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Abstract

Pyruvate kinase M2 isoform (PKM2) is a crucial piotresponsible for aerobic
glycolysis of cancer cells. Activation of PKM2 mayjter aberrant metabolism in
cancer cells. In this study, we discovered a 4-twyghthiazolidine-2-thione
compound2 as a novel PKM2 activator from a random screemh@n in-house
compound library. Then a series of novel 4-hydrthigzolidine-2-thione derivatives
were designed and synthesized for screening astg@kM2 activators. Among these,
some compounds showed higher PKM2 activation agtttian lead compoung and
also exhibited significant anti-proliferative adtigs on human cancer cell lines at
nanomolar concentration. The compoubd was identified as the most potent
antitumor agent, which showed excellent anti-pesétive effects with 16 values
from 0.46 uM to 0.81 uM against H1299, HCT116, Hatal PC3 cell linew also
showed less cytotoxicity in non-tumor cell line HELompared with cancer cells. In
addition, Preliminary pharmacological studies résgtahat5w arrests the cell cycle
at the G2/M phase in HCT116 cell line. The best PKattivation by compoungt
was rationalized through docking studies.
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PKM2 activators; 4-Hydroxy-thiazolidine-2-thione ro@tives; Anti-tumor activity;
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1. Introduction

Many cancer cells exhibit elevated glucose uptakel dactate production,
regardless of oxygen availability. This phenomerniargwn as aerobic glycolysis or
the Warburg effect, facilitates tumor cell growtt].[Pyruvate kinase (PK), which
catalyzes the final rate-limiting step of glycolysind converts phosphoenolpyruvate
(PEP) to pyruvate, has been recognized as a keyateg of this metabolic pathway
[2]. PK comprises a total of four isoforms, inclagiPKM1, PKM2, PKL and PKR,
which have different kinetic properties and tissligtributions. The PKL and PKR
isoform are encoded bikrl gene and expressed in the liver and red blood cells
respectively. The PKM1 and PKM2 isoforane encoded bi?kmgene and differ at
only 23 amino acid residues [3]. In spite of tHagh sequence similarity, PKM1 and
PKM2 have different catalytic and regulatory prds. PKM1 is a constitutively
active tetrameric enzyme, which is found in mostnmal adult tissues. However,
PKM2 alternates between a high-activity tetramemfand a low-activity dimer form
in normal tissue, while exhibiting a distinctiventncy to exist as a dimer in cancer
cells [4]. Dimeric PKM2 has low enzymatic activityhich supports cell growth by
increasing glycolytic intermediates necessary fmsynthetic processes, and thus
promotes cancer cell proliferation [5]. Highly enzgtic PKM2 can be formed by the
binding of allosteric activators like fructose-hfphosphate (FBP) and serine [6]. In
light of these findings, small molecule PKM2 act®, which induce tetramer
formation of PKM2, are expected to suppress tumométionin vitro andin vivg,
providing a novel anti-cancer therapeutic strat@gy

Currently, several PKM2 activators with differesttaffolds have been reported,
including a series of diarylsulfonamides a,( Fig.1) [8],
thieno[3,2-b]pyrrole[3,2-d]pyridazinones b,( Fig.1) [9],
2-oxoN-aryl-1,2,3,4-tetrahydroquinoline-6-sulfonamides €ig.1) [10], quinoline
sulfonamides d, Fig.1) [11], 1-(sulfonyl)-5-(arylsulfonyl)indolinege, Fig.1) [12],
imidazolethiazolo pyridopyrimidinones  f,( Fig.1) [13] and
3-(trifluoromethyl)-1H-pyrazole-5-carboxamideg, Fig.1) [14]. Recently, Y. Matsui
et al. reported a structure-guided fragment-linking of
4-(2,3-dichlorobenzoyl)-1-methyl-pyrrole-2-carboxdm as a PKM2 activatorh(
Fig.1) [15].

Though the above compounds show significant Pkalgt®/ation activity, they have
no significant anti-proliferative effects on tune®ll lines. The possible reason is that
these agents activate PKM2 by binding at the sataeas FBP but are not released
after interaction with phosphotyrosine, which ledrio potency against tumor cell
lines [16]. Fortunately, we found two novel scaf®lof PKM2 activators (Fig.2.a
and?2) with potent anti-proliferative activities fromrandom screening of an in-house
small molecule library (more than 1000 compounds)he basis of the established
PKM2 model. Encouraged by these results, the opétinin of compoundla has
been carried out and the more potential compolincas PKM2 activators with
significant anti-proliferative effects on tumor kclhes was identified in our previous
work [17]. Here, we describe the identification pdtent compoundw as PKM2
activator with excellent anti-proliferative effea@ad lower toxicity from compounal

2



and thestructure-activity relationships (SAR).

[e) 1l
0 Ay ey
H,N W\ B
N u
W ONY ¢ ¢ 1'\1\/©\ F m
SN /N NH, F N0
(6] le} H
a b ¢

la 1b 2

Fig. 2. Structures of compourth, 1b and?2.

2. Resultsand discussion

The SAR study of compourzlwas carried out in two aspects based on its strect
At first, the phenyl group (called region A) was difeed with various substituted
aromatic and heterocyclic rings, and the pyridiph&ethyl moiety (called region B)
remained intact. Afterwards, with the most favosedbstitution at region A, region B
was modified with different derivatives of pyridgylmethyl (Fig. 3).

Fig. 3. Optimization strategy of lead compoud
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For the structural optimization of regi@n a number of substituted phenyl groups
(5a-5p) were selected to replace the phenyl group of @amg?2 to examine the
electronic or steric effects of substituents att@icko the phenyl ring on the PKM2
activation activity. Furthermore, the phenyl ringasvalso modified with various
heterocyclic rings 5g-5y) to evaluate the effect of different heterocyctes the
bioactivity. As a comparison, in order to investeyahe influence of arylalkyl and
alkyl group on the activation activity, we used bgngroup 6z) and methyl group
(5aa) to replace the phenyl group.

The modification of regionA is mainly outlined in Schemé&. A variety of
substituted sulfonyl chlorides, which were commaligi available or prepared by
literature procedures [18-20], reacted with 4-arageiophenone using pyridine as
base in THF to provide the corresponding key inestiates3a-3z or 3aa. The
intermediatea-3z or 3aa wererespectively treated with phenyltrimethylammonium
tribromide in THF to afford the corresponding brdes4a-4z or 4aa. Without further
purification,4a-4z or 4aa reacted with pyridin-3-ylmethanamine and carbomnilfice
using triethylamine as base in acetone to gendératearget compounds-5z or 5aa.

The synthetic routes of intermediat@s-3p have one more step than other
intermediates 3a-3m. The routes are specifically depicted in Scherge
2-Bromobenzenesulfonyl chloride was treated withandinoacetophenone and
pyridine in THF to obtain compoungl The bromine moiety 06 was replaced by
morpholine in DMSO at 100°C, catalyzed by Cul, blpre and KCGQOs;, to afford the
intermediate 3n [21]. Compound 6 reacted with phenylboronic acid or
3-nitrophenylboronic acid using PdQppf)CH.Cl, and KCO; as catalysts in
refluxing 1,4-dioxane and J@ to respectively provide the intermedi&teor 3p [22].
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Scheme 1. Synthesis oba-5z and 5aa. Reagents and conditions: (a) 4-AminoacetophenBge,THF, rt; (b)
Phenyltrimethylammonium tribromide, THF; (c) PyneB-ylmethanamine, GSEN, Acetone.
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Scheme 2. Synthetic routes for the intermedi&® 3p and3n. Reagents and conditions: (a) 4-Aminoacetophenone,
Py, THF, rt; (b) Morpholine, Cul, L-proline, X0O;, DMSO, 100 °C;(c) Phenylboronic acid or
3-Nitrophenylboronic acid, Pd&gdppf)CH.Cl,, K,COs, 1,4-dioxane, bD, reflux.

The PKM2 activation activity of target compounéa-6z, 5aa) was evaluated with
a fluorescent PK-LDH coupled assay as previougtgnted [17]. The lead compound
2 was used as the positive control. The resultsesgad as A§gare shown in Table 1.
Part of target compounds exhibited moderate tolextePKM2 activation activity.
Among them, some compounds, suclbiaand5y with ACsp values of 0.52 uM and
0.74 uM respectively, displayed more potent agtivihan the positive control

compound2 (ACso = 2.96 uM). Different substituents in benzene rimgrkedly
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influenced PKM2 activation activity. Introductiorf an ortho methyl on the benzene
ring (5a, ACsp= 1.19 uM) increased the activity compared to tidead compouna.
On the contrary, methyl at meta and para-positioth® benzene ring led to a slight
decrease and a dramatic loss in potedty ACso = 6.25 uUM;5¢, ACsp > 20 uM).
Introducing a meta or para methoxy on the benzeme(sf and5g) also resulted in
slight reduction of activity. In addition, introdiien of multi-substituents5f and5e),
electron-withdrawing groupsli-5m) and large steric hindrance grougs-6p) on
the benzene ring led to a complete loss of actiVihese results suggested that both
the electronic and steric effects of the substisiext benzene rings play important
roles in generating the PKM2 activation activityegRacing the benzene ring of lead
compound with naphthalene rings( and5r, ACso > 20 uM) and benzybg, ACso =
7.24 uM) respectively resulted in significant aridjlg reduction of activity. The
different heterocyclic structures at region A admwed great impact on the PKM2
activation activity. Unlike naphthalene ring, N-¢aiming bicyclic ring replacements
such as quinoline5{, ACsp = 0.52 puM), azaindole5¢, ACso = 1.41 pM) and
3,4-dihydroquinolin-2(1H)-one ring5y, ACso = 0.74 uM) resulted in a significant
improvement of activity, with the exception of 2l#rdzo[b][1,4]oxazin-3(4H)-onex,
ACso > 20 puM). These results showed that the hydrogem aof these three
heterocycles might forms an important hydrogen mnahteraction with the target
protein. When the phenyl group was replaced wigxdhydrobenzo[b][1,4]dioxine
and thiophene ring, the corresponding compoubds ACsp = 3.14 uM;5s, ACso =
1.47 puM) exhibited similar or more potent activitymparing with the lead compound
2. However, compounds with coumarbuj showed complete loss of activity (AL
20 uM). In addition, replacing the benzene rindgeaid compoun@ with methyl also
resulted in significant loss in poten&ag, ACso > 20 uM).

Tablel

PKM2 activation activities and anti-proliferativetivities of target compounds modified at region

A_ v N/&S
/7 \N
N=
S5a-5z, Saa
Enzymatic activity Antiproliferative activity
Compd. ACsq” (M) ICs0” (uM)

PKM2 H1299 HCT116 Hela PC3

2.96+0.57 1.44+0.22 1.70+0.25 0.45+0.04 0.99%0.17

A
5a @ 1.19+0.25 1.63+0.23 2.41+0.03 0.55+0.03 1.58+0.29
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1.68+0.20

1.20+0.15

1.75+0.68

1.62+0.15

0.93+0.06

0.96+0.10

1.75+0.15

1.22+0.06

1.47+0.58

1.45+0.12

1.14+0.01

1.31+0.12

1.24+0.18

2.70+0.14

2.96+0.20

0.81+0.04

1.73+0.16

2.18+0.14

1.65+0.44

3.69+0.24

2.62+0.75

1.75+0.13

2.30+0.02

2.72+0.14

1.80+0.33

1.18+0.03

4.11+0.69

3.50+0.02

3.45+0.60

6.11+0.51

3.89+0.27

1.65+0.08

1.14+0.08

0.44+0.07

0.94+0.19

1.11+0.03

0.59+0.04

0.48+0.02

0.61+0.04

0.26+0.02

0.77+0.08

0.55+0.04

0.48+0.02

0.57+0.02

1.33+0.11

1.10+0.12

1.40+0.04

0.46+0.04

1.11+0.10

0.94+0.17

1.33+0.08

4.51+0.95

0.93+0.08

1.07+0.24

3.87+0.49

1.31+0.28

4.11+0.25

2.68+0.46

2.19+0.31

1.40+0.02

8.62+0.73

2.81+0.05

3.26+0.14

1.52+0.06




5r >20 1.53+0.07 2.61+0.09 0.63+0.08 1.69+0.09

5t 0.52+0.14 2.43+0.33 2.11+0.26 0.84+0.11 2.35+0.76

Bs @ 1.47+0.29 1.23+0.17 1.44+0.25 0.42+0.03 1.25+0.26
S
®
N/
L
(@)

5u >20 1.65+0.49 1.41+0.04 0.69+0.10 2.40+0.48
(6]
N
5v | 1.41+0.47 2.00+0.21 1.55+0.33 0.76+0.02 1.26+0.08
NN
H
%)
5w [j@ 3.14+0.55 0.69+0.08 0.81+0.03 0.460.05 0.66+0.07
(6]
o)
5x @[ l >20 2124011 1.84+0.31 0.78+0.08 1.95+0.29
N o
H

5y ©\/Nlo 0.74+0.15 1.65+0.25 1.64+0.10 0.71+0.11 4.29#0.21
H

5z 7.24+1.02 1.55+0.26 3.32+0.29 1.26+0.03 2.44+0.31
5aa Me.. >20 1.25+0.37 1.56+0.30 0.86+0.09 2.20+0.39
Taxol (nM) ---- - 7.83+1.15 1.37+0.64 6.42+0.704.57+0.47

&ACs values were determined using enzymatic PKM2 dgtagsay.

®Dose-response curves were determined at five coratiems. The IG, values are the concentrations needed to
inhibit cell growth by 50% as determined from theseves.

To detect the efficacy of target compounds as tantier agents, we evaluated the
antiproliferative activity of the synthesized compds against four PKM2 high
expression human tumor cell lines derived from hurueg cancer (H1299), colon
cancer (HCT116), cervical cancer (Hela) and prestancer (PC3). The well-known
anticancer drug paclitaxel was used as the positimetrol. The results of this
evaluation are also shown in Table 1. TheylZalues of tested compounds against
different tumor cells ranged between 0.26 and 882 Among them, Hela cells were
the most sensitive to these compounds with mogt J@lue in the nanomolar range.
Those compounds with better enzymatic activity al$@mve significant
antiproliferative activity. In particular, compoundw showed the greatest
anti-proliferative activity towards these cell Isv@anging from 0.46 to 0.81 uM,
which is also potent at enzyme level. Structurévdgtrelationship (SAR) analysis
showed that the steric hindrance of substituentherbenzene ring¢ and5p) result
in 2-fold or 3-fold decrease in anti-proliferativactivity against four cell lines
comparing with lead compourit Different structural units in regiod showed great
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impact on the anti-proliferative activities agaif®t3 cell line. Replacement of the
phenyl moiety with 2-methoxy-5-chlorophenyde( 4.51 uM), 2-nitrophenyl 5,
3.87uM), 4-cyanophenyl5{, 4.11 uM), 2-morpholinylphenyl56, 8.62 uM) and
3,4-dihydroquinolin-2(1H)-one5¢, 4.29 uM) led to obvious decrease in potency
against PC3 cell line in comparison with compo@r(8.99 uM).

In view of its excellent PKM2 activation activitgompound5t was selected to
evaluate the SAR of this scaffold in depth. In ortte investigate the role of NH
in sulfonamide fragment, we converted the NH to N&hel generated the compound
5ab. The design of dehydroxyl compoubdc was to examine the effect of hydroxyl
group in 4-hydroxy-thiazolidine-2-thione moiety. &rsynthetic routes for target
compoundsbab and 5ac are respectively depicted in Scheng&eand 4. The front
synthesized intermedia® served as a starting material was treated with héaig
CsCO;s as catalyst in DMF to obtain compouBab with high yields. Ther8ab was
bromized and treated with pyridin-3-ylmethanamimal aarbon disulfide with the
same synthetic process%es5z or 5aa to afford the target compoursdb. Compound
5t was dehydrated in refluxing MeOH and 0.5% HCI 2drh to generate the target
compoundbac according to the literature method [23].

St S @t
L%

/

5ab
Scheme 3. Synthesis of compoundbab. Reagents and conditions: (a) Mel, ,C8;, DMF, rt; (b)
Phenyltrimethylammonium tribromide, THF, rt; (c)riein-3-ylmethanamine, GSE&N, Acetone, rt.

SHT -
h ot

/

5t Sac

Scheme 4. Synthesis of compolat. Reagents and conditions: (a) 0.5% HCI, MeOH, reflux

The PKM2 activation activities and anti-prolifexadi activities of compoundst,
5ab and5ac were listed in Table 2. Methyltion of the NH to NMbab) resulted in a
complete loss in enzyme potency, but retained #ilellar activity. This suggested
that hydrogen atom in the sulfonamide is critical fachieving potent PKM2
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activation activity. The dehydration produszc of 5t exhibited the complete loss of
both enzymatic and cellular activities. This pheeraon showed that the 4-hydroxyl
group in the 4-hydroxy-thiazolidine-2-thione detivas is the key factor to maintain
the enzymatic and cellular activities.

Table?2

PKM2 activation activities and anti-proliferativetavities of compoundst, 5ab and5ac.

HO S HO S
7S
(Q\S//O ws S’/O /@)(le S//O /@/@S
| 7SN SN 7N
N O H 7\ | _N O N\ | "R
N/ —

5t Sab 5ac
Enzymatic activity Antiproliferative activity
Compd. ACsq (M) ICs’ (LM)
PKM2 H1299 HCT116 Hela PC3
5t 0.52+0.14 2.43+0.33 2.11+0.26 0.84+0.11 2.35+0.76
5ab >20 2.47+0.87 2.32+0.17 0.93+0.10 6.15+0.78
5ac >20 >20 >20 >20 >20
Taxol (nM) - 7.83x1.15 1.37+0.64 6.42+0.70 4&BA7

#ACso values were determined using enzymatic PKM2 agtagsay.

®Dose-response curves were determined at five coratiems. The 1, values are the concentrations needed to
inhibit cell growth by 50% as determined from theseves.

In view of the above results, we found that différstructural units at regiofh and
the hydrogen atom in the sulfonamide showed grapact on the PKM2 activation
activity, and the 4-hydroxyl group in 4-hydroxy-dfplidine-2-thione moiety is the
key pharmacophore for these kind of compounds. @umg5w not only has potent
PKM2 activation activity, but also exhibits the hest inhibitory against the four
tested cancer cell lines among all the target camg@ge modified at region A.
Therefore, compoun8w represented a new starting point for further opaton.
The pyridin-3-ylmethyl moiety in regiorB was modified while maintaining
1,4-benzodioxane as regigh To investigate whether the length of carbon linke
between the 4-hydroxy-thiazolidine-2-thione scaff@nd the pyridine ring might
affect the activation activity, compouddd was synthesized. The pyridin-3-ylmethyl
moiety was modified with pyridin-4-ylmethybée) to evaluate the influence of the
position of nitrogen atom in pyridine ring on thedxtivity. Replacement of pyridine
fragment of compoun&w with various pyridine derivativesbdf, 5a) and 5ak) to
determine whether the pyridine unit has an effecthe activity. To study the effect
of pyridine moiety in more detail, we synthesizemnpoundsbag-5ai with various
substituents in the pyridine ring. The synthesistasfet compound®ad-5ak is
outlined in Scheme 5. The front intermediate conmgbdw reacted with carbon
disulfide and various amines, which were commdscialvailable or prepared by
literature procedures [24, 25], using triethylamemee base in acetone to afford the
target compoundsad-5ak.
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Scheme 5. Synthesis obad-5ak. Reagents and conditions: (a) RNES,, E:N, Acetone, rt.

Table3

PKM2 activation activities and anti-proliferativetavities of target compounds modified at region B.

/7 ON
H
B
Sad-5ak
Enzymatic activity Antiproliferative activity
Compd. R ACsd (uM) ICse (M)
PKM2 H1299 HCT116 Hela PC3
XX S
5w | _ 3.14+0.55 0.69+0.08 0.81+0.03 0.46+0.05 0.66+0.07
N
N »
5ad | _ >20 1.28+0.14 1.04+0.01 0.62+0.01 2.16%0.45
N
5ae X >20 0.75+0.02 0.66+0.01 0.47+0.01 0.7040.04
L.
N
N
5af [/j/ 2.15+0.39 1.72+0.06 0.85+0.03 0.55+0.01 0.92+0.20
N
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RS ~.
5ag Ej\/ >20 0.83x0.03 0.74+0.01 0.41+0.01 1.13+0.01

N OMe
Me
5ah fﬁf >~ >20 0.51+0.01 0.41+0.09 0.34+0.01 1.53%0.08
N/
\
Sai o N 17.61+2.19 1.02+0.04 0.92+0.02 0.51+0.02 1.35+0.28
/%0
A S
53 P 1.75+0.33 1.81+0.14 1.28+0.01 0.55+0.01 1.28+0.13
N
/NN
Sak A 7.07+1.46 0.79+0.01 0.77+0.01 0.45+0.01 1.33%0.02
N

&ACs values were determined using enzymatic PKM2 dgtagsay.

P Dose-response curves were determined at five coratiems. The IG, values are the concentrations needed to
inhibit cell growth by 50% as determined from theseves.

As shown in Table 3, increasing the length of carloker between the pyridine
scaffold and the 4-hydroxy-thiazolidine-2-thioneafold from 1 to 2 carbon atoms
resulted in a significant decrease in PKM2 actomatactivity (AGo > 20 uM).
Movement of nitrogen to the para position led tandatic reduction in potency for
4-pyridyl analoguéae (ACsp > 20 pM) as compared to compoubwl. This indicated
that the position of nitrogen atom in the pyridig is critical for achieving potent
PKM2 activation activity. Introduction of differesubstituents5ag-5ai) in pyridine
ring of compoundw significantly decreased the activity (Ad»f 5ag and5ah > 20
UM, ACso of 5ai = 17.61uM). This suggested that introducing ststits into the
pyridine ring is unfavorable for the improvementagtivity. The target compourihf
(ACsp = 2.15 pM) andbaj (ACso = 1.75 uM) respectively with pyrazin-2-ylmethyl
and quinolin-3-ylmethyl showed more potent activithkan compoundw (ACsp =
3.14 pM). The imidazo[1,2-a]pyridin-6-ylmethybgk, ACso = 7.07 uM) instead of
pyridin-3-ylmethyl of compoundw slightly reduced the activation activity. These
results suggested that there is still more optitoma space for region B.
Anti-proliferative activities of the target compaisimodified at region B were also
evaluated in the same four cancer cell lines (H12809T116, Hela and PC3). The
results in Table 3 showed that most of the modifice at region B have no obvious
impact on the antiproliferative activities. In otheords, region A of this series of
compounds is more crucial for antitumor activity.

To further explore the selectivity of target compds against cancer cells, they
were also tested in HELF cells derived from nortmahan embryonic lung fibroblast
cells. As seen in Table 4, some tested compoundwesh higher cytotoxicity in
cancer cells (H1299) than normal cells (HELF). Tiesults indicate that target
compounds have highly safety index. This is coasistvith our design objective,
pharmacological activation of PKM2 enables canedls¢o restore the metabolism of
normal cells, which has no side effects on normelisc
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Table4

Anti-proliferative activities of selected targetrspounds against H1299 cancer cell line and non-twal line

HELF.

ICs0(LM)?

Compd.
H1299 HELF

5f 0.93+0.06  6.90+0.60
59 0.96+0.10 8.63+0.52
5q 0.81+0.04 8.05+0.26
5w 0.69+0.08 11.85+0.83
5ae 0.75+0.02  8.31+1.47
5ag 0.83+0.03 10.44+1.35
5ah 0.51+0.01 7.21+0.54

5ak 0.79+0.01 4.91+0.62

2Dose-response curves were determined at five ctratiems. The 1G, values are the concentrations needed to
inhibit cell growth by 50% as determined from theseves.

According to the optimization results of regidn and regionB, we found an
interesting phenomenon. Some compounds display llemteanti-proliferative
activities in spite of their poor PKM2 activatiortizities. PKM2 was reported to
translocate from the cytoplasm into the nucleusaofcer cells to interact with Bub3
and MCL2, which is required for cell division innwrs [26]. In order to identify
whether these compounds have an effect on cele @jistribution, compoun8w was
chosen to investigate the effect of these 4-hyditbigzolidine-2-thione derivatives
on the cell cycle of HCT-116 cells. Exposure of HQ® cells to compoun8w for 8
h resulted in an interference with cell cycle disition. As shown in Fig. 4, treatment
of 5w caused blockage of the cell cycle in the G2/M ph&ompared with control,
when HCT116 cells were treated with increasing eatations (1.25 pM, 2.5 uM
and 5 uM) ofbw, the percentage of cells in the G2/M phase ined&®m 21.28% to
63.21%, and the percentages of cells in S and GPhHase decreased concomitantly.
Our results suggest that this series of compouralg aisplay antitumor activity by
inhibiting PKM2 to enter nucleus to induce cell leyarrest.
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Fig. 4. Compoundw induced cell cycle arrest in G2/M phase of HCT1éksdn a dose-dependent manner.

To get further insight into the binding profile ameveal thestructure—activity
relationship of this series of compounds, molecdlacking studies were performed.
Compoundst was chosen as the representative compound as thbdowest Ay
value. Both R and S configurations &if were calculated, based on the estimated
binding energy and possible binding modes, R confiion was considered to be
active. The predicted optimal binding mode is shawfig. 5.

Compoundst was tightly fitted into the small cave same as nhather reported
PKM2 activators located. The quinoline ring wasidesthe hydrophobic pocket
surrounded by F26, M30, Q393, L394 and L398. Thmefhylphenyl group of
compoundsc will be sterically unfavorable due to the existerod nearby E397 and
leads to the loss of activation activity. Replacthg sulfonamide hydrogen with a
methyl group will also clash with the phenyl sideam of F26 thus eliminates its
activity. The hydroxyl group is crucial as it caarrh a hydrogen bond with the
backbone oxygen of L353. Removal of this hydroxgup in5t will not only delete
this important interaction but also significantlyhange the conformation of the
thiazolidine-2-thione ring and the attached pyrdimng. The pyridine nitrogen will
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also build a hydrogen bond with the side chain NIQ893, changing the position of
the nitrogen will likely lower the strength of thisydrogen bond and lower the
activity.

Fig. 5. Predicted binding mode of compoustdwith PKM2. 5t is shown in yellow sticks and PKM2 is shown in
green cartoon. Key residues are shown in greeksstRolar interactions are shown in yellow daslirees|

3. Conclusion

In this paper, we have described the discovery &AdR of a previously
undescribed chemical class of PKM2 activators. &wyatic structural modification
was carried out based on the structure of the tesdpound2. A series of novel
4-hydroxy-thiazolidine-2-thione derivatives werenthesized and evaluated for their
in vitro PKM2 activation activities and anti-tumarctivities. Among them, some
compounds, such &t and 5y, showed higher PKM2 activation activity than lead
compound2 and also exhibited significant anti-proliferativetigities on human
cancer cell lines. The compoubBa/ was identified as the most potent antitumor agent,
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which inhibited the growth of four types of tumaeglls with 1G, from 0.46 uM to
0.81 pM. A flow cytometric studghowed that compounBw delayed cell cycle
progression by arresting cells in G2/M phase, whitdly be due to its ability to
prevent PKM2 from entering nucleus. The moleculacking studies revealed the
interaction mode between compoubidand PKM2, and the results may inspire the
design of more potent PKM2 activators. Further naecgm studies of compouriav
are currently in progress.

4. Experiment
4.1. General

All reagents and solvents were purchased from caweialesources and were used
without further purification. Melting points weree@rmined on X4 microscope and
are uncorrectedH NMR and**C NMR spectra were recorded on Bruker AVANE
400 MHz and 100 MHz spectrometer respectively. Higbolution mass spectrum
(HRMS) was recorded on a Thermo Scientific OrbitEdipe MS.

4.2. General procedure for the synthesis of com@sfa, 3a-3m, 3g-3z, 3aa and6

To a solution of 4-aminoacetophenone (0.68 g, 5 amad pyridine (1.6 ml, 20
mmol) in THF (10 mL) was slowly added the subsétusulfonyl chloride (5 mmol).
The reaction mixture was stirred at room tempeeafar 12 h. Water (50 mL) was
added and the mixture was extracted with ethylaaeetl0 mLx3), the combined
organic phase was washed with 1N hydrochloric 48@ mLx2) and water (30
mLx2), dried over anhydrous PO, and concentrated under vacuum to afford the
product.
4.2.1. N-(4-Acetylphenyl)benzenesulfonamitdg (
Yield 95%. Mp: 130-131°C*H NMR (400 MHz, CDCJ) & 8.08 (s, 1H), 7.86 (dd, =
18.4, 8.4 Hz, 4H), 7.55 (8 = 7.4 Hz, 1H), 7.46 (t) = 7.8 Hz, 2H), 7.21 (d) = 8.8
Hz, 2H), 2.53 (s, 3H)**C NMR (100 MHz, CDG)) 5 197.45, 141.48, 138.98, 133.54,
133.24,130.12, 129.39, 127.29, 119.09, 26.51.
4.2.2. N-(4-Acetylphenyl)-2-methylbenzenesulfonar@a)
Yield 76%. Mp: 173-174°CH NMR (400 MHz, DMSOdg) & 11.02 (s, 1H), 7.98 (d,
J=7.6 Hz, 1H), 7.82 (d] = 8.4 Hz, 2H), 7.53 () = 7.2 Hz, 1H), 7.42 — 7.38 (m, 2H),
7.18 (d,J = 8.8 Hz, 2H), 2.60 (s, 3H), 2.45 (s, 3LPC NMR (100 MHz, DMSOdg) &
196.37, 142.07, 137.20, 136.79, 133.39, 132.77,5831129.85, 129.47, 126.47,
116.93, 26.37, 19.63.
4.2.3. N-(4-Acetylphenyl)-3-methylbenzenesulfonar@io)
Yield 91%. Mp: 165-166°C'H NMR (400 MHz, DMSOsdg) 6 10.85 (s, 1H), 7.84 (d,
J=8.8Hz, 2H), 7.67 — 7.62 (m, 2H), 7.45 Jd; 5.6 Hz, 2H), 7.21 (d] = 8.0 Hz, 2H),
2.46 (s, 3H), 2.35 (s, 3H)°C NMR (100 MHz, DMSOdg) & 196.45, 142.27, 139.94,
139.22,133.90, 131.91, 129.81, 129.29, 126.83,862317.83, 26.40, 20.81.
4.2.4. N-(4-Acetylphenyl)-4-methylbenzenesulfonar@o)
Yield 85%. Mp: 203-204°C*H NMR (400 MHz, DMSOsdg) & 10.81 (s, 1H), 7.83 (d,
J=8.4 Hz, 2H), 7.72 (d] = 8.0 Hz, 2H), 7.37 (d] = 8.0 Hz, 2H), 7.20 (d] = 8.4 Hz,
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2H), 2.46 (s, 3H), 2.33 (s, 3H)°C NMR (100 MHz, DMSOdg) § 196.43, 143.70,
142.36, 136.44, 131.89, 129.87, 129.80, 126.758%126.37, 20.95.

4.2.5. N-(4-Acetylphenyl)-2,4,6-trimethylbenzenfesiamide 8d)

Yield 47%. Mp: 223-225°CH NMR (400 MHz, DMSOds) & 10.85 (s, 1H), 7.82 (d,
J = 8.0 Hz, 2H), 7.06 — 7.03 (m, 4H), 2.61 (s, 6RI¥5 (s, 3H), 2.22 (s, 3H}C
NMR (100 MHz, DMSOds) & 196.35, 142.50, 142.34, 138.72, 133.43, 131.96,
131.32, 129.88, 116.57, 26.35, 22.36, 20.37.

4.2.6. N-(4-Acetylphenyl)-5-chloro-2-methoxybengalienamide 3e)

Yield 71%. Mp: 206-208°CH NMR (400 MHz, DMSOds) & 10.79 (s, 1H), 7.85 —
7.81 (m, 3H), 7.66 (dd] = 9.0, 2.6 Hz, 1H), 7.22 (d, = 8.8 Hz, 3H), 3.87 (s, 3H),
2.47 (s, 3H)C NMR (100 MHz, DMSOds) 8 196.47, 155.32, 142.04, 135.01,
131.95, 129.76, 129.43, 127.52, 123.80, 117.82211%56.70, 26.40.

4.2.7. N-(4-Acetylphenyl)-3-methoxybenzenesulfaheu@i)

Yield 93%. Mp: 151-152°C'H NMR (400 MHz, DMSOds) & 10.85 (s, 1H), 7.84 (d,
J=8.8 Hz, 2H), 7.48 (1) = 8.0 Hz, 1H), 7.39 (d] = 7.6 Hz, 1H), 7.33 (d] = 1.6 Hz,
1H), 7.24 — 7.18 (m, 3H), 3.78 (s, 3H), 2.47 (s).3fFC NMR (100 MHz, DMSQd)

8 196.50, 159.42, 142.18, 140.48, 132.10, 130.70,822 118.94, 118.73, 118.08,
111.72, 55.61, 26.41.

4.2.8. N-(4-Acetylphenyl)-4-methoxybenzenesulfahaiBg)

Yield 86%. Mp: 178-179°CH NMR (400 MHz, DMSOdg) 6 10.77 (d,J = 2.4 Hz,
1H), 7.84 (dJ = 8.4 Hz, 2H), 7.79 (dd} = 8.8, 2.0 Hz, 2H), 7.22 (dd,= 8.6, 2.6 Hz,
2H), 7.08 (d,J = 8.8 Hz, 2H), 3.79 (s, 3H), 2.47 (s, 3HC NMR (100 MHz,
DMSO-ds) 5 196.46, 162.70, 142.48, 131.81, 130.82, 129.82,002 117.75, 114.58,
55.67, 26.40.

4.2.9. N-(4-Acetylphenyl)-2-nitrobenzenesulfonan(ti¢

Yield 89%. Mp: 153-155°C‘H NMR (400 MHz, DMSOds) & 11.33 (s, 1H), 8.06 (dd,
J=7.6, 1.6 Hz, 1H), 8.02 (dd,= 7.6, 1.6 Hz, 1H), 7.90 — 7.84 (m, 4H), 7.24J¢;
8.8 Hz, 2H), 2.49 (s, 3H}°C NMR (100 MHz, DMSOd;) 5 196.53, 147.89, 141.22,
135.04, 132.83, 132.50, 131.09, 129.96, 129.89.902418.38, 26.46.

4.2.10. N-(4-Acetylphenyl)-4-nitrobenzenesulfonan@d

Yield 86%. Mp: 191-192°C'H NMR (400 MHz, DMSOdg) & 11.18 (s, 1H), 8.39 (dd,
J = 6.8, 2.0 Hz, 2H), 8.07 (dd,= 6.8, 2.0 Hz, 2H), 7.86 (dd,= 6.8, 2.0 Hz, 2H),
7.24 (dd,J = 6.8, 2.0 Hz, 2H), 2.48 (s, 3HJC NMR (100 MHz, DMSOdg) § 196.50,
150.04, 144.55, 141.43, 132.55, 129.93, 128.30,862418.57, 26.45.

4.2.11. N-(4-Acetylphenyl)-4-cyanobenzenesulfonaijil

Yield 97%. Mp: 207-208°CH NMR (400 MHz, DMSOdg) & 11.12 (s, 1H), 8.08 (d,
J=8.4 Hz, 2H), 7.99 (d] = 8.4 Hz, 2H), 7.86 (d] = 8.8 Hz, 2H), 7.22 (d] = 8.4 Hz,
2H), 2.48 (s, 3H)*C NMR (100 MHz, DMSOds) & 196.50, 143.22, 141.50, 133.69,
132.49, 129.92, 127.43, 118.49, 117.47, 115.73526.

4.2.12. N-(4-Acetylphenyl)-2-fluorobenzenesulfomizn@k)

Yield 56%. Mp: 181-182°CH NMR (400 MHz, DMSO-D6) 11.22 (s, 1H), 7.94 (td,
J=7.6, 1.2 Hz, 1H), 7.84 (d,= 8.8 Hz, 2H), 7.74 — 7.69 (m, 1H), 7.45 — 7.38 (m
2H), 7.21 (d,J = 8.8 Hz, 2H), 2.46 (s, 3H).

4.2.13. N-(4-acetylphenyl)-3-fluorobenzenesulfornizn@l)

17



Yield 92%. Mp: 146-147°CH NMR (400 MHz, DMSOdg) & 11.02 (s, 1H), 7.88 (d,
J=8.8 Hz, 2H), 7.73 — 7.64 (m, 3H), 7.54 (s, THR7 (ddJ = 8.4, 2.4 Hz, 2H), 2.49
(s, 3H).2*C NMR (100 MHz, DMSOdg) & 196.48, 161.70 (d] = 249.1 Hz), 141.82,
141.29 (d,J = 6.7 Hz), 132.33, 131.94, 129.89, 123.00, 12q4) = 22.0 Hz),
118.33, 113.91, 113.79 (d= 24.5 Hz), 26.41.

4.2.14 N-(4-Acetylphenyl)-4-fluorobenzenesulfonamigia)(

Yield 88%. Mp: 139-140°CH NMR (400 MHz, DMSOds) & 10.96 (s, 1H), 7.97 —
7.93 (m, 2H), 7.88 (d] = 8.4 Hz, 2H), 7.45 — 7.41 (m, 2H), 7.27 Jd; 8.8 Hz, 2H),
2.49 (s, 3H)*C NMR (101 MHz, DMSOdg) & 196.46, 164.53 (d) = 252.1 Hz),
142.07, 135.66, 132.19, 129.88, 129.81, 118.18,711@l,J = 22.8 Hz), 26.39.

4.2.15. N-(4-Acetylphenyl)naphthalene-2-sulfonan(bdg

Yield 95%. Mp: 198-199°CH NMR (400 MHz, DMSOdg) & 11.05 (d,J = 11.6 Hz,
1H), 8.61 (d,J = 5.6 Hz, 1H), 8.18 — 8.11 (m, 2H), 8.02 — 8.0Q {iH), 7.88 — 7.82
(m, 3H), 7.71 — 7.65 (m, 2H), 7.30 (&= 9.2 Hz, 2H), 2.43 (s, 3HYC NMR (100
MHz, DMSO-d) & 196.38, 142.22, 136.21, 134.37, 131.96, 131.59,8P2 129.76,
129.32, 129.19, 129.16, 128.30, 127.83, 121.8298]26.35.
4.2.16.N-(4-Acetylphenyl)naphthalene-1-sulfonamid@e (

Yield 83%. Mp: 239-240°CH NMR (400 MHz, DMSOdg) & 11.30 (s, 1H), 8.73 (d,
J=8.4 Hz, 1H), 8.33 (d] = 7.2 Hz, 1H), 8.25 (d] = 8.0 Hz, 1H), 8.08 (d] = 8.0 Hz,
1H), 7.79 — 7.75 (m, 3H), 7.69 — 7.65 (m, 2H), 7(d6) = 8.8 Hz, 2H), 2.41 (s, 3H).
13C NMR (100 MHz, DMSOdg) & 196.31, 142.01, 134.82, 133.79, 131.56, 130.30,
129.77, 129.20, 128.39, 127.26, 127.11, 124.51.972317.01, 26.32.

4.2.17. N-(4-Acetylphenyl)thiophene-2-sulfonamB#p (

Yield 73%. Mp: 149-151°CH NMR (400 MHz, DMSOds) & 11.03 (s, 1H), 7.95 —
7.89 (m, 3H), 7.69 — 7.68 (m, 1H), 7.29 (dd; 8.8, 2.4 Hz, 2H), 7.14 (§,= 4.4 Hz,
1H), 2.50 (s, 3H)**C NMR (100 MHz, DMSOdg) & 196.55, 141.96, 139.66, 133.93,
133.03, 132.28, 129.84, 127.80, 118.26, 26.47.

4.2.18. N-(4-Acetylphenyl)quinoline-8-sulfonamidg (

Yield 84%. Mp: 257-258°C'H NMR (400 MHz, DMSOds) 5 10.79 (s, 1H), 9.13 (dd,
J=4.0, 1.6 Hz, 1H), 8.52 — 8.47 (m, 2H), 8.30 (d¢; 8.0, 1.2 Hz, 1H), 7.78 — 7.69
(m, 4H), 7.20 (dJ = 8.8 Hz, 2H), 2.39 (s, 3H}*C NMR (100 MHz, DMSOdg) &
196.35, 151.56, 142.64, 142.39, 137.00, 134.89,6B34132.56, 131.55, 129.50,
128.46, 125.65, 122.70, 117.61, 26.31.
4.2.19.N-(4-Acetylphenyl)-2-oxo-Bl-chromene-6-sulfonamid@u)

Yield 80%. Mp: 190-191°CH NMR (400 MHz, DMSOdg) & 11.02 (s, 1H), 8.33 (d,
J=2.4 Hz, 1H), 8.19 (d] = 9.6 Hz, 1H), 7.98 (dd] = 8.6, 2.2 Hz, 1H), 7.85 (d,=
8.8 Hz, 2H), 7.58 (dJ = 8.8 Hz, 1H), 7.25 (d] = 8.8 Hz, 2H), 6.63 (d] = 9.6 Hz,
1H), 2.47 (s, 3H)**C NMR (100 MHz, DMSOdg) & 196.48, 159.06, 156.05, 143.35,
141.90, 135.15, 132.15, 129.89, 129.53, 127.84,0619118.12, 117.99, 117.95,
26.43.

4.2.20. N-(4-Acetylphenyl)-1H-pyrrolo[2,3-b]pyridir8-sulfonamide3y)

Yield 31%. Mp: 151-153°CH NMR (400 MHz, DMSOedg) & 12.67 (s, 1H), 10.45 (s,
1H), 8.35 (d,J = 4.8 Hz, 2H), 8.25 — 8.17 (m, 3H), 7.71 {d= 5.6 Hz, 1H), 7.45 —
7.43 (m, 1H), 7.28 — 7.18 (m, 3H), 7.09 — 7.00 8H), 4.71 (d,J = 15.6 Hz, 1H),

18



4.43 (d,J = 15.6 Hz, 1H), 3.61 (dl = 7.6 Hz, 2H)*C NMR (100 MHz, DMSQd) 5
195.65, 148.98, 148.04, 147.67, 144.62, 138.69,2535134.95, 132.25, 131.84,
127.56, 126.54, 122.70, 118.07, 117.63, 115.57,971109.95, 46.33, 42.37. HRMS
m/z: calcd for GoHooNsO3S3 [M+H] *: 498.0728; found: 498.0723.

4.2.21. N-(4-Acetylphenyl)-2,3-dihydrobenzo[b][-d#ixine-6-sulfonamide3(v)

Yield 78%. Mp: 161-162°CH NMR (400 MHz, DMSOds) & 10.81 (s, 1H), 7.85 (d,
J=8.4 Hz, 2H), 7.35 — 7.30 (m, 2H), 7.24 (dd; 8.4, 6.4 Hz, 2H), 7.02 (dd,= 8.4,
1.6 Hz, 1H), 4.28 (d) = 2.8 Hz, 4H), 2.47 (s, 2HYC NMR (100 MHz, DMSOdg) &
196.46, 147.51, 143.38, 142.43, 131.86, 131.63,8729120.44, 117.73, 115.71,
64.38, 64.05, 26.39.

4.2.22.
N-(4-Acetylphenyl)-3-ox0-3,4-dihydro-2H-benzo[b#Jloxazine-6-sulfonamidex)
Yield 97%. Mp: 277-279°CH NMR (400 MHz, DMSO-ds) § 10.99 (s, 1H), 10.86 (s,
1H), 7.85 (dJ = 8.4 Hz, 2H), 7.40 — 7.36 (m, 2H), 7.20 Jc; 8.8 Hz, 2H), 7.08 (d]

= 8.4 Hz, 1H), 4.66 (s, 2H), 2.48 (s, 3tC NMR (100 MHz, DMSOds) & 196.48,
164.13, 146.77, 142.25, 132.75, 131.91, 129.85,7P27122.19, 117.83, 116.71,
114.12, 66.64, 26.42.

4.2.23. N-(4-Acetylphenyl)-2-oxo0-1,2,3,4-tetrahypnmoline-6-sulfonamide3()

Yield 91%. Mp: 250-251°CH NMR (400 MHz, DMSOedg) & 10.76 (s, 1H), 10.46 (s,
1H), 7.84 (dJ = 8.8 Hz, 2H), 7.66 — 7.62 (m, 2H), 7.20 Jc&; 8.8 Hz, 2H), 6.94 (d]

= 8.0 Hz, 1H), 2.93 (&) = 7.6 Hz, 2H), 2.49 — 2.45 (m, 5HJC NMR (100 MHz,
DMSO-ts) § 196.43, 170.29, 142.64, 142.43, 131.98, 131.69.822 126.54, 126.51,
124.37, 117.56, 115.11, 29.68, 26.40, 24.39.

4.2.24. N-(4-Acetylphenyl)-1-phenylmethanesulfodaniiz)

Yield 85%. Mp: 192-193°C'H NMR (400 MHz, DMSOds) & 10.36 (s, 1H), 7.92 (d,
J = 8.4 Hz, 2H), 7.36 — 7.4 (m, 3H), 7.27 (d= 8.4 Hz, 4H), 4.58 (s, 2H), 2.53 (s,
3H). *C NMR (100 MHz, DMSOdg) & 196.49, 143.11, 131.40, 130.95, 129.96,
129.30, 128.46, 128.37, 117.13, 57.17, 26.45.

4.2.25. N-(4-Acetylphenyl)methanesulfonamBsa)

Yield 66%. Mp: 155-156°C'H NMR (400 MHz, DMSOds) & 10.34 (s, 1H), 7.94 (d,
J = 8.8 Hz, 2H), 7.29 (d) = 8.8 Hz, 2H), 3.11 (s, 3H), 2.53 (s, 3HC NMR (100
MHz, DMSO-ds) § 196.53, 143.00, 131.65, 129.99, 117.50, 39.84726.

4.2.26. N-(4-Acetylphenyl)-2-bromobenzenesulfonar@id

Yield 92%. Mp: 198-200°C‘H NMR (400 MHz, DMSOdg) & 11.22 (s, 1H), 8.17 (dd,
J=8.0, 1.6 Hz, 1H), 7.83 (d,= 8.4 Hz, 3H), 7.63 — 7.53 (m, 2H), 7.18 J& 8.8 Hz,
2H), 2.45 (s, 3H)*C NMR (100 MHz, DMSOds) & 196.41, 141.53, 137.83, 135.61,
134.95, 131.94, 131.80, 129.82, 128.41, 119.17.20126.39.

4.3. The procedure for the synthesis of N-(4-Apasyyl)-2-morpholinobenzenesulfo-
namide 8n)

To a solution ofcompound6 (0.36 g, 1 mmol) in DMSO (10ml) was added
morpholine (0.26 g, 3 mmol), Cul (19 mg, 0.1 mmabproline (23 mg, 0.2 mmol)
and K,CO; (0.42 g, 3 mmol). The mixture was heated 24 hQ&t IC under argon
followed by cooling to room temperatuMater (50 mL) was added and the mixture
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was extracted with ethyl acetate (10 mLx3), the luiobled organic phase was washed
with brine (30 mLx2), dried over anhydrous J8&, and concentrated. The residue
was purified by column chromatography (eluent: gletrm ether/ethyl acetate = 2:1)
to provide3n as a yellow solid (0.16 g, 44%). Mp: 216-217%8.NMR (400 MHz,
DMSO-dg)  10.27 (s, 1H), 8.01 (d, = 7.6 Hz, 1H), 7.78 (d] = 8.4 Hz, 2H), 7.63 (t,
J=7.8 Hz, 1H), 7.49 (d] = 8.0 Hz, 1H), 7.35 (t) = 7.6 Hz, 1H), 7.12 (d] = 8.8 Hz,
2H), 3.86 (s, 4H), 2.80 (s, 4H), 2.43 (s, 3H}C NMR (100 MHz, DMSOdg) &
196.36, 151.96, 142.30, 134.94, 134.34, 131.36,2131129.72, 125.36, 124.54,
116.87, 65.76, 53.65, 26.35.
4.4. General procedure for the synthesis of comg@s8a-3p

To a solution ocompound6 (1.24 g, 3.5 mmol) in 1,4-dioxane (20ml) was added
substituted phenylboronic acid (5.25 mmol), RgdpHpf)CHCl, (0.29 g, 0.35 mmol),
K>CO; (1.45 g, 10.5 mmol) and 0.5mkL8. The mixture was refluunder argonfor
24 h followed by cooling to room temperatui&ater (100 mL) was added and the
mixture was extracted with ethyl acetate (15 mLx[8¢ combined organic phase was
washed with brine (30 mLx2), dried over anhydrows30, and concentrated. The
residue was purified by column chromatography (@tugetroleum ether/ethyl acetate
= 3:1) to provide the product.
4.4.1. N-(4-Acetylphenyl)-[1,1'-biphenyl]-2-sulfonale (o)
Yield 81%. Mp: 187-189°C'H NMR (400 MHz, CDCY) § 8.27 (d,J = 7.6 Hz, 1H),
7.75 (d,J = 8.4 Hz, 2H), 7.60 — 7.42 (m, 5H), 7.30 — 7.24 &), 6.75 (d,) = 8.8 Hz,
2H), 6.08 (s, 1H), 2.49 (s, 3H}C NMR (100 MHz, CDG) 6 196.84, 140.87, 140.71,
138.59, 137.30, 133.22, 132.73, 132.58, 130.23,8029129.51, 128.80, 128.19,
128.04, 117.15, 26.41.
4.4.2. N-(4-Acetylphenyl)-3'-nitro-[1,1'-bipheny@}sulfonamide3p)
Yield 63%. Mp: 195-196°C‘H NMR (400 MHz, DMSOds) 5 10.52 (s, 1H), 8.31 (dd,
J=8.2,1.4 Hz, 1H), 8.17 (dd,= 7.4, 1.4 Hz, 1H), 7.98 (§,= 1.8 Hz, 1H), 7.79 (d]
= 8.8 Hz, 2H), 7.74 — 7.69 (m, 3H), 7.61 (d= 8.0 Hz, 1H), 7.40 — 7.37 (m, 1H),
6.91 (d,J = 8.8 Hz, 2H), 2.46 (s, 3H}°C NMR (100 MHz, DMSOdg) & 196.36,
147.13, 141.59, 139.81, 138.39, 137.39, 135.76,3833132.80, 131.52, 129.71,
129.48, 129.42, 129.16, 123.58, 122.95, 116.936a26.

4.5. The procedure for the synthesis of N-(4-Apasiyl)-N-methylquinoline-8-
sulfonamidg3ab)

To a solution ofcompound3t (0.93 g, 2.85 mmol) in DMF (10ml) was added
CsC0;3(1.86 g, 5.70 mmol) and Mel (0.45 g, 3.14 mmol)eThaction mixture was
stirred at room temperature for 19 h. Water (50 nvh}s added and the mixture was
extracted with ethyl acetate (15 mLx3), the comBliagganic phase was washed with
water (50 mLx3), dried over anhydrous,N&, and concentrated to affoBhb as a
yellow solid (0.87 g, 89%), Mp: 127-128 °éH NMR (400 MHz, DMSOsdg) 5 9.05
(dd,J =4.2, 1.4 Hz, 1H), 8.52 — 8.49 (m, 1H), 8.43J¢&; 7.2 Hz, 1H), 8.30 — 8.28
(m, 1H), 7.79 — 7.67 (m, 4H), 7.34 @z= 8.8 Hz, 2H), 3.66 (s, 3H), 2.45 (s, 3HC
NMR (100 MHz, DMSOds) & 196.66, 151.63, 145.42, 143.00, 136.94, 135.78,
134.67, 133.32, 132.90, 128.90, 128.54, 125.70,682222.13, 38.15, 26.48.
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4.6. General procedure for the synthesis of comgefn5a-5z and 5aa-5ab

To a solution otompound?a, 3a-3z and3aa-3ab (4.5 mmol) in THF (10ml) was
added phenyltrimethylammonium tribromide (1.69 g5 4nmol). The reaction
mixture was stirred at room temperature for 12\ater (50 mL) was added and the
mixture was extracted with ethyl acetate (10 mLxl8¢, combined organic phase was
washed with water (30 mLx2), dried over anhydrowsS{®0, and concentrated to
afford the intermediates2b, 4a-4z and 4aa-4ab. To a solution of
pyridin-3-ylmethanamine (0.49 g, 4.5 mmol) in acet@10ml) was added & (0.91
g, 9 mmol). The reaction mixture was stirred fomb and was added G$0.52 g,
6.75 mmol) to continuously stir for 30 min. Thedanmhediate®b, 4a-4z and4aa-4ab
were added respectively and this mixture was stiaeroom temperature for 4 h.
Water (50 mL) was added and the mixture was exddaatith ethyl acetate (10 mLx3),
the combined organic phase was washed with briden[3<2), dried over anhydrous
NaSO, and concentrated. The residue was purified bynenlehromatography to
provide the product.
4.6.1.
N-(4-(4-Hydroxy-3-(pyridin-3-ylmethyl)-2-thioxotlzalidin-4-yl)phenyl)benzenesulf-
onamide 2)
Yield 27%. Mp: 129-130°C'H NMR (400 MHz, DMSOds) & 10.51 (s, 1H), 8.32 (d,
J=3.2 Hz, 2H), 7.81 — 7.78 (m, 3H), 7.64 — 7.56 @H), 7.49 (dJ = 7.6 Hz, 1H),
7.26 (d,J = 7.2 Hz, 2H), 7.14 — 7.05 (m, 3H), 4.71 Jc& 15.6 Hz, 1H), 4.49 (d] =
15.6 Hz, 1H), 3.64 (s, 2H)°C NMR (100 MHz, DMSOdg) & 195.87, 148.93, 147.78,
139.64, 138.26, 135.66, 135.27, 133.05, 132.24,3P29126.82, 126.64, 122.82,
118.99, 99.84, 46.35, 42.40. HRMS m/z: calcd feiHzoN3O3S; [M+H]*: 458.0667;
found: 458.0655.
4.6.2.
N-(4-(4-Hydroxy-3-(pyridin-3-ylmethyl)-2-thioxotlaalidin-4-yl)phenyl)-2-methylbe-
nzenesulfonamidé&d)
Yield 46%. Mp: 176-177°CH NMR (400 MHz, DMSOds) & 10.62 (s, 1H), 8.31 (d,
J=2.8Hz, 2H), 7.93 - 7.91 (m, 1H), 7.73 (s, 1HH3 (t,J = 7.0 Hz, 1H), 7.46 (d]
= 8.0 Hz, 1H), 7.39 (1) = 6.8 Hz, 2H), 7.22 (d] = 8.8 Hz, 2H), 7.11 (ddl = 7.6, 4.8
Hz, 1H), 7.01 (dJ = 8.8 Hz, 2H), 4.69 (d] = 15.2 Hz, 1H), 4.47 (d} = 15.2 Hz, 1H),
3.62 (s, 2H), 2.58 (s, 3HYC NMR (100 MHz, DMSOds) & 195.78, 148.89, 147.72,
138.19, 137.71, 136.76, 135.21, 135.02, 133.13,6832132.22, 129.26, 126.74,
126.42, 122.76, 117.65, 99.83, 46.30, 42.31, 19H8RMS m/z: calcd for
CooH2oNz03S3 [M+H]+: 472.0823; found: 472.0823.
4.6.3.
N-(4-(4-Hydroxy-3-(pyridin-3-ylmethyl)-2-thioxotlzalidin-4-yl)phenyl)-3-methylbe-
nzenesulfonamidélf)
Yield 41%. Mp: 154-155°C'H NMR (400 MHz, CDCY) 6 8.25 (d,J = 1.6 Hz, 1H),
8.04 — 8.03 (m, 1H), 7.72 — 7.63 (m, 3H), 7.72 637(m, 4H), 7.10 (dJ = 8.8 Hz,
2H), 7.03 (ddJ = 7.8, 5.0 Hz, 1H), 5.09 (d,= 15.2 Hz, 1H), 4.31 (d] = 15.2 Hz,
1H), 3.66 (dJ = 12.0 Hz, 1H), 3.55 (d] = 12.4 Hz, 1H), 2.36 (s, 3HY’C NMR (100
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MHz, CDCk) 6 196.82, 148.64, 146.93, 139.60, 139.27, 138.08.008 136.51,
134.16, 133.52, 129.18, 127.64, 127.08, 124.48,612320.62, 100.77, 46.90, 43.59,
21.51. HRMS m/z: calcd for GH2,N30:S3 [M+H] *: 472.0823; found: 472.0823.

4.6.4.
N-(4-(4-Hydroxy-3-(pyridin-3-ylmethyl)-2-thioxotlzalidin-4-yl)phenyl)-4-methylbe-
nzenesulfonamidé&c)

Yield 46%. Mp: 132-133°CH NMR (400 MHz, DMSO#dg) § 10.42 (s, 1H), 8.32 (s,
2H), 7.75 (s, 1H), 7.67 (d,= 7.6 Hz, 2H), 7.49 (d] = 8.0 Hz, 1H), 7.36 (d] = 8.0
Hz, 2H), 7.25 (d,) = 8.24 Hz, 2H), 7.13 (dd},= 7.6, 4.8 Hz, 1H), 7.05 (d,= 8.0 Hz,
2H), 4.71 (dJ = 15.2 Hz, 1H), 4.47 (d] = 15.6 Hz, 1H), 3.64 (s, 2H), 2.34 (s, 3H).
13C NMR (100 MHz, DMSOdg) & 195.82, 148.91, 147.74, 143.36, 138.36, 136.81,
135.50, 135.24, 132.21, 129.77, 126.74, 126.66,772218.84, 99.83, 46.33, 42.36,
20.96. HRMS m/z: calcd for gH2,N30:S3 [M+H] *: 472.0823; found: 472.0811.

4.6.5.
N-(4-(4-Hydroxy-3-(pyridin-3-ylmethyl)-2-thioxotlaalidin-4-yl)phenyl)-2,4,6-trimet-
hylbenzenesulfonamidéd)

Yield 46%. Mp: 181-183°CH NMR (400 MHz, DMSOdg) 6 10.44 (d,J = 4.4 Hz,
1H), 8.35 — 8.32 (m, 2H), 7.76 — 7.74 (m, 1H), 7(d7J = 8.0 Hz, 1H), 7.24 (dd] =
8.8, 2.8 Hz, 2H), 7.12 (dd,= 8.0, 4.8 Hz, 1H), 7.03 (d,= 3.6 Hz, 2H), 6.94 — 6.91
(m, 2H), 4.73 (ddJ = 15.4, 3.0 Hz, 1H), 4.46 (d,= 15.6 Hz, 1H), 3.63 (s, 2H), 2.58
(s, 6H), 2.22 (s, 3H):*C NMR (100 MHz, DMSOds) & 195.69, 148.95, 147.74,
142.19, 138.64, 138.42, 135.24, 134.91, 133.91,2432131.91, 126.76, 122.78,
117.63, 99.91, 46.35, 42.38, 22.44, 20.40. HRMS: maicd for G4H26N3O03Ss
[M+H]": 500.1136; found: 500.1137.

4.6.6.
N-(4-(4-Hydroxy-3-(pyridin-3-ylmethyl)-2-thioxotlaalidin-4-yl)phenyl)-5-Chloro-2-
methoxybenzenesulfonamiée)(

Yield 27%. Mp: 121-122°C'H NMR (400 MHz, DMSOds) & 10.33 (s, 1H), 8.31 (d,
J=6.0 Hz, 2H), 7.73 (s, 2H), 7.66 (db= 8.8, 2.4 Hz, 1H), 7.48 (d,= 8.0 Hz, 1H),
7.24 (t,J = 8.0 Hz, 3H), 7.13 (ddl = 7.8, 5.0 Hz, 1H), 7.05 (d,= 8.4 Hz, 2H), 4.70
(d,J = 15.6 Hz, 1H), 4.46 (d] = 15.6 Hz, 1H), 3.85 (s, 3H), 3.63 (s, 2T NMR
(100 MHz, DMSOe€g) 6 195.80, 155.29, 148.86, 147.69, 138.00, 135.66,183
134.65, 132.15, 129.13, 128.04, 126.63, 123.67,712218.95, 115.12, 99.81, 56.57,
46.29, 42.33. HRMS m/z: calcd for,41,:CIN3O4S; [M+H]": 522.0383; found:
522.0367.

4.6.7.
N-(4-(4-Hydroxy-3-(pyridin-3-ylmethyl)-2-thioxotlaalidin-4-yl)phenyl)-3-methoxyb-
enzenesulfonamidéf(

Yield 64%. Mp: 91-92°C'H NMR (400 MHz, CDC}) 5 8.24 (d,J = 1.6 Hz, 1H), 8.05 (dd]

= 4.9, 1.3 Hz, 1H), 7.73 (d,= 8.0 Hz, 1H), 7.44 — 7.33 (m, 5H), 7.15 — 7.04 4id), 5.10 (d,) =
15.1 Hz, 1H), 4.31 (d] = 15.1 Hz, 1H), 3.66 (dl = 12.6 Hz, 1H), 3.57 (dl = 12.2 Hz, 1H)"*C
NMR (100 MHz, CDC}) 6 196.87, 160.02, 148.69, 146.99, 140.50, 138.10,913
136.70, 133.53, 130.41, 127.12, 123.66, 120.90,5819119.47, 112.17, 100.75,
55.83, 46.90, 43.60. HRMS m/z: calcd for C22H22NSQ@+H]*: 488.0772; found:
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488.0759.

4.6.8.
N-(4-(4-Hydroxy-3-(pyridin-3-ylmethyl)-2-thioxotlaalidin-4-yl)phenyl)-4-methoxyb-
enzenesulfonamidéd)

Yield 53%. Mp: 125-126°C'H NMR (400 MHz, DMSOds) & 10.37 (s, 1H), 8.33 (d,
J=2.8Hz, 2H), 7.77 — 7.72 (m, 3H), 7.50 {d= 8.0 Hz, 1H), 7.26 (d) = 8.8 Hz,
2H), 7.14 (ddJ = 7.6, 4.8 Hz, 1H), 7.10 — 7.04 (m, 4H), 4.72J& 15.2 Hz, 1H),
4.48 (d,J = 15.6 Hz, 1H), 3.80 (s, 3H), 3.64 (s, 2HC NMR (100 MHz, DMSOds)

6 195.84, 162.51, 148.94, 147.77, 138.50, 135.45,283 132.24, 131.23, 128.90,
126.77, 122.82, 118.75, 114.49, 99.88, 55.67, 4642741. HRMS m/z: calcd for
CooH2oN304Ss [M+H]+: 488.0772; found: 488.0772.

4.6.9.
N-(4-(4-Hydroxy-3-(pyridin-3-ylmethyl)-2-thioxotlzalidin-4-yl)phenyl)-2-nitrobenz-
enesulfonamidebh)

Yield 29%. Mp: 102-104°CH NMR (400 MHz, DMSOds) & 10.94 (s, 1H), 8.32 —
8.30 (m, 2H), 8.01 (ddl = 8.6, 1.4 Hz, 2H), 7.90 — 7.85 (m, 2H), 7.801¢d), 7.51 (d,
J=8.0 Hz, 1H), 7.30 (d] = 8.8 Hz, 2H), 7.14 (dd] = 8.0, 4.8 Hz, 1H), 7.08 (d,=
8.8 Hz, 2H), 4.71 (d) = 15.2 Hz, 1H), 4.51 (d] = 15.6 Hz, 1H), 3.65 (s, 2HJC
NMR (100 MHz, DMSOe€) § 195.89, 148.91, 147.87, 147.77, 137.30, 136.32,283 134.77,
132.74, 132.24, 131.50, 129.86, 126.93, 124.81.822219.44, 99.78, 46.33, 42.34RMS m/z:
calcd for GiH19N4OsSs [M+H] " 503.0518; found: 503.0503.

4.6.10.
N-(4-(4-Hydroxy-3-(pyridin-3-ylmethyl)-2-thioxotlaalidin-4-yl)phenyl)-4-nitrobenz-
enesulfonamides()

Yield 43%. Mp: 154-155°C'H NMR (400 MHz, DMSOds) & 10.81 (s, 1H), 8.40 (d,
J=8.4 Hz, 2H), 8.31 (d] = 4.0 Hz, 1H), 8.24 (s, 1H), 8.02 @z 8.7 Hz, 2H), 7.82
(s, 1H), 7.54 (dJ = 7.6 Hz, 1H), 7.30 (d] = 8.4 Hz, 2H), 7.16 (dd] = 8.0, 4.8 Hz,
1H), 7.07 (dJ = 8.4 Hz, 2H), 4.68 (d] = 15.6 Hz, 1H), 4.52 (d] = 15.6 Hz, 1H),
3.65 (s, 2H)C NMR (100 MHz, DMSOdg) & 196.00, 149.93, 148.85, 147.76,
144.91, 137.48, 136.41, 135.35, 132.23, 128.25,0827124.77, 122.83, 119.68,
99.72, 46.32, 42.39. HRMS m/z: calcd fos@19N4OsS; [M+H] " 503.0518; found:
503.0505.

4.6.11.
N-(4-(4-Hydroxy-3-(pyridin-3-ylmethyl)-2-thioxotlaalidin-4-yl)phenyl)-4-cyano-be-
nzenesulfonamid&j(

Yield 42%. Mp: 105-107°C‘H NMR (400 MHz, DMSOds) 5 10.73 (s, 1H), 8.32 (dd,
J=4.28, 1.6 Hz, 1H), 8.27 (s, 1H), 8.07 {ds 8.4 Hz, 2H), 7.93 (d] = 8.4 Hz, 2H),
7.79 (s, 1H), 7.52 (d] = 7.6 Hz, 1H), 7.28 (d] = 8.8 Hz, 2H), 7.15 (dd] = 8.0, 4.8
Hz, 1H), 7.04 (dJ = 8.8 Hz, 2H), 4.68 (d] = 15.6 Hz, 1H), 4.51 (dl = 15.6 Hz, 1H),
3.65 (s, 2H)C NMR (100 MHz, DMSOdg) & 195.96, 148.83, 147.72, 143.54,
137.52, 136.30, 135.31, 133.59, 132.22, 127.37,9726122.81, 119.55, 117.58,
115.49, 99.70, 46.29, 42.35. HRMS m/z: calcd fesHzN4,O3S; [M+H]*: 483.0619;
found: 483.0600.

4.6.12.
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N-(4-(4-hydroxy-3-(pyridin-3-ylmethyl)-2-thioxotlzi@lidin-4-yl)phenyl)-2-fluoroben-
zenesulfonamideék)

Yield 36%. Mp: 92-93°C'H NMR (400 MHz, DMSOd) & 10.83 (s, 1H), 8.32 (d]

= 8.0 Hz, 2H), 7.89 (t) = 7.6 Hz, 1H), 7.77 (s, 1H), 7.74 — 7.69 (m, 1H%9 — 7.46
(m, 1H), 7.43 — 7.37 (m, 2H), 7.27 @= 8.4 Hz, 2H), 7.14 — 7.07 (m, 3H), 4.72 4d,
= 15.6 Hz, 1H), 4.49 (dJ = 15.6 Hz, 1H), 3.64 (s, 2H}*C NMR (100 MHz,
DMSO-dg) § 195.81, 158.15 (d] = 254.9 Hz), 148.92, 147.71, 137.77, 135.98)(d,
8.6 Hz), 135.70, 135.24, 132.20, 130.36, 127.18 (d13.7 Hz), 126.77, 125.02 (d,
= 3.4 Hz), 122.73, 118.57, 117.35 (d= 20.7 Hz), 99.80, 46.32, 42.34. HRMS m/z:
calcd for GiH19FN3O3S; [M+H] " 476.0573; found: 476.0560.

4.6.13.
N-(4-(4-hydroxy-3-(pyridin-3-ylmethyl)-2-thioxotlzi@lidin-4-yl)phenyl)-3-fluoroben-
zenesulfonamidesk)

Yield 41%. Mp: 119-120°CH NMR (400 MHz, DMSOsdg) & 10.60 (s, 1H), 8.33 (s,
2H), 7.81 (s, 1H), 7.65 — 7.60 (m, 3H), 7.52J¢; 7.2 Hz, 2H), 7.31 (d] = 8.4 Hz,
2H), 7.16 — 7.08 (m, 3H), 4.73 @3z 15.6 Hz, 1H), 4.53 (dl = 15.2 Hz, 1H), 3.66 (s,
2H).°C NMR (100 MHz, DMSOdg) & 195.88, 161.67 (dJ = 249.0 Hz), 148.93,
147.72, 141.64 (d] = 6.6 Hz), 137.84, 136.13, 135.30, 132.23, 13{d76 = 8.0 Hz),
126.86, 122.91 (dl = 2.5 Hz), 122.75, 120.22 (d~= 21.3 Hz), 119.44, 113.69 @ =
24.2 Hz), 99.78, 46.33, 42.38. HRMS m/z: calcd forH1oFN3O3S; [M+H] ™
476.0573; found: 476.0570.

4.6.14.
N-(4-(4-Hydroxy-3-(pyridin-3-ylmethyl)-2-thioxotlaalidin-4-yl)phenyl)-4-fluoroben-
zenesulfonamidesin)

Yield 27%. Mp: 93-94°C*H NMR (400 MHz, DMSOds) § 10.50 (s, 1H), 8.33 — 8.30
(m, 2H), 7.85 (dd,) = 8.6, 5.0 Hz, 2H), 7.78 (s, 1H), 7.51 (&= 8.0 Hz, 1H), 7.41 (t,
J = 8.8 Hz, 2H), 7.28 (d] = 8.8 Hz, 2H), 7.15 (dd] = 8.0, 4.8 Hz, 1H), 7.05 (d,=
8.4 Hz, 2H), 4.71 (dJ = 15.6 Hz, 1H), 4.51 (d] = 15.6 Hz, 1H), 3.65 (s, 2Hy'C
NMR (100 MHz, DMSOdg) & 195.88, 164.34 (dJ = 251.7 Hz), 148.88, 147.70,
138.01, 135.90, 135.25, 132.18, 129.72, 129.62,7826.22.74, 119.23, 116.51 #,
= 22.8 Hz), 99.75, 46.30, 42.35. HRMS m/z: calcd @;H1oFN3OsS; [M+H]™:
476.0573; found: 476.0566.

4.6.15.
N-(4-(4-Hydroxy-3-(pyridin-3-ylmethyl)-2-thioxotlaalidin-4-yl)phenyl)-2-morpholi-
nobenzenesulfonamidsén(

Yield 26%. Mp: 116-118°C'H NMR (400 MHz, DMSOdg) 5 9.83 (s, 1H), 8.32 —
8.27 (m, 2H), 7.93 (d] = 6.8 Hz, 1H), 7.70 (s, 1H), 7.63 {t= 7.6 Hz, 1H), 7.48 (1]

= 8.0 Hz, 2H), 7.33 (t) = 7.6 Hz, 1H), 7.20 (d] = 8.4 Hz, 2H), 7.15 — 7.12 (m, 1H),
6.97 (d,J = 8.4 Hz, 2H), 4.64 (d] = 15.6 Hz, 1H), 4.45 (dl = 15.6 Hz, 1H), 3.82 (t,
J = 4.4 Hz, 4H), 3.61 (d) = 2.0 Hz, 2H), 2.80 () = 4.2 Hz, 4H)}*C NMR (100
MHz, DMSO-ds) 6 196.16, 151.84, 148.72, 148.37, 147.64, 138.39,2133 134.88,
134.60, 132.14, 130.82, 126.61, 125.26, 124.41,72217.89, 99.76, 65.80, 53.63,
46.26, 42.38. HRMS m/z: calcd for o4E,7/N4O4S; [M+H]": 543.1194; found:
543.1191.
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4.6.16.
N-(4-(4-Hydroxy-3-(pyridin-3-ylmethyl)-2-thioxotlaalidin-4-yl)phenyl)-[1,1'-biphe-
nyl]-2-sulfonamide %0)

Yield 42%. Mp: 110-112°CH NMR (400 MHz, CDCY) & 8.40 (s, 1H), 8.24 — 8.22
(m, 2H), 7.93 (dd) = 5.0, 1.4 Hz, 1H), 7.69 (d,= 8.0 Hz, 1H), 7.59 (td] = 7.6, 1.2
Hz, 1H), 7.52 (td) = 7.6, 1.2 Hz, 1H), 7.46 — 7.43 (m, 3H), 7.37 347(m, 2H), 7.30
— 7.28 (m, 3H), 7.00 (dd, = 7.8, 5.0 Hz, 1H), 6.78 (d,= 8.8 Hz, 2H), 5.13 (d] =
15.2 Hz, 1H), 4.19 (d) = 15.2 Hz, 1H), 3.66 (d] = 12.0 Hz, 1H), 3.51 (d] = 12.4
Hz, 1H).*C NMR (100 MHz, CDGJ) & 196.59, 148.61, 146.79, 140.92, 138.74,
137.99, 137.70, 137.33, 135.84, 133.40, 132.99,7432130.05, 129.57, 128.72,
128.18, 128.04, 126.79, 123.48, 118.64, 100.884613.49. HRMS m/z: calcd for
Co7H24N303S3 [M+H]+: 534.0980; found: 534.0979.

4.6.17.
N-(4-(4-Hydroxy-3-(pyridin-3-ylmethyl)-2-thioxotlzalidin-4-yl)phenyl)-3'-nitro-[1,1
'-biphenyl]-2-sulfonamide5p)

Yield 62%. Mp: 121-123°CH NMR (400 MHz, DMSOds) & 10.20 (s, 1H), 8.32 —
8.27 (m, 3H), 8.13 — 8.10 (m, 1H), 8.04 Jd; 2.0 Hz, 1H), 7.76 (s, 1H), 7.75 — 7.69
(m, 3H), 7.61 (dJ = 7.6 Hz, 1H), 7.51 (d] = 8.0 Hz, 1H), 7.41 — 7.39 (m, 1H), 7.21
(d,J=8.8 Hz, 2H), 7.12 (dd} = 8.0, 4.8 Hz, 1H), 6.80 (d,= 8.4 Hz, 2H), 4.68 (d]

= 15.6 Hz, 1H), 4.55 (d] = 15.6 Hz, 1H), 3.65 (d] = 4.8 Hz, 2H)*C NMR (100
MHz, DMSO-dg) 6 195.99, 148.83, 147.71, 147.13, 140.04, 138.37,803 137.76,
135.76, 135.23, 134.97, 133.13, 132.76, 132.30,3829129.26, 129.09, 126.75,
123.68, 122.85, 122.78, 117.54, 99.73, 46.27, 42BBMS m/z: calcd for
Co7H23N4OsS3 [M+H]+: 579.0831; found: 579.0839.
4.6.18.N-(4-(4-Hydroxy-3-(pyridin-3-ylmethyl)-2-thioxotlzalidin-4-yl)phenyl)
naphthalene-2-sulfonamid&d)

Yield 34%. Mp: 152-153°CH NMR (400 MHz, DMSO#dg) & 10.58 (s, 1H), 8.49 (s,
1H), 8.28 (s, 1H), 8.21 (d}, = 4.0 Hz, 1H), 8.16 (d] = 8.0 Hz, 1H), 8.11 (d] = 8.8
Hz, 1H), 8.02 (dy = 8.0 Hz, 1H), 7.79 (d] = 8.8 Hz, 1H), 7.72 — 7.64 (m, 3H), 7.42
(d,J =8.0 Hz, 1H), 7.22 (d]) = 8.8 Hz, 2H), 7.09 (d] = 8.8 Hz, 2H), 7.01 (dd] =
8.0, 4.8 Hz, 1H), 4.66 (dl = 15.6 Hz, 1H), 4.42 (d] = 15.6 Hz, 1H), 3.60 (s, 2H).
13C NMR (100 MHz, DMSOdg) & 195.74, 148.88, 147.61, 138.17, 136.57, 135.65,
135.17, 134.26, 132.14, 131.54, 129.53, 129.24,0029127.94, 127.80, 127.69,
126.70, 122.64, 121.91, 118.97, 99.76, 46.25, 42RRRMS m/z: calcd for
CosH20N3z03S3 [M+H]+: 508.0823; found: 508.0806.

4.6.19. N-(4-(4-Hydroxy-3-(pyridin-3-ylmethyl)-2idlRothiazolidin-4-yl)phenyl)
naphthalene-1-sulfonamidéri

Yield 46%. Mp: 112-113°CH NMR (400 MHz, DMSOdg) § 10.94 (s, 1H), 8.72 (d,
J = 8.4 Hz, 1H), 8.33 — 8.23 (m, 4H), 8.09 {c= 8.4 Hz, 1H), 7.78 — 7.74 (m, 2H),
7.70 —7.65 (m, 2H), 7.42 (d,= 8.0 Hz, 1H), 7.19 (d] = 8.8 Hz, 2H), 7.03 — 6.98 (m,
3H), 4.69 (dJ = 15.6Hz, 1H), 4.44 (d] = 15.6 Hz, 1H), 3.59 (dl = 7.6 Hz, 2H)C
NMR (100 MHz, DMSOe€) 6 195.68, 148.81, 147.56, 138.20, 135.37, 135.12,
134.57, 134.39, 133.83, 132.31, 130.01, 129.16,2628127.43, 127.08, 126.72,
124.61, 124.24, 122.77, 117.80, 99.85, 46.31, 42BBMS m/z: calcd for

25



CosH20N3z03S3 [M+H]+: 508.0823; found: 508.0808.

4.6.20. N-(4-(4-Hydroxy-3-(pyridin-3-ylmethyl)-2idiothiazolidin-4-yl)phenyl) thio-
phene-2-sulfonamidé&g)

Yield 24%. Mp: 149-150°CH NMR (400 MHz, DMSOedg) § 10.64 (s, 1H), 8.35 (s,
2H), 7.92 (dJ = 4.8 Hz, 1H), 7.81 (d] = 4.4 Hz, 1H), 7.59 (s, 1H), 7.52 @@= 7.2
Hz, 1H), 7.33 — 7.31 (m, 2H), 7.18 — 7.13 (m, 4#4Y4 (d,J = 15.6 Hz, 1H), 4.53 (d,
J = 15.2 Hz, 1H), 3.67 (s, 2H*C NMR (100 MHz, DMSOdg) & 195.93, 148.93,
147.80, 140.06, 138.01, 136.02, 135.29, 133.52,6132132.24, 127.71, 126.85,
122.86, 119.30, 99.84, 46.39, 42.44. HRMS m/z: ccdtor CioH1gN303S, [M+H] ™
464.0231; found: 464.0224.

4.6.21. N-(4-(4-Hydroxy-3-(pyridin-3-ylmethyl)-2idiRothiazolidin-4-yl)phenyl) quin-
olone-8-sulfonamides()

Yield 24%. Mp: 135-136°C'H NMR (400 MHz, DMSOds) 5 10.34 (s, 1H), 9.13 (dd,
J=4.4,1.6 Hz, 1H), 8.54 — 8.49 (m, 1H), 8.41J¢; 7.6 Hz, 1H), 8.29 (s, 2H), 8.23
—8.22 (m, 1H), 4.66 (d] = 15.6 Hz, 1H), 4.39 (dl = 15.6 Hz, 1H), 3.56 (d] = 3.2
Hz, 2H).**C NMR (100 MHz, DMSOdg) & 195.68, 151.50, 148.83, 147.60, 142.76,
138.43, 137.00, 135.36, 135.18, 134.34, 132.17,0832129.66, 128.48, 126.44,
125.72, 123.49, 122.67, 118.65, 99.84, 46.28, 42BBMS m/z: calcd for
CosH21N4O3S3 [M+H]+: 509.0776; found: 509.0781.

4.6.22.
N-(4-(4-Hydroxy-3-(pyridin-3-ylmethyl)-2-thioxotlaalidin-4-yl)phenyl)-2-oxo-2H-
chromene-6-sulfonamidéy)

Yield 38%. Mp: 136-137°CH NMR (400 MHz, DMSOds) & 10.62 (s, 1H), 8.29 —
8.15 (m, 3H), 8.16 (d) = 9.6 Hz, 1H), 7.94 (dd] = 8.6, 2.2 Hz, 1H), 7.80 (s, 1H),
7.54 (t,J = 8.0 Hz, 2H), 7.27 (d] = 8.8 Hz, 2H), 7.14 — 7.07 (m, 3H), 6.58 {d+
10.0 Hz, 1H), 4.69 (d) = 15.6 Hz, 1H), 4.49 (d] = 15.6 Hz, 1H), 3.63 (s, 2H)'C
NMR (100 MHz, DMSOds) & 195.94, 159.15, 155.95, 148.85, 147.68, 143.42,
137.98, 135.99, 135.48, 132.32, 129.61, 127.75,9826122.86, 119.36, 119.02,
117.84, 99.83, 46.37, 42.44. HRMS m/z: calcd fesHzoN:05S; [M+H]*: 526.0565;
found: 526.0549.

4.6.23.
N-(4-(4-Hydroxy-3-(pyridin-3-ylmethyl)-2-thioxotlaalidin-4-yl)phenyl)-1H-pyrrolo
[2,3-b]pyridine-3-sulfonamidesy)

Yield 31%. Mp: 151-153°CH NMR (400 MHz, DMSOedg) & 12.67 (s, 1H), 10.45 (s,
1H), 8.35 (d,J = 4.8 Hz, 2H), 8.25 — 8.17 (m, 3H), 7.71 {d&+ 5.6 Hz, 1H), 7.45 —
7.43 (m, 1H), 7.28 — 7.18 (m, 3H), 7.09 — 7.00 8H), 4.71 (d,J = 15.6 Hz, 1H),
4.43 (d,J = 15.6 Hz, 1H), 3.61 (dl = 7.6 Hz, 2H)*C NMR (100 MHz, DMSQsd) 5
195.65, 148.98, 148.04, 147.67, 144.62, 138.69,2635134.95, 132.25, 131.84,
127.56, 126.54, 122.70, 118.07, 117.63, 115.57,97109.95, 46.33, 42.37. HRMS
m/z: calcd for GoHooNsO3S3 [M+H] *: 498.0728; found: 498.0723.

4.6.24.
N-(4-(4-Hydroxy-3-(pyridin-3-ylmethyl)-2-thioxotlaalidin-4-yl)phenyl)-2,3-dihydro-
benzo[b][1,4]dioxine-6-sulfonamidé&\)

Yield 18%. Mp: 102-103°C'H NMR (400 MHz, DMSOds) & 10.37 (s, 1H), 8.33 (d,
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J=2.8 Hz, 2H), 7.77 (s, 1H), 7.50 @z 8.0 Hz, 1H), 7.27 — 7.24 (m, 4H), 7.15 (dd,
J=17.6,4.8 Hz, 1H), 7.06 — 7.00 (m, 3H), 4.72Jd, 15.6 Hz, 1H), 4.47 (d] = 15.6
Hz, 1H), 4.28 (d,) = 4.4 Hz, 4H), 3.64 (s, 2HYC NMR (100 MHz, DMSOdg) &
195.80, 148.90, 147.73, 147.27, 143.30, 138.40,48635135.30, 132.24, 132.00,
126.78, 122.81, 120.30, 118.73, 117.65, 115.6(8870%4.37, 64.04, 46.34, 42.36.
HRMS m/z: calcd for gH2oN30sS; [M+H]*: 516.0722; found: 516.0707.

4.6.25.
N-(4-(4-Hydroxy-3-(pyridin-3-ylmethyl)-2-thioxotlaalidin-4-yl)phenyl)-3-oxo-3,4-
dihydro-2H-benzo[b][1,4]oxazine-6-sulfonamidex}

Yield 37%. Mp: 143-144°CH NMR (400 MHz, DMSOsg) & 11.00 (s, 1H), 10.47 (s,
1H), 8.33 — 8.31 (m, 2H), 7.79 (s, 1H), 7.53Jd&; 7.6 Hz, 1H), 7.34 — 7.33 (m, 2H),
7.27 (d,J =8.8 Hz, 2H), 7.17 — 7.15 (m, 1H), 7.06 (dd; 8.8, 6.4 Hz, 3H), 4.73 (4,

= 15.6 Hz, 1H), 4.67 (s, 2H), 4.49 @ = 15.6 Hz, 1H), 3.65 (s, 2HY’C NMR (100
MHz, DMSO-g) 6 195.90, 164.21, 148.92, 147.77, 146.61, 138.38,6B3 135.43,
133.18, 132.33, 127.66, 126.85, 122.90, 122.17.951816.69, 114.21, 99.91, 66.70,
46.41, 42.45. HRMS m/z: calcd for ,4E1,:N4OsS; [M+H]": 529.0674; found:
529.0681.

4.6.26.
N-(4-(4-Hydroxy-3-(pyridin-3-ylmethyl)-2-thioxotlaalidin-4-yl)phenyl)-2-oxo-1,2,3,
4-tetrahydroquinoline-6-sulfonamidBy()

Yield 46%. Mp: 185-187°CH NMR (400 MHz, DMSOsdg) & 10.50 (s, 1H), 10.41 (s,
1H), 8.35 (s, 2H), 7.82 (s, 1H), 7.66 — 7.62 (m),ZH55 (d,J = 7.6 Hz, 1H), 7.30 (d,
J=8.4 Hz, 2H), 7.18 — 7.10 (m, 3H), 6.99 {ds 8.4 Hz, 1H), 4.77 (d] = 15.6 Hz,
1H), 4.52 (dJ = 15.6 Hz, 1H), 3.67 (s, 2H), 2.96 Jt= 7.4 Hz, 2H), 2.50 (t) = 7.6
Hz, 2H).}*C NMR (100 MHz, DMSOdg) § 195.86, 170.41, 149.00, 147.80, 142.46,
138.55, 135.41, 132.49, 132.33, 126.83, 126.52,3P24122.87, 118.79, 115.17,
99.96, 46.44, 42.49, 29.82, 24.51. HRMS m/z: cdimd CosH23N404S; [M+H] ™
527.0881; found: 527.0870.

4.6.27.
N-(4-(4-Hydroxy-3-(pyridin-3-ylmethyl)-2-thioxotlaalidin-4-yl)phenyl)-1-phenylme-
thanesulfonamidesg)

Yield 34%. Mp: 78-79°C*H NMR (400 MHz, DMSOdg) & 9.98 (s, 1H), 8.35 — 8.33
(m, 1H), 8.27 (s, 1H), 7.83 (s, 1H), 7.65 Jd; 8.0 Hz, 1H), 7.37 — 7.35 (m, 4H), 7.33
(s, 1H), 7.27 — 7.23 (m, 3H), 7.11 @z 8.4 Hz, 2H), 4.69 (g] = 15.6 Hz, 2H), 4.45
(s, 2H), 3.76 (dJ = 12.0 Hz, 1H), 3.67 (d] = 12.4 Hz, 1H)**C NMR (100 MHz,
DMSO-ds) 6 196.06, 148.78, 147.66, 138.94, 135.60, 135.02.483 130.99, 129.46,
128.42, 128.26, 126.96, 123.00, 118.27, 99.75,%616.27, 42.44. HRMS m/z: calcd
for CooH2oN305S3 [M+H] ™ 472.0823; found: 472.0823.

4.6.28. N-(4-(4-hydroxy-3-(pyridin-3-ylmethyl)-2dkothiazolidin-4-yl)phenyl) meth-
anesulfonamidebga)

Yield 27%. Mp: 171-173°CH NMR (400 MHz, DMSOds) & 9.89 (s, 1H), 8.34 (dd,
J=4.8, 1.2 Hz, 1H), 8.26 (d,= 0.8 Hz, 1H), 7.85 — 7.84 (m, 1H), 7.60 J&; 8.0 Hz,
1H), 7.34 (dJ = 8.8 Hz, 2H), 7.22 (dd, = 7.4, 5.0 Hz, 1H), 7.14 — 7.12 (m, 2H), 4.69
(q,J = 15.4 Hz, 2H), 3.71 (q] = 12.4 Hz, 2H), 3.00 (s, 3H}C NMR (100 MHz,
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DMSO-dg) 6 195.95, 148.94, 147.77, 138.90, 135.51, 135.42,413 126.98, 122.93,
118.85, 99.76, 46.28, 42.42, 39.38. HRMS m/z: cdtmd C;¢H1gN303S; [M+H] ™
396.0510; found: 396.0496.

4.6.29.
N-(4-(4-Hydroxy-3-(pyridin-3-ylmethyl)-2-thioxotlzalidin-4-yl)phenyl)-N-methylqu-
inoline-8-sulfonamide5ab)

Yield 39%. Mp: 106-108°CH NMR (400 MHz, DMSOdg)  9.04 (dd,J = 4.2, 1.8
Hz, 1H), 8.54 (ddJ = 8.4, 1.6 Hz, 1H), 8.32 — 8.28 (m, 4H), 7.801¢d), 7.73 — 7.69
(m, 2H), 7.48 (d,) = 8.0 Hz, 1H), 7.22 (d] = 8.8 Hz, 2H), 7.15 (dd]l = 7.8, 4.6 Hz,
1H), 7.10 (dJ = 8.8 Hz, 2H), 4.68 (d] = 15.6 Hz, 1H), 4.46 (d] = 15.6 Hz, 1H),
3.63 (d,J = 1.6 Hz, 2H), 3.54 (s, 3H)’C NMR (100 MHz, DMSOds) & 195.80,
151.50, 148.84, 147.69, 143.14, 141.87, 137.55,9P36136.36, 135.36, 134.37,
132.88, 132.31, 128.60, 126.25, 125.71, 124.18,8112222.62, 99.70, 46.25, 42.22,
38.94. HRMS m/z: calcd for £H23N403S; [M+H] *: 523.0932; found: 523.0921.

4.7. The procedure for the synthesis eAN3-(Pyridin-3-ylmethyl)-2-thioxo-2,3-
dihydrothiazol-4-yl)phenyl)quinoline-8-sulfonamidgac)

A mixture of 5t (0.20 g, 0.39 mmol) and 5% hydrochloric acid (20mImethanol
(4 mL) was heated under reflux for 24 h. The reectnixture was cooled to room
temperature and was extracted with ethyl acetdien{lLx3), the combined organic
phase was washed with water (30 mLx2), dried owanydrous NgSO, and
concentrated. The residue was purified by recrystdion (petroleum ether and ethyl
acetate) to providBac as a yellow solid (0.15, 77%). Mp: 253-254 *8.NMR (400
MHz, DMSOg) 6 10.50 (s, 1H), 9.11 (d, = 3.2 Hz, 1H), 8.52 (d] = 8.0 Hz, 1H),
8.43 (d,J = 6.8 Hz, 1H), 8.40 — 8.28 (m, 2H), 7.92 (s, 1H),7 — 7.69 (m, 2H), 7.13
— 7.04 (m, 6H), 6.94 (s, 1H), 5.29 (s, 2HC NMR (100 MHz, DMSOds) 5 187.74,
151.47, 148.45, 147.85, 143.28, 142.66, 139.35,9836134.99, 134.46, 134.17,
132.28, 130.95, 130.08, 128.43, 125.62, 124.84,2P23122.64, 118.61, 110.04,
47.58. HRMS m/z: calcd for £H1oN40,S; [M+H]™: 491.0670; found: 491.0660.

4.8. General procedure for the synthesis of comgs&tad-5ak

To a solution ofcompound3w (0.70 g, 2.1 mmol) in THF (10ml) was added
phenyltrimethylammonium tribromide (0.79 g, 2.1 mimdhe reaction mixture was
stirred at room temperature for 12Water (50 mL) was added and the mixture was
extracted with ethyl acetate (10 mLx3), the comBdiagganic phase was washed with
water (30 mLx2), dried over anhydrous JS@, and concentrated to afford the
intermediatedw. To a solution of different pyridin-3-ylmethanaraiderivatives (2.1
mmol) in acetone (10ml) was addedNE(0.43 g, 4.2 mmol). The reaction mixture
was stirred for 5 min and was added,@%24 g, 3.15 mmol) to continuously stir for
30 min. The intermediatéw were added respectively and this mixture wasestiat
room temperature for 4 h. Water (50 mL) was add=dl the mixture was extracted
with ethyl acetate (10 mLx3), the combined orgaotiase was washed with brine (30
mLx2), dried over anhydrous PO, and concentrated. The residue was purified by
column chromatography to provide the product.
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4.8.1.
N-(4-(4-Hydroxy-3-(2-(pyridin-3-yl)ethyl)-2-thioXutzolidin-4-yl)phenyl)-2,3-dihyd-
robenzo[b][1,4]dioxine-6-sulfonamidé&&d)

Yield 52%. Mp: 101-102°C*H NMR (400 MHz, DMSOds) 5 10.42 (s, 1H), 8.40 (dd,
J=4.6, 1.4 Hz, 1H), 8.19 (d,= 1.6 Hz, 1H), 7.78 (s, 1H), 7.42 — 7.38 (m, 3HP8
—7.23 (m, 3H), 7.19 (d} = 8.8 Hz, 2H), 6.90 (d] = 8.0 Hz, 1H), 4.23 — 4.17 (m, 4H),
3.69 — 3.56 (m, 3H), 3.29 (td,= 12.8, 5.2 Hz, 1H), 2.79 (td,= 12.4, 4.8 Hz, 1H),
2.39 (td,J = 12.4, 4.8 Hz, 1H)*C NMR (100 MHz, DMSOdg) § 194.16, 149.33,
147.71, 147.23, 143.24, 138.51, 136.18, 135.86,9033131.79, 126.67, 123.61,
120.28, 119.19, 117.55, 115.61, 99.68, 64.28, 63659, 42.44, 30.47. HRMS m/z:
calcd for G4H24N305S; [M+H]™: 530.0878; found: 530.0874.

4.8.2.
N-(4-(4-Hydroxy-3-(pyridin-4-ylmethyl)-2-thioxotlzalidin-4-yl)phenyl)-2,3-dihydro-
benzo[b][1,4]dioxine-6-sulfonamid&ége)

Yield 28%. Mp: 198-199°C'H NMR (400 MHz, DMSOds) & 10.39 (s, 1H), 8.33 (d,
J = 6.0 Hz, 2H), 7.76 (s, 1H), 7.29 — 7.24 (m, 4H)9 — 7.00 (m, 5H), 4.69 (d,=
16.4 Hz, 1H), 4.45 (d) = 16.4 Hz, 1H), 4.29 (d] = 4.0 Hz, 4H), 3.68 (s, 2H)C
NMR (100 MHz, DMSOe€s) 6 196.06, 148.98, 147.32, 145.46, 143.34, 138.47,
135.37, 131.96, 126.87, 122.29, 120.32, 118.68,6817115.61, 99.81, 64.39, 64.07,
47.72, 42.40. HRMS m/z: calcd for,48,,Ns0sS; [M+H]™: 516.0722; found:
516.0705.

4.8.3.
N-(4-(4-Hydroxy-3-(pyrazin-2-ylmethyl)-2-thioxotka@idin-4-yl)phenyl)-2,3-dihydr-
obenzo[b][1,4]dioxine-6-sulfonamid&df)

Yield 24%. Mp: 89-91°C*H NMR (400 MHz, DMSOds) 5 10.37 (s, 1H), 8.44 — 8.38
(m, 3H), 7.78 (s, 1H), 7.34 (d,= 8.8 Hz, 2H), 7.23 (ddl = 4.2, 2.2 Hz, 2H), 7.05 —
6.99 (m, 3H), 4.75 (d] = 16.4 Hz, 1H), 4.59 (dl = 16.4 Hz, 1H), 4.29 (d] = 4.8 Hz,
4H), 3.72 (m, 2H)**C NMR (100 MHz, DMSOds) 5 196.51, 151.48, 147.29, 143.31,
142.76, 138.40, 135.39, 131.95, 126.94, 120.29,741817.66, 115.61, 99.62, 64.39,
64.06, 48.58, 42.62. HRMS m/z: calcd forld>1N40sSs [M+H]™: 517.0674; found:
517.0656.

4.8.4. N-(4-(4-Hydroxy-3-((2-methoxypyridin-3-ylimgd)-2-thioxothiazolidin-4-yl)
phenyl)-2,3-dihydrobenzo[b][1,4]dioxine-6-sulfonataibag)

Yield 25%. Mp: 158-159°C'H NMR (400 MHz, DMSOsdg) 6 10.39 (s, 1H), 7.95 (d,
J=5.2 Hz, 1H), 7.69 (s, 1H), 7.40 @= 7.2 Hz, 1H), 7.29 — 7.22 (m, 4H), 7.05 {d,
= 8.4 Hz, 2H), 6.99 (d] = 8.4 Hz, 1H), 6.88 — 6.85 (m, 1H), 4.63 Jd; 16.8 Hz, 1H),
4.31 — 4.28 (m, 4H), 3.73 (s, 3H), 3.69 (s, 2Fy. NMR (100 MHz, DMSOds) &
195.95, 159.81, 147.30, 144.53, 143.34, 138.37,9P35135.39, 131.99, 126.77,
120.29, 118.58, 118.20, 117.63, 116.43, 115.619609%64.38, 64.06, 53.03, 43.46,
42.44. HRMS m/z: calcd for £H24N306S; [M+H]*: 546.0827; found: 546.0814.
4.8.5.
N-(4-(4-Hydroxy-3-((4-methylpyridin-3-yl)methyl)tBioxothiazolidin-4-yl)phenyl)-2,
3-dihydrobenzo[b][1,4]dioxine-6-sulfonamidBah)

Yield 23%. Mp: 162-164°CH NMR (400 MHz, DMSOds) & 10.38 (s, 1H), 8.24 —
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8.18 (m, 2H), 7.79 — 7.76 (m, 1H), 7.28 — 7.25 4id), 7.04 — 7.01 (m, 3H), 6.93 (d,
J=4.4Hz, 1H), 4.71 (d] = 16.0 Hz, 1H), 4.43 (d] = 16.0 Hz, 1H), 4.29 (d = 3.6
Hz, 4H), 3.69 (s, 2H), 2.00 (s, 3HJC NMR (100 MHz, DMSOds) 5 195.99, 147.63,
147.29, 143.84, 143.32, 138.35, 135.31, 132.01,1730130.05, 126.78, 124.45,
120.35, 118.61, 117.68, 115.64, 99.90, 64.40, 641086, 42.32, 18.05. HRMS m/z:
calcd for G4H24N305S; [M+H]™: 530.0878; found: 530.0875.

4.8.6.
N-(4-(4-Hydroxy-3-((6-(3-(methylsulfonyl)phenyl)yn-3-yl)methyl)-2-thioxo-thiaz-
olidin-4-yl)phenyl)-2,3-dihydrobenzo[b][1,4]dioxir@ sulfonamideHai)

Yield 27%. Mp: 123-125°CH NMR (400 MHz, DMSOds) & 10.39 (s, 1H), 8.58 (s,
1H), 8.48 (s, 1H), 8.37 (d,= 8.0 Hz, 1H), 7.98 (d] = 7.2 Hz, 1H), 7.93 (d] = 8.0
Hz, 1H), 7.82 (s, 1H), 7.77 (@,= 7.8 Hz, 1H), 7.70 (d] = 8.0 Hz, 1H), 7.31 (d] =
8.8 Hz, 2H), 7.25 (dJ = 1.6 Hz, 2H), 7.09 (d] = 8.8 Hz, 2H), 6.99 (d] = 9.2 Hz,
1H), 4.83 (d,J = 15.6 Hz, 1H), 4.47 (d] = 15.2 Hz, 1H), 4.27 (d] = 3.2 Hz, 4H),
3.67 (s, 2H), 3.29 (s, 3HYC NMR (100 MHz, DMSOds) & 196.19, 152.53, 149.17,
147.28, 143.30, 141.60, 139.52, 138.51, 136.73,5P35132.10, 131.98, 131.18,
130.02, 127.20, 126.84, 124.71, 120.31, 119.788¥1817.65, 115.62, 100.00, 64.36,
64.04, 46.26, 43.49, 42.45. HRMS m/z: calcd fagHzsNz0,S; [M+H]*: 670.0810;
found: 670.0794.

4.8.7.
N-(4-(4-Hydroxy-3-(quinolin-3-ylmethyl)-2-thioxo#zolidin-4-yl)phenyl)-2,3-dihydr-
obenzo[b][1,4]dioxine-6-sulfonamid&d))

Yield 22%. Mp: 117-119°CH NMR (400 MHz, DMSOsdg) § 10.37 (s, 1H), 8.74 (s,
1H), 8.00 (s, 1H), 7.96 (d, = 8.4 Hz, 1H), 7.83 (d] = 9.2 Hz, 2H), 7.71 (1) = 7.4
Hz, 1H), 7.58 (tJ = 7.6 Hz, 1H), 7.34 (d] = 8.8 Hz, 2H), 7.24 (d] = 8.0 Hz, 2H),
7.09 (d,J = 8.8 Hz, 2H), 7.01 — 6.97 (m, 1H), 4.99 {d; 15.6 Hz, 1H), 4.55 (d] =
15.6 Hz, 1H), 4.27 (d] = 4.4 Hz, 4H), 3.69 (d] = 3.2 Hz, 2H)!*C NMR (100 MHz,
DMSO-ds) 6 196.20, 150.77, 147.28, 146.51, 143.31, 138.52,6P3 134.24, 131.99,
129.75, 129.19, 128.58, 127.84, 127.11, 126.82,6726120.29, 118.87, 117.65,
115.61, 100.09, 64.36, 64.04, 46.69, 42.46. HRMS: mélcd for G/H4N30:S3
[M+H] *: 566.0878; found: 566.0865.

4.8.8.
N-(4-(4-Hydroxy-3-(imidazo[1,2-a]pyridin-6-ylmethy2-thioxothiazolidin-4-yl)phen-
yl)-2,3-dihydrobenzo[b][1,4]dioxine-6-sulfonamidsak)

Yield 22%. Mp: 121-123°CH NMR (400 MHz, DMSO#dg) & 10.39 (s, 1H), 8.21 (s,
1H), 7.83 — 7.80 (m, 2H), 7.52 (s, 1H), 7.36Jd; 9.2 Hz, 1H), 7.30 (d] = 8.4 Hz,
2H), 7.26 — 7.25 (m, 2H), 7.09 — 6.99 (m, 4H), 4d83) = 15.2 Hz, 1H), 4.39 (dl =
15.2 Hz, 1H), 4.28 (dJ = 4.0 Hz, 4H), 3.67-3.59 (m, 2H'C NMR (100 MHz,
DMSO-ds) 6 195.85, 147.30, 143.70, 143.33, 138.49, 135.52,213 132.02, 126.82,
125.69, 125.51, 120.95, 120.32, 118.73, 117.688¥1315.62, 113.11, 100.05, 64.38,
64.06, 46.05, 42.39. HRMS m/z: calcd fossi3N405Ss [M+H]*: 555.0831; found:
555.0813.
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4.9. PKM2 activity assay
Pyruvate kinase activity was detected with a flsoemt pyruvate kinase-lactate
dehydrogenase coupled assay as previously des¢fiBed

4.10. Anti-proliferation activity assay

Cell lines (HCT116, Hela, H1299, PC3 and HELF) weo#tured in RPMI 1640
containing 9% fetal bovine serum (FBS) at 37°C ¥ &0, Cell viability was
detected with the MTS assay (Promega) accordinggananufacturer’s instructions.
Briefly, 3000-10000 cells in per well were plated96-well plates. After incubated
for 12 h, the cells were treated with different centration of tested compound or
DMSO (as negative control) for 48 h. Then 20 uL MWW&s added in per well and
incubated at 37°C for 3h. Absorbance of each wel wetermined by a microplate
reader (Flexstation 3) at a 490 nm wavelength. [O3gvalues were calculated using
Prism Graphpad software of the triplicate experimen

4.11. Cell cycle analysis

Cell cycle was detected by flow cytometry accordinga previously published
method. Briefly, cells were first treated with DMS® different concentrations of
compoundsw for 12 h and then harvested, washed twice with,RB8 resuspended
in 1 mL of PBS. The cells were fixed in 2.5 mL oéicold ethanol at -4°C overnight.
Then cells were centrifuged to remove the fixingugon and stained with 500 pL of
propidium iodide (50 pg/mL, Sigma) containing 0.Base (1 mg/mL, Sigma) for
15 min in dark conditions at room temperature. ¢éiks were then analyzed by flow
cytometry (FACSVerse™, BD).

4.12. Molecular modeling and docking

The 3D structure of compounBit was generated using OpenBabel [27] and
optimized with MMFF94 forcefield. PKM2 structure svaxtracted from PDB 3ME3
[7]. AutodockVina [28] was used for molecular dauyi The original activator
binding site in 3BME3 was used as the binding sitétoThe binding mode dit was
depicted using PyMol.
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Highlights

* Discovery of 4-hydroxy-thiazolidine-2-thione detives as PKM2 activators.
* Most compounds showed significant antiprolifaratactivities.
» Compoundw exhibited potent activities against four typesushor cells at

nanomolar concentration.
» Compoundbw arrests the cell cycle at the G2/M phase in HCTddlBline.



