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Abstract

Aberrant activation of p21-activated kinase 1 (PAK4 associated with tumour
progression, and PAK1 has been recognized as aigngntarget for anticancer drug
discovery. However, the development of potent PAKHibitors with satisfactory
kinase selectivity and favourable physicochemicalpprties remains a daunting
challenge. Herein, we identified theH4ndazole-3-carboxamide derivatives as
potential PAK1 inhibitors using a fragment-basedreening approach. The
representative compourdd exhibited excellent enzyme inhibition (PAK1s4G= 9.8
nM) and high PAK1 selectivity toward a panel of @@ases. The Structure-activity
relationship (SAR) analysis showed that substitutii an appropriate hydrophobic
ring in the deep back pocket and introducing a tghilic group in the bulk solvent
region were critical for PAK1 inhibitory activitynal selectivity. Additionally, the
hERG channel activity of30l demonstrated its low risk of hERG toxicity.
Furthermore, it significantly suppressed the migraand invasion of MDA-MB-231
cells by downregulating Snail expression withodéeting the tumour growth. These
results provide a new type of chemical scaffoldgaing PAK1 and suggested that
1H-indazole-3-carboxamide derivatives may serve as leompounds for the
development of potential and selective PAK1 inluitst

Keywords: PAK1 inhibitor, kinase selectivity, H-indazole-3-carboxamide scaffold,
anti-tumour metastasis



1. Introduction

The p21l-activated kinases (PAKs) are Ser/Thr kimasethe STE20 kinase
family that function as downstream signalling eftes of the Rho/Rac family of
GTPases [1-3]. This family consists of six subtyped is subdivided into two groups
based on their structural homology and regulatanctional characteristics: group I,
including PAK1, PAK2 and PAK3, and group Il, inclad PAK4, PAK5 and PAK®6.
Although these kinases show a high level of stmattihomology, their tissue
expression, subcellular localization, activationchenism and downstream substrate
specificity are not consistent in various physiatag processes. As key components
of the Rho family, PAKs govern many fundamentalludat process, including
cytoskeletal remodelling, morphological variationdacell migration during cancer
progression [4].

Among the group | PAK family, PAK1 has been imptad in multiple
oncogenic signalling pathways and is frequentlyrexpressed in malignancies such
as breast, colon and bladder cancers, leading & pbor prognosis [5-7].
Phosphorylation and subsequent activation of PAKgulate the PI3K/Akt and
Raf/MEK/ERK pathways [8, 9], which transduces thgnal downstream and thus
contributes to tumour progression. Importantlyyéased expression and/or activation
of PAK1 induce the epithelial-mesenchymal transit{f&MT) by activating the zinc
transcription factor [10, 11]. PAK1 predominantlyomotes the transcriptional
repression activity of Snail from E-cadherin proerst and results in cancer
metastasis [12]Therefore, PAK1 has emerged as a promising targetcéancer
therapeutics due to its liaison roles in tumor gradincy [13, 14].

Researchers have expressed considerable interegheindevelopment of
small-molecule inhibitors targeting PAK1 in recemtars Fig. 1). PF-35783091), a
pan-PAK inhibitor, was the first compound advanteg@hase | trials (NCT00932126),
but was not progressed due to undesirable pharnmetak characteristics and
adverse events [15]Compound 2 and compound3 (FRAX1036) containing
aminopyrazoleor pyrido[2,3-d]pyrimidine-7-one scaffolds, respeely, displayed
potential as group | PAK-selective inhibitors welquisite kinase selectivity (more
than 100-fold) [3, 16]. Since selective inhibitmsPAK1 might exert advantageous
effects compared with pan inhibitors from a certamedicinal perspectivehese
compounds have been used as probe compounds t@&vgtoup | PAK biology [17-
19]. Nevertheless, the poor anti-tumour effectigsnaat the cellular level has
restrained the extensive application of these itdrib [17]. Recently, Genentech



modified the pyrido[2,3-d]pyrimidine-7-one scaffololy introducing basic amine
group to obtain the compounds G55@% [20] and G9791(5) [21], which showed
high PAK1 selectivity and satisfactory cellular @oty. However, their
pharmacokinetics and anti-tumour efficienayivo have not yet been disclosed. With
the exception of the aminopyrazoéand pyrido[2,3-d]pyrimidine-7-one scaffolds,
other chemotypes have rarely been reported. Thdasisequences between PAK
isoforms also prevent the development of a PAKgegtgle inhibitor that does not
block PAK4 activity. Thus, the discovery of alternative chemotypes demoand
highly selective inhibitors are urgently needeceiploit the functions of PAK1 and
treat its related disease.
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Fig. 1. Structures of representative PAK1 inhibitors ardegal structure of the compounds
designed in this study.

In the present study, we reported a new structcin@imotype containing the
6-(2-chlorophenyl)-H-indazole-3-carboxamide scaffold for inhibitory iaity and
isoform selectivity of PAK1 by a fragment-basedtwa screening strategy. The
design, synthesis and structure-activity relatignstudies that led to the discovery of
representative compound0l are described. Furthermore, we also explored the
anti-tumour effects of th80l on the proliferation and migration/invasion, adlvas
the possible mechanism of action. It is expected 30l derivates can be promising
scaffolds for development of PAK1 selective intoipst.



2. Chemistry

The synthesis route of the THP-protectéttiidazole-3-carboxylate scaffold is
described inScheme 1. Compound8 was obtained by treating the available
compound? using a three-step procedure: cleavage with agusodium hydroxide,
diazotization with aqueous sodium nitrite in hydrocic acid, and finally the
reduction and cyclization of the intermediate dramm salts with a cooled solution of
tin(Il) chloride dihydrate in hydrochloric acid. &h, the productvas esterified to
obtain compoun® under reflux conditions in methanol, which was \eented to the
THP-protected intermediafié® [22, 23].
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Scheme 1. Reagents and conditions: (a) (i) NaOBCH50 °C, 1 h; (i) HCI, NaN@ H,0, 0 °C, 1
h; (iii) SnCh, HCI, 25 °C, 2 h. (b) SO&IMeOH, 65 °C, 5 h. (c) TsOH, GBN, 25 °C, 2 h.

The synthesis route for compoufids shown inScheme 2. Compoundl2 was
obtained from the starting material through theukuzoupling reaction [24]. Then, it
was converted to the amide! through hydrolysis and amide coupling reactions.
Deprotection using HCI cleavage of the hemiaminérmediate afforded the final
compounds [25].
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Scheme 2. Reagents and conditions: (a) (2-chlorophenyl)barasiid, Pd(dppf)G] K,COs,
dioxane, HO, 80 °C, 2 h; (b) NaOH, MeOH,B, 65 °C, 2 h; (c) CENH,, HATU, DIEA, DMF,
25 °C, 12 h; (d) HCI, MeOH, 65 °C, 12 h.

The synthesis routes of compour#a-d are described ifcheme 3. Compound
15 was used to produce compoultiin a 2-step Suzuki coupling reaction, which was
then diazotized and brominated to yield compo@®d26]. Then, compound9 was
prepared from compound8 through the Suzuki coupling reaction. The final



compound23a-d were prepared using a method similar to the pnoeedescribed
for compoundb.
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Scheme 3. Reagents and conditions: (a) bis(pinacolato)diboeOK, Pd(dppf)Ci, dioxane,
110 °C, 12 h; (b) Pd(PRh, K-CG;, dioxane, HO, 80 °C, 2 h; (c) (i) HBr, NaN£O0 °C, 1 h and
(iiy CuBr, HBr, 70 °C 2 h; (d) bis(pinacolato)ditwor, AcOK, Pd(dppf)Gl dioxane, 110 °C, 12 h;
(e) PA(PP¥)4, K,CO;s, dioxane, HO, 80 °C, 2 h; (f) NaOH, MeOH, 4, 65 °C, 2 h; (g) R\IHz,
HATU, DIEA, DMF, 25 °C, 12 h; (h) HCI, MeOH, 65 °Q2 h.

The synthesis routes of compourdfa-q are shown irscheme 4. Compound4
was synthesized from compouffl using the Ullmann coupling reaction [27]. Then,
it was diazotized and brominated to obtain compa2mdvhich was installed using
Suzuki coupling to obtain compourdd [28, 29]. The final compound30a-r were
prepared using a method similar to the procedued t compound.
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Scheme 4. Reagents and conditions: (a) Cul, N,N-dimethyl-dtanediamine, #0O,, dioxane,
120 °C, 24 h; (b) (i) HBr, NaN© 0 °C, 1 h (ii) CuBr, HBr, 70 °C, 2 h; (c) AcOKdRIppf)C},
bis(pinacolato)diboron, dioxane, 110 °C, 12 h;Rd)dppf)C}, K.CO;, dioxane, HO, 80 °C, 2 h;
(e) NaOH, MeOH, kD, 65 °C, 2 h; (f) BNH,, HATU, DIEA, DMF, 25 °C, 12 h; (g) HCI, MeOH,

65 °C, 12 h.
3. Resultsand Discussion

3.1. Hit identification and binding mode analysis
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Fig. 2. (A) Predicted binding modes of FRAX103® é&nd compoun@ in the ATP-binding site of
PAK1. Overlay of compouné (cyan) and FRAX10363] (yellow) bound in the PAK1 kinase
active site (PDB code 5DEYThe ligands and important residues are shown ak $tirm. The
hydrogen bonds are shown as red dashed lifgdsA schematic illustrating the interaction
between compoun® and the surrounding residues within the bindingkeb of PAK1. (C)
Strategy used to design the seriestfiidazole-3-carboxamide derivatives of PAK1 infobét

An in-house hifragment library consisting of 235 diverse fragmerdlecules
was subjected to a virtual screening schedule &retating the starting molecule
targeting PAK1 Fig. S1). After a cluster analysis and visual inspecti@i,
representative compounds (for details see SupplemeMaterial Table S2) with
reasonable poses, Glide-Score value, physicochemicgperties (i.e. molecular
weight, tipological polar surface areas, numbersyafrogen bond acceptor and donor
groups) and structure accessible were selecteduftrer biological evaluation. In
addition, these compounds passed the pan-assayeratece compound (PAINS)
substructure filtration. Among them, Hit 5, Hit &6d Hit 12 showed potent inhibition
activity against PAK1 with the inhibition ratio bfgher than 80% at 10M and were
regarded as active scaffolds for PAK1. However,dtnectural modification space of
Hit 5 is limited as pyrrole group is not convenidat introducing complementary
chemical groups. B. Yang has reported the struicamalogs of Hit 10 as PAK1
inhibitor [30]. Therefore, the 6-(2-chlorophenylitindazole-3-carboxamide indazole
scaffold @) was a suitable hit compound due to its novel stinecand large chemical
space for modification. From the docking predictioaompounds formed conserved
hydrogen bonds with the PAK1 kinase hinge residae845 and Leu347Hg. 2A),
while the aromatic ring of the chlorophenyl moistas refined in the hydrophobic
side chains consisting of the Met344 gatekeepaduesand Lys299 catalytic residue.
These results prompted us to choose compéwagla starting point for optimization.
3.2. Scaffold modification and analysis of the structure-activity relationship

Table 1. Optimization of the substitutions on the hydrophkohoiety.

0 Cl
Ny
H

PAK1

logP® tPSA(R)®
ICs0(nM) 2 cod )

Compound R R?

6 -NHCH; H 5 3.6 53.5




2

23a -NHCH; S/N 0.159 3.7 78.2
7
23b -NHCH;, SN 0.052 4.7 65.9
N/
23c e < Qf 0.777 4.7 78.2
//4 ~ \
23d i——NH N 0.229 5.7 65.9
= N%
30a -NHCH; NP 0.016 3.9 73.8
SNE
30b -NHCH, 0.330 3.4 73.8
A
%
< Z N
30c i——NH X o 0.034 4.9 73.8
— AN
30d s 0.590 4.4 73.8
A
FRAX1036 - - 0.023° 3.6 53.5
Staurosporine® - - (0.0006) 3.7 69.8
0.052/
PF-3758309 ¢ - - 4.3 98.3
(0.036)'

#ICsp values were determined using Kinase HotSpot I?lgfihssay§°. The clogP values were
calculated using the Qikprop software with the difaettings (pH = 7.0)° Topological polar
surface aredused as a positive control [31K; values (nM)'reported data [31].

To design more potent derivatives, the binding nsodé compound6é and
FRAX1036 in PAK1 were overlaid. We discerned the hydrophobic moiety at the
6-position on the pyrido[2,3-d] pyrimidin-7-one BRAX1036 was important for its
binding to PAK1. Hence, we introduced similar m@stin the pyrazine moiety of
FRAX1036 into compoun® and the modified hydrophobic group was subjected t
SAR analysesT@ablel) to improve the inhibitory potency against PAKh&se Fig.
2C).



We first incorporated hydrophobic moieties onto tttdorophenyl group of
compound6 to enlarge the fragment on the right side. Theothiction of a
5-methyl-2-pyrazinyl group2Ba) significantly increased the enzymatic potency{IC
= 159 nM) compared with compour@l(Table 1), consistent with our hypothesis
about the importance of a hydrophobic group adtipesition of the 2-chloro-phenyl
ring (Fig. 2A and 2B). Subsequently, substitutions at the position udiig
5-methyl-2-pyridinyl 23b) and 5-methyl-2-pyridone30a) groups slightly increased
the enzymatic activities (kg = 52 and 16 nM, respectively), implying that temadi
hydrophobic ring might contribute to the PAK1 adtiv Among these compounds,
30a showed the most effective inhibition, with ansd@alue of 16 nM. The methyl
substituent showed improved activity by fillingmall hydrophobic pocket beside the
ATP binding area during the optimization of the PRIA36 structure [20]. We then
removed the methyl group at the 3-position of pymiel to confirm the importance of
the potential pocket. As expected, the eliminatwérthe methylgroup resulted in a
slight decrease in the inhibitory potency agaifsKP (ICso = 330 nM) compared to
compound 30a. While investigating substitutions of the®Rposition with a
cyclopropylmethylene amine group, the compoundglayed similar or slightly
decreased potency compared to that with the metimphe group. Therefore, the
3-methylpyridone group was deemed best suitedachra desirable enzyme potency
during the optimization of hydrophobic groups iretindazole derivatives. We
retained the 3-methylpyridone for further structumadification.

We docked compoun80a into the ATP binding site of PAK1 to obtain insigh
into the putative binding mode of this inhibitortivithe PAK1 kinase. As shown in
Fig. 3A, obvious hydrogen bonds between the kinase hiegelues Glu345 and
Leu347 of PAK1 were observed and identified as irtgyd interactions contributing
to the inhibition of PAK1 activity. The chlorophdnyoiety fits suitably in the cleft
formed by the hydrophobic chains of the Met344 kedper residue, and the
3-methylpyridone moiety protrudes into the deepklaacket of the ATP binding site
surrounded by Glu315, lle316, and Val342. Additibnahe 3-methylpyridone group
also forms a hydrogen bond with the catalytic Ly2@8idue, thus improving the
inhibitory potency against PAK1. Since the amideugr is directed toward the bulk
solvent pocket, the activity may be modulated tgrouhe optimization of this
position for further drug development. Therefore,gaup extending from the
1H-indazole-3-carboxamide indazole scaffold wouldes@osed to the solvent area
and balance the inhibitory activity and drug-likeperties.
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Fig. 3. (A) Predicted binding mode of compouBifla in the ATP-pocket of PAK1 (PDB code
5DEY). The ligands and important residues are showstick form. The hydrogen bonds are
shown as red dashed lines. (8)schematic illustrating the interactions betweempound30a

and the surrounding residues within the binding sftPAK1.

Based on compoun8Da, we next turned our attention to further study $#R
of amide groupgTable 2). Various amines were utilized to replace the ryledimine
in compound30a. Compounds30e-30g with ethyl amide, 2-hydroxyethy amide or
2-methoxyethyl amide groups were 3-5-fold less piot@hibitors of PAK1 than
compound30a. However, the PAK1 inhibitory potency nearly coetely disappeared
in compounds containing the cyclic secondary am{B86k-30i). We speculated that
the amide NH group would function as a crucial log#gm bond donor and interact
with Leu347 in the hinge region of PAK1. As showrFg. S2, compounds30h-30i
lacked a key hydrogen bond in the hinge regionyltieg a direct loss of activity of
these compounds. Interestingly, compourd®s and 300 regained their enzyme
inhibitory activity (IGo = 744 nM and 143 nM, respectively) upon the reidtction
of a primary amine group. Based on these reshiésamide NH group was beneficial
for increasing the potency, and the solvent arehh@fcompound also participated in
PAK1 activity. Subsequently, the length of the énlwas explored by comparing
compounds30p and30g. The inclusion of the methylpiperidine group appéato
increase the PAK1 inhibitory activity (&= 22 nM), suggesting that the flexibility of
the attached group might improve PAK1 inhibitioronghe introduction of the cyclic
hydrophilic moiety. The saturated alkyl ring wapleeed with pyridyl amine groups
in compounds80k-30m to further explore the effect of the aromatic sitbeht.These
compounds exhibited similar or improved inhibitggtencies (Igo = 16 nM, 9.8 nM
and 21 nM, respectively) compared3@a. However, the replacement of the pyridine
group with a phenyl hydrophilic group led to 10efalecrease in potenc®(j). The
potency of this analogue was lost due to the requeént for a highly polar group in



the PAK1 solvent pocket. Finally, compoun86a, 30c, 30e and 30l displayed
excellent enzyme potency and woulddaadidates for a detailed evaluation.
Table 2. Studies of the structure-activity relationshipeafteplacing the methyl amine group with

various amine derivatives in the hydrophilic moiety

Oy

N/

N—NH
PAK1 ] .
Compound R a clogP tPSA (A)
ICs0(uM)
30e -NHC,Hs 0.045 45 738
30f “NHC,H:OH 0.066 3.4 94.0
30g “NHC,HOCH, 0.071 41 83.0
30h N >10 41 65.0
30i - o >10 3.6 74.2
<
30n HN@O 0. 744 3.6 83.0
300 "ﬁ;l@ _ 0.143 4.0 77.0
FNH
30p e 0.042 42 83.0
30q H*LCW 0.022 4.6 77.0
30k ﬁl@N 0.016 47 86.2
30l Ll 0.0098 4.4 86.2
L@N . . .

HN —
30m %4\—@N 0.021 45 86.2
30j H“_@ 0.092 5.9 73.8

FRAX1036 - 0.023° 3.6 53.5
Staurosporine ¢ - (0.0006) 3.7 69.8

PF-3758309 - 0.052 4.3 98.3




(0.036)'

#ICsp values were determined using Kinase HotSpot Imgfihssayé? The clogP values were
calculated using Qikprop software with the defaeltings (pH = 7.0f.Topological polar surface
area’used as a positive contrdK; values (nM)! reported data [31].

3.3. PAK subtype selectivity and hERG inhibition
PAKL/PAKA4 Identities =52 %, Similars = 72%
PAK1 250 ~~DEEILEKERS Iﬁ.’i\:@EKKKg’EP‘EEHQOQAS BT¥vTEMDVATEOENE I RoMNEooBrk BT INET LvilEN
PAK4 300 SSHEQFRAAND Lvﬁgvpanép.s YZBNEI'!&EE%STEI fciBrvrssBrLEBVRExMDEr<@orrElLrE VY I HED Y

PAK1 kN PN IR Y LD S EVGDERN Y%AﬁsWwwcubﬁcmmcﬁéﬂﬁwmsnommﬁi?ﬁ

B P —— e E— e e~ e Sy e S B
PAKY OHERVEEMY NEFEVGDELWVVME F IIE GEA BED 1 v HBRMVEE FAAVE L A vEeAn s vERAC CVERRD TRSDS ThD
—_— e———E—— o= 4

PAKI1 GMWSWTWEE_EIT PEQSKRSEMVGTEYWMEPE Vv T Bx A ¥EE < VDINSHEINA TEM 1 - EEPPY T NEN PEr A
_— = ey T
PAKA thﬁmexngvsxﬁv prEK s LUGTPYNMERE . 1 s B r ¥EP: VHTNSTETM v T8NV D BEPRYr NEr Pl A
S =

PAK1 LYLEATNGTEEEONPERLSAIFRDEENRCEEMBVEKRG SEXKEREOHOFEX IAKBLSSLTEHIAAAKEATKNN 540
PAK4 MEMERDNL PEREKNLHEVEPS LKGEEDRLEVRBPAQRA THABIEKHr FEAKBGEPAB T VEIIMRONRTR 500

Fig. 4. Sequence alignment of the kinase domains of PAKILRAK4. Identical residues between
the two kinases are highlighted in green boxesfelht residues are shown with a white
background. The red stars label key residues ofitige regions in PAK1 and PAK4. The helices
are shown in red arfiistrands are shown in cyan.

Sequences anslysis of the PAK1 and PAK4 kinase oienravealed that PAK1
shared 72% sequence similarity with PAK4 in theakm domainKig. 4). As was
mentioned before, PAK1l subtype-selective inhibitggessess pharmacological
advantages over pan-PAK inhibitors. We then exaththe kinase subtype selectivity
for potent compounds. As shown Trable 3, these compounds were highly active
PAK1 inhibitors, but did not inhibit PAK4 (I& > 10 uM). The four compounds
exhibited comparable subtype selectivity to FRAXA03vhile compound30l
displayed a more favourable PAK1 specificity (100Mt greater over PAK4).

Table 3. Selectivity and hERG profiles of selected compaund

hERG
PAK1 PAK4 PAK1 %inh. . PSA
Compound a a _ clogP d
ICso(uM) ICso(uM) @ SelectindeX @ 10uM A)
N1Cs0o(1M)

30a 0.016 >10 >625x 21.0 3.9 73.8
30c 0.034 >10 >290x 82.3 4.9 73.8
30e 0.045 >10 >200x 90.4 4.5 73.8

30p 0.042 ND° ND 42.1 4.2 83.0




30l 0.010 >10 >1000x 16.0 4.4 86.2

FRAX1036 0.023 2.4 105x° 89%" 3.6 53.5

Staurosporine'  (0.0006)" (0.06)" 10x ND 3.7 69.8
_ 0.052/ 0.038/ 0.73x

PF-3758309' 41.1 4.3 98.3
(0.036)" (0.015)" 0.42x

#|Cso values were determined using Kinase HotSpot migfﬁlssay§.PAK4 ICso/ PAKL IC5q, X =
fold. “The clogP values were calculated using Qikpropnso® with the default settings (pH =
7.0). dTopological polar surface aréadND = not determined'K; values (nM) [31]° PAK4 K/
PAK1 Kj, x = fold.hreported data [31ﬁused as a positive control.
3.4. Kinase selectivity assessment

We further screened the selectivity3fl against a panel of 29 kinases including
PAK1 signal pathways-related, the high structu@hblogy of PAK1 and wide-used
marketed drug-related kinase using the Kinase Hut8pofiling assays (Table 4). It
was found that compour0l did not show obvious inhibition on these testethkes
except that it displayed moderate inhibition on RARAK3 at 0.1uM, which were
also the group | PAK family. The data indicatedtt8@ had good selectivity profile.
Taken together, the data demonstrated 8@htwas a potent and selective PAK1
inhibitor.

Table 4. Kinase selectivity profile of compourgl.

_ % Enzyme Activity” _ % Enzyme Activity?
Kinase Kinase
(0.1uM) (0.1uM)
ABL1 106.39 JNK1 72.75
AKT1 98.85 KDR/VEGFR2 92.41
ALK 96.99 LCK 88.64
Aurora A 87.80 LIMK1 115.26
AXL 88.41 MEK1 84.39
BRAF 84.41 MST3/STK24 63.96
BTK 99.13 P38a/MAPK14 77.96

c-Kit 99.18 PAK1 27.55




CDK®6/cyclin D1
EGFR
EPHA1
ERK1

FLT3

HPK1/MAP4K1

JAK1

111.75

89.31

91.90

98.96

98.77

89.62

88.65

PAK2

PAKS

PAK4

PAK5

PAKG6

SYK

27.98

33.90

103.71

116.44

80.02

94.16

#Values are reported as the averages of two indigmeexperiments.

3.5.In vitro assessment of the antiproliferative activities

Following the SAR analysis of newly synthesized poomds andln vitro kinase
assay, those compounds withsd@alues for PAK1 that were less 150 nM were tested
for their antiproliferative activity against the MBMB-231 and HCT-116 cell lines
(Table 5), which were PAK1 overexpressed tumour cells [, Unfortunately, these
compounds exhibited limited inhibitory activity, thian inhibition ratio less than 20%
at 1 uM. The poor antiproliferative activity of the poteRAK1 compound might be
attributed to minor contribution of PAK1 to tumoproliferation [3, 32]. Further
analyses of the anti-tumour efficiency for this isgerof PAKL inhibitors were

performed by examining the anti-tumour metastifiect.

Table 5. Antiproliferative activity against MDA-MB-231and@T-116 cellgn vitro.

MDA-MB-231  HCT-116 MDA-MB-231  HCT-116
Compound  Inhibition % Inhibition % Compound Inhibition % Inhibition %
(1puM)* (1uM) * (LuM)® (Lum)®
30a 13.1840.57 17.23+0.64 30q 18.40+0.26  20.12+2.35
30c 6.87+0.81 10.7510.47 30k 6.59+0.65 4.4140.56
30e 10.20+0.87  9.37+0.51 30l 6.31+0.57 8.731+0.52
30f 17.36£0.69  19.23%1.27 30m 8.42+0.32 15.29+1.47
30g 3.0740.26 10.29+2.36 30j 9.66+0.46 13.15+3.26
30n 19.19+0.77  7.91+1.52 23a 15.26+0.59  11.49+1.57
30p 9.45+0.23 16.18+0.45 23b 8.12+0.37 7.16+0.17




PF-3758309°  62.60+1.43  83.20+4.26

aEach compound was tested in duplicate and theadlatpresented as the means +%Bed as a
positive control.
3.6. Effects of compound 30l on cell migration and invasion

The relatively low cell growth inhibitory activittesuggested that PAK1 might
not be the “driving force” for tumorigenesis andaniour growth, consistent with the
oncogenic function mentioned above. Based on aclaimg evidence, PAK1 is
definitely required for tumour metastasis [5, 33;3%hich remains a substantial
challenge for the treatment of tumours. As compos®idepresents a new chemical
type of PAK1 kinase inhibitor with a high level &AK1 inhibitory activity, an
evaluation of its anti-metastasis effect would béeresting. We then performed
wound healing assays in MDA-MD-231 and HCT-116 seteated with different
concentrations of compounds. The distance migratad measured using ImageJ
software. As shown irFig. 5A and Fig. S3, wound healing was suppressed by

treatments with the compound ail¥ in a dose-dependent manner.
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Fig. 5. (A) The migration and invasion capacities36f in MDA-MB-231 cells were tested using
wound healing assays and Transwell assays, regpiyctifter 24 h of treatment with the indicated
concentrations. (B) The distance migrated in theurvdo healing assay and the number of
penetrated cells in the Transwell assay were cduméspectively. The results are presented as

means * standard deviations. (C) The levels ofgmetinvolved in PAK1 related signalling



pathways in MDA-MB-231 cells after treatment wittngpound30l for 1 h or 24 hp-actin served
as the loading control.

Transwell invasion assays were performed to andhgeapacity of cell motility
and invasiveness toward38l attractant gradient. The numbers of tumour céli t
penetrated through the matrigel and migrated tother side of the filter membrane
were quantified. A significant decrease in the nambf penetrated cells (less than
40%) was observed after 24 h of treatment withed#fiit concentrations of compound
30l (Fig. 5B). Together with the low level of cytotoxicity ifné cell proliferation
assay at the same concentration, the anti-tumdectedf compound0l was mainly
due to the inhibition of cell migration. Collectlyecompound30l possessed potent
anti-metastatic ability against PAK1-related tumaetls and provided a potential
application for tumour treatment.
3.7. Analysis of the M echanism of Action of compound 30l

After confirming the on-target activity of theHilindazole-3-carboxamide
derivative30l against the PAK1 protein and potential anti-tummatastasis profile,
we further investigated whether compoB@i inhibited PAK1 in cells. As expected,
it decreased the levels of activated PAK1 (PAKj in a dose-dependent manner
(Fig. 5C) when MDA-MB-231 cells were exposed to differemtncentrations of
compound30I, confirming the on-target behaviour 80 in tumour cells. Recent
studies have shown the modulation of the downstrEMii-related signal pathways
upon PAK1 deactivation [5, 10]. The zinc finger f@ia Snail is one of the critical
indicators of the EMT, allowing cells to detachrfraheir neighbours and migrate
[10]. PAK1 phosphorylation promotes Snail expressiohereby regulating the
metastatic potential of tumor cells [10, 36]. Wemtored the Snail expression in
MDA-MB-231 cells treated with compoun80l to clarify the cellular activity of
compound30l in inhibiting the PAK1-induced EMT. As evident froFig. 5C, the
level of the Snail protein was reduced in cellsated with 2.5, 5, 10 and 2M
compound30l for both 1 h and 24 compared to untreated cells, indicating that the
EMT process is indeed impaired, thereby decreasiagmigration and invasion of
MDA-MB-231 cells. Importantly, the potency of compul 30l in reducing tumour
invasion was evaluated at a relatively low conain that does not inhibit cell
proliferation. Based on these results, compo@@idfunctions as promising PAK1
inhibitor by blocking tumour metastasis through iSmwnregulation and could
serve as a lead compound for drug discovery.
3.8. In silico binding mode of 30l
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Fig. 6. (A) Predicted docking model of compou8@d in the ATP-binding pocket of PAK1 or (B)
PAK4. Protein residues are shown as green stickKXPor grey sticks (PAK4) with labelled
names. The hydrogen bonds are shown as red daséed |

Molecular docking of the representative compo@ddin the PAK1 and PAK4
kinase domains was performed to exploit the strattasis of the isoform selectivity.
As shown inFig. 6A and 6B, compound30l forms conserved hydrogen bond
interactions with the kinase hinge residues Gluda8 Leu347 of PAK1, which is
important for PAK1 inhibition, but it does not inéet with Glu396 and Leu398 in the
hinge region of PAK4. Despite the similar architeet of the ATP binding pockets
between the two proteins, the back pocket of PAKinore extensive than in PAK4,
which enables the 2-chloro-4-(3-methyl-2-oxopyridif2H)-yl) phenyl moiety of
compound 30l to occupy the pocket with its extended hydrophogmups.
Additionally, the carbonyl group in the 3-methylmone moiety of compoung0l
forms an additional hydrogen bond interaction vihik catalytic Lys299 residue of
PAKZ1 that improves the inhibitory potency again&Ke.

To better understand the stability 80l with PAK family, we performed
molecular dynamics (MD)simulation for monitoring ihinding with PAK1 and PAK4
at 50 ns (nanosecond) scale. RMSF and Molecularhameecs generalized
born/surface area (MM_GBSA) binding free energyenealculated to investigate the
selective binding mechanism 8@l to the ATP-binding site of PAK1 over PAK4. As
shown inFig. 7, the PAK1 or PAK4 protein reached equilibrium stagter 10 ns of
simulation trajectory. The RMSD values eventualgcéime stable and were about
2.71 A and 1.96 A, respectively, for PAK1 and PA@g. 7A). The conformation of
301 also exhibited stability with the values of 2.1aAd 0.99 + 0.19ARig. 7B) in the
ATP-binding site of PAK1 and PAK4 thus indicatirftat the MD simulation model
was reliable. The RMSF values of PAK1 key resid(le=u347, Glu345, Met344,
Val342, Lys299, Glu315 and lle316) contributing ttee binding interaction were
significantly smaller than the corresponding PAKssidues Fig. 7C), implied the
compound30l possessed more potent on stabilizing PAK1 prot®ijncomparative
analysis on the GB binding-free energia&(prep), we found that the predicta



of 30l in PAK1 were calculated to be -57.62 kcal/mol, erhwas also lower than that
of PAK4 (-32.12 kcal/molTable S2). These results suggested compound 30! had high
binding affinity to PAK1 than PAK4 and were consigth the actual bioactivities.
Collectively, these differences in the binding tAkR and PAK4 provide an
explanation for the high potency and selectivitgompound0l toward PAK1.
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Figure. 7. The time dependence of RMSDs for PAK1 (black) BA&4 (red) (A); and30l in the
ATP- binding site of PAK1(black) and PAK4 (red) (Buring the 50 ns MD simulations; The
RMSF (C) of each residue of the protein for the plax obtained from PAKRBOI (black)and the
PAK4/30l (red). One nm is equal to 10 A.
4. Conclusions

In summary, we designed, synthesized and evaluhtetiological effects of a
series of H-indazole-3-carboxamide derivatives as an unexglareemotype for
PAK1 inhibitors. The molecular modelling suggestbdt PAK1 contains a large
hydrophobic region in the deep back pocket surrednaly Glu315, lle316, Val342,
Met344 and Lys299, which maybe is crucial for idestivity. Further SAR studies
revealed that the incorporation of a large hydrdytgroup particularly improved the
inhibitory activity and selectivity toward PAKMe successfully identifie®0l as
PAK1 selective inhibitor with powerful PAK1 inhilban (ICso = 9.8 nM) and high
selectivity. The binding modes were also proposedugh molecular docking and
MD simulations and rationalized the preceding SARtably, 30l displayed low
hERG channel activity, which implied the safetytlid compound. Its specificity and
safety were further illustrated by low inhibitoryfext on the tumour cell viability.
However, this selected compour8dl effectively suppressed the migration and
invasion of human MDA-MB-231 and HCT116 cancer calue to its ability to
decrease the level of phosphorylated PAK1 and tit&anuated the expression of
Snail. Our findings provided molecular insightsoif®AK1 drug design with the new
structure type of the H-indazole-3-carboxamide moietg0l with its favourable
biological performance might serve as a qualifietti-lumour metastasis lead
compound for further investigation.



5. Experimental
5.1. Chemistry

All reagents and solvents were purchased from caowialesuppliers and used without
further purification. The reactions were monitotad TLC (Merck Kieselgel GF254) and spots
were visualized with UV light; Isolation and pudétion of the compounds were performed by
flash column chromatography on silica gel 60 (200-thesh). Melting points were determined by
X-4 digital display micro-melting point apparatuBe{jing Tech Instrument Co., Ltd.); The
structures of synthesized compounds were charaetehy'H NMR, **C NMR, MS and HRMS.
NMR spectra were recorded on Bruker AVANCE AV-4Qfestrometer (400 MHz fofH, 101
MHz for **C) or Bruker AVANCE AV-300 spectrometer (300 MHz f1, 75 MHz for'*C); Mass
spectra were obtained on the Agilent 1100 LC / M@Bss spectrometer (Agilent, USA) or
Q-tofmicro MS (micromass company).
6-Bromo-1H-indazole-3-carboxylic acid (8) To a stirring solution of NaOH (0.386 mg, 19.3
mmol) in O (10 mL) was added 6-bromoindoline-2,3-diong2.00 g, 17.7 mmol). The
resulting mixture was heated to 50 °C and stirred I h. HCI (3.2 mL) was added under
ice-cooling, then NaNgX(0.610 g, 17.7 mmol) in #© (2 mL) was added dropwise for 0.5 h.
Reaction was stirred under ice-cooling for 1 h. 52,0 (4.98 g, 44.24 mmol) in HCI (6 mL)
was added dropwise for 10min. The mixture waseslifior 2 h at 25 °C. Upon completion, the
mixture was filtered and rinsed with,®, then the precipitate was collected as crude ymtod
which was used for next step directly. Yield: 91%.
Methyl 6-bromo-1H-indazole-3-carboxylate (9) To the solution of compoun8 (2.00 g) in
methanol (20 mL) were added SQCH mL). Reaction mixture was heated to reflux atided
for 6 h. Upon completion, the residue was takeinupe water (60 mL). The pH was adjusted to
9-10 with saturated sodium carbonate solution. @haeous phase was extracted with ethyl
acetate (80 mL x 3). The combined organic extraetse washed with brine (40 mL x 3), dried
over anhydrous N8O, and concentrated in vacuo. The residue was putifiesilica gel column
chromatography (n-hexane/ethyl acetate, 5/1) toréffitte compound as a yellow solid. Yield:
79%. R: 0.46 (n-hexane/ethyl acetate, 4/1, vit).NMR (300 MHz, DMSOs) §: 14.10 (br, 1H),
8.01 (d,J = 8.5 Hz, 1H), 7.93 (d] = 1.8 Hz, 1H), 7.46 (dd] = 8.5, 1.8 Hz, 1H), 3.93 (s, 3H). MS
(m/z): [M+H]" 255.1.
Methyl 6-bromo-1-(tetrahydro-2H-pyran-2-yl)-1H-indazole-3-carboxylate (10) To the
solution of compoun@ (2.00 g, 7.84 mmol) in anhydrous ACN (50 mL) wedeled DHP (1.32 g,
15.69 mmol) and TsOH (0.135 g, 0.784 mmol). Reactioxture was stirred at 25 °C for 2 h.
Upon completion, the solvent was removed in va@ml the residue was extracted with ethyl

acetate (60 mL x 3). The combined organic extraese washed with brine (30 mL x 3), dried



over anhydrous N8O, and concentrated in vacuo. The residue was putifiesilica gel column
chromatography (n-hexane/ethyl acetate, 10/1)ftrchtitle compound as a yellow solid. Yield:
85%. R: 0.32 (n-hexane/ethyl acetate, 10/1, vit).NMR (300 MHz, DMSOsd) 6: 8.22 (s, 1H),
8.01 (d,J = 8.7, 1H), 7.52 (dJ = 8.6 Hz, 1H), 6.03 (d, J = 9.4, 1H), 3.94 (s, 38i84 (m, 2H),
2.34 (m, 1H), 2.00 (m, 2H), 1.73 (m, 1H), 1.61 @Hl). MS (m/z): [M+H] 339.1.

Methyl 6-(2-chlorophenyl)-1-(tetrahydro-2H-pyran-2-yl)-1H-indazole-3-car boxylate (12) To
the solution of compoundl0 (0.500 g, 1.47 mmol) in dioxane (20 mL) angCH(20 mL) were
added compountil (0.276 g, 1.77 mmol), 03 (0.611 g, 4.42 mmol) and Pd(dppf}{@.0538 g,
0.0735 mmol). The resulting mixture was heated@d® under a nitrogen atmosphere for 4 h.
Upon completion, the solvent was removed in vaaml the residue was extracted with ethyl
acetate (60 mL x 3). The combined organic extraese washed with brine (30 mL x 3), dried
over anhydrous N&O, and concentrated in vacuo. The residue was puliiesilica gel column
chromatography (n-hexane/ethyl acetate, 10/1, to\afford title compound as a yellow solid.
Yellow solid was afforded as the crude product Wwhi@s used in next step.
6-(2-Chlorophenyl)-1-(tetrahydro-2H-pyr an-2-yl)-1H-indazole-3-carboxylic acid (13) To the
solution of compound2 (0.300 g, 0.811 mmol) in MeOH (10 mL) and®(10 mL) were added
NaOH (0.162 g, 4.05 mmol). Reaction mixture wasesti at 65 °C for 12 h. Upon completion, the
solvent was removed in vacuo. The pH was adjuste#td with AcOH solution. The aqueous
phase was extracted with ethyl acetate (80 mL {8¢ combined organic extracts were washed
with brine (40 mL x 3), dried over anhydrous,88@,and concentrated in vacuo. Yellow solid was
afforded as the crude product which was used it step.
6-(2-Chlorophenyl)-N-methyl-1-(tetr ahydr o-2H-pyran-2-yl)-1H-indazole-3- carboxamide (14)

To the solution of compount (0.200 g, 0.562 mmol) in dry DMF (20 mL) were add¢ATU
(0.427 g, 1.12 mmol), DIEA (0.217 g, 1.69 mmol) @t CH:NH,-MeOH (0.5 mL, 32.2 mmol).
Reaction mixture was stirred at 25 °C for 12 h. mwmpletion, the reaction mixture was
guenched with ethyl acetate (80 mL), which was wdshith water (40 mL x 3) and brine (40 mL
x 3) successively, dried over anhydrous®{a;, filtered and concentrated in vacuo. Yellow solid
was afforded as the crude product which was useexhstep.
6-(2-Chlorophenyl)-N-methyl-1H-indazole-3-car boxamide (6) To the solution of compount#
(0.100 g, 0.271 mmol) in MeOH (10 mL) and 2 M HGIrQiL). The resulting mixture was heated
to 65 °C for 4 h. Upon completion, the solvent wasioved in vacuo. The pH was adjusted to
9-10 with saturated sodium carbonate solution. @haeous phase was extracted with ethyl
acetate (30 mL x 3). The combined organic extraetse washed with brine (20 mL x 3), dried
over anhydrous N8O, and concentrated in vacuo. The residue was putifiesilica gel column

chromatography (n-hexane/ethyl acetate, 1/1, dvaftord title compound as a yellow solid.



Yield: 79%. mp: 228-233 °C.R0.23 (n-hexane/ethyl acetate, 1/1, vAH. NMR (300 MHz,
DMSO-ds) d: 13.69 (s, 1H), 8.40 (&, = 5.0 Hz, 1H), 8.23 (d] = 8.4 Hz, 1H), 7.60 (m, 2H), 7.54
— 7.40 (m, 3H), 7.29 (d] = 8.4 Hz, 1H), 2.84 (d] = 4.5 Hz, 3H). HRMS-EI m/z [M+H]calcd
for C;5H13CIN3O: 286.0669, found: 286.0742.
2-Chloro-4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)aniline (16) To the solution of
compoundl5 (2.00 g, 9.76 mmol) in dry dioxane (50 mL) wereded Bis(pinacolato)diboron
(2.97 g, 11.71 mmol), Potassium Acetate(2.87 g2&8%nmol) and Pd(dppf)€l(0.358g, 0.488
mmol) under an argon atmosphere. Reaction mixtuae stirred at 100 °C for 12 h. Upon
completion, the solvent was removed in vacuo, dedrésidue was extracted with ethyl acetate
(60 mL x 3). The combined organic extracts werehgdswith brine (30 mL x 3), dried over
anhydrous Ng50, and concentrated in vacuo. Black solid was affordedthe crude product
which was used in next step.

2-Chloro-4-(6-methylpyrazin-2-yl)aniline (17a) To the solution of compountb (2.00 g, 7.91
mmol) in dioxane (50 mL) andJ@ (40 mL) were added 2-chloro-6-methylpyrazine @1g2 9.49
mmol), K;COs (3.27 g, 23.7 mmol), Pd(PRkh(0.457 g, 0.396 mmol) under an argon atmosphere.
Reaction mixture was stirred at 80 °C for 6 h. Upompletion, the solvent was removed in vacuo,
and the residue was extracted with ethyl acetdten(6 x 3). The combined organic extracts were
washed with brine (30 mL x 3), dried over anhydrdlesSO, and concentrated in vacuo. The
residue was purified by silica gel column chromaaply (n-hexane/ethyl acetate, 4/1, v/v) to
afford title compound as a yellow solid. Yield: 90B: 0.26 (n-hexane/ethyl acetate, 2/1, Vit).
NMR (300 MHz, DMSOds) 6: 8.91 (s, 1H), 8.34 (s, 1H), 8.01 (= 2.0 Hz, 1H), 7.84 (dd] =
8.5, 2.1 Hz, 1H), 6.89 (d,= 8.5 Hz, 1H), 5.83 (s, 2H), 2.51 (s, 3H). MS (n[¥+H]" 220.2.
2-Chloro-4-(6-methylpyridin-2-yDaniline (17b) The preparation of compourid@b was similar
with that of compoundl7a to afford title compound as a yellow solid. Yiel@6%. R: 0.23
(n-hexane/ethyl acetate, 1/1, v/t NMR (300 MHz, DMSOdg) d: 7.97 (m, 1H), 7.78 (m, 1H),
7.63 (m, 2H), 7.07 (d) = 7.4 Hz, 1H), 6.86 (dd] = 8.4, 1.8 Hz, 1H), 5.67 (s, 2H), 2.49 (s, 3H).
MS (m/z): [M+H] 219.3.

2-(4-Bromo-3-chlorophenyl)-6-methylpyrazine (18a) To a stirring solution of 48% of HBr (5
mL) and HO (5 mL) were added compoufda (2.80 g, 12.84 mmol). The resulting mixture was
colded to 0 °C and NaN{0.895 g, 12.97 mmol) in 40 (5 mL) was added dropwise for 0.5 h.
Reaction was stirred under ice-cooling for 1 h.Mk&IBr (2.75 g, 19.26mmol) in 48% of HBr (5
mL) was added dropwise for 5 min. The mixture wésesl for 2 h at 70 °C. Upon completion,
the pH was adjusted to 9-10 with saturated sodiarbanate solution. The reaction mixture was
extracted with ethyl acetate (60 mL x 3), which weashed with water (30 mL x 3) and brine (30

mL x 3) successively, dried over NaSO4, filtered @oncentrated in vacuo. The residue was



purified by silica gel column chromatography (n-Ae&/ethyl acetate, 10/1, v/v) to afford title
compound as a yellow solid. Yield: 50%: B.36 (n-hexane/ethyl acetate, 5/1, vi).NMR (300
MHz, DMSO<s) &: 9.14 (s, 1H), 8.57 (s, 1H), 8.35 (= 2.1 Hz, 1H), 8.04 (dd] = 8.4, 2.1 Hz,
1H), 7.93 (d,J = 8.4 Hz, 1H), 2.58 (s, 3H). MS (m/z): [M+H283.2.
2-(4-Bromo-3-chlorophenyl)-6-methylpyridine (18b) The preparation of compountBb was
similar with that of compounii8a to afford title compound as a yellow solid. Yiett§%. R: 0.36
(n-hexane/ethyl acetate, 2/1, v/t NMR (300 MHz, DMSOdg) J: 8.31 (m, 1H), 7.98 (m, 1H),
7.84 (m, 3H), 7.27 (m, 1H), 2.54 (s, 3H). MS (m[&):+H]* 282.1.
2-(3-Chloro-4-(4,4,5,5-tetramethyl-1,3,2-dioxabor olan-2-yl)phenyl)-6-methyl-pyrazine (19a)

To the solution of compound8a (2.00 g, 7.12 mmol) in dry dioxane (50 mL) wereded
Bis(pinacolato)diboron (2.17 g, 8.54 mmol), PotassiAcetate(2.09 g, 21.36 mmol) and
Pd(dppf)C} (0.261 g, 0.356 mmol) under an argon atmosphegactidn mixture was stirred at
100 °C for 12 h. Upon completion, the solvent wamaved in vacuo, and the residue was
extracted with ethyl acetate (60 mL x 3). The coratiorganic extracts were washed with brine
(30 mL x 3), dried over anhydrous 8, and concentrated in vacuo. Black solid was affo@ked
the crude product which was used in next step.
2-(3-Chloro-4-(4,4,5,5-tetramethyl-1,3,2-dioxabor olan-2-yl)phenyl)-6-methyl-pyridine  (19b)
The preparation of compountPb was similar with that of compound9a to afford title
compound as a yellow solid.

M ethyl 6-(2-chloro-4-(6-methylpyrazin-2-yl)phenyl)-1-(tetrahydro-2H-pyran-2- yl)-1H-
indazole-3-carboxylate (20a) To the solution of compouniPa (1.90 g, 5.80 mmol) in dioxane
(50 mL) and HO (40 mL) were added compoudd (1.97 g, 5.80 mmol), }CO; (2.40 g, 17.4
mmol), Pd(dppf)Gd (0.246 g, 0.290 mmol) under an argon atmospheeaction mixture was
stirred at 80 °C for 6 h. Upon completion, the solvwas removed in vacuo, and the residue was
extracted with ethyl acetate (60 mL x 3). The coraliorganic extracts were washed with brine
(30 mL x 3), dried over anhydrous )2, and concentrated in vacuo. The residue was pultifjed
silica gel column chromatography (n-hexane/ethetaie, 4/1, v/v) to afford title compound as a
yellow solid. Yield: 90%. R 0.25 (n-hexane/ethyl acetate, 2/1, v/ NMR (300 MHz,
DMSO-dg) 6: 9.19 (s, 1H), 8.59 (s, 1H), 8.38 (s, 1H), 8.22 @H), 8.01 (s, 1H), 7.68 (m, 1H),
7.52 (m, 1H), 6.09 (m, 1H), 3.98 (s, 3H), 3.90 (rH), 3.81 (m, 2H), 2.62 (s, 3H), 2.41 (m, 1H),
2.05 (m, 2H), 1.77 (m, 1H), 1.61 (m, 3H). MS (m/fy+H]* 463.3.

M ethyl 6-(2-chloro-4-(6-methylpyridin-2-yl)phenyl)-1-(tetr ahydro-2H-pyran-2- yl)-1H-
indazole-3-carboxylate (20b) The preparation of compoun20b was similar with that of
compound20a to afford title compound as a yellow solid. YieBR2%. R: 0.21 (n-hexane/ethyl
acetate, 1/1, viviH NMR (300 MHz, DMSOss) 6: 8.32 (d,J = 1.7 Hz, 1H), 8.18 (d] = 3.1 Hz,



1H), 8.15 (d,J = 2.3 Hz, 1H), 8.00 (s, 1H), 7.90 @z 7.8 Hz, 1H), 7.82 (] = 7.7 Hz, 1H), 7.62
(d, J = 8.0 Hz, 1H), 7.49 (dd] = 8.4, 1.3 Hz, 1H), 7.29 (d,= 7.5 Hz, 1H), 6.09 (dd, J = 9.6, 2.3
Hz, 1H), 3.98 (s, 3H), 3.90 (m, 1H), 3.81 (m, 1RB8 (s, 3H), 2.41 (m, 1H), 2.04 (m, 2H), 1.74
(m, 1H), 1.60 (m, 2H). MS (m/z): [M+H}462.4.

6-(2-Chloro-4-(6-methylpyr azin-2-yl)phenyl)-1-(tetrahydro-2H-pyr an-2-yl)-1H- indazole-3-
carboxylic acid (21a) To the solution of compoungda (1.00 g, 2.17 mmol) in MeOH (30 mL)
and HO (30 mL) were added NaOH (0.434 g, 10.85 mmoladi&en mixture was stirred at 65 °C
for 2 h. Upon completion, the solvent was removeddcuo. The pH was adjusted to 9-10 with 2
M HCI. The aqueous phase was extracted with ettgtade (60 mL x 3). The combined organic
extracts were washed with brine (30 mL x 3), diaedr anhydrous N&O, and concentrated in
vacuo. Yellow solid was afforded as the crude pobethich was used in next step.
6-(2-Chloro-4-(6-methylpyridin-2-yl)phenyl)-1-(tetrahydro-2H-pyr an-2-yl)-1H-indazole-3-
carboxylic acid (21b) The preparation of compourddb was similar with that of compourifia

to afford title compound as the crude product whiets used in next step.
6-(2-Chloro-4-(6-methylpyr azin-2-yl)phenyl)-N-methyl-1-(tetr ahydr o-2H-pyran-2-yl)-1H-in-
dazole-3-carboxamide (22a) To the solution of compoun#la (0.145 g, 0.324 mmol) in dry
DMF (20 mL) were added HATU (0.246 g, 0.648 mmal)EA (0.125 g, 0.972 mmol) and 2 M
CH3NH;-MeOH (0.5 mL, 32.2 mol). Reaction mixture wasrstir at 25 °C for 12 h. Upon
completion, the reaction mixture was quenched withyl acetate (30 mL), which was washed
with water (20 mL x 3) and brine (20 mL x 3) suciesly, dried over Ng&O,, filtered and
concentrated in vacuo. The residue was purified dilica gel column chromatography
(n-hexane/ethyl acetate, 2/1, v/v) to afford titlempound as a yellow solid. Yellow solid was
afforded as the crude product which was used i step.
6-(2-Chloro-4-(6-methylpyridin-2-yl)phenyl)-N-methyl-1-(tetr ahydr o-2H-pyran-2-yl)-1H-
indazole-3-carboxamide (22b) The preparation of compoun2?b was similar with that of
compound?2a to afford title compound as the crude product Whi@s used in next step.
6-(2-Chloro-4-(6-methylpyr azin-2-yl)phenyl)-N-(cyclopropylmethyl)-1-(tetrahydro-2H-

pyran -2-yl)-1H-indazole-3-carboxamide (22c) The preparation of compour2c was similar
with that of compoun@?2a to afford title compound as the crude product Whi@s used in next
step.

6-(2-Chloro-4-(6-methylpyridin-2-yl)phenyl)-N-(cyclopropylmethyl)-1-(tetr ahy-dr o-2H-
pyran-2-yl)-1H-indazole-3-carboxamide (22d) The preparation of compour2d was similar
with that of compoun@2a to afford title compound as the crude product Whi@s used in next
step.

6-(2-Chloro-4-(6-methylpyr azin-2-yl)phenyl)-N-methyl-1H-indazole-3-car boxamide (23a) To



the solution of compoun2la (0.120 g, 0.261 mmol) in MeOH (10 mL) and 6 M H8ImL). The
resulting mixture was heated to 65 °C for 12 h. gompletion, the solvent was removed in
vacuo. The pH was adjusted to 9-10 with saturabelilisn carbonate solution. The aqueous phase
was extracted with ethyl acetate (30 mL x 3). Thmlgined organic extracts were washed with
brine (20 mL x 3), dried over anhydrous ;88 and concentrated in vacuo. The residue was
purified by silica gel column chromatography (DCM/®IH, 100/1, v/v) to afford title compound
as a yellow solid. Yield: 57%. mp: 266-271 °G: 26 (DCM/MeOH, 50/1, v/v)*H NMR (300
MHz, DMSOg) J: 13.75 (s, 1H), 9.18 (s, 1H), 8.58 (s, 1H), 843)(= 4.6 Hz, 1H), 8.35 (d] =

1.8 Hz, 1H), 8.27 (dd] = 8.4, 0.9 Hz, 1H), 8.21 (dd,= 8.1, 1.8 Hz, 1H), 7.70 @ = 1.2 Hz, 1H),
7.67 (d,J = 8.1 Hz, 1H), 7.36 (dd] = 8.4, 1.4 Hz, 1H), 2.86 (d,= 4.8 Hz, 3H), 2.61 (s, 3H}*C
NMR (100 MHz, DMSO#dg) ¢: 163.11, 153.66, 148.85, 144.19, 141.41, 141.39,58, 139.00,
137.47, 136.87, 132.85, 132.81, 128.18, 126.02,2024121.88, 121.39, 111.61, 26.03, 21.80.
HRMS-EIl m/z [M+H] calcd for GoH1/CINsO: 378.1091, found: 378.1116.
6-(2-Chloro-4-(6-methylpyridin-2-yl)phenyl)-N-methyl-1H-indazole-3-carboxamide  (23b)
The preparation of compoun#Zl3b was similar with that of compoun#é3a to afford title
compound as a white solid. Yield: 59%. mp: 284-288 R: 0.38 (DCM/MeOH, 50/1, v/v)'H
NMR (300 MHz, DMSOd) 6: 13.77 (s, 1H), 8.42 (§, = 4.7 Hz, 1H), 8.30 (d] = 1.6 Hz, 1H),
8.27 (d,J = 8.5 Hz, 1H), 8.13 (ddl = 8.1, 1.7 Hz, 1H), 7.88 (d,= 7.8 Hz, 1H), 7.80 () = 7.7
Hz, 1H), 7.69 (s, 1H), 7.60 (d,= 8.1 Hz, 1H), 7.35 (d] = 8.4 Hz, 1H), 7.27 (d] = 7.4 Hz, 1H),
2.86 (d,J = 4.6 Hz, 3H), 2.57 (s, 3H}*C NMR (100 MHz, DMSOds) J: 163.16, 158.50, 153.75,
141.45, 140.45, 140.22, 139.01, 138.13, 137.09,583232.53, 128.02, 125.82, 124.28, 123.12,
121.85, 121.34, 118.05, 111.57, 26.04, 24.78. HREM®a/z [M+H]" calcd for G;H.sCIN,O:
377.1091, found: 377.1164.

6-(2-Chloro-4-(6-methylpyr azin-2-yl)phenyl)-N-(cyclopropylmethyl)-1H-indazol e-3-car box-
amide (23c) The preparation of compour#c was similar with that of compourZBa to afford
titte compound as a white solid. Yield: 51%. mp82233 °C. R 0.28 (DCM/MeOH, 50/1, v/v).
'H NMR (300 MHz, DMSO#dg) d: 13.68 (s, 1H), 9.05 (s, 1H), 8.45 (s, 1H), 8.40 € 6.0 Hz,
1H), 8.22 (dJ = 1.8 Hz, 1H), 8.15 (d] = 8.4 Hz, 1H), 8.08 (dd = 8.1, 1.8 Hz, 1H), 7.59 (s, 1H),
7.53 (d,J = 8.1 Hz, 1H), 7.23 (ddl = 8.4, 1.4 Hz, 1H), 3.10 (§,= 6.4 Hz, 2H), 2.48 (s, 3H), 0.99
(m, 1H), 0.33 (m, 2H), 0.18 (m, 2HY’C NMR (100 MHz, DMSOds) J: 162.49, 153.66, 148.85,
144.19, 141.47, 141.33, 139.52, 139.00, 137.47,893@.32.85, 132.81, 128.18, 126.02, 124.22,
121.91, 121.45, 111.64, 43.19, 21.80, 11.75, HRMS-EI m/z [M+H] calcd for GsHxCINsO:
418.1356, found: 418.1429.
6-(2-Chloro-4-(6-methylpyridin-2-yl)phenyl)-N-(cyclopropylmethyl)-1H-indazole-3-car box-

amide (23d) The preparation of compour®3d was similar with that of compouriBa to afford



titte compound as a white solid. Yield: 62%. mp72R22 °C. R 0.40 (DCM/MeOH, 50/1, v/v).
'H NMR (300 MHz, DMSOdg) 6: 13.80 (s, 1H), 8.49 (8= 6.0 Hz, 1H), 8.30 (d] = 1.7 Hz, 1H),
8.27 (d,J = 8.4 Hz, 1H), 8.14 (dd] = 8.1, 1.8 Hz, 1H), 7.88 (d,= 7.8 Hz, 1H), 7.80 (1 = 7.7
Hz, 1H), 7.70 (s, 1H), 7.61 (d,= 8.0 Hz, 1H), 7.35 (dd = 8.4, 1.4 Hz, 1H), 7.27 (d,= 7.4 Hz,
1H), 3.22 (t,J = 6.4 Hz, 2H), 2.57 (s, 3H), 1.11 (m, 1H), 0.44 @hi), 0.29 (m, 2H)**C NMR
(100 MHz, DMSO#dg) o: 162.50, 158.52, 153.75, 141.51, 140.46, 140.28,011, 138.18, 137.10,
132.63, 132.54, 128.03, 125.85, 124.31, 123.16,8¥21121.39, 118.08, 111.59, 43.18, 24.80,
11.75, 3.77. HRMS-EI m/z [M+H]calcd for G4H,,CIN,O: 417.1404, found: 417.1477.
1-(4-Amino-3-chlorophenyl)pyridin-2(1H)-one (24a) In a sealed tube, compouff(4.0 g, 19.4
mmol) was dissolved in anhydrous dioxane (50 mLgllofved by the addition of
2-hydroxypyridine (2.77 g, 29.1 mmol), potassiunogphate(6.17 g, 29.13 mmol), cuprous iodide
(0.742 g, 3.88 mmol) and N,N-Dimethylethylene- diaen(0.740 g, 7.77 mmol) under an argon
atmosphere. Reaction was heated to 120 °C for 2pbn completion, the solvent was removed
in vacuo, and the residue was extracted with atlogtate (70 mL x 3). The combined organic
extracts were washed with brine (30 mL x 3), diwgdr anhydrous N&O, and concentrated in
vacuo. The residue was purified by silica gel calwwhromatography (n-hexane/ethyl acetate, 2/1,
v/v) to afford title compound as a yellow solid.e¥: 90%. R 0.32 (n-hexane/ethyl acetate, 1/1,
vv). '"H NMR (300 MHz, DMSO#dg) 6: 7.56 (dd,J = 6.9, 2.1 Hz, 1H), 7.45 (m, 1H), 7.26 (&

2.4 Hz, 1H), 7.04 (dd] = 8.6, 2.4 Hz, 1H), 6.86 (d,= 8.6 Hz, 1H), 6.44 (d] = 8.6 Hz, 1H), 6.25
(m, 1H), 5.61 (s, 2H). MS (m/z): [M+HR21.1.
1-(4-Amino-3-chlorophenyl)-3-methylpyridin-2(1H)-one (24b) The preparation of compound
24b was similar with that of compouri#da to afford title compound as a yellow solid. Yie@i%.

Rr: 0.38 (n-hexanelethyl acetate, 1/1, vi).NMR (300 MHz, DMSO#dg) &: 7.43 (ddJ = 6.8, 2.1
Hz, 1H), 7.35 (m, 1H), 7.24 (d,= 2.4 Hz, 1H), 7.02 (dd, = 8.6, 2.4 Hz, 1H), 6.84 (d,= 8.6 Hz,
1H), 6.17 (tJ = 6.8 Hz, 1H), 5.61 (s, 2H), 2.01 (s, 3H). MS (n[M+H]* 235.1.
1-(4-Bromo-3-chlorophenyl)pyridin-2(1H)-one (25a) To a stirring solution of 48% of HBr (10
mL) and HO (10 mL) were added compoufda (3.00 g, 12.82 mmol). The resulting mixture
was colded to 0 °C and NaN(@®.855 g, 12.82 mmol) in 40 (5 mL) was added dropwise for 0.5
h. Reaction was stirred under ice-cooling for Tthen CuBr (2.75 g, 19.23mmol) in 48% of HBr
(10 mL) was added dropwise for 5 min. The mixturaswstirred for 4 h at 80 °C. Upon
completion, the reaction mixture was extracted withyl acetate (80 mL x 3), which was washed
with water (40 mL x 3) and brine (40 mL x 3) suctesly, dried over NaSg) filtered and
concentrated in vacuo. The residue was purified dilica gel column chromatography
(n-hexanel/ethyl acetate, 5/1, v/v) to afford tdtempound as a yellow solid. Yield: 90%: B.26
(n-hexane/ethyl acetate, 4/1, vid NMR (300 MHz, DMSOds) d: 7.91 (d,J = 8.5 Hz, 1H),



7.79 (d,J = 2.5 Hz, 1H), 7.67 (m, 1H), 7.52 (m, 1H), 7.3@,(d= 8.6, 2.5 Hz, 1H), 6.50 (m, 1H),
6.34 (M, 1H). MS (m/z): [M+H]284.0.

1-(4-Bromo-3-chlorophenyl)-3-methylpyridin-2(1H)-one (25b) The preparation of compound
25b was similar with that of compouriba to afford title compound as a yellow solid. Yie86%.
R:: 0.30 (n-hexane/ethyl acetate, 4/1, vit).NMR (300 MHz, DMSOde) J: 7.90 (d,J = 8.6 Hz,
1H), 7.78 (dJ = 2.4 Hz, 1H), 7.53 (dd] = 7.2, 1.6 Hz, 1H), 7.40 (m, 1H), 7.36 (dds 8.5, 2.5
Hz, 1H), 6.25 (tJ = 6.8 Hz, 1H), 2.04 (s, 3H). MS (m/z): [M+H298.0.
1-(3-Chloro-4-(4,4,5,5-tetramethyl-1,3,2-dioxabor olan-2-yl)phenyl)pyridin-2(1H)-one  (26a)
To the solution of compound5a (2.00 g, 6.73 mmol) in dry dioxane (50 mL) wereded
Bis(pinacolato)diboron (2.57 g, 10.10 mmol), Patass Acetate (1.97 g, 20.13 mmol) and
Pd(dppf)C} (0.246 g, 0.336 mmol) under an argon atmosphegactidn mixture was stirred at
100 °C for 12 h. Upon completion, the solvent wamoved in vacuo, and the residue was
extracted with ethyl acetate (60 mL x 3). The coraliorganic extracts were washed with brine
(30 mL x 3), dried over anhydrous 0, and concentrated in vacuo. Black solid was affoked
the crude product which was used in next step.
1-(3-Chloro-4-(4,4,5,5-tetramethyl-1,3,2-dioxabor olan-2-yl)phenyl)-3-methyl-pyridin-2(1H)-

one (26b) The preparation of compour2®b was similar with that of compouria to afford title
compound as a black solid.

M ethyl 6-(2-chloro-4-(2-oxopyridin-1(2H)-yl)phenyl)-1-(tetrahydro-2H-pyran-2-yl)-1H-inda-
zole-3-carboxylate (27a) To the solution of compoung6a (2.00 g, 5.80 mmol) in dioxane (50
mL) and HO (40 mL) were added compoufd1.97 g, 5.80 mmol), $CO; (2.40 g, 17.4 mmol),
Pd(dppf)C} (0.246 g, 0.290 mmol) under an argon atmosphegaction mixture was stirred at
80 °C for 6 h. Upon completion, the solvent wasoeed in vacuo, and the residue was extracted
with ethyl acetate (60 mL x 3). The combined orgaitracts were washed with brine (30 mL x
3), dried over anhydrous B&0O,and concentrated in vacuo. The residue was pulifjesilica gel
column chromatography (n-hexane/ethyl acetate, \#},to afford title compound as a yellow
solid. Yield: 84%. R 0.32 (n-hexane/ethyl acetate, 1/1, vAJ.NMR (300 MHz, DMSOd) &:
8.09 (ddJ = 8.5, 4.0 Hz, 1H), 7.91 (d,= 4.0 Hz, 1H), 7.74 — 7.34 (m, 6H), 6.44 (dd&; 9.3, 3.9
Hz, 1H), 6.28 (q) = 6.7, 4.9 Hz, 1H), 5.99 (dd,= 8.2, 3.7 Hz, 1H), 3.88 (s, 3H), 3.83 — 3.66 (m,
2H), 2.30 (m, 1H), 2.01 — 1.87 (m, 2H), 1.66 (m)2H51 (M, 2H). MS (m/z): [M+H]464.3.
Methyl 6-(2-chloro-4-(3-methyl-2-oxopyridin-1(2H)-yl)phenyl)-1-(tetr ahydro-2H-pyran-yl)-
1H-indazole-3-carboxylate (27b). The preparation of compourZfb was similar with that of
compound27a to afford title compound as a yellow solid. YieRZ%. R: 0.36 (n-hexane/ethyl
acetate, 1/1, v/v)l.H NMR (300 MHz, DMSO¢g) d: 8.20 (m, 1H), 8.00 (s, 1H), 7.76 (m, 1H),
7.56 (m, 5H), 6.30 (m, 1H), 6.09 (d,= 9.1 Hz, 1H), 3.96 (s, 3H), 3.84 (m, 2H), 2.41, (th),



2.07 (s, 3H), 2.03 (m, 2H), 1.74 (m, 1H), 1.60 @H). MS (m/z): [M+H] 478.2.
6-(2-Chloro-4-(2-oxopyridin-1(2H)-yl)phenyl)-1-(tetr ahydr o-2H-pyr an-2-yl)-1H-indazol e-
3-carboxylic acid (28a) To the solution of compouriziva (1.00 g, 2.09 mmol) in MeOH (30 mL)
and HO (30 mL) were added NaOH (0.418 g, 10.46 mmoladien mixture was stirred at 65 °C
for 2 h. Upon completion, the solvent was removedacuo. The pH was adjusted to 9-10 with 2
M HCI. The aqueous phase was extracted with ettgtade (60 mL x 3). The combined organic
extracts were washed with brine (30 mL x 3), diogdr anhydrous N&O, and concentrated in
vacuo. Yellow solid was afforded as the crude pobethich was used in next step.
6-(2-Chloro-4-(3-methyl-2-oxopyridin-1(2H)-yl)phenyl)-1-(tetr ahydr o-2H-pyran-2-yl)-1H-in-
dazole-3-carboxylic acid (28b) The preparation of compoun2Bb was similar with that of
compound28a to afford title compound as a yellow solid. Yell®elid was afforded as the crude
product which was used in next step.
6-(2-Chloro-4-(3-methyl-2-oxopyridin-1(2H)-yl)phenyl)-N-methyl-1-(tetr ahydr o-2H-pyran-
2-yl)-1H-indazole-3-car boxamide (29a) To the solution of compourzBb (0.150 g, 0.324 mmol)
in dry DMF (20 mL) were added HATU (0.246 g, 0.6#&nol), DIEA (0.125 g, 0.972 mmol) and
2 M CH;NH>-MeOH (0.5 mL, 32.2 mmol). Reaction mixture wasrstl at 25 °C for 12 h. Upon
completion, the reaction mixture was quenched ithyl acetate (30 mL), which was washed
with water (20 mL x 3) and brine (20 mL x 3) suctesly, dried over NSO, filtered and
concentrated in vacuo. The residue was purified difica gel column chromatography
(n-hexane/ethyl acetate, 2/1, v/v) to afford titlempound as a yellow solid. Yellow solid was
afforded as the crude product which was used it step.
6-(2-Chloro-4-(2-oxopyridin-1(2H)-yl)phenyl)-N-methyl-1-(tetr ahydr o-2H-pyr an-2-yl)-1H-
indazole-3-carboxamide (29b) The preparation of compoun2Bb was similar with that of
compound9a to afford title compound as the crude product Whi@s used in next step.
6-(2-Chloro-4-(3-methyl-2-oxopyridin-1(2H)-yl)phenyl)-N-(cyclopr opylmethyl)-1-(tetr ahy-
dro-2H-pyran-2-yl)-1H-indazole-3-car boxamide (29c) The preparation of compour#29c was
similar with that of compoun#9a to afford titte compound as the crude product Whi@s used
in next step.
6-(2-Chloro-4-(2-oxopyridin-1(2H)-yl)phenyl)-N-(cyclopr opylmethyl)-1-(tetr ahy-dr o-2H-
pyran-2-yl)-1H-indazole-3-car boxamide (29d) The preparation of compour®d was similar
with that of compoun@9a to afford titte compound as the crude product Whi@s used in next
step.

6-(2-Chlor o-4-(3-methyl-2-oxopyridin-1(2H)-yl)phenyl)-N-ethyl-1-(tetr ahydr o-2H-pyr an-2-
yl)-1H-indazole-3-carboxamide (29€) The preparation of compour2de was similar with that of

compound9a to afford title compound as the crude product Whi@s used in next step.



6-(2-Chloro-4-(3-methyl-2-oxopyridin-1(2H)-yl)phenyl)-N-(2-hydr oxyethyl)-1-(tetr ahydr o-
2H-pyran-2-yl)-1H-indazole-3-car boxamide (29f) The preparation of compou29f was similar
with that of compoun@9a to afford titte compound as the crude product Whi@s used in next
step.
6-(2-Chloro-4-(3-methyl-2-oxopyridin-1(2H)-yl)phenyl)-N-(2-methoxyethyl)-1-(tetrahydro-
2H-pyran-2-yl)-1H-indazole-3-carboxamide (29g) The preparation of compoun#9g was
similar with that of compoun#9a to afford titte compound as the crude product Whi@s used
in next step.
1-(3-Chloro-4-(3-(pyrrolidine-1-car bonyl)-1-(tetr ahydr o-2H-pyr an-2-yl)-1H-indazol-6-yl)-
phenyl)-3-methylpyridin-2(1H)-one (29h) The preparation of compour#®h was similar with
that of compoun@9a to afford title compound as the crude product Whi@as used in next step.
1-(3-Chloro-4-(3-(mor pholine-4-car bonyl)-1-(tetr ahydr o-2H-pyr an-2-yl)-1H-indazol-6-yI)-
phenyl)-3-methylpyridin-2(1H)-one (29i) The preparation of compourZdi was similar with
that of compoun@9a to afford title compound as the crude product Whi@as used in next step.
N-benzyl-6-(2-chlor 0-4-(3-methyl-2-oxopyridin-1(2H)-yl)phenyl)-1-(tetr ahydro-2H-pyr an-2-
yl)-1H-indazole-3-carboxamide (29j) The preparation of compourdj was similar with that of
compound?9a to afford title compound as the crude product Whi@s used in next step.
6-(2-Chloro-4-(3-methyl-2-oxopyridin-1(2H)-yl)phenyl)-N-(pyridin-4-yl)-1-(tetr ahydro-2H-
pyran-2-yl)-1H-indazole-3-carboxamide (29k) The preparation of compour2®k was similar
with that of compoun@9a to afford titte compound as the crude product Whi@s used in next
step.

6-(2-Chloro-4-(3-methyl-2-oxopyridin-1(2H)-yl)phenyl)-N-(pyridin-4-ylmethyl)-1-(tetr a-
hydro-2H-pyran-2-yl)-1H-indazole-3-car boxamide (291) The preparation of compour2d was
similar with that of compoun#9a to afford titte compound as the crude product Whi@s used
in next step.
6-(2-Chloro-4-(3-methyl-2-oxopyridin-1(2H)-yl)phenyl)-N-(2-(pyridin-4-yl)ethyl)-1-(tetr a-
hydro-2H-pyran-2-yl)-1H-indazole-3-carboxamide (29m) The preparation of compourZdm
was similar with that of compourzPa to afford title compound as the crude product Wwhi@s
used in next step.
6-(2-Chloro-4-(3-methyl-2-oxopyridin-1(2H)-yl)phenyl)-1-(tetr ahydr o-2H-pyran-2-yl)-N-
(tetrahydro-2H-pyran-4-yl)-1H-indazole-3-car boxamide (29n) The preparation of compound
29n was similar with that of compourzda to afford title compound as the crude product Wwhic
was used in next step.
6-(2-Chloro-4-(3-methyl-2-oxopyridin-1(2H)-yl)phenyl)-N-(1-methylpiperidin-4-yl)-1-(tetr a-
hydro-2H-pyran-2-yl)-1H-indazole-3-carboxamide (290) The preparation of compoun2Bo



was similar with that of compourzba to afford title compound as the crude product Wwhi@s
used in next step.

6-(2-Chloro-4-(3-methyl-2-oxopyridin-1(2H)-yl)phenyl)-1-(tetr ahydro-2H-pyran-2-yl)-N-
((tetrahydro-2H-pyran-4-yl)methyl)-1H-indazole-3-carboxamide (29p) The preparation of
compound29p was similar with that of compoun2Ba to afford title compound as the crude
product which was used in next step.
6-(2-Chloro-4-(3-methyl-2-oxopyridin-1(2H)-yl)phenyl)-N-((1-methylpiperidin-4-yl)methyl)-
1-(tetrahydro-2H-pyran-2-yl)-1H-indazole-3-car boxamide (29q) The preparation of compound
299 was similar with that of compour?da to afford title compound as the crude product Wwhic
was used in next step.
6-(2-Chloro-4-(3-methyl-2-oxopyridin-1(2H)-yl)phenyl)-N-methyl-1H-indazol e-3-car box-

amide (30a) To the solution of compourzba (0.120 g, 0.259 mmol) in MeOH (10 mL) and 6 M
HCI (8 mL). The resulting mixture was heated to°65for 12 h. Upon completion, the solvent
was removed in vacuo. The pH was adjusted to 94l saturated sodium carbonate solution.
The aqueous phase was extracted with ethyl ac@atmL x 3). The combined organic extracts
were washed with brine (20 mL x 3), dried over altbys NaSO,and concentrated in vacuo.
The residue was purified by silica gel column chatmgraphy (DCM/MeOH, 100/1) to afford
titte compound as a white solid. Yield: 61%. mp02Z®5 °C. R 0.34 (DCM/MeOH, 50/1, v/v).
'H NMR (300 MHz, DMSOds) d: 13.75 (s, 1H), 8.45 (d} = 4.5 Hz, 1H), 8.27 (dd] = 8.4, 0.8
Hz, 1H), 7.74 (dJ = 2.1 Hz, 1H), 7.68 (1 = 1.2 Hz, 1H), 7.64 (d] = 8.3 Hz, 1H), 7.60 (m, 1H),
7.51 (dd,J = 8.2, 2.1 Hz, 1H), 7.43 (m, 1H), 7.33 (dds 8.4, 1.4 Hz, 1H), 6.29 (§ = 6.8 Hz,
1H), 2.85 (d,J = 4.7 Hz, 3H), 2.07 (s, 3H}*C NMR (100 MHz, DMSQds) 6: 163.13, 162.13,
141.76, 141.45, 139.96, 138.99, 138.13, 136.68,5P3@.32.49, 131.97, 129.59, 128.75, 126.49,
124.20, 121.95, 121.39, 111.67, 106.00, 26.03, 817MRMS-EI m/z [M+H] calcd for
C,1H18CIN4O,: 392.1040, found: 392.1113.
6-(2-Chloro-4-(2-oxopyridin-1(2H)-yl)phenyl)-N-methyl-1H-indazole-3-carboxamide  (30b)
The preparation of compoun80b was similar with that of compound80a to afford title
compound as a white solid. Yield: 58%. mp: 286-281 R: 0.32 (DCM/MeOH, 50/1, v/v)'H
NMR (300 MHz, DMSOds) 6: 13.76 (s, 1H), 8.46 (q, = 4.7 Hz, 1H), 8.30 (d] = 8.4 Hz, 1H),
7.75 (m, 2H), 7.71 (s, 1H), 7.65 @ = 8.2 Hz, 1H), 7.55 (m, 2H), 7.35 (dil= 8.4, 1.4 Hz, 1H),
6.56 (d,J = 9.1 Hz, 1H), 6.38 (m, 1H), 2.88 (d, J = 4.7 BH). **C NMR (100 MHz, DMSQOd)
0:163.16, 161.65, 141.42, 141.38, 140.08, 139.39,a11, 136.68, 132.52, 132.03, 128.66, 126.43,
124.21, 121.96, 121.40, 121.04, 111.65, 106.420426HRMS-EI m/z [M+H] calcd for
CuoH16CIN4O,: 379.0884, found: 379.0956.
6-(2-Chloro-4-(3-methyl-2-oxopyridin-1(2H)-yl)phenyl)-N-(cyclopr opylmethyl)-1H-indazol e-



3-carboxamide (30c) The preparation of compouc was similar with that of compourgfa to
afford title compound as a white solid. Yield: 66&tp: 284-289 °C. R0.38 (DCM/MeOH, 50/1,
viv). 'H NMR (300 MHz, DMSOdg) d: 13.73 (s, 1H), 8.49 (d} = 6.3 Hz, 1H), 8.27 (d] = 8.5
Hz, 1H), 7.79 — 7.57 (m, 4H), 7.51 @z 7.8 Hz, 1H), 7.44 (d] = 6.4 Hz, 1H), 7.34 (A= 8.4
Hz, 1H), 6.29 (tJ = 6.8 Hz, 1H), 3.21 (t] = 6.6 Hz, 2H), 2.07 (s, 3H), 1.11 (m, 1H), 0.45 @H),
0.28 (m, 2H)*C NMR (100 MHz, DMSOdg) J: 162.53, 162.16, 141.77, 141.48, 139.97, 138.98,
138.19, 136.72, 136.53, 132.51, 131.97, 129.59,742826.51, 124.23, 121.96, 121.42, 111.68,
106.06, 43.18, 17.46, 11.72, 3.75. HRMS-El m/z [Ni*ldalcd for G4H2CIN4O,: 433.1353,
found: 433.1426.
6-(2-Chloro-4-(2-oxopyridin-1(2H)-yl)phenyl)-N-(cyclopropylmethyl)-1H-indazole-3-car box-
amide (30d) The preparation of compourd®d was similar with that of compourDa to afford
title compound as a white solid. Yield: 57%. mp8Z82 °C. R 0.36 (DCM/MeOH, 50/1, v/v).
'H NMR (300 MHz, DMSOdg) 6: 13.76 (s, 1H), 8.50 (8 = 6.0 Hz, 1H), 8.27 (d] = 8.4 Hz, 1H),
7.74 (9, = 3.3 Hz, 2H), 7.69 (s, 1H), 7.64 @z 8.2 Hz, 1H), 7.53 (m, 2H), 7.33 (di= 8.4, 1.4
Hz, 1H), 6.54 (m, 1H), 6.37 (m, 1H), 3.21Jt 6.4 Hz, 2H), 1.10 (m, 1H), 0.44 (m, 2H), 0.29 (m
2H). °C NMR (100 MHz, DMSOd,) 6: 162.51, 161.63, 141.48, 141.40, 140.08, 139.39,0D,
136.69, 132.53, 132.03, 128.67, 126.45, 124.21,972121.45, 121.05, 111.67, 106.41, 43.19,
11.73, 3.76. HRMS-EI m/z [M+H]calcd for GsH»CIN4O,: 419.1197, found: 419.1270.
6-(2-Chloro-4-(3-methyl-2-oxopyridin-1(2H)-yl)phenyl)-N-ethyl-1H-indazole-3-car boxamide
(30e) The preparation of compour@De was similar with that of compour@Da to afford title
compound as a white solid. Yield: 68%. mp: 270-2€5 R: 0.36 (DCM/MeOH, 50/1, v/v)'H
NMR (300 MHz, DMSO#dg) d: 13.73 (s, 1H), 8.49 (] = 5.9 Hz, 1H), 8.26 (d] = 8.4 Hz, 1H),
7.74 (d,J = 2.1 Hz, 1H), 7.68 (s, 1H), 7.67 — 7.57 (m, 2Hp1 (dd,J = 8.2, 2.2 Hz, 1H), 7.46 —
7.41 (m, 1H), 7.33 (dd} = 8.4, 1.4 Hz, 1H), 6.29 (#,= 6.8 Hz, 1H), 3.35 (m, 9H), 1.16 &= 7.1
Hz, 3H).*C NMR (100 MHz, DMSOds) 6: 162.38, 162.13, 141.77, 141.44, 139.96, 139.06,
138.15, 136.68, 136.56, 132.50, 131.97, 129.58,762826.52, 124.20, 121.98, 121.43, 111.65,
106.00, 33.70, 17.49, 15.52. HRMS-EIl m/z [M+Halcd for G,H,,CIN,O,: 407.1197, found:
407.1269.

6-(2-Chloro-4-(3-methyl-2-oxopyridin-1(2H)-yl)phenyl)-N-(2-hydr oxyethyl)-1H-indazole-3-
carboxamide (30f) The preparation of compourd®f was similar with that of compour2Da to
afford title compound as a white solid. Yield: 466tp: 282-286 °C. R0.16 (DCM/MeOH, 50/1,
viv). 'H NMR (300 MHz, DMSOd) d: 13.74 (s, 1H), 8.33 — 8.22 (m, 2H), 7.74 J& 2.1 Hz,
1H), 7.69 (dJ = 1.1 Hz, 1H), 7.65 (d] = 8.2 Hz, 1H), 7.61 (dd] = 7.0, 2.0 Hz, 1H), 7.51 (dd,
=8.2,2.1 Hz, 1H), 7.43 (d1,= 6.6, 1.6 Hz, 1H), 7.34 (dd,= 8.4, 1.4 Hz, 1H), 6.29 ({,= 6.8 Hz,
1H), 4.81 (tJ = 5.5 Hz, 1H), 3.57 (q] = 6.0 Hz, 2H), 3.42 (q] = 6.1 Hz, 2H), 2.07 (s, 3H}’C



NMR (100 MHz, DMSO€de) 6: 162.68, 162.14, 141.77, 141.47, 139.93, 138.88,16, 136.73,
136.55, 132.51, 131.96, 129.58, 128.76, 126.52,3024121.92, 121.39, 111.70, 106.02, 60.34,
41.67, 17.49. HRMS-EI m/z [M+H]calcd for G,H»oCIN4Os: 423.1146, found: 423.1219.
6-(2-Chloro-4-(3-methyl-2-oxopyridin-1(2H)-yl)phenyl)-N-(2-methoxyethyl)-1H-indazol e-3-
carboxamide (30g) The preparation of compourdg was similar with that of compourffa to
afford title compound as a white solid. Yield: 676tp: 226-231 °C. R0.28 (DCM/MeOH, 50/1,
v/iv). '"H NMR (300 MHz, DMSOd) 6: 13.76 (s, 1H), 8.34 (m, 1H), 8.26 (dtk 8.5, 0.8 Hz, 1H),
7.74 (d,J = 2.1 Hz, 1H), 7.69 (1) = 1.1 Hz, 1H), 7.64 (d] = 8.2 Hz, 1H), 7.61 (ddl = 7.3, 1.7
Hz, 1H), 7.51 (ddJ = 8.2, 2.1 Hz, 1H), 7.43 (m, 1H), 7.34 (dds 8.4, 1.4 Hz, 1H), 6.29 (§,=
6.8 Hz, 1H), 3.51 (m, 4H), 3.30 (s, 3H), 2.07 (d).3°C NMR (100 MHz, DMSOdg) J: 162.64,
162.12, 141.78, 141.47, 139.92, 138.76, 138.12,7B3@.36.54, 132.49, 131.97, 129.59, 128.76,
126.51, 124.31, 121.90, 121.40, 111.72, 105.9896/058.37, 38.46, 17.49. HRMS-EIl m/z
[M+H]" caled for GaH,,CIN,O5: 437.1302, found: 437.1375.
1-(3-Chloro-4-(3-(pyrrolidine-1-car bonyl)-1H-indazol-6-yl)phenyl)-3-methyl-pyridin-2(1H)-
one (30h) The preparation of compoud®h was similar with that of compour8fa to afford title
compound as a white solid. Yield: 68%. mp: 285-280 R: 0.56 (DCM/MeOH, 50/1, v/v)'H
NMR (300 MHz, DMSOdg) 6: 13.68 (s, 1H), 8.24 (d}, = 8.4 Hz, 1H), 7.73 (d] = 2.1 Hz, 1H),
7.67 (t,J = 1.2 Hz, 1H), 7.64 (d) = 8.3 Hz, 1H), 7.62 — 7.59 (m, 1H), 7.51 (dd; 8.2, 2.1 Hz,
1H), 7.43 (m, 1H), 7.31 (dd,= 8.4, 1.5 Hz, 1H), 6.29 (#,= 6.8 Hz, 1H), 3.97 (] = 6.5 Hz, 2H),
3.60 (t,J = 6.6 Hz, 2H), 2.07 (s, 3H), 2.02 — 1.79 (m, 4HRMS-EI m/z [M+H] calcd for
C4H2,CIN4O,: 433.1353, found: 433.1426.

1-(3-Chloro-4-(3-(mor pholine-4-car bonyl)-1H-indazol-6-yl)phenyl)-3-methyl-pyridin-2(1H)-
one (30i) The preparation of compourddi was similar with that of compour@gDa to afford title
compound as a white solid. Yield: 69%. mp: 249-264 R: 0.38 (DCM/MeOH, 50/1, v/v)'H
NMR (300 MHz, DMSOd) 6: 13.73 (s, 1H), 8.09 (d}, = 8.4 Hz, 1H), 7.74 (d] = 2.1 Hz, 1H),
7.69 (t,J = 1.1 Hz, 1H), 7.63 (d) = 8.3 Hz, 1H), 7.59 (m, 1H), 7.51 (ddi= 8.2, 2.1 Hz, 1H),
7.46 — 7.40 (m, 1H), 7.32 (dd~ 8.4, 1.4 Hz, 1H), 6.29 (§,= 6.8 Hz, 1H), 4.08 (m, 2H), 3.72 (m,
6H), 2.07 (s, 3H). HRMS-EI m/z [M+H]calcd for G4H2,CIN,Os: 449.1302, found: 449.1375.
N-benzyl-6-(2-chlor 0-4-(3-methyl-2-oxopyridin-1(2H)-yl)phenyl)-1H-indazol e-3-car box-

amide (30j) The preparation of compourddj was similar with that of compourigda to afford
title compound as a white solid. Yield: 71%. mp92Z&4 °C. R 0.52 (DCM/MeOH, 50/1, v/v).
'H NMR (300 MHz, DMSOd) 6: 13.69 (s, 1H), 8.99 (8 = 6.3 Hz, 1H), 8.27 (dd} = 8.3, 0.9 Hz,
1H), 7.73 (dJ = 2.1 Hz, 1H), 7.69 (t) = 1.2 Hz, 1H), 7.64 (d] = 8.2 Hz, 1H), 7.62 — 7.57 (m,
1H), 7.51 (dd,) = 8.2, 2.1 Hz, 1H), 7.45 — 7.41 (m, 1H), 7.41297(m, 5H), 7.27 — 7.20 (m, 1H),
6.28 (t,J = 6.8 Hz, 1H), 4.54 (d] = 6.3 Hz, 2H), 2.07 (s, 3H}*C NMR (100 MHz, DMSOd) 6:



162.66, 162.13, 141.79, 141.49, 140.42, 139.94,8P34.38.13, 136.76, 136.55, 132.50, 131.97,
129.59, 128.73, 127.78, 127.15, 126.52, 124.33,9021121.50, 111.71, 105.99, 42.38, 17.48.
HRMS-EIl m/z [M+H] calcd for G;H,,CIN,O,: 469.1353, found: 469.1426.

6-(2-Chlor o-4-(3-methyl-2-oxopyridin-1(2H)-yl)phenyl)-N-(pyridin-4-yl)-1H-indazol e-3-car -
boxamide (30k) The preparation of compour8bk was similar with that of compoun@Da to
afford title compound as a white solid. Yield: 6768tp: 296-299 °C. R0.23 (DCM/MeOH, 50/1,
viv). '"H NMR (300 MHz, DMSO#dg) 4: 14.10 (s, 1H), 10.82 (s, 1H), 8.53 — 8.46 (m,, 8432 (d,
J=8.4 Hz, 1H), 7.99 — 7.94 (m, 2H), 7.77 Jd5 1.3 Hz, 1H), 7.75 (d] = 2.1 Hz, 1H), 7.67 (d]

= 8.2 Hz, 1H), 7.61 (ddl = 7.1, 2.0 Hz, 1H), 7.53 (dd,= 8.2, 2.1 Hz, 1H), 7.43 (m, 2H), 6.30 (t,
J = 6.8 Hz, 1H), 2.08 (s, 3H}*C NMR (100 MHz, DMSOds) d: 162.17, 162.13, 150.68, 146.20,
141.89, 141.74, 139.78, 138.26, 138.15, 137.16,563@.32.52, 131.99, 129.59, 128.80, 126.58,
125.02, 121.79, 121.67, 114.53, 112.04, 106.004817HRMS-EI m/z [M+H] calcd for
CusH1oCIN5O,: 456.1149, found: 456.1222.
6-(2-Chloro-4-(3-methyl-2-oxopyridin-1(2H)-yl)phenyl)-N-(pyr idin-4-ylmethyl)-1H-indazole-
3-carboxamide (30l) The preparation of compoudl was similar with that of compour8fa to
afford title compound as a white solid. Yield: 728tp: 144-146 °C. R0.25 (DCM/MeOH, 50/1,
viv). 'H NMR (300 MHz, DMSO#dg) 6: 13.88 (s, 1H), 9.19 (f = 6.3 Hz, 1H), 8.53 (d] = 1.6 Hz,
1H), 8.51 (dJ = 1.6 Hz, 1H), 8.26 (d] = 8.4 Hz, 1H), 7.74 (d] = 2.1 Hz, 1H), 7.72 (] = 1.2 Hz,
1H), 7.65 (dJ = 8.2 Hz, 1H), 7.61 (dd] = 7.0, 1.9 Hz, 1H), 7.52 (dd,= 8.2, 2.1 Hz, 1H), 7.43
(m, 1H), 7.39 — 7.32 (m, 3H), 6.29 {t= 6.8 Hz, 1H), 4.56 (d] = 6.3 Hz, 2H), 2.08 (s, 3H}’C
NMR (100 MHz, DMSO¢de) 6: 162.98, 162.12, 149.92, 149.43, 141.81, 141.89,9P, 138.56,
138.10, 136.81, 136.52, 132.48, 131.98, 129.60,7528.26.50, 124.40, 122.70, 121.83, 121.51,
111.77, 105.98, 41.61, 17.46. HRMS-EIl m/z [M¥Hhlcd for GgH».CINsO,: 470.1306, found:
470.1378.
6-(2-Chloro-4-(3-methyl-2-oxopyridin-1(2H)-yl)phenyl)-N-(2-(pyridin-4-yl)ethyl)-1H-inda-
zole-3-carboxamide (30m) The preparation of compoudm was similar with that of compound
30a to afford title compound as a white solid. Yieb2%. mp: 138-142 °C.;R0.26 (DCM/MeOH,
50/1, viv)."H NMR (300 MHz, DMSOd) 6: 13.78 (s, 1H), 8.60 (] = 5.9 Hz, 1H), 8.49 (d] =

1.7 Hz, 1H), 8.48 (d) = 1.7 Hz, 1H), 8.26 (d] = 8.4 Hz, 1H), 7.74 (d] = 2.1 Hz, 1H), 7.69 (t]

= 1.2 Hz, 1H), 7.64 (d] = 8.2 Hz, 1H), 7.61 (dd] = 6.7, 1.9 Hz, 1H), 7.52 (dd,= 8.2, 2.2 Hz,
1H), 7.43 (m, 1H), 7.36 — 7.33 (m, 1H), 7.32J¢; 1.8 Hz, 2H), 7.31 (d] = 1.7 Hz, 1H), 6.29 (t,

J = 6.8 Hz, 1H), 3.69 — 3.57 (m, 2H), 2.96J& 7.2 Hz, 2H), 2.08 (s, 3H}*C NMR (100 MHz,
DMSO-de) J: 162.64, 162.13, 149.94, 148.98, 141.79, 141.89,94, 138.83, 138.10, 136.75,
136.50, 132.47, 131.98, 129.61, 128.74, 126.49,7/82424.27, 121.91, 121.43, 111.69, 105.99,
39.25, 34.86, 17.45. HRMS-EIl m/z [M+Hgalcd for G;H,3CINsO,: 484.1462, found: 484.1535.



6-(2-Chloro-4-(3-methyl-2-oxopyridin-1(2H)-yl)phenyl)-N-(2-methyltetr ahydr o-2H-pyr an-4-
yl)-1H-indazole-3-car boxamide (30n) The preparation of compou®dn was similar with that of
compound22a to afford title compound as a white solid. Yie&l%. mp: 284-289 °C.R0.28
(DCM/MeOH, 50/1, v/v)."H NMR (300 MHz, DMSOds) 6: 13.78 (s, 1H), 8.37 (d} = 8.3 Hz,
1H), 8.27 (dd,) = 8.4, 0.8 Hz, 1H), 7.74 (d,= 2.1 Hz, 1H), 7.69 (] = 1.1 Hz, 1H), 7.64 (d] =
8.2 Hz, 1H), 7.62 — 7.58 (m, 1H), 7.51 (dd; 8.2, 2.1 Hz, 1H), 7.46 — 7.40 (m, 1H), 7.34 (#id,
8.4, 1.4 Hz, 1H), 6.29 (8 = 6.8 Hz, 1H), 4.11 (m, 1H), 3.95 — 3.86 (m, 2BI}7 — 3.40 (m, 2H),
2.08 (s, 3H), 1.82 — 1.63 (m, 4HC NMR (100 MHz, DMSOQdy) d: 162.12, 161.87, 141.79,
141.47, 139.95, 138.98, 138.13, 136.73, 136.55,493231.98, 129.59, 128.76, 126.52, 124.25,
121.95, 121.52, 111.66, 105.98, 66.79, 45.48, 3218%8. HRMS-El m/z [M+H] calcd for
CusH24CIN,O3: 463.1459, found: 463.1532.
6-(2-Chloro-4-(3-methyl-2-oxopyridin-1(2H)-yl)phenyl)-N-(1-methylpiperidin-4-yl)-1H-inda-
zole-3-carboxamide (300) The preparation of compourd®o was similar with that of compound
30a to afford title compound as a white solid. Yiebdi%. mp: 277-282 °C.;R0.14 (DCM/MeOH,
50/1, viv)."H NMR (300 MHz, DMSOd) d: 13.75 (s, 1H), 8.26 (d, = 4.4 Hz, 1H), 8.24 (d] =
4.4 Hz, 1H), 7.74 (d) = 2.1 Hz, 1H), 7.68 (s, 1H), 7.64 @ = 8.3 Hz, 1H), 7.60 (m, 1H), 7.51
(dd,J = 8.2, 2.2 Hz, 1H), 7.43 (m, 1H), 7.33 (dds 8.4, 1.4 Hz, 1H), 6.29 (§ = 6.8 Hz, 1H),
3.84 (m, 1H), 2.82 (m, 2H), 2.21 (s, 3H), 2.073(d), 2.03 (m, 2H), 1.75 (m, 4H}*C NMR (100
MHz, DMSOdg) J: 162.14, 161.99, 141.76, 141.48, 139.95, 138.98.16, 136.70, 136.54,
132.49, 131.96, 129.58, 128.74, 126.51, 124.21,982121.47, 111.69, 106.03, 54.85, 46.18,
46.01, 31.65, 17.48. HRMS-EI m/z [M+Hgalcd for GgH»7CINsO,: 476.1775, found: 476.1848.
6-(2-Chloro-4-(3-methyl-2-oxopyridin-1(2H)-yl)phenyl)-N-((tetr ahydr o-2H-pyr an-4-yl)me-
thyl)-1H-indazole-3-car boxamide (30p) The preparation of compour@@p was similar with that
of compound22a to afford title compound as a white solid. Yiebd:%. mp: 258-262 °C.R0.29
(DCM/MeOH, 50/1, viv)."H NMR (300 MHz, DMSOdy) d: 13.77 (s, 1H), 8.49 (1] = 6.2 Hz,
1H), 8.26 (qJ = 6.7 Hz, 1H), 7.70 (m, 2H), 7.61 (m, 2H), 7.57.46 (m, 1H), 7.42 (s, 1H), 7.32
(9,J=6.0 Hz, 1H), 6.28 (1 = 6.1 Hz, 1H), 3.86 (m, 2H), 3.33 — 3.17 (m, 47 (m, 3H), 1.88
(m, 1H), 1.60 (m, 2H), 1.35 — 1.06 (m, 2H3C NMR (100 MHz, DMSQde) J: 162.73, 162.12,
141.78, 141.47, 139.95, 138.97, 138.13, 136.72,5536.32.49, 131.97, 129.59, 128.76, 126.52,
124.23, 121.97, 121.45, 111.65, 105.99, 67.26,3%485.49, 31.03, 17.48. HRMS-EI m/z [M+H]
calcd for GgH26CIN4O5: 477.1615, found: 477.1688.
6-(2-Chloro-4-(3-methyl-2-oxopyridin-1(2H)-yl)phenyl)-N-((1-methylpiperidin-4-yl)methyl)-
1H-indazole-3-carboxamide (30q) The preparation of compour8)q was similar with that of
compound30a to afford title compound as a white solid. Yie&B%. mp: 168-173 °C.R0.15
(DCM/MeOH, 50/1, v/v).*H NMR (300 MHz, DMSOd,) &: 13.84 (s, 1H), 8.56 (1] = 6.1 Hz,



1H), 8.30 (dJ = 8.5 Hz, 1H), 7.79 (d] = 2.1 Hz, 1H), 7.74 (d] = 1.1 Hz, 1H), 7.69 (d] = 8.3
Hz, 1H), 7.68 (m, 1H), 7.56 (dd,= 8.2, 2.1 Hz, 1H), 7.49 (m, 1H), 7.38 (dd; 8.4, 1.4 Hz, 1H),
6.35 ¢, J = 6.8 Hz, 1H), 3.28 (§,= 6.3 Hz, 2H), 2.96 (m, 2H), 2.33 (s, 3H), 2.12 GH), 1.72 (m,
3H), 1.43 — 1.24 (m, 2H)*C NMR (100 MHz, DMSQd,) d: 162.70, 162.12, 141.79, 141.48,
139.96, 138.91, 138.16, 136.71, 136.56, 132.49,9631129.59, 128.76, 126.53, 124.21, 121.94,
121.44, 111.68, 105.98, 54.99, 45.79, 44.09, 329@15, 17.48. HRMS-EI m/z [M+H]calcd for
C,7H29CIN5O,: 490.1932, found: 490.2004.

5.2. In vitro PAK Enzyme Assay. Inhibitory effect of compounds against kinasesviagtwere
determined as previously reportfl7]. Generally, the tests were performed at Reactiotogy
Corporation using the “HotSpot” assay platform. TRiease and corresponding substrate were
mixed with the reaction buffer (20 mM Hepes pH 1.6 MM MgC}, 1 mM EGTA, 0.02% Brij35,
0.02 mg/mL BSA, 0.1 mM N&/Oy4, 2 mM DTT, 1% DMSO) at roortemperature. Then DMSO
solution of compound (starting at 1 with 3-fold serial dilution) were added into tk&ase
reaction mixture at room temperature. After 20 ntirg reaction was initiated by addition of a
mixture of ATP (Sigma) antfP ATP (PerkinElmer) to a final concentration ofi@, followed by

the incubation of 120 min at 25 °C. The kinasevétws were detected by filter-binding method.
Kinase activity data of test sample were express®dhe percent remaining kinase activity
compared to vehicle (DMSO) reactions.

5.3. Antiproliferative activity Assay. The human cancer cell lines were purchased fraen th
American Type Culture Collection (ATCC, Manassa&, USA). The cell lines (MDA-MB-231,
HCT-116) were maintained in culture media at 37wit 5% CQ. Cells were plated in 96-well
culture plates (4000/well). Cell proliferation wadstermined after treatment with compounds for
72 h. Cell viabilty was measured by Cell Titer-Glssay (Promega, USA) following
manufacturer’s instructions, and luminescence waasured in a multilabel reader (Envision2014,
PerkinElmer, USA).

5.4. Wound Healing Assay. For the wound healing assay, MDA-MB-231 or HCT-THfs were
cultured to confluence in six-well plates and woethdusing a sterilized pipet tip to make a
straight scratch. The wounded cell monolayers wershed three times with phosphate-buffered
saline (PBS) and incubated in serum-free mediunenTéells were treated with compoud
with different concentrations followed by at 24 rciubation and photographed at 24 with an
inverted microscope.

5.5. Transwell invasion Assays. Invasion assays were performed using modified Boyd
chambers with a polycarbonate nucleopore membrsliadrigel was pre-coated on the bottom
Then, 1x18 MDA-MB-231 or HCT-116 cells in 100 mL serum-freeMEM supplemented with

0.1% bovine serum were placed in the upper padgach chamber and the lower compartments



were filled with DMEM containing 10% FBS. After inbation for 24 h at 37C, the non-invaded
cells were removed from the upper surface of ther fivith a cotton swab, and the invaded cells
on the lower surface of the filter were fixed, stai, photographed, and counted under high-power
magnification.

5.6. Western Blotting. To determine the expression of protein, whole exliacts were prepared
from 1x 10 cells in RIPA lysis buffer (50 mM Tris/HCI pH 7.450 mM NaCl, 1% Nonidet P-40,
0.25% Na-deoxycholate, 1 mM EDTA and protease itdiibcocktail). Equal amounts of
denatured protein were separated by SDS-PAGE andférred to a PVDF membrane (Millipore).
The membrane was blocked with 5% nonfat dry milkkBS-T (20 mM Tris, pH 7.4, 137 mM
NacCl, 0.05% Tween-20) for 1 h at room temperatangl the proteins were probed with antibodies
specific to PAK1, phospho-PAK1/S&t Snail and Actin. All PVDF membranes were detedtgd
chemiluminescence (ECL, Pierce Technology).

5.7. Molecular Modeling Study. The protein was prepared the Protein Preparatiorand/
workflow in Schrédinger 2009 platform (Schrédingét,C, New York, NY). Docking was
performed into the predefined kinase ATP-bindingksd. Hydrogens were added to the modelled
PAK1 kinase domain (PDB code 5DEY) and PAK4 kindsmain (PDB code 5XVA). The ligand
was placed in the kinase ATP-binding pocket andgnalii manually to avoid atom clashes. The
docked poses were evaluated and ranked by deféidi &core.Each docking experiment was
performed 10 times, yielding 10 docked conformaioifhe solutions were ranked by the
calculated binding free energy. Figures were shawimng PyMOL. MD simulations were
performed using AMBER 18 software package [38]. PAK1 and PAK4-compound 30l systems
were solvated in a truncated octahedral box of PIR&ter and neutralized with sodium or
chlorine ions. Protein and ligand were charged wathber ff99SB and gaff force fields,
respectively. Energy minimization was conductechwitforce constraint of 500 kcal/mol prior to
MD. Heating simulation was performed from 0 to 3Qsing the langevin thermostat with a
collision rate of 5 ps-1, and a total of 5 ns heasimulation was accomplished in NVT ensemble
with a time step of 2 fs Equilibrium MD simulatioB® ns were implemented for protein-ligand
systems, respectively, in which NPT ensemble wad@yad with a time step of 2 fs. The Cpptraj
module was used to analyze the generated trajectdwy binding free energy of ligand was
calculated using MM-GB/SA algorithm [39] based b snapshots extracted from the trajectory
of 30-50 ns with an interval of 2 ps, and the higdiree energy was decomposed on per residues
of PAK1 and PAK4, both of which were conducted witinber package.

5.8. Statistical analyses

Statistical analyses were calculated using a oneANOVA. For all the tests, only a P value <

0.05 was considered statistically significant. #lé descriptive data are reported as the mean %



SD. GraphPad Prism and SPSS software were us#tkefatatistical analyses.
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Highlight

1. 1H-indazole-3-carboxamide scaffold were identified as PAK1 inhibitors by

virtual screening.

2. Substituted hydrophobic ring of 30l in the deep back pocket achieved selective
binding towards the PAK subtype.

3. 30l dose-dependently suppressed the migration and invasion of PAK1-related

tumour cells.
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