6 concentrations (1-28M) at time zero and maintained for 3 h. Then, tredia were
replaced by fresh media still containing the driigsghe cytotoxic stimulus represented
by 100uM H,0; that was left for an additional 24 h period. Gadlbility was measured
after 24 h by using the MTT assay. Briefly, 20 fl0dd mg/mL MTT reagent was added
into the cells and incubated for 4 h. After 4 H] calture was removed and then 150 pL
DMSO was added to dissolve the formazan. The dpdmasity was measured at 492 nm
(OD492) on the Biotek Synergy HTX Multi-Mode readdResults were adjusted
considering OD measured in the blank.

4.9. Satistical analysis

Data are reported as mean + SEM of at least tm@ependent experiments and data

analysis was performed with GraphPad Prism 6 so&wa
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Optimization improved BUuChE inhibition of ¢-Sultone-fused pyrazoles.
Introduction of atertiary benzylamine increased BUChE inhibition.
|Cso values of C4 and C6 are 8.3 and 7.7 nM, respectively.

C6 showed mild antioxidant capacity (22.2% for DPPH).

C6 exhibited neuroprotective activity.
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