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ABSTRACT

PI3K3, which is mainly expressed in leukocytes, playsitical role in B-cell receptor mediated
signaling pathway and has been extensively studeda drug discovery target for B cell
malignances such as AML, CLL etc. In this manudcripe report the discovery, SAR
optimization and pharmacological evaluation of aveloseries of aminothiazole-pyridine
containing PI3K inhibitors. Among them compouridi (CHMFL-PI3KD-317) displays an I£g
of 6 nM against PI3K in the ADP-Glo biochemical assays. It also exkilmver 10-1500 fold
selectivity over other class I, 1l and Il PIKK falyisoforms. In addition, in the cellular context,
15i can selectively and potently inhibit PI8Knediated phosphorylation of Akt T308 but not
PI3Ka, 3, y mediated Akt phosphorylatio@5i also exhibits an excellent selectivity profiletive
protein kinases including 468 kinases/mutants atcincentration of UM. 15 has acceptable
pharmacokinetic properties and can dose-dependanilyit the tumor growth of AML cell line
MOLM14 inoculated xenograft mouse model. The higlestivity and potency makeksi a

potential valuable addition to the current P&3&mory.
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Abbreviations used

PI3K, phosphatidylinositol-4,5-bisphosphate 3-kajas?14K, phosphatidylinositol 4-kinase;
CML, chronic myeloid leukemia; AML, acute myeloidukemia; MCL, mantel cell lymphoma;
TGI, tumor growth inhibition; HATU, 1-[bis(dimethgmino)methylene]-1H-1,2,3-triazolo[4,5-
b]-pyridinium 3-oxid hexafluorophosphate; DIPEAN,N-diisopro-pylethylamine; DMF,

dimethylformamide; DCM, dichloromethane.

1. Introduction

Phosphoinositide 3-kinase delta (P&HKs a lipid kinase, which belongs to a large fanaf
phosphoinositide 3-kinases. This family of kinaseslassified into four classes (I, Il, Il and V)
based on their sequence homology. Class | is fudiveded into class IA and class IB based on
their different regulatory subunits and upstrearivators. Class IA contains three isoforms
(PI3Ka, PI3KB and PI3K) with the respective p110 catalytic subunit (pd,1p11@ and pl110)
bound to the p85 regulatory subdnivhich are activated by receptor tyrosine king&EKs).
Class IB is activated by G protein-coupled recep{@PCRs), which consists of PIBKuvith
p110y bound to p101 or p84Class | PI3K catalyzes the phosphorylation ofgghatidylinositol
4,5-bisphosphate to produce the cellular secondagssenger phosphatidyinositol 3,4,5-
triphosphate, subsequently initiating a cascaddooinstream events to modulate a variety of
biological processes including cell growth, praliféon, survival and differentiéi. Among
these, P13l and PI3K3 are ubiquitously expressed in all of the mammaissues while PI3K
and P13k are predominately expressed in leuko&t&sPI3K5 has been shown to be involved
in B-cell related malignances such as chronic lyoggtic leukemia (CLL), acute myelogenous
leukemia (AML), follicular lymphoma (FL) and smd&jimphocytic lymphoma (SLL). Therefore

it has been extensively studied as a therapeugetten hematologic malignances.



CAL-101 (1, Idelalisib, Figure 1) is the first selective PBKhibitor that has been approved
by FDA for relapsed FL after two lines of therapglapsed CLL in combination with rituximab
and relapsed SLL after two lines of therdpore recently, BAY 80-69462( Copanlisib),
which is a pan-PI3K inhibitor with preferential sty against PI3Kx and PI3K, was approved
by FDA for relapsed follicular lymphonifa Several other small molecules that inhibit theksl
activity, including AMG-319 8)*°, TGR-1202 4)**'° GSK-2269557 §)*° and UCB5857 §,
Seletalisib)’, are currently in clinical trials for the treatnesf different cancers or respiratory
conditions and psoriasis/Sjogrens syndrome. Inriiasiuscript, we describe the discovery and
optimization of a novel aminothiazole scaffold dBR5 selective inhibitors and their potential

application in the treatment of B-cell malignances.
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Figure 1. Chemical structures of representative Ri3#hibitors.

2. Resultsand discussion

2.1. Chemistry



General procedures to synthesize compourd@dsand12a-s were shown in scheme 1 which
were similar to methods described previotfsly. Heck reaction of aryl bromides amd(4-
methylthiazol-2-yl)acetamide provided the internaes8a-d*°** which were sulfonated to give
9a-d**?* The intermediateSa-d were then hydrolyzed under acidic condition told/i#0a-e.
Intermediateslla-t were obtained fromiOa-e and R-substituted carboxylic acid under amide
coupling condition. The followingN-Boc deprotection reaction of intermediafd$-t provided
the final productd2a-s.

The syntheses dba-p were carried out in 4 steps as depicted in sclzrm®mpounds8a and
8e were hydrolyzed under acidic condition to provitthe intermediated3a-b, which were
coupled with R-substituted carboxylic acid to give the interméesd4a-b. Thenl4a-b were
sulfonated under basic condition followed by Nw8oc deprotection to afford the final products

15a-p.



8a-10a: R4=Cl, Y=N 12a: R4=Cl, Y=N, R3=CH,NH,

8b-10b: R4=0OCHg, Y=N 12b: R4=OMe, Y=N, Rz=CH,NH,

8c-10c: R4=H, Y=N 12¢: R4=0OH, Y=N, R3=CH,NH,

8d-10d: R4=Cl, Y=CH 12d: Ry=H, Y=N, Rz=CH,NH,

10e: R4=OH, Y=N 12e: R=Cl, Y=CH, Rz=CH,NH,

11a: R4=Cl, Y=N, R,=CH,CHj3 12f: R4=Cl, Y=N, R3=CHCH;NH,(R)

11b: R4=Cl, Y=N, R,=CH,NHBoc 12g: R4=Cl, Y=N, Rz=CHCH3NH,(S)

11¢: R4=0CHjs, Y=N, R,=CH,NHBoc 12h: R4=Cl, Y=N, R3=(CH3),CNH,

11d: R=0OH, Y=N, R,=CH,NHBoc 12i: R4=Cl, Y=N, R3=(cyclpropane)CNH,

11e: R4=H, Y=N, R,=CH,NHBoc 12j: R4=Cl, Y=N, R3=CH(CH,OH)NH(S)

11f: R4=Cl, Y=CH, R,=CH,NHBoc 12k: R4=Cl, Y=N, R3=CH3;CH(OH)CHNH,(2S,3R)
11g: R4=Cl, Y=N, R,=CH;CHNHBoc(R) 12I: R4=Cl, Y=N, R3=CH3CH,CHNH,(S)

11h: R4=Cl, Y=N, R,=CH;CHNHBoc(S) 12m: R;=Cl, Y=N, R3=CH3;CH,CHNHx(R)

11i: R4=Cl, Y=N, Ry=(CH3),CNHBoc 12n: R4=Cl, Y=N, R3=CH3;CHCH3;CHNHx(S)

11j: R4=Cl, Y=N, Ry=(cyclpropane)CNHBoc 120: R4=Cl, Y=N, R3=CH3;CHCH;CHNHx(R)

11k: R4=Cl, Y=N, R,=CH(CH,OH)NHBoc(S) 12p: R4=Cl, Y=N, Rs=(cyclpropane)CHNH,

11I: R4=Cl, Y=N, R,=CH3;CH(OH)CHNHBoc(2S,3R) 12q: R4=Cl, Y=N, R3=(CH3),CHCH,CHNH,(S)
11m: R=Cl, Y=N, R,=CH3;CH,CHNHBoc(S) 12r: R4=Cl, Y=N, R3=(CH3CH,)CH3;CHCHNH,(S)
11n: R4=Cl, Y=N, R,=CH;CH,CHNHBoc(R) 12s: R4=Cl, Y=N, R3=PhCH,CHNH(S)

110: R4=Cl, Y=N, R,=CH;CHCH;CHNHBoc(S)

11p: R4=Cl, Y=N, R,=CH;CHCH;CHNHBoc(R)

11q: R4=Cl, Y=N, R,=(cyclpropane)CHNHBoc

11r: R4=Cl, Y=N, R,=(CH3),CHCH,CHNHBoc(S)
11s: R4=Cl, Y=N, R,=(CH;CH,)CH3;CHCHNHBoc(S)
11t: R4=Cl, Y=N, R,=PhCH,CHNHBoc(S)

Scheme 1. Reagents and conditions: (a) aryl bromide, Pd(QA@usP, CsCOs, 130 °C, 14 h;
(b) sulfonyl chloride, pyridine, 50 °C, 2 h; (c)fdOa-d: 6 M HCI, EtOH, 100 °C, 6 h; falOe: 6
M HCI, EtOH, 100 °C, 12 h; (d) carboxylic acidATU, DIPEA, DMF, rt, 12 h; (e) 4 M HCl in

MeOH, MeOH, rt, 2 h.
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Scheme 2. Reagents and conditions: (a) 6 M HCI, EtOH, 100 8(; (b) carboxylic acid,
HATU, DIPEA, DMF, 0 °C to rt, 14 h; (c) i: sulfonghloride, pyridine, 50 °C, 6 h; ii: 4 M HCI

in MeOH, MeOH, rt, 2 h.

2.2. Structure-activity relationship (SAR)
The aminothiazol-pyridine compound (Figure 2A) has been reported as a multi-target

inhibitor against P13k, Pl4Ka, P14KB and PIP5K??, another closely structure compound was

also developed as selective phosphatidylinositdhdse IIB for antiviraf®>. However, we found
that it could also potently inhibit PIK PI3KB and PI3K (ICso = 1 nM, 1.28 nM and 6 nM
respectively). After careful analysis of the mollecumodeling results, we envisioned tivat
adopts a flat conformation in the ATP binding pdckied occupies a deeper binding pocket that
is potentially accessible by AT9*® (Figure 2B). The aminothiazole forms two hydrodgemds

with Val828 in the hinge binding regitt® (Figure 2B). The nitrogen of pyridine forms a



hydrogen bond with the side chain of Tyr813 (Figl. The sulfonamide moiety forms two
hydrogen bonds with the side chain of residues A$p@nd Ser754 in the P-loop (Figure 2C).
Alignment of PI3kx, PI3KB, PI3Ky, and PI3K revealed that although the structures of these
lipid kinases are highly similar in the ATP bindipgcket, there are indeed several amino acid
residues that are different among them. Theseuesithclude Val 827 in PI3K(a, B, 6=Val,
y=lle), Ser8314, [3, 8, y=Ala) and Leu829d=Arg, B=Ser,y=Lys) adjacent to the hinge binding
area, which provide potential opportunities to explthese regions to achieve the selectivity
(Figure 2B). Based on these analyses, we decidemptimize three regions of the molecule
including the central pyridine ring (in blue), tealfonamide moiety (in cyan) and the acetamide
moiety (in magenta) as shown in Figure 2A to obtifull spectrum of the SAR with protein

enzymatic ADP-Glo assay as the primary readout.
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Figure 2. lllustration of the SAR exploration rationale. (&jructure of compound. (B) - (D)

Docking of compound into PI3K5 kinase (PDB: 5DXU).

The acetyl group of was replaced with either a propionyl grodfd) or aminoacetyl group
(12a), which all led to activity loss against PI8KTable 1). We then paid attention to the R
moiety. The docking results showed that the chkubstituent directed into a affinity pocket,
which was formed with the side chains of Tyr818885, Asp911 and Asp787 residues (Figure

2D). Replacement of the Cl atom with a methoxy grdilb) retained the potency against



PI3Kd and gained an increase in selectivity over RI3RI3KB and PI3K compared tal2a.
Further changes at,Bosition with the hydroxyl groupl2c), methyl group 15a) or hydrogen
atom (2d) all led to activity loss against PIBKSwitching the nitrogen atom of the pyridine
ring in 12a to carbon {2e) at Y position caused loss of potency against BJ3%hich
reconfirmed the docking results that the pyridimegrforms a critical hydrogen bond with
Tyr813%.

Table 1. SAR results of RR,/Y modifications (data representsshalues in nivj.

@9 0 ?
s N 2\R1

HN .~ ’ S\>\N
R |Y/
Compd. R, R, Y PI3Ka PI3KpB PI3Ky PI3KS

7 Me Cl N 2.1 1.28 6 1
1la Et Cl N 2.3 6.6 17 6.8
12a CH,NH, Cl N 2.3 17 28 25.8
12b CH,NH, OMe N 222 290 303 21
12¢c CH,NH, OH N 1017 1539 236 109.4
15a CH,NH, Me N >10000 8769 >10000 420.4
12d CH,NH, H N 604.5 422.1 1590 375.9

10



12e CH:NH; Cl Cc 1448 >10000 1207 2134

@Average of triplet testings.

Because of the sulfonamide, Cl and pyridine masetiee critical for the binding, we then
further explored the aminoacetyl moiety;(lR,) and the phenyl group ¢R(Table 2 and Table
3). Introduction of a methyl groudZf, 12g) to the R/R, position of 12a enhanced both
inhibitory activity against PI3K and selectivity over other PI3Ks. Unfortunatelye tdimethyl
substitute 12h) at this position resulted in both activity andesévity loss. Introduction of a
cyclopropane ring1@2i) retained the potency against PBKnd increased the selectivity over
PI3Ky (>500 fold). Installment of a methyl hydroxyl gmi{l2j) and 2-hydroxy ethyl substituent
(12k) group at R both resulted in activity loss against P8HKnterestingly, introduction of an
ethyl group 121-12m) led to both good activity against PI8kand selectivity over other PI3Ks.
In addition, the S-isomer configuratioh?() displayed better activity against PI8khan the R-
isomer configuration 12m). Similarly, the S-isomer of isopropyl substituefi2n)®® also
displayed stronger potency against Pd3#&nhd selectivity over other PI3Ks than the R-isomer
(120). The racemic cyclopropyl substituert2f) resulted in slight decrease of the activity
against P13 but better selectivity over PI3K>100 fold). The isobutane moieti2(q) retained
the potency against PIZKand selectivity over PI3Ks. However, the 2-methydime moiety
(12r) and larger group at this position such as begaylip (12s) both led to activity loss against
PI3Ka.

When R and R moieties were fixed as ifi2n, para-substituted benzene derivatives at R
position (5b-15e) all caused activity loss to PI&K(Table 3). This suggested that the

hydrophobic pocket created by Met900, 11e910 ang9A4 in PI3K could only tolerate

11



medium-size hydrophobic moiety. Introduction of athyl or chloro substitute to the benzene
ring at the 2-position16g, 15j), 3-position L5i, 15k) and 4-position X5h, 15l) all resulted in
similar or slightly better activities against Pi8kand much better selectivity over PRBK
compared with 12n. Interestingly, the dichlorobenzene substitute$5m-150) and
difluorobenzene substitutégf) at R; retained the potency against PB&nd the selectivity over
PI3Ky exceptlSp.

Table 2. SAR results offand R modifications (data representssg@alues in nMy

@JS?//O NS NH,
| I \ .'IR4
NH
HN._ s>§ Rs

—

Cl N

Compd. R R, PI3Ka | PI3Kp | PIBKy | PI3KS
12f Me H 7.5 19.5 47 3
12g H Me 15.6 275 62 2.1
12h Me Me 29.5 23.4 31 53.9
12i 8 i <10 50 708 13
12j * > OH H 8.2 85.6 41 17.4
12k _ELOH H 28 57.2 751 751

12



12| Et H 41.2 82.1 255.7 14
12m H Et 66 480.5 408 115
12n EJ\ H 62.1 98.8 120.5 5.3
120 H E/K 328.5 228.8 1036 135.2
Y
12p 1> H 52.8 124.2 2628 20.5
(rac)
12q Y H 33.9 119.3 456.7 8.6
12r “‘aj\/ H 75.9 84.2 893.1 100
12s ii/\@ H 78.2 148.5 358.3 156.5
®Average of triplet testings
Table 3. SAR results ofRnodifications (data representssg@alues in nMy
Compd. R PI3Ka PI3KB PI3Ky PI3Ks
%
15b J@f 17.7 386 256 87.8
FsC




2,
15¢ Y@( 59.8 317.1 602.1 25.6
2,
15d X@ 129.1 766.4 1898 100.4
2,
15¢ 1224 1761 1591 291.5
F
15f C[H 105.8 62.5 118.1 6.2
F
2,
15g ©i 43 243.7 2455 11.5
2,
15h )@( 22.8 155.9 193.7 3.2
%,
15 U 62.6 284 202.7 6.0
Cl
15j Cﬁ 14.8 34.7 110 3.3
Cl 2,
15k C( 27.7 307.5 596.3 10
2,
15 Q 48.3 201.5 146 12.3
Cl
Cl
15m C'@ﬁ 535 28.4 64 2
Cl
15n /@ﬁ 19.9 92.3 140 2
Cl
Cl
%
150 24.7 7.3 76 1
Cl

14



15p

Cl

73.2

109.3

170

15

®Average of triplet testings

2.3. Biochemical and cellular property evaluation

Since a number of compounds displayed good inhipigxtivity against PI3R as well as

selectivity over other class | PI3K isoforms, werttchose a panel of thertbg-15i) for further

selectivity testing among class I/ll/lll and Pl4Kiamily proteins (Table 4). The selective PBK

inhibitor 1 and pan-PI3K inhibitor GDC-094116)*" were used as control compounds. The

results revealed that compouriy and15h exhibited selectivity among class | PI3K isoforms

and PI4KIIl except PISK. Compoundl5i inhibited PI3KS with an 1Gy of 6 nM, meanwhile it

exhibited 10-200 fold selectivity over PIaKPI3KB, PI3Ky, VPS34, PI4KIIIA and PI4KIIIB.

These data suggested that overall compd&ndchieved the best selectivity.

Table 4. Activities of a panel of selected PI8Knhibitors against class I/ll/lll PI3K and P14KIllI

(data represents kgvalues in nMj

Compd.| P3IKa | P3IKB | P3IKs | P I3Ky | PIKBC2A | PIK3C2B | VPS34| PI4KIIIA | P14KIIB
1 391.3 845.5 5.9 67 >1000( >10000 4417 >10000  >10p00
159 43.0 243.7 115 245.9 2675 1096 834 1306 114.5
15h 22.8 155.9 3.23 193.1 1518 247.9 405 163|7 68
15i 62.6 284 6.0 202.7 >1000( 882.3 180[1.7 57411 300.2
16 6.5 181 15.7 110.5 6039 900.9 2837 >10000 >10000

@Average of triplet testings.
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In order to further confirm the selectivity &5 among the class | PI3Ks, we then examined its
inhibitory efficacy in the cellular background (Eig 3). Upon anti-lgM stimulation, the PI3K
mediated Akt T308 phosphorylation in Raji c8lsvas inhibited byl5i with an EG, value of
4.3 nM. However,15i did not exhibit apparent inhibitory effect on Akhgsphorylation
controlled by PI3K (NIH3T3 cell, PDGFBB stimulation), PI3K (NIH3T3 cell, LPA
stimulation) and PI3IK (RAW264.7 cell, C5a stimulation) (E€&3000 nM). These cellular data
combining with the biochemical assay results dernated thatl5i was a highly potent and

selective PI3I& inhibitor.

> ~
,\Q\ 6,\'&& ®\¢Q&
Compoeund 151 (J Q Compound 15i v UQ
NI 3T3 0 0 0030103 1 3 3 3 (uM)Ih NIH 3173 0 0003 0103 1 3 3 3 Mk
PNGF BB - -+ + + + -+ 0+ (70ng-'mL) I0min  1pa -+ - + 4+ 4+ + 4+ + (GpM)I0min
-AKT(T308) | = — — — _ QAT — -
b ) —————— — PIK G p-AKISA7) PIIK[)
CAKT \-—....-..d -AKT -— T e — -—
N >
DO e
Compound 15i 7 F Compound 15§ o7 DQ
RAW264.7 D0 0030103 1 3 3 3 (uWM)1h Raji O 0 00200103 1 3 3 3 (uMih
Csa -+ 4+ - + + + + + (50ng/mL)Smin Anti-lgM -+ — — 4+ 4+ — + + (Ipg'mL)Smin
- - - es G o» o o .
Pp-AKT(S473)] | PI3Ky p-AKT(T308) -
tAK] | — | . PI3KS
— t=AKT - s b D D e D e
Drug/class 1 PI3K cellular ECso (nM} PI3K o PI3KP PI3Ky PI3K3
Compuund 15i =3000 =3000 =3000 4.3

Figure 3. Inhibitory efficacy ofcompoundl5i against class | PI3K in cellular background.

We then moved forward to examine the selectivitg®fprofile against other protein kinases.
In the DiscoverX KINOMEscan selectivity testing tbtem, 15i (at 1 pM) exhibited high
selectivity among 468 kinases/mutants tested wighsaore(1)=0.0 (Figure 4 and Supplemental
table 1). Only PI3I® was hit with a percent control number less thamd none of other kinases

was affected.
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Figure 4. Kinome-wide selectivity profiling of compountbi with DiscoverX KINOMEscan

technology.

In order to better understand the binding modeoofipoundl5i, we then docked it into PI3ZK
(PDB ID: 5DXU) (Figure 5). The results showed tlia¢ aminothiazole moiety formed two
hydrogen bonds with and Ser831 (Figure 5A). Th# Igroup of15i formed two hydrogen
bonds with the side chain of Asp832 and backbon®er831 (Figure 5B). The two oxygens of
the sulfonamide moiety also formed hydrogen bondk thhe side chain of conserved residue
Lys779 located in the rof-sheet and Ser75df P-loop (Figure 5B). Furthermore, the isopropyl
moiety formed close hydrophobic interaction witle gide chain of Val827 and Leu829 (Figure
5C), which could explain the activity differencet@ween12n and12r/12s. In addition, the side
chains of Met900, 11e910 and Asp91l1 formed a snhgiirophobic pocket, which could
accommodate the tolyl group @5i, and this could explain the reason witbd and15e started

to lose the activity to PI3&
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Figure 5. Binding mode illustration of compouridi with PI3Ks (PDB ID: 5DXU) in (A) and

(B) catoon mode and (B) solid phase.

Since PI3K is specifically over-expressed/aberrantly actidate a variety of B-cell
malignances such as CLL and AML, we then screeoegpoundl5i against a panel of B-cell
malignancies derived cancer cell lines using comdsd and16 as positive control (Table 4).
15i exhibited moderate antiproliferative effects agamost of the cell lines including AML and
ALL cell lines with Gk values between 3.0-48M. The well-established highly selective
PI3K® inhibitor 1 didn’t exhibit apparent inhibitory against mostté cell lines. In contrast, the
pan-PI3K inhibitor16 displayed more potent antiproliferative efficactésn 15i and 1. This
again might reflect the fact that PI8Knhibitor might contribute to the antitumor effiga

through microenvironment rather than killing théidirectly®.

Table 5. The antiproliferative effects of compoundls 16 and 15 against a panel of B-cell

malignances related cancer cell lines (data reptesgk values inuM)?2.

. Compd.1 Compd.16 Compd.15i
Cell line Cell type
P (Glsg IM) |  (Glsg: iM) (Glsg: M)
PF382 ALL >10 0.14+0.01 3.5+0.8
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NALM-6 ALL >10 0.15+0.03 4.0+0.9

MV4-11 AML >10 0.88+0.06 4.8+0.2
MOLM-14 AML 6.4+1.0 0.21+0.15 3.3+0.2
MOLM-13 AML 1.7+0.4 0.048+0.012 3.0£0.4

@Average of triplet testings.

2.4. In vivo PK/PD evaluation

We next evaluated the pharmacokinetics profile @hpgound15i in Sprague-Dawley rats
(Table 5). At an oral dose of 10 mg/Kthi exhibited good systemic exposure (ALEL216
h-ng/mL, G=2063 ng/mL), favorable oral bioavailability (F%=8%), acceptable half-life
(T1/2=3.28 h) and fast absorptiony(#=0.25 h). These data suggested tttmight be suitable
for oral administration for the in vivo efficacyusly.

Table 6. Pharmacokinetic profile of compouddi in Sprague-Dawley Rats

IV (1 mg/kg) PO (10 mg/kg)
AUC(h-ng/mL) 549+68 1216+222
AUC,., (h-ng/mL) 551+69 1257+209
Crmax(ng/mL) 24671142 2063+736

Tmax(h) 0.033+0 0.25+0

Vz (mL/kg) 6210+421 37248+12023
Cl (mL/h/kg) 1833+225 8103+1317
MRTo.(h) 0.33+0.03 1.18+0.41
MRTo.. (h) 0.38+0.04 1.72+1.00
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Ta2(h) 2.36%0.20 3.28+1.20

F % - 22.8%+3.8%

MeanzSD, n=3.

Based on the favorable potency, selectivity andmphaokinetics profile of compouribi, we
finally tested its in vivo antitumor efficacy ineahMOLM-14 cell-inoculated xenograft animal
model. All dosages (25, 50 and 100 mg/kg/day)mfwere well tolerated with no mortality and
no significant body weight loss observed (Figurd)6 After 14 days of continuous treatment,
15i dose-dependently inhibited the growth of the MOl4timor at 25, 50 and 100 mg/kg/day
dosages (Figure 6 B-C)5i displayed obvious antitumor efficacy with a TGl 61% at 100
mg/kg/day dosage which was better thdn at the same dosage. In addition, the
immunohistochemistry (IHC) stain revealed thatttiaor proliferation was effectively inhibited
(Ki-67 lane, blue arrow, Figure 6 D) and significapoptosis was induced (TUNEL lane, blue

arrow, Figure 6 D) in the tumor.
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Figure 6. Efficacy of compoundl5i on MOLM-14 cell-inoculated xenograft mouse model.
Female nu/nu mice bearing an established contmipgand MOLM-14 tumor xenografts were
treated with 15i at 25 mg/kg/day, 50 mg/kg/day, 100 mg/kg/day ohiecle. Daily oral
administration was initiated when MOLM-14 tumorsiraached a size of 300 mMinEach group
contained 5 animals. Data = mean + SD. (A) Bodyghkeimeasurement from MOLM-14
xenograft mice aftel5i administration. Initial body weight was set as #QB) Tumor size
measurement from MOLM-14 xenograft mice aftér administration. Initial tumor size was set
as 100%. (C) Comparison of the final tumor weighteach group after a 14-day treatment
period. (D) Representative micrographs of hematoxghd eosin (HE), Ki-67 and TUNEL

staining of tumor tissues wittbi treatment compared to the vehicle group &nd
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3. Conclusions

In summary, starting from a pan-PI3K inhibitdy through a focused medicinal chemistry
approach guided by structure-aided drug designhawe discovered a aminothiaozle-pyridine
scaffold based compouridi via 5 steps of chemical syntheses (24% overaltlyid5i had an
ICso value of 6 nM against PI3X and it exhibited 10 to 300 fold selectivity agsimsoforms of
PI3Ks and Pl4Ks as well as excellent selectivityeroother protein kinased5i potently
inhibited the phosphorylation of Akt with an ECof 4.3 nM in anti-IgM-stimulated PI13K
active Raji cell line, but displayed far less aityivagainst P13k, PI3KB and PI3K. In addition,
15i exhibited better antiproliferative effects agaitte# majority of B-cell related malignancies
that were tested (ALL and AML) comparedioThe suitable pharmacokinetic profile and good
in vivo antitumor efficacy suggested thHii might be a potential drug candidate for B-cell

related malignances.
4. Experimental section

4.1. ChemistryAll reagents and solvents were purchased from cawialesources and were
used as received unless specified otherwise, quaped as described in the literature. All
moisture sensitive reactions were carried out udimygsolvents under ultrapure argon protection.
Glassware was dried in an oven at 140 °C for adtlé2 h prior to use and then assembled
quickly while hot, sealed with rubber septa, anbveéd to cool under a stream of argon.
Reactions were stirred magnetically using Tefloated magnetic stirring bars. Commercially
available disposable syringes were used for tramsfethe reagents and solvents. LC/MS were
performed on an Agilent 6224 TOF using an ESI sewwcupled to an Agilent 1260 Infinity
HPLC system operating in reverse mode with an Agi¥DB-C18 column (4.6 x 50 mm, 1.8

um) using a water/acetonitrile (each with 0.2% (Ms)mic acid) gradient at a flow rate at 0.4
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mL/min. *H and **C spectra were recorded with a Bruker 400 MHz NMRcsrometer and
referenced to deuterated methanol ¢OD), deuterated dimethyl sulfoxide (DMSdg) or
deuterated chloroform (CDgl Chemical shifts are expressed in ppm. In the Nistiulation, s
indicates singlet; d, doublet; t, triplet; q, qeardnd m, multiplet. Flash column chromatography
was conducted using silica gel (Silicycle40+8#). The purities of all final compounds were
determined to be above 95% by HPLC.

4.1.1. CompoundsBa-d were prepared following the synthetic procedureat as described
previously’ %

4.1.1.1 N-(5-(3-Amino-4-chlorophenyl)-4-methyltliia2-yl)acetamide &d). Yield 75%. H
NMR (400 MHz, DMSOds) § 7.21 (s, 1H), 6.91 (s, 1H), 6.61 (s, 1H), 5.48), 2.33 (s, 3H),
2.14 (s, 3H)*C NMR (100 MHz, DMSQdg) & 168.84, 155.39, 145.35, 142.22, 132.04, 129.79,
124.01, 117.33, 116.54, 115.44, 22.90, 16.62. LC(EIS, m/z): 282.0453 [M+H]

4.1.2. Compound<a-d were prepared following the synthetic procedur®ab as described
previously®2*

4.1.2.1. N-(4-Methyl-5-(5-(phenylsulfonamido)pymic-yl)thiazol-2-yl)acetamide 9¢). Yield
66%.H NMR (400 MHz, DMSOds) 5 12.22 (s, 1H), 10.76 (s, 1H), 8.35 (s, 1H), 8.251H),
7.82 (s, 2H), 7.63 (s, 1H), 7.59 (s, 2H), 7.51 1), 2.25 (s, 3H), 2.15 (s, 3H}*C NMR
(100MHz, CDC}) & 169.05, 156.53, 144.56, 144.40, 140.18, 139.42,8P3 133.80, 130.00,
129.12, 127.17, 126.51, 119.83, 22.89, 16.41. LE{HESI, m/z): 389.0764 [M+H]

4.1.2.2. N-(5-(4-Chloro-3-(phenylsulfonamido)phenyl)-4-mditpzol-2-yl)acetamide 9().
Yield 64%.*H NMR (400 MHz, DMSO#g) § 12.16 (s, 1H), 10.18 (s, 1H), 7.79 (s, 2H), 764 (

1H), 7.58 (s, 2H), 7.43 (s, 1H), 7.25 (s, 2H), 2(&33H), 2.15 (s, 3H):*C NMR (100 MHz,
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DMSO-ds) 6 168.94, 155.99, 143.35, 140.70, 134.36, 133.52,203 130.85, 129.79, 127.86,
127.54, 127.13, 126.76, 122.45, 22.89, 16.43. LC(ESI, m/z): 422.0392 [M+H]
4.1.3.Compoundd0b-e were prepared following the synthetic proceduréQat
4.1.3.1.N-(5-(2-Amino-4-methylthiazol-5-yl)-2-chloropyridBiyl)benzenesulfonamid&0g@). To

a solution ofa (211 mg, 0.5 mmol, 1.00 eq.) in EtOH (4 mL), 6 MH0.7 mL) was added at
room temperature under argon. Then it was heatedfliax for 6 h. The reaction mixture was
cooled to room temperature and filtered to affémel productlOa as yellow solid (169 mg, 89%).
'H NMR (400 MHz, DMSOsg) 5 9.75 (s, 1H), 8.32 (s, 1H), 7.78 (= 7.1 Hz, 2H), 7.69 (d

= 6.7 Hz, 1H), 7.65 (s, 1H), 7.61 @z 7.3 Hz, 2H), 2.21 (s, 3HY°C NMR (100 MHz, DMSO-
ds) 6 168.27, 146.02, 145.36, 140.17, 134.71, 133.89,303 130.00, 127.28, 126.52, 111.42,
99.99, 13.11. LC-MS (ESI, m/z): 381.0225 [M+H]

4.1.3.2. N-(5-(2-Amino-4-methylthiazol-5-yl)-2-methoxypyni8-yl)benzenesulfonamide.0p).
Yield 85%.H NMR (400 MHz, DMSOdg) § 7.95 (s, 1H), 7.76 (s, 2H), 7.56 (s, 3H), 7.25 (s,
1H), 3.67 (s, 3H), 2.12 (s, 3H). LC-MS (ESI, m/2):7.0741 [M+H].
4.1.3.3.N-(5-(2-Amino-4-methylthiazol-5-yl)pyridin-3-yl) menesulfonamidelQc). Yield 89%.

'H NMR (400 MHz, DMSOdg) § 8.47 (s, 2H), 7.90 (s, 1H), 7.87 (s, 3H), 7.65d; 6.7 Hz,
1H), 7.61 (s, 1H), 7.59 (s, 1H), 7.58 (s, 1H), 2(813H).**C NMR (100 MHz, DMSQdg) &
168.39, 141.13, 140.32, 139.12, 136.50, 135.03,9173 130.06, 129.34, 128.14, 127.26, 111.51,
13.14. LC-MS (ESI, m/z): 347.0624 [M+H]

4.1.3.4. N-(5-(2-Amino-4-methylthiazol-5-yl)-2-chloropherghzenesulfonamidelqd). Yield
90%. *H NMR (400 MHz, DMSOsg) & 10.34 (s, 1H), 9.71 (s, 2H), 7.74 (s, 2H), 7.651(3),

7.59 (s, 2H), 7.49 (s, 1H), 7.24 (s, 1H), 7.171@), 2.15 (s, 3H)**C NMR (100 MHz, DMSO-
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ds) 6 167.87, 140.51, 134.66, 133.62, 132.70, 131.29,8R? 129.41, 129.37, 127.51, 127.14,
126.80, 114.83, 13.07. LC-MS (ESI, m/z): 380.0298-H]".
4.1.4.N-(5-(2-Amino-4-methylthiazol-5-yl)-2-hydroxypyneB-yl)benzenesulfonamid20g). To

a solution of9b (211 mg, 0.5 mmol, 1.00 eq.) in EtOH (4 mL), 6 MCHO0.7 mL) was added at
room temperature under argon. Then it was heateefflix for 12 h. The reaction mixture was
cooled to room temperature and filtered to affdrel productlOe as yellow solid (65 mg, 40%).
H NMR (400 MHz, DMSOds) § 7.86 (s, 1H), 7.63 (s, 2H), 7.50 (s, 3H), 7.2514), 2.07 (s,
3H). LC-MS (ESI, m/z): 363.0582 [M+H]

4.1.5.Compounddla andllc-t were prepared following the synthetic procedur#ldf

4.1.5.1. tert-Butyl(2-((5-(6-chloro-5-(phenylsulfonamido)pin-3-yl)-4-methylthiazol-2-
yl)amino)-2-oxoethyl)carbamatelib). To a solution ofl0a (40 mg, 0.1 mmol, 1.00 eq.) in
anhydrous DMF (2 mL), Boc-glycine (33 mg, 0.15 mmbbO eq.), HATU (57 mg, 1.50 eq.)
and DIPEA (0. 89 mL, 0.50 mmol, 5.0 eq.) were addéd °C under argon. The reaction
mixture was stirred at 0 °C for 1 h, and then isvadlowed to warm to room temperature for 20
h. The resulting mixture was concentrated to drgn@$e residue was diluted with water (30
mL) and then extracted with EtOAc (3x30 mL). Thentned organic layers were washed with
water (50 mL), brine (50 mL) and dried over anhydrdNaSO,. Evaporation of the solvent
provided the crude product, which was purified lagth chromatography (eluting with MeOH in
DCM 0-1.5 %) to give the title compouridb as yellow solid (44 mg, 76%jH NMR (400
MHz, CDCI3)$ 8.19 (s, 1H), 8.01 (s, 1H), 7.87 (s, 1H), 7.851¢d), 7.63 (t, J = 7.4 Hz, 1H),
7.53 (t, J = 7.5 Hz, 2H), 4.14 (s, 2H), 2.38 (s),3H48 (s, 9H)LC-MS (ESI, m/z): 538.0952

[M+H] ™.
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4.1.5.2. N-(5-(6-Chloro-5-(phenylsulfonamido)pyridin-3-yljrethylthiazol-2-yl)propionamide
(114). Yield 70%.*H NMR (400 MHz, CDCJ) & 8.21 (d,J = 2.2 Hz, 1H), 8.03 (d] = 2.2 Hz,
1H), 7.88 (s, 1H), 7.86 (d,= 1.3 Hz, 1H), 7.64 (] = 7.5 Hz, 1H), 7.54 () = 7.7 Hz, 2H), 2.55
(9,J = 7.5 Hz, 2H), 2.39 (s, 3H), 1.31 Jt= 7.5 Hz, 3H)*C NMR (100 MHz, CDCJ) & 171.69,
157.02, 144.57, 144.37, 140.57, 138.51, 133.96,5830.29.55, 129.50, 129.01, 127.21, 120.05,
29.49, 16.11, 9.07. LC-MS (ESI, m/z): 437.0498 [M*H

4.1.5.3. tert-Butyl(2-((5-(6-methoxy-5-(phenylsulfonamido)gin-3-yl)-4-methylthiazol-2-
yl)amino)-2-oxoethyl)carbamatd ic). Yield 76%.'H NMR (400 MHz, DMSOds) § 12.21 (s,
1H), 10.10 (s, 1H), 8.01 (s, 1H), 7.81 (s, 2H),37-77.51 (m, 4H), 3.86 (s, 2H), 3.70 (s, 3H),
2.25 (s, 3H), 1.40 (s, 9H}°C NMR (100 MHz, DMSOQdg) & 169.16, 156.39, 156.01, 155.61,
143.31, 142.42, 140.60, 133.45, 131.98, 129.66,1627122.12, 121.20, 120.23, 78.74, 54.00,
43.46, 28.68, 16.12. LC-MS (ESI, m/z): 534.1476 pJ*

4.1.5.4. tert-Butyl(2-((5-(6-hydroxy-5-(phenylsulfonamidoipyn-3-yl)-4-methylthiazol-2-
yl)amino)-2-oxoethyl)carbamatd Xd). Yield 77%.*H NMR (400 MHz, DMSOsdg) 6 12.17 (s,
2H), 9.80 (s, 1H), 7.92 (s, 2H), 7.78 — 7.54 (m),3H33 (s, 1H), 7.21 (s, 2H), 3.85 (s, 2H), 2.20
(s, 3H), 1.40 (s, 9H)*C NMR (100 MHz, DMSOdg) & 169.02, 156.90, 156.36, 154.98, 142.69,
140.22, 133.63, 129.72, 129.12, 128.35, 127.28,3826120.24, 109.78, 78.75, 43.48, 28.65,
15.98. LC-MS (ESI, m/z): 520.13161+H] "

4.1.5.5. tert-Butyl(2-((4-methyl-5-(5-(phenylsulfonamido)jolyn-3-yl)thiazol-2-yl)amino)-2-
oxoethyl)carbamatel(e). Yield 76%."H NMR (400 MHz, CDCJ) & 8.39 (s, 2H), 7.85 (d] =
6.7 Hz, 2H), 7.54 (dJ = 6.1 Hz, 1H), 7.46 (s, 3H), 4.19 (s, 2H), 2.243H), 1.47 (s, 9H)**C

NMR (100 MHz, CDC}) § 168.72, 156.44, 156.20, 145.17, 143.96, 140.58,903 134.03,
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133.40, 129.35, 128.94, 128.07, 127.15, 121.4228%K0.75, 28.32, 15.97. LC-MS (ESI, m/z):
504.1366 [M+H].

4.1.5.6. tert-Butyl(2-((5-(4-chloro-3-(phenylsulfonamido) pty®)-4-methylthiazol-2-yl)amino)-2-
oxoethyl)carbamatel(f). Yield 81%.'"H NMR (400 MHz, DMSOs) & 12.24 (s, 1H), 10.21 (s,
1H), 7.79 (dJ = 7.5 Hz, 2H), 7.69 — 7.63 (m, 1H), 7.59J& 7.1 Hz, 2H), 7.47 (d] = 8.1 Hz,
1H), 7.31 — 7.24 (m, 2H), 7.21 (t= 5.4 Hz, 1H), 3.87 (d] = 5.3 Hz, 2H), 2.24 (s, 3H), 1.40 (s,
9H). 3C NMR (100 MHz, CDG)) § 169.17, 162.76, 156.36, 143.49, 140.72, 134.43 513
132.07, 130.82, 129.72, 127.94, 127.47, 127.13,7728.22.64, 78.72, 38.69, 28.64, 16.42. LC-
MS (ESI, m/z): 537.1043 [M+H]

4.15.7. tert-Butyl(R)-(1-((5-(6-chloro-5-(phenylsulfonamjggridin-3-yl)-4-methylthiazol-2-
yl)amino)-1-oxopropan-2-yl)carbamatélg). Yield 74%."H NMR (400 MHz, CROD) & 8.17

(s, 1H), 7.98 (dJ = 1.8 Hz, 1H), 7.83 (s, 1H), 7.82 (s, 1H), 7.68.59 (m, 1H), 7.52 () = 7.7
Hz, 2H), 4.37 (d,J = 6.4 Hz, 1H), 2.38 (s, 3H), 1.45 @= 5.4 Hz, 9H), 1.43 (s, 3H}°C NMR
(100 MHz, CROD) 6 172.32, 169.59, 156.83, 144.80, 144.52, 142.48,583 133.32, 132.84,
131.32, 129.17, 128.91, 126.91, 119.80, 80.00,4®1.58, 17.25, 15.43. LC-MS (ESI, m/z):
552.1161 [M+H].

4.15.8. tert-butyl(S)-(1-((5-(6-chloro-5-(phenylsulfonam)ggridin-3-yl)-4-methylthiazol-2-
yl)amino)-1-oxopropan-2-yl)carbamatdlf). Yield 75%.'H NMR (400 MHz, DMSOsdg) 6
12.34 (s, 1H), 10.54 (s, 1H), 8.32 (s, 1H), 7.8®K), 7.72 — 7.52 (m, 4H), 7.28 (s, 1H), 4.25 (s,
1H), 2.28 (s, 3H), 1.36 (s, 9H), 1.28 (s, 3HL NMR (100 MHz, DMSOdg) § 172.90, 156.76,
155.67, 145.60, 145.21, 144.03, 140.36, 134.22,763331.24, 129.93, 128.87, 127.12, 118.89,

78.70, 50.21, 28.63, 17.96, 16.32. LC-MS (ESI, mB8R.1154 [M+H].
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4.1.5.9. tert-Butyl(1-((5-(6-chloro-5-(phenylsulfonamido)pyin-3-yl)-4-methylthiazol-2-
yl)amino)-2-methyl-1-oxopropan-2-yl)carbamaitdij. Yield 78%.*H NMR (400 MHz, CDC}))
$8.18 (s, 1H), 8.02 (s, 1H), 7.86 (ts 7.9 Hz, 2H), 7.62 ( = 7.0 Hz, 1H), 7.53 (d] = 7.2 Hz,
2H), 2.37 (s, 3H), 1.60 (s, 6H), 1.44 (s, 9C NMR (100 MHz, CDG)) § 156.90, 154.92,
144.82, 144.34, 138.72, 133.83, 130.82, 129.50,32929.15, 127.22, 120.05, 57.11, 29.71,
28.27, 16.05. LC-MS (ESI, m/z): 566.1286 [M+H]

4.1.5.10. tert-Butyl(1-((5-(6-chloro-5-(phenylsulfonamido)@in-3-yl)-4-methylthiazol-2-
yl)carbamoyl)cyclopropyl)carbamate 1j).Yield 81%.'H NMR (400 MHz, CDCY) & 8.38 (s,
1H), 8.16 (s, 1H), 8.03 (d, = 7.4 Hz, 2H), 7.83 (d] = 7.1 Hz, 1H), 7.74 (t) = 7.2 Hz, 2H),
2.58 (s, 3H), 1.69 (s, 9H), 1.47 (s, 4HC NMR (100 MHz, CDGJ) & 172.96, 158.11, 145.45,
143.54, 140.51, 134.30, 133.82, 132.25, 130.12,7829127.80, 120.50, 61.13, 30.17, 28.56,
16.12, 14.30. LC-MS (ESI, m/z): 564.1153 [M+H]

4.15.11. tert-Butyl(S)-(1-((5-(6-chloro-5-(phenylsulfonam)ggridin-3-yl)-4-methylthiazol-2-
yl)amino)-3-hydroxy-1-oxopropan-2-yl)carbamat&1K). Yield 76%. '"H NMR (400 MHz,
CD;0OD) 5 8.74 (d,J = 3.9 Hz, 1H), 8.43 (d] = 8.4 Hz, 1H), 8.21 (s, 1H), 7.96 (@= 1.9 Hz,
1H), 7.83 (dJ = 7.7 Hz, 1H), 7.65 (] = 7.2 Hz, 1H), 7.56 (s, 1H), 4.44 (s, 1H), 3.98.82 (m,
2H), 2.37 (s, 3H), 1.46 (d} = 13.2 Hz, 9H)*C NMR (100 MHz, CROD) & 169.97, 156.82,
150.81, 144.56, 142.51, 139.86, 135.15, 133.27,2131129.13, 128.51, 126.84, 120.72, 119.62,
79.76, 61.69, 56.59, 27.29, 14.79. LC-MS (ESI, nB88.1105 [M+H].
4.1.5.12.tert-Butyl((2S,3R)-1-((5-(6-chloro-5-(phenylsulfaniao) pyridin-3-yl)-4-methylthiazol-
2-yl)amino)-3-hydroxy-1-oxobutan-2-yl)carbamat#ll]. Yield 77%. '"H NMR (400 MHz,
CDCl) 6 8.05 (d,J = 1.6 Hz, 1H), 7.93 (s, 1H), 7.85 {t= 6.5 Hz, 2H), 7.62 (] = 7.4 Hz, 1H),

7.52 (t,J = 7.7 Hz, 2H), 4.69 — 4.59 (m, 1H), 4.46 Jd; 5.9 Hz, 1H), 2.35 (s, 3H), 1.52 (s, 9H),
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1.48 (s, 3H).”*C NMR (100 MHz, CDGJ) 5 169.61, 166.38, 156.33, 155.74, 144.80, 144.22,
139.51, 137.80, 133.91, 129.14, 127.23, 122.03,3820114.92, 81.27, 66.88, 59.34, 28.30,
18.93, 15.95. LC-MS (ESI, m/z): 582.1251 [M+H]

4.1.5.13. tert-Butyl(S)-(1-((5-(6-chloro-5-(phenylsulfonam)ggridin-3-yl)-4-methylthiazol-2-
yl)amino)-1-oxobutan-2-yl)carbamat&lfn). Yield 84%.'"H NMR (400 MHz, CDCY)  8.17 (s,
1H), 8.01 (s, 1H), 7.86 (d = 7.2 Hz, 2H), 7.63 (d] = 6.8 Hz, 1H), 7.54 (d] = 7.1 Hz, 2H),
4.45 (s, 1H), 2.39 (s, 3H), 2.07 — 1.76 (m, 2H381(s, 9H), 1.04 (s, 3H}’C NMR (100 MHz,
CDCl;) & 170.69, 156.09, 155.97, 144.96, 144.49, 140.38.4B3 133.93, 130.53, 129.53,
129.27, 129.02, 127.22, 120.26, 80.88, 55.83, 28248, 16.04, 14.00. LC-MS (ESI, m/z):
566.1275 [M+H].

4.1.5.14. tert-Butyl(R)-(1-((5-(6-chloro-5-(phenylsulfonamjggridin-3-yl)-4-methylthiazol-2-
yl)amino)-1-oxobutan-2-yl)carbamat&lf). Yield 81%.'H NMR (400 MHz, CDCJ) & 8.17 (s,
1H), 8.02 (s, 1H), 7.86 (d = 6.7 Hz, 2H), 7.63 (d] = 6.3 Hz, 1H), 7.54 (d] = 6.5 Hz, 2H),
4.43 (s, 1H), 2.39 (s, 3H), 2.07 — 1.77 (m, 2H391(s, 9H), 1.05 (s, 3H}°C NMR (100 MHz,
CDCl;) 8 170.60, 156.03, 155.96, 144.97, 144.49, 140.38.463 133.95, 130.51, 129.54,
129.20, 129.03, 127.22, 120.27, 81.08, 55.83, 282%8, 16.05, 14.01. LC-MS (ESI, m/z):
566.1283 [M+H].

4.1.5.15. tert-Butyl(S)-(1-((5-(6-chloro-5-(phenylsulfonam)ggridin-3-yl)-4-methylthiazol-2-
yl)amino)-3-methyl-1-oxobutan-2-yl)carbamatdd). Yield 81%.'H NMR (400 MHz, CDC})
$8.17 (d,J = 1.6 Hz, 1H), 8.02 (d] = 1.8 Hz, 1H), 7.86 (d] = 7.6 Hz, 2H), 7.62 (d] = 7.5 Hz,
1H), 7.53 (tJ = 7.7 Hz, 2H), 4.31 (s, 1H), 2.39 (s, 3H), 2.38,(@= 13.1, 6.6 Hz, 1H), 1.49 (s,

9H), 1.05 (d,J = 6.8 Hz, 3H), 1.00 (d] = 6.8 Hz, 3H)X*C NMR (100 MHz, CDCJ) § 170.21,
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155.91, 144.96, 144.44, 140.32, 138.52, 133.91,5483029.51, 129.13, 129.02, 127.22, 120.27,
38.64, 30.56, 28.30, 19.26, 17.70, 16.00. LC-MS(Efiz): 580.1466 [M+H].

4.1.5.16. tert-Butyl(R)-(1-((5-(6-chloro-5-(phenylsulfonamjggridin-3-yl)-4-methylthiazol-2-
yl)amino)-3-methyl-1-oxobutan-2-yl)carbamatilyf). Yield 84%.'H NMR (400 MHz, CDC})

§ 8.16 (s, 1H), 8.00 (s, 1H), 7.85 @= 7.7 Hz, 2H), 7.67 — 7.58 (m, 1H), 7.52Jt 7.3 Hz,
2H), 4.38 (s, 1H), 2.38 (s, 3H), 2.33 — 2.22 (m),1H47 (s, 9H), 1.04 (dl = 6.4 Hz, 3H), 1.00
(d, J = 6.3 Hz, 3H).2*C NMR (100 MHz, CDGCJ) & 170.60, 156.10, 144.94, 144.52, 140.48,
138.62, 133.86, 130.54, 129.49, 129.01, 127.20,182®0.65, 59.98, 30.66, 28.02, 19.37, 16.19.
LC-MS (ESI, m/z): 580.1458 [M+H]

4.1.5.17. tert-Butyl(2-((5-(6-chloro-5-(phenylsulfonamido) pyin-3-yl)-4-methylthiazol-2-
yl)amino)-1-cyclopropyl-2-oxoethyl)carbamatilq). Yield 79%.'H NMR (400 MHz, CDCY) &
8.18 (s, 1H), 8.02 (s, 1H), 7.87 (s, 2H), 7.61)d,18.0 Hz, 1H), 7.53 (s, 2H), 3.86 (s, 1H), 2.39
(s, 3H), 1.47(s, 9H), 1.25(s, 1H), 0.90 (s, 2HBEO(s, 2H).**C NMR (100 MHz, CDQ) 5
172.18, 170.22, 155.97, 144.95, 144.52, 140.50,5238.33.92, 130.54, 129.56, 129.53, 129.03,
127.22, 120.27, 31.61, 28.31, 22.68, 16.04, 14186/0, 3.83. LC-MS (ESI, m/z): 578.1310
[M+H] ™.

4.1.5.18. tert-Butyl(S)-(1-((5-(6-chloro-5-(phenylsulfonam)ggridin-3-yl)-4-methylthiazol-2-
yl)amino)-4-methyl-1-oxopentan-2-yl)carbamatérj. Yield 80%.'H NMR (400 MHz, DMSO-

de) & 12.42 (s, 1H), 10.52 (s, 1H), 8.33 (s, 1H), 7.892H), 7.68 (s, 2H), 7.60 (s, 2H), 7.21 (s,
1H), 4.26 (s, 1H), 2.29 (s, 3H), 1.64 (s, 1H), 1(541H), 1.37 (s, 9H), 1.30 (s, 1H), 0.88 (s, 6H).
3¢ NMR (100 MHz, DMSOdg) 6 172.84, 156.71, 155.91, 145.60, 145.23, 144.00,34
134.22, 133.76, 131.24, 129.93, 128.87, 127.10,8P198.68, 53.27, 28.63, 24.81, 23.36, 21.80,

16.32. LC-MS (ESI, m/z): 594.1615 [M+H]
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4.1.5.19. tert-Butyl((2S)-1-((5-(6-chloro-5-(phenylsulfonam)gdyridin-3-yl)-4-methylthiazol-2-
yl)amino)-3-methyl-1-oxopentan-2-yl)carbamatésj. Yield 81%.*H NMR (400 MHz, DMSO-
de) & 12.36 (s, 1H), 10.50 (s, 1H), 8.33 (s, 1H), 7.892H), 7.69 (dJ = 11.2 Hz, 2H), 7.59 (s,
2H), 7.14 (s, 1H), 4.11 (s, 1H), 2.29 (s, 3H), 1(B1H), 1.46 (s, 1H), 1.33 (s, 9H), 1.18 (s, 1H),
0.82 (s, 6H)*C NMR (100 MHz, DMSOdg) & 171.95, 156.38, 155.97, 145.60, 145.28, 144.00,
140.39, 134.22, 133.74, 131.25, 129.92, 128.85,1127118.93, 78.71, 59.19, 36.55, 28.61,
25.12, 16.31, 15.64, 11.16. LC-MS (ESI, m/z): 5823 [M+H]".

4.1.5.20. tert-Butyl(S)-(1-((5-(6-chloro-5-(phenylsulfonam)ggridin-3-yl)-4-methylthiazol-2-
yl)amino)-1-oxo-3-phenylpropan-2-yl)carbamatdtj. Yield 77%.'"H NMR (400 MHz, DMSO-

de) 5 12.56 (s, 1H), 10.54 (s, 1H), 8.34 (s, 1H), 7.80J(= 5.1 Hz, 2H), 7.67 (s, 2H), 7.60 (s,
2H), 7.36 (s, 3H), 7.28 (s, 2H), 7.20 (s, 1H), 4g61H), 3.01 (s, 1H), 2.85 (s, 1H), 2.29 (s, 3H),
1.27 (s, 9H)*C NMR (100 MHz, DMSOdg) & 171.86, 156.63, 155.84, 145.62, 145.26, 144.07,
140.28, 138.07, 134.26, 133.78, 131.27, 129.95,7629.28.85, 128.56, 127.12, 126.91, 118.98,
78.74,56.52, 37.42, 28.49, 16.25. LC-MS (ESI, n828.1463 [M+H].

4.1.6.Compoundd2b-s were prepared following the synthetic procedur&2at

4.1.6.1. 2-Amino-N-(5-(6-chloro-5-(phenylsulfonamido)pyrieBryl)-4-methylthiazol-2-
yl)acetamide 12a). To a solution ofl1b (35 mg, 0.08 mmol, 1.00 eq.) in MeOH (1 mL), 4 M
HCIl in MeOH (1 mL) was added at room temperatutee feaction mixture was stirred at room
temperature for 2 h. Evaporation of the solventvied the white solid product (26 mg, 95%).
'H NMR (400 MHz, CROD) § 8.25 (s, 1H), 8.01 (dl = 8.7 Hz, 1H), 7.82 (d] = 7.0 Hz, 2H),
7.66 (s, 1H), 7.57 (d = 6.8 Hz, 2H), 4.07 (s, 2H), 2.41 (s, 3&3C NMR (100 MHz, CROD) 5
165.05, 156.69, 144.65, 143.83, 143.12, 139.87,183329.12, 129.08, 128.27, 126.83, 126.80,

119.86, 40.86, 14.41. LC-MS (ESI, m/z): 438.0469-T".
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4.1.6.2. 2-Amino-N-(5-(6-methoxy-5-(phenylsulfonamido)pyri@iyl)-4-methylthiazol-2-
yl)acetamide 12b). Yield 92%.*H NMR (400 MHz, CROD) & 7.86 (s, 1H), 7.72 (s, 2H), 7.71
(s, 1H), 7.52 (t) = 6.6 Hz, 1H), 7.45— 7.43 (m, 2H), 4.05 (s, 2HY03(s, 3H), 2.28 (s, 3H}’C
NMR (100 MHz, CROD) & 163.93, 155.54, 140.41, 138.29, 131.37, 129.28,212 125.47,
125.31, 120.18, 118.67, 51.65, 39.54, 17.61. LC{ESI, m/z): 434.0915 [M+H]

4.1.6.3. 2-Amino-N-(5-(6-hydroxy-5-(phenylsulfonamido) pymid-yl)-4-methylthiazol-2-
yl)acetamide 12¢). Yield 95%.H NMR (400 MHz, CROD) & 7.83 (d,J = 6.0 Hz, 2H), 7.67 —
7.41 (m, 4H), 7.19 (s, 1H), 4.03 (s, 2H), 2.233(d). LC-MS (ESI, m/z): 420.0753 [M+H]
4.1.6.4. 2-Amino-N-(4-methyl-5-(5-(phenylsulfonamido)pyri@hyl)thiazol-2-yl)acetamide
(12d). Yield 91%.'H NMR (400 MHz, CROD) § 8.59 (s, 1H), 8.51 (s, 1H), 8.18 (s, 1H), 7.90
(s, 2H), 7.61 (s, 1H), 7.54 (s, 2H), 3.99 (s, 2B83 (s, 3H)*C NMR (100 MHz, CROD) &
163.68, 156.13, 145.70, 137.22, 137.17, 133.89,313232.03, 131.52, 128.01, 127.97 125.44,
116.32, 39.27, 13.38. LC-MS (ESI, m/z): 404.0796-HI".

4.1.6.5. 2-Amino-N-(5-(4-chloro-3-(phenylsulfonamido)pherddinethylthiazol-2-yl)acetamide
(12¢). Yield 96%.*H NMR (400 MHz, DMSOsdg) § 10.28 (s, 1H), 8.60 (s, 3H), 7.77 (s, 2H),
7.65 (s, 1H), 7.57 (s, 2H), 7.47 (s, 1H), 7.2714), 7.18 (s, 1H), 3.91 (s, 2H), 2.19 (s, 3HE
NMR (100 MHz, CDCJ) 6 165.89, 155.17, 143.48, 140.64, 134.42, 133.63,683 131.06,
129.89, 128.44, 127.84, 127.16, 126.99, 123.14154916.36. LC-MS (ESI, m/z): 437.0445
[M+H] ™.

4.1.6.6. (R)-2-Amino-N-(5-(6-chloro-5-(phenylsuliomdo)pyridin-3-yl)-4-methylthiazol-2-
yl)propenamide X2f). Yield 96%.'H NMR (400 MHz, DMSOds) & 8.77 (s, 2H), 8.56 (s, 1H),
8.29 (s, 1H), 7.76 (s, 2H), 7.64 (s, 1H), 7.562(3), 4.19 (s, 1H), 2.15 (s, 3H), 1.43 (s, 3f0.

NMR (100 MHz, DMSOsdg) 6 169.35, 156.09, 145.89, 144.91, 140.24, 134.78,3P3 133.88,
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131.21, 130.02, 128.46, 127.20, 119.38, 48.73,617146.33. LC-MS (ESI, m/z): 452.0621
[M+H] ™.

4.1.6.7. (S)-2-Amino-N-(5-(6-chloro-5-(phenylsufiorido)pyridin-3-yl)-4-methylthiazol-2-
yl)propenamide 12g). Yield 95%.'H NMR (400 MHz, CROD) & 8.24 (s, 1H), 7.98 (s, 1H),
7.82 (d,J = 7.5 Hz, 2H), 7.66 (t) = 7.1 Hz, 1H), 7.56 () = 7.4 Hz, 2H), 4.30 (d] = 6.4 Hz,
1H), 2.40 (s, 3H), 1.67 (dl = 6.7 Hz, 3H).X*C NMR (100 MHz, CROD) & 168.85, 157.21,
144.65, 143.35, 143.22, 139.85, 133.29, 133.20,3¥31129.09, 128.20, 126.81, 119.91, 49.37,
15.98, 14.27. LC-MS (ESI, m/z): 452.0633 [M+H]

4.1.6.8. 2-Amino-N-(5-(6-chloro-5-(phenylsulfonamido)pyrieBryl)-4-methylthiazol-2-yl)-2-
methylpropanamidel@h).Yield 92%.'H NMR (400 MHz, DMSO-g) & 8.78 (s, 2H), 8.31 (s,
1H), 7.78 (s, 2H), 7.62 (s, 4H), 2.26 (s, 3H), 1(646H). LC-MS (ESI, m/z): 466.0749 [M+H]
4.1.6.9. 1-Amino-N-(5-(6-chloro-5-(phenylsulfonamido)pyrieBryl)-4-methylthiazol-2-
yl)cyclopropane-1-carboxamidd ). Yield 90%.'H NMR (400 MHz, DMSOdg) 5 8.28 (s,
1H), 7.78 (s, 2H), 7.69-7.65 (m, 2H), 7.61 (s, 2B{RO (s, 3H), 1.59 (s, 1H), 1.50 (s, 1H), 1.36
(d, J = 12.5 Hz, 1H), 1.23 (s, 1H}*C NMR (100 MHz, DMSOdg) & 172.56, 161.08, 145.66,
145.34, 144.58, 140.27, 134.26, 133.85, 131.29,882928.38, 127.11, 117.26, 36.37, 16.58,
13.78. LC-MS (ESI, m/z): 464.0631 [M+H]

4.1.6.10. (S)-2-Amino-N-(5-(6-chloro-5-(phenylsndmido)pyridin-3-yl)-4-methylthiazol-2-yl)-
3-hydroxypropanamidelgj). Yield 95%.'"H NMR (400 MHz, CROD) 6 8.77 (s, 1H), 8.48 (dl

= 8.0 Hz, 1H), 8.27 (s, 1H), 8.00 (s, 1H), 7.83J¢& 6.3 Hz, 1H), 7.67 (s, 1H), 7.57 @= 4.7
Hz, 1H), 4.39 (s, 1H), 4.11 (s, 2H), 2.44 (s, 3t NMR (100 MHz, CROD) & 150.68,
144.81, 143.62, 139.85, 133.50, 133.23, 131.47,182928.80, 127.53, 126.83, 120.97, 59.98,

55.50, 13.73. LC-MS (ESI, m/z): 468.0585 [M+H]
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4.1.6.11. (2S,3R)-2-Amino-N-(5-(6-chloro-5-(phealftmamido)pyridin-3-yl)-4-methylthiazol-
2-yl)-3-hydroxybutanamidei2k). Yield 94%."H NMR (400 MHz, CQOD) 6 8.26 (s, 1H), 8.01
(s, 1H), 7.83 (dJ = 7.3 Hz, 2H), 7.67 (t) = 6.8 Hz, 1H), 7.57 (t) = 7.5 Hz, 2H), 4.35 — 4.26
(m, 1H), 4.12 (dJ = 8.7 Hz, 1H), 2.43 (s, 3H), 1.39 (@ = 6.3 Hz, 3H)*C NMR (100 MHz,
CD;OD) § 166.72, 157.30, 144.68, 143.37, 142.66, 139.88,413 133.19, 131.42, 129.08,
127.91, 126.79, 120.00, 65.75, 59.00, 18.93, 13.88MS (ESI, m/z): 482.0714 [M+H]
4.1.6.12. (S)-2-Amino-N-(5-(6-chloro-5-(phenylsodmido)pyridin-3-yl)-4-methylthiazol-2-
yl)butanamide 121). Yield 91%."H NMR (400 MHz, CROD) & 8.22 (s, 1H), 7.98 (s, 1H), 7.83
(s, 2H), 7.65 (s, 1H), 7.56 (d,= 5.9 Hz, 2H), 4.15 (s, 1H), 2.39 (s, 3H), 2.0121), 0.90 (s,
3H).*C NMR (100 MHz, CROD) & 166.39, 155.09, 143.05, 142.82, 141.42, 138.34,683
131.66, 129.81, 127.56, 127.01, 125.29, 118.387/27.84, 13.09, 6.56. LC-MS (ESI, m/z):
466.0759 [M+H].

4.1.6.13. (R)-2-Amino-N-(5-(6-chloro-5-(phenylsakinido)pyridin-3-yl)-4-methylthiazol-2-
yl)butanamide 12m). Yield 94%.'H NMR (400 MHz, CROD) & 8.14 (s, 1H), 7.88 (s, 1H),
7.71 (s, 2H), 7.50 (s, 3H), 4.09 (s, 1H), 2.313¢d), 1.18 (s, 2H), 1.00 (s, 3HY’C NMR (100
MHz, CDsOD) 6 166.53, 155.53, 143.23, 141.77, 141.64, 138.33,8B3 131.68, 129.87,
127.59, 126.52, 125.30, 118.50, 52.95, 22.96, 1B.65. LC-MS (ESI, m/z): 466.0762 [M+H]
4.1.6.14. (S)-2-Amino-N-(5-(6-chloro-5-(phenylsndmido)pyridin-3-yl)-4-methylthiazol-2-yl)-
3-methylbutanamidel®n). Yield 92%.'H NMR (400 MHz, CROD) & 8.26 (s, 1H), 8.00 (s,
1H), 7.84 (s, 2H), 7.67 (d, = 3.2 Hz, 1H), 7.57 (s, 2H), 4.03 (s, 1H), 2.4241), 1.20 — 1.07
(m, 6H).%C NMR (100 MHz, CROD) & 166.02, 155.13, 143.14, 142.64, 141.50, 138.41,
131.83, 131.68, 129.92, 127.50, 126.85, 125.42,4P1&7.14, 28.81, 16.03, 14.94, 12.96. LC-

MS (ESI, m/z): 480.0915 [M+H]
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4.1.6.15. (R)-2-Amino-N-(5-(6-chloro-5-(phenylsadmido)pyridin-3-yl)-4-methylthiazol-2-yl)-
3-methylbutanamidelRo). Yield 95%.'H NMR (400 MHz, DMSOds) & 8.71 (s, 2H), 8.34 (s,
1H), 7.79 (s, 2H), 7.68 (s, 2H), 7.60 (s, 2H), 3(871H), 2.28 (s, 4H), 0.98 (s, 6HC NMR
(100 MHz, DMSOedg) 6 167.98, 155.78, 145.63, 144.51, 140.34, 134.33,723133.17, 131.31,
129.95, 128.49, 127.12, 119.58, 57.87, 30.37, 1888&3, 16.33. LC-MS (ESI, m/z): 480.0947
[M+H] ™.

4.1.6.16. 2-Amino-N-(5-(6-chloro-5-(phenylsulfonamido)pyrieBryl)-4-methylthiazol-2-yl)-2-
cyclopropylacetamidel@p). Yield 96%. 1H NMR (400 MHz, CBDD) 6 8.11 (s, 1H), 7.85 (s,
1H), 7.68 (d, J = 6.9 Hz, 2H), 7.54 — 7.49 (m, 1H%2 (d, J = 6.8 Hz, 2H), 3.49 (d, J = 9.1 Hz,
1H), 2.28 (s, 3H), 0.77 (s, 5HYC NMR (100 MHz, CROD) § 165.95, 155.58, 143.15, 141.89,
141.17, 138.30, 131.85, 131.65, 129.87, 127.54,2626125.25, 118.64, 56.05, 12.49, 10.85,
2.18, 1.40. LC-MS (ESI, m/z): 478.0766 [M+H]

4.1.6.17. (S)-2-Amino-N-(5-(6-chloro-5-(phenylsndmido)pyridin-3-yl)-4-methylthiazol-2-yl)-
4-methylpentanamide 2q). Yield 91%.'"H NMR (400 MHz, DMSOd) & 8.55 (s, 3H), 8.35 (s,
1H), 7.80 (s, 2H), 7.69 (s, 2H), 7.60 (s, 2H), 4(691H), 2.30 (s, 3H), 1.70 (s, 3H), 0.93 (s, 6H).
13C NMR (100 MHz, DMSQdg) & 169.02, 156.02, 146.01, 144.64, 140.29, 134.68,73
131.24, 129.94, 128.48, 127.19, 125.99, 119.484524.19, 22.95, 22.59, 16.20. LC-MS (ES],
m/z): 494.1105 [M+H].

4.1.6.18. (2S)-2-Amino-N-(5-(6-chloro-5-(phenylsodmido)pyridin-3-yl)-4-methylthiazol-2-
yl)-3-methylpentanamidel?r). Yield 94%.'H NMR (400 MHz, DMSOedg) & 10.64 (s, 1H),
8.76 (s, 3H), 8.33 (s, 1H), 7.80 (s, 2H), 7.6523), 7.58 (s, 2H), 4.06 (s, 1H), 2.25 (s, 3H), 2.00

(s, 1H), 1.58 (s, 1H), 1.15 (s, 1H), 0.93 (s, 3BB5 (s, 3H)*C NMR (100 MHz, DMSOdg) &
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168.06, 155.82, 145.83, 144.58, 140.29, 134.64.,7833.31.23, 129.86, 128.49, 127.14, 126.09,
119.52, 56.80, 36.66, 24.65, 16.19, 14.90, 11.€9MS (ESI, m/z): 494.1025 [M+H]

4.1.6.19. (S)-2-Amino-N-(5-(6-chloro-5-(phenylsndmido)pyridin-3-yl)-4-methylthiazol-2-yl)-
3-phenylpropanamidel®s). Yield 93%."H NMR (400 MHz, DMSOds) & 8.32 (s, 1H), 7.80 (s,
2H), 7.65 (s, 2H), 7.59 (s, 3H), 7.28 (s, 5H), 4811H), 3.24 (s, 2H), 2.25 (s, 3HJC NMR
(100 MHz, DMSOedg) 6 167.97, 155.91, 145.57, 144.55, 140.44, 134.98,383 133.73, 131.50,
129.93, 129.36, 129.05, 128.46, 127.76, 127.14,0826119.63, 54.06, 37.08, 16.24. LC-MS
(ESI, m/z): 528.0953 [M+H]

4.1.7.Compoundl3b were prepared following the synthetic procedur&3at

4.1.7.1. 5-(5-Amino-6-chloropyridin-3-yl)-4-methytzol-2-amine 13a) To a solution oBa (2.
00 g, 0.71 mmol, 1.00 eq.) in EtOH (40 mL) was atdéeM HCI solution (7 mL) at room
temperature. Then the reaction mixture was heatedflux for 6 h. The resulting mixture was
concentrated to dryness. The residue was dilut#u BtOH and filtered to afford3a as yellow
solid (146 mg, 86%)*H NMR (400 MHz, DMSO€g) & 9.77 (s, 2H), 7.65 (s, 1H), 7.29 (s, 1H),
2.27 (s, 3H). LC-MS (ESI, m/z): 241.0337 [M+H]
4.1.7.2.5-(5-Amino-6-methylpyridin-3-yl)-4-methylthiazolrine (3b). Yield 88%.'H NMR
(400 MHz, DMSO#) & 8.45 (s, 2H), 7.86 (s, 1H), 7.51 (s, 1H), 2.263(). LC-MS (ESI, m/z):
221.0869 [M+H].

4.1.8.Compoundd4b were prepared following the synthetic procedura4at

4.1.8.1. tert-Butyl(S)-(1-((5-(5-amino-6-chloropyridin-3-y)-methylthiazol-2-yl)amino)-3-
methyl-1-oxobutan-2-yl)carbamat&4@) To a solution ofl3a (80 mg, 0.21 mmol, 1.00 eq.) in
anhydrous DMF (2 mL) was added Boc-L-Valine (46 &1 mmol, 1.00 eq.), HATU (80 mg,

0.21 mmol, 1.00 eq.) and DIPEA (0. 17 mL, 1.00 mn0D eq.) at 0 °C under argon. The
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reaction mixture was stirred at 0 °C for 1 h thiewas allowed to warm to room temperature for
14 h. The resulting mixture was concentrated tmésg. The 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 0-1.5 %) to give the produdida as yellow solid (65 mg, 69%fH NMR (400 MHz,
CD30D) § 7.67 (s, 1H), 7.23 (s, 1H), 4.21 (s, 1H), 2.363(8), 2.12 (d, J = 6.2 Hz, 1H), 1.42 (s,
9H), 0.99 (d, J = 5.7 Hz, 6H°C NMR (100 MHz, CROD) & 169.99, 155.24, 154.42, 142.34,
139.87, 134.12, 132.90, 127.46, 120.28, 119.50/2758.56, 29.40, 25.91, 16.88, 15.65. LC-
MS (ESI, m/z): 439.1466 [M+H].

4.1.8.2. tert-Butyl(2-((5-(5-amino-6-methylpyridin-3-yl)-4athylthiazol-2-yl)amino)-2-
oxoethyl)carbamatel@b). Yield 79%.'H NMR (400 MHz, CROD) § 8.18 (s, 1H), 7.93 (s, 1H),
3.90 (s, 2H), 2.44 (s, 3H), 2.18 (s, 3H), 1.439). *C NMR (100 MHz, CROD) & 168.80,
166.74, 155.76, 148.11, 142.71, 142.39, 130.67,3630L26.16, 112.41, 78.03, 41.97, 25.83,
17.38, 13.12. LC-MS (ESI, m/z):378.1611[M+H]

4.1.9. Compounds$5a and15c-p were prepared following the synthetic procedur&5if.

4.1.9.1. (S)-2-Amino-N-(5-(6-chloro-5-((4-(triflutmmethyl)phenyl)sulfonamido)pyridin-3-yl)-4-
methylthiazol-2-yl)-3-methylbutanamidibsh) To a solution ofl4a (79 mg, 0.18 mmol, 1.00 eq.)
in anhydrous pyridine (3 mL) was added 4-(triflumethyl)benzenesulfonyl chloride (86 mg,
0.35 mmol, 2.00 eq.) at room temperature undermargben the reaction mixture was stirred at
room temperature for 6 h. The resulting mixture wascentrated to give the crude product,
which was added 1 mL MeOH and 1 mL of 4 M HCI (ire®H) at room temperature. The

resulting mixture was stirred at room temperatare2f h, which was concentrated and purified
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by flash chromatography (eluting with MeOH in DCMLO %) to offerl5b as yellow solid (177
mg, 93 %).*H NMR (400 MHz, DMSO-g) 5 8.71 (s, 3H), 8.37 (s, 1H), 7.98 (s, 5H), 7.70 (s,
1H), 3.99 (s, 1H), 2.24 (s, 4H), 0.97 (s, 6K NMR (100 MHz, DMSO-¢) § 167.97, 155.84,
146.51, 145.48, 145.24, 144.20, 135.85, 130.67,612828.22, 127.15, 127.12, 126.60, 119.41,
57.73, 30.35, 18.67, 18.53, 16.13. LC-MS (ESI, nB4B.0834 [M+H].

4.1.9.2. 2-Amino-N-(4-methyl-5-(6-methyl-5-(phenylsulfonampyridin-3-yl)thiazol-2-
yl)acetamide 15a). Yield 90%.'H NMR (400 MHz, DMSOds) & 13.03 (s, 1H), 10.34 (s, 1H),
8.42 (s, 1H), 8.24 (s, 2H), 8.05 (s, 1H), 7.8324d), 7.57 (s, 3H), 2.24 (s, 3H). LC-MS (ESI,
m/z): 418.0973 [M+H].

4.1.9.3. (S)-2-Amino-N-(5-(6-chloro-5-((4-isoprgpyényl)sulfonamido)pyridin-3-yl)-4-
methylthiazol-2-yl)-3-methylbutanamid&5¢). Yield 95%.'H NMR (400 MHz, DMSOds) &
8.53 (s, 3H), 8.34 (s, 1H), 7.72 (s, 2H), 7.641(8), 7.49 (s, 2H), 3.92 (s, 1H), 2.98 (s, 1H), 2.26
(s, 4H), 1.20 (s, 6H), 0.99 (s, 6HfC NMR (100 MHz, DMSQds) & 167.91, 155.78, 154.73,
145.65, 145.25, 144.51, 137.73, 134.20, 131.40,44828.27.85, 127.39, 119.56, 57.71, 33.84,
30.36, 23.86, 18.55 (d,= 18.8 Hz), 16.20. LC-MS (ESI, m/z): 522.1386 [MFH

4.1.9.4. (S)-2-Amino-N-(5-(5-((4-(tert-butyl)pheysylfonamido)-6-chloropyridin-3-yl)-4-
methylthiazol-2-yl)-3-methylbutanamid&5(). Yield 94%.'H NMR (400 MHz, DMSO-g) &
10.54 (s, 1H), 8.72 (s, 3H), 8.32 (s, 1H), 7.72(), 7.58 (dJ = 7.8 Hz, 3H), 4.01 (s, 1H), 2.20
(s, 4H), 1.24 (s, 9H), 0.97 (s, 6HfC NMR (100 MHz, DMSO-g) & 167.89, 156.92, 155.75,
145.60, 144.51, 141.87, 137.38, 133.96, 131.42,482827.13, 126.74, 119.60, 57.70, 35.34,
31.16, 30.36, 18.54 (d,= 17.9 Hz), 16.18. LC-MS (ESI, m/z): 536.1534 [M{H

4.1.9.5. (S)-N-(5-(5-([1,1'-Biphenyl]-4-sulfonam)e®-chloropyridin-3-yl)-4-methylthiazol-2-yl)-

2-amino-3-methylbutanamidd5e). Yield 94%.'H NMR (400 MHz, DMSOds) & 8.55 (s, 3H),
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8.36 (s, 1H), 7.90 (s, 4H), 7.75 (s, 3H), 7.52@), 3.92 (s, 1H), 2.29 (s, 3H), 2.21(s, 1H), 0.98
(s, 6H).°C NMR (100 MHz, DMSOds) 5 167.94, 155.80, 145.82, 145.33, 145.19, 144.52,
139.09, 138.67, 134.47, 131.28, 129.62, 129.12,5R2828.06, 127.88, 127.55, 119.56, 57.73,
30.36, 18.67, 18.45, 16.17. LC-MS (ESI, m/z): 5283 [M+H]".

4.1.9.6. (S)-2-Amino-N-(5-(6-chloro-5-((2,6-diflemhenyl)sulfonamido)pyridin-3-yl)-4-
methylthiazol-2-yl)-3-methylbutanamidsf). Yield 93%.'H NMR (400 MHz, CROD) § 8.18

(s, 1H), 7.94 (s, 1H), 7.58 (s, 1H), 7.04 (s, 2892 (s, 1H), 2.30 (s, 3H), 1.89 (s, 1H), 1.02)(d,
= 13.4 Hz, 6H)*C NMR (100 MHz, CROD) § 165.98, 159.25, 156.81, 154.96, 143.80, 142.62,
141.73, 134.44, 132.56, 129.13, 126.97, 118.29,56157.11, 28.80, 16.10, 15.01, 12.72. LC-
MS (ESI, m/z): 516.0750 [M+H]

4.1.9.7. (S)-2-Amino-N-(5-(6-chloro-5-((2-methylpygsulfonamido)pyridin-3-yl)-4-
methylthiazol-2-yl)-3-methylbutanamid&5g). Yield 90%.*H NMR (400 MHz, DMSOsdg) &
12.98 (s, 1H), 10.66 (s, 1H), 8.69 (s, 3H), 8.331[), 7.71 (s, 2H), 7.45 (s, 1H), 7.37 (s, 2H),
3.96 (s, 1H), 2.65 (s, 3H), 2.28 (s, 4H), 0.988). LC-MS (ESI, m/z): 494.1062 [M+H]

4.1.9.8. (S)-2-Amino-N-(5-(6-chloro-5-((4-methylpyigsulfonamido)pyridin-3-yl)-4-
methylthiazol-2-yl)-3-methylbutanamid&sk). Yield 92%.'H NMR (400 MHz, DMSOdg) &
12.94 (s, 1H), 10.48 (s, 1H), 8.60 (s, 2H), 8.331(3), 7.66 (s, 3H), 7.40 (s, 2H), 3.94 (s, 1H),
2.38 (s, 3H), 2.29 (s, 3H), 2.22 (s, 1H), 0.986H). *C NMR (100 MHz, CDGJ) & 167.87,
155.81, 145.68, 145.30, 144.60, 144.29, 137.38,483431.47, 130.36, 128.46, 127.25, 119.62,
57.65, 30.36, 21.54, 18.59 (1= 16.3 Hz), 16.20. LC-MS (ESI, m/z): 494.1096 [MHH

4.1.9.9. (S)-2-Amino-N-(5-(6-chloro-5-((3-methylpyksulfonamido)pyridin-3-yl)-4-
methylthiazol-2-yl)-3-methylbutanamid&5i{). Yield 90%. 'H NMR (600 MHz, DMSOds) &

8.61 (t,J = 5.7 Hz, 3H), 8.35 (d] = 2.3 Hz, 1H), 7.65 (d] = 2.3 Hz, 1H), 7.64 (s, 1H), 7.60 (dd,
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J=5.2, 3.8 Hz, 1H), 7.52 — 7.48 (m, 2H), 2.373H), 2.28 (s, 3H), 2.23 (df, = 13.4, 6.6 Hz,
1H), 0.99 (ddJ = 6.9, 3.7 Hz, 6H)"*C NMR (100 MHz, DMSOds) & 167.88, 155.73, 145.67,
145.17, 144.53, 140.15, 139.61, 134.45, 134.14,3P3129.87, 128.38, 127.36, 124.36, 119.51,
57.65, 30.35, 21.42, 18.63 (= 19.3 Hz), 16.28. LC-MS (ESI, m/z): 494.1074 [MHH

4.1.9.10. (S)-2-amino-N-(5-(6-chloro-5-((2-chlorapiyl)sulfonamido)pyridin-3-yl)-4-
methylthiazol-2-yl)-3-methylbutanamid&sj). Yield 91%. 'H NMR (400 MHz, DMSOdg) &
12.99 (s, 1H), 10.85 (s, 1H), 8.69 (s, 3H), 8.381(), 7.94 (s, 1H), 7.75 (s, 1H), 7.71 (s, 2H),
7.52 (s, 1H), 2.29 (s, 3H), 2.22 (s, 1H), 0.986(4). °C NMR (100 MHz, DMSOdg) & 167.95,
155.80, 146.23, 145.34, 145.18, 137.92, 135.74,3433.32.60, 131.50, 131.10, 130.95, 128.58,
128.34, 119.42, 57.66, 30.35, 18.59 {d= 16.7 Hz), 16.22. LC-MS (ESI, m/z): 514.0562
[M+H] ™.

4.1.9.11. (S)-2-Amino-N-(5-(6-chloro-5-((3-chlorapiyl)sulfonamido)pyridin-3-yl)-4-
methylthiazol-2-yl)-3-methylbutanamid#sk). Yield 92%.'H NMR (400 MHz, DMSOsdg) &
10.91 (s, 1H), 8.76 (s, 3H), 8.37 (s, 1H), 7.841(8), 7.75 (s, 2H), 7.66 (s, 2H), 4.02 (s, 1H),
2.27 (s, 4H), 0.98 (s, 6H}*C NMR (100 MHz, DMSOdg) 5 167.93, 155.79, 155.66, 146.31,
145.10, 142.21, 135.38, 134.46, 133.75, 132.05,883128.62, 126.80, 125.91, 119.43, 57.66,
30.36, 18.59 (d] = 16.8 Hz), 16.19. LC-MS (ESI, m/z): 514.0551 [M{H

4.1.9.12. (S)-2-Amino-N-(5-(6-chloro-5-((4-chlorapityl)sulfonamido)pyridin-3-yl)-4-
methylthiazol-2-yl)-3-methylbutanamid&s(). Yield 92%.'H NMR (400 MHz, DMSOdg) &
8.68 (s, 3H), 8.37 (s, 1H), 7.77 (s, 2H), 7.683), 3.98 (s, 1H), 2.29 (s, 3H), 2.22 (s, 1H), 0.98
(s, 6H).°*C NMR (100 MHz, DMSO-g) 5 167.93, 155.83, 146.26, 145.41, 144.88, 139.22,
138.69, 135.42, 130.89, 130.10, 129.12, 128.62,511%7.77, 30.37, 18.68, 18.42, 16.19. LC-

MS (ESI, m/z): 514.0533 [M+H]
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4.1.9.13. (S)-2-Amino-N-(5-(6-chloro-5-((2,3-dictdphenyl)sulfonamido)pyridin-3-yl)-4-
methylthiazol-2-yl)-3-methylbutanamid&s(m). Yield 91%.'H NMR (400 MHz, DMSOdg) &
8.61 (s, 3H), 8.41 (s, 1H), 7.99 (s, 1H), 7.911(3), 7.78 (s, 1H), 7.54 (s, 1H), 3.93 (s, 1H), 2.30
(s, 3H), 2.22 (s, 1H), 0.98 (s, 6HfC NMR (100 MHz, DMSOds) & 167.95, 155.85, 146.62,
145.56, 145.41, 140.11, 136.39, 135.46, 134.92,663029.95, 129.78, 129.16, 128.68, 119.35,
57.68, 30.35, 18.56 (d,= 18.6 Hz), 16.20. LC-MS (ESI, m/z): 548.0137 [MH¥H

4.1.9.14. (S)-2-amino-N-(5-(6-chloro-5-((2,4-diatdphenyl)sulfonamido)pyridin-3-yl)-4-
methylthiazol-2-yl)-3-methylbutanamid&5(). Yield 95%.'H NMR (400 MHz, DMSOds) &
12.94 (s, 1H), 10.97 (s, 1H), 8.55 (s, 3H), 8.411(), 7.93 (dJ = 12.8 Hz, 2H), 7.80 (s, 1H),
7.63 (s, 1H), 3.92 (s, 1H), 2.32 (s, 3H), 2.221(3), 0.98 (s, 6H)*C NMR (100 MHz, DMSO-
ds) 6 167.93, 155.83, 146.66, 145.54, 145.40, 141.89,2P3 137.07, 136.48, 132.84, 132.55,
131.99, 130.59, 128.48, 119.39, 57.69, 30.36, 1815F = 19.5 Hz), 16.17. LC-MS (ESI, m/z):
548.0169 [M+H].

4.1.9.15. (S)-2-Amino-N-(5-(6-chloro-5-((2,5-diatdphenyl)sulfonamido)pyridin-3-yl)-4-
methylthiazol-2-yl)-3-methylbutanamid&5¢). Yield 94%.'H NMR (400 MHz, DMSOsdg) &
8.65 (s, 3H), 8.41 (s, 1H), 7.90 (s, 1H), 7.7B), 3.95 (s, 1H), 2.31 (s, 3H), 2.22 (s, 1H), 0.98
(s, 6H).*C NMR (100 MHz, DMSOds) 5 167.93, 155.87, 146.71, 145.57, 145.42, 139.62,
136.48, 135.00, 134.41, 132.66, 130.59, 130.34,682819.37, 57.70, 30.36, 18.55 Jds 19.4
Hz), 16.12. LC-MS (ESI, m/z): 548.0173 [M+H]

4.1.9.16. (S)-2-Amino-N-(5-(6-chloro-5-((3,4-dicdphenyl)sulfonamido)pyridin-3-yl)-4-
methylthiazol-2-yl)-3-methylbutanamid&5p). Yield 93%.'H NMR (400 MHz, DMSOds) &
12.94 (s, 1H), 8.81 (s, 1H), 8.58 (s, 3H), 8.401¢d), 7.99 (s, 1H), 7.89 (s, 1H), 7.74 (s, 2H),

3.92 (s, 1H), 2.31 (s, 3H), 2.23 (s, 1H), 0.98). LC-MS (ESI, m/z): 548.0129 [M+H]
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4.2. Biology

4.2.1. PI3K Isoforms ADP-Glo Assa¥he inhibitory activities of inhibitors against K3
isoforms were determined by ADP-Glo assay. Briethe optimized enzyme concentrations
were chosen as follows: PI8K0.16 ug/mL, PI3KB 6 pg/mL, PISKS 2.2 ng/mL, PI3Ky 12
ug/mL, PI3KC2: 13 pug/mL, PIBKC3 20 pg/mL, Vps34 2.2ug/mL, PI4KIIal3 pg/mL,
P14KIIB 2.2 pg/mL (Invitrogen, USA). In all cases, 2|8 samples of kinase was incubated
with the inhibitor for 1 h at room temperature i@action buffer followed by addition of
ATP/substrate mixture. Each reaction was initiated the addition of 2,4 mixture of
optimized concentrations of ATP and the substra®® (M PIP2: PS for PI3K, PI3KB, PI3K3
and PI3K, 100 uM PI: PS for VPS34, Pl4K and Pl4K3, 100 uM PI for PI3KC2: and
PISKC2B, respectively). The ATP concentration was chosefobows: 10uM ATP for PI3Ka
and PI3K3, 50uM ATP for detection of the other seven kinases. asggay was conducted for 1
h at 37 °C before addition of pL ADP-Glo reagent and incubation for 40 min at room
temperature. 1QL Kinase detection reagent was added and incubfe®0 min at room
temperature before the luminescence signal waswehdn envision Perkin Elmer plate reader.
4.2.2. PI3K Isoforms Cellular Selectivity AsskiyiH-3T3 (ATCC), RAW264.7 (ATCC) and Raji
(ATCC) cells were seeded in a 6-well tissue culfplege and starved for 24 h, then incubated
with DMSO, serially diluted compound5i and 3iM CAL-101, 1M GDC-0941 for 1 h
followed by 20 ng/ml PDGF-BB for 10 min, |8V LPA for 10 min, 50 ng/ml C5a for 5min and
1ug/ml anti-IgM for 5 min. All cells were washed ixBBS buffer and lysed in cell lysis buffer
at 4 °C for 30 min. The lysates were cleared byrdagation and the protein concentrations
were measured by BCA analysis (Beyotime, Chinakalgs containing 50g of total proteins

were mixed with 5x loading buffer and heated inetahbath for 10 min at a temperature of 100
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°C. We separated the protein bands of differerdgssizsing SDS-PAGE (10%) electrophoresis,
and then transferred the protein to nitrocellulmsenbrane form polyacrylamide gel. Intensity of
the AKT phosphorylation bands was determined usimggeJ 1.42q (NIH, USA) and
normalized to total AKT (loading control).

4.2.3. Molecular DockingDocking simulations were performed using Inducet Bocking
(IFD) protocol as implemented in Schrodinger reted@817. Prior to docking, the PI3K-delta
receptor structure (PDB ID: 5DXU) was prepared gsire Protein Preparation Wizard at pH 7.4
and with force field OPLS3. The ligands were prepausing LigPrep in possible states at pH
7.41.0. The best docking poses were visually inggefrom the top 20% ranking poses of IFD
score.

4.2.4. Cell Lines and Cell Cultur&he human cancer cell lines, Pfeiffer, U937, KUSRE382,
NALM-6 and Raji were purchased from the Americanp&yCulture Collection (ATCC)
(Manassas, VA, USA). MV4-11, MOLM-13 and MOLM-14 iee provided by Dr. Scott
Armstrong, Dana Farber Cancer Institute (DFCI),tBosMA. MEC-1, MEC-2 and SU-DHL-2
were purchased from Cobioer Biosciences CO., LTBnjMg, China). MV4-11 was cultured in
IMDM media (Corning, USA) with 10% FBS and supplertes with 2% L-glutamine and 1%
pen/strep. The rest of the cell lines were cultund@PMI 1640 media (Corning, USA) with 10%
fetal bovine serum (FBS) and supplemented with 2¢iutamine 1% penicillin/streptomycin.
All cell lines were maintained in culture medig3adt°C with 5% CQ@

4.2.5. Proliferation StudyCells were grown in 96-well culture plates (300dveThe
compounds of various concentrations were addedtheoplates. DMSO concentrations were
kept constant and did not exceed 0.1% of the tathime. Cell proliferation was determined

after treatment with compounds for 72 h. Cell Vipiwas measured using the CellTiter—Glo
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assay (Promega, USA), according to the manufacsumestructions, and luminescence was
measured in a multi-label reader (Envision, Perkivét, USA). Data were normalized to control
groups (DMSO) and represented by the mean of thaependent measurements with standard
error <20%. GJ values were calculated using Prism 5.0 (GraphRdisv&re, San Diego, CA).
4.2.6. Pharmacokinetic Studylhis study protocol was approved by the Animal €&3hi
Committee of Hefei Institutes of Physical Scienchinese Academy of Sciences (Hefei, China).
The male Sprague—Dawley rats (190-210 g) were geoviby Laboratory Animal Center of
Anhui Medical University (Hefei, China). The anirsaliere housed in an air-conditioned animal
room at a temperature of 23 + 2°C and a relativaidity of 50 + 10% and allowed free access
to tap water and lab diet. The rats were accliredtip the facilities for one week and then fasted
for 12 h with free access to water prior to theexkpent.

The six rats were randomly and equally divided imtep groups for one compound’s
pharmacokinetic study. One group was injected withformulation at a dose of 1 mg/kg, and
the other three groups were treated by oral adiramisn of p.o. formulation at doses of
10 mg/kg. The p.o. formulation (2 mg/mL) is constsbf 10 mg compound dissolved in 0.5 mL
of dimethyl sulfoxide and 4.5 mL of 5% glucose waiéhe i.v. formulation is made with 0.5 mL
of the p.o. formulation and 4.5 mL of 5% glucosaevaAbout 30QuL of blood samples were
collected into heparinized tubes at 2, 5, 15, 3, B0, 240, 360, 540 and 720 min after
intravenous injection and at 5, 15, 30, 60, 90,,1240, 360, 540 and 720 min after oral
administration. 10QL of plasma was harvested by centrifuging the bleathple at 4 °C and
5000 rpm for 3 min, and then stored-&0 °C until analysis. An aliquot of 1QQ of each
plasma sample was mixed with 2D of internal standard working solution (200 ng/nokt

caffeine). Methanol (40QL) was then added for precipitation. After vortexifor 5 min and
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centrifuging at 14,000 rpm for 10 min,uk of the supernatant was injected for LC-MS/MS
analysis.

The pharmacokinetic parameters were analyzed thromgncompartment model using
WinNonlin 6.1 software (Pharsight Corporation, Mtain View, USA), including half-life
(T1/2), plasma concentration at 0 min (CO), thekpefathe plasma concentration (Cmax), the
time to peak of the plasma concentration (Tmaxg,atea under the plasma concentration—time
curve during the period of observation (AUCO-tg Hrea under the plasma concentration—time
curve from zero to infinity (AUCHx), clearance (CL), apparent volume of distributfgd) and
the mean residence time (MRT). The oral bioavdilgb{F) is calculated according to the
following equation: F=AUCOso(oral)/AUCO-xo(iv)xDose(iv)/Dose(oral)x100%.

4.2.7. MOLM-14 Xenograft Tumor ModeFour-week old female nu/nu mice were purchased
from Beijing Vital River Laboratory Animal Technayg Co., Ltd (Beijing, China). All animals
were housed in a specific pathogen-free facilityd arsed according to the animal care
regulations of Hefei Institutes of Physical Scierckinese Academy of Sciences. Prior to
implantation, cells were harvested during expomrgrowth. Ten million MOLM-14 cells in
PBS were formulated as a 1:1 mixture with Matri@D Biosciences) and injected into the
subcutaneous space on the right flank of nu/nu .nd@dly oral administration was initiated
when tumors had reached a size of 200 to 400°.m#mimals were then randomized into
treatment groups of 5 mice each for efficacy stsid@ompoundl5i was delivered daily in a
HKI solution (0.5% Methocellulose/0.4% Tween 80ddH,O) by orally gavage. A range of
doses ofl5i or its vehicle were administered as indicated guie legends. Body weight and

tumor growth were measured daily aftgsi treatment. Tumor volumes were calculated as
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follows: tumor volume (mM)=[(W? x L)/2] in which width (W) is defined as the snealbf the

two measurements and length (L) is defined asatgef of the two measurements.
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Highlights
® A selective and potent PI3Kd kinase inhibitor 15i was discovered.
® 15i exhibits an excellent selectivity profile in the protein kinases.

® 15 selectively and potently inhibits PI3SKd mediated phosphorylation of Akt
T308.

® 15i has acceptable PK properties and inhibits the tumor growth of MOLM14.



