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ARTICLE INFO ABSTRACT
Article history: A series of LX2343 derivatives were designed, sgsited and evaluated as neuroprotective
Received agents for Alzheimer's disease (AD) in vitro. Mastt the compounds displayed pat
Received in revised form neuroprotective activities. Especially for compoui, exhibited a remarkable EE€value o
Accepted 0.22 puM. Further investigation demonstrated thahmoundA6 can significantly reduce
Available online production and increase A clearance, and alleviate Tau hyperphosphorylatibtast
importantly, compoundA6 could ameliorate learning and memory impairmentARP/PS
Keywords: transgenic mice. The present study evidently showat compoundA6 is a poten
LX2343 derivatives neuroprotective agent and might serve as a progikad candidatdor the treatment
Neuroprotective agents Alzheimer's disease.

Alzheimer’s disease
structural modifications
Structure-activity relationships

2017 Elsevier Ltd. All rights reserved

1. Introduction

Alzheimer’s disease (AD) is a progressive neurodegéiner the progression. The consecutive failures in dihitials for
disorder in the elderly population characterizeditgversible ~dozens of anti-AD agents suggested that the agegétiag
cognitive impairment, disorientation and persogalihanges, Single target might not work effectively on this quinated
and ultimately causing death [1]. The apoptosis@irons, the pathogenesis [7,8]. Several factors including lowele of
accumulation of amyloi (Ap) plaques and the formation of neurotransmitter acetylcholine (ACh), oxidative stre(OS),
neurofibrillary tangles(NFTs) in the brain are the typical dyshomeostasis of biometals, the aggregationp@myloid
hallmarks of AD [2]. There is approximately 36 muli people peptide and hyperphosphorylation of tau protein ehdeen
suffering from AD worldwide, and the figure is projedtto grow  considered to play significant roles in the patireggs of AD [9-
to 114 million by 2050 [3,4]. Due to complex natuamd 11]. Therefore, a new strategy is urgently needed the
multitude of factors potentially involved in patresgesis, many discovery of anti-AD drugs.
aspects of AD are not yet fully known, to date, arecfie

L Recent evidence indicates that failing to repag ttamaged
treatment for this disease has not been found. 9 P g

neurons may be the fundamental reason [12-15]. d{eotection
Currently, the therapeutic options for the treathr@&nAD are IS a valuable tool of modern medicine to potentiaibmbat or
limited to three acetylcholinesterase (AChE) intutitdonepezil, Slow down the progression of AD [16-22]. Thereforeg th
rivastigmine, galantamine and oNemethyl-D-aspartate receptor successful protection of neuronal cells from damagay
antagonist, memantine [5,6]. These drugs are obly ® treat potentially prevent AD [23-29]. In our previous woB031], the
symptoms of the disease by improving cognitive dviédral and ~ preliminary high throughput screening (HTS) lead tioe

functional impairments. However, they do little tosor reverse ~ discovery of a small molecule compound LX2343 which
exhibited moderate neuroprotective activities with EGyvalue

OCorresponding author. e-mail: xshen@simm.ac.crggén); e-mail: Ihhu@njucm.edu.cn (L. H«. Sun and J. Wang contributed
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of 15.8 uM. Further investigation showed that LX23%8 able = 2. Results and discussion
to effectively reverse the streptozocin (STZ)-ineldicneuronal
apoptosis and tau hyperphosphorylatiowitro andin vivo, and

this neuroprotective effect of LX2343 was ascribed it® LX2343 was obtained through high throughput screeaing
funct_|on in the inhibition of OS_ an_d ta_luopathy. LXZ34 ihe structure-activity relationship was not cleartHis paper, we
alleviated A levels by both activating its clearance andocys on the structural modifications of LX2343 iadf more
inhibiting its production under STZ-induced patttal  5tent neuroprotective agent (Fig. 1). Firstly, sidering size,
conditions. Moreover, assays in APP/PS1 transgeniomldel  gjactron density and structure type, different siulEnt groups
m|ce.\./er|f|ed.the amelioration of AD-relevant pateagsis and \yere introduced to modify the part A, including &figic amine,
cognitive deficits by LX2343. These results demaxtetl that  5r5matic amine and heterocycle-aromatic amine €rapl After
LX2343 was a multifunctional agent which exhibits poi@ e optimal R group was determined, modification was continue
capability ~for ~ameliorating ~multi-abnormalites ofAD  on part B, such as introducing different substitsean the
pathoge.ne3|s. However, the neuroprotective act|vﬁFy>(2343 benzene ring or replacing sulfonyl with carbonyl iffEa 2).
was a little weak and the structure-activity relasioip (SAR)  Finally, part C was modified by introducing diffetesubstituents

has not been studied yet. In order to search namel more o the benzene ring or replacing the aromatic with aliphatic
potent neuroprotective agent, LX2343 was chosen edethd  (ing and chain (Table 3).

compound for further structural optimization.

2.1. Design of novel neuroprotective agent

A Y H -0 _O H
Sepaal f% = oD D

LX2343 B A1-A24 B1-B4 c1-c7
Fig. 1. Design of novel neuroprotective agents
2.2. Chemistry afford the target compoundsl-A24 in moderate to good yields

(Scheme 1). CompoundB1-B4 were prepared according to
Scheme 2. Treatment of 3,5-dimethyl amantadine with
chloroacetyl chloride produced the correspondingdear® which
reacted with 2-methoxy-5-chloro aniline giving intexdiate?.
Then, 7 was coupled with different sulfonyl chloride or acryl
chlorides in the presence of DMAP to giB&-B4. The synthesis

of compound<1-C7 is similar to that oB1-B4, coupling6 with
different amines and then reaction with benzenesylfchloride
gave the target compounds (Scheme 3). All the taxgepounds

benzotriazole-1-yl)-1,1,3,3-tetramethyluronium HMexaro- \yere purified by chromatographic techniques (seexperiment
phosphate (HATU) and subsequently coupled with differe geciion for details) and structurally characterizby their

amines in the presence MiN-diisopropylethylamine (DIPEA) to spectroscopic datd{-NMR, C-NMR, MS and HRMS).
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The synthetic routes for the designed thirty-fivergeted
compounds were depicted in Scheme 1-3. Firstlyctiea of
commercially available ethyl bromoacetate and BhbR-
methoxyaniline gave intermedia Sulfonylation of2 with
benzenesulfonyl chloride in pyridine using
dimethylaminopyridine (DMAP) as catalytic agent domd the
product 3, which was further hydrolyzed to give the
corresponding acid. Then, it was activated with 2-(7-azk-1

—

Scheme 1Reagents and conditions: (a) 5-chloro-2-methoxyanilDIPEA, CHCN, reflux, 10 h, 90%; (b) benzenesulfonyl chloriB&JAP,
Py, r.t., 6 h, 87%; (c) NaOH, B®/THF/MeOH, r.t., 1 h, 94%; (d) amines, HATU, DIPE#A., 1 h,46-94%
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Scheme 2Reagents and conditions: (a) chloroacetyl chlofMd®d, CH,Cl,, r.t., 2 h, 99%; (b) 2-methoxy-5-chloro aniliriezN, Nal, EtOH,
reflux, 10 h, 54%; (c) sulfonyl chlorides or aceyllorides, DMAP, Py, r.t., 10 h, 66-90%.
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Scheme 3Reagents and conditions: (a) aminésN, Nal, EtOH, reflux, 10 h; (b) benzene sulfonylafde, DMAP, Py, r.t., 10 h, 18-68%
(two steps).



2.3. Inhibition of apoptosis in SH-SY5Y cellsinduced by STZ

The protective activity of the thirty-five compounégainst
STZ-induced apoptosis was evaluated in SH-SY5Y celisthe
results were shown in Table 1-3. Most of the compssiwed
potent neuroprotection against STZ-induced cel&sttdeOn the
basis of these results, following SAR has been dérivenalyze
the influence of the modifications on part Aart B and part C.

When changing the 'Rsubstituent, the amide compounds with
aliphatic groups showed similar potency to LX2343 {E5.80
uM), except for compound6 which bearinga memantine group.
It exhibited a great increase in neuroprotectiotepoy with the
EC;ovalue of 0.22 uM. Aromatic amine substituted compisun
A12 and A13 which bearing an electron-withdrawing group at
the para-position of the benzene ring displayedérigootency
than LX2343. Compounds with hetero-aromatic riaAd9-A24)
also showed potent activity, especially for compo®, it
displayed the most potent activity with a signifit&Cs,value of
0.25 uM. However, the activities &1-B4 decreased a lot by

changing the Rsubstituent, which means that benzenesulfonyl is

very important for the activity and not suitable foodification
any more. The results d€1-C7 showed that the chlorine on
aromatic ring is the necessary group to maintagnatttivity. The
location of chlorine also affect the activity, angowhich, meta-
position > ortho-position > para-positio@€4 > C3 > C5). In
addition, introducing a methyl on the para-positan further
improve the activity, for example&Z7 showed stronger activity
than its parent compound3. In general, the results of
modifications on part B and part C are not ideadlidating that
these two parts are not suitable for structural fication. The
good news is that in the modification of part A, gale
compounds with high potency were obtained. Considetire
potency and the structure types, compouAd8sA6, A13, A22
andA24 were selected for further investigation.

Table 1
The structure and the effects of compouAdsA24 on STZ-induced
cell death in SH-SY5Y cells.
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17.60 £1.35
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> 20

17.43 +2.06

> 20

2.22+0.25

2.75+0.31

1.32+0.10

0.25 +0.02
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A24

LX2343

3.18+0.21

1580 +1.81

%ECso was measured by the MTT assay with six concentrat{1,

2.5,5,10, 15, 20 uM). Data shown are means + SEM.

Table 2

The structure and the effects of compounds on Sitzded cell

death in SH-SY5Y cells.
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%ECso was measured by the MTT assay with six concentrat{1,

2.5,5, 10, 15, 20 uM).

Table 3

The structure and the effects of compounds on $itidided cell

death in SH-SY5Y cells.

A
: 0055
T

C1-C7
Compd R ECso (UM)?
c-1 Q > 20
\
c-2 @ > 20
\
Cl
c-3 j@ 16.11 + 1.88
\
Cl
C-4 /@ 12.30 +1.44
\
Cl
c5 J@f > 20
\
Cl
> 20

0
(o))
IS

Cl

c-7 Jij 8.86 £ 0.49
\

8ECsp was measured by the MTT assay with six concentrati1,
2.5, 5,10, 15, 20 uM). Data shown are means + SEM.

2.4. Inhibition of A production and promotion of Af clearance

In order to investigate the potential to allevi&g burden
under pathological conditions by LX2343 derivative§,Z was
used as a stimulator and ELISA assays were performed
HEK293-APR,, cells. ELISA results showed that LX2343
derivatives can effectively antagoniz@ Aeposition in HEK293-
APPy, cells at the concentration of 20 uM. Among these
derivatives, compound6 exhibited the most potent inhibition of
AB production (Fig. 2A). A in the brain exists in a dynamic
equilibrium of A production and clearance, so the potential
effect of LX2343 derivatives on exogenou$ Alearance was
also investigated in SH-SY5Y cells. The results ¢atkd that
compoundsA6, A13, A22 and A24 can enhance exogenousA
clearance, and the best effect was found for comgpéé which
was better than LX2343 (Fig. 2B). These results ssiggethat
our compounds could effectively inhibit STZ-inducedp
production and promotefAclearance.

A AB Production B . AB Clearance

Relative Ap42

STZ — + + + + + + + STZ — + + + + + + +
(0.4 mM) ‘,3,’5“’5 PO pAD 0 9 ok (0.8 mM) *ﬁb{b [SISCRN I
\ \

Fig. 2. LX2343 and its analogues effectively reversed $idi:ced
AB accumulation and promoted3Xlearance. (A) ELISA assays of
compounds-induced A decrease in HEK293-ARPR cells. (B)
ELISA results indicated that compounds increas@dckearance in
SH-SY5Y cells (one-way ANOVA, Dunnett’s multiple roparison
test.n = 3. *P < 0.05,**P < 0.01,***P < 0.001 vs STZ). All data
were obtained from three independent experimerdsaasm presented
as the mean + SEM.

2.5. Inhibition of Tau hyperphosphorylation

Considering the association of OS with tauopathy, we
examined the potential of compoun#i8, A6, A13 andA22 (at
20 pM) to suppress Tau hyperphosphorylation atiuesSer396
in SH-SY5Y cells. As expected, the results indicatédt t
compoundsA6 and Al13 can efficiently attenuate the STZ-
induced elevation of Tau phosphorylation (Fig. 8nong these
compoundsA6 showed the strongest activity to inhibit the Tau
hyperphosphorylation. Thus, compou® was selected for
further in vivo evaluation.

0.5:

2.0
A X B 2
2343 A3 A13 A6 A22 g"
STZ(0.8 mM) — + + + + + + g 10
F’S%—tau-‘-—-—-~—— %
- [}
['4

=50
GAPDH P ab G G % s S —37

STz - + + + + + +

(0.8 mM) d:fﬁ RIS
Fig. 3.LX2343 and its analogues ameliorated tau pathoMstern
blot and quantification results demonstrated tloatpounds reduced
tau phosphorylation at sites of serine 396 in SH%ells (one-
way ANOVA, Dunnett's multiple comparison te$® < 0.05,**P <
0.01,***P < 0.001 versus STZ). All values were presentedhas t



mean + SEM1f = 3). GAPDH was used as the loading control in the3. Conclusions

Western blot assays. Data were obtained from timdependent
experiments.

2.6. In vivo anti-AD activity

In conclusion, to develop effective drugs for theatment of
Alzheimer's disease (AD), a series of LX2343 derivativere
designed, synthesized and evaluated. Among all é#sted
compounds, compound#6 and A22 showed very potent
neuroprotective effect with the E¥alues of 0.22 and 0.17 puM,

APP/PS1 mice which express chimeric human Swedishespectively, which were much stronger than LX2343 ;(EC

mutant APP and a mutant human presenilin 1 proteirnédely
used as an effective animal model for AD dementid. [BRthis
model, it is evaluated the amelioration of memanpairment by
compoundA6 using the Morris Water Maze (MWM) test.

As depicted in Fig. 4, the results revealed thatixday
training trials, the path lengths and escape l@&sngsed to find
the platform for APP/PS1 transgenic mice were renidyka
longer than those for non-transgenic mice, while rB@/kg
compound A6 administration obviously antagonized
prolonged path lengths and escape latencies orsiktle day
(Figure 4A, 4B). In the probe trial assay, the comqpubA6-
administered transgenic mice crossed over the hitloEation of
the platform more frequently compared with the vighic
administered transgenic mice (Figure 4C, 4D). Thémah
experiments were carried out with two different dosis

the

15.80 pM). ELISA assays and western blot results dsinated
that compoundA6 can significantly reduce [ production,
increase A clearance and alleviate Tau hyperphosphorylation.
addition, administration of compourfb in APP/PS1 transgenic
mice also effectively improved learning and memory
impairments. Taking together, all these resultsgesg that
compoundA6 could be considered as a potential neuroprotective
agent for the treatment of AD.

4. Experimental section
4.1. Materials and physical measurements

All cell culture reagents were purchased from Gibco
(Invitrogen, USA). 3-(4,5-dimethylthiazol-2-yl)-2,5-
diphenyltetrazolium bromide (MTT), STZ, wortmannin,

compoundAg6, 15 and 30 mg/kg. More obvious improvement SB216763 and chloroquine were purchased from Sigrdeiehl

was detected in memory and learning in the high-diesgment
group, it indicated the dose-dependent effect ofimundA6 in
vivo. Additionally, there are no apparent changelsady weight,
liver function or swimming speed of the tested mafter the
treatment of compoundlé (data not shown).

NV

A B
80
- NV
60 - TV
- -+ A6-L
3 - A6-H
c 40
L
T
3
20
S N 4 s X 6 o A
Days

V. A6-L A6-H

Fig. 4. CompoundA6 effectively improved learning and memory
impairments in APP/PS1 transgenic mice. Behavidesits and
gquantitative analyses of the APP/PS1 transgenice.mifA)
Representative tracing graphs showing the trainiatst (B) Escape
latency during the platform trials in the MWM tesfsvo-way
ANOVA with repeated measures over time: treatmént, 0.0001;
time, P < 0.0001; treatmenftime.***P < 0.001 vs TVn = 10). (C)
Representative tracing graphs of the probe tri@$.Times of the
platform crossings in the probe trials (t téf,< 0.05 vs TVn = 10).
NV: non-transgenic mice administered vehicle, Txanggenic mice
administered vehicleA6: transgenic mice administered with 15
mg.kgt.d? (A6-L) and 30 mg.kd.d* (A6-H). Values are expressed
as the meatt SEM.

company (USA). All chemical reagents were purchased fro
Sinopharm Chemical Reagent Co., Ltd. (China), Alfasake
Adamas-beta, J&K and TCI. All solvents were used withou
further purifications. Reaction progress was moeitorusing
analytical thin layer chromatography (TLC) on praeiea silica
gel GF254 (Yantai, China) plates and the spots wetected
under UV light (254 nm). Column chromatography was
performed on silica gel (200-300 mesh) from Yanthia).
Melting point were recorded on a WRS-1B melting poin
apparatus and uncorrectétt NMR and™*C NMR spectra were
measured in DMS@ or CDCE solutions using an AVANCE I
400 spectrometer. Chemical shifts are reported scale (ppm)
relative to internal tetramethylsilane (TMS)yalues are given in
Hertz, and spin multiplicities are expressed as isgiat), d
(doublet), t (triplet), or m (multiplet). Low and dfi-resolution
mass spectra were obtained in the ESI mode.

4.2. Chemistry
4.2.1. General procedure for the synthesis of 2

To a stirred solution of ethyl bromoacetatét.0 g, 24 mmol)
and DIPEA (4.01 g, 24 mmol) in GBN (100 mL) was added 5-
chloro-2-methoxyaniline (3.14 g, 20 mmol) at rocemperature.
The mixture was heated to reflux for 10 h, and Tih@i¢ated
that the reaction was completed. Then the reactibture was
evaporated to dryness under vacuum. The obtairsdues was
further purified by silica gel chromatography (péum ether
(PE)/ethyl acetate (EtOAc) = 5/1) to gi2eas a yellow oil (Yield
90%)."H NMR (400 MHz, CDC)) 6 (ppm): 6.62 (s, 2H), 6.40 (s,
1H), 4.90 (tJ = 5.2 Hz, 1H), 4.23 (q] = 7.2 Hz, 2H), 3.84 (d]
= 5.2 Hz, 2H), 3.78 (s, 3H), 1.28 @{,= 7.2 Hz, 3H); ESI-MS
(m'2): 244.6 [M+H]; HRMS (ESI): calcd for GH.,CINO;
[M+H] " 244.0735, found 244.0729.

4.2.2. General procedure for the synthesis of 3

Benzenesulfonyl chloride (3.52 g, 20 mmol) was added
dropwise to a solution &f (2.43 g, 10 mmol) and DMAP (0.61 g,
5 mmol) in pyridine (50 mL) at room temperature eThixture
was continuously stirred at room temperature for, @&rd TLC
indicated that the reaction was completed. Thenahetion was
concentrated and diluted with @El, (50 mL) and HO (50 mL).
The aqueous layer was separated and the organic Vege



washed with saturated M2O; solution (2 x 50 mL), brine (50
mL) and dried over anhydrous }&0,. After filtered, the solvent
was evaporated to dryness under vacuum. The resihse
further purified by silica gel chromatography (PEJBc = 3/1)
to give 3 as a white solid (Yield 87%)H NMR (400 MHz,
CDCly) 6 (ppm): 7.68 (dJ = 8.0 Hz, 2H), 7.55-7.59 (m, 2H),
7.46 (t,J = 8.0 Hz, 2H), 7.26 (dd] = 8.8, 2.4 Hz, 1H), 6.70 (d,
= 8.8 Hz, 1H), 4.38 (s, 2H), 4.17 &= 7.2 Hz, 2H), 3.37 (s, 3H),
1.26 (t,J = 7.2 Hz, 3H); ESI-MSrt/2): 384.6 [M+H]; HRMS
(ESI): caled for GHi;sCINOsS [M+H]® 384.0667, found
384.0668.

4.2.3. General procedure for the synthesis of 4

(2C), 128.7, 127.8 (2C), 125.7, 113.3, 55.8, 54142, 22.6, 11.3;
ESI-MS (n2): 397.3 [M+H]; HRMS (ESI): calcd for
CasH21CIN,O,S [M+H]" 397.0983, found 397.0996.

4.2.7. 2-(N-(5-chloro-2-methoxyphenyl) phenyl sulfonamido)-N,N-
diethylacetamide (A2)

The product was purified by flash chromatography/ BRBAc
= 3/1) to give a yellow solid (Yield 84%jH NMR (400 MHz,
CDCI3) d (ppm): 7.73-7.68 (m, 2H), 7.56 @ = 7.4 Hz, 1H),
7.50-7.43 (m, 3H), 7.22 (dd,= 8.8, 2.7 Hz, 1H), 6.69 (d,= 8.9
Hz, 1H), 4.45 (s, 2H), 3.43 (s, 3H), 3.39 J¢; 7.1 Hz, 2H), 3.29
(q,J = 7.1 Hz, 2H), 1.21 (t) = 7.1 Hz, 3H), 1.00 () = 7.1 Hz,
3H); *C NMR (101 MHz, DMSOd,) & (ppm): 166.3, 155.4,

3(3.83 g, 10 mmol) and NaOH (0.80 g, 20 mmol) was added40.2, 133.8, 133.2, 130.0, 129.3 (2C), 127.9,5.24C), 123.3,

to a mixed solution of fO/THF/MeOH (2/2/1) (20 mL) at room
temperature. The mixture was continuously stirredr@im
temperature for 1 h, and TLC indicated that thectiea was
completed. Then the reaction was concentrated datedliwith
H,O (15 mL). When the solution was acidified to pH 3y b
hydrochloric acid, a large amount of white solidsdise out.
After filtered, the residue was washed withChl and dried to
afford 4 as a white solid (Yield 94%)H NMR (400 MHz,
DMSO-dg) 6 (ppm): 7.63-7.69 (m, 3H), 7.56 @,= 7.6 Hz, 2H),
7.39-7.41 (m, 2H), 6.98 (d,= 9.6 Hz, 1H), 4.27 (s, 2H), 3.29 (s,
3H); ESI-MS (2): 356.7 [M+H]; HRMS (ESI): calcd for
C15H14,CINOsS [M+H]" 356.0354, found 356.0350.

4.2.4. General procedure for the synthesis of LX2343 and A1-24

To a stirred solution of (355 mg, 1 mmol) and HATU (456
mg, 1.2 mmol) in CECI, (6 mL) was added DIPEA (155 mg, 1.2
mmol) and the appropriate amine (1 mmol) at roompierature.
The mixture was continuously stirred for 1 h, andCTindicated
that the reaction was completed. Then the reactibture was
concentrated and diluted with @El, (10 mL) and HO (10 mL).
The aqueous layer was separated and the organic Vege
washed with saturated MaO; solution (2 x 10 mL), brine (10
mL) and dried over anhydrous }&0,. After filtered, the solvent
was evaporated to dryness under vacuum to obtaimdbeed
crude products. The appropriate compounds (LX234B8A1-24)
were obtained following purification by silica gel
chromatography.

4.2.5. N-(benzo[ d] [ 1,3] dioxol-5-y1)-2-(N-(5-chloro-2-
methoxyphenyl) phenyl sulfonamido)acetamide (LX2343)

The product was purified by flash chromatography/BRGAc
= 3/1) to give a yellow solid (Yield 92%jH NMR (400 MHz,
CDCly) 6 (ppm):9.08 (s, 1H), 7.74-7.68 (m, 3H), 7.57 Jt 8.4
Hz, 2H), 7.33 (ddJ = 8.8, 2.4 Hz, 1H), 7.24 (d,= 2.0 Hz, 1H),
6.92 (d,J = 8.8 Hz, 1H), 6.88 (d] = 2.4 Hz, 1H), 6.85 (dd] =
8.4, 2.0 Hz, 1H), 6.78 (dl = 8.4 Hz, 1H), 5.97 (s, 2H), 4.21 (s,
2H), 3.79 (s, 3H)**C NMR (101 MHz, CDG)) J (ppm): 165.9,
155.4,147.9, 144.6, 137.5, 133.7, 131.7, 130.6,0,3.29.2 (3C),
128.1 (2C), 126.1, 113.9, 113.2, 108.2, 102.8,4,086.6, 55.3;
ESI-MS (W2): 4755 [M+H]; HRMS (ESI): caled for
CxH1gCIN,O6S [M+H]" 475.0725, found 475.0729.

4.2.6. 2-(N-(5-chloro-2-methoxyphenyl) phenyl sulfonamido)-N-
propylacetamide (A1)

The product was purified by flash chromatography/EGAc
= 3/1) to give a yellow solid (Yield 88%jH NMR (400 MHz,
CDCl) 6 (ppm): 7.70-7.60 (m, 3H), 7.52 (8,= 7.7 Hz, 2H), 7.30
(dd,J = 8.9, 2.6 Hz, 1H), 6.93 (d,= 2.6 Hz, 1H), 6.84 (d] =
8.9 Hz, 1H), 4.10 (s, 2H), 3.63 (s, 3H), 3.24Je; 6.9 Hz, 2H),
1.60-1.48 (m, 2H), 0.92 (8,= 7.4 Hz, 3H);*C NMR (101 MHz,

114.1, 56.0, 50.8, 40.9, 40.6, 14.4, 13.2; ESI-M%2( 411.5
[M+H]"; HRMS (ESI): calcd for @H,:CIN,O,S [M+H]
411.1140, found 411.1152.

4.2.8. N-(5-chloro-2-methoxyphenyl)-N-(2-oxo-2-(piperidin-1-
yl)ethyl)benzenesulfonamide (A3)

The product was purified by flash chromatography/ BRBAc
= 3/1) to give a yellow solid (Yield 92%jH NMR (400 MHz,
CDCly) 6 (ppm): 7.73-7.65 (m, 2H), 7.55 (I = 7.4 Hz, 1H),
7.50-7.41 (m, 3H), 7.22 (dd,= 8.8, 2.7 Hz, 1H), 6.68 (d,= 8.9
Hz, 1H), 4.46 (s, 2H), 3.52-3.42 (m, 4H), 3.38 (s, 3H$8-1.60
(m, 4H), 1.55-1.45 (m, 2H)**C NMR (101 MHz, CDG) &
(ppm): 165.6, 155.0, 139.6, 133.6, 132.5, 129.8, 128.5),(2C
127.6 (2C), 127.3,125.1, 112.4, 55.4, 51.2, 48311, 26.3, 25.4,
24.3; ESI-MS (2): 423.3 [M+H]; HRMS (ESI): calcd for
Co0H25CIN,O,S [M+H]" 423.1140, found 423.1141.

4.2.9. 2-(N-(5-chloro-2-methoxyphenyl) phenyl sulfonamido)-N-
cyclohexylacetamide (A4)

The product was purified by flash chromatography/BEGAc
= 3/1) to give a brown solid (Yield 86%Y NMR (400 MHz,
CDCly) 6 (ppm): 7.71-7.61 (m, 3H), 7.52 (8,= 7.7 Hz, 2H), 7.29
(dd,J = 8.9, 2.6 Hz, 1H), 7.12 (d,= 8.5 Hz, 1H), 6.89 (d] =
2.6 Hz, 1H), 6.84 (dJ = 8.9 Hz, 1H), 4.08 (s, 2H), 3.78-3.68 (m,
1H), 3.66 (s, 3H), 1.92-1.82 (m, 2H), 1.78-1.68 (m, ,2HH6-
1.56 (m, 1H), 1.45-1.29 (m, 2H), 1.28-1.10 (m, 3HE NMR
(101 MHz, CDC}) ¢ (ppm): 166.7, 155.1, 137.7, 133.3, 130.3,
130.2, 128.9 (2C), 128.8, 127.9 (2C), 125.6, 118388, 54.5,
48.2, 32.8 (2C), 25.5, 24.7 (2C); ESI-M&V%): 437.6 [M+HT;
HRMS (ESI): caled for gH,sCIN,O,S [M+H]* 437.1296, found
437.1288.

4.2.10. 2-(N-(5-chloro-2-methoxyphenyl) phenyl sulfonamido)-
N,N-dicyclohexylacetamide (A5)

The product was purified by flash chromatography/ BREAc
= 3/1) to give a white solid (Yield 78%JH NMR (400 MHz,
CDCly) 6 (ppm):7.70 (d,J = 7.6 Hz, 2H), 7.57 (§ = 7.6 Hz, 1H),
7.44-7.49 (m, 3H), 7.24 (dd,= 8.8, 2.4 Hz, 1H), 6.70 (d,= 8.8
Hz, 1H), 4.41 (s, 2H), 3.76-3.79 (m, 1H), 3.39 (s, 3491-2.95
(m, 1H), 1.72-1.89 (m, 6H), 1.12-1.56 (m, 12C NMR (101
MHz, CDCk) § (ppm): 165.9, 155.1, 139.6, 133.5, 132.4, 129.8,
128.4 (2C), 127.6 (2C), 127.1, 124.9, 112.4, 5B@]1, 55.3,
52.5, 31.5 (2C), 29.6 (2C), 26.5 (2C), 25.8 (2®)3225.1; ESI-
MS (m/2): 519.9 [M+H]; HRMS (ESI): calcd for §H3sCIN,O,S
[M+H] " 519.2079, found 519.2075.

4.2.11. 2-(N-(5-chloro-2-methoxyphenyl) phenyl sulfonamido)-N-
((1r,3R,55,7r)-3,5-dimethyladamantan-1-yl Jacetamide (A6)

The product was purified by flash chromatography/ BREAc
= 3/1) to give a yellow solid (Yield 94%jH NMR (400 MHz,

CDCly) ¢ (ppm): 167.8, 155.0, 137.7, 133.4, 130.5, 130.2, 128.9CDCl,) 6 (ppm): 7.64-7.70 (m, 3H), 7.54 (8,= 7.6 Hz, 2H), 7.31



(dd,J = 8.8, 2.4 Hz, 1H), 6.93 (d,= 2.4 Hz, 1H), 6.92 (s, 1H),
6.86 (d,J = 8.8 Hz, 1H), 3.99 (s, 2H), 3.65 (s, 3H), 2.15-2118 (
1H), 1.84 (dJ = 2.0 Hz, 2H), 1.67 (d] = 11.2 Hz, 2H), 1.61 (d,
J = 11.2 Hz, 2H), 1.41 (d] = 12 Hz, 2H), 1.31 (dJ = 12 Hz,
2H), 1.13-1.22 (m, 2H), 0.87 (s, 6H}*C NMR (101 MHz,

55.4, 55.2; ESI-MSn2): 461.2 [M+H]; HRMS (ESI): calcd for
CxH,,CIN,OsS [M+H]"461.0932, found 461.0940.

4.2.16. 2-(N-(5-chloro-2-methoxyphenyl) phenyl sulfonamido)-N-
(4-chlorophenyl)acetamide (A11)

CDCly) ¢ (ppm): 166.7, 155.1, 137.8, 133.3, 130.4, 130.1, 128.9 The product was purified by flash chromatography/BREAc

(3C), 127.9 (2C), 125.6, 113.3, 55.7, 55.0, 53(65547.3 (2C),
42.5 (2C), 39.8, 32.3 (2C), 30.1, 30.0 (2C): ESI-Wi%) 517.8
[M+H]+; HRMS (ESI): calcd for GH3CIN,O,S [M+H]
517.1922, found 517.1928.

4.2.12. 2-(N-(5-chloro-2-methoxyphenyl) phenyl sulfonamido)-N-
(4-methoxybenzyl)acetamide (A7)

The product was purified by flash chromatography/ BREAc
= 3/1) to give a yellow solid (Yield 90%jH NMR (400 MHz,
CDCL) 6 (ppm): 7.69-7.61 (m, 3H), 7.57 (8,= 4.9 Hz, 1H), 7.52
(t,J=7.7 Hz, 2H), 7.27 (ddl = 8.9, 2.5 Hz, 1H), 7.14 (d,= 8.6
Hz, 2H), 6.91-6.84 (m, 2H), 6.82 (d= 2.6 Hz, 1H), 6.74 (d] =
8.9 Hz, 1H), 4.38 (d] = 5.4 Hz, 2H), 4.15 (s, 2H), 3.81 (s, 3H),
3.30 (s, 3H)**C NMR (101 MHz, CDCJ) J (ppm): 167.6, 159.1,
155.0, 137.6, 133.4, 130.3, 130.2, 129.6, 129.1,(229.0 (2C),
128.7, 127.9 (2C), 125.6, 114.1, 113.2, 55.4, 5585, 43.1;
ESI-MS (W2 475.8 [M+H]; HRMS (ESI): calcd for
Cy3H2:CIN,0sS [M+H]" 475.1089, found 475.1092.

4.2.13. 2-(N-(5-chlor o-2-methoxyphenyl) phenyl sulfonamido)-N-
(2-methoxyphenyl)acetamide (A8)

The product was purified by flash chromatography/BREAc
= 3/1) to give a yellow solid (Yield 76%jH NMR (400 MHz,
CDCly) ¢ (ppm): 9.18 (s, 1H), 8.29 (dd] = 7.9, 1.4 Hz, 1H),
7.71-7.65 (m, 2H), 7.61 (8 = 7.4 Hz, 1H), 7.53 (d] = 2.6 Hz,
1H), 7.49 (tJ = 7.7 Hz, 2H), 7.28 (dd] = 8.9, 2.6 Hz, 1H), 7.08
(td,J=7.8, 1.6 Hz, 1H), 6.95 (§,= 8.5 Hz, 2H), 6.70 (d] = 8.9
Hz, 1H), 4.36 (s, 2H), 4.04 (s, 3H), 3.32 (s, 3HEZ NMR (101

= 3/1) to give a white solid (Yield 74%JH NMR (400 MHz,
CDCly) d (ppm): 9.21 (s, 1H), 7.68-7.74 (m, 3H), 7.51-7.60 (m,
4H), 7.31-7.35 (m, 3H), 6.93 (d,= 8.8 Hz, 1H), 6.88 (d] = 2.8
Hz, 1H), 4.22 (s, 2H), 3.79 (s, 3HJC NMR (101 MHz, CDG))

4 (ppm): 166.1, 155.2, 137.3, 136.0, 133.7, 130.5, 130.0,52
129.1 (2C), 129.0 (3C), 128.0 (2C), 126.0, 1245].1 (2C),
113.8, 56.4, 55.3; ESI-MSN(2): 465.4 [M+H]; HRMS (ESI):
calcd for GyH,gClLN,O,S [M+H]" 465.0437, found 465.0441.

4.2.17. 2-(N-(5-chlor o-2-methoxyphenyl) phenyl sulfonamido)-N-
(4-nitrophenyl)acetamide (A12)

The product was purified by flash chromatography/ B2GAc
= 3/1) to give a yellow solid (Yield 70%jH NMR (400 MHz,
CDCly) 6 (ppm): 9.54 (s, 1H), 8.24 (dl = 9.1 Hz, 2H), 7.78-7.67
(m, 5H), 7.58 (tJ = 7.7 Hz, 2H), 7.34 (dd] = 8.9, 2.5 Hz, 1H),
6.94 (d,J = 8.9 Hz, 1H), 6.85 (d] = 2.5 Hz, 1H), 4.22 (s, 2H),
3.82 (s, 3H)**C NMR (101 MHz, CDCJ) é (ppm): 166.7, 155.2,
143.8, 143.2, 137.0, 133.8, 130.7, 129.8, 129.2,(2£9.0, 128.0
(2C), 126.3, 125.1 (2C), 119.2 (2C), 114.1, 56 5.55ESI-MS
(m2): 476.4 [M+H]; HRMS (ESI): calcd for gH;sCIN;OsS
[M+H] " 476.0678, found 476.0671.

4.2.18. 2-(N-(5-chlor o-2-methoxyphenyl) phenyl sulfonamido)-N-
(4-(trifluoromethyl)phenyl)acetamide (A13)

The product was purified by flash chromatography/ BRBAc
= 3/1) to give a yellow solid (Yield 50%JH NMR (400 MHz,
DMSO-dg) ¢ (ppm): 9.99 (s, 1H), 8.36 (d] = 1.2 Hz, 1H), 8.08
(d,J=8.0 Hz, 1H), 7.69-7.73 (m, 3H), 7.39-7.63 (m, 8HL77(t,

MHz, CDCk) ¢ (ppm): 166.1, 154.4, 148.4, 138.3, 133.1, 132.7,J = 8.0 Hz, 1H), 7.02 (d] = 8.0 Hz, 1H), 4.38-4.45 (m, 4H), 3.38

130.3, 128.7 (2C), 127.8 (2C), 127.5, 127.0, 125233, 120.9,
119.9, 112.8, 110.2, 56.0, 55.2, 54.3; ESI-M&z(; 461.2
[M+H]"; HRMS (ESI): calcd for @H,,CIN,OsS [M+H]
461.0932, found 461.0940.

4.2.14. 2-(N-(5-chloro-2-methoxyphenyl) phenyl sulfonamido)-N-
(3-methoxyphenyl)acetamide (A9)

The product was purified by flash chromatography/BREAc
= 3/1) to give a yellow solid (Yield 90%jH NMR (400 MHz,
CDCl) o (ppm):9.12 (s, 1H), 7.72 (d] = 7.9 Hz, 2H), 7.68 (1]
= 7.5 Hz, 1H), 7.55 () = 7.5 Hz, 2H), 7.31 (d] = 9.0 Hz, 1H),
7.28-7.20 (m, 2H), 7.03 (d, = 7.8 Hz, 1H), 6.93-6.84 (m, 2H),

(s, 3H), 1.29 (tJ = 7.2 Hz, 3H);®C NMR (101 MHz, CDCJ) ¢
(ppm): 166.4, 155.2, 140.5, 137.2, 133.7, 130.6, 129.8.212
(2C), 129.0, 128.0 (2C), 126.3 (2C), 126.2 (2C)6.12119.4
(2C), 113.9, 56.5, 55.4; ESI-MS(2): 499.4 [M+H]; HRMS
(ESI): calcd for GH;gCIFsN,O,S [M+H]" 499.0701, found
499.0707.

4.2.19. N-(5-chloro-2-methoxyphenyl)-2-(N-(5-chloro-2-
methoxyphenyl)phenyl sulfonamido)acetamide (A14)

The product was purified by flash chromatography/ BREAc
= 3/1) to give a white solid (Yield 84%)H NMR (400 MHz,
CDCly) 6 (ppm):9.21 (s, 1H), 8.39 (dl = 2.4 Hz, 1H), 7.61-7.69

6.69 (d,J = 7.4 Hz, 1H), 4.21 (s, 2H), 3.81 (s, 3H), 3.78 (s,;3H) (m, 3H), 7.49-7.53 (m, 3H), 7.31 (dd= 8.8, 2.4 Hz, 1H), 7.05

13C NMR (101 MHz, CDGJ) d (ppm): 166.0, 160.1, 155.2, 138.6,

137.4, 133.6, 130.5, 129.9, 129.7, 129.1 (2C),0,2E28.0 (2C),
126.0, 113.8, 112.0, 110.4, 105.6, 56.4, 55.4,;353-MS (/2):
461.2 [M+HT; HRMS (ESI): calcd for §H,,CIN,OsS [M+H]"
461.0932, found 461.0937.

4.2.15. 2-(N-(5-chloro-2-methoxyphenyl) phenyl sulfonamido)-N-
(4-methoxyphenyl)acetamide (A10)

The product was purified by flash chromatography/ BRBAc
= 3/1) to give a yellow solid (Yield 85%jH NMR (400 MHz,
CDCl) o (ppm):9.03 (s, 1H), 7.72 (A1 = 7.5 Hz, 2H), 7.67 (1
= 7.4 Hz, 1H), 7.55 () = 7.7 Hz, 2H), 7.43 (d] = 8.9 Hz, 2H),

(dd,J = 8.8, 2.4 Hz, 1H), 6.86 (d, = 8.8 Hz, 1H), 6.73 (d] =
8.8 Hz, 1H), 4.36 (s, 2H), 4.05 (s, 3H), 3.33 (s, 383 NMR
(101 MHz, CDC}) 6 (ppm): 166.3, 154.3, 147.0, 138.2, 133.2,
132.6, 130.4, 128.8 (2C), 127.9, 127.8 (2C), 12¥25.0, 125.3,
123.7,119.7, 112.9, 111.0, 56.3, 55.3, 54.3; ESI{W2): 495.4
[M+H]"; HRMS (ESI): calcd for @HyCLN,OsS [M+H]
495.0543, found 495.0545.

4.2.20. 2-(N-(5-chloro-2-methoxyphenyl) phenyl sulfonamido)-N-
(3,4-dimethoxyphenyl)acetamide (A15)

The product was purified by flash chromatography/ BREAc
= 3/1) to give a yellow solid (Yield 82%jH NMR (400 MHz,

7.31 (dd,J = 8.9, 2.5 Hz, 1H), 6.93-6.84 (m, 4H), 4.21 (s, 2H),CDCl,) 6 (ppm): 9.05 (s, 1H), 7.68-7.75 (m, 3H), 7.58t 8.0

3.80 (s, 3H), 3.76 (s, 3HI*C NMR (101 MHz, CDG)) 6 (ppm):
165.8, 156.6, 155.2, 137.5, 133.6, 130.5, 130.8,013.29.1 (2C),
129.0, 128.0 (2C), 125.9, 121.6 (2C), 114.2 (2Q)3.1, 56.3,

Hz, 2H), 7.32-7.35 (m, 2H), 6.91-6.96 (m, 3H), 6.84J¢; 8.4
Hz, 1H), 4.23 (s, 2H), 3.91 (s, 3H), 3.89 (s, 3H), 3FBH);**C
NMR (101 MHz, CDC}) § (ppm): 165.8, 155.2, 149.0, 146.1,
137.4, 133.6, 131.0, 130.4, 130.0, 129.1 (2C),1,2E28.0 (2C),



126.0, 113.7, 112.0, 111.3, 104.8, 56.3, 56.1,,3H2; ESI-MS
(M2): 491.5 [M+H]; HRMS (ESI): calcd for GH,CIN,OgS
[M+H] " 491.1038, found 491.1029.

4.2.21. 2-(N-(5-chloro-2-methoxyphenyl) phenyl sulfonamido)-
N,N-diphenylacetamide (A16)

The product was purified by flash chromatography/BRBAc
= 3/1) to give a white solid (Yield 70%JH NMR (400 MHz,

1H), 8.05 (dJ = 8.0 Hz, 1H), 7.77 (d] = 8.0 Hz, 2H), 7.69 (1J
=7.6 Hz, 1H), 7.58 (1) = 8.0 Hz, 2H), 7.46 (dd] = 8.4, 2.0 Hz,
1H), 7.43 (dJ = 7.6 Hz, 2H), 7.38 (d] = 8.8 Hz, 1H), 7.33 (dd,
J=8.8, 2.8 Hz, 1H), 7.21-7.25 (m, 1H), 6.97 ¢ 2.8 Hz, 1H),
6.91 (d,J = 8.8 Hz, 1H), 4.31 (s, 2H), 3.77 (s, 3HJC NMR
(101 MHz, CDC}) 6 (ppm): 166.0, 155.3, 140.2, 137.5, 136.9,
133.6, 130.4, 130.0, 129.6, 129.1 (3C), 128.0 (2€§.1, 125.9,
123.5, 123.1, 120.5, 119.4, 119.3, 113.7, 112.8,71(2C), 56.3,

CDCly) & (ppm): 9.15 (s, 1H), 7.73-7.75 (m, 2H), 7.67-7.71 (m, 55-3; ESI-MS (2): 520.9 [M+H]; HRMS (ESI): calcd for

1H), 7.55-7.59 (m, 4H), 7.32-7.38 (m, 3H), 7.13-7.17, (H),
6.90-6.93 (m, 2H), 4.24 (s, 2H), 3.79 (s, 3fC NMR (101

C,7H»CIN3O,S [M+H]* 520.1092, found 520.1099.
4.2.26. 2-(N-(5-chloro-2-methoxyphenyl) phenyl sulfonamido)-N-

MHz, CDCk) ¢ (ppm): 166.0, 155.3, 137.4, 133.6, 130.5, 12991(9-methy|-9H—carbazo|-3-y|)acetamide (A21)

129.1 (3C), 129.0 (3C), 128.0 (2C), 126.0, 12459.8 (2C),
113.8, 56.4, 55.3; ESI-MS(2): 431.7 [M+H]; HRMS (ESI):
calcd for GiH,CIN,0,S [M+H]" 431.0827, found 431.0821.

4.2.22. 2-(N-(5-chloro-2-methoxyphenyl) phenyl sulfonamido)-N-
(naphthalen-1-yl)acetamide (A17)

The product was purified by flash chromatography/BRGAc
= 3/1) to give a white solid (Yield 60%)H NMR (400 MHz,
CDCls) 6 (ppm): 9.65 (s, 1H), 8.13 (d] = 8.4 Hz, 1H), 7.91 (1
= 6.8 Hz, 2H), 7.79-7.81 (m, 2H), 7.70-7.86 (m, 2H}477.65
(m, 4H), 7.49 (tJ = 7.6 Hz, 1H), 7.34 (dd] = 8.8, 2.4 Hz, 1H),
7.02 (d,J = 2.4 Hz, 1H), 6.89 (d] = 8.8 Hz, 1H), 4.36 (s, 2H),
3.57 (s, 3H)*C NMR (101 MHz, CDGJ) ¢ (ppm): 166.8, 155.3,
137.4,134.1, 133.6, 131.9, 130.5, 130.1, 129.2,(3£8.6, 128.1
(2C), 127.3, 126.6, 126.1, 126.0, 125.9, 125.6,.1,2120.6,
113.6, 56.0, 55.5; ESI-MSn(2): 481.8 [M+H]; HRMS (ESI):
calcd for GgH,;CIN,O,S [M+H]* 481.0983, found 481.0993.

4.2.23. N-(5-chloro-2-methoxyphenyl)-N-(2-(indolin-1-yl)-2-
oxoethyl)benzenesulfonamide (A18)

The product was purified by flash chromatography/ ERGAc
= 3/1) to give a white solid (Yield 46%)H NMR (400 MHz,
CDCl) 6 (ppm): 8.14 (d,J = 8.0 Hz, 1H), 7.74 (d) = 7.6 Hz,
2H), 7.56-7.61 (m, 2H), 7.48 @,= 7.6 Hz, 2H), 7.24 (dd| = 8.8,
2.8 Hz, 1H), 7.16-7.20 (m, 2H), 7.03 Jt= 7.6 Hz, 1H), 6.72 (d,
J = 8.8 Hz, 1H), 4.56 (s, 2H), 4.18 (= 8.4 Hz, 2H), 3.44 (s,
3H), 3.24 (t,J = 8.4 Hz, 2H);C NMR (101 MHz, DMSQdy) ¢
(ppm): 166.2, 155.5, 143.1, 140.3, 133.7, 133.3, 131.9.113
129.3 (2C), 128.0, 127.5 (2C), 127.4, 125.2, 12823 .4, 116.3,
114.2, 56.0, 52.6, 46.7, 28.0; ESI-M&V%): 457.8 [M+H[;
HRMS (ESI): calcd for gH,,CIN,O,S [M+H]" 457.0983, found
457.0980.

4.2.24. 2-(N-(5-chloro-2-methoxyphenyl) phenyl sulfonamido)-N-
(1-ethyl-1H-indol-5-yl)acetamide (A19)

The product was purified by flash chromatography/ BEGAc
= 3/1) to give a yellow solid (Yield 62%jH NMR (400 MHz,
CDCls) 6 (ppm): 9.12 (s, 1H), 7.83 (d,= 1.2 Hz, 1H), 7.77 (d]
= 8.0 Hz, 2H), 7.69 (t) = 7.6 Hz, 1H), 7.58 (1) = 7.6 Hz, 2H),
7.26-7.34 (m, 3H), 7.14 (d,= 3.2 Hz, 1H), 6.95 (d] = 2.4 Hz,
1H), 6.91 (d,J = 8.8 Hz, 1H), 6.48 (d] = 3.2 Hz, 1H), 4.28 (s,
2H), 4.18 (gJ = 7.2 Hz, 2H), 3.77 (s, 3H), 148 {,= 7.2 Hz,
3H); **C NMR (101 MHz, CDGC)) ¢ (ppm): 165.8, 155.3, 137.6,
133.5, 133.4, 130.4, 130.1, 129.5, 129.1 (2C),d,228.6, 128.0
(2C), 127.9, 125.8, 115.6, 113.6, 112.9, 109.4,2,(86.3, 55.3,
41.1, 15.4; ESI-MSnz2): 498.7 [M+H]; HRMS (ESI): calcd for
CusH24CIN3O,S [M+H]" 498.1249, found 498.1240.

4.2.25. N-(9H-carbazol-3-yl)-2-(N-(5-chloro-2-
methoxyphenyl)phenyl sulfonamido)acetamide (A20)

The product was purified by flash chromatography/ BRBAc
= 3/1) to give a yellow solid (Yield 62%jH NMR (400 MHz,
CDCls) 6 (ppm): 9.25 (s, 1H), 8.31 (s, 1H), 8.29 @= 1.6 Hz,

The product was purified by flash chromatography/BRBAc
= 3/1) to give a yellow solid (Yield 73%jH NMR (400 MHz,
CDCly) 6 (ppm): 9.29 (s, 1H), 8.34 (s, 1H), 8.08 (@= 7.6 Hz,
1H), 7.77 (dJ = 8.0 Hz, 2H), 7.67 () = 7.6 Hz, 1H), 7.53-7.58
(m, 3H), 7.49 (tJ = 8.0 Hz, 1H), 7.37 (d] = 8.0 Hz, 1H), 7.28-
7.33 (m, 2H), 7.24 (t) = 7.6 Hz, 1H), 7.03 (d] = 2.4 Hz, 1H),
6.88 (d,J = 8.8 Hz, 1H), 4.33 (s, 2H), 3.79 (s, 3H), 3.74 (s,;3H)
*C NMR (101 MHz, CDG)) § (ppm): 166.0, 155.2, 141.5, 138.4,
137.6, 133.6, 130.4, 130.2, 129.2, 129.1 (3C),d23C), 126.0,
125.9, 122.8, 122.5, 120.5, 119.2, 118.8, 113.2.5,1108.6,
108.5, 56.3, 55.3, 29.1; ESI-M®n): 534.9 [M+H]; HRMS
(ESI): caled for GgH,CIN;O,S [M+H]" 534.1249, found
534.1253.

4.2.27. 2-(N-(5-chlor o-2-methoxyphenyl) phenyl sulfonamido)-N-
(9-ethyl-9H-carbazol-3-yl)acetamide (A22)

The product was purified by flash chromatography/BEGAc
= 3/1) to give a light yellow solid (Yield 58%jH NMR (400
MHz, DMSO-dg) 6 (ppm):9.99 (s, 1H), 8.36 (d] = 1.2 Hz, 1H),
8.08 (d,J = 8.0 Hz, 1H), 7.69-7.73 (m, 3H), 7.39-7.63 (m, 8H),
7.17 (t,J = 8.0 Hz, 1H), 7.02 (d] = 8.0 Hz, 1H), 4.38-4.45 (m,
4H), 3.38 (s, 3H), 1.29 (fl = 7.2 Hz, 3H)*C NMR (101 MHz,
CDCly) 6 (ppm): 165.8, 155.3, 140.4, 137.6, 137.4, 133.6, 130.4,
130.1, 129.2, 129.1 (3C), 128.0 (2C), 126.0, 12528.0, 122.7,
120.7, 119.2, 118.8, 113.7, 112.7, 108.5 (2C), ,58533, 37.6,
13.8; ESI-MS (v2): 548.7 [M+H]; HRMS (ESI): calcd for
CaeH,6CIN;O,S [M+H]" 548.1405, found 548.1416.

4.2.28. N-(9H-carbazol-1-yl)-2-(N-(5-chloro-2-
methoxyphenyl)phenyl sulfonamido)acetamide (A23)

The product was purified by flash chromatography/ BEGAc
= 3/1) to give a yellow solid (Yield 57%JH NMR (400 MHz,
CDCly) 6 (ppm): 9.57 (s, 1H), 9.43 (s, 1H), 8.08 (@= 8.0 Hz,
1H), 7.99 (ddJ = 7.6, 0.8 Hz, 1H), 7.89 (d,= 8.0 Hz, 2H), 7.70
(t, J = 7.6 Hz, 1H), 7.59 (t) = 8.0 Hz, 2H), 7.41-7.49 (m, 2H),
7.35 (ddJ=8.8, 2.4 Hz, 1H), 7.17-7.26 (m, 3H), 6.98Jd; 2.8
Hz, 1H), 6.93 (d,J = 8.8 Hz, 1H), 4.35 (s, 2H), 3.76 (s, 3HC
NMR (101 MHz, CDC}) ¢ (ppm): 166.8, 155.2, 139.9, 137.2,
133.8, 133.0, 130.6, 130.0, 129.3, 129.2 (2C),d28C), 126.2,
126.1, 125.9, 123.3, 121.0, 120.2, 119.4, 119.8.7,1118.1,
113.8, 111.5, 56.4, 55.4; ESI-M&Vg): 520.9 [M+H]; HRMS
(ESI): caled for GH,CIN;O,S [M+H]" 520.1092, found
520.1082.

4.2.29. 2-(N-(5-chloro-2-methoxyphenyl) phenyl sulfonamido)-N-
(9-methyl-9H-carbazol-1-yl )acetamide (A24)

The product was purified by flash chromatography/ BGAc
= 3/1) to give a yellow solid (Yield 68%jH NMR (400 MHz,
CDCls) 6 (ppm):9.53 (s, 1H), 8.08 (d] = 7.6 Hz, 1H), 8.02 (d
= 7.6 Hz, 1H), 7.75 (d) = 7.6 Hz, 2H), 7.70 (t) = 7.6 Hz, 1H),
7.58 (t,J = 7.6 Hz, 2H), 7.51 () = 8.0 Hz, 1H), 7.41 (d] = 8.0
Hz, 1H), 7.37 (ddJ = 8.8, 2.0 Hz, 1H), 7.30 (d,= 7.6 Hz, 1H),



7.26 (d,J = 7.2 Hz, 1H), 7.18 (1) = 7.6 Hz, 1H), 6.96 (d] = 2.0

2H), 7.33 (d,J = 8.4 Hz, 1H), 7.00 (s, 1H), 6.87 (@= 8.4 Hz,

Hz, 1H), 6.91 (dJ = 8.8 Hz, 1H), 4.39 (s, 2H), 4.07 (s, 3H), 3.60 1H), 6.79 (s, 1H), 3.99 (s, 2H), 3.66 (s, 3H), 2.16L.4), 1.83 (s,

(s, 3H); ®C NMR (101 MHz, CDG) ¢ (ppm): 168.4, 155.2,
141.9, 137.3, 135.8, 133.7, 130.6, 130.2, 129.3,(2£9.0, 128.0
(2C), 126.1, 126.0, 125.6, 124.7, 122.6, 120.1,.6,1219.4,
119.3, 119.1, 113.7, 108.8, 56.3, 55.3, 31.3; ESI{M/2): 534.9
[M+H]"; HRMS (ESI): calcd for GHCIN;O,S [M+H]"

534.1249, found 534.1262.

4.2.30. General procedure for the synthesis of 6

To a stirred solution of 3,5-dimethyl amantad&él.79 g, 10
mmol) and EN (2.1 mL, 15 mmol) in CKCl, (50 mL) was
added chloroacetyl chloride (0.98 mL, 13 mmol) abm
temperature. The mixture was stirred at room teatpeg for 2 h,
and TLC indicated that the reaction was complet@dhen the
mixture was washed with saturated,8@s solution (2 x 50 mL),
brine (50 mL) and dried over anhydrous,8@,. After filtered,
the solvent was evaporated under vacuum to Gies a brown
solid (Yield 99%). ESI-MSitV2): 256 [M+H]".

4.2.31. General procedure for the synthesis of 7

To a stirred solution & (1.27 g, 5 mmol) and B4 (0.57 mL,
5 mmol) in EtOH (50 mL) was added 2-methoxy-5-chlandiae

2H), 1.64 (d,J = 12.0 Hz, 2H), 1.60 (d = 12.0 Hz, 2H), 1.39 (d,
J =12.0 Hz, 2H), 1.30 (d] = 12.0 Hz, 2H), 1.13-1.21 (m, 2H),
0.87 (s, 6H); ESI-MSr{/2): 551 [M+H]".

4.2.35. 2-(N-(5-chloro-2-methoxyphenyl)-4-nitr ophenyl sulfonam-
ido)-N-((1r,3R,5S,7r)-3,5-dimethyladamantan-1-yl)acetamide
(B-3)

The product was purified by flash chromatography/BREAc
= 3/1) to give a light yellow solid (Yield 84%jH NMR (400
MHz, CDCL) ¢ (ppm): 8.36 (t,J = 1.2 Hz, 2H), 7.88 (t) = 1.2
Hz, 2H), 7.34-7.35 (m, 1H), 7.06 (s, 1H), 6.87-6.88 {id), 6.63
(s, 1H), 4.03 (s, 2H), 3.61 (s, 3H), 2.05-2.16 (m, 1HR3 (s,
2H), 1.62 (s, 4H), 1.17-1.37 (m, 6H), 0.87 (s, 6H);-E8 (Mm/2):
562 [M+H]".

4.2.36. N-(5-chloro-2-methoxyphenyl)-N-(2-(((1r,3R,557r)-3,5-
dimethyladamantan-1-yl)amino)-2-oxoethyl)benzamide (B-4)

The product was purified by flash chromatography/ BGAc
= 3/1) to give a white solid (Yield 90%)H NMR (400 MHz,
CDCl) 6 (ppm): 7.34 (d,J = 7.6 Hz, 2H), 7.27 (1) = 7.2 Hz,
1H), 7.26 (dJ = 2.4 Hz, 1H), 7.18 (t) = 7.6 Hz, 2H), 7.13-7.16
(dd,J = 8.8, 2.0 Hz, 1H), 6.65 (d,= 8.8 Hz, 1H), 6.54 (s, 1H),

(785 mg, 5 mmol) and Nal (745 mg, 5 mmol) at room4.24-4.45 (m, 2H), 3.56 (s, 3H), 2.14Jt 2.8 Hz, 1H), 1.84 (s,

temperature. The mixture was heated to reflux foh,1&nd TLC
indicated that the reaction was completed. Themtix¢ure was
filtered and the filtrate was evaporated to drynesser vacuum.
The obtained residue was dissolved in ethyl ac€btenL) and
washed with brine (2 x 50 mL) and dried over anhydidgSO,.
After filtered, the solvent was evaporated to drynessler
vacuum. The residue was further purified by silical g
chromatography (PE/EtOAc = 3/1) to giveas a white solid
(Yield 54%). ESI-MS {V2): 377 [M+HT".

4.2.32. General procedure for the synthesis of B1-B4

The appropriate sulfonyl chlorides or acryl chlesd1 mmol)
was added dropwise to a solution {75 mg, 0.2 mmol) and
DMAP (37 mg, 0.3 mmol) in pyridine (10 mL) at room
temperature. The mixture was continuously stirredr@im
temperature for 10 h, and TLC indicated that thectien was
completed. Then the reaction was concentrated datedliwith

2H), 1.67 (d,J = 12.0 Hz, 2H), 1.61 (dl = 12.0 Hz, 2H), 1.39 (d,
J=12.0 Hz, 2H), 1.29 (d] = 12.0 Hz, 2H), 1.12-1.21 (m, 2H),
0.86 (s, 6H); ESI-MSn(/2): 481 [M+H]".

4.2.37. General procedure for the synthesis of C1-C7

To a stirred solution & (1.27 g, 5 mmol) and Bt (0.57 mL,
5 mmol) in EtOH (50 mL) was added differearhines(5 mmol)
and Nal (745 mg, 5 mmol) at room temperature. Theurg was
heated to reflux for 10 h, and TLC indicated tlet teaction was
completed. Then the mixture was filtered and theafié was
evaporated to dryness under vacuum. The obtairedue was
dissolved in ethyl acetate (50 mL) and washed wiiheb2 x 50
mL) and dried over anhydrous }&0,. After filtered, the solvent
was evaporated to dryness under vacuum. The resihse
further purified by silica gel chromatography (PEJBc = 3/1)
to give8 as a white solid.

Benzenesulfonyl chloride (1 mmol) was added dropuase

CH,Cl, (10 mL) and HO (10 mL). The aqueous layer was solution of 8 (0.2 mmol) and DMAP (37 mg, 0.3 mmol) in

separated and the organic layer was washed with asatur

pyridine (10 mL) at room temperature. The mixtureasw

Na,CO; solution (2 x 10 mL), brine (10 mL) and dried over continuously stirred at room temperature for 10ahd TLC
anhydrous Nz5O,. After filtered, the solvent was evaporated toindicated that the reaction was completed. Therrébetion was

dryness under vacuum to obtain the desired cruo@ugts. The
appropriate  compounds B{-B4) were obtained following
purification by silica gel chromatography.

4.2.33. 2-(N-(5-chloro-2-methoxyphenyl)-4-methyl phenyl sul fona-
mido)-N-((1r,3R,5S,7r)-3,5-dimethyladamantan- 1-yl )acetamide
(B-1)

The product was purified by flash chromatography/BRBAc

= 3/1) to give a white solid (Yield 72%JH NMR (400 MHz,
CDCly) 6 (ppm):7.57 (d,J = 6.8 Hz, 2H), 7.29-7.33 (t, 3H), 6.86-
6.95 (t, 3H), 3.96 (s, 2H), 3.69 (s, 3H), 2.46 (s, 245 (s, 1H),
1.81 (s, 2H), 1.65 (dl = 10.8 Hz, 2H), 1.60 (dl = 10.8 Hz, 2H),
1.39 (d,J = 10.8 Hz, 2H), 1.30 (d] = 10.8 Hz, 2H), 1.15-1.16
(m, 2H), 0.86 (s, 6H); ESI-MS1(2): 531 [M+H]".
4.2.34. 2-(4-chloro-N-(5-chlor o-2-methoxyphenyl) phenyl sulfona
mido)-N-((1r,3R,5S,7r)-3,5-dimethyladamantan- 1-yl )acetamide
(B-2)

The product was purified by flash chromatography/ BGAc

= 3/1) to give a white solid (Yield 66%)H NMR (400 MHz,
CDCl) 6 (ppm): 7.63 (dJ = 8.0 Hz, 2H), 7.51 (d] = 8.0 Hz,

concentrated and diluted with @El, (10 mL) and HO (10 mL).

The aqueous layer was separated and the organic Vege

washed with saturated M2O; solution (2 x 10 mL), brine (10
mL) and dried over anhydrous }&0,. After filtered, the solvent
was evaporated to dryness under vacuum to obtaimdbeed

crude products. The appropriate compoun@sl-C7) were

obtained following purification by silica gel chrotography.

4.2.38. 2-(N-cyclohexyl phenylsulfonamido)-N-((1r,3R,5S5,7r)-3,5-
dimethyladamantan-1-yl)acetamide (C-1)

The product was purified by flash chromatography/ BRBAc
= 3/1) to give a white solid (Yield 68%JH NMR (400 MHz,
CDCls) 6 (ppm): 7.85 (d,J = 7.6 Hz, 2H), 7.62 (1) = 7.6 Hz,
1H), 7.54 (t,J = 7.6 Hz, 2H), 6.39 (s, 1H), 3.84-3.90 (m, 1H),
3.62 (s, 2H), 2.16-2.19 (m, 1H), 1.88 = 1.6 Hz, 2H), 1.52-
1.76 (m, 10H), 1.42 (dJ = 12.0 Hz, 2H), 1.26-1.32 (m, 6H),
1.14-1.23 (m, 2H), 0.88 (s, 6H); ESI-MBVE): 458 [M+H]".

4.2.39. N-((1r,3R,55,7r)-3,5-dimethyladamantan-1-yl)-2-(N-
phenyl phenyl sulfonamido)acetamidee (C-2)



The product was purified by flash chromatography/BREBAc
= 3/1) to give a white solid (Yield 61%)H NMR (400 MHz,
CDCly) 6 (ppm): 7.64 (t,J = 7.2 Hz, 1H), 7.57 (dJ = 7.2 Hz,
2H), 7.48 (t,J = 7.6 Hz, 2H), 7.34-7.36 (m, 3H), 7.05-7.08 (m,
2H), 6.28 (s, 1H), 4.08 (s, 2H), 2.13 {t- 2.8 Hz, 1H), 1.77 (s,
2H), 1.60 (dJ = 12.0 Hz, 2H), 1.54 (dl = 12.0 Hz, 2H), 1.37 (d,
J=12.0 Hz, 2H), 1.28 (d] = 12.0 Hz, 2H), 1.11-1.19 (m, 2H),
0.85 (s, 6H); ESI-MSn/2): 453 [M+H]'.

4.2.40. 2-(N-(2-chlorophenyl)phenyl sulfonamido)-N-((1r,3R,5S,
7r)-3,5-dimethyladamantan-1-yl)acetamide (C-3)

The product was purified by flash chromatography/ BGAc
= 3/1) to give a light yellow solid (Yield 18%jH NMR (400
MHz, CDCk) ¢ (ppm): 7.65-7.72 (m, 3H), 7.48-7.56 (m, 3H),
7.31-7.35 (m, 1H), 7.23-7.27 (m, 1H), 6.94 (dd 8.0, 1.6 Hz,
1H), 6.79 (s, 1H), 3.89-3.90 (m, 2H), 2.14-2.17 (m,,1H36 (d,
J=2.0 Hz, 2H), 1.69 (d] = 12.0 Hz, 2H), 1.65 (d] = 12.0 Hz,
2H), 1.40 (dJ = 12.0 Hz, 2H), 1.30 (d] = 12.0 Hz, 2H), 1.12-
1.22 (m, 2H), 0.86 (s, 6H); ESI-M82): 487 [M+HT]".

4.2.41. 2-(N-(3-chlorophenyl)phenyl sulfonamido)-N-((1r,3R,5S,
7r)-3,5-dimethyladamantan-1-yl)acetamide (C-4)

The product was purified by flash chromatography/BRGAc
= 3/1) to give a white solid (Yield 35%)H NMR (400 MHz,
CDCl) 6 (ppm): 7.64 (t,J = 7.6 Hz, 1H), 7.59 (dJ = 7.6 Hz,
2H), 7.49 (t,J = 7.6 Hz, 2H), 7.27-7.33 (m, 2H), 7.10 (s, 1H),
6.97 (d,J = 7.6 Hz, 1H), 6.17 (s, 1H), 4.05 (s, 2H), 2.12)(§
2.8 Hz, 1H), 1.76 (s, 2H), 1.59 (@= 11.6 Hz, 2H), 1.54 (d] =
11.6 Hz, 2H), 1.37 (dJ = 11.6 Hz, 2H), 1.28 (d] = 11.6 Hz,
2H), 1.10-1.18 (m, 2H), 0.84 (s, 6H); ESI-M3n¥): 487
[M+H]".

4.2.42. 2-(N-(4-chlorophenyl)phenyl sulfonamido)-N-((1r,3R,5S,
7r)-3,5-dimethyladamantan-1-yl)acetamide (C-5)

The product was purified by flash chromatography/BREAc
= 3/1) to give a white solid (Yield 50%JH NMR (400 MHz,
CDCls) 6 (ppm): 7.65 (t,J = 7.2 Hz, 1H), 7.58 (dJ = 7.2 Hz,
2H), 7.49 (t,J = 7.6 Hz, 2H), 7.32 (d] =8.8 Hz, 2H), 7.02 (d)
=8.8 Hz, 2H), 6.17 (s, 1H), 4.05 (s, 2H), 2.13-2.15 M), 1.77
(d,J =1.2 Hz, 2H), 1.59 (d) = 12.4 Hz, 2H), 1.54 (d] = 12.4
Hz, 2H), 1.37 (dJ = 12.4 Hz, 2H), 1.29 (d] = 12.4 Hz, 2H),
1.12-1.19 (m, 2H), 0.86 (s, 6H); ESI-MBVE): 487 [M+H]".

4.2.43. 2-(N-(3-chloro-2-methyl phenyl) phenyl sulfonamido)-N-
((1r,3R,55,7r)-3,5-dimethyladamantan-1-yl Jacetamide (C-6)

The product was purified by flash chromatography/BEGAc
= 3/1) to give a white solid (Yield 20%)H NMR (400 MHz,
CDCly) 6 (ppm): 7.67 (d,J = 8.0 Hz, 3H), 7.54 (tJ = 8.0 Hz,
2H), 7.38 (dJ = 8.0 Hz, 1H), 7.06 (t) = 8.0 Hz, 1H), 6.64 (d]
= 8.0 Hz, 1H), 6.37 (s, 1H), 4.12 @~ 16.4 Hz, 1H), 3.83 (d
=16.4 Hz, 1H), 2.37 (s, 3H), 2.17 (s, 1H), 1.84 (s,, 27 (dJ
=12.0 Hz, 2H), 1.62 (d] = 12.0 Hz, 2H), 1.41 (d] = 12.0 Hz,
2H), 1.31 (dJ = 12.0 Hz, 2H), 1.14-1.22 (m, 2H), 0.87 (s, 6H);
ESI-MS (W2): 501 [M+HT".

4.2.44. 2-(N-(3-chloro-4-methyl phenyl) phenyl sulfonamido)-N-
((1r,3R,55,7r)-3,5-dimethyladamantan-1-yl )acetamide (C-7)

The product was purified by flash chromatography/BREAc
= 3/1) to give a white solid (Yield 36%JH NMR (400 MHz,
CDCly) 6 (ppm): 7.66 (t,J = 7.2 Hz, 1H), 7.60 (dJ = 7.2 Hz,
2H), 7.52 (tJ = 7.2 Hz, 2H), 7.20 (d] = 8.0 Hz, 1H), 7.06 (d]
= 2.0 Hz, 1H), 6.86 (dd] = 8.0, 2.0 Hz, 1H), 6.21 (s, 1H), 4.02
(s, 1H), 2.38 (s, 3H), 2.13-2.16 (m, 1H), 1.79J¢, 2.0 Hz, 2H),
1.61 (d,J = 12.0 Hz, 2H), 1.56 (d] = 12.0 Hz, 2H), 1.40 (d] =
12.0 Hz, 2H), 1.29 (d] = 12.0 Hz, 2H), 1.12-1.20 (m, 2H), 0.86
(s, 6H); ESI-MS {VZ): 501 [M+HT".

4.3, Biological activity assay
4.3.1. Cell culture

SH-SY5Y cells were grown in a mixture (1:1) of Dulbesco’
modified Eagle’s medium and Ham's F-12 (DMEM/F12)
supplemented with 10% fetal bovine serum (FBS) af0 1
unit/mL penicillin-streptomycin. HEK293 cells expsiasy APP
Swedish mutafit®>"V>%¢" (HEK293-APR,) (kindly provided by
Prof Gang PEI, Shanghai Institutes for BiologicalieBces,
China) were grown in DMEM containing 10% FBS and 100
unit/mL penicillin-streptomycin. All cells were culed in a
humidified incubator with 5% Cgat 37°C.

4.3.2. Neuroprotection activity on SH-SY5Y

Potential neuroprotective activity was evaluatedhuman
neuroblastoma SH-SY5Y cells treated with STZ. The campgs
were pre-dissolved in DMSO and diluted in medium tdeast
five required concentrations. Viability of the auid cells was
determined by assaying the reduction of MTT to fazan. SH-
SY5Y cells were seeded overnight in 48-well plates demsity
of 10° cells/well in 100pL medium. Cells were then incubated
with different concentrations of compounds (5, 1@ &0 uM)
and STZ (0.8 mM for SH-SY5Y cells) for 24 h and washwide
with PBS, followed by addition of MTT (0.5 mg/mL). Asit
incubation at 37C for 4 h, 20QuL DMSO was added to dissolve
the formazan crystals, and absorbance at 490 nnmeasured
using an M5 spectrophotometer (Molecular Devicesinguale,
CA, USA).

4.3.3. Intracellular A3 production and A clearance assay

ELISA assay was used to evaluate the inhibitory &gtiv
against STZ-induced [A production in HEK293-APR, cells.
Intracellular A clearance in SH-SY5Y cells was detected
according to the Landreth approach. These expetgmesmre
carried as previously described [30].

4.3.4. Immunohistochemistry assay

Immunohistochemistry assays were performed to detect
expression of B-Tau protein. These experiments were carried
as previously described [31].

4.3.5. Animal experiments

All animal experiments were performed according te th
Institutional Ethical Guidelines of Shanghai Ind&twf Materia
Medica, Chinese Academy of Sciences, on animal CHrese
experiments were carried as previously describef [30

4.3.6. Satistical analysis

+

Data are reported as the mean SEM. The significant
difference between multiple treatments and the obnivas
analyzed using a one-way ANOVA with Dunnett's post-test.
values less than 0.05 were considered statistisaghificant.
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