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1) Synthesis, activity, and their relationships of 2,4-diaminonicotinamide derivatives as
EGFR inhibitors targeting C797S mutation, Hideaki Kageji, Takayuki Momose,
Yasuhito Nagamoto, Noriko Togashi, Isao Yasumatsu, Yosuke Nishikawa, Kawori Kihara,

Kumiko Hiramoto, Megumi Minami, Naomi Kasanuki, Takeshi [soyama, Hiroyuki Naito,

Bioorg Med Chem Lett. 2024;98:129575.

2) Discovery of a potent, selective, and orally available EGFR C797S mutant inhibitor
(DS06652923) with 7n vivo antitumor activity, Hideaki Kageji, Takayuki Momose,
Masayuki Ebisawa, Yusuke Nakazawa, Hiroyuki Okada, Noriko Togashi, Yasuhito
Nagamoto, Wataru Obuchi, Isao Yasumatsu, Kawori Kihara, Kumiko Hiramoto, Megumi
Minami, Naomi Kasanuki, Takeshi Isoyama, Hiroyuki Naito, Naoki Tanaka, Bioorg Med

Chem. 2024;111:117862.
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AL TIiZ, UTOBEEEL f vz,

ADME absorption, distribution, metabolism, and excretion,
ATP adenosine triphosphate

Boc tert-butoxycarbonyl

CMBP cyanomethylenetributylphosphorane

DCM dichloromethane

DIPEA N,N-diisopropylethylamine

DMA N,N-dimethylacetamide

DMF N,N-dimethylformamide

DMSO dimethyl sulfoxide

DMT-MM 4-(4,6-dimethoxy-1,3,5-triazin-2-yl)-4-methylmorpholinium chloride
EGF epidermal growth factor

EGFR epidermal growth factor receptor

EtOAc ethyl acetate

Et,O diethyl ether

Glso 50% growth inhibitory concentration

Hex n-hexane

HOAt 3H-[1,2,3]triazolo[4,5-b]pyridin-3-0l

ICso 50% inhibitory concentration

MeCN acetonitrile

MeOH methanol

NMR nuclear magnetic resonance (e.g. ’*C-NMR, '"H-NMR)
NSCLC non-small cell lung cancer

Pdz(dba); tris(dibenzylideneacetone)dipalladium(0)
Pd(dppf)Cl,-DCM [1,1°-bis(diphenylphosphino)ferrocene]dichloropalladium(II), complex

with dichloromethane

p-TsCl p-toluenesulfonyl chloride



quant. quantitative yield
Select-fluor® 1-chloromethyl-4-fluoro-1,4-diazoniabicyclo[2.2.2]octane

bis(tetrafluoroborate)

SBDD structure-based drug design

SEM 2-(trimethylsilyl)ethoxymethyl

TFA trifluoroacetic acid

THF tetrahydrofuran

THP tetrahydropyranyl

tert-BuOH tert-butylalcohol

WSCI 1-ethyl-3-[3-(dimethylamino)-propyl]carbodiimide
Xphos 2-dicyclohexylphosphino-2’,4’,6’-triisopropylbiphenyl



Fr i

BAE. KB IcEF 2 0MAFEOHRNOEB L2y D —% Lo, FThllisAic X 35
CEBPRD L WY, Ml A BEHED 3 HLL Ry RSB IC @~ DB R o o,
AR Y BR £ 72 Z SRR O A T RIBEDVPE D L7203, EYREOFEIIIEH ICH
W

fifi 2 Ao icont 3 2 BEYER R L. BB it Et 2B 35 TMRGSEHERAA%E] 2 H
WEERPREOK ERTH o228, BIFAOEE BHBETH > 72, IETE S TFEMF D
FIRICX Y BAMIEOIE-CE I B b 5 KT IGEIRNICER T2 [ PN o
FBELTY L, i 20 FENEOREN LB E LT, EERERTFZERK
(Epidermal Growth Factor Receptor; EGFR) FHEF #4251 541 5, EGFR [HE %X, EGFR
EHEACERZ /T LM L TR WIBEM R 2R L. MG S ETI A A
BIREL VD Z o ABHEINLTY 3 Y,

—J7C. EGFR [HER Z V2 BB LT, RIS FmMEPEC CHlEST 2 L
BEISNT w3, EGFR BRGNS A 2N E % ES T 2 BEILETH 220, RENL
fle L CiEZ RO ENE TN, Hlx i, FH1HREGFRIEEEcH 2774 F =
TexzruF= 7 LCld, TTOOM i HEZREAE L 9~14 2 H CHIEELTCLE S Y,
F7-0 2 R, 3 IR DFLES X EGFR © Cys BB L HHA 2T 2 2 & TRA
HHIC EGFR ORREZHE 3 223, & 5 L AnBIHESR C L Cid C797S AR X
Lt EHRE SN T EY, WHBAEZER T 5 Cys RED Ser B~ LR T
T, ¥HI2 EGFR L HEMAEZERTERLS AL, HEEFELE LIETT20TH 5,

InEcic, TTOOM ZH L CT97S ERoznZzhnicxf L CHEMAREAITRAHBIATY
250D, DM OMELER%2H 35 EGFRICHK L THMAKEA I RZKZIhTnh
W, Thabb, YIROEEAMER S AT, T790M & C797S Diiff Ot R 234 U /-
ZHAR EGFR G A3 A 10t 3 2 BRI REE X FES 3. HHEROMBELE E 1
Tw3,

R Tl REAENRIBREEO M =HAZ R EGFR icxf 3 2 FidllHEE R L . %
DEERBEICOVWTIRET 2, F1ECTIR, 4-73/7=2aFvyT7IVEKREAT 2HH

EGFR [HEH DS ¢ 2 o ERElL oWk 2, F2ECclE, 4-73I/=aFv 7T 3
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FEKDPLDRAF Y 74+ —A Ry BV I X 2HBEKOES L, BERElcX2E
AL LU F— BRI OWEICO VTR~ B, AW IS EY N TE %2 B L
THEE X N TH Y. Structure-Based Drug Design (SBDD) D47l & 72 o 72, £ 72, AKWF%E
T 5 7 DS06652923 13 ZHAH EGFR i A €T vicBw»w T, —H—REO# S

TN LPUEE R 2R L, EGFRIAEH  LTomuatz R L 7,



ENT

Fl1E 4-7TI/=aFv7 I VFVEKETAET2HHE EGFR [HE X o #& G EHBW

1-1 &%

EGFRIZ ErbB 7 7 3 ) — il @ T 2 ZAMREMFu sy v ¥ F—¥ThH 0, Ml 5K
REFH 3 2 aE% Fi>, EGFR ISt UV 7 v PG, BRE@EEE. Mo *
F— O, i ErbB 77 IV —il@T b4 v s H L 2 REEE A
LCTw3,EGFR @V 7 v P& IC EXKRERT (EGF) S0 ) 7y Faki&adT 5 L.
EGFRIZF T EBHA D LMD EDB 7 7 I ) —0ZF KL D~T 0o —BREZEKT 5,
ZOFER, ¥ F—CHEESEE TN, ATP 2FH L 7= Tyr BED HC U v BRI 23 X
Nz, Vvt nz Tyr BESE 2 offiflaNx v 7 BofEaEiie LBz e TF
Moy 7 FrniE b s, MleoRghb, £fE, oMb, 5. BHE. ke s
359,

EGFR 0 ZRLBEPFFKBILL O A L HHEICHRL Tw 3, FE/hfaz A (Non-
Small Cell Lung Cancer; NSCLC) <Tl3 12~47% @ #:% T EGFR #IE T O E B AMEH T 1
TEH . VFY FIFEEED EGFR v 7 F Vil & . Z Il S 23 A M o B 70 45
DR I Twa?, NSCLC TidMEICH b1 5 EGFRIGHEMER T2 vV v 19
7L —LARBEER (dell9) &z Vv 21 AR (L88R) D220 THEHY, Thbd
WML R 2 H T 5 EGFR ZRGHM A A Cr LCHEM AR L LRI D085 1
M (F7457=7, zreF=7) BIXUOE 2R (F777F=7) © EGFRHER T
H5b, oD EGFRIAERIZ ¥ F — LD ATP #&EFR 7 v bickES T8 2 & TATP
B 72 ) v LIEEEEZ R L, BSAMOMIEZINGEI T2, L2LABL, 2hbo
EGFRHEHRIC X 2RI LTl 9~14 » AClitEREC 22 Mo TEY Y, &
b O L Wit R 2 TTOOM 2R TH %5, T790M 2RI L v | 3HH & o FRIMEME T
T2 Tk, ATP L ogfEsm E3 25 2 & ©, EGFR it %2 R 3%,

AV SR EGFRIAER TH 2 A AF =7 (1) 28 T790M i 28 & 5 NSCLC
A L CHMERZRT e AME I N0, Ao AF = 7R 1 HRE 2 1D EGFR
PHESE & [k, ATP & R7 v FickA& T 225, Cys797 L oGk G IC X 2 R Al i
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Bl BHELUABECHZ Met790 & OF WEAMEIC X Y. T7TOOM LR A SR L /- &
EibNTWw3,

LAL, Y AAF=7 ML THMMEREL 2 2 L BBcHEINTEH Y 1D, KL
DB L L TEBmEINT VD, MiBADBL Y ANTF =T~k % 54 2 I % T
HH0, FDREMAFIE LTCIISERRETLNE D, A ArF=T L HEFEA
o $ % Cys JRHS Ser B~ A RS 2 2 L CHERHEOEREBKCTE R AY, K
IHRELLETT20TH S, CTI7STtMEZE R icxf LT i o5 1 /L EGFR FHE 3
BEMTHZ2bDOD, b F T TTI90M MHEZERICEMNIETE v, - T,
T790M & C797S O Wi /j iR ICHEH RHERE, $4abb. WIFKOEEMER (dell9
FLXUWLS58R) ICHZ T2 2Dt EZERAE L 72 ZHER (del19/T790M/C797S F L ¥
L858R/T790M/C797S) EGFR i L THM A ER DK ARk b TWnwE, ZhET
IC ZHEAR EGFR # 1M & L ZHESE (2,3, 4) BWME ST 39 19(Figure 1-1) b @
D, KREAKRBICE > 2EANTHELS, KARL L TEWT VA Y P=—=XREEL TS, K

FoBs»rL, ZHAZR EGFRICN L THM LR EROERICETFL 2,

Me N N
N RPN HO Y Y
| S Na N
N N NH e N—(¢
SR OUY: *gp
270 N“~""Me ) P
1 | s N-N
Me Me O°S'
N©)
1 2
Os('? Me

Figure 1-1. Chemical structures of osimertinib (1) and selected examples of reversible inhibitors

)%, (3)'9, and (4)'® against EGFR mutant.
g

1-2 HiBlE#s %5 % EGFR [EE O RE
SEAR EGFRICH T 2 BBl E R £ MG 3 5 720, £ 9 BEHI O AR EGFR FH# 3 2



DAL MG Z KA L 72 (Figure 1-2A)', i ST 2 & E#HIE L858R/T790M —
BARKL OHEEMETH Y, CTIISERIETN TR WD DD, Cys797 L{LEY) 2

LD

Paminif

CEMEAEFERABZE NI b, ZHEAR EGFRIEEROFKFICHOAEHTH 2
EEZT, ZoOEBERICX L, kEW 2 kfholz e A & EGFR HES & [FEk., ATP
aERTry Picfial vk, 2. tad®w 2 o7 I /7 v ) ¥ riiiide v V#EEO
GIn791 B X O Met793 &, Ak =¥ J Y — LERLI1Z Thr854 35 X O Lys745 & 21 %
NERE 2K FREAEZERLTEY ., S oo oEHE3HL W LR ®BInz, Mk
DN 6, 2V 7B DOHAEERADOS R T FA v EY—ATMICER LR, T4b
B, THKE/BECKI T AV EY —VORBEEZBEMLAE4-7TI /=357 IF
B2t L. KRB EH T 2FE AL G K - 57l L 72 (Figure 1-2B),

(A)

Hinge region Q791

3
G z | \I)\II T854
}\CN AN Ng N--o H\O

A
&
8
i
"?ﬁ
Z
\Z
i
&,
&

5
e
<\
(@)
I\Z Vi
D

3(,

Figure 1-2. (A) Key hydrogen bonds between EGFR L858R/T790M and compound 2'Y. The side

chains of Q791-M793 are omitted. (B) Design of 4-aminonicotinamide scaffold.

1-3 #iMlEHZ AT 2 FHEARD G K

Scheme 1-1 =2 F v 7 I FFEKDOGHKEZRT, {LEY 5a-i 13 = 2 F VEEFEK

5

8



6 N IFTXVEKLAEZ, 5. BT 237 I vEDT I FHEAKIGIC X Y hiEk 8a-i % 5
2t LB L Ny 2 TUARNT I RIS EERT 5 LI X VLAY sa-i B fF . T
oA=LV EEET LAY 12 1. 6 poBONETA VLT T IFI0ICX LT F L
~ ALYy LT7a I FEREMMLZE, 9 Xy 27 AFT I URIEZEIT) 2 &iC &
Do, 4fiicf Yy et * o Eef3 258K 1713, BEFIO A VR Vg 13 2
b, 7 I MGG, BEAFAERIGE. TAFMMERIS, 2L T, Ny 270 FT7 /1L
FIED 4 TRICTHER L, AAdry T IFVEFEKR 21 ZA V=27 Y F 18 X 0 &K
L7ze TFAT IVORBMNMRIGICE Y ZAAFY T I F 19 21575, sec-7F AT I v
L OFEERKBIKIGIC X VLAY 20 2572, kB, LEYM I LDy I TIALFT
LRSI X D 2 vk v 7 I FEBEK 21 2157,

R X R X

H Me
N, N § OH g N
N__CI N__Cl “ Dl :: Self B ND/k S et f\”/\/ “Me
| aorb | c NN Ny N R €
HO ™ X X
T —_— LN —_— o] HN‘R 2N 5¢ sec-Bu -NMe2 5h sec-Bu Q{N/\/\F
R R o NN 5d sec-Bu  -NHMe H
= ra’ 5 sec-Bi -NHEt
6 (R=sec-Bu) 8a-i sai %0 ¢ e 5i sec-Bu /\j\
7 (R=i-Pr) <r 0 Xy E
5f sec-Bu x‘{ H
N
H
H HoN
Z
N ol Me. N_ _Cl N, ¢ N N7 '
e e e She
HO N T e NN d N ¢ 7 N ;g
SIS c e ¢ Ry o g ¢ &
H 5 : = N—I\Il O
H o.!
O 50
6 10 11 12 <r‘0

4
z

o }T? /|Yﬁ
/N | Cl a HO}\C\ /N cl e HO N Cl " }\C\ N | X N
7
HO\N/&; . N\(Q)/ - N\,(L(\"/ . NN . 0 o\l/ N
0 O, o0 O N-N
Me O Oye O OH \r Osg
13 14 15 16 <r o

" %
N_ _Cl N__Cl | / NN
cl g & N © h N g oo
. HN
o) — \/H S — RN @
cl 2 0 OHN\) -
N-N
00 ci 0

o
18 19 20 21 <{

Scheme 1-1. Preparation of 4- and 5-position variants. (a) X-H or N,O-dimethylhydroxylamine-
HCIl, DMT-MM, DIPEA, DMF, rt, 74%—quant.; (b) X-H, HOAt, WSCI+-HCI, DIPEA, DMF, rt, 59%—
97%; (c) 9, XPhos, Pdz(dba)s, Cs,CO3 1,4-dioxane or tert-BuOH, reflux, 23%—76%; (d) EtMgBr in
Et,O, THF, 0°C, 81%; (e¢) BBr3, DCM, rt, 17%; (f) i-Prl, KoCO3, DMF, rt, 99%; (g) EtNH,*HCI,

DIPEA, DCM, rt, quant.; (h) (25)-butan-2-amine*HCI, EtOH, 50°C, 68%.
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1-4 B a2 A 3 2 FHEE O G

L&Y 5a 5 L2 FHFAEY 5b. 17 OIEMNINERICH T 52 EGFR VY v B LA E &M %2
Table 1-1 12" §, LAY 5a D del19/T790M/C797S 3 X ¥ L858R/T790M/C797S %5 5
EGFR ICx 3 2 ICs0 1 Z L Z 4L 30 nmol/L. 22nmol/L TH Y, (kAW 21C1E% 2D DD
WA 7 EGFR VU v ER{LIRE G2 H+ 2 2 e b o7z, $72. B4R EGFR & 0 EIR%E
FbEY 2 LEBRETH - 72, AR EGFR i+ 2 [HEEMAIZRE L TH & v o 2RI
HERTEBMONT WS 20D ZE B EGFR IR 3 2 #1072 fHE 13 EGFR B3
e TEBAERZD D TH L, (LAY 52 D sec-7FAVT I /&% A4 T T 3
S HAN WL 7L G Sb 1ZLAEY) Sa L RO HE M LB REELRL 2, —J7 T,
AV 7Tt F o EALEHL 72ALEW 17 TREEPRE BB L7z, ZORE» L,
Rid o, €)Y B 4AME SMOBEBREMO 3 TFHNKE/EICIV T VX — VB

RS 2 2 EBEMRBICERETH S 2 LRRINT,

Table 1-1. Structure-activity relationship of 4-position transformation?®
H
HO N N
)kc\ & N
N ™ Na N
O R
1 %

Del19/T790M/C797S L858R/T790M/C797S WT

Compd. R, ICso (nmol/L) ICso (nmol/L) ICso (nmol/L)

2 - 3.1 2.1 25
N

5a HN_ 30 22 235
e

5b H NY 72 51 552
e

17 OY >5000 >5000 >5000

2 The ICso values are for the enzymatic assay, the method of which is described in the experimental

section.
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1-5 v U 2 v B 5 0B i sh R

KT, ¥V VBRLAMICHELOKEMAEZEREZEAL, 2o EGFR V v BRI E W
MxEF 7 (Table 1-2), Y AF AT I FEEZEAL 72/LAEY 5c LGP 5a L LT 10
U EOEMMISZ R Lz, £ AAF v T I FEZEALZLLAEY 21 CREILICKE
CHEHERWT Lz, Tavd o~ B L 72t 12 13, LAY Sa X0 &
INEWICHBEDL LT, XY VEBLHEEEZ R L, bt ke 1202 FL v
ERFT ((NH-) ~eE#aL 72 AF A7 I F5did. 4R EGFR x4 2 B IRE %
FFLoo, BXZzAfGoilEER 2R Lz, MEORKREM2S, v Y Y VERSMoOfEE L
TREZMT IFBHFE LV &5,

Table 1-2. Structure-activity relationship of 5-position transformation®

H
N_ _N
i |‘Y¢m
X NN
Ro
IW\J
M / /
q°
Compd R Del19/T790M/C797S L858R/T790M/C797S WT
pd. 2 ICso (nmol/L) ICso (nmol/L) ICso (nmol/L)
I\Ille
5¢ Me’N\n/""v 450 300 >5000
o
N
5d Me~ \W;H 3.6 3.6 45
0
12 /«T% 13 11 212
o
H
21 Me’N‘S:% >5000 4875 >5000

sy

2 The ICso values are for the enzymatic assay, the method of which is described in the experimental

section.
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1-6 7 3 FEH LEREOREL

YV VERINMOMEEZE T I VICEEL, 7IVERLoBEHBREICOVWTHEREL
7z (Table 1-3), fE#MifLR DV v BILHFE M IS 2 T, EGFR ¥ 7 F VKT 75 3 bl %
N9 Ba/F3 M c 03 2 BAEIMENETE S 5 L 720 LAY Sd DX F Az = F ki~
L2t 2 A o Z IR o R o7 Se). EEWwT 7t Fuv s =akk(s)
CHEMEDO NN-YAFAT I 7z F A8k (5g) WBiEMoWBEER LA, —H T, BUkE
DE/IAFR TR AEEET 2{LAEY Sh BLUOY It e T e i T 21Ld
Psiix. MR COEEICOWTIRLEY Sd LRBRETH 72 b 0D BHEIMF]E 1
CowTixmEL 7,

L& si OEIEEZ A AV F =7 (1) L2 5, {LEY 5i F=ZEHER
EGFR N L TRA Y AALF =7 XY bENZ ) vELIHEER & WMEIHER %2R L
— 77 AR EGFR I T 2 BHEFAIEA S AAF =7 X0 35 LEW 5i i3 ZEA R
EGFRIAESR L LTomuwaMMEE R L 72,

R* ‘#HH

\ﬁE
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Table 1-3. Optimization of mono-substituted amide moiety®®

H
N

Y
<?S

D19¢ LR¢ WT D19¢ LR¢ WT
Compd. R3 ICso ICso ICso Glso Glso Glso
(nmol/L) (nmol/L) (nmol/L) (nmol/L) (nmol/L) (nmol/L)

N
Rs”
0]

T

=z
>0

T
P4

/7

O]

5d Me}'» 3.6 3.6 45 68 163 927

Se \)"r 6.0 5.6 77 72 191 1266

5¢ @A 13 14 283 156 452 1655

Me.
S5g N/ﬁ\‘/}% 11 10 265 193 446 1220
Me
5h Fa > 4.5 3.7 55 56 129 1047
FM
5i 6.5 5.6 60 35 81 1078
F
Osimertinib (1) 2158 3524 3.8 2065 1288 107

@ The ICso values are for the enzymatic assay, the method of which is described in the experimental
section. ® The Glso values are for Ba/F3 proliferation assays, the method of which is described in

the experimental section. ¢ del19/T790M/C797S. ¢ L858R/T790M/C797S.

1-7 L&Y 5i D Hh ik SR i b

EGFR L858R/T790M/C797S L L&) si oA RO AR oKX 203 57201,
X WAk S fRT 2 K L 7= (Figure 1-3), AN AR 3t 2 L HLETH Y,
LEY s it LT EEAKZHEIHERFI LTV, —T, L&Y 51 icBW» T,
7 I FHEOKZERT L Met793 O A KR = VIO RICTH 72 mKFBEAPTEK S LT vz,
O mARFREITL Y, LAY 5t OFE®IIMAY) Scickk_Tm L7z S X

o>

-
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Nz, 72, {bk&Wsioy7rtro 7o v ki Leu7l8 B X O Leu792 D A5 & Bk 4
WHAEERZERL Y, CoMAEERbEER EICEHFE L2 LR E Sz (Figure
1_4)0

3

_—

Figure 1-3. X-ray analysis of the EGFR (L858R/T790M/C797S) —compound 5i complex

refined at 2.55 A resolution (PDB ID: 8WD4).

Figure 1-4. Hydrophobic interaction of difluoropropyl group. Stfuctural model figures were
generated using PyMOL (Version 2.4.0, Schrédinger, LLC). The protein heavy atoms that
were located within 3.95 A from the fluorine atoms were extracted and the distances are
shown in Figure 1-4 with a dashed line. The distances between the fluorine atoms and the
three CJ atoms in L718/L792 (3.1-3.9 A) were consistent with the typical distances of

aliphatic carbon and fluorine interactions (3.3-3.9 A).1®
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1-8 /N5

Ao EGFR JHZE# 2 & EGFR L858R/T790M & o ik & # i+ 2 2 & ic kv,
M a4-7I /) =aFvyT7IVEKEHET S EGFRIAEK 5a 2/ L 72, 72, KEKD
REETE TEAHBIRF S DRSS, € ) Y VIR AL L 5 DM D5 FHKER G EEFRBICEE
TharTe, 4MofEe LTREHRTINBFETHEI L, FIUTIFEELD
B L L ClRBUKEo S ERESFE TS S 2 AL -, EREILOREE. &
b7 Mt& Y 5i 12, EGFR del19/T790M/C797S %8 %3 X 8 L858R/T790M/C797S %
KR L Tl Y YEBLHEEEZ R L 72, 72 LEW 5138 AR EGFRICH L Tidi v
FEFEMAZRL, S ARM EGFREREER TR L2, (L&W 5i & EGFR 2 v X7 H L D
S HE BRGERRNTIC X Y LAY Si 05T A HEFEE I Met793 & DKFERE B X U Leu718

B XU Leu792 & D BUKMEMAFERICER S 5 2 & BRBR I N,
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F2E T ) -—rEKEAT 5HH EGFR L 3 o ff i b 1A B w52

2-1 Bx:

Bl1EicT, ZHEAR EGFRHEEECH2FHH 4-T I/ =aF v 7 I FFHEEICOW
THE L, A0 4-T I/ =aF v 7 I VFEKREAR,. il 2boo, LAY S &
D LHEFEHEOEN LAY 2 EET 2L RTES, AERICH T I EoiEERA
FRARADARGEHW L, 22T, EAZiEHom E2ANE L, 4-73 =3 F VT
IFFEEAERME L EROBERICETL &,

HHEREEST 220, 4737 =2aF Y7 IFERKROT I FEICER L, 73
FRREEMOH S L CHBEICHAIhIMETH Y, 2o EYFENEMiRicowT
3% DM EBHE T NT VDY, 7 I FOEMFENEMEDO -2 TH s ~T uFHHFRIC

HBHL., 9V =12 134-FAFHV TV 2EHLET Y —LEK~OLEEE AT,

/4

y

H
N _N
VORS TS
rd CS
Me” _J Y = o 'K]z
O |HN y N
H / R R
o, NN
q4°

5d
Figure 2-1.4-7 I/ =aF v 7 I Vi zENA L L2HHEKO T4 v

22 7Y —VEKERT 2FEEOEK

7Y —VEKEA T 2584 24, 28, 32a, Z L T 32b & Scheme2-1 IC/R L 72 /7K 1C
TAR L, 134-FF VTV —AVEBRE2ET LAY 24 3= F VEFHELR6 L V&G
I TP F IV FEOMEAERIGICE VILEY 22 28721, p- P LT v A& Vg
AL e AWK ROG I & 0 B UK 23 21572, mIRIC. 9L DNy 2TV FT I LR
JGIC X VLAY 24 21872, ¥ TV —AEFEK 2813 4- T I /) U VvEEMK25 L) =T
BICTAR L, 3. AZ VALK VYBIZATAVER VLT I 7 K0T v F LRSI
Lot 2e 2 /(7-%. 8iRkAy 7Y v IIRIGICE VLAY 27 21872, b, LED
9L DNy 7 TINFT ILRIGIC X VLAY 28 21572, 4-TAra ¥ ) ¥ VYFHEEKT

H23RaBLUERbIIXNIETBZ2-7I /v rvhiliifA3lasilr3lbe ooy I
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YR 29 L DNy 2T I ALKIGIC X VSN, hREHE 29 (LAY 9 ikt
BV IE=AY—KIGiIc kb, FfEAk 31a 3 XU 31b 13{LEY) 30a B X U 30b ITxt T 3 8
KAy 7YV v IrIRIGICEY, FhFnrEsnr,

N__Cl N

HOLAS ¢ \ \)
I )LN/N X —_— N —_— OHN: //

OHN\) H g

H,N cl
Dl Dl
Ny N Na N
Z e Z
p ) N__N
o, NN o, NN A
> X N N
<rS¢O <rS¢O h N‘/ ] X
9 29 ) R Y
Me /
0. N-N
S0
N._NH, Ny NH2 <{
z | g | S
— 4
B N T 323'R:~(T)M\)
R ! R ' ;
Me 2

30a: R= Mg\\) 31a:R:~(T;\_)

30b: R= Mg\ 31b'R:~(1;“

Scheme 2-1. Synthesis of compounds 24, 28, 32a, and 32b. Reagents and conditions: (a) 3H-1,2,3-
triazolo[4,5-b]pyridin-3-ol, acetohydrazide, WSCI-HCIl, DMF, rt; (b) EtsN, p-TsCl, DCM, 0°C- rt,
94% in 2 steps; (¢) 9, Xphos, Pdz(dba)s, Cs2COs3, 1,4-dioxane or tert-BuOH, reflux, 18-34%; (d)
(2R)-butan-2-yl 4-methylbenzenesulfonate, NaH, DMF, 80°C, quant.; (e) 1-methylpyrazole-4-
boronic acid pinacol ester, K,CO3, Pd(dppf)Cl.-DCM, DMF, 100°C, 98%; (f) CuClo, MgSOu, tert-
butyl nitrite, MeCN, 60°C, 34%; (g) 1-methylpyrazole-4-boronic acid pinacol ester, Xphos,
Pda(dba)s, aq. K2COs, 1,4-dioxane, 85°C, 64—84%; (h) Xphos or Xantphos, Pd,(dba)sz, Cs2CO3, 1,4-

dioxane, reflux, 40-49%.
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ft&¥ 35, 37, 40 5 X U 44 DGR % Scheme 2-2 IC/R L7z, (LA 351X 5-7 v %
Y Y VRFEMARID XVAEKEINZ, T MARA YT VIRIBICE Y ERY V=Y
TN REAL, BoNLAW B ICHNLTT2F A{l, Boc DRE, AL LT
LTFE FEDRITNT I 7B X VT2 FAEOREEITY 2L TLEY 34 2187, 15
bi7z34 L 4-7mmv ) IVVFEEEK29 DNy 7L FT I ERIGICE Y, LED
35 %187, 7 F7eFuv 7 vaFEk 37 3, 30b i LCEARI Yy T) I X D T b
JeFRrEJIoAve Iy —VELEBAL 2R, L&YW 29 LNy 2T AT I ALKRIG
ITH>2eTcliohi, YUY VYFEEKL 1T, 5-7e2 ) Y UiFEE 38 I L THA
Ny TV IRIGBX LAY LDy 2L FRT I JURIGEEMT 2L A
L7z N-AFren )y vk 4 2O0WTiE, THP HicX W REI N T YV — 0
Ao vBZ AT AL EALEY I8 LOBARAY 7V v Ik VLAY 41a # B 7%, THP i
EREL.ZDBRAVAUBIATALEDT AVFMURKIGICE Y v Y v EigzE AL,
L&? 42 #1572, Boc Ak BREAL 2%, BIKCNT I 7ERIBIC XY AFAEAEAT S C
Liba 43 1572, RBIC, LEWOL Ny 2 TN T I LRI ERITY 2 LIk D,
Hiy L&Y 44 21572,
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\r d 0, NN
36 o) 37 <{~‘o
o
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N T
g 7 Z h N”
N , N (0]
— o — Y 2N
~ Y 7\ o, M-
=/ 39 N=T 40 d*o
N_ _Cl
| N
B —
o)
T v K
N_ _Cl y
38 N_ _Cl | = | bl
A = Na N
a | j N7 h N7
— N\/, 0 « N OY *N OY @&
I —d L
R .
41a:R = THP N \ o
. arR= R Me
41b:R=H
K dl:)(S)—42:R:Boc (S)-44
’ (5)-43:R = Me (R)-44
k. d[~ (R-42:R=Boc
|:> (R)-43:R=Me

Scheme 2-2. Synthesis of compounds 35, 37, 40, and 44. Reagents and conditions: (a) The
corresponding boronic acid pinacol ester, Xphos, Pd>(dba)s, aq. K»COs, 1,4-dioxane, 85°C-95°C,
35%-70%; (b) AcCl, pyridine, DCM, 96%; (c) HCI, 1,4-dioxane, DCM, quant.; (d) aq. HCHO,
NaBH(OAc);, DIPEA, MeOH, 64%-94%; (e) HCl, MeOH, DCM, 60°C, quant.; (f) 29, Xphos,
Pdy(dba)s, Cs2COs, tert-BuOH or 1,4-dioxane, reflux, 60%-70%; (g) 4-[4-(tetramethyl-1,3,2-
dioxaborolan-2-yl)-1H-pyrazol-1-yl]pyridine, Pd(dppf)Cl, -DCM, aq. K,CO3, 1,4-dioxane, 90°C,
66%; (h) 9, Xphos, Pda(dba)s, Cs2COs, tert-BuOH, reflux, 19%—26%; (i) TFA, Et;SiH, DCM, 77%;

(j) the corresponding mesylate, Cs,CO3, DMA, 100°C, 77%—qunat.; (k) HCI, 1,4-dioxane, quant..

VIV —LVERD 3 MICEERBEREAE TS 1,5-V A Frvn )Yy EEER 55a-d 1T

Scheme 2-3 /R T HIETHRK I NS, €TV —ALEBED 3 i AFAEELET 2 Bk 47

19



. FRVBZI ATV AS 2O BRI N, £F. ¥ 7YV -V %Z SEMEICIVR#ET 2 C

. LEBRER 462 5L 46b @ 111 HAWEH, ZhooBEAWICHL THAS
TV v e ko) v EAL 2R . SEME 2 IR#E T 2 2 & ek 4T 2157,
v oY= 3R 7 vt n ik fH S 5 Ak 48 (X, Select-fluor®% Hl v TILAY) 41b % 7
y#EFT LI VEON, €TV =3Ik FOHEERT L HRMEME 52 X, K
BYBIATAN49 LI —FET Y= ASILOHARAY T) v IIRIGICE Y HEREI Nz, L
BV 49 B X513, BALY 38 DK ) ALt E L LAY 50 DEESIGIC X Y 2 n %
nEons, JBonzhEAk 41b, 47 BX 48 I L T, HIERKIGIC X Y v r ) ¥ viERiL
EEANL®Z, ALEYWS2 XU 83a-cicxf LT, Ny 27N FT I 2 LKRIE. Boc DR
. MRICEIT 7 2 7RIS FEfT 2 & & THIGT % m&E 55a-d 2 157,

o Ng_C
0
éj'io ? Bog . §J§< b.c NW
—_— 4 ~, —_—
N‘N I N SEM—N")" O N 4
N N = H
H SEM’ N \l/
45 46a 46b 47

\ U
N 0] N o \l/
H \l/ N \l/ Me<q N/j
1 -
7 Boc Y
N
N

N
Boc H Boc” Y <rseo N 4 <.rs¢0
41b:R=H 53a:R=H 54a:R=H 55a:R=H
48:R=F 53b:R=F 54b:R=F 55b:R=F
47:R =Me 53¢:R=Me 54c:R = Me 55¢:R = Me
52:R=0Me 54d:R = OMe 55d:R = OMe

Scheme 2-3. Synthesis of compounds 55a—d. Reagents and conditions: (a) SEMCI, DIPEA, DCM,
0°C-rt, 99%; (b) 38, Pd(dppf)Clo,-DCM, aq. Na,COs3, 1,4-dioxane, 90°C, 69%; (c) TFA, DCM,
quant.; (d) Select-Fluor®, AcOH, MeCN, 80°C, 22%; (e) 2-isopropoxy-4,4,5,5-tetramethyl-1,3,2-
dioxaborolane, n-BuLi in Hex, THF, —78°C, quant.; (f) tert-butyl (25,4R)-4-hydroxy-2-
methylpyrrolidine-1-carboxylate, CMBP, toluene, reflux, 57%—98%; (g) Pd(dppf)Cl. -DCM, agq.
K2COs, 1,4-dioxane, reflux, 71%; (h) 9, Xphos, Pd2(dba)s, Cs,COs, tert-BuOH, reflux, 34%—56%;
(i) TFA, DCM, 79%—88%; (j) aq. HCHO, NaBH(OAc)3;, MeOH, DCM, 69%-94%.
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L&Y 60a & 60b (L&Y 55d D& AL L Rk D 73k TR S L7z (Scheme 2-4), 3 —
Feoy—AFElk 50 & 56 WXL TTAFAMEMIGICE Y Y UVEMEZEAL,
57a L 5Tb # F N F NS, OB BRIy TV VY IRIG, Ny 2T AR T 2 JALRIG.

Boc #EHDRZE, &EILWT I 7{LIcZ T, L&Y 60a & 60b % 1572,
R

0 R-o Ny
R<o AN |
| N / 7 Z
4 —a> N b N ’
N ’ —_— N (@]
“ ® T
H
N ®
Boc N

’

50:R = Me 57a:R = Me Boc  58a:R=Me
56:R = CF2H 57b: R = CF2H 58b: R = CF2H
H
R. N H
0 |\ ,/I R.o N_ _N

! 0 °S,
' (@]
Boc 4 Me 4
59a:R = Me 60a: R = Me
59b: R = CF:H 60b: R = CF:H

Scheme 2-4. Synthesis of compounds 60a and 60b. Reagents and conditions: (a) fert-butyl 4-
methylsulfonyloxypiperidine-1-carboxylate, Cs:CO3, DMA, 100°C, 72%—84%:; (b) 49, Pd(dppf)Cla,
aq. K,COs3, 1,4-dioxane, 100°C, 51%—-70%; (c) 9, Xphos, Pdx(dba)s, Cs>CO3, 1,4-dioxane, 90°C,

31%-47%; (d) TFA, DCM, 80%85%: (¢) aq. HCHO, NaBH(OAc);, MeOH, DCM, 58%-83%.

2-3 €7 Y —VEKEET 58K

TV - LB EE T SHEL 24, 28, 32a B XU 32b O EMIMERICEH T 5 EGFR
del19/T790M/C797S ¥ X NEF4 A EGFR @ V v BE{L L E TG % Table 2-1 I2/R" 4, 1,3,4-74
FHOT V- LFEER24L YTV - VFEER8IFCTNDEEOME 2R L 2. R\ Ty
Y)Y VBRAMR) DBEMMENRICOCTHREA L, 7V —AiFEK 280 ) ¥ VB4
MOBERIFFEBRF T~ L 2EY 32213, ) vEELEEEHEOR 2R L 72,
EHic, sec-7FNAFFVEEEA Y TOE LS X IR~ L AL /2 32b 13 322 L AFE D
HERL 7,

21



Table 2-1. Structures-activity relationship of 5-position transformation. ?

0NN
0
D19/TM/CS® WT
Compd. R4 Rs ICso (nmol/L) ICso (nmol/L)
H T
5d Me” \n)'» HN_ 3.6 45
0 E
N e

N HN
24 )LC))—; : 13 215

MU
28 K HN_ 14 275
Me~ \N H
“1’“\)
32a = 2.6 22
Me-N N7
32b /{ Y 2.4 24

2 The ICso values are for the enzymatic assay, the method of which is described in the experimental

section. ® del19/T790M/C797S.

-4 EEEEREE A X 23t L

Ric, BhrziErmEzHWE L, €7 V-V HRERFE T LOBERELEHRE EiE L 72,
EERICFHFERO AR Z BT 2H1I1C. {LEDY 32b & EGFR dell9/T790M/C797S ® F v ¥ v
v ialb—vaviEMmL7E (Figure2-2), Z DR LAY 32b v 7V — A BREFRH
FTLEDOAFAEFIV Y FEEGR T Yy PONSNERIL TS ERRBINZ ZDD,
7Y VEREOERFFICEAT Z2EMBEEL L CIBKEDD O F L v LR
Tzo MAT, COMBEICHEEOEREZEATZ L CEEAM ELEZL I WMELDH
22520 WEMEREKZEATLZ L E L, ZOME% Table2-2 /R T, TMiEH
D N-AFALEexY Y VvBRPET 2{LEY 35 TRALEY 32b 1T~ THFEINGEE 2 6
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fErmbEL7ze NNAFAERY Y VIEREEL S BEEED N2 Freu ) v vIRERT S
S)-BLU (R)-44 % 1,5-V A F v ) P vB2HT 5 55 btk xR L 7~=—7 T,
fio~7mANEBER, fl2E. P T r e Fue 7 vEBREET 2 37 eHEEEor ) v
vEREAT 0 cREEoM ERRONA Lo, 2O LD WEED A BT i3iE W
HEESMABETH B L5 7,

L792

F723
Figure 2-2. The modeled binding mode of compound 32b with the EGFR C797S model. The

secondary structure of EGFR is depicted as a cartoon model, with key residues shown as stick
models. The compound 32b is represented as a ball-and-stick model, with its molecular surface
shown in transparent cyan. Hydrogen bonds to the compound are indicated by dashed yellow lines.
L792, the gk+2 residue (Ghose’s notation?!), is shown with an orange molecular surface. For the
sake of clarity, residues 696—722, 794-786, 808—853, and 858-1019 have been excluded from the

depiction.
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Table 2-2. Structures-activity relationship of 5-position transformation. ® ®

H
N_ N
|\ %
; P Na N
N7 | )
/N j///
R
6 N=N

O..
S

S
g7
d d
Compd R¢ D19/TM/CS ¢ \INCFI;O D19/TM/CS ¢ \gio
ICs0 (nmol/L) (nmol/L) Glso (nmol/L) (nmol/L)
32b Mo 2.4 24 60.8 879
35 N 2.1 8.5 9.6 203
Me~
37 OA 27 212 459 353
(@)
Z
40 QA 20.4 237 601 >10000
Na
:&‘1
(S)-44 (N> 1.7 9.7 19 311
[}
Me
(R)-44 N 1.6 9.8 21 318
[}
Me

55a Me-N i 2.5 11 26 387

2 The ICso values are for the enzymatic assay, the method of which is described in the experimental

section. ® The Glso values are for Ba/F3 proliferation assays, the method of which is described in

the experimental section. ¢ del19/T790M/C797S. ¢ wildtype.

2-5 {L&Y) 55a O F F — ¥ 5E IR M A

{tE¥s5a DF F— ¥ EREZFF - AT v 24 KTFMLAZ, A7 X —7 v b
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¥F—¥HBEEHFEOKHRKEL 220, FF—¥HEAICIE-BICHOF F— @R E
Ko o352, LAY 55a D 161 ¥ F —FICH T 2 AEEMZ M L. % DG E % Figure
23R L7, LAY S5a i 161 ¥ F—¥H 48 ¥F—F (6 HEHOLE EGFR 2 5 L) %
FBHELS0% U ECHELAZ A A F = FTIFRUCEHETI0 ¥ - —+ (5HE DA % EGFR

zet) LrHELAVES, FF - BERMOWELILETH B LRI NT,
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Figure 2-3. Kinome inhibition plot by compound 55a. The inhibitory rate against selected 161
kinases was evaluated (compound conc.: 200 nmol/L, ATP conc.: 1 mmol/L) and is indicated as a
corresponding bubble plotted in the phylogenetic tree of the human protein kinome. The size of the
bubble indicates the inhibition rate (See experimental section for the specific values). AGC, kinases
from the protein kinase A, G, and C families; CAMK, calcium/calmodulin-dependent protein
kinases; CK1, casein kinase 1; CMGC: kinases from the cyclin-dependent kinase, MAPK, glycogen
synthase kinase, and casein kinase II families; STE, homologs of yeast sterile 7, sterile 11, and
sterile 20 kinases; TK, tyrosine kinases; TKL, tyrosine kinase like kinases.

26



26 ¥ F— K BRMKELZHME L2 T Y — A 3 i~ EREA

¥ F — BN AKET 729, EGFR D Leu792 I & - THE Y H & 1 3 “selectivity pocket
“ICEHL 72, Leu792 i3 & v VELICHIE T 2 5RETH 2 23, EGFR Ao % D ¥ F — ¥
TR IO OEIEIT Leu L Y D EE VPhe X Tyr TH 2 2 &R ONT WS fE- T,
EGFR &0 *F —¥Toh, ZOMAICEMREZEAT 2 LBARETH Z T
T, 20D %L DX F—¥TCRIBRBECIYVEREZEATLZIENTER Y, 20
720, ZOMMOEMITFF-CERNEELR LS 2 HWTLIZLIFAM S, selectivity
pocket & M (F T 329,

selectivity pocket 28 & CICME L T W2 22 fRET 5720, (LAY 552 & EGFR
T790M/C797S/L858R ® F v ¥ v 'y I 2 L — ¥ 3 ¥ %17 - 7z (Figure 2-4), Z DFEHR. t&H
Y)55a D7V — B3 LDIEIT selectivity pocket (I E L THH, EfEEZEATE S
ERIBHFAEST 5 BRI, LEDHRE,2L, FF—E K ED D, ©T Y

— N3 ~DEBEILDOE A% E L 72,

Figure 2-4. The modeled binding mode of compound 55a with the EGFR C797S model. The

representation style remains the same as in Figure 2-2.

Z ORGSR % Table 2-3 IC/RT, 7t uds 3MICEAL LAY 55b 13b T 2 Gtk
W E R LTz, AFAEEET LAY 55¢ I KEREWHEOWFHEZRLZ—HT, A b*
CHEHET LAY 554 1TEE R MR T 3 2 L s o 72, HEEMEERALIC O v TR, BTl @
WEEIEEMAHBI oMY | )Y Y VB (60a) DFAINAZ, ¥ IV—L 3 oEEL L

T, A rFvEofRbhicy st Xt ATy BRI Sz (60b),
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Table 2-3. Structures-activity relationship of the pyrazole substituents. *°

H
N _N
R ° D
/ Z N\ N
R/ \|/ 20
8 o ,N_N
4°
D19¢ WT D19¢ WT ¢
Compd. R~ Rs ICso ICso Glso Glso
(nmol/L)  (nmol/L)  (nmol/L)  (nmol/L)
55a I Me-N E 2.5 11 26 387
55b Y Me-N E 3.0 13 43 856
55¢ Me Me-N E 6.8 66 168 2294
55d -0
Me' ¥  Me-N 2.8 5.1 12 574
602 Me’o}" OA 1.4 3.7 6.5 565
Me~
F.__O
60b ¥
DS06652923 \Ff Me,r\O/\ 2.0 6.0 04 760

2 The ICso values are for the enzymatic assay, the method of which is described in the experimental

section. ® The Glso values are for Ba/F3 proliferation assays, the method of which is described in

the experimental section. ¢ del19/T790M/C797S. ¢ wildtype.

2-7 {L&Y) 55d. 60a I X ¥ 60b D in vitro

Al i 2R D LR

BMWIHEEEZ R L 72{LEY) 55d. 60a 33 X U8 60b D in vitro EFflif5 5 % Table 2-4 127

L72. 2T DLEYH del19/T790M/CT797S Z5 H I EGFR 72 1 T 7z { . L858R/T790M/C797S

Z SR EGFR i LT Y vIRLIHEEEZ R L 7.
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EGFR I 3 2 B FHF TH o 7z L&Y 55d 13 fth o — 2> oL &It~ T &\ LogD
R LTz, COMRBEOEZKML, 60a & 60b 1t 55d L lEXT, HWHFIZm Yy —L4fk
HWEEWEE R LIz, £ WINLoLEW D, BUEEH T RIFARBMBELZ R L 2208, ik
BIC BT WM Z LA o7z, MDCK MiiIC 3517 2 EEE M IC 2w Tk, L&Y 60b 28
ROBHRMEEZ R L, 2y XZFAEFRICO VTR, WTFoLa&Y b EEICEWEL R
L7z M EDfER 2O fholb &P &k v b EN - REREN & BEEE%Z R L72{L&Y 60b
(DS06652923) Z#ik L. e 2 & Kl 2 £ L 72,

Table 2-4. In vitro pharmacological activity and ADME profile of 55d, 60a, and 60b.*"
H H F H
Yo YYY M (YYYY e Y
| | | e (Y Y
N Na_ _N F | ]
% Z N % Z N ~Z N N
N | 5 N | 5 7 I
N N g >
0 o, N-N -

|
N
N\
SR e g
. N-N . N- N
Me"~ 48*0 N <{S°o Q O“SQO
= Me Me' 4

/
N

55d 60a 60b
Compd. 55d 60a (DSOgg;)2923)
D19¢/LRY/WT¢® ICso (nmol/L) 2.8/1.3/5.1  1.4/0.75/3.7  2.0/0.89/6.0
D19¢/LRY/WT® Glso (nmol/L) 12/23/574 6.5/18/565 9.4/13/760
LogD 5.4 4.4 4.6
Metabolic stability’ [human/mouse] (%remaining) 1/20 24/48 18/55
Solubility [pH 1.2/pH6.8] (ug/mL) >1100/0 >1100/15 1200/0
MDCK Papp (107¢ cm/s) 5.2 3.1 9.0

Plasma protein binding [human/mouse] (%) >99.8/>99.8 >99.8/>99.8  >99.8/>99.8

3The ICso values are for the enzymatic assay, the method of which is described in the experimental
section. °The Glso values are for the Ba/F3 proliferation assay, the method of which is described in
the experimental section. ¢del19/T790M/C797S. L858R/T790M/C797S. Wildtype. ‘Remaining
rate of tested compounds (1.0 pmol/L) after incubation for 0.5 h in human or mouse liver

microsomes (0.5 mg/mL).
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2-8 DS06652923 D F F — & F R M 57

DS06652923 ® ¥ F — ¥ E R 7' 7 7 7 4 L % Figure 2-5 IC/R T, DS06652923 (% 161 F
F—X¥DIH, 14FF—+ 6HEOEHE EGFR # &) ZHEX 50%U ETHEL, 20
FFR—E@ERERFRECKEL TR, FyF vy ialb—vavicT DS06652923 O
AR AT L7282 A, Y704 v A b F R selectivity pocket Z 5H L TE Y,
DI FF—EBIRELREL 2 LHERI N,

30



TK

2 %
Q 0%
‘ 100%

agrs K

CAMK

prnven
Pk
Pk
carnCURgLe
g,
CAMKla
csld Nuak2
BRSK2 q Niaki
BRSKI
AMPEa2BLE] WELL
AMPKal b1/g) SIK

QI b
SPEGd2
AUARKS Trad

QsK

cen CLIE

MRic Trio uEl " “5
AN = K1
MARKT DRAK?, . c
[ prua NovTha i
AR DaPIZ, :
AP

1 TIBKI
s " Ig2 © CRlgd
narrsg Jomazck |

AKTI i1
aMLCE 2 ‘/ ® ANK % PECn
seross TANK? PRV
é k73 56K 4 ppev
KK \PRD! SGK3 g PN
u PID3  NERT
ufy | U Ped pppog = $ekos9

[275] NEKS: Sekito

Sgka22
serzeod  PINKI

)
CK2al RSILL

PRACE prics

- B R PKACa
INK2 7 / N 5 GPRES, . PREY
Other } , yf), AN

2usti -
Rz . o R

\CDRLI
LTI st PR} N\ amers
coizs Dabpr:
Seoizz .

D2
»CDI3

AGC

Figure 2-5. Kinome plot of inhibition by 60b (DS06652923). The inhibitory rate against 161
selected kinases was evaluated (compound conc.: 200 nmol/L, ATP conc.: 1 mmol/L) and is
indicated as a corresponding bubble plotted in the phylogenetic tree of the human protein kinase.

The size of the bubble indicates the inhibition rate (see experimental section for the specific values).

31



Figure 2-6. The modeled binding mode of compound 60b (DS06652923) with the EGFR C797S

model. The representation style is the same as in Figure 2-2.

2-9 DS06652923 D [ 55 %0 5

Ba/F3 702777 =V RAETNZEMWT, DS06652923 DHUESE MR 2L 72, Z D
fiti 3¢ % Figure 2-7 I/ 3, X A Balb/c fitfiE 4>~ 7 AT Ba/F3 (EGFR dell19/T790M/C797S)
fHAE % #AE L. DS06652923 % —H—[\ (qd) Xix—H [ (bid). 5 HFE. #O& 5 L 7z,
ZORER, 2TCOREGHECHERTUES R LPHER S Lz (Figure2-7A), Z DR, win
DEGHICE T HEHRERD L RHEO MR IIBE SN d > %2 (Figure2-7B), %72, L&
VDO RAEIEG D6 6 Rift OB ) vBBLL L2y 2 2% v T ay T 4 v 2 TRl
L7ze ZOMER, RTOKRGHICE VT, R EGFRD Y YRBRILEZERICHEI LTV
(Figure 2-7C), Z D%, MEb B X MR oM S IC/LEYI A BRZEL TWb 2 L ZHEZRL
2.
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Figure 2-7. The results of antitumor study with DS06652923 in Balb/c nude mice bearing
engineered Ba/F3 (EGFR del19/T790M/C797S) tumors. The compound at doses of 12.5 (bid), 25
(qd), 25 (bid), and 100 mg/kg (qd) and the vehicle (0.5% methylcellulose) were orally administered
daily from day 10 to 14. (A) Antitumor activity of DS06652923. Each group included five animals
and data are presented as mean =+ standard error. The asterisk indicates a significant difference
between the control group and the treatment group by the parametric Dunnett’s test (*P < 0.05). (B)
Effects on body weight changes of the mice during treatment with DS06652923. Each group
included five animals and data are expressed as mean + standard error. (C) Immunoblotting of
phosphorylated EGFR (pEGFR), total EGFR (EGFR), and B-Actin (Actin) in Ba/F3-EGFR
del19/T790M/C797S tumors. Tumors were collected 6 h after the final administration. Conc.:

compound concentration.

33



2-10 /N5

It&a¥ 5d o7 I VEEZE TV — A~ BT L THBET ) — LB EE T 51
HM32b #HE L, Fy vy Ialb—va vy iU, WEMEAT ICHEEMERAL %
BAT LT vBLEHEGEE M ELAE, 510, ©7 V=3 fi~DY 7 F R R
FECHDOEAICL Y, EGFR YA D FF —¥ L O T RBEERA L, ¥+ — ¥ EIRM
BRELSWEL 2, LT N72LEY 60b (DS06652923)D FLIEE IR % Ba/F3 7 v 7' 7
ZEFETMICEWCHMEiLZE A, —H—[. 25mg/kg OfF 151 CTHEE O BEZ R
L7z,

34



O =N
i

KX T, READNRBREOE N —HRR EGFR I3 2 frllifHER 2R R L., &
AREERRE ERIC L 2EEREL 2R T, ~ 7 A~ OKRGIC XY JUES R Z R
3 DS06652923 ZAIH L 7=,

1w, BAoFELEAERKAT EGFR HEHRE,2S 4-7 I/ =aF v 7 I FVEKEE
B, 7I VM ELRT 2 L oEEERLEY 51 2 ES L2, L& 51 & EGFR
L858R/T790M/C797S % v % 7B & O ARG WM O . H 72 ICTB E N KB H L
BOKMEMEAERIC X W iEES A EL 722 EBRBE NI,

FB2ETIE, 473/ =2aF v T7IFEKOT IV 2z 7 V- VB~ EHT S C
LeEone T ) — LB ORBESRELICO VTS Lz, AR I B %
BAT XV EL LY 552 S Lz, 72, ¥ TV —A 3T
X v EAEATLI LI, MUIEEEZHRLASEFF—CER Mz RET L L
KRN L7 WTFRDOERS Py F v Ial—va v iGEMH L7~ SBDDIC X Y ER X
Nz Gon-HBE LAY DN, K% invitroADME X5 X — & — %K L 72 DS06652923
. Bl FF—EERET e 7 7 AV EEROKGICX2PEEMREZ L, ZHEAR
EGFRIHEH L L CHVwEHZ R L 72,

EGFR Z i & L2HEFEE ZL CHEINTw i oo, ZHZR EGFRICH L THA)

REA R KB I AT A0, AFFEICE TS LK. Hi8 EGFR FLEE Al
HICEA 2 2 L ATV 5,

35



A T

YL EBIOCELRBICB T 2IEEHB L L CHAOMAEE L L COEBEZENTT
& o R KEREB R EMBIE R FEFMA B ICEH LR L LT 5,

KL OFKRICHE L., HRA2CHHEERB Y L, BRBRZEREE BB
ICREATHEIFLE L BT E S,

BEmoRROKEEEATTEY, RIKTIRE, CXEEBV T LA, F-=H&k
A2ttEX ) T 4B —WEN ER—ESH, Ft %4 7 <= a v RliE NEEz
Fap, Mtk =X Y 74 B=0E ISR, B fMreET7v— 7 RICE
L L B3,

AMEZITROERED LRITH Y, KWIFEOEDTTICEHL CEELR IS Z2H Y EL %
oAt L) 74 B -0 HPES FRCE#E R L BT S, AU
FHOAKF —L ) —X—Thbh, 7oV b2 EBHEE LA, F— kot
FHHAE A FEHERERICEIEH L ET,

KRBT 2, (LAEVTA v b CICERNE T4 %6 a iz TH 72t Al
FECHT28ELRCYE 2LV E L, BB ASHNEA 7 R—v 3 VHEES
MEFIEETEAE, Fth =XV 74 B8 - hEGeMREICE#zH L LT E T,

MM L FELCHEZ, @MXECHZIV L RE2THMN. CHhEaeBY £ Lz, &H
—ZHHERARIEA ) = a YEEE ERILETEE. B O MBEEEEE. FAt =X
U7 4 B=0E REBRAEMMEE, B S8 LR BICLX WV E#zH L k
FEFT, £, LEYFMcBAL CEELAIHIZHY T L, Ftk 447 o2
s —wrgE T PARAELFEIFMEUIFEA. F KE2Z2 VR ICERIE#H L ET,

X MAs ST 5 L " SBDD LB W CEHEAR W, CHE2HY L, H—-=3k
HRRAtEX ) 74 B—WET KRB EEMEE. B PEEFEG & SETE 8 ICEH
2LET, ¥, FHEARZ P AVHIER in vitro ADME 7 —2 ZHfS L CHF &0 L7,
Fth v v T4 AANY BT O ERRICE S EH# 2L 5,

AL EYOREY BRI R 2 HEL CHZ L2, F— =k o R BRI
/NHIRLE AR TS B IR G L B & 5

REBRIC, TNECTRZICEIVALOIEREEZLXATTIEIY E LA, KEITL LD EH
L% 3,

36



KR D

EToOBYERRIE [H— =R B YRR I 2 M| icEEowTEE L 72,

1. Chemistry
General

Unless otherwise noted, commercial reagents and solvents were obtained from suppliers and used
as purchased. Normal-phase column chromatography was performed on silica gel (S102) or amino
silica gel (amino) using prepackaged cartridges. Analytical thin-layer chromatography (TLC) was
performed on Merck pre-coated TLC glass sheets with silica gel 60 Fas4. 'H-NMR spectra were
recorded on a JEOL JNM-EX400 spectrometer in the indicated solvent, and chemical shifts are
given in ppm from tetramethylsilane as an internal standard. ESI/APCI mass spectra were recorded
on Agilent Infinity 1260 series LC/MS. Purities of >95% were confirmed by LC/MS for all test
compounds. Conditions were as follows: column: Develosil Combi-RP-5 2.0 mm % 50 mm, gradient
elution: 0.1% HCO,H-H,0/0.1% HCO;H-MeCN = 98/2—0/100 (v/v), flow rate: 1.2 mL/min, UV
detection: 254 nm, column temperature: 40°C, and ionization: APCI/ESI. High-resolution mass
spectra (HRMS) were obtained on an LC/MS system composed of the Waters Xevo Q-Tof MS

system and Acuity UPLC system.

Methyl 4-[(2S)-butan-2-ylamino]-6-chloropyridine-3-carboxylate (S1)

To a solution of methyl 4,6-dichloronicotinate (15.2 g, 73.8 mmol) in 2-propanol (150 mL) were
added (S)-(+)-2-aminobutane hydrochloride (10.5 g, 95.9 mmol) and DIPEA (38 mL, 220 mmol) at
rt. After stirring at 70°C for 5 h, (S)-(+)-2-aminobutane hydrochloride (2.43 g, 22.1 mmol) and

DIPEA (7.7 mL, 44 mmol) were added and stirred at 70°C for 6 h. The reaction mixture was cooled
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to rt and concentrated under reduced pressure. EtOAc was added to the residue and the organic
layer was washed with sat. aq. NaHCO3 and brine. The combined organic layer was washed with
brine and dried over anhydrous Na;SO4. After being concentrated under reduced pressure, the
residue was purified by column chromatography [SiO2, Hex/EtOAc = 5/95 (v/v)] to give the title
compound as a colorless oil (12.9 g, 72% yield). '"H-NMR (CDCls) 6: 0.98 (3H, t, J= 7.6 Hz), 1.24
(3H, d, J=6.1 Hz), 1.56-1.68 (2H, m), 3.44-3.53 (1H, m), 3.88 (3H, s), 6.54 (1H, s), 8.11 (1H, br

s), 8.66 (1H, s).

4-[(28)-Butan-2-ylamino]-6-chloropyridine-3-carboxylic acid (6)

To a solution of methyl 4-[(2S)-butan-2-ylamino]-6-chloropyridine-3-carboxylate (S1) (12.8 g, 52.7
mmol) in 1,4-dioxane (130 mL) was added 1 mol/L aq. sodium hydroxide (130 mL, 130 mmol) at
rt. After stirring for 2 h at rt, 1 mol/L aq. hydrochloric acid (130 mL, 130 mmol) was added and the
resulting precipitate was filtrated to afford the title compound (11.4 g, 95% yield) as a colorless
solid. 'H-NMR (DMSO-Dg) &: 0.89 (3H, t, J= 7.4 Hz), 1.15 (3H, d, J= 6.1 Hz), 1.50-1.57 (2H, m),

3.63-3.74 (1H, m), 6.81 (1H, s), 8.23 (1H, d, J = 8.6 Hz), 8.50 (1H, s), 13.35 (1H, s).

{4-[(25)-Butan-2-ylamino]-6-chloropyridin-3-yl}[3-(2-hydroxypropan-2-yl)azetidin-1-

yllmethanone (8a)

HO N_ _Cl

To a solution of 4-[(2S)-butan-2-ylamino]-6-chloropyridine-3-carboxylic acid (6) (100 mg, 0.437
mmol), 2-(azetidin-3-yl)propan-2-ol hydrochloride (99 mg, 0.66 mmol), and 3H-1,2,3-triazolo[4,5-
b]pyridin-3-ol (18 mg, 0.13 mmol) in DMF (2.5 mL) were added DIPEA (0.150 mL, 0.875 mmol)

and WSCI-HCI (126 mg, 0.656 mmol). After stirring at rt for 3 h, the mixture was diluted with
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EtOAc, and washed with water and brine. The organic layer was dried over anhydrous Na;SO4 and
concentrated under reduced pressure. Purification by column chromatography [SiO2, Hex/EtOAc =
2/1-4/1 (v/v)] afforded the title compound (112 mg, 79% yield) as a colorless solid.

'H-NMR (CDCl3) 8: 0.96 (3H, t,J=7.7 Hz), 1.16-1.25 (9H, m), 1.52-1.65 (2H, m), 2.64-2.71 (1H,
m), 3.37-3.43 (1H, m), 4.03-4.38 (4H, m), 6.50 (1H, s), 7.95 (1H, s), 8.08 (1H, s). MS (ESI/APCI):

m/z calcd for Ci6H25CIN3O2 (M+H)™: 326.2. Found 326.2.

{4-[(25)-Butan-2-ylamino]-6-({2-[1-(cyclopropylsulfonyl)-1H-pyrazol-4-yl|pyrimidin-4-

yl}amino)pyridin-3-yl}[3-(2-hydroxypropan-2-yl)azetidin-1-yljmethanone (5a)

H

HO N N
)kc\ z | %
N A Na _N

A mixture of {4-[(2S)-butan-2-ylamino]-6-chloropyridin-3-yl}[3-(2-hydroxypropan-2-yl)azetidin-
l-yllmethanone (8a) (112 mg, 0.344 mmol), 2-[1-(cyclopropylsulfonyl)-1H-pyrazol-4-
yl]pyrimidin-4-amine!® (91.0 mg, 0.34 mmol), tris(dibenzylideneacetone)dipalladium(0) (31 mg,
0.035 mmol), Xphos (66 mg, 0.14 mmol), and cesium carbonate (224 mg, 0.687 mmol) in 1,4-
dioxane (3 mL) was stirred at reflux for 4 h under a N, atmosphere. After cooling down to rt, the
mixture was diluted with EtOAc, filtered through celite, and concentrated in vacuo. Purification by
column chromatography [SiO2, DCM/MeOH = 92/8-88/12 (v/v)] afforded the title compound (72
mg, 38% yield) as a pale-yellow solid.

'H-NMR (CDCl3) 8: 0.99 (3H, t, J = 7.4 Hz), 1.18-1.25 (8H, m), 1.29 (3H, d, J = 6.7 Hz), 1.49-
1.55 (2H, m), 1.62-1.73 (2H, m), 2.66-2.73 (1H, m), 2.79-2.86 (1H, m), 3.50-3.59 (1H, m), 4.14-
4.31 (4H, m), 6.99 (1H, br s), 7.24 (1H, d, J = 5.8 Hz), 7.43 (1H, s), 8.08-8.10 (1H, m), 8.12 (1H,
s), 8.42 (1H, d, J = 5.8 Hz), 8.44 (1H, s), 8.64 (1H, s). HRMS (ESI): m/z calcd for C2sH35Ng04S

(M+H)": 555.2502. Found 555.2498.
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[6-Chloro-4-(propan-2-ylamino)pyridin-3-yl][3-(2-hydroxypropan-2-yl)azetidin-1-

yllmethanone (8b)

HO N_ _ClI

0 HNY

To a solution of 6-chloro-4-(propan-2-ylamino)pyridine-3-carboxylic acid*® (7) (180 mg, 0.839
mmol), 2-(azetidin-3-yl)propan-2-ol hydrochloride (191 mg, 1.26 mmol), and 3H-1,2,3-
triazolo[4,5-b]pyridin-3-ol (35 mg, 0.25 mmol) in DMF (3 mL) were added DIPEA (0.287 mL, 1.68
mmol) and WSCI-HCI (241 mg, 1.26 mmol). After stirring at rt for 2 h, the solution was diluted
with ethyl acetate. The organic layer was washed with water and brine, dried over anhydrous
NazSOy4, and filtrated. After evaporating the solvent, the residue was purified by column
chromatography [SiO2, DCM/MeOH = 98/2-95/5 (v/v)] to give the title compound (221 mg, 85%
yield) as a colorless solid.

'H-NMR (CDCl3) &: 1.20 (6H, s), 1.25 (3H, s), 1.26 (3H, s), 1.53 (1H, s), 2.63-2.71 (1H, m), 3.56-
3.66 (1H, m), 4.04-4.36 (4H, m), 6.51 (1H, s), 7.89-7.92 (1H, br m), 8.08 (1H, s). MS (ESI/APCI):

m/z caled for C1sH23CIN3O2 (M+H)™: 312.1. Found 312.2.

[6-({2-[1-(Cyclopropylsulfonyl)-1H-pyrazol-4-yl|pyrimidin-4-yl}amino)-4-(propan-2-

ylamino)pyridin-3-yl][3-(2-hydroxypropan-2-yl)azetidin-1-yllmethanone (5b)

H
HO N N
)KE\ - | %
Ne S Ns_ _N
HN
Sy ;;
0. NN

e
A mixture of [6-chloro-4-(propan-2-ylamino)pyridin-3-yl][3-(2-hydroxypropan-2-yl)azetidin-1-
yl]methanone (8b) (221 mg, 0.709 mmol), 2-[1-(cyclopropylsulfonyl)-1H-pyrazol-4-yl]pyrimidin-
4-amine (188 mg, 0.709 mmol), Xphos (135 mg, 0.284 mmol),

tris(dibenzylideneacetone)dipalladium(0) (65 mg, 0.071 mmol), and cesium carbonate (462 mg,
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1.42 mmol) in 1,4-dioxane (4 mL) was stirred at reflux for 5 h under a N, atmosphere. After cooling
down to rt, the mixture was diluted with EtOAc and filtered through celite. After evaporating the
solvent, the residue was purified by column chromatography [SiO2, EtOAc; DCM/MeOH = 2/98-
4/96 (v/v); amino, DCM/MeOH = 99/1-97/3 (v/v)] to give the title compound (176 mg, 46% yield)
as a pale-yellow solid.

'H-NMR (DMSO-Dg) &: 1.04 (6H, s), 1.23-1.30 (8H, m), 1.30-1.38 (2H, m), 2.52-2.63 (1H, m),
3.24-3.32 (1H, m), 3.68-3.78 (1H, m), 3.89-4.00 (2H, m), 4.16-4.35 (2H, m), 4.55 (1H, s), 7.39 (1H,
brs), 7.45 (1H, brs), 7.99 (1H, d, J= 7.4 Hz), 8.13 (1H, s), 8.43-8.46 (2H, m), 8.63 (1H, s), 10.12

(1H, s). HRMS (ESI): m/z caled for C25sH33N304S (M+H)*: 541.2345. Found 541.2338.

4-[(28)-Butan-2-ylamino]-6-chloro-N,N-dimethylpyridine-3-carboxamide (8c)

N  _Cl

To a solution of 4-[(2S)-butan-2-ylamino]-6-chloropyridine-3-carboxylic acid (6) (110 mg, 0.481
mmol) and 3H-1,2,3-triazolo[4,5-b]pyridin-3-ol (20 mg, 0.14 mmol) in DMF (2.5 mL) was added
dimethylamine solution in THF (2.0 M, 0.481 mL, 0.962 mmol) and WSCI-HCI (138 mg, 0.722
mmol). After stirring at rt for 5 h, the solution was diluted with ethyl acetate. The organic layer was
washed with water and brine, dried over anhydrous Na,SOu, and filtrated. After evaporating the
solvent, the residue was purified by column chromatography [SiO,, Hex/EtOAc = 20/80-0/100
(v/v)] to give the title compound (73 mg, 59% yield) as a colorless oil.

'H-NMR (CDCl3) 8: 0.96 (3H, t, J= 7.4 Hz), 1.21 (3H, d, J = 6.1 Hz), 1.49-1.64 (2H, m), 3.10 (6H,

s), 3.35-3.46 (1H, m), 6.24 (1H, br s), 6.52 (1H, s), 7.93 (1H, s).

4-[(2S5)-Butan-2-ylamino]-6-({2-[1-(cyclopropylsulfonyl)-1H-pyrazol-4-yl|pyrimidin-4-

yl}amino)-N,V-dimethylpyridine-3-carboxamide (5¢)
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A mixture of 4-[(2S)-butan-2-ylamino]-6-chloro-N,N-dimethylpyridine-3-carboxamide (8¢) (75 mg,
0.29 mmol), 2-[1-(cyclopropylsulfonyl)-1H-pyrazol-4-yl]pyrimidin-4-amine (78 mg, 0.29 mmol),
tris(dibenzylideneacetone)dipalladium(0) (27 mg, 0.029 mmol), Xphos (56 mg, 0.12 mmol), and
cesium carbonate (191 mg, 0.587 mmol) in 1,4-dioxane (2.5 mL) was stirred at reflux for 6 h under
a N atmosphere. After cooling down to rt, the mixture was diluted with EtOAc and filtered through
celite. After evaporating the solvent, the residue was purified by column chromatography [SiO2,
EtOAc; amino, DCM/MeOH = 99/1-97/3 (v/v)] to give the title compound (59 mg, 42% yield) as
a colorless amorphous solid.

'"H-NMR (DMSO-D¢) 6: 0.91 (3H, t, J = 7.1 Hz), 1.17-1.38 (7H, m), 1.53-1.64 (2H, m), 3.00 (6H,
s), 3.22-3.31 (1H, m), 3.46-3.56 (1H, m), 6.23 (1H, d, J = 7.4 Hz), 7.28 (1H, s), 7.52 (1H, s), 7.91
(1H, br s), 8.42-8.47 (2H, m), 8.63 (1H, s), 10.06 (1H, s). HRMS (ESI): m/z caled for C22H290NgO3S

(M+H)*: 485.2083. Found 485.2076.

4-[(28)-Butan-2-ylamino]-6-chloro-N-methylpyridine-3-carboxamide (8d)

N _CI

To a solution of 4-[(2S5)-butan-2-ylamino]-6-chloropyridine-3-carboxylic acid (6) (345 mg, 1.51
mmol) and 3H-1,2,3-triazolo[4,5-b]pyridin-3-0l (62.0 mg, 0.453 mmol) in DMF (5 mL) were added
methylamine solution in THF (2.0 M, 1.51 mL, 3.02 mmol) and WSCI-HCI (376 mg, 1.96 mmol)
at rt. After stirring for 3 h, the reaction mixture was diluted with EtOAc and washed with water and
brine. The organic layer was dried with Na>SO4 and filtered. After evaporating the solvent, the

residue was purified by column chromatography [SiO2, Hex/EtOAc = 60/40—-40/60 (v/v)] to give
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the title compound (343 mg, 94% yield) as a white solid.
'H-NMR (CDCls) 3: 0.97 (3H, t,J=7.4 Hz), 1.22 (3H, d, J= 6.1 Hz), 1.53-1.68 (2H, m), 2.97 (3H,

d,J=4.3 Hz), 3.38-3.46 (1H, m), 6.14 (1H, br s), 6.50 (1H, s), 8.15 (1H, s), 8.28 (1H, br s).

4-[(2S5)-Butan-2-ylamino]-6-({2-[1-(cyclopropylsulfonyl)-1H-pyrazol-4-yl|pyrimidin-4-
yl}amino)-/N-methylpyridine-3-carboxamide (5d)
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A mixture of 4-[(2S)-butan-2-ylamino]-6-chloro-N-methylpyridine-3-carboxamide (8d) (223 mg,

d

0]

0.923 mmol), 2-[1-(cyclopropylsulfonyl)-1H-pyrazol-4-yl]pyrimidin-4-amine (245 mg, 0.923
mmol), tris(dibenzylideneacetone)dipalladium(0) (127 mg, 0.138 mmol), Xphos (264 mg, 0.554
mmol), and cesium carbonate (601 mg, 1.85 mmol) in 1,4-dioxane (5 mL) was stirred at reflux for
5 h under a N, atmosphere. After cooling down to rt, the mixture was diluted with EtOAc and
filtered through celite. After evaporating the solvent, the residue was purified by column
chromatography [Si02, DCM/MeOH = 97/3-92/8 (v/v); amino, EtOAc] to give the title compound
(231 mg, 53% yield) as a colorless amorphous solid.

'H-NMR (DMSO-Dg) 8: 0.92 (3H, t, J = 7.4 Hz), 1.21-1.30 (5H, m), 1.31-1.37 (2H, m), 1.53-1.66
(2H, m), 2.73 (3H, d, J = 4.3 Hz), 3.23-3.31 (1H, m), 3.52-3.60 (1H, m), 7.36-7.41 (2H, m), 8.35-
8.39 (2H, m), 8.43-8.46 (2H, m), 8.61-8.64 (2H, m), 10.13 (1H, s). HRMS (ESI): m/z calcd for

C21H27N303S (M+H)*™: 471.1927. Found 471.1929.

4-[(2S5)-Butan-2-ylamino]-6-chloro-N-ethylpyridine-3-carboxamide (8e)

N _ClI
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To a solution of 4-[(2S5)-butan-2-ylamino]-6-chloropyridine-3-carboxylic acid (6) (700 mg, 3.06
mmol), ethylamine hydrochloride (499 mg, 6.12 mmol), and 3H-1,2,3-triazolo[4,5-b]pyridin-3-ol
(129 mg, 0.918 mmol) in DMF (10 mL) were added DIPEA (1.05 mL, 6.12 mmol) and WSCI-HCI
(763 mg, 3.98 mmol) at rt. After stirring at rt overnight, the solution was diluted with ethyl acetate.
The organic layer was washed with water and brine, dried over anhydrous Na>SO4, and filtrated.
After evaporating the solvent, the residue was purified by column chromatography (SiO2, EtOAc)
to give the title compound (759 mg, 97% yield) as a colorless solid.

'H-NMR (CDCls) &: 0.97 (3H, t, J = 7.4 Hz), 1.22 (3H, d, J = 6.1 Hz), 1.26 (3H, t, J = 7.4 Hz),
1.53-1.66 (2H, m), 3.38-3.50 (3H, m), 6.08 (1H, s), 6.50 (1H, s), 8.14 (1H, s), 8.25-8.30 (1H, m).

MS(ESI/APCI) calcd for C1oHi19CIN3O (M+H)*: 256.1. Found 256.2.

4-[(2S5)-Butan-2-ylamino]-6-({2-[1-(cyclopropylsulfonyl)-1H-pyrazol-4-yl|pyrimidin-4-

yl}amino)-/N-ethylpyridine-3-carboxamide (5e)

/\'Y\
ey

.

4

A mixture of 4-[(25)-butan-2-ylamino]-6-chloro-N-ethylpyridine-3-carboxamide (8e) (117 mg,
0.457 mmol), 2-[1-(cyclopropylsulfonyl)-1H-pyrazol-4-yl]pyrimidin-4-amine (121 mg, 0.457
mmol), tris(dibenzylideneacetone)dipalladium(0) (42 mg, 0.046 mmol), Xphos (87 mg, 0.18 mmol),
and cesium carbonate (298 mg, 0.915 mmol) in 1,4-dioxane (3.5 mL) was stirred at reflux for 6 h
under a N> atmosphere. After cooling down to rt, the mixture was diluted with EtOAc and filtered
through celite. After evaporating the solvent, the residue was purified by column chromatography
[SiO2, EtOAc, DCM/MeOH = 97/3-92/8 (v/v); amino, DCM/MeOH = 99/1-97/3 (v/v)] to give the
title compound (130 mg, 59% yield) as a yellow amorphous solid.

'H-NMR (DMSO-Dy) 8: 0.92 (3H, t,J= 7.4 Hz), 1.12 (3H, t, J= 7.1 Hz), 1.17-1.31 (5H, m), 1.31-
1.38 (2H, m), 1.53-1.68 (2H, m), 3.21-3.31 (3H, m), 3.52-3.62 (1H, m), 7.36-7.44 (2H, m), 8.36-

8.47 (4H, m), 8.60-8.65 (2H, m), 10.13 (1H, s). HRMS (ESI): m/z calcd for C22Ha0NgO3S (M+H)":
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485.2083. Found 485.2112.

4-[(2S)-Butan-2-ylamino]-6-chloro-/V-(tetrahydro-2H-pyran-4-yl)pyridine-3-carboxamide
(81)

Sard

To a solution of 4-[(2S)-butan-2-ylamino]-6-chloropyridine-3-carboxylic acid (6) (114 mg, 0.499
mmol) in DMF (3 mL) were added DIPEA (0.128 mL, 0.750 mmol), 4-aminotetrahydropyran (0.078
mL, 0.75 mmol), and DMT-MM (208 mg, 0.750 mmol). After stirring at rt for 3 h, sat. aq. NaHCOj3
was added and extracted with EtOAc. The combined organic layer was washed with brine and dried
over anhydrous Na>SOs. After being concentrated under reduced pressure, the residue was purified
by column chromatography [SiO2, Hex/EtOAc = 65/35 (v/v)] to give the title compound (154 mg,
99% yield) as a colorless solid.

'H-NMR (CDCl3) é: 0.97 (3H, t, J = 7.4 Hz), 1.22 (3H, d, J = 6.7 Hz), 1.54-1.67 (4H, m), 1.96-
2.02 (2H, m), 3.38-3.47 (1H, m), 3.48-3.56 (2H, m), 3.98-4.04 (2H, m), 4.07-4.17 (1H, m), 5.92

(1H, d, J=7.4 Hz), 6.51 (1H, s), 8.14 (1H, s), 8.23 (1H, d, J = 7.4 Hz).

4-[(28)-Butan-2-ylamino]-6-({2-[1-(cyclopropylsulfonyl)-1 H-pyrazol-4-yl|pyrimidin-4-
yl}amino)-/N-(tetrahydro-2H-pyran-4-yl)pyridine-3-carboxamide (5f)

H
N N

ogrdbs
r

A mixture of  4-[(25)-butan-2-ylamino]-6-chloro-N-(tetrahydro-2H-pyran-4-yl)pyridine-3-

carboxamide (8f) (154 mg, 0.494 mmol), 2-[1-(cyclopropylsulfonyl)-1H-pyrazol-4-yl]pyrimidin-4-

amine (131 mg, 0.494 mmol), cesium carbonate (322 mg, 0.988 mmol), Xphos (47 mg, 0.099 mmol),
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and tris(dibenzylideneacetone)dipalladium(0) (45 mg, 0.049 mmol) in 1,4-dioxane (5 mL) was
stirred at reflux for 5.5 h under a N, atmosphere. After cooling down to rt, sat. aqg. NaHCO3 was
added and extracted with EtOAc. The combined organic layer was washed with brine and dried over
anhydrous Na>SO4. After being concentrated under reduced pressure, the residue was purified by
column chromatography [amino, Hex/EtOAc = 50/50 (v/v); Si02, DCM/MeOH = 50/1-20/1 (v/v)]
to give the title compound (157 mg, 59% yield) as a colorless solid.

'H-NMR (CDCls5) &: 1.00 (3H, t, J = 7.4 Hz), 1.18-1.26 (2H, m), 1.31 (3H, d, J = 6.1 Hz), 1.50-
1.75 (6H, m), 1.98-2.04 (2H, m), 2.79-2.87 (1H, m), 3.49-3.62 (3H, m), 3.99-4.05 (2H, m), 4.11-
4.20 (1H, m), 5.87 (1H, d, J = 7.4 Hz), 7.08 (1H, s), 7.17 (1H, d, J = 5.5 Hz), 7.37 (1H, s), 8.18
(1H, s), 8.32 (1H, d, J= 7.4 Hz), 8.43 (1H, d, J= 5.5 Hz), 8.45 (1H, s), 8.65 (1H, s). HRMS (ESI):

m/z caled for C25sH33NgO4S (M+H)*: 541.2345. Found 541.2372.

4-[(2S5)-Butan-2-ylamino]-6-chloro-/N-[2-(dimethylamino)ethyl]pyridine-3-carboxamide (8g)

N_ _ClI

To a solution of 4-[(2S5)-Butan-2-ylamino]-6-chloropyridine-3-carboxylic acid (6) (114 mg, 0.500
mmol) and N,N-dimethylethylenediamine (0.080 mL, 0.75 mmol) in DMF (5 mL) were added
DIPEA (0.128 mL, 0.750 mmol) and DMT-MM (208 mg, 0.750 mmol). After stirring at rt overnight,
sat. ag. NaHCO3 was added and the mixture was extracted with EtOAc. The combined organic layer
was washed with brine and dried over anhydrous Na>SO4. After being concentrated under reduced
pressure, the residue was purified by column chromatography [SiO,, Hex/EtOAc = 80/20 (v/v)] to
give the title compound (132 mg, 88% yield) as a colorless solid.

'H-NMR (CDCl3) 8: 0.97 (3H, t, J= 7.7 Hz), 1.22 (3H, d, J = 6.1 Hz), 1.53-1.66 (2H, m), 2.26 (6H,
s), 2.50 (2H, t, J = 5.8 Hz), 3.39-3.46 (3H, m), 6.50 (1H, s), 6.83 (1H, br s), 8.19 (1H, s), 8.30 (1H,

br s).

4-[(2S5)-Butan-2-ylamino]-6-({2-[1-(cyclopropylsulfonyl)-1H-pyrazol-4-yl|pyrimidin-4-

yl}amino)-N-[2-(dimethylamino)ethyl|pyridine-3-carboxamide (5g)
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A mixture of  4-[(25)-butan-2-ylamino]-6-chloro-N-[2-(dimethylamino)ethyl]pyridine-3-
carboxamide (8g) (132 mg, 0.442 mmol), 2-[1-(cyclopropylsulfonyl)-1H-pyrazol-4-yl|pyrimidin-
4-amine (117 mg, 0.442 mmol), cesium carbonate (288 mg, 0.883 mmol), Xphos (42 mg, 0.088
mmol), and tris(dibenzylideneacetone)dipalladium(0) (41 mg, 0.044 mmol) in tert-BuOH (5 mL)
was stirred at reflux for 3 h under a N, atmosphere. After cooling down to rt, the mixture was
diluted with EtOAc and filtered through celite. After evaporating the solvent, the residue was
purified by column chromatography [amino, DCM/MeOH = 100/1-50/1 (v/v)] to give the title
compound (83 mg, 36% yield) as a colorless solid.

'H-NMR (CDCl3) é: 1.00 (3H, t, J = 7.4 Hz), 1.19-1.25 (2H, m), 1.30 (3H, d, J = 6.7 Hz), 1.50-
1.55 (2H, m), 1.64-1.73 (2H, m), 2.27 (6H, s), 2.52 (2H, t, J = 5.8 Hz), 2.80-2.86 (1H, m), 3.43-
3.47 (2H, m), 3.52-3.60 (1H, m), 6.78 (1H, brs), 6.98 (1H, brs), 7.25 (1H, s), 7.42 (1H, br s), 8.23
(1H, s), 8.40-8.45 (3H, m), 8.65 (1H, s). HRMS (ESI): m/z calcd for CzsH34N9O3S (M+H)":

528.2505. Found 528.2504.

4-[(28)-Butan-2-ylamino]-6-chloro-N-(3-fluoropropyl)pyridine-3-carboxamide (8h)

N _CI

To a solution of 4-[(2S)-butan-2-ylamino]-6-chloropyridine-3-carboxylic acid (6) (114 mg, 0.500
mmol) and 3-fluoropropylamine hydrochloride (85 mg, 0.75 mmol) in DMF (5 mL) were added
DIPEA (0.128 mL, 0.750 mmol) and DMT-MM (208 mg, 0.750 mmol). After stirring at rt for 17 h,
sat. aq. NaHCO3 was added and the mixture was extracted with EtOAc. The combined organic layer

was washed with brine and dried over anhydrous Na>SO4. After being concentrated under reduced
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pressure, the residue was purified by column chromatography [SiO,, Hex/EtOAc = 80/20-50/50
(v/v)] to give the title compound (144 mg, quant.) as a colorless solid.

'H-NMR (CDCl3) é: 0.97 (3H, t, J = 7.7 Hz), 1.22 (3H, d, J = 6.7 Hz), 1.56-1.62 (2H, m), 1.95-
2.10 (2H, m), 3.37-3.47 (1H, m), 3.58-3.61 (2H, m), 4.54 (1H, t, J = 5.5 Hz), 4.66 (1H, t, J=5.5
Hz), 6.50 (2H, br s), 8.17 (1H, s), 8.27 (1H, d, J = 7.4 Hz). MS (ESI/APCI): m/z calcd for

Ci13H20CIFN3;O (M+H)*: 288.1. Found 288.1.

4-[(28)-Butan-2-ylamino]-6-({2-[1-(cyclopropylsulfonyl)-1 H-pyrazol-4-yl|pyrimidin-4-

yl}amino)-/N-(3-fluoropropyl)pyridine-3-carboxamide (5h)
NN

H [ ] Dl

Fae~N X Ny N

HN\)

O %

A mixture of 4-[(2S5)-butan-2-ylamino]-6-chloro-N-(3-fluoropropyl)pyridine-3-carboxamide (8h)
(144 mg, 0.500 mmol), 2-[1-(cyclopropylsulfonyl)-1H-pyrazol-4-yl]pyrimidin-4-amine (133 mg,
0.500 mmol), cesium carbonate (326 mg, 1.00 mmol), Xphos (48 mg, 0.10 mmol), and
tris(dibenzylideneacetone)dipalladium(0) (46 mg, 0.050 mmol) in terz-BuOH (5 mL) was stirred at
reflux for 3.5 h under a N, atmosphere. After cooling down to rt, the mixture was diluted with
EtOAc and filtered through celite. After evaporating the solvent, the residue was purified by column
chromatography [SiO,, DCM/MeOH = 50/1-30/1 (v/v)] to give the title compound (133 mg, 66%)
as a pale-yellow solid.

'H-NMR (CDCl3) &: 1.00 (3H, t, J = 7.4 Hz), 1.21-1.23 (2H, m), 1.31 (3H, d, J = 6.7 Hz), 1.51-
1.54 (2H, m), 1.62-1.73 (2H, m), 1.98-2.11 (2H, m), 2.80-2.86 (1H, m), 3.56-3.60 (3H, m), 4.63
(2H, dt, J=47.2, 5.5 Hz), 6.26 (1H, s), 7.06 (1H, s), 7.19 (1H, d, J = 6.1 Hz), 7.36 (1H, s), 8.19
(1H, s), 8.35 (1H, d, J= 7.4 Hz), 8.43 (1H, d, J= 6.1 Hz), 8.45 (1H, s), 8.65 (1H, s). HRMS (ESI):

m/z caled for C23H30FNsO3S (M+H)*: 517.2146. Found 517.2141.

4-[(28)-Butan-2-ylamino]-6-chloro-N-(3,3-difluoropropyl)pyridine-3-carboxamide (8i)
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To a solution of 4-[(2S5)-butan-2-ylamino]-6-chloropyridine-3-carboxylic acid (6) (686 mg, 3.00
mmol) and 3,3-difluoropropan-1-amine hydrochloride (395 mg, 3.00 mmol) in DMF (10 mL) were
added DIPEA (0.514 mL, 3.00 mmol) and DMT-MM (996 mg, 3.60 mmol). After stirring at rt for
6 h, sat. ag. NH4CI was added and the mixture was extracted with EtOAc. The combined organic
layer was washed with brine and dried over anhydrous Na>SO4. After being concentrated under
reduced pressure, the residue was purified by column chromatography [SiO,, Hex/EtOAc = 80/20—
75/25 (v/v)] to give the title compound (676 mg, 74% yield) as a colorless solid.

'H-NMR (CDCl3) é: 0.97 (3H, t, J = 7.4 Hz), 1.23 (3H, d, J = 6.7 Hz), 1.60-1.64 (2H, m), 2.13-
2.26 (2H, m), 3.39-3.46 (1H, m), 3.63 (2H, dd, J = 12.9, 6.1 Hz), 5.98 (1H, tt, J = 56.1, 4.0 Hz),

6.26 (1H, s), 6.51 (1H, s), 8.14 (1H, s), 8.21 (1H, d, J = 6.1 Hz).

4-[(2S5)-Butan-2-ylamino]-6-({2-[1-(cyclopropylsulfonyl)-1H-pyrazol-4-yl|pyrimidin-4-

yl}amino)-/V-(3,3-difluoropropyl)pyridine-3-carboxamide (5i)

A mixture of 4-[(2S5)-butan-2-ylamino]-6-chloro-N-(3,3-difluoropropyl)pyridine-3-carboxamide
(8i) (676 mg, 2.21 mmol), 2-[1-(cyclopropylsulfonyl)-1H-pyrazol-4-yl]pyrimidin-4-amine (531 mg,
2.00 mmol), cesium carbonate (1.30 g, 4.00 mmol), Xphos (191 mg, 0.400 mmol), and
tris(dibenzylideneacetone)dipalladium(0) (183 mg, 0.200 mmol) in tert-BuOH (20 mL) was stirred
at reflux for 4 h under a N, atmosphere. After cooling down to rt, the mixture was diluted with
EtOAc and filtered through celite. After evaporating the solvent, the residue was purified by column

chromatography [Si02, DCM/MeOH = 50/1-30/1 (v/v); amino, DCM/MeOH = 50/1-30/1 (v/v)] to
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give the title compound (810 mg, 76% yield) as a colorless solid.

'H-NMR (CDCl3) &: 1.00 (3H, t, J = 7.4 Hz), 1.21-1.23 (2H, m), 1.31 (3H, d, J = 6.1 Hz), 1.52-
1.54 (2H, m), 1.65-1.72 (2H, m), 2.14-2.27 (2H, m), 2.80-2.86 (1H, m), 3.57-3.64 (3H, m), 6.00
(1H, tt, J=56.1, 4.0 Hz), 6.22 (1H, t, J= 5.5 Hz), 7.08 (1H, s), 7.18 (1H, d, J = 5.5 Hz), 7.39 (1H,
s), 8.18 (1H, s), 8.31 (1H, d, J= 7.4 Hz), 8.43 (1H, d, J= 5.5 Hz), 8.44 (1H, s), 8.65 (1H, s). HRMS

(ESI): m/z caled for CasHaoFaNsO3S (M+H)™: 535.2051. Found 535.2052.

4-[(28)-Butan-2-ylamino]-6-chloro-N-methoxy-N-methylpyridine-3-carboxamide (10)

N_ _CI

To a solution of 4-[(2S5)-butan-2-ylamino]-6-chloropyridine-3-carboxylic acid (6) (229 mg, 1.00
mmol) and N, O-dimethylhydroxylamine hydrochloride (146 mg, 1.50 mmol) in DMF (5 mL) were
added DIPEA (0.514 mL, 3.00 mmol) and DMT-MM (415 mg, 1.50 mmol) at rt. After stirring at rt
overnight, sat. ag. NaHCO3 was added and the mixture was extracted with EtOAc. The combined
organic layer was washed with brine and dried over anhydrous Na;SO4. After being concentrated
under reduced pressure, the residue was purified by column chromatography [SiO2, Hex/EtOAc =
50/50 (v/v)] to give the title compound (272 mg, quant.) as a colorless oil.

'H-NMR (CDCl3) 8: 0.96 (3H, t,J= 7.7 Hz), 1.21 (3H, d, J= 6.7 Hz), 1.51-1.63 (2H, m), 3.35 (3H,

s), 3.38-3.47 (1H, m), 3.60 (3H, s), 6.53 (1H, s), 6.91 (1H, d, J= 7.4 Hz), 8.34 (1H, s).

1-{4-[(25)-Butan-2-ylamino]-6-chloropyridin-3-yl}propan-1-one (11)

N. _CI
]
NS

o) HN\)

To a solution of 4-[(2S)-butan-2-ylamino]-6-chloro-N-methoxy-N-methylpyridine-3-carboxamide
(10) (136 mg, 0.500 mmol) in THF (5 mL) was added ethyl magnesium bromide solution (3.0 M in

diethyl ether, 0.50 mL, 1.5 mmol) at 0°C. After stirring for 4.5 h, sat. aq. NH4Cl was added and the
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mixture was extracted with EtOAc. The combined organic layer was washed with brine and dried
over anhydrous Na>SO,. After being concentrated under reduced pressure, the residue was purified
by column chromatography [SiO2, Hex/EtOAc = 80/20 (v/v)] to give the title compound (97 mg,
81% yield) as a colorless oil.

'H-NMR (CDCl3) é: 0.98 (3H, t, J = 7.4 Hz), 1.21 (3H, t, J = 7.2 Hz), 1.24 (3H, d, J = 6.7 Hz),
1.55-1.69 (2H, m), 2.98 (2H, q, J = 7.2 Hz), 3.44-3.54 (1H, m), 6.57 (1H, s), 8.64 (1H, s), 9.22 (1H,

d, J = 4.9 Hz).

1-{4-[(25)-Butan-2-ylamino]-6-({2-[1-(cyclopropylsulfonyl)-1H-pyrazol-4-yl|pyrimidin-4-
yl}amino)pyridin-3-yl}propan-1-one (12)

H

N_ _N
|\%
< _N

= N

OHN\;-);%

A mixture of 1-{4-[(2S)-butan-2-ylamino]-6-chloropyridin-3-yl}propan-1-one (11) (97 mg, 0.40
mmol), 2-[1-(cyclopropylsulfonyl)-1H-pyrazol-4-yl]pyrimidin-4-amine (107 mg, 0.403 mmol),
cesium carbonate (263 mg, 0.806 mmol), Xphos (38 mg, 0.081 mmol), and
tris(dibenzylideneacetone)dipalladium(0) (37 mg, 0.040 mmol) in tert-BuOH (5 mL) was stirred at
reflux for 3 h under a N, atmosphere. After cooling down to rt, the mixture was diluted with EtOAc
and filtered through celite. After evaporating the solvent, the residue was purified by column
chromatography [amino, Hex/EtOAc = 75/25-50/50 (v/v)] to give the title compound (87 mg, 46%
yield) as a colorless solid.

'H-NMR (CDCl3) é: 1.00 (3H, t, J = 7.4 Hz), 1.20-1.25 (5H, m), 1.33 (3H, d, J = 6.7 Hz), 1.51-
1.55 (2H, m), 1.64-1.77 (2H, m), 2.79-2.87 (1H, m), 2.98 (2H, q, J = 7.2 Hz), 3.60-3.69 (1H, m),
7.15 (1H, d, J = 5.5 Hz), 7.18 (1H, s), 7.43 (1H, br s), 8.45 (1H, d, J = 5.5 Hz), 8.45 (1H, s), 8.65
(1H, s), 8.67 (1H, s), 9.33 (1H, d, J = 7.4 Hz). HRMS (ESI): m/z calcd for C22H23N703S (M+H)™:

469.1974. Found 470.1975.
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(6-Chloro-4-methoxypyridin-3-yl)[3-(2-hydroxypropan-2-yl)azetidin-1-yl|methanone (14)
Ho)kc\ N_ _Cl
|
N N

To a suspension of 2-(azetidin-3-yl)propan-2-ol hydrochloride (152 mg, 1.00 mmol) and 6-chloro-
4-methoxynicotinic acid (13, purchased from Key Organics Ltd.) (188 mg, 1.00 mmol) in DMF (3
mL) were added DIPEA (0.205 mL, 1.20 mmol) and DMT-MM (354 mg, 1.20 mmol). After stirring
at rt for 5 h, sat. aq. NaHCO3 was added and extracted with EtOAc. The combined organic layer
was washed with brine and dried over anhydrous Na>SO4. After being concentrated under reduced
pressure, the residue was purified by column chromatography [SiO,, DCM/MeOH = 50/1-30/1
(v/v)] to give the title compound (215 mg, 76% yield) as a colorless oil.

'"H-NMR (CDCls) 8: 1.16 (3H, s), 1.22 (3H, s), 1.42 (1H, s), 2.62-2.69 (1H, m), 3.91-3.95 (5H, m),

4.04-4.10 (1H, m), 4.11-4.18 (1H, m), 6.88 (1H, s), 8.27 (1H, ).

(6-Chloro-4-hydroxypyridin-3-yl)[3-(2-hydroxypropan-2-yl)azetidin-1-yljmethanone (15)

Ho)kc\ N__Cl
”Y@r

O OH
To a solution of (6-chloro-4-methoxypyridin-3-yl)[3-(2-hydroxypropan-2-yl)azetidin-1-
yl]methanone (14) (215 mg, 0.755 mmol) in dichloromethane (10 mL) was added boron tribromide
(17% in DCM, 2.27 mL, 2.27 mmol) at rt. After stirring at rt for 1.5 h, MeOH was added and the
mixture was concentrated. Purification by column chromatography [SiO., Hex/EtOAc = 75/25
(v/v)] afforded the title compound (35 mg, 17% yield) as a colorless solid.
'H-NMR (CDCl3) &: 1.23 (6H, s), 1.37 (1H, s), 2.73-2.82 (1H, m), 4.07-4.31 (2H, m), 4.40-4.60
(2H, m), 6.93 (1H, s), 8.38 (1H, s), 13.41 (1H, s). MS (ESI/APCI): m/z calcd for C12H1sCIN203

(M+H)*: 271.1. Found 271.2.

[6-Chloro-4-(propan-2-yloxy)pyridin-3-yl][3-(2-hydroxypropan-2-yl)azetidin-1-yllmethanone

(16)
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To a solution of (6-chloro-4-hydroxypyridin-3-yl)[3-(2-hydroxypropan-2-yl)azetidin-1-
yl]methanone (15) (35.0 mg, 0.129 mmol) in DMF (3 mL) were added 2-iodopropane (0.026 mL,
0.26 mmol) and potassium carbonate (36 mg, 0.26 mmol) at rt. The mixture was stirred for 3 days
and diluted with EtOAc. The organic layer was washed with brine, dried over Na,SO4, and filtrated.
After evaporating the solvent, the residue was purified by column chromatography [SiO,
DCM/MeOH = 50/1-20/1 (v/v)] to give the title compound (40.0 mg, 99% yield) as a colorless
solid.

'H-NMR (CDCls) 6: 1.15 (3H, s), 1.22 (3H, s), 1.41 (3H, d, J = 5.7 Hz), 1.42 (3H, d, J = 5.7 Hz),
2.60-2.69 (1H, m), 3.87-3.98 (2H, m), 4.03-4.17 (2H, m), 4.64-4.73 (1H, m), 6.82 (1H, s), 8.26 (1H,

s).

[6-({2-[1-(Cyclopropylsulfonyl)-1H-pyrazol-4-yl|pyrimidin-4-yl}amino)-4-(propan-2-

yloxy)pyridin-3-yl][3-(2-hydroxypropan-2-yl)azetidin-1-yllmethanone (17)
<( K

To a solution of [6-chloro-4-(propan-2-yloxy)pyridin-3-yl][3-(2-hydroxypropan-2-yl)azetidin-1-
yl]methanone (16) (40.0 mg, 0.128 mmol) and 2-[1-(cyclopropylsulfonyl)-1H-pyrazol-4-
yl]pyrimidin-4-amine (34 mg, 0.128 mmol) in 1,4-dioxane (5 mL) were added
tris(dibenzylideneacetone)dipalladium(0) (12 mg, 0.013 mmol), Xphos (12 mg, 0.026 mmol), and
cesium carbonate (83 mg, 0.26 mmol) at rt. The mixture was stirred at reflux for 2 h and cooled to

rt. Brine was added to the mixture and it was extracted with EtOAc. The combined organic layer

was washed with brine, dried over anhydrous Na>SO4, and concentrated under reduced pressure.
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Purification by column chromatography [amino, Hex/EtOAc = 75/25-50/50 (v/v), DCM/MeOH =
50/1 (v/v); Si02, DCM/MeOH = 30/1-10/1 (v/v)] afforded the title compound (16 mg, 23% yield)
as a colorless solid.

'H-NMR (CDCls) 6: 1.18 (3H, s), 1.21-1.27 (4H, m), 1.38 (1H, s), 1.47-1.56 (9H, m), 2.61-2.69
(1H, m), 2.80-2.87 (1H, m), 3.95-4.08 (3H, m), 4.13-4.20 (1H, m), 4.80-4.88 (1H, m), 7.01 (1H, d,
J=15.7Hz), 7.57 (1H, s), 7.72 (1H, s), 8.27 (1H, s), 8.44 (1H, s), 8.44 (1H, d, J = 5.7 Hz), 8.63

(1H, s). HRMS (ESI): m/z caled for C25sH32N705S (M+H)*: 542.2186. Found 542.2186.

4,6-Dichloro-N-ethylpyridine-3-sulfonamide (19)

/N Cl
H |
~oNv e
O’I\‘O CI

To a solution of 4,6-dichloropyridine-3-sulfonyl chloride (18, purchased from Enamine Ltd.) (246
mg, 1.00 mmol) in DCM (10 mL) were added ethylamine hydrochloride (82 mg, 1.0 mmol) and
DIPEA (0.342 mL, 2.00 mmol) at rt. After stirring at rt for 6 h, sat. aq. NH4Cl was added and the
mixture was extracted with DCM. The combined organic layer was washed with brine and dried
over anhydrous Na>SO4. After being concentrated under reduced pressure, the title compound (255

mg, quant.) was obtained and used for the next reaction without further purification.

4-[(28)-Butan-2-ylamino]-6-chloro-N-ethylpyridine-3-sulfonamide (20)

To a solution of 4,6-dichloro-N-ethylpyridine-3-sulfonamide (19) (255 mg, 1.00 mmol) in ethanol
(5 mL) was added (S)-(+)-2-aminobutane (0.200 mL, 1.98 mmol) at rt. After stirring at 50°C for 9
h, the mixture was concentrated under reduced pressure. The residue was purified by column
chromatography [SiO,, Hex/EtOAc = 80/20-65/35 (v/v)] to give the title compound (197 mg, 68%
yield) as a colorless solid.

'H-NMR (CDCl3) 8: 0.98 (3H, t, J = 7.4 Hz), 1.13 (3H, t, J = 7.4 Hz), 1.25 (3H, d, J = 6.1 Hz),
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1.56-1.66 (2H, m), 2.98-3.07 (2H, m), 3.44-3.54 (1H, m), 4.42-4.48 (1H, m), 6.40-6.47 (1H, m),
6.59 (1H, s), 8.46 (1H, s). MS (ESI/APCI): m/z calcd for C1;H19CIN302S (M+H)*: 292.1. Found

292.1.

4-[(2S5)-Butan-2-ylamino]-6-({2-[1-(cyclopropylsulfonyl)-1H-pyrazol-4-yl|pyrimidin-4-

yl}amino)-N-ethylpyridine-3-sulfonamide (21)

A mixture of 4-[(25)-butan-2-ylamino]-6-chloro-N-ethylpyridine-3-sulfonamide (20) (197 mg,
0.675 mmol), 2-[1-(cyclopropylsulfonyl)-1H-pyrazol-4-yl]pyrimidin-4-amine (179 mg, 0.675
mmol), cesium carbonate (440 mg, 1.35 mmol), Xphos (64 mg, 0.14 mmol), and
tris(dibenzylideneacetone)dipalladium(0) (62 mg, 0.0.68 mmol) in fert-BuOH (6 mL) was stirred
at reflux for 3.5 h under a N, atmosphere. After cooling down to rt, the mixture was diluted with
EtOAc and filtered through celite. After evaporating the solvent, the residue was purified by column
chromatography [SiO2, DCM/MeOH = 50/1 (v/v); Hex/EtOAc = 50/50-75/25 (v/v)] to give the title
compound (122 mg, 35% yield) as a colorless solid.

'H-NMR (CDCl3) &: 1.00 (3H,t,J=7.7 Hz), 1.13 (3H, t, J= 7.1 Hz), 1.19-1.26 (2H, m), 1.33 (3H,
d, J=6.1 Hz), 1.50-1.56 (2H, m), 1.61-1.80 (2H, m), 2.79-2.87 (1H, m), 2.98-3.07 (2H, m), 3.61-
3.70 (1H, m), 4.43 (1H, t, J= 6.1 Hz), 6.37 (1H, d, J= 7.4 Hz), 7.11 (1H, d, J= 6.1 Hz), 7.31 (1H,
s), 7.54 (1H, s), 8.44-8.48 (3H, m), 8.64 (1H, s). HRMS (ESI): m/z calcd for C21H29N304S, (M+H)™:

521.1753. Found 521.1749.

N'-Acetyl-4-[(2S)-butan-2-ylamino]-6-chloropyridine-3-carbohydrazide (22)
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To a solution of 4-[(2S5)-butan-2-ylamino]-6-chloropyridine-3-carboxylic acid (6) (300 mg, 1.31
mmol), 3H-1,2,3-triazolo[4,5-b]pyridin-3-ol (54 mg, 0.39 mmol), and acetohydrazide (117 mg, 1.57
mmol) in DMF (4 mL) was added WSCI-HCI (327 mg, 1.71 mmol). After stirring at rt overnight,
the reaction mixture was diluted with EtOAc and washed with water and brine. The organic layer
was dried over anhydrous Na;SOs and concentrated under reduced pressure to give the title

compound (373 mg) as a colorless oil and used for the next reaction without further purification.

N-[(25)-Butan-2-yl]-2-chloro-5-(5-methyl-1,3,4-oxadiazol-2-yl)pyridin-4-amine (23)

N _CI

7
|

,N\ﬁ/gj
N
)Lo HN\)

To a solution of N'-acetyl-4-[(2S)-butan-2-ylamino]-6-chloropyridine-3-carbohydrazide (22) (373
mg) and triethylamine (0.365 mL, 2.62 mmol) in DCM (5 mL) was added p-toluenesulfonyl chloride
(300 mg, 1.57 mmol) at 0°C and stirred at rt for 20 h. The reaction mixture was diluted with DCM,
washed with brine, and dried over anhydrous Na,SO4. After concentration under reduced pressure,
the residue was purified by column chromatography [SiO2, Hex/EtOAc = 75/25 (v/v)-50/50 (v/v)]
to give the title compound (330 mg, 1.24 mmol, 94% yield in 2 steps) as a colorless solid. "H-NMR
(CDCl3) 6: 1.00 (3H, t, J=7.4 Hz), 1.30 (3H, d, /= 6.7 Hz), 1.60-1.77 (2H, m), 2.64 (3H, s), 3.54-
3.62 (1H, m), 6.64 (1H, s), 8.00-8.06 (1H, m), 8.55 (1H, s). MS (ESI/APCI): m/z calcd for

C12H16CIN4,O (M+H)* 267.1. Found 267.1.

N*-[(25)-Butan-2-yl]-N2-{2-[1-(cyclopropylsulfonyl)-1H-pyrazol-4-yl]|pyrimidin-4-y1}-5-(5-

methyl-1,3,4-oxadiazol-2-yl)pyridine-2,4-diamine (24)
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A mixture of N-[(2S)-butan-2-yl]-2-chloro-5-(5-methyl-1,3,4-oxadiazol-2-yl)pyridin-4-amine (23)
(120 mg, 0.450 mmol), 2-[1-(cyclopropylsulfonyl)-1H-pyrazol-4-yl]pyrimidin-4-amine (9) (119 mg,
0.450 mmol), tris(dibenzylideneacetone)dipalladium(0) (62 mg, 0.068 mmol), Xphos (129 mg,
0.270 mmol), and Cs2CO3 (293 mg, 0.900 mmol) in 1,4-dioxane (2.5 mL) was stirred at reflux for
5 h under a N, atmosphere. After cooling down to rt, the mixture was diluted with EtOAc and
filtered through Celite. After evaporating the solvent, the residue was purified by column
chromatography [amino, DCM/MeOH = 99/1-97/3 (v/v)] to give the title compound (76 mg, 0.15
mmol, 34% yield) as a colorless solid.

'H-NMR (DMSO-Dg) 8: 0.96 (3H, t, J = 7.4 Hz), 1.24-1.39 (7H, m), 1.62-1.78 (2H, m), 2.58 (3H,
s), 3.25-3.37 (1H, m), 3.71-3.81 (1H, m), 7.39 (1H, br s), 7.62 (1H, br s), 7.78 (1H, d, J = 7.4 Hz),
8.46-8.51 (3H, m), 8.66 (1H, s), 10.33 (1H, s). 3*C-NMR (CDCl3) &: 7.17, 10.20, 10.91, 19.86,
29.11, 31.28, 49.69, 92.45, 99.76, 106.56, 125.59, 131.24, 144.42, 147.93, 152.13, 154.40, 156.63,
158.93,159.19, 161.57, 163.43. HRMS (ESI): m/z caled for C22H26NoO3S (M+H)* 496.1881. Found

496.1882.

N-[(2S5)-Butan-2-yl]-2-chloro-5-iodopyridin-4-amine (26)

To a solution of 2-chloro-5-iodopyridin-4-amine (25)> (254 mg, 1.00 mmol) in DMF (4 mL) were
added NaH (60 mass%, 120 mg, 3.00 mmol) and a solution of (2R)-butan-2-yl 4-
methylbenzenesulfonate?® (457 mg, 2.00 mmol) in DMF (1 mL). After stirring at 80°C for 1.5 h,

the reaction mixture was cooled down to rt. Water was added to the reaction mixture and extracted
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with EtOAc. The combined organic layer was washed with brine and dried over anhydrous Na>SOj.
After evaporating the solvent, the residue was purified by column chromatography [SiO-,
Hex/EtOAc = 90/10 (v/v)] to give the title compound (311 mg, 1.00 mmol, qunat.) as a pale-yellow
oil.

'H-NMR (CDCl3) é: 0.98 (3H, t, J = 7.4 Hz), 1.25 (3H, d, J = 6.1 Hz), 1.54-1.67 (2H, m), 3.42-

3.53 (1H, m), 4.59-4.66 (1H, m), 6.39 (1H, s), 8.27 (1H, s).

N-[(2S5)-Butan-2-yl]-2-chloro-5-(1-methyl-1H-pyrazol-4-yl)pyridin-4-amine (27)

N Cl
]
NS
N7 I \)
HN

To a mixture of N-[(2S5)-butan-2-yl]-2-chloro-5-iodopyridin-4-amine (26) (311 mg, 1.00 mmol), 1-
methylpyrazole-4-boronic acid pinacol ester (312 mg, 1.50 mmol), K»CO3 (415 mg, 3.00 mmol) in
DMF (4 mL) and water (1 mL) was added Pd(dppf)Cl.-DCM (82 mg, 0.10 mmol). After stirring at
100°C for 3.5 h, the reaction mixture was cooled down to rt. Sat. ag. NaHCO3; was added and the
mixture was extracted with EtOAc. The combined organic layer was washed with brine and dried
over anhydrous Na>SOy4. After being concentrated under reduced pressure, the residue was purified
by column chromatography [SiO2, Hex/EtOAc = 80/20 (v/v)] to give the title compound (260 mg,
0.982 mmol, 98% yield) as a yellow oil.

'H-NMR (CDCls) &: 0.93 (3H, t, J = 7.4 Hz), 1.17 (3H, d, J = 6.7 Hz), 1.47-1.59 (2H, m), 3.39-

3.49 (1H, m), 3.99 (3H, s), 4.42-4.49 (1H, m), 6.48 (1H, s), 7.45 (1H, s), 7.57 (1H, s), 7.82 (1H, s).

N*-[(25)-Butan-2-yl]-N2-{2-[1-(cyclopropylsulfonyl)-1 H-pyrazol-4-yl]|pyrimidin-4-y1}-5-(1-

methyl-1H-pyrazol-4-yl)pyridine-2,4-diamine (28)
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To a mixture of N-[(2S5)-butan-2-yl]-2-chloro-5-(1-methyl-1H-pyrazol-4-yl)pyridin-4-amine (27)
(260 mg, 0.982 mmol), 2-[1-(cyclopropylsulfonyl)-1H-pyrazol-4-yl|pyrimidin-4-amine (9) (261
mg, 0.982 mmol), and Cs,CO3 (640 mg, 1.96 mmol) in tert-BuOH (10 mL) were added Xphos (94
mg, 0.20 mmol) and tris(dibenzylideneacetone)dipalladium(0) (90 mg, 0.098 mmol). After stirring
at reflux for 4 h, the reaction mixture was cooled down to rt. Sat. aq. NaHCO3 was added and the
mixture was extracted with EtOAc. The combined organic layer was washed with brine and dried
over anhydrous Na,SQs4. After concentration under reduced pressure, the residue was purified by
column chromatography [SiO2, DCM/MeOH = 40/1-30/1 (v/v); amino, Hex/EtOAc =1/3 (v/v)] to
give the title compound (86 mg, 0.17 mmol, 18% yield) as a pale-yellow solid.
'H-NMR (CDCl3) 8: 0.95 (3H, t,J= 7.4 Hz), 1.18-1.29 (5H, m), 1.51-1.66 (4H, m), 2.79-2.85 (1H,
m), 3.53-3.61 (1H, m), 4.00 (3H, s), 4.45 (1H, d, J = 8.0 Hz), 6.95-6.99 (1H, m), 7.37-7.41 (1H,
m), 7.46 (1H, s), 7.60 (1H, s), 7.83 (1H, s), 8.40 (1H, d, J = 6.1 Hz), 8.45 (1H, s), 8.65 (1H, s). 13C-
NMR (CDCl3) 8: 7.10, 10.17, 19.90, 29.10, 31.27, 39.17, 49.29, 93.33, 106.10, 110.03, 115.71,
125.79, 129.03, 131.20, 138.66, 144.46, 146.95, 152.08, 152.84, 156.27, 158.76, 159.49. HRMS

. m/z calcd tor Cy3H28N90O2 + . . Foun . .
(ESI): m/z caled for Ca3HasNoO2S (M+H)™ 494.2088. Found 494.2087

4-Chloro-2-[1-(cyclopropylsulfonyl)-1 H-pyrazol-4-yl|pyrimidine (29)

CI%

To a mixture of 2-[1-(cyclopropylsulfonyl)-1H-pyrazol-4-yl]pyrimidin-4-amine (9) (1.15 g, 4.33
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mmol), CuCl, (907 mg, 6.74 mmol), and anhydrous MgSO4 (19.7 mg, 0.164 mmol) in acetonitrile
(20 mL) was added tert-butyl nitrite (0.924 mL, 7.80 mmol) and stirred at 60°C for 7 h. After
cooling down to 0°C, aq. HCI (1.0 mol/L, 20 mL) was added to the reaction mixture. After stirring
for 5 min, DCM and aq. NaOH (1.0 mol/L, 20 mL) were added. The mixture was filtered through
Celite and the filtrate was extracted with DCM. The organic layer was dried over anhydrous Na;SO4
and concentrated under reduced pressure. DCM was added to the residue and an insoluble solid was
filtered out. The filtrate was concentrated under reduced pressure and the residue was purified by
column chromatography [SiO», Hex/EtOAc = 78/22-57/43 (v/v)] to give the title compound (422
mg, 1.48 mmol, 34% yield) as a colorless solid.

'"H-NMR (CDCls) &: 1.18-1.27 (2H, m), 1.50-1.58 (2H, m), 2.81-2.88 (1H, m), 7.22 (1H, d, J= 5.5
Hz), 8.47 (1H, s), 8.60 (1H, d, J = 5.5 Hz), 8.73 (1H, s). MS (ESI/APCI): m/z calcd for

C10H10CIN4O,S (M+H)* 285.0. Found 285.1.

4-[(2S)-Butan-2-yloxy]-2-chloropyridine (S2)

N _ClI

oA

To a solution of (S)-(+)-2-butanol (2.32 g, 31.3 mmol) in DMF (27 mL) was added NaH (55 mass%,
1.79 g, 41.0 mmol) at 0°C. After stirring at 0°C for 15 min, 2,4-dichloropyridine (4.00 g, 27.0
mmol) was added to the reaction mixture. The mixture was stirred at 0°C for 1 h and warmed up to
rt. After stirring at rt for 45 min, sat. aq. NH4CIl was added and the mixture was extracted with
EtOAc. The organic layer was washed with brine, dried over anhydrous Na>SO4, and concentrated
under reduced pressure. Purification by column chromatography [SiO», Hex/EtOAc = 100/0-80/20
(v/v)] afforded the title compound (4.45 g, 24.0 mmol, 89% yield) as a colorless oil.

'H-NMR (CDCl3) é: 0.97 (3H, t, J = 7.6 Hz), 1.33 (3H, d, J = 6.1 Hz), 1.60-1.81 (2H, m), 4.34-
4.42 (1H, m), 6.71 (1H, dd, J= 6.1, 2.4 Hz), 6.80 (1H, d, J= 2.4 Hz), 8.16 (1H, d, J= 6.1 Hz). MS

(ESI/APCI): m/z caled for CoH3CINO (M +H)* 186.1. Found 186.2.

4-[(28)-Butan-2-yloxy|pyridin-2-amine (S3)
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To a mixture of 4-[(25)-butan-2-yloxy]-2-chloropyridine (S2) (4.41 g, 23.8 mmol),
tris(dibenzylideneacetone)dipalladium(0) (1.09 g, 1.19 mmol), and Xphos (1.14 g, 2.38 mmol) in
THF (47 mL) was added lithium bis(trimethylsilyl)amide (1.17 mol/L in THF, 26 mL, 30.4 mmol)
at rt. After stirring at 60°C for 2.5 h, sat. aq. NaHCO3 and water were added, and the mixture was
filtrated. The filtrate was extracted with EtOAc. The organic layer was washed with brine, dried
over anhydrous Na;SO4, and concentrated under reduced pressure. Purification by column
chromatography [Si02, EtOAc/MeOH = 99/1-95/5 (v/v)] afforded the title compound (3.55 g, 21.4
mmol, 90% yield) as a pale-yellow solid.

'H-NMR (CDCl3) é: 0.96 (3H, t, J = 7.6 Hz), 1.29 (3H, d, J = 6.1 Hz), 1.56-1.79 (2H, m), 4.27-
4.38 (3H, m), 5.96 (1H, d, J=2.4 Hz), 6.23 (1H, dd, J=5.5, 2.4 Hz), 7.88 (1H, d, /= 5.5 Hz). MS

(ESI/APCI): m/z caled for CoH sN,O (M+H)" 167.1. Found 167.2.

5-Bromo-4-[(2S)-butan-2-yloxy]|pyridin-2-amine (30a)

N_ _NH,

~
Y

0]

-

To a solution of 4-[(2S5)-butan-2-yloxy]pyridin-2-amine (S3) (2.31 g, 13.9 mmol) in acetonitrile (35
mL) was added N-bromosuccinimide (2.47 g, 13.9 mmol) at 0°C. After stirring at 0°C for 40 min,
aq. NazS,03 and sat. aq. NaHCO3 were added and the mixture was extracted with EtOAc. The
organic layer was washed with brine, dried over anhydrous Na>SO4, and concentrated under reduced
pressure. Purification by column chromatography [SiO2, Hex/EtOAc = 41/59-20/80 (v/v)] afforded
the title compound (2.94 g, 12.0 mmol, 86% yield) as an orange solid.

'H-NMR (CDCl3) é: 1.00 (3H, t, J = 7.3 Hz), 1.35 (3H, d, J = 6.1 Hz), 1.63-1.85 (2H, m), 4.29-
4.38 (1H, m), 4.43 (2H, br s), 5.97 (1H, s), 8.02 (1H, s). MS (ESI/APCI): m/z calcd for CoH14BrN,O

[M("Br) +H]* 245.0, [M(*'Br)+H]* 247.0. Found 245.1, 247.1.
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4-[(2S)-Butan-2-yloxy]-5-(1-methyl-1H-pyrazol-4-yl)pyridin-2-amine (31a)

A mixture of 5-bromo-4-[(25)-butan-2-yloxy]pyridin-2-amine (30a) (107 mg, 0.438 mmol),
tris(dibenzylidene-acetone)dipalladium(0) (39.8 mg, 0.0435 mmol), Xphos (38.3 mg, 0.0803 mmol),
1-methylpyrazole-4-boronic acid pinacol ester (122 mg, 0.588 mmol), and aq. K,CO3 (2.0 mol/L,
0.548 mL, 1.10 mmol) in 1,4-dioxane (4 mL) was stirred at 85°C for 4 h under a N, atmosphere.
After cooling down to rt, the reaction mixture was diluted with EtOAc, washed with brine, and
dried over anhydrous Na>SOj4. After concentration under reduced pressure, the residue was purified
by column chromatography [SiO,, DCM/MeOH = 95/5-93/7 (v/v)] to give the title compound (90.2
mg, 0.366 mmol, 84% yield) as a pale-yellow oil.

'H-NMR (CDCl3) 8: 0.99 (3H, t, /= 7.3 Hz), 1.36 (3H, d, J = 6.1 Hz), 1.66-1.89 (2H, m), 3.93 (3H,
s), 4.30-4.45 (3H, m), 6.02 (1H, s), 7.65 (1H, s), 7.80 (1H, s), 8.12 (1H, s). MS (ESI/APCI): m/z

calcd for Ci3H19N4O (M+H)* 247.2. Found 247.3.

N-{4-[(28)-Butan-2-yloxy]-5-(1-methyl-1H-pyrazol-4-yl)pyridin-2-yl}-2-[1-

(cyclopropylsulfonyl)-1H-pyrazol-4-yl|pyrimidin-4-amine (32a)

A mixture of 4-chloro-2-[1-(cyclopropylsulfonyl)-1H-pyrazol-4-yl]pyrimidine (29) (108 mg, 0.380
mmol), 4-[(25)-butan-2-yloxy]-5-(1-methyl-1H-pyrazol-4-yl)pyridin-2-amine (31a) (90.2 mg,
0.366 mmol), Xphos (33.5 mg, 0.0703 mmol), tris(dibenzylideneacetone)dipalladium(0) (33.6 mg,
0.0367 mmol), and Cs,CO3 (295 mg, 0.906 mmol) in 1,4-dioxane (2 mL) was stirred at 85°C for 4

h under a N, atmosphere. Xphos (27.7 mg, 0.0581 mmol), tris(dibenzylideneacetone)dipalladium(0)
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(25.2 mg, 0.0275 mmol), and Cs2,CO3 (105.3 mg, 0.3232 mmol) were added and the reaction mixture
was stirred at 85°C for 6 h under a N> atmosphere. After cooling down to rt, the mixture was diluted
with EtOAc and filtered through Celite. After evaporating the solvent, the residue was purified by
column chromatography [SiO2, EtOAc/MeOH = 92/8-90/10 (v/v)] to give the title compound (89.1
mg, 0.180 mmol, 49% yield) as a colorless solid.

'H-NMR (DMSO-Dg) 8: 0.94 (3H, t, J = 7.3 Hz), 1.17-1.36 (4H, m), 1.39 (3H, d, J= 5.5 Hz), 1.68-
1.90 (2H, m), 3.21-3.30 (1H, m), 3.86 (3H, s), 4.59-4.71 (1H, m), 7.34-7.50 (1H, m), 7.69-7.82 (1H,
m), 7.89 (1H, s), 8.04 (1H, s), 8.38-8.46 (3H, m), 8.62 (1H, s), 10.18 (1H, s). '*C-NMR (CDCls) &:
7.15,9.66, 19.02, 28.86, 31.26, 39.05, 75.74,97.09, 106.22, 114.25, 115.58, 125.69, 128.67, 131.17,
137.43, 144.39, 145.74, 152.10, 156.41, 158.75, 159.21, 161.68. HRMS (ESI): m/z calcd for

C23H27NgO3S (M+H)* 495.1929. Found 495.1923.

5-(1-Methyl-1H-pyrazol-4-yl)-4-(propan-2-yloxy)pyridin-2-amine (31b)
|N\ NH,
G
N

" o)
Mel \l/

A mixture of 5-bromo-4-(propan-2-yloxy)pyridin-2-amine (30b)?27) (85.1 mg, 0.368 mmol),
tris(dibenzylidene-acetone)dipalladium(0) (32.8 mg, 0.0358 mmol), Xphos (35.3 mg, 0.0737 mmol),
1-methylpyrazole-4-boronic acid pinacol ester (116 mg, 0.556 mmol), and aq. K»CO3 (2.0 mol/L,
0.368 mL, 0.737 mmol) in 1,4-dioxane (2 mL) was stirred at 80°C for 4 h under a N, atmosphere.
Xphos (15.8 mg, 0.0331 mmol), tris(dibenzylideneacetone)dipalladium(0) (13.6 mg, 0.0149 mmol),
1-methylpyrazole-4-boronic acid pinacol (47.6 mg, 0.229 mmol), and aq. K,CO3 (2.0 mol/L, 0.184
mL, 0.368 mmol) were added to the mixture. After stirring at 80°C for 40 min, the reaction mixture
was cooled down to rt. Sat. ag. NaHCO3 was added and the mixture was extracted with EtOAc. The
combined organic layer was washed with brine and dried over anhydrous Na,SOs. After
concentration under reduced pressure, the residue was purified by column chromatography [SiO2,
DCM/MeOH =92/8-87/13 (v/v); amino, DCM/MeOH = 99/1-97/3 (v/v)] to give the title compound
(55.1 mg, 0.237 mmol, 64% yield) as a pale-yellow solid.

'H-NMR (CDCls) &: 1.42 (6H, d, J= 6.1 Hz), 3.94 (3H, s), 4.34 (2H, br s), 4.60-4.69 (1H, m), 6.03

63



(1H, s), 7.66 (1H, s), 7.80 (1H, s), 8.13 (1H, s). MS (ESI/APCI): m/z caled for C1,H7N4O (M+H)*

233.1. Found 233.2.

2-[1-(Cyclopropylsulfonyl)-1H-pyrazol-4-yl]-V-[5-(1-methyl-1H-pyrazol-4-yl)-4-(propan-2-

yloxy)pyridin-2-yl]pyrimidin-4-amine (32b)

H
N_. _N
i | %
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N OY %
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Me o N-N

A mixture of 4-chloro-2-[1-(cyclopropylsulfonyl)-1H-pyrazol-4-yl]pyrimidine (29) (83.2 mg,
0.292 mmol), 5-(1-methyl-1H-pyrazol-4-yl)-4-(propan-2-yloxy)pyridin-2-amine (31b) (55.1 mg,
0.237 mmol), 4,5-bis(diphenylphosphino)-9,9-dimethylxanthene (28.5 mg, 0.0493 mmol),
tris(dibenzylideneacetone)dipalladium(0) (24.9 mg, 0.0272 mmol), and Cs,CO3 (166 mg, 0.511
mmol) in 1,4-dioxane (2 mL) was stirred at 85°C for 5.5 h under a N, atmosphere. 4,5-
bis(diphenylphosphino)-9,9-dimethylxanthene (24.2 mg, 0.0418 mmol),
tris(dibenzylideneacetone)dipalladium(0) (26.1 mg, 0.0285 mmol), and Cs>CO3 (73.5 mg, 0.226
mmol) were added and the reaction mixture was stirred at 95°C for 2 h under a N, atmosphere.
After cooling down to rt, the mixture was diluted with EtOAc and filtered through Celite. After
evaporating the solvent, the residue was purified by column chromatography [amino, EtOAc/MeOH
= 100/0-99/1 (v/v); SiO2, DCM/MeOH = 97/3-95/5 (v/v)] to give the title compound (45.4 mg,
0.0945 mmol, 40% yield) as a colorless solid.

'H-NMR (CDCls) 8: 1.18-1.27 (2H, m), 1.49-1.57 (8H, m), 2.79-2.89 (1H, m), 3.97 (3H, s), 4.81-
4.95 (1H, m), 7.04 (1H, d, J = 5.5 Hz), 7.48 (1H, s), 7.68 (1H, s), 7.80 (1H, s), 7.89 (1H, s), 8.37
(1H, s), 8.42 (1H, d, J= 5.5 Hz), 8.45 (1H, s), 8.64 (1H, s). *C-NMR (CDCl3) 6: 7.16, 21.82, 31.26,
39.05, 70.89, 97.13, 106.25, 106.25-161.39, 114.16, 115.53, 125.70, 128.73, 131.12, 137.36,
144.38, 145.67, 152.12, 156.32, 158.72, 159.21, 161.39. HRMS (ESI): m/z caled for C22H25NgO3S

(M+H)" 481.1772. Found 481.1768.
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tert-Butyl 4-{4-[6-amino-4-(propan-2-yloxy)pyridin-3-yl]-1H-pyrazol-1-yl}piperidine-1-

carboxylate (33)
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A mixture of 5-bromo-4-(propan-2-yloxy)pyridin-2-amine (30b) (409 mg, 1.77 mmol),
tris(dibenzylideneacetone)dipalladium(0) (152 mg, 0.166 mmol), Xphos (166 mg, 0.349 mmol),
tert-butyl 4-[4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-1 H-pyrazol-1-yl]piperidine-1-
carboxylate (826 mg, 2.19 mmol), and aq. K,CO3 (2.0 mol/L, 2.0 mL, 4.0 mmol) in 1,4-dioxane (8
mL) was stirred at reflux for 4 h under a N, atmosphere. Xphos (59.0 mg, 0.124 mmol),
tris(dibenzylideneacetone)dipalladium(0) (48.7 mg, 0.0532 mmol), and tert-butyl 4-[4-(4,4,5,5-
tetramethyl-1,3,2-dioxaborolan-2-yl)-1H-pyrazol-1-yl]piperidine-1-carboxylate (27.1 mg, 0.0718
mmol) were added to the mixture. After stirring at reflux for 2 h, the reaction mixture was cooled
down to rt. The reaction mixture was diluted with EtOAc, washed with brine, and dried over
anhydrous Na>SOs. After concentration under reduced pressure, the residue was purified by column
chromatography [SiO2, DCM/MeOH = 97/3-95/5 (v/v)] to give the title compound (446 mg, 1.11
mmol, 63% yield) as a pale-yellow amorphous solid.

'H-NMR (CDCls) &: 1.42 (6H, d, J = 6.1 Hz), 1.48 (9H, s), 1.78-2.02 (2H, m), 2.12-2.20 (2H, m),
2.82-2.99 (2H, m), 4.15-4.44 (5H, m), 4.60-4.68 (1H, m), 6.03 (1H, s), 7.73 (1H, s), 7.83 (1H, s),

8.12 (1H, s). MS (ESI/APCI): m/z calcd for C21H32Ns503 (M+H)* 402.3. Found 402.3.

5-[1-(1-Methylpiperidin-4-yl)-1 H-pyrazol-4-yl]-4-(propan-2-yloxy)pyridin-2-amine (34)
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Step I: To a solution of tert-butyl 4-{4-[6-amino-4-(propan-2-yloxy)pyridin-3-yl]-1H-pyrazol-1-
yl}piperidine-1-carboxylate (33) (153 mg, 0.382 mmol) and pyridine (0.0922 mL, 1.15 mmol) in
DCM (1 mL) was added acetyl chloride (0.0407 mL, 0.573 mmol) at rt. After stirring for 1 h, 1.0
mol/L aq. HCI was added and the mixture was extracted with DCM. The organic layer was washed
with 1.0 mol/L aq. HCI, dried over anhydrous Na>SO4, and concentrated under reduced pressure.
Purification by column chromatography [SiO,, Hex/EtOAc = 34/66—0/100 (v/v); EtOAc/MeOH =
100/0-90/10(v/v)] afforded tert-butyl 4-{4-[6-acetamido-4-(propan-2-yloxy)pyridin-3-yl]-1H-
pyrazol-1-yl}piperidine-1-carboxylate (163 mg, 0.368 mmol, 96% yield) as a red amorphous solid.
'H-NMR (CDCls) 8: 1.46 (6H, d, J = 6.1 Hz), 1.48 (9H, s), 1.89-2.02 (2H, m), 2.12-2.22 (2H, m),
2.21 (3H, s), 2.85-2.99 (2H, m), 4.19-4.36 (3H, m), 4.80-4.88 (1H, m), 7.85 (1H, s), 7.91 (1H, s),
7.92 (1H, s), 8.10 (1H, br s), 8.29 (1H, s). MS (ESI/APCI): m/z calcd for C23H34NsO04 (M+H)* 444.3.

Found 444.2.

Step 2: To a solution of tert-butyl 4-{4-[6-acetamido-4-(propan-2-yloxy)pyridin-3-yl]-1H-pyrazol-
1-yl}piperidine-1-carboxylate (163 mg, 0.368 mmol) in 1,4-dioxane (2 mL) was added HCI (4
mol/L in 1,4-dioxane, 2 mL, 8 mmol) at rt. After stirring for 2 h, the reaction mixture was
concentrated. The residue was washed with EtOAc to afford N-{5-[1-(piperidin-4-yl)-1H-pyrazol-
4-yl]-4-(propan-2-yloxy)pyridin-2-yl}acetamide hydrochloride (163 mg) as a colorless solid. The
compound was used for the next reaction without further purification.

'"H-NMR (DMSO-Ds) &: 1.44 (6H, d, J = 6.1 Hz), 2.13-2.23 (7H, m), 3.01-3.13 (2H, m), 3.36-3.43
(2H, m), 4.53-4.61 (1H, m), 4.79-4.86 (1H, m), 7.60 (1H, s), 8.01 (1H, s), 8.22 (1H, s), 8.45 (1H,
s), 8.94 (1H, s), 9.10 (1H, brs), 11.62 (1H, br s). MS (ESI/APCI): m/z calcd for C1sH26N502 (M+H)*

344.2. Found 344.2.

66



Step 3: To a solution of N-{5-[1-(piperidin-4-yl)-1H-pyrazol-4-yl]-4-(propan-2-yloxy)pyridin-2-
yl}acetamide hydrochloride (163 mg) and DIPEA (0.315 mL, 1.84 mmol) in MeOH (2 mL) was
added aq. formaldehyde (37 mass%, 0.0415 mL, 0.552 mmol) at rt. After stirring for 15 min,
NaBH(OAc); (119 mg, 0.563 mmol) was added to the reaction mixture. After stirring at rt for 1 h,
water was added and the mixture was extracted with DCM. The combined organic layer was dried
over anhydrous Na;SO4 and concentrated under reduced pressure. Purification by column
chromatography [amino, EtOAc/MeOH = 100/0-95/5 (v/v)] afforded N-{5-[1-(1-methylpiperidin-
4-yl)-1H-pyrazol-4-yl]-4-(propan-2-yloxy)pyridin-2-yl}acetamide (85.1 mg, 0.238 mmol, 65%
yield in 2 steps) as a colorless solid.

'H-NMR (CDCls) &: 1.45 (6H, d, J = 6.1 Hz), 2.01-2.24 (9H, m), 2.35 (3H, s), 2.97-3.03 (2H, m),
4.11-4.22 (1H, m), 4.78-4.87 (1H, m), 7.89 (2H, s), 7.91 (1H, s), 8.10 (1H, br s), 8.30 (1H, s). MS

(ESI/APCI): m/z caled for C19H2sNs50, (M+H)* 358.2. Found 358.2.

Step 4: To a solution of N-{5-[1-(1-methylpiperidin-4-yl)-1H-pyrazol-4-yl]-4-(propan-2-
yloxy)pyridin-2-yl}acetamide (600 mg, 1.68 mmol) in MeOH (10 mL) was added HCI (4 mol/L in
1,4-dioxane, 10 mL, 40 mmol) at rt. After stirring at 60°C for 2.5 h, the reaction mixture was cooled
to rt and evaporated. Sat. aq. NaHCO3 was added to the residue and extracted with DCM and 10%
DCM/MeOH. The combined organic layer was washed with brine, dried over anhydrous Na>SOg,
and concentrated under reduced pressure to give 5-[1-(1-methylpiperidin-4-yl)-1H-pyrazol-4-yl]-
4-(propan-2-yloxy)pyridin-2-amine (34) (533 mg, quant.) as a colorless solid and used for the next
reaction without further purification.

'H-NMR (CDCls) &: 1.41 (6H, d, J = 6.1 Hz), 1.99-2.25 (6H, m), 2.35 (3H, s), 2.95-3.05 (2H, m),
4.09-4.21 (1H, m), 4.37 (2H, br s), 4.57-4.71 (1H, m), 6.03 (1H, s), 7.77 (1H, s), 7.81 (1H, s), 8.13

(1H, s). MS (ESI/APCI): m/z calcd for C17H26NsO (M+H)" 316.2. Found 316.2.

2-[1-(Cyclopropylsulfonyl)-1H-pyrazol-4-yl]-N-{5-[1-(1-methylpiperidin-4-yl)-1 H-pyrazol-4-

yl]-4-(propan-2-yloxy)pyridin-2-yl}pyrimidin-4-amine (35)
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A mixture of 5-[1-(1-methylpiperidin-4-yl)-1H-pyrazol-4-yl]-4-(propan-2-yloxy)pyridin-2-amine
(34) (533 mg), 4-chloro-2-[1-(cyclopropylsulfonyl)-1H-pyrazol-4-yl]pyrimidine (29) (487 mg,
1.71 mmol), tris(dibenzylideneacetone)dipalladium(0) (157 mg, 0.172 mmol), Xphos (163 mg,
0.343 mmol), and Cs,COs3 (1.35 g, 4.15 mmol) in tert-BuOH (17 mL) was stirred at 95°C for 1.5 h
under a N, atmosphere. After cooling down to rt, the reaction mixture was diluted with DCM and
filtered through Celite. After evaporating the solvent, the residue was purified by column
chromatography [amino, EtOAc/MeOH = 100/0-98/2 (v/v)] to give the title compound (659 mg,
1.17 mmol, 70% yield in 2 steps) as a pale-yellow solid.

'H-NMR (CDCls) 8: 1.13-1.33 (2H, m), 1.49-1.58 (8H, m), 2.00-2.29 (6H, m), 2.36 (3H, s), 2.78-
2.88 (1H, m), 2.95-3.06 (2H, m), 4.09-4.27 (1H, m), 4.81-4.95 (1H, m), 7.04 (1H, d, J = 6.1 Hz),
7.51 (1H, s), 7.68 (1H, s), 7.90 (1H, s), 7.91 (1H, s), 8.38 (1H, s), 8.41 (1H, d, J = 6.1 Hz), 8.45
(1H, s), 8.64 (1H, s). '*C-NMR (CDCls) &: 7.15, 21.86, 31.26, 32.61, 46.02, 54.67, 59.05, 70.89,
97.10, 106.22, 114.30, 115.09, 125.08, 125.73, 131.12, 136.75, 144.39, 145.68, 152.05, 156.36,
158.75, 159.19, 161.34. HRMS (ESI): m/z caled for C»7H34NoO3S (M+H)* 564.2507. Found

564.2509.

4-(Propan-2-yloxy)-5-[1-(tetrahydro-2H-pyran-4-yl)-1H-pyrazol-4-yl]|pyridin-2-amine (36)

A mixture of 5-bromo-4-(propan-2-yloxy)pyridin-2-amine (30b) (202 mg, 0.874 mmol), 1-

(tetrahydro-2H-pyran-4-yl)-4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-1 H-pyrazole (489 mg,
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1.76 mmol), tris(dibenzylideneacetone)dipalladium(0) (81 mg, 0.088 mmol), Xphos (84 mg, 0.18
mmol), and aq. KoCO3 (2.0 mol/L, 0.9 mL, 1.8 mmol) in 1,4-dioxane (4.3 mL) was stirred at reflux
for 3.5 h. After cooling down to rt, the reaction mixture was diluted with EtOAc, washed with brine,
and concentrated under reduced pressure. The residue was purified by column chromatography
(amino, EtOAc) to give the title compound (184 mg, 0.609 mmol, 70% yield) as a colorless solid.
'H-NMR (CDCls) &: 1.42 (6H, d, J = 6.1 Hz), 2.05-2.18 (4H, m), 3.57 (2H, td, J = 11.4, 3.1 Hz),
4.10-4.16 (2H, m), 4.32-4.42 (3H, m), 4.60-4.69 (1H, m), 6.03 (1H, s), 7.76 (1H, s), 7.84 (1H, s),

8.14 (1H, s). MS (ESI/APCI): m/z calcd for Ci16H23N4O2 (M+H)* 303.2. Found 303.2.

2-[1-(Cyclopropylsulfonyl)-1H-pyrazol-4-yl]-N-{4-(propan-2-yloxy)-5-[1-(tetrahydro-2H-

pyran-4-yl)-1H-pyrazol-4-yl]pyridin-2-yl}pyrimidin-4-amine (37)
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A mixture of 4-(propan-2-yloxy)-5-[1-(tetrahydro-2H-pyran-4-yl)-1H-pyrazol-4-yl]pyridin-2-
amine (36) (184 mg, 0.609 mmol), 4-chloro-2-[1-(cyclopropylsulfonyl)-1H-pyrazol-4-
yl]pyrimidine  (29) (179 mg, 0.629 mmol), Xphos (59 mg, 0.12 mmol),
tris(dibenzylideneacetone)dipalladium(0) (58 mg, 0.063 mmol), and Cs>CO3 (494 mg, 1.52 mmol)
in tert-BuOH (3.0 mL) was stirred at reflux for 90 min. After cooling down to rt, the mixture was
diluted with DCM and filtered through Celite. After evaporating the solvent, the residue was
purified by column chromatography [SiO,, EtOAc/MeOH = 100/0-96/4 (v/v)] to give the title
compound (200 mg, 0.363 mmol, 60% yield) as a colorless solid.

'H-NMR (CDCls) &: 1.19-1.27 (2H, m), 1.51-1.57 (8H, m), 2.08-2.20 (4H, m), 2.80-2.87 (1H, m),
3.59 (2H, td, J=11.4, 3.3 Hz), 4.12-4.18 (2H, m), 4.36-4.45 (1H, m), 4.83-4.94 (1H, m), 7.02 (1H,
d, J=5.5Hz), 7.67 (1H, s), 7.72 (1H, s), 7.90 (1H, s), 7.93 (1H, s), 8.39 (1H, s), 8.41 (1H, d, J =
5.5 Hz), 8.45 (1H, s), 8.64 (1H, s). *C-NMR (CDCl3) §: 7.18, 21.86, 31.27, 33.29, 58.16, 66.82,

70.93, 97.11, 106.25, 114.16, 115.16, 125.25, 125.70, 131.14, 137.09, 144.39, 145.73, 152.08,
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156.37, 158.75, 159.17, 161.38. HRMS (ESI): m/z calcd for C26H31NgO4S (M +H)* 551.2191. Found

551.2191.

5-Bromo-2-chloro-4-(propan-2-yloxy)pyridine (38)

To a suspension of NaH (55 mass%, 4.33 g, 99.2 mmol) in DMF (66 mL) was added 2-propanol
(5.56 mL, 72.7 mmol) dropwise at 0°C. After stirring at the same temperature for 1 h, 5-bromo-2,4-
dichloropyridine (15.0 g, 66.1 mmol) was added and stirred for 30 min. The reaction mixture was
warmed to rt and stirred for 30 min. Sat. aq. NaHCO3; was added to the reaction mixture at 0°C and
extracted with EtOAc. The combined organic layer was washed with water and brine, dried over
anhydrous Na»SO4, and concentrated under reduced pressure. The residue was purified by column
chromatography [SiO,, Hex/EtOAc = 67/33-25/75 (v/v); Hex/DCM = 100/0-25/75 (v/v)] to give
the title compound (14.2 g, 56.6 mmol, 86% yield) as a colorless solid. '"H-NMR (CDCls) &: 1.43
(6H, d, J=6.1 Hz), 4.61-4.71 (1H, m), 6.79 (1H, s), 8.33 (1H, s). MS (ESI/APCI): m/z calcd for

CsH1oBrCINO [M(7°Br)+H]* 250.0, [M(®'Br)+H]* 252.0. Found 250.0, 252.0.

2-Chloro-4-(propan-2-yloxy)-5-[1-(pyridin-4-yl)-1H-pyrazol-4-yl|pyridine (39)
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To a solution of 5-bromo-2-chloro-4-(propan-2-yloxy)pyridine (38) (300 mg, 1.20 mmol) and 4-[4-
(tetramethyl-1,3,2-dioxaborolan-2-yl)-1H-pyrazol-1-yl]pyridine (390 mg, 1.44 mmol) in 1,4-
dioxane (10 mL) were added Pd(dppf)Cl, -DCM (97.8 mg, 0.120 mmol), water (2.0 mL), and K,CO3
(497 mg, 3.59 mmol). After stirring at 90°C for 3 h, the reaction mixture was cooled down to rt and

water was added. The mixture was extracted with EtOAc, washed with brine, dried over anhydrous
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NazS04, and concentrated under reduced pressure. The residue was purified by column
chromatography [SiO2, Hex/EtOAc = 50/50—0/100 (v/v)] to give the title compound (250 mg, 0.794
mmol, 66% yield) as a colorless solid.

'H-NMR (CDCls) 8: 1.51 (6H, d, J = 6.1 Hz), 4.74-4.84 (1H, m), 6.90 (1H, s), 7.65-7.68 (2H, m),

8.17 (1H, s), 8.45 (1H, s), 8.48 (1H, s), 8.69-8.71 (2H, m).

2-[1-(Cyclopropylsulfonyl)-1H-pyrazol-4-yl]-N-{4-(propan-2-yloxy)-5-[1-(pyridin-4-yl)-1H-

pyrazol-4-yl|pyridin-2-yl}pyrimidin-4-amine (40)
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A mixture of 2-chloro-4-(propan-2-yloxy)-5-[1-(pyridin-4-yl)-1H-pyrazol-4-yl]pyridine (39) (248
mg, 0.788 mmol), 2-[1-(cyclopropylsulfonyl)-1H-pyrazol-4-yl]pyrimidin-4-amine (9) (230 mg,
0.867 mmol), Cs,CO3; (770 mg, 2.36 mmol), tris(dibenzylideneacetone)dipalladium(0) (144 mg,
0.158 mmol), and Xphos (150 mg, 0.315 mmol) in tert-BuOH (10 mL) was stirred at reflux for 4 h.
After cooling down to rt, water was added to the reaction mixture. The mixture was extracted with
EtOAc and the organic layer was filtered through Celite, washed with brine, and dried over
anhydrous MgSO4. After evaporating the solvent, the residue was purified by column
chromatography [amino, Hex/EtOAc = 40/60-0/100 (v/v)]. The crude product was washed with
EtOAc to give the title compound (81.3 mg, 0.150 mmol, 19% yield) as a colorless solid.

'"H-NMR (DMSO-Ds) &: 1.25-1.38 (4H, m), 1.51 (6H, d, J = 6.1 Hz), 3.28-3.30 (1H, m), 4.93-4.99
(1H, m), 7.40 (1H, br s), 7.89-7.90 (2H, m), 7.96 (1H, br s), 8.37 (1H, s), 8.46-8.48 (2H, m), 8.61
(1H, s), 8.67-8.69 (3H, m), 9.02 (1H, s), 10.35 (1H, s). '"H-NMR (DMSO-Dy) 8: 1.25-1.38 (4H, m),
1.51 (6H, d, J= 6.1 Hz), 3.28-3.30 (1H, m), 4.93-4.99 (1H, m), 7.40 (1H, br s), 7.89-7.90 (2H, m),
7.96 (1H, brs), 8.37 (1H, s), 8.46-8.48 (2H, m), 8.61 (1H, s), 8.67-8.69 (3H, m), 9.02 (1H, s), 10.35
(1H, s). '*C-NMR (DMSO-Dg) &: 6.81, 21.44, 30.73, 70.60, 96.75, 106.78, 111.65, 111.98, 118.71,

125.13, 125.43, 131.07, 141.39, 143.89, 145.18, 146.61, 151.14, 153.34, 156.27, 157.95, 159.31,
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160.80. HRMS (ESI): m/z calcd for C23H36NoOsS (M +H)" 544.1881. Found 544.1852.

2-Chloro-4-(propan-2-yloxy)-5-[1-(tetrahydro-2 H-pyran-2-yl)-1H-pyrazol-4-yl|pyridine

(41a)
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A mixture of 5-bromo-2-chloro-4-(propan-2-yloxy)pyridine (38) (1.16 g, 4.62 mmol), 1-
(tetrahydro-2H-pyran-2-yl)-4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-1H-pyrazole (1.90 g,
6.83 mmol), aq. K»COs3 (2.0 mol/L, 6 mL, 12 mmol), tris(dibenzylideneacetone)dipalladium(0) (411
mg, 0.449 mmol), and Xphos (441 mg, 0.926 mmol) in 1,4-dioxane (24 mL) was stirred at reflux
for 2.5 h. After cooling down to rt, the reaction mixture was diluted with EtOAc, washed with brine,
and dried over anhydrous Na;SO4. After evaporating the solvent, the residue was purified by column
chromatography [SiO2, Hex/EtOAc = 74/26-53/47 (v/v)] to give the title compound (517 mg, 1.61
mmol, 35% yield) as a yellow oil.

'H-NMR (CDCls) é: 1.45 (6H, d, J = 6.1 Hz), 1.56-1.79 (3H, m), 1.98-2.23 (3H, m), 3.74 (1H, td,
J=11.1, 3.0 Hz), 4.06-4.12 (1H, m), 4.67-4.76 (1H, m), 5.42 (1H, dd, J = 9.1, 3.0 Hz), 6.84 (1H,
s), 7.96 (1H, s), 8.01 (1H, s), 8.40 (1H, s). MS (ESI/APCI): m/z calcd for Ci¢H21CIN3O> (M+H)*

322.1. Found 322.1.

2-Chloro-4-(propan-2-yloxy)-5-(1H-pyrazol-4-yl)pyridine (41b)

N o
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To a solution of 2-chloro-4-(propan-2-yloxy)-5-[1-(tetrahydro-2H-pyran-2-yl)-1H-pyrazol-4-
yl]pyridine (41a) (1.71 g, 4.49 mmol) and triethylsilane (1.07 mL, 6.73 mmol) in DCM was added

TFA (5.0 mL, 65 mmol) at rt. After stirring for 3 h, sat. aq. NaHCO3; was added. The mixture was

extracted with DCM, dried over anhydrous Na>SO4, and concentrated under reduced pressure.
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Purification by column chromatography [SiO2, Hex/EtOAc = 34/66-25/75 (v/v)] afforded the title
compound (817 mg, 3.44 mmol, 77% yield) as a colorless solid.
'"H-NMR (CDCls) &: 1.46 (6H, d, J = 6.1 Hz), 4.69-4.79 (1H, m), 6.86 (1H, s), 8.03 (2H, s), 8.45

(1H, s). MS (ESI/APCI): m/z calcd for C11H13CIN3;O (M +H)* 238.1. Found 238.1.

tert-Butyl (35)-3-{4-[6-chloro-4-(propan-2-yloxy)pyridin-3-yl]-1H-pyrazol-1-yl}pyrrolidine-

1-carboxylate ((5)-42)
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To a solution of (R)-1-(fert-butoxycarbonyl)-3-pyrrolidinol (710 mg, 3.79 mmol) and triethylamine
(0.734 mL, 5.30 mmol) in THF (8.0 mL) was added methanesulfonic anhydride (792 mg, 4.55
mmol) at 0°C. After stirring at rt for 1.5 h, methanesulfonic anhydride (220 mg, 1.26 mmol) was
added and the mixture was stirred for 30 min. Sat. aq. NaHCO3 was added to the reaction mixture
and the mixture was extracted with EtOAc. The organic layer was washed with 1 mol/L aq. HCI,
water, and brine, dried over anhydrous Na>SO4, and concentrated under reduced pressure to give
the corresponding mesylate.

A suspension of the mesylate, 2-chloro-4-(propan-2-yloxy)-5-(1H-pyrazol-4-yl)pyridine (41b) (600
mg, 2.52 mmol), and Cs2CO3 (2.00 g, 6.31 mmol) in DMA (8.0 mL) was stirred at 100°C for 3 h.
After cooling down to rt, sat. ag. NaHCO3; was added to the reaction mixture. The mixture was
extracted with EtOAc and the organic layer was washed with 1 mol/L aq. HCI, water, and brine,
dried over anhydrous Na;SO4, and concentrated under reduced pressure. Purification by column
chromatography [SiO», Hex/EtOAc = 40/60-25/75 (v/v)] afforded the title compound (1.02 g, 2.51
mmol, 99% yield) as a colorless oil.

'H-NMR (CDCl3) &: 1.44-1.49 (15H, m), 2.37-2.45 (2H, m), 3.42-3.92 (4H, m), 4.69-4.76 (1H, m),
4.90-4.96 (1H, m), 6.84 (1H, s), 7.86 (1H, s), 7.92 (1H, s), 8.40 (1H, s). MS (ESI/APCI): m/z calcd

for C20H23CIN4O3 (M+H)™ 407.2. Found 407.2.

73



2-Chloro-5-{1-[(3S)-1-methylpyrrolidin-3-yl]-1 H-pyrazol-4-yl}-4-(propan-2-yloxy)pyridine

((5)-43)
N Cl
| N
=
N7 I
N Oj/
\
Me

Step 1: To a solution of tert-butyl (35)-3-{4-[6-chloro-4-(propan-2-yloxy)pyridin-3-yl]-1H-
pyrazol-1-yl}pyrrolidine-1-carboxylate ((S)-42) (400 mg, 0.983 mmol) in 1,4-dioxane (2 mL) was
added HCI (4 mol/L in 1,4-dioxane, 2 mL, 8 mmol) at rt. After stirring at rt for 3.5 h, the reaction
mixture was concentrated to give 2-chloro-4-(propan-2-yloxy)-5-{1-[(3S)-pyrrolidin-3-yl]-1H-
pyrazol-4-yl}pyridine hydrochloride (381 mg, quant.) as a colorless amorphous solid and used for
the next reaction without further purification.

MS (ESI/APCI): m/z caled for CisH20CIN4O (M +H)* 307.1. Found 307.1.

Step 2: To a solution of 2-chloro-4-(propan-2-yloxy)-5-{1-[(3S)-pyrrolidin-3-yl]-1H-pyrazol-4-
yl}pyridine hydrochloride (381 mg) and DIPEA (0.720 mL, 4.21 mmol) in MeOH (4 mL) was added
aq. formaldehyde (37 mass%, 0.0948 mL, 1.26 mmol) at rt. After stirring at rt for 10 min,
NaBH(OAc)3 (263 mg, 1.24 mmol) was added to the reaction mixture. After stirring for 5 h at rt,
the reaction mixture was quenched by sat. aq. NaHCOj3 and extracted with DCM. The organic layer
was dried over anhydrous Na,SO4 and concentrated under reduced pressure. Purification by column
chromatography [amino, Hex/EtOAc = 34/66-0/100 (v/v)] afforded 2-chloro-5-{1-[(3S)-1-
methylpyrrolidin-3-yl]-1H-pyrazol-4-yl}-4-(propan-2-yloxy)pyridine ((5)-43) (203 mg, 0.632
mmol, 64%) as a colorless oil.

'"H-NMR (CDCls) &: 1.46 (6H, d, J = 6.1 Hz), 2.17-2.25 (1H, m), 2.43 (3H, s), 2.45-2.61 (2H, m),
2.84-2.97 (3H, m), 4.69-4.76 (1H, m), 4.89-4.96 (1H, m), 6.83 (1H, s), 7.90 (1H, s), 8.01 (1H, s),

8.40 (1H, s). MS (ESI/APCI): m/z caled for C16Ha,CIN4O (M+H)* 321.1. Found 321.1.

2-[1-(Cyclopropylsulfonyl)-1H-pyrazol-4-yl]-N-[5-{1-[(3S)-1-methylpyrrolidin-3-yl]-1H-

pyrazol-4-yl}-4-(propan-2-yloxy)pyridin-2-yl]pyrimidin-4-amine ((5)-44)
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A mixture of 2-chloro-5-{1-[(3S)-1-methylpyrrolidin-3-yl]-1H-pyrazol-4-yl}-4-(propan-2-
yloxy)pyridine ((5)-43) (203 mg, 0.632 mmol), 2-[1-(cyclopropylsulfonyl)-1H-pyrazol-4-
yl]pyrimidin-4-amine (9) (170 mg, 0.642 mmol), tris(dibenzylideneacetone)dipalladium(0) (54.6
mg, 0.0596 mmol), Xphos (62.4 mg, 0.131 mmol), and Cs>,CO3 (411 mg, 1.26 mmol) in tert-BuOH
(6 mL) was stirred at reflux for 5 h under a N, atmosphere. After cooling down to rt, the mixture
was diluted with DCM and filtered through Celite. After evaporating the solvent, the residue was
purified by column chromatography [amino, EtOAc/MeOH = 100/0-98/2 (v/v)] to give the title
compound (90.1 mg, 0.164 mmol, 26% yield) as a colorless solid.

'"H-NMR (CDCls) 6: 1.15-1.36 (2H, m), 1.48-1.59 (8H, m), 2.15-2.29 (1H, m), 2.44 (3H, s), 2.45-
2.66 (2H, m), 2.75-3.00 (4H, m), 4.81-5.00 (2H, m), 7.03 (1H, d, J = 5.5 Hz), 7.53 (1H, s), 7.69
(1H,s), 7.91 (1H, s), 8.02 (1H, s), 8.38 (1H, s), 8.41 (1H, d, J = 5.5 Hz), 8.45 (1H, s), 8.64 (1H, s).
I3C-NMR (CDCl;) é: 7.15, 21.82, 31.26, 32.77, 41.84, 55.34, 61.20, 62.33, 70.89, 97.12, 106.26,
114.28, 115.35, 125.73, 126.56, 131.14, 137.20, 144.39, 145.68, 152.02, 156.33, 158.74, 159.20,

161.37. HRMS (ESI): m/z calcd for C2sH32N9O3S (M+H)* 550.2351. Found 550.2329.

tert-Butyl (3R)-3-{4-[6-chloro-4-(propan-2-yloxy)pyridin-3-yl]-1H-pyrazol-1-yl}pyrrolidine-

1-carboxylate ((R)-42)

Cl
i A
=
N7 |
N OY
N
Boc

To a solution of (S)-1-Boc-3-pyrrolidinol (710 mg, 3.79 mmol) and triethylamine (0.735 mL, 5.30

mmol) in THF (8.0 mL) was added methanesulfonic anhydride (792 mg, 4.55 mmol) at 0°C. After
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stirring at rt for 90 min, methanesulfonic anhydride (220 mg, 1.26 mmol) was added and the mixture
was stirred for 30 min. Sat. aq. NaHCO3 was then added to the reaction mixture and the mixture
was extracted with EtOAc. The organic layer was washed with 1 mol/L aq. HCI, water, and brine,
dried over anhydrous Na>SQOs, and concentrated under reduced pressure to give the corresponding
mesylate.

A suspension of the mesylate, 2-chloro-4-(propan-2-yloxy)-5-(1H-pyrazol-4-yl)pyridine (41b) (591
mg, 2.49 mmol), and Cs2CO3 (1.96 g, 6.02 mmol) in DMA (8.0 mL) was stirred at 100°C for 3 h.
After cooling down to rt, sat. ag. NaHCO3; was added to the reaction mixture. The mixture was
extracted with EtOAc and the organic layer was washed with 1 mol/L aq. HCI, water, and brine,
dried over anhydrous Na,SQa, and concentrated under reduced pressure. Purification by column
chromatography [Si02, Hex/EtOAc = 40/60-25/75 (v/v)] afforded the title compound (1.01 g, 2.48
mmol, qunat.) as a colorless oil.

'H-NMR (CDCl3) &: 1.44-1.49 (15H, m), 2.37-2.45 (2H, m), 3.42-3.92 (4H, m), 4.69-4.76 (1H, m),
4.90-4.96 (1H, m), 6.84 (1H, s), 7.86 (1H, s), 7.92 (1H, s), 8.40 (1H, s). MS (ESI/APCI): m/z calcd

for C20H23CIN4O3 (M+H)™ 407.2. Found 407.2.

2-Chloro-5-{1-[(3R)-1-methylpyrrolidin-3-yl]-1H-pyrazol-4-yl}-4-(propan-2-yloxy)pyridine

((R)-43)
N Cl
| A
=
N7 I
N OY

-
Me

Step 1: To a solution of tert-butyl (3R)-3-{4-[6-chloro-4-(propan-2-yloxy)pyridin-3-yl]-1H-
pyrazol-1-yl}pyrrolidine-1-carboxylate ((R)-42) (370 mg, 0.909 mmol) in 1,4-dioxane (2 mL) was
added HCI (4 mol/L in 1,4-dioxane, 2 mL, 8 mmol) at rt. After stirring at rt for 50 min, the reaction
mixture was concentrated to give 2-chloro-4-(propan-2-yloxy)-5-{1-[(3R)-pyrrolidin-3-yl]-1H-
pyrazol-4-yl}pyridine hydrochloride (394 mg, quant.) as a colorless amorphous solid and used for
the next reaction without further purification.

MS (ESI/APCI): m/z caled for CisH20CIN4O (M+H)* 307.1. Found 307.1.
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Step 2: To a solution of 2-chloro-4-(propan-2-yloxy)-5-{1-[(3R)-pyrrolidin-3-yl]-1H-pyrazol-4-
yl}pyridine hydrochloride (394 mg) and DIPEA (0.687 mL, 3.94 mmol) in MeOH (3 mL) was added
aq. Formaldehyde (37 mass%, 0.090 mL, 1.2 mmol) at rt. After stirring at rt for 10 min, NaBH(Oac);
(259 mg, 1.22 mmol) was added to the reaction mixture. After stirring for 50 min at rt, the reaction
mixture was quenched by sat. aq. NaHCO3 and extracted with DCM. The organic layer was dried
over anhydrous Na;SO4 and concentrated under reduced pressure. Purification by column
chromatography [amino, Hex/EtOAc = 25/75-10/90 (v/v)] afforded 2-chloro-5-{1-[(3R)-1-
methylpyrrolidin-3-yl]-1H-pyrazol-4-yl}-4-(propan-2-yloxy)pyridine ((R)-25) (275 mg, 0.857
mmol, 94%, containing impurities) as a colorless oil.

MS (ESI/APCI): m/z caled for CisH22CIN4O (M+H)* 321.1. Found 321.2.

2-[1-(Cyclopropylsulfonyl)-1H-pyrazol-4-yl]-N-[5-{1-[(3R)-1-methylpyrrolidin-3-yl]-1H-

pyrazol-4-yl}-4-(propan-2-yloxy)pyridin-2-yl|pyrimidin-4-amine ((R)-44)

H
N N
| Dl
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A mixture of 2-chloro-5-{1-[(3R)-1-methylpyrrolidin-3-yl]-1H-pyrazol-4-yl}-4-(propan-2-

N
\
M

yloxy)pyridine ((R)-43) (275 mg, 0.857 mmol), 2-[1-(cyclopropylsulfonyl)-1H-pyrazol-4-
yl]pyrimidin-4-amine (9) (242 mg, 0.913 mmol), tris(dibenzylideneacetone)dipalladium(0) (75.4
mg, 0.0823 mmol), Xphos (81.7 mg, 0.171 mmol), and Cs2CO3 (699 mg, 2.15 mmol) in tert-BuOH
(8.5 mL) was stirred at reflux for 4 h under a N, atmosphere. After cooling down to rt, the mixture
was diluted with DCM and purified by column chromatography [amino, EtOAc/MeOH = 100/0—
96/4 (v/v)] to give the title compound (122 mg, 0.222 mmol, 26%) as a colorless solid.

'"H-NMR (CDCls) 6: 1.15-1.36 (2H, m), 1.48-1.59 (8H, m), 2.15-2.29 (1H, m), 2.44 (3H, s), 2.45-
2.66 (2H, m), 2.75-3.00 (4H, m), 4.81-5.00 (2H, m), 7.03 (1H, d, J = 5.5 Hz), 7.63 (1H, s), 7.69
(1H,s), 7.91 (1H, s), 8.02 (1H, s), 8.38 (1H, s), 8.41 (1H, d, J = 5.5 Hz), 8.45 (1H, s), 8.64 (1H, s).

I3C-NMR (CDCl3) &: 7.15, 21.82, 31.26, 32.80, 41.87, 55.37, 61.26, 62.44, 70.88, 97.15, 106.23,
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114.33, 115.35, 125.75, 126.50, 131.13, 137.16, 144.39, 145.68, 152.07, 156.35, 158.75, 159.21,

161.37. HRMS (ESI): m/z calcd for C26H32NoO3S (M+H)* 550.2351. Found 550.2330.

3-Methyl-4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-1-{|2-

(trimethylsilyl)ethoxy]methyl}-1H-pyrazole (46a)

5-Methyl-4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-1-{[2-

(trimethylsilyl)ethoxy]methyl}-1H-pyrazole (46b)

9J§<
-
N’

SEM-N

To a solution of 3-methylpyrazole-4-boronic acid pinacol ester (2.00 g, 9.61 mmol) and DIPEA
(3.30 mL, 19.2 mmol) in DCM (40 mL) was added SEMCI (2.02 mL, 11.5 mmol) at 0°C. The
reaction mixture was stirred at rt until the starting material was completely consumed. Sat. aq.
NH4Cl was added and the mixture was extracted with EtOAc. The combined organic layer was
washed with water and brine. After drying over anhydrous Na,SO,, the mixture was concentrated
under reduced pressure. Purification by column chromatography [SiO», Hex/EtOAc = 100/0-67/33
(v/v)] afforded a 1:1 mixture of the title compounds (3.24 g, 9.58 mmol, 99% yield) as a colorless
oil.

'H-NMR (CDCl3) &: -0.03 (4.5H, s), -0.02 (4.5H, s), 0.86-0.93 (2H, m), 1.31 (6H, s), 1.31 (6H, s),
2.40 (1.5H, s), 2.50 (1.5H, s), 3.52-3.57 (2H, m), 5.33 (1H, s), 5.41 (1H, s), 7.68 (0.5H, s), 7.75

(0.5H, s).

2-Chloro-5-(3-methyl-1H-pyrazol-4-yl)-4-(propan-2-yloxy)pyridine (47)
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Step 1: To a mixture of 5-bromo-2-chloro-4-(propan-2-yloxy)pyridine (38) (2.28 g, 9.10 mmol),
sodium carbonate (1.16 g, 10.9 mmol), water (15 mL), 3-methyl-4-(4,4,5,5-tetramethyl-1,3,2-
dioxaborolan-2-yl)-1-{[2-(trimethylsilyl)ethoxy]methyl}-1H-pyrazole (46a), and 5-methyl-4-
(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-1-{[2-(trimethylsilyl)ethoxy]methyl}-1 H-pyrazole
(46b) (1:1 mixture, 3.24 g, 9.58 mmol) in 1,4-dioxane (40 mL) was added Pd(dppf)Cl,-DCM (743
mg, 0.910 mmol). The flask was evacuated and purged with nitrogen, heated to 105°C, and stirred
for 2.5 h. The reaction mixture was cooled to room temperature and diluted with EtOAc. The
organic phase was washed with water and brine, dried with MgSOs, and concentrated. Purification
by column chromatography [SiO2, Hex/EtOAc = 95/5-60/40 (v/v)] afforded a 1:1 mixture of 2-
chloro-5-(3-methyl-1-{[2-(trimethylsilyl)ethoxy]methyl}-1H-pyrazol-4-yl)-4-(propan-2-
yloxy)pyridine and 2-chloro-5-(5-methyl-1-{[2-(trimethylsilyl)ethoxy]|methyl}-1H-pyrazol-4-yl)-
4-(propan-2-yloxy)pyridine (2.40 g, 6.28 mmol, 69% yield) as a pale-yellow oil.

'H-NMR (CDCls) &: -0.02 (4.5H, s), -0.01 (4.5H, s), 0.90-0.96 (2H, m), 1.36 (3H, d, J = 6.1 Hz),
1.38 (3H, d, J= 6.1 Hz), 2.31 (1.5H, s), 2.35 (1.5H, s), 3.59-3.65 (2H, m), 4.64-4.72 (1H, m), 5.40

(1H, s), 5.48 (1H, s), 6.86 (1H, s), 7.58 (0.5H, s), 7.66 (0.5H, s), 8.11 (0.5H, s), 8.19 (0.5H, s).

Step 2: To a solution of 2-chloro-5-(3-methyl-1-{[2-(trimethylsilyl)ethoxy]methyl}-1H-pyrazol-4-
yl)-4-(propan-2-yloxy)pyridine and 2-chloro-5-(5-methyl-1-{[2-(trimethylsilyl)ethoxy]methyl}-
1 H-pyrazol-4-yl)-4-(propan-2-yloxy)pyridine (1:1 mixture, 910 mg, 2.38 mmol) in DCM (10 mL)
was added TFA (5 mL). After stirring for 4 h at rt, the reaction mixture was concentrated and diluted
with DCM. The organic layer was washed with 1 mol/L aq. K2CO3, dried over anhydrous Na>SOs,
and concentrated under reduced pressure. Purification by column chromatography [SiO2,
DCM/MeOH = 97/3-92/8 (v/v)] afforded the title compound (609 mg, 2.42 mmol, qunat.) as a
colorless amorphous solid.

'H-NMR (CDCl3) &: 1.38 (6H, d, J = 6.1 Hz), 2.34 (3H, s), 4.62-4.72 (1H, m), 6.85 (1H, s), 7.68

(1H, s), 8.15 (1H, s).
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2-Chloro-5-(3-fluoro-1H-pyrazol-4-yl)-4-(propan-2-yloxy)pyridine (48)

-n
/

N (0]
H j/

To a solution of 2-chloro-4-(propan-2-yloxy)-5-(1H-pyrazol-4-yl)pyridine (41b) (300 mg, 1.26
mmol) in acetonitrile (4 mL) were added Select-Fluor® (894 mg, 2.52 mmol) and acetic acid (0.16
mL, 2.8 mmol) at rt. After stirring at 80°C for 1 h, the reaction mixture was concentrated under
reduced pressure. The residue was diluted with EtOAc and washed with water and brine. The
organic layer was dried over anhydrous Na,SO4 and concentrated. The residue was purified by
column chromatography [Si02, Hex/EtOAc = 60/40-40/60 (v/v)] to give the title compound (71.0
mg, 0.278 mmol, 22% yield) as a yellow solid.

'H-NMR (CDCl;) &: 1.44 (6H, d, J = 6.1 Hz), 4.69-4.79 (1H, m), 6.86 (1H, s), 7.90 (1H, d, J= 1.8
Hz), 8.52 (1H, s), 9.57 (1H, br s). MS (ESI/APCI): m/z calcd for C;1H2CIFN3;O (M+H)* 256.1.

Found 256.1.

2-Chloro-4-(propan-2-yloxy)-5-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)pyridine (49)

=0

g

To a solution of 5-bromo-2-chloro-4-(propan-2-yloxy)pyridine (38) (3.0 g, 12 mmol) and 2-
isopropoxy-4,4,5,5-tetramethyl-1,3,2-dioxaborolane (3.0 mL, 15 mmol) in tetrahydrofuran (40 mL)
was added n-butyllithium (2.6 mol/L in Hex, 7.0 mL, 19 mmol) dropwise at —78°C. After stirring
at —78°C for 1 h, sat. aq. NH4Cl was added to the reaction mixture and extracted with EtOAc. The
organic layer was washed with brine, dried over anhydrous Na>SO4, and concentrated under reduced
pressure to give the title compound (3.6 g, quant., containing impurities) as a red oil and used for
the next reaction without further purification.

'H-NMR (CDCls) é: 1.34 (12H, s), 1.38 (6H, d, J = 6.1 Hz), 4.53-4.62 (1H, m), 6.74 (1H, s), 8.38

(IH, s).
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tert-Butyl (2S5,45)-4-(4-iodo-3-methoxy-1H-pyrazol-1-yl)-2-methylpyrrolidine-1-carboxylate

(51)

To a suspension of 4-iodo-3-methoxy-1H-pyrazole (50)?® (500 mg, 2.23 mmol) and tert-butyl
(2S,4R)-4-hydroxy-2-methylpyrrolidine-1-carboxylate (674 mg, 3.35 mmol) in toluene (10 mL)
was added CMBP (1.62 g, 6.70 mmol) at rt. After stirring at reflux for 5 h, the reaction mixture was
concentrated. Purification by column chromatography [SiO2, Hex/EtOAc = 90/10-50/50 (v/v)]
afforded the title compound (832 mg, 2.04 mmol, 92% yield) as a colorless amorphous solid.

'H-NMR (CDCls) 8: 1.25-1.27 (3H, br m), 1.46 (9H, s), 1.94-1.97 (1H, m), 2.52-2.54 (1H, br m),

3.69-3.72 (2H, m), 3.92 (3H, s), 4.08-4.15 (1H, br m), 4.67-4.69 (1H, m), 7.23 (1H, s).

tert-Butyl  (25,45)-4-{4-[6-chloro-4-(propan-2-yloxy)pyridin-3-yl]-3-methoxy-1H-pyrazol-1-
yl}-2-methylpyrrolidine-1-carboxylate (52)
N _ClI

A mixture of tert-butyl (25,45)-4-(4-i0do-3-methoxy-1H-pyrazol-1-yl)-2-methylpyrrolidine-1-
carboxylate (51) (830 mg, 2.04 mmol), 2-chloro-4-(propan-2-yloxy)-5-(4,4,5,5-tetramethyl-1,3,2-
dioxaborolan-2-yl)pyridine (49) (1.16 g, crude), K.CO3 (845 mg, 6.11 mmol), and
Pd(dppf)Cl.-DCM (166 mg, 0.204 mmol) in 1,4-dioxane (20 mL) and water (4.0 mL) was stirred at
reflux for 4 h. After cooling down to rt, water was added to the reaction mixture. The mixture was
extracted with EtOAc, washed with brine, and dried over anhydrous MgSOj4. After concentration
under reduced pressure, the residue was purified by column chromatography [SiO2, Hex/EtOAc =

90/10 (v/v)-50/50 (v/v)] to give the title compound (656 mg, 1.45 mmol, 71% yield) as a pale-
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yellow amorphous solid.
'H-NMR (CDCls) 8: 1.30-1.30 (3H, br m), 1.41-1.45 (15H, m), 1.99-2.02 (1H, m), 2.58-2.61 (1H,
br m), 3.76-3.84 (2H, br m), 3.98 (3H, s), 4.05-4.19 (1H, br m), 4.67-4.73 (2H, m), 6.79 (1H, s),

7.76 (1H, s), 8.79 (1H, s).

tert-Butyl (25,45)-4-{4-[6-chloro-4-(propan-2-yloxy)pyridin-3-yl]-1 H-pyrazol-1-yl}-2-
methylpyrrolidine-1-carboxylate (53a)

N _ClI
A

Y

Boc

\
P4
\\".@Z 'Z\

To a solution of 2-chloro-4-(propan-2-yloxy)-5-(1H-pyrazol-4-yl)pyridine (41b) (1.60 g, 6.73
mmol) and tert-butyl (25,4R)-4-hydroxy-2-methylpyrrolidine-1-carboxylate (1.63 g, 8.08 mmol) in
toluene (30 mL) was added CMBP (3.5 mL, 13.5 mmol) at rt. After stirring at reflux for 2 h, the
reaction mixture was concentrated under reduced pressure. The residue was purified by column
chromatography [SiO2, Hex/EtOAc = 85/15-60/40 (v/v)] to give the title compound (2.78 g, 6.60
mmol, 98% yield) as a pale-yellow oil.

'H-NMR (CDCl3) &: 1.31 (3H, d, J = 5.5 Hz), 1.40-1.52 (15H, m), 2.06-2.15 (1H, m), 2.58-2.72
(1H, m), 3.72-3.94 (2H, m), 4.03-4.23 (1H, m), 4.68-4.76 (1H, m), 4.90-4.99 (1H, m), 6.84 (1H, s),
7.83 (1H, s), 7.91 (1H, s), 8.38 (1H, s).

MS (ESI/APCI): m/z caled for C21H30CIN4O3; (M +H)*" 421.2. Found 421.2.

tert-Butyl (25,45)-4-{4-[6-chloro-4-(propan-2-yloxy)pyridin-3-yl]-3-fluoro-1H-pyrazol-1-yl}-
2-methylpyrrolidine-1-carboxylate (53b)

N _CI

| A

=
Oj/

Boc

\
prd
""‘@Z'Z\ M
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To a solution of 2-chloro-5-(3-fluoro-1H-pyrazol-4-yl)-4-(propan-2-yloxy)pyridine (48) (70 mg,
0.27 mmol) in toluene (3 mL) were added ftert-butyl (25,4R)-4-hydroxy-2-methylpyrrolidine-1-
carboxylate (66 mg, 0.33 mmol) and CMBP (0.140 mL, 0.548 mmol). After stirring at reflux for 2
h, the reaction mixture was concentrated under reduced pressure. The residue was purified by
column chromatography [SiO2, Hex/EtOAc = 80/20—60/40 (v/v)] to give the title compound (69
mg, 0.16 mmol, 57% yield) as a pale-yellow oil.

'H-NMR (CDCIl3) &: 1.26-1.33 (3H, m), 1.41-1.51 (15H, m), 1.99-2.09 (1H, m), 2.54-2.71 (1H, m),
3.68-3.96 (2H, m), 3.98-4.27 (1H, m), 4.69-4.79 (2H, m), 6.84 (1H, s), 7.72 (1H, d, J = 1.8 Hz),

8.47 (1H, s). MS (ESI/APCI): m/z calcd for C21H29CIFN4O3 (M +H)* 439.2. Found 439.2.

tert-Butyl (2S5,45)-4-{4-[6-chloro-4-(propan-2-yloxy)pyridin-3-yl]-3-methyl-1H-pyrazol-1-yl}-

2-methylpyrrolidine-1-carboxylate (53c)
N _CI

Boc

\
Z
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<

A mixture of 2-chloro-5-(3-methyl-1H-pyrazol-4-yl)-4-(propan-2-yloxy)pyridine (47) (4.32 g, 17.2
mmol), tert-butyl (25,4R)-4-hydroxy-2-methylpyrrolidine-1-carboxylate (3.80 g, 18.9 mmol), and
CMBP (9.0 mL, 34 mmol) in toluene (60 mL) was stirred at reflux for 2.5 h. tert-Butyl (25,4R)-4-
hydroxy-2-methylpyrrolidine-1-carboxylate (690 mg, 3.43 mmol) and CMBP (1.8 mL, 6.9 mmol)
were added and the reaction mixture was stirred at reflux for 1 h. The reaction mixture was
concentrated, and the residue was purified by column chromatography [SiO,, Hex/EtOAc = 65/35-
55/45 (v/v)] to give the title compound (4.43 g, 10.2 mmol, 59% yield) as a colorless amorphous
solid.

'H-NMR (CDCls) 8: 1.27-1.33 (3H, m), 1.39 (6H, d, J = 6.1 Hz), 1.46 (9H, s), 2.00-2.13 (1H, m),
2.28 (3H, s), 2.54-2.69 (1H, m), 3.68-3.95 (2H, m), 3.98-4.27 (1H, m), 4.61-4.72 (1H, m), 4.84-
4.93 (1H, m), 6.84 (1H, s), 7.50 (1H, s), 8.14 (1H, s). MS (ESI/APCI): m/z calcd for C22H32CIN4O3

(M+H)* 435.2. Found 435.2.
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tert-Butyl (25,45)-4-{4-16-({2-[1-(cyclopropylsulfonyl)-1H-pyrazol-4-yl]pyrimidin-4-
yl}amino)-4-(propan-2-yloxy)pyridin-3-yl]-1H-pyrazol-1-yl}-2-methylpyrrolidine-1-

carboxylate (54a)

H
N_ _N
| %
S Na N
N7
N Oj/ 2
0, N-N
N 'S

47

A mixture of tert-butyl (25,4S5)-4-{4-[6-chloro-4-(propan-2-yloxy)pyridin-3-yl]-1H-pyrazol-1-yl}-

Boc

e

2-methylpyrrolidine-1-carboxylate (53a) (944 mg, 2.24 mmol), 2-[1-(cyclopropylsulfonyl)-1H-
pyrazol-4-yl|pyrimidin-4-amine (9) (653 mg, 2.46 mmol), Xphos (215 mg, 0.451 mmol),
tris(dibenzylideneacetone)dipalladium(0) (225 mg, 0.246 mmol), and Cs,CO3 (1.81 g, 5.56 mmol)
in fert-BuOH (11 mL) was stirred at reflux for 3 h under a N, atmosphere. After cooling down to
rt, the reaction mixture was diluted with DCM and filtered through Celite. After evaporating the
solvent, the residue was purified by column chromatography [SiO,, EtOAc/MeOH = 100/0-
96/4(v/v)] to give the title compound (809 mg, 1.25 mmol, 56% yield) as a colorless amorphous
solid.

'H-NMR (CDCl3) &: 1.19-1.29 (2H, m), 1.32 (3H, d, J = 5.5 Hz), 1.39-1.58 (17H, m), 2.03-2.16
(1H, m), 2.60-2.74 (1H, m), 2.80-2.87 (1H, m), 3.70-3.94 (2H, m), 4.03-4.29 (1H, m), 4.84-5.01
(2H, m), 7.04 (1H, d, J= 5.5 Hz), 7.55 (1H, s), 7.70 (1H, br s), 7.85 (1H, s), 7.93 (1H, s), 8.36 (1H,
s), 8.42 (1H, d, J= 5.5 Hz), 8.45 (1H, s), 8.64 (1H, s). MS (ESI/APCI): m/z calcd for C31H4N9oOsS

(M +H)" 650.3. Found 650.3.

tert-Butyl (25,45)-4-{4-16-({2-[1-(cyclopropylsulfonyl)-1H-pyrazol-4-yl]pyrimidin-4-

yl}amino)-4-(propan-2-yloxy)pyridin-3-yl]-3-fluoro-1H-pyrazol-1-yl}-2-methylpyrrolidine-1-

carboxylate (54b)
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A mixture of tert-butyl (285,4S5)-4-{4-[6-chloro-4-(propan-2-yloxy)pyridin-3-yl]-3-fluoro-1H-
pyrazol-1-yl}-2-methylpyrrolidine-1-carboxylate  (53b) (69 mg, 0.16 mmol), 2-[I-
(cyclopropylsulfonyl)-1H-pyrazol-4-yl]pyrimidin-4-amine  (9) (42 mg, 0.16 mmol),
tris(dibenzylideneacetone)dipalladium(0) (14 mg, 0.016 mmol), Xphos (19 mg, 0.039 mmol), and
Cs2CO3 (102 mg, 0.314 mmol) in fert-BuOH (2 mL) was stirred at reflux for 3 h under a N»
atmosphere. After cooling down to rt, the mixture was diluted with DCM and filtered through Celite.
After evaporating the solvent, the residue was purified by column chromatography [SiO-,
Hex/EtOAc = 25/75-0/100 (v/v)] to give the title compound (46 mg, 0.069 mmol, 44% yield) as a
colorless amorphous solid.

'"H-NMR (CDCls) é: 1.20-1.35 (5H, m), 1.41-1.57 (17H, m), 2.01-2.10 (1H, m), 2.57-2.71 (1H, m),
2.80-2.88 (1H, m), 3.70-3.93 (2H, m), 4.02-4.24 (1H, m), 4.72-4.82 (1H, m), 4.83-4.92 (1H, m),
7.04 (1H, d, J = 5.5 Hz), 7.54 (1H, s), 7.69-7.75 (2H, m), 8.41-8.46 (3H, m), 8.64 (1H, s). MS

(ESI/APCI): m/z calcd for C31H39FNoOsS (M +H)* 668.3. Found 668.3.

tert-Butyl (25,45)-4-{4-[6-({2-[1-(cyclopropylsulfonyl)-1H-pyrazol-4-yl|pyrimidin-4-
yl}amino)-4-(propan-2-yloxy)pyridin-3-yl]-3-methyl-1H-pyrazol-1-yl}-2-methylpyrrolidine-

1-carboxylate (54¢)
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A mixture of tert-butyl (2S5,45)-4-{4-[6-chloro-4-(propan-2-yloxy)pyridin-3-yl]-3-methyl-1H-
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pyrazol-1-yl}-2-methylpyrrolidine-1-carboxylate  (53¢) (4.43 g, 10.2 mmol), 2-[I-
(cyclopropylsulfonyl)-1H-pyrazol-4-yl]pyrimidin-4-amine (9) (2.63 g, 9.91 mmol), Xphos (970 mg,
2.03 mmol), tris(dibenzylideneacetone)dipalladium(0) (980 mg, 1.07 mmol), and Cs,COs3 (8.35 g,
25.6 mmol) in tert-BuOH (51 mL) was stirred at reflux for 3 h. After cooling down to rt, the mixture
was diluted with DCM and filtered through Celite. After evaporating the solvent, the residue was
purified by column chromatography [SiO,, DCM/MeOH = 98/2-95/5 (v/v)] to give the title
compound (2.75 g, 4.14 mmol, 41% yield) as a yellow amorphous solid.

'H-NMR (CDCl3) 6: 1.18-1.34 (5H, m), 1.40-1.56 (17H, m), 2.04-2.15 (1H, m), 2.32 (3H, s), 2.57-
2.68 (1H, m), 2.80-2.88 (1H, m), 3.69-3.93 (2H, m), 4.00-4.23 (1H, m), 4.77-4.86 (1H, m), 4.86-
4.95 (1H, m), 7.08 (1H, d, J= 5.5 Hz), 7.52 (1H, s), 7.67 (1H, br s), 7.71 (1H, s), 8.11 (1H, s), 8.42
(1H, d, J=5.5 Hz), 8.45 (1H, s), 8.64 (1H, s). MS (ESI/APCI): m/z calcd for C32H4N9OsS (M+H)*

664.3. Found 664.3.

tert-Butyl (25,45)-4-{4-16-({2-[1-(cyclopropylsulfonyl)-1H-pyrazol-4-yl]pyrimidin-4-
yl}amino)-4-(propan-2-yloxy)pyridin-3-yl]-3-methoxy-1H-pyrazol-1-yl}-2-methylpyrrolidine-

1-carboxylate (54d)
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A mixture of tert-butyl (285,45)-4-{4-[6-chloro-4-(propan-2-yloxy)pyridin-3-yl]-3-methoxy-1H-

e

pyrazol-1-yl}-2-methylpyrrolidine-1-carboxylate  (52) (654 mg, 1.45 mmol), 2-[I-
(cyclopropylsulfonyl)-1H-pyrazol-4-yl]pyrimidin-4-amine  (9) (385 mg, 1.45 mmol),
tris(dibenzylideneacetone)dipalladium(0) (13.3 mg, 0.145 mmol), Xphos (27.7 mg, 0.580 mmol),
and Cs2COs3 (945 mg, 2.90 mmol) in zert-BuOH (10 mL) was stirred at reflux for 6 h. After cooling
down to rt, water was added to the reaction mixture. The mixture was extracted with EtOAc, washed
with brine, and dried over anhydrous MgSO4. After concentration under reduced pressure, the

residue was purified by column chromatography [SiO2, Hex/EtOAc = 80/20-0/100 (v/v)] to give
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the title compound (339 mg, 0.499 mmol, 34% yield) as a colorless amorphous solid.

'H-NMR (CDCls) 8: 1.20-1.25 (2H, m), 1.31-1.32 (3H, br m), 1.49 (9H, br s), 1.52-1.55 (8H, m),
2.03-2.04 (1H, br m), 2.60 (1H, br s), 2.82-2.84 (1H, m), 3.77-3.84 (2H, br m), 4.00 (3H, s), 4.07-
4.18 (2H, br m), 4.74-4.76 (1H, m), 4.83-4.89 (1H, m), 7.05-7.06 (1H, br m), 7.68 (1H, br s), 7.79

(1H, s), 7.92 (1H, br s), 8.39 (1H, d, J = 5.5 Hz), 8.45 (1H, s), 8.64 (1H, s), 8.77 (1H, s).

2-[1-(Cyclopropylsulfonyl)-1H-pyrazol-4-yl]-N-[5-{1-[(35,55)-1,5-dimethylpyrrolidin-3-yl]-

1H-pyrazol-4-yl}-4-(propan-2-yloxy)pyridin-2-yl|pyrimidin-4-amine (55a)

Step 1: To a solution of tert-butyl (25,4S5)-4-{4-[6-({2-[1-(cyclopropylsulfonyl)-1H-pyrazol-4-
yl]pyrimidin-4-yl} amino)-4-(propan-2-yloxy)pyridin-3-yl]-1H-pyrazol-1-yl}-2-
methylpyrrolidine-1-carboxylate (54a) (1.27 g, 1.95 mmol) in DCM (10 mL) was added TFA (10
mL) at rt. After stirring at rt for 1 h, the reaction mixture was concentrated under reduced pressure
and quenched by sat. aq. NaHCOs3. The mixture was extracted with DCM/MeOH, washed with brine,
dried over anhydrous Na;SQOs, and concentrated under reduced pressure. Purification by column
chromatography [amino, DCM/MeOH = 99/1-97/3 (v/v)] afforded 2-[1-(cyclopropylsulfonyl)-1H-
pyrazol-4-yl]-N-[5-{1-[(3S,55)-5-methylpyrrolidin-3-yl]-1H-pyrazol-4-yl}-4-(propan-2-
yloxy)pyridin-2-yl]pyrimidin-4-amine (943 mg, 1.72 mmol, 88% yield) as a pink solid.

'H-NMR (CDCls) 8: 1.20-1.32 (5H, m), 1.51-1.57 (8H, m), 1.81-1.90 (1H, m), 2.38-2.45 (1H, m),
2.80-2.87 (1H, m), 3.27 (1H, dd, J=11.7, 4.9 Hz), 3.49-3.67 (2H, m), 4.84-4.94 (2H, m), 7.03 (1H,
d, J=5.5Hz), 7.65 (1H, s), 7.70 (1H, br s), 7.88 (1H, s), 7.92 (1H, s), 8.37 (1H, s), 8.41 (1H, d, J
= 5.5 Hz), 8.45 (1H, s), 8.64 (1H, s). MS (ESI/APCI): m/z calcd for C6H32N903S (M +H)" 550.2.

Found 550.3.

Step 2: To a solution of 2-[1-(cyclopropylsulfonyl)-1H-pyrazol-4-yl]-N-[5-{1-[(3S§,55)-5-
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methylpyrrolidin-3-yl]-1H-pyrazol-4-yl}-4-(propan-2-yloxy)pyridin-2-yl]pyrimidin-4-amine (197
mg, 0.358 mmol) in MeOH (4 mL) were added aq. formaldehyde (37mass%, 0.040 mL, 0.532 mmol)
and NaBH(OAc); (110 mg, 0.519 mmol) in sequence at rt. After stirring at rt for 2 h, the reaction
mixture was quenched by sat. aq. NaHCO3 and extracted with DCM. The organic layer was washed
with brine, dried over anhydrous Na>SOg4, and concentrated under reduced pressure. Purification by
column chromatography [Si02, EtOAc/MeOH = 100/0-98/2 (v/v); DCM/MeOH = 80/20] afforded
2-[1-(cyclopropylsulfonyl)-1H-pyrazol-4-yl]-N-[5-{1-[(3S,55)-1,5-dimethylpyrrolidin-3-yl]-1H-
pyrazol-4-yl}-4-(propan-2-yloxy)pyridin-2-yl]pyrimidin-4-amine (54a) (139 mg, 0.247 mmol, 69%
yield) as a colorless solid.

'H-NMR (CDCl3) &: 1.18-1.27 (5H, m), 1.51-1.57 (8H, m), 2.04-2.13 (1H, m), 2.38-2.46 (4H, m),
2.66-2.76 (2H, m), 2.80-2.87 (1H, m), 3.60 (1H, dd, J = 9.5, 7.6 Hz), 4.85-4.93 (2H, m), 7.02 (1H,
d, J=5.5Hz), 7.64 (1H, s), 7.71 (1H, br s), 7.87 (1H, s), 7.94 (1H, s), 8.37 (1H, s), 8.41 (1H, d, J
= 5.5 Hz), 8.45 (1H, s), 8.64 (1H, s). *C-NMR (CDCls) §: 7.16, 18.36, 21.84, 31.26, 39.43, 40.46,
58.52, 60.59, 63.19, 70.92,97.12, 106.27, 114.10, 115.13, 125.70, 127.09, 131.14, 137.61, 144.38,
145.67, 152.08, 156.33, 158.74, 159.19, 161.38. HRMS (ESI): m/z calcd for C27H34N9O3S (M+H)*

564.2507. Found 564.2489.

2-[1-(Cyclopropylsulfonyl)-1H-pyrazol-4-yl]-N-[5-{1-[(35,55)-1,5-dimethylpyrrolidin-3-yl]-3-

fluoro-1H-pyrazol-4-yl}-4-(propan-2-yloxy)pyridin-2-yl|pyrimidin-4-amine (55b)

ZT

Step I: To a solution of tert-butyl (2S,4S5)-4-{4-[6-({2-[1-(cyclopropylsulfonyl)-1H-pyrazol-4-
yl]pyrimidin-4-yl} amino)-4-(propan-2-yloxy)pyridin-3-yl]-3-fluoro-1H-pyrazol-1-yl}-2-

methylpyrrolidine-1-carboxylate (54b) (44 mg, 0.066 mmol) in DCM (1 mL) was added TFA (0.5
mL). After stirring at rt for 30 min, the reaction mixture was diluted with DCM. The mixture was

washed with aq. 1 mol/L K>COs3, dried over anhydrous Na>SOj4, and concentrated. The residue was
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purified by column chromatography (amino, DCM/MeOH) to give 2-[1-(cyclopropylsulfonyl)-1H-
pyrazol-4-yl]-N-[5-{3-fluoro-1-[(3S,5S)-5-methylpyrrolidin-3-yl]-1H-pyrazol-4-yl}-4-(propan-2-
yloxy)pyridin-2-yl]pyrimidin-4-amine (33 mg, 0.058 mmol, 88% yield) as a colorless solid.
'"H-NMR (DMSO-Dg) &: 1.11 (3H, d, J= 6.7 Hz), 1.22-1.39 (4H, m), 1.44 (6H, d, J= 6.1 Hz), 1.63-
1.73 (1H, m), 2.11-2.19 (1H, m), 2.90 (1H, dd, J=11.6, 5.5 Hz), 3.25-3.41 (3H, m), 4.77-4.84 (1H,
m), 4.85-4.93 (1H, m), 7.36-7.44 (1H, m), 7.89 (1H, br s), 8.00 (1H, d, J = 2.4 Hz), 8.27 (1H, s),
8.43-8.47 (2H, m), 8.65 (1H, s), 10.30 (1H, s). MS (ESI/APCI): m/z calcd for CsH31FN9O3S

(M+H)* 568.2. Found 568.2.

Step 2: To a solution of 2-[1-(cyclopropylsulfonyl)-1H-pyrazol-4-yl]-N-[5-{3-fluoro-1-[(3S§,55)-5-
methylpyrrolidin-3-yl]-1H-pyrazol-4-yl}-4-(propan-2-yloxy)pyridin-2-yl]pyrimidin-4-amine (25
mg, 0.044 mmol) in DCM (0.5 mL and MeOH (0.5 mL) were added aq. formaldehyde (37 mass%,
0.018 mL, 0.22 mmol) and NaBH(OAc); (19 mg, 0.088 mmol). After stirring at rt for 90 min, the
reaction was quenched by aq. 1.0 mol/L K,COs3. The mixture was diluted with DCM, washed with
brine, dried over anhydrous Na>SO4, and concentrated. The residue was purified by column
chromatography [SiO,, DCM/MeOH = 99/1-97/3 (v/v)] to give 2-[1-(cyclopropylsulfonyl)-1H-
pyrazol-4-yl]-N-[5-{1-[(3§,55)-1,5-dimethylpyrrolidin-3-yl]-3-fluoro-1 H-pyrazol-4-yl}-4-
(propan-2-yloxy)pyridin-2-yl]pyrimidin-4-amine (55b) (24 mg, 0.041 mmol, 94% yield) as a
colorless solid.

'"H-NMR (DMSO-D¢) 8: 1.08 (3H, d, J = 5.5 Hz), 1.21-1.39 (4H, m), 1.44 (6H, d, J = 6.1 Hz), 1.84-
1.93 (1H, m), 2.18-2.29 (4H, m), 2.40-2.57 (2H, m), 3.25-3.33 (1H, m), 3.36-3.45 (1H, m), 4.79-
4.94 (2H, m), 7.38-7.43 (1H, m), 7.89 (1H, br s), 8.02 (1H, d, J = 2.4 Hz), 8.28 (1H, s), 8.44-8.47
(2H, m), 8.65 (1H, s), 10.30 (1H, s). I3C-NMR (CDCI3) 6: 7.16, 18.35, 21.81, 31.26, 39.38, 40.05,
59.08, 60.39, 62.70, 71.05, 97.08, 97.94 (d, J = 17.3 Hz), 106.40, 111.86 (d, J = 5.8 Hz), 125.75,
129.95, 131.09, 144.38, 146.63 (d, J = 8.7 Hz), 152.42, 156.36, 158.70, 159.26, 160.39 (d, J =

246.6 Hz), 161.35. HRMS (ESI): m/z calcd for C27H33FNoO3S (M+H)" 582.2413. Found 582.2395.

2-[1-(Cyclopropylsulfonyl)-1H-pyrazol-4-yl]-N-[5-{1-[(3S5,55)-1,5-dimethylpyrrolidin-3-yl]-3-

methyl-1H-pyrazol-4-yl}-4-(propan-2-yloxy)pyridin-2-yl]pyrimidin-4-amine (55c¢)
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Step 1: To a solution of tert-butyl (2S5,45)-4-{4-[6-({2-[1-(cyclopropylsulfonyl)-1H-pyrazol-4-
yl]pyrimidin-4-yl} amino)-4-(propan-2-yloxy)pyridin-3-yl]-3-methyl-1H-pyrazol-1-yl}-2-
methylpyrrolidine-1-carboxylate (54¢) (2.75 g, 4.14 mmol) in DCM (20 mL) was added TFA (14
mL). After stirring at rt for 45 min, sat. aq. NaHCO3; was added to the reaction mixture and extracted
with DCM/MeOH. The organic layer was washed with brine, dried with Na;SO4, and concentrated.
Purification by column chromatography [amino, DCM/MeOH = 99/1-96/4 (v/v)] afforded 2-[1-
(cyclopropylsulfonyl)-1H-pyrazol-4-yl]-N-[5-{3-methyl-1-[(3S,55)-5-methylpyrrolidin-3-yl]-1H-
pyrazol-4-yl}-4-(propan-2-yloxy)pyridin-2-yl]pyrimidin-4-amine (1.85 g, 3.28 mmol, 79% yield)
as a yellow amorphous solid.

'"H-NMR (CDCls) &: 1.20-1.26 (5H, m), 1.47 (6H, d, J= 6.1 Hz), 1.51-1.56 (2H, m), 1.80-1.89 (1H,
m), 2.33 (3H, s), 2.35-2.42 (1H, m), 2.80-2.87 (1H, m), 3.25 (1H, dd, J = 11.6, 4.9 Hz), 3.50-3.64
(2H, m), 4.79-4.87 (2H, m), 7.08 (1H, d, J = 5.5 Hz), 7.57 (1H, s), 7.64-7.67 (2H, m), 8.12 (1H, s),
8.42 (1H, d, J = 5.5 Hz), 8.45 (1H, s), 8.64 (1H, s). MS (ESI/APCI): m/z calcd for C27H34N9O3S

(M+H)* 564.3. Found 564.3.

Step 2: To a solution of 2-[1-(cyclopropylsulfonyl)-1H-pyrazol-4-yl]-N-[5-{3-methyl-1-[(3S§,55)-5-
methylpyrrolidin-3-yl]-1H-pyrazol-4-yl}-4-(propan-2-yloxy)pyridin-2-yl]pyrimidin-4-amine (1.85
g, 3.28 mmol) in MeOH (15 mL) and DCM (15 mL) were added aq. formaldehyde (37 mass%, 0.370
mL, 4.92 mmol) and NaBH(OAc)s (1.04 g, 4.91 mmol). After stirring at rt for 40 min, sat. aq.
NaHCOs3 was added to the reaction mixture and extracted with DCM/MeOH. The organic layer was
washed with brine, dried over Na;SOj4, and concentrated. Purification by column chromatography
[amino, DCM/MeOH = 100/0-97/3 (v/v)] afforded 2-[1-(cyclopropylsulfonyl)-1H-pyrazol-4-yl]-
N-[5-{1-[(3S,55)-1,5-dimethylpyrrolidin-3-yl]-3-methyl-1H-pyrazol-4-yl}-4-(propan-2-

yloxy)pyridin-2-yl]pyrimidin-4-amine (55c¢) (1.68 g, 2.91 mmol, 89% yield) as a colorless solid.
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'H-NMR (CDCl3) &: 1.18 (3H, d, J = 6.1 Hz), 1.19-1.27 (2H, m), 1.47 (6H, d, J = 6.1 Hz), 1.51-
1.56 (2H, m), 2.01-2.11 (1H, m), 2.33 (3H, s), 2.36-2.44 (4H, m), 2.61-2.71 (2H, m), 2.80-2.87 (1H,
m), 3.54-3.59 (1H, m), 4.78-4.87 (2H, m), 7.08 (1H, d, J = 5.5 Hz), 7.53-7.57 (2H, m), 7.64 (1H,
s), 8.12 (1H, s), 8.42 (1H, d, J = 5.5 Hz), 8.45 (1H, s), 8.64 (1H, s). *C-NMR (CDCl;) 5: 7.15,
13.61, 18.53,21.70, 31.26, 39.48, 40.31, 58.28, 60.48, 63.27, 70.62, 97.05, 106.26, 112.95, 114.96,
125.71, 128.71, 131.13, 144.38, 146.57, 148.00, 152.60, 156.40, 158.78, 159.26, 162.35. HRMS

(ESI): m/z caled for CasH3sNoO3S (M+H)* 578.2664. Found 578.2647.

2-[1-(Cyclopropylsulfonyl)-1H-pyrazol-4-yl]-N-[5-{1-[(35,55)-1,5-dimethylpyrrolidin-3-yl]-3-

methoxy-1H-pyrazol-4-yl}-4-(propan-2-yloxy)pyridin-2-yl|pyrimidin-4-amine (55d)
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Step 1: To a solution of tert-butyl (25,4S5)-4-{4-[6-({2-[1-(cyclopropylsulfonyl)-1H-pyrazol-4-
yl]pyrimidin-4-yl}amino)-4-(propan-2-yloxy)pyridin-3-yl]-3-methoxy-1H-pyrazol-1-yl}-2-
methylpyrrolidine-1-carboxylate (54d) (339 mg, 0.499 mmol) in DCM (5.0 mL) was added TFA
(1.91 mL) at rt. After stirring at rt for 2 h, the reaction mixture was concentrated under reduced
pressure. The residue was purified by column chromatography [amino, EtOAc/MeOH = 100/0—
80/20 (v/v)] to give 2-[1-(cyclopropylsulfonyl)-1H-pyrazol-4-yl]-N-[5-{3-methoxy-1-[(3S,55)-5-
methylpyrrolidin-3-yl]-1H-pyrazol-4-yl}-4-(propan-2-yloxy)pyridin-2-yl]pyrimidin-4-amine (247
mg, 0.426 mmol, 85% yield) as a colorless solid.

'H-NMR (CDCls) 8: 1.20-1.28 (5H, m), 1.52-1.55 (8H, m), 1.76-1.80 (1H, m), 2.33-2.36 (1H, m),
2.82-2.84 (1H, m), 3.22-3.25 (1H, m), 3.44-3.47 (1H, m), 3.57-3.61 (1H, m), 4.00 (3H, s), 4.68-
4.72 (1H, m), 4.83-4.89 (1H, m), 7.05-7.06 (1H, br m), 7.65 (1H, br s), 7.73 (1H, br s), 7.82 (1H,

s), 8.39 (1H, d, J = 6.1 Hz), 8.45 (1H, s), 8.64 (1H, s), 8.78 (1H, s).

Step 2: To a solution of 2-[1-(cyclopropylsulfonyl)-1H-pyrazol-4-yl]-N-[5-{3-methoxy-1-[(3S,55)-
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5-methylpyrrolidin-3-yl]-1H-pyrazol-4-yl}-4-(propan-2-yloxy)pyridin-2-yl]pyrimidin-4-amine
(138 mg, 0.238 mmol) in MeOH (0.5 mL) and DCM (5.0 mL) was added aq. formaldehyde (37
mass%, 0.0537 mL, 0.714 mmol). After stirring at rt for 30 min, NaBH(OAc)3 (101 mg, 0.476
mmol) was added to the reaction mixture. After stirring at rt for 16 h, sat. aq. NaHCOs3 and water
were added to the reaction mixture and the mixture was extracted with DCM. The organic layer was
dried over anhydrous MgSOj4. After evaporating the solvent, the residue was purified by column
chromatography [amino, EtOAc/DCM/MeOH = 95/0/5-85/10/5 (v/v/v)]. The crude product was
washed with Et;O to give 2-[1-(cyclopropylsulfonyl)-1H-pyrazol-4-yl]-N-[5-{1-[(3S,55)-1,5-
dimethylpyrrolidin-3-yl]-3-methoxy-1H-pyrazol-4-yl}-4-(propan-2-yloxy)pyridin-2-yl]pyrimidin-
4-amine (55d) (122 mg, 0.205 mmol, 86% yield) as a colorless solid.

'H-NMR (CDCl3) &: 1.17-1.28 (5H, m), 1.52-1.54 (8H, m), 1.96-2.05 (1H, m), 2.34-2.36 (4H, m),
2.62-2.66 (2H, m), 2.81-2.85 (1H, m), 3.52-3.55 (1H, m), 4.01 (3H, s), 4.67-4.70 (1H, m), 4.83-
4.90 (1H, m), 7.05 (1H, d, J =5.5 Hz), 7.66 (1H, br s), 7.82 (1H, s), 7.86 (1H, br s), 8.39 (1H, d, J
=5.5 Hz), 8.45 (1H, s), 8.64 (1H, s), 8.79 (1H, s). '*C-NMR (CDCl3) &: 7.15, 18.51, 21.90, 31.27,
39.58, 40.23, 56.20, 58.53, 60.44, 62.79, 70.76, 97.13, 98.67, 106.48, 113.88, 125.90, 129.57,
131.05, 144.41, 146.66, 151.56, 156.00, 158.66, 159.45, 160.36, 160.97. HRMS (ESI): m/z calcd

for C2sH36N9O4S (NH’H)+ 594.2613. Found 594.2600.

tert-Butyl 4-(4-iodo-3-methoxy-1H-pyrazol-1-yl)piperidine-1-carboxylate (57a)

A mixture of 4-iodo-3-methoxy-1H-pyrazole (50) (300 mg, 1.34 mmol), tert-butyl 4-
methylsulfonyloxypiperidine-1-carboxylate (487 mg, 1.74 mmol), and Cs>COs3 (1.10 g, 3.35 mmol)
in DMA (7.0 mL) was stirred at 100°C for 2 h. After cooling down to 0°C, water was added to the
reaction mixture. The mixture was extracted with Et,O and the organic layer was washed with water
and brine and dried over anhydrous Na>SOj4. After evaporating the solvent, the residue was purified

by column chromatography [SiO2, Hex/EtOAc = 75/25-60/40 (v/v)] to give the title compound (392
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mg, 0.963 mmol, 72% yield) as a colorless oil.
'H-NMR (CDCls) &: 1.47 (9H, s), 1.75-1.87 (2H, m), 2.03-2.11 (2H, m), 2.79-2.93 (2H, m), 3.92

(3H, s5), 4.01-4.34 (3H, m), 7.24 (1H, s).

3-(Difluoromethoxy)-4-iodo-1H-pyrazole (56)

Néz'
N—/

H
To a solution of 3-(difluoromethoxy)-1H-pyrazole?? (920 mg, 6.86 mmol) in DMF (22 mL) was
added N-iodosuccinimide (1.72 g, 7.64 mmol) at 0°C. After stirring at 0°C for 2 h, water was added
to the reaction mixture. The mixture was extracted with EtOAc, and the organic layer was washed
with water and brine, dried over Na>;SO4, and concentrated. Purification by column chromatography
[SiO2, Hex/EtOAc = 75/25-60/40 (v/v)] afforded the mixture of the title compounds (1.55 g, 5.96
mmol, 87% yield) as a colorless solid.
'H-NMR (CDCls) &: 6.92 (1H, t, J = 72.9 Hz), 7.51 (1H, s), 9.66 (1H, br s). MS (ESI/APCI): m/z

calcd for C4H4F2IN,O (M+H)" 260.9. Found 261.

tert-Butyl 4-[3-(difluoromethoxy)-4-iodo-1H-pyrazol-1-yl|piperidine-1-carboxylate (57b)

A mixture of 3-(difluoromethoxy)-4-iodo-1H-pyrazole (56) (300 mg, 1.15 mmol), fert-butyl 4-
methylsulfonyl-oxypiperidine-1-carboxylate (430 mg, 1.54 mmol), and Cs:CO3 (923 mg, 2.83
mmol) in DMA (5.0 mL) was stirred at 100°C for 2 h. After cooling down to rt, water was added to
the reaction mixture. The mixture was extracted with EtOAc and the organic layer was washed with

water and brine and dried over anhydrous Na,SO4. After evaporating the solvent, the residue was
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purified by column chromatography [SiO., Hex/EtOAc = 75/25-65/35 (v/v)] to give the title
compound (430 mg, 0.970 mmol, 84% yield) as a colorless oil.
'"H-NMR (CDCls) 6: 1.47 (9H, s), 1.78-1.89 (2H, m), 2.04-2.10 (2H, m), 2.77-2.92 (2H, m), 4.06-

4.31 (3H, m), 6.89 (1H, t, J = 72.9 Hz), 7.33 (1H, s).

tert-Butyl 4-{4-[6-chloro-4-(propan-2-yloxy)pyridin-3-yl]-3-methoxy-1H-pyrazol-1-

yl}piperidine-1-carboxylate (58a)
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A mixture of tert-butyl 4-(4-iodo-3-methoxy-1H-pyrazol-1-yl)piperidine-1-carboxylate (57a) (392
mg, 0.963 mol), 2-chloro-4-(propan-2-yloxy)-5-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-
yl)pyridine (49) (580 mg, crude), Pd(dppf)Cl: (142 mg, 0.194 mol), and aq. K»CO3 (2.0 mol/L, 1.2
mL, 2.4 mmol) in 1,4-dioxane (5.0 mL) was stirred at 100°C for 1 h. After cooling down to rt, the
reaction mixture was diluted with EtOAc, washed with water and brine, and dried over anhydrous
Na»SOg4. After evaporating the solvent, the residue was purified by column chromatography [SiO,,
Hex/EtOAc = 65/35-55/45 (v/v)] to give the title compound (223 mg, 0.494 mmol, 51% yield) as
a brown solid.

'H-NMR (CDCls) &: 1.44 (6H, d, J = 6.1 Hz), 1.48 (9H, s), 1.79-1.92 (2H, m), 2.10-2.17 (2H, m),
2.84-2.96 (2H, m), 3.98 (3H, s), 4.05-4.36 (3H, m), 4.67-4.75 (1H, m), 6.79 (1H, s), 7.78 (1H, s),

8.81 (1H, s).

tert-Butyl 4-{4-[6-chloro-4-(propan-2-yloxy)pyridin-3-yl]-3-(difluoromethoxy)-1H-pyrazol-1-

yl}piperidine-1-carboxylate (58b)
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A mixture of [3-(difluoromethoxy)-4-iodo-1H-pyrazol-1-yl]piperidine-1-carboxylate (59b) (420
mg, 0.948 mol), 2-chloro-4-(propan-2-yloxy)-5-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-
yD)pyridine (49) (423 mg, crude), Pd(dppf)Cl, (138 mg, 0.189 mol), and aq. K»CO3 (2.0 mol/L, 1.2
mL, 2.4 mmol) in 1,4-dioxane (5.0 mL) was stirred at 100°C for 1 h. After cooling down to rt, the
reaction mixture was diluted with EtOAc, washed with water and brine, and dried over anhydrous
NazS0y4. After evaporating the solvent, the residue was purified by column chromatography [SiOa,
Hex/EtOAc = 67/33-55/45 (v/v)] to give the title compound (325 mg, 0.667 mmol, 70% yield) as
a brown amorphous solid.

'H-NMR (CDCls) 8: 1.43 (6H, d, J = 6.1 Hz), 1.48 (9H, s), 1.78-1.95 (2H, m), 2.09-2.18 (2H, m),
2.82-2.97 (2H, m), 4.07-4.35 (3H, m), 4.65-4.75 (1H, m), 6.83 (1H, s), 7.04 (1H, t, J = 73.2 Hz),

7.73 (1H, s), 8.57 (1H, s).

tert-Butyl 4-{4-[6-({2-[1-(cyclopropylsulfonyl)-1H-pyrazol-4-yl|pyrimidin-4-yl}amino)-4-

(propan-2-yloxy)pyridin-3-yl]-3-methoxy-1H-pyrazol-1-yl}piperidine-1-carboxylate (59a)

H
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tert-Butyl 4-{4-[6-chloro-4-(propan-2-yloxy)pyridin-3-yl]-3-methoxy-1H-pyrazol-1-

IN -
-O

yl}piperidine-1-carboxylate (58a) (220 mg, 0.488 mmol), 2-[1-(cyclopropylsulfonyl)-1H-pyrazol-
4-yllpyrimidin-4-amine (9) (144 mg, 0.543 mmol), tris(dibenzylideneacetone)dipalladium(0) (92

mg, 0.10 mmol), Xphos (91 mg, 0.19 mmol), and Cs2CO3 (398 mg, 1.22 mmol) in 1,4-dioxane (3.0
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mL) were stirred at reflux for 2.5 h. After cooling down to rt, the mixture was diluted with DCM
and filtered through Celite. After evaporating the solvent, the residue was purified by column
chromatography [SiO,, CHCI3/MeOH = 98/2-95/5 (v/v); amino, CHCl3/MeOH = 100/0-99/1 (v/v)]
to give the title compound (157 mg, 0.231 mmol, 47% yield) as a yellow solid.

'"H-NMR (CDCl3) &: 1.20-1.26 (2H, m), 1.47-1.56 (17H, m), 1.80-1.94 (2H, m), 2.12-2.20 (2H, m),
2.79-2.99 (3H, m), 4.01 (3H, s), 4.06-4.35 (3H, m), 4.79-4.91 (1H, m), 7.05 (1H, d, J = 5.5 Hz),
7.66 (1H, s), 7.75 (1H, s), 7.80 (1H, s), 8.39 (1H, d, J = 5.5 Hz), 8.45 (1H, s), 8.64 (1H, s), 8.78

1H, s). MS (ESI/APCI): m/z calcd for C32H42NoOS (M+H)* 680.3. Found 680.3.
(

tert-Butyl 4-{4-16-({2-[1-(cyclopropylsulfonyl)-1H-pyrazol-4-yl|pyrimidin-4-yl}amino)-4-
(propan-2-yloxy)pyridin-3-yl]-3-(difluoromethoxy)-1H-pyrazol-1-yl}piperidine-1-
carboxylate (59b)
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A mixture of tert-butyl 4-{4-[6-chloro-4-(propan-2-yloxy)pyridin-3-yl]-3-(difluoromethoxy)-1H-
pyrazol-1-yl}piperidine-1-carboxylate (58b) (17.0 g, 35.0 mmol), 2-[1-(cyclopropylsulfonyl)-1H-
pyrazol-4-yl]pyrimidin-4-amine (9) (9.28 g, 35.0 mmol), tris(dibenzylideneacetone)dipalladium(0)
(3.20 g, 3.50 mmol), Xphos (4.17 g, 8.75 mmol), and Cs>CO3 (22.8 g, 70.0 mmol) in 1,4-dioxane
(340 mL) was stirred at 90°C for 2 h. After cooling down to rt, the mixture was diluted with DCM
and filtered through Celite. After evaporating the solvent, the residue was purified by column
chromatography [SiO2, Hex/EtOAc = 30/70-0/100 (v/v)]. The crude product was washed with
Hex/EtOAc to give the title compound (7.70 g, 10.8 mmol, 31% yield) as a colorless solid.
'H-NMR (CDCls) &: 1.20-1.27 (2H, m), 1.49 (9H, s), 1.51-1.56 (8H, m), 1.83-1.96 (2H, m), 2.11-
2.19 (2H, m), 2.80-2.99 (3H, m), 4.10-4.34 (3H, m), 4.83-4.91 (1H, m), 7.04 (1H, d, J = 5.5 Hz),
7.08 (1H, t, J = 74.2 Hz), 7.73-7.78 (2H, m), 8.05 (1H, s), 8.42 (1H, d, J = 5.5 Hz), 8.45 (1H, s),

8.57 (1H, s), 8.64 (1H, s). MS (ESI/APCI): m/z calcd for C3,HaoF2NoOsS (M+H)* 716.3. Found
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716.3.

2-[1-(Cyclopropylsulfonyl)-1H-pyrazol-4-yl]-/V-{5-[3-methoxy-1-(1-methylpiperidin-4-yl)-

1H-pyrazol-4-yl]-4-(propan-2-yloxy)pyridin-2-yl} pyrimidin-4-amine (60a)

N O\l/ .
/)
(i> 0. N-N
N >0
Me 4
Step I: To a solution of tert-butyl 4-{4-[6-({2-[1-(cyclopropylsulfonyl)-1H-pyrazol-4-
yl]pyrimidin-4-yl} amino)-4-(propan-2-yloxy)pyridin-3-yl]-3-methoxy-1H-pyrazol-1-
yl}piperidine-1-carboxylate (59a) (150 mg, 0.221 mmol) in DCM (1.0 mL) was added TFA (1.0
mL) at rt. After stirring at rt for 30 min, the reaction mixture was quenched by sat. aq. NaHCO:s.
The mixture was extracted with MeOH/CHCI; and the organic layer was washed with brine and
dried over anhydrous Na>SO4. After evaporating the solvent, the residue was purified by column
chromatography [amino, CHCIl3/MeOH = 98/2-97/3 (v/v)] to give 2-[1-(cyclopropylsulfonyl)-1H-
pyrazol-4-yl]-N-{5-[3-methoxy-1-(piperidin-4-yl)-1 H-pyrazol-4-yl]-4-(propan-2-yloxy)pyridin-2-
yl}pyrimidin-4-amine (102 mg, 0.176 mmol, 80% yield) as a colorless solid.
'H-NMR (CDCl3) &: 1.19-1.26 (2H, m), 1.50-1.56 (8H, m), 1.80-1.91 (2H, m), 2.15-2.22 (2H, m),
2.74-2.87 (3H, m), 3.22-3.28 (2H, m), 4.01 (3H, s), 4.02-4.12 (1H, m), 4.82-4.90 (1H, m), 7.05 (1H,
d, J=5.5Hz), 7.66 (1H, br s), 7.79 (1H, br s), 7.84 (1H, s), 8.39 (1H, d, J = 5.5 Hz), 8.45 (1H, s),

8.64 (1H, s), 8.78 (1H, s).

Step 2: To a solution of 2-[1-(cyclopropylsulfonyl)-1H-pyrazol-4-yl]-N-{5-[3-methoxy-1-
(piperidin-4-yl)-1H-pyrazol-4-yl]-4-(propan-2-yloxy)pyridin-2-yl} pyrimidin-4-amine (95.0 mg,
0.164 mmol) in MeOH (1.0 mL) and DCM (1.0 mL) were added aq. formaldehyde (37 mass%, 0.020
mL, 0.27 mmol) and NaBH(OAc); (55 mg, 0.26 mmol). After stirring at rt for 1 h, sat. aq. NaHCO3
was added to the reaction mixture and extracted with CHCl3/MeOH. The organic layer was washed

with brine and dried over anhydrous Na,SO4. After evaporating the solvent, the residue was purified
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by column chromatography [amino, CHCI;/MeOH = 99/1-98/2 (v/v)] to give 2-[1-
(cyclopropylsulfonyl)-1H-pyrazol-4-yl]-N-{5-[3-methoxy-1-(1-methylpiperidin-4-yl)-1 H-pyrazol-
4-yl]-4-(propan-2-yloxy)pyridin-2-yl} pyrimidin-4-amine (60a) (81.0 mg, 0.136 mmol, 83% yield)
as a colorless solid.

'H-NMR (CDCls) 8: 1.19-1.27 (2H, m), 1.49-1.56 (8H, m), 1.97-2.08 (2H, m), 2.10-2.22 (4H, m),
2.35 (3H, s), 2.79-2.87 (1H, m), 2.97-3.04 (2H, m), 3.95-4.04 (4H, m), 4.82-4.92 (1H, m), 7.00 (1H,
d, J=5.5Hz), 7.80 (1H, br s), 7.86 (1H, s), 8.37 (1H, d, J = 5.5 Hz), 8.45 (1H, s), 8.63 (1H, s),
8.77-8.84 (2H, m). 3C-NMR (CDCls) &: 7.17, 21.92, 31.30, 32.30, 46.07, 54.71, 56.13, 58.55,
70.75, 97.00, 98.49, 106.43, 114.00, 125.88, 127.77, 131.09, 144.45, 146.80, 151.37, 156.11,
158.70, 159.36, 160.07, 160.97. HRMS (ESI): m/z calcd for C2sH36N9O4S (M+H)* 594.2613. Found

594.2617.

2-[1-(Cyclopropylsulfonyl)-1H-pyrazol-4-yl]-N-{5-[3-(difluoromethoxy)-1-(1-

methylpiperidin-4-yl)-1H-pyrazol-4-yl]-4-(propan-2-yloxy)pyridin-2-yl}pyrimidin-4-amine

(60b)
e
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Step I: To a solution of tert-butyl 4-{4-[6-({2-[1-(cyclopropylsulfonyl)-1H-pyrazol-4-
yl]pyrimidin-4-yl}amino)-4-(propan-2-yloxy)pyridin-3-yl]-3-(difluoromethoxy)-1H-pyrazol-1-

yl}piperidine-1-carboxylate (59b) (2.4 g, 3.4 mmol) in DCM (20 mL) was added TFA (10 mL) at
rt. After stirring at rt for 30 min, the reaction mixture was concentrated under reduced pressure.
The residue was diluted with DCM and sat. aq. NaHCO;. The mixture was extracted with
DCM/MeOH and the organic layer was washed with brine and dried over anhydrous Na;SO4. After
evaporating the solvent, the residue was purified by column chromatography [amino, CHCl3/MeOH
= 99/1-98/2 (v/v)] to give 2-[1-(cyclopropylsulfonyl)-1H-pyrazol-4-yl]-N-{5-[3-

(difluoromethoxy)-1-(piperidin-4-yl)-1H-pyrazol-4-yl]-4-(propan-2-yloxy)pyridin-2-

98



yl}pyrimidin-4-amine (1.75 g, 2.84 mmol, 85% yield) as a colorless amorphous solid.

'H-NMR (CDCls) 8: 1.20-1.26 (2H, m), 1.50-1.56 (8H, m), 1.83-1.94 (2H, m), 2.14-2.21 (2H, m),
2.74-2.87 (3H, m), 3.23-3.29 (2H, m), 4.05-4.15 (1H, m), 4.83-4.91 (1H, m), 7.04 (1H, d, J=5.5
Hz), 7.08 (1H, t, J = 72.3 Hz), 7.77 (1H, br s), 7.80 (1H, s), 8.15 (1H, br s), 8.42 (1H, d, J=5.5

Hz), 8.45 (1H, s), 8.58 (1H, s), 8.64 (1H, s).

Step 2: To a solution of 2-[1-(cyclopropylsulfonyl)-1H-pyrazol-4-yl]-N-{5-[3-(difluoromethoxy)-
1-(piperidin-4-yl)-1H-pyrazol-4-yl]-4-(propan-2-yloxy)pyridin-2-yl} pyrimidin-4-amine (1.75 g,
2.84 mmol) in MeOH (10 mL) and DCM (10 mL) were added aq. formaldehyde (37 mass%, 0.320
mL, 4.26 mmol) and NaBH(OAc)3 (910 mg, 4.26 mmol). After stirring at rt for 50 min, sat. aq.
NaHCO3 was added to the reaction mixture and extracted with CHCI3/MeOH. The organic layer
was washed with brine and dried over anhydrous Na>SOs. After evaporating the solvent, the residue
was purified by column chromatography [amino, CHCI3/MeOH = 99/1-98/2 (v/v)]. The crude
product was washed with Et;O to give 2-[1-(cyclopropylsulfonyl)-1H-pyrazol-4-yl]-N-{5-[3-
(difluoromethoxy)-1-(1-methylpiperidin-4-yl)-1H-pyrazol-4-yl]-4-(propan-2-yloxy)pyridin-2-
yl}pyrimidin-4-amine (60b) (1.04 g, 1.65 mmol, 58% yield) as a colorless solid.

'H-NMR (CDCls) 8: 1.20-1.28 (2H, m), 1.49-1.58 (8H, m), 1.98-2.21 (6H, m), 2.35 (3H, s), 2.80-
2.86 (1H, m), 2.96-3.02 (2H, m), 3.97-4.05 (1H, m), 4.82-4.90 (1H, m), 7.04-7.09 (1H, m), 7.08
(1H, t, J = 74.8 Hz), 7.66-7.71 (2H, m), 7.79 (1H, s), 8.42 (1H, d, J = 5.5 Hz), 8.45 (1H, s), 8.56
(1H, s), 8.64 (1H, s). '*C-NMR (CDCls) &: 7.16, 21.84, 31.28, 32.19, 46.01, 54.51, 59.02, 70.98,
97.24, 100.47, 106.53, 112.26, 115.52 (t, J = 258.2 Hz), 125.90, 128.14, 131.05, 144.44, 146.96,
152.51, 153.22 (t, J = 3.5 Hz), 156.34, 158.63, 159.41, 161.42. HRMS (ESI): m/z calcd for

C2sH34F2N9oO4S (M+H)* 630.2424. Found 630.2434.
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2. Biological evaluation

Biochemical EGFR inhibition assay

EGFR WT (669-1210) (#08-115) was purchased from Carna Biosciences. EGFR (694-1022,
L858R/T790M/C797S) and EGFR (694-1022, del19/T790M/C797S) were produced and purified
by Daiichi Sankyo RD Novare Co., Ltd. AlphaLISA Immunoassay Buffer (ALOOOF), Protein A
Alphal.ISA-acceptor beads (AL101M), Streptavidin Donor beads (6760002), and 384-well assay
plate (6008359) were purchased from PerkinElmer Inc. Anti-phospho-tyrosine antibody (8954S)
was purchased from Cell Signaling Technologies. ATP (A6559) was purchased from Sigma. HER2
substrate peptide (BML-P243) was purchased from Enzo. EDTA (347-07481) was purchased from
Dojindo Laboratories. Test compounds at concentrations ranging from 0.000305 to 5 uM were
added to 384-well plates using a D300e digital dispenser (Tecan). The DMSO concentration was
0.5%. A total of 2.5 puL of a mixture of HER2 substrate (100 nmol/L) and ATP (the concentration
described below) was added to each well. The ATP concentration was set as 2 uM for EGFR WT
and EGFR (694-1022, L858R/T790M/C797S) or 20 uM for EGFR (694-1022,
del19/T790M/C797S). The enzymatic reaction was started by adding 2.5 uL of enzyme (0.2 nmol/L).
The above concentrations were defined at the enzymatic reaction. The enzyme and substrates were
diluted with reaction buffer [S0 mM Hepes (pH 7.5), 10 mM MgCl,, 10 mM MnCl,, 0.01% Tween-
20, 0.1% bovine serum albumin, 1 mM dithiothreitol] and incubated at 28°C for 90 min. After the
enzymatic reaction, 2.5 pL of detection buffer (AlphaLISA Immunoassay Buffer containing 0.05%
anti-phospho-tyrosine, 10 pg/mL Protein A AlphaLISA-acceptor beads, 10 pg/mL Streptavidin
Donor beads, and 25 mM EDTA as the final concentration) was added to each well and then
incubated at room temperature for 2 h. After incubation, AlphalLISA signal was measured by
EnVision Xcite (PerkinElmer). Based on the measured AlphalLISA signals, the percentage inhibition
of the enzyme at each concentration of the compound was calculated (N = 4). The obtained data
were analyzed using the statistical analysis software GraphPad Prism (version 6, GraphPad

Software), and 1Cso values were calculated.

Ba/F3 proliferation assay
Ba/F3 cells were purchased from RIKEN BRC. Ba/F3 cells were transduced with retroviruses or

lentiviruses encoding EGFR isoforms. Ba/F3-EGFR WT, Ba/F3-EGFR del19/T790M/C797S, and
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EGFR L858R/T790M/C797S cell lines were cultured based on a culture medium of 10% FBS-
containing RPMI 1640 supplemented with 1.5 pg/mL puromycin. EGF at 100 ng/mL was further
added to the culture solution for Ba/F3-EGFR WT. The cells were cultured in a CO» incubator set
at 37°C with 5% CO,. Specimens prepared by dilution were seeded into 384-well tissue culture
plates with Echo555 (Labcyte Inc.) and the cells were seeded thereto at 400 cells/well for Ba/F3-
EGFR WT and Ba/F3-EGFR dell9/T790M/C797S and at 120 cells/well for Ba/F3-EGFR
L858R/T790M/C797S (day 0). They were then cultured for an additional 3 days. On the day of
compound addition (day 0) and 3 days later (day 3), ATP quantity was measured with CellTiter-Glo
2.0 (Promega Corporation) and used as an indicator of cell quantity (N = 4). In the test, puromycin-
free culture medium was used. Concentrations at which cell proliferation from day 0 to day 3 was

inhibited by 50% (Glso) were calculated using Microsoft Excel.

in vivo antitumor study

All animal studies were approved by the Institutional Animal Care and Use Committee of Daiichi
Sankyo Co., Ltd. A total of 1x107 Ba/F3-EGFR (del19/T790M/C797S) cells suspended in DPBS
were subcutaneously inoculated into female CAnN.Cg-Foxnl1™/CrlCrlj mice (Charles River
Laboratories, Inc.). Tumor-bearing mice were randomized into each group 10 days after tumor cell
implantation. Compound 42b (DS06652923) was suspended in an equimolar amount of 2 mol/L
methanesulfonic acid and 0.5% (w/v) methylcellulose solution and administered orally for 4 days.
Tumor volume was calculated as follows: 1/2 x (tumor length) x (tumor width)?. Statistical analysis

was performed using parametric Dunnett’s test (SAS System release 9.2).

Western blotting

The Lysis Buffer was prepared by diluting RIPA Buffer (10x) (Cell Signaling Technology) with
water at a 10-fold dilution and adding PhosSTOP (Roche) and cOmplete, Mini Protease Inhibitor
Cocktail (Roche). The frozen tumor was lysed by adding Lysis Buffer on ice and then disrupted
using Multi Beads Shocker (Yasui Kikai Corporation). The lysate was then centrifuged at 14,500
rpm for 15 min at 4°C, and the supernatant was collected as the tumor extract. The protein
concentration of the tumor extract was measured using DC protein assay system (Bio-Rad

Laboratories) and Albumin Standard (Thermo Fisher Scientific). The tumor extract was prepared at
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a final concentration of 1.5 mg/mL by adding NuPAGE LDS Sample Buffer and NuPAGE Sample
Reducing Agent (Thermo Fisher Scientific) and incubating at 70°C for 10 min. The prepared
samples were loaded onto Perfect NT gel (DRC) at 5 pg/lane and subjected to electrophoresis in
Tris/Glycine/SDS buffer (Bio-Rad Laboratories). After electrophoresis, the proteins were
transferred onto a PVDF membrane (Bio-Rad Laboratories, iBlot Turb Midi PDVF Transfer Packs)
using a Trans-Blot system (Bio-Rad Laboratories) for 7 min. The transferred PVDF membrane was
blocked with PVDF Blocking Reagent (Toyobo) for 1 h, and then incubated overnight in a
refrigerator with Phospho-EGF Receptor (Tyr1068) Antibody #2234, EGF Receptor Antibody
#2232, and B-Actin (13E5) Rabbit mAb #4970 (all from Cell Signaling Technology) diluted in Can
Get Signal 1 (Toyobo). After washing with TBS-T for at least 25 min, the membrane was incubated
with Anti-rabbit IgG, HRP-linked Antibody #7074 (Cell Signaling Technology) diluted in Can Get
Signal 2 (Toyobo) as the secondary antibody for 1 h. The membrane was then washed with TBS-T
and developed using Immobilon Forte Western Substrate (Millipore Corporation). The signal was

measured using ImageQuant LAS4000 (Fujifilm).

Kinase selectivity profile

Kinase inhibitory profile of compound 55a

The kinase inhibitory profile of compound 55a against a panel of 161 kinases measured at a
concentration of the test compound of 200 nmol/L in the presence of 1 mmol/L ATP was obtained
from Carna Biosciences, Inc. (https://www.carnabio.com). The evaluated kinases and their
proportions of inhibition are shown below:

ABL (80.9%), ACK (-7%), ALK (8.3%), ARG (50.5%), AXL (74.5%), BLK (66.5%), BMX (14.6%),
BRK (2.5%), BTK (13.4%), CSK (-3.4%), DDR1 (86.2%), DDR2 (43.4%), EGFR (33.8%), EGFR
[d746-750] (98.5%), EGFR [d746-750/T790M] (96.5%), EGFR [L858R] (90.4%), EGFR [L861Q]
(59.7%), EGFR [T790M] (63.3%), EGFR [T790M/L858R] (89.1%), EPHA1 (-1.2%), EPHA2
(1.2%), EPHA3 (3.4%), EPHA4 (-1.4%), EPHAS (0%), EPHAG6 (0.2%), EPHA7 (1.8%), EPHAS (-
3.9%), EPHB1 (6.4%), EPHB2 (7.6%), EPHB3 (-2.6%), EPHB4 (1.6%), FAK (-5.7%), FER
(20.9%), FES (14.6%), FGFR1 (15.2%), FGFR2 (43.4%), FGFR3 (29.7%), FGFR4 (4.8%), FGR
(64.1%), FLT1 (98.8%), FLT3 (104.2%), FLT4 (100.7%), FMS (67.5%), FRK (-2.3%), FYN

[isoform a] (61.8%), FYN [isoform b] (50.3%), HCK (53.1%), HER2 (10.8%), HER4 (11%), IGFIR
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(1.9%), INSR (4.9%), IRR (2.2%), ITK (39.3%), JAK1 (1.5%), JAK2 (14.5%), JAK3 (10.9%), KDR
(96.5%), KIT (97.7%), LCK (94.1%), LTK (-3.3%), LYNa (67.4%), LYND (65.1%), MER (83.6%),
MET (5.7%), MUSK (37.1%), PDGFRa (96.8%), PDGFRB (100%), PYK2 (22.8%), RET (94.9%),
RET [G691S] (94.3%), RET [M918T] (91.6%), RET [S891A] (97.5%), RET [Y791F] (94.1%),
RON (5.5%), ROS (0.7%), SRC (78.5%), SRM (2.2%), SYK (-7.4%), TEC (3.8%), TIE2 (6.4%),
TNKI (-6%), TRKA (89.2%), TRKB (62%), TRKC (74.1%), TXK (-1.5%), TYK2 (-12.1%),
TYRO3 (101.6%), YES (96.3%), AKT1 (-11%), AMPKal/Bl/yl (44.2%), AurA (-7.5%), AurB
(18.7%), AurC (-4.6%), BRSK1 (10.9%), CaMK la (-4%), CaMK4 (2%), CDC2/CycB1 (-4.4%),
CDC7/ASK (-10%), CDK2/CycA2 (-3.1%), CDK2/CycEl (-29.9%), CDK3/CycEl (2.3%),
CDK4/CycD3 (-0.1%), CDK5/p25 (-31.7%), CDK6/CycD3 (-4.4%), CDK7/CycH/MAT! (5.6%),
CDK9/CycT1 (-8%), CHK1 (56.3%), CHK2 (5.4%), CKla (4%), CK l& (18.5%), CK2a1/p (-2.3%),
CLK1 (81.4%), CLK2 (94.4%), DAPK1 (-2.1%), DYRKI1A (-0.8%), DYRK 1B (5%), Erk1 (-3.6%),
Erk2 (-1.1%), Erk5 (-2.5%), GSK3a (-4.7%), GSK3B (-0.9%), HGK (100.5%), HIPK4 (9.4%),
IRAK4 (99.5%), INKI1 (2.9%), INK2 (-3.6%), JNK3 (-3.2%), MAPKAPK2 (-15.1%), MINK
(102.3%), MST1 (76.9%), NEK1 (8%), NEK2 (13.4%), NEK6 (-5.5%), NEK7 (-1.4%), NEK9 (-
2%), p38a (3.1%), p38P (2.5%), p38y (-1.9%), p385 (-2.6%), p70S6K (10.7%), PAK2 (2.6%), PBK
(-4.3%), PDK1 (-5.3%), PIM1 (25.8%), PIM2 (-3.2%), PKACa (-10.3%), PKCa (29%), PKCe
(53.6%), PKD2 (77%), PLK1 (1.5%), PLK3 (2.2%), QIK (1.5%), ROCK1 (-4.5%), RSK1 (17.7%),
RSK3 (0.9%), RSK4 (14.5%), SGK (5.2%), SIK (-1.9%), skMLCK (28.3%), TNIK (101.6%),

TSSK1 (6.7%).

Kinase inhibitory profile of compound 60b (DS06652923)

The kinase inhibitory profile of compound 60b (DS06652923) against a panel of 161 kinases
measured at a concentration of the test compound of 200 nmol/L in the presence of 1 mmol/L ATP
was obtained from Carna Biosciences, Inc. (https://www.carnabio.com). The evaluated kinases and
their proportions of inhibition are shown below:

ABL (0.8%), ACK (2.1%), ALK (28.3%), ARG (1.1%), AXL (2.1%), BLK (-1.9%), BMX (-2%),
BRK (-1.7%), BTK (-7.5%), CSK (4.4%), DDR1 (4.8%), DDR2 (-1.7%), EGFR (31.0%), EGFR
[d746-750] (101.9%), EGFR [d746-750/T790M] (94.9%), EGFR [L858R] (93.3%), EGFR [L861Q]

(67.9%), EGFR [T790M] (82.4%), EGFR [T790M/L858R] (91.7%), EPHA1 (-1%), EPHA2 (1.6%),
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EPHA3 (-1.2%), EPHA4 (3.6%), EPHAS (4.3%), EPHA6 (14.9%), EPHA7 (3.3%), EPHAS (-
10.1%), EPHBI (1.4%), EPHB2 (0.1%), EPHB3 (0.6%), EPHB4 (-5%), FAK (2.0%), FER (42.4%),
FES (18.5%), FGFRI (-1.6%), FGFR2 (0.7%), FGFR3 (-2.8%), FGFR4 (2.9%), FGR (4.4%), FLT1
(6.6%), FLT3 (85.4%), FLT4 (6.4%), FMS (-4.9%), FRK (5.4%), FYN [isoform a] (3.5%), FYN
[isoform b] (-0.8%), HCK (-15.8%), HER2 (2.0%), HER4 (19.3%), IGFIR (-0.5%), INSR (9.5%),
IRR (1.2%), ITK (-0.3%), JAK1 (-2.8%), JAK2 (-4.1%), JAK3 (-0.8%), KDR (2.9%), KIT (0.4%),
LCK (8.0%), LTK (0.1%), LYNa (7.3%), LYNb (1.8%), MER (1.9%), MET (2.8%), MUSK (-0.8%),
PDGFRa (18.5%), PDGFRP (32.6%), PYK2 (41.9%), RET (2.3%), RET [G691S] (5.1%), RET
[M918T] (0.9%), RET [S891A] (8.1%), RET [Y791F] (7.0%), RON (-0.3%), ROS (5.7%), SRC
(6.6%), SRM (-1.2%), SYK (-19.0%), TEC (-4.8%), TIE2 (-0.8%), TNK1 (4.1%), TRKA (4.8%),
TRKB (7.5%), TRKC (3.7%), TXK (-0.7%), TYK2 (-9.4%), TYRO3 (97.9%), YES (18.6%), AKT1
(-5.2%), AMPKal/Bl/yl (2.6%), AurA (-8.7%), AurB (0%), AurC (-8.5%), BRSK1 (-6.2%),
CaMKla (-3.0%), CaMK4 (2.7%), CDC2/CycB1 (-3.2%), CDC7/ASK (-0.1%), CDK2/CycA2 (-
2.6%), CDK2/CycE1 (-32.7%), CDK3/CycE1 (-1.5%), CDK4/CycD3 (2.0%), CDK5/p25 (-21.6%),
CDK6/CycD3 (1.8%), CDK7/CycH/MATI (-0.7%), CDK9/CycT1 (3.5%), CHK1 (13.2%), CHK2
(29.4%), CKla (11.2%), CKle (31.5%), CK2al/p (0.3%), CLK1 (80.0%), CLK2 (81%), DAPK1
(0.5%), DYRKIA (3.3%), DYRK1B (14.9%), Erk1 (-3.8%), Erk2 (-1.6%), Erk5 (5.5%), GSK3a. (-
4.2%), GSK3p (11.7%), HGK (87.8%), HIPK4 (-1.6%), IRAK4 (64.7%), INK1 (5.2%), INK2 (-
4.2%), INK3 (3.8%), MAPKAPK?2 (-7.9%), MINK (84.5%), MST1 (4.8%), NEK1 (2.3%), NEK2
(5.8%), NEK6 (0.7%), NEK7 (0.1%), NEK9 (1.3%), p38a (10.5%), p38B (12.2%), p38y (2.9%),
p385 (1.9%), p70S6K (1.1%), PAK2 (-4.7%), PBK (-2%), PDK1 (-7.9%), PIM1 (29.2%), PIM2
(0.1%), PKACa (-16.2%), PKCa (6.2%), PKCe (10.8%), PKD2 (36.4%), PLK1 (6.3%), PLK3
(2.3%), QIK (-0.5%), ROCK1 (-5.1%), RSK1 (-1.5%), RSK3 (4.7%), RSK4 (4.7%), SGK (2.8%),

SIK (-1.4%), skMLCK (1.7%), TNIK (94.1%), TSSK1 (6.5%).
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3. X-ray crystallography
Protein expression and purification

The kinase domain of the human EGFR (amino acids 696—1022) carrying mutations T790M,
C797S, L858R, E865A, E866A, and K867A was expressed from insect cells as a GST-fusion protein.
The protein was purified by a three-step procedure comprising affinity capture on GSTPrep™ FF
16/10 (Cytiva), followed by cleavage of the GST-tag with thrombin, negative-affinity
chromatography to remove the tag, and final size exclusion chromatography on a HiLoad® 26/600
Superdex® 75 pg column (Cytiva). For crystallization, the protein was concentrated in a final buffer

containing 25 mM Tris/HCI pH 8.0, 100 mM NaCl, 2 mM DTT, and 2 mM TCEP.

Crystallization

Apo-crystals of EGFR kinase domain were grown by sitting drop vapor diffusion at 293K. Protein
at 6 mg/mL was equilibrated against a reservoir solution (0.5 pL:0.5 pL) consisting of 0.46 M
trisodium citrate, pH 7.0. For cryo-preservation, 20% (v/v) 2,3-butanediol was added to the
crystallization drop before flash-freezing the crystals in liquid nitrogen. Crystals in complex with
compound 5i were generated by immersing apo-crystals at 293K with compound from a 100 mM
stock solution in DMSO. Immersion conditions were 2.5 mM compound 5i for 3 h, followed by 5

mM compound 5i for 1 h.

Data collection and processing

The X-ray diffraction data were collected from complex crystals of EGFR with the ligand at the
Swiss Light Source (SLS, Villigen, Switzerland) using cryogenic conditions. The crystals belong

to space group I 2 3. Data were processed using the programs XDS and XSCALE3?.
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Table S1. Data collection and processing statistics for compound 5i

Ligand 5i

X-ray source PXII/X10SA (SLS")
Wavelength [A] 1.0000

Detector PILATUS 6M
Temperature [K] 100

Space group 123

Cell: a; b; ¢ [A] 145.33; 145.33; 145.33
o; Bsy [°] 90.0; 90.0; 90.0

Resolution [A]  2.55 (2.80-2.55)

Unique reflections 16233 (3994)
Multiplicity 3.0 (2.9)
Completeness [%] 96.5 (97.6)
Rgym [%]° 5.0 (59.1)

Rimeas [%0]* 6.1 (72.4)
Mean(I)/sd? 17.62 (2.14)

! Swiss Light Source (SLS, Villigen, Switzerland)

2 Values in parentheses refer to the highest-resolution bin.
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3 Calculated from independent reflections
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Structure modeling and refinement

The phase information necessary to determine and analyze the structure was obtained by molecular
replacement. A previously solved structure of EGFR was used as a search model. Subsequent model
building and refinement were performed in accordance with standard protocols with the software
packages CCP43D and COOT??. For calculation of the free R-factor, a measure to cross-validate
the correctness of the final model, about 5.7% of measured reflections were excluded from the
refinement procedure (see Table S2). TLS refinement (using REFMACS533, CCP4) was carried out,
which resulted in lower R-factors and higher quality of the electron density map. The ligand
parameterization and generation of the corresponding library files were carried out with CORINA3%.
The water model was built with the “Find waters” algorithm of COOT by putting water molecules
in peaks of the Fo-F. map contoured at 3.0, followed by refinement with REFMACS5 and checking
all water molecules with the validation tool of COOT. The criteria for the list of suspicious waters
were as follows: B-factor greater than 80 A2, 2 F,-F. map less than 1.2 &, and distance to closest
contact less than 2.3 A or more than 3.5 A. The suspicious water molecules and those in the ligand
binding site (distance to ligand less than 10 A) were checked manually. The Ramachandran plot of
the final model shows 93.1% of all residues in the most favored region, 6.9% in the additional
allowed region, and 0.0% in the generously allowed region. No residues were found in the
disallowed region (Table S2). Statistics of the final structure and the refinement process are listed

in Table S2.
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Table S2. Refinement statistics for compound 5i!

Ligand
Resolution [A]
Number of reflections (working/test)
Reryst [%0]
Riree[%]2
Total number of atoms:
Protein
Water
Ligand
Chloride
Deviation from ideal geometry:?
Bond length [A]
Bond angle [°]
Bonded B [A2]*
Ramachandran plot:®
Most favored regions [%]
Additional allowed regions [%]
Generously allowed regions [%)]

Disallowed regions [%]

Si

102.76-2.55

15282/926

19.3

23.5

2396

37

37

0.011

1.48

3.8

93.1

6.9

0.0

0.0

! Values as defined in REFMACS5, without sigma cut-off

2 Test set contains 5.7% of measured reflections

3 Root mean square deviations from geometric target values

4 Calculated with MOLEMAN?3®

5 Calculated with PROCHECK?®
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4. In silico study

EGFR C797S model structure preparation

A three-dimensional structural model of the EGFR T790M/C797S/L858R triple mutant (EGFR
C797S model) was constructed based on the X-ray crystallographic structure of the EGFR
T790M/L858R double mutant in complex with a 3-azetidinyl azaindazole compound 2 (PDB ID:
Shcz). The parent structure was altered by substituting the cysteine residue at position 797 with
serine using Maestro.3”) The resultant structure of the triple mutant was then minimized using the

Protein Preparation Wizard.*”

Inhibitor docking

The three-dimensional structures of compounds 32b, 55a, and 60b (DS06652923) were constructed
using LigPrep.?” These structures were then docked into the binding site of compound 2 in the
EGFR C797S model using Glide SP mode.?”) The docking protocol was as follows: (i) The van der
Waals radii of protein and ligand atoms were scaled to 0.9 and 0.8, respectively. (ii) Two hydrogen
bond constraints were set between the protein and ligand atom pairs: [1] M793 N-H...HBA and [2]
Q791 C=0...HBD, where HBA and HBD are Glide’s atom sets for the hydrogen bond acceptor and
hydrogen bond donor of the compounds, respectively. (iii) A core constraint was set to keep the
atom positions of the compound’s substructure, as defined by SMARTS,?® within 1.0 A of RMSD
versus compound 2. The SMARTS pattern used was ‘[cH]1[cH]ncacl[NH]cln[cH]aaal’. (iv)
Enhanced sampling was set to four times. (v) The output option was set to allow no more than five

poses per ligand. (vi) All other docking parameters were set to their default values.

Model visualization
The complex structure images of the compounds docked into the EGFR C797S model were created

using PyMOL.3?

Human protein kinase sequence alignment analysis
Our analysis of human protein kinase sequence alignment was aimed at designing EGFR-selective
inhibitors. We focused on the C-3 position of the piperidine of compound 14b and considered the

amino acid residues at gk+2 (Ghose’s notation??; L792 in EGFR), which are close to the C-3
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position. We determined the amino acid frequency at the gk+2 position in 497 human protein
kinases using a multiple sequence alignment (MSA) obtained from KinCoRe
(http://dunbrack.fcce.edu/kincore/; MSA file URL:
http://dunbrack.fccc.edu/kincore/static/downloads/alignment-files/Human-PK-

alignment.aln).*®4D The determined amino acid frequency is shown in Table S1.

Table S3. The amino acid frequency at gk+2 positions in 497 human protein kinases”

. ) . Amino acid frequenc
Amino acid residue q y

(%)
Name ify m 55;922 in EGFR)
Leucine L 25.35
Serine S 0.40
Alanine A 1.01
Glutamate E 0.80
Glycine G 0.00
Valine v 0.60
Arginine R 2.01
Lysine K 1.41
Threonine T 0.00
Proline P 0.60
Aspartate D 0.20
Isoleucine I 1.21
Asparagine N 0.20
Glutamine Q 0.40
Phenylalanine F 18.11
Tyrosine Y 40.64
Histidine H 2.82
Methionine M 1.81
Cysteine C 1.21
Tryptophan w 1.01
Gap - 0.20

“The residue identical to that in EGFR is highlighted in bold.

From Table S3 we extracted the top three most common amino acids at gk+2 and list them in Table

S4.
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Table S4. The top three most common amino acid residues at gk+2 positions in 497 human protein

kinases”

gk+2

(L792 in EGFR)

Rank Frequenc
Residue
y Relative size
symbol
(%)
1 Y 40.64 Larger than L
Smaller than
2 L 25.35
Y/F
3 F 18.11 Larger than L

“The ‘Residue symbol’ and ‘Frequency (%)’ columns denote the one-letter symbol of the amino
acid residue and its frequency at the gk+2 position in the sequence alignment of human protein
kinases, respectively. Only the three most common residues are listed in the rows. The residue

identical to that in EGFR is highlighted in bold.

Ligand interaction diagrams
Ligand interaction diagrams for docked poses shown in Figure 2-2, 2-4, and 2-6 were created using
Ligand Interaction Diagram®”) and are shown in Figure S1, S2, and S3, respectively. We used the

default values for threshold distances when detecting interactions.
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Figure S1. The interaction diagram for compound 32b in the EGFR C797S model. The residues are
represented as colored teardrop shapes, labeled with their names and numbers, and colored
according to their properties. The point of the teardrop shape is oriented towards the side chain.
The chain is depicted as a black line connecting residues, with residues not within the threshold
distance shown as black dots. Hydrogen bonds (H-bond) and salt bridges between the residues and
the compound are drawn as lines, colored by interaction type. Residues without an interaction line
are involved in non-specific hydrophobic interactions with the compound. The binding pocket is
indicated by a line drawn around the compound, colored based on the nearest residue. Solvent

exposure is indicated on the compound atoms and by the break in the pocket line.
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Figure S2. A diagram of the interaction for compound 55a in the EGFR C797S model. The

representation style is the same as in Figure S1.
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Figure S3. A diagram of the interaction for compound 60b (DS06652923) in the EGFR C797S

model. The representation style is the same as in Figure S1.
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