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ABSTRACT

Starting from a bipyridine-sulfonamide scaffold, dienal chemistry optimization leads to the
discovery of a novePlasmodium falciparunPl14K kinase PfP14K) inhibitor compoundl5g
(CHMFL-PI4K-127, 1Go: 0.9 nM), which exhibits potent activity againdDB Plasmodium
falciparum (P. falciparumjEGCso: 25.1 nM). CHMFL-PI4K-127 displays high selectwagainst
PfPI4K over human lipid and protein kinase. In addifiit exhibits EG, values of 23-47 nM
against a panel of the drug-resistant strainB.dilciparum In vivo, the inhibitor demonstrates
the favorable pharmacokinetic properties in botk ad mice. Furthermore, oral administration
of CHMFL-PI4K-127 exhibits the antimalaria efficagy both blood stage (80 mg/kg) and liver
stage (1 mg/kg) oPlasmodiumin infected rodent model. The results suggest @dMFL-

P14K-127 might be a new potential drug candidataralaria.
Keywords

P14K kinase, kinase inhibitor, malaria, blood stdyer stage
Abbreviations used

P. falciparum, Plasmodium falciparynP.yoelii, Plasmodium yoeliiPPI4K, Plasmodium
falciparum  phosphatidylinositol-4-kinase;  Pl4K,  phosphatidgkitol-4-kinase; PI,
phosphatidylinositol; PI4P, phosphtaidylinositopesphate; ATP, Adenosine Triphosphate;
SAR, structure-activity  relationship; DMAP,  4-(Dithglamino)pyridine;  THF,

Tetrahydrofuran; TEA, Triethylamine; DCM, Dichtonethane ; HATU, 1-



[Bis(dimethylamino)methylene]-1H-1,2,3-triazolo[4pfpyridinium 3-oxid

hexafluorophosphate; DIPEA,N-Diisopropyl-ethylamine; EtOAc, Ethyl acetate.
1. Introduction

Drug resistant malaria infections are still a sevéreat to the public health[1]. In clinic, there
is yet a great demand to seek novel chemotypesneithmechanisms of antimalaria in order to
overcome the drug resistance. In recent yearschewical entities with activity across different
life cycle stages of the malaria parasite and neghanisms of action have been identified[2-6].
Plasmodiumphosphatidylinositol-4-kinase[3, & one of the attractive drug discovery targets
due to its important roles in all stages of fRsmodiumlifecycle. In addition, it has been
expected that thBlasmodiunPI4K inhibitors would overcome the resistance reémisinin and
artemisinin-based combination therapies Rr falciparum malaria since they bear different
inhibition  mechanism[7-10]. Plasmodium PI4K catalyzes the phosphorylation of
phosphatidylinositol (PI) to produce the cellul&candary messenger phosphatidylinositol-4-
phosphate (P14P), subsequently initiating a caschdi®wnstream events to modulate a variety
of biological processes including secondary messesignaling, cellular membrane remodeling,
and vesicular trafficking[11]. A number &flasmodiumPIl4K kinase inhibitors with different
chemotypes such as MMV39004B[6], which is now under Phase Il clinical trial[1XAI407
(2)[13], KAI715 (3)[14], KDU731 @)[15], KDU691 6)[3], UCT943 6)[16], BRD73842 7)[17],
BQR695 g)[3], and 9[18] have been disclosed in patents and reseatdiearover the past
several years (Figure 1). In this study, we repugtdiscovery of a novel bipyridine-sulfonamide
chemotypePfPI4K inhibitor compound15g (CHMFL-PI4K-127), which is obtained from

optimizing a chloro-bipyridine chemotype baseddotnpoundl5a (Figure 2).
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Figure 1. Chemical structures of representatRlasmodiunPI4K inhibitors.

2. Results and discussion
2.1 Chemistry

The synthesis of compound$a-g was depicted in Scheme 1. The intermedia was
obtained from10a via N-Boc group protection1la) and Miyaura borylation reaction. The
pyrrolopyridine10b was protected with acetyl chloride to gii/&b, and then Miyaura borylation

reaction afforded the intermedial2b. 13 reacted with benzenesulfonyl chloride to provide



sulfonamidel4, which was then converted to compourdda-gthrough Suzuki-Miyaura cross
coupling reaction. As shown in Scheme 2, compou8isk were prepared from intermediate
14 through Suzuki-Miyaura cross coupling reactidr6){ hydrolysis of the esterl{), and
subsequent standard amide coupling reactions. $WMiylura cross coupling reaction df3
afforded the bipyridind.9, which was then acylated or sulfonated to providepound£20a-n

(Scheme 3).

Scheme 1Synthesis of Compound$a-d
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®Reagents and conditions: (a) (Bg2) DMAP, THF, reflux, 14 h; (b) bis(pinacolato)dion,

PdChL(dppfl, KOACc, dioxane, 80 °C, 10 h; (c) acetyl chlorideiEA, DCM, rt, 14 h; (d)



benzenesulfonyl chloride, pyridine, rt, 5 h; (ey fbba 15c-g arylboronic acid or ester,
Pd(PPh)4, KOACc, dioxane, 80 °C, 8 h; fdi5h: (i) 12a Pd(PPk)4, KOAc, dioxane, 80 °C, 8 h;

(i) 4 M HClin MeOH, MeOH, 2 h.

Scheme 2Synthesis of Compoundsa-K
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®Reagents and conditions: (a) arylboronic acid tare®d(PP¥)4, KOAc, dioxane, 80 °C, 8 h; (b)

NaOH, MeOH/HO, rt, 12 h; (c) amine, HATU, DIPEA, THF, rt, 14 h.
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®Reagents and conditions:  (a)N-methyl-5-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2
yhnicotinamide, Pd(PRJy, K,CO;s, dioxane, 100C, 8 h; (b) acyl chloride or sulfonyl chloride,

pyridine, rt, 6 h.

2.2. Structure-Activity Relationships (SAR) Expliana

The starting hit compounti5a (Figure 2A) was discovered by phenotypic testingirssgt the
3D7 P. falciparum blood stage parasite from the in-house generatedah kinase small
molecule library.15a displayed the weak antimalarial activity with an s5£@f 3940 nM.

However, 15a exhibited the acticvity again®fP14K kinase with an I of 7.7 nM in the



biochemical enzymatic assay. This suggested tiefpotent biochemicd?fPl4K activity of
compoundl5awas not transformed to the in cell anti-parasigvdy. Therefore, the primary
purpose of the hit-to-lead optimization is to ket PfPI4K kinase inhibitory activity and
meanwhile gain the antiparasite activity in cefl. drder to understand the binding mode of
compoundl5g it was docked into the genernt®dPl14K homology model (Figure 2B). After
careful analysis of the molecular modeling resuwits,found thafl5a ocuppied the ATP binding
pocket ofPfPI4K kinase. The pyrrolopyridine moiety (“Head” par Figure 2A) ofl5aformed
two hydrogen bonds with Vall357 and Thrl360 in tmege region (Figure 2B). The
sulfonamide moiety (“Tail” part in Figure 2A) adf5a also formed a hydrogen bond with
conserved residue Lys1308 (Figure 2B). The modelesylts indicated that in the “Tail” and
“Head” moiety there were still spaces to be furtblborated by medicinal chemistry. We then

chose to systematically optimize these moietestain a full spectrum of the SAR as illustrated

in Figure 2.
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Figure 2. lllustration of the SAR rationale. (A) Structuré @dmpoundsl5a-gand 18a-c (B)
Homology model ofPfPI4K with compoundl5a illustrating a key interaction in the ATP
binding pocket (PDB: 4DOL). Hydrogen bonds are ¢atid by green dash line to key amino
acid residues.

The in vitro antimalarial blood-stage activity wiested againd®. fdciparum using a SYBR
green-based 3DIP. falciparumassay[19]. Compoun8 (PfPI4K ICse: 1.5 nM)[3] was used as
the positive control in all experiments. The “Headbiety occupied the hydrophobic pocket
located proximal to the hinge binding regionRfP14K. Introduction of a nitrogen atorgb)

did not improve the potency agairi&t falciparum(Table 1). Addition of an acetyl group50
exhibited potent activity againgt falciparum Replacing the azaindole by a smaller moiety 3-
pyridine as inl5d let to decrease both the potency agathdtlciparumand againsPfPI4K. In
addition, replacing the azaindole Bypyridine as inl5e resulted in significant activity loss
against botlP. falciparumandPfPI4K, suggesting that this nitrogenlibais required for potent
antimalarial activity. Interestingly, replacing thazaindole by a smaller moiety N-
methylpyrazole 15f) retained the activity against bd#n falciparumandPfPI4K. Unfortunately,
replacement of the azaindole by pyrrole carboxar(ii8e) led to significant activity loss against
both P. falciparumandPfPI4K. Based on this primary SAR study, we rededigtiee “Head”
moiety in order to improve the potency against BthalciparumandPfPI4K.

We intitially redesigned compound®g, 18b and18cto explore the relationship between the
hinge binding interations with the “Head” moietydatne antimalarial activity (Table 138b did
not have the hinge binding hydrogen bond acceptatooor in the phenyl ring of the “Head”
moiety. Therefore, itlid not display the activity against badéh falciparumand PfP14K (Table

1). Compoundsl5g and 18c were introduced a hydrogen bond acceptor nitrcggem in the



phenyl ring of “Head” moiety. CompouriBc which has the hydrogen bond acceptor nitrogen
atom in the “Head” moiety similar tb5e did not display activity against bokh falciparumand
PfPI4K either.15g with the hydrogen bond acceptor nitogen atom én“thead” moiety a4 5b,

15¢ 15d and 15f displayed significantly improved activity againspth P. falciparum and
PfPI4K. These results suggested that the positionitadgen atom on the phenyl ring in the
“Head” moiety, which formed a hydrogen bond withde binding region iPfPI4K kinase, was
critical to the efficiency of parasite inhibitiomhese results correlated well with the analysis

obtained from the docking experiments.

Table 1 In Vitro Blood-Stage Antimalarial Activity and Bchemical Activity againdefPI4K

Compd. 3D7 (EGo: NM)? PfPI4K (ICse: NM)°
5 41.1+1.1 1.6+0.0
15a 394041850 7.7£0.3
15b 4670+1580 5.6+1.2
15¢c 1050+270 8.1+0.3
15d 4710+1200 12.7+1.5
15e >10000 >156
15f 1490+ 150 10.0+0.6
15g 25.14+0.1 0.9+0.1
18a >10000 >156
18b >10000 >156
18c >10000 >156




3ECsp values are the average of at least three detetioisaeach carried out in triplicat4Cso

values are the average of at least three deterimisaach carried out in triplicate.

On the basis of these results, we then investighedarboxyamide moiety in compouh8ig
Replacing the methylamina 15g by larger groups such as ethylamii@d) and ethyldiamine
(189 led to 10-fold decrease of the antimalarial agti{Table 2). Notably, more ionizable
moieties propanediaminel&f) and dimethylpyrrolidine 18g) in R' resulted in significant
antimalarial activity loss. In addition, larger mg@hobic aromatic groups replacemeb8H-k)
also resulted in antimalarial activity loss. Thessults indicated that a bulkier hydrophobic

group was unfavorable at this position.

Table 2 In Vitro Blood-Stage Antimalarial Activity and Bchemical Activity againdPfPI4K

Compd. R 3D7 (EGq NM)? PfPI4K (ICsg: NM)°
(o]
18d I 120+1 2.3+0.3
HN”\
0O
18e E’ﬁN 13043 13.8+0.8
/\/NHz
0 NH
18f §/§N { 2 >10000 >40
(o]
189 WZ\‘ N@ _ >10000 >156
"




o
18h EJLNQ 3680 145.1+1.3
H

0 F
18 “«HLNQ >10000 >156
H
0]
18 E)LN@ >10000 >156
H F
0]

18k EA”/\Q 3570+2190 8.5+0.3

3ECso values are the average of at least three detetiorisaeach carried out in triplicat4Cso

values are the average of at least three deternmmsatach carried out in triplicate.

We next investigated the effect of various fragraantthe “Tail” moiety for antimalarial
activities while retaining the “Head” moiety as ibg (Table 3). Replacing the sulfonamide
moiety in 15g by carboxamide moiety as RDa led to significant activity loss against bdeh
falciparumandPfPI4K, indicating that the sulfonamide group is fealde for forming hydrogen
bonds withPfPI4K kinase. Replacing the benzenesulfonamide mamet5g by the smaller and
flexible aliphatic sulfonamide such 88b and20c resulted in significantly decreased activities.
These results indicated that the aromatic groupm@® favorable than aliphatic group to form
the van de Waals interactions wiBfPI4K kinase. Replacement of the benzenesulfonamide
moiety in 159 by dihydrobenzofuran sulfonamiaes in 20d decreased the antimalarial activity
(EGso: 340 nM vs 25.1 nM). However, the activity wagyklly affected when monosubstituted
benzenesulfonamid@@e-f) and disubstituted benzenesulfonamig@g-h) was introduced. It is
noteworthy that a significant loss of antimalarigiotency was observed for the
difluorobenzenesulfonamide as 20i, but 20i still displayed strong inhibition againBfPI14K

kinase. The ortho-trifluoromethyR0j) and para-trifluoromethyl2Ql) in R? were observed to



show slight antimalarial activity decrease compasgtth that of 15g Unfortunately, the meta-
trifluoromethyl group 20K) led to significant activity loss. Further increasf the substituent
size by attaching a phenyl group at the “Tail” mpi€20m-n) both caused significant activity
loss. It is noteworthy that compoun®8i, 20k, 20m, and20n did not exhibit strong antimalarial
efficacy though they displayed potent in vitro Wiemical PfPI4K inhibitory activity. This

indicated that there might be some cellular petietraor solubility problem with them.

Surprisingly, the biochemically weak inhibit@0l showed strong antimalarial activity. We

suspected that this compound might bear unknowtaodets forP. falciparum

Table 3. In Vitro Blood-Stage Antimalarial Activity and Bchemical Activity againgPfPI4K

(@) NH
7
R? | XN
N
Compd. R 3D7 (EGo nM)? | PfPI4K (ICsg: nM)°
(0]
20a ©/‘LH7% >10000 >156
Qo
20b NN 3500 52.6+1.2
H
Qo
20c A~ 480+40 13.242.4
H
Qo
20d (US:”}L 340420 45+1.0
(o]




(0]
||,/O‘1i
20e /@/ \H/ 71+4 1.620.1
Cl
Qo
20f /@ N 3941 1.240.2
H
n_0
20g /@C\H}z 3945 2.2+0.4
26
20h @[S\H/ 12041 1.240.2
Cl Cl
26
20i QS\”/ 3400 0.420.0
F F
. ('s?:/o/z
20j @[ N 87+3 0.5+0.0
CF,
(0]
s
20k ©/ N 3500 2.5:0.0
CFs
(@]
§9 5,
20 /@/ N 130+1 >156
Ot
20m O S 7700 7.5+1.0
H
(e}
§0%
20n N 5880 8.8+0.4

3ECsp values are the average of at least three detetionisaeach carried out in triplicat4Cs

values are the average of at least three deterimisaeach carried out in triplicate.



To better understand the binding mode of compdLbgl we then docked it into the generated
PfPI4K homology model via molecular modeling (Figud&, B). The modeling results
suggested that5g was accommodated in the ATP-binding pocket (Figdke B). The NH of
nicotinamide group in5gformed a hydrogen bond with the side chain of BBflin the hinge
region (Figure 3A). The nitrogen atom of nicotindmigroup in15g also formed a hydrogen
bond with the backbone of Vall357 in the hinge sagiFigure 3A). The sulfonamide moiety
formed a hydrogen bond with conserved residue L§81@F-igure 3A). The chloropyridine
moiety pointed to the hydrophobic pocket, which iasned by the side chains of residues
lle1354, Leul313 and Glul316, and interacted thnailhg van der Waals interactions (Figure
3B). The edge of pyridine in chloropyridine moietgs adjacent to the side chain of Tyr1342. It
was possible to form edge to face interactions[@yure 3B). Base on the binding mode
analysis, the side chains of Tyr1342 and Thr13@9ed important roles in the interactions with
compoundl5g We then generated the PI4K Y1342] and Pl4K Y13RP360A mutant kinase
P. falciparumstrains from wild type 3DP. falciparumby CRISPR/Cas9 system (Figure 3C).
15gwas 2-fold more potent against muténtfalciparumPIl4K Y1342] strain than wild typ8D7
P. falciparum indicating that the interactions between the i@pgridine moiety inl5g and the
side chain of Tyr1342 were unfavorable. In additibhg displayed 24-fold less activity against
P. falciparumPIl4K Y1342I-T1360A strain thaR. falciparumPIl4K Y1342I strain, indicating
that the hydrogen bond interaction between the sdain of Thrl360 and the NH of

nicotinamide group il5gwas necessary.
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Figure 3. (A, B) 15g was docked into the homology modelRiPI14K (PDB:4DOL).PfPI14K
kinase was displayed in whité5gwas labeled in color by atoms (carbon in yellowirogen in
blue, oxygen in red, and chlorine in green). Thdrogen bonds were labeled as green dashed
lines. The key amino acid residues for the intéoastwere labeled as follows: carbon in green,
nitrogen in blue, and oxygen in red. (C) In vitrtodd-stage antimalarial activity againSt

falciparumPI14K mutant strains df5g

2.3. Selectivity of Compour8g between Human Kinases and PfPI14K

The ADP-glo biochemical assay with purified enzynoéshuman lipid kinase PI3Ks and
Pl14Ks demonstrated tha6g exhibited over 100-fold selectivity against PEBKPI3K3, PI3Ky
and PI4KIIIA (Table 4)15galso exhibited over 400-fold selectivity againgK3, VPS34 and

P14KIIIB. In addition,15g did not show apparent activity against PIK3C2A &iH3C2B. To



further characterize the kinome-wide selectivitpfpe of 159 in the human kinases, we next
performed a selectivity analysis &bg using DiscoveRx’s KINOMEscan technology[21bg
exhibited high selectivity among 468 kinases/mgamnésted with a S score (1) =0
(Supplementary Table 1). This indicated that thenzalarial activity of 159 derives from the
inhibition of P. falciparumtarget kinase and meanwhilég exhibited good selectivity over

kinases of human host.

Table 4.Selectivity of Compound5gagainst PI3Ks, PI4Ks arffPI4K (ICsq: nM)?

Compd.15g Compd.5

PI3Ka 191+ 36 >10000
PI3KpB 392+ 27 2728t 32
PI3KS 104+3 3096t 117
PI3Ky 324+19 591732
PIK3C2A >10000 >10000
PIK3C2B >10000 >10000
VPS34 681+25 9199+ 382
P14KIIIA 165+29 1416+100

P14KIIIB 433+18 >10000
PiPI14K 0.9+0.1 1.6+0.0

8Cso values were obtained by triplet testings.
2.4. Activity of Compountbg against Drug Resistant Strains of P. falciparum
We then evaluated compourdg against the multidrug-resistant strains Rof falciparum

(Dd2, 803, 6320, GB4, FAB9, C2A, D10, PC26, and &)aising the SYBR green assay. As



shown in Table 5, all the tested resistant straff3. falciparumshowed sensitivity towardbg

In addition,15gdisplayed slightly better activity against the giresistant strains thdm

Table 5. Activity of Compoundl15g against the Drug-resistant StrainsRoffalciparum(ECso:

nM)?
P. falciparumstrains Drug resistance 15g 5
3D7 SFX 25.1+0.1 41.11.1
Dd2 MEF, CQ, PYR 30.3+0.2 46.72.5
803 ART 30.9+3.3 41.8-0.5
6320 ART, PPQ 24.7+0.2 33.6:5.7
GB4 unknown 47.8+5.0 39.2£16.5
FAB9 CQ 23.6+4.8 44.8+12.3
C2A PYR, CQ 28.0+4.0 33.740.3
D10 CQ 28.0+3.0 43.9+1.2
PC26 PYR, CQ 44.0+2.2 54.9t2.1
CP286 PYR, CQ 24.1+0.5 31.9t2.9

®ECso values were obtained by triplet testings. SFXplkatioxine. CQ, chloroquine; MEF,

mefloquine; PYR, pyrimethamine; PPQ, piperaquinespihate; ART, artmisinin.

2.5. Pharmacokinetic Properties in Rats and Mic€ofmpoundl5g

The pharmacokinetic properties of compoudd) were evaluated in Sprague-Dawley rats and
mice following intravenous and oral administratidrable 6).15g exhibited a fast absorption,
large volume of distribution, and favorable orabdorailability (F = 89%) when dosed orally in

rats. It also displayed a propen,lof 2.9 h in rats. In addition15g exhibited similar



pharmacokinetic properties in mice when dosed yralis indicated that5gwould be suitable

for oral administration for in vivo study.

Table 6. In Vivo Pharmacokinetic Properties of Compouh8lg in Rats and Mice through

Intravenous and Oral Administratibn

Rats Mice
IV (2 mg/kg) PO (10 mg/kg) IV (1 mg/kg)] PO (10 mgjk
AUCo. 2162.9+766.8 10266.4+1944.1] ~ 327.4+7111  2631.09490.
(ng/mL*h)
AUCo.. 2168.0+763.1 10331.7+1956.9|  291.6+322  2382.0+420.0
(ng/mL*h)
MRT 0.0 () 1.0+0.6 4.3+0.7 3.1+1.9 4.4+1.0
Coax(Ng/mL) | 5010.5+105.9 4335.8+1142.5 718.3191.8  168957.0
Vz (Likg) 2.640.2 2.240.3 12.1+2.9 20.2 +4.9
CLz (Uh/kg) 0.5£0.1 0.540.1 3.140.6 3.940.8
Tmax(h) 0.0240.0 0.830.29 0.03+0.0 0.1940.10
Tua(h) 3.5:2.8 2.940.3 2.7 +0.2 3.640.9
F i 89% i 80%

8All testing data were obtained from three independaice (+SD).

2.6. In Vivo Blood-Stage and Liver-Stage Efficatompoundl5g in Rodent Malaria Model

In vivo blood-stage efficacy studies of compouttsty on a murineP. yoelii model[22-24]

(Balb/c) were then investigated. ilmese in vivo experiments, the Balb/c mice weredtdd byP.

yoelii. After 24 h, oral administration dfbgwere started in mice using fixed doses of 60 &hd 8

mg/kg/day for consecutive 7 daykbg displayed significant in vivo antimalarial acties in a

dose-dependent manner and 80 mg/kg x7 days treatjeaprated curative effects (Figure 4).



The 60 mg/kg dosage resulted in suppressive eftkeiag the drug treatment but relapsed after
stopping treatment.

The investigation of in vivo liver-stage efficaclyIbgwas conducted with a real-time in vivo
imaging system utilizing a transgenic bioluminedcparasite[25-27] (Figure 5). Mice were
treated once by oral administrationldfgat 1 mg/kg, 5 mg/kg and 15 mg/kg respectively ht 2
before inoculated with 5000 luciferase-expresdtdpergheisporozoites intravenously through
the tail vein. The mice underwent imaging for lec#se activity at 24, 48, 72, 96, 144, and 196 h
after the infection for liver-stage development aatd72 h for blood-stage infection. Strong
bioluminescence signals were detected in untreate® at both 24 and 48 h in the area
overlying the liver, followed by an intense sigmalthe whole body of mice at 72 h, resulting
from infection in the peripheral blood circulatidtbg provided the full protection and cure at 1
mg/kg with no negligible parasite visible in thedi of all tested mice at 24, 48, 72, 96, 144 and
196 h, indicating true causal prophylactic efficalptably, all treated mice were cured with no

blood-stage parasites up to day 8.
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Figure 4. Efficacies of compound5g in the in vivo blood-stage on a murife yoeliimodel.

Dosing was started on day 1 after infection.

Compd. 15¢g Compd. 5

5 mg/kg 15 mg/kg

24h
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Figure 5. Efficacies of compound5gin liver-stage on mice infected with luciferase-eegsing
P. bergheisporozoites. Mice were given a single oral dosg wig/kg, 5 mg/kg, and 15 mg/kg of

15gat 2 h before sporozoite infection.

3. Conclusions



In summary, we have discovered a novel chemotypedi#P14K kinase inhibitor compound
15g which exhibited potent enzyme and parasite indiiliactivities. In addition, it displayed
highly selectivity over human lipid and protein &ses which indicated better therapeutic safety
window. 15g also showed activity across a panel of clinicalgdresistant isolates and therefore
might have a low risk for pre-existing cross-remiste. In the blood-stage malaria modeig
resulted in 100% elimination in parasitemia at 8@kyg. In the liver-stage malaria modébg
also provided full protection and cure at 1 mg/kbe overall profiles ofl5g suggested that it
might be potentially good drug candidate for treatment of malaria, and further investigation is

in progress.
4. Experimental section

4.1. Chemistry.

All reagents and solvents were purchased from cawialesources and were used as received
unless specified otherwise, or prepared as destribehe literature. All moisture sensitive
reactions were carried out using dry solvents undkeapure argon protection. Glassware was
dried in an oven at 140 °C for at least 12 h ptiouse and then assembled quickly while hot,
sealed with rubber septa, and allowed to cool uldstream of argon. Reactions were stirred
magnetically using Teflon-coated magnetic stirringrs. Commercially available disposable
syringes were used for transferring the reagentssatvents. HPLC-MS were performed on an
Agilent 6224 TOF using an ESI source coupled toAgient 1260 Infinity HPLC system
operating in reverse mode with an Agilent XDB-CX8umn (4.6 x 50 mm, 1.8m) using a
water/acetonitrile (each with 0.2% (v/v) formic @cigradient at a flow rate at 0.4 mL/mit
and **C spectra were recorded with a Bruker 500 MHz NMfRcsrometer and referenced to

deuterated methanol (GOD), deuterated dimethyl sulfoxide (DMS#g or deuterated



chloroform (CDC}). Chemical shifts are expressed in ppm. In the NfgBulation, s indicates
singlet; d, doublet; t, triplet; g, quartet and multiplet. Flash column chromatography was
conducted using silica gel (Silicycle40—-g4dn). The purities of all final compounds were
determined to be above 95 % by HPLC.

4.1.1. tert-Butyl 5-bromo-1H-pyrazolo[3,4-b]pyridiriL-carboxylate {1a). To a solution ofLlOa
(770 mg, 3.88 mmol, 1.0 equiv) in THF (10 mL) wakled (Boc)O (930 mg, 4.3 mmol, 1.1
equiv) and DMAP (10 mg, 0.08 mmol, 0.02 equiv yaim temperature under argon. Then the
reaction mixture was heated to reflux for 14h. Tésulting mixture was concentrated to crude
product, which was purified by flash chromatograjéhting with MeOH in DCM 0-10 %) to
give 11aas a white solid (783 mg, 68%)X NMR (500 MHz, DMSO«dg) § 8.80 (d,J = 2.3 Hz,
1H), 8.63 (d,J = 2.3 Hz, 1H), 8.44 (s, 1H), 1.66 (s, 9FC NMR (126 MHz, DMSOdg) &
151.15, 149.47, 137.89, 133.63, 132.47, 119.71,2#1585.06, 28.06. LC-MS (ESI, m/z):
298.0227 [M+H].

4.1.2. 1-(5-Bromo-1H-pyrrolo[2,3-b]pyridin-1-yl)edim-1-one {1b). To a solution ofLtOb (5 g,
25.4 mmol, 1.0 equiv) in DCM (80 mL) was added TE&A6 mL, 30.5 mmol, 1.2 equiv) at 0 °C
under argon. Then a solution of acetyl chloridd (&L, 30.5 mmol, 1.2 equiv) in DCM (5 mL)
was slowly added. The reaction mixture was stiaetbom temperature for 14 h. The resulting
mixture was diluted with DCM (100 mL), washed witlater (2x50 mL), brine (50 mL) and
dried over anhydrous MgSOEvaporation of the solvent provided the crudedpod, which was
purified by flash chromatography (eluting with Et©# hexance 0-5 %) to givELb as a white
solid (4.1 g, 68%)*H NMR (500 MHz, DMSO#g) ¢ 8.45 (d,J = 2.2 Hz, 1H), 8.31 (dJ = 2.3

Hz, 1H), 8.02 (dJ = 4.1 Hz, 1H), 6.74 (d] = 4.1 Hz, 1H), 2.93 (s, 3H)YC NMR (126 MHz,



DMSO-ds) 0 168.53, 146.04, 144.34, 132.32, 127.50, 125.6@,761 105.74, 25.89. LC-MS
(ESI, m/z): 238.9835 [M+H]

4.1.3. Compound?2b was prepared following the synthetic proceduré&2af.

4.1.3.1. tert-Butyl 5-(4,4,5,5-tetramethyl-1,3,2xborolan-2-yl)-1H-pyrazolo[3,4-b]pyridine-
1-carboxylate 12a). To a solution ofLl1a (2.5 g, 8.4 mmol, 1.0 equiv) in anhydrous diox&s@
mL) was added bis(pinacolato)diboron (4.2 g, 21rBah 2.0 equiv), PdG(dppf) (201 mg, 0.25
mmol, 0.03 equiv) and KOAc (2.5 g, 25.2 mmol, 3duig) at room temperature under argon.
Then the reaction mixture was heated to 80°C foh.1The resulting mixture was concentrated
to afford the crude product, which was purifiedflagh chromatography (eluting with EtOAc in
hexance 0-10 %) to givé2a as a white solid (2.2 g, 75%)H NMR (500 MHz, DMSO#) ¢
8.87 (d,J = 1.6 Hz, 1H), 8.61 (d] = 1.6 Hz, 1H), 8.47 (s, 1H), 1.35 (s, 12H), 1.889H).°C
NMR (126 MHz, DMSO€dg) 0 155.55, 152.99, 147.48, 139.03, 138.38, 117.8%B41.70,
28.09, 25.10. LC-MS (ESI, m/z): 346.1921 [M+H]

4.1.3.2. 1-(5-(4,4,5,5-Tetramethyl-1,3,2-dioxabarsR-yl)-1H-pyrrolo[2,3-b]pyridin-1-
yl)ethan-1-one 12b). Yield=78% *H NMR (500 MHz, DMSOds) J 8.59 (d,J = 1.5 Hz, 1H),
8.32 (d,J = 1.6 Hz, 1H), 7.98 () = 16.4 Hz, 1H), 6.80 (] = 6.1 Hz, 1H), 2.99 (s, 3H), 1.34 (s,
12H). *C NMR (126 MHz, DMSOdg) § 168.85, 149.69, 149.27, 136.54, 126.02, 123.45,
106.60, 84.43, 83.27, 26.11, 25.28. LC-MS (ESI,)n287.1574 [M+H].

4.1.4. N-(5-Bromo-2-chloropyridin-3-yl)benzenesnémide (4). To a solution of13 (3.0 g,
14.52 mmol, 1.0 equiv) in anhydrous pyridine (30)mlas added benzensulfonyl chloride (2.8
g, 15.98 mmol, 1.1 equiv) at room temperature uaglgon. The reaction mixture was stirred at
room temperature for 5 h. Then the resulting mixtwas diluted with water. The precipitate was

filtered and dried to givé4 as an off-white solid (3.7 g, 75%H NMR (500 MHz, DMSOds) &



10.63 (s, 1H), 8.42 (d, = 2.3 Hz, 1H), 7.93 (d] = 2.3 Hz, 1H), 7.81 — 7.76 (m, 2H), 7.72 — 7.68
(m, 1H), 7.65 — 7.58 (m, 2H’C NMR (126 MHz, DMSOde) 6 147.61, 144.86, 140.16, 137.79,
133.90, 132.40, 129.95, 127.08, 118.90. LC-MS (ESt): 346.9235 [M+H].

4.1.5. Compoundssh-g were prepared following the synthetic proceduré .

4.1.5.1. N-(2-Chloro-5-(1H-pyrrolo[2,3-b]pyridin-$hpyridin-3-yl)benzenesulfonamidel5g).
To a solution of14 (150 mg, 0.43 mmol, 1.0 equiv) in dioxane (5 mLaswvadded M-
pyrrolo[2,3-b]pyridin-5-yl)boronic acid (76 mg, 4mmol, 1.1 equiv) at room temperature
under argon. Then KOAc (128 mg, 1.3 mmol, 3.0 egand Pd(PP#)4(46 mg, 0.04 mmol, 0.1
equiv) were added. The reaction mixture was degasgeargon, and then heated to 80 °C for 8
h. The resulting mixture was concentrated to drgn@$e residue was diluted with water (30
mL) and extracted with EtOAc (3x30 mL). The combinerganic layers were washed with
water (50 mL), brine (50 mL) and dried over anhydrdNaSO,. Evaporation of the solvent
provided the crude product, which was purified laglh chromatography (eluting with MeOH in
DCM 0-5%) to give compounti5aas a white solid (97 mg, 59%H NMR (500 MHz, DMSO-
de) 6 11.89 (s, 1H), 10.46 (s, 1H), 8.62 (o= 2.3 Hz, 1H), 8.25 (d] = 1.0 Hz, 1H), 8.23 (d] =

2.0 Hz, 1H), 7.97 (dJ = 2.3 Hz, 1H), 7.83 — 7.80 (m, 2H), 7.70J& 7.4 Hz, 1H), 7.62 () =

6.8 Hz, 2H), 7.51 — 7.48 (m, 1H), 6.50 (= 2.0 Hz, 1H).**C NMR (126 MHz, DMSOds) ¢
150.42, 148.96, 148.66, 144.87, 144.64, 141.64,6040.35.29, 133.64, 129.85, 128.04, 127.20,
126.98, 126.70, 100.99. LC-MS (ESI, m/z): 385.09@3+ H]".

4.1.5.2. N-(2-Chloro-5-(1H-pyrazolo[3,4-b]pyridinmy8)pyridin-3-yl)benzenesulfonamidé&5p).
Step 1: Followed the synthetic procedureldf Step 2: To a solution of the intermediate in
MeOH (1 mL) was added 1 mL of HCI (4 M in MeOH) raom temperature. The reaction

mixture was stirred at room temperature for 2 he Tésulting mixture was concentrated to give



the crude product, which was purified by flash chatography (eluting with MeOH in DCM 0-
10%) as a yellow solid (two steps, 53%). NMR (500 MHz, DMSOs) § 13.87 (s, 1H), 10.49
(s, 1H), 8.80 (s, 1H), 8.65 (s, 1H), 8.54 (s, 181p8 (s, 1H), 8.05 (s, 1H), 7.79 @= 7.1 Hz,
2H), 7.69 (d,J = 6.3 Hz, 1H), 7.61 (d) = 6.7 Hz, 2H). ®C NMR (126 MHz, DMSOds) J
152.04, 148.21, 145.53, 145.31, 140.39, 134.57,383434.25, 133.78, 131.20, 129.90, 129.03,
127.21, 124.73, 114.98. LC-MS (ESI, m/z): 386.00@6H)] *.

4.1.5.3. N-(5-(1-Acetyl-1H-pyrrolo[2,3-b]pyridin-$)-2-chloropyridin-3-yl)benzenesulfonamide
(15€). Yield=59%.H NMR (500 MHz, DMSO¢s) 6 9.01 (d,J = 2.3 Hz, 1H), 8.72 (d] = 2.2
Hz, 1H), 8.53 (d,) = 2.3 Hz, 1H), 8.49 — 8.47 (m, 1H), 8.14 — 8.08 2iH), 7.83 — 7.79 (m, 2H),
7.74 — 7.70 (m, 2H), 6.58 (dd= 3.5, 1.9 Hz, 1H), 1.99 (s, 3H). 129.64 Jc 16.7 Hz), 128.10,
127.50, 127.21, 120.20, 100.92, 24.8%C NMR (126 MHz, DMSOds) 6 169.49, 142.16,
141.66, 139.43, 138.86, 136.37, 135.09, 131.52,882929.70, 129.57, 128.10, 127.50, 127.21,
122.77, 120.20, 100.92, 24.89. LC-MS (ESI, m/z){ .8851[M+HT] .

4.1.5.4. N-(6-Chloro-[3,3'-bipyridin]-5-yl)benzend®namide {5d). Yield=61%.*H NMR (500
MHz, DMSO-dg) 6 8.90 (d,J = 1.8 Hz, 1H), 8.71 — 8.64 (m, 2H), 8.11 (ddd; 8.0, 2.4, 1.6 Hz,
1H), 8.04 (dJ = 2.3 Hz, 1H), 7.82 — 7.78 (m, 2H), 7.73 — 7.68 (H), 7.64 — 7.61 (m, 2H),
7.58 — 7.56 (m, 1H)**C NMR (126 MHz, DMSOdg) 5 150.16, 148.13, 146.02, 145.35, 140.41,
135.05, 134.32, 133.74, 133.27, 129.88, 129.39,1827126.06, 124.58. LC-MS (ESI, m/z):
346.0431[M+H].

4.1.5.5. N-(6-Chloro-[3,4"-bipyridin]-5-yl)benzendonamide {5€). Yield=58%.'"H NMR (500
MHz, DMSO-dg) 6 8.75 — 8.69 (m, 3H), 8.09 (d,= 2.3 Hz, 1H), 7.78 (dt] = 8.6, 1.6 Hz, 2H),

7.73 (ddJ = 4.5, 1.7 Hz, 2H), 7.71 — 7.67 (m, 1H), 7.62 587(m, 2H).*C NMR (126 MHz,



DMSO-ds) 0 150.94, 146.85, 145.43, 142.80, 140.38, 134.28,78B3 133.35, 131.56, 129.90,
127.16, 121.83. LC-MS (ESI, m/z): 386.0445[M+H]

4.1.5.6. N-(2-Chloro-5-(1-methyl-1H-pyrazol-4-yljgin-3-yl)benzenesulfonamide  15f).
Yield=50%.*H NMR (500 MHz, DMSOsds) 6 10.35 (s, 1H), 8.51 (] = 3.2 Hz, 1H), 8.29 (s,
1H), 7.92 (s, 1H), 7.88 (d, = 2.3 Hz, 1H), 7.78 (d) = 8.6, 1.7 Hz, 2H), 7.71 — 7.66 (m, 1H),
7.62 — 7.58 (m, 2H), 3.90 (s, 3HJC NMR (126 MHz, DMSOds) & 143.61, 143.23, 140.43,
136.88, 133.68, 132.11, 131.15, 129.82, 129.26,1927117.13, 39.26. LC-MS (ESI, m/z):
349.0547 [M+H].

4.1.5.7. 6'-Chloro-N-methyl-5'-(phenylsulfonamid®)3'-bipyridine]-5-carboxamide  15g).
Yield=76%.*H NMR (500 MHz, DMSO#€g) § 10.54 (s, 1H), 9.10 — 9.00 (m, 2H), 8.81 (dc
8.8, 4.2 Hz, 1H), 8.73 (1 = 4.6 Hz, 1H), 8.48 () = 2.1 Hz, 1H), 8.17 (d] = 2.3 Hz, 1H), 7.80
(dd,J = 8.3, 1.1 Hz, 2H), 7.72 (ddi,= 8.6, 7.0, 1.3 Hz, 1H), 7.61 (dd= 10.6, 4.8 Hz, 2H),
2.90 (t,J = 5.6 Hz, 3H)."*C NMR (126 MHz, DMSQdg) ¢ 165.25, 150.13, 148.85, 146.47,
145.62, 140.36, 134.95, 133.76, 133.53, 132.77,3¥31130.91, 130.57, 129.86, 127.18, 26.69.
LC-MS (ESI, m/z): 403.0675 [M+H]

4.1.6. Compound¥sb-d were prepared following the synthetic proceduréGz.

4.1.6.1. Methyl 4-(6-chloro-5-(phenylsulfonamida)gin-3-yl)-1H-pyrrole-2-carboxylate 16a).

To a solution oft4 (150 mg, 0.43 mmol, 1.0 equiv) in dioxane (5 mLasaadded methyl 4-
(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yh-pyrrole-2-carboxylate (122 mg, 0.47 mmol, 1.1
equiv) at room temperature under argon. Then KOA28(mg, 1.3 mmol, 3.0 equiv) and
Pd(PPh)4 (46 mg, 0.04 mmol, 0.1 equiv) were added. The r@aanixture was degassed by
argon and then heated to 80 °C for 8 h. The reguhiixture was concentrated to dryness. The

residue was diluted with water (30 mL) and extrdotgth EtOAc (3x30 mL). The combined



organic layers were washed with water (50 mL), ér{®0 mL) and dried over anhydrous
NaSOy,. Evaporation of the solvent provided the crudedpod, which was purified by flash
chromatography (eluting with MeOH in DCM 0-5 %) gove 16a as a white solid (102 mg,
61%).*H NMR (500 MHz, DMSOsg) 6 12.32 (s, 1H), 10.29 (s, 1H), 8.56 (b= 2.3 Hz, 1H),
7.88 (d,J = 2.3 Hz, 1H), 7.74 (dd] = 5.2, 3.3 Hz, 2H), 7.70 — 7.66 (m, 1H), 7.63 (dd; 3.1,
1.8 Hz, 1H), 7.58 (ddj = 10.6, 4.8 Hz, 2H), 7.27 — 7.15 (m, 1H), 3.8131). :°C NMR (126
MHz, DMSO-dg) 0 161.03, 143.71, 143.25, 140.55, 133.61, 132.20,083 131.01, 129.80,
127.15, 123.88, 122.83, 120.21, 112.67, 51.79. LE(ESI, m/z): 392.0462 [M+H]

4.1.6.2. Ethyl 3-(6-chloro-5-(phenylsulfonamido)pim-3-yl)benzoate 16b). Yield=74%. ‘H
NMR (500 MHz, DMSO#ds) 6 10.49 (s, 1H), 8.62 (d = 2.3 Hz, 1H), 8.12 (t) = 1.6 Hz, 1H),
8.04 — 8.02 (m, 1H), 7.95 (d,= 2.3 Hz, 1H), 7.82 — 7.78 (m, 2H), 7.69 (@t 14.1, 4.8 Hz,
2H), 7.64 — 7.60 (m, 3H), 4.41 — 4.36 (m, 2H), 1:34.35 (m, 3H)*C NMR (126 MHz,
DMSO-dg) 6 165.78, 145.70, 145.23, 140.34, 136.05, 135.1G6,973 133.78, 132.13, 131.42,
131.35, 130.31, 129.89, 129.78, 127.73, 127.1816114.62. LC-MS (ESI, m/z): 417.0654
[M+H] ™.

4.1.6.3. Methyl 6-chloro-5-(phenylsulfonamido)-[3)pyridine]-2'-carboxylate  16c).
Yield=65%.'H NMR (500 MHz, DMSOds) ¢ 10.57 (s, 1H), 8.85 (dd,= 5.0, 0.5 Hz, 1H), 8.78
(t, J = 1.8 Hz, 1H), 8.73 (dt) = 11.8, 5.9 Hz, 2H), 8.01 (dd,= 5.1, 1.9 Hz, 1H), 7.80 (df,=
3.2, 2.4 Hz, 2H), 7.74 — 7.69 (m, 1H), 7.64 — 7(69 2H), 3.91 (s, 3H). LC-MS (ESI, m/z):
404.0490 [M+H].

4.1.6.4. Ethyl 6'-chloro-5'-(phenylsulfonamido)33bipyridine]-5-carboxylate  16d).
Yield=58%.*H NMR (500 MHz, DMSOds) 6 10.52 (s, 1H), 9.14 (dd} = 10.9, 2.1 Hz, 2H),

8.70 (d,J = 2.3 Hz, 1H), 8.46 (1 = 2.1 Hz, 1H), 8.05 (d] = 2.3 Hz, 1H), 7.79 — 7.75 (m, 2H),



7.71 — 7.67 (m, 1H), 7.64 (dd,= 5.5, 1.8 Hz, 2H), 4.41 (qd,= 7.1, 3.8 Hz, 2H), 1.40 — 1.36
(m, 3H).®C NMR (126 MHz, DMSOds) § 164.88, 152.16, 150.25, 146.54, 145.53, 140.44,
135.37, 133.74, 131.99, 131.91, 129.87, 129.27,1829127.19, 61.95, 14.58. LC-MS (ESI,
m/z): 418.0653 [M+H].

4.1.7. Compounds7b-d were prepared following the synthetic proceduré z.

4.1.7.1. 4-(6-Chloro-5-(phenylsulfonamido)pyridinA3-1H-pyrrole-2-carboxylic acidi7a). To

a solution ofl6a (100 mg, 0.25 mmol, 1.0 equiv) in MeOH (1 mL) wadded 1 mL of NaOH
solution (1 N, 1.0 mmol, 4.0 equiv) at room temper@a under argon. The reaction mixture was
stirred at room temperature for 12 h. The resultimgture was concentrated to dryness. The
residue was diluted with water and 1 M HCI solutwas added to adjust the pH around 4. The
precipitate was filtered and dried to git@aas an off-white solid (89 mg, 92%H NMR (500
MHz, DMSO-dg) 6 12.17 (s, 1H), 8.54 (d, = 2.3 Hz, 1H), 7.84 — 7.76 (m, 3H), 7.71 — 7.65 (m
1H), 7.62 — 7.54 (m, 3H), 7.12 — 7.07 (m, 1L NMR (126 MHz, DMSOds) 5 162.03,
143.36, 143.24, 140.68, 133.51, 131.82, 131.35,2B31129.76, 127.18, 125.13, 122.11, 119.98,
112.19. LC-MS (ESI, m/z): 378.0356 [M+H]

4.1.7.2. 3-(6-Chloro-5-(phenylsulfonamido)pyridinA3benzoic acid 17b). Yield=89%. 'H
NMR (500 MHz, DMSO#€) § 8.62 (d,J = 2.3 Hz, 1H), 8.13 (s, 1H), 8.05 @= 7.8 Hz, 1H),
7.96 — 7.91 (m, 2H), 7.81 (dd= 9.2, 8.0 Hz, 2H), 7.73 — 7.65 (m, 2H), 7.62(, 7.7 Hz, 2H).
¥C NMR (126 MHz, DMSOds) § 167.35, 145.66, 144.90, 140.46, 135.93, 135.26,783
133.70, 132.33, 131.70, 131.67, 130.17, 129.96,8629127.97, 127.19. LC-MS (ESI, m/z):
389.0342 [M+H].

4.1.7.3. 6-Chloro-5-(phenylsulfonamido)-[3,4'-bime]-2'-carboxylic acid {7c). Yield=84%.

'H NMR (500 MHz, DMSO#gg) ¢ 8.84 (d,J = 5.0 Hz, 1H), 8.76 (d] = 2.2 Hz, 1H), 8.27 (d] =



0.7 Hz, 1H), 8.12 (dJ = 2.2 Hz, 1H), 7.98 (di = 12.2, 6.1 Hz, 1H), 7.79 (d,= 7.4 Hz, 2H),
7.74 — 7.66 (m, 1H), 7.61 @,= 7.7 Hz, 2H)**C NMR (126 MHz, DMSOds) 6 166.43, 150.89,
149.95, 147.19, 145.37, 144.19, 140.43, 134.27,763332.76, 131.82, 129.88, 127.17, 124.89,
122.52. LC-MS (ESI, m/z): 390.0328 [M+H]

4.1.7.4. 6'-Chloro-5'-(phenylsulfonamido)-[3,3'-prmline]-5-carboxylic acid 17d). Yield=80%.

H NMR (500 MHz, DMSO¢s) ¢ 9.14 (dd,J = 16.3, 1.9 Hz, 2H), 8.72 (d,= 2.3 Hz, 1H), 8.46
(t, J= 2.1 Hz, 1H), 8.08 (d] = 2.3 Hz, 1H), 7.83 — 7.76 (m, 2H), 7.71Jt 7.4 Hz, 1H), 7.62
(t, J = 7.7 Hz, 2H)**C NMR (126 MHz, DMSOsds) 6 166.38, 151.74, 150.52, 146.45, 145.50,
140.37, 135.53, 134.66, 133.75, 132.42, 131.48,3p31129.86, 127.37, 127.20. LC-MS (ESI,
m/z): 390.0299 [M+H].

4.1.8. Compounds3b-k were prepared following the synthetic proceduré&Qz.

4.1.8.1. 4-(6-Chloro-5-(phenylsulfonamido)pyridinA3-N-methyl-1H-pyrrole-2-carboxamide
(18a). To a solution ofL7a (35 mg, 0.09 mmol, 1.0 equiv) in anhydrous THFM([) was added
methylamine hydrochloride (12 mg, 0.19 mmol, 2.@Qiey HATU (58 mg, 0.15 mmol, 2.0
equiv) and DIPEA (0. 1 mL, 0.47 mmol, 5.0 equiv)0atC under argon. The reaction mixture
was stirred at 0 °C for 1 h, and then allowed torvéo room temperature for 14 h. The resulting
mixture was concentrated to dryness. The residwgediated with water (30 mL) and extracted
with EtOAc (3%x30 mL). The combined organic layersrerwashed with water (50 mL), brine
(50 mL) and dried over anhydrous 48&y. Evaporation of the solvent provided the crude
product, which was purified by flash chromatograjéhting with MeOH in DCM 0-10 %) to
give compoundl8aas a white solid (24 mg, 67%H NMR (500 MHz, DMSOdg) 6 11.86 (s,
1H), 10.29 (s, 1H), 8.45 (d,= 2.1 Hz, 1H), 8.16 (d] = 4.6 Hz, 1H), 7.82 () = 8.1 Hz, 1H),

7.77 (d,J = 7.4 Hz, 2H), 7.67 (t) = 7.4 Hz, 1H), 7.58 (t) = 7.7 Hz, 2H), 7.45 (d] = 0.8 Hz,



1H), 7.13 (s, 1H), 2.77 (d = 4.5 Hz, 3H)*C NMR (126 MHz, DMSQds) 5 161.18, 142.88,
142.18, 140.54, 133.62, 131.79, 131.32, 130.91,8124928.59, 127.14, 120.01, 119.24, 107.24,
26.01. LC-MS (ESI, m/z): 391.0669 [M+H]

4.1.8.2. 3-(6-Chloro-5-(phenylsulfonamido)pyridinA3-N-methylbenzamidel@b). Yield=81%.

H NMR (500 MHz, DMSO#dg) 5 10.53 (s, 1H), 8.72 (g} = 4.1 Hz, 1H), 8.65 (d] = 2.3 Hz,
1H), 8.13 (tJ = 1.6 Hz, 1H), 8.01 (d] = 2.4 Hz, 1H), 7.96 — 7.90 (m, 1H), 7.82 — 7.75 @),
7.72 - 7.66 (m, 1H), 7.65 — 7.57 (m, 3H), 2.84Xd,4.5 Hz, 3H)**C NMR (126 MHz, DMSO-
ds) 0 166.63, 145.74, 145.17, 140.50, 135.97, 135.53,283 133.68, 131.53, 129.88, 129.85,
129.82, 128.03, 127.18, 125.96, 26.72. LC-MS (E8t): 402.0668 [M+H].

4.1.8.3.  6-Chloro-N-methyl-5-(phenylsulfonamido)]adipyridine]-2'-carboxamide  18c).
Yield=76%.*H NMR (500 MHz, DMSO#€g) 6 10.55 (s, 1H), 8.88 (dd,= 9.2, 4.4 Hz, 1H), 8.75
(dd,J = 8.0, 3.7 Hz, 2H), 8.23 (s, 1H), 8.09 (d= 2.3 Hz, 1H), 7.93 (dd] = 5.1, 1.8 Hz, 1H),
7.81 — 7.73 (m, 2H), 7.73 — 7.65 (m, 1H), 7.63 557(m, 2H), 2.88 (dJ = 4.9 Hz, 3H).C
NMR (126 MHz, DMSOsdg) 6 164.46, 151.62, 149.92, 147.12, 145.48, 144.36,2B4 134.23,
133.86, 132.98, 131.62, 129.93, 127.16, 124.21,5P126.54. LC-MS (ESI, m/z): 403.0658
[M+H] ™.

4.1.8.4. 6'-Chloro-N-ethyl-5'-(phenylsulfonamid@)3'-bipyridine]-5-carboxamide  18d).
Yield=76%.'H NMR (500 MHz, DMSOdg) 6 9.79 (s, 1H), 9.08 (dl = 1.6 Hz, 1H), 8.99 (dd]

= 6.3, 3.9 Hz, 2H), 8.74 (d,= 2.3 Hz, 1H), 8.52 () = 2.0 Hz, 1H), 8.09 (d] = 2.3 Hz, 1H),
7.81 — 7.74 (m, 2H), 7.70 d,= 7.4 Hz, 1H), 7.60 (t = 7.7 Hz, 2H), 3.13 — 3.10 (m, 2H), 1.19
(t, J = 7.2 Hz, 3H)**C NMR (126 MHz, DMSOQsds) § 164.50, 150.09, 148.99, 146.63, 145.55,
140.49, 134.81, 133.69, 133.59, 132.73, 131.61,9130.30.64, 129.84, 127.19, 34.53, 15.09.

LC-MS (ESI, m/z): 417.0773 [M+H]



4.1.8.5. N-(2-Aminoethyl)-6'-chloro-5'-(phenylsuiéonido)-[3,3'-bipyridine]-5-carboxamide
(18e). Step 1: Followed the synthetic procedurel8& Step 2: To a solution of the intermediate
in MeOH (1 mL) was added 1 mL of HCI (4 M in MeOHY) room temperature. The reaction
mixture was stirred at room temperature for 2 he Tdsulting mixture was concentrated to give
the crude product, which was purified by flash chatography (eluting with MeOH in DCM O-
10 %) as a yellow solid (two steps, 65%)MR (500 MHz, DMSOe) § 10.58 (s, 1H), 9.44 (d,
J=4.8 Hz, 1H), 9.20 (s, 1H), 9.11 (s, 1H), 8.83)¢ 2.1 Hz, 2H), 8.32 (s, 3H), 8.16 {t~ 8.8
Hz, 1H), 7.76 (dJ = 7.5 Hz, 2H), 7.70 (t = 7.4 Hz, 1H), 7.60 () = 7.7 Hz, 2H), 3.63 (dd] =
11.4, 5.7 Hz, 2H), 3.06 (dd,= 11.4, 5.7 Hz, 2H)}:3C NMR (126 MHz, DMSQdg) & 164.78,
148.65, 147.49, 146.97, 146.02, 140.35, 135.83,2639.33.79, 132.12, 131.60, 131.34, 130.92,
129.88, 127.18, 53.61, 36.93. LC-MS (ESI, m/z):.8924 [M+H].

4.1.8.6. (R)-N-(1-Aminopropan-2-yl)-6'-chloro-5hgnylsulfonamido)-[3,3'-bipyridine]-5-
carboxamide 18f). Step 1: Followed the synthetic procedurel8f Step 2: To a solution of
intermediate in MeOH (1 mL) was added 1 mL of HCM in MeOH) at room temperature. The
reaction mixture was stirred at room temperatur&fh. The resulting mixture was concentrated
to give the crude product, which was purified 3sh chromatography (eluting with MeOH in
DCM 0-10 %) as yellow solid (two steps, 60%).NMR (500 MHz, DMSOeg) § 10.36 (s, 2H),
9.14 (s, 1H), 9.07 (d] = 8.0 Hz, 1H), 8.99 (s, 1H), 8.80 @ 2.3 Hz, 1H), 8.68 (d] = 7.3 Hz,
1H), 8.28 (s, 3H), 8.10 (d,= 2.3 Hz, 1H), 7.78 — 7.74 (m, 2H), 7.69Jt 7.5 Hz, 1H), 7.59 (t,
J=7.7 Hz, 2H), 3.94 — 3.91 (m, 1H), 2.95 (s, 2HP6 (d,J = 6.7 Hz, 3H)**C NMR (126 MHz,
DMSO-dg) 6 164.93, 160.10, 150.22, 149.35, 146.67, 145.90,364 135.02, 134.12, 133.78,

132.73, 131.32, 129.89, 127.19, 53.47, 43.43, 1867MMS (ESI, m/z): 446.1075 [M+H]



4.1.8.7. (S)-N-(6-Chloro-5'-(3-(dimethylamino)pyirdine-1-carbonyl)-3,3'-bipyridin-5-
yl)benzenesulfonamidégg). Yield=71%."H NMR (500 MHz, DMSO#ds) ¢ 8.82 (d,J = 2.2 Hz,
1H), 8.78 — 8.70 (m, 1H), 8.22 (s, 1H), 8.05J¢ 7.4 Hz,1H), 7.85 (dd] = 13.4, 2.1 Hz, 1H),
7.76 (ddJ=5.2, 3.2 Hz, 2H), 7.55 — 7.46 (m, 3H), 3.87 (@ld,12.3, 7.3 Hz, 1H), 3.71 (m, 1H),
3.59 — 3.43 (m, 3H), 3.30 (m, 1H), 3.20 — 3.04 {ir), 2.53 (s, 3H), 2.38 (s, 3HJC NMR (126
MHz, DMSO-dg) 0 172.51, 166.26, 148.95, 147.80, 145.15, 145.13,8D4 133.20, 131.86,
129.23, 126.87, 64.00, 51.59, 47.81, 43.24, 29.61MS (ESI, m/z): 486.1372 [M+H]

4.1.8.8. 6'-Chloro-N-phenyl-5'-(phenylsulfonamid®)3'-bipyridine]-5-carboxamide  18h).
Yield=77%.'H NMR (500 MHz, DMSO#dg) 6 10.58 (s, 1H), 9.14 (d, = 1.8 Hz, 1H), 9.03 (d]

= 1.9 Hz, 1H), 8.62 (dJ = 1.8 Hz, 1H), 8.52 (s, 1H), 8.09 @@= 2.2 Hz, 1H), 7.83 — 7.76 (m,
4H), 7.66 — 7.61 (m, 1H), 7.56 (,= 7.6 Hz, 2H), 7.44 — 7.37 (m, 2H), 7.15 (dds 16.0, 8.6
Hz, 1H).*C NMR (126 MHz, DMSOdg) 6 164.15, 150.41, 149.11, 146.17, 139.23, 134.12,
133.21, 132.54, 131.32, 131.27, 129.69, 129.24,1827124.60, 121.05, 120.87. LC-MS (ESI,
m/z): 465.0755 [M+H].

4.1.8.9. 6'-Chloro-N-(4-fluorophenyl)-5'-(phenylsmramido)-[3,3'-bipyridine]-5-carboxamide
(18i). Yield=79%.*H NMR (500 MHz, DMSO#€s) J 10.61 (s, 1H), 9.11 (d,= 1.8 Hz, 1H), 8.93
(d,J = 2.0 Hz, 1H), 8.42 (d] = 1.8 Hz, 1H), 8.34 (s, 1H), 7.94 @= 2.0 Hz, 1H), 7.84 — 7.75
(m, 4H), 7.56 — 7.47 (m, 3H), 7.30 — 7.20 (m, 2. NMR (126 MHz, DMSOdg) 5 164.14,
159.94, 158.02, 150.29, 148.76, 145.43, 135.54,883332.11, 131.12, 129.30, 126.97, 122.75,
122.70, 115.94, 115.76. LC-MS (ESI, m/z): 483.0pWH] .

4.1.8.10. 6'-Chloro-N-(3-fluorophenyl)-5'-(phenyfemamido)-[3,3'-bipyridine]-5-carboxamide
(18)). Yield=81%."H NMR (500 MHz, DMSO€s) 6 10.77 (s, 1H), 9.13 (d,= 1.9 Hz, 1H), 9.03

(d,J = 2.0 Hz, 1H), 8.60 (s, 1H), 8.52 (dbz 10.1, 8.1 Hz, 1H), 8.08 (d,= 2.2 Hz, 1H), 7.81 —



7.75 (m, 3H), 7.65 — 7.58 (m, 2H), 7.58 — 7.53 2id), 7.44 (dtJ = 15.7, 7.8 Hz, 1H), 6.99 (td,
J=8.4, 2.4 Hz, 1H}*C NMR (126 MHz, DMSOdg) 6 164.48, 163.50, 161.58, 150.60, 149.10,
146.15, 141.00 (dJ = 11.0 Hz), 134.19, 133.13, 132.44, 131.41, 13+.1B0.77 (m), 129.66,
128.86, 128.09, 127.11, 125.94, 116.52, 111.14,9710107.63, 107.43. LC-MS (ESI, m/z):
483.0652 [M+H].

4.1.8.11. N-Benzyl-6'-chloro-5'-(phenylsulfonamif®yB'-bipyridine]-5-carboxamide  18k).
Yield=82%.H NMR (500 MHz, DMSOde) & 9.38 (t,J = 5.9 Hz, 1H), 9.11 (] = 5.8 Hz, 1H),
8.99 (d,J = 2.1 Hz, 1H), 8.58 () = 9.3 Hz, 1H), 8.50 — 8.47 (m, 1H), 8.07 Jck 2.3 Hz, 1H),
7.80 — 7.74 (m, 2H), 7.65 — 7.58 (m, 1H), 7.55)( 7.6 Hz, 2H), 7.40 — 7.32 (m, 4H), 7.30 —
7.24 (m, 1H), 4.58 (dJ = 5.9 Hz, 2H)XC NMR (126 MHz, DMSOds) & 164.94, 150.89,
150.25, 148.91, 146.09, 139.59, 133.61, 133.11,5832431.40, 130.40, 129.64, 128.99, 128.86,
127.84, 127.40, 127.08, 120.81, 43.22. LC-MS (E8L): 479.0967 [M+H].

4.1.9. 5'-Amino-6'-chloro-N-methyl-[3,3'-bipyridinB-carboxamide 19). To a solution ofl3
(90 mg, 0.43 mmol, 1.0 equiv) in dioxane (4 mL) adgD (1 mL) was added\N-methyl-5-
(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)nicatimide (135 mg, 0.52 mmol, 1.2 equiv) at
room temperature under argon. ThesCRs (155 mg, 1.1 mmol, 2.6 equiv) and Pd(BR(1L6
mg, 0.01 mmol, 0.02 equiv) were added. The readtiotiure was degassed by argon and then
heated to 100 °C for 8 h. The resulting mixture wascentrated to dryness. The residue was
diluted with water (30 mL) and extracted with EtOf8x30 mL). The combined organic layers
were washed with water (50 mL), brine (50 mL) aniédl over anhydrous N&O,. Evaporation

of the solvent provided the crude product, whicls parified by flash chromatography (eluting
with MeOH in DCM 0-5 %) to givd.9 as an off-white solid (44 mg, 39%jH NMR (500 MHz,

DMSO-de) § 9.02 (d, J = 2.0 Hz, 1H), 8.98 (d, J = 2.2 Hz, 1847 (d, J = 4.4 Hz, 1H), 8.41 (t, J



= 2.1 Hz, 1H), 8.02 (d, J = 2.2 Hz, 1H), 7.49 (& 2.2 Hz, 1H), 5.78 (s, 2H), 2.86 (d, J = 4.6
Hz, 3H).C NMR (126 MHz, DMSOds) § 165.31, 149.95, 148.28, 142.00, 135.65, 134.62,
133.14, 132.85, 132.45, 130.44, 120.14, 26.69. LE(ESI, m/z): 263.0692 [M+H]

4.1.10. CompoundOb-n were prepared following the synthetic procedur@Qat.

4.1.10.1. 5-Benzamido-6'-chloro-N-methyl-[3,3"ypidine]-5-carboxamide 20a). To a solution

of 19 (60 mg, 0.23 mmol, 1.0 equiv) in anhydrous pyrd{@ mL) was added benzoyl chloride
(48 mg, 0.34 mmol, 1.5 equiv) at room temperaturéen argon. Then the reaction mixture was
stirred at room temperature for 6 h. The resultmgture was concentrated to dryness. The
residue was diluted with water (30 mL) and extrdotgth EtOAc (3x30 mL). The combined
organic layers were washed with water (50 mL), ér{®0 mL) and dried over anhydrous
Na&SOs. Evaporation of the solvent provided the crudedpod, which was purified by flash
chromatography (eluting with MeOH in DCM 0-10 %)dive compound0a as a white solid
(21 mg, 25%)*H NMR (500 MHz, DMSOeg) 6 10.41 (s, 1H), 9.14 (d, J = 2.2 Hz, 1H), 9.04 (d,
J = 2.0 Hz, 1H), 8.80 (d, J = 2.4 Hz, 1H), 8.79J& 4.5 Hz, 1H), 8.55 (t, J = 2.1 Hz, 1H), 8.54
(d, J = 2.4 Hz, 1H), 8.04 (dd, J = 5.2, 3.3 Hz, 2Hp8 — 7.61 (m, 1H), 7.58 (dd, J = 10.3, 4.7
Hz, 2H), 2.85 (d, J = 4.6 Hz, 3HJC NMR (126 MHz, DMSOdg) § 166.22, 165.29, 150.23,
148.83, 147.01, 145.26, 135.60, 133.91, 133.50,883432.64, 131.12, 130.55, 129.08, 128.31,
26.67. LC-MS (ESI, m/z): 367.0940 [M+H]

4.1.10.2. 6'-Chloro-5'-(ethylsulfonamido)-N-met[8/3'-bipyridine]-5-carboxamide  20b).
Yield=18%.'H NMR (500 MHz, DMSOsg) § 9.93 (s, 1H), 9.06 (] = 8.1 Hz, 1H), 9.03 (d] =

2.0 Hz, 1H), 8.80 (dJ = 4.4 Hz, 1H), 8.68 (d] = 2.0 Hz, 1H), 8.48 (] = 2.1 Hz, 1H), 8.21 (d]

= 2.3 Hz, 1H), 3.27 (q] = 7.3 Hz, 2H), 2.84 (d] = 4.6 Hz, 3H), 1.31 () = 7.3 Hz, 3H). LC-

MS (ESI, m/z): 355.0637 [M+H]



4.1.10.3. 6'-Chloro-N-methyl-5'-(propylsulfonamid8)3'-bipyridine]-5-carboxamide 20c).
Yield=22%*H NMR (500 MHz, DMSOds)  9.94 (s, 1H), 9.07 (d = 2.2 Hz, 1H), 9.03 (d] =
2.0 Hz, 1H), 8.79 (dJ = 4.5 Hz, 1H), 8.70 (d] = 2.3 Hz, 1H), 8.48 (] = 2.1 Hz, 1H), 8.22 (d]

= 2.3 Hz, 1H), 3.27 — 3.21 (m, 2H), 2.83 (dct 11.3, 4.5 Hz, 3H), 1.83 — 1.74 (m, 2H), 0.99 (t,
J=7.4 Hz, 3H). LC-MS (ESI, m/z): 369.0774 [M+H]

4.1.10.4. 6'-Chloro-5'-((2,3-dihydrobenzofuran)fsnamido)-N-methyl-[3,3"-bipyridine]-5-
carboxamide 20d). Yield=39%."H NMR (500 MHz, DMSO#ds) 6 10.26 (s, 1H), 9.02 (t, J = 7.6
Hz, 1H), 9.00 (d, J = 2.2 Hz, 1H), 8.80 (d, J = M5 1H), 8.67 (d, J = 1.8 Hz, 1H), 8.42 (t, J =
2.1 Hz, 1H), 8.07 (d, J = 2.3 Hz, 1H), 7.64 (s, 1H52 (dd, J = 8.5, 2.1 Hz, 1H), 6.89 (d, J = 8.5
Hz, 1H), 4.64 (t, J = 8.8 Hz, 2H), 3.22 (t, J = 88, 2H), 2.85 (d, J = 4.6 Hz, 3HfC NMR
(126 MHz, DMSOsdg) 0 165.24, 164.06, 150.10, 148.87, 146.08, 145.18,983 133.50, 132.65,
131.83, 130.97, 130.57, 129.47, 128.83, 124.71,64092.79, 28.84, 26.66. LC-MS (ESI, m/z):
445.0739 [M+H].

4.1.10.5. 6'-Chloro-5'-((4-chlorophenyl)sulfonamjdd-methyl-[3,3'-bipyridine]-5-carboxamide
(20€). Yield=32%.*H NMR (500 MHz, DMSOsdg) 6 10.65 (s, 1H), 9.03 (t, J = 1.6 Hz, 2H), 8.79
(d, J = 4.5 Hz, 1H), 8.71 (s, 1H), 8.46 (t, J = B4, 1H), 8.16 (d, J = 2.2 Hz, 1H), 7.77 — 7.71
(m, 2H), 7.68 — 7.62 (m, 2H), 2.86 (d, J = 4.5 Bid). LC-MS (ESI, m/z): 437.0242 [M+H]
4.1.10.6. 6'-Chloro-N-methyl-5'-((4-methylphenylisoamido)-[3,3'-bipyridine]-5-carboxamide
(20f). Yield=52%.*H NMR (500 MHz, DMSOsg) 5 10.41 (s, 1H), 9.03 (d, J = 2.0 Hz, 1H), 8.99
(d, J = 2.2 Hz, 1H), 8.80 (d, J = 4.5 Hz, 1H), 8(68J = 2.1 Hz, 1H), 8.42 (t, J = 2.1 Hz, 1H),
8.08 (d, J = 2.3 Hz, 1H), 7.67 — 7.60 (m, 2H), 7(@8J = 8.0 Hz, 2H), 2.86 (d, J = 4.6 Hz, 3H),

2.37 (d, J = 7.3 Hz, 3H}°C NMR (126 MHz, DMSO-g) § 165.23, 150.11, 148.89, 146.41,



145.41, 144.16, 137.56, 134.50, 133.54, 132.68,6831130.94, 130.56, 130.26, 127.28, 26.67,
21.48. LC-MS (ESI, m/z): 417.0788 [M+H]

4.1.10.7. 6'-Chloro-5'-((2,4-dimethylphenyl)sulfomdo)-N-methyl-[3,3'-bipyridine]-5-
carboxamide 20g). Yield=51%."H NMR (500 MHz, DMSOsdg)  10.49 (s, 1H), 9.03 (d, J = 2.0
Hz, 1H), 8.96 (d, J = 2.2 Hz, 1H), 8.78 (d, J = M5 1H), 8.65 (s, 1H), 8.39 (t, J = 2.1 Hz, 1H),
8.06 (d, J = 2.3 Hz, 1H), 7.58 (d, J = 8.1 Hz, 1H}25 (s, 1H), 7.11 (d, J = 8.1 Hz, 1H), 2.86 (d,
J = 4.6 Hz, 3H), 2.61 (s, 3H), 2.32 (s, 3K NMR (126 MHz, DMSOdg) J 165.22, 150.07,
148.88, 146.42, 145.34, 144.16, 137.54, 135.54.,473433.80, 133.49, 132.64, 131.47, 130.90,
130.58, 129.69, 127.19, 26.67, 21.19, 20.45. LC{ESI, m/z): 431.0948 [M+H]

4.1.10.8. 6'-Chloro-5'-((2,4-dichlorophenyl)sulfanao)-N-methyl-[3,3'-bipyridine]-5-
carboxamide Z0h). Yield=43%.'"H NMR (500 MHz, DMSOsdg) § 10.92 (s, 1H), 9.03 (d, J = 1.9
Hz, 2H), 8.79 (d, J = 4.5 Hz, 1H), 8.71 (s, IH%®B(t, J = 2.1 Hz, 1H), 8.19 (d, J = 1.6 Hz, 1H),
7.92 (d, J = 2.0 Hz, 1H), 7.90 (d, J = 8.6 Hz, 1H58 (dd, J = 8.6, 2.1 Hz, 1H), 2.85 (d, J = 4.6
Hz, 3H).*C NMR (126 MHz, DMSOds) ¢ 165.25, 150.20, 148.92, 147.30, 145.86, 139.00,
137.57, 136.04, 133.59, 132.90, 132.52, 131.98,0831.30.65, 130.55, 128.35, 26.67. LC-MS
(ESI, m/z): 470.9874 [M+H]

4.1.10.9. 6'-Chloro-5'-((2,4-difluorophenyl)sulfanalo)-N-methyl-[3,3'-bipyridine]-5-
carboxamide 20i). Yield=47%.'H NMR (500 MHz, DMSOsg)  10.97 (s, 1H), 9.05 (d, J = 2.0
Hz, 1H), 9.03 (d, J = 2.0 Hz, 1H), 8.80 (d, J = M5 1H), 8.72 (s, 1H), 8.47 (t, J = 1.9 Hz, 1H),
8.22 (s, 1H), 7.80 (td, J = 8.6, 6.3 Hz, 1H), 45D = 8.8 Hz, 1H), 7.23 (td, J = 8.5, 2.3 Hz, 1H)
2.85 (d, J = 4.6 Hz, 3H). LC-MS (ESI, m/z): 439.8481+H]".

4.1.10.10. 6'-Chloro-N-methyl-5'-((2-(trifluoromgtiphenyl)sulfonamido)-[3,3'-bipyridine]-5-

carboxamide 20j). Yield=53%."H NMR (500 MHz, DMSO#ds) 6 10.66 (s, 1H), 9.03 (d, J = 2.0



Hz, 1H), 9.02 (d, J = 2.0 Hz, 1H), 8.80 (d, J =M% 1H), 8.73 (s, 1H), 8.47 (t, J = 2.0 Hz, 1H),
8.19 (s, 1H), 8.00 (dd, J = 11.3, 8.2 Hz, 2H), (@dd, J = 14.1, 11.1, 6.9 Hz, 2H), 2.85 (d, J =
4.6 Hz, 3H)C NMR (126 MHz, DMSOds) 5 165.21, 150.12, 148.96, 147.51, 146.07, 139.35,
136.34, 134.16, 133.87, 133.60, 132.85, 131.71,7B30.30.52, 126.64, 126.62 — 126.48 (m),
126.25 (dJ = 32.9 Hz), 124.26, 122.08, 26.64. LC-MS (ESI,)n71.0499 [M+H].

4.1.10.11. 6'-Chloro-N-methyl-5'-((3-(trifluoromgtiphenyl)sulfonamido)-[3,3'-bipyridine]-5-
carboxamide Z0k). Yield=45%'H NMR (500 MHz, DMSOs) J 10.82 (s, 1H), 9.07 — 9.00 (m,
2H), 8.80 (d, J = 4.5 Hz, 1H), 8.73 (d, J = 2.0 HH), 8.47 (t, J = 2.1 Hz, 1H), 8.18 (d, J = 2.3
Hz, 1H), 8.09 (d, J = 7.8 Hz, 1H), 8.06 (s, 1HPB(d, J = 8.0 Hz, 1H), 7.83 (t, J = 7.9 Hz, 1H),
2.86 (d, J = 4.6 Hz, 3H}:3C NMR (126 MHz, DMSOds) § 165.23, 150.17, 148.94, 146.76,
145.98, 141.83, 135.78, 133.57, 132.93, 131.53,1831.30.78, 130.55, 130.32, 124.88, 123.81
(d,J = 3.9 Hz), 122.71, 26.65. LC-MS (ESI, m/z): 47BOFM+H]".

4.1.10.12. 6'-Chloro-N-methyl-5'-((4-(trifluoromethphenyl)sulfonamido)-[3,3'-bipyridine]-5-
carboxamide 201). Yield=56%."H NMR (500 MHz, DMSO#€g) ¢ 10.85 (s, 1H), 9.04 (d, J = 1.9
Hz, 2H), 8.80 (d, J = 4.5 Hz, 1H), 8.73 (d, J = W& 1H), 8.48 (t, J = 2.1 Hz, 1H), 8.19 (d, J =
2.3 Hz, 1H), 7.97 (g, J = 8.7 Hz, 4H), 2.85 (d, 4.6 Hz, 3H)**C NMR (126 MHz, DMSO#d)

0 165.24, 150.18, 148.94, 146.91, 145.91, 144.66,.713 133.59, 132.92, 130.83, 130.55,
128.19, 127.08 (d] = 3.6 Hz), 124.98, 122.81, 26.64. LC-MS (ESI, mA7)1.0527 [M+H].
4.1.10.13. 5'-([1,1'-Biphenyl]-3-sulfonamido)-6'falo-N-methyl-[3,3'-bipyridine]-5-
carboxamide Z0m). Yield=38%.'H NMR (500 MHz, DMSOdg) ¢ 10.63 (s, 1H), 9.07 (d, J =
1.9 Hz, 1H), 9.03 (d, J = 2.2 Hz, 1H), 8.87 (dd; 8.6, 4.0 Hz, 1H), 8.75 (t, J = 3.4 Hz, 1H),
8.50 (t, J = 2.1 Hz, 1H), 8.17 (d, J = 2.3 Hz, 1816 — 8.02 (m, 1H), 8.00 (d, J = 7.8 Hz, 1H),

7.77 (d, J = 7.9 Hz, 1H), 7.70 (t, J = 7.8 Hz, 1HE6 — 7.62 (M, 2H), 7.51 (t, J = 7.6 Hz, 2H),



7.44 (t, J = 7.3 Hz, 1H), 2.87 (d, J = 4.5 Hz, 3). NMR (126 MHz, DMSOdg) § 165.20,
150.08, 148.85, 146.52, 145.75, 141.78, 141.09,8638.35.02, 133.61, 132.79, 131.98, 131.40,
130.90, 130.59, 129.67, 128.84, 127.26, 126.01,1725%6.68. LC-MS (ESI, m/z): 479.0957
[M+H] ™.

4.1.10.14. 5'-([1,1'-Biphenyl]-4-sulfonamido)-6'falo-N-methyl-[3,3'-bipyridine]-5-
carboxamide Z0n). Yield=36%."H NMR (500 MHz, DMSO#ds) § 10.57 (s, 1H), 9.03 (d, J = 2.0
Hz, 1H), 9.02 (d, J = 2.2 Hz, 1H), 8.79 (d, J = ¥# 1H), 8.71 (d, J = 2.1 Hz, 1H), 8.45 (t, J =
2.1 Hz, 1H), 8.15 (d, J = 2.3 Hz, 1H), 7.92 — 7(86 2H), 7.85 — 7.81 (m, 2H), 7.74 (dd, J = 5.2,
3.3 Hz, 2H), 7.52 — 7.47 (m, 2H), 7.47 — 7.40 (iH),12.85 (d, J = 4.6 Hz, 3H)’C NMR (126
MHz, DMSOs) ¢ 165.23, 150.13, 148.91, 146.50, 145.61, 145.19,2P3 138.70, 134.80,
133.56, 132.78, 131.48, 130.91, 130.56, 129.58,1129127.94, 127.56, 26.66. LC-MS (ESI,
m/z): 479.0954 [M+H].

4.2. Biology

4.2.1. PfPI4K Kinase PurificationThe sequences encodiRjPI4K (PF3D7_0509800) with a
histag were cloned into baculovirus expressionorgqgEASTHTA. The proteins were expressed
by infecting SF9 cells with high titer viral stocta 48 h. Cells were harvested and lysed in 20
mM Tris pH 7.5, 500 mM NacCl, 5% glycerol, 0.01%tdn-x-100, 0.5 mM TCEP and 1 mM
PMSF. The supernatant was loaded to Ni-NTA Colu@mMGEN, 1018244). Then the proteins
were step eluted with the same buffer with 250 mitlazole. The eluted proteins were loaded
on a Superdex-200 column equilibrated in 25 mM Tpis 7.5), 250 mM NaCl, 1 mM DTT, and
1 mM EDTA. Peak fractions were concentrated tor®gdmL, and flash-frozen.

4.2.2. Biochemical Assayhe ADP-GlIo™ kinase assay (Promega, Madison, 3 wsed to

screen compounds for its Pl kinases inhibition @ffe Kinase reaction system containgl3



PfPI4K (50 ng/ul), 3uL of serially diluted compounds, and 12 substrate Pl:PS (6QM)
(Invitrogen, USA) with 12QuM ATP (Promega, Madison, WI). The reaction in eadbe was
started immediately by adding ATP and kept goingdn hour under 37 °C. After the tube
cooled for 5 minutes at room temperaturgl6solvent reactions were carried out in a 384-well
plate. Then 6uL of ADP-Glo™ reagent was added into each well tmpsthe reaction and
consume the remaining ADP within 40 minutes. At &mel, 12ul of kinase detection reagent
was added into the well and incubated for 30 meute produce a luminescence signal.
Luminescence signal was measured with an autonpéaéelreader (Perkin-Elmer Envision).
4.2.3 In Vitro Inhibition Assay®ll P. falciparumparasite strains were cultured in human O+
erythrocytes according to standard procedures. répgoe the >80% ring stage parasites, the
asynchronous cultures of parasites were pretreaidd 5% sorbitol, P. falciparum strains
mentioned in the text at the mid-ring stage (6-1fokt-invasion) were used to test antimalarial
effects in 96-well plates. Parasites were incubatea 96-well plate with compounds at equal
ratio containing 1% parasitemia, and 2% hematdaritotal 200pL. The compounds were from

the maximum concentration of 200 nM. The parasitese allowed to grow for 72 h at 37C

with 5% CQ, 5% Q, and 90% N After 72 h, added 10QL of lysis buffer (0.12 mg/ml
Saponin, 0.12% Triton X-100 30 mM Tris-Cl, and m® EDTA) consisting 5X SYBR Green |
(Invitrogen; supplied in 10000 x concentration)etach well of the plate, the plates were then
incubated for 2 h in dark prior to reading the flegcence signal on instrument at 485 nm

excitation and 535 nm emission[28].

4.2.4 Plasmid Constructdll cloning was carried out by ClonExpress Il OnesCloning Kit
(Vazyme C112-02). The mutation sitesRiPI4K were introduced by the CRISPR/Cas9 system

for point mutation. The single point mutatiorAf#P14K Y1342I. The sgRNA oPfPI4K mutation



was annealed by primer 1 and its antisense strantep?2, then inserted into the PL6CS by
Avrll/Xhol digested. The left and right homologows PfPI4K Y1342] were respectively
amplified by primer 3/6 and primer 4/5, then PCRducts amplified by primer 3/4 through

overlap PCR, then inserted into the PL6CS at th€ A Afl Il sites. The results of plasmid

construction were confirmed by sequencing of thesmlid by primer 9/10/11. Based on the
correct construction of single-point mutant plasnyitl342I, the homologous arm of double-
points mutatiorPfPI4K Y13421-T1360A were amplified in the same waydsimer 3/7/8/4. The
PfPI4K mutations results were confirmed by sequenbingrimer 9/10/12. All primers for this
study are listed in Table 7.

Table 7. The primers for plasmid constructs

Primer Sequence

Primerl TAAGTATATAATATTCCATATGAAATACTTGTAAC(gttttagagctagaa
Primer2 ttctagctctaaaacGTTACAAGTATTTCATATGGAATATTATATACTTA
Primer3 GCGGCCCTAGTCTAGGGCGCGCCTTCCAACAGCAAATGATAA
Primer4 TTTTTTTACAAAATGCTTAAGTGTACCGTTTGCAAAACATGG
Primer5 GACCAATAGAAATACTTGTTACTGGCTCC

Primer6 ATTTCTATTGGTCTTAACCATAATGGTAATC

Primer7 ATGATGCTTGTTCAGTTGATTCATTAAAAAG

Primer8 CTGAACAAGCATCATTAACATACTCTATTAT

Primer9 GTGGAATTGTGAGCGGATAAC

Primer10 AAAATAAGGAAAATAAAATA

Primerll GTATATGTTATGTATATATAAC

Primer12 GAATAAGAAAAGTTTCTCCTTATG

Primerl3 GGAGGAGGATGATAATTATG




Primer14 CTGTCAGATTGGTCATAAAC

4.2.5. CRISPR/Cas9 Systetb0uL RBC as transfected with the PL6CS-PI(4)K-hDHFRird
plasmids (10Qug) and pUF1-Cas9-BSD Plasmid (1064). Schizonts isolated by discontinuous
Percoll gradient centrifugation of parasite 3D7C@8ltures, add 1.5uL schizonts after

electroporation (310V, 950F, =Q, 2 mm) and selected with 2.5 nM WR99210 and BSihen

third day after electroporation. Medium was changkly, and parasites were observed
microscopically at day 14-17. Clonal parasites w&ined by limiting dilution, and successful
editing was determined by PCR based sequencingitmgpl13/14.

4.2.6. In Vitro Inhibition Assays of PfPI4K Mutat&drasites.All PfPI4K mutated parasites
were cultured in human O+ erythrocytes accordingtémdard procedures. To prepare the >80%
ring stage parasites, the asynchronous culturparaiites were pretreated with 5% sorbitol, and
P. falciparumstrains mentioned in the text at the mid-ring sté@;10 h post-invasion) were used
to test antimalarial effects in 96-well plates. &#es were incubated in a 96-well plate with
compoundl5g and compoun8 at equal ratio containing 1% parasitemia, and 2#bdtecrit for
total 200uL. The compounds were from the maximum concenimadio500 nM. The parasites

were allowed to grow for 72 h at 37C with 5% CQ, 5% Q, and 90% M After 72 h, add 100

uL of lysis buffer (0.12 mg/ml Saponin, 0.12% Tritdog100 30 mM Tris-Cl, and 7.5 mM
EDTA) consisting 5X SYBR Green | (Invitrogen; suigol in 10000 x concentration) to each
well of the plate, the plates were then incubated®fh in dark prior to reading the fluorescence
signal on instrument at 485 nm excitation and 535emission.

4.2.7. In Vivo Blood-stage Inhibition AssayEhree Balb/c mice per treatment group were

infected with 5 x 1BP. yoelii strain parasites. After 24 h, the mice were takaih 60 and 80



mg/kg/day orally of compound5g and 100 mg/kg/day of compouridas control for 7 days
treatment. Parasitemia was quantified by Giemsaedeblood sample smear per day for 20 days
observation.

4.2.8. In Vivo Plasmodium Liver-stage AsshBive Balb/C mice per experimental group were
used to test the antimalarial activity of compourd) by orally administered at a single of 1
mg/kg, 5 mg/kg and 1mg/kg. The beta-Cyclodextrin was used as a blankrah and 15ng/kg

of compound5 was used as positive control. The Balb/C mice wea administration of
compoundl5g and 5. After 2 h, the mice were inoculated intravenousiyh approximately
5000 P. berghelANKA-GFP-luc) sporozoites. For fluorescence analyss mg/100ul D-
luciferin Sodium (Sinochromw BC-220-10) was injett@to per mouse by IP. Infection was
monitored daily by IVIS Lumina Series in the nexdldys and the"sand &' day after infection.

The fluorescence intensity and distribution anadytag living image.
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Highlights

* A novel pharmacophore based PfPI4K inhibitor CHMFL-PI4K-127 was
discovered.

* Theinhibitor exhibited high selectivity against PfPI4K over human kinase.

* Theinhibitor potently inhibited a panel of drug-resistant strains of P. falciparum.

* Theinhibitor exhibited antimalarial efficacy in both blood stage and liver stage.
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