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ACD Advanced Chemistry Development

AcOH acetic acid

ADC antibody-drug conjugate

ADDP 1,1’-(azodicarbonyl)dipiperidine

ADME absorption, distribution, metabolism, excretion

ADP adenosine diphosphate

ALK anaplastic lymphoma kinase

aaq. agueous

Ar aryl

ATP adenosine triphosphate

AUC area under the curve

BAIAP2L1 brain-specific angiogenesis inhibitor 1-associated protein 2-like
protein 1)

BCG Bacille de Calmette et Guérin

BINAP 2,2’-bis(diphenylphosphino)-1,1’-binaphthyl

Boc tert-butoxycarbonyl

n-BusP tri-n-butylphosphine

CLint intrinsic clearance

ClLot total body clearance

Chax maximum plasma concentration

conc. concentrated

m-CPBA 3-chloroperoxybenzoic acid

CRC concentration-response curves

CSF1R colony stimulating factor 1 receptor

DCE 1,2-dichloroethane

DIPEA N,N-diisopropylethylamine

DMAc N,N-dimethylacetamide

DME 1,2-dimethoxyethane

DMF N,N-dimethylformamide

DMSO dimethyl sulfoxide

EDCI 1-ethyl-3-(3-dimethylaminopropyl)carbodiimide

EDTA ethylenediaminetetraacetic acid

EGFR epidermal growth factor receptor

EGTA ethylene glycol tetraacetic acid

Eromo highest occupied molecular orbital energy

ELISA enzyme-linked immunosorbent assay



ESI electrospray ionization

Et ethyl

EtsN triethylamine

Et.0 diethyl ether

EtOAC ethyl acetate

EtOH ethanol

F bioavailability

FBS fetal bovine serum

FDA Food and Drug Administration

FGF fibroblast growth factor

FGFR fibroblast growth factor receptor

FLT3 FMS-like receptor tyrosine kinase 3

GC gemcitabine-cisplatin

h hour(s)

HATU O-(7-aza-1H-benzotriazol-1-y)-N,NV,N,N~-tetramethyluronium
hexafluorophosphate

HBA hydrogen bond acceptor

HBD hydrogen bond donor

HER human epidermal growth factor receptor

hERG human ether-a-go-go related gene

HOBt 1-hydroxybenzotriazole monohydrate

HRMS high resolution mass spectra

HTS high-throughput screening

ICso half maximal (50%) inhibitory concentration

ICR Institute of Cancer Research

IPA isopropyl alcohol

IPE diisopropyl ether

JP2 2nd fluid for disintegration test in the Japanese Pharmacopeia

LBDD ligand-based drug design

LC-MS liauid chromatography-mass spectrometry

LogD distribution coefficient

M mol/L

MAPK mitogen-activated protein kinase

MD molecular dynamics

Me methyl

MeCN acetonitrile

MEK mitogen-activated protein kinase kinase

MeOH methanol

min minute(s)

MS mass spectra



MsOH
MVAC
NaBH(OAC)s
NADPH
NaOAc
NMP
NTRK
PAMPA
PBS
PD-1
Pd/C
Pd(OAc):
Pd(PPhs)4
PEG
PIsK
quant.
Raf

Ras

SAR
SBDD
SD
TACC3
TFA

THF
vdW
VEGF
VEGFR

methanesulfonic acid
methotrexate-vinblastine-doxorubicin-cisplatin
sodium triacetoxyborohydride

reduced nicotinamide adenine dinucleotide phosphate
sodium acetate

1-methyl-2-pyrrolidone

neurotrophic tropomyosin receptor kinase
parallel artificial membrane permeability assay
phosphate-buffered saline
programmed cell death 1

palladium on carbon

palladium(Il) acetate
tetrakis(triphenylphosphine)palladium(0)
polyethylene glycol

phosphatidylinositol 3-kinase

quantitative yield

rapidly accelerated fibrosarcoma

rat sarcoma virus

structure-activity relationship
structure-based drug design

sprague-dawley

transforming acidic coiled-coil 3
trifluoroacetic acid

tetrahydrofuran

van der Waals

vascular endothelial growth factor

vascular endothelial growth factor receptor 2
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1. BROAGERRERVEERE

PREE_ LR AD—DICHBRINDIBEMD AL UREFRNADHRTREEEHOSNTULDINATHY.
FRHEHRT I FBBICZVWNRATESGDIZEAMONTLS U, BERDAITERFENICIEHESEME. B
=t EBMED 3 BEICEICHEIND FBEREEREMDS AL 5 FEEFRN 7T0%ULEFVD
N TIEH DD NADBFEICINA. fFEREME CEB BN AADETIEES<EH SN TS,
B SEMECERIEBE N AICHEWT BRDEEETIIIRNT T2 THY . 5 FEFEIL 50%UT
NEREHDTS 2,
JEREREMEMD AICH T DREDBEEREETIE. TIARMICERNABBZEYIIRT 5. D%, BCG
DALEEEFI T RRBNICIRE T D, UNURNS INSBABETIEINADBRENEL 3 FHBE
T CEBEASERTS Y. BB CEBIEERNAICHS T2 EREREE TR Bt zefmtUr:
RBICOZRTSFOOERZFLELE MVAC BEEXRSLFT—M EVTSRFUREFVILED DY
ZTSF )P GCEE(TLIIE D IRTSF ) VWO L EIHAEERANEITEIND, UM UEH
5, ENDESCEEERDA. RSEZTRET T ICEFARIMBE CITDBH IV T0REEFER
EILRHONTLR 2, ZD78, BEMINA TIIIAREL VABRMIRCZ2MN S\ D TERAE
ROBHZHEFEN TS,
TDERZE R INRL D FENEOERARABRNMEBHICED SN TN PRI FSRVYIRT © (1
HER2 $14K) . RN XY T 7 (1 VEGF HlK) TILY T4 F =T & (N FGFRs BREZEH]). TURILYY
7 RRFU P (7 Nectind #ilk ADC)D. BEptH AL B UL IFREB EENAZBINES U T, BEHICEH
RERRFL TV S, CNSEHFERRHRIC TRV IRDMRESNTL SN, BRIDEGCTFIREF TH
PREINIEREDEEBEDHADNWNRELRDOTNS, —A T RRNRBEF TV IRV NEEFITHERA
JOVXNT (1 PD-1 HuiR) H Eefirib RS LA ZBIMES U CTEERIN T\ D, TDERRERRICH
WTIIBBITOZEENNRHONTNDEDD. 2EMEKE 14%H05 24%ICBFE>TND 19, ZD
1=, B AZBIMES UTe D FARNEDERIC K T583 - — MB35 EZ5N 5,

1



ECAT GBI A TR, i, &. BIB. \&E MAEB T EHHSN TS T, SR
HABEICH VT, B3 5klbdr COMDBARIEERKIE T S72HICIX BERICINZ TEBTtRas \DEAID
MHBEERD, CNSERDP CTREZ DS SIE. PRBITEZE T ORFNUEELRDIMN RiFEH
REDRFRICHDMEMBIFIZ @B T 50 FOMBEICIEHRNH D, —REICESY )T 1 DEKRTIL,
x> ADC FDEDFEDEY )T A TIIPRBITENZLW—ATEDFESY )T 1 [EMERKEEM
ZEBU TRRAADD IR TE S, U2 > T BN ARKER BB ADRENZ R I LHICE mH
ASETEICINA THIEBITRZRQBATZED FEY T 1 TODFRENEREDESNEFEEEN T

Do



2. FOYF T —PZENE T RS FHEEFZIRVERR

HAMBIRIEICH 1T DREDAN =X LZE B2 FRATAREIL HHEENRMEFRER & LU TRIE
AMNMERINTZMNARITHY ., BEICHTIRBMEER V. TDRH. ERRICE VT O FIRREDER
HEILTWS, FOU Y FF—E R FENREDEIELEFEZND 1 DOTHY, FOVUFF—EZEN
EURELDESFREFMMDPAFELTERINTVS P RARNREDELT . YIZFT
(EGFR/HER BEZEA). SO IFZTEIXMLIFZT(NTRK1/2/3 BBEAD. OILSF =T (ALK
FREAD . REIFIVFZT(CSFIR BEHD. FILTUFZT(FLT3 FEHD . 7 RFZT(MET REEH).
S22 T(CDK4/6 BREHR)ZEN 2018 FLREICERINTWVS P HEDELFERERT TN
AWEEICEDT, INSDOEFDEERIRITBINTH D —A T ETCONAEBICHR NI TIEE,
TN SHRGEBEERICSO O BLY DEIERENICN T 20 FIENREERFBU TCHLIENKETH D,
FOVIFFT—ED—DOTHHRMESFMRMNREFZER(FGFR) ZAE I 2 XAIRILEBIELHR
[LEFBEAICITHONTEY, FGFR ZREBEEFRZE T 5E/BDILEMIC DV TERERARNED SN
TWBBIZIEX FGFR1. 2.3 ZEETSD AZDASATY AV J405F =T ®(NVP-BGJ398). 7
SHUFZT O (ARQO87)  RIXAHFZT ' (INCB054828).E7090'®, Debio1347'®
(CH5183284). /=il FGFR FAE/EAZRFDOIIVY T4 F 2T 29(UNJ-42756493). O0AFF=
7 2V(BAY1163877).PRN137122 JFN\F=TJ 23 (TAS-120)pM15NTL\S (Figure 1)24,
KBRETIE FEDT T TRHEN FGFR BEEFANZEONREINTHY, BART—ITORRR
ABRNEHONTWND 29, INSDILEYDH T, TIVY T4 FZ T (FRATETE. RUEBHEDREE -
RO AEBRMEE LT, 2019 FICPXUNBRERERE(U.S. FDA)ICLDRFAREZHL TS 29,
ESICIIA VT4 T SFZTERIAFZTICHEVTE, R ERDNABE KT SERREERIC TEMMEN
HBEINTNS 20, INSOHMRNS, FGFR3 EFEME UIZAEREDRIL FERARNEZRNEN THY .
BERAAICK T ST RBRFREVTIFRICHANTLEEEZISND, SE5ICEETIL FGFR2 ®GE
EFEETOIHREENAICEWT E/HOD FGFR BEEFINEERERR TORFGKIEZRU. EAIEER
HEGENTVS 27, ZD7=6 FGFR BEERIL B2 DNAEBEE BRI DHDENRMENELTE

HEHEW,
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Figure 1. Structure of known FGFR inhibitors examined in clinical studies.2¥



3. MR REATFZEME(FGFR) DHEE - RN A & DRARIE

M HAIETE R T (FGF) . RUZDRBRTH Sl MaEER =S4 (Fibroblast Growth
Factor Receptor;FGFR)ICKX VT FIVmE FIHAREN SBREFKRI TOFREILH ITEIREER
BRFD 1 DTHD.ETDFGF XU FGFRDT77I—&UT 18 BEDIA VR KU 4 DDZE
K(FGFR1.FGFR2. FGFR3.FGFR4)NHI5N TS, IANTD FGFR [FFOYFF—EICHES
N, —EEEERDSEETHD.FGF I FGFR ICEE TS _ET.FGFR O 2 E/EMNFITRIIN
Do 2 EMMENETEER DT FGFR iEE2YJ VERIEIN, TiRICH D PI3K-AKT
Ras/Raf/MEK/MAPK &W\ o7z, MFESEICREN 2 T F VAR HEHE SN D . BLY DHAEBEICH
WT.FGF/FGFR Y7 FIVDEEREMECNE L THIEMEN IR T 2 & T RNAMRIDIEIERE XD
ERBRBICIZ TOEHRENBITERIIND 29,20 FGF/FGFR YT ILDOEBREMLIE. FGFR
BILTFOIEE. RERE, G FGFR M&ELFHF CEL D, CNSOELFEEN. A DA %
REBHE. T A B, IKES. BEN A REE_EENRAICEWTERHSNTILS 29,

IEFETIFERDADHFEHMDEFICHWT.FGFR3 M R248C.S249C. G372C.Y375C.K652E
EVWSTZREZDREENEHEEGCTFEEELVTERHONTLD 30, E5(2 FGFR3 & TACC3. XU
FGFR3 & BAIAP2L1 & OREELRTH. —EBDBEMMABEICTHRIRL TS 31, 2D FGFR3
[d. ZDOREE RUMEGELTFER I BMPAEBZIARI DENMENTHY. FGFR3 15U

IZHRFERIEADEIFNEE O TS,



4. BRAEEE. NUBRERIEDES

TO7AFFT—EREFIE—MREIC, TORBHRAICIHUT Type-1 S Type-IV D6 DICHETN
% (Figure 2)32. INSDHTE Type-l1 ¥ F—EHEFIFFT—E B ERENITZ7T /I V=UUE
(ATP)EFRET 2728 COBMIELEMNEE T TH I —EREBDERERZRESIESZEN
AIREE 78D, COBERNS Type-1 FFT—CHEZFFDREREEHINSMANBAICEITINTEITHY,

ERERIBOCHTRIREFINIERICZ L\ (Table 1)3%, ATP #E&EMIICIEIER—LEYEOHEEIERNA
WHEWRTY SDFRELTHEY . CORT Y b ERULBEAIREH I BN B S ICREEZRE LT <
BIEERRENTEW ECAM ATP [FIARNTOFFT—ETEREINDZENSATP BHEEMIELZICH S
ATP D77 U8R ZEs8#d 2LV IMEIEF T —ER TREICRFSN TS, €D ATP HEEH
firzF A UBREREBGHEICS VT HSARDZELHNSRFEDF T —EICN T 5:EREZESF TS
VWORBRCIEREZGENE<RS 3V, TR E U TRIERENMEVVESMN R SNIIGSEICIE.

O SRICEERAINFERTIDICMATHF T —EEEEEEV LRSI Z &KV BWERANERT
DRBEDEED MV TATP BEEMIZEERALE Type-III ¥ Type-IV REDEERNZE T 31
BT FENERAICEVEREZEVTRETIMMEEMZERR/LY TV TD—AT. FF—t&
DEWVEEEEZE T HILEMDERHHLUVEC (LI ERICHEG U CEBRAZTIRIRER LS
WEDRENH S, D728 Type-1 FF—EHREBAIEERAL DD ENETIFFT—EBICHULTEIIHE
BEIEEDHEEMENES MEF T —EEDBREZVNCESTI SN, BIEAKRERTISLTD
F—IR1UbEB,
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Figure 2. Illustration of six types of kinase inhibitors.32

Table 1. Classification of kinase inhibitors.3>

s atwl {ERRERHL RFRHVREZELH
T24F=T
Type-I AL
ype ATP fEEERMI TLOF—7
. ANYF=T
Type-II ATP &8I+ DFG-out 7815 —05-7
Tvoe-IIl ATP #AEEMIELD DFG-out f8I8, | b XFZT
P RE AEXF=T
RIFREBEEMIREDTORT YD
Type-IV . -
HMLL
Type-V RIFREBEBAGEOPORTIVY |
BRI +ATP ESEMI D 2MHEE/ER
TPI7F=T
T 'I ;j\: ntA 'JO)
ype-IV BREAROBEER STIF =T

FEMECENZBREZERISZHDILEDNT TI UL EIC 2 DORIRFRICHONMMND. 1 DI

structure-based drug design(SBDD).512(% ligand-based drug design(LBDD) &M
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[ENz 39,LBDD & UAVRELRBEEYDBELFIBEL T —FIC L 2BEEMER (SAR) IBIRE
BE(CEEWET 12U IDAETHS.LBDD [MEEMERBILT SI=HITHRRAINDIN. H<ETEEL
FOBERBOFEGERRT DLDICRIINSEBERRIFHFUICVWT XY RS D, RIS SBDD (&,
ENERBEBBEE TNICHE UL EMIBEREERICT 1292555 TH 5. SBDD Tl X ##w0Y
1A EFEMIRFICL DEGRBRBEDBSRHRIEVGSIL, ERXMESYERETNELLENST
XY, —ATHRENICUAV R EENEREORBERAZBTT 2N TIT 5728 EiRp7a
{EEMERETNEITTE B, LD > T EREREEEBEULVWEBARDIBEE LR - 2 U TEFEICE
RID_ET.BVERNBIREZES I DT2HDEBEN IS ATREIC R D,



5. FMARDER

& FGFR 97073 —MARER XA UEiEd. MERKIEERFREE 2(VEGFR2) EDHEREMENS

W 37, 2D ENERERY  HEAN FGFR BREEHIE VEGFR2 BRASEMTHREEZEZISN

DEWERANERERERBRICTERH SN TS 38 fIZ (X FGFR BREEFIDRAKILENMND—DOTHIRE
F=T(TKI258. XU CHIR-258)[FBEMMAZEBICEDN—D U TERBRFEDESDH SN TV,

TOBRREBRNPLIEIN Tz, FEFZ T DERFRARICTEVER E U TR SNZEMED . VEGFR2 BER
FEEEICEHSEDNIZEEZSNTS 39, REFZTJICHTS FGFR3 BERMAEFED 1Cs0 B 9

NM. —7AC VEGFR2 BEERBEZEEMD ICs0 BN 13 nM THY . FEFZ T DOEEEERMEIE 1 Ei2EIC

BF3 10,

IEFDN FGFR BREERICEZAIT S & REBLRNMAZBIMEE UTERINEIILY T4 F =T,
FGFR3 BERBAZIEMD ICs0 BN 3.0 nM. VEGFR2 BEEZREEEHSD ICs50 BN 36.8 nM THY. £
DEEFRHEIRMEIL 12 BRREICEES 20, —A T BDABRE BN E U CERRERDIRTE TR
T4 T5FZT(NVP-BGJ398) & RPN-1371 [CH1F5. FGFR3 & VEGFR2 & DEHEETEIED:E
REIFE4180 15 9. KU 172 & 22THY . IWY T4 FZ T2 @NBA DBRBIRENESF TS
TL3,

T THEEIX VEGFR2 BEREEEMEDHRUIZE NG FGFR3 BREEAX. SMEFOERUVEIFE
ADFEBEURVBANGERDNABRRICRSEEX, EHFEMEEN THEIIIVI T4 F T2 LED
=W FGFR3 BREEEMN. NUBEREREZEL. BDO10T7195FZTRU RPN-1371 &IFE%L
SEEEER T SEEMEMEEYOEIEZBMNE U TRIEMRICEF UL BFICEREZEZAONDS
VZRLERMERFCHEIT T 22 XM RAHREICTENER S S DREMMEERIRERGL.

SBDD 7 7O—FICED<HERNMEEMT 1 ZBiEU,



$5—% SBDD 77O0—FIC & %& FGFR3 BEZERMEERIDER

H—8 EVvMEEYERGE T DRE

INRI—TYRRI == LBy MEEHERE

PRATSAMBOKRFRIEEM S TSV ZRAN T, FGFR3 BERMBEEMTMEICKL SN\ ZIV—TvEX
D)=V (HTS)ERTL. £y MEEY 1 ZEIGUZ(Figure 3). CDEEY 1 OREERMBAEENEZ
JOT714)2T0LkEZAFGFRT.FGFR2,. FGFR3 [CX TRV EREEEEZHITS—AT.
VEGFR2 &MDEEFZRMER 22 BICEIYTDHERETE N >7z(Table 2), ZZ T bE¥E
FGFR3 & DEAHKESZEEIC VEGFR2 EDBERFRIENEZEDHDTZH. LG 1 & FGFR3 &0
HEEBEDBGERA D HIEROBGN TELN 27z, €2 C FGFR3 &DHBREMENEL FGFR2
EDHBERBEEEUR L. FONESHBERBREFMICEAISET SBDD 7TO0—F&HTT

DETEZEIL Tz,

K\ _Me

=z

Figure 3. Structure of compound 1.

Table 2. In vitro activity of compound 1.

Kinase | FGFR1 | FGFR2 | FGFR3 | FGFR4 | VEGFR2 | Ratio? (fold)
ICso
(nM)

@ Ratio of ICso value of VEGFR2 to that of FGFR3.
10

40 5.1 12 682 266 22




£y MEAMORERADESALEN T F A

HTS EYMEEH 1 & FGFR2 FH—tERXIVEDEERD X iREREEDBRITRRLIY . EEY 1
& FGFR2 @ ATP fEaEMIiZz5BLTHY. LWHpd Type-1 FBEFITH S EHHIBALZ (Figure
4), L\ T FGFR3 BREALEMEDHERAZEHIAT 5 LT FGFR2 BRICTRETE 3h &AL
2. BERERIBEERNSB/ON FGFR2 O ATP #EAEMIRIN 7S /BREEHE L. iR
THOT7I/BEESFERZLLRLUZECA. FGFR2 @ Ser568 (It d 27X /BKE(E FGFR3 D
Ala559) ER<LTOT7 I /BEENMRFEINT U\ . 11X T, mBERE TH—EINRRD 7 I /B
E Ser568 DAISEERD (&, BEFERIEE LT ATP BEEMIAIOR Y h&(F¥EDAAZRLNTL
2. BEICNSDBERN S LEYT1E FGFR3 BREDBEEHRAZHA TS LT LEY 1 &£ FGFR2
EDEERERBEICED<BITRERIETREEA T,

HERADBETICEY . 2- 73X /-1,3,5-MIT7IUEMIIFE Y IMHEIKICH D Ala567 (FGFR3 D
Alab58) D7 I /BEFHEKFBEEEHHMU T\, SIS, TTZTIVRIVIR D P I REMIIE Lys517
(FGFR3 @ Lys508) D7 X /EAIBEE KFRFES EIRRL T LV e CNS DR BB FRBREE(C
L&Y 1 OfEERELEESD BRIlRE LT, FGFR3 BREEEEZH#FI5BMT 2-73/-1,3,5-+
UPIVEL RO T T ZIVRIVIR D P REMIDEE R Z & T 5 Et A LTz BRI, 3-XhFY
“A4-[4-(4-AFIVERSD V-1V ERUIV-1-1IL]1 T T ZIVEIR BROIMAUICHZ L T D AEESE
[CEEBINTHY . FICEM>7BEFRZERRL TLVEH oz, AEBEIBEEICAIEL TV\D 7 I /i
EDHT, Lys485(FGFR3 @ Lys476) D73 /ERABRICH 27 I/ EW . KFEEHSA(HBD) &L
TIRBNZER D EHERIUZ, UTeM > T Lysd476 EOHEBFRZEEK TESEEMIE. FGFR3 (XY
SEVEBRESEEEZRETETSETRUL Io[EE 1 & /NIRRTy (ATP &A1 RROS
VINOBERDBKERTY M) BELIICEEIN TS Met538(FGFR3 D Met529) & Val562(FGFR3
D Val553)FDEKMET I /ERFEEE 1 DEHBEERAZERRL TLWRN o7z £IC FGFR3 D Met529
[&. VEGFR2 [CTHT D7 /BFEEN Leu889 THDZ &M 5 (Protein data bank DfEHR=ES
EZ(CUT) . BB I FHRETUIEEME Met529 EDEBEERFRKIE. FGFR3 EEREZEMEDIEED
#7857 VEGFR2 BERMEEE & OBRM OB MRNAF TSI D EER 2,

11



..( Val562

Ser568
M :.
Lys485 ¢

[ compound 1

Figure_4. XQray crystal structure of 1 in complex with FGFR2 (PDB code: 6LVL).

AR DEARERBEIC L DBERAEEIC BN ET IV DO EIIRUZ, E—IC 8
HAEREDICRRBE SN TS Lys4 76 AIBEE DKFBEEENUIABEERZER T 572 EE&%M 1 D

JEVERE 3MMUCTINFIVI—TIVC AR IV EDKREEZAE(HBA) ZEA T IEEEILCL
(Figure 5a O&EV\A) . BEEEERENTTIE Lys4 76 BBICIETRBESIR—ZANG D=0 {LEY
1 DBREBEHZ D TVBRIEVRIFBZIC 180 EEE CETDEFRULZ, TDEMEEM 1 D 37 i
XhFVE(COBRREFIEHEITIIA—EUTHERULTHEY . Lysd76 EDKEFHEERIFIE>TIEL
IR Lysd76 NED<ABICERBEINDIFHROE, JIZINI—FIliEgEatasUTEREEZHERE
THETEE HBA 2B AT BLEYEET 10Uk, BB IFESHEEBEEEHRNS Lys476 RISHIT
YUNVBRDTI/BE TCOKRBEEZERL CHEST ILFITIVICELKEFEUEZ. ZDRHEYF
V0922 —0avEFRAUEERIFE UL U A—DEECEORIZREILLT Lys476 fIfEE
HBA Z TR ERE T 2SR EHEMRIARBIZEER T2,
EZIC NV ORTYRELIICEEBIN TS Met529 IS E DBKMEEBEERZRK T S7=0(C1E 1k
M1 D 1,3,5-MI7IVERD 1 D5 /N IR TYMTIOLRTDFENIREFELWEEZ Tz, B4
DZEBNS,1,3,5-FITPIVRD 1 UADEREE A FTERE TH N EEMEERT TIX 1 6D
ERETN FGFR3 EOMHBEERICHEZSATWRWLCENS. 1,3,5-F)T7IVRIFEIZ I VIRA

EZEIRE CH D (Figure 5a DRV /NIRRTy E LSBT0 EUIIVED 5 (7Y
12



VIRTO 1 fUERIUALEBICHHTD)IC 3,5-UXMFITITIIVEZEATIETEZIL (1, CHEBRE
TR FGFREZHEIELTHISE TS PD173074 OEfD1EE TH 5. PD173074 ICRET B
O X ESHFEREERITERICE DL, 3,5-UXMYTITIVERK/ Y IR Y FESIRMIC &
BTE5HNEETH D (Figure 5b)*V, AT IEOHEEICMZ T, FGFR3 D Met529 &
VEGFR2 O Leu889 &MIBEEIDENNGIARGEVWE(LEMICERHMI BTS20 EVIIVIRE
3,5-IAFITIZINEED) U H—ED DB RRE{ENIUBETHDEEZ L. ITBDE UIUH—K
NDFZENKET VETHROZHRICIMZ T HENMENR U H— BT DRETFOEEICDOVWTEERT

BEHEZILTCT,
(@) - Met529/Leuss8s  (P) back pocket
,e+*"*e. . (FGFRIVEGFR2) s
", \\back pocket
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Figure 5. (a) Illustration of representative kinase pockets and targeted amino acid
residues with compound 1. (b) Structure of PD1730744" with the representative
kinase pockets.
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F£TE 1,3,5-FI7PI U RUBUI I VZEERDERK

THAOURZ1,3,5-bIPI D RUEI I VFERDERAEEZUTD Scheme 1-6 779, £,
L&Y 4.7.8.13a.13b DERAEZE Scheme 1127, TERIEEY) 2 =, BEFULEY) 342 B
KT TOBBRKRZBEIRIS (SNAr RIS [T T2 EICLVIEEY) 4 2872 L&Y 5D _rO&E%
BITUTEONIALEY 6 2. 1EEH 3 &D SNAr RISZERY CEICKUIEEH 7T AERBUTZ. Kl T,
TRTIVEMIDINKDERIGICEVIEEY) 8 Z157z. RIC. HERIEE) 9a. 9b ICxXU. 1-(fert-T'h+
VHIWRZIV ERS I VEMIEEALZEEY 10a. 10b ZHE#E. —FOEOEAMKELICIVIEED
11a. 11b AUz itV T BIRMESH) 3 &0 ShAr RIGICH T C&ICXU/ESNzbEEY 12a.

12b &. tert-ThFIAIVIRZIV(BoC) EDFREE . EDED N-AFIUEICEVIEEH 13a.13b A&

ECIAVEN
Q]
PNy
N Me
NN N
N/Me Me/\u/g\\o NZN NJ
[ 3 9
/@iNJ a N N E OMe
HoN OMe Me/\ﬂ’f‘)\o
2 4
N/Me
i /CEW
2
" a N)*N : N (¢] R
’ Ot ——> L H N /ﬁo(
R N Me” N TS0
o H O
5:R'=NO, 7: R2 = OEt
c CR2 =
b[ 6:R"=NH, 8:R?= OH
/’R3
N
BOC
cl J/ NN NJ
N o |
OZN/©iO/\/O\R —_d . & . Q\N)\N)\N o
1 A~ _OR2 H H
R o} R Me/\N’E\\O
9a:R=Me H ) s
9b: R = CH,CH,0OMe ___10a:R"=NO,, R2=Me __12a: R2:Me,R =BOC ,
10b: R' = NO,, R? = CH,CH,0Me 12b: R? = CH,CH,OMe, R® = BOC
b f.g
11a: R1=NH2, R2=Me 13a: R2=Me, R®=Me
11b: R" = NH,, R2 = CH,CH,0Me 13b: R? = CH,CH,0Me, R® = Me

Scheme 1. Reagents and conditions: (a) 3, methanesulfonic acid, EtOH, 80 °C or 100 °C, 38-49%;
(b) H> (1.0 atm), Pd/C, MeOH, room temperature, 72-98%; (c) 10% NaOH ag., EtOH, 80 °C, 42%;
(d) 1- (tert-butoxycarbonyl)piperazine, K.CO3, DMF, 80 °C, 15-22%; (e) 3, DIPEA, NMP, microwave
(uW), 120 °C, 36-44%; (f) TFA, CH2Clz, room temperature; (9) 37% HCHO ag., NaBH(OACc)s, CH:Clz,
room temperature, 53-55% (2 steps).

Scheme 2 TIHEEY 18a—c DEMEZTR T ILEY 15a (&, BRIV ZEHERIEEY 14 TP )L+
14



LT B ETEBUIZ KL\ TIEEH 15a KUTRRIEEY 15b. 15¢ ICTHU T X FILERST Y
B ZzEALTIEEY 16a-c &k NSO FORZERSID—KMMICTETL, TSICHITT
L& 3 &M SVAr RIbETES C&ICLY BRIDIEEY 18a—c &5 7.

M
o
al N\) NZ N N\)
ST & N : e
_d _ N7 NN e} N
ON O~ Br O,N O/('\)n\N/\ R O/Hh\N/\ P H H K/X
14 K/X K/X Me™ "N°G
15a:n=3,X=0 16a:n=3,X=0,R=NO, 18a:n=3,X=0
15b_:nf2,XfO — 16b:n=2,X=0,R=NO, 18b:n=2,X=0
15c:n=2, X =NMe 16c:n=2, X = NMe, R=NO, 18c:n=2, X =NMe

c

17a:n=3,X=0,R=NH,
17b:n=2,X=0,R=NH,
17c:n=2,X=NMe, R=NH,

-

Scheme 2. Reagents and conditions: (a) morpholine, K.COs, KI, MeCN, 60 °C, 63%; (b) N-
methylpiperazine, K;COs, NMP or DMSO, 150 °C, 41-55%; (c) FeCls hexahydrate, hydrazine
monohydrate, activated carbon, EtOH/H.O, 80 °C or 100 °C, 93-100%; (d) 3, AcOH, room
temperature, 15-31%.

L&Y 24 £, Scheme 3 [Tt > TERK L. PU—ILPID 194YE 5-TJ0OF 2,4-Io00UIIY
ED SNAr RIS 2KV EBSNTZEEY 20 &, SSIZEEFESY 2142 & D SNAF RIGICFR UL TEEY)
22 ZEF1z. VT, 3,5-IU XMV T I TIVIROVEED#HBARAY T VT RIGICKVFOSNS1EEH23
ZRRAL. T —IVEMIDIIK DR, Hi< NEXFIVERS T D EDETH 7 /MbRIGZERET ZEICLYUEB
HDEEY) 24 NEBTZ,

O

o
oy TP o
o " S Z N MeO >N
e 14 g parwa : L =d, SN
° doc Me S o, PN NN OMe o, OHNTSNTN OMe
Boc MSAH;S\© Me/\N;S\©
H

19 20 22 23
OMe (\N/Me
Q/NQ
e MeO =N N
. .
o, PHNTSNTN oMe
Me/\N/s

H
24

Scheme 3. Reagents and conditions: (a) 5-bromo-2,4-dichloropyrimidine, NaH, THF, 50 °C, 28%;
(b) 21, DIPEA, NMP/IPA, uW, 150 °C, 53%; (c) 3,5-dimethoxyphenylboronic acid, Pd(PPhs)a,
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NazCOs, 1,4-dioxane/H.0, 110 °C; (d) AcOH/H20, 100 °C, 100% (2steps); (e) A-methylpiperazine,
NaBH(OACc)s, EtsN, CH2Cl;, room temperature, 35%.

L& 34 DERIEZE Scheme 4 (7R3 MHER{EEY) 25 & 26 D SNAr RIGICKVEMG UG
27 DIRTIVEDZEIKDERL TILEY) 28 £187. HlL\ THRONIZNIVIRVEEE Weinreb 73k 40
BHET. IV Zv—IVERZRVTEEY 30 ANEEHUTZ, CORIVT 1 BEMiIZ m-CPBA ICTE{EL
TRIVIRFIRANEZLL, IV THERIEEY) 31 [CLDBERRINCKIVILEY 32 AEBV e, ThUER
iz KT EROFEFTNIDAICTETLUTLEEY 33 &L EDRICNIIFINI S VIC K BRTHIREE R
{ERHICHUTERNOIEEY 34 =157,

MeO. OMe ﬁN/Me
O\\ //o NH,
S
Me” N~ R MeO OMe y
: . o Oy
o= 26 o Me 9 HN N)\ _Me  H,N ome 31 NJ
PN a Oo HN N d Ao Xy i
oo oy ey —— Yy X
H oo HN SN OMe
25 b[_ 27:R=OEt 30 Mo NS

28:R=0H

L, 29:R= N(Me)OMe ol 32:X=C

hEo 33:X= CH OH)
34:X=C

Scheme 4. Reagents and conditions: (a) 26, DIPEA, NMP, 130 °C, 71%; (b) 1 M NaOH aaq.,
THF/MeOH, room temperature, 81%; (c) N O-dimethylhydroxylamine hydrochloride, EDCI
hydrochloride, HOBt, EtsN, DMF, room temperature, 96%; (d) 3,5-dimethoxyphenylmagnesium
bromide, THF, —78 °C to room temperature, 63%; (e) m-CPBA, CH:Cl;, room temperature; (f) 31,
IPA, 90 °C, 39% (2 steps); (g) NaBH4, THF/MeOH, room temperature, 64%; (h) triethylsilane, TFA,

CH,Cl3, room temperature, 31%.

Scheme 5 Tl&. {tE&#) 35b & 37 DERUEETRTLEH 31,2 £LEH 20 &0 SNAr RIGICK
VL&Y 35a.35b &5z 1t&% 35a [C 1-ITFZIV-3,5-IX IRV B EDEBRAY TV T
KIG 47 &2 ZETIEEY 36 ZEUEL. H<TILFI) UA—ERDERTRIGICEY BRDLEY 37
=157
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N
Br. MeO N O/ = N
I v T ey Y X
oHN SN ol @ D\ — sl o OHN"SNN OMe
O  — X N OHNTN u OMe 37 H
8§

s OoMe o} ’s

Me” SN s H D Me” N~
2 (\N/Me 36 37
N.
35a:R= \(@/
(\N/Me
35b:R= \(NJ

Scheme 5. Reagents and conditions: (a) 31 or 2, methanesulfonic acid, IPA, uW, 130 °C, 73-77%;
(b) 1-ethynyl-3,5-dimethoxybenzene, Pd(PPhs)4, Cul, EtsN, DMF, 120 °C, 76%; (c) Hz (1.0 atm),
Pd/C, MeOH/THF, room temperature, 51%.

{tE¥) 40a-g [ Scheme 6 [CO>TEKLEILEY 26 & 2,4-I000-5-“OJII %
SNAr RIGICRHUTIEEY) 38 287z i\ T LG 31 EDBRMERMATTD SnAr RIGICEWVIEE
39a ZEE L. ZhOBEZRTLTHONIEEY 39b ITHU. U7 VEMS EIR(L 3,5-I Xk
FIURIIAIICEBDT VI BULKIERBT FEHRAIVRNVBIZY EDMERIGERT ZEICK
UiEEY 40a-g ANEBL,

N R! N " RN N "O/N
ey o o e W o

NH X
0p M Q@ HN b Qg HNINY dore g
Me/\”/ Me NS —_— Me/\N/S\© —_— Me/\”’
H H
26

38
39a:R'=NO,
¢ [ 39b: R' = NH,

40c: R?= Meo/@y
Me

Scheme 6. Reagents and conditions: (a) 2,4-dichloro-5-nitropyrimidine, DMAc, room temperature,
77%; (b) 31, AcOH, room temperature, 87%; (c) Hz (1.0 atm), Pd/C, EtOH/THF, room temperature,
99%; (d) 3,5-dimethoxybenzoyl chloride, DIPEA, THF, room temperature, 49% for 40a; (e) aryl
carboxylic acid, HATU, DIPEA, DMF, room temperature, 27% for 40f.
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ETH ARUEEEMDRD ) —Z T EREFNER

BEEETEICANIE T D7 S /B Lys476 L DB {FRAZIHE STz Bl

BRULAEEMIE. eIV EF VS FGFR3 XU VEGFR2 ZR UL\, ADP-Glo luminescent
kinase assay [CCEHiiL7z. Table 3(2(&. 1,3,5-FJ7I VEEEARIC DL T FGFR3, XU VEGFR2
EREEEEDOHIERE R I ADICALE 1 D 4 fIOTIVIZYRERDLEY 4 1F LEY
1 SHBRUTHEEED FGFR3 BEREEEEM. XU VEGFR2 EDERM ZRUZ. TDTz8. FRAHEDE
MENZAEEYMDT7IVEMIIE. WINE N-AXFIVERTIVUNEBRINZIEEMZR V. FY 3
DEHRE R &UT. & HBA IZYhETOUVA—RZERZRF2ETEZEL. B4~ D HBA BADRR
EHERUZ. NIVIRZIIVEEB I EEYW T(IZXTIV) RUIEEY 8 (FILRVER) IFTTDLEY 4 SHhE
LT FGFR3 BEHRMEEEENREBELUZ—AT. PILFINI—TIVEB I BEY 13a TIEEENHERFS
Nizo TNz HBA ELTP I FINI—TIVAICERZRY . UN—REZIFII-FTILOILFIE
DT 1 ZHR Uz TORERAEEM 13b(EHIRT—7 V) Tldk FGFR3 BREZEEEDR_LIZERSH SN
Mole—ATAEEY 18b(BRIAT—7)V) Tl FGFR3 BERAEEMED ICs0 BN 4.1 nM &9 4 {518
58U, VEGFR2 &M:ZRM( 139 BICIEN 0Tz, BIKEWC &IC LG 18b DEILREMIE M-
AXFIWERSIVIZEZATALEY 18 . UV Nh—RZRFRRF 2 EHNS 3 BEANEEAEEH18a T
(& FGFR3 BEREEEMENREE Uz,
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Table 3. SARs of 1,3,5-triazine derivatives.

M
N

Me/\u/s\\go
E IC M
Compound R nzyme ICso (nM) Ratio? (fold)
FGFR3 VEGFR?2
1 (Figure 3) 12 266 22
4 -Me 15 341 23
7 -CH.CO:Et 62 316 5
8 -CH.>COz:H 65 120 2
13a -CH,>CH.>OMe 17 310 18
13b O ome 21 550 26
o
18b S 4.1 570 139
b e
18c WS 15 341 23
18a NN 63 736 12

@ Ratio of ICso value of VEGFR2 to that of FGFR3.

b Tetrahydrochloride salt.

{E5% 18b L ENERE DEGHHERIBIEDIE RUZDER

{tE% 18b & FGFR3 EHEDREEHRAZHEE T D72IC. X ESERIBEIETICEF LR, LD
LaM5, FGFR3 EHEDHERENSIEEE TH o728 FGFR2 ERZAEERE U TRV TRE
U7z.1tE#) 18b & FGFR2 EREDEESHEEDFETHERICE D& EEY 18b (HMLEW 1 EREk
IC. FGFR2 EHDEVIMHEEICH S Alab67. XU Lys517 EKFREGZERKL TV z(Figure 6).
TNITMA T HFUIEY FGFR2 EEMBEBICH S Lys485 D7 I/EABRICHES7I/BEED
FUVKHEREG (B TA)EEHRL TV . BELCDRERN S, FGFR2 EEHDHEED W\ TEEY 18b &1t
a1 BT D& Lys485 D7 I /BRABHDMUEIXIFIFEN OTHST . Lys485 D7 /ERAIRIL
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HUTFRULEEVWILFIEUTAZ/FLRVNCENDH o7z, ZDHLEH 7. 8.13a TIFED>TL
7z Lys485 M7 I /EABEN TLFITIVICENT T HBA DBERFEFDAIBEXR THHD<ZHICIXI U h—
RNBYUEBNOTeEERUL, F2bE 18a 1'S 18c DFERMN S, Lys485 D73 /EfAlsHE DIRE
TERZER T BHICE PILFII-TILEVTERRRFOFEETDUENEE TH D EHHIAL

o EOITHTZBHRELTAEEW 18b DEIRUVRDAFL VEGIN FGFR2 EHD Met497 @

7 X /BABH(FGFR3 EA DS A(E Met488 [CHH= T D) EBUKRITHE/FRZRZRRL TL\ 2o VEGFR2

11

FATIE GluB48 [CHHU. HBKM I /BAISRER I 27 I /BEIIE RO TV EN S, [ERRDER
KEBEEFRIIEEDET UL TDRHEEL. BRI VEMIE Lys485 X Metd97 EDiHELE
ANERCRY, 5 18b (& FGFR3 BXRMAEEMEARLL DD, VEGFR2 BREEEMEEDEL)

BEIRMEZERUIZEHRUZ.

Figure 6. X-ray crystal structure of 18b in complex with FGFR2 (PDB code: 6LVK).
1 is superimposed and shown as a stick model in gray.

NIRRT Y SEEICAIET 573 /B Met529 EDHEB{ERAZIE /¥

Table 4 [CIE EVUIIVEEEARICDOWT FGFR3. XU VEGFR2 BHEE G OFHMEERE R T &
KRERBDEVIIVIR 5 UDAEN 3,5-UXFITIZIIEZEALLILEY) 24 (. FGFR3EERM

FEMEN 4.1 nM D ICso fEZRUTZ, TTERDIEEWT ELEEU T 3 BREEDEMER EMERH SN,
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VEGFR2 BEZ#EEEE & DFEREFHEZEV AN 27z W T . EUIIVRE 3,5-IUAMITIZIVE
EDREIC I A—ZEBAULEEYEHTOWT AFLUEHTHDEEY 34 TlE FGFR3 BREEEM
HESEULTZM TFLVEHTHBIEEY 37 TIXEMENHERIFUZ. IIA T EE¥370 VEGFR2 EEHE
EEMEIE [Cso EN292nM THY LAY 24 LU T 8 BIEEDEMERENRONTz, &5 HEE
RV EICSHREMIFULREXTVIRUIA—AEEZAEEY 40a Tl VEGFR2 BERRAEEMEN
BREITREEL. FGFR3 BHAEE & OEERERMEE 233 LI EZRUZ,

REIC. JIZIE FOBEBREGREERUR, 3,5-IANFITIZIIVEN S IANFVEDEIRAIEZ
ZR7EEY 40b & 40c. FEBRAMEFZER T ICEREZEROFVIIEOCAFIVEANEZEZ LS
# 40d & 40e Tld. LWINEAESHY 40a U T FGFR3 BERBEEENESE Uz, —ATAIE
VREEUIIVBENEEZTLEY) 40f £ 409 (L. 1EEH) 40a £LEEBUT VEGFR2 BERBEEME
MBEI Nz, CNOSDERN S KEREEICE VW TNV IRTY b E BT DERE., 3,5-UXMY

TIZNENEEEME IO 7N VOBER CROFRVVWEDEE TH T,
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Table 4. SARs of pyrimidine derivatives.

(\N,Me

-
J

Enzyme ICso (nM) Ratio?
Compound R
FGFR3 VEGFR2 (fold)
24 Q 4.1 38 9
34 @ >1000 >1000 NCP
37 /@W 2.8 292 104
40a Weuy 4.3 >1000 >233
40b AT 54 435 8
40c oI, 40 461 12
40d @YY 35 715 20
40e Neuy 275 554 2
40f Nely 1.8 131 73
409 woro A 34 227 7

@ Ratio of ICso value of VEGFR2 to that of FGFR3.
b Not calculated.
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L5 37 LENERE OESMERIBEDRE. RUZDER

&% 40a =V EERIESIVEEEETH O 2/z. TNERZIEETHDLEM 37 & FGFR3 &
HED X EAIMESEDIEMAER% Figure 7a|Z7Rd . 2T Figure 7b (&, $EIEMYS L FGFR3
FEHE VEGFR2 ZH(PDB O— R 4AG8)4Y & =B U=/ \w Uik MEFEDFiEE = RU T\ D,
&YW 1. XU 18b MiZFE EERRIC. LG 37 (X FGFR3 ERDEVIMHEIRICH S Alab58 D77/
BT 8H, )RU Lys508 M7 /BMAlEHE KFREEZHR L T L\ 2 (Figure 7a), TNICIIA T, ETEZHY)
[CFRUEY 3,5-UXMFITIZIVEERE/NNVIORTY b B U TEKEEEIER. DFVIER
Ty ZEERY)ELST7 I/ ERAIE(Glu525. Met529.1le539. Val553. Val555) EDEHD T 7
DT —=ILZA(vVdW)HEBEIERAZERKR L CL\/z(Figure 7b). COBRICEDVWTER D& LG 24
D 3,5-IAFIITTZIVEF/ N IRy RO AY OFBHEICAIET EDD. FGFR3 EHD/ VW iR
TYREICHD Meth29 DAIBHETEVLTH ST 1LEY 24 (& FGFR3 BRICH T S VEGFR2 B
EDMEEEMDEREREN A ELRH T EHR Uz COBERZFHDEMN T LEY 35b(5-7J0
EEUIIVEFEER Scheme 5 [CRI#E) OMEEBERAEEEZEBMTHEIELZEC S, ICs EM
1.8nM(FGFR3 %), XU 6.6nM(VEGFR2 B%R) ThHhY. BH TRV BEZERMEZRUIZ.EEY
35b CEDBENEMULE 5-TOECUII VAR ER T SHBREE. VIV FFF—EREGEEE
T CENBEOMFRBRICEIVIBEIN TS ¥, SEIDRBERE. 1LEY 24 DE)IIUBKICER
LTWS 3,5-IXbFITITIVENTOERCHLUDREIZB > THY | BRERENEFTELH D
frEEZ SN,

&Y 37 D 3,5-IXFITIZIVEEDIE. FGFR3 ERD Met529 M7 I /EAIHTHS SR
F.CeREFE vdW HHEERAZFKRL Tz (Figure 7b). BBMIC, COEMEE VEGFR2 EBD
Leu889 M7 /EIEETH D CSRFDHE vdW HEMEAZFRL TW e COLDR/INYIRTY
rRTOBKERESER. (C Met529 EDHEE/FAFAN. FGFR3 BRI T SEEEEZHEEFL
DD, VEGFR2 BRICHT 2@BIRMZA LT B2 EZ 5N 5. (LG 40a DEREIRMEILED 37
DEELVERENIZCENS. TPIRUA—DBIFL I A—KVEBEHENMELS EDEMNIEEL)
CENZEDERTHDEEZ Tz, COENREVICEKY AEEY 40a D 3,5-IX I T ZIIVESR D &
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VEGFR2 ZEH®M Leu889 & MEKEMHEBEFRMNEIEL. COERTILEY) 40a D VEGFR2 EFE
ZEMENREL CRVEREREDNEG TS e TFRIN/Z, —ATEEBL LG 40f £ 409 [J1EE
1 40a LU Tah7s VEFGR2 BERFEEREMEZRUED COBREIEVIIVREVTEATINE
2 DOERFEFHIXSFIVERRIDEFHBEZRLUTIF. TDHER Leu889 & vdW HE(FRAZEE

BURCENBERTHDEERUR,

Alassg/
Nass9

(a) n

S
I555 (Val916) o g?/; ™~
— ‘c:\\lle-asag (Valggg)

o Met529 (LeuB89)

GIu525 (GIuBas)

W,
Val553 (Valg14)"

(b)

Figure 7. (a) X-ray crystal structure of 37 in complex with FGFR3 (PDB code: 6LVM).
(b) The same as (a) with focus on the back pocket. Superimposed structure of
FGFR3 and VEGFR2 (PDB code: 4AG8) 9. Amino acid residues making up the back
pocket are shown using a cyan and orange stick model for FGFR3 and VEGFR2,
respectively. Residue names of VEGFR2 are shown in parentheses.
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FBEEY) 40a DEMDEEIEETH

L&Y 40a [$58 4% FGFR3 BEREEEME VEGFR2 BERAZFEEICH T oV BEREREZES
TEMANLEETOT 7N ERTZENS BRI DEEY 40a ZEBIEEHE U GERL,
TH5RBFEIFAREREI U LAY 40a (X FGFR BEZOMDY T I 7I)—IIUT ICso BN 2.1
nM (FGFR1). 3.1 nM (FGFR2). XU 74 nM (FGFR4) DEEREEEMEZRUZ, LIZH2TID
EEMIE WIND FGFR 77IU—ICHUTERVERZRFS. N FGFR BERBEFRZHE T 2/
REBEETOT 7ML THDEDD Dz, TEHICCDILERIE. ENBERD A TH S UM-UC-14
#fd(FGFR3 BERZEBHISER LT EINARNRFZERENTIDELT S249C EENHMSNTHY,
O S249C ZEMD FGFR3 BEERENRERICHEIRL TL\SHllfaK) DiBfEZ. 84 nM O ICso fETHIH|
FRENTE
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SEIUET AEDEESH

AE Tl VEGFR2 BRI T 2EEEMEE TS EHRE FGFR3 BREZHEFRIDREH. 7
RT3 ZAMBDRFNEENS1TS)EAVT. FGFR3 BERAEEMTHEIC LD /NI ZI—TY R
U—Z20%FTU. EYMEEY 1 ZEHEUZ.EY 1 IX FGFR1. 2. 3 [T 9 2ERAEE NS
THOEDD, VEGFR2 BERMEZEM & MBERMICZUN D72, ECTEEM 1 & FGFR2EEZRED X
REAESMRT ESHMICAT L. SBDD 7 7O—FICLYUIERMIC VEGFR2 EDEBEFRBERMEEILK
SEBIEEMET AT EEHIC2DONDEBEILIRUz. F—ICAERBEIICEEINTWVD
Lys476 I DKFFESENULHEEFRZER TS EZIC/N\NY IR Y ERBICERESN TV
% Met529 IS & DBOKHHEEIERERRK T D s &R,

BIEDT7 FO—F CTlEALEY 1 DRVE VIR E 3 MICKRFEAZREEZE AL, FGFR3 BHRASEN
D ICso BN 4.1 NM ERI3EHERRL. VEGFR2 EDEIRMEIE 139 EICEM>7z1tE4 18b ZREL
7z.1tE¥ 18b & FGFR2 ERENEARIEEDRITERICLD & ARFLIZEY FGFR2 ZERDARE
EHICHD Lysd85 NP /ABEICHZ 7SI /EEEHBVKERES(B.TAEFRLTW . —ATTE
ICRUT. L& 18b DEIKRUIRDXFL VEIMN FGFR2 ZED Met497 D7 X/ BE{AISH & BoK
MHEEMERERRLTHY . SO EH VEGFR2 BRAEEEE DBV EREERUEZ 1 DOBEREE
ANz,

BEOT7IO—FTIEALE® 1 D 1,3,5-FIPIVEBOD 1 N SHERI R, TOFR. IV IRy~
AT7OEZUT FGFR3 BHRMEEEMED ICso BN 4.3 nM #3588 L. VEGFR2 & DEIRM(E
233 BLLLICIEN > 7z1b 6 40a ZRHEUZ. 166 40a DERATHHEEY 37 & FGFR3 &
HED X SERREERITH S B UEY 3,5-IX MY I TIVEERS I/ IRy hE HE L.
Met529 M7 /BRI THS SSRF. Ce RTFE vdW HE/FAZERRKRL T\ e, MEBHIC, COEHR
HN VEGFR2 EA®D Leu889 N7 /BB TH S CSRFDHE vdW HEMFAETHKL TSI
ENVEGFR2 BERICX T 5 FBIREHNEF TE/2 1 DOEREFHEINTL,

il FGFR BHRERNQBEEEEE I 2166 40a (& IER(CHANE in vitro BIBEH =BT 5—
T EYEREDERNS /n vivo TOFEIBEMTHENRE TH o7z RETIE EBIEEY 40a hoF
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B EEHRBILIAEICE S, in vivoEEBIERZE I3 ) —RMEEYDEILRIC DWW THHRAR S,

S,
AN /H\\
Me HO 0

FGFR3 I, = 12 nM
VEGFR2 IC, = 266 nM

Figure 8. Summary of Chapter 1.

18b
FGFR31C,, = 4.1 nM
VEGFR2 IG,, = 570 nM

27
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B8 In vivoRIEEEZHE TS FGFR3 BRMAZAIDER

B—E1 N FGFR #ROQEREECESMOIRIGE TDRE

sz NHEER

HEDH=R

E—ETIE. 1tEY 40a(Figure 9)1 VEGFR2 BERMAEEN ICHUTENLEREEHR L. BDME
H7&N FGFR BEFREZEEMEEE T2z 16EY) 40a D in vitro fEREFERE &ML, Ok
MEBD AR UM-UC-14(S249C ZEM FGFR3 BEENMREMICFEIRL TV DMK (XL TIE
ICsofEN' 84 NnM, QFGFR3 B5% S249C ZEEHZEHFIRI B/ NIH/3T3 #RRICH UL TIX ICso
BN 99 nM TH o1z, COBRMOARLEYIE. FGFR3 [CHTEVBREEEHEHE I 5ICEHD
57 BREE S HRESE & OFICRBENERSH SNz, £z, Institute of Cancer Research(ICR)
YIRS 40a = 30 mg/kg BROKS Uz 6 REEOMBARICHFTHLEMREIX 98.2nM T
HolALAYDMBFEE L /n vitro IRBEEE DBERNSEET D& EMNABRBBIEYIRET
WIZHWT in vivo THERABHTIEBMIRERBDOICIE. in vitro MISEE SR ORSROLEBRED

BLAARICEF U,

OMe (\N”

N
H O/
o oHN \N)\N OMe
\\S// H

PN
Me™ °N MW: 760
40a HBA: 15

Figure 9. Structure of compound 40a.
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{651 402 DREBADEIAANT A

FHELEY 40a OROBSHOLERBEWE T DHDAHERET D2HIC. EYENREICEEET S
BI&E /n vitro FHEICEL D TOT7M) T ZRITUIZ. TDR/RIDIEEMIL. ODPAMPA(parallel
artificial membrane permeability assay)&&&IC TEVWEE BN ZSRU(1.4X10° cm/sec).
@JP2(Japan Pharmacopoeia 2nd fluid)sE&IC TRV IKARRMEZRU(<T uM).QICR ¥J R
FZoO0V—LZRAVRBHLZEESRRICTEL in vitro CLin(BEVUT7ZVR)EZRULZ(>600
mL/min/kg). E&FCDERZHEH T ALEYDIEBMZREI D LKV EHRTIEETH DR
EEEEKAREDEAZRFICALSERCENR#ETH DML, €T, drug likeness D5
BELTELLHSNTLS Lipinski’s rule of five®QZSE(CU. FFICARIL—ILNSKIEBELTL
22NN\ X=FICEBL. 7 FEMW)HRKIVE<SEDKRBEEZBTEHBA)NLU DR MEEYZ
THADU 2 Tl AT A UDOABMIC L > TRBICRBZEHDOR LRI ND EEA T,
DFEEDT T VEIBIE. LEY 40a DFELUATHDILEY 37 & FGFR3 O X f#ESAERIBSE
[CEDVWTHTOLSICIIRUZ(Figure 10). £9 CORBEEEN'S 3 DOEAEBEEMHITFI 8
ZAUCTlzo D2-PX/EUIIVEATP BEEMIOE VIMEBKICAIE T D Ala558 & 2 DDKFBEE
MEERZERL VWD QIXMFITIZIVE; NV IRTYED Met529 EDT7U7IVT—ILR
(VAW)HEEBEEFRZEFML TS XU VEGFR2 IZx1d % FGFR MFBREICHFSUL TS, Q4-(4-XF
WERZID-1-4IVERVID-1-4IL-RUEVE; FIVTI)FZT 5V (FLT3/AXL FAEH).
ASP3026°?(EML4-ALK BRZEH]). 73F =7 >3 (EGFR T790M FEEA!) 4 & DEEREZEFI DI S
BEELTHSNTSY BEBAED HEBISEL TS, —AT N-ITFI-2-RIIT7EAIL-PZ /EIL,
DAA—RTY S EREEDIRIVF—RERD ATP DU VI YR EEE#HL LD ZEHBL T\
N-IFIV-2-ZIVITFEAI-TZU/EIF Lys508 EDKFRBEERKL TL\=HY CNETICERDEE
DERBLIFIREF TH O, T TCETOERERFEHE IS LT.COIZYREERI 5T ZILE
ZHERL T MW &, ZeRIVT7EMIVEZHIRL T MW & HBA 2842 TIP3 & ZEtEUTZ.
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Solvent Region
Back Pocket Hinge Region

- OMe Ala558 (\N/Me

) Y I\O/
- ‘
QP HN” °N H OMe

s
Me/\N/

Lys508 N
40a: X =C(0),Y=NH
37:Xand Y=CH,
Sugar Pocket

Figure 10. Illustration of representative kinase pockets and amino acid residues
with 40a and 37.

WIER—XTOLVEFFHRREEEZ Figure 11 [CR9. &AIC LG 40a D N-ITFIV-2-RIVT7EA
-7 ZV) /B (R TRENEENESE) [CDVW T DF T XEEANICHIERT 5. EUIIZRICHIRR
UCKZFRRFEBRE T REEMZERET U RIS, 3,5-IXMFIRIE DV EEIZIVDED) VU H1—EB
M (FTRINEERIEE) NI 7EANNEDEEICAEL TV I ENS N-IFIL-2-RIVIT7EA
W-PZ) /B EBERIRT 5 EICKY 3,5-IXMF IRV E VIBEDGFEMEICHEEZSZA D EN
TRENTZ. TDH IV IA—EMIICH T EBEDEERBIENBEICRDEBZTZ, ) A—EMINE
231661 37 £1EEW 40a NEIREEDFGFRIERMAZFEEERULECENSEBRLT. 2 RFDUY
H—RTEHRINEBR D) A—(PIRRUOIFL D EEENMEELIEY U h—)BAZETE LUz &1E
[C. FGFR FAEEMHDIEEE KB UISBEDRS DICH T 3,5-IUXMFIRVEVEMIIE TREIN
28D ICN\OT VIRFZEBAT SEHEZIL Tz, R TIEI7O0EDBEADHHNIRET SN TSN, SO
EZFOOOEICMA THEICTIVAODEZECHASHEICDOLWTETF1UUE,
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)
fée %99

R,R?=H,C,F OHN)\ HN/\\ o N)\ A

Figure 11. Strategy of structural transformation.
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ETE BUISIUBEERDER

ll
i
&

THAOUE)I I VFEEERDERFEZLTOD Scheme 7-11 [ZRT . F 9\ {bEY 44a-d DERK
#E% Scheme 7 IR 1EEY 41a—c ZHEMIEEY) 31 EDBIERETTO SvAr RIGICHT &
[CKWIEEH 42a-c &/, CNSOZMOREZERTLUTHESNIZAEEY 43a—<c &.3,5-IAFIUN
NIV oOUREDRIG BULIE 3,5-IXMFILBEEREDHERICKLY BREEY 44a-c AN
Ufco —ATIEEY) 43c & 3,5-IXRFIRNIVITZIVTEREDETNT7 I /{ERIGICEY BEYEEY
44d =137z,

N
’\O/ Me Me
/@[ N OMe N
HoN oMe 31 N_J i Y N
oerN aorb R? A U d, e orf e Ny U
R’ \NJ\CI RIN\J\N/@OMe RIN\/J\”/C[OM(-)

41a:R'=NHPh 42a:R' = NHPh, R2= No 44a:R' = NHPh, X = C(O)
41b: R = NHCH,CH,SO,Me 44b: R' = NHCH,CH,SO,Me, X = C(0)

42b: R' = NHCH,CH,SO,Me, R? = NO,
41c:R'=H t 44c:R'=H, X =C(0O)

42¢c:R'=H,R2= NO, 44d:R'=H, X = CH,

43a:R'=NHPh, R2= NH,

43b: R' = NHCH,CH,SO,Me, R? = NH,

43c:R'=H,R2=NH,
Scheme 7. Reagents and conditions: (a) 31, AcOH, room temperature, 62-84% for 42a and 42b;
(b) 31, MsOH, EtOH, 100 °C, 63% for 42c; (c) Hz (1.0 atm), Pd/C, EtOH/THF or EtOH, room
temperature, 71-100%; (d) 3,5-dimethoxybenzoyl chloride, DIPEA, THF, room temperature, 30%
for 44a; (e) 3,5-dimethoxybenzoic acid, HATU, DIPEA, DMF, room temperature, 33-51% for 44b
and 44c; (f) (i) 3,5-dimethoxybenzaldehyde, NaBh(OAc)s, CH.Cl;, room temperature, (ii) NaBHa,

MeOH, room temperature, 16% (2 steps) for 44d.

Scheme 8 [C1EE1) 48 DEKTTIEETR T TIRMEEH) 45 LG 31 & D SnAr RIGICEUIEEH)
46 ZHSE. Hi<EERAVITIVIRIGICHTIEICEY 1-ITFZIV-3,5-IAF IRV EVELRINE
BEINTALEY 47 /. RERIC. COT7 I F UEMIE KRAMNRISICLWETL TEREEY 48 A
EFWT,
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T OMe M

N N
Z >N a B U —>b Q/
e g L L
N7 el SNN OMe N /J\N
45 H
46

Br.

N OMe

N
47: X-Y=-C=C-

€L, 48: X-Y = -CH,CH,-

Scheme 8. Reagents and conditions: (a) 31, MsOH, IPA, 90 °C to 110 °C, 79%; (b) 1-ethynyl-3,5-
dimethoxybenzene, Pd(PPhs)4, Cul, EtsN, DMF, 110 °C, 93%; (c) H: (3.0 atm), Pd/C, MeOH/THF,

room temperature, 54%.

&%) 51a—c (& Scheme 9 (SR> TEMUZ. 1EEY 49a Z 3,5-UARFIRIIAILoOURED
RISICEWVIEEY 50a ZE8HU. EDTIREREDEI—RAIITAFIMELTIEEY 50b =177,
&Y 49b & 3,5-IAXNFITI/—IVEDHIERIS PICEUIEEY 50c ZER LT, 3,5-I X+
IRDIUNTOZIRZAVWT IEEY 49¢c DT/ —IVIEKEEZT7ILFILELTIEEY 50d ZEUSUL
. 1tE&% 50b-d (&, {tE¥M31&D Buchwald Ay UV IRIGEM 21T & TERILEY

51a—c AN&ZEH#UTz,

OMe OMe (\N/Me
N
\@\‘\ Boos MeO X’Y\(\‘N hd MeO fo\(\‘N /C[N
Nl \N/J\CI \“)\ﬁ oMe
49a: R = NH, dl™ 50a:X =C(0), Y=NH 51a: X = C(0), Y = N(Me)
49b: R = CH,0OH 50b: X = C(O), Y=N(Me) 51b: X =0,Y=CH,
49¢c: R=0OH 50(:2)(=O,Y=CH2 51¢:X=CH, Y=0

50d: X = CH,, Y=0

Scheme 9. Reagents and conditions: (a) 3,5-dimethoxybenzoyl chloride, DIPEA, THF, room
temperature, 77% for 50a; (b) 3,5-dimethoxyphenol, ADDP, n-BusP, THF, room temperature, 53%
for 50c¢; (c) 3,5-dimethoxybenzyl bromide, K>COs, DMF, room temperature, 60% for 50d; (d)
iodomethane, NaH, DMF, room temperature, 73%; (e) 31, Pd(OAc),, rac-BINAP, Cs,COs, 1,4-
dioxane, 100 °C, 33-82%.

{t&¥ 57a-d DEMAEZE Scheme 10 [TRT IRV TVIVERWTHERILEY 52 ZI8RELL
TiEE¥ 53a ZRg LTI, —ATEL IR LA ERWTEEY 52 2T vRIET D & 1EE5H 53b.
53c NENFNBSNIz. COLEY 53¢ ZESITEFRLLTEEY 53d AELVz, Y1 IOE (W)
BHT. miR{EEY 54 £1EEY 31 &0 SNAr RIGICEWIEEH) 55 ZBMS#E. CNEESREAY T T

RISICALTEEY) 53a-d DR 1EEZEBAL THUEEY 56a-d ANEZH LTz, CNSITXULT in-situ
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TRESELIAZIR TR 5O PILFUEBHEKFESETEREEY) 57a-d AEE,

Me

N
/@\ = R1 O/
f @E
53a:R'= 56a:R'=
53b: R1 R2 56b: R1 RZ F
o[ 53CiRI=F, RH 56c:R'=F,R2=H XY="C=C-
53d:R'=F,R2=Cl 56d:R'=F,R2=Cl
e
QN/MG 57a:R'=R2=Cl
N 57b:R'=R2=F ve. )
| O/ 57¢-R'=F Re=H <7 CHCH;
'\ﬁ‘n c \KP /C[N | 57d:R'=F,R2=Cl
\N)\CI \N)\H OMe

54

Scheme 10. Reagents and conditions: (a) SO2Clz, MeCN, room temperature, 47-83% for 53a and
53d; (b) Selectfluor®, MeCN, room temperature, 20-31% for 53b and 53c; (c) 31, MsOH, IPA,
microwave (uW), 130 °C, 83%; (d) Pd(PPhs)4, Cul, DIPEA or EtsN, DMF, 80 °C or 100 °C, 52-66%;
(e) p-toluenesulfonyl hydrazide, NaOAc, DME/H;0, 110 °C, 24-69%.
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F£=8 ARUEEEYDRI) - JERETDELE

BRULZEEYIL. ENBEARZ FGFR3 B¥RZRL)\. ADP-Glo luminescent kinase assay [CCEE
L7z, Rz WKDOHDBIRINZAEEYIE. FGFR3 R S249C ZEERZRHEHIRIRIEL
NIH/3T3 ffifaz AL\ lpgiE 7 v (LA FGFR3 #EREME &N ZR W CEHELZ. IR TX
BRI NIZEEYIE REBME. KA. ARLEN. MIRPIRE. XU FGFR3 BROBC VBt
FREICXT D /n vivo EIEEMZFHME LT,

VAA—IRT Y EBBEDREL

Table 5 [T 1EE¥ 40a KU 37 DERE R [CDOVWTOBEEHEREZRT . LG 40a EHEERL

T tE¥ 44a-c (X100 B LDBSH TEL FGFR3 BREEEEERUz. —ATEEM 48 L. 1L

A 37 LEERUTH 9 BV FGFR3 BREEEMZRUEZ(ICoEIXENEN 24 nM & 2.8 nM),
K7ZALEY 48 O FGFR3 MRDEMEL. ALEH 37 DI 10 BEN 7= (ICso EIFENEN 324 nM &

34 nM), it W\ TYIELZFERIMEBEICEIL T, &Y 44a-c D JP2 BRI Log Dr.a DIEREICH ik

INEEDOD, INSDIEEMTIE PAMPA RETHEWERTH Oz, —ATIEEY 48 TIE EEW

37 B U T PAMPA, XU JP2 BN HICE SN REBMEIME SRR E TS

R—REHICHSN TV SH, SEIDBEIMEEY 37 'S 48 ADBETIRTIL Log DralFTULAET

IBAMTHO, ULDOTEAE LEY 48 [CHITHREBIEDEIREBTEDELTIERLDF

BEKREARBEDENAREIEFU ZCENELRERTH D EERU,
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Table 5. Results of optimizing a smaller structure for substituent R.

Meo/©\X’Y

OMe

T

R

N/Me

U
O

H

- E lLul
Structure Hnker Frgazlzlz{n?ve CFeGFuRij’%r PAMPA |Solubil Lo
No 10 | ity 9 | Mwe |HBAS
R X v ICs0 ICs0 cm/sec)®| (uM)e D74
(nM) (nM)a "
oMoHN)”
40a | ey CO)|NH| 4.3 99 14 <1 |>3.9/760]| 15
HN)“
442 CO)|NH| 467 NT 0.4 36 | 3.7 | 653 12
ooHN/\“
aab| % CO)| NH | >1000| NT <0.2 |=100]| 1.8 | 683 | 14
44c H CO)| NH | >1000| NT <29 |=100/| 2.8 | 562 | 11
Q”QHN/\
37 MeAﬁ/s\i} CH» |CH»| 2.8 34 1.8 <1 |>4.8|745]| 13
48 H CH» |CH»| 24 324 | 151 |>100| 3.5 |547| 9

a NIH/3T3 cells exogenously overexpressing FGFR3 S249C.

b Parallel artificial membrane permeability assay (PAMPA) at pH = 6.5.

¢ Aqueous solubility in the Japanese Pharmacopoeia 2nd fluid (UP2) for

disintegration test (pH = 6.8 buffer).
d MW and HBA values were calculated using ACD/Percepta (ver. 2018.2.5) software.

2 H—EI DERE(E

Table 6 [CIF. 1EEM 48 D 3,5-IAFIRVEVRELUIIVREDEICHDIVA—X &Y &

BRUBEEERREE R bEY 48 SLERU T 1G4 51a. 51b. 44d 1 FGFR3 BEREEE

MHMETUED LS 51c IZIFIXEREDEE ERUT . i\ TR L FRREICBIL TIE IARTD
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{EEMHRIF R JP2 Bt ERUc. — AT tE¥ 44d & 51c O PAMPA [HtEY 48 ERFEET
HoM LS 51b 1E.30%X10°® cm/sec A EFET PAMPA hiA L U7z, BEEEME I I 0 F Dk
PREBRENES T DN S FHEEEYEFOREREIC DOV TMOES E £ > TEHE L, TR
EEF. SEDEEY 51b [FZOREENNS VW ENEEBE TORENRD—RETHDEERU:,

Table 6. Results of changing the linker X and Y between the 3,5-dimethoxybenzene
and pyrimidine.

OMe (\N/Me
N

Me0/©\X/Y\fN\J\j\ /C[:N?/

Linker Enzyme | PAMPA .
Solubilit Surf
No FGFR3 | (10 >0 Log Dy 72 2
X | Y |ICs (nM) [em/sec)2|
48 | CH» | CHs 24 151 | 2100 | 3.5 |610.2
51a | C(O) [N(Me)| >1000 | 3.7 =100 | 1.8 |624.7

51b O CH:z 380 >30.0 >100 3.4 599.6

44d CH2 NH 78 18.1 >100 2.9 603.3

51c CH2 @) 45 18.5 >100 3.2 602.0

2 Parallel artificial membrane permeability assay (PAMPA) at pH = 6.5.

b Aqueous solubility in the Japanese Pharmacopoeia 2nd fluid (JP2) for
disintegration test (pH = 6.8 buffer).

¢ Surface area values were calculated using Molecular Operating Environment
(MOE) 57 software (average of 3 times).

Figure 12 (3. 1t5%) 48 & FGFR3 BREDEGHD X EREEDBEFER CHD.LE¥ 37 &
FGFR3 BREOBEEFRERAKRICAEEM 48 O 2-73/EUII A2y MMIED IEED Alab58
DEHEKFBEERETHL TV, T5IT. 3,5-IXMFIT T ZIVEF/INY IRTY D7 I/ EEFARE
(Met529.Val555, XU Ala634) EERKRIBED vdW HHEMERZEIRL T\ e, CNSEIADIEEE
RICIAT. ITFL U A—EMIIE Vald86. Ala506. Val555. Leu624. KU Ala634 WL\ o7fe7

S/ ERBRICEENTZBUKRRMRIRICAIEL CUV\ 2. ZEECDRERNS LG 48 E NS DBKMET
37



S/ BRAISHRR E DEARSHEEFRICKY LB 48 NE T SEBRBAER TR CEEBRUR,
AT ALEH) 48 [L Lys517 EDKFRESICKDEEEANEONIN EEEICHTDRHAT1TA
IO ERIRDBKEREFA THT I 2 ENTEREHRUZ —A T UVA—ERICL<DHD
ANTORFZEECHOIEEY(44c. 44d. 51a-¢) (& BHRUZ & S B R BRK I EFRZER TS
T ALEY 48 JYUBEVWEREMRICEIR LB ATz, UTzh o CERIEENE IR L RS DmmEm A
S5FRUC. IFLUBEZ UV W—E D RE MBS E U GERL CROBERE L EEDH Tz,

| S .'I;I e ( Me—/
Figure 12. X-ray crystal structure of 48 in complex with FGFR3 (PDB code: 7DHL).
37 is superimposed and shown as a stick model in grey.

Table 7 [ZIZ. tE&H 48 D 3,5-UXMFIIITIIEDEFERLICNOS VRFEEAUESE TSN
MR ZERT, VVOO0EERTBEEY 57a (£ LG 48 SLERUTH 6 EiEaUzBERBEEMTZ
mUlee —ATIEE 57a & Log Dra hMEIMULZCEICKY JP2 BRENEUIE U HEWTI D
IWADOENERUZIEEY) 57b T 9 20 BOEZRMEEEM. 8 25 ESOMIEEDIBRRHERD
SNz, THITIEEY 57b D JP2 BfREIE 79 yM ERFRMEZH#IF CITHY  BRORSICLDEH
BEOIELToICHFINL, JIVADRE2O0EZ 1 DT Oa0E% 57d 1X. 1659 57b &F
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BROBVEREEEEZRUEN, JP2 BRMEMEEY 57a CEHRDEVERTH o7z, JIADOEN
1DEFEB]RUIALEY 57c (F L&Y 57b LUBEVWEBREEENEZRUIZ, COBRNS. LEY
57b D200V ADEN BN REREBE GEEICIIEEZETH S ENHIBALZ. Table 7 O2{EEMIE
ZEFUW Log D EHERFCIRIED S EEY 48 EREBRDRIFR PAMPA DfEZRUZ. CN51E
BYE LSV TIHIREEMECBSNEVERN S BEREEFEDIERICH>T FGFR3 MTEETE
Y DFER Ch DTz,

Table 7. Results of optimizing substituents R' and R? in the 3,5-dimethoxyphenyl
unit.

M
N
) Q/W
MeO | N

E m

Structure | ENzyme Cellular PAMPA | Solubility
No FGFR3 FGFR3 | L e | Log D

R' | R? | ICso (NM) | ICso (nM)2 !
48 | H | H 24 324 15.1 >100 3.5
57a | cl | cl 4.3 113 18.7 5 4.4
57b | F | F 1.2 13 18.4 79 3.0
57¢ | F | H 5.2 95 24.4 >100 3.2
57d | F | cl 1.6 31 19.4 12 3.5

@ NIH/3T3 cells exogenously overexpressing FGFR3 S249C.

b Parallel artificial membrane permeability assay (PAMPA) at pH = 6.5.

¢ Aqueous solubility in the Japanese Pharmacopoeia 2nd fluid (UP2) for
disintegration test (pH = 6.8 buffer).

L& 57b & FGFR3 R E DEGKIBIRICE D <FEHm

3,5_9‘\>( l\:\::le:)l/g/\@/\D’f\J,?%@:’FEfA&\jJ%ICDL\_C\ i@f@i&%{ﬁu 15)?“[3:\ 3,5':)\>( I\:‘::J
RUEPVBEAOIOO0EDEAICKY . JTIZIEDBRENBEESNDZEICERUTEEENE L

I OMENBARSNT NS, —ATEEDHERCIL BIKRWCEICIOO00B-KLVEITILADEDEA
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NEYEEERERESALIED S IPIEIERRDIERTEENALUZEER R T T EEYW
57b [CBATNTZ 2 DDV AOEDWRZAESMHNITSENT, FEINFMD)VIaLb—Y3v%E
AW TIEEY) 57a XU57b & FGFR3 BEREDEGHRBEE TRILZ. 165 48 & FGFR3 &L
DEEERD X FERBEEHIE U TEIRL. GROMACS & %®(C&% MD stEZEMEUZ. &7
FGFR3 BEREFHALIILEH 48.57a. 57b DFLXDHFIRINF—NRIMEE R DBEEHETE,
MD EtEDOERET I EUTHRALR HIC Lys508 @ CB.Val555 @ Cv.Ala634 O CB. K&

57b ODEFIVIEEICH VT 3,5-UXMFITITIIEICERINIZDVREFNS 4.5A LIRICHIEL
TLW3(Figure 13a),

MD 22aL—3VI(ICHITBRDADD7 I/ BFREE RT/R? DERE(KERF/IBRREF/ T VvER
F)EDEDEEREICXT I D4EE D % . Figure 13b ICERN T SLELTRT . COEANT S LMS,
Lys508 XU Val555 & RV/R? BHEE DEREDDIE 3 DOELEMDOE TELULTWSIEAD
ol CNHDFERN G, Lys508 KU Vals555 EDMHBEIERFRDZHICIFEKEDS VEIREMN
BATHZIENTEIN. (LAY 57a & 57b OBEZRMAZEMENEEY 48 LUEEREHEAK
U7z —A T Alab634, KU Asp635 & R'/R? BB DEEBDARIFMEEMICL > TELRO TV,
Ala634 [ZDWTIE RY/R? BMENNTVNEE Alab634 EDEEREEIIE<RO>TLVz, COWRRH S,
Ala634 7 R/R? BB E DEICIARFENECP T VBERICHY . LUNSREREFE A RFEMN
BTN EFRINEZ, Asp635 [CDOVWTIR KREBELPIOOEDHZELIVETILAOEICT
Asp635 EDEEREN LW REWMERZRUZ. &, TVREREFIIKFRFOERRETFLIVEETIZEE
HEW s 59, Asp635 DEH NH BDFARBEEEN U I VRRFEMBEREMRUZEER
0, ZDERIE. LAY 57b HMEEY 48 X 57a L &L T BREZEEENAE LULZEHD 1 DTH
DEWRUIZ, AT EEY 57d [HMEEY 57b S EREEDEREEEEZRUEEN 166 57c (&
{EE¥ 57b LWEEEMET U CNSDBERN S EEY 57d DTIVADOEIFEEY 57b EFEFk
[ Asp635 &HEEBEFEAL. &o5IC70O00HI(d Lys508/Vals555 £HBBEFRALTWS EHERIUZ. 16EY)
57c OTIVADEIE Ala634/Asp635 Fizld Lys508/Val555 dLwgnheDAHBEIERALIZE
ERUT,
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Figure 13. Molecular simulations of 48, 57a, and 57b. (a) The complex structure of
57b docked with FGFR3 around the back pocket, and amino acid residues located
within 4.5 A of the fluorine atoms. (b) Frequency distribution of distances between
the amino acid residues and R'/R? substituents in an MD simulation.

YIRERWE /n vivo TOZRIBETH

Table 8 ICI13. #5¥E % 30 mg/kg ROKS URHOIFEFEE. RUZDORO FGFR3 BE) VEE
{ERREEM. SOICIK ICR YIORDFI/OYV—LEAIFAR-NUIZED in vitroFEB V') 752X
EZRL T\ S, MEEAREE, ICR YVIRNMEEMZRS LT 6 FFEE&ICHRIML LC-MS/MS ZAWLT
BIELZ EEPTH FGFR3 Ba U VEbIE. FGFR3 &% S249C ZEEHZHRHFIRRIEL
NIH/3T3 #ifaZEBEBELEX—RFYIIZRAVLEYERSLUT 6 FERICBEEHEMUL T IR
1vF ELISA FEICKVRIELZ. TDRER.AEEW 48 & 57b IFHICIEEH 40a LWEEHEEN 11
BULERESHEINTHY AT /in vitro AAREREHNEL UEWMEZRUZ.EEY) 48 &
57b OMmEFRENEH OIZEREL T, BEEBECKEREE W\ oY EFHMMEENREI NS
EITMA T ARAREREHEINLLED THDEERUIZ T, /n vivo FEEEMEICOWVWTIEL LS
48 & 57b (384~ 21% KU 85%D FGFR3 UVELEEEMEZRUZ. (L&Y 57b 131651 48
&WUE in vivo TRRABEIBEMERUIERRN SEH T LG 57b DB T S8 HIRIETEREE
M in vivo TOFRIBRRFARICIINETH DTz,
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Table 8. Plasma concentration,
phosphorylation, and /n vitro metabolic stability.

n vivo

inhibitory activity against FGFR3

Cellular
Pl mCLin PAMPA .
asma |, FGFR3 * | FGFR3 "™ Isolubility
No Structure conc. ) (mL/min (10° .
(% inh.)® ICs0 (uM)
(nM)a /kg)¢ cm/sec)e
(nM)d
OMe N/\N’Me
MeO@YH/N O/
402~ T (1 98.2 | NT® |>600 | 99 1.4 <1
OMe /\N’Me
N
48 @WK 9 1120 21 227 | 324 | 151 | 2100
\NJ\N OMe
OMeF O’Me
57b KIAO o 1220 85 176 | 13 18.4 79

@ Plasma concentrations were measured using LC-MS/MS 6 h after single oral
administration of test compounds at 30 mg/kg to ICR mice (average of 3 mice).

b In vivo inhibition rate of FGFR3 phosphorylation in hude mice xenografted with
NIH/3T3 cells exogenously overexpressing FGFR3 S249C 6 h after single oral
administration of test compounds at 30 mg/kg (average of 3 mice).
¢ In vitro intrinsic clearance in ICR mouse liver microsomes.
4 NIH/3T3 cells exogenously overexpressing FGFR3 S249C.
¢ Parallel artificial membrane permeability assay (PAMPA) at pH = 6.5.
f Agueous solubility in the Japanese Pharmacopoeia 2nd fluid for disintegration test

(JP2: pH = 6.8 buffer).
9 Not tested.
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SEIE U—R{EEH 57b OIEFHMEFER

BVWIMERARE /n vivo TOBHBFIEEEEDLEY 57b DBELRFHEZERL T BINDFIEEY
izxiTU=(Table 9).1t&%) 57b & 8D FGFR D 794 FICxLTH FGFR3 &[EEE D4
RERAEEEZRU. BANGREEEE SO 7V THDIENTH o7z, T2ITIEEM 57b [F. e
B AR UM-UC-14(S249C ZE D FGFR3 BERNATERICHEIZL CTL\SHMEHK) (XU T
HEHERIETERRE R ZRU. TD [CsofElE 21 NnM T o7,

Table 9. /n vitro pharmacological profiles of 57b.

Enzyme ICso (nM) Cellular ICs0 (nM)
NIH/3T3
FGFR1 FGFR2 FGFR3 FGFR4 UM-UC-14
(FGFR3 S249C)
1.7 1.2 1.2 4.2 21 13

=&EIC. UM-UC-14 B AMBIRZ BERELIZX—RYIXETIVZRWVWT, /n vivoiiEEaiRz
L7z (Table 10).16&% 57b(0.1.0.3. 1. 3. XU 10 ma/k9) =& 58 (0.5%AFIL )L
O—XFR) ICRBL. vOUXRICTH1E 11 BEREORS Uz (FEICHWTIHI 5 EDOVIRZERER).
0.3 mg/kg(48%DIFIVER) KT 1 ma/kg(62%DINHIVER) D FAE CER T X DIEFEHIIHIZIRA
3 ma/kg(42%D:E#EER) KT 10 ma/kg(75%D:RH#EER) DAE THER T XDBHEIRH. L)
ITNEHAEREFENICRRINC. EEIE. CNSOEBZIERNSEATILEEY 57b IIEMNAEE
DBEICAEITEER ) —MEEMTH D EfamiTT 7z,
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Table 10. /n vivo antitumor efficacy of once daily oral administration of 57b for 11

days in a nude mouse model xenografted with UM-UC-14 bladder cancer cells
(average of 5 mice).

Dose
0.1 0.3 1 3 102
(mg/kg)
Antitumor ) ) .
1.4% inh. | 48% inh. | 62% inh. | 42% reg. | 75% reg.
effect

@ Body weight loss was observed.
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BHE AEDXESH

ARETIE F—ETEONEY 40a D /n vivo TEIBERZTRIZH(CE MIBEECEBRED
BEEIHERREE U TESEY &Y RERRICAITTE) U UFESRORBLARICEF UL, F T2
{EZHMEPRHLELZERF I D720, Lipinski’s rule of five DIL—ILHSKERERELTLD
TODNSX=FICEBL A FEMW)REVEL KRBEZEE(HBA)RLUDRMEEME T
12U7z,

DFEEDT A VEIRIE. LAY 37 & FGFR3 O X fgE A EEECE D\ TIrxR Lz, FGFR3
BEHOYVIH-—RTYNEEELTWD N-ITFI-2-RIIT7EAI-PZ) /EEKRRFAEBSHRZ
b EM 48 13 BEE R DAY E LB U T 10 SR 0D FGFR3 BERMAEENE . RUTRTEMEDEN
TRRESZ R T=—A T PAMPA ¥ JP2 BN HICHE NI BV TEEY 48 D 3,5-TUXFD
RIEVREEVIIIREDEICH D) U N—ZZBUIeECA . I—TIWVIh—EBI5EEY 5l1c
MEEY) 48 CRREDEMERUEBEENREZRUZ. L6 48 & FGFR3 BREDESERD X
RIERBEDRITERTIE. eV IBER N\ ORIy b O 7S BFERE S DEBEEROFRKICINZ T, T
FL I UA—EMH B DEKIET S/ BAIEE S DRANREEFRETRL T\, S5ICEEY
48 O 3,5-IXFIITITIIVERLIICNOT VRFEEALLETS ITINAOENBERLUIZLEY)
57b TI3#9 20 BOBFREEEME. #9 25 BOMRTEEDIBEMRIERH SNz, TD L IP2 BRREI
79 uM ERFRMBZEHFF CET THY BORSICL225BBORE O T2 CH/FFIENE,

{EE&¥ 57b I[CEATNTZ 2 DOTIVAOEDURZERSHNITIENT. 2 FHAHFMD)VIal—
VIVICEFURESA JVAOEDREICIFA DD T/ BERENBEESN TV ENDN O O
NS5DOMW Asp635 DFEHE NH BAIICHU T KFRERCIOORDHZELVETIVAOEICT
Asp635 EDEERENLVUEWVERIZRUZ, TVRREFIIKRRFRERRFLVEETEEENEL
7z, Asp635 DEE NH HHFAREAENUTIVRRFEMEAEMEREFRLUTVDIEHRES
N L&Y 57b ICTEREEEENAA LUZEHD 1 DTHDEFHRUR,

BEEMERORRE L TEONLAY 57b [EEV \EERAEEE. MASEME. 112 TRIFAEESEMNE. K
B AHZENERLTHYBINR IO 71ILERBL Tz, CNSITINZ T, /n VivoIZTR IR
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TOR/RWIEREPRRE Y, ZOROBEMEATOEV FGFR3 B2 VEEREEENRH SN T5
(Z1E UM-UC-14 RO AR = REBIEL X — YO XETIVERWE in vivotiEBEERIC T,
0.3.1 ma/kg DAETEE T XDBEFEMHEZIRH 3. 10 mg/kg DAETEE Y1 XDBMEMRH.
WINEREKREFNICEHRINSG.

{te# 57b IBEMHAZEDEBRICATTZELER—MMEEY TH D EiEmT T2 RETIE LG
57b OEYFRE. MULEEDER TORERRZ BN E UGB L FRIC L 5. FERIEMIESYDE!

HICDWTHRAR D,

e Me -"'A"‘N’Me
N ¥ increased systemic exposure N
Yy o v enhanced potency e ‘I St
o~ N .
AW A : > N
SWe LT
O_\ p HN- SN~ SN S \'OME H Ay \"'OME
40a 57b
FGFR3 kinase inhibition:I1Cs; = 4.3 nM FGFR3 kinase inhibition: ICs5 = 1.2 nM
UM-UC-14 cell growth inhibition: ICs, = 84 nM UM-UC-14 cell growth inhibition: ICs = 21 nM
mouse plasma conc.: 98.2 nM (30 mg/kg, po) mouse plasma conc.: 1220 nM (30 mg/kg, po)

in vivo p-FGFR3 inhibition: 85% (30 mg/kg, po)
in vivo antitumor effect: 42% reg. (3 mg/kg, po)

Figure 14. Summary of Chapter 2.
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$£=% ADMET OREZ=RUZFRAFEEMIEEY) ASP5878 DEIH
H—8 U—RMEESYIRSEEDRE

BIEDER

EZETIE. U—FEEY 57b(Figure 15)M /n vitro ICTHEAN FGFR BREEEME. KU
FGFR3 % S249C ZEERZMHIRIRSI B NIH/3T3 MiEICH T @ HRgiERE &t %
BIB &z (Table 9).MNAT in vivolCTiE72 FGFR3 BE ') VERLFEEEM . RUBERN
AWETEBEX —R VI INDREORSIC L SEEREIRDEESH 5Nz (Table 10).

Me
OMe N~

F N
31
=Y
F \N)\” OMe

Figure 15. Structure of compound 57b.

I —R{EEY57bDERRE

L&Y 57b DRETOT 7 1) ZEDER NHREHEDIBIRTHDIENFI IOV —LICEITS in
vitro B VU7 5V ZERFILRELY EE<(ACLne = 171 mL/min/kg). 723778 human
ether-a-go-go related gene (AERG) FvRIVBEEEM(ICs0 = 10 uM) EZHUL T\ 2, AERG F+
FRIVFDERICH T DR ERERDBIERERN D LEBRDRAEZIE O THY  FEIRCRAFEDEERR)
205 QT BRERREDOEEICEEL TS o1 INSDBEIETRIRT D702, 5B
SV VFBRORBEILICEF Uz, RRELEYERIRT BICKRL. /n vitro hERG ER7vt1. KU in
VivoA XTUX M) =7 ZOmaEREEL T OFEEORBR SN B ME S DRILICHEE Uz,
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L&Y 57b ORBEERARADANFTZALEWT 1Y

L&Y 57b DENIBIF2RBREREB LI ES72HIC, Y TT 170D ADMET predictor®?
ZARVWTLEYIBEROAFEMIZ T RL. TOAHEMIICHEEEMZR I TEZIL C . TAFERR
NoIE BEMBEEZ SBLTVND N-XFIL-ERSZIZIV-ERIITDIAZYNEB/INATIR) EXMFY
TIZIIVAZYRGREBNASAR) RGNV IRy RERIZESBLTWS 2,6-T7)L40-3,5-I X+
VI AZYNETRBRUV)EIFL I A=D1 ZYEREN1 S M) MBI DB E Lo 7z
(Figure 16). TN5MA 2,6-U7)bA0-3,5-IAFITITIVIAZYMME CNFXTOEERELD
BFET FGFR3 BEERE DGR XU VEGFR2 BEREDZFIREICEZE TH D28 COERD OISR
[EhEEUTz. (1) FEE CIIERORHEMMIN TSN NS PIUEERANICEZ DDLEYD
YIEBEFEIMEENELLZELY DBRRITIURUNIPIVEEZEAT I E. (2)FREBERTIEXAS
FURDBRATFIVEEZFRVEEE LT, 71TV I—TIVEE B/ ERERE. RURBMIEZE
EEKULIMIEZEATHE QIREEAMTCIEIIFL U OEROFIMEEEEET S7Z8IC,
"% Table 6 DHIREENUTRIINI—TIVI D A—ICEHT B & &EHEUZ(Figure 17a).
L\ T AERG FrRIVIEESFEEZ I T 2720 DEIE & U T B EM=RBRNBRINLA VL VIRE
BN AERG FrRIVEERIDHBRNGEDEEE L THOSN TS 3 JIZIVEERTTEFR
BN 5 B8R KU 6 BRODERFEERZE I AW ERETLz(Figure 17b).
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OMe
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Figure 16. Predicted metabolic positions of 57b calculated by ADMET predictor®?.

(a)

Figure 17. Strategy of structural transformation (a) to improve metabolic stability

(b) to suppress AERG channel inhibitory activity.
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S8 EUIIVEEERDOERK

THAOUEE I VFERDERAEZ. LLFD Scheme 11-14 [SRT. £9. {EE¥61a & 61b
DEamAZEZE Scheme 11 ITRT.LE% 584, 2 ETiRILEY) 54 EDBEMERHETTOD SvAr Rty
LY. 1EEY 59a.59b ZHEER. CNSZELEEH53b EDEERNY TUV T RINICAUTIEEY)
60a. 60bZ1F7, it \ T PIVF VEMIZE /n-situ TERIEBzIAIRTUIRL TKFEIEL, BREG
) 61a. 61bAEEBL/,

N/R
(\ OMe
Cr F
H,N OMe MeO S
58: R = N-Me-piperidin-4-yl R F OMe
2 R=Me (N 53b F R
I I N b Nig
= a SN X2 \)
_— N
\E\J‘\ \E\J\ /CE MeO XN
Nl NN OMe F S J\
54 H N N OMe
59a: R = N-Me-piperidin-4-yl H
59b: R = Me
60a: R = N-Me-piperidin-4-yl 12 = _C=C
60b: R = Me Xl-xt = ~C=C—
c
61a: R = N-Me-piperidin-4-yl X'-X? = -CH,CH,-

61b: R = Me

Scheme 11. Reagents and conditions: (a) 58 or 2, MsOH, IPA, microwave (uUW), 130 °C, 56-66%;

(b) 53b, Pd(PPhs)4, Cul, DIPEA, DMF, 80 °C, 45-72%; (c) p-toluenesulfonyl hydrazide, NaOAc,
DME/H-0, 110 °C, 69-77%.

L& 70 1L, Scheme 12 DIL—HTHRE>TER Uz, TTERMEEY) 62 Z1L&%53b & OEENY T1)
VI RBIHUTEEY 63 ZEVEE., 7IVF U =80 DKRAR EDERMKRILICEVILEY 64
Z1572. 168 64 O Sandmeyer RIGICE I 7 MEER T, #H<IKABRIGICEVIEEY) 65 A&
U, TBICAFIUBMEU D ERV2OO0LICEUIELEY) 66 AEBL=E LAY 21 &D
Buchwald v UV I RIGRHICHULTILEY 67 ER/7. i\ T 7y —IVEMIZ K 2L TE
&Y 68 ZESUTz, BRODIEEY 70 NI L&Y 69 iR Bz 2 BREDETHN7I/ERE
[CLYZERRUTZ,

51



Me Me Me
F F F
l 7 ,\] a b
- )\ —> MeO \\ — MeO = {\l MeO = R
N NH F =
r‘ F N F ~
N NH, N N OM
\N N 64 H

62 63 Ha />
0 67:R= hdi /°>
Ot , <
Me Me 2 0
F F HaN OMe 68:R = L{poé

c d e 9 [ H
— = MeO Z —— MeO Z . O/ \O
[“ —> 69: R v Noe
F N F \N al Me
65 N“ "OH 66 h N
70:R = k{"O/ U‘Me

Scheme 12. Reagents and conditions: (a) 53b, Pd(PPhs)4, Cul, DIPEA, DMF, 80 °C, 49%; (b) H:
(1.2 atm), Pd/C, MeOH/THF, 60 °C, 99%; (c) NaNO2, AcOH/H:0, 70 °C, quant.; (d) POCls, N,N-
dimethylaniline, 100 °C, 74%; (e) 21, Pd(OAc)., rac-BINAP, Cs.COs, 1,4-dioxane, 100 °C, 67%; (f)
conc. HCl aqg., AcOH/H:0, 80 °C, quant.; (9) T-methylpiperidin-4-amine, NaBH(OAc)s, DCE, room

temperature, 23%; (h) 1H-benzotriazole-1-methanol, NaBH(OAc)s, CH.Cl,/MeOH, room
temperature, 87%.

#tL\ T Scheme 13 [C[3EEY) T8a-hDEMGEETRT . MARILEY 71 DEORFIILEZEXDIL
{EUTEEY T2 ANEZHL VW T 2-7008 I I U-5-F—)ILERIGT B TUEEY 73 ANEE Lz,
—AT . HIRMEEY 74.41¢c SALEH T5 &D SNAr RIGICKWIEEY) T6a. T6bZEGER. —~OE
ZKFELTEEY 77d. T7f AEERUTz. REICERFREIA 2. 77d. 77f. TIR{LEY 31, RUBE
FUEEY TT7a*>, 7T, 77c*, T7e*> &ALEY 73 &D Buchwald 11 7 VT RIGREICAL
T. B8EEY 78a-h& /1,

Me

OMe Me Me
F F b F f
a
—_ MeO
oH— o _Me —> o - Y
MeO MeO = MeO = {\1 F )\
F F oo F Sy )\Cl
7 72 73

78a: Y' = CH, Y2 = C(OMe), R amine1
78b: Y' = CH, Y? = C(OMe), R = amine2

e 78c: Y' = CH, Y2 = C(Me), R = amine1
N 78d: Y' = CH, Y2 = C(F), R = amine1
HN O/ 78e: Y' = CH, Y2 = C(OEt), R = amine1
Y 75 ¥! 1R 78f: Y' =N, Y2 = C(OMe), R = amine1
L\( cord J/\)/ 78g: Y' = N, Y2 = CH, R = amine1
78h: Y' =N, Y2 =N, R = amine1
O,N O,N HoN
74: Y'=N,Y?=C(OMe) 76a:Y' =N, Y2 = C(OMe), 31: Y' = CH, Y2 = C(OMe), R = amine1
41c:Y'=N,Y2=N R = amine1 2: Y'=CH, Y? = C(OMe), R = amine2 Ve
76b: Y= N, Y2 = N, 77a:Y' = CH, Y2 = C(Me), R = amine1 N Y
R =amine1 77b: Y' = CH, Y2 = C(F), R = amine1 I\O/ \(N
77c: Y' = CH, Y2 = C(OEt), R = amine1 ¢ .
77d: Y' =N, Y2 = C(OMe), R = amine1 amine amine2

77e:Y' =N, Y2 = CH, R = amine1
77f. Y' =N, Y2 =N, R = amine1
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Scheme 13. Reagents and conditions: (a) methanesulfonyl chloride, EtsN, THF, 0 °C, 100%; (b) 2-
chloropyrimidin-5-ol, K.COs, DMF, 60 °C, 96%; (c) 75, DIPEA, 1,4-dioxane, 80 °C, 75% for 76a; (d)
75, K2COs, DMF, room temperature, 35% for 76b; (e) Hz (1.0 atm), Pd/C, EtOH, room temperature,
94-100%; (f) Pd(OAC)2, rac-BINAP, Cs,COs3, 1,4-dioxane, 100 °C, 7-76%.

RE&IC. L5 80.82.84 MEMAZEZ Scheme 14 [IRT.1LEW 73 EHERIEEY) 79 &
Buchwald 71w UV T RIGICEWVILER 80 =/, it \ T EROFVEZEXVIMELTEEH 81 A
EEHRR. ISICHINT B TIVREEALTEEN 82, 83 ZHISUTZ. 1EE4¥ 83 [X. TFAIZKY Boc
BEZRELVTUEEY 84 ANEB,

F

(6]
MeO ~Z N
\(\J\
N Cl
73

OH
B 1
= F
HoN
a

OMe
F
79
o) o
MeO SN —N OH b MeO SN = R
e \E\J\/E/\N_/_ e J\ﬁf
F ~ ~ F X ~
NN NN
H H
80

81:R = 0SO,Me
c
: R
2RO
N_ d
Me
[e]

J s
83:R= NK\N 0"

[ \
84:R= \{OH

Scheme 14. Reagents and conditions: (a) 79, Pd(OAc)2, rac-BINAP, Cs.COs, 1,4-dioxane, 100 °C,
55%; (b) methanesulfonyl chloride, EtsN, THF, 0 °C, 76%; (c) 1-methylpiperidin-4-amine, NMP,
80 °C, 21%; (d) 1-(tert-butoxycarbonyl)piperazine, NMP, 80 to 120 °C, 53%; (e) TFA, room
temperature, 65%.

OMe
F
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ETH ARUEEEMDRD ) —Z T EREFNER

BRULEIEEYIE ENEAEZ FGFR3 BE&RZRL\/z ADP-Glo luminescent kinase assay.
FGFR3 B3 S249C ZEERZ®HIFRIRI 7z NIH/3T3 #ifgzRAV\ /=HfaEE7 v 1. T5I121%
RAREM CIEEBMEZTHRUZ. BIRSNZEEMIE. TNSITMAT AERG FrRIVAEEME. ¥
AMITHRE ., KU FGFR3 BROBC) VERIEREICNT D in vivo RIEFEMZHEUT,

E L EIEESE Bis U BEmEt

Table 11 (& EMUBHZEEZRA LS TS ZBNELZERE R\ RA KU VH—X D SAR 2R
LTW3, BIR7I /185 RTHMEEH 57b £ R 3{EEY) 61a. 61b. 70 L. EEH 57b &EEEULT
[FEF0 FGFR3 BHRAZENE. KUMREEZERUTz. AFRLERICEU TIXMESY) 61b TIXERENER
HENEM>e—AT EEY 61a & 70 [ER4LD Log DrafEMEVWCENERE R >z EE
#57b £YUE ACLin BN 3 UL LEWERES A T2 W TUVA—X DZHRICDWVWTIK, 2,6-T D)
Z0-3,5-IXFIRVEVRECUIIVERET—TIVI A—TERIBEEY 78a & 78b Hi,
{EE4) 57b ¥ 61b EREEDERMEEEME. RUMIDEMEZRUZ. S5ICEEH) 78a & 78b DE
MUERZEMIX LG 57b ¥ 61b SHEEU TH 3~4 FIE LT, REBICERE R? 2T UIZRR.
L&Y 78c(XAFIVE) & T8d(TINADE)IEEY) 78a LEEEDEREEN RULMBELRENLEZE
RUTE—ATLEY 78e (ThFIE)DHAIL Log Dr4EMEEH 78a LUEFVICENNNS T,
EVWEEMZEHHFL DO DIEEY 78a D ACLinfELVERKWERESA T2,
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Table 11. Results of optimizing substituents R', R? and linker X.

N
AT

F Enzyme|Cellular L PAMPA
MeO X R |FGFR3 | FGFR3 int (10
N Ty, L/min/ka)|Log D
o) F Vo R ICeo ICeo (m /I‘T:)In/ g)|Log D”cm/sec)
(nM) | (hM)2 c
X R! R2
(\N,Me
57b | CHa O/NJ OMe| 1.2 13 171 3.0 | 18.4
\(N
N,Me
61a | CHa QNQ OMe| 1.4 33 51 2.5 3.5
\(N
K\N,Me
61b | CH» e OMe| 1.5 18 101 3.0 |>30.0
Me
70° | CH, C(” OMe| 1.1 24 48 25 | <0.9
YN N‘Me
(\N,Me
78a| O O/NJ OMe| 1.1 13 40 33 | 11.2
\(N
(\N,Me
78b| O e OMe| 1.6 | NTe 39 3.0 | 16.2
K\N/Me
78¢c| © C(NJ Me | 1.7 20 58 4.1 20.6
\(N
(\N,Me
78d| O C(NJ F | <1.0| 55 42 3.6 | 26.6
L\/N
(\N,Me
78e | O OEt | 1.1 NTe <23 3.8 | 16.8

a NIH/3T3 cells exogenously overexpressing FGFR3 S249C.
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b In vitro intrinsic clearance using human liver microsomes.

¢ Parallel artificial membrane permeability assay (PAMPA) at pH = 6.5.
d Tetra-hydrochloride salt.

¢ Not tested.

Table 12 TlE ER7U—ILE Ar ® SAR ZRFARITVRICEATEUIVREZEALURLEY
78f & 789 [ WINEALEY) 78a EEEEDEARERAEEECMIEEZRUZ. EUII VR
ZRDEEY 78h DEFRIEMIXMEEY 78a LUENITNET LN EDHBEEFEEY 78a &
FREETH O HLWTESY -ILIREE T LG 82.84.80 (. /b5 78a ICIL#Ed MRS
MZERU. — A TRRARERICRALTIE CORPOVITNOEEMICHEWTELEEY 78a LUEW
ACLint 1BZRUTHY . B2 D Log DrafEMMEVNCENERLZEERURC.
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Table 12. Results of optimizing substituent Ar.

OMe
; EFZ;’FT 3e CFZ“Fqu ACLint PAMPA
NO MeO o N (mL/m'n/k LOg D7.4 (1 076
T ICso | ICso
F N7 N-AT g)P cm/sec)¢
(nM) | (nM)?
O,M
78a Sl 1.1 13 40 3.3 11.2
@‘,Me
78f @g 1.3 3.8 26 2.8 14.4
< OMe
N(\]\‘,Me
789 ng 2.0 17 34 2.7 15.1
g
78h AT 4.5 29 39 2.7 18.4
/N\ IH
N
g2 o~ O 2.7 | 32 <23 | 07 | <14
N\
Me
=\ N
84¢ \/QNI N 1.2 13 <23 0.2 <1.1
/N\
80 \/Qfo” 2.1 11 <23 2.3 13.3

a NIH/3T3 cells exogenously overexpressing FGFR3 S249C.
b In vitro intrinsic clearance using human liver microsomes.
¢ Parallel artificial membrane permeability assay (PAMPA) at pH = 6.5.
4 Tri-hydrochloride salt.
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HERG FRJVBREEME DEHIER

Table 13 [ClE. QPatch Y27 L%z AERG FrRIVEEEEDRERERT A LEMEDLLED
29I FKAD ICso EICIA TERIFMEEICH TR ERMHEREZ SOV LU Concentration-
Response Curves(CRC)% Figure 18 ICTRI.1EEH 61a.78d. 78f (X {E&# 57b LWUE
HERG FvXRIVIEEEEIIERUZ. i\ TIEEH 70, 78a. 78b. 78e M ICso EIFXBHE TSN D
7=ht. CRC h'5iEHTIEEY 57b KVERKEEMICEAYTRLUTHY, AERG FrRIVIEEEMEN G
UL EBIRTS o, — A CTERBBRENEAINLAEYEICEVWTIE LEY 789 & 78h O
ICsofEIFMEEY 57b EARBE TH M. L5 82 & 84 1F AERG FrRIVEEEEMEHIMEEY 57b
D 8 fEL HERUTZ. T5IEEH 80 D ICso EMNEHTE A >726DND, 10 uM LU TDEETILE
) 82 ¥ 84 L[FARRMD CRC ZRUiz. COfERNSH#EH TIEEH 80 Tl . 6E% 82 84 £REIUL
HERG F+RIVBREEH DIRBARRMNERSH STz,

#OND AERG FrRIVBAERIE. ZOBERITREM=R7 I/ EET IV EOEAZEIEAN D
Y. HERG FvRILD Tyr652 & t-hF A MEEFRZENU T B ULIFE Pheb656 Em-t X5 vF 2T
HEERAZNUTHEEERTS 9, U > T=R7I/EDBEECEEHERD t EFEEN, iERG
FrRIVICH T DHIMEICHEES X D8NG D @EEERICED 3 EEYMDIEZRE LT, 88 M
[2DWVWTEAFADREEVEEMERMID pKa {ET3 % Most Basic pKa stHEEZ. Xzt EFEE
2DV TIEAEBEIEZE S 2B EHREAIBEICH T DREHE D THEIRIVF—(Evovo) STEEZE
BRBEHUE (Enomo B BRICEFREUZRFETOEDEEZR L), Schrodinger #M Maestro %
FOTRREBEERETE. TOMECHOEFEEZELZ ), ZORER. L&Y 57b. 61a. 70,
78a.78b Tl& pKa fE& AERG FrRIVBEEMEEIFHEALZRVCENRENTZ. —7 T Eromo BN
ELMESEY 82.84. 80 (&, 16&% 78a LWEHEKREIEREL/z AERG FvRIVBEEEEZRUIZ. &5
IZtEY 789 & 78h DIZFRIF LG HEEY 78a [CLEATHEPHVE: AERG FrRIVREEEMED
{ERZIRNTENTZ. CNSD Enomo IEE DIERENERSH SNIZHERN ShdH T EBILBERIZZ LHHD
BEBERDTtEBFHSENMETLT AERG FvRILD Pheb656 D r-nR5 v+ JHBEFANT
FoleZENM FERG FrRIVBEEEDE T ESISEHIL TV D EHRUE,
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Table 13. AERG channel inhibitory activity using the Qpatch system.

HERG channel inhibitory activity? Calculate.d Calculated
No. most basic
ICs0 (uM) Enomo (eV)©
pKaP
57b 10 8.14 -0.147
61a 4.5 9.28 -0.147
709 >1.0 10.10 -0.147
78a >3.0 8.14 -0.147
78b >3.0 7.75 -0.147
78d 7.6 8.14 -0.159
78e >3.0 8.14 -0.147
11.42
78f 8.1 (8.14)¢ -0.158
789 14 8.14 -0.164
78h 14 8.14 -0.178
82f 83 9.22 -0.175
84f 89 9.15 -0.175
80 >10 3.43 -0.175

a Human ether-a-go-go related gene (AERG) channel inhibitory activity using the

Qpatch system.

b Most basic pKa values were calculated using Advanced Chemistry Development
(ACD)/Percepta software (version 2018.2.5).

¢ Highest occupied molecular orbital energy (Enomo) values were calculated by the
software Jaguar in Schrodinger (Maestro version 12.7.156) using density-
functional theory calculation with B3LYP/6-31G(d,p).?® The calculations were
conducted using the substructures which contained the focused aromatic moieties

with only one atom adjacent to the rings.
d Tetra-hydrochloride salt.

¢ Most basic pKa value except for the nitrogen atom in the pyridine moiety.

f Tri-hydrochloride salt.
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Figure 18. Concentration-response curves of current-suppression rates against
HERG channel.

Y ORERA\E in vivo TOERIEEH

Table 14 [C[&. #8E% 30 mg/kg BROKSUROMEBEFRRE. RKUZDREDO FGFR3 B2V
BABAEEEERL TS, MBFRBEIL ICR YUIALEMZRSLT 6 BFE#ZICHRMIL. LC-
MS/MS ZRWTRIE U BEFRTO FGFR3 B2 VEREFEEEMEIE. FGFR3 B S249C TR
ERE®REFERIE NIH/3T3 HREEEBELLX—RYIRZAVWCGEHELZ. (L& ERSLT
6 RRMEICIER E MU, U RA1YF ELISA JEICKVRAIELZ. (L&Y 78a (LA 57b LUEL
SBENIEINTLED BEADEEYBITIEDEZWNZOHD. /n vivo TOEIEEEFEEY 57b
FUEBEN DTz, —ATILEY) 82 & 84 [FEEBMENMEL, £HRTNMEEHY 57b LYUEBH TEH D
Tz SNHS EREBAIC, EEY 80 FRALESY —IIRER T HILEWEHCEND DS T TOREESEN
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HELCVWSZEICERVTVIREGREN LF LU LEY 57b ICEET S in vivo HIEEEZTRU
=

Table 14. Plasma concentration and /n vivo inhibitory activity against FGFR3
phosphorylation.

I;l Structure Plasma c(cr)]r;/lc)eantration p-FGFR3 (% inh.)P
57b)| ., MCEO/ - 1220 85
78| . TAQO/ o 2790 67
82°| o (:MeFO\LT:‘LuJ;N‘NIH ) 50.2 NT¢
84c Qfx P 305 NT¢
80| wmo iMEFO\LTiH/@NIOH 1570 82

@ Plasma concentrations were measured using LC-MS/MS at 6 h after a single oral
administration of test compounds at 30 mg/kg to ICR mice (average of 3 mice).

b In vivo inhibition rate of FGFR3 phosphorylation in hude mice xenografted with
NIH/3T3 cells exogenously overexpressing FGFR3 S249C at 6 h after a single oral
administration of test compounds at 30 mg/kg (average of 3 mice).

¢ Tri-hydrochloride salt.

4 Not tested.
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SEPOET FARIEMESY) 80 DEIREHM

FE=EICTRUEEY AEEY 80 IEELWVYIRIMBANERE. /n vivo THREN% FGFR3 BEEM. X
ESNEEMBLRENE. MEIS Nz AERG FrRIVBEEHEEDEBNIEMEBL VBRI ENS. K
IEEYMZERFECEYDERE U GEEL. EBMD SR EHE CRIEEN ., 224, EYEIRE) =R1TU7.

RIDEEEH

EEY 80 DIEXDFOV Y FFT—CHICH T SFEIBFADEREZHEAL/Z. 9 FGFREICDWVWTIE
FGFR3 LIA®D FGFR #7494 FICxULTE.FGFR3 M ICso & FRZE D N B RIAEEM 2R
7=(FGFR1.2.3.4 M ICsofBIEENZEN 0.47.0.60.0.74. 3.5 nM), F7=z, thORFHRFOI
FF—TPHEICHUTENEREZRUIZ(128 BEDENERD D5, FGFR . VEGFR2. FMS (Txt
LTDH ILEMIRE 200 nM T 50%LL EDBEREMENEEING) . S5IT1EEH 80 (& EREEREA
AHERE UM-UC-14 [ZxtUT ICs0 = 7.8 nM Da A7sliREsEfEE &t 20U, TNINA T UM-UC-
14 MR TEEBEY I XETIVICH T 1 ma/kg LLEDRORSICTRERREIERZRUE ©7,

T

HERG ERICHU TEHMICHEZRAT DB T, iERG FrRIVEEILFEALRZ HEK293 #ifldz
AW/ \vF oS50 TEZRRUZ. G 80 Z 1. 3. 10 yM DIRET 13 FEMFAS Bzl
5, FHERBDIMHRITZENEN 7.0%. 9.1%. 9.1% TH ol MEBREFDIMHIR L LERUIZIHER. NS
DHBRRE CIHME YR SEICH T DHENICERREEIBH SN ofz. FERN S EEH 80 X
HERG ZEIzFEBALIZ HEK293 HIRAICH W T, /in vitro INY FOS U THEBRET 10 uM DIRERMIE
REETIE AERG BRICHEZES ARV ENREINT,

RIS, PIRABRE R DIME R MUTHREERIC T 21EEY) 80 DHEZRNZENT, BMEEMATT
11 n A& 12 7 AlmOHEOE—TIVAICHU T {EEH 80 ZEOICTEREIRS L= (Table 15),—
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ARRRICHNZ T\ 478D (KR, M. DR OB, MFIRE. MR R RUMREREREANDHEZH
BUL. #RINENEFEESN TLSIHDOERDEHICIEEY 80 DIMEFREZAELTHY. LG
PDIRSEITIEU T Craxs KU AUC24DIBANRBH SN2 1T mg/kg DFRSETIE, —AIRRER, 172,
R, ME. DA%, OER. IR, MRAT R MEREREREDOVWINICEHEESZI AN D210
mg/kg DIRSGETIL. 1 EDHMEHIERDEEH 5172, 100 mga/kg DRSETIE, 3 T(CNEt, 2 PT
[CEMIBAE. &5 8 BEHRICIE LR, %5 24 BERICOMEBIE FAERH SNz CNSDRTR
[E. WINEARREEZDEIENZEH SN, LIZh> T AEEH 80 Z 1. 10. XU 100 mg/kg THEHEO
BSUTE A XOPREERR R DIIER MUHIRERICH U TOEERENEREERDH S NN o7,

Table 15. Safety study on central nervous, cardiovascular, and respiratory system
in dogs.>®

Dose (mg/kg)¢ 0d 1 10 100
tmax (h)® NC 1.3 3.0 4.5
Cmax (ng/mL)f NC 769 3540 9020
AUC24 (ng-h/mL)¢ NC 571 39600 111000
0
Clinical Signs [No. of
animals]
Vomiting --- --- P[11:5h14 P [3]: 4 h55min-19 h
min 55 min
Compound-colored - - --- P[2]: 24 h
feces
Blood Pressure at 8 hh
Systolic (mmHg) 142 145 151 1581
Diastolic (mmHg) 84 86 94 1011
Mean (mmHg) 103 106 113 121%
Heart Rate (beats/min) | 86 79 82 58kt

at 24 h"
@ Each value is an average of data from four male beagle dogs.
b Compound 80 did not affect body temperature, blood pressure, heart rate,
electrocardiogram, respiration rate, blood gases, and blood electrolyte
concentrations.
¢ The same animals were dosed repeatedly under a crossover dose design.
40.5 w/v% Methylcellulose agueous solution.
¢ Time to reach Cnax.

63



f Maximum plasma concentration.

9 Area under the plasma concentration-time curve from 0 to 24 h.

h The data represent only those obtained at time points with high values (for blood
pressure) or statistical significant difference (for heart rate) compared to control
group.

NC: Not calculated.

P: Present.

---: No noteworthy findings.

*x: P<0.01 (Statistically significant level).

+: Dunnett test.

I: Anincrease in blood pressure was noted.

FYBIRESH

RERETOMME SD Svh REQHEEE-TIVAICHUEEY 80 Z&#RA. RURBROKRSULE
(Table 16). ZD#ER. L&Y 80 (FMEEMWIICH T DFILRE B LUTFERDBANRLH DTS IR

fB(CLior) T BDBHTEWMEONAATPRASE) T4 (A ZRUT,

Table 16. Pharmacokinetic profiles of 80 in rats and dogs.2

iv PO
S D L O ¢ A Cin f Cmaxg AUCin f .
iz(:c (mg(;i(;b (CL/;\;k Vel Tzt (r:Jg-hf/ vor ™ agh
(L/’kg)  (h) (h) (%)
g) mL) mL) mL)
Rat! 0.3 0.349 0.671 1.7 864 196 1.0 657 76.1

Dogk 0.1 0.080 0.665 9.6 1258 119 1.0 1181 94.2
@ Each value is an average of data from four animals (n = 3 in the case of iv
administration in rats).

b Dosing solvent: water for injection containing 1% DMF, 50% PEG400, and HCI
solution of 1.5 equivalent mol to 80.

¢ Total body clearance.

4 Volume of distribution at steady state.

¢ Elimination half-life from plasma.

f Area under the plasma concentration-time curve from time zero to infinity.

9 Maximum plasma concentration.

h Time to reach maximum plasma concentration.

I Absolute oral bioavailability.
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I Sprague-Dawley (male, fasted).
k Beagle (male, fasted).

RICAEEY) 80 OHIEBITHZHERT 2EHNT. ARSI INZIEEY 80(Figure 19)%
Scheme 15 (28> TEHLTZ. LEW 80 DEVI I VEAD 1 DDRFRFMN RERAGIATH S '2C
HSBAERMIATH S *C AEENDOTV D MEMEHRHIEEY 80 Z 1 ma/kg DAETSYHCE
EROKRSUIZER.1.4.24.48. /U 72 BEICHFT3MEF. RUMARFEREZAELE
(Table 17). BAHARBEEY) 80 DEADTIE 1. 4. KU 24 BFEICTERIN. €D Ko prain B
£%20.15.0.20. XU 0.69 TH o7z, MAHEHAIL S 80 [FMRINEIFIZ @B L TS bDRKITFRA
TERIENS LG 80 [EFHBITIEZR T SEHHS MR DT,

Table 17. Time course of plasma and brain concentrations and Kp,brain of ['*C]-
labeled 80 in rats.

1h 4h 24h 48h 72h
Plasma (ng 856.77 * 202.62 = 3.10 £
. NDP NDP
equivalents/mL)?2 42.39 14.64 0.90
Brain (ng 131.30 £ 2.10 =
40.33 £ 3.48 NDP NDP
equivalents/g)? 19.79 0.32
0.69 =
Kp,brain 0.15 £ 0.02 0.20 £ 0.02 0.09 NC¢ NCe

@ Radioactivity concentrations (Mean * SD) after a single oral administration of
[“C]-labeled 80 to male SD rats at a dose of 1 mg/kg (n = 3)

b Not detected.

¢ Not calculated.

OMe
jed
0
>N _N OH
MeO 1D/\J\ LNI
F Cs X
N H

Figure 19. Chemical structure of compound [“C]-labeled 80.
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Scheme 15. Reagents and conditions: (a) (i) MeOCH,CO.Me, NaH, toluene, room temperature (ii)
urea, EtOH, 90 °C; (b) POCls, PhNMez, 130 °C; (c) Zn dust, EtOH/H20, 80 °C; (d) BBrs, CH:Clz, room
temperature; (e) 72, Cs>COs, DMF, room temperature; (f) 79, Pd(OAc)2, rac-BINAP, K>COs, 1,4-
dioxane, 90 °C.

CNSERFHEICH T 2 FRIBEMS RYERE. RUR2METOT 7V EHEaNICHTL T L& 80 &
ERIREHERI ESD DIEEME U THEIRL, ASP5878 &mn# LTz, ASP5878(80) 1% FGFR3 fRIFMEDRE
DA BB DRI IR EFURFE THY BB AD S DIXEZ ERF D EEICHT U TDEINREHA
FHIND BELRRERARTOT 71V ZRD ASP5878(80) 1%, 2013 FIZRE LEM AL FFHERAD A
RELEPABEENRELETI—X T ERRERISEATZ(NCT02038673)%%,
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BHE AEDXESH

FE_EFECRELEU—RMEEY 57b DY /in vivo ITTREARESRERERUE—A T BULEMEBERE
MEXPELV AERG FrRIVEEEEDBRTOBEERALCHY. CNSOREZ=RITSENTEIIY
VFBRDBERELICEFUL LG T I UICEV TR FTEMEBEALZELHZRA LI ESBNT
BRI TR TR D I P ICKUIBERREMU Z R YR AT FRRERN S BRI ZE 5557301
ZWhERMzE X bR DERML KU\ IR Ty NEDICAIE T 5T FL U U h—BMIEiBiE iR T D15
EUTGER U RIS AERG FHRIVBAEEMEHERIC DWW TIL AZREREEM I E U TR AR EERZ &

BYICEMEAREEERA LT B2 2 BNE LR TR, 7SV 12y MO TIIRE A DK
WICHS E MR ES B MRICBE olce — A TAMFVESMIETFL VU A—EMIDBEEIRT
[Z &% 78a & 78e ICHV\\TEIEEMN RREICHE U LT IEBIHERERD C o< MM
BEREREIE D EITHINUT KL\ T AERG FrRIVEEEEZINHI T & O ILBERIR T
[F TIZIEBDECSY —IIVIRAETHRUREEY 82.84. 80 ICHWT L LBEEY 78a &
HEUTEVEIEES E b MUBIZEEE#IFU DD AERG FvRIVEEEMIC DT 8 L EDIER
REERK LTz,

HERG FrRIVAEEEDEBMRICDOVWTDEREL T EEmE AERG FrRILEDHRERNEER
EATH 3 Tyr652 EDw-HFAHEEIER. RU Phe656 ED -t X9 v+ JHHB/ERAICERL
o MEEER EDREENFREIN DD FEMAED Most Basic pKa 5tE{E. RUBERREDEREC
BT EEEEED FHBIRILF —(Enovo) DETRIEZREE Uz, TDRER AFERICH VL TIL pKa {8
& HMERG FrRIVEEEEH & FBELTH ST Evomo IEE DHEEENERSH SNz EEIXZDRBRN 5.
hERG FvRIVIZHIFTD Pheb656 EDm-nwRYVFIITHEBEERDIEEEN. AERG Fr==IVBEEM
DIETZE5ITRILTVSEHELUT,

RBILAROBRE TEONZBERLEMEICHL T VIIADRORSHOMBEFRRE. KU in vivo
FORERERERLZECA BEAMENMEVMESY 82 & 84 TIIMIRHIREN R TEWERZ o7,
—ACEEBMENHRILZEEY 80 [CHVLWTDAHMBFEEIHIF TS LEY 57b ICEHKIT S /n
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vivo IR ZERUTZ,

BHETOT7ILERT BLEY 80 DERFHEDHER. Z2MEICBLTIX(1)/n vitro =583/
FOSTETDHD AERG ERADEEMN 10 uM FTIFREZSZA RV &, ()1 XICHEERROKSL
ZBRICIE. 100 ma/kg ETIXHRER, DMER RUMREERICH U TOEERENFRIIEEH SN
B\ EZHER U EMEREICEAL T () S RUMXICEWTHILRUL TOLH 075U EE
BVEANAMATPRISEUT1ZRUIECE, (2)MEMEHRR{EEY 80 5 vhIRAKRSIH RS
% 1.4 KU 24 BEICTRHAN S DREHRENER SN, PRBITHEER T SENBESHEL DT,
CNSERFHMAICH T BEIBEE ZYENRE. RUOZEMTOT 7V ERENICHITL T L&Y 80 %
ERRERBRICESDH DIEEME U TEIRL. ASP5878 &infa U7z, ASP5878(80) (3% FGFR3 {R1FIE DA%
MDA BEDBRICE NN REEFH THY BRI AD S DINER R DBEICHU TDENMMREH
FEIND. BERAEEARTOT71)LZRD ASP5878(80)I%. 2013 FICFRREE_EEN A FFERIN AL
R LEERDPABEZERRELUETI—X | ERRGERICEATZ(INCT02038673),

v improved metabolic stability OMe
¥ supressed hERG inhibition .

| D

57b ASP5878 (80)
FGFR3 kinase inhibition: I1C5; = 1.2 nM FGFR3 kinase inhibition: ICs; = 2.1 nM
FGFRS3 cell growth inhibition: ICs; = 13 nM FGFR3 cell growth inhibition:1Cs, = 11 nM
hCLy: 171 mU/min/kg hCLy: <23 mL/min/ kg
hERG QPatch: ICs; = 10 pM hERG patch-clamp:9.1% inh. at 10 yM

Bioavailability: 76.1% (rat), 94.2% (dog)

Figure 20. Summary of Chapter 3.
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+=A
[ =r=i!

EEF MABERE BRE UEEEN DFIRN GRS REER 25K (FGFR)BEERIDEIZRZ
BiEL. FNER S EEMEDEERESRRICE D SBDD 7J7O—FICLBER/NXMEEMT T4
VERT BV VFEEROBEETEEMEET o7z, TORR. LTOMRZRFZ,

FE—EB TR TPRATSAMEBORFRIEEMS (TS ZANT FGFR3 BERAEEMTEICLD/\ 1
W—=TYRRIIV-ZUTERTLU. EVMEEY 1 EBSUZ. L&MW 1 (X FGFR1. 2. 3 [CXT 5B&
FEEEENENTHO7ZN VEGFR2 BEREFEEMEE DBERMEICZUD D7z 165 1 & FGFR2ER
ED X HEANE SR ZEALL SBDD 7O—FIC &Y. IBHRMIC VEGFR2 EDEERZERMEZIL
AEED2DODEIEEIIRUTz, E—ITFERBERIICEE SN TS Lys4 76 fliHEDKRHEEZ. 56
IS OIRTY NELAICERES N TLS Met529 IR DERKMHEEFRZER AR T SETEZILT
zo

HED77O0—FTIH ALEY 1 DRVEVERLE 3 MAXFVEDEICKEFEZETEZEAL.
FGFR3 EERFAEIEMEN 31518 VEGFR2 & MFEIRMEIL 139 BICIEN>72bE&¥ 18b 2R AU,
{t5% 18b & FGFR2 EHE NEGMEEDETIERICL D &, HifmRY Lys485 D7 I /AIRICH S
PI/EEBVKRREEGIA)ZETRLIZCECMA, FRICRULTEEY 18b DEILRUVADXFL
VEMIN Metd 97 D7 =/ BRABRE BKMREAFAZER LIz &N VEGFR2 (S U TEVERMET
FGFR3 BERMAEEEERLUEL 1 DOERTH D EEEFEERELU,

BEOF7TO—FTIEAEM 1 D 1,3,5-MIPIVERD 1 fISBRIE T/ IRTYRATIER
U. FGFR3 BERPAZEMEN 3ME1E8L VEGFR2 & D& RME(F 233 BUEICEN o 72bE# 40a &R
HEU7z. 1651 40a DEZIBE THDILEY 37 & FGFR3 &HED X #RHESMBIERRITN S, STE S
FCFRUEBY 3,5-IXMFITIZIVERDF/INY IRy ESBL Metb29 D7 I /EEAIBHT
»3 S6RF.Ce[RFE vdW HBEFRZTHL TV e, [IBHIC, COEREX VEGFR2 EAD
Leu889 M7 /EAISHCTH D CSRFDAHE vdW HHEMFRZEIHKL TSI &N, VEGFR2 BEIC
XY SBRENERTE 1 DOEREERU,

69



&% 40a &, &) FGFR :ERIBEEEMZH I 2—H T EYFEBDERNS /n vivo TOIRIBEMN
SHmAREE CTH 1220, 1bEY 40a Fiem & UlcmB bR =ik UTz,

1

BEETIE . /oN/zLE 40a OYEREFHMEPRIALELEZERET 5LHIC. VIV VEER
DIBERBELICEF UL EEW 37 &£ FGFR3 O X SRESARERIBEICEDE, Lipinski’s rule of
five D= ZEBEBCRFENKVES KFRERETEN IV IRWMEEYET 12Uz Vali—
RTYbZEEFUL TV N-IFIV-2-RIVIFPEANIV-PZU VBEKRREFAEEBSRZ LAY 48 1&.
10 f5A1E0D FGFR3 BERMAE. RUHBUEIEEE S DEN GRS ERHT=—FH T PAMPA ¥ JP2
BRRENHICE SN EEY) 48 & FGFR3 BREDEGHRD X REEBEDFRITRERCIX. IF
LU A—EMINBELIDBKMYET S /B RIEE S DR SHNGHEEERERERLTEY . U A—EMID
SAR fEREFBMEVNC EEHERUZ. SOICEEaY 48 @ 3,5-IUX I T ZIVESGIIC2DDTIV
AOEZZEALUZALEY 57b ICHWT | BREGERAEEE. RUMRIEEDEEN RN SN BORYF
RIREENE JP2 BRI ERUZAEEY 57b [CEBATNIZIINAOEDMRERSHICTZENTS
FANFEVIAL—23aVICEFUEESA. JIVAORDEREICHD4DD7 I /BHREDA. Aspb635
MDESH NH BRMIICKH U TIIKRERCIOOEDHBE LIV ETIVADOEIZT Asp635 EDEEREN LY
HMERZRUZ, TYRRFHIEOEVETERMEENFEL T Asp635 DFHH NH Ho & DKERE
MR TElzCEh BREEEER ED1DDEHTH S EFRUE,
RBELAEORRELTRONZAEEY 57b (&, /n vivo IZTIY I A TOBWMEEFRE N, ZDORFDIE
A TOEV FGFR3 BE) VEELBEEEHZRU, T5ICIE UM-UC-14 B AR E R
BBELEX—RYIRETIVERWE in vivo TWBEERICTEE T XDBENRIZBHSNICE
NS BERBPAZEDERICEITIZAER)—MMEEY TH D @RIz,

—ATU—RMEEY 57b X ERIHIT2EYHE. RUZREHDBER/ TOBRERZELTHSY. BRRE
BRISED SIEFEESYORILICEITT)—RMEEY 57b ZER & U m@ bR E iR UTz.

BF=BTIE. /FONLU—REEY 57b DEVEMUEELZEE LS AERG FrRIVEAEEED 2 DD
FRAERRIDENT, EUIV VFEROBERELICEF UL EMEREEZR LS ESENT,
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R TRV ThD 172 EA LU TREER Y hERYVRAATL TORR XSF VRS ETFL )
Uh—EMIEENETNERUIZEEY 78a & 78e [CHWT, FBEEMHEREICHER U L TREBM
BRZEHD CER<EMBREREENES TS EICINLE.

HAERG F v )VBEEEMEERIC DOV TIL FRRIEREEMIE U TR ARRERINE G6H ST T ZIVERRDIC

FIEEM e MUBREM ZHERU DD AERG FrRIVBEEEMEIC DL T 8 BLLEDIERZIRZZER L
2o ZEDZHIC. AERG FrRIVEDHEERANDEENFRINDLEY/INIA—F—ZEEHLIzE
Z5. Most basic pKa E&IFHERIL TH ST —H T Eromo EE DAERENERS SNz, BEEIFZDHER
5. hERG FrXRIVICHITSD Pheb656 ED - R5vF U THBEFRADRTEN . AERG FrRIVEE
SEHEDETESISERIL TS EHRUE,

BB CHADERERETHONIZELLEMEDOA. BLVVREBM EH#IF CSEE®W 80 ICEVLWTDH. ¥
DZANDRORSROEVMBERRE. RUEHE in vivo BEEENZRSH SN, AR TOT 741
WEBTZIEEY 80 OEREHEDMER. Z2MICEALTIX(1)in vitro £\ F OS2 TETD
HERG ERADEEMN 10 uM FTREFEESZ B\ &, ()1 XICREROKS UEEICE. 100
mg/kg TIEPRBZR, ODMER RUMTRERICHUTOEERENERIZERBH SNRN & ZHEER
UTc. ZYEIREICEAL TR (D SV R RUAXICEWT FIMRUATOE£H 7S AEEEVEO/NAF
PRASEUTaZRUIzC & (2)BRATHRHIEEY 80 235 MIROIR S ULBER. PiEBTHER T
DERHSHITR DT,

AARICKYFGFR3 BERAEEMZE T LI I UFEROBEEEERIARICRET SRR
TR, TOR/AREL T BVEEFRNE RUBNRYEREZEMETOI 71V EETHEEH 80 D
BIHICKRIMUz. RMEEMZERRERICED S1LEME UL TEIRL, ASP5878 &L,
ASP5878(80)[&. FGFR3 X{FIEDEEMMN AEBE DARICHEIT AN SIEFEHTHY BN A
NoDMESZEHF DODRBICHKHUTCHDEMMIREBM/EINDS  BLELRBERTOT7MILERFD
ASP5878(80)[&. 2013 FICRREE LR AL FFliflEh A RIELRANAZEENRELEZTI—X ]
RAREBRICEATZ(NCT02038673),
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KERDER

Chemistry

'H-NMR spectra were recorded on Burker Advance III HD, Varian 400, Varian VNS-
400, Varian 400-MR, JEOL Lambda, or JEOL EX-400. '3C-NMR spectra were
recorded on a Bruker AVANCE III-HD500 spectrometer. Chemical shifts are
expressed in & (ppm) values with tetramethylsilane as an internal reference (s =
singlet, d = doublet, t = triplet, g = quartet, m = multiplet, dd = doublet of
doublets, ad = quartet of doublets, and br = broad peak). Mass spectra (MS) were
recorded on Thermo Electron LCQ Advantage, Thermo Electron TSQ 700, Thermo
Trace DSQ, Waters ZQ, Waters ZQ2000, Waters SQD, or Agilent Quadrupole.
Electrospray ionization (ESI) positive high resolution mass spectra (HRMS) were
obtained using Thermo Fisher EXACTIVE-Plus. Elemental analyses were performed
with Yanaco MT-6 (C, H, N), Elementar Vario MICRO cube (C, H, N), Elementar
Vario EL (C, H, N), Elementar Vario EL III (C, H, N), DIONEX DX-500 (S, halogen),
DIONEX ICS-2000 (S, halogen), DIONEX ICS-3000 (S, halogen), or DIONEX ICS-
5000 (S, halogen) instruments, and the results were within £0.4% of theoretical
values. Melting point was determined on a BUCHI M-565 melting point apparatus
and are uncorrected.

Chapter 1

N-Ethyl-2-({4-[3-methoxy-4-(4-methylpiperazin-1-ylanilino]-1,3,5-triazin-2-
yl}amino)benzene-1-sulfonamide (4)
To a solution of 3-methoxy-4-(4-methylpiperazin-1-yl)aniline (2, 120 mg, 0.542
mmol) in EtOH (3.0 mL) was added methanesulfonic acid (70.0 uL, 1.08 mmol). The
mixture was stirred at room temperature for 15 min, and 2-[(4-chloro-1,3,5-triazin-
2-yl)amino]-N-ethylbenzene-1-sulfonamide (34, 204 mg, 0.650 mmol) was added.
After stirring at 80 °C for 2 h, the mixture was neutralized with sat. NaHCOs aq. and
then extracted with EtOAc. The organic layer was washed with brine dried over
MgSOs and concentrated /n vacuo. The residue was purified by column
chromatography on silica gel (CHCl3/MeOH/28% NHs ag. = 100:0:0 to 100:10:1) to
give the product (102 mg, 38%) as a beige solid. '"HNMR (CDCl3): & 1.04 (3H, t, /=
7.3 Hz), 2.37 (3H, s), 2.54-2.73 (4H, m), 2.99 (2H, a, /= 7.3 Hz), 3.03-3.17 (4H,
m), 3.84 (3H, br s), 4.79-4.99 (1H, m), 6.85-6.93 (1H, m), 6.93-7.01 (1H, m), 7.15~
7.23 (1H, m), 7.28-7.43 (1H, m), 7.49-7.63 (1H, m), 7.93 (1H, dd, /= 7.8, 1.5 Hz),
8.37 (1H, br s), 8.45 (1H, d, J = 7.8 Hz), 8.74-9.07 (1H, m); MS (ESI) m/z [M+H]*
499; Anal Calcd for C23H30Ns03S.0.3CHCI5.0.6H.0: C, 51.33; H, 5.82; N, 20.55; S,
5.88; Cl, 5.85. Found: C, 51.37; H, 5.73; N, 20.51; S, 5.82; Cl, 5.62.
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Ethyl [5-amino-2-(4-methylpiperazin-1-yl) phenoxylacetate (6)

To a solution of ethyl [2-(4-methylpiperazin-1-yl)-5-nitrophenoxylacetate (542,
275 mg, 0.850 mmol) in MeOH (3.0 mL) was added 5% Pd/C (50% wet, 30.0 mg)
under an argon atmosphere. After stirring at room temperature under a hydrogen
atmosphere (1.0 atm) for 7 h, the mixture was passed through a Celite pad and
washed with MeOH. The filtrate was concentrated /n vacuo. The residue was
purified by column chromatography on silica gel (CHCl3/MeOH = 25:1 to 10:1) to
give the product (180 mg, 72%) as a brown oil. 'H NMR (CDs0OD): & 1.29 (3H, t, /=
7.2 Hz), 2.66 (3H, s), 2.92-3.30 (8H, m), 4.24 (2H, a, /= 7.2 Hz), 4.68 (2H, s),
6.32-6.34 (2H, m), 6.80 (1H, d, /= 9.2 Hz); MS (ESI) m/z [M+H]* 294.

Ethyl [5-({4-[2-(ethylsulfamoyl)anilino]-1,3,5-triazin-2-yl}amino)-2-(4-
methylpiperazin-1-yl)phenoxylacetate (7)

To a solution of 6 (180 mg, 0.614 mmol) in EtOH (4.0 mL) was added
methanesulfonic acid (66.2 ulL, 1.02 mmol). The mixture was stirred at room
temperature for 20 min, and 34 (160 mg, 0.510 mmol) was added. After stirring at
100 °C for 3 h, the mixture was neutralized with sat. NaHCOs aq. and extracted with
EtOAc. The organic layer was washed with brine, dried over Na.SOs and
concentrated /n vacuo. The residue was purified by column chromatography on
silica gel (CHCl3/MeOH = 50:1 to 20:1) to give the product (141 mg, 49%) as a
yellow solid. '"H NMR (CDCl3z): & 1.05 (3H, t, /= 7.2 Hz), 1.28 (3H, t, /= 7.2 Hz),
2.37 (3H, s), 2.50-2.75 (4H, m), 2.98 (2H, a, /= 7.2 Hz), 3.01-3.28 (4H, m), 4.26
(2H, a, J = 7.2 Hz), 4.66 (2H, br s), 5.54 (1H, br s), 6.88-6.95 (2H, m), 7.17-7.21
(TH, m), 7.26-7.72 (3H, m), 7.94 (1H, dd, /= 8.0, 1.6 Hz), 8.33 (1H, br s), 8.42 (1H,
d, /= 8.4 Hz), 8.92 (1H, br s); HRMS (ESI) m/z Calcd for Cz6H3sNgOsS [M+H]*:
571.2446. Found: 571.2444.

[5-({4-[2-(Ethylsulfamoyl)anilino]-1,3,5-triazin-2-yl}amino)-2-(4-
methylpiperazin-1-yl)phenoxylacetic acid (8)

To a solution of 7 (116 mg, 0.203 mmol) in EtOH (1.0 mL) was added 10% NaOH aq.
(300 pL). After stirring at 80 °C for 1 h, the mixture was concentrated /n vacuo. The
residue was diluted with H>0, and 10% HCl aqg. was added to the mixture. The
resulting precipitate was filtered and dried to give the product (46.0 mg, 42%) as
a pale yellow solid. 'TH NMR (CDs0OD): & 1.00 (3H, t, /= 7.2 Hz), 2.89-3.33 (9H, m),
3.51-3.76 (4H, m), 4.60 (2H, br s), 6.97 (1H, d, /= 8.8 Hz), 7.17-7.25 (2H, m), 7.35-
7.45 (1H, m), 7.51-7.63 (1H, m), 7.90 (1H, dd, /= 8.0, 1.6 Hz), 8.33-8.54 (2H, m);
HRMS (ESI) m/z Calcd for C24H31NgOsS [M+H]1*: 543.2133. Found: 543.2138.
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tert-Butyl 4-[2-(2-methoxyethoxy)-4-nitrophenyl]lpiperazine-1-carboxylate
(10a)

To a solution of 1-chloro-2-(2-methoxyethoxy)-4-nitrobenzene (9a, 4.23 g, 18.3
mmol) in DMF (40 mL) were added 1-(fert-butoxycarbonyl)piperazine (3.40 g, 18.3
mmol) and K>COs (5.05 g, 36.5 mmol). After stirring at 80 °C for 48 h, the mixture
was diluted with H>0 and extracted with EtOAc. The organic layer was washed with
H.O followed by brine, dried over Na>SO4 and concentrated /n vacuo. The residue
was purified by column chromatography on silica gel (n-hexane/EtOAc = 9:1 to 5:1)
to give the product (1.56 g, 22%) as a yellow oil. '"H NMR (CDCls): & 1.49 (9H, s),
3.15-3.25 (4H, m), 3.45 (3H, s), 3.54-3.64 (4H, m), 3.79-3.81 (2H, m), 4.21-4.23
(2H, m), 6.85 (1H, d, /= 8.8 Hz), 7.71 (1H, d, /= 2.4 Hz), 7.86 (1H, dd, /= 8.8, 2.8
Hz); MS (ESI) m/z [M+H]* 382.

tert-Butyl 4-{2-[2-(2-methoxyethoxy)ethoxy]l-4-nitrophenyl}piperazine-1-
carboxylate (10b)

Compound 10b was prepared from 1-chloro-2-[2-(2-methoxyethoxy)ethoxy]-4-
nitrobenzene (9b) in 15% yield using a similar approach to that described for 10a.
'H NMR (CDCl3): 6 1.49 (9H, s), 3.14-3.28 (4H, m), 3.38 (3H, s), 3.55-3.61 (6H,
m), 3.69-3.71 (2H, m), 3.89-3.91 (2H, m), 4.23-4.26 (2H, m), 6.85 (1H, d, /= 8.8
Hz), 7.71 (1H, d, /= 2.8 Hz), 7.85 (1H, dd, /= 8.8, 2.4 Hz); MS (ESI) m/z [M+H]*
426.

tert-Butyl 4-[4-amino-2-(2-methoxyethoxy)phenyllpiperazine-1-carboxylate
(11a)

Compound 11a was prepared from 10a in 98% yield using a similar approach to
that described for 6. '"H NMR (CDCls3): & 1.48 (9H, s), 3.41 (3H, s), 3.53-3.76 (6H,
m), 3.94-4.10 (4H, m), 4.14-4.17 (2H, m), 6.28-6.31 (2H, m), 7.94-8.11 (1H, m);
MS (ESI) m/z [M+H]* 352.

tert-Butyl 4-{4-amino-2-[2-(2-methoxyethoxy)ethoxylphenyl}piperazine-1-
carboxylate (11b)

Compound 11b was prepared from 10b in 74% yield using a similar approach to that
described for 6. 'H NMR (CDCls3): & 1.48 (9H, s), 3.36 (3H, s), 3.36-3.80 (8H, m),
3.84-3.86 (2H, m), 3.98-4.15 (4H, m), 4.18-4.21 (2H, m), 6.32-6.34 (2H, m), 7.98-
8.21 (1H, m); MS (ESI) m/z [M+H]* 396.

tert-Butyl 4-[4-({4-[2-(ethylsulfamoyl)anilino]-1,3,5-triazin-2-yl}amino)-2-(2-
methoxyethoxy)phenyllpiperazine-1-carboxylate (12a)
To a solution of 11a (187 mg, 0.532 mmol) and 342 (200 mg, 0.637 mmol) in NMP
(2.0 mL) was added DIPEA (180 uL, 1.06 mmol). After stirring at 120 °C under
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microwave irradiation for 20 min, the mixture was diluted with H>O. The resulting
precipitate was filtered and dried. The obtained solid was purified by column
chromatography on silica gel (n-hexane/EtOAc = 2:1 to 1:2) to give the product
(120 mg, 36%) as a brown solid. '"H NMR (CDCl3): & 1.04 (3H, t, /= 7.2 Hz), 1.49
(9H, s), 2.89-3.08 (6H, m), 3.44 (3H, s), 3.52-3.66 (4H, m), 3.72-3.82 (2H, m),
4.02-4.26 (2H, m), 5.26 (1H, br s), 6.82 (1H, d, /= 8.0 Hz), 6.83-7.03 (1H, m),
7.17-7.21 (1H, m), 7.26-7.74 (3H, m), 7.93 (1H, dd, /= 7.6, 2.0 Hz), 8.33 (1H, br
s), 8.43 (1H, d, /= 8.4 Hz), 8.93 (1H, br s); MS (ESI) m/z [M+H]* 629.

tert-Butyl 4-{4-({4-[2-(ethylsulfamoyl)anilino]-1,3,5-triazin-2-yl}amino)-2-[2-
(2-methoxyethoxy)ethoxylphenyl}piperazine-1-carboxylate (12b)

Compound 12b was prepared from 11b and 3*? in 44% vyield using a similar
approach to that described for 12a. '"H NMR (CDCl3): & 1.04 (3H, t, /= 7.6 Hz), 1.49
(9H, s), 2.92-3.07 (6H, m), 3.37 (3H, s), 3.51-3.63 (6H, m), 3.69-3.71 (2H, m), 3.83-
3.92 (2H, m), 4.07-4.23 (2H, m), 4.97 (1H, br s), 6.83-7.03 (2H, m), 7.17-7.21 (1H,
m), 7.49-7.62 (1H, m), 7.93 (1H, dd, /= 8.0, 1.6 Hz), 8.38 (1H, br s), 8.45 (1H, d, J
= 8.0 Hz), 8.93 (1H, br s); MS (ESI) m/z [M+H]* 673.

N-Ethyl-2-({4-[3-(2-methoxyethoxy)-4-(4-methylpiperazin-1-ylanilino]l-1,3,5-
triazin-2-yl}amino)benzene-1-sulfonamide (13a)

To a solution of 12a (120 mg, 0.191 mmol) in CH>Cl> (2.0 mL) was added TFA (1.0
mL). After stirring at room temperature for 1 h, the mixture was concentrated /n
vacuo. The residue was diluted with sat. NaHCOs aq, and extracted with
CHCl3/MeOH. The organic layer was dried over NaSO4 and concentrated /n vacuo.
The residue was purified by column chromatography on silica gel (CHCIl3/40%
CH3NH2 MeOH sol. = 100:0 to 60:1) to give the product (80.0 mg, 79%) as a gray
solid. To a solution of the obtained intermediate (65.0 mg, 0.123 mmol) in CH>Cl
(1.5 mL) was added 37% HCHO aq. (91.6 uL, 1.23 mmol). The mixture was stirred at
room temperature for 1 h, and NaBH(OAc)s (51.0 mg, 0.241 mmol) was added. After
stirring at room temperature for 6 h, the mixture was neutralized with sat. NaHCOs
aq. and extracted with CH2Clz.. The organic layer was dried over Na2SOs4 and
concentrated /n vacuo. The residue was purified by column chromatography on
silica gel (CHCl3/MeOH = 40:1 to 15:1) to give the product (35.0 mg, 53%) as a pale
yellow solid. "H NMR (CDCl3): 6 1.03 (3H,t, /= 7.6 Hz), 2.37 (3H, s), 2.52-2.74 (4H,
m), 2.97 (2H, a, J = 7.2 Hz), 3.00-3.22 (4H, m), 3.44 (3H, s), 3.72-3.83 (2H, m),
4.02-4.20 (2H, m), 5.36 (1H, br s), 6.85-7.01 (2H, m), 7.16-7.20 (1H, m), 7.20-7.78
(3H, m), 7.93 (1H, dd, /= 8.0, 1.2 Hz), 8.33 (1H, br s), 8.44 (1H, d, /= 8.4 Hz), 8.93
(TH, br s); HRMS (ESI) m/z Calcd for CzsHzsNgOsS [M+H]*: 543.2496. Found:
543.2484.
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N-Ethyl-2-[(4-{3-[2-(2-methoxyethoxy)ethoxy]-4-(4-methylpiperazin-1-
yl)anilino}-1,3,5-triazin-2-yl)aminolbenzene-1-sulfonamide (13b)

Compound 13b was prepared from 12b in 2 steps in 55% vyield using a similar
approach to that described for 13a.

TH NMR (CDCl3): & 1.03 (3H, t, /= 7.2 Hz), 2.37 (3H, s), 2.52-2.72 (4H, m), 2.97
(2H, a, /= 7.2 Hz), 3.00-3.23 (4H, m), 3.36 (3H, s), 3.54-3.56 (2H, m), 3.69-3.72
(2H, m), 3.83-3.92 (2H, m), 4.04-4.21 (2H, m), 5.30 (1H, br s), 6.85-7.02 (2H, m),
7.16-7.20 (1H, m), 7.26-7.70 (3H, m), 7.93 (1H, dd, /= 7.6, 2.0 Hz), 8.35 (1H, br s),
8.43 (1H, d, J = 8.4 Hz), 8.93 (1H, br s); HRMS (ESI) m/z Calcd for C27H39NgOsS
[M+H]*: 587.2759. Found: 587.2754.

4-[3-(2-Chloro-5-nitrophenoxy)propyllmorpholine (15a)

To a solution of 2-(3-bromopropoxy)-1-chloro-4-nitrobenzene (14, 1.00 g, 3.40
mmol) in MeCN (20 mL) were added morpholine (355 uL, 4.07 mmol), K2COs (562
mg, 4.07 mmol) and KI (113 mg, 0.679 mmol). After stirring at 60 °C for 15 h, the
mixture was diluted with H>O and extracted with CHCls. The organic layer was
washed with brine, dried over MgS0O4 and concentrated /n vacuo. The residue was
purified by column chromatography on silica gel (CHCl3/MeOH = 100:0 to 95:5) to
give the product (646 mg, 63%) as a yellow solid. "H NMR (CDCl3): & 2.03-2.11 (2H,
m), 2.43-2.52 (4H, m), 2.57 (2H, t, /= 7.0 Hz), 3.66-3.79 (4H, m), 4.21 (2H, t, J =
6.3 Hz), 7.39-7.63 (1H, m), 7.75-7.83 (2H, m); MS (ESI) m/z [M+H]* 301.

4-{3-[2-(4-Methylpiperazin-1-yl)-5-nitrophenoxylpropyl}morpholine (16a)

To a solution of 15a (400 mg, 1.33 mmol) in DMSO (3.3 mL) were added M-
methylpiperazine (293 ulL, 2.66 mmol) and K,COsz (368 mg, 2.66 mmol). After
stirring at 150 °C overnight, the mixture was diluted with H,O and extracted with
CHCls. The organic layer was dried over MgSO4 and concentrated /n vacuo. The
residue was diluted with CHCls. The organic layer was washed with H>O and
concentrated /n vacuo to give the product (200 mg, 41%). MS (ESI) m/z [M+H]*
365.

4-{2-[2-(4-Methylpiperazin-1-yl)-5-nitrophenoxylethyl}morpholine (16b)

To a solution of 4-[2-(2-chloro-5-nitrophenoxy)ethyllmorpholine (15b, 731 mg,
2.42 mmol) in NMP (10 mL) were added N-methylpiperazine (798 uL, 7.25 mmol)
and K>COs (1.00 g, 7.25 mmol). After stirring at 150 °C for 6 h, the mixture was
diluted with H>0 and extracted with EtOAc. The organic layer was washed with brine,
dried over Na>SOa4, and concentrated /n vacuo. The residue was purified by column
chromatography on amino functionalized silica gel (n-hexane/CHCl; = 70:30 to
0:100) to give the product (465 mg, 55%) as a yellow oil. 'H NMR (CDCls): & 2.35
(3H, s), 2.45-2.68 (8H, m), 2.80-2.90 (2H, m), 3.24-3.51 (4H, m), 3.53-3.81 (4H,
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m), 4.10-4.32 (2H, m), 6.88 (1H, d, /= 8.8 Hz), 7.71 (1H, d, J = 2.4 Hz), 7.86 (1H,
dd, J= 8.8, 2.5 Hz); MS (ESI) m/z [M+H]* 351.

5.1.16. 1-Methyl-4-{2-[2-(4-methylpiperazin-1-yl)ethoxy]-4-
nitrophenyl}piperazine (16c)

Compound 16c¢c was prepared from 1-[2-(2-chloro-5-nitrophenoxy)ethyl]l-4-
methylpiperazine (15c¢) in 43% yield using a similar approach to that described for
16b. "H NMR (CDCl3): & 2.30 (3H, s), 2.36 (3H, s), 2.39-2.72 (12H, m), 2.86 (2H, t,
J = 5.6 Hz), 3.22-3.36 (4H, m), 4.19 (2H, t, /= 5.6 Hz), 6.87 (1H, d, /= 9.0 Hz),
7.70 (1H, d, /= 2.5 Hz), 7.85 (1H, dd, /= 8.9, 2.5 Hz); MS (ESI) m/z [M+H]* 364.

4-(4-Methylpiperazin-1-yl)-3-[3-(morpholin-4-yl)propoxylaniline (17a)

To a solution of 16a (200 mg, 0.549 mmol) in EtOH (3.1 mL)/H>0 (0.77 mL) were
added FeCls hexahydrate (44.5 mg, 0.165 mmol), activated carbon (46.1 mg) and
hydrazine monohydrate (266 uL, 5.49 mmol). After stirring at 100 °C for 18 h, the
mixture was passed through a Celite pad and washed with EtOAc. The filtrate was
dried over Na>SO4 and concentrated to give the product (170 mg, 93%) as a yellow
solid. MS (ESI) m/z [M+H]* 335.

4-(4-Methylpiperazin-1-yl)-3-[2-(morpholin-4-yl)ethoxylaniline (17b)
Compound 17b was prepared from 16b in 100% yield using a similar approach to
that described for 17a. 'H NMR (CDCl3z): & 2.35 (3H s), 2.44-2.70 (8H m), 2.77-
2.88 (4H, m), 2.95-3.11 (4H, m), 3.66-3.77 (4H, m), 4.03-4.11 (2H, m), 6.18-6.32
(2H, m), 6.75-6.79 (1H, m); MS (ESI) m/z [M+H]* 321.

4-(4-Methylpiperazin-1-yl)-3-[2-(4-methylpiperazin-1-yl)ethoxylaniline (17c)
Compound 17c was prepared from 16c in 100% yield using a similar approach to
that described for 17a with the reaction temperature changed to 80 °C. '"H NMR
(CDCl3z): & 2.32-2.39 (3H, m), 2.47 (3H, s), 2.52-2.88 (14H, m), 3.03-3.19 (4H, m),
3.39-3.58 (2H, m), 4.04-4.11 (2H, m), 6.16-6.32 (2H, m), 6.74-6.80 (1H, m); MS
(ESI) m/z[M+H]1* 334.

N-Ethyl-2-[(4-{4-(4-methylpiperazin-1-yl)-3-[3-(morpholin-4-
yl)propoxylanilino}-1,3,5-triazin-2-yl)amino]lbenzene-1-sulfonamide (18a)

A mixture of 17a (170 mg, 0.508 mmol) and AcOH (8.9 mL) was stirred at room
temperature for 30 min before 34 (159 mg, 0.508 mmol) was added. After stirring
at room temperature overnight, the mixture was concentrated /n vacuo. The residue
was diluted with sat. NaHCOs aq., and the mixture was extracted with CHCls. The
organic layer was dried over Na>SO. and concentrated /n vacuo. The residue was

purified by column chromatography on amino functionalized silica gel (CHCls/MeOH
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= 100:0 to 90:10) to give the product (87 mg, 28%). 'H NMR (DMSO-dk): & 0.87-
1.03 (3H, m), 1.77-1.96 (2H, m), 2.22 (3H, s), 2.28-2.50 (10H, m), 2.71-2.87 (2H,
m), 2.87-3.03 (4H, m), 3.47-3.63 (4H, m), 3.77-4.10 (2H, m), 6.72-6.85 (1H, m),
6.95-7.15 (1H, m), 7.20-7.31 (1H, m), 7.34-7.51 (1H, m), 7.52-7.69 (1H, m), 7.81
(1H, dd, /= 7.9, 1.3 Hz), 7.87-8.05 (1H, m), 8.32-8.54 (2H, m), 9.02-9.28 (1H, m),
9.70-9.91 (1H, m); MS (ESI) m/z[M+H]* 612; HRMS (ESI) m/z Calcd for C29H42NoQ4S
[M+H]*: 612.3075. Found: 612.3076.

N-Ethyl-2-[(4-{4-(4-methylpiperazin-1-yl)-3-[2-(morpholin-4-
yl)ethoxylanilino}-1,3,5-triazin-2-yl)aminolbenzene-1-sulfonamid (18b)
Compound 18b was prepared from 17b and 3% in 15% vyield using a similar
approach to that described for 18a. '"H NMR (DMSO-dk): & 0.95 (3H, t, /= 7.2 Hz),
2.21 (3H, s), 2.36-2.53 (8H, m), 2.62-2.74 (2H, m), 2.83 (2H, a, /= 7.2 Hz), 2.90-
3.03 (4H, m), 3.49-3.60 (4H, m), 3.88-4.06 (2H, m), 6.80 (1H, d, /= 8.6 Hz), 6.94~
7.13 (1H, m), 7.19-7.29 (1H, m), 7.29-7.49 (1H, m), 7.50-7.69 (1H, m), 7.81 (1H, dd,
J="7.9,1.5Hz), 7.84-8.06 (1H, m), 8.28-8.70 (2H, m), 9.17 (1H, br s), 9.82 (1H, br
s); MS (ESI) m/z [M+H]* 598; Anal. Calcd for C2sH39N904S.0.2IPE.1.2H.0: C, 54.82;
H, 6.96; N, 19.70; S, 5.01. Found: C, 54.78; H, 6.83; N, 19.73; S, 5.06.

N-Ethyl-2-[(4-{4-(4-methylpiperazin-1-yl)-3-[2-(4-methylpiperazin-1-
yl)ethoxylanilino}-1,3,5-triazin-2-yl)amino]lbenzene-1-sulfonamide
tetrahydrochloride (18c)

The free form of 18c was prepared from 17c (157 mg, 0.471 mmol) and 34 (148
mg, 0.471 mmol) using a similar approach to that described for 18a. To the free
form of 18c was added HCl (4.0 M EtOAc solution, 1.50 mL, 6.00 mmol). After
stirring at room temperature overnight, the mixture was concentrated in vacuo.
IPE/EtOAc was added to the residue, and the resulting precipitate was filtered and
dried to give the product (112 mg, 31%) as a yellow solid. 'H NMR (DMSO-a@k): &
0.95 (3H, t, /= 7.2 Hz), 2.76-2.92 (5H, m), 2.97-3.13 (2H, m), 3.18-3.33 (2H, m),
3.34-3.55 (4H, m), 3.56-3.89 (6H, m), 3.96-4.62 (9H, m), 6.88-7.01 (1H, m), 7.18-
7.52 (3H, m), 7.61-7.73 (1H, m), 7.84 (1H, dd, /= 8.0, 1.2 Hz), 7.91-8.02 (1H, m),
8.16-8.60 (2H, m), 9.16-9.66 (1H, m), 9.77-10.41 (1H, m), 10.93 (1H, br s), 12.05
(TH, br s); MS (ESI) m/z[M+HI* 611; Anal. Calcd for C29H42N1003S.4.3HCL.4.5H,0: C,
41.04; H, 6.57; N, 16.51; S, 3.78; Cl, 17.96. Found: C, 41.20; H, 6.71; N, 16.31; S,
3.60; Cl, 17.86.

tert-Butyl {2-[(5-bromo-2-chloropyrimidin-4-yl)aminolbenzene-1-

sulfonyl}ethylcarbamate (20)

To a solution of tert-butyl (2-aminobenzene-1-sulfonyl)ethylcarbamate (1944, 15.0

g, 49.9 mmol) in THF (120 mL) was added NaH (2.40 g, 54.9 mmol, 55% oil
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dispersion) in an ice-water bath. After stirring at room temperature for 1 h, 5-
bromo-2,4-dichloropyrimidine (13.7 g, 59.9 mmol) was added to the mixture. After
stirring at 50 °C for 12 h, the mixture was diluted with H>O and extracted with EtOAc.
The organic layer was washed with brine, dried over Na,SO4 and concentrated /n
vacuo. The residue was purified twice by column chromatography on silica gel (n-
hexane/EtOAc = 95:5 to 50:50) to give the product (6.97 g, 28%) as a pale yellow
solid. "H NMR (CDCls): & 1.30-1.40 (12H, m), 3.89 (2H, a, J = 7.0 Hz), 7.24-7.31
(1H, m), 7.61-7.69 (1H, m), 7.88 (1H, dd, /= 8.2, 1.6 Hz), 8.38 (1H, s), 8.42 (1H, dd,
J=8.4,1.0 Hz), 9.59 (1H, s); MS (ESI) m/z[M+H]* 491.

2-({5-Bromo-2-[4-(1,4-dioxa-8-azaspiro[4.5]decan-8-yl)-3-
methoxyanilino]lpyrimidin-4-yl}amino)-N-ethylbenzene-1-sulfonamide (22)

To a solution of 20 (1.45 g, 2.95 mmol) in NMP/IPA (16 mL, 1:1) were added DIPEA
(1.26 mL, 7.38 mmol) and 4-(1,4-dioxa-8-azaspiro[4.5]decan-8-yl)-3-
methoxyaniline (214%, 1.01 g, 3.84 mmol). After stirring at 150 °C under microwave
irradiation for 14 h, the mixture was diluted with H.O and extracted with EtOAc. The
organic layer was washed with brine, dried over Na>SO4 and concentrated /n vacuo.
The residue was purified by column chromatography on silica gel (n-hexane/EtOAc
= 90:10 to 0:100) to give the product (964 mg, 53%) as a colorless solid. '"H NMR
(CDCl3): 6 0.99-1.09 (3H, m), 1.85-1.99 (4H, m), 2.95-3.06 (2H, m), 3.06-3.17 (4H,
m), 3.73 (3H, s), 3.97-4.05 (4H, m), 4.48 (1H, t, /= 6.0 Hz), 6.81-6.93 (2H, m),
6.95-7.11 (2H, m), 7.16-7.25 (1H, m), 7.48-7.56 (1H, m), 7.96 (1H, d, /= 8.0 Hz),
8.14-8.27 (1H, m), 8.41 (1H, d, /= 8.4 Hz), 8.97 (1H, s); MS (ESI) m/z [M+H]* 619,
621.

2-({5-(3,5-Dimethoxyphenyl)-2-[3-methoxy-4-(4-oxopiperidin-1-
yDanilinolpyrimidin-4-yl}amino)-N-ethylbenzene-1-sulfonamide (23)
To a solution of 22 (188 mg, 0.303 mmol) in 1,4-dioxane (3.8 mL) were added
Pd(PPh3)4 (35.1 mg, 0.0303 mmol), 3,5-dimethoxyphenylbronic acid (110 mg,
0.604 mmol), and 2 M Na>COs aq. (379 uL, 0.759 mmol) under an argon
atmosphere. After stirring at 110 °C for 2 h, the mixture was diluted with EtOAc
and passed through a Celite pad. The filtrate was concentrated /n vacuo. The
residue was purified by column chromatography on silica gel (n-hexane/EtOAc =
95:5 to 0:100) to give a pale yellow solid. To this product were added AcOH (4.00
mL, 48.0 mmol) and H>O (8.0 mL). The mixture was stirred at 100 °C for 12 h and
then concentrated /n vacuo. The residue was neutralized with Na>COs aqg. and
extracted with CHCls. The organic layer was washed with brine, dried over Na>SOa
and concentrated /n vacuo. The residue was purified by column chromatography
on silica gel (CHCIs/MeOH = 99:1 to 80:20) to give the product (190 mg, 100%) as
a brown solid. MS (ESI) m/z [M+H]* 633.
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2-{[5-(3,5-Dimethoxyphenyl)-2-{3-methoxy-4-[4-(4-methylpiperazin-1-
ybDpiperidin-1-yllanilino}pyrimidin-4-yllamino}-N-ethylbenzene-1-sulfonamide
(24)

To a solution of 23 (190 mg, 0.300 mmol) in CH.Cl, (4.0 mL) was added N-
methylpiperazine (165 uL, 1.50 mmol). After stirring at room temperature for 1 h,
NaBH(OAc)s (79.6 mg, 0.375 mmol) was added. After stirring at room temperature
for 1 h, NaBH(OAc)s (79.6 mg, 0.375 mmol) was added. After further stirring at
room temperature for 12 h, the mixture was diluted with NaHCOs3 aqg. and extracted
with EtOAc. The organic layer was washed with brine, dried over Na;SOs and
concentrated /n vacuo. The residue was purified by column chromatography on
amino functionalized silica gel (EtOAc/MeOH = 100:0 to 80:20). IPE/EtOAc was
added to the residue, and the resulting precipitate was filtered and dried to give
the product (76 mg, 35%) as a colorless solid. '"H NMR (DMSO-adk): & 0.91 (3H, t, J
= 7.2 Hz), 1.45-1.60 (2H, m), 1.73-1.86 (2H, m), 2.15 (3H, s), 2.20-2.57 (11H, m),
2.68-2.78 (2H, m), 3.25-3.36 (2H, m), 3.51-3.65 (3H, m), 3.79 (6H, s), 6.51 (1H,
dd, /= 2.3, 2.2 Hz), 6.66 (2H, d, /= 2.4 Hz), 6.72-6.80 (1H, m), 7.15-7.24 (2H, m),
7.33 (1H, d, /= 2.2 Hz), 7.48-7.57 (1H, m), 7.67 (1H, t, /= 5.7 Hz), 7.74 (1H, dd, J
= 7.8, 1.6 Hz), 8.10 (1H, s), 8.42 (1H, d, /= 8.2 Hz), 8.78 (1H, s), 9.22 (1H, s); MS
(ESI) m/z [M+H1* 717; HRMS (ESI) m/z Calcd for C37Ha9NgOsS [M+H]1*: 717.3541.
Found: 717.3541.

Ethyl 4-[2-(ethylsulfamoyl)anilino]-2-(methylsulfanyl) pyrimidine-5-carboxylate
(27)

To a solution of ethyl 4-chloro-2-(methylsulfanyl)pyrimidine-5-carboxylate (25,
4.65 g, 20.0 mmol) in toluene (58 mL) were added DIPEA (3.77 mL, 22.0 mmol) and
2-amino-/N-ethylbenzene-1-sulfonamide (26, 4.01 g, 20.0 mmol). After stirring at
110 °C for 20 h, the solvent was replaced with NMP. After stirring at 130 °C for 6 h,
the mixture was poured into H>O. The resulting precipitate was filtered, washed
with Et>O and dried to give the product (5.61 g, 71%) as a colorless solid. '"H NMR
(CDCl3): 61.02 (3H, t, /= 7.2 Hz), 1.41 (3H, t, /= 7.1 Hz), 2.46 (3H, s), 2.94-3.08
(2H, m), 4.44 (2H, a, /= 7.0 Hz), 4.89 (1H, br s), 7.23-7.32 (1H, m), 7.54-7.60 (1H,
m), 8.03 (1H, d, /= 7.8 Hz), 8.24 (1H, d, /= 8.4 Hz), 8.84 (1H, s), 10.67 (1H, s); MS
(ESI) m/z[M+H]1* 397.

4-[2-(Ethylsulfamoyl)anilino]-2-(methylsulfanyl) pyrimidine-5-carboxylic acid

(28)

To a solution of 27 (1.98 g, 5.00 mmol) in MeOH/THF (20 mL, 1:1) was added 1 M

NaOH aq. (20.0 mL, 20.0 mmol). After stirring at room temperature for 3 h, the

mixture was neutralized with 1 M HCl aq. and extracted with CHCls. The organic
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layer was washed with brine, dried over Na>SO4 and concentrated /n vacuo. Et.0
was added to the residue, and the resulting precipitate was filtered and dried to
give the product (1.50 g, 81%) as a colorless solid. '"H NMR (DMSO-a6): & 0.84 (3H,
t, /= 7.2 Hz), 2.36 (3H, s), 2.75-2.85 (2H, m), 7.31-7.39 (1H, m), 7.59-7.68 (2H,
m), 7.85 (1H, dd, /= 7.8, 1.2 Hz), 8.02 (1H, d, /= 8.2 Hz), 8.74 (1H, s), 10.72 (TH,
s), 13.54 (1H, br s); MS (ESI) m/z [M+H]* 369.

4-[2-(Ethylsulfamoyl)anilino]l- N-methoxy-/N-methyl-2-
(methylsulfanyl)pyrimidine-5-carboxamide (29)

To a solution of 28 (400 mg, 1.09 mmol) in DMF (8.00 mL) were added N,C-
dimethylhydroxyamine hydrochloride (159 mg, 1.63 mmol), EDCI hydrochloride (312
mg, 1.63 mmol), HOBt (220 mg, 1.63 mmol) and EtsN (303 uL, 2.17 mmol). After
stirring at room temperature for 12 h, the mixture was diluted with H>O. The
resulting precipitate was filtered and dried to give the product (429 mg, 96%) as a
colorless solid. 'TH NMR (CDCl3): 6 0.96 (3H, t, /= 7.2 Hz), 2.51 (3H, s), 2.87-3.01
(2H, m), 3.44 (3H, s), 3.66 (3H, s), 5.85-5.98 (1H, m), 7.19-7.31 (1H, m), 7.53-7.62
(1TH, m), 8.04 (1H, d, /= 8.0 Hz), 8.39 (1H, d, /= 8.2 Hz), 8.58 (1H, s), 9.53 (1H, s);
MS (ESI) m/z [M+H]* 412.

2-{[5-(3,5-Dimethoxybenzoyl)-2-(methylsulfanyl) pyrimidin-4-yllamino}-N-
ethylbenzene-1-sulfonamide (30)

To a solution of 29 (200 mg, 0.486 mmol) in THF (6.0 mL) was added 3,5-
dimethoxyphenylmagnesium bromide (1.0 M THF solution, 1.70 mL, 1.70 mmol) at -
78 °C. After stirring the mixture at -78 °C for 2 h and warming to room temperature,
additional 3,5-dimethoxyphenylmagnesium bromide (1.0 M THF solution, 0.486 mL,
0.486 mmol) was added to the mixture at -78 °C. This sequence of steps was
repeated twice with two further additions of 3,5-dimethoxyphenylmagnesium
bromide (1.0 M THF solution, 0.972 mL, 0.972 mmol then 1.0 M THF solution, 1.94
mL, 1.94 mmol). After stirring at =78 °C for 2 h, the mixture was quenched with sat.
NH4Cl ag. and warmed to room temperature. The mixture was extracted with EtOAc.
The organic layer was washed with brine, dried over Na,SOs4 and concentrated /n
vacuo. The residue was purified by column chromatography on amino functionalized
silica gel (CHCls) to give the product (150 mg, 63%) as a colorless solid. '"H NMR
(CDCl3): & 1.05 (3H, t, /= 7.2 Hz), 2.49 (3H, s), 3.00-3.11 (2H, m), 3.84 (6H, s),
5.17 (1H, t, /= 5.9 Hz), 6.68 (1H, dd, /= 2.4, 2.2 Hz), 6.83 (2H, d, /= 2.4 Hz), 7.26~
7.34 (1H, m), 7.56-7.65 (1H, m), 8.06 (1H, dd, /= 7.9, 1.5 Hz), 8.31 (1H, dd, /= 8.2,
1.0 Hz), 8.58 (1H, s), 11.17 (1H, s); MS (ESI) m/z [M+H]* 489.
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2-{[5-(3,5-Dimethoxybenzoyl)-2-{3-methoxy-4-[4-(4-methylpiperazin-1-
yl)piperidin-1-yllanilino}pyrimidin-4-yllamino}-N-ethylbenzene-1-sulfonamide
(32)

To a solution of 30 (150 mg, 0.307 mmol) in CH2Cl> (4.0 mL) was added m-CPBA
(75%, 77.7 mg, 0.338 mmol) in an ice-water bath. After stirring in an ice-water bath
for 2 h, the mixture was quenched with NaHCOs aq. and extracted with EtOAc. The
organic layer was washed with brine, dried over NaSO4 and concentrated /n vacuo
to give 2-{[5-(3,5-dimethoxybenzoyl)-2-(methanesulfinyl)pyrimidin-4-yllamino}-
N-ethylbenzene-1-sulfonamide (147 mg, 95%) as a brown solid, which was used in
the next reaction without further purification. To a solution of 2-{[5-(3,5-
dimethoxybenzoyl)-2-(methanesulfinyl) pyrimidin-4-yllamino}-/N-ethylbenzene-1-
sulfonamide (147 mg, 0.291 mmol) in IPA (4.0 mL) was added 3-methoxy-4-[4-(4-
methylpiperazin-1-yl)piperidin-1-yllaniline (31, 97.6 mg, 0.320 mmol). After stirring
at 90 °C for 12 h, the mixture was diluted with NaHCOs aq. and extracted with EtOAc.
The organic layer was washed with brine, dried over Na,SOs4 and concentrated /n
vacuo. The residue was purified by column chromatography on amino functionalized
silica gel (EtOAc/MeOH = 100:0 to 80:20) and then purified by column
chromatography on silica gel (CHCl3/MeOH = 100:0 to 80:20). EtOAc was added to
the residue, and the resulting precipitate was filtered and dried to give the product
(89.0 mg, 39%) as a pale yellow solid. '"H NMR (DMSO-dk): & 0.83-0.97 (3H, m),
1.44-1.58 (2H, m), 1.74-1.84 (2H, m), 2.15 (3H, s), 2.20-2.57 (11H, m), 2.79-2.90
(2H, m), 3.24-3.44 (5H, m), 3.82 (6H, s), 6.58-6.80 (4H, m), 7.02-7.16 (1H, m),
7.16-7.29 (1H, m), 7.32-7.43 (1H, m), 7.53-7.70 (2H, m), 7.87 (1H, dd, /= 8.0, 1.6
Hz), 7.95-8.09 (1H, m), 8.43 (1H, s), 9.96 (1H, br s), 11.35 (1H, br s); MS (ESI) m/z
[M+H]* 745.

2-[(5-[(3,5-Dimethoxyphenyl) (hydroxy)methyll-2-{3-methoxy-4-[4-(4-
methylpiperazin-1-yl) piperidin-1-yl]lanilino}pyrimidin-4-yl)amino]- V-
ethylbenzene-1-sulfonamide (33)
To a solution 32 (110 mg, 0.148 mmol) in THF/MeOH (6.0 mL, 2:1) was added NaBH4
(10.0 mg, 0.264 mmol) in an ice-water bath. After stirring at room temperature for
1 h, NaBH4 (10.0 mg, 0.264 mmol) was added to the mixture in an ice-water bath.
After stirring at room temperature for 2 h, the mixture was concentrated /n vacuo.
The residue was purified by column chromatography on silica gel (CHCls/MeOH =
100:0 to 80:20). IPE/EtOAc was added to the residue, and the resulting precipitate
was filtered and dried to give the product (71 mg, 64%) as a pale yellow solid. 'H
NMR (DMSO-ds): 6 0.91 (3H, t, /= 7.1 Hz), 1.43-1.59 (2H, m), 1.72-1.85 (2H, m),
2.16 (3H, s), 2.20-2.55 (11H, m), 2.78-2.90 (2H, m), 3.19-3.40 (2H, m), 3.46-3.55
(3H, m), 3.69 (6H, s), 5.69 (1H, d, /= 3.7 Hz), 6.33 (1H, d, /= 3.9 Hz), 6.37 (1H, dd,
J=2.4,2.2Hz), 6.64 (2H, d, /= 2.4 Hz), 6.69 (1H, d, /= 8.6 Hz), 7.13 (1H, d, J=
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8.0 Hz), 7.16-7.24 (1H, m), 7.28 (1H, d, /= 2.0 Hz), 7.41 (1H, t, /= 5.7 Hz), 7.46-
7.54 (1H, m), 7.80 (1H, dd, /= 8.0, 1.6 Hz), 7.92 (1H, s), 8.15 (1H, d, /= 7.8 Hz),
9.05 (1H, s), 9.18 (1H, s); MS (ESI) m/z [M+H]1* 747.

2-[(5-[(3,5-Dimethoxyphenyl)methyl]-2-{3-methoxy-4-[4-(4-methylpiperazin-
1-ylDpiperidin-1-yllanilino}pyrimidin-4-yl)amino]-A-ethylbenzene-1-sulfonamide
(34)

To a solution of 33 (53.0 mg, 71.0 umol) in CH.Cl> (2.0 mL) were added
triethylsilane (113 uL, 0.710 mmol) and TFA (272 uL, 3.55 mmol) in an ice-water
bath under an argon atmosphere. After stirring at room temperature for 18 h,
additional triethylsilane (113 uL, 0.710 mmol) and TFA (1.00 mL, 13.1T mmol) were
added to the mixture in an ice-water bath. After stirring at room temperature for 6
h, the mixture was concentrated /n vacuo. The residue was purified by column
chromatography on amino functionalized silica gel (EtOAc/MeOH = 100:0 to 80:20)
and then purified by column chromatography on silica gel (CHCIs/MeOH = 100:0 to
80:20). IPE/EtOAc was added to the residue, and the resulting precipitate was
filtered and dried to give the product (16 mg, 31%) as a colorless solid. '"H NMR
(DMSO-@k): 6 0.91 (3H, t, /= 7.2 Hz), 1.45-1.60 (2H, m), 1.74-1.85 (2H, m), 2.18
(3H, s), 2.22-2.57 (11H, m), 2.69-2.81 (2H, m), 3.25-3.36 (2H, m), 3.60 (3H, s),
3.69 (6H, s), 3.78 (2H, s), 6.34 (1H, dd, /= 2.2, 2.2 Hz), 6.43 (2H, d, /= 2.4 Hz),
6.75 (1H, d, /= 8.6 Hz), 7.15-7.23 (2H, m), 7.28 (1H, d, /= 2.0 Hz), 7.49-7.57 (1H,
m), 7.78 (1H, dd, /= 7.8, 1.6 Hz), 7.88 (1H, t, /= 5.7 Hz), 8.01 (1H, s), 8.56 (1H, d,
J = 8.6 Hz), 8.80 (1H, s), 9.04 (1H, s); MS (ESI) m/z [M+H]* 731; HRMS (ESI) m/z
Calcd for C3sHs51NgOsS [M+H]*: 731.3698. Found: 731.3688.

2-[(5-Bromo-2-{3-methoxy-4-[4-(4-methylpiperazin-1-yl)piperidin-1-
yllanilino}pyrimidin-4-yl)amino]l-N-ethylbenzene-1-sulfonamide (35a)

To a solution of 20 (1.00 g, 2.03 mmol) in IPA (10 mL) were added 31 (650 mg, 2.14
mmol) and methanesulfonic acid (0.396 mL, 6.10 mmol). After stirring at 130 °C
under microwave irradiation for 1 h, the mixture was quenched with NaHCO3 ag. and
extracted with EtOAc. The organic layer was washed with brine, dried over Na>SO4
and concentrated /n vacuo. The residue was diluted with EtOAc and stirred under
reflux conditions. After cooling to room temperature, the resulting precipitate was
filtered and dried to give the product (1.03 g, 77%) as a colorless solid. '"H NMR
(CDCl3): 51.04 (3H, t, /= 7.2 Hz), 1.73-1.96 (4H, m), 2.30 (3H, s), 2.34-2.75 (11H,
m), 2.95-3.06 (2H, m), 3.43-3.55 (2H, m), 3.72 (3H, s), 4.44 (1H, t, J = 6.1 Hz),
6.80-6.88 (2H, m), 6.98 (1H, dd, /= 8.5, 2.5 Hz), 7.06 (1H, d, /= 2.2 Hz), 7.18-7.24
(1TH, m), 7.47-7.55 (1H, m), 7.96 (1H, dd, /= 7.9, 1.5 Hz), 8.22 (1H, s), 8.39-8.44
(1H, m), 8.97 (1H, s); MS (ESI) m/z[M—H]~ 657, 659.
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2-({5-Bromo-2-[3-methoxy-4-(4-methylpiperazin-1-yl)anilinolpyrimidin-4-
yl}amino)-N-ethylbenzene-1-sulfonamide (35b)

Compound 35b was prepared from 20 and 2 in 73% yield using a similar approach
to that described for 35a. 'H NMR (DMSO-a6): & 0.96 (3H, t, /= 7.2 Hz), 2.21 (3H,
s), 2.37-2.53 (4H, m), 2.79-2.97 (6H, m), 3.59 (3H, s), 6.76 (1H, d, /= 8.4 Hz), 7.16
(1H, d, /= 8.4 Hz), 7.19-7.24 (1H, m), 7.24-7.32 (1H, m), 7.53-7.61 (1H, m), 7.82
(1H, dd, J = 7.8, 1.6 Hz), 7.85-7.93 (1H, m), 8.32 (1H, s), 8.39-8.52 (1H, m), 9.15
(TH, s), 9.31 (1H, s); MS (ESI) m/z [M+H]* 576, 578; HRMS (ESI) m/z Calcd for
C24H31BrN7;OsS [M+H]*: 576.138"7. Found: 576.1381.

2-[(5-[(3,5-Dimethoxyphenyl)ethynyl]-2-{3-methoxy-4-[4-(4-methylpiperazin-

1-ylDpiperidin-1-yllanilino}pyrimidin-4-yl)amino]-A-ethylbenzene-1-sulfonamide
(36)

To a solution of 35a (900 mg, 1.36 mmol) in DMF (18 mL) were added Pd(PPhs)4
(315 mg, 0.273 mmol), 1-ethynyl-3,5-dimethoxybenzene (0.221 g, 1.36 mmol), and
EtsN (951 ulL, 6.82 mmol) under an argon atmosphere. After stirring at 120 °C for
0.5 h, additional 1-ethynyl-3,5-dimethoxybenzene (1.98 g, 12.2 mmol) in DMF (18
mL) was added dropwise to the mixture over 4 h. After stirring at 120 °C for 2 h, the
mixture was diluted with EtOAc and passed through a Celite pad. The filtrate was
concentrated /n vacuo. The residue was purified by column chromatography on
silica gel (CHCl3/MeOH = 100:0 to 80:20) and then purified by column
chromatography on amino functionalized silica gel (EtOAc/MeOH = 100:0 to 80:20).
The residue was diluted with EtOAc and stirred under reflux conditions. After
cooling to room temperature, the resulting precipitate was filtered and dried to give
the product (771 mg, 76%) as a pale yellow solid. '"H NMR (DMSO-dk): & 0.95 (3H,
t, /= 7.2 Hz), 1.46-1.60 (2H, m), 1.75-1.85 (2H, m), 2.14 (3H, s), 2.20-2.56 (11H,
m), 2.83-2.94 (2H, m), 3.26-3.38 (2H, m), 3.62 (3H, s), 3.77 (6H, s), 6.53 (1H, dd,
J=2.4,2.4Hz),6.77-6.86 (3H, m), 7.16-7.30 (3H, m), 7.57 (1H, t, /= 7.4 Hz), 7.82
(1H, dd, /= 8.0, 1.6 Hz), 7.93-8.02 (1H, m), 8.40 (1H, s), 8.55-8.75 (1H, m), 9.52
(2H, br s); MS (ES) m/z [M+HI* 741; Anal Calcd for Cs39H4sNgOsS.
0.3EtOAc.0.04CHCls: C, 62.59; H, 6.58; N, 14.51; S, 4.15; Cl, 0.55. Found: C, 62.64;
H, 6.61; N, 14.51; S, 4.08; Cl, 0.50.

2-[(5-[2-(3,5-Dimethoxyphenyl)ethyl]l-2-{3-methoxy-4-[4-(4-methylpiperazin-
1-ylD)piperidin-1-yllanilino}pyrimidin-4-yl)amino]-A-ethylbenzene-1-sulfonamide
(37)

To a solution of 36 (200 mg, 0.270 mmol) in THF/MeOH (8.0 mL, 1:1) was added
10% Pd/C (14.4 mg, 13.5 umol) under an argon atmosphere. After stirring at room
temperature under a hydrogen atmosphere (1.0 atm) for 6 h, the mixture was

passed through a Celite pad. The filtrate was concentrated /n vacuo. To the residue
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in THF/MeOH (8.0 mL, 1:1) was added 10% Pd/C (14.4 mg, 13.5 umol) under an argon
atmosphere. After stirring at room temperature under a hydrogen atmosphere (2.5
atm) for 4 h, the mixture was passed through a Celite pad. The filtrate was
concentrated /n vacuo. The residue was diluted with EtOAc and stirred under reflux
conditions. After cooling to room temperature, the resulting precipitate was filtered
and dried to give the product (102 mg, 51%) as a pale yellow solid. '"H NMR (DMSO-
ds): & 0.92-1.00 (3H, m), 1.45-1.60 (2H, m), 1.74-1.85 (2H, m), 2.14 (3H, s), 2.19-
2.56 (11H, m), 2.69-2.90 (6H, m), 3.26-3.36 (2H, m), 3.61 (3H, s), 3.71 (6H, s), 6.30
(1H,dd, /= 2.4, 2.2 Hz), 6.50 (2H, d, /= 2.4 Hz), 6.76 (1H, d, /= 8.8 Hz), 7.15-7.24
(2H, m), 7.29 (1H, d, J = 2.2 Hz), 7.52-7.59 (1H, m), 7.80 (1H, dd, /= 7.8, 1.6 Hz),
7.95 (1H, t, /= 5.5 Hz), 8.02 (1H, s), 8.69 (1H, d, /= 8.4 Hz), 8.98 (1H, s), 9.01 (1H,
s); MS (ESI) m/z [M+H]* 745; HRMS (ESI) m/z Calcd for C3oHs3NgOsS [M+H]*:
745.3854. Found: 745.3850; Anal. Calcd for C3oHs52Ng0sS.0.2EtOAc.1.7H.0: C,
60.3; H, 7.2; N, 14.1; S, 4.0. Found: C, 60.3; H, 7.0; N, 14.0; S, 3.8.

2-[(2-Chloro-5-nitropyrimidin-4-yl)amino]- V-ethylbenzene-1-sulfonamide (38)

A mixture of 26 (530 mg, 2.65 mmol) and 2,4-dichloro-5-nitropyrimidine (510 mg,
2.63 mmol) in DMAc (5.0 mL) was stirred at room temperature for 3 h. The mixture
was diluted with NaHCO3 aq. and extracted with EtOAc. The organic layer was
washed with brine, dried over MgSQO4 and concentrated /n vacuo. The residue was
purified by column chromatography on silica gel (n-hexane/EtOAc = 100:10 to
75:25) to give the product (720 mg, 77%) as a yellow solid. 'H NMR (DMSO-dk): &
0.85 (3H, t, /= 7.2 Hz), 2.78 (2H, ad, /= 7.2, 5.8 Hz), 7.46-7.53 (1H, m), 7.71-7.80
(2H, m), 7.89-7.98 (2H, m), 9.31 (1H, s), 10.78 (1H, s); MS (ESI) m/z [M+H]* 358.

N-Ethyl-2-[(2-{3-methoxy-4-[4-(4-methylpiperazin-1-yl) piperidin-1-yllanilino}-
5-nitropyrimidin-4-yl)aminolbenzene-1-sulfonamide (39a)

Compound 39a was prepared from 31 and 38 in 87% yield using a similar approach
to that described for 18a. '"H NMR (DMSO-dk): & 0.77-0.88 (3H, m), 1.43-1.58 (2H,
m), 1.74-1.84 (2H, m), 2.14 (3H, s), 2.18-2.57 (11H, m), 2.71-2.82 (2H, m), 3.26~
3.35 (2H, m), 3.39 (3H, br s), 6.64 (1H, d, /= 8.2 Hz), 7.05 (1H, d, /= 8.0 Hz), 7.14
(1H, br s), 7.36-7.47 (1H, m), 7.53-7.66 (1H, m), 7.73-7.83 (1H, m), 7.88 (1H, d, J
= 7.0 Hz), 7.94-8.07 (1H, m), 9.13 (1H, s), 10.37 (1H, br s), 10.82 (1H, br s); MS
(ESI) m/z[M+H]* 626.

2-[(5-Amino-2-{3-methoxy-4-[4-(4-methylpiperazin-1-yl)piperidin-1-

yllanilino}pyrimidin-4-yl)amino]-NV-ethylbenzene-1-sulfonamide (39b)

To a solution of 39a (2.21 g, 3.53 mmol) in EtOH/THF (70 mL, 4:3) was added 10%

Pd/C (50% wet, 1.58 g, 0.742 mmol) under an argon atmosphere. After stirring at

room temperature under a hydrogen atmosphere (1.0 atm) for 6 h, the mixture was
86



passed through a Celite pad. The filtrate was concentrated /n vacuo. The residue
was purified by column chromatography on silica gel (CHCls/MeOH/28% NHz aq. =
100:0:0 to 90:9:1) to give the product (2.08 g, 99%) as a brown solid. '"H NMR
(DMSO-@k): 6 0.93 (3H, t, /= 7.2 Hz), 1.45-1.59 (2H, m), 1.73-1.85 (2H, m), 2.14
(3H, s), 2.17-2.54 (11H, m), 2.83 (2H, a, /= 7.0 Hz), 3.24-3.34 (2H, m), 3.62 (3H,
s), 4.06 (2H, s), 6.74 (1H, d, /= 8.6 Hz), 7.12-7.22 (2H, m), 7.27 (1H, d, /= 2.4 Hz),
7.52-7.60 (1H, m), 7.75-7.83 (3H, m), 8.67 (1H, s), 8.71 (1H, d, J = 7.8 Hz), 9.01
(TH, br s); MS (ESI) m/z [M+H]* 596.

N-(4-[2-(Ethylsulfamoyl)anilino]-2-{3-methoxy-4-[4-(4-methylpiperazin-1-
yl)piperidin-1-yllanilino}pyrimidin-5-yl)-3,5-dimethoxybenzamide (40a)

To a solution of 39b (150 mg, 0.252 mmol) in THF (5.0 mL) were added DIPEA (50.0
ul, 0.292 mmol) and 3,5-dimethoxybenzoyl chloride (60.0 mg, 0.299 mmol). After
stirring at room temperature for 1 h, the mixture was quenched with sat. NaHCOs
aq. and extracted with CHCIs/IPA (3:1). The organic layer was washed with brine,
dried over NaSO4 and concentrated /n vacuo. The residue was purified by column
chromatography on silica gel (CHCIl3/MeOH = 98:2 to 85:15). Et.O was added to the
residue, and the resulting precipitate was filtered and dried to give the product (93
mg, 49%) as a colorless solid. 'H NMR (DMSO-dk): & 0.90 (3H, t, /= 7.2 Hz), 1.46~
1.61 (2H, m), 1.75-1.86 (2H, m), 2.17 (3H, s), 2.22-2.59 (11H, m), 2.75-2.85 (2H,
m), 3.26-3.38 (2H, m), 3.66 (3H, s), 3.83 (6H, s), 6.73 (1H, dd, /= 2.4, 2.2 Hz), 6.81
(1H, d, /= 8.6 Hz), 7.14-7.29 (5H, m), 7.52-7.63 (2H, m), 7.79 (1H, dd, /= 8.0, 1.6
Hz), 8.10 (1H, s), 8.78 (1H, d, J = 8.0 Hz), 9.20 (1H, s), 9.25 (1H, s), 9.88 (1H, s);
MS (ESI) m/z [M+H]* 760; Anal. Calcd for C3zgHa9N90eS.0.05CHCl3.1.2H20: C, 58.03;
H, 6.59; N, 16.01; S, 4.07; Cl, 0.68. Found: C, 57.98; H, 6.50; N, 15.86; S, 4.03; Cl,
0.60.

N-(4-[2-(Ethylsulfamoyl)anilino]-2-{3-methoxy-4-[4-(4-methylpiperazin-1-
yl)piperidin-1-yllanilino}pyrimidin-5-yl)-2,5-dimethoxybenzamide (40b)
Compound 40b was prepared from 39b and 2,5-dimethoxybenzoic acid using a
similar approach to that described for 40f. MS (ESI) m/z [M+H]* 760.

N-(4-[2-(Ethylsulfamoyl)anilino]-2-{3-methoxy-4-[4-(4-methylpiperazin-1-
yl)piperidin-1-yllanilino}pyrimidin-5-yl)-2,3-dimethoxybenzamide (40c)
Compound 40c was prepared from 39b and 2,3-dimethoxybenzoic acid using a
similar approach to that described for 40f. MS (ESI) m/z [M+H]* 760.

N-(4-[2-(Ethylsulfamoyl)anilino]-2-{3-methoxy-4-[4-(4-methylpiperazin-1-

yl)piperidin-1-yl]anilino}pyrimidin-5-yl)-3,5-dihydroxybenzamide (40d)

Compound 40d was prepared from 39b and 3,5-dihydroxybenzoic acid using a
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similar approach to that described for 40f. MS (ESI) m/z [M+H]* 732.

N-(4-[2-(Ethylsulfamoyl)anilino]-2-{3-methoxy-4-[4-(4-methylpiperazin-1-
yl)piperidin-1-yllanilino}pyrimidin-5-yl)-3,5-dimethylbenzamide (40e)
Compound 40e was prepared from 39b and 3,5-dimethylbenzoic acid using a similar
approach to that described for 40f. MS (ESI) m/z [M+H]* 728.

N-(4-[2-(Ethylsulfamoyl)anilino]-2-{3-methoxy-4-[4-(4-methylpiperazin-1-
yl)piperidin-1-yllanilino}pyrimidin-5-yl)-4,6-dimethoxypyrimidine-2-
carboxamide (40f)

To a solution of 39b (278 mg, 0.467 mmol) in DMF (5.0 mL) were added 4,6-
dimethoxypyrimidine-2-carboxylic acid (103 mg, 0.560 mmol), DIPEA (160 uL,
0.935 mmol) and HATU (236 mg, 0.621 mmol) in an ice-water bath. After stirring at
room temperature overnight, the mixture was quenched with NaHCOs aq. and
extracted with CHCls. The organic layer was washed with brine, dried over MgSOa4
and concentrated /n vacuo. The residue was purified by column chromatography on
silica gel (CHCl3/MeOH/28% NHs aq. = 100:0:0 to 90:9:1). EtOAc/IPE was added to
the residue, and the resulting precipitate was filtered and dried. To the precipitate
was added EtOH/EtOAc/MeCN, and the mixture was heated to 100 °C. After cooling
to room temperature, the resulting precipitate was filtered and dried to give the
product (96 mg, 27%) as a colorless solid. 'H NMR (DMSO-dk): & 0.90 (3H, t, J =
7.2 Hz), 1.46-1.61 (2H, m), 1.74-1.86 (2H, m), 2.14 (3H, s), 2.20-2.58 (11H, m),
2.74-2.85 (2H, m), 3.25-3.39 (2H, m), 3.67 (3H, s), 4.03 (6H, s), 6.48 (1H, s), 6.82
(1H, d, /= 8.4 Hz), 7.16-7.29 (3H, m), 7.51-7.62 (2H, m), 7.77 (1H, dd, /= 7.9, 1.5
Hz), 8.13 (1H, s), 8.74-8.87 (1H, m), 9.14 (1H, br s), 9.27 (1H, s), 10.14 (TH, br s);
MS (ESI) m/z [M+H]* 762; Anal. Calcd for C3sHa7N110¢S.1.7H20: C, 54.56; H, 6.41;
N, 19.44; S, 4.05. Found: C, 54.55; H, 6.38; N, 19.45; S, 4.02.

N-(4-[2-(Ethylsulfamoyl)anilino]-2-{3-methoxy-4-[4-(4-methylpiperazin-1-
yDpiperidin-1-yllanilino}pyrimidin-5-yl)-2,6-dimethoxypyrimidine-4-
carboxamide (40g)

Compound 40g was prepared from 39b and 2,6-dimethoxypyrimidine-4-carboxylic
acid using a similar approach to that described for 40f. MS (ESI) m/z [M+H]* 762.

Chapter 2

N?-{3-Methoxy-4-[4-(4-methylpiperazin-1-yl)piperidin-1-yllphenyl}-5-nitro- \*-

phenylpyrimidine-2,4-diamine (42a)

A mixture of 2-chloro-5-nitro-N-phenylpyrimidin-4-amine (41a, 260 mg, 1.04

mmol), 3-methoxy-4-[4-(4-methylpiperazin-1-yl)piperidin-1-yllaniline (31, 316
88



mg, 1.04 mmol), and AcOH (4.00 mL) was stirred at room temperature overnight.
The mixture was quenched with water, NaOH (1.0 M aqueous solution), and sat.
NaHCOs aq. in an ice-water bath and extracted with CHCls. The organic layer was
washed with brine, dried over MgSO4 and concentrated /n vacuo. The residue was
purified by column chromatography on silica gel (CHCI3/MeOH/28% NHs aqg. =
100:0:0 to 90:9:1) to give the product (450 mg, 84%) as a red solid. '"H NMR (400
MHz, DMSO-ds) 6 ppm 1.46-1.60 (2H, m), 1.72-1.88 (2H, m), 2.16 (3H, s), 2.20-
2.58 (11H, m), 3.24-3.40 (2H, m), 3.42-3.56 (3H, m), 6.63-6.73 (1H, m), 7.03-
7.17 (2H, m), 7.17-7.29 (1H, m), 7.30-7.44 (2H, m), 7.52-7.66 (2H, m), 9.08 (1H,
s), 10.19-10.41 (2H, m); MS (ESI) m/z [M+H]* 519.

N-[2-(Methanesulfonyl)ethyl]l-A?-{3-methoxy-4-[4-(4-methylpiperazin-1-
yl)piperidin-1-yllphenyl}-5-nitropyrimidine-2,4-diamine (42b)

Compound 42b was prepared from 2-chloro-N-[2-(methanesulfonyl)ethyl]-5-
nitropyrimidin-4-amine (41b) and 31 in 62% vyield using a similar approach to that
described for 42a. '"H NMR (400 MHz, DMSO-ds) 6 ppm 1.47-1.61 (2H, m), 1.74~
1.85 (2H, m), 2.14 (3H, s), 2.20-2.56 (11H, m), 3.00 (3H, br s), 3.28-3.39 (2H, m),
3.45-3.59 (2H, m), 3.77 (3H, s), 3.94-4.06 (2H, m), 6.87 (1H, d, /= 8.6 Hz), 7.27
(1H, d, /= 2.4 Hz), 7.31-7.40 (1H, m), 8.97 (1H, s), 9.05 (1H, br s), 10.27 (1H, br
s); MS (ESI) m/z [M+H]* 549.

N-{3-Methoxy-4-[4-(4-methylpiperazin-1-yl)piperidin-1-yllphenyl}-5-
nitropyrimidin-2-amine (42c)

To a mixture of 31 (973 mg, 3.20 mmol) in EtOH (10.2 mL) was added MsOH
(0.415 mL, 6.39 mmol). After stirring at room temperature for 20 min, 2-chloro-5-
nitropyrimidine (41c, 510 mg, 3.20 mmol) was added to the mixture. After stirring
at 100 °C for 4 h, the mixture was quenched with sat. NaHCOs aq. and extracted
with CHCls. The organic layer was dried over Na,SO4 and concentrated /n vacuo.
The residue was purified by column chromatography on amino functionalized
silica gel (CHCls/MeOH = 100:0 to 80:20) to give the product (858 mg, 63%) as a
brown solid. '"H NMR (400 MHz, CDCls) & ppm 1.74-1.95 (4H, m), 2.30 (3H, s),
2.36-2.74 (11H, m), 3.46-3.59 (2H, m), 3.88-3.92 (3H, m), 6.91-6.97 (1H, m),
7.04-7.09 (1H, m), 7.23-7.29 (1H, m), 7.62 (1H, br s), 9.17 (2H, br s); MS
(APCI/ESI) m/z [M+H]* 428.

N-{3-Methoxy-4-[4-(4-methylpiperazin-1-yl)piperidin-1-yllphenyl}-A#-
phenylpyrimidine-2,4,5-triamine (43a)

To a mixture of 42a (450 mg, 0.868 mmol) in EtOH (15.0 mL) and THF (25.0 mL)
was added 10% Pd/C (50% wet, 110 mg). After stirring at room temperature under

a hydrogen atmosphere (1.0 atm) for 3 h, the mixture was passed through a Celite
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pad. The filtrate was concentrated /n vacuo. To the reaction mixture were added
EtOH (12.0 mL), THF (12.0 mL) and 10% Pd/C (50% wet, 240 mg). After stirring at
room temperature under a hydrogen atmosphere (1.0 atm) for 7 h, the mixture
was passed through a Celite pad. The filtrate was concentrated /n vacuo to give
the product (506 mg, quantitative vield) as a grey solid. MS (ESI) m/z [M+H]*
489.

N-[2-(Methanesulfonyl)ethyl]l-A?-{3-methoxy-4-[4-(4-methylpiperazin-1-
yl)piperidin-1-yllphenyl}pyrimidine-2,4,5-triamine (43b)

To a mixture of 42b (710 mg, 1.29 mmol) in EtOH (15.0 mL) and THF (30.0 mL)
was added 10% Pd/C (50% wet, 331 mg). After stirring at room temperature under
a hydrogen atmosphere (1.0 atm) for 7 h, the mixture was passed through a Celite
pad. The filtrate was concentrated /n vacuo. The residue was diluted with CHCls
and dried over MgS0O4 and concentrated /n vacuo. The residue was purified by
column chromatography on silica gel (CHCl3/MeOH/28% NHs aq. = 100:0:0 to
90:9:1) to give the product (710 mg, quantitative yield) as a grey solid. '"H NMR
(399 MHz, DMSO-ds) & ppm 1.45-1.60 (2H, m), 1.72-1.85 (2H, m), 2.14 (3H, s),
2.19-2.57 (11H, m), 3.02 (3H, s), 3.22-3.34 (2H, m), 3.45 (2H, t, /= 6.7 Hz), 3.73
(3H, s), 3.76-3.85 (2H, m), 3.98 (2H, s), 6.62 (1H, t, /= 5.8 Hz), 6.74 (1H, d, J =
8.6 Hz), 7.24 (1H, dd, /= 8.6, 2.2 Hz), 7.30 (1H, d, /= 2.4 Hz), 7.42 (1H, s), 8.29
(TH, s); MS (ESI) m/z [M+HI* 519.

N?-{3-Methoxy-4-[4-(4-methylpiperazin-1-yl)piperidin-1-yllphenyl}pyrimidine-
2,5-diamine (43c)

To a mixture of 42c (858 mg, 2.01 mmol) in EtOH (15.0 mL) was added 10% Pd/C
(55% wet, 107 mg). After stirring at room temperature under a hydrogen
atmosphere (1.0 atm) for 12 h, the mixture was passed through a Celite pad. The
filtrate was concentrated /n vacuo. The residue was purified by column
chromatography on silica gel (CHCl3/MeOH = 100:0 to 80:20) to give the product
(567 mg, 71%) as a brown solid. "H NMR (400 MHz, CDCls3) & ppm 1.73-1.93 (4H,
m), 2.29 (3H, s), 2.34-2.74 (11H, m), 3.25 (2H, s), 3.40-3.56 (2H, m), 3.87 (3H,
s), 6.72 (1H, s), 6.88 (1H, d, /= 8.4 Hz), 6.99 (1H, dd, /= 8.4, 2.2 Hz), 7.20 (1H, d,
J= 2.2 Hz), 8.01 (2H, s); MS (APCI/ESI) m/z [M+H]* 398.

N-(4-Anilino-2-{3-methoxy-4-[4-(4-methylpiperazin-1-yl)piperidin-1-
yllanilino}pyrimidin-5-yl)-3,5-dimethoxybenzamide (44a)

To a mixture of 43a (254 mg, 0.520 mmol) in THF (10.0 mL) were added DIPEA
(98.3 pL, 0.574 mmol) and 3,5-dimethoxybenzoyl chloride (120 mg, 0.598 mmol).
After stirring at room temperature for 3 h, the mixture was quenched with sat.

NaHCOs aq. and extracted with CHCls. The organic layer was washed with brine,
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dried over MgSQO4 and concentrated /n vacuo. The residue was purified by column
chromatography on silica gel (CHCl3/MeOH/28% NHs aqg. = 100:0:0 to 90:9:1).
EtOAc was added to the residue, and the resulting precipitate was filtered and
dried to give the product (103 mg, 30%) as a grey solid. 'H NMR (400 MHz, DMSO-
ds) & ppm 1.48-1.59 (2H, m), 1.76-1.83 (2H, m), 2.15 (3H, s), 2.20-2.58 (11H, m),
3.26-3.37 (2H, m), 3.59 (3H, s), 3.82 (6H, s), 6.71-6.77 (2H, m), 7.02-7.07 (1H,
m), 7.20-7.32 (6H, m), 7.63-7.72 (2H, m), 7.97 (1H, s), 8.59 (1H, s), 9.01 (1H, s),
9.57 (1H, s); MS (ESI) m/z [M+H]* 653; HRMS (ESI) m/z Calcd for C3¢HasNgO4
[M+H]*: 653.3558. Found: 653.3548; Anal. Calcd for C36H44aNs04.0.6H20: C,
65.16; H, 6.87; N, 16.89. Found: C, 65.11; H, 6.94; N, 16.87.

N-(4-{[2-(Methanesulfonyl)ethyllamino}-2-{3-methoxy-4-[4-(4-
methylpiperazin-1-yl)piperidin-1-yllanilino}pyrimidin-5-yl)-3,5-
dimethoxybenzamide (44b)

A mixture of 43b (200 mg, 0.386 mmol), 3,5-dimethoxybenzoic acid (84.3 mg,
0.463 mmol), DIPEA (132 uL, 0.771 mmol), and HATU (182 mg, 0.479 mmol) in
DMF (4.00 mL) was stirred at room temperature overnight. The mixture was
auenched with water and sat. NaHCOs aq. and extracted with EtOAc. The organic
layer was washed with brine, dried over MgSO4 and concentrated /n vacuo. The
residue was purified twice by column chromatography on silica gel
(CHCl3/MeOH/28% NHz ag. = 100:0:0 to 90:9:1). EtOAc/IPE was added to the
residue, and the resulting precipitate was filtered and dried to give the product
(86 mg, 33%) as a colorless solid. '"H NMR (400 MHz, DMSO-ds) & ppm 1.45-1.62
(2H, m), 1.75-1.84 (2H, m), 2.14 (3H, s), 2.20-2.57 (11H, m), 3.01 (3H, s), 3.26-
3.35 (2H, m), 3.42 (2H, t, /= 6.8 Hz), 3.74-3.84 (11H, m), 6.70 (1H, t, /= 2.2 Hz),
6.77-6.83 (1H, m), 6.93-7.02 (1H, m), 7.15 (2H, d, /= 2.4 Hz), 7.30-7.35 (2H, m),
7.77 (1H, s), 8.91 (1H, s), 9.47 (1H, s); MS (ESI) m/z [M+HI* 683; HRMS (ESI) m/z
Calcd for C33Ha7NgO6S [M+H]*: 683.3334. Found: 683.3324; Anal. Calcd for
C33H46Ng06S.0.08IPE.1.7H.0: C, 55.72; H, 7.06; N, 15.53; S, 4.44. Found: C, 55.79;
H, 6.91; N, 15.34; S, 4.39.

3,5-Dimethoxy-N-(2-{3-methoxy-4-[4-(4-methylpiperazin-1-yl)piperidin-1-
yllanilino}pyrimidin-5-yl)benzamide (44c)

Compound 44c was prepared from 43c in 51% yield using a similar approach to
that described for 44b. 'TH NMR (400 MHz, DMSO-ds) & ppm 1.48-1.61 (2H, m),
1.75-1.85 (2H, m), 2.14-2.71 (14H, m), 3.25-3.37 (2H, m), 3.77 (3H, s), 3.83 (6H,
s), 6.73 (1H, t, /= 2.2 Hz), 6.82 (1H, d, /= 8.6 Hz), 7.12 (2H, d, /= 2.2 Hz), 7.28
(1H, dd, /= 8.5, 2.3 Hz), 7.36 (1H, d, /= 2.4 Hz), 8.73 (2H, s), 9.38 (1H, s), 10.21
(TH, s); MS (ESI) m/z [IM+H]* 562; HRMS (ESI) m/z Calcd for C30HaoN7O4 [M+H]*:
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562.3136. Found: 562.3134; Anal. Calcd for C3oH39N704.0.14IPE.1.2H20: C, 61.98;
H, 7.31; N, 16.41. Found: C, 62.01; H, 7.45; N, 16.23.

N-[(3,5-Dimethoxyphenyl) methyl]-A?-{3-methoxy-4-[4-(4-methylpiperazin-1-
yl)piperidin-1-yllphenyl}pyrimidine-2,5-diamine (44d)

To a mixture of 43¢ (150 mg, 0.377 mmol) in CH2Cl: (6.00 mL) were added 3,5-
dimethoxybenzaldehyde (56.4 mg, 0.340 mmol) and NaBH(OAc)s (120 mg, 0.566
mmol). After stirring at room temperature overnight, the mixture was quenched
with water and sat. NaHCOs ag. and extracted with CHCls. The organic layer was
washed with brine, dried over MgSO4 and concentrated /n vacuo. The residue was
purified twice by column chromatography on silica gel (CHClz/MeOH/28% NHs aa.
=100:0:0 to 90:9:1) to give the mixture.

To the mixture in MeOH (5.00 mL) was added NaBH4 (57.1 mg, 1.51 mmol). After
stirring at room temperature for 6 h, the mixture was quenched with water and
sat. NaHCOs aq. and extracted with CHCls. The organic layer was washed with
brine, dried over MgSO4 and concentrated /n vacuo. The residue was purified by
column chromatography on silica gel (CHCl3/MeOH/28% NHz aq. = 100:0:0 to
90:9:1). EtOAC/IPE was added to the residue, and the resulting precipitate was
filtered and dried to give the product (33 mg, 16%) as an yellow solid. "H NMR
(399 MHz, DMSO-ds) & ppm 1.43-1.61 (2H, m), 1.69-1.86 (2H, m), 2.14 (3H, s),
2.18-2.57 (11H, m), 3.21-3.36 (2H, m), 3.68-3.75 (9H, m), 4.19 (2H, d, /= 6.3
Hz), 5.89 (1H, t, /= 6.3 Hz), 6.36 (1H, t, /= 2.2 Hz), 6.55 (2H, d, /= 2.4 Hz), 6.74
(1H, d, /= 8.6 Hz), 7.18 (1H, dd, /= 8.6, 2.4 Hz), 7.29 (1H, d, /= 2.4 Hz), 7.92
(2H, s), 8.74 (1H, s); MS (ESI) m/z[M+H]* 548

HRMS (ESI) m/z Calcd for C30Ha2N70O3 [M+H]1*: 548.3344. Found: 548.3341; Anal.
Calcd for C30H41N703.0.1EtOACc: C, 65.6; H, 7.6; N, 17.6. Found: C, 65.5; H, 7.6; N,
17.5.

5-Bromo-N-{3-methoxy-4-[4-(4-methylpiperazin-1-yl)piperidin-1-
yllphenyl}pyrimidin-2-amine (46)
To a mixture of 5-bromo-2-chloropyrimidine (45, 3.00 g, 15.5 mmol) and 31 (3.15
g, 10.3 mmol) in IPA (31.5 mL) was added MsOH (2.01 mL, 31.0 mmol). After
stirring at 90 °C for 12 h and then 110 °C for 6 h, the mixture was quenched with
NaHCOs aq. and extracted with CHCls. The organic layer was dried over Na;SOa4
and concentrated /n vacuo. The residue was purified by column chromatography
on silica gel (CHCl3/MeOH = 99:1 to 80:20) to give the product (3.76 g, 79%) as a
pale yellow solid. '"H NMR (400 MHz, CDCl3) & ppm 1.72-1.93 (4H, m), 2.29 (3H,
s), 2.36-2.73 (11H, m), 3.45-3.56 (2H, m), 3.87 (3H, s), 6.90 (1H, d, /= 8.4 Hz),
7.00 (1H, dd, J= 8.6, 2.4 Hz), 7.09 (1H, s), 7.19 (1H, d, /= 2.4 Hz), 8.39 (2H, s);
MS (APCI/ESI) m/z [M+H]* 461, 463.
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5-[(3,5-Dimethoxyphenyl)ethynyl]-N-{3-methoxy-4-[4-(4-methylpiperazin-1-
ylpiperidin-1-yllphenyl}pyrimidin-2-amine (47)

To a mixture of 46 (300 mg, 0.650 mmol), Pd(PPh3)4 (75.1 mg, 65.0 umol), Cul
(6.19 mg, 32.5 umol), 1-ethynyl-3,5-dimethoxybenzene (316 mg, 1.95 mmol) in
DMF (6.00 mL) was added EtsN (223 uL, 1.30 mmol) under an argon atmosphere.
After stirring at 110 °C for 4 h, the mixture was diluted with EtOAc and passed
through a Celite pad. To the filtrate was added NaHCOs aq. and the mixture was
extracted with EtOAc. The organic layer was washed with brine, dried over Na>SO4
and concentrated /n vacuo. The residue was purified by column chromatography
on silica gel (CHCIl3/MeOH = 100:0 to 80:20) to give crude material, which was
purified again by column chromatography on amino functionalized silica gel
(EtOAc/MeOH = 100:0 to 80:20) to give the product (328 mg, 93%) as an yellow
solid. "H NMR (400 MHz, CDCl3) & ppm 1.73-1.96 (4H, m), 2.30 (3H, s), 2.36-2.74
(11H, m), 3.45-3.58 (2H, m), 3.81 (6H, s), 3.89 (3H, s), 6.47 (1H, t, /= 2.3 Hz),
6.67 (2H, d, /= 2.3 Hz), 6.92 (1H, d, /= 8.6 Hz), 7.04 (1H, dd, /= 8.4, 2.3 Hz),
7.09 (1H, br s), 7.23-7.28 (1H, m), 8.52 (2H, s); MS (APCI/ESI) m/z [M+H]* 543.

5-[2-(3,5-Dimethoxyphenyl)ethyl]-N-{3-methoxy-4-[4-(4-methylpiperazin-1-
yl)piperidin-1-yllphenyl}pyrimidin-2-amine (48)

To a mixture of 47 (328 mg, 0.604 mmol) in MeOH (10.0 mL) and THF (10.0 mL)
was added 10% Pd/C (50% wet, 64.0 mg) under an argon atmosphere. After
stirring at room temperature under a hydrogen atmosphere (3.0 atm) for 3 h, 10%
Pd/C (50% wet, 64.0 mg) was added to the mixture. After stirring at room
temperature under a hydrogen atmosphere (3.0 atm) for 5 h, the mixture was
passed through a Celite pad. The filtrate was concentrated /n vacuo. The residue
was purified by column chromatography on silica gel (CHCl3/MeOH = 100:0 to
80:20), diluted with EtOAc and stirred under heating condition. After cooling to
room temperature, the resulting precipitate was filtered and dried to give the
product (180 mg, 54%) as a pale yellow solid. 'TH NMR (400 MHz, DMSO-ds) & ppm
1.46-1.59 (2H, m), 1.74-1.83 (2H, m), 2.14 (3H, s), 2.19-2.54 (11H, m), 2.71-2.82
(4H, m), 3.26-3.36 (2H, m), 3.70 (6H, s), 3.74 (3H, s), 6.30 (1H, t, /= 2.3 Hz),
6.38 (2H, d, /= 2.3 Hz), 6.79 (1H, d, /= 8.6 Hz), 7.24 (1H, dd, /= 8.6, 2.3 Hz),
7.35 (1H, d, /= 2.3 Hz), 8.26 (2H, s), 9.22 (1H, s); MS (ESI) m/z [M+H]* 547;
HRMS (ESI) m/z Calcd for C31Ha3NsO3s [M+H]1*: 547.3391. Found: 547.3383; Anal.
Calcd for C31H42N¢03.0.4H,0: C, 67.22; H, 7.79; N, 15.17. Found: C, 67.40; H, 7.77;
N, 15.00.
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N-(2-Chloropyrimidin-5-yl)-3,5-dimethoxybenzamide (50a)

Compound 13a was prepared from 2-chloropyrimidin-5-amine (49a) in 77% vyield
using a similar approach to that described for 44a. '"H NMR (400 MHz, DMSO-dk)
o ppm 3.83 (6H, s), 6.78 (1H, t, /= 2.3 Hz), 7.14 (2H, d, /= 2.3 Hz), 9.13 (2H, s),
10.70 (1H, s); MS (ESI) m/z [M+H]* 294.

N-(2-Chloropyrimidin-5-yl)-3,5-dimethoxy-N-methylbenzamide (50b)

To a mixture of 50a (690 mg, 2.35 mmol) in DMF (10.0 mL) was added NaH (113
mg, 2.58 mmol, 55% oil dispersion) in an ice-water bath. After stirring in an ice-
water bath for 15 min, iodomethane (220 pL, 3.53 mmol) was added to the
mixture. After stirring at room temperature for 4 h, the mixture was quenched
with water in an ice-water bath and extracted with EtOAc. The organic layer was
washed with brine, dried over MgS0O4 and concentrated /n vacuo. The residue was
purified by column chromatography on silica gel (n-hexane/EtOAc = 100:0 to
50:50) to give the product (530 mg, 73%) as an yellow solid. 'H NMR (400 MHz,
DMSO-ds) & ppm 3.38 (3H, s), 3.68 (6H, s), 6.48-6.53 (3H, m), 8.73 (2H, s); MS
(APCI/ESI) m/z [M+H]* 308.

2-Chloro-5-[(3,5-dimethoxyphenoxy)methyllpyrimidine (50c)

To a mixture of (2-chloropyrimidin-5-yl)methanol (49b, 120 mg, 0.805 mmol) in
THF (2.40 mL) were added 3,5-dimethoxyphenol (186 mg, 1.21 mmol), ADDP (305
mg, 1.21 mmol), and n-BusP (244 mg, 1.21 mmol) in an ice-water bath. After
stirring at room temperature for 12 h, the insoluble material was removed by
filtration. The filtrate was concentrated /n vacuo to give a residue, which was
purified by column chromatography on silica gel (n-hexane/EtOAc = 90:10 to
0:100) to give the product (119 mg, 53%) as a colorless solid. '"H NMR (400 MHz,
CDCl3) & ppm 3.78 (6H, s), 5.03 (2H, s), 6.11-6.16 (3H, m), 8.70 (2H, s); MS
(APCI/ESI) m/z [M+H]* 281.

2-Chloro-5-[(3,5-dimethoxyphenyl)methoxylpyrimidine (50d)
To a mixture of 2-chloropyrimidin-5-ol (49c¢, 278 mg, 2.13 mmol) in DMF (3.00 mL)
were added K>COs (453 mg, 3.28 mmol) and 3,5-dimethoxybenzyl bromide (541
mg, 2.34 mmol) in an ice-water bath. After stirring at room temperature for 7 h,
the mixture was quenched with water and sat. NaHCOs aq. and extracted with
EtOAc. The organic layer was washed with brine, dried over MgSQO. and
concentrated /n vacuo. The residue was purified by column chromatography on
silica gel (n-hexane/EtOAc = 100:0 to 75:25) to give the product (360 mg, 60%)
as a colorless solid. '"H NMR (400 MHz, DMSO-ds) & ppm 3.75 (6H, s), 5.20 (2H,
s), 6.48 (1H, t, /= 2.3 Hz), 6.63 (2H, d, /= 2.4 Hz), 8.60 (2H, s); MS (APCI/ESI)
m/z [IM+H]* 281.
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3,5-Dimethoxy-N-(2-{3-methoxy-4-[4-(4-methylpiperazin-1-yl)piperidin-1-
yllanilino}pyrimidin-5-yl)-N-methylbenzamide (51a)

To a mixture of 50b (195 mg, 0.634 mmol), 31 (295 mg, 0.969 mmol), rac-BINAP
(119 mg, 0.191 mmol), and Cs>CO3 (619 mg, 1.90 mmol) in 1,4-dioxane (8.00 mL)
was added Pd(OAc). (39.0 mg, 0.174 mmol). After stirring at 100 °C for 3 h, the
mixture was quenched with water and extracted with EtOAc. The organic layer
was washed with brine, dried over MgSQOs and concentrated /n vacuo. The residue
was purified twice by column chromatography on silica gel (CHCl3/MeOH/28% NHs
aq. = 100:0:0 to 90:9:1). EtOAc/IPE was added to the residue, and the resulting
precipitate was filtered and dried to give the product (153 mg, 42%) as a pale
yellow solid. 'TH NMR (400 MHz, DMSO-ds) & ppm 1.45-1.60 (2H, m), 1.72-1.84
(2H, m), 2.14 (3H, s), 2.20-2.59 (11H, m), 3.22-3.39 (5H, m), 3.57-3.69 (6H, m),
3.73 (3H, s), 6.32-6.52 (3H, m), 6.79 (1H, d, /= 8.6 Hz), 7.16-7.29 (2H, m), 8.32
(2H, br s), 9.47 (1H, s); MS (ESI) m/z [M+H]* 576; HRMS (ESI) m/z Calcd for
C31H42N704 [M+H]1*: 576.3293. Found: 576.3288; Anal. Calcd for
C31H41N704.0.3IPE.1.2H20: C, 62.73; H, 7.64; N, 15.61. Found: C, 62.64; H, 7.40; N,
15.62.

5-[(3,5-Dimethoxyphenoxy)methyl]- NV-{3-methoxy-4-[4-(4-methylpiperazin-1-
ybDpiperidin-1-yllphenyl}pyrimidin-2-amine (51b)

Compound 51b was prepared from 50c and 31 in 82% yield using a similar
approach to that described for 51a. '"H NMR (400 MHz, DMSO-ds) & ppm 1.47-
1.60 (2H, m), 1.76-1.83 (2H, m), 2.14 (3H, s), 2.19-2.58 (11H, m), 3.26-3.36 (2H,
m), 3.71 (6H, s), 3.76 (3H, s), 4.94 (2H, s), 6.12 (1H, t, /= 2.2 Hz), 6.20 (2H, d, J
= 2.2 Hz), 6.81 (1H, d, /= 8.6 Hz), 7.27 (1H, dd, /= 8.6, 2.4 Hz), 7.36 (1H, d, /=
2.4 Hz), 8.52 (2H, s), 9.50 (1H, s); MS (ESI) m/z [M+H]* 549; HRMS (ESI) m/z
Calcd for C30H41N¢O4 [M+H]": 549.3184. Found: 549.3182; Anal. Calcd for
C30H40N604.0.05EtOAC.0.04H,0: C, 65.50; H, 7.37; N, 15.18. Found: C, 65.49; H,
7.43; N, 15.05.

5-[(3,5-Dimethoxyphenyl)methoxy]-N-{3-methoxy-4-[4-(4-methylpiperazin-1-
ybDpiperidin-1-yllphenyl}pyrimidin-2-amine (51c)
Compound 51c was prepared from 50d and 31 in 33% yield using a similar
approach to that described for 51a. '"H NMR (399 MHz, DMSO-ds) & ppm 1.43-
1.62 (2H, m), 1.68-1.87 (2H, m), 2.14 (3H, s), 2.17-2.70 (11H, m), 3.23-3.35 (2H,
m), 3.74 (6H, s), 3.74 (3H, s), 5.07 (2H, s), 6.46 (1H, t, /= 2.4 Hz), 6.60 (2H, d, J
= 2.4 Hz), 6.78 (1H, d, /= 8.6 Hz), 7.23 (1H, dd, /= 8.6, 2.2 Hz), 7.32 (1H, d, J =
2.2 Hz), 8.29 (2H, s), 9.15 (1H, s); MS (ESI) m/z [M+H]* 549; HRMS (ESI) m/z
Calcd for C30H41N6O4 [M+H1*: 549.3184. Found: 549.3179; Anal. Calcd for
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C30H40N604.0.01IPE.0.03H20: C, 65.6; H, 7.4; N, 15.3. Found: C, 65.9; H, 7.4; N,
15.0.

2,4-Dichloro-3-ethynyl-1,5-dimethoxybenzene (53a)

To a mixture of 1-ethynyl-3,5-dimethoxybenzene (52, 500 mg, 3.08 mmol) in
MeCN (10.0 mL) was added SO.Cl; (524 ulL, 6.47 mmol) in an ice-water bath under
an argon atmosphere. After stirring at room temperature for 12 h, the mixture was
concentrated /n vacuo to give a residue, which was purified by column
chromatography on silica gel (n-hexane/EtOAc = 98:2 to 60:40) to give the
product (335 mg, 47%) as a colorless solid. '"H NMR (400 MHz, CDCl3) & ppm 3.68
(1H, s), 3.92 (6H, s), 6.58 (1H, s); MS (APCI/ESI) m/z [M+H]* 231.

3-Ethynyl-2,4-difluoro-1,5-dimethoxybenzene (53b)
1-Ethynyl-2-fluoro-3,5-dimethoxybenzene (53c)

To a mixture of 52 (5.00 g, 30.8 mmol) in MeCN (100 mL) was added Selectfluor™
(24.3 g, 61.7 mmol) in an ice-water bath. The mixture was allowed to gradually
warm to room temperature and stirred for 4 days. The mixture was quenched with
NaHCOs aq. and extracted with EtOAc. The organic layer was washed with brine,
dried over Na>SO4 and concentrated /n vacuo. The residue was purified by column
chromatography on silica gel (n-hexane/EtOAc = 95:5 to 70:30) to give 53c (1.74
g, 31%) as a pale yellow oil and crude material for 53b, which was purified twice
by column chromatography on silica gel (n-hexane/CHClz = 50:50 to 0:100) to
give 53b (1.21 g, 20%) as a colorless solid. '"H NMR (400 MHz, CDCls3) & ppm 3.52
(1H, s), 3.88 (6H, s), 6.66 (1H, t, /= 8.0 Hz); MS (EI) m/z[M]* 198 (for 53b); 'H
NMR (400 MHz, CDCl3) & ppm 3.29 (1H, s), 3.77 (3H, s), 3.86 (3H, s), 6.49 (1H,
dd, /=4.5, 2.9 Hz), 6.54 (1H, dd, /= 7.0, 2.9 Hz); MS (APCI/ESI) m/z [M+H]* 181
(for 53c).

2-Chloro-3-ethynyl-4-fluoro-1,5-dimethoxybenzene (53d)

Compound 53d was prepared from 53c in 83% vyield using a similar approach to
that described for 53a. '"H NMR (400 MHz, CDCls) & ppm 3.60 (1H, s), 3.89 (3H,
s), 3.91 (3H, s), 6.61 (1H, d, /= 7.5 Hz); MS (CI) m/z [M]* 214.

5-Iodo-N-{3-methoxy-4-[4-(4-methylpiperazin-1-yl)piperidin-1-
yllphenyl}pyrimidin-2-amine (55)

To a mixture of 2-chloro-5-iodopyrimidine (54, 1.00 g, 4.16 mmol) and 31 (1.27 g,
4.16 mmol) in IPA (20.0 mL) was added MsOH (809 uL, 12.5 mmol). After stirring
at 130 °C for 3 h under uW irradiation, the mixture was quenched with NaHCOs aq.
and extracted with CHCIls. The organic layer was dried over Na>SO4 and

concentrated /n vacuo. The residue was purified by column chromatography on
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silica gel (CHCl3/MeOH = 100:0 to 80:20) to give the crude product, which was
purified again by column chromatography on amino functionalized silica gel
(EtOAc/MeOH = 100:0 to 80:20). EtOAc was added to the residue, and the
resulting precipitate was filtered and dried to give the product (1.76 g, 83%) as a
pale yellow solid. '"H NMR (400 MHz, CDCl3) & ppm 1.74-1.98 (4H, m), 2.25-2.34
(3H, m), 2.36-2.72 (11H, m), 3.46-3.55 (2H, m), 3.85-3.89 (3H, m), 6.86-6.94
(1TH, m), 6.94-7.01 (2H, m), 7.16-7.21 (1H, m), 8.49 (2H, s); MS (APCI/ESI) m/z
[M+H]* 5009.

5-[(2,6-Dichloro-3,5-dimethoxyphenyl)ethynyl]l-N-{3-methoxy-4-[4-(4-
methylpiperazin-1-yl)piperidin-1-yllphenyl}pyrimidin-2-amine (56a)

To a mixture of 55 (200 mg, 0.393 mmol), 53a (100 mg, 0.433 mmol), Pd(PPh3)4
(22.7 mg, 19.7 umol), Cul (3.75 mg, 19.7 umol) in DMF (4.00 mL) was added DIPEA
(135 pL, 0.787 mmol) under an argon atmosphere. After stirring at 80 °C for 1 h,
the mixture was diluted with EtOAc and water and passed through a Celite pad.
The organic layer was separated and washed with brine, dried over Na;SO4 and
concentrated /n vacuo. The residue was purified by column chromatography on
silica gel (CHCIls/MeOH = 100:0 to 80:20) to give the product (126 mg, 52%) as a
pale yellow solid. 'TH NMR (400 MHz, CDCls) & ppm 1.74-1.94 (4H, m), 2.30 (3H,
s), 2.37-2.75 (11H, m), 3.47-3.56 (2H, m), 3.89 (3H, s), 3.94 (6H, s), 6.57 (1H, s),
6.91 (1H, d, /= 8.6 Hz), 6.99-7.05 (1H, m), 7.16 (1H, s), 7.31 (1H, d, /= 2.4 Hz),
8.60 (2H, s); MS (APCI/ESI) m/z [M+H]* 611, 613.

5-[(2,6-Difluoro-3,5-dimethoxyphenyl)ethynyl]l-N-{3-methoxy-4-[4-(4-
methylpiperazin-1-yl)piperidin-1-yllphenyl}pyrimidin-2-amine (56b)

To a mixture of 55 (182 mg, 0.358 mmol), 53b (85.1 mg, 0.430 mmol), Pd(PPh3)4
(41.4 mg, 35.8 umol), Cul (3.41 mg, 17.9 umol) in DMF (3.64 mL) was added EtsN
(123 pL, 0.716 mmol) under an argon atmosphere. After stirring at 100 °C for 4 h,
the mixture was diluted with EtOAc and passed through a Celite pad. The filtrate
was diluted with NaHCOs aq. and extracted with EtOAc. The organic layer was
washed with brine, dried over Na>SO4 and concentrated /n vacuo. The residue was
purified by column chromatography on silica gel (CHCl3/MeOH = 100:0 to 80:20)
to give crude material, which was purified again by column chromatography on
amino functionalized silica gel (EtOAc/MeOH = 100:0 to 80:20). The residue was
added EtOAc and stirred under heating condition. After cooling to room
temperature, the resulting precipitate was filtered and dried to give the product
(120 mg, 58%) as an yellow solid. '"H NMR (400 MHz, DMSO-ds) & ppm 1.44-1.68
(2H, m), 1.71-1.91 (2H, m), 2.17-2.75 (14H, m), 3.24-3.41 (2H, m), 3.77 (3H, s),
3.90 (6H, s), 6.84 (1H, d, /= 8.6 Hz), 7.10 (1H, t, /= 8.4 Hz), 7.27 (1H, dd, J=
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8.6, 2.4 Hz), 7.33 (1H, d, /= 2.4 Hz), 8.64 (2H, s), 9.91 (1H, s); MS (ESI) m/z
[M+H]* 579.

5-[(2-Fluoro-3,5-dimethoxyphenyl)ethynyl]-N-{3-methoxy-4-[4-(4-
methylpiperazin-1-yl) piperidin-1-yllphenyl}pyrimidin-2-amine (56c)

Compound 56c¢ was prepared from 55 and 53c in 55% yield using a similar
approach to that described for 56a. '"H NMR (399 MHz, DMSO-ds) & ppm 1.43-
1.64 (2H, m), 1.71-1.88 (2H, m), 2.14 (3H, s), 2.20-2.59 (11H, m), 3.26-3.39 (2H,
m), 3.74-3.80 (6H, m), 3.85 (3H, s), 6.65 (1H, dd, /= 4.7, 2.9 Hz), 6.79 (1H, dd, J
= 7.0, 2.9 Hz), 6.84 (1H, d, /= 8.6 Hz), 7.27 (1H, dd, /= 8.6, 2.4 Hz), 7.32 (1H, d,
J= 2.4 Hz), 8.62 (2H, s), 9.84 (1H, s); MS (ESI) m/z [M+H]* 561.

5-[(2-Chloro-6-fluoro-3,5-dimethoxyphenyl)ethynyl]-A-{3-methoxy-4-[4-(4-
methylpiperazin-1-yl)piperidin-1-yllphenyl}pyrimidin-2-amine (56d)

Compound 56d was prepared from 55 and 53d in 66% yield using a similar
approach to that described for 56a. '"H NMR (399 MHz, DMSO-ds) & ppm 1.46-
1.62 (2H, m), 1.71-1.88 (2H, m), 2.14 (3H, s), 2.20-2.58 (11H, m), 3.28-3.38 (2H,
m), 3.77 (3H, s), 3.89-3.97 (6H, m), 6.84 (1H, d, /= 8.6 Hz), 7.04 (1H, d, /= 8.0
Hz), 7.26 (1H, dd, /= 8.6, 2.2 Hz), 7.35 (1H, d, /= 2.4 Hz), 8.64 (2H, s), 9.91 (1H,
s); MS (ESI) m/z [M+H]* 595.

5-[2-(2,6-Dichloro-3,5-dimethoxyphenyl)ethyl]l-N-{3-methoxy-4-[4-(4-
methylpiperazin-1-yl)piperidin-1-yllphenyl}pyrimidin-2-amine (57a)
A mixture of 56a (126 mg, 0.206 mmol) and p-toluenesulfonyl hydrazide (1.92 g,
10.3 mmol) in DME (2.52 mL) was stirred at 110 °C. To the mixture was added a
solution of NaOAc (845 mg, 10.3 mmol) in water (2.52 mL) over 2 h. After stirring
at 110 °C for 2 h, p-toluenesulfonyl hydrazide (1.92 g, 10.3 mmol) and NaOAc
(845 mg, 10.3 mmol) were added over 2 h. After stirring at 110 °C for 2 h, the
mixture was neutralized with NaHCOs aq. and extracted with CHCls. The organic
layer was dried over Na;SO4 and concentrated /n vacuo. A mixture of the residue
and p-toluenesulfonyl hydrazide (1.92 g, 10.3 mmol) in DME (2.52 mL) was stirred
at 110 °C. To the mixture was added a solution of NaOAc (845 mg, 10.3 mmol) in
water (2.52 mL) over 2 h. After stirring at 110 °C for 2 h, the mixture was
neutralized with NaHCO3 ag. and extracted with CHCls. The organic layer was
dried over Na>SO4 and concentrated /n vacuo. The residue was purified by column
chromatography on silica gel (CHCl3/MeOH/28% NHs aqg. = 100:0:0 to 80:18:2).
EtOAc was added to the residue, and the resulting precipitate was filtered,
washed with IPE, and dried to give the product (53.0 mg, 42%) as a pale yellow
solid. "H NMR (400 MHz, DMSO-ds) & ppm 1.46-1.60 (2H, m), 1.74-1.83 (2H, m),
2.14 (3H, s), 2.20-2.56 (11H, m), 2.65-2.72 (2H, m), 3.08-3.17 (2H, m), 3.26-3.35
98



(2H, m), 3.75 (3H, s), 3.90 (6H, s), 6.79 (1H, d, /= 8.8 Hz), 6.83 (1H, s), 7.24 (1H,
dd, /= 8.6, 2.4 Hz), 7.37 (1H, d, /= 2.4 Hz), 8.23 (2H, s), 9.28 (1H, s); MS (ESI)
m/z [M+H]* 615, 617; HRMS (ESI) m/z Calcd for C31H41Cl2NsO3 [M+H]*: 615.2612.
Found: 615.2608; Anal. Calcd for C31H40Cl2N603.0.2EtOAC.0.2H20: C, 59.98; H,
6.65; N, 13.20; Cl, 11.13. Found: C, 59.95; H, 6.52; N, 13.04; CL, 11.27.

5-[2-(2,6-Difluoro-3,5-dimethoxyphenyl)ethyl]l-N-{3-methoxy-4-[4-(4-
methylpiperazin-1-yl)piperidin-1-yllphenyl}pyrimidin-2-amine (57b)

A mixture of 56b (7.50 g, 13.0 mmol) and p-toluenesulfonyl hydrazide (24.2 g,
130 mmol) in DME (75.0 mL) was stirred at 110 °C. To the mixture was added a
solution of NaOAc (10.6 g, 130 mmol) in water (15.0 mL) over 2 h. After stirring at
110 °C for 2 h, p-toluenesulfonyl hydrazide (12.1 g, 64.8 mmol) and NaOAc (5.32
g, 64.8 mmol) were added over 2 h. After stirring at 110 °C for 2 h, p-
toluenesulfonyl hydrazide (12.1 g, 64.8 mmol) and NaOAc (5.32 g, 64.8 mmol)
were added over 2 h. The mixture was stirred at 110 °C for 2 h. The mixture was
neutralized with NaHCO3 aq. and extracted with CHCls. The organic layer was
dried over MgS0O4 and concentrated /n vacuo. A mixture of the residue and p-
toluenesulfonyl hydrazide (12.1 g, 64.8 mmol) in DME (75.0 mL) was stirred at
110 °C. To the mixture was added a solution of NaOAc (5.32 g, 64.8 mmol) in
water (15.0 mL) over 2 h. After stirring at 110 °C for 2 h, p-toluenesulfonyl
hydrazide (12.1 g, 64.8 mmol) and NaOAc (5.32 g, 64.8 mmol) were added over 2
h. After stirring at 110 °C for 2 h, the mixture was neutralized with NaHCOs aq. and
extracted with CHCls. The organic layer was dried over MgS0O4 and concentrated /n
vacuo. The residue was purified by column chromatography on silica gel
(CHCl3/MeOH/28% NHz aq. = 100:0:0 to 80:18:2). EtOAc (140 mL) and EtOH (10
mL) were added to the residue, and the resulting precipitate was filtered to give
the crude product. EtOH (50 mL) was added to the crude product, and the
resulting precipitate was filtered and dried to give the product (1.78 g, 24%) as a
pale yellow solid. "H NMR (399 MHz, DMSO-ds) & ppm 1.46-1.59 (2H, m), 1.74~
1.82 (2H, m), 2.14 (3H, s), 2.18-2.58 (11H, m), 2.65-2.75 (2H, m), 2.84-2.93 (2H,
m), 3.24-3.38 (2H, m), 3.74 (3H, s), 3.81 (6H, s), 6.79 (1H, d, /= 8.8 Hz), 6.85
(1H, t, /= 8.4 Hz), 7.23 (1H, dd, /= 8.8, 2.4 Hz), 7.34 (1H, d, /= 2.4 Hz), 8.17
(2H, s), 9.25 (1H, s); MS (ESI) m/z [M+H]* 583; HRMS (ESI) m/z Calcd for
C31Ha1F2Ne¢O3 [M+H]*: 583.3203. Found: 583.3195; Anal. Calcd for
C31Ha0F2N603.0.1H20: C, 63.7; H, 6.9; N, 14.4; F, 6.5. Found: C, 63.8; H, 7.1; N, 14.2;
F, 6.1.
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5-[2-(2-Fluoro-3,5-dimethoxyphenyl)ethyl]l- N-{3-methoxy-4-[4-(4-
methylpiperazin-1-yl)piperidin-1-yllphenyl}pyrimidin-2-amine (57c)

A mixture of 56¢ (122 mg, 0.218 mmol) and p-toluenesulfonyl hydrazide (2.03 g,
10.9 mmol) in DME (2.44 mL) was stirred at 110 °C. To the mixture was added a
solution of NaOAc (893 mg, 10.9 mmol) in water (1.22 mL) over 2 h. After stirring
at 110 °C for 2 h, p-toluenesulfonyl hydrazide (1.01 g, 5.45 mmol) and NaOAc
(447 mg, 5.45 mmol) were added over 2 h. After stirring at 110 °C for 2 h, the
mixture was neutralized with NaHCOs ag. and extracted with CHCls. The organic
layer was dried over MgSQO4 and concentrated /n vacuo. The residue was purified
by column chromatography on amino functionalized silica gel (EtOAc/MeOH/28%
NHs aqg. = 100:0:0 to 80:18:2). EtOAc/IPE was added to the residue, and the
resulting precipitate was filtered and dried to give the product (63.0 mg, 51%) as
a pale yellow solid. '"H NMR (399 MHz, DMSO-ds) & ppm 1.45-1.61 (2H, m), 1.73~
1.83 (2H, m), 2.14 (3H, s), 2.19-2.56 (11H, m), 2.70-2.77 (2H, m), 2.79-2.87 (2H,
m), 3.25-3.34 (2H, m), 3.70 (3H, s), 3.74 (3H, s), 3.78 (3H, s), 6.37 (1H, dd, J=
5.1, 2.9 Hz), 6.55 (1H, dd, /= 7.0, 2.9 Hz), 6.79 (1H, d, /= 8.6 Hz), 7.24 (1H, dd, J
= 8.6, 2.4 Hz), 7.35 (1H, d, /= 2.2 Hz), 8.23 (2H, s), 9.24 (1H, s); MS (ESI) m/z
[M+HI* 565; HRMS (ESI) m/z Calcd for C31H42FN¢O3 [M+H]1*: 565.3297. Found:
565.3287; Anal. Calcd for C31H41FN¢0O3.0.4H20: C, 65.10; H, 7.37; N, 14.70; F, 3.32.
Found: C, 65.18; H, 7.24; N, 14.55; F, 3.33.

5-[2-(2-Chloro-6-fluoro-3,5-dimethoxyphenyl)ethyl]-A-{3-methoxy-4-[4-(4-
methylpiperazin-1-yl)piperidin-1-yllphenyl}pyrimidin-2-amine (57d)
A mixture of 56d (126 mg, 0.212 mmol) and p-toluenesulfonyl hydrazide (1.97 g,
10.6 mmol) in DME (2.52 mL) was stirred at 110 °C. To the mixture was added a
solution of NaOAc (870 mg, 10.6 mmol) in water (2.52 mL) over 2 h. After stirring
at 110 °C for 2 h, p-toluenesulfonyl hydrazide (1.97 g, 10.6 mmol) and NaOAc
(870 mg, 10.6 mmol) were added over 2 h. After stirring at 110 °C for 2 h, the
mixture was neutralized with NaHCOs aq. and extracted with CHCls. The organic
layer was dried over Na;SO4 and concentrated /n vacuo. The residue was purified
by column chromatography on silica gel (CHCl3/MeOH/28% NHz ag. = 100:0:0 to
80:18:2) to give crude material, which was purified again by column
chromatography on amino functionalized silica gel (EtOAc/MeOH/28% NHs aqg. =
100:0:0 to 80:18:2). EtOAc/IPE was added to the residue, and the resulting
precipitate was filtered and dried to give the product (88.0 mg, 69%) as a pale
yellow solid. 'TH NMR (400 MHz, DMSO-ds) & ppm 1.47-1.61 (2H, m), 1.73-1.85
(2H, m), 2.17 (3H, s), 2.21-2.60 (11H, m), 2.65-2.75 (2H, m), 2.93-3.03 (2H, m),
3.24-3.39 (2H, m), 3.74 (3H, s), 3.84-3.88 (6H, m), 6.79 (1H, d, /= 8.6 Hz), 6.84
(1H, d, /= 7.8 Hz), 7.23 (1H, dd, /= 8.6, 2.4 Hz), 7.35 (1H, d, /= 2.4 Hz), 8.18
(2H, s), 9.26 (1H, s); MS (ESI) m/z [M+HI" 599; HRMS (ESI) m/z Calcd for
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C31H41ClIFN6¢O3 [M+H]*: 599.2907. Found: 599.2897; Anal. Calcd for
C31H40ClFN¢0O3.0.4H,0: C, 61.41; H, 6.78; N, 13.86; Cl, 5.85; F, 3.13. Found: C,
61.39; H, 6.78; N, 13.70; Cl, 5.91; F, 3.10.

Chapter 3

5-Iodo-N-{3-methoxy-4-[4-(1-methylpiperidin-4-yl)piperazin-1-
yllphenyl}pyrimidin-2-amine (59a)

To a mixture of 2-chloro-5-iodopyrimidine (54, 300 mg, 1.25 mmol) and 3-
methoxy-4-[4-(1-methylpiperidin-4-yl)piperazin-1-yllaniline (584%, 380 mg, 1.25
mmol) in IPA (6.00 mL) was added MsOH (0.243 mL, 3.75 mmol). After stirring at
130 °C for 3 h under pW irradiation, the mixture was quenched with NaHCOs aq.
and extracted with CHCls. The organic layer was dried over Na>SO4 and
concentrated /n vacuo. The residue was purified by column chromatography on
silica gel (CHCIl3/MeOH = 100:0 to 80:20) to give crude material, which was
purified again by column chromatography on amino functionalized silica gel
(EtOAc/MeOH = 100:0 to 80:20) to give the product (357 mg, 56%) as a pale
yellow solid. "H NMR (400 MHz, CDCl3) & ppm; 1.58-1.70 (2H, m), 1.79-1.89 (2H,
m), 1.89-2.01 (2H, m), 2.24-2.35 (4H, m), 2.69-2.84 (4H, m), 2.87-2.98 (2H, m),
3.01-3.12 (4H, m), 3.87 (3H, s), 6.91 (1H, d, J = 8.4 Hz), 6.96 (1H, br s), 7.00 (1H,
dd, J/ =8.4, 2.4 Hz), 7.20 (1H, d, J = 2.4 Hz), 8.49 (2H, s); MS (APCI/ESI) m/z
[M+H]* 5009.

5-Iodo-AN-[3-methoxy-4-(4-methylpiperazin-1-yl)phenyllpyrimidin-2-amine
(59b)

Compound 59b was prepared from 54 and 3-methoxy-4-(4-methylpiperazin-1-
yDaniline (2) in 66% yield using a similar approach to that described for 59a. 'H
NMR (400 MHz, CDCl3) & ppm; 2.36 (3H, s), 2.54-2.72 (4H, m), 2.99-3.16 (4H,
m), 3.87 (3H, s), 6.91 (1H, d, J =8.4 Hz), 6.98 (1H, s), 7.01 (1H, dd, J = 8.6, 2.4
Hz), 7.20 (1H, d, J = 2.4 Hz), 8.49 (2H, s); MS (APCI/ESI) m/z [M+H]* 426.

5-[(2,6-Difluoro-3,5-dimethoxyphenyl)ethynyl]l-N-{3-methoxy-4-[4-(1-
methylpiperidin-4-yl)piperazin-1-yllphenyl}pyrimidin-2-amine (60a)

To a mixture of 59a (150 mg, 0.295 mmol), 3-ethynyl-2,4-difluoro-1,5-
dimethoxybenzene (53b, 64.3 mg, 0.324 mmol), Pd(PPh3)4 (17.0 mg, 14.7 umol),
and Cul (2.81 mg, 14.8 umol) in DMF (3.00 mL) was added DIPEA (101 uL, 0.590
mmol) under an argon atmosphere. After stirring at 80 °C for 1 h, the mixture was
diluted with EtOAc and water. The insoluble material was removed by filtration
and the filtrate was extracted with EtOAc. The organic layer was washed with

brine, dried over Na:SO4, and concentrated /n vacuo. The residue was purified by
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column chromatography on silica gel (CHCls/MeOH = 100:0 to 80:20). EtOAc was
added to the residue, and the resulting precipitate was filtered and dried to give
the product (77.0 mg, 45%) as a pale yellow solid. 'TH NMR (400 MHz, DMSO-ds) &
ppm; 1.36-1.48 (2H, m), 1.69-1.78 (2H, m), 1.80-1.89 (2H, m), 2.09-2.18 (4H, m),
2.55-2.64 (4H, m), 2.74-2.83 (2H, m), 2.85-2.97 (4H, m), 3.76 (3H, s), 3.90 (6H,
s), 6.83 (1H, d, / =8.6 Hz), 7.10 (1H, t, / =8.3 Hz), 7.27 (1H, dd, J = 8.6, 2.2 Hz),
7.33 (1H, d, J = 2.4 Hz), 8.64 (2H, s), 9.91 (1H, s); MS (ESI) m/z [M+H]* 579.

5-[(2,6-Difluoro-3,5-dimethoxyphenyl)ethynyl]-N-[3-methoxy-4-(4-
methylpiperazin-1-yl)phenyllpyrimidin-2-amine (60b)

To a mixture of 59b (500 mg, 1.18 mmol) and 3-ethynyl-2,4-difluoro-1,5-
dimethoxybenzene (53b, 233 mg, 1.18 mmol) in DMF (10.0 mL) were added
Pd(PPh3)4 (67.9 mg, 58.8 umol), Cul (11.2 mg, 58.8 umol), and DIPEA (403 uL,
2.35 mmol) under an argon atmosphere. After stirring at 80 °C for 1 h, the mixture
was concentrated /n vacuo. The residue was purified by column chromatography
on silica gel (CHCIl3/MeOH = 100:0 to 80:20) to give the crude material, which was
purified again by column chromatography on amino functionalized silica gel
(EtOAc/MeOH = 100:0 to 80:20). To the residue was added NaHCOs aq. and
extracted with CHCls. The organic layer was washed with brine, dried over Na>S0Oa,
and concentrated /n vacuo. The residue was purified by column chromatography
on silica gel (CHCIs/MeOH = 100:0 to 80:20). EtOAc was added to the residue,
and the resulting precipitate was filtered and dried to give the product (418 mg,
72%) as an yellow solid. 'TH NMR (399 MHz, DMSO-ds) & ppm; 2.21 (3H, s), 2.38-
2.48 (4H, m), 2.83-3.01 (4H, m), 3.77 (3H, s), 3.90 (6H, s), 6.84 (1H, d, J/ =8.6
Hz), 7.10 (1H, t, / = 8.4 Hz), 7.28 (1H, dd, J = 8.6, 2.4 Hz), 7.35 (1H, d, J = 2.4 Hz),
8.64 (2H, s), 9.91 (1H, s); MS (ESI) m/z [M+H]* 496.

5-[2-(2,6-Difluoro-3,5-dimethoxyphenyl)ethyl]l-N-{3-methoxy-4-[4-(1-
methylpiperidin-4-yl)piperazin-1-yllphenyl}pyrimidin-2-amine (61a)
A mixture of 60a (164 mg, 0.283 mmol) and p-toluenesulfonyl hydrazide (2.64 g,
14.2 mmol) in DME (3.28 mL) was stirred at 110 °C under an argon atmosphere. To
the mixture was added a solution of NaOAc (1.16 g, 14.1 mmol) in water (1.64 mL)
over 2 h. After stirring at 110 °C for 2 h, p-toluenesulfonyl hydrazide (1.32 g, 7.09
mmol) and NaOAc (581 mg, 7.08 mmol) were added to the reaction mixture over 2
h. After stirring at 110 °C for 2 h, the mixture was neutralized with NaHCOs aq. and
extracted with CHCls. The organic layer was dried over MgSO4 and concentrated /n
vacuo. The residue was purified by column chromatography on amino
functionalized silica gel (EtOAc/MeOH/28% NH3 aq. = 100:0:0 to 80:18:2).
EtOAc/IPE was added to the residue, and the resulting precipitate was filtered
and dried to give the product (114 mg, 69%) as a pale yellow solid. "H NMR (399
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MHz, DMSO-ds) &6 ppm; 1.36-1.48 (2H, m), 1.68-1.78 (2H, m), 1.79-1.88 (2H, m),
2.09-2.17 (4H, m), 2.53-2.64 (4H, m), 2.68-2.74 (2H, m), 2.75-2.82 (2H, m),
2.84-2.93 (6H, m), 3.74 (3H, s), 3.81 (6H, s), 6.78 (1H, d, / =8.6 Hz), 6.85 (1H, 1,
J=8.3 Hz), 7.24 (1H, dd, J =8.6, 2.4 Hz), 7.35 (1H, d, J/ = 2.4 Hz), 8.18 (2H, s),
9.26 (1H, s); MS (ESI) m/z [M+H]* 583; HRMS (ESI) m/z Calcd for C31H41F2NsO3
[M+H]*: 583.3203. Found: 583.3202; Anal. Calcd for C31H4oF2Ns03.0.1H20: C,
63.70; H, 6.93; N, 14.38; F, 6.50. Found: C, 63.76; H, 6.85; N, 14.29; F, 6.43.

5-[2-(2,6-Difluoro-3,5-dimethoxyphenyl)ethyl]l-A-[3-methoxy-4-(4-
methylpiperazin-1-yl)phenyllpyrimidin-2-amine (61b)

A mixture of 60b (328 mg, 0.662 mmol) and p-toluenesulfonyl hydrazide (2.46 g,
13.2 mmol) in DME (6.56 mL) was stirred at 110 °C under an argon atmosphere. To
the mixture was added a solution of NaOAc (543 mg, 6.62 mmol) in water (3.28
mL) over 1 h. After stirring at 110 °C for 4 h, p-toluenesulfonyl hydrazide (1.23 g,
6.60 mmol) and NaOAc (543 mg, 6.62 mmol) were added to the reaction mixture.
After stirring at 110 °C for 4 h, the mixture was neutralized with NaHCOs3 ag. and
extracted with CHCls. The organic layer was dried over MgS0O4 and concentrated /n
vacuo. The residue was purified by column chromatography on silica gel
(CHCl3/MeOH = 100:0 to 80:20). EtOAc/IPE was added to the residue, and the
resulting precipitate was filtered and dried to give the product (256 mg, 77%) as
a pale yellow solid. '"H NMR (400 MHz, DMSO-ds) & ppm; 2.21 (3H, s), 2.38-2.48
(4H, m), 2.68-2.74 (2H, m), 2.83-2.95 (6H, m), 3.74 (3H, s), 3.81 (6H, s), 6.79
(1H, d, / =8.6 Hz), 6.85 (1H, t, / = 8.3 Hz), 7.25 (1H, dd, J = 8.6, 2.4 Hz), 7.36
(1H, d, J =2.4 Hz), 8.18 (2H, s), 9.26 (1H, s); MS (ESI) m/z [M+H]* 500; HRMS
(ESI) m/z Calcd for C2¢H32F2Ns03 [M+H]1*: 500.2468. Found: 500.2466; Anal.
Calcd for C2¢H31F2N503.0.1H20: C, 62.3; H, 6.3; N, 14.0; F, 7.6. Found: C, 62.4; H,
6.4; N, 13.9; F, 7.6.

5-[(2,6-Difluoro-3,5-dimethoxyphenyl)ethynyllpyrimidin-2-amine (63)
To a mixture of 5-iodopyrimidin-2-amine (62, 2.83 g, 12.8 mmol) and 3-ethynyl-
2,4-difluoro-1,5-dimethoxybenzene (53b, 2.50 g, 12.6 mmol) in DMF (150 mL)
were added Pd(PPhs)4 (729 mg, 0.631 mmol), Cul (120 mg, 0.630 mmol), and
DIPEA (4.32 mL, 25.2 mmol) under an argon atmosphere. After stirring at 80 °C
for 1 h, the mixture was concentrated /n vacuo and diluted with CHCls and water.
The insoluble material was removed by filtration and the filtrate was extracted
with CHCls. The organic layer was washed with brine, dried over Na>SOa, and
concentrated /n vacuo. The residue was purified by column chromatography on
silica gel (CHCl3/MeOH = 100:0 to 80:20) to give the product (1.80 g, 49%) as a
colorless solid. '"H NMR (400 MHz, DMSO-ds) & ppm; 3.89 (6H, s), 7.08 (1H, t, J =
8.4 Hz), 7.27 (2H, s), 8.44 (2H, s); MS (ESI) m/z [M+H]* 292.
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5-[2-(2,6-Difluoro-3,5-dimethoxyphenyl)ethyllpyrimidin-2-amine (64)

To a mixture of 63 (2.11 g, 7.25 mmol) in MeOH (14.1 mL) and THF (14.1 mL) was
added 10% Pd/C (50% wet, 385 mg) under an argon atmosphere. After stirring at
60 °C under a hydrogen atmosphere (1.2 atm) for 6 h, the mixture was passed
through a Celite pad. The filtrate was concentrated /n vacuo to give the product
(2.13 9, 99%) as a colorless solid. 'TH NMR (400 MHz, CDCls3) & ppm; 2.70-2.76
(2H, m), 2.90-2.95 (2H, m), 3.85 (6H, s), 4.86 (2H, br s), 6.51 (1H, t, / = 8.1 Hz),
8.09 (2H, s); MS (APCI/ESI) m/z [M+H]* 296.

5-[2-(2,6-Difluoro-3,5-dimethoxyphenyl)ethyllpyrimidin-2-ol (65)

To a mixture of 64 (3.27 g, 11.1 mmol) in AcOH (32.7 mL) was added NaNO: (1.53
g, 22.2 mmol) in water (16.3 mL) in an ice-water bath. After stirring at 70 °C for 3
h, NaOH (1.0 M aqueous solution) was added to the mixture at room temperature.
The mixture was washed with EtOAc, acidified with citric acid aq., and extracted
with CHCIls. The organic layer was dried over Na>SO4 and concentrated /n vacuo to
give the product (3.61 g, quantitative yield) as a beige solid. '"H NMR (400 MHz,
CDCl3) & ppm; 2.70-2.77 (2H, m), 2.91-3.00 (2H, m), 3.85 (6H, s), 6.53 (1H, t, J =
8.1 Hz), 8.00 (2H, br s); MS (APCI/ESI) m/z [M+H]* 297.

2-Chloro-5-[2-(2,6-difluoro-3,5-dimethoxyphenyl)ethyllpyrimidine (66)

To a mixture of 65 (55.0 mg, 0.186 mmol) in N,N-dimethylaniline (32.3 uL, 0.278
mmol) was added POCIs (1.00 mL, 10.9 mmol) in an ice-water bath. After stirring
at 100 °C for 4 h, the mixture was poured into ice-water. The resulting precipitate
was collected by filtration and dried to give the product (43.0 mg, 74%) as a
colorless solid. 'TH NMR (400 MHz, CDCls) & ppm; 2.87-2.94 (2H, m), 2.98-3.05
(2H, m), 3.85 (6H, s), 6.52 (1H, t, / = 8.1 Hz), 8.38 (2H, s); MS (APCI/ESI) m/z
[M+H]* 315.

5-[2-(2,6-Difluoro-3,5-dimethoxyphenyl)ethyl]l-N-[4-(1,4-dioxa-8-
azaspiro[4.5]decan-8-yl)-3-methoxyphenyllpyrimidin-2-amine (67)
To a mixture of 66 (300 mg, 0.953 mmol), 4-(1,4-dioxa-8-azaspiro[4.5]decan-8-
yl)-3-methoxyaniline (21, 270 mg, 1.02 mmol), Pd(OAc)> (30.0 mg, 0.134 mmol),
and rac-BINAP (160 mg, 0.257 mmol) in 1,4-dioxane (6.00 mL) was added Cs,COs
(500 mg, 1.54 mmol). After stirring at 100 °C for 4 h under an argon atmosphere,
the mixture was quenched with NaHCOs aq. and extracted with EtOAc twice. The
combined organic layer was washed with brine, dried over Na>SOa, and
concentrated /n vacuo. The residue was purified by column chromatography on
silica gel (n-hexane/EtOAc = 80:20 to 0:100) to give the product (346 mg, 67%)
as a pale yellow solid. '"H NMR (400 MHz, CDCls) & ppm; 1.92 (4H, t, / =5.6 Hz),
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2.76 (2H, t, J =7.5 Hz), 2.95 (2H, t, / = 7.5 Hz), 3.04-3.15 (4H, m), 3.85 (6H, s),
3.89 (3H, s), 4.00 (4H, s), 6.51 (1H, t, / =8.1 Hz), 6.89 (1H, s), 6.93 (1H, d, J/ =8.7
Hz), 7.01 (1H, dd, J =8.6, 2.3 Hz), 7.25-7.28 (1H, m), 8.19 (2H, s); MS (APCI/ESI)
m/z [M+H]* 543.

1-[4-({5-[2-(2,6-Difluoro-3,5-dimethoxyphenyl)ethyllpyrimidin-2-yl}amino)-2-
methoxyphenyllpiperidin-4-one (68)

To a mixture of 67 (346 mg, 0.638 mmol) in AcOH (4.00 mL) and water (4.00 mL)
was added conc. HCl (12.0 M agueous solution, 0.266 mL, 3.19 mmol). After
stirring at 80 °C for 12 h, the mixture was neutralized with NaOH (1.0 M aqueous
solution) and sat. NaHCOs aq. The resulting precipitate was corrected by filtration
and dried to give the product (493 mg, quantitative yield) as a beige solid. '"H NMR
(400 MHz, CDCl3) & ppm; 2.63 (4H, t, / =6.0 Hz), 2.77 (2H, t, / =7.6 Hz), 2.96
(2H,t, / =7.4 Hz), 3.33 (4H, t, / = 6.0 Hz), 3.85 (6H, s), 3.93 (3H, s), 6.51 (1H, t, J
=8.0 Hz), 6.92 (1H, d, J =8.4 Hz), 6.98 (1H, s), 7.03 (1H, dd, J = 8.6, 2.4 Hz),
7.34 (1H, d, J = 2.4 Hz), 8.21 (2H, s); MS (APCI/ESI) m/z [M+H]* 499.

5-[2-(2,6-Difluoro-3,5-dimethoxyphenyl)ethyll-A-(3-methoxy-4-{4-[(1-
methylpiperidin-4-yl)aminolpiperidin-1-yl}phenyl) pyrimidin-2-amine (69)

To a mixture of 68 (493 mg, 0.989 mmol) and 1-methylpiperidin-4-amine (169 mg,
1.48 mmol) in DCE (9.86 mL) was added NaBH(OAc)3 (419 mg, 1.98 mmol). After
stirring at room temperature for 12 h, the mixture was quenched with NaHCO3 aq.
and extracted with EtOAc. The organic layer was washed with brine, dried over
Na>SOa, and concentrated /n vacuo. The residue was purified by column
chromatography on silica gel (CHCl3/MeOH/28% NHs ag. = 100:0:0 to 80:18:2).
EtOAc/IPE was added to the residue, and the resulting precipitate was filtered
and dried to give the product (133 mg, 23%) as a colorless solid. 'H NMR (399
MHz, DMSO-ds) & ppm; 1.16-1.39 (5H, m), 1.67-1.77 (2H, m), 1.78-1.90 (4H, m),
2.12 (3H, s), 2.45-2.55 (3H, m), 2.55-2.63 (1H, m), 2.64-2.74 (4H, m), 2.84-2.93
(2H, m), 3.16-3.26 (2H, m), 3.74 (3H, s), 3.81 (6H, s), 6.79 (1H, d, J = 8.6 Hz),
6.85 (1H, t, / =8.4 Hz), 7.23 (1H, dd, J = 8.7, 2.3 Hz), 7.34 (1H, d, J = 2.4 Hz),
8.17 (2H, s), 9.24 (1H, s); MS (ESI) m/z [M+H]* 597.

5-[2-(2,6-Difluoro-3,5-dimethoxyphenyl)ethyl]l-A-(3-methoxy-4-{4-[methyl(1-
methylpiperidin-4-yl)aminolpiperidin-1-yl}phenyl) pyrimidin-2-amine
tetrahydrochloride (70)
To a mixture of 69 (114 mg, 0.191 mmol) and 1H-benzotriazol-1-methanol (34.2
mg, 0.229 mmol) in CH2Cl, (3.00 mL) and MeOH (1.50 mL) was added NaBH(OACc)s
(81.0 mg, 0.382 mmol). After stirring at room temperature overnight, the mixture
was quenched with water and sat. NaHCOs ag. and extracted with CHCls. The
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organic layer was washed with brine, dried over MgSQa, and concentrated /n
vacuo. The residue was purified by column chromatography on silica gel
(CHCl3/MeOH = 100:0 to 80:20). HCl (4.0 M EtOAc solution, 2.00 mL, 8.00 mmol)
was added to the residue, and the resulting precipitate was filtered and dried to
give the product (125 mg, 87%) as a colorless solid. '"H NMR (500 MHz, CDs0OD) &
ppm; 2.15-2.33 (2H, m), 2.41-2.68 (6H, m), 2.83-2.90 (2H, m), 2.93 (6H, s), 2.95-
3.06 (3H, m), 3.19-3.29 (2H, m), 3.69-3.77 (2H, m), 3.79-3.89 (2H, m), 3.83 (6H,
s), 3.89-4.00 (3H, m), 4.02-4.16 (1H, m), 4.06 (3H, s), 6.75 (1H, t, J/ = 8.2 Hz),
7.39 (1H, dd, / =9.0, 2.3 Hz), 7.62 (1H, d, / =9.0 Hz), 7.82 (1H, d, J = 2.3 Hz),
8.31 (2H, s); MS (ESI) m/z [M+HI* 611; HRMS (ESI) m/z Calcd for Cs3HasF2NsOs
[M+H]*: 611.3516. Found: 611.3516; Anal. Calcd for C33Ha4F2Ne03.3.8HCL.4.5H,0:
C,47.73; H, 6.90; N, 10.12; Cl, 16.22; F, 4.58. Found: C, 47.77; H, 6.98; N, 10.01;
Cl, 16.14; F, 4.63.

(2,6-Difluoro-3,5-dimethoxyphenyl)methyl methanesulfonate (72)

To a mixture of (2,6-difluoro-3,5-dimethoxyphenyl)methanol (71, 29.8 g, 146
mmol) and EtsN (30.5 mL, 219 mmol) in THF (150 mL) was added methanesulfonyl
chloride (13.6 mL, 175 mmol) in THF (30.0 mL) in an ice-water bath. After stirring
in an ice-water bath for 1.5 h, the insoluble material was removed by filtration and
washed with EtOAc. The filtrate was diluted with sat. NaHCOs aq. and extracted
with EtOAc. The organic layer was washed with brine, dried over Na>SO4, and
concentrated /n vacuo to give the product (41.0 g, 100%) as a colorless solid. 'H
NMR (400 MHz, CDCl3) & ppm; 3.04 (3H, s), 3.89 (6H, s), 5.34 (2H, s), 6.72 (1H, t,
J =8.1Hz); MS (ESI) m/z[M+Nal* 305.

2-Chloro-5-[(2,6-difluoro-3,5-dimethoxyphenyl)methoxylpyrimidine (73)

To a mixture of 72 (7.89 g, 28.0 mmol) and 2-chloropyrimidin-5-ol (4.38 g, 33.6
mmol) in DMF (78.9 mL) was added K>COs3 (9.27 g, 67.1 mmol). After stirring at
60 °C for 1 h, the mixture was quenched with water and stirred for 30 min in an
ice-water bath. The resulting precipitate was corrected by filtration, washed with
water, and dried to give the product (8.53 g, 96%) as a beige solid. 'H NMR (400
MHz, DMSO-ds) & ppm; 3.88 (6H, s), 5.30-5.35 (2H, m), 7.11 (1H, t, J = 8.4 Hz),
8.64 (2H, s); MS (APCI/ESD) m/z [M+H]* 317.

1-[1-(3-Methoxy-5-nitropyridin-2-yl)piperidin-4-yll-4-methylpiperazine (76a)
To a mixture of 2-chloro-3-methoxy-5-nitropyridine (74, 377 mg, 2.00 mmol) and
DIPEA (510 uL, 2.98 mmol) in 1,4-dioxane (10.0 mL) was added 1-methyl-4-
(piperidin-4-yl)piperazine (75, 403 mg, 2.20 mmol). After stirring at 80 °C for 6 h,
the mixture was poured into water and extracted with EtOAc. The organic layer

was washed with brine, dried over Na>SO4, and concentrated /n vacuo. The residue
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was purified by column chromatography on silica gel (CHClz/MeOH = 98:2 to
90:10) to give the product (500 mg, 75%) as a pale yellow solid. '"H NMR (400
MHz, CDCl3) &6 ppm; 1.54-1.68 (2H, m), 1.90-2.00 (2H, m), 2.25-2.34 (3H, m),
2.34-2.74 (9H, m), 2.89-3.01 (2H, m), 3.88-3.93 (3H, m), 4.59-4.67 (2H, m),
7.65-7.69 (1H, m), 8.71-8.76 (1H, m); MS (APCI/ESI) m/z [M+H]* 336.

2-[4-(4-Methylpiperazin-1-yl) piperidin-1-yl]l-5-nitropyrimidine (76b)

To a mixture of 2-chloro-5-nitropyrimidine (41c, 798 mg, 5.00 mmol) and K>COs
(1.04 g, 7.52 mmol) in DMF (16.0 mL) was added 75 (1.10 g, 6.00 mmol). After
stirring at room temperature for 3 h, the mixture was poured into water and
extracted with EtOAc. The organic layer was washed with brine, dried over MgSOs,
and concentrated /n vacuo. The residue was purified by column chromatography
on silica gel (CHCl3/MeOH = 100:0 to 95:5) to give the product (542 mg, 35%) as
a pale yellow solid. 'TH NMR (400 MHz, CDCl3) & ppm; 1.46-1.60 (2H, m), 1.95-2.04
(2H, m), 2.29 (3H, s), 2.36-2.77 (9H, m), 3.01-3.13 (2H, m), 4.90-5.00 (2H, m),
9.03-9.06 (2H, m); MS (ESI) m/z [M+H]* 307.

5-Methoxy-6-[4-(4-methylpiperazin-1-yl)piperidin-1-yllpyridin-3-amine (77d)
To a mixture of 76a (318 mg, 0.948 mmol) in EtOH (18.9 mL) was added 10% Pd/C
(30 mg). After stirring at room temperature under a hydrogen atmosphere (1.0
atm) for 16 h, the mixture was passed through a Celite pad. The filtrate was
concentrated /n vacuo to give the product (289 mg, 100%) as a solid. MS
(APCI/ESI) m/z [M+H]* 306.

2-[4-(4-Methylpiperazin-1-yl)piperidin-1-yllpyrimidin-5-amine (77f)

To a mixture of 76b (530 mg, 1.73 mmol) in EtOH (20.0 mL) was added 10% Pd/C
(105 mg). After stirring at room temperature under a hydrogen atmosphere (1.0
atm) for 4 h, the mixture was passed through a Celite pad. The filtrate was
concentrated /n vacuo. The residue was purified by column chromatography on
amino functionalized silica gel (n-hexane/EtOAc = 50:50 to 0:100) to give the
product (451 mg, 94%) as a pale yellow solid. '"H NMR (400 MHz, CDCls) & ppm;
1.42-1.56 (2H, m), 1.86-2.05 (2H, m), 2.25-2.32 (3H, m), 2.37-2.74 (9H, m),
2.76-2.88 (2H, m), 3.13 (2H, br s), 4.57-4.67 (2H, m), 7.95-7.99 (2H, m); MS
(APCI/ESI) m/z [M+H]* 2717.

5-[(2,6-Difluoro-3,5-dimethoxyphenyl) methoxyl-N-{3-methoxy-4-[4-(4-

methylpiperazin-1-yl)piperidin-1-yllphenyl}pyrimidin-2-amine (78a)

To a mixture of 73 (3.15 g, 9.95 mmol), 3-methoxy-4-[4-(4-methylpiperazin-1-

yl)piperidin-1-yllaniline (31, 3.94 g, 12.9 mmol), rac-BINAP (929 mg, 1.49 mmol),

and Cs2COs (9.72 g, 29.8 mmol) in 1,4-dioxane (63.0 mL) was added Pd(OAc):
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(223 mg, 0.993 mmol) under an argon atmosphere. After stirring at 100 °C
overnight, the mixture was diluted with EtOAc and HCI (1.0 M aqueous solution).
The insoluble material was removed by filtration and the filtrate was extracted
with HCL (1.0 M aqueous solution). The organic layer was extracted again with HCl
(1.0 M aqueous solution). The combined aqgueous layer was washed with EtOAc
and basified with NaOH (1.0 M aqueous solution). The resulting precipitate was
collected by filtration, washed with water, and dried. The crude material was
purified by column chromatography on amino functionalized silica gel (EtOAc). To
the residue was added EtOH and the resulting precipitate was filtered and dried
to give the product (4.42 g, 76%) as a pale yellow solid. '"H NMR (400 MHz, DMSO-
ds) & ppm; 1.46-1.60 (2H, m), 1.74-1.83 (2H, m), 2.14 (3H, s), 2.19-2.55 (11H, m),
3.25-3.35 (2H, m), 3.75 (3H, s), 3.87 (6H, s), 5.16 (2H, s), 6.79 (1H, d, / =8.8
Hz), 7.07 (1H, t, / = 8.4 Hz), 7.23 (1H, dd, J =8.6, 2.4 Hz), 7.32 (1H, d, / = 2.4
Hz), 8.29 (2H, s), 9.21 (1H, s); MS (ESI) m/z [M+H]* 585; HRMS (ESI) m/z Calcd
for C3oH39F2Ne¢O4 [M+H]*: 585.2995. Found: 585.2992; Anal. Calcd for
C30H38F2N604.0.1H20: C, 61.44; H, 6.57; N, 14.33; F, 6.48. Found: C, 61.43; H, 6.55;
N, 14.18; F, 6.44.

5-[(2,6-Difluoro-3,5-dimethoxyphenyl) methoxyl-N-[3-methoxy-4-(4-
methylpiperazin-1-yl)phenyllpyrimidin-2-amine (78b)

To a mixture of 73 (444 mg, 1.40 mmol), 2 (403 mg, 1.82 mmol), rac-BINAP (288
mg, 0.463 mmol), and Cs,COs3 (1.37 g, 4.20 mmol) in 1,4-dioxane (8.88 mL) was
added Pd(OAc). (63.0 mg, 0.281 mmol). After stirring at 100 °C for 5 h under an
argon atmosphere, the mixture was quenched with water and extracted with
EtOAc thrice. The combined organic layer was washed with brine, dried over
MgSQa, and concentrated /n vacuo. The residue was purified by column
chromatography on silica gel (CHCIl3/MeOH/28% NHs ag. = 100:0:0 to 90:9:1) to
give crude material, which was purified again by column chromatography on amino
functionalized silica gel (EtOAc). To the residue was added EtOAc and the mixture
was stirred under heating condition. After cooling to room temperature, the
resulting precipitate was filtered and dried to give the product (336 mg, 48%) as
a colorless solid. '"H NMR (400 MHz, DMSO-ds) & ppm; 2.21 (3H, s), 2.36-2.48
(4H, m), 2.81-2.97 (4H, m), 3.75 (3H, s), 3.87 (6H, s), 5.16 (2H, s), 6.79 (1H, d, J
=8.6 Hz), 7.07 (1H, t, / =8.4 Hz), 7.25 (1H, dd, J = 8.6, 2.4 Hz), 7.34 (1H, d, J =
2.4 Hz), 8.30 (2H, s), 9.23 (1H, s); MS (ESI) m/z [M+H]* 502; HRMS (ESI) m/z
Calcd for Cz5H30F2Ns504 [M+H]1*: 502.2260. Found: 502.2255; Anal. Calcd for
C25H20F2N504.0.1H20: C, 59.66; H, 5.85; N, 13.91; F, 7.55. Found: C, 59.75; H, 5.87;
N, 13.87; F, 7.54.
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5-[(2,6-Difluoro-3,5-dimethoxyphenyl)methoxy]-N-{3-methyl-4-[4-(4-
methylpiperazin-1-yl)piperidin-1-yllphenyl}pyrimidin-2-amine (78c)

To a mixture of 73 (200 mg, 0.632 mmol), 3-methyl-4-[4-(4-methylpiperazin-1-
yl)piperidin-1-yllaniline (77a**, 237 mg, 0.822 mmol), rac-BINAP (118 mg, 0.190
mmol), and Cs>CO3 (617 mg, 1.89 mmol) in 1,4-dioxane (4.00 mL) was added
Pd(OAc)2 (28.4 mg, 0.126 mmol). After stirring at 100 °C for 4 h under an argon
atmosphere, the mixture was quenched with water and extracted with EtOAc. The
organic layer was washed with brine, dried over MgSQa, and concentrated /n
vacuo. The residue was purified by column chromatography on silica gel
(CHCl3/MeOH/28% NHs aq. = 100:0:0 to 90:9:1). EtOAc/IPE was added to the
residue, and the resulting precipitate was filtered and dried to give the product
(227 mg, 63%) as a colorless solid. 'TH NMR (400 MHz, DMSO-ds) & ppm; 1.47-
1.61 (2H, m), 1.77-1.87 (2H, m), 2.14 (3H, s), 2.20 (3H, s), 2.21-2.40 (9H, m),
2.43-2.61 (2H, m), 2.94-3.06 (2H, m), 3.87 (6H, s), 5.16 (2H, s), 6.92 (1H, d, J =
8.4 Hz), 7.07 (1H, t, J/ = 8.4 Hz), 7.41-7.48 (2H, m), 8.28 (2H, s), 9.19 (1H, s); MS
(ESI) m/z [M+H]1* 569; HRMS (ESI) m/z Calcd for C30H39F2N¢O3 [M+H]*: 569.3046.
Found: 569.3043; Anal Calcd for C3oH3sF2NeO3: C, 63.36; H, 6.74; N, 14.78; F,
6.68. Found: C, 63.51; H, 6.83; N, 14.71; F, 6.66.

5-[(2,6-Difluoro-3,5-dimethoxyphenyl)methoxy]-N-{3-fluoro-4-[4-(4-
methylpiperazin-1-yl)piperidin-1-yllphenyl}pyrimidin-2-amine (78d)
To a mixture of 73 (155 mg, 0.489 mmol), 3-fluoro-4-[4-(4-methylpiperazin-1-
ylpiperidin-1-yllaniline (77b%, 186 mg, 0.636 mmol), rac-BINAP (91.4 mg, 0.147
mmol), and Cs>CO3 (478 mg, 1.47 mmol) in 1,4-dioxane (3.10 mL) was added
Pd(OAc)2 (22.0 mg, 98.0 umol). After stirring at 100 °C for 4 h under an argon
atmosphere, the mixture was quenched with water and extracted with EtOAc. The
organic layer was washed with brine and extracted with HCI (1.0 M aqueous
solution) twice. The combined aqueous layer was washed with EtOAc, basified
with NaOH (1.0 M aqueous solution) and sat. NaHCOs agq., and extracted with
EtOAc. The organic layer was washed with brine, dried over MgSQ., and
concentrated /n vacuo. The residue was purified by column chromatography on
amino functionalized silica gel (EtOAc). EtOAc/IPE was added to the residue, and
the resulting precipitate was filtered and dried to give the product (116 mg, 41%)
as a colorless solid. '"H NMR (399 MHz, DMSO-ds) & ppm; 1.47-1.62 (2H, m), 1.76~
1.88 (2H, m), 2.14 (3H, s), 2.18-2.70 (11H, m), 3.23-3.34 (2H, m), 3.87 (6H, s),
5.17 (2H, s), 6.95 (1H, dd, / =10.0, 9.0 Hz), 7.07 (1H, t, / = 8.4 Hz), 7.32 (1H, dd,
J =8.8, 1.8 Hz), 7.64 (1H, dd, J =15.4, 2.5 Hz), 8.33 (2H, s), 9.46 (1H, s); MS
(ESD) m/z [M+H]* 573; HRMS (ESI) m/z Calcd for Co9H36F3NsO3 [M+H]*: 573.2796.
Found: 573.2790; Anal. Calcd for Co9H35F3N6¢03.0.1H20: C, 60.64; H, 6.18; N,
14.63; F, 9.92. Found: C, 60.70; H, 6.15; N, 14.49; F, 9.97.
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5-[(2,6-Difluoro-3,5-dimethoxyphenyl)methoxy]-N-{3-ethoxy-4-[4-(4-
methylpiperazin-1-yl)piperidin-1-yllphenyl}pyrimidin-2-amine (78e)

To a mixture of 73 (100 mg, 0.316 mmol), 3-ethoxy-4-[4-(4-methylpiperazin-1-
yl)piperidin-1-yl]laniline (77c**, 151 mg, 0.474 mmol), rac-BINAP (59.0 mg, 94.8
umol), and Pd(OAc)2 (14.2 mg, 63.2 umol) in 1,4-dioxane (4.00 mL) was added
Cs2C03 (206 mg, 0.632 mmol). After stirring at 100 °C for 4 h under an argon
atmosphere, the mixture was diluted with EtOAc. The mixture was extracted with
HCL (1.0 M aqueous solution) twice. The combined aqueous layer was neutralized
with NaOH (1.0 M aqueous solution) and sat. NaHCOs3 aq., and extracted with
EtOAc twice. The combined organic layer was washed with brine, dried over
Na>SOa, and concentrated /n vacuo. The residue was purified by column
chromatography on silica gel (CHCl3/MeOH = 100:0 to 80:20) to give crude
material, which was purified again by column chromatography on amino
functionalized silica gel (EtOAc). EtOAc/IPE was added to the residue, and the
resulting precipitate was filtered and dried to give the product (99 mg, 52%) as a
colorless solid. '"H NMR (400 MHz, DMSO-ds) & ppm; 1.35 (3H, t, / = 6.9 Hz), 1.46-
1.58 (2H, m), 1.76-1.85 (2H, m), 2.14 (3H, s), 2.17-2.60 (11H, m), 3.28-3.37 (2H,
m), 3.87 (6H, s), 3.98 (2H, a, / = 6.9 Hz), 5.16 (2H, s), 6.77 (1H, d, J = 8.6 Hz),
7.07 (1H, t, / =8.4 Hz), 7.21 (1H, dd, J = 8.6, 2.4 Hz), 7.31 (1H, d, J = 2.4 Hz),
8.29 (2H, s), 9.19 (1H, s); MS (ESI) m/z [M+H]* 599; HRMS (ESI) m/z Calcd for
C31Ha1F2NeO4 [M+H]": 599.3152. Found: 599.3150; Anal. Calcd for
C31H40F2N604.2.2H20: C, 58.33; H, 7.01; N, 13.17; F, 5.95. Found: C, 58.07; H, 7.30;
N, 13.07; F, 6.26.

5-[(2,6-Difluoro-3,5-dimethoxyphenyl)methoxy]-N-{5-methoxy-6-[4-(4-
methylpiperazin-1-yl)piperidin-1-yllpyridin-3-yl}pyrimidin-2-amine (78f)
To a mixture of 73 (200 mg, 0.632 mmol), 77d (289 mg, 0.946 mmol), rac-BINAP
(118 mg, 0.190 mmol), and Cs>CO3 (617 mg, 1.89 mmol) in 1,4-dioxane (13.3 mL)
was added Pd(OAc), (28.4 mg, 0.126 mmol). After stirring at 100 °C for 6 h under
an argon atmosphere, the mixture was diluted with EtOAc. The mixture was
extracted with HClL (1.0 M aqueous solution) twice. The combined aqueous layer
was neutralized with NaOH (1.0 M agueous solution) and extracted with CHCls.
The organic layer was washed with brine, dried over Na;SO4, and concentrated /n
vacuo. The residue was purified by column chromatography on silica gel
(CHCl3/MeOH = 98:2 to 85:15). EtOAc was added to the residue, and the resulting
precipitate was filtered and dried to give the product (26 mg, 7.0%) as a pale
yellow solid. 'TH NMR (400 MHz, DMSO-ds) & ppm; 1.44-1.55 (2H, m), 1.74-1.82
(2H, m), 2.14 (3H, s), 2.19-2.70 (11H, m), 3.74-3.80 (5H, m), 3.87 (6H, s), 5.17
(2H, s), 7.07 (1H, t, / =8.4 Hz), 7.62 (1H, d, J = 2.2 Hz), 8.13 (1H, d, J = 2.2 Hz),
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8.31 (2H, s), 9.27 (1H, s); MS (ESI) m/z [M+H]* 586; HRMS (ESI) m/z Calcd for
C29H38F2N704 [M+H]*: 586.2948. Found: 586.2943.

5-[(2,6-Difluoro-3,5-dimethoxyphenyl) methoxyl-N-{6-[4-(4-methylpiperazin-1-
yl)piperidin-1-yllpyridin-3-yl}pyrimidin-2-amine (789)

To a mixture of 73 (400 mg, 1.26 mmol), 6-[4-(4-methylpiperazin-1-yl)piperidin-1-
ylIpyridin-3-amine (77e*>, 522 mg, 1.90 mmol), rac-BINAP (236 mg, 0.379 mmol),
and Cs2COs (1.23 g, 3.78 mmol) in 1,4-dioxane was added Pd(OAc); (56.7 mg,
0.253 mmol). After stirring at 100 °C for 8 h under an argon atmosphere, the
mixture was diluted with EtOAc. The mixture was extracted with HCl (1.0 M
aqgueous solution) twice. The combined aqueous layer was neutralized with NaOH
(1.0 M aqueous solution) and extracted with CHCls. The organic layer was washed
with brine, dried over Na>SO4, and concentrated /n vacuo. The residue was
purified by column chromatography on amino functionalized silica gel (n-
hexane/EtOAc = 40:60 to 0:100). EtOAc was added to the residue, and the
resulting precipitate was filtered and dried to give the product (442 mg, 63%) as
a colorless solid. "H NMR (399 MHz, DMSO-ds) & ppm; 1.32-1.44 (2H, m), 1.75-
1.84 (2H, m), 2.13 (3H, s), 2.22-2.56 (9H, m), 2.64-2.76 (2H, m), 3.87 (6H, s),
4.12-4.23 (2H, m), 5.15 (2H, s), 6.79 (1H, d, / =9.0 Hz), 7.07 (1H, t, / = 8.4 Hz),
7.80 (1H, dd, / =9.1, 2.8 Hz), 8.25 (2H, s), 8.34 (1H, d, J = 2.7 Hz), 9.11 (1H, s);
MS (ESI) m/z [M+H]* 556; HRMS (ESI) m/z Calcd for CzgHzcF2N703 [M+H]*:
556.2842. Found: 556.2839; Anal. Calcd for CzgH35F2N703.0.1H20: C, 60.33; H,
6.37; N, 17.59; F, 6.82. Found: C, 60.42; H, 6.38; N, 17.54; Cl, 0.20; F, 6.92.

5-[(2,6-Difluoro-3,5-dimethoxyphenyl) methoxyl-N-{2-[4-(4-methylpiperazin-1-
yl)piperidin-1-yllpyrimidin-5-yl}pyrimidin-2-amine (78h)

Compound 78h was prepared from 73 and 77f in 38% yield using a similar
approach to that described for 78g. '"H NMR (399 MHz, DMSO-ds) & ppm; 1.25-
1.38 (2H, m), 1.75-1.83 (2H, m), 2.13 (3H, s), 2.19-2.56 (9H, m), 2.78-2.88 (2H,
m), 3.87 (6H, s), 4.52-4.62 (2H, m), 5.15 (2H, s), 7.07 (1H, t, / = 8.4 Hz), 8.26
(2H, s), 8.56 (2H, s), 9.09 (1H, s); MS (ESI) m/z [M+H]1* 557; HRMS (ESI) m/z
Calcd for C27H35F2NgO3 [M+H]*: 557.2795. Found: 557.2790; Anal. Calcd for
C27H34F2Ng03.0.1H20: C, 58.07; H, 6.17; N, 20.07; F, 6.80. Found: C, 58.16; H, 6.17;
N, 19.97; F, 6.90.

2-[4-({5-[(2,6-Difluoro-3,5-dimethoxyphenyl)methoxylpyrimidin-2-yl}amino)-

1H-pyrazol-1-yllethan-1-ol (80)

A mixture of 73 (15.8 g, 50.0 mmol), 2-(4-amino-1H-pyrazol-1-yl)ethan-1-ol (79,

8.26 g, 65.0 mmol), Pd(OAc)2 (561 mg, 2.50 mmol), rac-BINAP (2.34 g, 3.76

mmol), and Cs2COs3 (48.9 g, 150 mmol) in 1,4-dioxane (230 mL) was stirred at
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100 °C for 30 h under an argon atmosphere. The mixture was diluted with CHCl3
and IPA (3:1) and passed through a Celite pad. The filtrate was concentrated /n
vacuo and the residue was dissolved in CHCls and IPA (3:1). The mixture was
washed with water and brine, dried over Na>SO4, and concentrated /n vacuo. The
residue was purified by column chromatography on silica gel (CHClz/MeOH =
100:0 to 90:10). To the residue was added EtOH and the resulting precipitate was
filtered and dried to give the product (11.2 g, 55%) as a pale orange solid. "H NMR
(399 MHz, DMSO-ds) & ppm; 3.67-3.73 (2H, m), 3.87 (6H, s), 4.04-4.11 (2H, m),
4.84 (1H, t, / =5.3 Hz), 5.14 (2H, s), 7.06 (1H, t, / =8.4 Hz), 7.45 (1H, d, J = 0.7
Hz), 7.88 (1H, d, J = 0.7 Hz), 8.26 (2H, s), 9.21 (1H, s); '3C NMR (126 MHz, DMSO-
ds) & ppm; 39.04, 39.21, 39.37, 39.54, 53.60, 56.26, 59.74, 59.81, 100.98,
112.38 (t, / =17.7 Hz), 119.06, 122.78, 129.03, 142.72 (dd, J =10.7, 3.7 Hz),
142.82 (dd, J =241.4, 6.0 Hz), 144.57, 146.36, 155.03; MS (ESI) m/z [M+H]*
408; HRMS (ESI) m/z Calcd for CigH20F2NsO4 [M+H]*: 408.1478. Found: 408.1472;
Anal. Calcd for CigH19F2Ns04: C, 53.07; H, 4.70; N, 17.19; F, 9.33. Found: C, 53.11;
H, 4.74; N, 17.21; F, 9.41; mp 149-151 °C.

2-[4-({5-[(2,6-Difluoro-3,5-dimethoxyphenyl)methoxylpyrimidin-2-yl}amino)-
1H-pyrazol-1-yllethyl methanesulfonate (81)

To a mixture of 80 (450 mg, 1.10 mmol) in THF (18.0 mL) were added EtsN (0.308
mL, 2.21 mmol) and methanesulfonyl chloride (129 uL, 1.66 mmol) in an ice-water
bath. After stirring in an ice-water bath for 4 h, the insoluble material was
removed by filtration. The filtrate was diluted with water and extracted with
EtOAc. The organic layer was washed with brine, dried over MgSQa, and
concentrated /n vacuo to give the product (408 mg, 76%) as a solid. '"H NMR (400
MHz, DMSO-ds) & ppm; 3.06 (3H, s), 3.87 (6H, s), 4.36-4.44 (2H, m), 4.49-4.56
(2H, m), 5.15 (2H, s), 7.07 (1H, t, / = 8.4 Hz), 7.52 (1H, s), 7.95 (1H, s), 8.26 (2H,
s), 9.26 (1H, s); MS (APCI/ESI) m/z [M+H]* 486.

5-[(2,6-Difluoro-3,5-dimethoxyphenyl) methoxy]l-N-(1-{2-[(1-methylpiperidin-4-
yl)aminolethyl}-1H-pyrazol-4-yl) pyrimidin-2-amine trihydrochloride (82)
To a mixture of 81 (500 mg, 1.03 mmol) in NMP (10.0 mL) was added 1-
methylpiperidin-4-amine (1.25 g, 10.9 mmol). After stirring at 80 °C overnight, the
mixture was quenched with water and sat. NaHCOs3 aq. and extracted with EtOAc.
The organic layer was washed with brine, dried over MgSQO4, and concentrated /n
vacuo. The residue was purified by column chromatography on silica gel
(CHCl3/MeQOH/28% NHs aq. = 100:0:0 to 90:9:1). To the residue was added HCI
(4.0 M EtOAC solution), and the resulting precipitate was filtered and dried to
give the product (130 mg, 21%) as a solid. '"H NMR (400 MHz, DMSO-ds) & ppm;
1.93-2.05 (2H, m), 2.19-2.30 (2H, m), 2.65-2.77 (3H, m), 2.87-3.02 (2H, m),
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3.20-3.57 (6H, m), 3.87 (6H, s), 4.40-4.47 (2H, m), 5.15 (2H, s), 7.07 (1H, t, J =
8.5 Hz), 7.55 (1H, d, / = 0.8 Hz), 7.97-8.00 (1H, m), 8.28 (2H, s), 9.35 (1H, s),
9.42-9.74 (2H, m), 10.66-10.97 (1H, m); MS (ESI) m/z [M+H]* 504; HRMS (ESI)
m/z Calcd for C2aH32F2N7O3 [M+HI*: 504.2529. Found: 504.2525; Anal. Calcd for
C24H31F2N703.3.3HCI.0.8AcOH.2.8H20: C, 42.57; H, 6.01; N, 13.57; Cl, 16.20; F,
5.26. Found: C, 42.77; H, 6.14; N, 13.36; Cl, 16.38; F, 4.88.

tert-Butyl 4-{2-[4-({5-[(2,6-difluoro-3,5-dimethoxyphenyl)methoxy]lpyrimidin-
2-yl}amino)-1H-pyrazol-1-yllethyl}piperazine-1-carboxylate (83)

To a mixture of 81 (320 mg, 0.659 mmol) in NMP (6.40 mL) was added 1-(tert-
butoxycarbonyl)piperazine (1.31 g, 7.03 mmol). After stirring at 80 °C overnight
and then 120 °C overnight, the mixture was quenched with water and sat. NaHCO3
aq. and extracted with EtOAc. The organic layer was washed with brine, dried over
MgSQa, and concentrated /n vacuo. The residue was purified by column
chromatography on silica gel (CHCIs/MeOH = 100:0 to 90:10). EtOAc/IPE was
added to the residue, and the resulting precipitate was filtered and dried to give
the product (202 mg, 53%) as a colorless solid. '"H NMR (400 MHz, CDCl3) & ppm;
1.45 (9H, s), 2.32-2.48 (4H, m), 2.84 (2H, t, / = 6.7 Hz), 3.35-3.50 (4H, m), 3.88
(6H, s), 4.22 (2H, t, / = 6.8 Hz), 5.13 (2H, s), 6.68 (1H, t, / =8.1 Hz), 7.46 (1H, s),
7.50 (1H, s), 7.91 (1H, s), 8.20 (2H, s); MS (ESI) m/z [M+H]* 576.

5-[(2,6-Difluoro-3,5-dimethoxyphenyl) methoxyl-N-{1-[2-(piperazin-1-yl)ethyl]-
1H-pyrazol-4-yl}pyrimidin-2-amine trihydrochloride (84)

A mixture of 83 (202 mg, 0.351 mmol) in TFA was stirred at room temperature for
15 h. The mixture was concentrated /n vacuo, neutralized with NaOH (1.0 M
aqueous solution), and extracted with CHCls and IPA (3:1). The organic layer was
dried over MgSQO4 and concentrated /n vacuo. To the residue was added HCI (4.0
M EtOAc solution), and the resulting precipitate was filtered and dried to give the
product (133 mg, 65%) as a solid. 'H NMR (400 MHz, DMSO-ds) & ppm; 3.32-3.49
(8H, m), 3.52-3.61 (2H, m), 3.87 (6H, s), 4.55 (2H, t, / = 6.6 Hz), 5.16 (2H, s),
7.07 (1H, t, / =8.4 Hz), 7.54 (1H, d, / = 0.8 Hz), 8.01 (1H, d, / = 0.6 Hz), 8.28 (2H,
s), 9.36 (1H, s), 9.52 (2H, br s); MS (ESI) m/z [M+H]1* 476; HRMS (ESI) m/z Calcd
for C22H28F2N703 [M+HI1*: 476.2216. Found: 476.2212; Anal. Calcd for
C22H27F2N703. 3.3HCL.0.8AcOH.3.2H,0: C, 40.41; H, 5.73; N, 13.98; Cl, 16.68; F,
5.42. Found: C, 40.71; H, 5.52; N, 13.61; Cl, 16.88; F, 5.42.

5-Methoxy(6-'4C)pyrimidine-2,4-diol (86)

To a suspension of sodium hydride (60% dispersion in mineral oil, 686 mg, 17.2

mmol) in toluene (8.5 mL) were added methyl methoxyacetate (1.68 mL, 17.0

mmol) and ethyl (**C)formate (85, 37.0 GBa, 17.0 mmol) at 0 °C. The mixture was
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stirred at room temperature overnight and concentrated. To the residue were
added ethanol (8.5 mL) and urea (1.04 g, 17.3 mmol) and the mixture was stirred
at 90 °C for 1.5 h. After cooled to room temperature, the mixture was
concentrated and diluted with water (17 mL) and hydrochloric acid (6.0 mol/L
solution in water, 2.83 mL). The resulting solid was filtered, washed with water
(4.5 mL X 2), and dried over P>Os /n vacuo to give 86 (783 mg, 5.51 mmol).

2,4-Dichloro-5-methoxy(6-'*C)pyrimidine (87)

A mixture of N,N-dimethylaniline (977 uL, 7.71 mmol) and 86 (783 mg, 5.51 mmol)
in phosphorus(V) oxychloride (16.0 mL) was stirred at 130 °C overnight. After
cooled to room temperature, the mixture was concentrated and diluted with ethyl
acetate (15 mL) and water (15 mL). The mixture was extracted with ethyl acetate
(15 mL X 3) and concentrated. The residue was purified by column
chromatography [Silica gel, n-hexane/ethyl acetate = 3/1 (v/v)] to give 87 (4.82
GBd, 391 mg, 2.18 mmol).

2-Chloro-5-methoxy(4-“C)pyrimidine (88)

A mixture of 87 (4.82 GBqg, 391 mg, 2.18 mmol) and zinc (dust, 292 mg, 4.47
mmol) in ethanol (2.5 mL) and water (2.5 mL) was stirred at 80 °C for 5 h. The hot
mixture was filtered through the celite, washed with ethanol (2.5 mL). The filtrate
was concentrated and purified by column chromatography [Silica gel, n-
hexane/ethyl acetate = 3/1 (v/v)] to give 88 (2.73 GBa, 199 mg, 1.38 mmol).

2-Chloro(4-“C)pyrimidin-5-ol (['#C]49c)

To a solution of 88 (2.73 GBa, 199 mg, 1.38 mmol) in dichloromethane (1.75 mL)
was added boron tribromide (1.0 mol/L solution in dichloromethane, 2.07 mL, 2.07
mmol) at 0 °C and the mixture was stirred at room temperature for 2 days. The
mixture was diluted with methanol (3.0 mL) and concentrated. The residue was
adjusted pH to 5 with sodium hydroxide (1.0 mol/L solution in water) and the
mixture was diluted with water (10 mL) and ethyl acetate (10 mL). The mixture
was extracted with ethyl acetate (10 mL X 3) and concentrated. The residue was
purified by column chromatography [Silica gel, n-hexane/ethyl acetate = 3/1 —
1/1 (v/v)] to give ['*C149c (1.58 GBag, 95.1 mg, 729 umol).

2-Chloro-5-[(2,6-difluoro-3,5-dimethoxyphenyl)methoxyl(4-C)pyrimidine
([*C173)

To a mixture of ['*C]49c (1.58 GBa, 95.1 mg, 729 umol) and 72 (233 mg, 825
pmol) in M,N-dimethylformamide (2.5 mL) was added cesium carbonate (483 mg,
1.48 mmol) at room temperature and the mixture was stirred at same temperature

for 30 min. After diluted with water (5.0 mL), the mixture was stirred at room
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temperature for 1 h. The resulting solid was filtered, washed with water (4.0 mL X
3), and dried over P20s /n vacuo to give [*C173 (1.44 GBaq, 211 mg, 666 umol).

2-[4-({5-[(2,6-Difluoro-3,5-dimethoxyphenyl)methoxy](4-“C)pyrimidin-2-
yl}amino)-1H-pyrazol-1-yllethan-1-ol (['*C]80)

To a mixture of ['*C173 (1.44 GBaq, 211 mg, 666 umol) and [*C]73 (228 mg, 720
umol) in 1,4-dioxane (8.0 mL) were added potassium carbonate (590 mg, 4.27
mmol) and racemic BINAP (156 mg, 251 umol) at room temperature under an argon
atmosphere. The mixture was warmed to 80 °C, then a solution of 79 and a slurry
of palladium (II) acetate (72.9 mg, 325 umol) in 1,4-dioxane (2.0 mL) were added
and the mixture was stirred at 90 °C overnight under an argon atmosphere. After
cooled to room temperature, the mixture was diluted with ammonium hydroxide
(25% solution in water, 7.5 mL) and water (9.0 mL). The mixture was stirred at
room temperature for 1 h and diluted with water (14 mL) and the mixture was
stirred at room temperature for 1 h. The resulting solid was filtered and washed
with water (5.0 mL) to give a crude solid. The filtrate was extracted with
chloroform (10 mL X 3) and concentrated to give a crude solid. The combined
crude solid was purified by column chromatography [Silica gel,
chloroform/methanol = 9/1 (v/v), twicel and concentrated to give a sold. This
solid was dissolved in chloroform (30 mL), passed through a membrane filter (GHP
Acrodisc PSF, 0.45 um), and concentrated to give ['*C]180 (1.29 GBaq, 526 mg,
1.29 mmol). The obtained compound was recrystallized as follows. ['*C]180 (1.29
GBa, 526 mg, 1.29 mmol) was suspended in 2-propanol (10 mL), warmed to 90 °C
to make a solution, cooled to 70 °C gradually, and stirred at 70 °C for 1 h. The
resulting suspension was cooled to room temperature gradually, stirred at room
temperature overnight, filtered, washed with 2-propanol (2.5 mL X 2), and dried
over P20s /n vacuo to give [“C180 (1.19 GBq, 425 mg, 1.04 mmol).

Crystallographic analysis

FGFR2 and FGFR3 proteins were crystallized by the sitting drop vapor diffusion
method. FGFR2 cocrystals were obtained by co-crystallization with each compound,
whereas FGFR3 cocrystals were obtained by soaking each compound into the apo
FGFR3 crystals. X-ray data were collected on the AR-NE3A beamline at the Photon
Factory or FR-E superbright X-ray generator equipped with R-AXIS VII X-ray
detector (Rigaku, Japan). X-ray data were processed using HKL20007? or XDS""
software. Structures were solved by molecular replacement using Phaser’?. Ligand
dictionaries were generated using AFITT-CL (OpenEye Scientific Software, USA)
and models were built using Coot”®. Refinement was conducted using Refmac”.
Final structures were determined and deposited in the Protein Data Bank.
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Molecular modeling

Docking models of 48, 57a, and 57b with FGFR3 were prepared by MOE>” using
the crystal structure of FGFR3 in complex with 48 (PDB code: 7DHL) as a template.
Molecular dynamics simulations for the complexes were performed using
GROMACS®® ver. 2016.1 with the AMBER 99SB-ILDN force field for proteins and
the general amber force field (GAFF) for ligands.

Calculation of Enomo values

Density Functional Theory (DFT) study was performed with B3LYP/6-31G(d,p) basis
set theory level using Schrodinger’s Jaguar (Maestro version 12.7.156), using an
Automatic mode, include Exited state type singlet, number of excited states 1,
maximum TDDFT interaction 32, energy convergence threshold 5 x 107>, residual
convergence threshold 0.01, Medium grid density, Nonrelativistic Hamiltonian.®®
Highest occupied molecular orbital energy (Exomo) values were obtained with a Box
size adjustment 0.0 A/side, Grid density 5.0 pts/A for Sp. The calculations were
conducted using the substructures which contained the focused aromatic moieties
with only one atom adjacent to the rings.

Pharmacology

In vitro kinase inhibitory assay

Inhibitory activity of compounds against FGFR1, 2, 3, and 4, and VEGFR2 were
evaluated using an off-chip mobility shift assay. FGFR1, 2, 3, and 4, and VEGFR2
kinase (Carna Bioscience, Kobe, Japan) and test compounds were incubated for 30
or 120 minutes at room temperature (RT). After the incubation, substrate and
adenosine triphosphate (ATP) at 75 umol/L for VEGFR2, FGFR2, and FGFR3, 125
umol/L for FGFR1, and 300 umol/L for FGFR4 were added and the reactions were
incubated for 30 minutes at RT. The kinase reaction was stopped by the addition
of termination buffer. The reaction mixtures were measured using an EZ Reader II
(Perkin Elmer). Wells without ATP were measured as positive control (100%
inhibition), and wells treated with DMSO were measured as a negative control (0%
inhibition). The ICsp value of each experiment was calculated using Sigmoid-Emax
non-linear regression analysis.

In vitro cell growth inhibitory assay

NIH/3T3 cells exogenously overexpressing FGFR3 S249C were seeded in 96-well
plates at 3000 cells per well and incubated overnight. The following day, the cells
were exposed to test compounds for 5 days. Cell viability was measured using
CellTiter-Glo (Promega, Madison, WI, USA). Data are presented as mean values

from a single experiment performed in duplicate.
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UM-UC-14 cells were purchased from ECACC (Salisbury, UK). The cells were
cultured according to instructions from the supplier. The cells were seeded in
384-well plates at 900 cells per well and incubated overnight. The following day,
the cells were exposed to test compounds for 5 days. Cell viability was measured
using CellTiter-Glo (Promega, Madison, WI, USA). Data are presented as mean
values from a single experiment performed in duplicate.

Physical chemistry

Permeability

Parallel artificial membrane permeability assay (PAMPA) was conducted using
STARIlet 8ch (Hamilton Robotics, Reno, NV). In this assay, a ‘sandwich’ is formed
by a 96-well microtiter plate (pION Inc., Billerica, MA) and a 96-well filter plate
(PION Inc.) such that each composite well is divided into two chambers, with the
donor at the bottom and acceptor at the top, separated by a lipid (pION Inc.)-
coated microfilter disc. DMSO stock solutions (10 mM) of the test compounds
were added to a mixture of aqueous buffer (pH 6.5) and DMSO (9:1). The drug
solutions were filtered through a 96-well filter plate (PVDF, Corning Inc., Corning,
NY) and added to the donor compartments. The plates were sandwiched together
and acceptor buffer (pH 7.4, pION Inc.) was added to the acceptor compartment.
The sandwiched plates were incubated at room temperature for 2 h under
saturated water vapor conditions. After incubation, the amount of test compounds
in the donor and acceptor compartments was assayed using high performance
liquid chromatography (HPLC). Permeability was calculated using PAMPA
Evolution software (pION Inc.).

Aqueous solubility

Solubility of the test compounds was evaluated using the Japanese
Pharmacopoeia 2nd fluid for disintegration test (JP2; pH = 6.8 buffer). DMSO
stock solutions (10 mM) of the test compounds were prepared and added to JP2.
The solutions were shaken at 1000 rom at 25 °C under light-protected conditions
for 20 h. Precipitates were filtered through a PVDF membrane filter (pore size
0.22 um, MERCK) and the concentration (uM) of the compound in the filtrate was
assayed using HPLC.

Lipophilicity

Log D4 values were calculated as the natural logarithm of the compound

concentration ratio of 1-octanol to Dulbecco’s phosphate buffered salts (PBS)

aqueous solution (pH 7.4). The concentrations in the two layers were each

evaluated by LC-MS after 10 mM DMSO stock solution of the compound was
117



dissolved and partitioned at 23 °C.

Pharmacokinetics

In vitro metabolic stability

To estimate the intrinsic clearance of compounds against mouse or human hepatic
CYPs, test compounds (0.2 uM) were incubated with pooled mouse or human liver
microsomes (0.2 mg protein/mL), NADPH (1 mM) and EDTA (0.1 mM) in pH 7.4
Na*-K* phosphate buffer (100 mM) at 37 °C. Incubations were conducted for O,
15, 30, and 45 min. The peak area of the compounds and internal standard was
measured using liquid chromatography-tandem mass spectrometry (LC-MS/MS)
and analyzed to calculate mCLint or ACLint (mL/min/kg). Values are shown as an
average of duplicate experiments.

Safety

Human ether-a-go-go-related gene (AERG) channel inhibitory activity using
QPatch system
CHO cells that stably expressed AERG channels were cultured in Ham’s F12
containing 10% FBS, 5% ganeticin and 5% hygromycin B. Prior to experiment, the
culture medium was removed, and the cells were washed with PBS. Cell was
suspended with Serum Free Media containing CHO-S-SFM II, 25 mM N-(2-
hydroxyethyl)piperazine-/N’-2-ethanesulfonic acid (HEPES), 100 units/mL P/S at
concentration of 2-5 x 10° cells/mL. Cell suspension, test compounds solution on
plate, and extracellular and intracellular solutions were set at QPatch system.
Used solutions are followings:
Extracellular (mM): 145 NacCl, 4 KCl, 10 HEPES, 2 CaClz, 1 MgClz, 10 D(+)-
Glucose, adjust pH to 7.4 with NaOH
Intracellular (mM): 120 KCl, 4 Nax-ATP, 10 ethylene glycol bis(2-
aminoethylether)-NV,N,N’,N -tetraacetic acid (EGTA)-tetraacetic acid, 10 HEPES,
1.75 MgClz, 5.374 CaClz, adjust pH to 7.2 with KOH
The application of pressure for forming gigaseals and the whole-cell patch
clamp configuration were established using QPatch Assay Software (Sophion
Bioscience).
Addition of test compounds was also set up using the QPatch Assay Software.
Compounds were added to the cells with the eight pipettes via the QPlate
integrated glass microfluidic pathways. AERG inhibition was evaluated using a
stimulus voltage protocol consisting of a 4.8 s activating pulse to 20 mV from a
holding potential of =80 mV and a 5 s test pulse to —50 mV (tail current). The
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pulse pattern was repeated continuously at 15 s intervals. All QPatch data were
analyzed and ICsos were calculated using Sophion’ s QPatch Assay software.

hERG current assay by the whole-cell patch-clamp technique

The effects of 80 on the AERG current were studied in AERG-transfected human
embryonic kidney 293 (HEK293) cells by the whole-cell patch-clamp technique.
The test concentrations of 80 were set at 1, 3, and 10 pM. DMSO at 0.3 vol% was
selected as the vehicle control (control). The peak amplitude of tail currents was
measured in 5 separate cells in each experimental group, and the change rates
(suppression rates) of the amplitude 13 minutes after beginning the application
were calculated. Subsequently, the AERG-current-suppression rate in each cell of
the control and test-substance groups was compensated for by the mean
suppression rate of the control group. Effects of 80 were evaluated using these
compensated suppression rates. The mean suppression rate of the control group
was 6.5%.

Animal experiments

All animal experimental procedures were approved by the Institutional Animal
Care and Use Committee of Astellas Pharma Inc. Furthermore, Astellas Pharma
Inc. Tsukuba Research Center was awarded Accreditation Status by the AAALAC
International. All efforts were made to minimize the number of animals used and
to avoid suffering and distress.

In vivo auto-phosphorylation inhibition assay

NIH/3T3 cells exogenously overexpressing FGFR3 S249C were subcutaneously
inoculated into the flank of male Balb/c nude mice (Charles River Japan, Inc.).
Test compounds (30 mg/kg) were suspended in vehicle (0.5% methylcellulose
solution) and administered to mice by oral gavage. Tumor samples were collected
from mice 6 h after a single dose of the test compounds. Frozen tumor samples
were lysed, and phosphorylated and total FGFR3 levels were measured using a
sandwich ELISA assay. The data are shown as an average of 3 mice.

In vivo antitumor assay

UM-UC-14 human bladder cancer cells were subcutaneously inoculated into the
flank of male Balb/c nude mice (Charles River Japan, Inc.). Compound 57b (0.1-10
mg/kg) was suspended in vehicle (0.5% methylcellulose solution) and orally
administered to mice once daily from Day 1 to Day 11. Tumor volume was
determined by calculating length x width? x 0.5. The data are shown as an average
of 5 mice.
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Mouse plasma concentration

Test compounds (30 mg/kg) were suspended in vehicle (0.5% methylcellulose
solution) and orally administered to ICR mice (male, fasted). The plasma
concentrations of test compounds were measured using LC-MS/MS 6 h after a
single dose. The data are shown as an average of 3 mice.

Pharmacokinetic study

The pharmacokinetic profile was evaluated in SD rats (male, fasted) and beagle
dogs (male, fasted). Compound 80 was intravenously or orally administered at 0.3
mg/kg to rats and at 0.1 mg/kg to dogs in water for injection containing 1% DMF,
50% PEG400, and HCI solution of 1.5 equivalent mol to 80. Blood samples were
taken at multiple time points up to 24 h for rats and 72 h for dogs after a single
administration of 80. Concentrations of unchanged compound in plasma were
determined using LC-MS/MS. Pharmacokinetic parameters after intravenous and
oral administration were calculated by noncompartmental analysis using Phoenix
WinNonlin version 6.1 software (Pharsight Co., St. Louis, MO, USA).

Telemetry study

Transmitters of a telemetry system were fixed to 4 male beagle dogs 11 and 12
months of age, and each animal received a single oral dose of 80 at dose levels of
1, 10, and 100 mg/kg and at a dose volume of 5 mL/kg under fasting and
unanesthetized conditions; the drug withdrawal period was set at 7 days. In the
same manner, 0.5 w/v% methylcellulose aqgueous solution used as a vehicle was
administered as a control. The analysis time points (for body temperature, blood
pressure, heart rate, electrocardiogram, and respiration rate), time points for
blood collections to measure blood gases, blood electrolyte concentrations, and
TK and for direct observation of general activity and behavior were set at before
administration, 0.5, 1, 2, 4, 6, 8, and 24 hours after administration. The general
activity and behavior were observed between 2 hours before administration and
24 hours after administration, and recorded with charge-coupled device cameras.
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