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HEE

A SN BT 2 LT OGS, s TREO & 9 IZiRE L7,

Ac Acetyl

ACD Anemia of chronic disease

ALK2 Activin receptor type-1

ALK3 Bone morphogenetic proteic receptor type-1A
AUC Area under the blood concentration-time curve
ATP Adenosine triphosphate

BA Bioavailability

BMP6 Bone morphogenetic protein 6

Boc tert-Butoxycarbonyl

CDI 1,1'-Carbonyldiimidazole

CHr Reticulocyte hemoglobin content

CL Total clearance

Cmax Maximum plasma concentration

DIAD Diisopropyl azodicarboxylate

DMAP 4-Dimethylaminopyridine

DMF N,N-Dimethylformamide

DMSO Dimethyl sulfoxide

DMP Disintegrations per minute

DMT-MM 4-(4,6-Dimethoxy-1,3,5-triazin-2-yl)-4-methylmorpholinium chloride
DPPF 1,1'-Bis(diphenylphosphino)ferrocene

DYRK Dual specificity tyrosine-phosphorylation-regulated kinase



EPO
Hb
HTS
IDA
IL-6
L.p.
1Lv.
MC
MS
PB
PEG
p.o.
QoL
SAR
STAT
TBAF
TBDMS
TEG
Tf
THF
Tmax
p-Ts
UGT

vd

Erythropoietin

Hemoglobin

High throughput screening

Iron deficient anemia
Interleukin-6

Intraperitoneal administration
Intravenous administration
Methyl cellulose

Metabolic stability

Protein binding

Polyethylene glycol

Oral administration

Quality of Life

Structure — activity relationships
Signal transduction and activator of transcription
Tetrabutylammonium fluoride
tert-Butyldimethylsilyl
Triethylene glycol
Trifluoromethanesulfonyl
Tetrahydrofuran

Time to reach maximum plasma concentration
p-Toluenesulfonyl
UDP-glucuronosyltransferase

Volume of distribution
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FoAM & X, RIMERD D VI Hb B ER L0 D7 homREE EERS L
5, FAIzbHbOHRITIHE L REFREZXNVF—JHE L TEMERFL WD
O, AMRABIZHG » BB OEMA +0 1T bi/e e d & BHMABEE LRI
220 B & ZIER AT D, EIEERCHEITORSIC L - T IERITHEAY TH D, B
EOBMTIE, H - WA 2720 BOEAEZET5RETH LN, BE
DA M TITZRA O F W HR, FFRDELS 72572 EOIERDBLND Z & 013D D,

AR AEMAS (WHO) L, &I & 2Wr3 5 Hb ORMEEZ | /N K O Tl
11 g/ dL KRG, BEH B, &fE). KON T 12 g/ dL R, AR

PETIX 13 g/dL Kiifi & E# LTV % ! (Table 1),

Table 1. Hemoglobin levels to diagnose anemia at sea level

Anemia*
Population Non-Anemia*
Mild Moderate Severe

6 — 59 months of age 11.0 or higher 10.0-10.9 7.0-9.9 lower than 7.0
5 — 11 years of age 11.5 or higher 11.0-11.4 8.0-10.9 lower than 8.0
12 — 14 years of age 12.0 or higher 11.0-11.9 8.0-10.9 lower than 8.0

Non-pregnant women
12.0 or higher 11.0-11.9 8.0-10.9 lower than 8.0

(15 years of age and above)

Pregnant women 11.0 or higher 10.0-10.9 7.0-9.9 lower than 7.0
Men (15 years of age and above) 13.0 or higher 11.0-12.9 8.0-10.9 lower than 8.0
* Hemoglobin in grams per deciliter (TR 1 2 2B 121FR)



AR TOE M OAEEEEEIL 16 (5 2000 HF A K ATEY, ZHie AN
D248 %ITAHE T D, KOLBEEREHVOIIBFRIE @74%)TH5, Fi-
BENKHZ DI, HIRL TWRWEMED 4 & 6800 H AL HEE S TWVWD 2

(Table 2),

Table 2. Global anemia prevalence and number of individuals affected

Prevalence of Anemia Population affected
Population group
Percent Number (million)

Preschool-age children 474 293
School-age children 254 305

Pregnant women 41.8 56
Non-pregnant women 30.2 468
Men 12.7 260

Elderly 239 164
Total population 24.8 1620

(3CHk 2 2 2B 1THERR)

F MR A D & BRI AR L TR WA ICBI LT, RN R D
FWDIET 7 D 71T 47.5-67.6 %2 BV BERD RO ZVHURIZERE T 27 T
I 34E 1500 T ADFRE L TV D EHEE S, FrICFE AR B o T4 72

M T& 5 (Table 3),



Table 3. Anemia prevalence and number of individuals affected in preschool-age
children, pregnant women, and non-pregnant women in each WHO region

Preschool-age children Pregnant women Non-pregnant women

WHO region Prevalence Affected Prevalence Affected Prevalence Affected

(%) (millions) (%) (millions) (%) (millions)
Africa 67.6 83.5 57.1 17.2 47.5 69.9
Americas 293 23.1 24.1 3.9 17.8 39.0
South-East Asia 65.5 1153 48.2 18.1 45.7 182.0
Europe 21.7 11.1 25.1 2.6 19.0 40.8
Eastern Mediterranean 46.7 0.8 442 7.1 324 39.8
Western Pacific 23.1 274 30.7 7.6 21.5 97.0
Global 47.4 293.1 41.8 56.4 30.2 468.4

*Population subgroups: Preschool-age children (0.00-4.99 yrs): Pregnant women (no range defined): Non-pregnant women (15.00-49.99 yrs)

(3CHk 2 22 BB

FLARICEALTHRAD & FRk 29 4F 3 AIZBEATTEEFE LT 27
FEIE RAREE - AR HAIC LD &L Hb 28 13 g/ AL RGO A BIHEOEIAE A
105%CTHY, FhzrtETTLIcEF LD, 2, O H>H Hb 2812 g/
dL RiEOEIE1E 16.8 %, 40 fREZPETIT 208 % & HAMICHLEHETH D 3, 5
FBREDPEWVWEEZBZONDLIAEIZENTY, WETARIKEETHDLZ 00
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SNDLRIEEN LT Y =T VN FEEASEiREEZS &9 47, 2
DT DIRN O ERD B TER 2 7RIS U TR DI hr— L ST
Wb,

AT & o TERITEEARRER TH - 2 2 OB P § 2 A A2 28 55
LTV, ZDTDERNOEEO R, /NGO OB THIE S T D &
DFE DGR ZIIREE TIIWILED B U, SHEREMRE TIMER T 9 2, F-&rise
BEZDE, B MENOBKOKEL 3,000~5,000mg T D DITxF L, W & Pk
X1 BB 1mg BRE L2722, DF VRMERA e ST BE 728k o K 77
TAERNTOFFHIC XY bt Ting 2,

PRI 2 RIERERC LV BB Ic 2y hr— L SR TV ER, T E T
DRFNANT LD b WNWHINXTF RRILETH D, Park HIE, WIKMHIE
TF RO m—=r 7 & B ORI Y BEE LTSS T R
(hep) R DPLEWE (cidin) TH 722 LD, ~F P2 Thepeidin) &g L
7210, ZO~T VT Krause 5723 2000 4E LEAP-1 & LCt b 5oy
L7z disulfide #&% & OHEENE AT OXTF REFE LD TH -7 120,
2002 I, HRBERFTHD USF-2 / v 77 U M~ UAREREFAZ 2952 &
5, TOBRMEEGFO/ a—=2 I 0A~AT D UnREShEZ 120, %
o, NIV VERBI U AREEOHRZHANERTHI L END B,
NT VPO FEHEIN T & LGRS D Ko lZR o7,



cleavage site
[pro-hepcidin (84AA)] l

MALSSQIWAA CLLLLLLLAS LTSG SVFPQQ TGQLAELOQPQDRAGARASWM PMFQRRRRR DTHFPICIFCC GCCHRSKCGMCCKT
[ T—— |
DTHFPICIFCC GCCHRSKCGMCCKT

[hepcidin (25AA, active form)]

Figure 1. Amino acid sequence and a model of the major form of human hepcidin
The amino and carboxy termini are labeled as N and C, respectively. Disulfide bridges are in yellow,
basic amino acids 1 blue, and acidic in red. The pattern of disulfide linkages between the 8 cysteines
is also shown in the amino acid sequence.

NT VNI T XV BHONTTF RE LTI CEAS, 257 2 /%
PUT R S CIEMERL L 72 5 (Figure 1, SCik 11a, 16 X 0 —#FkZ),

NT UV AT NG EEIERRIZ & 2 AR b #k A < A TR A TH D
ferroportin & #54 L., ferroportin O3 e+ 5 Z L2 K 0 I _ERMlan o
TEERIMA~DOEBE ZIH T2 ¥, Fh~T vV id~r a7 7y — DI ET D
ferroportin | b [AREOHFF CHIE . ~7 07 7 — U OIEROL~BET 5 8%
B &85 15, Lo T, ~T P dARICBT 2 86F) H oM+ T b
BNz 160

AR RGO RIEIR R, RN OSREAFIRRE, iy 7 v, (KSR S
TR ERE R REROBACITKE L, ~T P U RBLE B ISR 5 2 & T
BEOHREZIToT0DHEZEZ LN TV 18

B IE R R Z I (Tron deficiency anemia, IDA) & 18 MK AEMEE . (Anemia
of chronic disease, ACD)IZ Ky &5,

IDA 1L, KNIZEED AR T HZEIZED, BPICHb ZEATE R RD T L
THELZAMDZ L THD,

—J7. ACD [FESER B O, IR 2 R L LT, s sh
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BE TRRE LIRS

M OIERITIE, KA 2 Erythropoietin (EPO) A, KOO - #ikgk
FIDNEA &5, EPO IXEICB MR CTA R S L2 ARIMEREAE 2 (EdET 591 b A
A U ThHD, B O MmIMATERAMICAER U, RiER~D 531k - #5842
95, M 2 EPO BANI LD D HIZHRIMER & 72 2 83 2 BT BRI XL Y
AMOYCEZAETHANTH D, — . $ANTMIFMITD AR M ER~ & o3k T DRI
MR L 72 B DEROMAGEMEET H 2 LI XV | IRIMER O BEFEEE % 2 9~ 3EF

Td % (Figure 2),

EPOICL 5L FE
(ﬁiﬂﬁﬁ).
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BFU-E CFU-E PoEb Ret
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Figure 2. Differentiation of red blood cell and anemia treatment

ATET Cak 7223, B SE MR M CIIMAE AN OSSN AE L THRIET 5
PRZMEAIM & B0 | KROS5 TH DI H B 5 F @i B0
TEHRZVBAETTWD, HFHRZ &2, SREZMH O I DIC8RAIZAm T2 2
ETHERDANT VU 2FE L, DROLRMERA~OEFM LT TV D

DFEY | EERNOGEOFINEZ BITD 2 &2 BRI LT TV U EAD
S ASPEIIEME M OERERIE L LTEE LWV EEZBLD,

T, N ERERE LCEBRI AR OUGE LR L2 L LT,

NOX-H9%4 (§i~7"+ > 7 7% ~— [Spiegelmer], & I FHEFARER), LY2928057
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(H1 Ferroportin HU(A, %5 1 FHEGEERAER), LY2787106 (Hi~7 T VU Hilk, &5 1 FHFGEE
ARBR) 72 & D AEMBE| ORFRRBR A T O T D,

LU D, EMRFNIEE 2 T T4 T U AREREOBR THED %<,
B S D Quality of Life (QoL)IA] EOFREIE EEZIZ LSO LV DEF I A
NEROBPULZIERTED Z LD, ROBGWRERA~T v ¥ v pEAEA
DRBEPHIFFSNTWD, — T RAKGAIRERA~T 2 ¥ U PEA R EA O E
(TR TH - T,
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BIUE AFFEEOBE
AWMRIZBNTEE L, AERNOSKMRHF LT LK & L CHERLNE -
7RI F RENLVEL THANT U ICER L, ~T UV U PEAERLERI NS

RIEVEB M OFNREHRIE L 70D LB 2, BN AT o T2,

1]

Fram T, B BIEREMEE M & SR T 2 ~T7 v P % Hl,
J ONE N DEREELG THO BV TW D TERTEDBLIK & R EIZ DWW TR 7z,

25— ClL, High throughput screening (HTS) (2 X W&ozt v MEEW 1 D
FHEEREFICLD ., 72/ U IV UFER DS42450411 2 AL L 7o ik A b~
L ¥T =BT 774U 7FFAHIC X o T Dual-specificity tyrosine
phosphorylation-regulated kinase 1a (DYRK1A)BHEREZ %6 L L. DYRKIA & @ X #¢
fEmAE ST T — 2 2 I LT R T v 7T A ) ROE@EEAFZEIC K 0 i)

72 in vivo 345N Z 7xd DS42450411 DO AIRLZ k) L7= (Figure 3),

Improvement of _o X-ray co-crystal structure |
Nﬁ activity N analysis with DYRK1A

S N . N
L N > \ )N > H,N i \7\1

NH, lead generation NH design 7
2 & NH,

optimization
HTS-hit compound 1 28 DS42450411
Hepcidin mRNA expression ICg =0.53 uM ICs,=0.032 uM
ICso=4.2 1M

Figure 3. Discovery of DS42450411 (chapter 1)

BoETIE, b 2Dk Yy MEAW 67 » O OFEREMICEL Y ROERS
Tinvivo & R~ TLAW 129 ZAIH L7ofia a2 ik~ 5, b v MeAH ORI
FHEREB TR LA 2 = 6 (LT para-t FaXxy 7 2= )VIEH+
HALAEW 109 13 IL-6 FRE~T TP~ 2T T L& T in vivo FNFHE

WZBWT, EERNHRG TIE~T Y R TERZ T HOOKRO%E L LT
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BON Ta T 7 A NNTERoTe, T2 TREW 109 D 6 L7 = 7 — Lt
Roex U RoRBEFERICLVROELEROMTREEZSEL, ROKST
E in vivo &N 2R ALEY 129 A LT,

B oE I, LAY 129 OFFEARERIC LY DS28120313, DS79182026 % Al
LR E RS, Lfilex ) —EREEEZET AW 129 OF ) —EH
EREAKI Z 517 L 7= scaffold hopping & X 2 B REZ OBEFE, K Ol biF 7tz
L VRS2 invivo B IR A Y — L iHE K DS28120313, KUV VA Y
XV — LR DS79182026 DAIRLZ K L= (Figure 4),

°C~f°

Improvement of Improvement of
| : activity bioavailability
o ’ Z

D> § : D>

e
2 - (o]
N‘N O lead generation N O transformation with
H ‘N O bioisoster
H
OH

HTS-hit compound 67 109

ICgo=3.1uM ICs,=0.13 uM

\

N
&Nj Lowering of ~
multi-kinase inhibitory )\ H
activity 07> NH o7 N =
C > 7 N/ YN
H N .

N

o scaffold hopping N Q ( N
H | N ]
2 & N/ N
N optimization H H
N Q
H | °N
H

129 DS28120313 DS79182026
ICqy =023 uM ICyp = 0.093 uM ICyp=0.039 uM

=z

Figure 4. Discovery of DS28120313 and DS79182026 (chapter 2 and 3)

I TII, DS79182026 OFEH2RIER) & /X 7 E DO RIEWFZEIC A5 15
EET 0 —T DT YA - B, ROSER PRI EIC DN TR~ D,
DS79182026 OIEYIRANLEIZ Y A —Z A 5325 2 & TEVY in vitro 15 2 rfF
L7cAbeaw 218 2157, 20U I — K& bEMEEL E— X & HepG2
BATAE— bERAWTRHEGERE I L, 13 FBEOBEMY 7 BE2FE L
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Too WS VX7 B OFRTAFARER 10 DY av ) MR B E
N U T SRR LIS L AT K D56 FEBR A FEfi L. DS79182026 D%
BRERRORER) & L X7 & L C Activin receptor type-1 (ALK2) / Bone morphogenetic

proteic receptor type-1A (ALK3)? 2 f& % [7] 7€ L 7= (Figure 5),

immobilized A
affinity beads -

3"’\” ’Vﬂ Target candidates
N ¥
o/~0 i \
H o ]
N G d-
E ompour U P

Competitor Active  Inaciive
Cell lysate

[Cs,: 0.089 UM Affinity purification and mass spec-based profeomics

Figure 5. Overview of target identification (chapter 4)

LIT, FFEICTAIIRENAR 2 flic it 4 5,
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AR EA D& R & T AR B
H—E HTS by MEEW1

Fri

PRI, M Ok > & O G AR~ DEM AN IFFIND Z &b, BRAA
MG Z 45N Lie~T o P AR EARIR A2 AR L UTHRICEF LT,

A ST LI, ATV UPEELSHET D Z LI L RN

‘J:IML

Invitrogtlizc & LT, ~T VPRI CTIEASND Z LD e N
AR HepG2%& VY, 5538 EIET OA~T VY U mRNAZ EBLT 5 R AR L
7o ARFHHR TIIRIEVET A D OA N DT VPV EAFEELET D10
BMERAGT D7, ~T Y U PEAERR SR IZBone morphogenetic protein 6
(BMP6) % 3R L 7=,

- IS REGONEW T A 77 V=% HWZHTSIZ LV | 3DDEEMN
MEL, oA Y7 aXv X o fEEE2 AT 24-7 2 80 2V UFERIN
RSNz, LoLans, (LEM1DICs (50 %LEEE) 42 M EF5<, B
VRO KE 72 A BB KT TH 7= (Figure 6),

Z 2T ALEM L OFFEREMZ T 2 L & LT,

1 IC,,=42uM

Figure 6. Structure of HTS-hit of hepcidin production inhibitor 1
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SRVEHS S LAY R Y mA B UBRERT DFFERO A LA Scheme

11277,

OH
CN CN b c
&o + a Q:< CN NH,
CN CN CN CN
2 3 4

h

6 —_— =
i

6 _—

Scheme 1. Reagents and conditions: (a) NH,OAc, AcOH, benzene, reflux, 95%; (b)
Arylmethylmagnesium chloride, THF, 77%; (c) conc. H,SO,, 0°C~r.t., 42%; (d) HCONH,, POCI,,
130°C, 75%; (e) POCI,, 95°C, 86%; (f) NH, gas, HCONH,, 150°C, 79%; (g) H, / Pd-C, AcOEt, 4%; (h)
40% MeNH,-MeOH solution, reflux, 90%; (i) 50% aqueous Me,NH, reflux, 68%.

vraNXoFUFova ) =R L 2 ~ADORIDINLT )= — )LERIED~ A
TN Z 0, = I A3 =6 LT, 3ICEMBEZEHSELZ LT
S OBLERHEIT L, AT I —L 4 2HRBREOINETHEZ, ~IT73IF
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=4 TRV AT I R A UMY A2 INA T 130C TV 2 2 &
IV 4 RFaexFrv) IV 5 250, £l ALEW S ITAF M) 2 AfE
HEEsZlickV, 47 IV 6%, 7rrb Y IV 6 2K
HRBZEBSOSIZ L 27 X 7k, b L IFEEMRTIc L 207 v e fb &7 2
WL, MBI, 79 15T,

WIZ, SLICA B atgiEz2f IR VEEM O A Rk TE %2 Scheme 212777,

CN O c N

>:< a N b NH, ‘ S
N ‘ _N

¢ CN CN
NH,

10 11 12
d o] e N

(o) —_— _— ‘ \ﬁ

CN N

NH,

14

13

Scheme 2. Reagents and conditions: (a) Benzylmagnesium chloride, THF, 71%; (b) conc. H,SO,,
0°C~r.t., 10%; (c) HCONH,, 130°C, 43%; (d) Lithium diisopropylamide, Tosyl cyanide, -78~0°C,
25%; (e) HCONH,, POCI,, 125°C, 20%.

V= R U0 ERER & B S5 2 LIS X 0 BAERUE AT L, (RILR 72
WHT 2 =FIANZEZ, NESRLLT I RPI130°CTHET S Z Lok
0. ALY AFFEERNL2ESGT, £, a7 7B ZLDA/ AT T =R
ERWTAONR= VROl % > T /b, i< BALBRISIZ & 0 SO EE H k14 7%
BT,

WIZ, FERAR B U BRICKEFRERILZ 6T (LAY D4 akik % Scheme 312 7R
T T-10ALIC A TFAREEBEANLFHFERIT, 1Y e TFor~vr /=)L
Eortho, meta, N Opara- A F NP7 ) = — )Lk # A H W TAK LT,
= RUA2ID MY AT AR AR A W BR G TR, AT L

FEDOSNAREED BT, BbiA22 L 230 E R IE3: 1 TH - 7=,
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CN a b O NH, c
>:< —_— CN —_— ‘ —_—
CN

CN

21 22 (3:1) 23

30 —_—

Scheme 3. Reagents and conditions: (a) Arylmethylmagnesium chloride, THF, 39-73%;

(b) Trifluoromethanesulfonic acid, CH,Cl,, 73% - quant.; (c) Formamide, 32-72%; (d) BBr,, THF, -40°C, 82%;
(e) T1,0, pyridine, 50%; (f), Phenylboronic acid, Pd(PPh,),, Na,CO,, 1,4-dioxane, 15%; (g) CO gas, MeOH,
Pd(OAc),, DPPF, DMSO, 80°C, 51%.

20



—J7. meta-fLlZ A NXTIEEAETHY= MU A2DBRIIGE, A FF T
DparaNL CEIRIIZERIL LT27T2 H—Ekm & L TH 27,

SAEIC 7 ==L, ROVA R VR =V E2H T 5{6AW31, 3215, 287>
BTRTAEMRLE MY 77— MRREE30Z AV, 88K T > 7 7RG, b
L <UEI N7 20 Al A T — R b IR F R ABUS &2 AV TE R LT,

47 2 EY I DV ELSR LIAL AN O RV — | % Scheme 410 T,

/O /0 /o /o
N Cc N
O NH, a N b ‘ X - . | Y
ot Oy b
CN
OH cl NH,
27 33 34 35
O NH, d o e H
g - v
CN CN
NH,
27 36 37
o
b
f N
36 — “"o
NH,
38

Scheme 4. Reagents and conditions: (a) Acetyl chloride, Toluene, 39%; (b) POCIL,, 99%; (c) NH, gas,
HCONH,, 160°C, 29%; (d) H,SO, aq., MeOH, 80°C, 86%; (¢) Hydrazine monohydrate, AcOH, EtOH, 72%;
(f) Hydroxylamine hydrochloride, AcOH, EtOH, 56%.

TI/=hFIW2NZTEFNL v ) REffHISEL5 282Xk, TEF Uk
— ARG ERRICHEIT L, 4-8 Fr¥ oY I VU335 5427, 7nnm
b 7 I MEERC2-ATFAFEMRISE SR LTz, £/, 7 /7 M7 F36
R, B RV r—Kf, LT Fafxiu7 I UEBEAEH S
HTLIZRY, T ETY—AFEEAERIT, KOT XA Y XYY — Bk
38 ERL LT,

USSR T v = % I 73 DB DA Bt % Scheme 512777,
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+ R-OH —_—

(R=Et, i-Pr)
39 (R=Et)
40 (R =i-Pr)
Bno - °
a
29 + o~ ——
o
29 + sohhoon 2

29

TfO

HN
d
—_— N
I
_N
NH,

52

Scheme 5. Reagents and conditions: (a) DIAD, PPh,, THF, 39-99%; (b) H, / Pd-C, EtOH/MeOH, 31%;
(c) NaOH aq. MeOH, 75%; (d) HCI - dioxane, CH,Cl,, 25-82%; (e) Ac,0, Et;N, CH,Cl,, 83%; (f) Pd(PPh,),,
Na,CO,, Toluene/EtOH/H,0, 69%; (g) H, /Pd-C, MeOH, 76%.
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8-t N IAMR29% ikt L L, JCRESUG 2 AV THE 2 8-77 /L =1 & L8k %
B LT (1bE139, 40, 42, 44, 46-48), £7-. {LEMA8DO LY U NHOT &
FIACEOS I, BKFEZ WD Z e T I VAT X e iRET 52
T B9 Z G Z LN TE T, I —T VY U —Z Rl VB
Y D UREEERS2 (X MY 7 T — R0 N TEAT v T TR
i, AV T 4 DRI, Bock DFLREISIZ XV AR LT,

Wz, SfLicHfEA DY o —%E N L TERY D UBEHET A OARRE

% Scheme 612757,
TfO QLO
N o-
| \74 _a . N + O)Lorf —b N
d ‘ 7“ Boc’N
NH, Z
NH,
30 53 54
o
c HN N
Boc” \W
\
_N
NH,
56
€ HN N
54 - Boc” ‘ N
_N
NH,
58

54 - HN N

59

Scheme 6. Reagents and conditions: (a) Bis(pinacolato)diboron, Pd(dppf)CL,-CH,Cl,, KOAc, 1,4-dioxane, 90%;
(b) Pd(PPh,),, Na,CO,, 1,4-dioxane/H,0, 78%; (c) OsO,, N-Methylmorpholine-N-oxide, NalO,, -BuOH, 87%;
(d) Trifluoroacetic acid, CH,Cl,, 73-97%; (e) Pd-C - H,, MeOH, 93%.

ko> v Y 7 L— HREAR30HFBE LS a— L= AT 538 B =L b

V77— D8R > 7V U TROSICEY | exo-F V7 1 G EFOLEY)
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54% 157, LEWSADF L7 ¢ UENE R U LA A I U LA THRET 5 2 & T
R UARSSE AR LTn, £T2. SMADF LT 4 VESEBETTH I E T, ATV
ST AR Lz, BV ¥ BoclkiiR54,55,57% ~ YV 7 /v v [ERE CHiRE
L. BHEES6, 58, 59% 157,

WIT, exo-A VT 4 L DIEDEIRT X HhE B LI AbBEMOERRIES

Scheme 7127779,

Sy
o- a
N + OTf ——» BocRN N\ﬁ
| N BocRN N

_N
NH, NH,
53 60
HyN,, * : S
: 61 HN"T 62
b RHN N
— &
I g of
HaN 63 N ea TN 65

Scheme 7. Reagents and conditions: (a) Chloro(2-dicyclohexylphosphino-2',4',6'-triisopropyl-1,1'-
biphenyl)[2-(2'-amino-1,1'-biphenyl) ]palladium(1I), K,PO,, 1,4-dioxane/H,0, 69-81%;
(b) Trifluoroacetic acid, CH,Cl,, 43-92%; (c) Formaldehyde solution, NaBH(OAc),, CH,CL, 36%.

Scheme 6 T/R L 72 {bBWSIDERIEIZHEL T, ®IST 2=/ ) 7T — |
DRI v 7 TR, BocEkDBRFERIGNT LV LE61-65% G ik L
2o ETALEMOSDHRN LT VT v REHWEETHT 2 eSICE Y, b
B667 AR LTz,
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=M V—NkEew 28 DAIH

ZLDICE Y IV VERD 4 L7 X ) EOEWEEmR LT, L LN o HE
R, Tora—)v BET I HAOLBEIZ LY in vitro TEVEITTERITIHE LT
Zenb, kT X RITTEMHERBUIVLATH 5 &l L7 (Table 4),

Table 4. SAR of 4-position of pyrimidine derivatives

N
“
>~ _N
4
R
compound R ICs0 (uM)
1 NH: 4.2
5 OH >30
7 H >30
8 NHMe >30
9 NMe» >30

WIZ, ZHMRFHERBER O T & 7o Tnd 5 (LAY R X U EROZ
% 3Zfi L 7= (Table 5),

5 EEE R 14 ~DEHUT invitro IEVEZTHET DR TH o7z, L LR
B, VB ATF AR LT 12131 ERED invitro 1EMEZ R L, 5L

2m a2 AEEITINT L MNETIER WD ENSho Tz,
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Table 5. SAR of 5-substituted pyrimidine derivatives

N

)
R 5 R’ NH,
compound R, R’ ICs0 (uM)
1 cyclopentyl 4.2
12 Me, Me 4.5
14 H,H > 30

IR B VB E~OEHISE A O A e & FE i L 7= (Table 6),

Table 6. SAR of substituted 4-aminopyrimidine derivatives

R 9
8 10
N
7 - m
>~ _N
NH,
compound R ICs0 (UM) compound R ICso (uM)
12 H 4.5 25 10-Me 4.7
17 7-Me 5.0 31 8-Ph 1.5
24 8-Me 0.60 32 8-COMe 11
20 9-Me 2.8 28 8-OMe 0.53
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T-10 fLIZ A F N BN LT G ZadHi Lz & 2 A 8 (i~ DEHELE AT
KGN B35 2 &R0 o 7 (24, ICso = 0.60 uM),

T CHA OBEBIEE SIICEALTLEZ A, 7= VEETIHICsH=1.5uM &
in vitro TEVEIZC0WET L, A b U /LR =V EEOE A Tl RE 115 A3 885
L7co L2L22A D, A MFRUEAEALTZ 28 1FE\ invitro IEVEZ RT Z &7
A ONERo7=DT, 28% ) — MMeaW e L CHREREMZIT) 2 & & L,

FENT, 2MEER 4-7 2 B I PV PUAOBKICOW TR 21T T2, 2
LA A F NI LT 35 OTEPRITIHE L, £ IPVRAET I /BT
Vb, TR A XYY VRN EEB LT 37,38 L BITIEESIHAT S Z

END 2 NIEEWL 4-7 X B X U UBBITIEERBUICKNETH D T E N oh
-7z (Figure 7).

/0 /o /O
N N
’ \ —
m/ | N (o)
N / -
NH,

NH,

ZI

35 IC;, > 5.0 uM 37 ICy, > 30 uM 38 ICy, > 30 uM

Figure 7. in vitro activity of other scaffolds
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B LEW 22 DXF—FFur7r7rA4 U i & DYRKIA

ATEi TR~/ K 912, HTS b v MEAEW 1 OFEERERICL D . &\ in vitro

EHEZ ATV — NMea 28 2 G T 52 LI LT,

ZF T, RREACEMNA~T > P U EANEREZ TR A D = XL E B
THEDIZ, 8DFF—EBT a7y A4 ) o TEHMiZER L (216 T —E),

ZOfEF, CMGC 7 7 X U —IZ/B¥ % CLK2, DYRKIA, XU DYRKIB @ 3

RO X —BIZH L, @mWHEERE T Z &3 L7z (Figure 8),

compound 28 (0.5 uM)

CLK2 /—\ /_\ ST
|4

120

-
Qo
o

0]
o

Inhibition (%)
3

AU i e i i
AGC A piJaI CAMK { CMGC |STE TK KL

Figure 8. Kinase inhibitory profiles of compound 28

AREER LD | 8BRIT DT TP UPEAED A = X LFCMGCT 7 2
—IZBT X T —EBHFICESS LHERI L2, £ Z Tinvitrol& MR & fR 1
LIAL BT A > D40 %155 72012, DYRKIA & ALA W28 D XA %
TERL L | A& fRNT 2 5556 L 7= (Figure 9),
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Figure 9. Co-crystal structure of DYRKI1A and compound 28 determined at 1.5 A

resolution (PDB: 6A1F). Triethylene glycol (TEG) was placed to the position of unidentified
density observed within the ATP-binding pocket of DYRKI1A.

FOfER 28IIDYRKIADATPHE AR 7 v MR L, 7TI /B U I DU
ST UMV E I 239 EAER L CWA Z ERBH L E o T,

o, LA b FVIEDOTENZERFAMENH Y | EHRILEADRMNH 5 Z
EDHI LT,
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BHE X BERBERITEREZEICLET A & DS42450411
DAIEL

R TR L7218 Y . 28 L DYRKIA & DOXHAS SR OFE R, 8L A b
FEOTFINZERFFR DN R S vz, £ 2 CDYRKIADHFERE A L9252 &
IR OAT D HEEMES A BT DO TIE W EF X BRI R
ST SN EHIL D Fdi (b9t 2 a3 5 Z & & L7- (Table 7).

Table 7. SAR of 4-amino-8-substituted pyrimidine derivatives

R_8
N
“
~._N
4
NH,
IC IC
compound R ¥ compound R ¥
(uM) (uM)
o\*
HN
28 MeO 0.53 46 ot 0.18
O\*
39 EtO 0.42 47 HO 0.23
0\*
40 i-PrO 0.49 48 ””U 0.24
o\*
42 HOCH,CH,O 1.1 49 O 0.76
(o]
HN
44 HO.CCH20 1 52 CL 0.81
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T hFUVE, A VTN AR UEAOBHRIZBNTE, A PR UL RS

DIEEEZHERFT D Z E NS E o572 (39, 40), RISEAR[RE/RERESICS

WTHRR Z1T 272, B Fr U BB A LD IEERLRBEI L. DR F

FOBEANZLY, KRIEITIEENETTT 2 2 EX o7z (42,44), — 5, BRiR

TR HEOBANTIEENM LT 52 ERHLMNE o7 (46-48), XY T

BROD T X HE T b7 RIRCEMAT D LIEMENRES T 2 L6 in

vitrol& Mo 1a)_EIZ 13 RN

BEHENGHTH D Z EPNRE SN 49), FT-.

LI ERY U BRSNS LToS2DIEMENEEI T 5 Z Enh . B &

WA Y N —DPRETH D L LT,

2T, UV —OEW %A FE L= (Table 8),

Table 8. SAR of various linkers at 8-position

X_8
“

~_N
NH,
compound X ICs0 (uM)
47 O 0.23
56 C=0 0.30
58 rac-CHMe 0.073
59 C=CHz 0.021

T—T N =% VR =V ERIC A L T-560%. 47 & BRilk L CTin vitrol& 1

DICRAESNCY (R Y/t

LU, IR = VEEZ A FVIRIZEBR LT AbE )

58, Eillidexo-AF LU di— (89)~DOEHIT IV | FREEAIIZin vitrolH D
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M BT ENRHALNE T,
% ZC. invitrolETEm EOJRIN %2 E L2295 7O LA 59 E DYRKIA & DX

TG i IS fRAT 21T o 72 (Figure 10),

Figure 10. Co-crystal structure of DYRKI1A and compound 59 determined at 2.15 A

resolution (PDB: 6A1G). A: Sideview, B Topview.
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59128 L [AIFRIC b v VHEIRD 7L Z I U239 L DFE G EHERF L DD, BT
ICHA LT D UBRO kT X FEOKBIR TN T NZ I EE291 & TR
RKRFREEE L TWD Z ENghole, MMAT, exo-AF LU o h—IC
L VP N—TF L OEMMHEEAH ELTHD Z bR ENZ, ZOHT-IcE
B LI2 0O EERAOER, 590in vitrol&TEN KIEICH L Lz B2 bR D,

Z T TREMEMODYRKIAMEFEEZHJIE LTz, £ OfEHR. Table 91Z7<7

INTHEFITHI AT > ¥V PEA TR EIE M 4 /- T 14 ODYRKI AR FHIEME I3 IR E
I LT 5D, o, U— MEGW8L X TRWAT v O U ETEMEZ 7R
F59IIDYRKIAMLFIEVEICB L TH RIEIZA ELTWD Z LR MERTE 2, T
bbb, T UV U PEAEREIRM L DYRKIABL BTG M IS IEOMHBEBIFRA AL 5
N, ZTDOZEND | ARMHFBERINRT~T TP U HERIZIDYRKIAILHED

S ATREPEDSRIR S U7,

Table 9. SAR of inhibitory activity between hepcidin production and DYRKITA

compound Hepcidin ICso (uM) DYRKIA ICso (uM)
28 0.53 0.33
14 >30 (20 %inh. @30 uM) 57
35 >5.0 2.7
47 0.23 0.56
59 0.021 0.054

T EDOEA K exo-AF LY v —~DEWNin vitrolENER FICA
NTHDHZENGoTl=DT, 7ROtttz £+ o2& &L

(Table 10),
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Table 11. SAR and AUC values of 8-exo-olefin derivatives

R
N
“
=~ _N
NH,
1Cso ICso
M M
compound R L compound R L
AUC? AUC?
(h*ug/mL) (h*ug/mL)
N, 0.042 0.12
61 1 6 ﬁ&
0.095 0.18
62 : 0.032 0.045
O s O
(DS42450411) "N 2.58 0.038
: 0.031
63 L ——— 66 O/
HaN 0.084 2.90

2 Average of two values dosed at 30 mg/kg orally (p.o.) in C57BL/6J mice (0.5% Methylcellulose suspension).

Yruntdtr KO ra T URENLT—RT I EE AT AW
61-631X T AL 58 ) 72in vitrolEMEE R LTz, — T, NUBUVEREMA L LT
Ao s ey 7 a[l11]X0 % U BRE (64) 3000 N a3 25 2 & 3 55
Lipotz, £127 32 7 5E TR (65). =k (66)~LZEHAT D L IEMEIRIEESEHE
mZzR L7,

F 72, ~ 7 A30mg/kgtk 0 & 51231 D AUC (i 2 B AR T i) & teigs 4%
. kT X EEAETAEEMOHR T, 623 Em W IR &RE AR LT,

ZZCNLT R HOFGHEAL THIRL L 72624 DS42450411 & 4 L, Hie D @ik
Al A EhT 52 & & Lz,
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HARHET DS42450411 @ in vivo ZEEhEEAH

AT CTlX. DYRKIA & OXBRAS st &gt o7 — 2 2 KT LT R v 7 7% A
V. RO ERIEDORECIFEZITH) Z S X0 BmWinvitro ~7 2V U EA
FRZETEME 2 o DS424504 11 AL O 8 A iR~ 7

Table 11/2DS42450411 D~ ™7 A % 7= B BERER O fE 4 Rk,

Table 11. Physicochemical properties and pharmacokinetic parameters of DS42450411

LoeD PB Cmax*® Tmax? AUC?

0
8 (free %) (ng/mL) (h) (h*png/mL)
1.6 6.5 0.61 1.17 2.58

2 Average of two values dosed at 30 mg/kg orally (p.o.) in C57BL/6J mice (0.5% Msokodeethylcellulose suspension).

DS424504 11335 fE 7R R TE & FRREE D Z R T fEEHR LR L, 30mgkg £ 0
BHIZBWTEWILFRELZ T Z LR LN E T,

I, ~ 7 AinvivoT T MIZET % DS42450411 O FEAM & Mt L7z, s
TEITCIHR AR T LD ITAT U D ATIE MR ABIZIGE U CELE S A S &
VRIBEELTHLRTND

Z Z TDS42450411 DHBNFIARIZHEE > T, RIEFUSITEE D MiF~T TP D
REHEEZFANT, ME~T VP VREX, RIEMEYA PV THD
Interleukin-6 (IL-6) D #H R # 514 1 IREFH] CIIZRL M L 6l &£ T—ETH 2
ZEDBHBMNE TR oT,

L7235 T, ¥ U AZIL-6 & FRNIESH L7 iR O~7 > 2 v o2 iR
(%3 5 DS42450411 D 2h S % 34l L 7=,

CS7BL/6]~ 7 A (9, 1E)IZDS42450411 % 30 mg/kgf% 14 5- L, 30557 #4IZ1L-
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6% KRNI G L | IL-63% 5-4IF[E £ D MG~ 7" 2 R EE 2 I L 72 (Figure 11),
ZDFEF, 0.5% A Fera —AFRERHICBWTHREICME~NT VY N ER
L T2 DIZxt L, DS42450411 2 5-HE CIXTARICMIE~T VY VREZIKT S
LT ENHLMNERST,

* %k

Serum Hepcidin (nM)

Saline 0.5% MC DS42450411

IL.-6 (10 ug/animal, i.v.)

Figure 11. Effect of DS42450411. The compound was administered to
mice at dose of 30 mg/kg (p.o., 0.5% Methylcellulose, suspension, n = 4)
before IL-6 treatment. #, p < 0.05 vs Saline treated group (t-test), **, p <
0.01 vs 0.5% MC treated group (t-test).
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HEE NE

KRBT FH - A REONEW T A 77 ) —% HWZHTSIZ L Y R,
L7zt y MEBPNOFEERERICE Y, 73 7 B I 2 U358 KDS42450411
AR D RERE A R~ T,

by MEAP ORISR X0 L U7 HFRE Oin vitrolE M2 7”73 )
— MeEaW280xF—E7 v 77 A4V UM AEFEM LI Z A, CMGCT 7
U BT DX —EDYRKIAICEWEREZ RTZ ERHALNE R T2,

% Z T28 L DYRKIA & DXl sp Ak G ARNT 22 52 fi U, Z2MFFAMEST I Begk
BOT =2 % HIZ, B2 Din vitrol& PN E& R LS EME DTV A o« Ghk
3 L7z,

ZORER, SALEHILL L Texo-AF LU Z U U —IZA L, BBIRT I/ K%
Al U 7o 58 ORI Zin vitroTEYEN 7] 32 Z E AL N & 7o Tz,

BT X ERORELBFTORE, RO E LTENZPKT 07 7 AV Ef
L. IL-6BFEA~T VY~ AT T V& AW Tin vivod R 5 TR 0%

HC A fiE~7" v VAR TFER 27~ 9" DS42450411 O AIRLZ B 2h L 7=,
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BB 3TI/AVESNBEEETAIHRAT VY
v EEAE PR EA DG L & G A B

w—f HTS bt v Meaw 67

A CIE, RO E LTENTZPKT a7 7 AV EH L, IL-6ERE~T VY
YU AET V& W Tzin vivo RN W) TRE M BT A A IfiE A~ 7
VUARTER Z R 4-7 2 7 U <P UHEIRDS4245041 18 8L O R 2 R~
7o

LALLM H—#OD4-7 X /B IV UFHERIE, v~V ACEHAEZ L L
Ie RV B W Cattitt s 29 2kl shic, BEIA~DR
G- 3 T RE7e L0 Z MO BRI A BT T 272010, B DB E RO~
TV UEARERORRE BRI L L L,

ZZ T, R OHTSICE Y i Eshizb 9 —2D v MEEWTH 53,5- &
A Y — VERER6T N D DR EARIER & Bl Lz,
{EE6TDICs0IE3.1 M & 55 < | FETEMED KiE 722 m 2B THh - 7=

(Figure 12),

e 67 IC,,=3.1 uM

Figure 12. Structure of HTS-hit of indazole-based hepcidin production inhibitor 67
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B BFEEOGHE
3-[EHA VY — VEFEE

AV =V AGNIL T = =NV IE AT DI EIRO G L% Scheme 8 12/,

H,N 4 H,
s ol e
N Br — > o N e N |
‘N N
H 6 N)@Br Boc

‘N

H

68 69

o & . og \H f OK/\NH
N Br N7 Ph ) 72 (4-Ph)
N N N’ Ph 73 (5-Ph)
. Boé ”
71

74 (6-Ph)
70

Scheme 8. Reagents and conditions: (a) Phthalic anhydride, 1,4-dioxane, 57-100%; (b) Boc,O, Et;N,
DMAP, CH,CN, 98-99%; (c) Hydrazine monohydrate, EtOH/CH,CL,, 81-82%;

(d) Cyclopropanecarbonyl chloride, pyridine, CH,Cl,, 49-97%; (e) Phenylboronic acid, Pd(dppf)CL,-
CH,Cl,, K,PO,-nH,0, 1,2-dimethoxyethane/H,0, 3%-84%; (f) 4N-HCV/1,4-dioxane, 86-95%.

4-6 (LI T BEFEE B D 3-T I /A E Y — VOREELOFHITEZ ZIT 0. 1
A% Boc & THril LT HHEA 69 26k Lz, HRIIK 69 D327 X Fb, 7 =
=R a TR E DEARTT v TV T IOG, e BRPESRIET O Boe EDifRiEIC
£ BH LG 72274 AR LT,

WIZIAZy 7 a7 a R g REY I Ra2A L, 6 frllkkx REis A4

HA Y — )VIHERD AR % Scheme 9 (2777,
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70 75 76-92

Scheme 9. Reagents and conditions: (a) Bis(pinacolato)diboron, Pd(dppf)Cl,-CH,Cl,, KOAc, dioxane,
quant.; (b) R-halide or R-OTf, Pd(dppf)Cl,-CH,Cl,, K,PO,-nH,0, 1,2-dimethoxyethane/H,0, 23-65%; (c)
R-boronic acid or R-boronic acid ester, Pd(dppf)CL,-CH, Cl,, K,PO,-nH, 0O, 1,2-dimethoxyethane/H,0, 37-
96%; (d) 4N-HCV/1,4-dioxane, 73-95%.

* * *

o | D 07 oL T o

H 76 77 78 79 80

N
H H
81 82 83 84 85 86
) m N ~ ’ SN ' N
m \ ” ~ N \ 0: \ N'
H
87 88 89 20 91 92

6-7HEA K —/LHRIET, HLIET0 LY —TRTES ZENTED
Ru e a— L AT VR E AWK v 77U v fee < IR
TOBBEERISC XY LR EEEY 76-92 2157,

IO p-t X v 7 2= VA L 3AICERA 727 I RE#IEZ A7

HA H Y — VEEERD AR % Scheme 10 (2777,
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Scheme 10. Reagents and conditions: (a) 4-(fert-Butyldimethylsiloxy)phenylboronic acid pinacol ester or 4-(tert-
Butoxycarbonyloxy)phenylboronic acid pinacol ester, Pd(dppf)Cl,-CH,Cl,, K,PO,-nH,0, 1,2-dimethoxyethane/H,0O,
56-99%; (b) RCOC], pyridine, CH,Cl,, 93-95%; (c) 4N-HCV/1,4-dioxane, 90-94%; (d) Boc,O, Et;N, DMAP, CH,CN,
50-59%; (e) Pd-C / H,, EtOH/CH,Cl,, 83%; (f) R-OH, 1,1'-(Azodicarbonyl)dipiperidine, n-Bu,P, THF, 66-92%.
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FRIR6 e R U HARE LT p-t RuXx v 7 o= bdha UV BOSsAD v
TV UTRIGIC X 3T R A =V RRER 93 Ak LTz, HEK 93
[Zxt LT, flix Oy v U RE RS S, fi < BBIESRME T CORMRERIGIZE D
FEEEREEY 95-103 21572, F7o, FRIEK 932 p- VN F X U BEKW
2y RE{EHL, £ %Y — 37 I RED NH % Boc 2 TR#EL-%., X
YUNEERRET D EICKY, p-e KX T o= R 106 AL
2o WA 106 2 L1<(T VIR ERY DU/ W) TFILRAT 4
Z T CRE RO, #58 < et St T T oo =T O it Boe {B1Z & 0 (LA 108,109
AUz, £ LAY 111, 113 1% para- N\ EHRIE AT DL BEHR 1)
RZ2HAWET I MBI LD TR TAERK LTz,

WRIZ6 AT p-t FrFx v 7 2= VAR L 3AACT I REEUSOFR © 72 & #i
BEE2GTHA 02— ViFBROGIES Scheme 11 [27R 7,

TRD 6-70EA L ZY—/L®D 1 L% Boc K THR#EL, p-t RRFT T =
VAR B CRDEART T T RO, fe< BRTEIC KV | 3-EEHGHEA 115 &
AR LTz, R 93 % FEPESRt T C TBDMS RO BfR#EEIT, 3-7 2/ HE
K116 G L7z, HE69 I 7 a T a/Xv L RET T AT e REMW:
BILHT I AEIRIC LD 3-v e a B AT I FHEER 18 AR L
7=, BIROFRE B3Iz 7 e rat g YT x—b, b LLITALK= LY
ol RERISSHE, S TREZITY 212X U LT FHER 120 L OVA LR
V7R REEER 122 AR LT, 6-7 aFA X — L3IV kA SR
BHZ, CDIZ Wy 7 7a 7 I 07 I MEEIZE D, U R—27

I FHEIR125 2 AR LT,
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Scheme 11. Reagents and conditions: (a) Boc,0, Et;N, DMAP, CH,CN, 50-59%; (b) 4-Hydroxyphenylboronic
acid pinacol ester, Pd(dppf)CL,-CH,Cl,, K;PO,-nH,0, 1,2-dimethoxyethane/H,0, 56-97%; (c) 4N-HCV/1,4-
dioxane, 90-94%; (d) Cyclopropanecarboxaldehyde, Sodium triacetoxyborohydride, CH,Cl,, 62%; (e)
Cyclopropyl isocyanate, N,N-Diisopropylethylamine, THF, 39%; (f) TBAF, THF, 76-97%; (g)
Cyclopropanesulfonyl chloride, pyridine, 39%; (h) Cyclopropylamine, CDI, Et;N, N, N-Dimethylformamide, 64%.

WIZ, A=V LT ATFNE T — Va2 G L, 30T I NiE#Ik
PHETAEM DAL — % Scheme 12 (2777,
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Scheme 12. Reagents and conditions: (a) Bis(pinacolato)diboron, Pd(dppf)Cl,-CH,Cl,, KOAc, dioxane, quant.; (b) Pd(dppf)CL-
CH,Cl,, K,PO,-nH,0, 1,2-dimethoxyethane/H,0, 56-97%; (c) R-COC], pyridine, CH,,Cl,, 78-84%; (d) 4N-HCV/1,4-dioxane, 86-
93%.

FER 69 % 6-Ru LT a— /L= 27 LMK 126 (28 721%. TR
Boc RSN T 0T AFAE TS —LE8ARD v TV VI RIGEEDH L
WXV, 3T EIE 12T 2GR LTz, TR 127 1282 v U RA2ROS L., B
PESRIE T CBifRET 2 2 &Ik, ARbEw 128,129 =GRk LT,
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B=H MEENERSE Tinvivo B % RT Y — NMEEW 109 DAIH

IZUDIZ, &y MEEW 6T DA > 7Y — VR D i 7 B AL & & MR RES 5
2O, Bl L7e B U B E 460, SAL, ROV 6 (ZICEHA U 7= 55K (72-74)
% 5l L 7= (Table 12),

Table 12. SAR of substituted indazole derivatives

compound R inhibition (%) at 30 uM
72 4-Ph 8
73 5-Ph 4
74 6-Ph 23

ZORER, BEERAE LS LTOMBHELWZ LB LN ERoT,

WIT, A E =)L 6 (MITEHAN P 2T, Mx REREOE ALK
L7245 3% Table 13 127”7,

meta-t R0 X7 = = )VIFER 77 3P REOIEEEZ R LIz— 5T, para-t
Ry 7 = = )LFBEIK 78 1ZIEFITE\ in vitro IEMEERTZ L B L L 72
ST, & 2T parafillhkx RERRELZ BT OB UVBROMF 21ToT, N
DT a—)v (19), KOT =V FFEIK (80)1% 78 (L~ THEMEDN G T 2 b
RCThote, £y =/ — )V ERKICEREY 7 b2 AT 2 REERE (81), A
VIR T X RN 82)LTE M BT IH R Lz, IS JRIGE T v =2 —)L (83).
B Ry 84), KOAT LU U h—%9 LTz para-& R 7 = = )LiFEK
@S IFN TN HIEENEAT AR TH -T2,

45



Table 13. SAR of 6-substituted indazole derivatives

ICso ICso
compound R compound R

(LM) (M)

>30 81 \Q(OH >10

o

76

4.9 82 T come =30

77

79 14 84 L >30
H

(o]

80

on
he
o
78 @ 0.40 83 \Q >30
on on

OH
45 85 T >30

AHE—VERD 6 MEBIEE LT para-t RuX 7 == )VHBNHE LW
EVBHENET2ST2DT, FHWTA VXY — ) 3 NOEBREE/mTHZ L L

7= (Table 14),

46



Table 14. SAR of 3-substituted indazole derivatives

ICso ICso
compound R compound R
(LM) (M)
H <L o
78 <ong\* 0.40 125 ”—/<* 4.2
H
115 \ >3.0 122 i“_ﬁ\ >10
H
116 "\ 1.0 95 P 11
118 <kn 1.6 96 C%ﬁn 0.93
\, q \
H
120 - 0.94 97 Q ! 0.47
(o]

A B =)V 3B SR 115 1L in vitro TEVEME T L7z, —fk. KO %R

I UFHER (116, 118), L/ E B E AT LT EHEER 120, KO A= T IR

TURRER 125 [TIEHEDOOMES Lz, — T, AR 7 I REEE 122 O

PRIISTERIZHER T OME ThoTc, Flo 37 I FEELTTERNTI R, &

I EAFUNT IR, ROV AT X RFFEIR (95-97) % Ll L7ofi R, 22 0F

RYEDRHERTE T, 18 £ 97 3 & BITE W invitro IEMEZ R LT2Z LD, sp? it
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RFEHEHTHT I REBHREDFETH D Z EDRRBI N,
WIZ, WRLIEMER 2 BIEL TR AT I RFEEOR P U FoE#
FED Al & Efii L7= (Table 15),

Table 15. SAR and metabolic stability of 3-benzamide indazole derivatives
4

o
ICso (uM)
compound R ICso (uM) | compound R /
MS (%)*
97 H 0.47 103 4’-NMe» 0.33
(4-)
98 2’-OMe >30 108 S~ O 0.16
I
4’-
) 0.12
99 3’-OMe 0.70 111 NS O /
66
4’-
) 0.13
100 4’-OMe 0.42 109 (\N/\/O\* /
° 89
4’-
) 0.085
101 4’-Cl 0.98 113 SN /
k/N\* 25
102 4’-CO:Me 1.1

2 Remaining (%) of the tested compound after 0.5 h incubation with mouse liver microsome (0.5 mg/mL).

ortho, meta, X Opara-filZ A NFxTVHEEANLZE 2 A, para-hi 3t T %
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ZENGIoT (98-100), Fopara-fiiZ/ vatk, A RXUIVR=VEE K
WO AFNT I HEENLTZFHER 101-103) 2 bk L= & 2 A, Bk
DIFELWZ EDRHLNE ST,

E BT R U BRparair OB SR EBRIL O GBI Z SR L7 R, =k
XU =% LTERIRT I U2 A7 25588109, 111, XKUN-A FLERT
U U B EFONUNIEFITE Win vitrolEEE R T2 L A R L,

B \Win vitroliPE & CYPIREIHEE E 1 & i NE L 72109 DPK /3T A — & % Table 1612
AT, AEEW1091T~ T A1230 mg/kg EENES (p)T D2 LI2XV ., mni

SR AR LT,

Table 16. Physicochemical property and PK parameters of 109

MS? Cmax® Tmax® AUCP
LogD
(%) (ug/mL) (h) (h*ug/mL)
34 89 2.64 1.33 6.93

2 Remaining (%) of the tested compound after 0.5 h incubation with mouse liver microsome (0.5 mg/mL).

b Average of two values administered at 30 mg/kg i.p. to C57BL/6J mice (0.5% Msokodeethylcellulose

suspension).

ZZ T, BIRDIL-6FRE~T VP~ AET NV EHOCEHMEi L= & Z A,
{EA#1091330 mg/kghEENBE G2\ T, T I17%in vivor~T 2 2V FEAINHIE

HZRTZ ENH BN E 72572 (Figure 13),
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Saline 0.5% MC 109

IL-6 (10 ug/animal, i.v.)

Figure 13. Effect of compound 109. The compound was
administered to an IL-6 pretreated mouset at doses of 30
mg/kg (i.p., 0.5% Methylcellulose, suspension, n =4) . ##, p
< 0.01 vs saline treated group (t-test), ***, p < 0.001 vs 0.5%
MC treated group (t-test).
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FBUE BROBETinvivo B2 RTLEW 129 DEIH
AT CIE, HTS & v MEEY) 67 OFFERREICLY | IL-6 FRm~ TP
7 U AET B THEIENE G- T invivo 35 % 773 109 Al O 4k~ 7=,
L L7222 LA 109 1%, 30 mg/kg #% O e 5 Reo i & 5E g 03 G 5
DRI 18 LIRS (AL LTMETED 77 7 A& f L THRNT LA

L 7572 (Table 17),

Table 17. IC, value and physicochemical properties and PK parameters of 109

O
109 IC,,=0.13 uM
o NH
1
g
OH
MS? UGT® Cmax Tmax AUC
LogD

(%) (%) (ng/mL) (h) (h*pug/mL)

2.64°¢ 1.33¢ 6.93°¢

3.4 89 76
0.324 1.504 0.89¢

2 Remaining (%) of the tested compound after 0.5 h incubation with mouse liver microsomes (0.5 mg/mL).
bRemaining (%) of the tested compound after 0.5 h incubation with mouse liver microsomes (0.5 mg/mL) and UGT
reactionmix solution.

¢ Average of two values dosed at 30 mg/kg i.p. with C57BL/6J mice (0.5% Methylcellulose, suspension).

4 Average of two values dosed at 30 mg/kg p.o. with C57BL/6J mice (0.5% Methylcellulose, suspension).

L& 109 O7RF#E DGR ORI T 2 EE EOJFERNL, &V in vitro TEPED 7
BUIMEATH DA X — VB 6 LD para-t Ru 7 = =/)LHH UDP-
glucuronosyltransferase (UGTIZ L WAz % T ThHhH EE X,

para-t R ¥ 7 = = VEORIFEMILOBRE %2175 Z & & L7 (Table 18),
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Table 18. Alternatives of para-hydroxyphenyl group

g\NH
o
4
N
H R

ICso ICso
compound R compound R
(uM) (uM)
78 A g\ 0.40 89 AN >30
OH H
. | _
86 \[:j:ﬂ >3 90 1 72
~ | A\ ’ N
87 g 11 91 2 1.0
88 mo >30 92 Iﬁ;« 0.33
H

WBOIZT = 7 — e Ra Xk RoAEY PR EMIK (bioisostere) & L THI D
NTND ZBRAERE~OEBRET o2, 7=/ — e Fax v L EEo
Feth 2 4 HH-bond donor & L CHERET D K S IcT7 A v a4 I K

VL (86), EuBEY UL (87). RUAF LA v N FEE (88)L T

& KM 72in vitrolEEDOIR T2~ LTz,

WICHBREHER~DO LA RE LT~ B o —/LE (89), M U4-E' U 2 VB~
B U772 358R (90) X RIEIZIEMEANTI Lz, LIZLER D, A Y%V — i
ERONITFRREDIEMEZ R L2, & HIZ3,5-P A FILE TV — LiFEEERR2II(LE

9109 & [F1%5 Din vitrol&TEZ 7~ Z ERA LN E 72 o 72,
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ZIT A E =6 para-t RaF 7 = = VA S OFBERIZEB N T
in vitrol&VER_EIZ3 5 U723 nE # L 2 921238 A L 7235818128, 129% et L 7=
LA, ZbiEEmWinvirolEEZ R T Z E BB B E AR o7 (Table 19),

Table 19. SAR and metabolic stability of 6-dimethylpyrazole derivatives

R
O)'\NH

ICs0 (WMD)
compound R /
MS (%)2

0.33

92 A /

N0
o 0L

SN 0.23

129 b”@ /
. 80

2 Remaining (%) of the tested compound after 0.5 h incubation with mouse liver microsome (0.5 mg/mL).

I R L EEE T Y — ViEER129DPK /T A — 4 % Table 2012757,
L6109 & teie LUGTIRENIZ k3 2 2N RIBICdE L, 30 mg/kgt 15
oD I I B LT REE ) BT A 2 E RSN E AT,
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Table 20. Physicochemical properties and PK parameters of 129

LoaD MS? UGT® Cmax® Tmax® AUC®

0

s (%) (%) (ng/mL) (h) (h*pg/mL)
2.4 80 94 0.92 3.25 2.55

2 Remaining (%) of the tested compound after 0.5 h incubation with mouse liver microsomes (0.5 mg/mL).

YRemaining (%) of the tested compound after 0.5 h incubation with mouse liver microsomes (0.5 mg/mL) and UGT

reactionmix solution.

¢ Average of two values dosed at 30 mg/kg p.o. with C57BL/6J mice (0.5% Methylcellulose, suspension).

T, B DIL-6EREm~NT VP~ RAET LV EHNCEHMLTZ & 2 A,
{EE1291330 mg/kgfk N 528\ T, 5871 72in vivor~7"3 ¥V PEAIIHIVE

T ENH BN E A5z (Figure 14),

100
00 Hi

=

g

£

3

=5

Y

-

=

=

5

72]

Saline 0.5% MC 129

IL-6 (10 ug/animal, i.v.)

Figure 14. Effect of compound 129. The compound was administered
to mice at dose of 30 mg/kg (p.o., 0.5% Methylcellulose, suspension, n =
4) before IL-6 treatment. ###, p < 0.001 vs Saline treated group (t-test),
**k p <0.001 vs 0.5% MC treated group (t-test).
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BIE /NE

ARETIE, HTSt v MEAW6TDOFHHAREEIZ LV | # ARG Tinvivodk%h %
RIEEW29% A L 7o 2 ik~ 7=,

LB 67 DUIWIHERER TR LizA v ¥V —)b 6 (LT para-& K ¥
7 2= VEEAET DA 109 13 IL-6 FRE~T TV T RET L E AN
in vivo FREHBIZRB VT, BIENER S CE~T > P AR TIERZ R T H 00
AL LTHEDOWS T a7 7 A VZf LTWRolz, £ T, (ba 109
D6 N7 =/ =N Nk OB ERRICKL VRN 2 deE L, #E
H#5- TRV in vivo 30 &~ {bG W 129 Z A L7z,
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BB FTI/IRUVIA I —NEBEEFET HHH
TV EARERIOAR & BETE AR
B ~AFX T — SRR LR LI ke T A v

A CIE. LA 109 D para-t R 7 = = VOB EERICE D | &
AREREOMPHBERELZLEL, IL-6 FRENT VI TRAETMITENT
A $E5-T in vivo 3502~ 129 ZAIH U 7o 82 lk ~ 7,

ZITE B TR 4TI/ Y IV UFHEAERDRT DYRKIA (X U
ET5HCMGC 77 XY —IZ@T 5% T —BIEROGEZMERET H7-DITbd
M129 DX F—ET a7y A4V TEHMAZEmR LT 216 ¥ —18), FORER.
129 /X DYRKIA ~DLERE D> > 72(6.3 % inhibition @ 0.45 uM), Z D Z &>
LRIED 4-7 I 7 BV IV UFEEREIIRR D AT = AL TAT VY VPHEE
PEERBLTNWDHEEZOND, —HTEL DX F—BIZK LIHEREZFFOZ

EMH B0 E 72572 (Figure 15),

compound 129 (0.45 pM)
120

\
N
100 £j
N
80
9
< 60
2 H
a N
£ w0 o
- 2
20 N\N
H N
’ N
-20 (TTTTITTTTITTITTTT [T TTTTITTTTTIT T T T
AGC AypicJal CAMK %KL cMGC STE‘ TK 129 1C5,=0.23 uM

Figure 15. ICy, value and kinase inhibitory profiles of compound 129

< NTF X F—FHEATEMEBROIRERE LTI#E L TWWenEExoh
TWA P, T —FHEFEHAEKTESE2 2NN EEE X,
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— AN AR T 1 AR T, KREEA TR b HEE R LA
ERHD 1 D THDHEBEZLNTWD, FIZF T —EHFAIDZ <X Adenosine
triphosphate (ATP) & OFEHUEHICIE S b DRE | ATP & X —EBDfEAIC
HHEHLBZONDLONE U IURAENTH D, T —BITxT %) 70 ERE
DOFRBUIT e UG O EHO T I NS & OB 72 KBRS DA KT
HHEEZEZLNTND 2,

Hxld, (LAEW 129 @ 3-7 2 /) A 2 — VRN T T — B ERE 2 584

% ERK &% 2 7= (Figure 16),

S
Oemee. o
HN H\N
R
4

(o N.N

N—H-"* Ar

/

R .-H

_O_-'

Figure 16. Estimated interaction between hihge binding site and 3-aminindazole moiety
Z 2T, B URBTLE BERAKFREEZTER L TWDH EEXBND 3 D
DEBNL % Z5 4 U T= 3 FEEE O scaffold 25 A > L7= (Figure 17),
—ORIE, A FY =N IAUCT V=NV EEEANTH T LT NH EEBREL
723-T U= A B — VFHEK, ORI, 3MEHEL 4 (LICBEI S ET 4-
TI)AUEY—VHEIR, ZLTC=281%, /£ ¥V — 1| fiOEER %

PR T ICBEXMZ - 3-T I )R A VXY — LEFERTh B,

3-Aryl indazole derivatives 4-Aminoindazole derivatives 3-Aminobenzisoxazole derivatives
(removal of 3-NH) (removal of 3-substituent) (transformation of 1-NH)
Ar Renm R-NH

g
N-

Ar o Ar

Z
Iz \§

Ar

Z
Iz \é

Figure 17. Newly designed scaffolds
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E_H BEEOEBIE

NI EHRERBREA T 54 XY — /LEFER

A B =) NG EREFERZ AT 2LEW DAL — b % Scheme 13
b5 N

o R HIC RO IR 126 LV AR LT 3-7 X A o F Y — /L HIER
130 % RALS-AAEEE T b Y U A-BAWKFERKEIR % AV 72 Sandmeyer SOGRIT K
D.3-TeEAEY—AHEIKR1B31 2GR LT, A Y=V ALK 6 ALY
Z7V UNEE Boc FECHIRGEL, x0T U — ki UEERIEE DR v T

Vo TR e MR G EZIT Y Z L1k B LA 134-138 SR L7,

H,N

N’ a N7 b
‘N _0 + Br A —_— N { _ =
' N
Boc : \ . \ N
07% NS Boc Boc N\ Boc
126 130 131
Br HetAr HetAr
c N7 d N7 e g
- N N - ‘N N - ‘N A
Boc \ NN Boé | N H | N
Boc N*Boc N
H
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N
Q Q9
~ ~ HN
/ NQ137 a 138
134 135 136 X

Scheme 13. Reagents and conditions: (a) Pd(dppf)Cl,-CH,Cl,, K,PO,-nH,0, 1,2-dimethoxyethane/H,0,
91%; (b) CuBr, NaNO,, HBr aq., AcOH/H,0, 29%; (c) Boc,0O, Et,N, DMAP, CH,CN, 89%;

(d) Heteroarylboronic acid, Pd(dppf)CL,-CH,Cl,, K,PO,-nH,0, 1,2-dimethoxyethane/H,0, 46-83%;

(4) 4N-HCV1,4-dioxane, 71-97%.

(The Boc protected compounds were isolated as a single regioisomer, but the position of Boc groups
were not determined.)

AN ESIE AT T 54 X — )L iFE K

6Nz 7ua7a bt )V AF LTV IVELAE L., 400ICkEL REE > F4
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HA K — )VEHER DA% E % Scheme 14 (2777,
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Scheme 14. Reagents and conditions: (a) Boc,O, Et;N, DMAP, CH,CN, 55%; (b) Bis(pinacolato)
diboron, Pd(dppf)CL-CH,Cl,, KOAc, 1,4-dioxane, 99%; (c) Pd(dppf)Cl,-CH,Cl,, K,PO,-nH,0, 1,2-
dimethoxyethane/H,0, 72%; (d) 4N-HCV1,4-dioxane, 16-90%; (e) Acyl chloride, pyridine, CH,Cl, or
Alkyl chloroformate, pyridine, CH,Cl, or p-Nitrophenyl chloroformate, pyridine, then MeNH,
hydrocholide - Et;N, THF or Methanesulfonyl chloride, pyridine, CH,Cl,, 27-61%; (f) aqueous NaOH,
THF-MeOH, 99%; (g) MeNH, hydrochoride, DMT-MM, N-Methylmorpholine, THF-MeOH, 68%.
(The Boc protected compounds were isolated as a single regioisomer, but the position of Boc groups
were not determined.)
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HHRD 6-7 v EA &2 — )V A HFEIEHT 1 L% Boc S TR L7z 6-78 1
MR a—)Lo X7 VHRIAR 139 AL, T REE T Y —LEDEKRT v
U > TR, i< BARHERRIC L0 4 (L BEE AR 140 2 Ak LT-, 7o, RO
4-7 2 /-6-7 T A L FY =)V EMBIFENC, S8R D v 7 CTRORZ XY 4-
T A=V 142 AR LT, R 142 27 X RMb, ALk =
b, oL T b, b LI — A2 — ME L RICHR#E TS Z Ll kv, B
) 144-152 B LT, THIRD 6-7 0T A L H ) —)L-4-T) VIR VR A F LV % HY
FEIFEHT, FEEDO IS XV 4-H VR B RA 155 24 L. #i< 7 2 Rk,
DRSS L 0 U R—27 I ReFEk 157 Z A LT,

WIZ, 60lIcy 7 a7 a btV AF AT UAKRER L, 5AICERLEZA
T LA F Y —VHEIRO A% Scheme 15 (2787,

6-7 0E-5-= haA XY —/LD 1 itk THP THRE L7, #kxH\Wiz&Eoc
FOSC &Y 5-7 2 ) A 52— ViR 159 26 LTc, PHEIE 159 &2 2 F v
T =" A= Mb, 6 (28T Y —/VERDE AN, f5e < PSR T T THP LDk

ATV, BRbAEM 163 ARk LTz,

/O\fo
NH
NO, NH, c
N b Z
N o 2 . W —— N N/ﬁ
N N B N Br
N Br / Br ’ ' THP
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0.0 /OYO _o_o
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‘THP H
161 162 163

Scheme 15. Reagents and conditions: (a) Dihydropyran, p-TsOH monohydrate, THF, 87%; (b) Fe, NH,C],
EtOH/H,0, 85%; (c) Methyl chloroformate, pyridine, CH,CL,, 83%; (d) Bis(pinacolato)diboron, Pd(dppf)Cl,-
CH,CL,, KOAc, 1,4-dioxane, 64%; (e) Chloro(2-dicyclohexylphosphino-2',4',6'-triisopropyl-1,1'-biphenyl)[2-
(2'-amino-1,1'-biphenyl)]palladium(II), K,PO,, 1,4-dioxane/H,0, 54%; (f) 4N-HCV/1,4-dioxane, 72%.
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WIZANIZA FXRTUHNAR= VT R ) EEFH L, 6 (LA 2EHBREEZ /T 5

A U H = VEHEER DA %L % Scheme 16 (2777,
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Scheme 16. Reagents and conditions: (a) Methyl chloroformate, pyridine, CH,Cl,, 92%; (b) Chloro(2-
dicyclohexylphosphino-2',4',6'-triisopropyl-1,1'-biphenyl)[2-(2'-amino- 1,1'-biphenyl) Jpalladium(1I), K,PO,, 1,4-
dioxane/H,0, 54%; (c) 4N-HCV/1,4-dioxane, 31-90%; (d) aqueous NaOH, 1,4-dioxane, 68%; (¢) MeNH, hydrochoride,
DMT-MM, N-Methylmorpholine, THF/MeOH, 77%; (f) Methyl chloroformate, pyridine, CH,CL,, 71%.

AR OHER 141 & 7 ma XA TV & ORI L > TR B L7z 164 12t
L., THP THR#E LY DT ue T ) — LT LAY v 7 ) 7RG Lt
S BEMESE T T Boe H: & THP EOBRFEIZ LY . AU 165-170 =GRk L
oo Flo, AF N AT IVHRURO T VI3 U KGRSO £ 0 Gk LTz B v
A UBRTEET ZBR#ET DL TR CEHEIR 172 2, TRy
EE A 171 (2% LIS AN DMT-MM 2 W T A F LT R v L faath, Bifk
T D LKV AT I NANEANVHER1T4 ZER LTz, (LEW 176 137
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RS a— = AT VMK 141 OEART v TV TG, AT IV T — N R
— RMb. %< THP EOMfR#EIC L v SRk LT,

I et - 1

6(LlZ 7 uTFu N AFLET ) UNEER L, 3MLICERELHET L
A XYY VEHEERDOG AL %L Scheme 17 12777,

THRD 4->7 /) 3-7rFar7z=Rina L gt 7uaesr sy — Lol v
TV RORZE DGR LIALEY 177 12 L, T2 be Re X4 AfaEH
EHDHZLICEVBRIEIGEREITL, 3-7 I /Ry A XY —)L 178 %15
Tz 6 LB 7Y —/L% Boc SiTHIREDR, 37 I/ E&27 I M, —3 A
—Mb, LTIV LT T 2 LIk, BERLEY 181-183 2157, FHI{K

o N
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Scheme 17. Reagents and conditions: (a) Pd(dppf)CL-CH,CL,, K,PO,-nH,0, 1,2-dimethoxyethane/H,0O,
58%; (b) Acetohydroxamic acid, Potassium fert-butoxide, DMF, 99%; (c) Boc,O, Et;N, DMAP, THF, 74%;
(d) Cyclopropanecarbonyl chloride, pyridine, CH,Cl, or Methyl chloroformate, pyridine, CH,Cl, or Ethyl
isocyanate, Et;N, THF, 20-95%); (e) 4N-HCV/1,4-dioxane, 71-97%.

(The Boc protected compounds were as a single regioisomer, but the position of Boc groups were not
determined.)
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B A XY — )VEHEAR DA kE % Scheme 18 (2787,
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Scheme 18. Reagents and conditions: (a) Acetohydroxamic acid, Potassium terz-butoxide, DMF, 94%;

(b) Methyl chloroformate, pyridine, CH,Cl,, 94%; (c) Bis(pinacolato)diboron, Pd(dppf)C1,-CH,Cl,, KOAc,
1,4-dioxane, 66%; (d) Chloro(2-dicyclohexylphosphino-2',4',6'-triisopropyl-1,1'-biphenyl)[2-(2'-amino-1,1'-
biphenyl)]palladium(II), K,PO,, 1,4-dioxane/H,0,79-99%; (e) 4N-HCV/1,4-dioxane, 71-97%; (f) aqueous NaOH,
1,4-dioxane, 99%; (g) N, O-Dimethylhydroxylamine hydrochloride, DMT-MM, N-Methylmorpholine,
THF/MeOH, 83%; (h) Methylmagnesium chloride, THF, 35%; (i) NaBH,, MeOH, 99%; (j) N, O-
Dimethylhydroxylamine hydrochloride, DMT-MM, N-Methylmorpholine, THF/MeOH, 99%.

(The Boc protected compounds were as a single regioisomer, but the position of Boc groups were not
determined.)
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RO 4-7 mE2-7 0 Fa Xy = UL & 3 EENT Scheme 17 & [FERD
FOSIZE VAR LT 3-7 3 -6-7T 0ERUY A Y FH Y —)L 185 ~D 3 it A F
VI =Rk — b, 6 L ~DE T Y —LBEROEAICL Y . HI LAY 188-203 %
AR LT, AF VT AT I)VHRURO T )V U KGRI &0 Ak L 7= H AR 204
Z JAVT, Weinreb 7 X R 205 ~DZEH L fe < A FNVEEDOEANIZ LY AF 7 B
206 ~EFHEEE, KFEARTRERT M) LR DBEICONTED . T L
o — /LR 208 2GR LT, HRIE 204 & AT LT I 2 EOfEE . RO
HEIZ L VLA 210 Z AR LT,

WIZ, 6 QLI AFAEY DA ET Y UNHEER L, 3ACERA T VaFx g

IWAR=VT R ) EEAT DFHEARDOE L% Scheme 19 [Z7R7T,

211
ok
214 215
\
A g
213 214-217 :
216 217

Scheme 19. Reagents and conditions: (a) Pd(dppf)Cl,-CH,Cl,, K,PO,-nH,0, 1,2-dimethoxyethane/H,0,
89%:; (b) Acetohydroxamic acid, Potassium ferz-butoxide, DMF, 64%; (c) Alkyl chloroformate, pyridine,
CH,Cl, 98-100%; (d) 4N-HCV/1,4-dioxane, 52-82%.

Schemel7 & [FIRRDOSMZ L VAR LT23-T 2 ) R A VP — )Lk

22 1CfEA D7 v X7 AXVEEHSEE% NMA#ET L 2 LIck Y B

214217 # &R L7=,
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BB 3-TV—NA U F—)VZFEKDER
AREITHX, ¥ —PHEREKBEZEHNLEZ—2HOT YA L THDHINLT 2

) A R RERRICER L T23-T ) — A V& — ViR OFERERIC
DWNTIRD,

IO, LT 2 ATV — VIRICEE U TS R Din vitrod RS 3R &

Table 2112777,

Table 21. SAR of 3-heteroaryl-substituted indazole derivatives

compound R R ICso (LM)
N
A\ Q—_NB
134 — 2.6 137 N 0.17
* 7\
N
7 Q__,}
135 — 23 138 N 0.12
* \
136 N4 3.1

HEHEFBEOLY Y DU, KO e —/ VBRI L7238 (134-136)1. K
M8 in vitro IEMED BT T AR TH 7=, L LENL, B U UBOMEIC
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NIV UBREBANLIALEW 137,138 1L\ invitro {EVEZ R T 2 ¥y o Tz,

ZZ T, EWinvitro AR LTIZ 138 DX F—E T a7 7 A U IRl A E
fELi=E ZA, BEERZ R LEbDOOKKRE LTEL OFF—BITHT 5
EREEAETDH I ENHLMNE 272 (Figure 18),

compound 138 (0.19 uM)
120

100

80

60

40

Inhibition (%)

20

0 0 I iF |

AGC Alypidal CAMK

-20

CKI CMGC | STE 138 IC;, =0.12 uM

Figure 18. 1Cs, value and kinase inhibitory profiles of compound 138

S —PIHERNME T Lo 2R KL, 3MLICHZICEA LYY VU R
DIKBEA 2387~ 72 H-bond donor & U CTHERE L7270 E HEHI L T 5 28,
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BE 4-7 I A4 U F Y —ABEAORRE & DS28120313 DAIRL
AE T, “OHOFHA L THDIMT I Brdi~BH L7247 3 /A
VY = ViE AR OFEBARRBIZ OV TR 5,
EPIADIT, MTER X REBIIE S AT DI E A > 2 — VFERDin
vitroa i J % Table 22(277 7,

Table 22. SAR of 4-substituted indazole derivatives

compound R R ICs0 (UM)
\ o]
140 H 4.1 157 N~ 22
\ H
144 H 1.0 149 0=5-N_ 1.2
o ©
)4 A
145 N 0.19 150 Y 0.34
o *
H 151 -0 H
146 N 0.45 N 0.093
o (DS28120313) o
\N
- N
147 Q 1.9 152 YN 0.66
H o *
N
g
(5-)
HoN -0
148 \ 2.7 153 4 >10
0 *
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(B R AR 1401 X KR Zin vitroTEYEDRN T L7z, — My mnrm e
VT X REZE SO THRREDOTENEZ R T Z B3k ole, 47 I RiE#
(ISZARANZ @ DMEME Ein vitrol&ED @ < o A &Y —BALA~DEATIHF T
BWEMEZ R Uizpara- BT V= _U X7 2 REIZHREDOIEEZRTIC L
EED ., A CIRATo A VY AIMNFHER L 1 X HSARE R LTZ (145-
147),

WINZAPE~DT I RIS OB HILOE A 2R LTz, —fk7T I /3 (148),
UNR=ZT I K A57), KAV KR LT 2 RFER 149)D7EMITHREE TH -
oo —H. ATAT LT HER 150), LA T IVH— X — NFHER 151)1%
FEFIZEWinvitrofGMEZ R T 2 LN oTo, ALEHIL O ZEMIFFARMEIXIEF I
Dl ZmTF NI — N A — N ~DOETin vitrolEPED 6 REEEJTTT 5, F 7.
SPAZ A F NI = A — M EEZR AT DAL EW53Din vitroTEPEITEAITIHR L
776

AVHE = VAL DEBRIELE L TATF NI =R A= EPETHDH Z &
SNk lol-DT, EHLETH D BT Y — LB OB &
FZhii L7~ (Table 23),

fli 2 DT VL FE(151,165-16T) XV T 4L S m\Winvitrol&EEZ R LT2 S, =—T
JVIEHEE (168 XIETEET T2 Z E Ll ole, EIATF LT AT L
BR 16T BAFREW A RFFT 2 b DD, VR CEFHEL 172), KA TF
VTNV SEA NVHER 1T)DOIEVEIIR T3 /R Thote, 7 m7m Lk
RT AT VI L FREDsp? M D fRE 2 F502- U DLFHER (176)1% 5V \in vitro

IEMEZ R~ LT,
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Table 23. SAR of 6-substituted indazole derivatives

compound R ICso (uM) | compound R ICso (LM)

151

c-Pr 0.093 169 CO:Me 0.13

(DS28120313)
165 Me 0.15 172 CO:H >10
166 Et 0.18 174 CONHMe 2.0
167 i-Pr 0.19 170 Ph 1.1
=

168 CH2OMe 3.9 176 Ay | 0.32

FIT, BWinvitroEEEZ R LTZ151 DX F—P a7 74 U o ZEHh &2 E
ML= Z A, BB 2l L7 216 FEO X F—F 2% LT 30 %L FIHEZ R

72N & AR L2 (Figure 19),

compound 151 (0.164 pM)

120

100

80 ~o
9 OA\NH
5 ® N’
g 40 N | N
= 50 | N

0 151 1C,, = 0.093 uM

20

AGC Atypical KI CMGC | STE TK KL

Figure 19. ICs, value and kinase inhibitory profiles of compound 151
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SR 72in vitrolEYEE A L, ORI —BI T A ER A K ST 5
Z LT L721512DS28120313 L 44 L. in vivoREiR i 21T 2 12 H 720 |
~ U A & T YR R ER 4 FE i L 72 (Table 24),

Table 24. Physicochemical properties and PK parameters of DS28120313

LoaD MS? PB Cmax"® Tmax" AUCP

(0]

§ %) (fee%)  (ug/ml) (h) (h*ug/mL)
3.1 84 24 494 0.67 14.7

2Remaining (%) test compound after 0.5 h incubation with mouse liver microsomes (0.5 mg/mL).

b Average of two values dosed at 30 mg/kg orally (p.o.) in C57BL/6J mice (0.5% Methylcellulose suspension).

DS28120313 /L1 FE 2GR IME L IR 2 v R U f s &2 R L, 30 mgkg #% M5
IZBWCRHFRPKT 0 7 7 A )V ER LT, €2 CIL-6EREm~T vV~ T A
ETNERAWTIHMEi L2 & 2 A, DS281203131330 mg/kgi® A #% 5128\ C, 5877

7Rin vivor~T7 Y CEAMGWER 2R 2 E BB 52 L 72 o 72 (Figure 20),

90
80
70
60
50
40
30
20
10

0

Serum Hepcidin (nM)

Saline 0.5% MC DS28120313

IL-6 (10 ug/animal, i.v.)

Figure 20. Effect of compound DS28120313. The compound was
administered to mice at dose of 30 mg/kg (p.o., 0.5% Methylcellulose,
suspension, n = 4) before IL-6 treatment.

#, p <0.05 vs Saline treated group (t-test), ***, p < 0.001 vs 0.5% MC
treated group (t-test).
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BHE XUV A YV —IVHEAORER L DS79182026 DARL
KRETIE, Z2HOTHFA v THEIRU YA Y FH Y — VFEEROFHE R
BAlZ DWW TR 5,
A B — VN DEHER T % ik E BT HZLIZLD, B URS
ERAL & DIKFERE R ZTEAL L T D H-donorZ I & L7202 Y A V) F 4 — L ihiE
RISUTHRREDA~T > ¥ U EARERMEZ T 2 & 237D > 72 (Figure 21),

181 IC,, = 0.29 uM

Figure 21. In vitro activity of benzisoxazole scaffold 181

FTZTILEM 181 OFF—F T Ty A ) UMM AEm LT A, T
VU VBEARLED 1Cso D 2 fEDIREICRBW T, BB Y A — Tk
% PRERE DI HE) LTz Z & 8 L 7= (Figure 22),

compund 181 (0.49 pM)
120

100

80

60 iNH

Inhibition (%)
o

181 1Cy,=0.29 uM

-20 TTTTTITITTTTTTTTTTITT [T TTTTTITITITITITIT [T T LLLALLARLLARRUARREARRRARRIL LR LR LR [T
AGC Atypich CAMK  CK!1 CMGC | STE| TK TKL

Figure 22. 1C;, value and kinase inhibitory profiles of compound 181
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NV A Y T — VRO T — B BRERE D KR 2 AR SR
ThHDHIENFHERTETZDOT, XA Y XY — ) VFHEIRO A R % 5
THZEE LT,

BROIT N A Y FH Y —)L 3 LT & IR EHIL 28N U725 5 % Table 25

W29,

Table 25. SAR of 3-substituted benzisoxazole

N
H
compound R ICs0 (uM)
181 ﬂﬁﬂ\ 0.29
o *
H,N
184 \, 1.4
182 ey 0.21
N 4
183 N 0.72
0 *

—RRT X AT DI8ADIEVEILIES LTe AN, AT — 3 A — FEEEK
18213 E W invitrol&tE 2 7R Uiz, —J5. =F 0 U7 i ER183130-CTh M 23 g
THMERETH T,

WIZ, R A I FH Y — LN D BTV — ) BTk 2 AR E R A A
L 7 b B O F A Table 2617~
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Table 26. SAR of 6-substituted benzisoxazole derivatives

—o0
H
AN

compound R ICso (uM) Compound R ICso (LM)
182 c-Pr 0.21 193 CO:Me 2.9
188 Me 0.58 210 CONHMe 4.4
189 Et 0.46 194 Ph 0.54

195 Z
190 i-Pr 0.91 < 0.039
(DS79182026) =N
=
191 t-Bu 2.6 196 . \N”IN 0.35
_N
192 CH.OM 1.1 19 | 0.21
20Me 7 *J;Nj
AN
208 CH(OH)Me 1.2 198 */L;;j 2.9

SARENZ B E W T VT VIR EE AT S L in vitrolETEDNEET L TV < 2 & A3

Sink7pors (190,191), £7-T—F L (192), b Fr ¥k (208), =25 L

2 (193), KO 2 FE 21000 &L 9 R EREREOEAIC LY . WL binvitro

TEMEIEEEE T 5 Z E NG N E o Tz, TV IVEBREOKRG T, AR EK D

INEWRATFLVEELI D o7 a7 e B VERNEWinvitroliEZ R LTz, 202 & H»

5. spMEDRFE ZFFOBHIED I E TIL RV INE BB LT 7 = = LFER

(194) | ZELEG Y i WNin vitrolEPE A2 R LTc, £ 2 0L BRx R B REREEZEA L
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& A, 2-B Y DNVEAEA L TIALE 9SS IEE T @ W in vitrol&EMEE R LT,
COREREY, pURFEEETH I EITNA T, BEFRAOME HIEM A EICE
BTHLI ENbhrol,

WIT, 2-8 U PVH B OEWIEE N At L 72 R & Table 2712777,

Table 27. SAR of 2-pyridyl pyrazole derivatives

compound R ICs0 (uM) | compound R ICs0 (UM)
195
H 0.039 201 6-Me 0.042
(DS79182026)
199 3-Me 4.8 202 6-OMe 0.40
200 4-Me 2.6 203 6-i-Pr 4.8

2-B U DVIEDINL (199), K O4L (200)~D A F/LIE A LV in vitrol&PE
X100F5 RS T 5 Z LB B E 2o T, MRRINIZ, 6(LIZ A FEZE AL
722013 FEF I @ W in vitroTEVEZHERF T2 Z L R 3inoTc, LML G, 601
A RF U (202), KOEEWA Y 7 a EVEE 203)FE AT D Lin vitrolETED
BEST D 2 Enh | BB AOFFEMEITAR &HI LT,

TEHRE T =)V EOBEBRIEL LT 2-E Y ULVENRETH D T ENHAL
Lo TeDT, XUV A XH =IO T VX )T — N A — N EEDEaEA L %

Fehiti L 7= 5 % Table 281277,
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Table 28. SAR of substituted carbamate derivatives

compound R ICso (uM) | compound R ICso (LM)
195
Me 0.039 216 FCH,CH>- 0.047
(DS79182026)
214 Et 0.040 217 MeOCH,CHz- 0.069
215 i-Pr 0.16

S LTeA Y 7 a BT — 3 A — NEEEAR2151%in vitrolE M ORGSR 2 75 L
oy, BT VRN T —8 A — NFEIR214, 216, 21713 FEH (2 E in vitroTEYE Z
BT DD, NV A YRV — LN ERLL L U TR 2 R T2
FIRFAPER RV T & DR T & 7o, Hal b7t TR L 72 (b & M1950 % —+8
Ta 77 A Y VM @8FF—B N kb, JKEi T —PloktT A ERES

Flo7onZ & g L 7o (Figure 23),

compound 195 (0.078uM)

120.0
100.0
o]
80.0 +
& o)\NH //
5 600 ) N\ N
= N
z .
o
f 40.0 \\/N
N
200 1 I N
00 Mmoo | . gttt . _m -.l_.\l -y -._--.-.l.-ll.-, \I . I\I\
oo | 1951C5,=0.039 M
. g O XN T g ZZ o0 o Qg o N N NN N E AN N YA O XM T X
[ R - E L F TR Ao R A A AR RV RV FoSax=w SEXcSS¥arcpofoxks
A5¥Pas SECZRED &% B = 5 @ &
«;azgwxéﬁ“‘-‘ﬁﬁ"“’éwnqén¢§§88§§E§$§§z ﬁlségu—zxugég
x © & “=0 CR U o
Ed
=

Figure 23. IC,, values and kinase inhibitory profiles of compound 195
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Al L 72651952 DS79182026 & 4y L. in vivoREhatAli 24T 9 (2 7=
0. v U A% WISy EReER 2 FEh L 7= (Table 29),

HWERIEEEZA L, R ZEE s mEfRo 7 ) —KREZ RS
DS79182026/%. 30mgkg RO GICHB W TCRARMPRTELZ /RL, HOEKL L

TEFE LW BT 7 ANVEATHIERHLNE ST,

Table 30. Physicochemical properties and PK parameters of DS79182026

MS*? PB Cmax” Tmax®
LogD
(%) (free %) (ng/mL) (h)
2.5 87 17 9.17 1.0
AUCP vde CL* BAP
(h*ug/mL) (L/kg) (mL/min/kg) (%)
36.2 0.91 14.5 100

2 Remaining (%) of the tested compound after 0.5 h incubation with mouse liver microsomes (0.5 mg/mL).
b Average of two values dosed at 30 mg/kg p.o. with C57BL/6J mice (0.5% Methylcellulose, suspension).

¢ Average of two values dosed at 3 mg/kg i.v. with C57BL/6J mice (92 mM SBE7-B-CyD, solution).

F 2 CHPRDIL-6EFREm TV~ I AET A EFHNCEME L & 2 A,
DS79182026(%30 mg/kgtt 0 & HZFBNT, 581 72in vivor~7"3 3V FEAEINHIE

g ZENH B E o7 (Figure 24),

76



90
80
70
60
50
40 ==

20 -

Serum Hepcidin (nM)

Saline 0.5% MC DS79182026
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Figure 24. Effect of DS79182026. The compound was administered to
mice at dose of 30 mg/kg (p.o., 0.5% Methylcellulose, suspension, n = 4)
before IL-6 treatment. #, p < 0.05 vs Saline treated group (t-test), ***, p
< 0.001 vs 0.5% MC treated group (t-test).

DS79182026/XIL-6i5F m~7' ¥ v U AET TR VR e lEEZ2 R LT
DT, LD mREHI 2 SEHE LTz, ~7 P U pEARBENC L 0 4 U 2 BERERIEk K
ZHEMICX T DIRENR AR T D720, SARGERAMET L~ T X% N
To Rl 2 S fE U7z, BRAI 2 FIRNE G5 2 LIC K0 s T v DU RIE 2k Rr
L7~ ACx LT, =) Au R F ol 2 b LG zfed &, +o728k0
a0’ & SRR MER P~ 7 a e v & (CH)IZE T+ 5, LMALARRBG
DS79182026 0 1 H 2Bl 1 ¥ 5- 45 H [Efkfke 32 L CHrz RIfE S5 Z L5
WEIRoT, TOZEIZEY AT UV VEAREIC X > THREM SR ZIRREE

BGET 5 2 LRI S L7 (Figure 25),
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Sampling

V Y (CHr Ret-he)
Day0 Day4 Dayl0 Day14
Ironi.v. Ironi.v. DS79182026
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Figure 25. Effect of DS79182026 on reticulocyte hemoglobin
content (CHr) in iron-induced anemia mouse model. *, p <
0.05 vs vehicle treated group, **, p < 0.01 vs Vehicle treated
group, *** p < 0.001 vs vehicle treated group (Dunnett
multiple comparison test).
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EAHE /NE

ARETIE, BAEE Tin vivodh & R~ LA W1290 b~ L F X 7 —BILER
ORI A B X U7-aF 8RR L 0 . DS79182026% Al L 7= #8## & 7k~ 7=,

{EEW129133-7 X /) AV F ) — VRIS T —EB O b o UREAERAL & HRIE 72
KFEFEGEIERL L TWD IO AFex F—EBloxt L CHEREZ R~ T &5 272,

ZIZTCE U URBILEZEZ DDA B LT23-T V— A =)L,
4-T I A VE = KO3-T I )R A Y FH Y — ViFEERO3FEIED
scaffoldz7 A L., GEREZEwR LTz, TOME. 4-TI /4 XV —),
K3-T7 X ) R A F Y — L FFER A~ Dscaffold hoppinglZ K ¥ m~~
VYU UPEAMEEEERFFL, X —BIHEREE KRB TE S 2 &2 A
L7,

HIZ3-R_U Y A Y W — ViR O i b RET ORISR R A EE L L TR
PK7ua 77 A NEH L, IL-6BFEm T VY~ U AET L& HWTin vivo3Es)
R 3D CRE D % 5 TR 7 i~ 7 O AR FEH &2 78 DS 79182026 D £
T LTz, & HITDS79182026( XS AF5EE MLE T /L~ U X &l zin vivo
HANFAMIZ BN THLER 8T A — % (CHr Ret-he) DA ERLELE R L, ~T Y

VPEATLEA SRS R Z R MIGRE E L TAZITH 5 Z LIRS,
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HBINE  DS79182026 DIRFEZZHNER Z L X7 B DERFEHFE

B ERE R EREFROME

AT T, v FF S —BHEEMUR L, SAFERMLET L~D RAICE
TR in vivo #8279 HLLEY DST9182026 Al Diffife &k~ 7=,

DS79182026 |3~7 > P U pEAE B AT & LTz cell-based 7 v & A & V2 ik
BRI Lo TR LIALBEMTH Y . ~T > PV FEARE 2 RT3
BRI RHATH 72720, TOREMFRICEFTHZ &L LT,

—MRA . RIFERFTE 7 ©H ONT SR BRIRBAFE I I T Bl 22 kIR D
E. RREFORE, KORWEROATREME TR AT 5 721z, FEREHER 5y
FOREFREEBELRBEA L EZ LN TND ¥,

FOHEmITEL H DN, BT 7o —F 3035 4 L 3y +4AEmeEet
b H 2 BEE U CEEMOER T 2 T2 RET 2 EHENT 7 a—F 62—
DIZRIT SN D,

THEDOTERN T T A7 ADFELNEAIZL Y, 1000 #8255 30K
WRRFICERAREL IR olc, TICERBMT BT 47 AL 7m—7
EfAE DE 7= [chemical proteomics| D F1E T, K& 7o FER2HE R 5y 1R E
MER SN TEZ, 25D [chemical proteomics] DFED T T, LEWEE
fbE—=XZ N7 7 4 =7 4 —RRPEORDEEDEHNFETH D LE X
HRTWS 4,

Foxix, 77 4 =7 4 —KHLE H\ 7= [chemical proteomics) & i ALAY
EHAOWREATHMEZ A GbE D 2 LIk D, DS79182026 D IEER M)y 11

)& X7 EORIEMTEZ1T 9 2 & & L7 (Figure 26),
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Target candidates
" [
J
Compound- » 4 ‘ |

?n’jobl!lze: ] ——]
affinity beads Competitor Active  [nactive
Cell lysate

Figure 26. Schematic representation of chemical proteomics approach to identify candidates
of molecular targets of DS79182026, a hepcidin production inhibitor

Cell lysate was subjected to affinity purification using compound-immobilized affinity beads to
enrich proteins which bound to the compound with or without active/inactive competitors.
Enriched proteins were identified and quantified by liquid chromatography - tandem mass

spectrometry.
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BE VML EMDT A ROERR

ATEICld, DS79182026 DAL R AIBRRITFE OB EEIZ SV Tk~ e,

T 74 =T 4 —REEIT O To0IZiE, BE—AFEEM L THEERNEZ N
BEOMBEBRMMEEZER S Z Lo U —(LEWERE - AT H I LN
VDD, T TEHIZI. 77 4 =7 4 —HEITHWD BE—=XIZEET 5720
DIbFE T v —T7 2%, B LT, — T, X0 EENRERN S T ~OR G %25
i 272Dy —bEWmE LT, BEERINMKCES L7z 7 v —7 b 0f8 T

ARk L7 (Figure 27),

DS79182026 [PH]-182
(IC5, =0.039 pM) (IC5, =0.21 uM)
0\/\0
R- )\NH

R =Boc: 218 (IC5, = 0.089 uM) 199
R=H:219 (ICgo = 4.8 M)

Figure 27. Compound structures
DS79182026 and 182: Hepcidin production inhibitors obtained from derivatization of the hit
compound from phenotypic screening. *Hydrogen atom on this carbon was tritiated in [*H]-182.
218 and 219: Tool compounds for target identification by affinity purification using compound-
immobilized beads.
199: Negative competitor for affinity purification.

Hepcidin production inhibitory activity of each compound is shown as ICso values.
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RIS \EIZRBW T, RNy Y X —)b 3 (IR 6E & R C 22
RERENZ EDRERIN T, ES T EDOREER Ty NOSMUIZH D Z
EBLRBENTND, Z2ZT, XUV A YFH Y —)L 3 L h— " A— KLY
VA= EBANLTALEME T A LT,

Boc 7 3/ 3% ¥ polyethylene glycol (PEG) Y > 1 —1& 218 @ in vitro J&EMEIX
ICs50=0.089 uM T&H YV . DS79182026 (ZiL\ V&% 7~ L7z, PEG U > 1—Dk
ICRE R BEHILOBEANARETH H Z E 3R TE, 218 ® Boc FZFrE L
72219 EHWTER L 7L EWEE L B — RTEEE PR R 4 7 & m VL
itz > Z &R ST,

Boc 7 X /K, KO X HAFFOU 1 —1K 218,219 DA L% Scheme 20

TR

212 218 219
*
HoN \o\\H o
2
2 e 7N f />\n
N.o : 2 - . o
\ /N 'O " N;
N
‘THP ! N | N
“THP N
220 221 PH]- 182

(19.0 Ci/mmol by Mass Spectrometry)
Scheme 20. Reagents and conditions: (a) 2-[2-(fer-Butoxycarbonylamino )ethoxy]ethyl carbonochloridate, pyridine,

CH,CL, crude; (b) 4N-HCV1,4-dioxane, crude; (c) Boc,0O, Et;N, CH,Cl, - THF, 37%; (d) Trifluoroacetic acid,
CH,CL, 77%; (e) [*H]-Methyl chloroformate, pyridine; (f) 4N-HCV/1,4-dioxane.
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E=E ERNEMZ NI EORE

ATERCIE, SEEREAIER & 7 B OREFFTICHN D Y — LG O T
A2 ROBRIZOW TR,

REITIXY = ALEW 2 TR FERFEE I L0 R ST AR Z VN7 B
DRIEMFIEIZ DN TIN5,

NT UV AT R CEASND Z L0 b, GRS L C in vitro FFA &
7 C & MATEMAAR HepG2 2 H iz, 340012 1 %O A i MEAl NP-40 4
WTHRITEE LBV T A — ., ROEDERETH D AEMHER GO LS BTt
LT DU EAREA R RN RG22 R BEREENL TV D )
. MU FULTERLIZPH-182 Z HWTI~5 Z & & L7z, HepG2 BT
A —h E[PH]-182 & OfEAEIX, W& U R BERERTFC EH L, »
DU F UL THERB L TW2RVMES Y 182 ORINR KA LT
(Figure 28A), —J5. NAMERY E[PH]-182 & DFEAEIT, X VXV HEE, 1=
W LW RWMEE ) 182 DTRAINIREEWTFUS BB R S e h o Tz
(Figure 28B),

ZORREYD . AT UV PEAEER & FRRN RS AR S N BT
AL L72 HepG2 £ /LT A & — MIAFIET D L fsamS T 7=,

RIZ HepG2 BV T A B — MIFET DR RN REE 2R & X7 & EE
TH7D, TI2 Vo h—%2bfbaW 219 Z[EE L7 7 B —AE—X%
PN F2lR A i L7z,

84



A B 3500

2500
3000
2000

2500
1500
ﬂ.
2 1500
1000
5 ||
0 0 0 0 +)

DPM

8

0
Competitor (uM) | © 0.05 | 01 05 Competitor(uM)

protein (ug) 0 100 | 200 400 cell suspension (ul) ] 60 120 240 240

Figure 28. Confirmation of the specific binding of [*H]-182 to HepG2 whole-cell lysate

A: HepG2 whole-cell lysate was incubated with [*H]-182 (50 nM) with or without unlabeled
182 as a competitor. Protein-bound radioactive compounds were separated by a gel filtration
column and measured by scintillation counting as disintegrations per minute (DPM).

B: HepG2 suspension was incubated with [°H]-182 (50 nM) with or without unlabeled 182 as a
competitor. Protein-bound radioactive compounds were separated by glass filter filtration and

measured by scintillation counting as DPM.

219 Z[EEN L7 =X, b LAMEEwZBEEL L Thigna sy b —L
E— X% HW, BaibE L LT DS79182026 1FAE/FETFAE T T HepG2 E /LT
A — bOEHEIT-T, o, AT VU UHEEEEBEE L2V ODLE
WIZxt U CIRRE RSB 2 T 2 N B R RN 72912, DS79182026
EREERUMERE <L T UV U HEEERE L UET Lz RIEE Y
199 # H\ 5 Z & & L7z (ICso = 4.8 uM, Figure 27),

RN D & R 7 EDORIEIX, LC-MS/MS & HIWTIT - 72,

[FE SN2 _XTOX ST ENALE DR RN, KOINT TV U fRE
[EME & OFEMEZ RT X T ENENE W T 5720, UN42507 747
U7 2R E LT,

@© DS79182026 FH:AFAE T 219 ZEE M Lo B — X & PN TRE L 72Ky, =
VbR B RICHARTH R BB 2 5L RIS 5
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@ 10 uM D DS79182026 |Z Tt & PHE 1T - 725 T C 219 Z [EE/L L7
B — X% AWV ORI U7- . DS79182026 JETF/E FICH~_T, #1y
BT D

@ #INT % DST9182026 D EARKIFRIC X /37 BN %

@ 10 uM DM RLA M 199 745 T T 219 Z[EEL L7 B — X% W T
U7, (LA 199 FEAFAE FITH_T, o X7 BERE{E L

FRDOASD I TAT VT BT 13D LRI EN, ~T VUL

PR O SKPRLAER & o X7 & U CTEMIIZZET BTz (Table 30),

Official gene Protein name Uniprot ID Total Unique
symbol peptide  peptide
(common name) number  number
ACVRI1 (ALK2) Activin receptor type-1 Q04771 20 20
BMPRI1A (ALK3) Bone morphogenetic protein receptor P36894 16 16
type-1A
CIT Citron Rho-interacting kinase Q2M5E1 99 25
CSNK1D Casein kinase 1, delta P48730 24 10
CTNNB1 Catenin beta-1 E7TERS9 18 15
GAPVD1 GTPase-activating protein and VPS9 Q14C86-2 59 59
domain-containing protein 1
GSK3B Glycogen synthase kinase-3 beta P49841-2 24 18
HMMR Hvaluronan-mediated motility receptor 075330-2 17 17
PREKD2 Serine/threonine-protein kinase D2 QIBZL6 20 17
RIPK2 Receptor-interacting serine/threonine- 043353 35 35
protein kinase 2
SNX24 Sorting nexin-24 Q9Y343-2 10 10
TEX264 Testis-expressed sequence 264 protein C9JXQ7 2 2
TGFBR2 TGF-beta receptor type-2 P37173 35 1

Table 30. Candidate proteins identified by affinity purification
HepG?2 cell lysates were subjected to 219-immobilized beads followed by quantitative proteomics.
Reproducible proteins that passed those criteria in biological replicate experiments (n = 4) were

regarded as candidate proteins of the molecular target of the compound.
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BUUE N FULEREERWER Y R BEONY T —v g
Vg

AIEICIL, AbEEE e — X% W CHEME L7z 13 o S AR 0 Bl
Z R B DIREIZ DOV TIRART,

AREITIT 13 RO & v 78 L ~T P U pEAERLERE OB 2 3R
AT A TdIc, HEFEFIC L > TEESNI-AFARER 10EO ) 2 ey
NEU T E NY F U LT LT [PH]-182 & W2 i & EBRIC OV Tk
Do

D & X7 &I F LT [PH]-182 & OFEAENEIL, 7> Y FU LT
FA LTV RWEEY 182 OREIEOIRINC K Y, FEEN DT 55 3
B L L C. ALK2 (official gene symbol: ACVR1) & ALK3 (official gene symbol:

BMPR1A) 23 [FEIE S 4172 (Figure 29),
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Figure 29. Validation of candidate proteins

Binding assay of [*H]-182 with recombinant proteins. Recombinant proteins were
incubated with [*H]-182 (50 nM) after 2 h of pre-incubation with the unlabeled 182
as a competitor (5 mM). Protein-bound radioactive compounds were separated by a
gel filtration column and measured by scintillation counting as disintegrations per
minute (DPM).
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ALK2 & ALK3 13 1 BB TER# > 737 & (Bone morphogenetic protein, BMP)5
RELELTHOLNTEY, ATV VURBICHEL TWH 2D, HxlTtnb
T D PEAERIO PR OIEE TR L L B2 T M, ETl
By AT VYU OEREIEMHEANIZ ALK2 PWEEZREE Z R L TW5DH Z &R
SNTNDT2H P ALK2 ITDOWT XY FEMICA~T S v EA PR RE D B
ERET ozl Lz,

HepG2 flifldz VT, siRNAIZL D ALK2 O3Bz ) v 7 X7 o5 L
STAT ¥ 7 NMBZEE 721X BMP & 7 URERE O U H > R TH D IL-6 B &
UBMP6 |2 L DB OFEEIZ DD BT, ~7' 2P mRNA BHRBHEI L
5HZ & aERH L7 (Figure 30),
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Figure 30. Validation of a candidate protein

A and B: Effect of ALK?2 gene targeting on hepcidin mRNA expression.
Hepcidin (Hamp) mRNA expression was downregulated by each ALK2
gene targeting siRNA. This downregulation was observed in the same way
m BMP6, IL-6, or untreated conditions (A). ALK2 mRNA gene silencing
levels were consistent with hepcidin mRNA expression levels (B).
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ATE R \E CREMIC IR R, XUV VXY — L6 D EHEAE T Y —
WV EDOBEBIEIIAT D U PEAEREIEEIC R E B E 5 X 5 R 0o T
W5, & ZTALK2 fE E~T VU U EAREROBEEN 2 RFT 57201,
xRy A X — VFEEERNT, ~F DU REERERE S ALK2

XIS A5 A RE & OFEEAME AR L 72 (Figure 31A),

A

ICsp of Binding to ICsp of Binding to
R hepcidin ALK2 R hepcidin ALK2
(uM) (% of control) (uM) (% of control)
=
195 \NI 0.039 8.58 188 «-Me 0.58 34.1
= O/
200 I 0.042 20.4 192 ] 1.1 59.3
182 A 0.21 40.7 91k 2.6 76.6
/N Z\
| . . | .
17 L] o2 321 | 198 *Q) 2.9 132
=z /‘
196 L A 0.35 32.3 203 .5, 4.8 128
=z
194 @ 0.54 19.2 199 L) 49 110
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Figure 31. Correlation between pharmacological activity and binding affinity to
purified recombinant ALK?2

A The structure, hepcidin production inhibitory activity (shown as ICy), and
competition efficiency of the binding of [*H]-182 to recombinant ALK?2 of competitors.
B: Correlation between ICs, of hepcidin production inhibitory activity and competition
efficiency of selected compounds to the binding of [*H]-182 to recombinant ALK2.
Recombinant proteins were incubated with [*H]-182 (50 nM) after 2 h of pre-incubation
of the competitors (150 nM). Protein-bound radioactive compounds were separated by a
gel filtration column and measured. Competition efficiency is shown as a percentage
based on the ratio of the decreased radioactive count by the competitors to the
radioactive count without a competitor.

ZORER, ALK2 ~OFfER &7 vV VEAREEED ICso L OO ET v
CHABIREIE. AEZRFRS (R=0.920, P=2.26x10")% <3 & (2 (Figure
31B). DS79182026. K UMbLAE# 182 D ALK2 BREEM AT L= & Z A, ICso
1372 0.54,2.29 uM T o 7=,

UEDZODFER I ~T P U pEA L FER] DS79182026 O A< EL“FHILRE Y

H NI EITALK2 THDH Z LIRS iz,
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BIE /NE

AREETIX, DS79182026 OIEFLFHIERY & /X 7 EDORIEWFIEIC KV | f5ffi #
Yo7 E LT ALK2 Z[FRIE LICREIZ OV Tk~ e,

N A Y FH Y — )b 3 NLEWRBITZERFEAME RSN &b DS79182026
D 3 NLATF NI =R A= NEDOIIZT 2 ) HEFF> PEG Vo —%EHA L
218 | DS79182026 & [RIFEEEDE VY in vitro IEMEZ PRFF L T2,

kU F 7 A CHERR U 72 [PH]-182 & AW =3HEIC L V. HepG2 BT A &— k
WIANT D U BEALER & RS R R T X NI ENEEND Z LD
Sinkipotzizd, TI 2V h—K219 ZEHEL L7 7o —AE—X%
MWTclgsili 2 XV EDT 7 4 =7 4 —HFi 1T o 72,

[FlEER L0 EMICET O 10 oY av ey MU R7EEANT,
NU T A CTHEHRLZPH]-182 SRR L TV 182 2 HW =B a FER A2 1T -
7L 2 A, ALK2 & ALK3 PMEIBERH# X7 B & L TRE ST,

HepG2 HIIEIZ BT siRNA Z HWT ALK2 DRBE ) v 7 X358, ~
72 Y mRNA BHBAE SN, E7ofa DRy A Y X — LiFERD
NT UV U PEAERR & ALK2 I D A5G REO IS m W AHBIME D fERE S ATz,
UL EDFERNS | ALK2 D3T3 ¥ U EEA TR E S DS79182026 O FEFRFHIFER) &
VRTBETHDZ EPE R INT,
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FHL, EERNOBREE R LK1 & L TEFERA LN E 2o Te_XTF v
FTLUTHEINTVVICER L, AT UV U EAREAID B IEEE O
hIIBIRIR L 725 LB 2 AR 21T o T,

—E T FH— I SHRE DI ED T A 7TV —Z W -HTSIZ L Y
AL y MEEIOFEEERRERICLY, 7178 IV UFHEK
DS42450411 % AIHL U 72 #0221k~ 7z,

HTSt v MEEW OXIHFHEERERIC XL B L2 Oin vitrolH % 7~
TV —FKNEE®W8DOXF—E T e 774V IRz ERB LI E Z A,
DYRKIAIZEWHEFER A R~ T Z & 2 A LT,

% Z T28 L DYRKIA & DOXHrAG ARG AT 2 F2hi U, 22 MIFFAIERT X/ FRsk
BEOT =5 2 M2, Bg Din vitrol&VER BRI SALEMBE DTV A - Gk %
Ikt L7z,

ZOFER SNLEHAIE L L Cexo-ATF L&Y U —L LTERIRT I AR
& U 72 5 B8R TR in vitrolEPEN 7] B9 2 Z L BB E e o7z,

BART X RO RBECRFIOME, BROEE L TENTEPKT R 7 7 AV EH
L. IL-6FFEm~T Ty~ ZEF V& AT in vivoS N E I 35\ ) TR O ¢
B C) 72 MG~ ¥ AR TR 2 73 DS42450411 DAL i D L 7z,

FE_ETIE, b9 —DOOHTSE v MEAWOTDFHERERMIZLY . RO E5T
in vivoS&h & R LA 129 % Al U 7= i 2 ik~ 7,

LAY 67 OWHFHEEMRER CRE LA V&Y —v 6 (LT para-& R %
7 2 = VEERT AW 109 13 IL-6 FIE~T YU U RAET VRN
in vivo FEHFHHIZEB N T, EENEE TIE~T VO VIR TTERZ 7T H 00
BOEKE L THEREOW a7 7 AV Tldlanolz, &2 TEEW 109 @ 6 (i
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7 x /= Fa S VEORBERRIC L VR ORIt 2 dcE L LAY 129
AR L7c, 2ok, ROEEG TE in vivo R 2R LTz,

F=E T, R EG TinvivoZ 2 LB %1297 6 OFFERERIC LV |
DS79182026 % A L 7= #¢ha &k~ 7z,

EAEPN291T3-T X ) A X — VLR F T —B D b UREGERAL & R E 7
IKFEREAEIR L TS T AHR ¥ T —BIok L THFRZ R~ T & B 27,
FI TR UUKATMMEERLT3-T V=N A BV 4TI A F
—b ROB-T R R A Y R — VRO Dscaffoldz 7 WA > L,
ARRERAEER LT, ZORER, 4TI A F Y= RU3-T I )Xy A
Y %W — LB R~ Dscaffold hoppinglZ & W ~7 L ¥ U EA L EFEEZ D
DOFF—BHEREL KRB T2 2 /AH LT,

3NV A Y XV Y = VHERDO REARET O R, #EOH LS L TENZPK
Ta Ty ANER L, IL-6ERENT VY~ AET )VE RO TZin vivosKhRT
il 23U TR G- THR ) 72 g~ 72 O AR TR 27797 DS79182026 D Al
[P LTz, & HIZDS79182026( XS AI55 EE M€ 7 /L~ v X & IV 7zin vivo%E
ZhEA I BN CTILER /X A — % (CHr Ret-he) DA ERKLEE R LTZZ &b,
NT Y UREARER DRGSR Z R IRREEE L TAOITH L Z LR
RV AW

FHIUE T, DS79182026 D FEFLFHILERY & L /X 7 B ORI EMFFEI AT 7= 7'\
— 7AW ORRE. ARk, KOO Z AW TG Y )7 B & L TALK2 % A
Dt o % AN VARG T

N A Y FH Y —)v 3 NEWRBTZERFFRME S ST &b DS79182026
DINAF NI —NA— R NEDORIZT I ) EEFDOPEG U v W —%E A LTk

EMETA Lz, ALz Boc 72/ U v —1K 218 IX DS79182026 & [F]
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DS79182026 IR A& GIZIBWTHSIZR in vivo ~7 2V U EARFEER 277
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Compound Preparation.

Unless otherwise noted, materials were obtained from commercial suppliers and used without
further purification. NMR spectra were recorded on a Varian Mercury 400 or 500
spectrometer with tetramethylsilane as an internal reference. Data for '"H NMR are reported
with chemical shift (6 ppm), multiplicity (s = singlet, d = doublet, t = triplet, q = quartet, m =
multiplet, dd = double doublet, dt = double triplet, brs = broad singlet), coupling constant
(Hz), and integration. Mass spectra were recorded on an Agilent Technologies Agilent 1100
series LC/MS. Unless otherwise noted, all LCMS ions listed are [M + H]. TLC analysis was
performed on 60F254 plates (Merck). Flash column chromatography was performed on
Shoko scientific cartridge series (SI- 60). All temperatures are degrees Celsius unless

otherwise noted.

8-methoxy-5.5-dimethvl-5,6-dihvdrobenzo[/4]quinazolin-4-amine (28)

[1-(3-methoxyphenyl)-2-methylpropan-2-yl|propanedinitrile (26)

o

e

Sh

To a solution of (propan-2-ylidene)propanedinitrile (1.04 g, 9.80 mmol) in THF (15 mL) ina
round-bottom flask was added 3-methoxybenzylmagnesium chloride (0.25 mol/L, 50 mL,
13.0 mmol) at 0 °C. The resulting mixture was stirred at room temperature for 4.5 hours. The
reaction mixture was quenched by 1 mol/L hydrogen chloride at 0 °C, then concentrated under
reduced pressure. The residue was added to water and extracted with AcOEt. The organic
extracts were combined, dried over anhydrous sodium sulfate and concentrated under reduced
pressure. Purification by flash chromatography on silica gel (0% to 60% AcOEt/n-hexane
linear gradient) provided the title compound. (900 mg, 3.94 mmol, 40% yield): '"H NMR (400
MHz, CDCls) 6 7.23 (dt, J = 8.0, 3.0 Hz, 1H), 6.81 (d, J = 3.0 Hz, 1H), 6.74 (d, J = 3.0 Hz,
1H), 6.71-6.68 (m, 1H), 3.78 (s, 3H), 3.40 (s, 1H), 2.77 (s, 2H), 1.24 (s, 6H).
1-amino-6-methoxy-3,3-dimethyl-3,4-dihydronaphthalene-2-carbonitrile (27)

(o)
-
'

To a solution of [1-(3-methoxyphenyl)-2-methylpropan-2-yl]propanedinitrile (26, 3.28 g,

SN
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14.4 mmol) in CH2Cl; (100 mL) in a round-bottom flask was added trifluoromethanesulfonic
acid (6.30 mL, 71.8 mmol) at 0 °C. The resulting mixture was stirred at 0 °C for 1 hour. The
reaction mixture was quenched by saturated aqueous sodium hydrogen carbonate solution,
and extracted with CH,Cl,. The organic extracts were combined, dried over anhydrous
sodium sulfate and concentrated under reduced pressure. The crude title compound was used
next reaction without further purification. 'H NMR (400 MHz, CDCl3) & 7.30 (d, J = 8.6 Hz,
1H), 6.80 (dd, J =8.6, 2.4 Hz, 1H), 6.73 (d, J = 2.4 Hz, 1H), 4.50 (brs, 2H), 3.84 (s, 3H), 2.68
(s, 2H), 1.16 (s, 6H); LCMS m/z 229 [M + H]".
8-methoxy-5,5-dimethyl-5,6-dihydrobenzo[/]quinazolin-4-amine (28)

1-Amino-6-methoxy-3,3-dimethyl-3,4-dihydronaphthalene-2-carbonitrile (crude of 27, 14.4
mmol) was dissolved in formamide (100 mL). The resulting mixture was stirred at 180 °C for
4 hours. The reaction mixture was added to water and extracted with AcOEt. The organic
extracts were combined, dried over anhydrous sodium sulfate and concentrated under reduced
pressure. Purification by flash chromatography on silica gel (0% to 40% AcOEt/n-hexane
linear gradient) provided the title compound. (2.64 g, 10.3 mmol, 72% yield in 2 steps): 'H
NMR (500 MHz, DMSO-d6) 6 8.26 (s, 1H), 8.01 (d, J = 8.4 Hz, 1H), 6.88 (dd, J =8.4, 2.6
Hz, 1H), 6.80 (d, J = 2.6 Hz, 1H), 6.37 (brs, 2H), 3.80 (s, 3H), 2.76 (s, 2H), 1.29 (s, 6H); °C
NMR (125 MHz, DMSO-d6) 6 161.02, 160.60, 155.45, 155.31, 138.28, 126.77, 125.25,
115.65, 112.73, 112.17, 55.08, 45.10, 32.46, 25.18; LCMS m/z 256 [M + H]"; HRMS
(Positive ESI) m/z 256.1436 (256.1372 caled for C1sHi7N3O + H).

6H-spiro|benzo|/]quinazoline-5.1'-cyclopentan]-4-ol (5)

N
E>=<”
AN

N

To a solution of cyclopentanone (10.0 g, 119 mmol) and malononitrile (8.05 g, 121 mmol) in

cyclopentylidenepropanedinitrile (2)

toluene (100 mL) in a round-bottom flask were added ammonium acetate (1.96 g, 25.4 mmol)
and acetic acid (5.5 mL, 96.0 mmol) at room temperature. The resulting mixture was stirred
at 105 °C for 4 hours. The reaction mixture was added to water and extracted with Toluene.

The organic extracts were combined, dried over anhydrous sodium sulfate and concentrated
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under reduced pressure. Purification by flash chromatography on silica gel (10% AcOEt/n-
hexane) provided the title compound (15.0 g, 113 mmol, 95% yield): '"H NMR (400 MHz,
CDCls3) 6 2.84-2.78 (m, 4H), 1.96-1.91 (m, 4H); LCMS m/z 131 [M - H]".
(1-benzylcyclopentyl)propanedinitrile (3)

To a solution of cyclopentylidenepropanedinitrile (2, 3.03 g, 22.9 mmol) in THF (60 mL) in
a round-bottom flask was added 0.96 mol/L benzylmagnesium chloride THF solution (35 ml,
34.0 mmol) at 0 °C. The resulting mixture was stirred at room temperature for 1.75 hours.
The reaction mixture was cooled to 0 °C and quenched by 1 mol/L aqueous hydrogen chloride
solution (34 mL, 34 mmol). The residual solution was extracted with AcOEt. The organic
extracts were combined, dried over anhydrous sodium sulfate and concentrated under reduced
pressure. Purification by flash chromatography on silica gel (8% AcOEt/n-hexane) provided
the title compound. (3.94 g, 17.6 mmol, 77% yield): 'H NMR (400 MHz, CDCl3) § 7.37-7.25
(m, 3H), 7.20-7.15 (m, 2H), 3.57 (s, 1H), 2.87 (s, 2H), 1.88 (m, 8H).
4'-amino-4'-hydroxy-3',4'-dihydro-1'H-spiro[cyclopentane-1,2'-naphthalene]-3'-

carbonitrile (4)

OH
NH,
Sn

(1-Benzylcyclopentyl)propanedinitrile (3, 3.89 g, 17.3 mmol) in a round-bottom flask was

added to concentrated sulfuric acid (9.0 mL, 173 mmol) at 0 °C. The resulting mixture was

stirred at room temperature for 2 hours. The reaction mixture was cooled to 0 °C and quenched
by 28% aqueous ammonia solution. The residual solution was extracted with CH>Cl,. The
organic extracts were combined, dried over anhydrous sodium sulfate and concentrated under
reduced pressure. Purification by flash chromatography on silica gel (5% MeOH/CH:Cl,)
provided the title compound. (1.76 g, 7.26 mmol, 42% yield) '"H NMR (400 MHz, CDCls) §

11.71 (brs, 1H), 8.15-8.11 (m, 1H), 8.09 (s, 1H), 7.39-7.30 (m, 2H), 7.20-7.15 (m, 1H), 2.86

(s, 2H), 2.38-2.29 (m, 2H), 1.97-1.86 (m, 2H), 1.81-1.73 (m, 2H), 1.58-1.50 (m, 4H); HRMS

(Positive ESI) m/z 243.1497 (243.1496 calcd for C1sH19oN2O + H).
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6H-spiro[benzo[h]quinazoline-5,1'-cyclopentan]-4-ol (5)

I

_N

OH

To a solution of 4'-amino-4'-hydroxy-3',4'-dihydro-1'H-spiro[cyclopentane-1,2'-
naphthalene]-3'-carbonitrile (4, 1.10 g, 4.54 mmol) in formamide (30 mL) in a round-bottom
flask was added phosphoric trichloride (1.70 mL, 18.2 mmol) at 0 °C. The resulting mixture
was stirred at 130 °C for 19 hours. The reaction mixture was cooled to 0 °C and quenched by
saturated aqueous sodium hydrogen carbonate solution. The residual solution was extracted
with AcOEt. The organic extracts were combined, dried over anhydrous sodium sulfate and
concentrated under reduced pressure. Purification by flash chromatography on silica gel (2%
MeOH/CH,CL) provided the title compound. (859 mg, 3.41 mmol, 75% yield): '"H NMR
(400 MHz, CDCl) ¢ 8.47 (s, 1H), 8.16 (d, J = 7.2 Hz, 1H), 7.33 (dt, J = 7.2, 6.8 Hz, 1H),
7.29 (dt, J = 7.2, 6.8 Hz, 1H), 7.21 (dt, J = 6.8 Hz, 1H), 4.13 (brs, 1H), 2.88 (s, 2H), 2.09-
2.01 (m, 2H), 1.93-1.84 (m, 2H), 1.77-1.64 (m, 4H); HRMS (Positive ESI) m/z 253.1347
(253.1341 calcd for CisH17N2O + H).

6H-spiro[benzo[/h]quinazoline-5,1'-cyclopentan]-4-amine (1)

4-chloro-6H-spiro[benzo[h]quinazoline-5,1'-cyclopentane] (6)

To a solution of 6H-spiro[benzo[/]quinazoline-5,1'-cyclopentan]-4-ol (5, 855 mg, 3.39
mmol) in CH>Cl, (5.0 mL) in a round-bottom flask was added phosphoric trichloride (3.10
mL, 33.9 mmol) at room temperature. The resulting mixture was stirred at 95 °C for 2 hours.
The reaction mixture was cooled to 0 °C and quenched by saturated aqueous sodium hydrogen
carbonate solution. The residual solution was extracted with AcOEt. The organic extracts
were combined, dried over anhydrous sodium sulfate and concentrated under reduced
pressure. Purification by flash chromatography on silica gel (4% MeOH/CH,Cl,) provided
the title compound. (789 mg, 2.91 mmol, 86% yield): "H NMR (400 MHz, CDCl;) & 8.79 (s,
1H), 8.21 (d, J = 7.5 Hz, 1H), 7.40 (dt, J = 7.5, 7.2 Hz, 1H), 7.37 (dt, J = 7.5, 7.2 Hz, 1H),
7.19 (dt, J = 7.2 Hz, 1H), 2.94 (s, 2H), 2.41-2.32 (m, 2H), 2.02-1.91 (m, 2H), 1.90-1.78 (m,
2H), 1.74-1.65 (m, 2H); LCMS m/z 271 [M + H]".
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6H-spiro[benzo[h]quinazoline-5,1'-cyclopentan]-4-amine (1)

To a solution of 4-chloro-6H-spiro[benzo[#]quinazoline-5,1'-cyclopentane] (6, 695 mg, 2.57
mmol) in formamide (10 mL) in a round-bottom flask was stirred bubbling with ammonia
gas at 150 °C for 6.5 hours. The reaction mixture was cooled to room temperature and added
to water. The residual solution was extracted with AcOEt. The organic extracts were
combined, dried over anhydrous sodium sulfate and concentrated under reduced pressure.
Purification by flash chromatography on silica gel (3% MeOH/CHxCly) provided the title
compound. (508 mg, 2.02 mmol, 79% yield): '"H NMR (400 MHz, CDCls) & 8.47 (s, 1H),
8.16 (d,J = 7.2 Hz, 1H), 7.33 (dt,J = 7.2, 6.8 Hz, 1H), 7.29 (dt, J = 7.2, 6.8 Hz, 1H), 7.21
(dt,J = 6.8 Hz, 1H), 4.91 (brs, 2H), 2.88 (s, 2H), 2.09-2.01 (m, 2H), 1.93-1.84 (m, 2H), 1.77-
1.64 (m, 4H); *C NMR (125 MHz, DMSO-d6) & 160.14, 157.39, 155.93, 136.53, 132.98,
130.08, 127.79, 127.19, 125.72, 118.38, 43.51, 43.40, 35.07, 26.41; LCMS m/z 252 [M +
H]" ; HRMS (Positive ESI) m/z 252.1499 (252.1501 calcd for C16HisN3 + H); Anal. Calcd
for CisH17N3: C, 76.46; H, 6.82; N, 16.72. Found: C, 76.41; H, 6.84; N, 16.54.

6H-spiro[benzo[/#]quinazoline-5,1'-cyclopentane] (7)

To a solution of 4-chloro-6H-spiro[benzo[/]quinazoline-5,1'-cyclopentane] (6, 58.5 mg,
0.217 mmol) in AcOEt (2 mL) in a round-bottom flask was added 10% palladium on carbon
(49.0 mg, 0.039 mmol) at room temperature. The resulting mixture was stirred at room
temperature in hydrogen atmosphere for 5 hours. The palladium on carbon was filtrated off
with Celite pad and washed with AcOEt. The filtrate was concentrated under reduced pressure.
Purification by thin layer chromatography on silica gel (8% AcOEt/CH>Cl>) provided the title
compound. (2.3 mg, 0.0096 mmol, 4.4% yield): "H NMR (400 MHz, CDCl;) & 8.47 (s, 1H),
8.16 (d,J =7.2Hz, 1H), 7.33 (dt,J = 7.2, 6.8 Hz, 1H), 7.32 (s, 1H), 7.29 (dt,J = 7.2, 6.8 Hz,
1H), 7.21 (dt, J = 6.8 Hz, 1H), 2.88 (s, 2H), 2.09-2.01 (m, 2H), 1.93-1.84 (m, 2H), 1.77-1.64
(m, 4H); LCMS m/z 237 [M + H]".
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N-methyl-6 H-spiro[benzo[/]quinazoline-5,1'-cyclopentan]-4-amine (8)

4-Chloro-6H-spiro[benzo[/]quinazoline-5,1'-cyclopentane] (6, 88.0 mg, 0.325 mmol) was
dissolved in 40% methylamine MeOH solution (10 mL) at room temperature. The resulting
mixture was stirred at 80 °C for 1 hour. The reaction mixture was cooled to 0 °C and quenched
by saturated aqueous sodium hydrogen carbonate solution. The residual solution was
extracted with CH>Cl,. The organic extracts were combined, dried over anhydrous sodium
sulfate and concentrated under reduced pressure. Purification by thin layer chromatography
on silica gel (3% MeOH/CH:Cl») provided the title compound. (77.5 mg, 0.292 mmol, 90%
yield): "H NMR (400 MHz, CDCls) & 8.56 (s, 1H), 8.13 (d, J = 7.2 Hz, 1H), 7.30 (dt, J = 7.2,
6.8 Hz, 1H), 7.28 (dt, J = 7.2, 6.8 Hz, 1H), 7.11 (dt, J = 6.8 Hz, 1H), 4.69 (brs, 1H), 3.05 (d,
J = 4.7 Hz, 3H), 2.86 (s, 2H), 2.04-1.94 (m, 2H), 1.93-1.82 (m, 2H), 1.75-1.64 (m, 4H);
LCMS m/z 266 [M + H]".

N.N-dimethyl-6 H-spiro[benzo[/]quinazoline-5.1'-cyclopentan]-4-amine (9)

To a solution of 4-chloro-6H-spiro[benzo[/]quinazoline-5,1'-cyclopentane] (6, 80.9 mg,
0.299 mmol) in isopropyl alcohol (2 mL) in a round-bottom flask was added 50% aqueous
dimethylamine solution (8.0 mL) at room temperature. The resulting mixture was stirred at
80 °C for 1.25 hours. The reaction mixture was cooled to 0 °C and quenched by saturated
aqueous sodium hydrogen carbonate solution. The residual solution was extracted with
CH:Clz. The organic extracts were combined, dried over anhydrous sodium sulfate and
concentrated under reduced pressure. Purification by thin layer chromatography on silica gel
(3% MeOH/CHCl,) provided the title compound. (56.6 mg, 0.203 mmol, 68% yield): 'H
NMR (400 MHz, CDCl;) 6 8.67 (s, 1H), 8.14 (d, J = 6.8 Hz, 1H), 7.32 (dt, J = 6.8, 6.4 Hz,
1H), 7.29 (dt, J = 6.8, 6.4 Hz, 1H), 7.14 (dt, J = 6.4 Hz, 1H), 2.81 (s, 6H), 2.78 (s, 2H), 2.38-
2.28 (m, 2H), 1.82-1.74(m, 4H), 1.71-1.63 (m, 2H); LCMS m/z 280 [M + H]" ; HRMS
(Positive ESI) m/z 280.1810 (280.1814 calcd for Ci1gH22N3 + H).
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5.5-dimethyl-5.6-dihydrobenzo[/]quinazolin-4-amine (12)

N
I
_N

NH,

12 was prepared in a similar manner described for 28. 43% yield: '"H NMR (400 MHz, CDCl5)
0847 (s, 1H), 8.17 (d,J = 7.2 Hz, 1H), 7.33 (dt, J = 7.2, 6.8 Hz, 1H), 7.31 (dt, J = 7.2, 6.8
Hz, 1H), 7.21 (dt, J = 6.8 Hz, 1H), 5.05 (brs, 2H), 2.83 (s, 2H), 1.35 (s, 6H); LCMS m/z 226
[M + H]"; HRMS (Positive EST) m/z 226.1347 (226.1344 calcd for Ci4Hi6N3 + H).

5.6-dihydrobenzo[/k]quinazolin-4-amine (14)
1-0x0-1,2,3,4-tetrahydronaphthalene-2-carbonitrile (13)

(o)

SN

To a solution of a-tetralone (1.66 g, 11.3 mmol) in THF (7 mL) in a round-bottom flask was
added 0.41 mol/L lithium diisopropylamide (28.8 mL, 11.7 mmol) at -78 °C. The resulting
mixture was stirred at -78 °C for 15 minutes. The reaction mixture was added to tosyl cyanide
(3.35 g, 18.4 mmol) in THF (35 mL). The resulting mixture was stirred at -78 °C for 3 hours.
The reaction mixture was allowed to 0 °C and quenched by 28% aqueous ammonia solution.
The residual solution was extracted with AcOEt. The organic extracts were combined, dried
over anhydrous sodium sulfate and concentrated under reduced pressure. Purification by thin
layer chromatography on silica gel (2% MeOH/CHCly) provided the title compound. (395
mg, 2.31 mmol, 20% yield): '"H NMR (400 MHz, CDCl3) § 7.52 (d, J = 7.8 Hz, 1H), 7.45 (dt,
J=1728,1.6 Hz, 1H), 7.34 (dt,J = 7.8, 1.6 Hz, 1H), 7.31 (dt,J = 7.8 Hz, 1H), 3.87 (t,J = 7.0
Hz, 1H), 3.09 (t, J = 7.8 Hz, 2H), 2.45 (dt, J = 7.8, 7.0 Hz, 2H).
5,6-dihydrobenzo|/]quinazolin-4-amine (14)

NH,

To a solution of 1-0x0-1,2,3,4-tetrahydronaphthalene-2-carbonitrile (13, 435 mg, 2.30 mmol)
in formamide (10 mL) in a round-bottom flask was added phosphoric trichloride (0.841 mL,
9.19 mmol) at room temperature. The resulting mixture was stirred at 125 °C for 5 hours. The

reaction mixture was cooled to 0 °C and quenched by saturated aqueous sodium hydrogen
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carbonate solution. The residual solution was extracted with AcOEt. The organic extracts
were combined, dried over anhydrous sodium sulfate and concentrated under reduced
pressure. Purification by flash chromatography on silica gel (3% MeOH/CH>Cl,) provided
the title compound. (89.1 mg, 0.452 mmol, 20% yield): "H NMR (400 MHz, CD;0OD) & 8.28
(s, 1H), 8.11-8.02 (m, 1H), 7.36-7.20 (m, 3H), 2.94-2.84 (m, 2H), 2.77-2.63 (m, 2H); LCMS
m/z 198 [M + H]".

5.5.7-trimethyl-5.6-dihvdrobenzo[/1]quinazolin-4-amine (17)

17 was prepared in a similar manner described for 28. 50% yield: 'H NMR (400 MHz,
DMSO-d6) 6 8.24 (s, 1H), 7.90 (d, J = 7.4 Hz, 1H), 7.18 (dd, J = 7.4, 2.4 Hz, 1H), 7.15 (d, J
= 7.4 Hz, 1H), 6.44 (brs, 2H), 3.30 (s, 2H), 2.27 (s, 3H), 1.26 (s, 6H); LCMS m/z 240 [M +
H]"; HRMS (Positive ESI) m/z 240.1501 (240.1501 calcd for CisHisN3 + H).

5.5.9-trimethyl-5.6-dihvdrobenzo[/1]quinazolin-4-amine (20)

20 was prepared in a similar manner described for 28. 47% yield: '"H NMR (400 MHz,
DMSO-db6) & 8.24 (s, 1H), 7.85 (s, 1H), 7.13 (d, J = 5.1 Hz, 1H), 7.08 (d, J = 5.1 Hz, 1H),
6.44 (brs, 2H), 3.30 (s, 2H), 2.29 (s, 3H), 1.25 (s, 6H); LCMS m/z 240 [M + H]"; HRMS
(Positive ESI) m/z 240.1501 (240.1501 caled for C1sHisN3 + H).

5.5.8-trimethyl-5.6-dihvdrobenzo[/1]quinazolin-4-amine (24) and 5.5.10-trimethyl-5.6-

dihvdrobenzo|/]quinazolin-4-amine (25)

[2-methyl-1-(3-methylphenyl)propan-2-yl|propanedinitrile

To a solution of (propan-2-ylidene)propanedinitrile (2.01 g, 19.0 mmol) in THF (50 mL) in a
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round-bottom flask was added 3-methylbenzylmagnesium chloride (0.50 M, 50 mL, 25.0
mmol) at 0 °C. The resulting mixture was stirred at room temperature for 3 hours. The reaction
mixture was quenched by 1 mol/L hydrogen chloride at 0 °C, then concentrated under reduced
pressure. The residue was added to water and extracted with AcOEt. The organic extracts
were combined, dried over anhydrous sodium sulfate and concentrated under reduced
pressure. Purification by flash chromatography on silica gel (0% to 15% AcOEt/n-hexane
linear gradient) provided the title compound. (2.81g, 3.94 mmol, 70% yield): '"H NMR (400
MHz, CDCl3) 6 7.20 (t,J = 7.8, 1H), 7.08 (d, J = 7.8 Hz, 1H), 6.96 (d, J = 7.8 Hz, 1H), 6.95
(d,J =7.8 Hz, 1H), 3.38 (s, 1H), 2.75 (s, 2H), 2.32 (s, 3H), 1.24 (s, 6H).
1-amino-3,3,6-trimethyl-1,2,3,4-tetrahydronaphthalene-2-carbonitrile and 1-amino-

3,3,8-trimethyl-1,2,3,4-tetrahydronaphthalene-2-carbonitrile

O NH, ‘ NH,
SUE NG
N N

SN SN

To a solution of [2-methyl-1-(3-methylphenyl)propan-2-yl]propanedinitrile (1.05 g, 4.95
mmol) in CH2Cl, (30 mL) in a round-bottom flask was added trifluoromethanesulfonic acid
(2.18 mL, 24.6 mmol) at 0 °C. The resulting mixture was stirred at 0 °C for 1 hour. The
reaction mixture was quenched by saturated aqueous sodium hydrogen carbonate solution,
and extracted with CH2Cl,. The organic extracts were combined, dried over anhydrous
sodium sulfate and concentrated under reduced pressure. Purification by flash
chromatography on silica gel (0% to 65% CH>Cl2/n-hexane linear gradient) provided the title
compound. 1-amino-3,3,6-trimethyl-1,2,3,4-tetrahydronaphthalene-2-carbonitrile [more
polar] (574 mg, 2.38 mmol, 48% yield): '"H NMR (400 MHz, CDCl3) & 7.30 (d, J = 7.8 Hz,
1H), 6.80 (d, J = 7.8 Hz, 1H), 6.73 (s, 1H), 4.50 (brs, 2H), 2.64 (s, 2H), 2.33 (s, 3H), 1.12 (s,
6H); LCMS m/z 213 [M + H]". 1-amino-3,3,8-trimethyl-1,2,3,4-tetrahydronaphthalene-
2-carbonitrile [less polar] (192 mg, 0.888 mmol, 18% yield): '"H NMR (400 MHz, CDCls) &
7.15 (dd, J = 7.4, 7.4 Hz, 1H), 7.06 (d, J = 7.4 Hz, 1H), 7.00 (d, J = 7.4 Hz, 1H), 4.66 (brs,
2H), 2.64 (s, 2H), 2.59 (s, 3H), 1.09 (s, 6H); LCMS m/z 213 [M + H]".
5,5,8-trimethyl-5,6-dihydrobenzo[/]quinazolin-4-amine (24)

1-Amino-3,3,6-trimethyl-1,2,3,4-tetrahydronaphthalene-2-carbonitrile (568 mg, 2.37 mmol)

was dissolved in formamide (17 mL). The resulting mixture was stirred at 180 °C for 4.5
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hours. The reaction mixture was added to water and extracted with AcOEt. The organic
extracts were combined, dried over anhydrous sodium sulfate and concentrated under reduced
pressure. Purification by flash chromatography on silica gel (0% to 3% MeOH/CH>Cl, linear
gradient) provided the title compound. (383 mg, 1.60 mmol, 68% yield): "H NMR (400 MHz,
DMSO-d6) ¢ 8.23 (s, 1H), 7.91 (d, J = 7.8 Hz, 1H), 7.09 (d, J =7.8 Hz, 1H), 7.01 (s, 1H),
6.40 (brs, 2H), 2.70 (s, 2H), 2.29 (s, 3H), 1.24 (s, 6H); LCMS m/z 240 [M + H]"; HRMS
(Positive ESI) m/z 240.1503 (240.1501 calcd for Ci1sHisN3 + H).

5,5,10-trimethyl-5,6-dihydrobenzo[/]quinazolin-4-amine (25)

NH,

1-Amino-3,3,8-trimethyl-1,2,3,4-tetrahydronaphthalene-2-carbonitrile (188 mg, 0.886
mmol) was dissolved in formamide (5.6 mL). The resulting mixture was stirred at 180 °C for
5 hours. The reaction mixture was added to water and extracted with AcOEt. The organic
extracts were combined, dried over anhydrous sodium sulfate and concentrated under reduced
pressure. Purification by flash chromatography on silica gel (0% to 40% AcOEt/n-hexane
linear gradient) provided the title compound. (67.9 mg, 0.284 mmol, 32% yield): 'H NMR
(400 MHz, DMSO-d6) 6 8.24 (s, 1H), 7.17 (dd, J = 7.4, 7.4 Hz, 1H), 7.08 (d, J = 7.4 Hz,
1H), 7.02 (d, J = 7.4 Hz, 1H), 6.36 (brs, 2H), 2.66 (s, 2H), 2.57 (s, 3H), 1.20 (s, 6H); LCMS
m/z 240 [M + H]"; HRMS (Positive ESI) m/z 240.1503 (240.1501 calcd for CisHisN3 + H).

5.5-dimethyl-8-phenyl-5.6-dihydrobenzo[h]quinazolin-4-amine (31)
4-amino-5,5-dimethyl-5,6-dihydrobenzo[/]quinazolin-8-ol (29)

To a solution of 8-methoxy-5,5-dimethyl-5,6-dihydrobenzo[/]quinazolin-4-amine (28, 3.25
g, 12.7 mmol) in THF (90 mL) in a round-bottom flask was added boron tribromide (1 mol/L
CH:Cl; solution, 38 mL, 38.0 mmol) at -40 °C. The resulting mixture was stirred at room
temperature for 1 hour and at 80 °C for 7 hours. The residue was quenched by saturated
aqueous sodium hydrogen carbonate solution and the resulting solid was collected. The solid
was washed with water and dried under reduced pressure at 60 °C. The title compound was
obtained as a pale green solid. (2.52 g, 10.4 mmol, 82% yield): '"H NMR (400 MHz, DMSO-
d6) 69.72 (s, 1H), 8.18 (s, 1H), 7.84 (d, J = 8.6 Hz, 1H), 6.65 (dd, J = 8.6, 2.4 Hz, 1H), 6.56
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(d, J = 2.4 Hz, 1H), 6.30 (brs, 2H), 2.64 (s, 2H), 1.23 (s, 6H); LCMS m/z 242 [M + H]".
4-amino-5,5-dimethyl-5,6-dihydrobenzo[/#]quinazolin-8-yl trifluoromethanesulfonate
(30)

To a solution of 4-amino-5,5-dimethyl-5,6-dihydrobenzo[#]quinazolin-8-ol (29, 1.50 g, 6.22
mmol) in THF (50 mL) in a round-bottom flask were added N-
phenylbis(trifluoromethanesulfonimide) (2.66 g, 7.45 mmol) and potassium carbonate (2.58
g, 18.6 mmol). The resulting mixture was stirred for 15 hours at room temperature and the
reaction mixture was quenched by saturated aqueous sodium hydrogen carbonate solution.
The resulting solution was extracted with CH2Cl,. The organic extracts were combined, dried
over anhydrous sodium sulfate and concentrated under reduced pressure. Purification by flash
chromatography on silica gel (0% to 100% AcOEt/ CH2Cl; linear gradient) provided the title
compound. (1.66 g, 4.45 mmol, 72% yield): '"H NMR (400 MHz, CDCl3) & 8.50 (s,1H), 8.33
(d, J = 8.6 Hz, 1H), 7.24 (dd, J =8.6, 2.4 Hz, 1H), 7.13 (d, J = 2.4 Hz, 1H), 5.14 (brs, 2H),
2.90 (s, 2H), 1.40 (s, 6H); LCMS m/z 374 [M + H]".
5,5-dimethyl-8-phenyl-5,6-dihydrobenzo[h]quinazolin-4-amine (31)

To a solution of 4-amino-5,5-dimethyl-5,6-dihydrobenzo[#]quinazolin-8-yl
trifluoromethanesulfonate (30, 80.0 mg, 0.21 mmol) and phenylboronic acid (52.0 mg, 0.43
mmol) in 1,4-dioxane (2 mL) were added tetrakis(triphenylphosphine)palladium(0) (12.0 mg,
0.11 mmol) and sodium carbonate (68.0 mg, 0.64 mmol) at room temperature. The resulting
mixture was stirred at 130 °C for 1 hour with microwave reactor. The reaction mixture was
added to water and extracted with AcOEt. The organic extracts were combined, dried over
anhydrous sodium sulfate and concentrated under reduced pressure. Purification by flash
chromatography on silica gel (0% to 40% AcOEt/hexane linear gradient) provided the title
compound. (10.0 mg, 0.033 mmol, 15% yield): '"H NMR (400 MHz, DMSO-d6) & 8.23 (s,
1H), 7.91 (d, J = 7.8 Hz, 1H), 7.55-7.50 (m, 2H), 7.42-7.37 (m, 3H), 7.09 (d, J =7.8 Hz, 1H),
7.01 (s, 1H), 6.40 (brs, 2H), 2.70 (s, 2H), 2.29 (s, 3H), 1.24 (s, 6H); LCMS m/z 302 [M + H]".
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methyl 4-amino-5,5-dimethyl-5,6-dihvdrobenzo[/#]quinazoline-8-carboxvlate (32)

To a solution of 4-amino-5,5-dimethyl-5,6-dihydrobenzo[ #]quinazolin-8-yl
trifluoromethanesulfonate (30, 3.00 g, 8.03 mmol) in MeOH (50 mL) and DMF (50 mL) in a
round-bottom flask were added [1,1'-bis(diphenylphosphino)ferrocene]dichloropalladium
(IT) complex with CH2Cl, (1.31 g, 1.61 mmol), triethylamine (4.46 mL, 32.1 mmol) at room
temperature. The resulting mixture was stirred at 85 °C for 6 hours. The reaction mixture was
added to water and extracted with toluene. The organic extracts were combined, dried over
anhydrous sodium sulfate and concentrated under reduced pressure. Purification by flash
chromatography on silica gel (50% AcOEt/n-hexane) provided the title compound. (2.10 g,
7.40 mmol, 92% yield): '"H NMR (400 MHz, CDCl;) & 8.50 (s, 1H), 8.25 (d, J = 7.8 Hz, 1H),
7.98 (d, J =7.8 Hz, 1H), 7.85 (s, 1H), 5.09 (brs, 2H), 3.91 (s, 3H), 2.86 (s, 2H), 1.35 (s, 6H);
LCMS m/z 284 [M + H]" ; HRMS (Positive ESI) m/z 284.1397 (284.1399 calcd for
Ci6H1sN302 + H).

8-methoxy-2,5.5-trimethyl-5.6-dihydrobenzo[h]quinazolin-4-amine (35)
8-methoxy-2,5,5-trimethyl-5,6-dihydrobenzo[#]quinazolin-4-ol (33)

To a solution of 1-amino-6-methoxy-3,3-dimethyl-3,4-dihydronaphthalene-2-carbonitrile (27,
402 mg, 1.76 mmol) in toluene (12 mL) in a round-bottom flask was added acetyl chloride
(0.188 mL, 2.65 mmol) at room temperature. The resulting mixture was stirred at 65 °C for
4.5 hours. The reaction mixture was quenched by saturated aqueous sodium hydrogen
carbonate solution and extracted with CH2Cl,/MeOH (v/v = 20/1). The organic extracts were
combined, dried over anhydrous sodium sulfate and concentrated under reduced pressure.
The resulting solid was collected and dried under reduced pressure at room temperature. The
title compound was obtained as a white solid. (184 mg, 0.681 mmol, 39% yield): '"H NMR
(400 MHz, DMSO-d6) 6 7.95 (d, J = 8.6 Hz, 1H), 6.86 (d, J =8.6 Hz, 1H), 6.81 (s, 1H), 4.13
(brs, 1H), 3.75 (s, 3H), 2.69 (s, 3H), 2.32 (s, 2H), 1.24 (s, 6H).
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4-chloro-8-methoxy-2,5,5-trimethyl-5,6-dihydrobenzo[ /] quinazoline (34)

8-Methoxy-2,5,5-trimethyl-5,6-dihydrobenzo[#]quinazolin-4-ol (33, 73.4 mg, 0.272 mmol)
was added to phosphoric trichloride (0.600 mL, 6.55 mmol) at room temperature. The
resulting mixture was stirred at 90 °C for 1 hour. The reaction mixture was added to iced
water, saturated aqueous sodium hydrogen carbonate solution and extracted with
CH:Cl2/MeOH (20/1, v/v). The resulting solid was collected and dried under reduced pressure
at room temperature. The title compound was obtained as a pale yellow solid. (77.9 mg, 0.270
mmol, 99% yield): '"H NMR (400 MHz, CDCls) 6 8.20 (d, J = 9.0 Hz, 1H), 6.88 (d, J = 9.0
Hz, 1H), 6.71 (s, 1H), 3.88 (s, 3H), 2.84 (s, 2H), 2.68 (s, 3H), 1.48 (s, 6H).
8-methoxy-2,5,5-trimethyl-5,6-dihydrobenzo[ /] quinazolin-4-amine (35)

To a solution of 4-chloro-8-methoxy-2,5,5-trimethyl-5,6-dihydrobenzo[/]quinazoline (34,
77.9 mg, 0.270 mmol) in formamide (3 mL) in a round-bottom flask was stirred bubbling
with ammonia gas at 160 °C for 2.5 hours. The reaction mixture was quenched by saturated
aqueous sodium hydrogen carbonate solution and extracted with CH.Clo/MeOH (20/1, v/v).
The organic extracts were combined, dried over anhydrous sodium sulfate and concentrated
under reduced pressure. Purification by thin layer chromatography on silica gel (3%
MeOH/CH,CL,) provided the title compound. (21.0 mg, 0.078 mmol, 29% yield): '"H NMR
(400 MHz, DMSO-d6) 6 7.95 (d, J = 8.6 Hz, 1H), 6.88 (d, J =8.6 Hz, 1H), 6.75 (s, 1H), 6.26
(brs, 2H), 3.76 (s, 3H), 3.31 (s, 3H), 2.69 (s, 2H), 1.22 (s, 6H); LCMS m/z 270 [M + H]" ;
HRMS (Positive ESI) m/z 270.1607 (270.1606 calcd for C1sH20N30 + H).

7-methoxy-4.4-dimethyl-4.5-dihydro-1H-benzo[glindazol-3-amine (37)
6-methoxy-3,3-dimethyl-1-o0x0-1,2,3,4-tetrahydronaphthalene-2-carbonitrile (36)

(o)

-

0
SN

To a solution of 1-amino-6-methoxy-3,3-dimethyl-3,4-dihydronaphthalene-2-carbonitrile (27,
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1.12 g, 4.90 mmol) in MeOH (30 mL) in a round-bottom flask were added water (0.88 mL)
and concentrated sulfuric acid (0.26 mL, 4.89 mmol) at room temperature. The resulting
mixture was stirred at 80 °C for 12 hours. The reaction mixture was quenched by saturated
aqueous sodium hydrogen carbonate solution and extracted with CH>Cl,. The organic extracts
were combined, dried over anhydrous sodium sulfate and concentrated under reduced
pressure. Purification by flash chromatography on silica gel (0.5% AcOEt/ CH2Cl,) provided
the title compound. (970 mg, 4.23 mmol, 86% yield): '"H NMR (400 MHz, CDCls) § 8.00 (d,
J =17.4Hz, 1H), 6.83 (d, J =7.4 Hz, 1H), 6.65 (s, 1H), 3.85 (s, 3H), 3.52 (s, 1H), 2.91 (q, J
=11.8 Hz, 2H), 1.31 (s, 3H), 1.12 (s, 3H).
7-methoxy-4,4-dimethyl-4,5-dihydro-1H-benzo[g]indazol-3-amine (37)

To a solution of 6-methoxy-3,3-dimethyl-1-oxo0-1,2,3,4-tetrahydronaphthalene-2-carbonitrile
(36, 340 mg, 1.48 mmol) in EtOH (15 mL) in a round-bottom flask were added hydrazine
monohydrate (0.14 mL, 2.97 mmol) and acetic acid (0.22 mL, 3.71 mmol) at room
temperature. The resulting mixture was stirred at reflux for 22 hours. The reaction mixture
was concentrated under reduced pressure. Purification by flash chromatography on NH-silica
gel (70% to 100% AcOEt/n-hexane linear gradient) provided the title compound. (260 mg,
1.07 mmol, 72% yield): '"H NMR (400 MHz, CDCl3) § 7.24 (d, J = 8.0 Hz, 1H), 6.79 (s, 1H),
6.78 (brs, 1H), 6.76 (d, J = 8.0 Hz, 1H), 3.83 (s, 3H), 3.64 (brs, 2H), 2.76 (s, 2H), 1.30 (s,
6H); LCMS m/z 244 [M + H]".

7-methoxvy-4.4-dimethvl-4.5-dihvdronaphtho[1.2-c][1.2]oxazol-3-amine (38)

38 was prepared in a similar manner described for 37. 56% yield: '"H NMR (400 MHz, CDCl;)
87.76 (d,J = 8.6 Hz, 1H), 6.79 (d, J = 8.6 Hz, 1H), 6.72 (s, 1H), 4.22 (brs, 2H), 3.80 (s, 3H),
2.69 (s, 2H), 1.22 (s, 6H); LCMS m/z 245 [M + H]"; HRMS (Positive ESI) m/z 245.1282
(245.1290 calcd for Ci14H17N20, + H).
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8-ethoxy-5.5-dimethyl-5.6-dihydrobenzo[/#]quinazolin-4-amine (39)

To a solution of 4-amino-5,5-dimethyl-5,6-dihydrobenzo[/]quinazolin-8-ol (29, 49.4 mg,
0.205 mmol) and triphenylphosphine (68.0 mg, 0.259 mmol) in THF (2.5 mL) in a round-
bottom flask were added EtOH (0.030 mL, 0.514 mmol) and diisopropyl azodicarboxylate
(0.0483 mL, 0.245 mmol) at room temperature. The resulting mixture was stirred at room
temperature for 3 hours. The reaction mixture was concentrated under reduced pressure.
Purification by thin layer chromatography on silica gel (40% AcOEt/CH2Cl) provided the
title compound. (36.9 mg, 0.137 mmol, 67% yield): '"H NMR (400 MHz, CDCI3) § 8.42 (s,
1H), 8.10 (d, J = 8.6 Hz, 1H), 6.83 (dd, J =8.6, 1.8 Hz, 1H), 6.80 (d, J = 1.8 Hz, 1H), 4.99
(brs, 2H), 4.04 (q,J = 7.1 Hz, 2H), 2.77 (s, 2H), 1.40 (t,J = 7.1 Hz, 3H), 1.33 (s, 6H); LCMS
m/z 270 [M +H]" ; HRMS (Positive ESI) m/z 270.1606 (270.1606 calcd for C16H20N30 + H).

5.5-dimethyvl-8-[(propan-2-vl)oxv]-5,6-dihvdrobenzo[/]quinazolin-4-amine (40)

40 was prepared in a similar manner described for 39. 65% yield: '"H NMR (400 MHz, CDCls)
6 8.42 (s, 1H), 8.09 (d, J = 8.6 Hz, 1H), 6.81 (dd, J =8.6, 1.8 Hz, 1H), 6.64 (d, J = 1.8 Hz,
1H), 4.99 (brs, 2H), 4.59 (quintet, J = 6.3 Hz, 1H), 2.76 (s, 2H), 1.34 (s, 6H), 1.33 (d, /= 6.3
Hz, 6H); LCMS m/z 284 [M + H]"; HRMS (Positive ESI) m/z 284.1755 (284.1763 calcd for
C17H22N30 + H).

2-[(4-amino-5,5-dimethyl-5,6-dihydrobenzo|/]quinazolin-8-yl)oxy]ethan-1-ol (42)
8-[2-(benzyloxy)ethoxy]-5,5-dimethyl-5,6-dihydrobenzo[/]quinazolin-4-amine (41)

41 was prepared in a similar manner described for 39. 70% yield: '"H NMR (400 MHz, CDCls)
0 8.49 (s, 1H), 8.17 (d, J = 8.6 Hz, 1H), 7.45-7.25 (m, 5H), 6.92 (dd, J =8.6, 2.2 Hz, 1H),
6.76 (d, J = 2.2 Hz, 1H), 5.06 (brs, 2H), 4.68 (s, 2H), 4.27-4.21 (m, 2H), 3.92-3.86 (m, 2H),

109



2.84 (s, 2H), 1.40 (s, 6H); LCMS m/z 376 [M + H]"; HRMS (Positive ESI) m/z 376.2041
(376.2025 calcd for C23H26N302 + H).
2-[(4-amino-5,5-dimethyl-5,6-dihydrobenzo[ /] quinazolin-8-yl)oxy]ethan-1-ol (42)

o
HO >

To a solution of 8-[2-(benzyloxy)ethoxy]-5,5-dimethyl-5,6-dihydrobenzo[/]quinazolin-4-
amine (41, 50.4 mg, 0.134 mmol) in EtOH (1 mL) and MeOH (1 mL) in a round-bottom flask
was added 10% palladium on carbon (49.4 mg, 2.17 mmol) at room temperature. The
resulting mixture was stirred at room temperature in hydrogen atmosphere for 7.5 hours. The
palladium on carbon was filtrated off with Celite pad and washed with AcOEt. The filtrate
was concentrated under reduced pressure. Purification by thin layer chromatography on silica
gel (5% AcOEt/CH2Cly) provided the title compound. (12.0 mg, 0.0421 mmol, 31% yield):
'H NMR (400 MHz, DMSO-d6) & 8.20 (s, 1H), 7.94 (d, J = 9.0 Hz, 1H), 6.83 (dd, J = 9.0,
2.3 Hz, 1H), 6.76 (d, J = 2.3 Hz, 1H), 6.35 (brs, 2H), 4.85 (t, J = 5.6 Hz, 1H), 4.02-3.96 (m,
2H), 3.72-3.65 (m, 2H), 2.71 (s, 2H), 1.24 (s, 6H); LCMS m/z 286 [M + H]" ; HRMS (Positive
ESI) m/z 286.1555 (286.1556 calcd for C1sH20N302 + H).

[(4-amino-5.5-dimethyl-5.6-dihvdrobenzo[/1]quinazolin-8-yl)oxv]acetic acid (44)

methyl [(4-amino-5,5-dimethyl-5,6-dihydrobenzo[/]quinazolin-8-yl)oxy]acetate (43)

o)
<ol 0

43 was prepared in a similar manner described for 39. 39% yield: '"H NMR (400 MHz, CDCls)
6 8.43 (s, 1H), 8.13 (d, J = 8.6 Hz, 1H), 6.82 (dd, J =8.6, 1.9 Hz, 1H), 6.70 (d, J = 1.9 Hz,
1H), 4.98 (brs, 2H), 4.65 (s, 2H), 3.79 (s, 3H), 2.78 (s, 2H), 1.33 (s, 6H); LCMS m/z 314 [M
+ H]"; HRMS (Positive EST) m/z 314.1508 (314.1505 calcd for C17H20N303 + H).
[(4-amino-5,5-dimethyl-5,6-dihydrobenzo[/]quinazolin-8-yl)oxy]acetic acid (44)
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To a solution of methyl [(4-amino-5,5-dimethyl-5,6-dihydrobenzo[/]quinazolin-8-
yl)oxylacetate (43, 43.9 mg, 0.140 mmol) in MeOH (1.5 mL) in a round-bottom flask was
added 1 mol/L aqueous sodium hydroxide solution (0.420 mL, 0.420 mmol) at room
temperature. The resulting mixture was stirred at room temperature for 2 hours. The reaction
mixture was quenched by 1 mol/L aqueous hydrochloric acid solution and the resulting solid
was collected. The solid was washed with water and dried under reduced pressure at 50 °C.
The title compound was obtained as a pale green solid. (31.3 mg, 0.105 mmol, 75% yield):
'H NMR (400 MHz, DMSO-d6) & 13.04 (s, 1H), 8.21 (s, 1H), 7.94 (d, J = 8.6 Hz, 1H), 6.80
(dd, J =8.6, 2.8 Hz, 1H), 6.74 (d, J = 2.8 Hz, 1H), 6.37 (brs, 2H), 4.68 (s, 2H), 2.71 (s, 2H),
1.24 (s, 6H); LCMS m/z 300 [M + H]" ; HRMS (Positive ESI) m/z 300.1353 (300.1348 calcd
for C1sH1gN3O3 + H).

5.5-dimethyl-8-[(pyrrolidin-3-yl)oxy]-5.6-dihydrobenzo|h]quinazolin-4-amine (46)

tert-butyl 3-[(4-amino-5,5-dimethyl-5,6-dihydrobenzo[/]quinazolin-8-
yDoxy]pyrrolidine-1-carboxylate (45)

e

45 was prepared in a similar manner described for 39. quantative yield: '"H NMR (400 MHz,
DMSO-db6) 6 8.18 (s, 1H), 7.93 (d, J = 8.2 Hz, 1H), 6.78 (dd, J =8.2, 2.0 Hz, 1H), 6.68 (d, J
=2.0 Hz, 1H), 6.25 (brs, 2H), 4.88-4.81 (m,1H), 3.09-3.01 (m, 1H), 2.92-2.79 (m, 2H), 2.75-
2.71 (m, 1H), 2.72 (s, 2H), 2.04-1.92 (m, 1H), 1.77-1.68 (m, 1H), 1.42 (s, 9H), 1.23 (s, 6H).

5,5-dimethyl-8-[(pyrrolidin-3-yl)oxy]-5,6-dihydrobenzo[/]quinazolin-4-amine (46)

To a solution of tert-butyl 3-[(4-amino-5,5-dimethyl-5,6-dihydrobenzo[/]quinazolin-8-
yloxy]pyrrolidine-1-carboxylate (45, 356 mg, 0.870 mmol) in CH>Cl, (7 mL) in a round-
bottom flask was added 4 mol/L hydrogen chloride in 1,4-dioxane (7 mL, 28.0 mmol) at room
temperature. The resulting mixture was stirred at room temperature for 2 hours. The reaction
mixture was quenched by saturated aqueous sodium hydrogen carbonate solution and
extracted with CH>Cl,/MeOH (20/1, v/v). The organic extracts were combined, dried over

anhydrous sodium sulfate and concentrated under reduced pressure. The resulting solid was
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washed with CH>Cl,/MeOH-hexane and dried under reduced pressure at room temperature.
The title compound was obtained as a white solid. (194 mg, 0.625 mmol, 72% yield): 'H
NMR (400 MHz, DMSO-d6) 6 8.20 (s, 1H), 7.93 (d, J = 8.6 Hz, 1H), 6.79 (dd, J =8.6, 2.4
Hz, 1H), 6.70 (d, J = 2.4 Hz, 1H), 6.35 (brs, 2H), 4.88-4.81 (m,1H), 3.06-3.00 (m, 1H), 2.90-
2.77 (m, 2H), 2.75-2.71 (m, 1H), 2.70 (s, 2H), 2.04-1.92 (m, 1H), 1.77-1.68 (m, 1H), 1.24 (s,
6H); LCMS m/z 311 [M + H]" ; HRMS (Positive EST) m/z 311.1869 (311.1872 calcd for
CisH23N4O + H).

5.5-dimethyvl-8-[(piperidin-4-v1)oxv]-5,6-dihydrobenzo[/]quinazolin-4-amine (47)

47 was prepared in a similar manner described for 46. 89% yield: '"H NMR (400 MHz,
DMSO0-d6) 6 8.20 (s, 1H), 7.92 (d, J = 8.6 Hz, 1H), 6.82 (dd, J = 8.6, 2.3 Hz, 1H), 6.70 (d, J
=2.3 Hz, 1H), 6.33 (brs, 2H), 4.45-4.37 (m, 1H), 4.10-4.04 (m, 1H), 2.94-2.86 (m, 2H), 2.59-
2.47 (m, 2H), 2.70 (s, 2H), 1.91-1.85 (m, 2H), 1.44-1.31 (m, 2H), 1.24 (s, 6H); LCMS m/z
325 [M + H]"; HRMS (Positive ESI) m/z 325.2035 (325.2028 calcd for C19H2sN4O + H).

8-[(azepan-4-vyDoxy]-5.5-dimethyl-5.6-dihvdrobenzo|h]quinazolin-4-amine (48)

48 was prepared in a similar manner described for 46. 80% yield: '"H NMR (400 MHz,
DMSO-db6) 6 8.20 (s, 1H), 7.93 (d, J = 9.0 Hz, 1H), 6.78 (dd, J = 9.0, 2.3 Hz, 1H), 6.76 (d, J
= 2.3 Hz, 1H), 6.33 (brs, 2H), 4.45-4.37 (m, 1H), 4.10-4.04 (m, 1H), 2.85-2.60 (m, 4H), 2.69
(s, 2H), 2.07-1.88 (m, 2H), 1.80-1.60 (m, 3H), 1.57-1.40 (m, 1H), 1.23 (s, 6H); LCMS m/z
339 [M + H]"; HRMS (Positive ESI) m/z 339.2185 (339.2185 calcd for C20H27N4O + H).

1-{4-](4-amino-5.5-dimethvl-5.6-dihydrobenzo|/4]quinazolin-8-yl)oxy]piperidin-1-
yllethan-1-one (49)
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To a solution of 5,5-dimethyl-8-[(piperidin-4-yl)oxy]-5,6-dihydrobenzo[/4]quinazolin-4-
amine (47, 40.6 mg, 0.125 mmol) and triethylamine (0.0348 mmol, 0.250 mmol) in CH,Cl,»
(1.0 mL) in a round-bottom flask was added acetic anhydride (0.100 mL, 0.137 mmol) at
room temperature. The resulting mixture was stirred at room temperature for 2 hours. The
reaction mixture was added to water and extracted with CH,Cl,/MeOH (v/v = 20/1). The
organic extracts were combined, dried over anhydrous sodium sulfate and concentrated under
reduced pressure. Purification by thin layer chromatography on silica gel (7% 7 mol/L
ammonia MeOH solution/CH>Cl,) provided the title compound. (38.0 mg, 0.104 mmol, 83%
yield): "H NMR (400 MHz, DMSO-d6) § 8.21 (s, 1H), 7.94 (d, J = 8.6 Hz, 1H), 6.88 (dd, J
=8.6, 1.6 Hz, 1H), 6.81 (d, J/ = 1.6 Hz, 1H), 6.36 (brs, 2H), 4.69-4.60 (m, 1H), 3.89-3.81 (m,
1H), 3.70-3.62 (m, 1H), 3.35-3.27 (m, 1H), 3.21-3.13 (m, 1H), 2.71 (s, 2H), 1.98 (s, 3H),
2.00-1.82 (m, 2H), 1.64-1.51 (m, 1H), 1.50-1.42 (m, 1H), 1.23 (s, 6H); LCMS m/z 367 [M +
H]" ; HRMS (Positive ESI) m/z 367.2133 (367.2134 calcd for C21H27N4O;, + H).

5.5-dimethyl-8-(piperidin-4-yl)-5.6-dihydrobenzo|#]quinazolin-4-amine (52)
tert-butyl 4-(4-amino-5,5-dimethyl-5,6-dihydrobenzo[/]quinazolin-8-yl)-3,6-
dihydropyridine-1(2H)-carboxylate (50)

To a solution of 4-amino-5,5-dimethyl-5,6-dihydrobenzo[#]quinazolin-8-yl
trifluoromethanesulfonate (30, 4.80 g, 12.9 mmol) and tert-butyl 4-(4,4,5,5-tetramethyl-
1,3,2-dioxaborolan-2-yl)-3,6-dihydropyridine-1(2H)-carboxylate (6.76 g, 21.9 mmol) in
toluene (200 mL) and EtOH (25 mL) were added tetrakis(triphenylphosphine)palladium(0)
(1.49 g, 1.29 mmol), sodium carbonate (5.45 g, 51.4 mmol) and water (50 mL) at room
temperature. The resulting mixture was stirred at 100 °C for 40 minutes. The reaction mixture
was added to water and extracted with AcOEt. The organic extracts were combined, dried
over anhydrous sodium sulfate and concentrated under reduced pressure. Purification by flash
chromatography on silica gel (0% to 100% AcOEt/CHCl; linear gradient) provided the title
compound. (3.60 g, 8.89 mmol, 69% yield): '"H NMR (400 MHz, CDCls) § 8.46 (s, 1H), 8.13
(d, J = 8.2 Hz, 1H), 7.34 (dd, J = 8.2, 1.6 Hz, 1H), 7.15 (d, J = 1.6 Hz, 1H), 6.13 (brs, 2H),
5.02 (brs, 1H), 4.08 (d, J = 9.4 Hz, 2H), 3.62 (t, J = 5.5 Hz, 2H), 2.82 (s, 2H), 2.53 (t, J =
8.2 Hz, 2H), 1.42 (s, 9H), 1.23 (s, 6H).
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tert-butyl 4-(4-amino-5,5-dimethyl-5,6-dihydrobenzo[/]quinazolin-8-yl)piperidine-1-
carboxylate (51)

To a solution of tert-butyl 4-(4-amino-5,5-dimethyl-5,6-dihydrobenzo[/]quinazolin-8-yl)-
3,6-dihydropyridine-1(2H)-carboxylate (50, 60.4 mg, 0.149 mmol) in EtOH (1.5 mL) in a
round-bottom flask was added 10% palladium on carbon (42.0 mg, 0.037 mmol) at room
temperature. The resulting mixture was stirred at room temperature in hydrogen atmosphere
for 5 hours and at 40 °C for 3.5 hours. The palladium on carbon was filtrated off with Celite
pad and washed with AcOEt. The filtrate was concentrated under reduced pressure.
Purification by thin layer chromatography on silica gel (6% AcOEt/CH>Cl>) provided the title
compound. (33.0 mg, 0.0808 mmol, 54% yield): 'H NMR (400 MHz, CDCls) & 8.46 (s, 1H),
8.10 (d, J = 7.8 Hz, 1H), 7.15 (dd, J = 7.8, 2.5 Hz, 1H), 6.96 (d, J = 2.5 Hz, 1H), 5.00 (brs,
1H), 4.35-4.12 (m, 1H), 3.60-3.45 (m, 1H), 2.85-2.70 (m, 2H), 2.79 (s, 2H), 2.70-2.55 (m,
1H), 1.85-1.75 (m, 1H), 1.69-1.60 (m, 2H), 1.45 (s, 9H), 1.34 (s, 6H); LCMS m/z 409 [M +
H]" ; HRMS (Positive EST) m/z 409.2605 (409.2604 calcd for C24H33N40; + H).

5,5-dimethyl-8-(piperidin-4-yl)-5,6-dihydrobenzo[/#]quinazolin-4-amine (52)

To a solution of tert-butyl 4-(4-amino-5,5-dimethyl-5,6-dihydrobenzo[/]quinazolin-8-
yl)piperidine-1-carboxylate (51, 31.3 mg, 0.0766 mmol) in CH2Cl, (1.0 mL) in a round-
bottom flask was added 4 mol/L hydrogen chloride in 1,4-dioxane (1.0 mL, 4.0 mmol) at
room temperature. The resulting mixture was stirred at room temperature for 2 hours, then
concentrated under reduced pressure. The residue was quenched by saturated aqueous sodium
hydrogen carbonate solution and extracted with CH>Clo/MeOH (v/v = 15/1). The organic
extracts were combined, dried over anhydrous sodium sulfate and concentrated under reduced
pressure. The resulting solid was collected. The solid was washed with hexane/CH»Cl, and
dried under reduced pressure at 50 °C. The title compound was obtained as a white solid.
(17.6 mg, 0.0571 mmol, 75% yield): "H NMR (400 MHz, DMSO-d6) § 8.27 (s, 1H), 7.98 (d,
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J=8.8Hz, 1H), 7.16 (dd, J = 8.8, 1.6 Hz, 1H), 7.07 (d, J = 1.6 Hz, 1H), 6.44 (brs, 2H), 3.47-
3.28 (m, 2H), 3.08-3.01 (m, 2H), 2.76 (s, 2H), 2.64-2.55 (m, 2H), 1.75-1.67 (m, 2H), 1.59-
1.46 (m, 2H), 1.28 (s, 6H); LCMS m/z 309 [M + H]" ; HRMS (Positive ESI) m/z 309.2077
(309.2079 calcd for Ci9H25N4 + H).

5.5-dimethyl-8-[1-(piperidin-4-yl)ethenyl]-5.6-dihydrobenzo[/#]quinazolin-4-amine (59)
5,5-dimethyl-8-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-5,6-
dihydrobenzo[/]quinazolin-4-amine (53)

To a solution of 4-amino-5,5-dimethyl-5,6-dihydrobenzo[#]quinazolin-8-yl
trifluoromethanesulfonate (30, 10.0 g, 26.8 mmol) in 1,4-dioxane (100 mL) in a round-bottom
flask  were added bis(pinacolato)diboron (8.84 g, 348 mmol), [1,1'-
bis(diphenylphosphino)ferrocene]dichloropalladium (II) complex with CH>Cl» (1.09 g, 1.34
mmol) and potassium acetate (7.89 g, 80.3 mmol). The resulting mixture was stirred for 6
hours at 90 °C and the reaction mixture was added to water. The resulting solution was
extracted with AcOEt. The organic extracts were combined, dried over anhydrous sodium
sulfate and concentrated under reduced pressure. Purification by flash chromatography on
silica gel (10% AcOEt/n-hexane) provided the title compound. (8.50 g, 24.0 mmol, 90%
yield): '"H NMR (400 MHz, CDCls) § 8.52 (s,1H), 8.20 (d, J = 7.4 Hz, 1H), 7.80 (d, J =7.4
Hz, 1H), 7.63 (s, 1H), 5.19 (brs, 2H), 2.87 (s, 2H), 1.37 (s, 12H), 1.36 (s, 6H); LCMS m/z
352 [M +HJ".

tert-butyl 4-{1-[(trifluoromethanesulfonyl)oxy]ethenyl}piperidine-1-carboxylate

o 0
>r° 'O)LO, T
hig
o

To a solution of fert-butyl 4-acetylpiperidine-1-carboxylate (2.74 g, 12.1 mmol) in THF (50
mL) in a round-bottom flask were added 1 mol/L sodium bis(trimethylsilyl)amide
tetrahydrofuran solution (13.3 mL, 13.3 mmol) at -78 °C. The resulting mixture was stirred
at -78 °C for 1 hour, then added N-phenylbis(trifluoromethanesulfonimide) (4.74 g, 13.3
mmol) at 0 °C. The resulting mixture was stirred at 0 °C for 3 hours, and the reaction mixture
was quenched by saturated ammonium chloride solution. The resulting solution was extracted

with AcOEt. The organic extracts were combined, dried over anhydrous sodium sulfate and
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concentrated under reduced pressure. Purification by flash chromatography on silica gel (20%
AcOEt/n-hexane) provided the title compound. (3.92 g, 10.9 mmol, 91% yield): 'H NMR
(400 MHz, CDCI3) 6 5.10 (d, J = 3.9 Hz,1H), 4.90 (d, J = 3.9 Hz,1H), 4.25-4.05 (m, 2H),
2.76-2.59 (m, 2H), 2.38-2.28 (m, 1H), 1.91-1.83 (m, 2H), 1.42 (s, 9H), 1.42-1.31 (m, 2H).
tert-butyl 4-[1-(4-amino-5,5-dimethyl-5,6-dihydrobenzo[/]quinazolin-8-
ylethenyl]piperidine-1-carboxylate (54)

o_ N N
>(wr “
(0] ~ _N
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To a solution of 5,5-dimethyl-8-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-5,6-
dihydrobenzo[/]quinazolin-4-amine (53, 880 mg, 2.51 mmol) in 1,4-dioxane (15 mL) in a
round-bottom flask were added tert-butyl 4-{1-
[(trifluoromethanesulfonyl)oxy]ethenyl} piperidine-1-carboxylate (1.35 g, 3.76 mmol),
tetrakis(triphenylphosphine)palladium(0) (145 mg, 0.125 mmol), sodium carbonate (531 mg,
5.01 mmol) and water (1.5 mL). The resulting mixture was stirred for 3 hours at 100 °C and
the reaction mixture was added to water. The resulting solution was extracted with AcOEt.
The organic extracts were combined, dried over anhydrous sodium sulfate and concentrated
under reduced pressure. Purification by flash chromatography on silica gel (10% AcOEt/n-
hexane) provided the title compound. (853 mg, 1.96 mmol, 78% yield): '"H NMR (400 MHz,
CDCls) 6 8.48 (s, IH), 8.18 (dd, J = 5.1, 1.2 Hz, 1H), 7.32 (dd, J=4.2, 1.2 Hz, 1H), 7.14 (dd,
J=15.1,42 Hz, 1H), 5.26 (s, 1H), 5.05 (brs, 2H), 5.04 (s, 1H), 4.25-3.95 (m, 2H), 3.75-3.68
(m, 1H), 3.28-3.19 (m, 1H), 2.85-2.72 (m, 1H), 1.90-1.78 (m, 1H), 1.41 (s, 6H), 1.43-1.37
(m, 2H), 1.36 (s, 9H); LCMS m/z 435 [M + H]".

5,5-dimethyl-8-[1-(piperidin-4-yl)ethenyl]-5,6-dihydrobenzo[/]quinazolin-4-amine (59)

HN /Nm
~_N
NH,
To a solution of tert-butyl 4-[1-(4-amino-5,5-dimethyl-5,6-dihydrobenzo[/]quinazolin-8-
yl)ethenyl]piperidine-1-carboxylate (54, 1.20 g, 2.80 mmol) in CH>Cl, (5§ mL) in a round-
bottom flask was added trifluoroacetic acid (5 mL). The resulting mixture was stirred for 3
hours at room temperature and the reaction mixture was concentrated. Purification by flash

chromatography on NH-silica gel (10% MeOH/AcOEt) provided the title compound. (782
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mg, 2.34 mmol, 85% yield): 'H NMR (500 MHz, DMSO-d6) & 8.29 (s, 1H), 8.02 (d, J = 8.2
Hz, 1H),7.33 (d,J = 8.2 Hz, 1H), 7.24 (s, 1H), 6.46 (brs,2H), 5.27 (s, 1H), 5.04 (s, 1H), 3.45-
3.09 (m, 2H), 3.01-2.92 (m, 2H), 2.80 (s, 2H), 2.60-2.51 (m, 4H), 1.70-1.64 (m, 2H), 1.29 (s,
6H), 1.29-1.20 (m, 2H); 3C NMR (125 MHz, DMSO-d6) & 161.16, 155.53, 154.97, 153.08,
142.86, 136.33, 131.53, 125.38, 125.00, 124.45, 116.84, 110.89, 46.41, 44.88, 32.66, 32.46,
25.10; LCMS m/z 335 [M + H]"; HRMS (Positive ESI) m/z 335.2254 (335.2157 calcd for
Ca1Ha6N4 + H).

(4-amino-5.5-dimethyl-5.6-dihydrobenzo[/1]quinazolin-8-yD)(piperidin-4-vl)methanone

(56)
tert-butyl 4-(4-amino-5,5-dimethyl-5,6-dihydrobenzo[/]quinazoline-8-

carbonyl)piperidine-1-carboxylate (55)

To a solution of tert-butyl 4-[1-(4-amino-5,5-dimethyl-5,6-dihydrobenzo[/]quinazolin-8-
yl)ethenyl]piperidine-1-carboxylate (54, 457 mg, 1.05 mmol) in 1,4-dioxane (10 mL) in a
round-bottom flask were added osmium tetroxide solution, 2.5 wt. % in tert-butanol (668 mg,
1.05 mmol) and 4-methylmorpholine N-oxide (185 mg, 1.58 mmol) at room temperature. The
resulting mixture was stirred at 105 °C for overnight. The reaction mixture was added sodium
periodate (338 mg, 1.58 mmol) and stirred at room temperature for 1 hour. The reaction
mixture was quenched by saturated aqueous sodium thiosulfate solution and extracted with
AcOEt. The organic extracts were combined, dried over anhydrous sodium sulfate and
concentrated under reduced pressure. Purification by flash chromatography on silica gel (20%
AcOEt/n-hexane) provided the title compound. (398 mg, 0.912 mmol, 87% yield): '"H NMR
(400 MHz, CDCls) 6 8.46 (s, 1H), 8.09 (d, J = 7.8 Hz, 1H), 7.32 (dd, J = 7.8, 1.2 Hz, 1H),
7.14 (dd, J = 1.2 Hz, 1H), 5.00 (brs, 2H), 4.35-4.25 (m, 1H), 3.35-3.20 (m, 1H), 2.81 (s, 2H),
2.47-2.35 (m, 1H), 1.95-1.82 (m, 2H), 1.40 (s, 9H), 1.36 (s, 6H), 1.10-0.98 (m, 2H), 0.96-
0.89 (m, 2H); LCMS m/z 437 [M + H]".
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(4-amino-5,5-dimethyl-5,6-dihydrobenzo[/]quinazolin-8-yl)(piperidin-4-yl)methanone
(56)

56 was prepared in a similar manner described for 59. 73% yield: '"H NMR (400 MHz, CDCls)
0 8.50 (s, 1H), 8.27 (d, J = 7.8 Hz, 1H), 7.85 (dd, J = 7.8, 2.0 Hz, 1H), 7.74 (d, J = 2.0 Hz,
1H), 5.09 (brs,2H), 3.42-3.33 (m, 1H), 3.20-3.15 (m, 2H), 2.89 (s, 2H), 2.80-2.70 (m, 2H),
1.86-1.80 (m, 2H), 1.72-1.60 (m, 2H), 1.36 (s, 6H); LCMS m/z 337 [M + H]".

5,5-dimethyl-8-[1-(piperidin-4-yl)ethyl]-5.6-dihvdrobenzo[/z]quinazolin-4-amine (58)
tert-butyl 4-[1-(4-amino-5,5-dimethyl-5,6-dihydrobenzo|/]quinazolin-8-

yDethyl]piperidine-1-carboxylate (57)

To a solution of tert-butyl 4-[1-(4-amino-5,5-dimethyl-5,6-dihydrobenzo[/]quinazolin-8-
yl)ethenyl]piperidine-1-carboxylate (54, 95.0 mg, 0.219 mmol) in MeOH (5 mL) in a round-
bottom flask was added 10% palladium on carbon (120 mg, 0.112 mmol) at room temperature.
The resulting mixture was stirred at room temperature in hydrogen atmosphere for 5 hours.
The palladium on carbon was filtrated off with Celite pad and washed with MeOH. The
filtrate was concentrated under reduced pressure. Purification by flash chromatography on
silica gel (20% AcOEt/n-hexane) provided the title compound. (89.0 mg, 0.204 mmol, 95%
yield): '"H NMR (400 MHz, CDCl3) & 8.48 (s, 1H), 8.18 (dd, J = 5.1, 1.2 Hz, 1H), 7.32 (dd,
J=42,12Hz, 1H), 7.14 (dd, J = 5.1, 4.2 Hz, 1H), 5.05 (brs, 2H), 4.25-3.95 (m, 2H), 3.75-
3.68 (m, 1H), 3.40-3.30 (m, 1H), 3.28-3.19 (m, 1H), 2.85-2.72 (m, 1H), 1.90-1.78 (m, 1H),
1.41 (s, 6H), 1.43-1.37 (m, 2H), 1.36 (s, 9H), 1.24 (d, J = 7.4 Hz, 1H).

118



5,5-dimethyl-8-[1-(piperidin-4-yl)ethyl]-5,6-dihydrobenzo[/]quinazolin-4-amine (58)

58 was prepared in a similar manner described for 59. 78% yield: '"H NMR (400 MHz,
DMSO-d6) 6 8.27 (s, 1H), 7.96 (d, J = 8.0 Hz, 1H), 7.10 (d, J = 8.0 Hz, 1H), 7.01 (s, 1H),
6.44 (brs, 2H), 3.40-3.30 (m, 1H), 2.97-2.80 (m, 2H), 2.76 (s, 2H), 2.60-2.51 (m, 4H), 1.70-
1.64 (m, 2H), 1.28 (s, 6H), 1.24 (d, J = 7.4 Hz, 3H), 1.29-1.20 (m, 2H); LCMS m/z 337 [M
+H]".

8-{1-[(1r.4r)-4-aminocyclohexyl]ethenyl}-5.5-dimethyl-5.6-dihydrobenzo| ] quinazolin-
4-amine (62, DS42450411)
tert-butyl {(1r,4r)-4-|methoxy(methyl)carbamoyl]cyclohexyl}carbamate

o

o O}N‘o\
>LoJ\N“' |

H

To a solution of (17,4r)-4-[(tert-butoxycarbonyl)amino]cyclohexane-1-carboxylic acid (1.22
g, 5.00 mmol) in THF (10 mL) and MeOH (10 mL) in a round-bottom flask were added N, O-
dimethylhydroxylamine hydrochloride (540 mg, 5.50 mmol), 4-(4,6-dimethoxy-1,3,5-triazin-
2-yl)-4-methylmorpholinium chloride (1.52 g, 5.50 mmol) and N-methylmorpholine (1.00 g,
10.0 mmol). The resulting mixture was stirred at room temperature for 2 hours, then
concentrated under reduced pressure. Purification by flash chromatography on silica gel (0%
to 100% AcOEt/CH,Cl, linear gradient) provided the title compound. (1.42 g, 4.96 mmol,
99% yield): '"H NMR (400 MHz, CDCl3) & 4.37 (brs, 1H), 3.88-3.67 (m, 1H), 3.70 (s, 3H),
3.51-3.36 (m, 1H), 3.17 (s, 3H), 2.67-2.52 (m, 1H), 2.15-2.02 (m, 2H), 1.88-1.78 (m, 2H),
1.69-1.54 (m, 2H), 1.45 (s, 9H), 1.21-1.08 (m, 2H).

tert-butyl [(1r,4r)-4-acetylcyclohexyl]carbamate

To a solution of fert-butyl {(1r,4r)-4-[methoxy(methyl)carbamoyl]cyclohexyl}carbamate
(1.42 g, 496 mmol) in THF (50 mL) in a round-bottom flask was added 3 mol/L
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methylmagnesium bromide in 2-methyltetrahydrofuran (4.96 mL, 14.9 mmol) at 0 °C. The
resulting mixture was stirred for 3.5 hours at 0 °C, and the reaction mixture was quenched by
saturated aqueous ammonium chloride solution. The resulting solution was extracted with
AcOEt. The organic extracts were combined, dried over anhydrous sodium sulfate and
concentrated under reduced pressure. Purification by flash chromatography on silica gel (20%
AcOEt/n-hexane) provided the title compound. (340 mg, 1.41 mmol, 28% yield): '"H NMR
(400 MHz, CDCls) 6 4.45-4.36 (brs, 1H), 4.03 (s, 3H), 3.48-3.22 (m, 1H), 2.32-2.21 (m, 1H),
2.14 (s, 3H), 2.13-2.04 (m, 2H), 1.99-1.91 (m, 2H), 1.62-1.57 (m, 1H), 1.49-1.36 (m, 1H),
1.44 (s, 9H), 1.18-1.06 (m, 2H).

1-{(1r,4r)-4-[(tert-butoxycarbonyl)amino]cyclohexyl}ethenyl trifluoromethanesulfonate

| 0.9

>L0JOJ\ 0 \'<

N
H

To a solution of tert-butyl [(1r,4r)-4-acetylcyclohexyl]carbamate (340 mg, 1.41 mmol) in
THF (15 mL) in a round-bottom flask was added 1 mol/L sodium bis(trimethylsilyl)amide
tetrahydrofuran solution (1.55 mL, 1.55 mmol) at -78°C. The resulting mixture was stirred at
-78 °C for 30 minutes, then added N-phenylbis(trifluoromethanesulfonimide) (554 mg, 1.55
mmol) at 0 °C. The resulting mixture was stirred at 0 °C for 3 hours, and the reaction mixture
was quenched by saturated aqueous ammonium chloride solution. The resulting solution was
extracted with AcOEt. The organic extracts were combined, dried over anhydrous sodium
sulfate and concentrated under reduced pressure. Purification by flash chromatography on
silica gel (20% AcOEt/n-hexane) provided the title compound. (330 mg, 0.884 mmol, 63%
yield): "H NMR (400 MHz, CDCl3) § 5.08 (d, J = 3.7 Hz,1H), 4.92 (d, J = 3.7 Hz,1H), 4.38
(brs, 1H), 3.47-3.37 (m, 1H), 2.22-2.14 (m, 1H), 2.14-2.07 (m, 2H), 2.07-1.99 (m, 2H), 1.44
(s, 9H), 1.39-1.24 (m, 2H), 1.22-1.09 (m, 2H).

tert-butyl {(1r,4r)-4-|1-(4-amino-5,5-dimethyl-5,6-dihydrobenzo[/#]quinazolin-8-
yDethenyl]cyclohexyl}carbamate

To a solution of 5,5-dimethyl-8-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-5,6-
dihydrobenzo[/]quinazolin-4-amine (176 mg, 0.500 mmol) in 1,4-dioxane (6 mL) in a round-

bottom flask were added 1-{(17,4r)-4-[(tert-butoxycarbonyl)amino]cyclohexyl}ethenyl
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trifluoromethanesulfonate (373 mg, 1.00 mmol), chloro(2-dicyclohexylphosphino-2’,4°,6’-
triisopropyl-1,1°-biphenyl)[2-(2’-amino-1,1’-biphenyl) |palladium(Il) (39.3 mg, 0.0500
mmol), tripotassium phosphate hydrate (212 mg, 1.00 mmol) and water (2 mL). The resulting
mixture was stirred for 2 hours at 100 °C and the reaction mixture was added to water. The
resulting solution was extracted with AcOEt. The organic extracts were combined, dried over
anhydrous sodium sulfate and concentrated under reduced pressure. Purification by flash
chromatography on silica gel (10% AcOEt/n-hexane) provided the title compound. (155 mg,
0.346 mmol, 69% yield): "H NMR (400 MHz, CDCls) & 8.50 (s, 1H), 8.15 (d, J = 8.0 Hz,
1H), 7.30 (dd, J=8.0, 1.8 Hz, 1H), 7.14 (dd, J = 1.8 Hz, 1H), 5.24 (s, 1H), 5.06 (s, 1H), 5.06
(brs, 2H), 4.45-4.35 (m, 1H), 3.50-3.37 (m, 1H), 2.86 (s, 2H), 2.86-2.79 (m, 1H), 2.47-2.37
(m, 1H), 2.12-2.02 (m, 1H), 1.95-1.86 (m, 2H), 1.45 (s, 9H), 1.39 (s, 6H), 1.39-1.29 (m, 2H),
1.27-1.14 (m, 2H); LCMS m/z 449 [M + H]".
8-{1-[(1r,4r)-4-aminocyclohexyl]ethenyl}-5,5-dimethyl-5,6-dihydrobenzo[/]quinazolin-
4-amine (62, DS42450411)

To a solution of tert-butyl {(1r,4r)-4-[1-(4-amino-5,5-dimethyl-5,6-
dihydrobenzo[/]quinazolin-8-yl)ethenyl]cyclohexyl} carbamate (482 mg, 1.07 mmol) in
CH:Cl (10 mL) in a round-bottom flask was added trifluoroacetic acid (10 mL). The resulting
mixture was stirred for 30 minutes at room temperature and the reaction mixture was
concentrated. Purification by flash chromatography on NH-silica gel (15% MeOH/AcOEt)
provided the title compound. (281 mg, 0.805 mmol, 75% yield): "H NMR (500 MHz, DMSO-
d6) 6 8.29 (s, 1H), 8.02 (d, J = 8.2 Hz, 1H), 7.30 (d, J = 8.2 Hz, 1H), 7.23 (s, 1H), 6.46
(brs,2H), 5.25 (s, 1H), 5.05 (s, 1H), 3.34 (brs, 2H), 2.80 (s, 2H), 2.60-2.50 (m, 1H), 2.48-2.40
(m, 1H), 1.85-1.71 (m, 4H), 1.30 (s, 6H), 1.29-1.10 (m, 4H); '*C NMR (125 MHz, DMSO-
d6)d 161.17,155.53,154.98, 153.10, 143.25, 136.33, 131.50, 125.28, 125.02, 124.34, 116.84,
110.65, 67.21, 50.20, 44.89, 40.59, 36.28, 32.46, 31.12, 25.10, 22.71; LCMS m/z 349 [M +
H]"; HRMS (Positive ESI) m/z 349.2405 (349.2314 caled for C2:HasNs + H).
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8-{1-](15.35)-3-aminocyclohexyllethenyl}-5,5-dimethvl-5.6-

dihvdrobenzo|/]quinazolin-4-amine (61)

H,N,

61 was prepared in a similar manner described for 59. 43% yield: '"H NMR (400 MHz, CDCls)
0 8.45 (s, 1H), 8.11 (d, J = 8.2 Hz, 1H), 7.30 (dd, J =8.2, 1.6 Hz, 1H), 7.12 (d, J = 1.6 Hz,
1H), 5.23 (s, 1H), 5.09 (brs, 2H), 5.04 (s, 1H), 3.30-3.23 (m, 1H), 2.98-2.88 (m, 1H), 2.82 (s,
2H), 1.81-1.73 (m, 1H), 1.72-1.60 (m, 2H), 1.58-1.40 (m, 2H), 1.35 (s, 6H), 1.30-1.22 (m,
2H); LCMS m/z 349 [M + H]".

8-{1-[(1r.3r)-3-aminocyclobutyvl]ethenvl}-5.5-dimethyl-5.6-dihyvdrobenzo|h]quinazolin-
4-amine (63)

63 was prepared in a similar manner described for 59. 78% yield: '"H NMR (400 MHz, CDCls)
6 8.46 (s, 1H), 8.11 (d, J = 8.2 Hz, 1H), 7.31 (dd, J =8.2, 2.0 Hz, 1H), 7.15 (d, J = 2.0 Hz,
1H), 5.47 (s, 1H), 5.15 (brs, 2H), 5.03 (s, 1H), 3.60-3.43 (m, 2H), 2.82 (s, 2H), 2.30-2.20 (m,
2H), 2.05-1.93 (m, 2H), 1.35 (s, 6H); LCMS m/z 321 [M + H]".

8-[1-(3-aminobicvclo][1.1.1]pentan-1-yl)ethenvyl]-5.5-dimethyl-5.6-

dihvdrobenzo|/]quinazolin-4-amine (64)

64 was prepared in a similar manner described for 59. 71% yield: '"H NMR (400 MHz, CDCls)
0 8.52 (s, 1H), 8.17 (d, J = 8.2 Hz, 1H), 7.37 (dd, J =8.2, 1.5 Hz, 1H), 7.15 (d, J = 1.5 Hz,
1H), 5.30 (d, J = 2.2 Hz, 1H), 5.20 (brs, 2H), 5.16 (d, J = 2.0 Hz, 1H), 2.88 (s, 2H), 2.05 (s,
6H), 1.42 (s, 6H); LCMS m/z 333 [M + H]".
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5.5-dimethyl-8-{1-[(1r.,4r)-4-(methylamino)cyclohexvl]ethenvl}-5,6-

dihvdrobenzo|/]quinazolin-4-amine (65)

65 was prepared in a similar manner described for 59. 92% yield: 'H NMR (400 MHz, CDCls)
0 8.48 (s, 1H), 8.14 (d, J = 8.2 Hz, 1H), 7.30 (dd, J =8.2, 1.6 Hz, 1H), 7.12 (d, J = 1.6 Hz,
1H), 5.22 (s, 1H), 5.04 (s, 1H), 5.02 (brs, 2H), 2.84 (s, 2H), 2.50-2.47 (m, 1H), 2.39-2.25 (m,
1H), 2.05-1.95 (m, 2H), 1.93-1.82 (m, 2H), 2.43 (s, 3H), 1.37 (s, 6H), 1.31-1.08 (m, 4H);
LCMS m/z 363 [M + H]J".

8-11-[(1r.4r)-4-(dimethvlamino)cyclohexvl]ethenvyl}-5.5-dimethyl-5.6-

dihvdrobenzo[/]quinazolin-4-amine (66)

To a solution of 5,5-dimethyl-8-{1-[(17,4r)-4-(methylamino)cyclohexyl]ethenyl}-5,6-
dihydrobenzo[/]quinazolin-4-amine (65, 59.2 mg, 0.163 mmol) in CH2Cl (3 mL) in a round-
bottom flask was added 37% formaldehyde solution (0.024 mL, 0.327 mmol) and sodium
triacetoxyborohydride (51.9 mg, 0.245 mmol) at room temperature. The resulting mixture
was stirred at room temperature for 3 hours. The reaction mixture was quenched by saturated
aqueous sodium hydrogen carbonate solution and extracted with CH>Cl>. The organic extracts
were combined, dried over anhydrous sodium sulfate and concentrated under reduced
pressure. Purification by flash chromatography on NH-silica gel (20% AcOEt/n-hexane)
provided the title compound. (22.0 mg, 0.0584 mmol, 36% yield): '"H NMR (400 MHz,
CDCl) ¢ 8.46 (s, 1H), 8.12 (d, J = 8.2 Hz, 1H), 7.29 (dd, J =8.2, 1.6 Hz, 1H), 7.10 (d, J =
1.6 Hz, 1H), 5.20 (s, 1H), 5.02 (s, 1H), 5.00 (brs, 2H), 2.83 (s, 2H), 2.50-2.47 (m, 1H), 2.39-
2.25 (m, 1H), 2.05-1.95 (m, 2H), 1.93-1.82 (m, 2H), 2.26 (s, 6H), 1.36 (s, 6H), 1.31-1.08 (m,
4H); LCMS m/z 377 [M + H]".
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N-(6-phenyl-1H-indazol-3-yl)cyclopropanecarboxamide (74)
2-(6-bromo-1H-indazol-3-yl)-1H-isoindole-1,3(2H)-dione (68)

=

o~
N)/j@\
N
H Br

To a solution of 6-bromo-1H-indazol-3-amine (5.01 g, 23.6 mmol) in 1,4-dioxane (150 mL)

in a round-bottom flask was added 2-benzofuran-1,3-dione (4.20 g, 28.4 mmol) at room
temperature. The resulting mixture was stirred at reflux for 4 hours. The reaction mixture was
concentrated under reduced pressure. The resulting solid was collected. The solid was washed
with diethylether and dried under reduced pressure at 60 °C. The title compound was obtained
as a pale green solid. (8.08 g, 23.6 mmol, 99% yield): 'H NMR (500 MHz, DMSO-d6) &
13.56 (s, 1H), 8.03-8.00 (m, 2H), 7.95-7.92 (m, 2H), 7.83 (s, 1H), 7.71-7.66 (d, J = 7.8 Hz,
1H), 7.31-7.26 (d, J = 7.8 Hz, 1H); LCMS m/z 342 [M + H]".

tert-butyl 3-amino-6-bromo-1H-indazole-1-carboxylate (69)

N Br

Jﬁ o

To a solution of 2-(6-bromo-1H-indazol-3-yl)-1H-isoindole-1,3(2H)-dione (68, 6.84 g, 20.0
mmol) in acetonitrile (200 mL) in a round-bottom flask were added di-tert-butyl dicarbonate
(4.80 g, 22.0 mmol), triethylamine (4.05 g, 40.0 mmol) and 4-dimethylaminopyridine (244
mg, 2.00 mmol) at room temperature. The resulting mixture was stirred at room temperature
for 1.5 hours. The reaction mixture was concentrated under reduced pressure. Purification by
flash chromatography on silica gel (0% to 35% AcOEt/n-hexane linear gradient) provided
tert-butyl 6-bromo-3-(1,3-dioxo-1,3-dihydro-2H-isoindol-2-yl)-1H-indazole-1-carboxylate
(6.30 g, 14.2 mmol, 71% yield).

To a solution of tert-butyl 6-bromo-3-(1,3-dioxo-1,3-dihydro-2H-isoindol-2-yl)-1H-
indazole-1-carboxylate (6.30 g, 14.2 mmol) in EtOH (150 mL) and CH>Cl, (100 mL) in a
round-bottom flask was added hydrazine monohydrate (3.45 mL, 71.2 mmol) at room
temperature. The resulting mixture was stirred at room temperature for 15 hours. The
insoluble materials were filtrated off and the filtrate was concentrated under reduced pressure.

Purification by flash chromatography on silica gel (25% to 50% AcOEt/n-hexane linear
gradient) provided the title compound. (4.06 g, 13.0 mmol, 91% yield): 'H NMR (500 MHz,
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CDCl3) 6 7.35(d,J = 1.2 Hz, 1H), 7.23 (s, 1H), 7.22 (d, J = 1.2 Hz, 1H), 4.39 (brs, 2H), 1.66
(s, 9H).
tert-butyl 6-bromo-3-[(cyclopropanecarbonyl)amino]-1H-indazole-1-carboxylate (70)

o}

N Br
7& 0
To a solution of tert-butyl 3-amino-6-bromo-1H-indazole-1-carboxylate (69, 800 mg, 2.56
mmol) and pyridine (0.32 mL, 3.84 mmol) in CH>Cl; (30 mL) in a round-bottom flask was
added cyclopropanecarbonyl chloride (0.322 mL, 3.08 mmol) at 0 °C. The resulting mixture
was stirred at 0 °C for 30 minutes. The reaction mixture was concentrated under reduced
pressure. Purification by flash chromatography on silica gel (50% to 100% AcOEt/n-hexane
linear gradient) provided the title compound. (930 mg, 2.45 mmol, 95% yield): '"H NMR (400
MHz, CDCI3) 6 9.05-8.96 (brs, 1H), 8.40-8.35 (m, 1H), 8.16-8.09 (m, 1H), 7.45-7.40 (m, 1 H),
1.73 (s, 9H), 1.68-1.58 (m, 1H), 1.21-1.15(m, 2H), 1.00-0.95 (m, 2H).
tert-butyl 3-[(cyclopropanecarbonyl)amino]-6-phenyl-1H-indazole-1-carboxylate (71)

To a solution of fert-butyl 6-bromo-3-[(cyclopropanecarbonyl)amino]-1H-indazole-1-
carboxylate (70, 100 mg, 0.263 mmol) and 4,4,5,5-tetramethyl-2-phenyl-1,3,2-dioxaborolane
(59.1 mg, 0.289 mmol) in 1,2-dimethoxyethane (3 mL) in a round-bottom flask were added
[1,1'-bis(diphenylphosphino)ferrocene]dichloropalladium (II) complex with CH2>Cl, (10.7
mg, 0.0132 mmol), tripotassium phosphate hydrate (167 mg, 0.789 mmol) and water (0.75
mL). The resulting mixture was stirred at reflux for 1 hour. The reaction mixture was added
to water and extracted with AcOEt. The organic extracts were combined, dried over
anhydrous sodium sulfate and concentrated under reduced pressure. Purification by flash
chromatography on silica gel (0% to 35% AcOEt/n-hexane linear gradient) provided the title
compound. (77.0 mg, 0.204 mmol, 78% yield): "H NMR (400 MHz, CDCl;) § 8.36 (s, 1H),
8.33-8.15 (m, 2H), 7.70-7.65(m, 2H), 7.54 (d, J = 8.6 Hz, 1H), 7.50-7.43 (m, 1H), 7.46 (d, J
= 8.6 Hz, 1H), 7.41-7.37 (m, 1H), 1.57 (s, 9H), 1.56-1.51 (m, 1H), 1.19-1.15 (m, 2H), 0.98-

126



0.93 (m, 2H).
N-(6-phenyl-1H-indazol-3-yl)cyclopropanecarboxamide (74)

K/\H

(o)
v )
N
¢

tert-Butyl 3-[(cyclopropanecarbonyl)amino]-6-phenyl-1H-indazole-1-carboxylate (71, 77.0
mg, 0.204 mmol) was dissolved in 4 mol/L hydrogen chloride in 1,4-dioxane (5.0 mL, 20.0
mmol) at room temperature. The resulting mixture was stirred at room temperature for 16
hours, then concentrated under reduced pressure. The residue was quenched by saturated
aqueous sodium hydrogen carbonate solution and the resulting solid was collected. The solid
was washed with water and dried under reduced pressure at 50 °C. The title compound was
obtained as a white solid. (53.7 mg, 0.194 mmol, 95% yield): '"H NMR (400 MHz, DMSO-
d6) 6 10.70 (brs, 1H), 7.86 (d, J = 8.6 Hz, 1H), 7.75-7.68 (m, 2H), 7.60 (s, 1H), 7.51-7.45 (m,
2H), 7.41-7.15 (m, 1H), 7.33 (d, J = 8.6 Hz, 1H), 1.98-1.90 (m, 1H), 0.88-0.80 (m, 4H);
LCMS m/z 278 [M + H]".

N-(4-phenyl-1H-indazol-3-vl)cyclopropanecarboxamide (72)

{y O
o
v 1)
N
H

72 was prepared in a similar manner described for 74. 86% yield: 'H NMR (400 MHz,
DMSO-d6) 6 12.99 (brs, 1H), 9.77 (s, 1H), 7.48 (d, J = 8.2 Hz, 1H), 7.43-7.35 (m, 6H), 6.99
(d, J = 2.6 Hz, 1H), 1.48-1.39 (m, 1H), 0.55-0.45 (m, 2H), 0.30-0.25 (m, 2H); LCMS m/z
278 [M +H]".

N-(5-phenvl-1H-indazol-3-vl)cyclopropanecarboxamide (73)

¢

(o]

N‘/
N
H

73 was prepared in a similar manner described for 74. 89% yield: '"H NMR (400 MHz,
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DMSO-d6) § 10.72 (brs, 1H), 8.03 (s, 1H), 7.65-7.59 (m, 3H), 7.58-7.48 (m, 1H), 7.48-7.42
(m, 2H), 7.36-7.30 (m, 2H), 1.99-1.90 (m, 1H), 0.88-0.80 (m, 4H); LCMS m/z278 [M + H]".

N-[6-(2-hydroxyphenvl)-1H-indazol-3-vl]cyclopropanecarboxamide (76)

tert-butyl 3-[(cyclopropanecarbonyl)amino]-6-(2-hydroxyphenyl)-1H-indazole-1-
carboxylate (75)

To a solution of fert-butyl 6-bromo-3-[(cyclopropanecarbonyl)amino]-1H-indazole-1-
carboxylate (70, 122 mg, 0.301 mmol) and 2-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-
yl)phenol (83.4 mg, 0.379 mmol) in 1,2-dimethoxyethane (3 mL) in a round-bottom flask
were added [1,1'-bis(diphenylphosphino)ferrocene]dichloropalladium (II) complex with
CH:Cl: (12.9 mg, 0.0158 mmol), tripotassium phosphate hydrate (201 mg, 0.947 mmol) and
water (0.75 mL). The resulting mixture was stirred at reflux for 20 minutes. The reaction
mixture was added to water and extracted with AcOEt. The organic extracts were combined,
dried over anhydrous sodium sulfate and concentrated under reduced pressure. Purification
by flash chromatography on silica gel (10% to 80% AcOEt/n-hexane linear gradient)
provided the title compound. (122 mg, 0.310 mmol, 98% yield): '"H NMR (400 MHz, CDCl;)
6 8.36 (s, 1H), 8.33-8.15 (m, 1H), 7.70-7.65(m, 2H), 7.54 (d, J = 8.6 Hz, 1H), 7.50-7.43 (m,
1H), 7.46 (d, J = 8.6 Hz, 1H), 7.41-7.37 (m, 1H), 5.40 (brs, 1H), 1.65 (s, 9H), 1.56-1.51 (m,
1H), 1.19-1.15 (m, 2H), 0.98-0.93 (m, 2H).
N-[6-(2-hydroxyphenyl)-1H-indazol-3-yl|cyclopropanecarboxamide (76)

e

o
7 O OH
N
N
e
tert-Butyl 3-[(cyclopropanecarbonyl)amino]-6-(2-hydroxyphenyl)-1H-indazole-1-
carboxylate (75, 122 mg, 0.310 mmol) was dissolved in 4 mol/L hydrogen chloride in 1,4-
dioxane (5.0 mL, 20.0 mmol) at room temperature. The resulting mixture was stirred at room

temperature for 16 hours, then concentrated under reduced pressure. The residue was

quenched by saturated aqueous sodium hydrogen carbonate solution and the resulting solid
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was collected. The solid was washed with water and dried under reduced pressure at 50 °C.
The title compound was obtained as a white solid. (67.7 mg, 0.230 mmol, 74% yield): 'H
NMR (400 MHz, DMSO-d6) 6 12.56 (brs, 1H), 10.60 (brs, 1H), 7.87 (d, J = 8.6 Hz, 1H),
7.52 (s, 1H), 7.27 (d, J = 7.4 Hz, 1H), 7.19-7.10 (m, 2H), 6.92 (d, J = 7.4 Hz, 1H), 6.84 (t,J
= 7.4 Hz, 1H), 1.94-1.85 (m, 1H), 0.82-0.74 (m, 4H); LCMS m/z 294 [M + H]".

N-[6-(3-hydroxyphenvl)-1H-indazol-3-vl]cyclopropanecarboxamide (77)

e

o
42
N
]OH

77 was prepared in a similar manner described for 76. 66% yield: '"H NMR (400 MHz,
DMSO-d6) 6 10.67 (brs, 1H), 7.80 (d, J = 8.4 Hz, 1H), 7.50 (s, 1H), 7.27-7.20 (m, 2H), 7.07
(d,J=7.4Hz, 1H), 7.03 (s, 1H), 6.75 (d, J = 8.4 Hz, 1H), 6.84 (t,J = 7.4 Hz, 1H), 1.94-1.87
(m, 1H), 0.84-0.74 (m, 4H); LCMS m/z 294 [M + H]".

Iz

N-[6-(4-hydroxyphenvl)-1H-indazol-3-vl]cyclopropanecarboxamide (78)

OH

78 was prepared in a similar manner described for 76. 85% yield: 'H NMR (400 MHz,
DMSO-d6) 6 10.64 (brs, 1H), 7.76 (d, J = 8.6 Hz, 1H), 7.50 (d, J = 8.5 Hz, 2H), 7.45 (s, 1H),
7.22 (d, J = 8.6 Hz, 1H), 6.82 (d, J = 8.5 Hz, 2H), 1.94-1.87 (m, 1H), 0.84-0.74 (m, 4H);
LCMS m/z 294 [M + H]J".

N-{6-[4-(hydroxymethyl)phenvl]-1H-indazol-3-vlicvclopropanecarboxamide (79)

79 was prepared in a similar manner described for 76. 98% yield: 'H NMR (400 MHz,
DMSO-d6) 6 10.67 (brs, 1H), 7.81 (d, J = 8.6 Hz, 1H), 7.64 (d, J = 8.3 Hz, 2H), 7.56 (s, 1H),
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7.39 (d, J = 8.3 Hz, 2H), 7.30 (d, J = 8.6 Hz, 1H), 4.51 (s, 2H), 1.93-1.83 (m, 1H), 0.84-0.74
(m, 4H); LCMS m/z 308 [M + HJ".

N-[6-(4-aminophenv])-1H-indazol-3-vl]cyclopropanecarboxamide (80)

X

g
A
NH,

80 was prepared in a similar manner described for 76. 73% yield: '"H NMR (400 MHz,
DMSO-d6) & 12.48 (brs, 1H), 10.60 (brs, 1H), 7.72 (d, J = 8.2 Hz, 1H), 7.40 (s, 1H), 7.35 (d,
J =283 Hz, 2H), 7.21 (d,J = 8.2 Hz, 1H), 6.62 (d, J = 8.3 Hz, 2H), 5.23 (brs, 2H), 1.92-1.85
(m, 1H), 0.82-0.75 (m, 4H); LCMS m/z 293 [M + H]".

4-13-[(cvclopropanecarbonvlamino]-1H-indazol-6-yllbenzoic acid (81)

81 was prepared in a similar manner described for 76. 96% yield: 'H NMR (400 MHz,
DMSO-d6) 6 12.98 (brs, 1H), 12.76 (brs, 1H), 10.71 (brs, 1H), 8.01 (d, J = 8.6 Hz, 2H), 7.86
(d, J = 8.6 Hz, 1H), 7.82 (d, J = 8.2 Hz, 2H), 7.66 (s, 1H), 7.36 (d, J = 8.6 Hz, 1H), 1.94-
1.87 (m, 1H), 0.85-0.77 (m, 4H); LCMS m/z 322 [M + H]".

N-(6-{4-][(methanesulfonyDamino]phenyll-1H-indazol-3-yl)cvclopropanecarboxamide

(82)

N
N ‘ 00
N’ N

H

82 was prepared in a similar manner described for 76. 86% yield: '"H NMR (400 MHz,
DMSO0-db6) 6 12.62 (brs, 1H), 10.64 (brs, 1H), 9.85 (brs, 1H), 7.79 (d, J = 8.6 Hz, 1H), 7.64
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(d, J = 8.5 Hz, 2H), 7.53 (s, 1H), 7.27 (d, J = 8.6 Hz, 1H), 7.24 (d, J = 8.5 Hz, 2H), 2.94 (s,
3H), 1.94-1.87 (m, 1H), 0.83-0.75 (m, 4H); LCMS m/z 371 [M + HJ".

N-[6-(4-hydroxvcyclohex-1-en-1-yl)-1H-indazol-3-yllcyclopropanecarboxamide (83)

OH

83 was prepared in a similar manner described for 76. 55% yield: '"H NMR (400 MHz,
DMSO0-d6) & 10.62 (brs, 1H), 7.65 (d, J = 8.6 Hz, 1H), 7.26 (s, 1H), 7.12 (d, J = 8.6 Hz, 1H),
6.08 (s, 1H), 3.78 (brs, 1H), 2.45-2.36 (m, 1H), 2.08-1.99 (m, 2H), 1.93-1.84 (m, 4H), 1.65-
1.52 (m, 1H), 0.81-0.74 (m, 4H); LCMS m/z 298 [M + H]".

N-[6-(6-0x0-1,6-dihydropvridin-3-vl)-1H-indazol-3-vllcyvclopropanecarboxamide (84)

84 was prepared in a similar manner described for 76. 88% yield: '"H NMR (400 MHz,
DMSO-d6) 6 12.61 (brs, 1H), 11.83 (brs, 1H), 10.65 (brs, 1H), 7.86 (d, J = 9.4 Hz, 1H), 7.77
(d, J = 8.6 Hz, 1H), 7.71 (s, 1H), 7.46 (s, 1H), 7.19 (d, J = 8.6 Hz, 1H), 6.42 (d, J = 9.4 Hz,
1H), 1.95-1.85 (m, 1H), 0.85-0.75 (m, 4H); LCMS m/z 295 [M + H]".

N-{6-[(4-hydroxyphenvDmethyl]-1H-indazol-3-vllcvclopropanecarboxamide (85)

LH

o OH
N
H

85 was prepared in a similar manner described for 76. 49% yield: 'H NMR (400 MHz,
DMSO-db6) 6 12.40 (brs, 1H), 10.55 (brs, 1H), 9.17 (s, 1H), 7.60 (d, J = 8.2 Hz, 1H), 7.10 (s,
1H), 6.99 (d, J = 8.6 Hz, 2H), 6.83 (d, J = 8.2 Hz, 1H), 6.63 (d, J = 8.6 Hz, 1H), 3.87 (s, 2H),
1.89-1.82 (m, 1H), 0.79-0.73 (m, 4H); LCMS m/z 308 [M + H]".
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N-[6-(1H-benzimidazol-5-vl)-1H-indazol-3-vllcyclopropanecarboxamide (86)

86 was prepared in a similar manner described for 76. 78% yield: '"H NMR (400 MHz,
DMSO0-d6) 6 10.67 (brs, 1H), 8.23 (s, 1H), 7.84 (s, 1H), 7.80 (d, J = 8.6 Hz, 1H), 7.65 (d, J
= 8.2 Hz, 1H), 7.59 (s, 1H), 7.52 (d, J = 8.2 Hz, 1H), 7.35 (d, J = 8.6 Hz, 1H), 1.95-1.88 (m,
1H), 0.85-0.76 (m, 4H); LCMS m/z 318 [M + H]".

N-[6-(1H-pvrrolo[2.3-blpyridin-5-yv1)-1H-indazol-3-yllcyclopropanecarboxamide (87)

N
N
N H

87 was prepared in a similar manner described for 76. 85% yield: '"H NMR (400 MHz,
DMSO-db6) 6 10.68 (brs, 1H), 8.52 (d, J =2.0 Hz, 1H), 8.22 (d,J = 2.0 Hz, 1H), 7.84 (d, J =
8.2 Hz, 1H), 7.61 (s, 1H), 7.49 (d, J = 3.5 Hz, 1H), 7.35 (d, J/ = 8.2 Hz, 1H), 6.49 (d, J =3.5
Hz, 1H), 1.95-1.88 (m, 1H), 0.85-0.76 (m, 4H); LCMS m/z 318 [M + H]".

N-[6-(2-0x0-2.3-dihydro-1H-indol-5-y1)-1H-indazol-3-vl]lcvclopropanecarboxamide
(88)

Iz
Iz
(®)

88 was prepared in a similar manner described for 76. 45% yield: '"H NMR (400 MHz,
DMSO-d6) 6 12.60 (brs, 1H), 10.64 (brs, 1H), 10.44 (brs, 1H), 7.79 (d, J = 8.6 Hz, 1H), 7.54
(s, 1H), 7.50 (d, J = 8.2 Hz, 1H), 7.49 (s, 1H), 7.24 (d, J = 8.6 Hz, 1H), 6.88 (d, J = 8.2 Hz,
1H), 3.52 (s, 2H), 1.93-1.88 (m, 1H), 0.84-0.75 (m, 4H); LCMS m/z 333 [M + H]".
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N-[6-(1H-pvrrol-3-y1)-1H-indazol-3-vllcvclopropanecarboxamide (89)

LH
o

N

TZ N
Iz 7

89 was prepared in a similar manner described for 76. 58% yield: '"H NMR (400 MHz,
DMSO-d6) & 12.36 (brs, 1H), 10.94 (brs, 1H), 10.55 (brs, 1H), 7.65 (d, J = 8.6 Hz, 1H), 7.40
(s, 1H), 7.26 (s, 1H), 7.12 (d, J = 8.6 Hz, 1H), 6.81-6.75 (m, 1H), 6.48-6.42 (m, 1H), 1.93-
1.88 (m, 1H), 0.84-0.75 (m, 4H); LCMS m/z 267 [M + H]".

N-[6-(pyridin-4-y])-1H-indazol-3-vl]cyclopropanecarboxamide (90)
Y
N 7

4

=z

|
~ _N

90 was prepared in a similar manner described for 76. 98% yield: '"H NMR (400 MHz,
DMSO0-d6) 6 12.97 (brs, 1H), 10.78 (brs, 1H), 8.79 (d, J = 7.2 Hz, 2H), 8.09 (d, J = 7.2 Hz,
2H), 7.94 (d,J = 8.2 Hz, 1H), 7.89 (s, 1H), 7.50 (d, J = 8.2 Hz, 1H), 1.95-1.87 (m, 1H), 0.85-
0.76 (m, 4H); LCMS m/z 279 [M + H]".

N-]6-(3.5-dimethyl-1.2-o0xazol-4-y1)-1H-indazol-3-yllcvclopropanecarboxamide (91)

91 was prepared in a similar manner described for 76. 74% yield: '"H NMR (400 MHz,
DMSO-d6) 6 12.69 (brs, 1H), 10.69 (brs, 1H), 7.80 (d, J = 8.2 Hz, 1H), 7.34 (s, 1H), 6.99 (d,
J=28.2Hz, 1H), 2.29 (s, 3H), 2.21 (s, 3H), 1.94-1.86 (m, 1H), 0.82-0.76 (m, 4H); LCMS m/z
297 [M +H]".
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N-[6-(3,5-dimethyl-1H-pyrazol-4-yl)-1H-indazol-3-vl]cvclopropanecarboxamide (92)

/i\
o NH

92 was prepared in a similar manner described for 76. 70% yield: '"H NMR (400 MHz,
DMSO0-d6) & 12.50 (brs, 1H), 10.61 (brs, 1H), 7.72 (d, J = 8.6 Hz, 1H), 7.19 (s, 1H), 6.93 (d,
J = 8.6 Hz, 1H), 2.18 (s, 6H), 1.92-1.86 (m, 1H), 0.82-0.75 (m, 4H); LCMS m/z 296 [M +
H]".

N-[6-(4-hydroxyphenyl)-1H-indazol-3-yl]acetamide (95)
tert-butyl 3-amino-6-(4-{[zert-butyl(dimethyl)silyl]oxy}phenyl)-1H-indazole-1-
carboxylate (93)

H,N

g
N
o4

RGNS
L

To a solution of tert-butyl 3-amino-6-bromo-1H-indazole-1-carboxylate (69, 624 mg, 2.00
mmol) and (4-{[tert-butyl(dimethyl)silylJoxy} phenyl)boronic acid (756 mg, 3.00 mmol) in
1,2-dimethoxyethane (8 mL) in a round-bottom flask were added [1,1'-
bis(diphenylphosphino)ferrocene]dichloropalladium (II) complex with CH>Cl, (81.7 mg,
0.100 mmol), tripotassium phosphate hydrate (1.27 g, 6.00 mmol) and water (2 mL). The
resulting mixture was stirred at reflux for 50 minutes. The reaction mixture was added to
water and extracted with AcOEt. The organic extracts were combined, dried over anhydrous
sodium sulfate and concentrated under reduced pressure. Purification by flash
chromatography on silica gel (0% to 100% AcOEt/n-hexane linear gradient) provided the title
compound. (490 mg, 1.12 mmol, 56% yield): "H NMR (400 MHz, CDCl3) § 7.51 (d, J = 8.6
Hz, 2H), 7.35 (d, J = 1.2 Hz, 1H), 7.23 (s, 1H), 7.22 (d, J = 1.2 Hz, 1H), 6.89 (d, J =8.6 Hz,
2H), 4.38 (brs, 2H), 1.68 (s, 9H), 0.97 (s, 9H), 0.21 (s, 6H).
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tert-butyl 3-acetamido-6-(4-{[ztert-butyl(dimethyl)silyl]oxy} phenyl)-1H-indazole-1-
carboxylate (94)

N’ O

oL LK

//\ o o~

To a solution of tert-butyl 3-amino-6-(4-{[tert-butyl(dimethyl)silylJoxy}phenyl)-1H-
indazole-1-carboxylate (93, 245 mg, 0.557 mmol) and pyridine (0.0673 mL, 0.836 mmol) in
CHCl, (10 mL) in a round-bottom flask wa added acetyl chloride (0.0436 mL, 0.613 mmol)
at 0 °C. The resulting mixture was stirred at 0 °C for 1.25 hours. The reaction mixture was
concentrated under reduced pressure. Purification by flash chromatography on silica gel (30%
to 100% AcOEt/n-hexane linear gradient) provided the title compound. (261 mg, 0.542 mmol,
97% yield): 'H NMR (400 MHz, CDCls) & 8.14 (brs, 1H), 7.53 (d, J = 8.6 Hz, 2H), 7.50 (d,
J=1.2Hz, 1H), 7.22 (s, 1H), 7.20 (d, J = 1.2 Hz, 1H), 6.89 (d, J =8.6 Hz, 2H), 2.25 (s, 3H),
1.68 (s, 9H), 0.97 (s, 9H), 0.21 (s, 6H).
N-[6-(4-hydroxyphenyl)-1H-indazol-3-yl]acetamide (95)

l OH

tert-Butyl 3-acetamido-6-(4-{[tert-butyl(dimethyl)silyl]oxy} phenyl)-1 H-indazole-1-
carboxylate (94, 261 mg, 0.542 mmol) was dissolved in 4 mol/L hydrogen chloride in 1,4-
dioxane (10 mL, 40.0 mmol) at room temperature. The resulting mixture was stirred at room
temperature for 21 hours, then concentrated under reduced pressure. The residue was
quenched by saturated aqueous sodium hydrogen carbonate solution and the resulting solid
was collected. The solid was washed with water and dried under reduced pressure at 50 °C.
The title compound was obtained as a white solid. (130 mg, 0.486 mmol, 90% yield): 'H
NMR (400 MHz, DMSO-d6) 6 12.56 (brs, 1H), 10.34 (brs, 1H), 9.60 (brs, 1H), 7.77 (d, J =
8.6 Hz, 1H), 7.50 (d, J = 8.5 Hz, 2H), 7.45 (s, 1H), 7.22 (d, J = 8.6 Hz, 1H), 6.81 (d, J = 8.5
Hz, 2H), 3.30 (s, 3H); LCMS m/z 268 [M + H]".
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N-[6-(4-hydroxyphenvl)-1H-indazol-3-vl]cyclohexanecarboxamide (96)

4
e

OH
96 was prepared in a similar manner described for 95. 94% yield: '"H NMR (400 MHz,
DMSO-d6) & 10.18 (brs, 1H), 7.71 (d, J = 8.6 Hz, 1H), 7.50 (d, J = 8.5 Hz, 2H), 7.45 (s, 1H),
7.23 (d, J = 8.6 Hz, 1H), 6.81 (d, J = 8.5 Hz, 2H), 2.46-2.38 (m, 1H), 1.87-1.77 (m, 2H),
1.76-1.69 (m, 2H), 1.66-1.57 (m, 1H), 1.50-1.38 (m, 2H), 1.37-1.10 (m, 3H); LCMS m/z 336
[M+H]".

N-[6-(4-hydroxyphenvl)-1H-indazol-3-vl]benzamide (97)

<,

o
g :
OH

97 was prepared in a similar manner described for 95. 94% yield: 'H NMR (400 MHz,
DMSO-db6) 6 8.05 (d, J = 8.2 Hz, 2H), 7.72 (d, J = 8.2 Hz, 1H), 7.65-7.48 (m, 6H), 7.27 (d,
J =8.2 Hz, 1H), 6.83 (d, J = 8.2 Hz, 2H); LCMS m/z 330 [M + H]".

Iz

N-]6-(4-hydroxyphenvl)-1H-indazol-3-vl]-2-methoxvbenzamide (98)

l OH

98 was prepared in a similar manner described for 95. 95% yield: 'H NMR (400 MHz,
DMSO-d6) 6 10.35 (brs, 1H), 7.87 (d, J = 8.6 Hz, 1H), 7.80 (d, J = 7.5 Hz, 1H), 7.53 (d, J =
8.6 Hz, 1H), 7.52 (d, J = 6.7 Hz, 2H), 7.52 (s, 1H), 7.30-7.05 (m, 3H), 6.84 (d, J = 6.7 Hz,
2H), 3.94 (s, 3H); LCMS m/z 360 [M + H]".
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N-[6-(4-hydroxyphenyl)-1H-indazol-3-vl]-3-methoxvbenzamide (99)

OH

99 was prepared in a similar manner described for 95. 99% yield: '"H NMR (400 MHz,
DMSO-d6) 6 7.71 (d, J = 8.6 Hz, 1H), 7.64 (d, J = 7.9 Hz, 1H), 7.60 (s, 1H), 7.53 (s, 1H),
7.52 (d,J = 7.8 Hz, 2H), 7.41 (t,J = 8.2 Hz, 1H), 7.28 (d, J = 9.0 Hz, 1H), 7.14 (d, J = 8.2
Hz, 1H), 6.84 (d, J = 7.8 Hz, 2H), 3.82 (s, 3H); LCMS m/z 360 [M + H]".

N-[6-(4-hydroxyphenvl)-1H-indazol-3-vl]-4-methoxvbenzamide (100)

-0

g
N
e
OH

100 was prepared in a similar manner described for 95. 89% yield: '"H NMR (400 MHz,
DMSO-db6) 6 8.05 (d,J =9.0 Hz, 2H), 7.70 (d, J = 8.6 Hz, 1H), 7.52 (s, 1H), 7.51 (d, J = 8.6
Hz, 2H), 7.27 (d, J = 8.6 Hz, 1H), 7.03 (d, J = 9.0 Hz, 2H), 6.83 (d, J = 8.6 Hz, 2H), 3.82 (s,
3H); LCMS m/z 360 [M + H]".

4-chloro-/N-[6-(4-hvdroxvphenyl)-1H-indazol-3-yl]lbenzamide (101)

u

g
g
OH

101 was prepared in a similar manner described for 95. 88% yield: '"H NMR (400 MHz,
DMSO-db6) & 8.06 (d, J = 8.6 Hz, 2H), 7.72 (d, J = 8.6 Hz, 1H), 7.59 (d, J = 8.6 Hz, 2H),
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7.53 (s, 1H), 7.51 (d, J = 8.6 Hz, 1H), 7.27 (d, J = 9.0 Hz, 1H), 6.83 (d, J = 8.6 Hz, 2H);
LCMS m/z 364 [M + HJ".

methyl 4-§[6-(4-hydroxyphenyl)-1H-indazol-3-yllcarbamoyl}benzoate (102)

o o
s

(0]
g
N
e
OH

102 was prepared in a similar manner described for 95. 90% yield: '"H NMR (400 MHz,
DMSO0-d6) ¢ 8.16 (d, J = 7.8 Hz, 2H), 8.05 (d, J = 7.8 Hz, 2H), 7.74 (d, J = 8.6 Hz, 2H),
7.54 (s, 1H), 7.50 (d,J = 7.0 Hz, 1H), 7.28 (d, J = 7.0 Hz, 1H), 6.84 (d, J = 8.6 Hz, 2H), 3.87
(s, 3H); LCMS m/z 388 [M + H]".

4-(dimethylamino)-/N-[6-(4-hvdroxyphenyl)-1H-indazol-3-yl]benzamide (103)

g
N
H
OH

103 was prepared in a similar manner described for 95. 99% yield: '"H NMR (400 MHz,
DMSO-d6) 6 12.64 (s, 1H), 10.38 (s, 1H), 9.55 (s, 1H), 7.94 (d, J = 9.0 Hz, 2H), 7.69 (d, J =
8.2 Hz, 1H), 7.51 (d, J = 9.0 Hz, 2H), 7.49 (s, 1H), 7.26 (d, J = 8.2 Hz, 1H), 6.83 (d, J = 8.6
Hz, 1H), 6.72 (d, J = 8.6 Hz, 2H), 3.30 (s, 6H); LCMS m/z 373 [M + H]".
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N-[6-(4-hydroxyphenvl)-1H-indazol-3-vl]-4-(4-methylpiperazin-1-vl)benzamide (113)

»

(o}

g
N

u

l OH

113 was prepared in a similar manner described for 95. 93% yield: '"H NMR (400 MHz,
DMSO0-d6) 6 10.51 (s, 1H), 8.00 (d, J = 9.0 Hz, 2H), 7.75 (d, J = 8.2 Hz, 1H), 7.57 (d, J =
9.0 Hz, 2H), 7.56 (s, 1H), 7.32 (d, J = 8.2 Hz, 1H), 7.05 (d, J = 9.0 Hz, 2H), 6.89 (d, J = 9.0
Hz, 2H), 3.35-3.29 (m, 4H), 2.50-2.42 (m, 4H), 2.26 (s, 6H); LCMS m/z 428 [M + H]".

N-[6-(4-hydroxyphenvl)-1H-indazol-3-v1]-4-[2-(morpholin-4-vl)ethoxv]benzamide

109
tert-butyl 3-[4-(benzyloxy)benzamido]-6-{4-[(tert-butoxycarbonyl)oxy|phenyl}-1H-

indazole-1-carboxylate (104)

To a solution of tert-butyl 3-amino-6-{4-[(fert-butoxycarbonyl)oxy|phenyl}-1H-indazole-1-
carboxylate (93, 440 mg, 1.03 mmol) and pyridine (0.167 mL, 2.07 mmol) in CH>Cl> (10
mL) in a round-bottom flask was added 4-(benzyloxy)benzoyl chloride (383 mg, 1.55 mmol)
at 0 °C. The resulting mixture was stirred at 0 °C for 1 hour. The reaction mixture was
concentrated under reduced pressure. Purification by flash chromatography on silica gel (0%
to 50% AcOEt/n-hexane linear gradient) provided the title compound. (655 mg, 1.03 mmol,
99% yield): '"H NMR (400 MHz, CDCl3) & 8.69 (brs, 1H), 8.32 (brs, 1H), 8.30-8.25 (m, 2H),
7.91 (d, J = 9.0 Hz, 2H), 7.56 (d, J = 9.0 Hz, 2H), 7.51 (d, J = 8.6 Hz, 2H), 7.35-7.29 (m,
3H), 7.25 (d, J = 8.6 Hz, 2H), 7.04 (d, J = 8.6 Hz, 2H), 5.13 (s, 2H), 1.69 (s, 9H), 1.55 (s,
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9H); LCMS m/z 636 [M + H]".
tert-butyl 3-{[4-(benzyloxy)benzoyl](tert-butoxycarbonyl)amino}-6-{4-[(tert-
butoxycarbonyl)oxy]|phenyl}-1H-indazole-1-carboxylate (105)

¢
D501
o
N’ O
N o
%0/\40 Lk
To a solution of tert-butyl 3-[4-(benzyloxy)benzamido]-6- {4-[(tert-
butoxycarbonyl)oxy]|phenyl}-1H-indazole-1-carboxylate (104, 620 mg, 0.978 mmol) in
acetonitrile (50 mL) in a round-bottom flask were added di-fert-butyl dicarbonate (319 mg,
1.46 mmol), triethylamine (0.270 mL, 1.95 mmol) and 4-dimethylaminopyridine (11.9 mg,
0.0975 mmol) at room temperature. The resulting mixture was stirred at room temperature
for 14 hours. The reaction mixture was concentrated under reduced pressure. Purification by
flash chromatography on silica gel (0% to 50% AcOEt/n-hexane linear gradient) provided the
title compound. (620 mg, 0.843 mmol, 86% yield): "H NMR (400 MHz, CDCl3) & 8.31 (brs,
1H), 7.82 (d, J = 8.6 Hz, 2H), 7.62 (d, J = 8.6 Hz, 2H), 7.56 (d, J = 8.6 Hz, 1H), 7.49 (d, J =
8.6 Hz, 1H), 7.45-7.29 (m, 5H), 7.25 (d, J = 8.6 Hz, 2H), 6.97 (d, J = 8.6 Hz, 2H), 5.11 (s,
2H), 1.67 (s, 9H), 1.55 (s, 9H), 1.29 (s, 9H).
tert-butyl 3-[(tert-butoxycarbonyl)(4-hydroxybenzoyl)amino|-6-{4-[(tert-
butoxycarbonyl)oxy|phenyl}-1H-indazole-1-carboxylate (106)

HO
o
% i
N
o)
g
L
#i/éo OJ\OJ<
To a solution of tert-butyl 3-{[4-(benzyloxy)benzoyl](tert-butoxycarbonyl)amino}-6-{4-
[(tert-butoxycarbonyl)oxy]phenyl}-1H-indazole-1-carboxylate (105, 620 mg, 0.843 mmol)
in EtOH (20 mL) in a round-bottom flask was added 10% palladium on carbon (120 mg,

0.094 mmol) at room temperature. The resulting mixture was stirred at room temperature in

hydrogen atmosphere for 1.5 hours. The palladium on carbon was filtrated oft with Celite pad
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and washed with EtOH. The filtrate was concentrated under reduced pressure. Purification
by flash chromatography on silica gel (0% to 50% AcOEt/n-hexane linear gradient) provided
the title compound. (470 mg, 0.728 mmol, 86% yield): '"H NMR (400 MHz, CDCl3) & 8.32
(brs, 1H), 7.69 (d, J = 8.6 Hz, 2H), 7.63 (d, J = 8.6 Hz, 2H), 7.57 (d, J = 8.2 Hz, 1H), 7.51
(d, J =8.2 Hz, 1H), 7.25 (d, J = 8.6 Hz, 2H), 6.78 (d, J = 8.6 Hz, 2H), 6.26 (brs, 2H), 1.67
(s, 9H), 1.55 (s, 9H), 1.30 (s, 9H); LCMS m/z 646 [M + H]".

tert-butyl 3-[(tert-butoxycarbonyl){4-[2-(morpholin-4-yl)ethoxy|benzoyl}amino]-6-{4-
[(tert-butoxycarbonyl)oxy|phenyl}-1H-indazole-1-carboxylate (107)

o\/\\\/N\/\O

To a solution of tert-butyl 3-[(tert-butoxycarbonyl)(4-hydroxybenzoyl)amino]-6-{4-[(tert-
butoxycarbonyl)oxy]|phenyl}-1H-indazole-1-carboxylate (106, 100 mg, 0.155 mmol) and 2-
(morpholin-4-yl)ethan-1-ol (40.6 mg, 0.310 mmol) in THF (10 mL) in a round-bottom flask
were added tributylphosphine (62.7 mg, 0.310 mmol) and 1,1'-(azodicarbonyl)dipiperidine
(78.2 mg, 0.310 mmol) at room temperature. The resulting mixture was stirred at room
temperature for 13 hours. The reaction mixture was concentrated under reduced pressure.
Purification by flash chromatography on silica gel (50% to 100% AcOEt/n-hexane linear
gradient) provided the title compound. (108 mg, 0.142 mmol, 92% yield): "H NMR (400 MHz,
CDCl) 6 8.32 (brs, 1H), 7.82 (d, J = 8.9 Hz, 2H), 7.62 (d, J = 8.9 Hz, 2H), 7.56 (d, J = 8.2
Hz, 1H), 7.50 (d, J = 8.2 Hz, 1H), 7.25 (d, J = 8.6 Hz, 2H), 6.90 (d, J = 8.6 Hz, 2H), 4.13 (t,
J =5.6 Hz, 2H), 3.75-3.68 (m, 4H), 2.79 (t, J = 5.6 Hz, 2H), 2.59-2.51 (m, 4H), 1.67 (s, 9H),
1.55 (s, 9H), 1.31 (s, 9H); LCMS m/z 759 [M + H]".
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N-[6-(4-hydroxyphenyl)-1H-indazol-3-yl]-4-[2-(morpholin-4-yl)ethoxy]|benzamide
(109)

O\:\N\/\O

I OH

tert-Butyl 3-[(tert-butoxycarbonyl) {4-[2-(morpholin-4-yl)ethoxy]benzoyl } amino]-6- {4-
[(tert-butoxycarbonyl)oxy]phenyl}-1H-indazole-1-carboxylate (107, 110 mg, 0.145 mmol)
was dissolved in 4 mol/L hydrogen chloride in 1,4-dioxane (3 mL, 12.0 mmol) at room
temperature. The resulting mixture was stirred at 50 °C for 45 minutes, then concentrated
under reduced pressure. The residue was quenched by saturated aqueous sodium hydrogen
carbonate solution and the resulting solid was collected. The solid was washed with water
and dried under reduced pressure at 50 °C. The title compound was obtained as a white solid.
(65.5 mg, 0.143 mmol, 99% yield): '"H NMR (400 MHz, DMSO-d6) & 10.63 (brs, 1H), 8.03
(d,J =8.6 Hz, 2H), 7.70 (d, J = 8.2 Hz, 1H), 7.53 (s, 1H), 7.52 (d, J = 8.6 Hz, 2H), 7.27 (d,
J=8.2Hz, 1H), 7.04 (d, J = 8.6 Hz, 2H), 6.84 (d, J = 8.6 Hz, 2H), 4.16 (t, J = 5.6 Hz, 2H),
3.59-3.52 (m, 4H), 2.69 (t, J = 5.6 Hz, 2H), 2.47-2.40 (m, 4H); LCMS m/z 459 [M + H]".

4-[2-(dimethylamino)ethoxv]-N-[]6-(4-hydroxyphenyl)-1H-indazol-3-vl]benzamide
108

I OH

108 was prepared in a similar manner described for 109. 75% yield: '"H NMR (400 MHz,
DMSO-d6) 6 12.70 (s, 1H), 10.62 (s, 1H), 9.55 (s, 1H), 8.03 (d, J = 8.6 Hz, 2H), 7.70 (d, J =
8.2 Hz, 1H), 7.52 (d, J = 8.6 Hz, 2H), 7.51 (s, 1H), 7.27 (d, J = 8.2 Hz, 1H), 7.04 (d, J = 8.6
Hz, 2H), 6.84 (d, J = 8.6 Hz, 2H), 4.16 (t, J = 5.9 Hz, 2H), 3.30 (s, 6H), 2.69 (t, / = 5.9 Hz,
2H); LCMS m/z 417 [M + H]".
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N-[6-(4-hydroxyphenyl)-1H-indazol-3-yl]-4-]2-(piperidin-1-yl)ethoxy]benzamide (111)
tert-butyl 6-bromo-3-{4-[2-(piperidin-1-yl)ethoxy]benzamido}-1H-indazole-1-

carboxylate (110)
C\N\/\O

o
N Br
N

%° o

To a solution of tert-butyl 3-amino-6-bromo-1H-indazole-1-carboxylate (69, 312 mg, 1.00
mmol) and pyridine (0.322 mL, 4.00 mmol) in CH>Cl, (30 mL) in a round-bottom flask was
added 4-[2-(piperidin-1-yl)ethoxy]benzoyl chloride hydrogen chloride (912 mg, 3.00 mmol)

at room temperature. The resulting mixture was stirred at room temperature for 2 hours. The
reaction mixture was concentrated under reduced pressure. Purification by flash
chromatography on NH-silica gel (0% to 50% AcOEt/n-hexane linear gradient) provided the
title compound. (173 mg, 0.318 mmol, 32% yield): "H NMR (400 MHz, CDCl3) & 8.64 (brs,
1H), 8.34 (brs, 1H), 8.12 (d, J = 8.6 Hz, 1H), 7.86 (d, J = 8.6 Hz, 2H), 7.40 (d, J = 8.6 Hz,
1H), 6.97 (d, J = 8.6 Hz, 2H), 4.15 (t,J = 5.8 Hz, 2H), 2.77 (t,J = 5.8 Hz, 2H), 2.52-2.45 (m,
4H), 1.68 (s, 9H), 1.61-1.53 (m, 4H), 1.48-1.38 (m, 2H); LCMS m/z 543 [M + H]".
tert-butyl 6-{4-|(tert-butoxycarbonyl)oxy]phenyl}-3-{4-[2-(piperidin-1-
ylethoxy|benzamido}-1H-indazole-1-carboxylate

C\N\/\O

To a solution of tert-butyl 6-bromo-3-{4-[2-(piperidin-1-yl)ethoxy]benzamido}-1H-
indazole-1-carboxylate (110, 85.0 mg, 0.156 mmol) and fert-butyl 4-(4,4,5,5-tetramethyl-
1,3,2-dioxaborolan-2-yl)phenyl carbonate (60.1 mg, 0.188 mmol) in 1,2-dimethoxyethane (3
mL) in a round-bottom flask were added [1,1'-

bis(diphenylphosphino)ferrocene]dichloropalladium (II) complex with CH>Cl, (6.39 mg,
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0.00782 mmol), tripotassium phosphate hydrate (99.6 mg, 0.469 mmol) and water (1 mL).
The resulting mixture was stirred at reflux for 40 minutes. The reaction mixture was added to
water and extracted with AcOEt. The organic extracts were combined, dried over anhydrous
sodium sulfate and concentrated under reduced pressure. Purification by flash
chromatography on silica gel (0% to 100% AcOEt/n-hexane linear gradient) provided the title
compound. (101 mg, 0.154 mmol, 98% yield): "H NMR (400 MHz, CDCls) & 8.62 (brs, 1H),
8.32 (brs, 1H), 8.26 (d, J/ = 9.0 Hz, 1H), 7.89 (d, J = 8.6 Hz, 2H), 7.65 (d, J = 8.6 Hz, 2H),
7.50 (d, J = 9.0 Hz, 1H), 7.26 (d, J = 8.6 Hz, 2H), 6.97 (d, J = 8.6 Hz, 2H), 4.16 (t,J = 5.8
Hz, 2H), 2.78 (t,J = 5.8 Hz, 2H), 2.52-2.45 (m, 4H), 1.68 (s, 9H), 1.61-1.53 (m, 4H), 1.55 (s,
9H), 1.48-1.38 (m, 2H).
N-[6-(4-hydroxyphenyl)-1H-indazol-3-yl]|-4-[2-(piperidin-1-yl)ethoxy]|benzamide (111)

C\N\/\ (o]

g
N
H
OH

tert-Butyl 6- {4-[(tert-butoxycarbonyl)oxy]phenyl}-3-{4-[2-(piperidin-1-
yl)ethoxy]benzamido}-1H-indazole-1-carboxylate (101 mg, 0.154 mmol) was dissolved in 4
mol/L hydrogen chloride in 1,4-dioxane (5 mL, 20.0 mmol) at room temperature. The
resulting mixture was stirred at room temperature for 15 hours, then concentrated under
reduced pressure. The residue was quenched by saturated aqueous sodium hydrogen
carbonate solution and the resulting solid was collected. The solid was washed with water
and dried under reduced pressure at 50 °C. The title compound was obtained as a white solid.
(66.0 mg, 0.145 mmol, 94% yield): '"H NMR (400 MHz, DMSO-d6) & 10.62 (brs, 1H), 8.03
(d, J=9.0 Hz, 2H), 7.69 (d, J = 8.6 Hz, 1H), 7.51 (d, J = 8.6 Hz, 2H), 7.49 (s, 1H), 7.27 (d,
J=28.6 Hz, 1H), 7.02 (d, J = 9.0 Hz, 2H), 6.83 (d, J = 8.6 Hz, 2H), 4.13 (t, J = 6.3 Hz, 2H),
2.65 (t,J = 6.3 Hz, 2H), 2.45-2.35 (m, 4H), 1.50-1.42 (m, 4H), 1.40-1.30 (m, 2H); LCMS
m/z 457 [M + H]J".
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4-(1H-indazol-6-yl)phenol (115)
tert-butyl 6-(4-hydroxyphenyl)-1H-indazole-1-carboxylate (114)

g
Jﬁ/\(o”

To a solution of 6-bromo-1H-indazole (1.01 g, 5.13 mmol) in acetonitrile (50 mL) in a round-
bottom flask were added di-fert-butyl dicarbonate (1.23 g, 5.64 mmol), triethylamine (1.42

mL, 10.3 mmol) and 4-dimethylaminopyridine (62.6 mg, 0.513 mmol) at room temperature.
The resulting mixture was stirred at room temperature for 30 minutes. The reaction mixture
was concentrated under reduced pressure. Purification by flash chromatography on silica gel
(0% to 20% AcOEt/n-hexane linear gradient) provided fert-butyl 6-bromo-1H-indazole-1-
carboxylate (1.05 g, 3.53 mmol, 69% yield).

To a solution of fert-butyl 6-bromo-1H-indazole-1-carboxylate (1.05 g, 3.53 mmol) and 4-
(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)phenol (933 mg, 4.24 mmol) in 1,2-
dimethoxyethane (30 mL) in a round-bottom flask were added [1,1'-
bis(diphenylphosphino)ferrocene]dichloropalladium (II) complex with CH2Cl» (289 mg,
0.353 mmol), tripotassium phosphate hydrate (2.25 g, 10.6 mmol) and water (7.5 mL). The
resulting mixture was stirred at reflux for 1 hour. The reaction mixture was added to water
and extracted with AcOEt. The organic extracts were combined, dried over anhydrous sodium
sulfate and concentrated under reduced pressure. Purification by flash chromatography on
silica gel (0% to 40% AcOEt/n-hexane linear gradient) provided the title compound. (620 mg,
2.00 mmol, 57% yield): "H NMR (400 MHz, CDCls) § 8.42 (s, 1H), 8.20 (s, 1H), 7.78 (d, J
= 8.3 Hz, 1H), 7.60 (d, J = 8.6 Hz, 2H), 7.55 (d, J = 8.3 Hz, 1H), 6.96 (d, J = 8.6 Hz, 2H),
5.11 (brs, 1H), 1.61 (s, 9H); LCMS m/z 311 [M + H]".

4-(1H-indazol-6-yl)phenol (115)
g
N
e
OH

tert-Butyl 6-(4-hydroxyphenyl)-1H-indazole-1-carboxylate (114, 75.0 mg, 0.242 mmol) was
dissolved in 4 mol/L hydrogen chloride in 1,4-dioxane (5 mL, 20.0 mmol) at room
temperature. The resulting mixture was stirred at room temperature for 17 hours, then
concentrated under reduced pressure. The residue was quenched by saturated aqueous sodium
hydrogen carbonate solution and the resulting solid was collected. The solid was washed with
water and dried under reduced pressure at 50 °C. The title compound was obtained as a white
solid. (42.3 mg, 0.201 mmol, 83% yield): '"H NMR (400 MHz, DMSO-d6) § 8.00 (s, 1H),
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7.73 (d,J = 8.2 Hz, 1H), 7.57 (s, 1H), 7.49 (d, J = 8.6 Hz, 2H), 7.30 (d, J = 8.2 Hz, 1H), 6.82
(d, J = 8.6 Hz, 2H); LCMS m/z 211 [M + H]".

4-(3-amino-1H-indazol-6-vl)phenol (116)

H,N
g
N
A
OH

tert-Butyl 3-amino-6-(4-hydroxyphenyl)-1H-indazole-1-carboxylate (77.0 mg, 0.237 mmol)

was dissolved in 4 mol/L hydrogen chloride in 1,4-dioxane (5 mL, 20.0 mmol) at room
temperature. The resulting mixture was stirred at room temperature for 17 hours, then
concentrated under reduced pressure. The residue was quenched by saturated aqueous sodium
hydrogen carbonate solution and the resulting solid was collected. The solid was washed with
water and dried under reduced pressure at 50 °C. The title compound was obtained as a white
solid. (52.8 mg, 0.234 mmol, 99% yield): '"H NMR (400 MHz, DMSO-d6) § 11.32 (brs, 1H),
7.65(d,J =8.2 Hz, 1H), 7.45 (d, J = 8.6 Hz, 2H), 7.27 (s, 1H), 7.09 (d, J = 8.2 Hz, 1H), 6.80
(d, J = 8.6 Hz, 2H), 5.29 (brs, 2H); LCMS m/z 226 [M + H]".

4-{3-[(cyclopropylmethyl)amino]-1H-indazol-6-yl}phenol (118)
tert-butyl 6-bromo-3-[(cyclopropylmethyl)amino]-1H-indazole-1-carboxylate (117)

N Br
%o 0

To a solution of fert-butyl 3-amino-6-bromo-1H-indazole-1-carboxylate (69, 470 mg, 1.50

mmol) and cyclopropanecarbaldehyde (110 mg, 1.50 mmol) in CH>Cl, (30 mL) in a round-
bottom flask was added sodium triacetoxyborohydride (380 mg, 1.80 mmol) at room
temperature. The resulting mixture was stirred at room temperature for 46 hours. The reaction
mixture was quenched by saturated aqueous sodium hydrogen carbonate solution and
extracted with CH>Cl,. The organic extracts were combined, dried over anhydrous sodium
sulfate and concentrated under reduced pressure. Purification by flash chromatography on
silica gel (0% to 30% AcOEt/n-hexane linear gradient) provided the title compound. (340 mg,
0.929 mmol, 62% yield): '"H NMR (400 MHz, CDCls) & 7.36 (d, J = 8.6 Hz, 1H), 7.35 (s,
1H), 7.31 (d,J = 8.6 Hz, 1H), 4.31-4.27 (m, 1H), 3.35-3.28 (m, 2H), 1.18-1.06 (m, 1H), 0.59-
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0.50 (m, 2H), 0.29-0.24 (m, 2H); LCMS m/z 366 [M + H]".
4-{3-[(cyclopropylmethyl)amino]-1H-indazol-6-yl}phenol (118)

OH

To a solution of tert-butyl 6-bromo-3-[(cyclopropylmethyl)amino]-1H-indazole-1-
carboxylate (117, 320 mg, 0.874 mmol) and 4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-
yl)phenol (211 mg, 0.962 mmol) in 1,2-dimethoxyethane (10 mL) in a round-bottom flask
were added [1,1'-bis(diphenylphosphino)ferrocene]dichloropalladium (II) complex with
CH:Cl; (35.7 mg, 0.0436 mmol), tripotassium phosphate hydrate (556 mg, 2.62 mmol) and
water (2.5 mL). The resulting mixture was stirred at reflux for 40 minutes. The reaction
mixture was added to water and extracted with AcOEt. The organic extracts were combined,
dried over anhydrous sodium sulfate and concentrated under reduced pressure. Purification
by flash chromatography on silica gel (0% to 50% AcOEt/n-hexane linear gradient) provided
tert-butyl  3-[(cyclopropylmethyl)amino]-6-(4-hydroxyphenyl)-1H-indazole-1-carboxylate
(322 mg, 0.849 mmol, 97% yield).

tert-Butyl 3-[(cyclopropylmethyl)amino]-6-(4-hydroxyphenyl)-1H-indazole-1-carboxylate
(322 mg, 0.849 mmol) was dissolved in 4 mol/L hydrogen chloride in 1,4-dioxane (10 mL,
40.0 mmol) at room temperature. The resulting mixture was stirred at room temperature for
21 hours, then concentrated under reduced pressure. The residue was quenched by saturated
aqueous sodium hydrogen carbonate solution and the resulting solid was collected. The solid
was washed with water and dried under reduced pressure at 50 °C. The title compound was
obtained as a white solid. (218 mg, 0.781 mmol, 92% yield): '"H NMR (400 MHz, DMSO-
d6) & 11.32 (brs, 1H), 7.71 (d, J = 8.6 Hz, 1H), 7.46 (d, J = 8.6 Hz, 2H), 7.27 (s, 1H), 7.08
(d, J = 8.6 Hz, 1H), 6.79 (d, J = 8.6 Hz, 2H), 5.94 (t, J = 5.8 Hz, 1H), 3.10 (t, J = 5.8 Hz,
2H), 1.17-1.07 (m, 1H), 0.45-0.35 (m, 2H), 0.24-0.17 (m, 2H); LCMS m/z 280 [M + H]".
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N-cyclopropyl-N'-[6-(4-hydroxyphenyl)-1H-indazol-3-yl]urea (120)
tert-butyl 6-(4-{[tert-butyl(dimethyl)silyl]oxy}phenyl)-3-
[(cyclopropylcarbamoyl)amino]-1H-indazole-1-carboxylate (119)

N
<
To a  solution of  tert-butyl  6-(4-{[tert-butyl(dimethyl)silyl]oxy}phenyl)-3-
[(cyclopropylcarbamoyl)amino]-1H-indazole-1-carboxylate (119, 81.0 mg, 0.155 mmol) in
THF (5 mL) in a round-bottom flask was added isocyanatocyclopropane (166 mg, 2.00 mmol)
at 0 °C. The resulting mixture was stirred at 70 °C for 5 hours. The reaction mixture was
concentrated under reduced pressure. Purification by flash chromatography on silica gel (0%
to 50% AcOEt/n-hexane linear gradient) provided the title compound. (81.0 mg, 0.155 mmol,
39% yield): '"H NMR (400 MHz, CDCl;) & 8.72 (brs, 1H), 7.98 (d, J = 9.0 Hz, 1H), 7.53 (d,
J =8.6 Hz, 2H), 7.49 (d, J = 9.0 Hz, 1H), 6.88 (d, J = 8.6 Hz, 2H), 2.88-2.82 (m, 1H), 1.68
(s, 9H), 0.96 (s, 9H), 0.88-0.82 (m, 2H), 0.70-0.65 (m, 2H), 0.20 (s, 6H); LCMS m/z 523 [M
+H]".
N-cyclopropyl-NV'-[6-(4-hydroxyphenyl)-1H-indazol-3-yl]urea (120)
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To a solution of tert-butyl 3-amino-6-(4-{[tert-butyl(dimethyl)silylJoxy}phenyl)-1H-
indazole-1-carboxylate (93, 176 mg, 0.400 mmol) and triethylamine (0.278 mL, 2.00 mmol)
in THF (10 mL) in a round-bottom flask was added 1 mol/L tetrabutylammonium fluoride in
THF (2.5 mL, 2.50 mmol) at room temperature. The resulting mixture was stirred at room
temperature for 15 minutes. The reaction mixture was added to water and extracted with
AcOEt. The organic extracts were combined, dried over anhydrous sodium sulfate and
concentrated under reduced pressure. Purification by flash chromatography on silica gel (0%
to 50% AcOEt/n-hexane linear gradient) provided tert-butyl 3-
[(cyclopropylcarbamoyl)amino]-6-(4-hydroxyphenyl)-1H-indazole-1-carboxylate (48.0 mg,
0.118 mmol, 76 % yield).

tert-Butyl 3-[(cyclopropylcarbamoyl)amino]-6-(4-hydroxyphenyl)-1H-indazole-1-
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carboxylate (48.0 mg, 0.118 mmol) was dissolved in 4 mol/L hydrogen chloride in 1,4-
dioxane (5 mL, 20.0 mmol) at room temperature. The resulting mixture was stirred at room
temperature for 21 hours, then concentrated under reduced pressure. The residue was
quenched by saturated aqueous sodium hydrogen carbonate solution and the resulting solid
was collected. The solid was washed with water and dried under reduced pressure at 50 °C.
The title compound was obtained as a white solid. (34.9 mg, 0.113 mmol, 96% yield): 'H
NMR (400 MHz, DMSO-d6) 6 12.29 (brs, 1H), 9.42 (brs, 1H), 7.97 (d, J = 8.2 Hz, 1H), 7.92
(brs, 1H), 7.50 (d, J = 8.6 Hz, 2H), 7.42 (s, 1H), 7.20 (d, J = 8.2 Hz, 1H), 6.83 (d, J = 8.6 Hz,
2H), 2.68-2.60 (m, 1H), 0.70-0.63 (m, 2H), 0.48-0.32 (m, 2H); LCMS m/z 309 [M + H]".

N-[6-(4-hydroxyphenvl)-1H-indazol-3-vl]cyclopropanesulfonamide (122)
tert-butyl 6-(4-{[tert-butyl(dimethyl)silyljoxy}phenyl)-3-

[(cyclopropanesulfonyl)amino]-1H-indazole-1-carboxylate (121)

To a solution of  tert-butyl  6-(4-{[fert-butyl(dimethyl)silyl]Joxy}phenyl)-3-
[(cyclopropylcarbamoyl)amino]-1H-indazole-1-carboxylate (119, 170 mg, 0.387 mmol) in
pyridine (5 mL) in a round-bottom flask was added cyclopropanesulfonyl chloride (65.2 mg,
0.464 mmol) at room temperature. The resulting mixture was stirred at 70 °C for 4.5 days.
The reaction mixture was concentrated under reduced pressure. The residue mixture was
added to AcOEt and washed with saturated aqueous ammonium chloride solution. The
organic layer was dried over anhydrous sodium sulfate and concentrated under reduced
pressure. Purification by flash chromatography on silica gel (0% to 70% AcOEt/n-hexane
linear gradient) provided the title compound. (81.3 mg, 0.150 mmol, 39% yield): 'H NMR
(400 MHz, CDCls) 6 8.67 (brs, 1H), 8.32 (brs, 1H), 8.03 (d, J = 8.6 Hz, 1H), 7.60 (d, J = 8.6
Hz, 1H), 7.57 (d, J = 8.5 Hz, 2H), 6.97 (d, J = 8.5 Hz, 2H), 2.80-2.75 (m, 1H), 1.76 (s, 9H),
1.33-1.26 (m, 2H), 1.12-1.05 (m, 2H), 1.05 (s, 9H), 0.24 (s, 6H); LCMS m/z 543 [M + H]".
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N-[6-(4-hydroxyphenyl)-1H-indazol-3-yl]cyclopropanesulfonamide (122)

I OH

122 was prepared in a similar manner described for 120. 99% yield: '"H NMR (400 MHz,
DMSO-d6) 8 7.67 (d, J = 8.6 Hz, 1H), 7.49 (d, J = 8.2 Hz, 2H), 7.40 (s, 1H), 7.19 (d, J = 8.6
Hz, 1H), 6.82 (d, J = 8.2 Hz, 2H), 2.78-2.68 (m, 1H), 0.89-0.73 (m, 4H); LCMS m/z 330 [M
+H]".

N-cvclopropvl-6-(4-hydroxyphenyl)-1H-indazole-3-carboxamide (125)

6-bromo-N-cyclopropyl-1H-indazole-3-carboxamide (124)

Br

To a solution of 6-bromo-1H-indazole-3-carboxylic acid (1.00 g, 4.15 mmol) in DMF (30
mL) in a round-bottom flask was added 1,1'-carbonyldiimidazole (807 mg, 4.98 mmol) at
room temperature. The resulting mixture was stirred at 70 °C for 30 minutes. The reaction
mixture was allowed to room temperature and added cyclopropanamine (355 mg, 6.22 mmol)
and triethylamine (1.15 mL, 8.30 mmol). The resulting mixture was stirred at room
temperature for 1.5 hours. The reaction mixture was added to AcOEt and washed with water.
The organic layer was dried over anhydrous sodium sulfate and concentrated under reduced
pressure and the resulting solid was collected. The solid was washed with CH>Cl, and dried
under reduced pressure at 50 °C. The title compound was obtained as a white solid. (739 mg,
2.64 mmol, 64% yield): '"H NMR (400 MHz, CDCl3) § 13.70 (s, 1H), 8.55 (brs, 1H), 8.13 (d,
J=8.7Hz, 1H), 7.87 (s, 1H), 7.41 (d, J = 8.7 Hz, 1H), 2.95-2.79 (m, 1H), 0.73-0.65 (m, 4H).
N-cyclopropyl-6-(4-hydroxyphenyl)-1H-indazole-3-carboxamide (125)

OH

To a solution of 6-bromo-N-cyclopropyl-1H-indazole-3-carboxamide (124, 739 mg, 2.64

mmol) in acetonitrile (50 mL) in a round-bottom flask were added di-fert-butyl dicarbonate
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(633 mg, 2.90 mmol), trimethylamine (0.731 mL, 5.28 mmol) and N,N-
dimethylaminopyridine (32.2 mg, 0.264 mmol) at room temperature. The resulting mixture
was stirred at room temperature for 1 hour. The reaction mixture was concentrated under
reduced pressure. Purification by flash chromatography on silica gel (0% to 30% AcOEt/n-
hexane linear gradient) provided tert-butyl 6-bromo-3-(cyclopropylcarbamoyl)-1H-indazole-
1-carboxylate (501 mg, 1.32 mmol, 50% yield).

To a solution of tert-butyl 6-bromo-3-(cyclopropylcarbamoyl)-1H-indazole-1-carboxylate
(250 mg, 0.658 mmol) and 4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)phenol (173 mg,
0.789 mmol) in 1,2-dimethoxyethane (3 mL) in a round-bottom flask were added [1,1'-
bis(diphenylphosphino)ferrocene]dichloropalladium (II) complex with CH2Cl, (26.9 mg,
0.0328 mmol), tripotassium phosphate hydrate (419 mg, 10.6 mmol) and water (0.75 mL).
The resulting mixture was stirred at reflux for 30 minutes. The reaction mixture was added to
water and extracted with AcOEt. The organic extracts were combined, dried over anhydrous
sodium sulfate and concentrated under reduced pressure. Purification by flash
chromatography on silica gel (0% to 70% AcOEt/n-hexane linear gradient) provided tert-
butyl 3-(cyclopropylcarbamoyl)-6-(4-hydroxyphenyl)-1H-indazole-1-carboxylate (132 mg,
0.336 mmol, 51% yield).

tert-Butyl 3-(cyclopropylcarbamoyl)-6-(4-hydroxyphenyl)-1H-indazole-1-carboxylate (132
mg, 0.336 mmol) was dissolved in 4 mol/L hydrogen chloride in 1,4-dioxane (5 mL, 20.0
mmol) at room temperature. The resulting mixture was stirred at room temperature for 17.5
hours, then concentrated under reduced pressure. The residue was quenched by saturated
aqueous sodium hydrogen carbonate solution and the resulting solid was collected. The solid
was washed with water and dried under reduced pressure at 50 °C. The title compound was
obtained as a white solid. (72.0 mg, 0.245 mmol, 73% yield): '"H NMR (400 MHz, DMSO-
d6) 6 8.34 (brs, 1H), 8.11 (d, J = 8.2 Hz, 1H), 7.63 (s, 1H), 7.52 (d, J = 8.6 Hz, 2H), 7.42 (d,
J=8.2 Hz, 1H), 6.83 (d, J = 8.6 Hz, 2H), 2.90-2.82 (m, 1H), 0.69-0.60 (m, 4H); LCMS m/z
294 [M + HJ".

N-[16-(3,5-dimethyl-1H-pvyrazol-4-yl)-1H-indazol-3-y1]-4-(4-methylpiperazin-1-
ylDbenzamide (129)
tert-butyl 4-bromo-3,5-dimethyl-1H-pyrazole-1-carboxylate

Br
.
oo

To a solution of 4-bromo-3,5-dimethyl-1H-pyrazole (5.30 g, 30.3 mmol) in THF (200 mL) in
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a round-bottom flask were added di-tert-butyl dicarbonate (7.93 g, 36.3 mmol), triethylamine
(12.6 mL, 90.9 mmol) and 4-dimethylaminopyridine (370 mg, 3.03 mmol). The resulting
mixture was stirred at room temperature for 1 hour, then concentrated under reduced pressure.
Purification by flash chromatography on silica gel (0% to 20% AcOEt/n-hexane linear
gradient) provided the title compound. (8.10 g, 29.0 mmol, 97% yield): '"H NMR (500 MHz,
CDCl) 6 2.47 (s, 3 H), 2.25 (s, 3H), 1.59 (s, 9H).

tert-butyl 3-amino-6-bromo-1H-indazole-1-carboxylate

H,N

N Br

To a solution of 6-bromo-1H-indazole-3-amine (20.3 g, 95.7 mmol) in acetonitrile (200 mL)
in a round-bottom flask were added di-tert-butyl dicarbonate (31.3 g, 144 mmol),
triethylamine (19.9 mL, 144 mmol) and 4-dimethylaminopyridine (1.17 g, 9.57 mmol). The
resulting mixture was stirred at room temperature for 7 hours, then concentrated under
reduced pressure. Purification by flash chromatography on silica gel (0% to 50% AcOEt/n-
hexane linear gradient) provided the title compound. (14.9 g, 47.8 mmol, 50% yield): 'H
NMR (500 MHz, CDCI3) 6 8.31 (brs,1 H), 7.38 (s, 2H), 4.44 (brs, 2H), 1.67 (s, 9H).
tert-butyl 3-amino-6-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-1H-indazole-1-
carboxylate (126)

N o
A

To a solution of fert-butyl 3-amino-6-bromo-1H-indazole-1-carboxylate (1.56 g, 5.00 mmol)
in 1,4-dioxane (50 mL) in a round-bottom flask were added bis(pinacolato)diboron (1.52 g,
6.00 mmol), [1,1'-bis(diphenylphosphino)ferrocene]dichloropalladium (II) complex with
dichloromethane (408 mg, 0.500 mmol) and potassium acetate (1.47 g, 15.0 mmol). The
resulting mixture was stirred for 1.5 hours at reflux. The insoluble materials were filtrated off
with Celite pad and the filtrate was concentrated under reduced pressure. Purification by flash
chromatography on silica gel (0% to 70% AcOEt/n-hexane linear gradient) provided the title
compound. (1.80 g, 5.00 mmol, 100% yield): "H NMR (500 MHz, CDCl;) & 8.56 (brs,1 H),
7.63 (d,J = 7.8 Hz, 1H), 7.49 (d, J = 7.8 Hz, 1H), 4.09 (brs, 2H), 1.67 (s, 9H), 1.32 (s, 6H),
1.21 (s, 6H); LCMS m/z 360 [M + H]".
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tert-butyl 3-amino-6-[1-(tert-butoxycarbonyl)-3,5-dimethyl-1H-pyrazol-4-yl]-1H-
indazole-1-carboxylate (127)

N'N \L
LT
To a solution of tert-butyl 3-amino-6-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-1H-
indazole-1-carboxylate (126, 1.80 g, 5.00 mmol) in 1,2-dimethoxyethane (50 mL) in a round-
bottom flask were added tert-butyl 4-bromo-3,5-dimethyl-1H-pyrazole-1-carboxylate (1.65
g, 6.01 mmol), [1,1'-bis(diphenylphosphino)ferrocene]dichloropalladium (II) complex with
CH>Cl: (409 mg, 0.500 mmol), tripotassium phosphate hydrate (3.46 g, 15.0 mmol) and water
(15 mL). The resulting mixture was stirred for 45 minutes at reflux and the reaction mixture
was added to water. The resulting solution was extracted with AcOEt. The organic extracts
were combined, dried over anhydrous sodium sulfate and concentrated under reduced
pressure. Purification by flash chromatography on silica gel (0% to 70% AcOEt/n-hexane
linear gradient) provided the title compound. (880 mg, 2.01 mmol, 41% yield): '"H NMR (400
MHz, CDCl3) & 7.92 (brs,1H), 7.54 (d, J = 7.8 Hz, 1H), 7.08 (d, J = 7.8 Hz, 1H), 4.42 (brs,
2H), 2.46 (s, 3H), 2.25 (s, 3H), 1.65 (s, 18H); LCMS m/z 428 [M + H]".
tert-butyl 6-[1-(tert-butoxycarbonyl)-3,5-dimethyl-1H-pyrazol-4-yl]-3-{[4-(4-
methylpiperazin-1-yl)benzoyl|amino}-1H-indazole-1-carboxylate

)

°N

N \L
-~ -

o
To a solution of fert-butyl 3-amino-6-[1-(fert-butoxycarbonyl)-3,5-dimethyl-1H-pyrazol-4-
yl]-1H-indazole-1-carboxylate (427 mg, 1.00 mmol) in CH>Cl> (30 mL) in a round-bottom
flask were added 4-(4-methylpiperazin-1-yl)benzoyl chloride dihydrochloride (934 mg, 3.00
mmol) and pyridine (0.402 mL, 5.00 mmol). The resulting mixture was stirred at room
temperature for 3 hours, then concentrated under reduced pressure. Purification by flash

chromatography on NH-silica gel (0% to 100% AcOEt/n-hexane linear gradient) provided

153



the title compound. (190 mg, 0.301 mmol, 30% yield): 'H NMR (400 MHz, CDCl;) & 8.58
(m, 1H), 8.28 (d, J = 10.3 Hz, 1H), 7.96 (brs,1H), 7.84 (d, J = 8.6 Hz, 2H), 7.14 (d, J = 10.3
Hz, 1H), 6.93 (d, J = 8.6 Hz, 2H), 3.39-3.32 (m, 4H), 2.58-2.51 (m, 4H), 2.47 (s, 3H), 2.34
(s, 3H), 2.26 (s, 3H), 1.67 (s, 9H), 1.65 (s, 9H); LCMS m/z 630 [M + H]".
N-[6-(3,5-dimethyl-1H-pyrazol-4-yl)-1H-indazol-3-yl]-4-(4-methylpiperazin-1-
yl)benzamide (129)

\

)

H
o7 N
N 7
N [
H | N
N
H
tert-Butyl 6-[ 1-(tert-butoxycarbonyl)-3,5-dimethyl- 1 H-pyrazol-4-yl]-3-{[4-(4-

methylpiperazin-1-yl)benzoyl]amino}-1H-indazole-1-carboxylate (85.0 mg, 0.135 mmol)
was dissolved in 4 mol/L hydrogen chloride in 1,4-dioxane (5 mL, 20.0 mmol). The resulting
mixture was stirred at 50 °C for 1.5 hours, then concentrated under reduced pressure. The
residue was quenched by saturated aqueous sodium hydrogen carbonate solution and the
resulting solid was collected. The solid was washed with water and dried under reduced
pressure at 50 °C. The title compound was obtained as a white solid. (46.7 mg, 0.109 mmol,
81% yield): '"H NMR (400 MHz, DMSO-d6) § 12.61 (s, 1H), 12.31 (brs, 1H), 10.47 (s, 1H),
7.93 (d, J = 10.3 Hz, 2H), 7.65 (d, J = 8.6 Hz, 1H), 7.23 (s, 1H), 6.99 (d, J = 10.3 Hz, 2H),
6.95 (d, J = 8.6 Hz, 1H), 3.31 (s, 3H), 3.29-3.24 (m, 4H), 2.45-2.40 (m, 4H), 2.26 (s, 6H);
LCMS m/z 430 [M + H]" ; HRMS (Positive ESI) m/z 430.2378 (430.2277 calcd for
C24H27N7O + H).

N-]6-(3.5-dimethyl-1H-pyrazol-4-yl)-1H-indazol-3-v1]-4-[2-(piperidin-1-
ylethoxy]benzamide (128)
C\N\/\ (o]
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128 was prepared in a similar manner described for 129. 93% yield: '"H NMR (400 MHz,
DMSO-d6) 6 12.66 (brs, 1H), 10.62 (brs, 1H), 8.03 (d, J = 9.0 Hz, 2H), 7.66 (d, J = 8.6 Hz,
1H), 7.25 (s, 1H), 7.27 (d, J = 8.6 Hz, 1H), 7.05 (d, J = 9.0 Hz, 2H), 6.88 (d, J = 8.6 Hz, 1H),
4.13 (t,J = 6.3 Hz, 2H), 2.65 (t,J = 6.3 Hz, 2H), 2.30-2.22 (m, 4H), 1.55-1.42 (m, 4H), 1.43-
1.37 (m, 2H); LCMS m/z 459 [M + H]".

6-(3-cyclopropyl-5-methyl-1H-pyrazol-4-yl)-3-[6-(4-methylpiperazin-1-yl)pvridin-3-
vl]-1H-indazole (138)
tert-butyl 4-bromo-3-cyclopropyl-5-methyl-1H-pyrazole-1-carboxylate (or tert-butyl 4-

bromo-5-cyclopropyl-3-methyl-1H-pyrazole-1-carboxylate) [ The Boc protected

compounds were as a single regioisomer, but the position of Boc groups were not

/ '\ or \_’N\(O
N’ N
oo s

To a solution of 4-bromo-5-cyclopropyl-3-methyl-1H-pyrazole hydrochloride (14.4 g, 60.6
mmol) in THF (300 mL) in a round-bottom flask were added di-tert-butyl dicarbonate (15.9

determined]

g, 72.8 mmol), triethylamine (25.2 mL, 182 mmol) and 4-dimethylaminopyridine (741 mg,
6.06 mmol). The resulting mixture was stirred at room temperature for 17 hours, then
concentrated under reduced pressure. Purification by flash chromatography on silica gel (0%
to 50% AcOEt/n-hexane linear gradient) provided the title compound. (16.6 g, 55.1 mmol,
91% yield): "H NMR (400 MHz, CDCl3) § 2.44 (s, 3 H), 1.89-1.81 (m, 1H), 1.59 (s, 9H),
1.03-0.97 (m, 2H), 0.93-0.84 (m, 2H); LCMS m/z 201 [M — Boc + H]".

tert-butyl 3-amino-6-[1-(fert-butoxycarbonyl)-3-cyclopropyl-5-methyl-1H-pyrazol-4-
yll-1H-indazole-1-carboxylate (or tert-butyl 3-amino-6-[1-(zert-butoxycarbonyl)-5-
cyclopropyl-3-methyl-1H-pyrazol-4-yl]-1 H-indazole-1-carboxylate) (130)

To a solution of tert-butyl 3-amino-6-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-1H-
indazole-1-carboxylate (126, 15.0 g, 33.0 mmol) in 1,2-dimethoxyethane (200 mL) in a
round-bottom flask were added tert-butyl 4-bromo-3-cyclopropyl-5-methyl-1H-pyrazole-1-
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carboxylate (or fert-butyl 4-bromo-5-cyclopropyl-3-methyl-1H-pyrazole-1-carboxylate)
(10.9 g, 36.3 mmol), [1,1'-bis(diphenylphosphino)ferrocene]dichloropalladium (II) complex
with CH2Cl, (539 mg, 0.660 mmol), tripotassium phosphate hydrate (22.8 g, 99.0 mmol) and
water (80 mL). The resulting mixture was stirred for 2 hours at reflux and the reaction mixture
was added to water. The resulting solution was extracted with AcOEt. The organic extracts
were combined, dried over anhydrous sodium sulfate and concentrated under reduced
pressure. Purification by flash chromatography on silica gel (0% to 70% AcOEt/n-hexane
linear gradient) provided the title compound. (13.6 g, 30.0 mmol, 91% yield): "H NMR (500
MHz, CDCls) ¢ 8.02 (brs,1H), 7.55 (d, J = 7.8 Hz, 1H), 7.22 (d, J = 7.8 Hz, 1H), 4.43 (brs,
2H), 2.44 (s, 3H), 1.78-1.68 (m, 1H), 1.66 (s, 9H), 1.62 (s, 9H), 1.05-0.99 (m, 2H), 0.85-0.80
(m, 2H); LCMS m/z 354 [M — Boc + H]".
3-bromo-6-(3-cyclopropyl-S-methyl-1H-pyrazol-4-yl)-1H-indazole (131)

Br

N./

Iz
—
V.
Iz
~Z

To a solution of a tert-butyl 3-amino-6-[1-(fert-butoxycarbonyl)-3-cyclopropyl-5-methyl-
1 H-pyrazol-4-yl]-1H-indazole-1-carboxylate (or tert-butyl 3-amino-6-[1-(tert-
butoxycarbonyl)-5-cyclopropyl-3-methyl-1H-pyrazol-4-yl]-1H-indazole-1-carboxylate)
(130, 3.00 g, 6.62 mmol) in 48% hydrobromic acid (5 mL) and acetic acid (5 mL) in a round-
bottom flask was added a solution of sodium nitrite (548 mg, 7.94 mmol) in water (2 mL) at
0°C. The resulting mixture was stirred at 0 °C for 30 minutes and added copper bromide (1.90
g, 13.2 mmol) at 0 °C. The resulting mixture was stirred at room temperature overnight and
the reaction mixture was quenched by saturated aqueous sodium hydrogen carbonate solution.
The resulting solution was extracted with AcOEt and CH>Cl,. The organic extracts were
combined, dried over anhydrous sodium sulfate and concentrated under reduced pressure.
Purification by flash chromatography on NH-silica gel (0% to 10% MeOH/CHCl, linear
gradient) provided the title compound. (610 mg, 1.90 mmol, 29% yield): "H NMR (400 MHz,
CDCls) 6 10.14 (brs, 1H), 7.64 (d, J = 8.8 Hz, 1H), 7.41 (s, 1H), 7.26 (d, J = 8.8 Hz, 1H),
2.29 (s, 3H), 1.87-1.78 (m, 1H), 0.91-0.82 (m, 2H), 0.81-0.75 (m, 2H) ; LCMS m/z 317 [M
+H]".
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tert-butyl 3-bromo-6-[1-(tert-butoxycarbonyl)-3-cyclopropyl-5-methyl-1H-pyrazol-4-
yll-1H-indazole-1-carboxylate (or tert-butyl 3-bromo-6-[1-(fert-butoxycarbonyl)-5-
cyclopropyl-3-methyl-1H-pyrazol-4-yl]-1H-indazole-1-carboxylate) (132)

To a solution of 3-bromo-6-(3-cyclopropyl-5-methyl-1H-pyrazol-4-yl)-1H-indazole

(131, 190 mg, 0.599 mmol) in acetonitrile (20 mL) in a round-bottom flask were added di-
tert-butyl dicarbonate (288 mg, 1.32 mmol), triethylamine (0.332 mL, 2.40 mmol) and 4-
dimethylaminopyridine (7.3 mg, 0.0599 mmol). The resulting mixture was stirred at room
temperature for 1 hour, then concentrated under reduced pressure. Purification by flash
chromatography on silica gel (0% to 20% AcOEt/n-hexane linear gradient) provided the title
compound. (275 mg, 0.532 mmol, 89% yield): '"H NMR (500 MHz, CDCl;) & 8.11 (brs,1H),
7.66 (d, J = 8.3 Hz, 1H), 7.36 (d, J = 8.3 Hz, 1H), 2.44 (s, 3H), 1.73-1.65 (m, 1H), 1.68 (s,
9H), 1.63 (s, 9H), 1.07-1.02 (m, 2H), 0.86-0.80 (m, 2H); LCMS m/z 417 [M — Boc + H]".

tert-butyl 6-[1-(tert-butoxycarbonyl)-3-cyclopropyl-5-methyl-1H-pyrazol-4-yl]-3-[6-(4-
methylpiperazin-1-yl)pyridin-3-yl]-1H-indazole-1-carboxylate (or tert-butyl 6-[1-(tert-
butoxycarbonyl)-5-cyclopropyl-3-methyl-1H-pyrazol-4-yl]-3-[6-(4-methylpiperazin-1-
yDpyridin-3-yl]-1H-indazole-1-carboxylate) (133)

To a solution of fert-butyl 3-bromo-6-[1-(tert-butoxycarbonyl)-3-cyclopropyl-5-methyl-1H-
pyrazol-4-yl]-1H-indazole-1-carboxylate (or fert-butyl 3-bromo-6-[1-(tert-butoxycarbonyl)-
5-cyclopropyl-3-methyl-1H-pyrazol-4-yl]-1 H-indazole-1-carboxylate) (132, 130 mg, 0.251
mmol) in 1,2-dimethoxyethane (5 mL) in a round-bottom flask were added 1-methyl-4-[5-
(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)pyridin-2-yl]piperazine (152 mg, 0.503 mmol),
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[1,1'-bis(diphenylphosphino)ferrocene]dichloropalladium (II) complex with CH2Cl, (20.5
mg, 0.0251 mmol), tripotassium phosphate hydrate (174 mg, 0.754 mmol) and water (2 mL).
The resulting mixture was stirred for 1 hour at 100 °C and the reaction mixture was added to
water. The resulting solution was extracted with AcOEt. The organic extracts were combined,
dried over anhydrous sodium sulfate and concentrated under reduced pressure. Purification
by flash chromatography on NH-silica gel (0% to 67% AcOEt/n-hexane linear gradient)
provided the title compound. (128 mg, 0.209 mmol, 83% yield): '"H NMR (500 MHz, CDCl;)
0 8.83 (s, 1H), 8.17 (d, J = 8.4 Hz, 1H), 8.12 (brs,1H), 7.98 (d, J = 8.8 Hz, 1H), 7.32 (d, J =
8.4 Hz, 1H), 6.77 (d, J = 8.8 Hz, 1H), 3.69-3.65 (m, 4H), 2.56-2.51 (m, 4H), 2.46 (s, 3H),
2.34 (s, 3H), 1.78-1.71 (m, 1H), 1.70 (s, 9H), 1.63 (s, 9H), 1.07-1.03 (m, 2H), 0.87-0.82 (m,
2H); LCMS m/z 614 [M + H]".; HRMS (Positive ESI) m/z 614.3452 (614.3377 caled for
C33H43N704 + H).
6-(3-cyclopropyl-5-methyl-1H-pyrazol-4-yl)-3-[|6-(4-methylpiperazin-1-yl)pyridin-3-
yll-1H-indazole (138)

tert-Butyl 6-[ 1-(tert-butoxycarbonyl)-3-cyclopropyl-5-methyl-1 H-pyrazol-4-yl]-3-[6-(4-
methylpiperazin-1-yl)pyridin-3-yl]-1H-indazole-1-carboxylate (or fert-butyl 6-[1-(tert-
butoxycarbonyl)-5-cyclopropyl-3-methyl-1H-pyrazol-4-yl]-3-[6-(4-methylpiperazin-1-
yl)pyridin-3-yl]-1H-indazole-1-carboxylate) (133, 128 mg, 0.209 mmol) was dissolved in 4
mol/L hydrogen chloride in 1,4-dioxane (9.58 mL, 313 mmol). The resulting mixture was
stirred at 60 °C for 1 hour, then concentrated under reduced pressure. The residue was
quenched by saturated aqueous sodium hydrogen carbonate solution and the resulting solid
was collected. The solid was washed with water and dried under reduced pressure at 50 °C.
The title compound was obtained as a white solid. (58.0 mg, 0.140 mmol, 67% yield): 'H
NMR (500 MHz, DMSO-d6) & 13.00 (s, 1H), 12.23 (brs, 1H), 8.72 (s, 1H), 8.09 (d, J = 8.7
Hz, 1H), 7.99 (d, J = 8.3 Hz, 1H), 7.45 (brs,1H), 7.19 (d, J = 8.7 Hz, 1H), 6.96 (d, J = 8.3
Hz, 1H), 3.59-3.51 (m, 4H), 2.42-2.37 (m, 4H), 2.23 (brs, 3H), 2.21 (s, 3H), 1.83-1.76 (m,
1H), 0.80-0.74 (m, 4H); LCMS m/z 414 [M + H]" ; HRMS (Positive ESI) m/z 414.2411
(414.2328 calcd for C24H27N7 + H).
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6-(3-cvclopropyvl-5-methvl-1H-pvyrazol-4-v1)-3-(pyridin-4-y)-1H-indazole (134)

134 was prepared in a similar manner described for 138. 10% yield: '"H NMR (500 MHz,
DMSO-d6) 6 13.49 (s, 1H), 12.22 (brs, 1H), 8.66 (d, J = 5.8 Hz, 2H), 8.18 (d, J = 8.2 Hz,
1H), 7.99 (d, J = 5.8 Hz, 2H), 7.54 (s,1H), 7.30 (d, J = 8.3 Hz, 1H), 2.23 (brs, 3H), 1.24-1.19
(m, 1H), 0.80-0.74 (m, 4H); LCMS m/z 316 [M + H]".

6-(3-cvclopropyl-5-methvl-1H-pvyrazol-4-v1)-3-(pyridin-3-y1)-1H-indazole (135)

135 was prepared in a similar manner described for 138. 32% yield: '"H NMR (500 MHz,
DMSO-d6) 6 13.32 (s, 1H), 12.26 (brs, 1H), 9.19 (s, 1H), 8.60-8.57 (m, 1H), 8.38-8.33 (m,
1H), 8.09 (d, J = 8.3 Hz, 1H), 7.56-7.50 (m, 2H), 7.25 (d, J = 8.3 Hz, 1H), 2.25 (brs, 3H),
1.24-1.19 (m, 1H), 0.80-0.74 (m, 4H); LCMS m/z 316 [M + H]".

6-(3-cvclopropvl-5-methvl-1H-pvyrazol-4-vy1)-3-(1H-pvrrol-2-yl)-1H-indazole (136)

136 was prepared in a similar manner described for 138. 74% yield: '"H NMR (500 MHz,
DMSO-d6) 6 12.83 (s, 1H), 12.23 (brs, 1H), 11.32 (brs, 1H), 7.99 (d, J = 8.3 Hz, 1H), 7.40
(s, 1H), 7.17 (d, J = 8.3 Hz, 1H), 6.83-6.80 (m, 1H), 6.70-6.66 (m, 1H), 6.18-6.14 (m, 1H),
2.23 (brs, 3H), 1.24-1.19 (m, 1H), 0.80-0.74 (m, 4H); LCMS m/z 304 [M + H]".
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6-(3-cvclopropyl-5-methvl-1H-pvyrazol-4-v1)-3-[6-(piperazin-1-yl)pvridin-3-vyl]-1H-
indazole (137)

&

137 was prepared in a similar manner described for 138. 74% yield: '"H NMR (500 MHz,
DMSO0-d6) 6 12.99 (s, 1H), 12.24 (brs, 1H), 8.71 (s, 1H), 8.08 (d, J = 8.7 Hz, 1H), 7.99 (d, J
= 8.3 Hz, 1H), 7.45 (brs,1H), 7.18 (d, J = 8.7 Hz, 1H), 6.92 (d, J = 8.3 Hz, 1H), 3.59-3.51
(m, 4H), 2.42-2.37 (m, 4H), 2.23 (brs, 3H), 1.83-1.76 (m, 1H), 0.80-0.74 (m, 4H); LCMS m/z
400 [M + H]".

6-(3-cyclopropyl-5-methyl-1H-pyrazol-4-yl)-1H-indazole (140)
tert-butyl 6-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-1H-indazole-1-carboxylate

(139)
e e

To a solution of tert-butyl 6-bromo-1H-indazole-1-carboxylate (1.06 g, 3.56 mmol) in 1,4-

dioxane (20 mL) in a round-bottom flask were added bis(pinacolato)diboron (1.08 g, 4.27
mmol), [1,1'-bis(diphenylphosphino)ferrocene]dichloropalladium (II) complex with CH,Cl,
(145 mg, 0.178 mmol) and potassium acetate (1.05 g, 10.7 mmol) at room temperature. The
resulting mixture was stirred for 1 hour at reflux. The insoluble materials were filtrated off
with Celite pad and the filtrate was concentrated under reduced pressure. Purification by flash
chromatography on silica gel (0% to 25% AcOEt/n-hexane linear gradient) provided the title
compound (1.22 g, 3.54 mmol, 100% yield): "H NMR (400 MHz, CDCl3) § 8.71 (s, 1H), 8.18
(s, 1H), 7.73 (s, 2H), 1.74 (s, 9H), 1.37 (s, 12H); LCMS m/z 245 [M + H - Boc |".
6-(3-cyclopropyl-5-methyl-1H-pyrazol-4-yl)-1H-indazole (140)
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To a solution of tert-butyl 6-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-1H-indazole-1-
carboxylate (139, 200 mg, 0.581 mmol) and terz-butyl 4-bromo-3-cyclopropyl-5-methyl-1H-
pyrazole-1-carboxylate (or tert-butyl 4-bromo-5-cyclopropyl-3-methyl-1H-pyrazole-1-
carboxylate) (263 mg, 0.872 mmol) in 1,2-dimethoxyethane (20 mL) in a round-bottom flask
were added [1,1'-bis(diphenylphosphino)ferrocene]dichloropalladium (II) complex with
CHCl; (47.4 mg, 0.0581 mmol), tripotassium phosphate hydrate (401 mg, 1.74 mmol) and
water (8 mL) at room temperature. The resulting mixture was concentrated under reduced
pressure. Purification by flash chromatography on silica gel (20% to 90% AcOEt/n-hexane
linear gradient) provided tert-butyl 6-(3-cyclopropyl-5-methyl-1H-pyrazol-4-yl)-1H-
indazole-1-carboxylate (62.0 mg, 0.180 mmol, 32% yield).

tert-Butyl 6-(3-cyclopropyl-5-methyl-1H-pyrazol-4-yl)-1H-indazole-1-carboxylate (62.0
mg, 0.180 mmol) was dissolved in 4 mol/L hydrogen chloride in 1,4-dioxane (8.4 mL, 3.36
mmol) at room temperature. The resulting mixture was stirred at 60 °C for 2 hours, then
concentrated under reduced pressure. The residue was quenched by saturated aqueous sodium
hydrogen carbonate solution. The resulting solution was extracted with AcOEt and CH2Cl,.
The organic extracts were combined, dried over anhydrous sodium sulfate and concentrated
under reduced pressure. Purification by flash chromatography on NH-silica gel (0% to 5%
MeOH/CH:Cl, linear gradient) provided the title compound. (10.0 mg, 0.042 mmol, 23%
yield): 'H NMR (500 MHz, DMSO-d6) & 12.95 (s, 1H), 12.22 (brs, 1H), 8.02 (s, 1H), 7.74
(d,J =8.3 Hz, 1H), 7.42 (s, 1H), 7.12 (d, J = 8.3 Hz, 1H), 2.23 (brs, 3H), 1.83-1.76 (m, 1H),
0.80-0.74 (m, 4H); LCMS m/z 239 [M + H]".

methyl [6-(3-cyclopropyl-5-methyl-1H-pyrazol-4-yl)-1 H-indazol-4-yl]carbamate (151,
DS28120313)

tert-butyl 4-amino-6-bromo-1H-indazole-1-carboxylate
N Br
K

To a solution of 6-bromo-1H-indazol-4-amine (25.0 g, 118 mmol) in acetonitrile (500 mL) in

a round-bottom flask were added di-fert-butyl dicarbonate (28.3 g, 130 mmol), triethylamine
(18.0 mL, 130 mmol) and 4-dimethylaminopyridine (1.44 g, 11.8 mmol). The resulting
mixture was stirred at room temperature for 7 hours, then concentrated under reduced
pressure. Purification by flash chromatography on silica gel (0% to 100% AcOEt/CH>Cl»

linear gradient) provided the crude compound. The crude solid was washed with n-hexane
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/AcOEt (v/v = 3/1) and dried under reduced pressure at 50 °C. The title compound was
obtained as a white solid. (20.4 g, 65.4 mmol, 55% yield): '"H NMR (400 MHz, CDCl;3) §
8.18 (s, 1H), 8.01 (s, 1H), 6.63 (s, 1H), 4.21 (brs, 2 H), 1.68 (s, 9H); LCMS m/z 212 [M —
Boc + H]".

tert-butyl 4-amino-6-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-1H-indazole-1-
carboxylate (141)

. 0
ES
To a solution of tert-butyl 4-amino-6-bromo-1H-indazole-1-carboxylate (11.0 g, 35.2 mmol)
in 1,4-dioxane (200 mL) in a round-bottom flask were added bis(pinacolato)diboron (9.84 g,
38.8 mmol), [1,1'-bis(diphenylphosphino)ferrocene]dichloropalladium (II) complex with
CH:Cl; (1.44 g, 1.76 mmol) and potassium acetate (10.4 g, 106 mmol). The resulting mixture
was stirred for 2 hours at reflux. The insoluble materials were filtrated off with Celite pad and
the filtrate was concentrated under reduced pressure. Purification by flash chromatography
on silica gel (0% to 30% AcOEt/CHCl; linear gradient) provided the title compound. (12.6
g, 35.1 mmol, 99% yield): "H NMR (400 MHz, CDCls) § 8.08 (s, 1H), 8.03 (s, 1H), 6.90 (s,
1H), 4.11 (brs, 2 H), 1.69 (s, 9H), 1.32 (s, 12H); LCMS m/z 260 [M — Boc + H]".
tert-butyl 4-amino-6-[1-(tert-butoxycarbonyl)-3-cyclopropyl-5-methyl-1H-pyrazol-4-
yll-1H-indazole-1-carboxylate (or tert-butyl 4-amino-6-[1-(zert-butoxycarbonyl)-5-
cyclopropyl-3-methyl-1H-pyrazol-4-yl]-1 H-indazole-1-carboxylate) (142)

To a solution of tert-butyl 4-amino-6-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-1H-
indazole-1-carboxylate (141, 3.39 g, 9.44 mmol) in 1,2-dimethoxyethane (100 mL) in a
round-bottom flask were added fert-butyl 4-bromo-3-cyclopropyl-5-methyl-1H-pyrazole-1-
carboxylate (or tert-butyl 4-bromo-5-cyclopropyl-3-methyl-1H-pyrazole-1-carboxylate)
(2.84 g, 9.44 mmol), [1,1'-bis(diphenylphosphino)ferrocene]dichloropalladium (II) complex
with CH2Cl, (385 mg, 0.472 mmol), tripotassium phosphate hydrate (6.52 g, 28.3 mmol) and

water (40 mL). The resulting mixture was stirred for 1 hour at reflux. The resulting solution
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was extracted with AcOEt. The organic extracts were combined, dried over anhydrous
sodium sulfate and concentrated under reduced pressure. Purification by flash
chromatography on NH-silica gel (50% to 70% AcOEt/n-hexane linear gradient) provided
the title compound. (3.10 g, 6.80 mmol, 72% yield): '"H NMR (500 MHz, CDCls) § 8.10 (s,
1H), 7.48 (s, 1H), 6.45 (s, 1H), 4.21 (brs, 2H), 2.45 (s, 3H), 1.79-1.71 (m, 1H), 1.68 (s, 9H),
1.62 (s, 9H), 1.06-1.10 (m, 2H), 0.88-0.81 (m, 2H); LCMS m/z 354 [M — Boc + H]".
tert-butyl 6-[1-(tert-butoxycarbonyl)-3-cyclopropyl-5-methyl-1H-pyrazol-4-yl]-4-
[(methoxycarbonyl)amino]-1H-indazole-1-carboxylate (or fert-butyl 6-[1-(tert-
butoxycarbonyl)-5-cyclopropyl-3-methyl-1H-pyrazol-4-yl]-4-
[(methoxycarbonyl)amino]-1H-indazole-1-carboxylate) (143)

To a solution of tert-butyl 4-amino-6-[1-(¢ert-butoxycarbonyl)-3-cyclopropyl-5-methyl-1H-
pyrazol-4-yl]-1H-indazole-1-carboxylate (or fert-butyl 4-amino-6-[1-(zert-butoxycarbonyl)-
5-cyclopropyl-3-methyl-1H-pyrazol-4-yl]-1 H-indazole-1-carboxylate) (142, 2.10 g, 4.63
mmol) in CH2Cl> (40 mL) in a round-bottom flask were added methyl chloroformate (0.394
mL, 5.09 mmol) and pyridine (0.410 mL, 5.09 mmol). The resulting mixture was stirred at
room temperature for 30 minutes, then concentrated under reduced pressure. Purification by
flash chromatography on NH-silica gel (0% to 30% AcOEt/CHxCl: linear gradient) provided
the title compound. (1.44 g, 2.81 mmol, 61% yield): '"H NMR (400 MHz, CDCls) § 8.18 (s,
1H), 7.86 (s, 1H), 7.65 (brs,1H), 6.94 (s, 1H), 3.83 (s, 3H), 2.46 (s, 3H), 1.79-1.71 (m, 1H),
1.68 (s, 9H), 1.62 (s, 9H), 1.06-1.10 (m, 2H), 0.88-0.81 (m, 2H); LCMS m/z 512 [M + H]" ;
HRMS (Positive ESI) m/z 512.2550 (512.2431 caled for C26H33N506 + H).

methyl [6-(3-cyclopropyl-5-methyl-1H-pyrazol-4-yl)-1H-indazol-4-yl|carbamate (151,
DS28120313)

tert-Butyl 6-[1-(tert-butoxycarbonyl)-3-cyclopropyl-5-methyl-1H-pyrazol-4-yl]-4-
[(methoxycarbonyl)amino]-1H-indazole-1-carboxylate (or tert-butyl 6-[1-(tert-
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butoxycarbonyl)-5-cyclopropyl-3-methyl-1H-pyrazol-4-yl]-4-[ (methoxycarbonyl)amino]-

1 H-indazole-1-carboxylate) (143, 160 mg, 0.313 mmol) was dissolved in 4 mol/L hydrogen
chloride in 1,4-dioxane (14.4 mL, 57.6 mmol). The resulting mixture was stirred at 60 °C for
4 hours, then concentrated under reduced pressure. The residue was quenched by saturated
aqueous sodium hydrogen carbonate solution and the resulting solid was collected. The solid
was washed with water and dried under reduced pressure at 50 °C. The title compound was
obtained as an offwhite solid. (88.0 mg, 0.280 mmol, 90% yield): 'H NMR (400 MHz,
DMSO-d6) 6 12.95 (s, 1H), 12.23-12.03 (brs, 1H), 9.92 (s, 1H), 8.34 (s, 1H), 7.61 (s, 1H),
7.13 (s, 1H), 3.74 (s, 3H), 2.23 (brs, 3H), 1.90-1.84 (m, 1H), 0.87-0.74 (m, 4H); *C NMR
(100 MHz, DMSO-d6) 6 154.31, 141.48, 132.64, 132.12, 131.12, 117.87, 113.99, 110.81,
104.22, 51.85, 7.63; LCMS m/z 312 [M + H]" ; HRMS (Positive ESI) m/z 312.1467
(312.1382 calcd for CisH17N502 + H).
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N-[6-(3-cvclopropvl-5-methyl-1H-pyrazol-4-vl)-1H-indazol-4-

OXNH

vllcyclopropanecarboxamide (144)

144 was prepared in a similar manner described for 151. 49% yield: '"H NMR (400 MHz,
DMSO-d6) 6 12.94 (s, 1H), 12.18 (brs, 1H), 10.20 (s, 1H), 8.26 (s, 1H), 7.75 (s, 1H), 7.12 (s,
1H), 2.20 (brs, 3H), 2.05-1.98 (m, 1H), 1.90-1.84 (m, 1H), 0.87-0.70 (m, 8H); LCMS m/z
322 [M +HJ".
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N-[6-(3-cvclopropvl-5-methyl-1H-pyrazol-4-yl)-1H-indazol-4-vl]acetamide (145)

A

O ™NH

145 was prepared in a similar manner described for 151. 52% yield: '"H NMR (400 MHz,
DMSO-d6) 6 12.93 (s, 1H), 12.19 (brs, 1H), 9.97 (s, 1H), 8.24 (s, 1H), 7.76 (s, 1H), 7.11 (s,
1H), 2.21 (brs, 3H), 2.14 (s, 3H), 1.90-1.84 (m, 1H), 0.87-0.74 (m, 4H); LCMS m/z 296 [M
+H]".

N-[6-(3-cvclopropvl-5-methyl-1H-pvyrazol-4-vyl)-1H-indazol-4-vl]propanamide (146)

Oj/\NH

146 was prepared in a similar manner described for 151. 27% yield: '"H NMR (400 MHz,
DMSO-d6) 6 12.93 (s, 1H), 9.89 (s, 1H), 8.24 (s, 1H), 7.77 (s, 1H), 7.12 (s, 1H), 2.44 (q, J =
7.8 Hz, 2H), 2.19 (brs, 3H), 1.90-1.84 (m, 1H), 1.10 (t, J = 7.8 Hz, 3H), 0.87-0.74 (m, 4H);
LCMS m/z 310 [M + H]".

N-]6-(3-cvclopropyvl-5-methyl-1H-pvyrazol-4-yl)-1H-indazol-4-vl]-4-(4-methylpiperazin-
1-yDbenzamide (147)

147 was prepared in a similar manner described for 151. 28% yield: '"H NMR (400 MHz,
DMSO-d6) 6 12.90 (s, 1H), 12.21 (brs, 1H), 10.09 (s, 1H), 8.15 (s, 1H), 7.89 (d, J = 9.3 Hz,
1H), 7.52 (s, 1H), 7.19 (s, 1H), 7.01 (d, J = 9.3 Hz, 2H), 3.29-3.25 (m, 4H), 2.45-2.40 (m,
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4H), 2.20 (s, 3H), 2.23 (brs, 3H), 1.90-1.84 (m, 1H), 0.87-0.74 (m, 4H); LCMS m/z 456 [M
+H]".

6-(3-cvclopropvl-5-methyvl-1H-pvyrazol-4-yl)-1H-indazol-4-amine (148)

148 was prepared in a similar manner described for 151. 22% yield: '"H NMR (400 MHz,
DMSO0-d6) & 12.51 (s, 1H), 12.07 (brs, 1H), 8.02 (s, 1H), 6.53 (s, 1H), 6.15 (s, 1H), 5.67 (brs,
2H), 2.17 (brs, 3H), 1.90-1.84 (m, 1H), 0.87-0.74 (m, 4H); LCMS m/z 254 [M + H]".

N-[6-(3-cvclopropvl-5-methvl-1H-pvyrazol-4-vl)-1H-indazol-4-vllmethanesulfonamide
149

o.l
11 "NH
(o]

149 was prepared in a similar manner described for 151. 84% yield: '"H NMR (400 MHz,
DMSO-d6) 6 13.02 (s, 1H), 12.24 (brs, 1H), 10.04 (s, 1H), 8.27 (s, 1H), 7.19 (s, 1H), 7.10 (s,
1H), 3.03 (s, 3H), 2.23 (brs, 3H), 1.90-1.84 (m, 1H), 0.87-0.74 (m, 4H); LCMS m/z 322 [M
+H]".

N-]6-(3-cvclopropvl-5-methyl-1H-pyrazol-4-yl)-1H-indazol-4-v1]-N'-methylurea (150)

150 was prepared in a similar manner described for 151. 16% yield: '"H NMR (400 MHz,
DMSO-d6) 6 12.86 (s, 1H), 12.15 (brs, 1H), 10.04 (s, 1H), 8.67 (brs, 1H), 8.03 (brs, 1H),
7.68 (s, 1H), 6.96 (brs, 1H), 6.19 (q, d, J =5.8 Hz, 1H), 2.65 (d, J =5.8 Hz, 3H), 2.23 (brs,
3H), 1.90-1.84 (m, 1H), 0.87-0.74 (m, 4H); LCMS m/z 311 [M + H]".
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ethvl [6-(3-cvclopropyvl-5-methyl-1H-pvrazol-4-vl)-1H-indazol-4-yl]carbamate (152)

152 was prepared in a similar manner described for 151. 21% yield: '"H NMR (400 MHz,
DMSO-d6) 6 12.95 (s, 1H), 12.23-12.03 (brs, 1H), 9.90 (s, 1H), 8.36 (s, 1H), 7.62 (s, 1H),
7.14 (s, 1H), 4.22 (q, J = 7.0 Hz, 2H), 2.23 (brs, 3H), 1.90-1.84 (m, 1H), 1.32 (t, J = 7.0 Hz,
3H), 0.87-0.74 (m, 4H); LCMS m/z 326 [M + H]".

6-(3-cyclopropyl-5-methyl-1H-pyrazol-4-yl)-N-methyl-1H-indazole-4-carboxamide
157

1-tert-butyl 4-methyl 6-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-1H-indazole-1,4-

dicarboxylate (153)

N o
S

To a solution of methyl 6-bromo-1H-indazole-4-carboxylate (3.53 g, 13.8 mmol) in
acetonitrile (80 mL) in a round-bottom flask were added di-tert-butyl dicarbonate (3.62 g,
16.6 mmol), triethylamine (2.30 mL, 16.6 mmol) and 4-dimethylaminopyridine (169 mg, 1.38
mmol). The resulting mixture was stirred at room temperature for 22 hours, then concentrated
under reduced pressure. Purification by flash chromatography on silica gel (2%
AcOEt/CH2Cl) provided 1-tert-butyl 4-methyl 6-bromo-1H-indazole-1,4-dicarboxylate
(3.65 g, 10.3 mmol, 74% yield).

To a solution of 1-fert-butyl 4-methyl 6-bromo-1H-indazole-1,4-dicarboxylate (3.65 g, 10.3
mmol) in 1,4-dioxane (70 mL) in a round-bottom flask were added bis(pinacolato)diboron
(3.15 g, 12.4 mmol), [1,1'-bis(diphenylphosphino)ferrocene]dichloropalladium (II) complex
with CH2Cl> (421 mg, 0.516 mmol) and potassium acetate (3.17 g, 32.3 mmol). The resulting
mixture was stirred for 1 hour at reflux. The insoluble materials were filtrated off with Celite
pad and the filtrate was concentrated under reduced pressure. Purification by flash
chromatography on silica gel (0% to 30% AcOEt/CH:Cl. linear gradient) provided the title
compound as a pale yellow solid. (1.96 g, 4.88 mmol, 48% yield): 'H NMR (400 MHz,
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CDCl) 6 8.89 (s, 1H), 8.72 (s, 1H), 8.39 (s, 1H), 3.98 (s, 3H), 1.71 (s, 9H), 1.34 (s, 12H).
1-tert-butyl 4-methyl 6-[3-cyclopropyl-5-methyl-1-(oxan-2-yl)-1H-pyrazol-4-yl]-1H-
indazole-1,4-dicarboxylate (154)

To a solution of 1-tert-butyl 4-methyl 6-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-1H-
indazole-1,4-dicarboxylate (153, 1.03 g, 2.57 mmol) in 1,4-dioxane (30 mL) in a round-
bottom flask were added 4-bromo-3-cyclopropyl-5-methyl-1-(oxan-2-yl)-1H-pyrazole (807
mg, 2.83 mmol), chloro(2-dicyclohexylphosphino-2',4',6"-triisopropyl-1,1'-biphenyl)[2-(2'-
amino-1,1’-biphenyl)]palladium(II) (205 mg, 0.261 mmol), tripotassium phosphate hydrate
(1.77 g, 7.69 mmol) and water (6 mL). The resulting mixture was stirred at 85 °C for 1 hour
and the reaction mixture was added to water. The resulting solution was extracted with AcOEt.
The organic extracts were combined, dried over anhydrous sodium sulfate and concentrated
under reduced pressure. Purification by flash chromatography on silica gel (25% AcOEt/n-
hexane) provided the title compound. (881 mg, 1.83 mmol, 69% yield): '"H NMR (400 MHz,
CDCls) 6 8.68 (s, 1H), 8.39 (s, 1H), 8.08 (s, 1H), 5.28-5.22 (m, 1H), 4.07-4.02 (m, 1H), 3.68-
3.58 (m, 1H), 3.99 (s, 3H), 2.52-2.40 (m, 1H), 2.33 (s, 3H), 2.14-2.05 (m, 1H), 1.95-1.88 (m,
1H), 1.79-1.70 (m, 1H), 1.69 (s, 9H), 1.68-1.50 (m, 3H), 0.98-0.84 (m, 2H), 0.82-0.75 (m,
2H).
6-[3-cyclopropyl-5-methyl-1-(oxan-2-yl)-1H-pyrazol-4-yl]-1H-indazole-4-carboxylic
acid (155)

To a solution of 1-tert-butyl 4-methyl 6-[3-cyclopropyl-5-methyl-1-(oxan-2-yl)-1H-pyrazol-
4-yl]-1H-indazole-1,4-dicarboxylate (154, 872 mg, 1.81 mmol) in THF (25 mL) and MeOH
(9 mL) in a round-bottom flask was added 1 mol/L aqueous sodium hydroxide solution (5.4
mL, 5.40 mmol) at room temperature. The resulting mixture was stirred at room temperature

for 1.5 hours and 45 °C for 1.5 hours. The reaction mixture was quenched by 1 mol/L aqueous
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hydrochloric acid solution and the resulting solid was collected. The solid was washed with
water and dried under reduced pressure at 50 °C. The title compound was obtained as a pale
yellow solid. (660 mg, 1.80 mmol, 99% yield): "H NMR (400 MHz, DMSO-d6) § 13.40 (brs,
1H), 8.35 (s, 1H), 7.79 (s, 1H), 7.68 (s, 1H), 5.35-5.29 (m, 1H), 3.90-3.82 (m, 1H), 3.65-3.55
(m, 1H), 2.30-2.18 (m, 1H), 2.27 (s, 3H), 1.98-1.90 (m, 1H), 1.82-1.75 (m, 1H), 1.74-1.55
(m, 2H), 1.52-1.42 (m, 2H), 0.80-0.72 (m, 4H); HRMS (nega ESI) m/z 365.1614 (365.1614
caled for C20H21N4O3 - H).
6-[3-cyclopropyl-5-methyl-1-(oxan-2-yl)-1H-pyrazol-4-yl]-N-methyl-1H-indazole-4-
carboxamide (156)

To a solution of 6-[3-cyclopropyl-5-methyl-1-(oxan-2-yl)-1H-pyrazol-4-yl]-1H-indazole-4-
carboxylic acid (155, 153 mg, 0.450 mmol) and methylamine hydrochloride (60.8 mg, 0.901
mmol) in THF (5§ mL) and MeOH (5 mL) in a round-bottom flask were added 4-(4,6-
dimethoxy-1,3,5-triazin-2-yl)-4-methylmorpholinium chloride (190 mg, 0.687 mmol) and N-
methylmorpholine (0.170 mL, 1.50 mmol) at room temperature. The resulting mixture was
stirred at room temperature for 1.5 hours. The reaction mixture was added to water and
extracted with CH>Cl,. The organic extracts were combined, dried over anhydrous sodium
sulfate and concentrated under reduced pressure. Purification by flash chromatography on
silica gel (4% MeOH/ CH:Cly) provided the title compound (108 mg, 0.306 mmol, 68%
yield): "H NMR (400 MHz, CDCls) & 13.18 (brs, 1H), 8.44 (q, J = 4.7 Hz, 1H), 8.34 (s, 1H),
7.55 (s, 1H), 7.50 (s, 1H), 5.35-5.30 (m, 1H), 3.89-3.82 (m, 1H), 3.65-3.56 (m, 1H), 2.79 (d,
J=4.7Hz, 3H), 2.28-2.20 (m, 1H), 2.24 (s, 3H), 1.99-1.92 (m, 1H), 1.82-1.60 (m, 2H), 1.68-
1.59 (m, 1H), 1.52-1.44 (m, 2H), 0.78-0.70 (m, 4H).
6-(3-cyclopropyl-5-methyl-1H-pyrazol-4-yl)-N-methyl-1H-indazole-4-carboxamide
(157)

To a solution of 6-[3-cyclopropyl-5-methyl-1-(oxan-2-yl)-1H-pyrazol-4-yl]-N-methyl-1H-
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indazole-4-carboxamide (156, 104 mg, 0.274 mmol) in 1,2-dichloroethane (3 mL) in a round-
bottom flask was added 4 mol/L hydrogen chloride in 1,4-dioxane (3 mL, 12.0 mmol). The
resulting mixture was stirred at 60 °C for 2 hours, then concentrated under reduced pressure.
The residue was quenched by saturated aqueous sodium hydrogen carbonate solution and the
resulting solid was collected. The solid was washed with water and dried under reduced
pressure at 50 °C. The title compound was obtained as a white solid. (48.0 mg, 0.163 mmol,
59% yield): '"H NMR (400 MHz, DMSO-d6) § 13.18 (s, 1H), 12.32 (brs, 1H), 8.46 (q, J =
4.7 Hz, 1H), 8.38 (s, 1H), 7.62 (s, 1H), 7.59 (s, 1H), 2.86 (d, J = 4.7 Hz, 1H), 2.27 (brs, 3H),
1.92-1.83 (m, 1H), 0.87-0.74 (m, 4H); HRMS (positive ESI) m/z 296.1518 (296.1511 calcd
for Ci16HisNsO + H).

methyl [6-(3-cyclopropyl-5-methyl-1H-pyrazol-4-yl)-1H-indazol-5-yllcarbamate (163)
6-bromo-5-nitro-1-(oxan-2-yl)-1H-indazole (158)

To a solution of 6-bromo-5-nitro-1H-indazole (1.00 g, 4.14 mmol) in THF (20 mL) in a
round-bottom flask were added 3,4-dihydro-2H-pyran (0.945 mL, 10.3 mmol) and p-
toluenesulfonic acid monohydrate (171 mg, 0.899 mmol). The resulting mixture was stirred
at 70 °C for 4 hours and quenched by saturated aqueous sodium hydrogen carbonate solution.
The resulting solution was extracted with CH2Cl,. The organic extracts were combined, dried
over anhydrous sodium sulfate and concentrated under reduced pressure. Purification by flash
chromatography on silica gel (20% AcOEt/n-hexane) provided the title compound. (1.28 g,
3.91 mmol, 95% yield): '"H NMR (400 MHz, CDCl3) & 8.31 (s, 1H), 8.10 (s,1H), 7.96 (s, 1H),
5.73-5.68 (m, 1H), 4.01-3.93 (m, 1H), 3.86-3.78 (m, 1H), 2.48-2.38 (m, 1H), 2.18-2.00 (m,
2H), 1.81-1.60 (m, 3H).

6-bromo-1-(oxan-2-yl)-1H-indazol-5-amine (159)

NH
N Br
iﬁ

To a solution of 6-bromo-5-nitro-1-(oxan-2-yl)-1H-indazole (158, 584 mg, 1.79 mmol) in
EtOH (10 mL) and water (10 mL) in a round-bottom flask were added ammonium chloride
(107 mg, 2.00 mmol) and iron powder (422 mg, 7.56 mmol) at room temperature. The

resulting mixture was stirred at 80 °C for 1 hour. The insoluble materials were filtrated off
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with Celite pad and the filtrate was extracted with CH>Cl,. The organic extracts were
combined, dried over anhydrous sodium sulfate and concentrated under reduced pressure.
Purification by flash chromatography on silica gel (8% AcOEt/CH2Cly) provided the title
compound. (450 mg, 1.52 mmol, 85% yield): '"H NMR (400 MHz, CDCl3) & 7.81 (s, 1H),
7.74 (s,1H), 7.00 (s, 1H), 5.59-5.54 (m, 1H), 4.02-3.93 (m, 1H), 3.94 (brs, 2H), 3.73-3.64 (m,
1H), 2.40-2.30 (m, 1H), 2.15-2.00 (m, 2H), 1.79-1.59 (m, 3H).

methyl [6-bromo-1-(oxan-2-yl)-1H-indazol-5-yl]carbamate (160)

o__o

N
N Br

I

To a solution of 6-bromo-1-(oxan-2-yl)-1H-indazol-5-amine (159, 450 mg, 1.52 mmol) and
pyridine (0.134 mL, 1.67 mmol) in CH2Cl> (13.5 mL) in a round-bottom flask was added
methyl chloroformate (0.129 mL, 1.67 mmol) at room temperature. The resulting mixture
was stirred at room temperature for 1 hour. The reaction mixture was added to water and
extracted with CH>Cl,. The organic extracts were combined, dried over anhydrous sodium
sulfate and concentrated under reduced pressure. Purification by flash chromatography on
silica gel (6% AcOEt/CH:Cl,) provided the title compound. (447 mg, 1.26 mmol, 83% yield):
'H NMR (400 MHz, CDCl3) § 8.36 (brs, 1H), 7.92 (s, 1H), 7.82 (s,1H), 7.06 (brs, 1H), 5.64-
5.58 (m, 1H), 4.01-3.93 (m, 1H), 3.78 (s, 3H), 3.75-3.67 (m, 1H), 2.51-2.38 (m, 1H), 2.15-
1.99 (m, 2H), 1.75-1.60 (m, 3H).

methyl [1-(oxan-2-yl)-6-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-1H-indazol-5-
yllcarbamate (161)

_o_o
N

, H
ol
To a solution of methyl [6-bromo-1-(oxan-2-yl)-1H-indazol-5-yl]carbamate (160, 447 mg,
1.26 mmol) in 1,4-dioxane (15 mL) in a round-bottom flask were added
bis(pinacolato)diboron (395 mg, 1.56 mmol), [1,1'-
bis(diphenylphosphino)ferrocene]dichloropalladium (II) complex with CH>Cl, (51.4 mg,
0.0629 mmol) and potassium acetate (390 mg, 3.97 mmol). The resulting mixture was stirred

at 90 °C for 2 hours. The insoluble materials were filtrated off with Celite pad and the filtrate

was concentrated under reduced pressure. Purification by flash chromatography on silica gel
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(6% AcOEt/CH,Cl,) provided the title compound. (323 mg, 0.805 mmol, 64% yield): 'H
NMR (400 MHz, CDCl3) & 8.83 (brs, 1H), 8.46 (brs, 1H), 7.94 (s, 1H), 7.92 (s,1H), 5.74-5.69
(m, 1H), 4.02-3.95 (m, 1H), 3.79-3.71 (m, 1H), 3.75 (s, 3H), 2.63-2.51 (m, 1H), 2.18-2.08
(m, 1H), 2.04-1.96 (m, 1H), 1.78-1.68 (m, 2H), 1.65-1.56 (m, 1H), 1.37 (s, 12H).

methyl {6-[3-cyclopropyl-5-methyl-1-(oxan-2-yl)-1H-pyrazol-4-yl]-1-(oxan-2-yl)-1H-
indazol-5-yl}carbamate (162)

N7

N .
oo

o)

To a solution of methyl [1-(oxan-2-yl)-6-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-1H-
indazol-5-yl]carbamate (161, 157 mg, 0.390 mmol) in 1,4-dioxane (7.5 mL) in a round-
bottom flask were added 4-bromo-3-cyclopropyl-5-methyl-1-(oxan-2-yl)-1H-pyrazole (77.9
mg, 0.273 mmol), chloro(2-dicyclohexylphosphino-2’,4’,6’-triisopropyl-1,1°-biphenyl)[2-
(2°-amino-1,1’-biphenyl)]palladium(Il) (31.2 mg, 0.0397 mmol), tripotassium phosphate
hydrate (266 mg, 1.16 mmol) and water (1.5 mL). The resulting mixture was stirred at 90 °C
for 35 minutes and the reaction mixture was added water. The resulting solution was extracted
with CH2Cl,. The organic extracts were combined, dried over anhydrous sodium sulfate and
concentrated under reduced pressure. Purification by flash chromatography on silica gel (50%
to 66% AcOELt/ n-hexane linear gradient) provided the title compound (101 mg, 0.211 mmol,
54% yield): '"H NMR (400 MHz, CDCls) § 8.41 (brs, 1H), 7.97 (brs, 1H), 7.39 (dd, J = 20.7,
3.9 Hz, 1H), 6.64 (d, J = 20.7 Hz, 1H), 6.68-6.60 (m, 1H), 5.65-5.57 (m, 1H), 5.24-5.20 (m,
1H), 4.10-3.95 (m, 2H), 3.70 (d, J = 8.6 Hz, 3H), 3.68-3.60 (m, 1H),2.50-2.40 (m, 1H), 2.18-
1.90 (m, 7H), 2.10 (brs, 3H), 1.75-1.50 (m, 4H), 1.68-1.57 (m, 1H), 0.88-0.82 (m, 2H), 0.72-
0.65 (m, 2H).
methyl [6-(3-cyclopropyl-5-methyl-1H-pyrazol-4-yl)-1 H-indazol-5-yl]carbamate (163)

To a solution of methyl {6-[3-cyclopropyl-5-methyl-1-(oxan-2-yl)-1H-pyrazol-4-yl]-1-
(oxan-2-yl)-1H-indazol-5-yl} carbamate (162, 92.4 mg, 0.193 mmol) in 1,2-dichloroethane
(2.5 mL) in a round-bottom flask were added 4 mol/L hydrogen chloride in 1,4-dioxane (2.5

mL, 10.0 mmol). The resulting mixture was stirred at 60 °C for 2.5 hours, then concentrated
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under reduced pressure. The residue was quenched by saturated aqueous sodium hydrogen
carbonate solution and extracted with CH,Clo,/MeOH (v/v = 20/1). The organic extracts were
combined, dried over anhydrous sodium sulfate and concentrated under reduced pressure.
Purification by thin layer chromatography on silica gel (4% AcOEt/CH>Cl,) provided the title
compound as a pale yellow solid. (43.3 mg, 0.139 mmol, 72% yield):'H NMR (400 MHz,
DMSO-d6) 6 8.47 (brs, 1H), 8.05 (s, 1H), 7.31 (s, 1H), 6.59 (brs, 1H), 3.72 (s, 3H), 2.15 (s,
3H), 1.61-1.50 (m, 1H), 0.82-0.65 (m, 4H); HRMS (Positive ESI) m/z 312.1461 (312.1460
caled for Ci6HisNsO» + H).

methyl [6-(3,5-dimethyl-1H-pyrazol-4-yl)-1H-indazol-4-yl]carbamate (165)
tert-butyl 4-[(methoxycarbonyl)amino]-6-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-
yl)-1H-indazole-1-carboxylate (164)

N o
S

To a solution of tert-butyl 4-amino-6-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-1H-
indazole-1-carboxylate (141, 1.00 g, 2.78 mmol) and pyridine (0.246 mL, 3.06 mmol) in
CHCl> (10 mL) in a round-bottom flask was added methyl chloroformate (0.237 mL, 3.06
mmol) at room temperature. The resulting mixture was stirred at room temperature for 30
minutes. The reaction mixture was concentrated under reduced pressure. Purification by flash
chromatography on silica gel (0% to 20% AcOEt/CH>Cl: linear gradient) provided the title
compound. (980 mg, 2.30 mmol, 84% yield): '"H NMR (400 MHz, CDCls) § 8.45 (brs, 1H),
8.23 (s, 1H), 7.85 (brs, 1H), 6.87 (s, 1H), 3.84 (s, 3H), 1.73 (s, 9H), 1.35 (s, 12H).

methyl [6-(3,5-dimethyl-1H-pyrazol-4-yl)-1H-indazol-4-yl]carbamate (165)

~

(o)

A

O0“ ™NH

N/

Y

=
-
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To a solution of tert-butyl 4-[(methoxycarbonyl)amino]-6-(4,4,5,5-tetramethyl-1,3,2-
dioxaborolan-2-yl)-1H-indazole-1-carboxylate (164, 200 mg, 0.479 mmol) in 1,4-dioxane (5
mL) in a round-bottom flask were added fert-butyl 4-bromo-3,5-dimethyl-1H-pyrazole-1-
carboxylate (158 mg, 0.575 mmol), chloro(2-dicyclohexylphosphino-2’,4’,6’-triisopropyl-
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1,1°-biphenyl)[2-(2’-amino-1,1’-biphenyl)]palladium(Il) (37.7 mg, 0.0479 mmol),
tripotassium phosphate hydrate (221 mg, 0.959 mmol) and water (1 mL). The resulting
mixture was stirred for 30 minutes at 100 °C and the reaction mixture was added water. The
resulting solution was concentrated under reduced pressure. Purification by flash
chromatography on silica gel (0% to 20% AcOEt/CHCl; linear gradient) provided terz-butyl
6-[1-(tert-butoxycarbonyl)-3,5-dimethyl- 1 H-pyrazol-4-yl]-4-[ (methoxycarbonyl)amino]-

1 H-indazole-1-carboxylate (83.0 mg, 0.170 mmol, 36% yield).

tert-butyl 6-[ 1-(tert-butoxycarbonyl)-3,5-dimethyl-1 H-pyrazol-4-yl]-4-
[(methoxycarbonyl)amino]-1H-indazole-1-carboxylate (83.0 mg, 0.170 mmol) was dissolved
in 4 mol/L hydrogen chloride in 1,4-dioxane (5.2 mL, 20.8 mmol). The resulting mixture was
stirred at 60 °C for 2 hours, then concentrated under reduced pressure. The residue was
quenched by saturated aqueous sodium hydrogen carbonate solution and the resulting solid
was collected. The solid was washed with water and dried under reduced pressure at 50 °C.
The title compound was obtained as an offwhite solid. (48.0 mg, 0.170 mmol, 98% yield): 'H
NMR (400 MHz, DMSO-d6) 6 12.90 (brs, 1H), 12.29 (brs, 1H), 9.89 (s, 1H), 8.29 (s, 1H),
7.45 (s, 1H), 6.97 (s, 1H), 3.69 (s, 3H), 2.19 (d, J = 23.1 Hz, 6H); LCMS m/z 286 [M + H]".

methyl [6-(3-ethvl-5-methyl-1H-pvrazol-4-vyl)-1H-indazol-4-vl]carbamate (166)

~N

o

A

O ™NH

166 was prepared in a similar manner described for 165. 55% yield : '"H NMR (400 MHz,
DMSO-d6) & 12.90 (brs, 1H), 12.29 (brs, 1H), 9.89 (s, 1H), 8.29 (s, 1H), 7.43 (s, 1H), 6.94
(s, 1H), 3.69 (s, 3H), 2.65-2.52 (m, 2H), 2.17 (d, J = 22.7 Hz, 3H), 1.15-1.01 (m, 3H); LCMS
m/z 300 [M + H]J".

methvl {6-]|5-methvl-3-(propan-2-yl)-1H-pvrazol-4-vl]-1H-indazol-4-yllcarbamate
167

175



167 was prepared in a similar manner described for 165. 98% yield: '"H NMR (400 MHz,
DMSO-d6) 6 12.95 (brs, 1H), 9.90 (s, 1H), 8.31 (s, 1H), 7.42 (s, 1H), 6.95 (s, 1H), 3.69 (s,
3H), 3.03 (quintet, J = 7.0 Hz, 1H), 2.14 (s, 3H), 1.15 (d, J = 7.0 Hz, 6H); LCMS m/z 314
[M+H]".

methyl {6-[3-(methoxvmethyl)-5-methyl-1H-pyrazol-4-yl]-1H-indazol-4-vllcarbamate
168

168 was prepared in a similar manner described for 165. 20% yield: '"H NMR (400 MHz,
DMSO-d6) 6 13.03 (brs, 1H), 12.69 (brs, 1H), 9.94 (s, 1H), 8.35 (s, 1H), 7.55 (s, 1H), 7.22
(brs, 1H), 4.35 (brs, 2H), 3.76 (s, 3H), 3.28 (s, 3H), 2.33 (brs, 3H); LCMS m/z 316 [M + H]".

methyl 4-{4-[(methoxvcarbonvl)amino]-1H-indazol-6-y1}-5-methvyl-1H-pvrazole-3-
carboxylate (169)

169 was prepared in a similar manner described for 165. 34% yield: '"H NMR (400 MHz,
DMSO-d6) & 13.02 (brs, 1H), 9.94 (s, 1H), 8.37 (s, 1H), 7.42 (s, 1H), 7.09 (s, 1H), 3.75 (s,
3H), 3.70 (brs, 3H), 2.24 (brs, 3H); LCMS m/z 330 [M + H]".

methvl [6-(5-methyl-3-phenyl-1H-pvrazol-4-y1)-1H-indazol-4-yl]lcarbamate (170)

170 was prepared in a similar manner described for 165. 69% yield: '"H NMR (400 MHz,
DMSO-d6) 6 12.93 (brs, 1H), 9.93 (s, 1H), 8.36 (s, 1H), 7.47-7.30 (m, 2H), 7.40 (s, 1H),
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7.29-7.19 (m, 2H), 6.92 (s, 1H), 3.71 (s, 3H), 2.25 (s, 3H); LCMS m/z 348 [M + H]".
4-{4-[(methoxycarbonyl)amino]-1H-indazol-6-yl}-5-methyl-1H-pyrazole-3-carboxvlic
acid (172)
4-{4-[(methoxycarbonyl)amino]-1H-indazol-6-yl}-5-methyl-1-(oxan-2-yl)-1H-pyrazole-
3-carboxylic acid (171)

To a solution of methyl 4-{4-[(methoxycarbonyl)amino]-1-(oxan-2-yl)-1H-indazol-6-yl}-5-
methyl-1-(oxan-2-yl)-1H-pyrazole-3-carboxylate (720 mg, 1.40 mmol) in 1,4-dioxane (14
mL) in a round-bottom flask was added 1 mol/L aqueous sodium hydroxide solution (14 mL,
14.0 mmol) at room temperature. The resulting mixture was stirred at room temperature for
1 hour. The reaction mixture was quenched by 1 mol/L aqueous hydrochloric acid solution
and concentrated under reduced pressure. Purification by flash chromatography on silica gel
(5% to 10% MeOH/CHCl; linear gradient) provided the title compound. (380 mg, 0.950
mmol, 68% yield): '"H NMR (400 MHz, CDCl3) § 12.91 (brs, 1H), 9.82 (s, 1H), 8.26 (s, 1H),
7.37 (s, 1H), 5.35-5.30 (m, 1H), 3.89-3.82 (m, 1H), 3.65-3.56 (m, 1H), 3.74 (s, 3H), 2.28-
2.20 (m, 1H), 2.27 (s, 3H), 1.99-1.92 (m, 1H), 1.82-1.60 (m, 4H); LCMS m/z 400 [M + H]".
4-{4-[(methoxycarbonyl)amino]-1H-indazol-6-yl}-5-methyl-1H-pyrazole-3-carboxylic
acid (172)

4-{4-[(methoxycarbonyl)amino]-1H-indazol-6-yl}-5-methyl-1-(oxan-2-yl)-1H-pyrazole-3-

carboxylic acid (171, 100 mg, 0.250 mmol) was dissolved in 4 mol/L hydrogen chloride in
1,4-dioxane (7.7 mL, 30.8 mmol). The resulting mixture was stirred at 60 °C for 5 hours. The
reaction mixture was quenched by 1 mol/L aqueous hydrochloric acid solution and
concentrated under reduced pressure. Purification by flash chromatography on ODS-silica
gel (50% acetonitrile/H>O) provided the title compound. (27.0 mg, 0.0860 mmol, 34% yield):
"H NMR (400 MHz, DMSO-d6) § 12.82 (brs, 1H), 9.73 (s, 1H), 8.21 (s, 1H), 7.36 (s, 1H),
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7.17 (s, 1H), 3.67 (s, 3H), 2.08 (brs, 3H); LCMS m/z 316 [M + H]".

methyl {6-[S-methyl-3-(methylcarbamoyl)-1H-pyrazol-4-yl|-1H-indazol-4-
ylicarbamate (174)

methyl {6-[S-methyl-3-(methylcarbamoyl)-1-(oxan-2-yl)-1H-pyrazol-4-yl]-1H-indazol-
4-yl}carbamate (173)

To a solution of 4-{4-[(methoxycarbonyl)amino]-1H-indazol-6-yl}-5-methyl-1-(oxan-2-yl)-
1 H-pyrazole-3-carboxylic acid (171, 100 mg, 0.250 mmol) and methylamine hydrochloride
(33.8 mg, 0.501 mmol) in THF (5 mL) and MeOH (5 mL) in a round-bottom flask were added
4-(4,6-dimethoxy-1,3,5-triazin-2-yl)-4-methylmorpholinium chloride (104 mg, 0.376 mmol)
and N-methylmorpholine (0.083 mL, 0.751 mmol) at room temperature. The resulting
mixture was stirred at room temperature for 3 hours. The reaction mixture was concentrated
under reduced pressure. Purification by flash chromatography on silica gel (0% to 5%
MeOH/CH:Cl, linear gradient) provided the title compound. (80.0 mg, 0.190 mmol, 77%
yield): "H NMR (400 MHz, CDCls) § 8.02 (s, 1H), 7.48 (brs, 1H), 7.01 (s, 1H), 6.97 (q, J =
5.1 Hz, 1H), 5.31-5.27 (m, 1H), 4.08-4.01 (m, 1H), 3.70-3.61 (m, 1H), 3.64 (s, 3H), 2.92 (d,
J=5.1Hz, 3H), 2.52-2.42 (m, 1H), 2.19 (s, 3H), 2.16-2.07 (m, 1H), 1.99-1.92 (m, 1H), 1.72-
1.65 (m, 1H), 1.63-1.55 (m, 2H); LCMS m/z 413 [M + H]".

methyl {6-[5-methyl-3-(methylcarbamoyl)-1H-pyrazol-4-yl]-1H-indazol-4-
yl}carbamate (174)

methyl  {6-[5-methyl-3-(methylcarbamoyl)-1-(oxan-2-yl)-1H-pyrazol-4-yl]-1H-indazol-4-
yl}carbamate (173, 80.0 mg, 0.190 mmol) was dissolved in 4 mol/L hydrogen chloride in 1,4-
dioxane (5.9 mL, 23.6 mmol). The resulting mixture was stirred at 60 °C for 5 hours, then
concentrated under reduced pressure. The residue was quenched by saturated aqueous sodium

hydrogen carbonate solution and the resulting solid was collected. The solid was washed with
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water and dried under reduced pressure at 50 °C. The title compound was obtained as an
offwhite solid. (44.0 mg, 0.130 mmol, 69% yield): 'H NMR (400 MHz, DMSO-d6) & 12.98
(brs, 1H), 9.81 (s, 1H), 8.26 (s, 1H), 7.96 (q, J = 4.7 Hz, 1H), 7.35 (s, 1H), 7.07 (s, 1H), 3.68
(s, 3H), 2.63 (d, J = 4.7 Hz, 3H), 2.19 (brs, 3H); LCMS m/z 329 [M + H]".

methyl {6-]5-methyl-3-(pyridin-2-v)-1H-pyrazol-4-yl]-1H-indazol-4-yl}carbamate
176
tert-butyl 4-amino-6-[5-methyl-1-(oxan-2-yl)-3-(pyridin-2-yl)-1H-pyrazol-4-yl]-1H-

indazole-1-carboxylate (175)

To a solution of tert-butyl 4-[(methoxycarbonyl)amino]-6-(4,4,5,5-tetramethyl-1,3,2-
dioxaborolan-2-yl)-1H-indazole-1-carboxylate (164, 2.00 g, 4.14 mmol) in 1,4-dioxane (20
mL) in a round-bottom flask were added 2-[4-bromo-5-methyl-1-(oxan-2-yl)-1H-pyrazol-3-
yl]pyridine (1.60 g, 4.97 mmol), chloro(2-dicyclohexylphosphino-2’,4’,6’-triisopropyl-1,1°-
biphenyl)[2-(2’-amino-1,1’-biphenyl)]palladium(Il) (326 mg, 0.414 mmol), tripotassium
phosphate hydrate (1.91 g, 8.28 mmol) and water (4 mL). The resulting mixture was stirred
at 100 °C for 1 hour and the reaction mixture was added to water. The resulting solution was
concentrated under reduced pressure. Purification by flash chromatography on NH-silica gel
(0% to 100% AcOEt/CH,Cl; linear gradient) provided the title compound. (2.17 g, 4.57 mmol,
95% yield): "H NMR (400 MHz, CDCl3) & 8.57-8.54 (m, 1H), 8.09 (s, 1H), 7.51-7.45 (m,
1H), 7.37 (brs, 1H), 7.35-7.31 (m, 1H), 7.10-7.07 (m, 1H), 5.45-5.40 (m, 1H), 4.11-4.05 (m,
1H), 4.06 (brs, 2H), 3.70-3.61 (m, 1H), 2.52-2.42 (m, 1H), 2.38 (s, 3H), 2.16-2.07 (m, 1H),
1.99-1.92 (m, 1H), 1.72-1.65 (m, 1H), 1.63-1.55 (m, 2H), 1.60 (s, 9H); LCMS m/z 475 [M +
H]".

methyl {6-[5-methyl-3-(pyridin-2-yl)-1H-pyrazol-4-yl]-1H-indazol-4-yl}carbamate
(176)

To a solution of tert-butyl 4-amino-6-[5-methyl-1-(oxan-2-yl)-3-(pyridin-2-yl)-1H-pyrazol-
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4-yl]-1H-indazole- 1-carboxylate (175, 400 mg, 0.759 mmol) and pyridine (0.0733 mL, 0.910
mmol) in CH>Cl> (10 mL) in a round-bottom flask was added methyl chloroformate (0.0703
mL, 0.910 mmol) at room temperature. The resulting mixture was stirred at room temperature
for 1 hour. The reaction mixture was concentrated under reduced pressure. Purification by
flash chromatography on NH-silica gel (0% to 30% AcOEt/CH,Cl; linear gradient) provided
tert-butyl 4-[(methoxycarbonyl)amino]-6-[ 5-methyl-1-(oxan-2-yl)-3-(pyridin-2-yl)-1 H-
pyrazol-4-yl]-1H-indazole-1-carboxylate (288 mg, 0.541 mmol, 71% yield).

tert-Butyl  4-[(methoxycarbonyl)amino]-6-[5-methyl-1-(oxan-2-yl)-3-(pyridin-2-yl)-1H-
pyrazol-4-yl]-1H-indazole-1-carboxylate (288 mg, 0.541 mmol) was dissolved in 4 mol/L
hydrogen chloride in 1,4-dioxane (14.9 mL, 59.6 mmol). The resulting mixture was stirred at
60 °C for 2 hours, then concentrated under reduced pressure. The residue was quenched by
saturated aqueous sodium hydrogen carbonate solution and the resulting solid was collected.
The solid was washed with water and dried under reduced pressure at 50 °C. The title
compound was obtained as an offwhite solid. (132 mg, 0.379 mmol, 70% yield): '"H NMR
(400 MHz, DMSO-d6) 6 13.11 (brs, 1H), 12.82 (s, 1H), 9.93 (s, 1H), 8.57-8.54 (m, 1H), 8.09
(s, 1H), 7.51-7.45 (m, 1H), 7.37 (brs, 1H), 7.35-7.31 (m, 1H), 7.10-7.07 (m, 1H), 3.65 (s, 3H),
2.23 (brs, 3H); LCMS m/z 349 [M + H]".

N-[6-(3-cvclopropyvl-5-methyl-1H-pvyrazol-4-yl)-1,2-benzoxazol-3-

vllcvclopropanecarboxamide (181)

tert-butyl 4-(4-cyano-3-fluorophenyl)-3-cyclopropyl-5-methyl-1H-pyrazole-1-
carboxylate (or fert-butyl 4-(4-cyano-3-fluorophenyl)-5-cyclopropyl-3-methyl-1H-
pyrazole-1-carboxylate) (177)

N
X N

o

SO 2ok
o

=N

To a solution of tert-butyl 4-bromo-3-cyclopropyl-5-methyl-1H-pyrazole-1-carboxylate (or
tert-butyl 4-bromo-5-cyclopropyl-3-methyl-1H-pyrazole-1-carboxylate) (16.6 g, 55.0 mmol)
in 1,2-dimethoxyethane (200 mL) in a round-bottom flask were added 4-cyano-3-
fluorophenylboronic acid (8.25 g, 50.0 mmol), [1,1'-
bis(diphenylphosphino)ferrocene]dichloropalladium (II) complex with CH2Cl (2.04 g, 2.50
mmol), tripotassium phosphate hydrate (31.8 g, 150 mmol) and water (50 mL). The resulting
mixture was stirred for 3 hours at reflux and the reaction mixture was added to water. The

resulting solution was extracted with AcOEt. The organic extracts were combined, dried over
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anhydrous sodium sulfate and concentrated under reduced pressure. Purification by flash
chromatography on silica gel (0% to 70% AcOEt/n-hexane linear gradient) provided the title
compound. (8.53 g, 25.0 mmol, 50% yield): '"H NMR (400 MHz, CDCl3) § 7.70-7.62 (m, 1H),
7.27-7.17 (m, 2H), 2.43 (s, 3 H), 1.66-1.62 (m, 1H), 1.62 (s, 9H), 1.06-0.99 (m, 2H), 0.89-
0.82 (m, 2H).

6-(3-cyclopropyl-5-methyl-1H-pyrazol-4-yl)-1,2-benzisoxazol-3-amine (178)

To a solution of acetohydroxamic acid (516 mg, 6.88 mmol) in DMF (10 mL) in a round-
bottom flask was added potassium zerz-butoxide (772 mg, 6.88 mmol). The resulting mixture
was stirred at room temperature for 30 minutes and added to a solution of tert-butyl 4-(4-
cyano-3-fluorophenyl)-3-cyclopropyl-5-methyl-1H-pyrazole-1-carboxylate (or tert-butyl 4-
(4-cyano-3-fluorophenyl)-5-cyclopropyl-3-methyl-1 H-pyrazole-1-carboxylate) (177, 940
mg, 2.75 mmol) in DMF (5 mL) at room temperature. The resulting mixture was stirred at 50
°C for 3 hours and the reaction mixture was added to water. The resulting solution was
extracted with AcOEt. The organic extracts were combined, dried over anhydrous sodium
sulfate and concentrated under reduced pressure. Purification by flash chromatography on
silica gel (50% to 100% AcOEt/n-hexane linear gradient) provided the title compound. (421
mg, 1.66 mmol, 60% yield): "H NMR (400 MHz, CDCl5) § 7.56 (d, J = 8.2 Hz, 1H), 7.45 (s,
1H), 7.32 (d, J = 8.2 Hz, 1H), 4.41 (brs, 2H), 2.34 (s, 3 H), 1.93-1.84 (m, 1H), 0.96-0.89 (m,
2H), 0.88-0.82 (m, 2H) ; LCMS m/z 255 [M + H]".

tert-butyl 4-(3-amino-1,2-benzisoxazol-6-yl)-3-cyclopropyl-5-methyl-1H-pyrazole-1-
carboxylate (or fert-butyl 4-(3-amino-1,2-benzisoxazol-6-yl)-5-cyclopropyl-3-methyl-
1H-pyrazole-1-carboxylate) (179)

N
-0
o

To a solution of 6-(3-cyclopropyl-5-methyl-1H-pyrazol-4-yl)-1,2-benzisoxazol-3-amine (178,
3.23 g, 12.7 mmol) in THF (100 mL) in a round-bottom flask were added di-tert-butyl
dicarbonate (3.05 g, 14.0 mmol), triethylamine (5.28 mL, 38.1 mmol) and 4-
dimethylaminopyridine (155 mg, 1.27 mmol). The resulting mixture was stirred at room

temperature for 17 hours, then concentrated under reduced pressure. Purification by flash
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chromatography on silica gel (0% to 50% AcOEt/n-hexane linear gradient) provided the title
compound. (2.40 g, 6.77 mmol, 53% yield): '"H NMR (400 MHz, CDCls) § 7.58 (d, J = 8.5
Hz, 1H), 7.40 (s, 1H), 7.24 (d, J = 8.5 Hz, 1H), 4.41 (brs, 2H), 2.45 (s, 3 H), 1.76-1.68 (m,
1H), 1.65 (s, 9H), 1.07-1.03 (m, 2H), 0.90-0.82 (m, 2H) ; LCMS m/z 355 [M + H]".
tert-butyl 3-cyclopropyl-4-{3-[(cyclopropylcarbonyl)amino]-1,2-benzisoxazol-6-yl}-5-
methyl-1H-pyrazole-1-carboxylate (or zert-butyl 5-cyclopropyl-4-{3-
[(cyclopropylcarbonyl)amino]-1,2-benzisoxazol-6-yl}-3-methyl-1H-pyrazole-1-
carboxylate) (180)

or

N
-0
o

To a solution of tert-butyl 4-(3-amino-1,2-benzisoxazol-6-yl)-3-cyclopropyl-5-methyl-1H-
pyrazole-1-carboxylate (or tert-butyl 4-(3-amino-1,2-benzisoxazol-6-yl)-5-cyclopropyl-3-
methyl-1H-pyrazole-1-carboxylate) (179, 177 mg, 0.500 mmol) in CH>Cl> (15 mL) in a
round-bottom flask were added cyclopropanecarbonyl chloride (57.5 mg, 0.550 mmol) and
pyridine (0.121 mL, 1.50 mmol). The resulting mixture was stirred at room temperature for
2.5 hours, then concentrated under reduced pressure. Purification by flash chromatography
on silica gel (0% to 50% AcOEt/n-hexane linear gradient) provided the title compound. (140
mg, 0.331 mmol, 66% yield): '"H NMR (400 MHz, CDCls) § 8.46 (brs, 1H), 8.24 (d, J = 8.6
Hz, 1H), 7.47 (s, 1H), 7.27 (d, J = 8.6 Hz, 1H), 2.46 (s, 3 H), 1.83-1.73 (m, 1H), 1.73-1.68
(m, 1H), 1.65 (s, 9H), 1.25-1.19 (m, 2H), 1.09-0.98 (m, 4H), 0.89-0.82 (m, 2H).
N-[6-(3-cyclopropyl-5-methyl-1H-pyrazol-4-yl)-1,2-benzisoxazol-3-
yllcyclopropanecarboxamide (181)

tert-Butyl 3-cyclopropyl-4-{3-[(cyclopropylcarbonyl)amino]-1,2-benzisoxazol-6-yl } -5-
methyl-1H-pyrazole-1-carboxylate (or tert-butyl 5-cyclopropyl-4-{3-
[(cyclopropylcarbonyl)amino]-1,2-benzisoxazol-6-yl}-3-methyl-1H-pyrazole-1-

carboxylate) (180, 140 mg, 0.331 mmol) was dissolved in 4 mol/L hydrogen chloride in 1,4-

dioxane (5 mL, 20.0 mmol). The resulting mixture was stirred at 50 °C for 17 hours, then
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concentrated under reduced pressure. The residue was quenched by saturated aqueous sodium
hydrogen carbonate solution and the resulting solid was collected. The solid was washed with
water and dried under reduced pressure at 50 °C. The title compound was obtained as a white
solid. (103 mg, 0.320 mmol, 96% yield): '"H NMR (400 MHz, DMSO-d6) § 11.42 (s, 1H),
8.07 (d, J = 7.9 Hz, 1H), 7.64 (s, 1H), 7.40 (d, J = 7.9 Hz, 1H), 2.27 (s, 3H), 2.08-2.00 (m,
1H), 1.94-1.86 (m, 1H), 0.94-0.78 (m, 8H); LCMS m/z 323 [M + H]" ; HRMS (Positive ESI)
m/z 323.1512 (323.1430 calcd for CisHisN4O, + H).

methyl [6-(3-cvclopropvl-5-methyl-1H-pvyrazol-4-yl)-1.2-benzoxazol-3-ylJcarbamate
182

182 was prepared in a similar manner described for 181. 81% yield: '"H NMR (400 MHz,
DMSO0-d6) & 12.31 (brs, 1H), 8.02 (d,J =7.9 Hz, 1H), 7.57 (s, 1H), 7.38 (d, J = 7.9 Hz, 1H),
3.79 (s, 3H), 2.24 (s, 3H), 1.90-1.80 (m, 1H), 0.88-0.80 (m, 2H), 0.78-0.73 (m, 2H); LCMS
m/z 313 [M + H]".

N-[6-(3-cvclopropvl-5-methyl-1H-pyrazol-4-yl)-1.2-benzoxazol-3-yl]-/V'-ethvlurea (183)

\\NH
0)'\NH

183 was prepared in a similar manner described for 181. 92% yield: '"H NMR (400 MHz,
DMSO-d6) 6 12.38 (brs, 1H), 10.11 (s, 1H), 8.17 (d, J = 8.6 Hz, 1H), 7.57 (s, 1H), 7.40 (d, J
=8.6 Hz, 1H), 7.36 (t, J = 5.5 Hz, 1H), 3.00-2.92 (m, 2H), 2.25 (brs, 3H), 1.90-1.80 (m, 1H),
1.13 (t,J = 7.3 Hz, 3H), 0.89-0.80 (m, 2H), 0.79-0.73 (m, 2H); LCMS m/z 326 [M + H]".

6-(3-cvclopropyl-5-methvl-1H-pyrazol-4-v1)-1.2-benzoxazol-3-amine (184)
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tert-Butyl 4-(3-amino-1,2-benzisoxazol-6-yl)-3-cyclopropyl-5-methyl- 1 H-pyrazole-1-
carboxylate (or fert-butyl 4-(3-amino-1,2-benzisoxazol-6-yl)-5-cyclopropyl-3-methyl-1H-
pyrazole-1-carboxylate) (179, 230 mg, 0.649 mmol) was dissolved in 4 mol/L hydrogen
chloride in 1,4-dioxane (5 mL, 20.0 mmol). The resulting mixture was stirred at 50 °C for 4.5
hours, then concentrated under reduced pressure. The residue was quenched by saturated
aqueous sodium hydrogen carbonate solution and the resulting solid was collected. The solid
was washed with water and dried under reduced pressure at 50 °C. The title compound was
obtained as a white solid. (136 mg, 0.535 mmol, 82% yield): 'H NMR (400 MHz, DMSO-
d6) 6 7.83 (d, J = 8.5 Hz, 1H), 7.39 (s, 1H), 7.28 (d, J = 8.5 Hz, 1H), 6.39 (brs, 2H), 2.23 (s,
3H), 1.90-1.80 (m, 1H), 0.88-0.80 (m, 2H), 0.78-0.73 (m, 2H); LCMS m/z 255 [M + H]".

methyl [6-(3,5-dimethvyl-1H-pvyrazol-4-y1)-1.2-benzoxazol-3-vl]carbamate (188)

6-bromo-1,2-benzoxazol-3-amine (185)

H,N

N’

o Br

To a solution of acetohydroxamic acid (11.3 g, 150 mmol) in DMF (150 mL) in a round-
bottom flask was added potassium tert-butoxide (16.8 g, 150 mmol) at room temperature.
The resulting mixture was stirred at room temperature for 40 minutes, then added 4-bromo-
2-fluorobenzonitrile (15.0 g, 75.0 mmol) and stirred at room temperature for 3.5 hours. The
reaction mixture was added to water and extracted with AcOEt. The organic extracts were
combined, dried over anhydrous sodium sulfate and concentrated under reduced pressure.
The resulting solid was collected. The solid was washed with hexane/CH>Cl, (v/v =20/1) and
dried under reduced pressure at 50 °C. The title compound was obtained as a white solid.
(12.3 g, 57.7 mmol, 77% yield): '"H NMR (400 MHz, CDCl5) § 7.63 (d, J = 1.2 Hz, 1H), 7.39
(s, 1H), 7.26 (d, J = 1.2 Hz, 1H), 4.38 (brs, 2H); LCMS m/z 213 [M + H]".

methyl (6-bromo-1,2-benzoxazol-3-yl)carbamate (186)

\3\
o NH
o Br

To a solution of 6-bromo-1,2-benzoxazol-3-amine (185, 4.06 g, 19.1 mmol) and pyridine
(7.67 mL, 95.3 mmol) in CH2Cl, (100 mL) in a round-bottom flask was added methyl
chloroformate (3.09 mL, 40.0 mmol) at room temperature. The resulting mixture was stirred
at room temperature for 18 hours. The reaction mixture was washed with 0.5 mol/L aqueous

hydrogen chloride solution and brine. The organic layer was dried over anhydrous sodium
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sulfate and concentrated under reduced pressure. The resulting solid was collected. The solid
was washed with ether and dried under reduced pressure at 50 °C. The title compound was
obtained as a white solid. (4.86 g, 17.9 mmol, 94% yield): 'H NMR (400 MHz, CDCl;) §
8.10 (d, J = 8.6 Hz, 1H), 7.82 (brs, 1H), 7.71 (s, 1H), 7.43 (d, J = 8.6 Hz, 1H), 3.89 (s, 3H).
methyl [6-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-1,2-benzoxazol-3-yl]carbamate
(187)

To a solution of methyl (6-bromo-1,2-benzoxazol-3-yl)carbamate (186, 4.86 g, 17.9 mmol)
in 1,4-dioxane (60 mL) in a round-bottom flask were added bis(pinacolato)diboron (5.03 g,
19.8 mmol), [1,1'-bis(diphenylphosphino)ferrocene]dichloropalladium (II) complex with
CHClz (790 mg, 0.967 mmol) and potassium acetate (5.29 g, 53.9 mmol). The resulting
mixture was stirred at 100 °C for 4 hours. The insoluble materials were filtrated off with Celite
pad and the filtrate was concentrated under reduced pressure. Purification by flash
chromatography on silica gel (15% to 50% AcOEt/n-hexane linear gradient) provided the title
compound. (3.61 g, 11.3 mmol, 63% yield): '"H NMR (400 MHz, CDCl3) § 8.12 (d, J = 7.9
Hz, 1H), 7.95 (s, 1H), 7.70 (d, J = 7.9 Hz, 1H), 7.49 (brs, 1H), 3.88 (s, 3H), 1.38 (s, 12H).
methyl [6-(3,5-dimethyl-1H-pyrazol-4-yl)-1,2-benzoxazol-3-yl|carbamate (188)

To a solution of methyl [6-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-1,2-benzoxazol-3-
yl]carbamate (187, 190 mg, 0.597 mmol) in 1,2-dimethoxyethane (15 mL) in a round-bottom
flask were added fert-butyl 4-bromo-3,5-dimethyl-1H-pyrazole-1-carboxylate (246 mg,
0.896 mmol), [1,1'-bis(diphenylphosphino)ferrocene]dichloropalladium (II) complex with
CH>Cl; (24.4 mg, 0.0299 mmol), tripotassium phosphate hydrate (380 mg, 1.78 mmol) and
water (4 mL). The resulting mixture was stirred for 2 hours at reflux. The resulting solution
was added to AcOEt and washed with saturated aqueous ammonium chloride solution. The
organic layer was dried over anhydrous sodium sulfate and concentrated under reduced
pressure. Purification by flash chromatography on silica gel (0% to 10% AcOEt/n-hexane
linear gradient) provided tert-butyl 4-{3-[(methoxycarbonyl)amino]-1,2-benzoxazol-6-yl}-
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3,5-dimethyl-1H-pyrazole-1-carboxylate (20.0 mg, 0.0518 mmol, 8.7% yield).

tert-Butyl 4-{3-[(methoxycarbonyl)amino]-1,2-benzoxazol-6-yl}-3,5-dimethyl-1H-
pyrazole-1-carboxylate (20.0 mg, 0.0518 mmol) was dissolved in 4 mol/L hydrogen chloride
in 1,4-dioxane (5 mL, 20.0 mmol). The resulting mixture was stirred at 50 °C for 2.5 hours,
then concentrated under reduced pressure. The residue was quenched by saturated aqueous
sodium hydrogen carbonate solution and the resulting solid was collected. The solid was
washed with water and dried under reduced pressure at 50 °C. The title compound was
obtained as a white solid. (11.9 mg, 0.0416 mmol, 80% yield): 'H NMR (400 MHz, DMSO-
d6) 6 10.87 (s, 1H), 8.07 (d, J = 8.5 Hz, 1H), 7.60 (s, 1H), 7.33 (d, J = 8.5 Hz, 1H), 3.77 (s,
3H), 2.29 (s, 6H); LCMS m/z 267 [M + H]".

methyl [6-(3-ethvl-5-methyl-1H-pvrazol-4-yl)-1,2-benzoxazol-3-vllcarbamate (189)

-0
O)\NH

189 was prepared in a similar manner described for 188. 93% yield: '"H NMR (400 MHz,
DMSO-d6) 6 12.44 (brs, 1H), 10.83 (s, 1H), 7.99 (d, J = 5.6 Hz, 1H), 7.46 (s, 1H), 7.24 (d, J
=5.6 Hz, 1H), 3.73 (s, 3H), 2.61 (q, J = 7.8 Hz, 1H), 2.19 (brs, 3H), 1.07 (t, J = 7.8 Hz, 3H);
LCMS m/z 301 [M + H]J".

methvl {6-]5-methvl-3-(propan-2-yl)-1H-pvrazol-4-vl]-1.2-benzoxazol-3-yl}carbamate
190

-0
O)/'\NH

190 was prepared in a similar manner described for 188. 99% yield: '"H NMR (400 MHz,
DMSO-d6) 6 10.84 (s, 1H), 8.04 (d, J = 8.5 Hz, 1H), 7.49 (s, 1H), 7.25 (d, J = 8.5 Hz, 1H),
3.77 (s, 3H), 3.10-2.98 (m, 1H), 2.18 (s, 3H), 1.17 (d, J = 7.4 Hz, 6H); LCMS m/z 315 [M +
H]".
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methyl [6-(3-tert-butyl-5-methyl-1H-pvyrazol-4-yl)-1.2-benzoxazol-3-yl]carbamate (191)

o)
o)\NH

191 was prepared in a similar manner described for 188. 79% yield: '"H NMR (400 MHz,
DMSO-d6) & 12.26 (brs, 1H), 10.88 (brs, 1H), 7.99 (d, J = 7.9 Hz, 1H), 7.45 (s, 1H), 7.18 (d,
J =7.9Hz, 1H), 3.75 (s, 3H), 1.92 (brs, 3H), 1.13 (s, 9H); LCMS m/z 329 [M + H]".

methyl {6-[3-(methoxvmethyl)-5-methyl-1H-pyrazol-4-yl]-1.2-benzoxazol-3-
ylicarbamate (192)

192 was prepared in a similar manner described for 188. 85% yield: '"H NMR (400 MHz,
DMSO-d6) & 12.82 (brs, 1H), 10.85 (brs, 1H), 8.02 (d, J = 8.0 Hz, 1H), 7.60 (s, 1H), 7.37 (d,
J = 8.0 Hz, 1H), 4.34 (s, 2H), 3.74 (s, 3H), 3.26 (s, 3H), 2.32 (s, 3H); LCMS m/z 317 [M +
H]".

methvl 4-{3-[(methoxycarbonyl)amino]-1.2-benzoxazol-6-vl1}-5-methyl-1H-pvyrazole-3-
carboxylate (193)

193 was prepared in a similar manner described for 188. 98% yield: '"H NMR (400 MHz,
DMSO-d6) 6 7.96 (d, J = 7.9 Hz, 1H), 7.53 (s, 1H), 7.23 (d, J = 7.9 Hz, 1H), 3.72 (s, 3H),
3.68 (s, 3H), 2.27 (s, 3H); LCMS m/z 331 [M + H]".
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methyl [6-(5-methyl-3-phenvl-1H-pyrazol-4-y1)-1,2-benzoxazol-3-vyl]carbamate (194)

-0
0)\NH

194 was prepared in a similar manner described for 188. 97% yield: '"H NMR (400 MHz,
DMSO-d6) 6 10.85 (s, 1H), 7.96 (d, J = 8.5 Hz, 1H), 7.47 (s, 1H), 7.33-7.26 (m, 5H), 7.10
(d, J = 8.5 Hz, 1H), 3.76 (s, 3H), 2.26 (brs, 3H); LCMS m/z 349 [M + H]".

methyl {6-]5-methyl-3-(pyridin-2-v)-1H-pyrazol-4-yl]-1.2-benzoxazol-3-yl}carbamate
(195, DS79182026)
2-(5-methyl-1H-pyrazol-3-yl)pyridine

N/\

Sandh
H

N
To a solution of methyl pyridine-2-carboxylate (21.4 g, 182 mmol) and acetone (26.8 mL,
365 mmol) in THF (250 mL) in a round-bottom flask was added 28% sodium methoxide
methanol solution (71.8 mL, 365 mmol). The resulting mixture was stirred at room
temperature for 3.5 hours and the reaction mixture was quenched by addition of equimolar 5
mol/L hydrochloric acid. The resulting was solution was extracted with CH>Cl,. The organic
extracts were combined, dried over anhydrous sodium sulfate and concentrated under reduced
pressure. The residue was dissolved in EtOH (260 mL) and added hydrazine hydrate (10.6
mL, 219 mmol). The resulting mixture stirred at reflux for 19 hours, then concentrated under
reduced pressure. Purification by flash chromatography on NH-silica gel (30% to 100%
AcOEt/n-hexane linear gradient) provided the title compound. (27.9 g, 175 mmol, 96%
yield): "H NMR (400 MHz, CDCls) 8 10.75 (brs, 1H), 8.60 (d, J = 4.8 Hz, 1H), 7.77-7.67 (m,
2H), 7.21 (d, J = 6.8 Hz, 1H), 6.57 (s, 1H), 2.37 (s, 3H) ; LCMS m/z 160 [M + H]".
2-(4-bromo-5-methyl-1H-pyrazol-3-yl)pyridine

Br

"

N\N 7 \

N=
To a solution of 2-(5-methyl-1H-pyrazol-3-yl)pyridine (27.9 g, 175 mmol) in carbon
tetrachloride (300 mL) and CH2Cl, (300 mL) in a round-bottom flask was added N-
bromosuccinimide (31.2 g, 175 mmol). The resulting mixture was stirred at room temperature

for 21 hours and the reaction mixture was added to water. The resulting solution was extracted
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with CH>Cl,. The organic extracts were combined, dried over anhydrous sodium sulfate and
concentrated under reduced pressure. The resulting solid was washed with hexane/AcOEt
(v/v =10/1) and dried under reduced pressure at 50 °C. The title compound was obtained as a
white solid. (37.5 g, 158 mmol, 90% yield): '"H NMR (400 MHz, CDCls) & 8.61 (d, J = 3.1
Hz, 1H), 8.28 (d, J = 7.8 Hz, 1H), 7.80 (t, J = 7.8 Hz, 1H), 7.28 (t,J = 7.8 Hz, 1H), 2.34 (s,
3H).

2-[4-bromo-5-methyl-1-(tetrahydro-2H-pyran-2-yl)-1H-pyrazol-3-yl]|pyridine

Br

6/ NN N/ B
To a solution of 2-(4-bromo-5-methyl-1H-pyrazol-3-yl)pyridine (17.9 g, 75.0 mmol) in THF
(500 mL) in a round-bottom flask were added 3,4-dihydro-2H-pyran (17.1 mL, 188 mmol)
and p-toluenesulfonic acid monohydrate (2.85 g, 15.0 mmol). The resulting mixture was
stirred at 60 °C for 19 hours and quenched by saturated aqueous sodium hydrogen carbonate
solution. The resulting solution was extracted with AcOEt. The organic extracts were
combined, dried over anhydrous sodium sulfate and concentrated under reduced pressure.
Purification by flash chromatography on silica gel (0% to 50% AcOEt/n-hexane linear
gradient) provided the title compound. (16.2 g, 50.3 mmol, 67% yield): '"H NMR (400 MHz,
CDClh) 6 8.72 (d, J = 4.8 Hz, 1H), 7.96 (d, J = 7.9 Hz, 1H), 7.73 (dt, J = 1.9, 7.9 Hz, 1H),
7.24 (dt,J =1.9, 4.8 Hz, 1H), 5.43-5.38 (m, 1H), 4.09-4.03 (m, 1H), 3.76-3.63 (m, 1H), 2.58-
2.43 (m, 1H), 2.42 (s, 3H), 2.17-2.10 (m, 1H), 2.08-1.98 (m, 1H), 1.78-1.66 (m, 2H), 1.66-
1.61 (m, 1H) ; LCMS m/z 322 [M + H]".
2-fluoro-4-[S-methyl-3-(pyridin-2-yl)-1-(tetrahydro-2 H-pyran-2-yl)-1H-pyrazol-4-
yllbenzonitrile (211)

To a solution of 2-[4-bromo-5-methyl-1-(tetrahydro-2H-pyran-2-yl)-1H-pyrazol-3-
yl]pyridine (6.44 g, 20.0 mmol) in 1,2-dimethoxyethane (150 mL) in a round-bottom flask
were added 4-cyano-3-fluorophenylboronic acid (3.63 g, 22.0 mmol), [I1,I'-
bis(diphenylphosphino)ferrocene]dichloropalladium (II) complex with CH2Cl (817 mg, 1.00
mmol), tripotassium phosphate hydrate (12.7 g, 60.0 mmol), and water (60 mL). The resulting
mixture was stirred for 3 hours at reflux and the reaction mixture was added to water. The

resulting solution was extracted with AcOEt. The organic extracts were combined, dried over
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anhydrous sodium sulfate and concentrated under reduced pressure. Purification by flash
chromatography on silica gel (0% to 50% AcOEt/n-hexane linear gradient) provided the title
compound. (7.01 g, 19.3 mmol, 97% yield): '"H NMR (400 MHz, CDCl;) & 8.45 (d, J = 4.3
Hz, 1H), 7.70-7.64 (m, 3H), 7.55 (t, J = 7.3 Hz, 1H), 7.17 (t, J = 7.3 Hz, 1H), 7.10 (d, J =
9.2Hz, 1H), 5.45-5.40 (m, 1H), 4.13-4.03 (m, 1H), 3.76-3.63 (m, 1H), 2.66-2.50 (m, 1H),
2.37 (s, 3H), 2.23-2.13 (m, 1H), 2.12-1.98 (m, 1H), 1.81-1.68 (m, 2H), 1.67-1.60 (m, 1H) ;
LCMS m/z 363 [M + H]J".

6-[5-methyl-3-(pyridin-2-yl)-1-(tetrahydro-2 H-pyran-2-yl)-1H-pyrazol-4-yl]-1,2-

benzisoxazol-3-amine (212)

To a solution of acetohydroxamic acid (7.26 g, 96.7 mmol) in DMF (150 mL) in a round-
bottom flask was added potassium fert-butoxide (10.9 g, 96.7 mmol). The resulting mixture
was stirred at room temperature for 1 hour and a solution of 2-fluoro-4-[5-methyl-3-(pyridin-
2-yl)-1-(tetrahydro-2 H-pyran-2-yl)-1 H-pyrazol-4-yl|benzonitrile (211, 7.01 g, 19.3 mmol) in
DMF (50 mL) was added at room temperature. The resulting mixture was stirred at 50 °C for
16 hours and the reaction mixture was added water. The resulting solution was extracted with
AcOEt. The organic extracts were combined, dried over anhydrous sodium sulfate and
concentrated under reduced pressure. Purification by flash chromatography on silica gel (30%
to 100% AcOEt/n-hexane linear gradient) provided the title compound. (2.65 g, 7.06 mmol,
37% yield): '"H NMR (400 MHz, CDCl3) & 8.50 (dd, J = 1.2, 4.3 Hz, 1H), 7.55 (dt, J = 1.8,
7.3 Hz, 1H), 7.45 (dd, J = 1.8, 7.3 Hz, 1H), 7.44 (d, J = 8.6 Hz, 1H), 7.30 (s, 1H), 7.12 (dt, J
=1.2,7.3 Hz, 1H), 7.08 (d, J = 8.6 Hz, 1H), 5.48-5.43 (m, 1H), 4.37 (brs, 2H), 4.14-4.09 (m,
1H), 3.76-3.67 (m, 1H), 2.70-2.57 (m, 1H), 2.38 (s, 3H), 2.21-2.07 (m, 2H), 1.80-1.69 (m,
2H), 1.67-1.59 (m, 1H) ; LCMS m/z 376 [M + H]".

methyl N-{6-[S-methyl-3-(pyridin-2-yl)-1-(tetrahydro-2 H-pyran-2-yl)-1H-pyrazol-4-
yll-1,2-benzisoxazol-3-yl}carbamate (213)
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To a solution of 6-[5-methyl-3-(pyridin-2-yl)-1-(tetrahydro-2H-pyran-2-yl)-1H-pyrazol-4-
yl]-1,2-benzisoxazol-3-amine (212, 2.63 g, 7.00 mmol) in CH>Cl> (150 mL) in a round-
bottom flask was added methyl chloroformate (1.08 mL, 14.0 mmol) and pyridine (1.69 mL,
21.0 mmol). The resulting mixture was stirred at room temperature for 1 hour, then
concentrated under reduced pressure. Purification by flash chromatography on NH-silica gel
(0% to 100% AcOEt/n-hexane linear gradient) provided the title compound. (2.95 g, 6.81
mmol, 97% yield): '"H NMR (400 MHz, CDCls) § 8.50 (d, J = 3.2 Hz, 1H), 8.06 (d, J = 8.6
Hz, 1H), 7.56 (dt, J = 8.0, 1.8 Hz, 1H), 7.51 (d, J = 7.5 Hz, 1H), 7.49 (d, J = 7.9 Hz, 1H),
7.36 (s, 1H), 7.14 (d, J = 6.8 Hz, 1H), 7.12 (d, J = 7.5 Hz, 1H), 5.48-5.43 (m, 1H), 4.16-4.08
(m, 1H), 3.87 (s, 3H), 3.75-3.67 (m, 1H), 2.70-2.55 (m, 1H), 2.39 (s, 3H), 2.22-2.10 (m, 2H),
1.83-1.68 (m, 2H), 1.67-1.58 (m, 1H); LCMS m/z 434 [M + H]".

methyl N-{6-[S-methyl-3-(pyridin-2-yl)-1H-pyrazol-4-yl]-1,2-benzisoxazol-3-
yl}carbamate (195, DS79182026)

~o
N

Methyl  N-{6-[5-methyl-3-(pyridin-2-yl)-1-(tetrahydro-2 H-pyran-2-yl)-1H-pyrazol-4-yl]-
1,2-benzisoxazol-3-yl}carbamate (213, 2.95 g, 6.81 mmol) was dissolved in 4 mol/L
hydrogen chloride in 1,4-dioxane (50 mL, 200 mmol). The resulting mixture was stirred at
50 °C for 1 hour, then concentrated under reduced pressure. The residue was quenched by
saturated aqueous sodium hydrogen carbonate solution and the resulting solid was collected.
The solid was washed with water and dried under reduced pressure at 50 °C. The crude solid
was washed with diisopropyl ether/EtOH(v/v =20/1) and dried under reduced pressure at
50 °C. The title compound was obtained as a white solid. (2.06 g, 5.90 mmol, 87% yield): 'H
NMR (400 MHz, DMSO-d6) 6 8.45 (d, J = 4.3 Hz, 1H), 7.87 (d, J = 8.6 Hz, 1H), 7.74 (dt, J
= 1.8, 7.3 Hz, 1H), 7.46 (brs, 1H), 7.42 (s, 1H), 7.26 (dt, J = 1.8, 6.7 Hz, 1H), 7.09 (d, J =
7.9 Hz, 1H), 3.67 (s, 3H), 2.09 (s, 3H); *C NMR (125 MHz, DMSO-d6) & 163.07, 153.44,
153.24, 148.85, 138.23, 136.93, 136.59, 125.90, 122.51, 121.92, 116.86, 114.06, 110.25,
52.56, 9.86; LCMS m/z 350 [M + H]*; HRMS (Positive ESI) m/z 350.1258 (350.1175 calcd
for C1sHi5Ns03 + H).
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methyl {6-[5-methyl-3-(pyridazin-3-vl)-1H-pvyrazol-4-vl]-1.2-benzoxazol-3-
vllcarbamate (196)

196 was prepared in a similar manner described for 195. 68% yield: '"H NMR (400 MHz,
DMSO-d6) 6 9.11 (dd, J = 4.9, 1.8 Hz, 1H), 7.93 (d, J = 7.9 Hz, 1H), 7.88 (d, J = 8.3 Hz,
1H), 7.69 (dd, J = 8.3, 4.9 Hz, 1H), 7.53 (s, 1H), 7.16 (d, J = 7.9 Hz, 1H), 3.74 (s, 3H), 2.30
(s, 3H); LCMS m/z 351 [M + H]".

methyl {6-[5-methyl-3-(pyrazin-2-yl)-1H-pvrazol-4-vl]-1.2-benzoxazol-3-vl}carbamate
197

197 was prepared in a similar manner described for 195. 64% yield: '"H NMR (400 MHz,
DMSO-d6) 6 13.36 (brs, 1H), 10.88 (brs, 1H), 8.89 (brs, 1H), 8.52 (d, J = 2.4 Hz, 1H), 8.47
(brs, 1H), 7.94 (d, J = 8.6 Hz, 1H), 7.54 (s, 1H), 7.17 (d, J = 8.6 Hz, 1H), 3.75 (s, 3H), 2.29
(s, 3H); LCMS m/z 351 [M + H]".

methvl {6-[5-methyl-3-(pyrimidin-4-vl)-1H-pvyrazol-4-yl]-1.2-benzoxazol-3-
ylicarbamate (198)

198 was prepared in a similar manner described for 195. 70% yield: '"H NMR (400 MHz,
DMSO-d6) 6 8.96 (brs, 1H), 8.74 (d, J = 4.8 Hz, 1H), 7.95 (d, J = 9.2 Hz, 1H), 7.71 (brs,
1H), 7.54 (s, 1H), 7.19 (d, J = 9.2 Hz, 1H), 3.74 (s, 3H), 2.25 (s, 3H); LCMS m/z 351 [M +
H]".
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methyl {6-[5-methyl-3-(3-methvlpyridin-2-v)-1H-pvrazol-4-vl]-1.2-benzoxazol-3-
vllcarbamate (199)

199 was prepared in a similar manner described for 195. 84% yield: '"H NMR (400 MHz,
DMSO-d6) 6 10.89 (s, 1H), 8.75 (d, J = 5.5 Hz, 1H), 8.36 (d, J = 7.8 Hz, 1H), 7.97 (d, J =
8.5 Hz, 1H), 7.93 (dd, J = 7.8, 5.5 Hz, 1H), 7.46 (s, 1H), 7.05 (d, J = 8.5 Hz, 1H), 3.75 (s,
3H), 2.46 (s, 3H), 2.00 (s, 3H); LCMS m/z 364 [M + H]".

methyl {6-[5-methyl-3-(4-methvlpyridin-2-v1)-1H-pvrazol-4-vl]-1.2-benzoxazol-3-
ylicarbamate (200)

200 was prepared in a similar manner described for 195. 84% yield: '"H NMR (400 MHz,
CDClIs) 6 11.15 (brs, 1H), 8.45 (d, J = 4.6 Hz, 1H), 8.23 (d, J = 7.9 Hz, 1H), 7.75 (brs, 1H),
7.49 (s, 1H), 7.28 (d, J = 6.1 Hz, 1H), 7.01 (d, J = 6.1 Hz, 1H), 3.91 (s, 3H), 2.28 (s, 3H),
2.14 (s, 3H); LCMS m/z 364 [M + H]".

methvl {6-]5-methvl-3-(6-methylpvridin-2-v1)-1H-pvrazol-4-vl]-1.2-benzoxazol-3-
yvlicarbamate (201)

201 was prepared in a similar manner described for 195. 84% yield: '"H NMR (400 MHz,
DMSO-d6) 6 7.91 (d, J = 8.6 Hz, 1H), 7.60 (t, J = 7.3 Hz, 1H), 7.52 (s, 1H), 7.21 (brs, 1H),
7.16 (d, J = 8.6 Hz, 1H), 7.13 (d, J = 8.6 Hz, 1H), 3.72 (s, 3H), 2.34 (s, 3H), 2.19 (s, 3H);
LCMS m/z 364 [M + H]".
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methyl {6-[3-(6-methoxvypyvridin-2-v1)-5-methyl-1H-pvyrazol-4-vyl]-1.2-benzoxazol-3-
vllcarbamate (202)

202 was prepared in a similar manner described for 195. 91% yield: '"H NMR (400 MHz,
DMSO0-d6) 6 7.90 (d, J = 7.9 Hz, 1H), 7.66 (t, J = 7.9 Hz, 1H), 7.46 (s, 1H), 7.22 (brs, 1H),
7.13 (d, J = 8.9 Hz, 1H), 6.64 (d, J = 8.9 Hz, 1H), 3.68 (s, 3H), 3.31 (brs, 3H), 2.21 (s, 3H);
LCMS m/z 380 [M + H]J".

methyl (6-{5-methyl-3-[6-(propan-2-vl)pvridin-2-vl]-1H-pvrazol-4-yl}-1.2-benzoxazol-
3-yl)carbamate (203)

203 was prepared in a similar manner described for 195. 78% yield: '"H NMR (400 MHz,
DMSO-d6) 6 7.88 (d, J = 8.5 Hz, 1H), 7.66 (t, J = 7.9 Hz, 1H), 7.45 (s, 1H), 7.42 (brs, 1H),
7.14 (d, J = 8.0 Hz, 1H), 7.10 (d, J = 8.0 Hz, 1H), 3.57 (s, 3H), 2.85-2.76 (m, 1H), 2.24 (s,
3H), 0.94 (d, J = 6.7 Hz, 6H); LCMS m/z 392 [M + H]".

methvl {6-]3-(1-hydroxvyethyl)-5-methyl-1H-pvrazol-4-vl]-1.2-benzoxazol-3-
ylicarbamate (208)
4-{3-[(methoxycarbonyl)amino]-1,2-benzoxazol-6-yl}-5-methyl-1-(oxan-2-yl)-1H-

pyrazole-3-carboxylic acid (204)

=0
O)\NH

To a solution of methyl 4-{3-[(methoxycarbonyl)amino]-1,2-benzoxazol-6-yl}-5-methyl-1-
(oxan-2-yl)-1H-pyrazole-3-carboxylate (123 mg, 0.296 mmol) in THF (2 mL) and MeOH (3
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mL) in a round-bottom flask was added 1 mol/L aqueous sodium hydroxide solution (0.80
mL, 0.80 mmol) at room temperature. The resulting mixture was stirred at room temperature
for 4.5 hours and 50 °C for 1.5 hours. The reaction mixture was added to 0.1 mol/L aqueous
hydrochloric acid solution and extracted with AcOEt. The organic extracts were combined,
dried over anhydrous sodium sulfate and concentrated under reduced pressure. The resulting
solid was collected and dried under reduced pressure at 50 °C. The title compound was
obtained as a pale yellow solid. (116 mg, 0.290 mmol, 98% yield): 'H NMR (400 MHz,
CDCl) 6 8.27 (brs, 1H), 8.10 (d, J = 6.7 Hz, 1H), 7.42 (s, 1H), 7.28 (d, J = 6.7 Hz, 1H),
5.48-5.43 (m, 1H), 4.16-4.05 (m, 1H), 3.90 (s, 3H), 3.76-3.66 (m, 1H), 2.59-2.48 (m, 1H),
2.33 (s, 3H), 2.22-2.10 (m, 2H), 1.83-1.68 (m, 2H), 1.67-1.58 (m, 1H); LCMS m/z 401 [M +
H]".

methyl (6-{3-[methoxy(methyl)carbamoyl]-5-methyl-1-(oxan-2-yl)-1H-pyrazol-4-yl}-
1,2-benzoxazol-3-yl)carbamate (205)

To a solution of 4-{3-[(methoxycarbonyl)amino]-1,2-benzoxazol-6-yl}-5-methyl-1-(oxan-2-
yl)-1H-pyrazole-3-carboxylic acid (204, 395 mg, 0.987 mmol) and NO-
dimethylhydroxylamine hydrochloride (192 mg, 1.97 mmol) in THF (15 mL) and MeOH (15
mL) in a round-bottom flask were added 4-(4,6-dimethoxy-1,3,5-triazin-2-yl)-4-
methylmorpholinium chloride (410 mg, 1.48 mmol) and N-methylmorpholine (299 mg, 2.96
mmol) at room temperature. The resulting mixture was stirred at room temperature for 1.25
hours. The reaction mixture was concentrated under reduced pressure. Purification by flash
chromatography on NH-silica gel (0% to 100% AcOEt/n-hexane linear gradient) provided
the title compound. (365 mg, 0.823 mmol, 83% yield): "H NMR (400 MHz, CDCls) & 8.13
(d, J = 8.5 Hz, 1H), 7.44 (s, 1H), 7.25 (d, J = 8.5 Hz, 1H), 5.42-5.46 (m, 1H), 4.09-4.03 (m,
1H), 3.89 (s, 3H), 3.74-3.68 (m, 1H), 3.66 (brs, 3H), 3.25 (s, 3H), 2.54-2.48 (m, 1H), 2.40 (s,
3H), 2.19-2.10 (m, 2H), 1.83-1.68 (m, 2H), 1.67-1.58 (m, 1H).
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methyl {6-[3-acetyl-5-methyl-1-(oxan-2-yl)-1H-pyrazol-4-yl]-1,2-benzoxazol-3-
yl}carbamate (206)

To a solution of methyl (6-{3-[methoxy(methyl)carbamoyl]-5-methyl-1-(oxan-2-yl)-1H-
pyrazol-4-yl}-1,2-benzoxazol-3-yl)carbamate (205, 160 mg, 0.361 mmol) in THF (5 mL) in
a round-bottom flask was added 3 mol/L methylmagnesium bromide diethyl ether solution
(0.361 mL, 1.08 mmol) at 0 °C. The resulting mixture was stirred at 0 °C for 1 hour. The
reaction mixture was quenched by saturated aqueous ammonium chloride solution and
extracted with AcOEt. The organic extracts were combined, dried over anhydrous sodium
sulfate and concentrated under reduced pressure. Purification by flash chromatography on
NH-silica gel (0% to 70% AcOEt/n-hexane linear gradient) provided the title compound.
(50.6 mg, 0.127 mmol, 35% yield): "H NMR (400 MHz, CDCI3) 8 8.10 (d, J = 8.6 Hz, 1H),
7.44 (brs, 1H), 7.39 (s, 1H), 7.21 (d, J = 8.6 Hz, 1H), 5.45-5.40 (m, 1H), 4.12-4.05 (m, 1H),
3.89 (s, 3H), 3.74-3.68 (m, 1H), 2.58 (s, 3H), 2.54-2.48 (m, 1H), 2.29 (s, 3H), 2.25-2.15 (m,
2H), 1.80-1.63 (m, 2H), 1.67-1.58 (m, 1H); LCMS m/z 399 [M + H]".

methyl {6-[3-(1-hydroxyethyl)-5-methyl-1-(oxan-2-yl)-1H-pyrazol-4-yl]-1,2-
benzoxazol-3-yl}carbamate (207)

To a solution of methyl {6-[3-acetyl-5-methyl-1-(oxan-2-yl)-1H-pyrazol-4-yl]-1,2-
benzoxazol-3-yl}carbamate (206, 212 mg, 0.532 mmol) in MeOH (10 mL) in a round-bottom
flask was added sodium borohydride (22.1 mg, 0.585 mmol) at room temperature. The
resulting mixture was stirred at room temperature for 20 minutes. The reaction mixture was
added water and extracted with CH2Cl,. The organic extracts were combined, dried over
anhydrous sodium sulfate and concentrated under reduced pressure. Purification by flash
chromatography on NH-silica gel (0% to 80% AcOEt/n-hexane linear gradient) provided the
title compound. (212 mg, 0.529 mmol, 99% yield): '"H NMR (400 MHz, CDCls) § 8.17 (d, J
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= 8.9 Hz, 1H), 7.45 (brs, 1H), 7.44 (s, 1H), 7.26 (d, J = 8.9 Hz, 1H), 5.35-5.29 (m, 1H), 5.01-
4.93 (m, 1H), 4.12-4.05 (m, 1H), 3.90 (s, 3H), 3.74-3.68 (m, 1H), 2.59-2.50 (m, 2H), 2.31 (s,
3H), 2.25-2.15 (m, 2H), 1.80-1.63 (m, 2H), 1.67-1.58 (m, 1H), 1.37 (dd, J = 6.7, 5.5 Hz, 3H);
LCMS m/z 401 [M + H]J".

methyl {6-[3-(1-hydroxyethyl)-5-methyl-1H-pyrazol-4-yl]-1,2-benzoxazol-3-
yl}carbamate (208)

Methyl {6-[3-(1-hydroxyethyl)-5-methyl-1-(oxan-2-yl)-1H-pyrazol-4-yl]-1,2-benzoxazol-3-
yl}carbamate (207, 212 mg, 0.529 mmol) was dissolved in 4 mol/L hydrogen chloride in 1,4-
dioxane (3 mL, 12.0 mmol). The resulting mixture was stirred at 50 °C for 1.25 hours, then
concentrated under reduced pressure. The residue was quenched by saturated aqueous sodium
hydrogen carbonate solution and the resulting solid was collected. The solid was washed with
water and dried under reduced pressure at 50 °C. The title compound was obtained as a white
solid. (124 mg, 0.392 mmol, 74% yield): '"H NMR (400 MHz, DMSO-d6) & 8.00 (d, J = 7.8
Hz, 1H), 7.64 (s, 1H), 7.37 (d, J = 7.8 Hz, 1H), 5.23 (brs, 1H), 4.75 (q, J = 6.8 Hz, 1H), 3.75
(s, 3H), 2.23 (s, 3H), 1.35 (d, J = 6.8 Hz, 1H); LCMS m/z 317 [M + H]".

methyl {6-[5-methyl-3-(methvlcarbamovl)-1H-pvrazol-4-vl]-1.2-benzoxazol-3-
yvlicarbamate (210)
methyl {6-[5-methyl-3-(methylcarbamoyl)-1-(oxan-2-yl)-1H-pyrazol-4-yl]-1,2-

benzoxazol-3-yl}carbamate (209)

=0
O)\NH

To a solution of 4-{3-[(methoxycarbonyl)amino]-1,2-benzoxazol-6-yl } -5-methyl-1-(oxan-2-
yl)-1H-pyrazole-3-carboxylic acid (204, 80.1 mg, 0.200 mmol) and methylamine
hydrochloride (27.0 mg, 0.400 mmol) in THF (5 mL) and MeOH (5 mL) in a round-bottom
flask were added 4-(4,6-dimethoxy-1,3,5-triazin-2-yl)-4-methylmorpholinium chloride (83.0
mg, 1.48 mmol) and N-methylmorpholine (60.7 mg, 0.600 mmol) at room temperature. The
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resulting mixture was stirred at room temperature for 2.5 hours. The reaction mixture was
concentrated under reduced pressure. Purification by flash chromatography on NH-silica gel
(0% to 100% AcOEt/n-hexane linear gradient) provided the title compound. (80.0 mg, 194
mmol, 97% yield): "H NMR (400 MHz, CDCls) & 8.06 (d, J = 8.5 Hz, 1H), 7.50 (brs, 1H),
7.46 (s, 1H), 7.31 (d, J = 8.5 Hz, 1H), 6.94 (q, J = 4.5 Hz, 1H), 5.39-5.34 (m, 1H), 4.12-4.05
(m, 1H), 3.87 (s, 3H), 3.74-3.68 (m, 1H), 2.90 (d, J = 4.5 Hz, 3H), 2.56-2.49 (m, 2H), 2.29
(s, 3H), 2.25-2.15 (m, 2H), 1.80-1.63 (m, 2H), 1.67-1.58 (m, 1H); LCMS m/z 414 [M + H]".
methyl {6-[S-methyl-3-(methylcarbamoyl)-1H-pyrazol-4-yl]-1,2-benzoxazol-3-
yl}carbamate (210)

Methyl {6-[5-methyl-3-(methylcarbamoyl)-1-(oxan-2-yl)-1H-pyrazol-4-yl]-1,2-benzoxazol-
3-yl}carbamate (209, 80.0 mg, 0.194 mmol) was dissolved in 4 mol/L hydrogen chloride in
1,4-dioxane (5 mL, 20.0 mmol). The resulting mixture was stirred at 50 °C for 1 hour, then
concentrated under reduced pressure. The residue was quenched by saturated aqueous sodium
hydrogen carbonate solution and the resulting solid was collected. The solid was washed with
water and dried under reduced pressure at 50 °C. The title compound was obtained as a white
solid. (48.5 mg, 0.147 mmol, 76% yield): 5 8.08 (q,/ = 4.3 Hz, 1H), 7.92 (d, J = 8.6 Hz, 1H),
7.53 (s, 1H), 7.24 (d, J = 8.6 Hz, 1H), 3.73 (s, 3H), 2.68 (d, J = 4.3 Hz, 3H), 2.25 (s, 3H);
LCMS m/z 330 [M + H]J".

ethyl {6-[S-methyl-3-(pyridin-2-yl)-1H-pyrazol-4-yl|-1.2-benzoxazol-3-ylicarbamate
214
2-fluoro-4-[S-methyl-1-(oxan-2-yl)-3-(pyridin-2-yl)-1H-pyrazol-4-yl|benzonitrile (211)

To a solution of 2-[4-bromo-5-methyl-1-(tetrahydro-2H-pyran-2-yl)-1H-pyrazol-3-
yl]pyridine (6.44 g, 20.0 mmol) in 1,2-dimethoxyethane (150 mL) in a round-bottom flask
were added 4-cyano-3-fluorophenylboronic acid (3.63 g, 22.0 mmol), [I1,I'-
bis(diphenylphosphino)ferrocene]dichloropalladium (II) complex with CH2Cl (817 mg, 1.00
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mmol), tripotassium phosphate hydrate (12.7 g, 60.0 mmol) and water (60 mL). The resulting
mixture was stirred at reflux for 3 hours and the reaction mixture was added to water. The
resulting solution was extracted with AcOEt. The organic extracts were combined, dried over
anhydrous sodium sulfate and concentrated under reduced pressure. Purification by flash
chromatography on silica gel (0% to 50% AcOEt/n-hexane linear gradient) provided the title
compound. (7.01 g, 19.3 mmol, 97% yield): '"H NMR (400 MHz, CDCl;) & 8.45 (d, J = 4.3
Hz, 1H), 7.70-7.64 (m, 3H), 7.55 (t, J = 7.3 Hz, 1H), 7.17 (t,J = 7.3 Hz, 1H), 7.10 (d, J =
9.2Hz, 1H), 5.45-5.40 (m, 1H), 4.13-4.03 (m, 1H), 3.76-3.63 (m, 1H), 2.66-2.50 (m, 1H),
2.37 (s, 3H), 2.23-2.13 (m, 1H), 2.12-1.98 (m, 1H), 1.81-1.68 (m, 2H), 1.67-1.60 (m, 1H) ;
LCMS m/z 363 [M + H]".
6-[S-methyl-1-(oxan-2-yl)-3-(pyridin-2-yl)-1H-pyrazol-4-yl]-1,2-benzoxazol-3-amine
(212)

To a solution of acetohydroxamic acid (7.26 g, 96.7 mmol) in DMF (150 mL) in a round-
bottom flask was added potassium fert-butoxide (10.9 g, 96.7 mmol). The resulting mixture
was stirred at room temperature for 1 hour and a solution of 2-fluoro-4-[5-methyl-3-(pyridin-
2-yl)-1-(tetrahydro-2 H-pyran-2-yl)-1H-pyrazol-4-yl]benzonitrile (7.01 g, 19.3 mmol) in
DMF (50 mL) was added at room temperature. The resulting mixture was stirred at 50 °C for
16 hours and the reaction mixture was added water. The resulting solution was extracted with
AcOEt. The organic extracts were combined, dried over anhydrous sodium sulfate and
concentrated under reduced pressure. Purification by flash chromatography on silica gel (30%
to 100% AcOEt/n-hexane linear gradient) provided the title compound. (2.65 g, 7.06 mmol,
37% yield): 'H NMR (400 MHz, CDCI3) & 8.50 (dd, J = 1.2, 4.3 Hz, 1H), 7.55 (dt, J = 1.8,
7.3 Hz, 1H), 7.45 (dd, J = 1.8, 7.3 Hz, 1H), 7.44 (d, J = 8.6 Hz, 1H), 7.30 (s, 1H), 7.12 (dt, J
=1.2,7.3 Hz, 1H), 7.08 (d, J = 8.6 Hz, 1H), 5.48-5.43 (m, 1H), 4.37 (brs, 2H), 4.14-4.09 (m,
1H), 3.76-3.67 (m, 1H), 2.70-2.57 (m, 1H), 2.38 (s, 3H), 2.21-2.07 (m, 2H), 1.80-1.69 (m,
2H), 1.67-1.59 (m, 1H) ; LCMS m/z 376 [M + H]".
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ethyl {6-[5-methyl-1-(oxan-2-yl)-3-(pyridin-2-yl)-1H-pyrazol-4-yl]-1,2-benzoxazol-3-
yl}carbamate (213)

To a solution of 6-[5-methyl-3-(pyridin-2-yl)-1-(tetrahydro-2H-pyran-2-yl)-1H-pyrazol-4-
yl]-1,2-benzisoxazol-3-amine (212, 113 mg, 0.300 mmol) in CH>Cl> (15 mL) in a round-
bottom flask were added ethyl chloroformate (0.0574 mL, 0.600 mmol) and pyridine (0.0724
mL, 0.900 mmol). The resulting mixture was stirred at room temperature for 40 minutes, then
concentrated under reduced pressure. Purification by flash chromatography on NH-silica gel
(0% to 70% AcOEt/n-hexane linear gradient) provided the title compound. (134 mg, 0.299
mmol, 99% yield): '"H NMR (400 MHz, CDCls) 6 8.50 (d, J = 4.8 Hz, 1H), 8.07 (d, J = 8.6
Hz, 1H), 7.56 (dt, J = 1.8. 8.0 Hz, 1H), 7.51 (d, J = 7.5 Hz, 1H), 7.49 (d, J = 7.9 Hz, 1H),
7.36 (s, 1H), 7.14 (d, J = 6.8 Hz, 1H), 7.12 (d, J = 7.5 Hz, 1H), 5.48-5.43 (m, 1H), 4.16-4.08
(m, 1H), 4.32 (q, J = 7.4 Hz, 2H), 3.75-3.67 (m, 1H), 2.70-2.55 (m, 1H), 2.39 (s, 3H), 2.22-
2.10 (m, 2H), 1.83-1.68 (m, 2H), 1.67-1.58 (m, 1H), 1.36 (t, J/ = 7.4 Hz, 3H).

ethyl {6-[5-methyl-3-(pyridin-2-yl)-1H-pyrazol-4-yl]-1,2-benzoxazol-3-yl}carbamate
(214)

Ethyl {6-[5-methyl-1-(oxan-2-yl)-3-(pyridin-2-yl)-1H-pyrazol-4-yl]-1,2-benzoxazol-3-
yl}carbamate (213, 134 mg, 0.299 mmol) was dissolved in 4 mol/L hydrogen chloride in 1,4-
dioxane (5 mL, 20.0 mmol). The resulting mixture was stirred at 50 °C for 4 hours, then
concentrated under reduced pressure. The residue was quenched by saturated aqueous sodium
hydrogen carbonate solution and the resulting solid was collected. The solid was washed with
water and dried under reduced pressure at 50 °C. The title compound was obtained as a white
solid. (89.0 mg, 0.245 mmol, 82% yield): "H NMR (400 MHz, DMSO-d6) & 10.79 (brs, 1H),
8.45(d,J =4.3 Hz, 1H), 7.87 (d, J = 8.6 Hz, 1H), 7.74 (dt, J = 1.8, 7.3 Hz, 1H), 7.70 (brs,
1H), 7.52 (s, 1H), 7.29 (dt,J = 1.8, 6.7 Hz, 1H), 7.16 (d, J = 7.9 Hz, 1H), 4.22 (q, J = 7.3 Hz,
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2H), 2.25 (s, 3H), 1.29 (t, J = 7.3 Hz, 3H); LCMS m/z 364 [M + H]".

propan-2-vl {6-[5-methyl-3-(pyridin-2-vl)-1H-pyrazol-4-vl]-1.2-benzoxazol-3-
vllcarbamate (215)

215 was prepared in a similar manner described for 214. 55% yield: '"H NMR (400 MHz,
DMSO-d6) 6 10.71 (brs, 1H), 8.35 (d, J = 4.3 Hz, 1H), 7.87 (d, J = 8.6 Hz, 1H), 7.74 (dt, J
= 1.8, 7.3 Hz, 1H), 7.70 (brs, 1H), 7.52 (s, 1H), 7.29 (dt, J = 1.8, 6.7 Hz, 1H), 7.16 (d, J =
7.9 Hz, 1H), 5.00-4.94 (m, 1H), 2.25 (s, 3H), 1.30 (d, / = 6.1 Hz, 6H); LCMS m/z 378 [M +
H]".

2-fluoroethyl {6-[S-methyl-3-(pyridin-2-yl)-1H-pyrazol-4-yl]-1.2-benzoxazol-3-
ylicarbamate (216)

216 was prepared in a similar manner described for 214. 82% yield: '"H NMR (400 MHz,
DMSO-d6) 6 13.15 (brs, 1H), 10.99 (brs, 1H), 8.44 (brs, 1H), 7.94 (d, J = 8.5 Hz, 1H), 7.75
(t,J=6.7Hz, 1H), 7.51 (s, 1H), 7.27 (dt,J = 1.9, 5.5 Hz, 1H), 7.15 (d, J = 8.5 Hz, 1H), 4.78-
4.75 (m, 1H), 4.66-4.62 (m, 1H), 4.49-4.43 (m, 1H), 4.40-4.35 (m, 1H), 2.25 (s, 3H); LCMS
m/z 382 [M + H]".
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2-methoxvethyl {6-[5-methyl-3-(pyridin-2-vyl)-1H-pyrazol-4-yl]-1.2-benzoxazol-3-
vllcarbamate (217)

217 was prepared in a similar manner described for 214. 52% yield: '"H NMR (400 MHz,
DMSO-d6) 6 13.12 (brs, 1H), 10.90 (brs, 1H), 8.45 (d, J = 3.0 Hz, 1H), 7.93 (d, J = 8.6 Hz,
1H), 7.75 (dt,J = 1.2, 7.3 Hz, 1H), 7.51 (brs, 1H), 7.49 (s, 1H), 7.25 (dt, J = 1.2, 6.1 Hz, 1H),
7.14 (d, J = 8.5 Hz, 1H), 4.30-4.23 (m, 2H), 3.61-3.55 (m, 2H), 3.29 (s, 3H), 2.25 (s, 3H);
LCMS m/z 394 [M + H]J".

2-12-[(tert-butoxycarbonvl)amino]ethoxvlethyl {6-[5-methyl-3-(pyridin-2-y1)-1H-

pyrazol-4-vl]-1.2-benzoxazol-3-yllcarbamate (218)

(0] o
o Lo
o)\NH

To a solution of 6-[5-methyl-3-(2-pyridyl)-1-tetrahydropyran-2-yl-pyrazol-4-yl]-1,2-
benzisoxazol-3-amine (212, 600 mg, 1.60 mmol) in CH2Cl, (40 mL) were added 2-[2-(fert-
butoxycarbonylamino)ethoxy]ethyl carbonochloridate (1.71 g, 6.39 mmol) and pyridine
(0.772 mL, 9.59 mmol). The mixture was stirred at room temperature under a nitrogen
atmosphere. After 100 min, the pale ocher solution was poured into saturated aqueous
ammonium chloride solution. The mixture was extracted with CH>Cl,. The organic layer was
washed successively with saturated aqueous sodium hydrogen carbonate solution and brine
and dried over anhydrous sodium sulfate. After the filtration, the filtrate was evaporated and
the residue was purified by flash chromatography on NH-silica gel (15%, AcOEt/n-hexane)
to provide 802 mg of crude 2-[2-(tert-butoxycarbonylamino)ethoxy]ethyl N-[6-[5-methyl-3-
(2-pyridyl)-1-tetrahydropyran-2-yl-pyrazol-4-yl]-1,2-benzisoxazol-3-ylJcarbamate as a
colorless foam. LCMS m/z 607 [M+H]".

To a solution of 390 mg of this crude compound in CH>Cl, (10 mL) was added 4 mol/L

hydrochloric acid in 1,4-dioxane (5 mL). The white suspension was stirred at room
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temperature for 1.5 hours under a nitrogen atmosphere. After the evaporation of solvents, the
residue was purified by flash chromatography on NH-silica gel (8%, MeOH/AcOE}t) to give
207 mg of crude 2-(2-aminoethoxy)ethyl N-[6-[5-methyl-3-(2-pyridyl)-1H-pyrazol-4-yl]-
1,2-benzisoxazol-3-yl]carbamate as a colorless foam. LCMS m/z 423.4 [M+H]".

To a suspension of 100 mg of this crude compound in CH>Cl2/THF (v/v = 9/1) were added
di-fert-butyl dicarbonate (65.2 mg, 0.284 mmol) and triethylamine (0.0660 mL, 0.473 mmol).
The white suspension was gradually changed to a colorless solution while stirring at room
temperature for 4.5 hours under a nitrogen atmosphere. The mixture was poured into saturated
aqueous ammonium chloride solution and extracted with AcOEt. The organic layer was
washed successively with saturated aqueous sodium hydrogen carbonate solution and brine,
dried over anhydrous sodium sulfate, filtered, and concentrated. The residue was purified by
preparative HPLC (H20O: acetonitrile+0.1% HCO:H). The fractions that contained the title
compound with high purity was evaporated to remove acetonitrile. The remaining aqueous
solution was extracted with AcOEt. The organic layer was washed with brine, dried over
anhydrous sodium sulfate, filtered, and concentrated. The residue was purified by flash
chromatography on NH-silica gel (hexane/AcOEt/MeOH = 70/27/3) to give 72.7 mg (0.139
mmol, 37% total) of 5 as a colorless foam. "H-NMR (400 MHz, CDCls) § 11.35-10.35 (brs,
1H), 8.59 (d, J = 4.6 Hz, 1H), 8.22 (d, J = 7.6 Hz, 1H), 7.86 (brs, 1H), 7.48 (s, 1H), 7.48-
7.45 (m, 1H), 7.27 (d, J = 8.4 Hz, 1H), 7.17 (dd, J = 7.6, 4.6 Hz, 1H), 7.09 (d, J = 8.4 Hz,
1H), 5.21-4.87 (m, 1H), 4.45-4.42 (m, 2H), 3.80-3.76 (m, 2H), 3.61 (t, J = 5.0 Hz, 1H), 3.40-
3.29 (m, 2H), 2.27 (s, 3H), 1.44 (s, 9H); HRMS (ESI) caled for C26H31N6Os ([M+H])
523.2305, found 523.2308; HPLC 99.9% (UV integration at 254 nm) retention time 4.993
min (H>O: acetonitrile = 70:30-20:80 + 0.1% HCO>H, 17 min); LCMS m/z 523 [M+H]" (RT
1.97 min) (ESI, H>O: acetonitrile = 100:0-0:100, 0.1% HCO,H, 5 min).

2-(2-aminoethoxy)ethyl {6-[5-methyl-3-(pvridin-2-yl)-1H-pvyrazol-4-vl]-1.2-benzoxazol-
3-ylicarbamate (219)

o
HZN/\/ 10

To a solution of 2-[2-(fert-butoxycarbonylamino)ethoxy]ethyl N-[6-[5-methyl-3-(2-pyridyl)-
1 H-pyrazol-4-yl]-1,2-benzisoxazol-3-yl]carbamate (218, 59.0 mg, 0.113 mmol) in CH2Cl> (2

mL) was added trifluoroacetic acid (0.100 mL, 1.35 mmol) at room temperature under a
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nitrogen atmosphere. After the reaction mixture had been stirred for 30 min, trifluoroacetic
acid (0.403 mL, 5.42 mmol) was added. The mixture was stirred for 15 min. An excess
amount of potassium carbonate powder and MeOH (0.3 mL) were added to the colorless
solution. The mixture was then evaporated and the residue was purified by flash
chromatography on NH-silica gel (5%, MeOH/AcOEt) to give 36.7 mg (0.0869 mmol, 77%)
of 6 as a colorless foam. '"H-NMR (400 MHz, CD;OD) & 8.50 (d, J = 4.6 Hz, 1H), 7.97 (d, J
= 8.4 Hz, 1H), 7.76-7.68 (m, 1H), 7.43-7.30 (m, 3H), 7.15 (d, J = 8.4 Hz, 1H), 4.42-4.39 (m,
2H), 3.78-3.75 (m, 2H), 3.59-3.55 (m, 2H), 2.83-2.79 (m, 2H), 2.34 (s, 3H); HRMS (ESI)
calcd for C21H23N¢O4 ([M+H]") 423.1781, found 423.1774; HPLC 98.9% (UV integration at
254 nm) retention time 10.212 min (H2O: acetonitrile = 95:5-60:40 +0.1% HCO-H, 17 min);
LCMS m/z 423 [M+H]" (RT 1.26 min) (ESI, H2O: acetonitrile = 100:0-0:100, 0.1% HCO,H,

5 min).

Hepcidin mRNA expression inhibitory assay.

A Hep G2 human hepatocellular carcinoma cell line was purchased from American Type
Culture Collection. Hep G2 cells were cultured in DMEM (Gibco, #11995) supplemented
with 10% fetal bovine serum (Hyclone, #SH30071) and 1% Penicillin-Streptomycin (Gibco,
#15140), and maintained under the supplier’s recommended conditions.

Hep G2 cells were seeded in a 96-well plate (sumilon, #MS-8096F) at 90000 cells / well, and
cultured overnight at 37°C and 5% CO,. Solutions of test compounds in Dimethyl sulfoxide
(DMSO) were prepared and diluted to the final concentration in incubation medium (DMEM
+ 10% FBS + 1% penicillin/streptomycin). In addition, human recombinant BMP6 (R&D
systems, #507-BP) was diluted in incubation medium to a final concentration of 50 ng/mL.
The culture medium was discarded and Hep G2 cells were incubated with the medium
containing BMP6 and the reference or test compounds for 6 hours at 37°C and 5% COa..
DMSO-treated cell cultures stimulated with BMP6 or left unstimulated were served as
controls. All measurements were performed in triplicate.

Hep G2 cultures were washed with PBS, and plate was sealed for storage at -80°C until RNA
extraction. The cellular total RNA extraction and cDNA synthesis were performed using
TagMan Gene Expression Cells-to-Ct Kit (Ambion, #4399002) or using SuperPrep Cell Lysis
& RT Kit for gPCR (Toyobo, #SCQ-101) following the provider’s instruction. The cDNA
was stored at -20°C until analyzed by quantitative RT-PCR.

The amount of Hepcidin mRNA was determined by quantitative RT-PCR using the TagMan
technology and a Real-Time PCR System (ViiA 7 Real-Time PCR or 7900HT Fast Real-time
PCR from Applied Biosystems). Cyclophilin A (PPIA) served as an endogenous control. The

measurement of each sample was done in quadruplicate for ViiA 7 Real-Time PCR or singly
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for 7900HT Fast Real-time PCR. The ID of TagMan probe was as follow:

Hepcidin: Hs01057160 gl

PPIA: 4326316E

The mRNA level was calculated by AACt method, or by standard quantification method.
Where: ACt = “Ct of target gene (Hepcidin)” — “Ct of endogenous control gene (PPIA)”.
AACt = “ACt of experimental sample” — “average ACt of DMSO-treated BMP6-

induced controls”.

RQ = (2"(— “AACt”)) x 100

The mRNA level of test and reference compound-treated cells was expressed as % of DMSO-
treated controls. The RQ of the unstimulated control were subtracted before % expression.
Where: % of DMSO-treated control = ((RQ of test sample — RQ of unstimulated control) /
(RQ of DMSO treated control — RQ of unstimulated control)) x 100

Data fit for ICso was determined using GraphPad Prism’s nonlinear regression equation,
where the bottom was fixed to 0% and the top was fixed to 100%.

The PPIA mRNA level was checked to avoid nonspecific gene expression modulation using
the following calculation.

Where: PPIAA = “PPIA Ct of experimental sample” — “average of PPIA Ct of DMSO treated
BMP6 induced controls”.

PPIA RQ =— (1- 2N(PPIAA))) x 100

The experimental sample dosage with PPIA gene variation over or fewer than 30% of DMSO

controls was excluded from ICso calculation.

Kinase Profiling Assay.

Inhibitory profile on several kinases was evaluated by DAIICHI SANKYO RD NOVARE
CO., LTD. using Profiler Pro Plate kit (PerkinElmer, plate 1 to 8), following the provider’s
instruction (http://www.perkinelmer.co.jp/reader/tabid/164/Default.aspx).

Compound 28 (0.5 uM)

Inhibition Inhibition Inhibition
(%) (%) (o)
MAPKAPK?2 8.0 Abl(H396P) 43 DYRK3 4.7
AurA 4.7 PDGFR _alpha 3.7 DYRKA4 -2.0
PKCz 2.3 FGFR2(N549H) 3.0 CLK2 97.0
RSK1 2.7 Hck 1.7 MSTIR -5.3
PRAK 1.7 F1t3(D835Y) 373 HIPK1 323
Erkl 4.0 Fer -1.3 HIPK2 40.3
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PKD2 6.3 AKT3 5.0 RSK4 8.3

CKl1d 14.0 CaMKII gamma -2.3 PDGFR-alpha 3.0
(V561D)

CHK1 3.0 MSK2 0.0 EPHAS 4.7
ABL 1.0 p38-gamma 0.0 CDKS5/p25 2.7
FYN 4.7 PKD1 53 BLK 23
LYN 4.0 MARK2 1.0 ALK 3.7

CHK2 2.0 BMX 2.3 PYK2 1.0
MET 43 CSNK1Al 14.7 DAPK1 -3.3

Casein kinase
LCK 6.0 PKD3 7.3 5.0
1g2
SRC 5.7 BRSK1 2.0 FRK 1.0

GSK3b 4.3 NEK2 -1.3 JAK2 8.7
Erk2 0.7 PIM1 -4.7 ROS (ROS1) 9.3
PKA 11.7 SGK2 -13.3 RET 10.0

AKT?2 7.0 SGK3 0.3 EPHBI 2.3
INSR 4.3 Arg 2.0 FGFR3 [K650E] 0.3

EGFR (ErbB1)
p38a 3.0 DCAMKL2 -11.3 8.0
T790M, L858R

AKTI 3.7 RSK2 7.0 RET Y791F 9.0

MSK1 1.7 RSK3 10.3 TXK -12.0

PKCb2 6.0 BRSK2 -4.0 ITK 2.7
ROCK2 5.0 PKC-alpha 11.0 TYRO3 0.0

CDK2 6.0 PKC-betal 2.0 CaMK?2a -10.7

MST2 1.7 PKC-gamma 8.3 KIT -25.0
PKGa 4.0 PKC-delta 6.7 TRKC (NTRK3) 7.0
PAK2 43 PKC-epsilon 8.7 Mer 18.3

CKl1g3
IGFIR 9.3 PKC-eta 6.0 4.0
(CSNK1G3)

FGFRI1 8.0 PKC-theta 9.0 MET M1250T 2.7
MARKI1 1.7 EPHAL1 19.3 AXL 4.0
CAMK2 5.0 EPHA2 12.0 MARKA4 1.3

PIM2 -7.3 EPHA3 4.7 MELK 12.3
CDK1/Cycline
BTK 0.3 EPHA4 7.7 4.0

B1
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c-TAK1 2.3 EPHAS 5.3 KIT[T670I] -34.3
AMPK
DYRKIla 92.0 EPHB2 43 alpha2/betal/ga -12.0
mmal
PRKCI (PKC-
CAMKA4 11.0 EPHB3 3.7 -1.7
iota )

AMPK 9.0 EPHB4 7.7 ZIPK (DAPK3) 4.0
FLT3 9.7 DYRKIB 86.7 Ret (V804L) 10.3
HGK 2.7 LYNB 6.7 SRM (SRMS) 3.7
KDR 53 GCK 17.0 PRKX 2.0
c-Raf 1.7 MINK 4.3 GSK3-alpha 1.3

FGFRI1

p70S6K 58.3 ABLI1(E255K) 8.7 0.7
(V561M)

IRAK4 12.0 FGR -9.0 NTRK2 (TRKB) 19.0

p38alpha/SAPK
SGK1 11.0 MST1 7.0 -1.3
2a (T106M)

SYK 1.0 FLT1 5.3 DDR2 0.7

AurB 9.3 ABLI1(Y253F) 6.7 CK1-epsilon 9.3

FGFR2 4.0 FES -1.7 MST3 (STK24) 2.3
PDGFRA

FGFR3 3.7 FLT4 11.7 9.7
(D842V)

ADbI(Q252H) 3.3 TEC 3.7 NuaK1 -0.3

AurC 3.7 ABL1(G250E) 7.0 CK1-gammal 1.3

FGFR4 3.0 LTK 10.3 NEK1 2.3

EGFR 9.3 FMS 6.7 PDGEFR beta 1.7
MNK1
ADbI(T3151) 7.3 HER4 1.0 2.3
(MKNK1)
IKK-beta 16.7 ROCK1 3.0 PAK4 4.7
MAPKAPK3 2.0 PASK 1.0 CaMKla 1.7
p38-beta2 0.7 PhKgl -0.3 PAK3 1.7
IKBKE (IKK
TSSK1 -6.7 Yes -2.0 1.7
epsilon)
PKG1-beta 6.3 PIM3 0.0 PAKS (PAK7) 4.7
CaMKII bet
8.3 PhKg2 0.0 CamKl1d 23

a

208




p38-delta 2.3 DCAMKLI 2.0 LOK 14.7
TSSK2 0.7 EGFR(T790M) -1.3 CDK3 4.3
Compound 139 (0.45 uM)
Inhibition Inhibition Inhibition
(%) (%) (%)

AKT1 -1.7 PRAK -1.7 EPHAL1 21.0

AKT2 -2.0 TSSK1 -1.0 EPHA2 8.0

AKT3 1.3 TSSK2 -3.0 EPHA3 5.0

MSK1 1.3 ZIPK (DAPK3) 0.3 EPHA4 0.7

MSK2 -3.3 Casein kinase 1g2 0.7 EPHAS 3.0

p70S6K 1.3 CK1d 5.0 EPHAS 3.7

PKA 3.0 CK1-epsilon 2.7 EPHBI 6.7
CKl1g3
PKC-alpha 13.7 -0.7 EPHB2 6.7
(CSNK1G3)

PKCb2 3.7 CK1-gammal 5.0 EPHB3 2.7
PKC-betal 7.7 CSNK1Al 2.3 EPHB4 8.0
PKC-delta 53 CDK1 CyclinB 53 Fer 2.3

PKC-epsilon 9.0 CDK1/Cycline B1 1.3 FES -33
PKC-eta 0.3 CDK2 6.0 FGFR1 35.0
FGFR1
PKC-gamma 18.7 CDK3 7.3 23.7
(V561M)
PKC-theta 3.0 CDK4 CyclinD3 -8.3 FGFR2 21.7
FGFR2
PKCz 7.0 CDKS5/p25 0.3 40.0
(N549H)
PKGl-beta 8.0 CDK6 CyclinD3 5.3 FGFR3 14.0
FGFR3
PKGa -1.7 CDK9 9.3 52.0
(K650E)
FGFR3
PRKCI (PKC-iota ) -6.7 CLK2 9.0 68.3
(K650M)
PRKX 0.3 CLK3 6.7 FGFR4 0.7
FGFR4(V55
ROCKI1 -2.0 DYRKIla 6.3 2.7
OL)
ROCK2 0.7 DYRKIB 19.7 FGR 13.0
RSK1 27.3 DYRK2 8.0 FLT1 12.7
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RSK2 36.0 DYRK3 2.0 FLT3 96.7

RSK3 42.7 DYRK4 2.7 F1t3(D835Y) 89.0
RSK4 50.7 Erkl 1.3 FLT4 10.0
SGK1 2.3 Erk2 -0.3 FMS -22.7
SGK2 -13.7 GSK3-alpha -1.0 FRK 313
SGK3 3.3 GSK3b 1.3 FYN 46.0
AurA 7.0 HIPK1 2.7 Hck 30.3
AurB 11.0 HIPK2 5.0 HER4 -7.0
AurC -1.0 HIPK3 2.7 IGF1R 3.0
IKBKE (IKK
6.3 HIPK4 1.3 INSR 3.0
epsilon)
IKK-beta 2.3 MSSK1 2.0 ITK 89.0
NEK1 3.7 p38a 1.7 JAK2 26.0
p38alpha/SAPK2a
NEK?2 3.3 1.3 JAK3 -15.7
(T106M)
NEK6 3.3 p38-beta2 -1.3 KDR 35.7
NEK9 1.7 p38-delta 4.3 KIT 24.7
AMPK 26.0 p38-gamma 0.0 KIT(T670I) -10.0
AMPK-
alpha2/betal/gamma 26.0 SRPK2 0.3 LCK 323
1
BRSK1 14.0 GCK 66.0 LTK 0.0
BRSK2 13.3 HGK 73.3 LYN 323
CaMKla -0.7 KHS1 85.0 LYNB 243
CamK1d 0.7 LOK 9.3 Mer 0.7
CAMK?2 19.7 MINK 83.7 MET 5.7
MET
CaMK2a 2.7 MST1 333 5.0
M1250T
CAMKA4 0.0 MST2 1.7 MSTIR -1.0
NTRK2
CaMKII beta -0.3 MST3 (STK24) 44.7 85.7
(TRKB)
CaMKII gamma 3.0 PAK2 2.7 PDGEFR beta 78.3
PDGFR alph
CHK1 2.3 PAK3 3.7 . 11.7
CHK2 3.0 PAK4 4.0 PDGFRA 79.3
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(D842V)

PDGFR-
DAPK1 -1.3 PAKS (PAK7) 5.3 alpha 30.0
(V561D)
DCAMKLI1 0.0 SLK 62.3 PYK2 4.7
DCAMKIL2 7.0 YSK 31.0 RET 59.0
RET(M918T
MAPKAPK?2 0.3 ABL 82.0 ) 57.7
MAPKAPK3 4.0 AbI(H396P) 84.0 Ret (V804L) 21.3
MARK1 36.7 AbI(Q252H) 72.0 RET Y791F 58.7
MARK2 35.0 AbI(T3151) 58.7 ROS (ROS1) 1.3
MARK4 37.0 ABLI(E255K) 72.7 SRC 51.7
SRM
MELK 38.0 ABLI1(G250E) 68.0 9.0
(SRMS)

MNK1 (MKNK1) 6.7 ABLI(Y253F) 76.0 SYK 2.7
MNK2 -1.0 ACK 13.0 TEC 7.0
NuaK1 13.0 ALK 26.0 TRKA 93.7

TRKC
PASK -2.0 Arg 66.3 95.0
(NTRK3)

PhKgl 0.7 AXL 0.3 TXK -0.7
PhKg2 1.7 BLK 20.0 TYRO3 13.3
PIM1 4.0 BMX 4.7 Yes 49.0
PIM2 -1.7 BTK 5.0 c-Raf 7.0
PIM3 2.3 DDR2 66.0 c-TAK1 15.0
PKD1 1.3 EGFR -6.0 IRAK1 43

EGEFR (ErbB1)
PKD2 6.7 1.3 IRAK4 11.0
T790M L858R
LRRK2
PKD3 0.3 EGFR(T790M) 0.7 18.7
(G2019S)
Compound 148 (0.19 uM)
Inhibition Inhibition Inhibition
(%) (%) (%)
MAPKAP
1.7 MSK2 -3.3 JAK?2 6.3
K2
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AurA 33 p38-gamma -3.0 ROS (ROS1) -1.7
PKCz 23 PKDI1 7.0 RET 473
RSK1 4.7 MARK2 -5.3 EPHBI1 1.3
PRAK 1.3 BMX -3.7 FGFR3 [K650E] 55.3
EGEFR (ErbB1) T790M
Erkl 3.7 CSNK1Al 0.7 -1.0
L858R
PKD2 9.0 PKD3 4.7 RET Y791F 40.0
CK1d 0.0 BRSK1 1.7 TXK -8.3
CHK1 -8.7 NEK2 12.0 ITK 24.7
ABL 83.7 PIM1 -1.3 TYRO3 10.0
FYN 12.3 SGK2 -20.3 CaMK?2a 2.3
LYN 13.7 SGK3 4.0 KIT -19.7
CHK2 3.0 Arg 57.0 TRKC (NTRK3) 42.0
MET 7.3 DCAMKL2 -1.7 Mer -4.0
LCK 26.7 RSK2 -5.7 CK1g3 (CSNK1G3) 1.0
SRC 15.7 RSK3 -2.3 MET M1250T 2.0
GSK3b 3.3 BRSK2 6.3 AXL 23
Erk2 4.7 PKC-alpha -1.7 MARK4 0.7
PKA 5.7 PKC-betal 3.0 MELK 51.0
AKT?2 1.0 PKC-gamma -71.3 CDK1/Cycline B1 2.3
INSR 1.7 PKC-delta 0.0 KIT[T6701] -27.7
AMPK-
p38a 2.3 PKC-epsilon 3.0 13.7
alpha2/betal/gammal
AKT1 1.7 PKC-eta 2.7 PRKCI (PKC-iota ) -7.0
MSK1 1.3 PKC-theta 1.7 ZIPK (DAPK3) -2.0
PKCb2 0.3 EPHALI 6.3 Ret (V804L) 7.0
ROCK2 -1.0 EPHA2 -0.3 SRM (SRMS) 3.7
CDK2 -1.7 EPHA3 1.3 PRKX 2.3
MST2 4.7 EPHA4 2.0 GSK3-alpha 1.7
PKGa -3.7 EPHAS 3.0 FGFR1 (V561M) 6.0
PAK2 -3.0 EPHB2 4.0 NTRK2 (TRKB) 18.3
IGF1R 5.0 EPHB3 1.0 paSalpha/SAPI2a 0.3
(T106M)
FGFRI1 10.3 EPHB4 0.3 DDR2 5.3
MARK1 5.3 DYRKI1B 3.0 CK1-epsilon 33
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CAMK2 1.0 LYNB 10.7 MST3 (STK24) 33.0
PIM2 2.0 GCK 16.7 PDGFRA (D842V) 99.7
BTK -1.7 MINK 82.7 NuaK1 2.3

ABL1(E255K

c-TAK1 0.3 ) 64.7 CKl1-gammal -0.3

DYRKIl1a 33 FGR -3.0 NEK1 1.3

CAMK4 1.3 MST1 28.0 PDGFR beta 97.0

AMPK 38.7 FLT1 14.7 MNKI1 (MKNK1) -1.0
FLT3 77.3 ABLI1(Y253F) 69.3 PAK4 0.7
HGK 72.0 FES -5.0 CaMKla 0.3
KDR 51.0 FLT4 28.3 PAK3 -0.7
c-Raf 4.7 TEC 2.0 IKBKE (IKK epsilon) 1.0
ABLI1(G250E
p70S6K 5.7 ) 68.3 PAKS (PAK7) 2.7
IRAK4 4.3 LTK 0.3 CamK1d -1.7
SGK1 6.3 FMS 21.3 LOK 4.3
SYK 4.7 HER4 -8.7 CDK3 1.7
AurB -23 ROCKI1 -71.3 NEK6 -1.0
FGFR2 4.0 PASK -33 ACK 3.0
FGFR3 6.3 PhKgl 2.0 LRRK2(G2019S) 18.0
ADbI(Q252
71.0 Yes 3.7 KHSI1 80.3
H)
AurC -12.7 PIM3 -3.7 NEK9 -3.0
FGFR4 5.3 PhKg2 -4.0 TRKA 37.7
EGFR -6.7 DCAMKLI -1.3 SLK 29.7
AbI(T3151 EGFR(T790M
51.7 0.7 YSK 20.0
) )
IKK-beta 8.0 DYRK3 1.7 CDK1 CyclinB -2.0
MAPKAP
-1.7 DYRK4 -0.7 CDK4 CyclinD3 -8.0
K3
p38-beta2 -1.7 CLK2 -0.3 CDK6 CyclinD3 -2.0
TSSK1 -6.3 MSTIR -43 CDK9 -1.0
PKGI1-
-3.3 HIPK1 0.7 CLK3 -1.3
beta
CaMKII 1.7 HIPK2 2.7 DYRK2 -0.7
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_beta

p38-delta 4.7 RSK4 -2.0 HIPK3 1.0
PDGFR-alpha
TSSK2 -2.0 63.3 HIPK4 -0.7
(V561D)
Abl(H396
86.3 EPHAS 9.3 MSSK1 93
P)
PDGFR
36.0 CDK5/p25 -4.0 IRAK1 2.7
_alpha
FGFR2
19.7 BLK 3.7 JAK3 -10.3
(N549H)
Hck 6.7 ALK 6.7 FGFR4(V550L) 0.7
F1t3(D835
93.7 PYK2 -1.7 SRPK2 -10.3
Y)
Fer 2.3 DAPK1 -14.3 MNK2 0.0
Casein kinase
AKT3 0.7 33 FGFR3(K650M) 64.0
1g2
CaMKII
-4.0 FRK 33 RET(M918T) 41.0
__gamma
Compound 161 (DS28120313) (0.164 uM)
Inhibition Inhibition Inhibition
(%) (%) (%)
MAPKAP
7.0 MSK2 4.0 JAK?2 -4.3
K2
AurA 6.7 p38-gamma 0.3 ROS (ROS1) 4.0
PKCz 11.7 PKD1 -3.0 RET 7.3
RSK1 17.0 MARK2 -4.7 EPHBI1 3.0
PRAK 33 BMX 17.7 FGFR3 [K650E] 12.0
EGEFR (ErbB1) T790M
Erk1 7.0 CSNKI1A1 5.0 1.0
L858R
PKD2 9.3 PKD3 2.7 RETY791F 6.0
CKl1d 4.7 BRSK1 -1.0 TXK 1.3
CHK1 5.3 NEK2 1.0 ITK 6.0
ABL 7.0 PIM1 -13.7 TYRO3 7.7
FYN 10.3 SGK2 -0.7 CaMK2a -0.3
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LYN 10.0 SGK3 3.0 KIT 4.0
CHK2 9.7 Arg 0.7 TRKC (NTRK3) 7.3
MET 0.0 DCAMKIL2 -1.3 Mer 6.0
LCK 17.3 RSK2 1.7 CK1g3 (CSNK1G3) 5.3
SRC 5.7 RSK3 4.7 MET M1250T -0.3
GSK3b -19.3 BRSK2 -6.7 AXL 4.0
Erk2 9.0 PKC-alpha 1.3 MARK4 7.3
PKA 5.7 PKC-betal -11.7 MELK 10.7
AKT2 1.3 PKC-gamma -2.7 CDK1/Cycline B1 -0.3
INSR -6.0 PKC-delta -22.7 KIT[T6701] 1.0
AMPK-
p38a 5.7 PKC-epsilon -4.0 0.3
alpha2/betal/gammal
AKT1 9.3 PKC-eta -4.7 PRKCI (PKC-iota ) 2.3
MSK1 7.7 PKC-theta 7.0 ZIPK (DAPK3) -1.0
PKCb2 5.7 EPHALI 1.0 Ret (V804L) 0.7
ROCK2 -3.0 EPHA2 -2.3 SRM (SRMS) 3.3
CDK2 9.0 EPHA3 -6.7 PRKX -33
MST2 -11.7 EPHA4 -23 GSK3-alpha 1.0
PKGa 0.7 EPHAS -1.0 FGFR1 (V561M) 4.7
PAK2 12.0 EPHB2 -1.0 NTRK2 (TRKB) 4.0
IGF1R 5.7 EPHB3 0.7 pasalpha/SATK2a 0.7
(T106M)
FGFRI1 9.7 EPHB4 2.3 DDR2 1.7
MARKI1 -16.0 DYRKIB 0.3 CK1-epsilon 2.7
CAMK2 -12.7 LYNB -0.3 MST3 (STK24) 6.0
PIM2 -6.0 GCK 7.0 PDGFRA (D842V) 23.7
BTK -29.3 MINK 7.0 NuaK1 0.7
ABLI(E255K

c-TAK1 2.0 ) 23 CK1-gammal -2.7
DYRKIla 33 FGR -43 NEK1 -1.3
CAMKA4 -14.7 MSTI 23 PDGEFR beta 21.0
AMPK 10.7 FLT1 1.3 MNK1 (MKNK1) 3.3
FLT3 5.0 ABLI1(Y253F) 6.7 PAK4 5.7
HGK 5.0 FES 11.7 CaMKla 3.3
KDR 11.7 FLT4 53 PAK3 -2.0
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c-Raf 10.0 TEC -4.3 IKBKE (IKK epsilon) 0.3
ABL1(G250E
p70S6K 14.7 ) 7.3 PAKS5 (PAK?7) 5.0
IRAK4 -7.7 LTK -2.7 CamK1d 93
SGK1 0.3 FMS -0.7 LOK 3.7
SYK 8.0 HER4 -1.7 CDK3 -8.3
AurB 1.0 ROCK1 -0.3 NEK6 43
FGFR2 -5.3 PASK -3.0 ACK 0.7
FGFR3 -8.7 PhKgl 1.0 LRRK2(G2019S) 2.3
ADbI(Q252
0.3 Yes 3.0 KHS1 8.3
H)
AurC 6.3 PIM3 23 NEK9 0.3
FGFR4 1.3 PhKg2 -1.7 TRKA 1.3
EGFR -2.0 DCAMKLI -4.7 SLK 4.7
ADbI(T3151 EGFR(T790M
-3.7 1.3 YSK 2.7
) )
IKK-beta -3.7 DYRK3 5.3 CDK1 _CyclinB 4.0
MAPKAP
6.3 DYRK4 2.7 CDK4 CyclinD3 -0.7
K3
p38-beta2 1.7 CLK2 0.7 CDK6 CyclinD3 2.7
TSSK1 4.3 MSTIR -5.0 CDK9 0.0
PKG1-
-10.3 HIPK1 0.0 CLK3 3.7
beta
CaMKII
28.0 HIPK?2 33 DYRK?2 4.7
_beta
p38-delta 0.7 RSK4 13.3 HIPK3 1.0
PDGFR-alpha
TSSK2 -5.7 -15.3 HIPK4 -4.0
(V561D)
ADI(H396
1.7 EPHAS -1.7 MSSK1 0.7
P)
PDGFR
11.7 CDK5/p25 6.3 IRAKI1 3.0
_alpha
FGFR2
-33 BLK 6.7 JAK3 0.0
(N549H)
Hck 0.0 ALK 4.3 FGFR4(V550L) 1.7
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FIt3(D835

PYK2 2.7 SRPK2 -11.3
Y)
Fer -1.3 DAPK1 -3.7 MNK2 -0.7
Casein kinase
AKT3 -2.0 2.3 FGFR3(K650M) 12.3
1g2

CaMKII
18.0 FRK 5.0 RET(M918T) 6.7

_gamma

Compound 191 (0.49 uM)
Inhibition Inhibition Inhibition

(%) (%) (o)

AKTI1 2.3 PRAK -0.3 EPHA1 33

AKT2 3.0 TSSK1 1.0 EPHA2 -0.3

AKTS3 7.3 TSSK2 2.0 EPHA3 0.7

MSK1 5.7 ZIPK (DAPK3) 2.3 EPHA4 2.3

MSK2 -3.7 Casein kinase 1g2 1.0 EPHAS 3.0

p70S6K -53 CK1d 6.7 EPHAS -2.7

PKA 2.3 CK1-epsilon 1.0 EPHBI 1.3
CKlg3
PKC-alpha 2.0 2.3 EPHB2 5.3
(CSNK1G3)

PKCb2 53 CKI-gammal 0.7 EPHB3 0.7
PKC-betal 5.0 CSNK1Al 1.7 EPHB4 1.7
PKC-delta 6.7 CDKI1 CyclinB 5.3 Fer 0.3

PKC-epsilon 4.7 CDK1/Cycline B1 20.0 FES -5.3
PKC-eta 7.0 CDK2 1.3 FGFR1 0.7
FGFR1
PKC-gamma 2.0 CDK3 3.3 3.7
(V561M)
PKC-theta 6.0 CDK4 CyclinD3 -6.7 FGFR2 -0.7
FGFR2
PKCz 5.0 CDKS5/p25 4.3 0.0
(N549H)
PKG1-beta 2.0 CDK6 CyclinD3 1.7 FGFR3 -0.3
FGFR3
PKGa 0.0 CDK9 2.3 -1.7
(K650E)
FGFR3
PRKCI (PKC-iota ) 1.0 CLK2 -0.7 6.3
(K650M)
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PRKX -1.7 CLK3 0.7 FGFR4 0.3
FGFR4(VS55
ROCKI1 1.0 DYRKIa 4.7 4.0
OL)

ROCK2 8.7 DYRKIB 2.0 FGR -4.0
RSK1 2.3 DYRK2 3.3 FLT1 -2.3
RSK2 -2.0 DYRK3 1.0 FLT3 3.7
RSK3 2.0 DYRK4 1.3 F1t3(D835Y) 15.3
RSK4 -1.3 Erkl 3.7 FLT4 2.7
SGK1 2.3 Erk2 -0.3 FMS -14.7
SGK2 -18.7 GSK3-alpha 2.0 FRK 1.3
SGK3 1.3 GSK3b 6.7 FYN 2.7
AurA 5.7 HIPK1 1.7 Hck 33
AurB -6.3 HIPK2 2.7 HER4 -10.0
AurC -33 HIPK3 1.3 IGFIR 1.3

IKBKE (IKK
1.7 HIPK4 1.7 INSR 2.3
epsilon)

IKK-beta 2.3 MSSK1 4.0 ITK -1.0
NEK1 0.3 p38a -1.7 JAK2 -1.7
NEK2 10.7 pesalpraBEtiss -0.3 JAK3 -7.3

(T106M)
NEK6 2.7 p38-beta2 0.7 KDR 5.0
NEK9 1.7 p38-delta 4.3 KIT 1.0
AMPK 2.0 p38-gamma -2.3 KIT(T670I) -1.7
AMPK-
alpha2/betal/gamma 33 SRPK2 2.3 LCK 5.7
1

BRSK1 1.7 GCK 11.3 LTK -3.3

BRSK?2 2.3 HGK 4.0 LYN 6.7

CaMKla 2.3 KHSI1 6.3 LYNB 3.0

CamK1d -4.3 LOK 9.7 Mer 11.3

CAMK2 -7.0 MINK -0.3 MET 7.3

MET
CaMK2a 1.3 MSTI1 9.3 1.3
M1250T
CAMK4 2.3 MST?2 1.0 MSTIR -3.0
CaMKII beta 2.3 MST3 (STK24) 2.3 NTRK2 43
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(TRKB)

CaMKII gamma 6.0 PAK2 -0.3 PDGFR beta 20.0
PDGFR alph
CHK1 0.0 PAK3 -4.3 0.7
a
PDGFRA
CHK2 8.0 PAK4 -3.0 31.7
(D842V)
PDGFR-
DAPK1 -2.7 PAKS (PAK7) -1.0 alpha -0.7
(V561D)
DCAMKLI 0.0 SLK 4.7 PYK2 1.3
DCAMKIL2 2.0 YSK 43 RET 15.0
RET(M918T
MAPKAPK?2 2.7 ABL 383 ) 1.0
MAPKAPK3 -1.3 AbI(H396P) 36.7 Ret (V804L) -0.7
MARK1 3.3 ADI(Q252H) 30.3 RET Y791F 0.0
MARK?2 -1.0 AbI(T3151) 11.0 ROS (ROS1) 2.3
MARKA4 8.7 ABL1(E255K) 21.3 SRC 5.0
SRM
MELK 4.0 ABLI1(G250E) 23.7 2.3
(SRMS)

MNK1 (MKNK1) 3.0 ABLI(Y253F) 243 SYK 0.7
MNK2 -1.7 ACK 2.3 TEC 3.7
NuaK1 5.7 ALK 0.3 TRKA 3.7

TRKC
PASK 1.3 Arg 7.7 6.3
(NTRK3)
PhKgl 2.3 AXL -0.3 TXK -0.3
PhKg2 0.3 BLK 1.0 TYRO3 8.7
PIM1 9.0 BMX -0.7 Yes -8.0
PIM2 -6.0 BTK 0.3 c-Raf 1.0
PIM3 -4.0 DDR2 2.0 c-TAK1 6.0
PKDI1 1.7 EGFR 213 IRAK1 6.7
EGFR (ErbB1)
PKD2 7.7 -1.0 IRAK4 2.0
T790M / L858R
LRRK2
PKD3 -43 EGFR(T790M) 0.7 53
(G2019S)
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Compound 205 (DS79182026) (0.078uM)

Inhibition (%) Inhibition (%) Inhibition (%)
AKTI1 -1.0 CHK2 0.7 ABL 34.0
AKT2 4.0 MAPKAPK?2 47 BTK 7.7
MSK 1 5.7 MARK 1 3.3 FGFRI1 2.7
p70S6K 4.0 PIM2 1.7 FLT3 0.3
PKA 23 PKD2 0.7 FYN 43
PKCb2 8.7 PRAK 3.0 IGFIR 2.3
PKCz 2.7 CK1d 10.7 INSR 1.7
PKGa 33 CDK2 43 KDR 17.3
ROCK2 2.0 DYRKla 9.7 LCK 4.7
RSK1 0.3 Erkl 8.0 LYN 0.3
SGK1 -10.0 Erk2 0.7 MET 1.0
AurA 1.7 GSK3b 10.0 SRC 2.3
AMPK 2.7 p38a 5.7 SYK 0.0
CAMK?2 3.7 HGK 40.7 c-Raf 0.7
CAMKA4 6.7 MST2 2.0 ¢-TAK1 33
CHK1 1.3 PAK2 5.3 IRAK4 5.7

Microsome Metabolic Stability Assay (MS & UGT).

Pooled human liver microsomes and pooled CD1 mouse liver microsomes were purchased
from Xenotech, LLC. B-nicotinamide adenine dinucleotide phosphate (B-NADP), D-glucose-
6-phosphate (G-6-P) and glucose-6-phosphate dehydrogenase (G-6-PDH) were purchased
from Oriental Yeast Co., Ltd. A 100-uL of microsomes (final concentration: 0.5 mg
protein/mL), 30 mM of G-6-P, 3 units/mL of G-6-PDH and the substrate (final concentration:
1 uM) were mixed to prepare the reaction mixture. The metabolic reaction was initiated by
the addition of the 3 mM of B-NADP to the reaction mixture. After 0 and 30-min incubation
at 37°C, a 90-puL aliquot of the reaction was drawn and the reaction was terminated by the
addition to a 410 pL of mixture (acetonitrile/methanol =75/25, v/v) containing 15 ng/mL of
Niflumic acid (as internal standard). Each of the incubation samples was centrifuged at 2,400
x g for 12 min at 4°C. The supernatant was subjected to LC-MS/MS analysis. MS stability
(%) was calculated using the peak area ratio (PAR) of the test substance to the internal

standard by the equation 1 described below.

PAR at 30 min
PAR at 0 min

MS stability (%) = x 100 (equation 1)
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Pooled human liver microsomes and pooled mouse liver microsomes were purchased from
Xenotech, LLC. A 15-uL of microsomes (final concentration: 0.5 mg protein/mL), 25 mM
of UDPGA (16 uL) and 5X assay buffer (40 uL) and 137 uL of distilled water were mixed
to prepare the reaction mixture. The metabolic reaction was initiated by the addition of the
substrate (final concentration: 1 uM) to the reaction mixture. After 0 and 30-min incubation
at 37°C, a 40-uL aliquot of the reaction was drawn and the reaction was terminated by the
addition to a mixture of acetonitrile (40 pL) and methanol containing IS (40 pL). Each of the
incubation samples was centrifuged at 2,400 x g for 12 min at 4°C. The supernatant was
subjected to LC-MS/MS analysis. UGT stability (%) was calculated using the peak area ratio
(PAR) of the test substance to the internal standard by the equation 2 described below.

UGT stability (%) = = =22 x 100 (equation 2)

Pharmacokinetic evaluation in mice.

Male C57BL/6N mice were purchased at 5 weeks old from Charles River Laboratories Japan,
Inc (Kanagawa, Japan) and acclimated in stainless steel cages for 7-11 days in the controlled
animal area. The tested compounds were suspended in a 0.5 (w/v) % methyl cellulose 400
solution (Wako pure chemical industries) for oral and intraperitoneal administration. Dosing
formulations (3 mg/mL) were administered to male C57BL/6N mice at 10 mL/kg after
overnight fasting. A blood sample of approximately 0.2 mL was collected from the jugular
vein with a heparinized syringe. The blood was centrifuged at 14,000 rpm for 3 min at 4 °C
(himac CR15D, Hitachi Koki Co., Ltd rotor: RT15A2) to obtain the plasma. The plasma was
stored frozen at 20 °C until use for measurement of plasma concentration. The determination
of the plasma concentration was performed by LC-MS/MS method using API 4000QTRAP
(Applied Biosystems/MDS SCIEX). PK parameters were calculated by a non-compartmental
model using Winnonlin (version 4.0.1, Pharsight Corp.).

Protein expression, purification, crystallization and structure
determination.

The coding sequence of the human DYRK1 A kinase domain was synthesized (Thermo Fisher
Scientific K.K., Japan) and cloned into pET24b expression vector. Two 6x His-tags were
introduced at the N-terminus of the DYRK 1A kinase domain with a HRV3c protease cleavage
site. Protein was expressed in an E.coli BL21(DE3). Expressed DYRKI1A protein was
purified through sequential Ni**-affinity chromatography, tag removal with HRV3c protease,

and size-exclusion chromatography steps. The protein was concentrated to 20 mg/ml in a
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final buffer of 20 mM Tris pH 8.0, 500 mM NaCl, 1 mM TCEP. A compound in DMSO
solution was added to the protein to a final concentration of 6.5 mM, store at 4°C for several
hours, then applied to crystallization. The DYRK1A - Compound 28 co-crystal was grown
from a reservoir solution containing 2.0 M Ammonium sulfate. The DYRK1A - Compound
59 co-crystal was grown from a reservoir solution containing 20% w/v Polyethylene glycol
monomethyl ether 2,000. Crystals were soaked in a solution containing the reservoir
condition supplemented by 25% ethylene glycol and were flash-frozen in liquid nitrogen.
Diffraction data of the soaked crystal were collected at the beamline BL15a and BL17 of
Photon Factory, Japan.

The diffraction data were processed using HKL2000%%* and the structure was solved by
molecular replacement with PHASER*®® using the DYRK 1A structure (PDB code: 2VK3) as
a search. The model was refined and built using Refmac*® and Coot**®. The final model and
structure factors were deposited to PDB with accession codes of 6A1F for Compound 28 and
6A1G for Compound 69 complex. All figures of the crystal structures were prepared with the
program PyMOL (The PyMOL Molecular Graphics System, Schrodinger, LLC).
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