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AcOEt Ethyl acetate

Asn Asparagine

Asp Aspartic acid

ATP Adenosine triphosphate

AUC Area under the blood concentration time curve
Bu Butyl

CDI N,N*Carbonyl diimidazole

Cys Cysteine

c-Met Hepatocyte growth factor receptor
DIEA: N, N-Diisopropylethylamine

DMA: N,N-Dimethylacetamide

DMF N, N-Dimethylformamide

DMSO Dimethylsulfoxide

DNA Deoxyribonucleic acid

DPPA Diphenylphosphonic azide

EDC N-(3-Dimethylaminopropyl)- M-ethylcarbodiimide
EGFR Epidermal growth factor receptor
ERK1 Extracellular signal-regulated kinases
Et Ethyl

FAK Focal adhesion kinase

FGFR Fibroblast growth factor receptor

Glu Glutamic acid

GSK-3p Glycogen synthase kinase-3f

HER2 Human epidermal growth factor receptor 2
His Histidine

HOBt 1-Hydroxybenzotriazole

IGF1-R Insulin-like growth factor 1 receptor
Ile Isoleucine

TPA Isopropanol

IPE Diisopropyl ether

IR Insulin receptor

mCPBA mr-Chloroperoxybenzoic acid

Me Methyl

Met Methionine



NMP
NMR
PDB
PDGFR
Pd/C
Ph
PKCH
p38MAP
RNA

Tf

TFA
TFAA
THF
Tie-2
Tpl

Ts
VEGF
VEGFR

Mesyl

N-Methylpyrrolidone

Nuclear magnetic resonance

Protein data bank

Platelet-derived growth factor receptor
Palladium on carbon

Phenyl

Protein kinase C 6

p38 Mitogen-activated protein kinase
Ribonucleic acid
Trifluoromethanesulfonyl
Trifluoroacetic acid

Trifluoroacetic anhydride
Tetrahydrofuran

Tyrosine kinase with Ig and EGF homology domains-2
Tumor progression locus-2
p-Toluenesulfonyl

Vascular endothelial growth factor

Vascular endothelial growth factor receptor
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1.1 A L& HEIER

DS A CGEMEIEEIE, Bis 2 B OFRIC X 0 IEF MR Itk b > T 7o hil s 2
Wl U7 MiER T 0 . E ORI E LT, BHIR O BAR 725, BRI~ ORI,
s~ Dl & 5| & 23, EAEFEE O N OBERERGH VDIc XD L BAIXAARADIER
B EHD KA THY, BITEHED 30% B3 BATLEL 2oTWND, BIfE, AAAD 2
ANZ 1 ADBDBAITHRET IR THY . ZORITELEINO—@ET=E>TWbD, D
R A A, SRR 18 D AR EEARIEDHIE S4v, BADO TG - WIS OHEE, 1H1E
HEOMRESE, HERTF TORAMKEEHEEL TV D,

R ADIRRIEIT, SVEHERIE, BRRIE, SEMIE. O 3 Dbk, AVEHRIER K
OHESHRIEI LR VBRI TH 2 DT L, EWRIEIT BRI RN A, BERA, A
MIFZEDOIEFE N A OIRFIZFIH S D, DAOEYFILEORESRIX, A4 ey <X
Z—R0nbhhED 2, 74 by rvAX— NI fbFEESRE L THEHESL WA %
— KA RAOFHEERTH Y . LIFHE— DR ANGFRIE Th o7z X MRS &[RRI 52/ B4 5]
FEITIENOER SN, B CNEOIREIKE LTER SN, TS ey
A K — ROMBAFEEMEIBA B =X LE, i oraaxF LN DNA 27 v ubd %
Z &2k, DNA “HEHEHMOMEZ 5 2l Z L(Figure 1-1), Z O#EE DNA O HES IO
RNA ~OEGERHEIND Z LITX D, D%, D A B =X L2 L0 Mz % B8
TOWBEIT VX ALFIDBRIE S 4v, BIfE, MY CNEFOBRRE LS LTHEA S TW
Bo Fio, REHEFHL. bARA Y 2T —EHER., MNEES - BEAEARS, 7%
WACKILISN D A F1 = X B X0 MR R T HR AAI BT S, RADHEEICA DY
TINHDHFRAHDPMENF T HINTND 3,

\

Q/Q//N\/\u
l ’\(/\
N/
e} ¢} 4
H)r\i/k‘[\> V \/\cl )\)/K[;/\Q/D ;ﬁ’\‘g}\)/ HoN X \> S o
RN el K S0 [DNA]«ﬁ\H

\
[DNA] [DNA [DNA] </Nﬁl\ﬂ—| | NH,
NN SNH [DNA]

2

|
[DNA]

Figure 1-1 Reaction mechanism of nitrogen mustard



LU G, EROBINAFNT., NADOREFEHEE N R WVEEICER LB SN D
DTHDID, DAL RIS RV IEF M b BT 5, 6> T, BB, MmEkEK
B4, MLERFEOEBLRAEMMNERETE 20, IFE, ZhbOEZ LT 528 L
VS E LT, BARIIRRE R 72 F 2 OB ST 2 0 IR B U, 180 E Rl
H R (CML)ERREE & U CORRE4L72 imatinib (X, CML MIfRRF BN L, BH 724
Fa¥ESE D BT & 72> T D ber-abl 2% —75 v k& 2(LAEMTH 5 4, Imatinib 752
RN S W af v ¥ —T7 =ik, IRABE O 5 HEAFRN 5 EREICEE-
TV, £z, EHAITH D Z b BFEOAMPRE < FE ITIEMESFOHEERE
ER S LIF LIS b7z, xF LT, imatinib [Z, CML f£E& D 5 F4EFHEE 9 HIFRE~ L
FREERIIZA ST 0, X 5HIZ, imatinib [TEAIETH 5 72 OIEEIHER D ARE T, RBITEH
HBIMCTH D Z LD D, quality of life(QOL) b K& FE L1z, — ., o FENIKIL, ¥
— 7y NRFRMEDNE WP Z AR AR TR AMEN RO N D720 23 A Z & @3]
DOIFEZFRE L, BEALHEBTL20ERH D, 22T, EFMRIZITERD 6T, 2AAM
Fl il L7 M 2 B L T DA D = X0 L LT, DAMEEZZ—7 v k& 550
ABIDER ZHED TS Dy BAKIRLOE P, HESFMMAE, JORE MR, /a8 PN R
LENDRD N AEPEET Do IEOHIERERN O . DS AME TS A OKE5E, A1,
2R, BBEICESEE L, DAOEMERSAMEE S OMHED LR BT, BAREIC
BIRIFT DI EDBHLMNE RV DDB D, o T, NAMBEOBE ZMHT 52 &I2kD,
DAMIRZ EHED 2 — 7> b & DEBEFEOHD A TR DR NI A~ DN HF T
X5, FRlC, MECHIEEZ SN MEFEIL, EEOHE, =% ICHD THEERES
ERETZENHOLNTND Z Enn, BB A 2R & D H00 AH ORI AN E 5
IAThN TV D 8,



1-2 M4 L VEGFR2 & —YFHLEK

[ PR MERLES 00 S0 - HE R U 1T, BEAF O X 0 BB ISR L CHrAEME BNTERR Sh 5 Bl
FTROHMEFHAEDNRS EET L, 1970FRUC2F - T 3 V7 < N K-> T, MmEFED
FE B S A~ D B R SRR S AV CLARE . BRI KOV 1A F ) 7 B DM S,
DANTIMEZHESED T & THRBEVRELG AR, FEMEZTZE > TR IZIEBE
O DI ENRHLNICI NI, TORREZEEE LT, MEFICEE & RELMET 8
A MAE 2 OB L S 2 AR SOOI U CIR R 2 8 AR P SR D BT A3 AU 12 72 5 7210

MEFHERFEZ B E LPUEANL, EMRBEE2 2 —7y hE LIz ARl L i3 5
ERDASOREINRH D, Thbb, OFFERBIIREOEISH S OO, BY O (i
BEEIRTFEL WD, 2hRERTEENA, OEMNIME Th 7o, FANE
ELHGWV, @MmEFEIL RACBOTAGREOMBREDRONT-HEDOAHEET 57
D AEABEFIZES S BIER OGN/ E W, @R ZF S Z LA WS AMIE TR <,
EHHIRE 2 —7 > N Th D120, FEMIIEDREN/ NIV, ZENEZ LN H,

JEBMAEH AT, LTFIORTIBE TS Enb, OBNAMIENSEEA IS ME
FrAERTICE Y MENEIRSHIE S D & @M WNEIN & o530 Gy iRl % ik
A LREEIRE RS 5 2 LIk, @mENEMI B, L, A AMIOEIDIZH
TR B M) AR S 512, - T, EitoWnFnoro@iaiEdTs 2 kb
JEG AR EZLETE 2 EEZ LD, BUERRE PO MEBAERER O CTh b B2
HEATHWDO0, OO NIEF AR T X2 MmN OS2 83 2 8E5THh 5,

BREIZBWTH ORI &E 2 5 o3, MmN iEEGER - (vascular endothelial

growth factor, VEGF) & i N Al 5E K 7= B R (VEGF receptor, VEGFR)2IZ X %
T T IMBIESRTH D, VEGFIX, VEGF-AL6 oD% 7 XA TGk HHEX X7 ETH
O AN BRI R RAYICAER U, RS AE R - 36 K OWR ) Ze i A i M TUER 7 & L
THERET 219, VEGFIZ, FRRHMIEN O HIHERAMIE £ C 3 £ & F AR O IEF 23 5 8L
T5, BT, AFEAEORAMIE, FRCHANERS X OREIX, VEGFZ IEF LR & T
mL BT 5, —JF, VEGFIZK L CTHRAMEZ RTZREE LT, ZREATF e FF—
¥ T& HVEGFR1 (Flt1). VEGFR2 (KDR/ Flk1). VEGFR3%1NE SN TV 5, i
VEGFR2% /13 % v 7 F /WL, OVEGFZAMEE ik U, AifaEms, MiasE), Mmiao
B, BIOMERRICKE BT 2519, VEGFHKIIVEGFR2D — &t L ORI
FrirxF—BRASOHECY VAT FE L, S HIZTiiDAktPMAP, ERK* 7
—VBED Y U bEBIEE T2 LT, ElRoOMIEER B2 7 (Figure 1-2),



VEGF

VEGFR2 oo

P PLC l
' IP3

, GRB2

AK
MAPK Paxillin it PKC PG

' l HSP9° HSP27 - ?

P Actin
- ? reorganization

Cell survival Vasodilation Cell Gene expression Cell
and apoptosis migration Cell proliferation permeability

Figure 1-2 VEGFR2 signaling.

VEGF-VEGFR2 > 7 VA AET H3ANL, e & EREERZ "+ 2Z 4206
NDZEMD, KAN=ALZERN & T DIFOBRARENEINATON TV D, DK
T ELTEE Lo, HLVEGF & &/ 7 72— LK bevacizumab (Avastin™) CTH
% 19, Bevacizumab (%, VEGF ([ZFrERAICHEG T2 Z LI12 LV, VEGF & VEGFR2 Offf
ABEIET S, RIBERBIERIGEZ X5 & LZEREBRICB V)T, bevacizumab &1 Y
ST e TNF T s aA 3R ) CEEIFL EE) & OOF R, TFL Sk e
R LA RICAEGIIM TR ZER S22 LD, 2004 FICRIGEIBIE R E OR
I L UTHEGR S Lz 18, £ DTk, #/J\fl'*ﬂiﬂﬁﬁﬁiﬁi‘/u\ 3, BB AL HRRIBIIE ORI
FELLTHARINIZZ LD, YHIOTHEY | B ABLEHAMRAND AR LT
HoMEERTZERHLMNE 2572, —F. bevacizumab [ZEHAITHH7-H, QOL &%
BT 5 LRAKREGETEHEADIEE L, —KIIZ, BAKEIZE D ERNIZRIS 115 38
FlE. 8D 500 UL FOIERSFbEMTh D, —F . VEGF [ZIHESFLEmsHE & vl
B2 AR v EOMFLE LW AREMER @ W=, VEGF 2% —47 v k& T 20 1{LEamo
BRFIINEE LB 2 H5id, £7-. VEGFR2 O FKGEL S 7 L X0 -2 o X7 FHEAER O
ThiHD, KO THEET DOITREE T, EEBEE TS FIREROHREIT 20,
%L C, VEGFR2 ® X% F—BfHKIZIZ ATP &R 7 v RRGFEETLHZ D, AR v b
AR DA IEANIFEBLATREMED BV, & 2 CTARMFZE TlE, VEGFR2 O X —EH
WA B9 B 1K VEGFR2 7 —BILEROAIH 2 BRICHIIEZIT O Z LT LT,



1.3 WFgEo B & 5t

Ko —VBHEREZHETHICY > TE, miRT_REELL2HERH L, £D
—ONRF S —BRINEDOHER TH D, Rib L2 X 212, K% —EBHEXKIX. ATP #%
AYA F 25T 5 LI VEEEMZRT, LLRR b, ATP #Ea¥ A MIFI—
BRI CHEESmO TETWD 72D, BHIIO X F—EB LM EEICEED 5 X — 8§ FIRFIC
[HELTCLEY>RBREND D, EEE, VEGFR2 ¥ —EBfHEIHK L L TRVICEKR I N
sunitinib (Figure 1-3)i%, FEFICELL OXF—BEAET L 17, Tz, EHZBELTH,
fiFE7e ATP 5508 - — B IHERIL, ATP IR E S IER & VKA T 45 22 BRETE 378
HDONBRNZ ENUIXUIXREE 25,

H
M © "
e
NH
H [ Vi
Me/\N/\/N 7 F
Me) Me

Figure 1-3 Structure of sunitinib.

ZTIT, INLOMEERIRT AT Y r—F L LT, T —BHEROEEHENXICE
HL7, ATP #5604 FE2FIHT 23 —EHRERIZX, TOM-EHMIZE > TRES 2/
BICHFEIND, T7bb, ATP & A b L OZE D ELEHALIZAE ST 5 type 1 BHEZKE
(Figure 1-4, (A) &, ATP fEA VA Mz, FF—BD a7 A —v a VERIZHEWIE
RENT=Ny 7Ry B EMIENDBIELS OR 7 v b & EAT S type 2 FLE K (Figure 1-4,
B)D2FETH D 19, Type 2 FHLEHKIL, FF—F D activation /L — 7 & MEEN 2 FALICTF
ETDLTANRTGX U, T2V T T7=2 TV hbibEF—7DFG EF—7)D
T = )VT T = VERIEN RRGAET BNy TRy MUDNBIREERNC 7Y » 7452 &
(2 & V| activation L—T DLENEE S T4 A= a rOFNEITRELSTNERICR
LREEa Y 7 4 A= a3 0272 D) o ZHUTHED, Ak DFG £F— 728 5/ L Cunian
v 7Ty N type 2 ¥ T —EBIEREDNEAT LI LIV ANEREa Ly T A—va vk
BEASE S, Type 2 ¥ —EBREKIL, T —BRTCOMREMERENSNY 7Ry R
HAETZ2En0, T —BEIRMEELHER LS VWEBZOND, £, MEEHEDE Vb
EMOFELREINTND 19, ZNHORMND, type 2 FEIKIINERD X ) — L HEHK
(type 1 PRFEH)NAZ 22480, K OMELZ wiR CE D AREERH H LEZ LD,
% 2T, ##l type 2 VEGFR2 ¥ F—EBHEHRAIH A BRI RT v /7 A o &21T75 2L &
L7,



(A) Type 1 kinase inhibitor

ATPIE &Y+

AV Ll
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(B) Type 2 kinase inhibitor
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e
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Figure 1-4 Comparison of typel and type 2 kinase inhibitor.
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1.4 Type 2 VEGFR2 ¥ —FHERKD K7 v /T 1

Flzib_7= X 912, type 2 VEGFR2F+—TFPHEHK L, type 1 VEGFR2¥%F—VHE
L L, Zam, BHmOmFICBWTEND LB b, —FH, type2¥x T —EfH
FREWENIT FA T HFEEML S TEL T, IhE TR S LAmIZ.
AAN—T" NAZ ) == TETEIRE R I N DO, H 50V IidBEtype 25— EHE
HER—=AZLTALFHEMIC LD LD TH 72, £ I T, type 25 T —FHEHKO X7
WA U PIEOMSL & . RTIEEFIA L= #i#itype 2 VEGFR2F T —ELEKDO TV A v %
AT,

20004FE, Schindler 52 X Y imatinib & abls F—F OE A KRG EAEE 23H 5z S
7220, Imatinibld, ablOREEZ 7 4 A —3 3 VA L. 3SODORHEN 72+ BAEH %2
3 Htype 2 ¥ —BHEEKTHD Z LA L, T72bb, QBEFATPOT T =)
HAT D b U E TN ARV T, B Y U3 Met3180 EEHNH & KERES L,
@7 X REB /Ny 7Ry MIAFAET HAsp381 EHT I K71 b v K UGlu286 44
ANRFNILEL ENEIKBREA L. O FHBONEVRBPIBEER 7> & A
L TWiz (Figure 1-5, (a)), BLEREWZ L2, GllHIZ X 0 #E Sz LT 8K Ep38
MAPF - —€ &L OB GIRFEBEICIB VTS, LAY p38 MAPF F—E D ARG 7
+ A — a3 KA L, imatinib-abl &K & [FAEROM EAER 2Rk L T2 (Figure 1-5,
020, F7=, B AZOMIG THARE S uzsorafenib (BAY43-9006) & B-raf D A 1Ak b i
BEND Y. FREOMAEIERAPEZE Sz (Figure 1-5, (0)22, ZiHDOFER, type 2% F—
EIHEIIL, ¥ —E L OHEAEEHICEET 53 >0 EilatEE s LT, b UiEkick
WTEHT I R a b EHAERT I ~T rERA, Dtk U3 o2 —Litd), 73
FBIOY L TEHOKZBMA N =T 7274 —N), 7 == VEEONRREER), 24
T2 Z EMPHEB L7 (Figure 1-6), —7F. 2L H 30D ONLERMRIT, B LT 5
T —BIZLkx THo72, - T, Figure 16T L 92, ZNH3 OO IHEE %
U o h—%4r LGl e B ICEE T 5 2 & T, TEOX F—BICRIRNICHES T 21LE
WERNES LB R, £ 2 TARIFE TR, KTV A ARGE HIZ, type 2 VEGFR2¥
—EBEREORI %272,
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Figure 1-5 Binding mode of (a) imatinib with abl, (b) urea derivative with p38, (c)

sorafenib with B-raf.

R’
XX A Heteroaromatic ring
@ Y: Hydrogen bonding donor and acceptor
R: Hydrophobic substituent

Figure 1-6 Design of type 2 VEGFR2 kinase inhibitors.
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H2w vran32-deV IVEET LY LT HBERO G E AR

2.1 ZLC®IZ

ARETIE, FBLE TR LT VA GRICHEV, #iitype 2 VEGFR2 F—ERHES
AT 2 Z &2 BIITHZE 21T o 72,

A L7z & 912, type 2 VEGFR2¥ F—BHEIKIZ, O v o7 —(A), @KkFE
fia R —17 7272 —N). OREMEER) D3 >OH S MUICEET 52 L2 kY
A TXxAEEBZODND, FOIL, BEUIARNAL A =T, ATPOT T2 NFEETHE
VUHIR E I D EALE AT D, ATPRX T —EB EREET O, 7T = DR R
FRRBEREET 78T 2 —L LT CUHEHBOT I BEE L OMBEERICEET S
(Figure 2-1), 7> T, BV INRA U XL, TT =k, KEEET 7874 —%28F7
HDEEFRA~THERTHDLZ ENZ,

o, °

oo

P

%7 o)

S

0" %
o

HO NN
OH ﬁ’\(“

<

Hinge region

Figure 2-1 Binding mode of ATP and kinase.

b U BRI TT3IRICEE DL L TV D Ted, B U, X — Tk 7R
Fr—BHEERICBWTHE L CRIHMRETHL Z ERMbN TS, Bz, 7ART
BRI HIZEBWNTREEINT=XF V'V id, EGFREEESED, SrcfiESE2 VEGFREHE 3K
VFIZHNOBNTWDS, £, A AT 7 A F—tDICBW TR SR T /% /Y
E, EGFRBEFEHKY . SrcfHEHKS | Tpl2fHEHKOZE|Z UV 541 5 (Figure 2-2),

R' R

N
XN \\C
R—im J R—im

/N/ /N/

Figure 2-2 Quinazoline and cyanoquinoline based hinge binder.
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HfA VT LD NS =B AT HRRE LT, HBMEORRNES .
RRIENEEE, BEFEOLAME B DT a7 7 AV ERT N, SnE1Ln5, JVLE)
ORI EZEE L., Hlitype 2 VEGFR2F F—EHERKDE o f o F—L LT, HiLF
F—PIEENET LAY T LDOe PR, X —RFIHTH L L, ANISITE
STRHENEErR[3,2-d v ) 2 V2 iZ, HER2/EGFRF F—EERO v (&
— L LTHWbNED, vrunl3,2-dt ) IV riFEik L HER2D WA RXH S St & i
fERD, Err(3,2-dbE Y IVt U UMEEAE A L, ILEFRMet801 EH{NH & fH
HERA LTV, Fho, MLCEALLET = 2 ERNYy 7Ry e 5ET 52 & 61
L7z, 2T, AEAEZIIZ, Fiifitype 2 VEGFR2F T —FHEHK & L T, Figure 2-31C
AT Eee[832-dEY I VUFEKET YA L Lis, TYA ALAM O 4 AR D T2
DIz, ETMEEMAX=0,R=YR=H) L VEGFR2DEEGET N EHBE LT Z A, b
AWAL, b UEBOCys919EMNH E M BE/EHA L, 4627 = ) FVHEN Ay 7R 7 v b
FENAFET D T EM PRI AERNS | 7 = =V E~OBEHILNY-R)EAIZLD
Ny PRy o7 I VBEMAERAREEZ N, £ 2 TRETIE, Hxr OBE#RKL
Y-RZEHETLIErB2-dEY IVUFEREGHR L, ZOMMIEZIT) Z& & LT,

HER2/EGFR kinase inhibitor VEGFR2 kinase inhibitor

Glugss
Hydrophobic
HO Pocket
v @ o Q -
HIN ———

Back pOCket
) \ N/) 11{ coo
o H ¥ ASp1046
N N
igk/ > Metgol ?V ' Cys919
Hinge region Hinge Region

Figure 2-3 Design of novel type 2 VEGFR2 kinase inhibitors possessing a
pyrrolo[3,2-dlpyrimidine scaffold.
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Cys919

Figure 2-4 Binding model analysis of model compound A. Molecular modeling study
was carried out using the program GOLD and the X-ray structure of VEGFR2 (PDB
code: IVR2).
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Scheme 2-11IZV V7T, TR, F4UL 7, BIXORV AL IZY = VE2HTH47
= /¥ -vrn(32-dv ) IV UFHEROGHKIEATT, 47rrErr[32-dEY IV
VIODSNNHE A XV ANVKR R AT AL D AF AL L2E LTtk REED U 7 AFE T,
FBIETI /) 7=/ —VEEASEDLZEICLY, 7=U MR8 L U6~ L& W, 7
=V UBITHRI L, A VYV T U7 2oV BRLUONR Y A v a ) REERESELZ L1280,
T LTHRAB IO X MRS ST, £, 6l L, A VYT F—rEEHSESZ Lz k
D LTIRTL, TiE, BT IV ENNALR= LI A IF = (CDDE WS Z LTk
D7 LT {RTah~LE W, 512, 6l L, XYy A vral R 7x=LiifgsaY
F.AVFAST U7 2= BLU2-7 oo XA IZY—LEEHEE5Z LTk
D7 I RIKR89, AT LTIKI0, BILUONRV XA I XY —/URI1EZZNENERK LT,

c QL QL.
R o NH d (for 4 Me O NHR

N N Me‘ 2 e (fOI‘ 5)
A N % E—— N %
N \ \
1 p p
3 4:R = CONHPh
X 5:R=COPh
‘ a
H H 7a:R =Ph
NH, N\n/N\R 7b: R =Me
Me Cl /©/ d (for 7ij) /@ g 7C:R=Pr
PN c ve O f for 7a-h) Me O 7d: R = 2-CIPh
— > —_—
9 )N g 7e: R =3-CIPh
N7 B 7f: R = 4-CIPh
N A 7g: R =3-CF4Ph
) 7h: R = 3-BrPh
7i 3-FPh
7} 3-MePh

|
ol NN e

o
Me | 8:R=COPh
N | SN | SN 9: R = COCH,Ph
S N/) \ N/) 10: R = CSNHPh
1 8-10

Scheme 2-1 Reagents: (a) MsOMe, Cs2COs, DMF; (b) 3-aminophenol, K2COs, NMP; (c)
4-aminophenol, K2COs, NMP; (d) phenyl isocyanates, EtsN, THF; (e) PhCOCl, EtsN,
THF; (f) amines, CDI, DMF; (g0 PhCH2COC]I, EtsN, THF; (h) PhNCS, EtsN, THF; (1)
2-chlorobenzimidazole, NMP.
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FHiEAR12a.bB LT AT UKR141%, 7=V A8 L 6D Gk & Ak D Sk
199

72w
izkv L7-(Scheme 2-2), #ESHKIE LTCL-mF -8B AF LTI ) Fa ) h LR
3 RHEER

III

AN
=
A I R %GmCHmk1thm%/m/xb)7/~wmmw%%m1%b&7w
VU BMAE MMM 2 iz, 72 FiK18abd L7z, F7-. 14%2 700 U KA REIZ
iDw«&%%¢MWﬂ%b®é%kﬁ%®%#f7:UV&@%éﬁm%ﬁwm%%ko

p p O
Me Cl 7 cooH /-_(
\ a . Im <
N IN Me (¢] b Me o HN
\

\ |N/) N | N N | IN
2 . A \ B
Position Position
12a m 13a m
12b p 13b p

H
/©/\COOR N
Me © 4>b om O
()
\ N/) \ |N/)
s .
Scheme 2-2 Reagents: (a) 3- or 4-Hydroxybenzoic acid, Cs2COs, DMSO; (b) aniline,

EDC-HCI, HOBt, DMF; (c) ethyl 4-hydroxyphenylacetate, K2COs, NMP; (d) NaOH, H20,
MeOH.

Scheme 2-3IZ/ R T HHIEICL Y, Bru[32-dE) IV HRRUBPUVRBOD
H— DB HE T T~ TR v — %ﬁﬁ_élﬂli ek v —% 6T 56 LAk REE
HVTLFET, 28T F A7 =) =) EOREBEBRRISICE VAR Lz, —F., €%
U h—%BGT51Tbeld, FREOKNTHDL Z ENTEehotz, £Z T, 1ThiI2L4-=
fa 7= a2 Ty 7 ST, = b RAER T A LICk DA
L. 1Tel3I2E N AF N -4-=huaT7 =) & KFT V) DLGFEET D7) 7 S8
%, FILL = buka@fuRrd 52 LIV AL, £ LT, 17acicif L, it 5
AT — b EEHESESZ EICED U LT K18ac~ & E N,
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a (for 17a) NH, H H
Me Cl b (for 17b) /©/ /©/ \g \@
{lf'\' ¢ (for 17c) e X d X
SN
2

| N —_— Me‘
\ N/) N N
\
2 17a: X =S 18a:X=S,R=H
17b: X = NH 18b: X=NH,R=H
17c: X = NMe 18c: X = NMe, R =CF3

Scheme 2-3 Reagents: (a) 4-Aminothiophenol, K2COs, NMP; (b) (1) 4-nitroaniline, IPA,
4 N HCU/AcOEt; (2) Hs, Pd/C, MeOH; (c) N-methyl-4-nitroaniline, NaH, DMF; (2) Ho,
Pd/C, MeOH; (d) phenyl isocyanates, EtsN, THF.

B U BRICERIL A 9 520a-diE. Scheme 2-4|{Z~ 3 HiEZ LD AR LTZ, 7
ERBIORA MR T =) UFEKLYa e, 6DARE FKOSEMEIZE VAR LIz, *TL
T AERMEERWD LA u T =) VFERI9AITSG b Lo 7o, FOGERRIT DR
B, WEMSKUETICEBWCL, B THD3- 704047 ) 7 /) —LRHCH T
YT HTEPNHA L, —h, FEEEMRIETICRBWT, 2&3-TI0F w47 ) T/
—NERISESHEZE A, TI7ERErR[32-dE Y IV ALICEBR LT = ) — VIR
WA LTz, 22T, FEEMESFIETICBNT, 28370t u4-=ba 7=z ) — )V EKEH
S, = b EEEMECTAZ LT T =Y AR19dESD Z BTk LT, £ L
T, 19a-dicxf L, 3(FUTZNFAa RAF V)T 2= A VT F— h2EAESESHZ LI K
D 20a-d%x Ak L7,

Z 2 -
Me cl a (for 19a-c 3 ’\ | U 11)/
\ ™ c 2
N N b (for 19d Me o) . Me o
! N/) NN N__AN CF3
! I
Ny .l
2 19a: R = 2-Cl 20a: R = 2-Cl
19b: R = 3-Cl 20b: R = 3-Cl
19c: R = 2-OMe 20C: R = 2-OMe
19d: R = 2-F 20d: R = 2-F

Scheme 2-4 Reagents: (a) Aminophenols, K2COs, NMP; (b) (1) 3-fluoro-4-nitrophenol,
oxylene; (2) Zn, NH4Cl, MeOH; (c) 3-(trifluoromethyl)phenyl isocyanate, EtsN, THF.

v'rr(3,2,1-dd 77V VU FEER28D A L % Scheme 2510777, 2-7 2E-1-7 1
nxZ N TEEMIZ T VX b LT o721 7 = RIE25 L O v 7
U U TROGIZ L D22~ 8-, 2 UC, HEMSETME T LIcky, vrn
[3,2,1-del 77 V O U BR A L 285 1572, ., 251%, 4-= b7 =) 23 (hY 7t m
AFW)T 2= A VT F— bEfEHIE Y LT RE Lictk, = hr o, ERER
RAEITS 2 LTk o THR L7,
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H H
cl N_ N CFs3
B o TN
N_~xn 2 ﬁ < b XHN
\ J SN N
N | SN
\ N/) \ IN/)
1 21 22
H H
N\H/N CFs
O
N I\N
\ N/)
23
NH,

24

H H
d N_ N CF,
— O3 U
H,N
25 HCl

Scheme 2-5 Reagents: (a) 2-Bromo-1-chloroethane, Cs2COs, DMF; (b) 25, IPA; (c)
K2COs, DMF; (d) (1) 3-(trifluoromethyl)phenyl isocyanate, EtsN, THF; (2) Hs, Pd/C,
MeOH; (3) 4 NHClI/AcOEt, AcOEt.
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2.3 HEETEVERBY

B LIALEWITx LT, VEGFR2 7 —F D U b EEMEICs. L% VEGFR2
FELZETEME) & AlphaScreen® {EMNZ LV FM L7-, F7=. MR T v A & LT, VEGF #
TR 5 v M BRI B AR (HUVEC) 0 885 5 305 2 520 L 7=,

BN, N 7Ry NEMLICAFET D Aspl1046 X 'Glu885 & AHAVER 3 % i/t
EOBRE BT, R8 L ORY &84 LI ALEMIT OV THEETE M B 2 BLfS L 72 (Table
2-1), HF AN B UBREAT LIV LT BLOT 2 FifiEk4, 5, B L 0M18alt, ICs =
1000 nMOVEGFR2[AEE 2R Lz, ZORENSL, 2o ObEWitype 2 VEGFR2
X —BHERLE LTHET 5 Z EAREB SN, RIZ, Rl EliE LR Lo 2
AACEDAD 7 = =)V LA REEENDHMLITBE S E7-Tallks\ T, B 72 VEGFR2
PREVEME) E(ICs0 = 33 nM)ASERO HiLlz, —FH . {LEWTaD U L TNHD 1 D% AF L
(CHo) ~&ELEHLT7-7 3 FIK9OB L 6B W T, £ AR = (CO)EF A IR =)L
(CO)~EZEH L 7210128V T, W & VEGFR2FLFHTEME D KIE 255 235580 Hivtz, &
HIZ, UL 7 LA2ODONHE VAR = VBRI Y T 2ER R T2 ATV AL X
V= LRBERILS . Tallk L100f20, EVEGFR2FMLETR M58 L1z, LI EDOREEN S,
TanH T 50 L7 ONHE VAR =V EFEO R THHAEERICEET 2 2 ERRE I,
X B2, Z O ANER R CRE T ALEMAS 5 WIT1IOBEID L THALENR TN D &
IRHNFHEAEH CERLS 2D 2 B LT,

Table 2-1
Effect of R3 and R4 onVEGFR2 kinase inhibition @

NN
\ o
Compd R3 R4 VEGFR2 ICg, (nM)
4 NHCONHPh H 1800 (1600-2200)
5 NHCOPh H 940 (770-1100)
13a CONHPh H 870 (740-1000y
7a H NHCONHPh 33 (27-40)
8 H NHCOPh 9400 (7000-13000y
13b H CONHPh >10000
9 H NHCOCH,Ph >10000
16 H CH,CONHPh 3300 (2400-4500)
10 H NHCSNHPh 6700 (5200-8800y)
H H

11 H AN \'\\(\’\l@ 4200 (3200-5600y)

a2 Numbers in parentheses represent 95% confidence interval.

22



Table 2-1DFERN D, 7 = ) FUEOEHE L U TAHLY LA FENBEEITHD Z &2
M L7z, 22 TWIC, faie v U7 BHER) 2 4542 L7 (Table 2-2), £3°, TaD 7 ==
NWEEV A ZDO/NI R AFNLERBI O T o VIR L 7=Tb, TeZifiL=& 2 A, 100
500 EVEGFR2FEFETEMEDN G LT, ZORERN S U LT BT A X RENT &
HHVIHFERTHD ZENEBEL RB I NI, KT, 7 ==/ EOBEBREER 1T
STz, Rl ERLE AT D BT, 7 uu a2, 3N, BLOMLIZHEALIZEZ A,
3N EHIRTen i b i /17 VEGFR2FLETEME(ICs0 = 4.1 nM)%Z 7/~ L7z, VEGF #Ii% Fick
(7 2 HUVEC O ¥5E H 38k 2 s L 72 R, HEEHATan ICs0 = 810 nMOHUVECHJH
BLEIGTEZ 7R L7z olzxh L, TelXVEGFR2BLEIR LM _EI2fEv, X 0 587 7e HUVECHSjE
PEICs0 = 110 nM) & 75 L7z, iV T, SAEHEE O Rk 2 Fhi L7z, 7 m ekl g L
A XO/NE 27 A a8 A UTiE, Te & il LVEGFR2FHFHIEME2N 855 L7,
LT, DA XAREESL LAIREW R 74 v XA FKT7g, 7 a2ERKTh, BIO
AFIRTGIZEB T, 38R VEGFR2PLEIGEAMERF L7z, S Hic, MY 7adm AT
JARTglE, SALE WA D HhChg b 58 71 e HUVE CHI R 15 I Cs0 = 22 nM) & 7R L 7=,

Table 2-2
Effect of urea substituents on VEGFR2 kinase and HUVEC growth inhibition

H o H
N N
ayr
Me o
\
N XN

W )
Compd R VEGFR2 IC5, ("M) HUVECP IC5, ("M)
7a Ph 33 (27-40) 810 (630-1000)
7b Me 6300 (4800-8400) 24000 (21000-27000)
7c Pr 3900 (3300-4600) 24000 (21000-27000)
7d 2-CIPh 340 (280-400) 2700 (2300-3200)
7e 3-CIPh 4.1(34-5.0y 110 (84-130)
Tt 4-CIPh 32 (26-40) 1100 (940-1300y
7g 3-CF4Ph 5.3 (4.4-6.3) 22 (16-30)
7h 3-BrPh 4.4 (3.95.1 44 (31-63)
7i 3-FPh 19 (16-22) 290 (230-370)
7 3-MePh 272331 62 (38-110)

aNumbers in parentheses represent 95% confidence interval.
4 Inhibition of HUVEC proliferation.
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tre[32-dbt Y IV EFRRUBRVEREMKSD U —X)DOEME T - 7= (Table
2-3), {LAWTaDEEFE ) v 1 — %WV v h —ICEH L7-18ald, VEGFR2FLEHME2 K3
BOWIHIREEST=DIZXK L, 77V o h—Z8# L7218bi%, F4065E M3 e LTz,
AFNT 2V H =T L7218l & 5 ICVEGFR2BAETEME A EHIICs0 > 10000 nM)
LicZ &b, TI 7 EREra([32:dE ) IVUBMATNVEESERIEEZFIEEI L,
Ty 74 A= a VERRET D Z EDRBENTZ, Vo h—T 3 EBi e v n
2 [3,2-dlE Y IV UBMH TREM LRI A 72 < LTI bEWm23icis T, 7%
VEGFR2MHFIGEMHICs0 = 7.1 nM)DBSRRD LN Z &b b, AIGLOZ LMK ST,

Table 2-3
Effect of linker atoms on VEGFR2 kinase and HUVEC growth inhibition

H H
: N N
\[or
Me X ;
IN/)

\
Compd X R VEGFR2 IC5, ("M) HUVEC? IC, ("M
7a 0 H 33 (27-40y 810 (630-1000)
7g 0 CF; 5.3 (4.4-6.3) 22 (16-30)
18a S H 110 (65-170) >10000
18b NH H 1400 (1200-1600) >10000
18¢ N(Mey CFy >10000 >10000
H H
N\g N
23 N/©/ @ 7.1 (6.3-8.1) 230 (170-310)
’\,l/\ N F3
I
A

aNumbers in parentheses represent 95% confidence interval.
b Inhibition of HUVEC proliferation.

BRRIT, PRARY B EOBEBELE AR A WG L7z (Table 2-4), £3, 2B LV
iz me BE A LT & 2 A, 2 EHA20a7 3 [E#1{A20b & thig: L5k /) 72 VEGFR2[H
FiEME e R L, 2007 v {f20ald, MEEHARTg L ik L THVEGFR2BEE R LU
HUVECHFEILFIEMEN RS Th o722 L b S bl EDREL AT o1z, £ D
fif ee A b UHEAEA L7220ciIVEGFR2FEETENE & & & (ICHUVECH R BTGV 2N s
L7cDizkt L, 7AaA v a 8 A L720dlZHUVECH R ETEMED M E L7z, A Rk
DBFANEVERGS 22K & LT, OFR_CBUVRDNEFT LR T v FBIEFICH
A Ml 7enEl) REWA MFUEITERT I/ BESAREEHE LT, OF
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FHEEMED A PR VENBAINIZZ LK, U LT NHOKERG R —RENMELS 20 |
FOT7 2 W OMEMERANBTE L=, ZenE2 505, KIZ. Table 2-4125% L7-ALE
MIZANT, Bty b R—=P 210 k0~ 24 ORI % 384 L7, {LA10 megke?

= 2R AO¥E L7 L T A, 20413 8HR14 £ T ooy il i EE — BRR dhi T A (AUC)

2310.9 ng h/mLE G TH -T2, £72. 20d0 % 5-8FFE % IZ 1) 2 i B (Can = 0.803
pg/mL = 1.8 uM)i%, HUVEC ICsoffi(4.4 nM)DF14001% Tl 572, LA EOFER, 20di3ik
Nizin vitrolftk & IR ORI R 2 AL AT D = & AVHIN L7, AL
EPITOVTE bR DTS 12,

Table 2-4

Effects of central phenyl ring substituents on in vitro and pharmacokinetic properties?

R 2 H H
N N
3X| Y
o0 ©
N Fs
IN/)

Me
N
\
Mice PK¢
compd R VEGFR2 IC, ("M HUVECP IC., ("M
p 50 ( ) 50 (MVT) AUCO-Bh (pg-h/mL)d C8h (Hg/mL)e

7g H 5.3 (4.4'6.3) 22 (16‘30) 11.7 0.570
20a 2-Cl 3.7 (3.4-4.1) 13 (8.6-20) 10.5 0.843
200 3Cl 30 (25-36) 39 (25-60) 9.10 0.584
20c 2-OMe 14 (11-17) 87 (74-103) 14.7 0.572
20d 2-F 6.2 (4.7-8.3) 4.4 (3.0-6.4) 10.9 0.803

2 Numbers in parentheses represent 95% confidence interval.

b Inhibition of HUVEC proliferation.

¢ Compounds were orally administered at a dose of 10 mg/kg by cassette dosing.
d Area under the plasma concentration-time curve (ug-h/mL).

e Plasma concentration at 8 h after administration.
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2.4 VEGFR2 & 20d DA (R XH b s AT

{bA420d & VEGFR2D 5 G RRAMEI A B B9IZ, A IRXHAE SIS 217 o 72,
Frsfmns, 20di%, Y#OT WA il 0 VEGFR2O REMRI 2 0 7 4 A —3 g AT
%Stype 2 VEGFR2X F—BHEIK CTH 5 Z & 23HIB L7=(Figure 2-5), BE&itype 2% 7 —€
PREHKFERE, 20d & VEGFR2D [ CHRIIM 723 >OMBE/ERANHER SNz, BV A 4
—LLTCHEALEERR[3,2-dEY I VUL, PHEEY B UUERE SR L, MIERN
Cys919F8NHEMHAEM L Tz, 2L T M7 =/ U EENLT3(MY 74 nm R
FI)T 2= LA REN AR 7Ry MEEAE LTz, ZHUTEY, Phel0470 7 =
= EiEE e a(3,2-de ) I VBB LE SN TV ZMFG-out), /Ny 7R MZE
WTIE, 2207 LT 7 r k2L Glu88B DG 7 VAN F SV EDKFERE S L, IV =L
F L Aspl046D EFHI VAR =)L L DKRFERE bBIE SN, VLT ONHE L O VR =)L
iR &2 254 LI AL A9, 10, B X 16128\ TVEGFR2FLEFH M K & < 855 L7k %
EBETDHE, INLOKFBHAEOETHBO CEHEHETHL ZEBNHBA L, BT, UL
TERIEE L CRbEYTH-723-(FY 7t u A F V)7 = =)L, J&4 Phel0470 7
= S VEDFIE L COEREEMER 7 v M2 5 A L TWie, 2 OBBII R R & 225 T
N7y NCTHHTD, ATFNAIE(Ta) ST A AP/ NS0 LT BRI Tl RIS EER T
o lbDlEZLND,

Figure 2-5 X-ray co-crystal structure of 20d in complex with VEGFR2.
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2.5 (tAH20dD ALY

AR L7 &80, type 2 ¥ —BHEIKIL, ¥ — BRI THEMEMRD Ny 7 R8T >
MIFEAETHZ Enb, T —B@ERMEREWEE X LD, £ 2T, type 2 VEGFR2%
F—VBHEKTH S Z L HBT L7220d0 ¥ — B BIRIEZ M L 7= (Table 2-5), 18D
U /A= BIOTa Y XS —BIC T AMEEE AR E 2 A, 20diF
VEGFR1IZ/1% T, Tie-2, PDGFRa, 3 L UPDGFRBIZH L, ICs0 < 100 nM O FHETEME
g Z LB L7c, Tie-2, PDGFRIZ & HIZIMEFH ARG T 52X F—E L LTabh
TV, Tie2ll LV El&EZ END T 7 Fid, OB L OZEIZE S L1,
PDGFR & D> 7 ik, L& O JE Bzl id (pericyte) OHEAE « 5 E2 5 & 232 212 LY
MEREZZENIE D, > T, Tie-2, PDGFROM) & 24325 Z L1 L v, fEEIMm
EHEOTmEAZRRHEFETELZ 000, EOm CHEDRNHFHFTE L, —H,
ckitZRWT, 2O ¥ F—8IZxt LTk, VEGFR2 & 100504 EOBeRME %2R L7, 1€
-, type 2 VEGFR2¥ F—E[HEHK D 20di%, type 1 VEGFR2 ¥ —E[HE 3 Dsunitinib
(Figure 1-4) & i3~ 2 & PUEDRIEF TN T L2V L=,

Table 2-5
Kinase inhibition profile of 20d#
kinase ICg, (nM) kinase ICy (nM)

VEGFR2 6.2(4.7-83) IGFLR >10000
VEGFR1 15 (14-17) c-kit 170 (120-240)
PDGFRa 35 (27-43) Src >10000
PDGFRp 96 (76-120) FAK 2600 (2000-3400)
FGFR1 >10000 B-raf 900 (660-1200)
Tie-2 20 (17-23) ERK1 >10000
HER2 >10000 PKCO >10000
EGFR >10000 GSK3p >10000
IR >10000 AuroraA 1050 (660-1700)

2 Numbers in parentheses represent 95% confidence interval.

%I, B MR AUMIEDU145 W~ 7 A &l o PUlES B A 1T o 7o i R &
Figure 2-6/27~:9°, {L&H20dD0MEREHE 21 H 2R, 21~ 2RO 5%, EEREE
HE Uiz, ZOfER, vehiclef 5RO CITIEBAE N E LK Lo L, bS
Wi 5RET1.5 mglkgtx G O A BTG O 2 M L7z, £72. 6 mgkgd KL U12
mg/kgH HHEZ I TIE, TG O¥EFE A S22 Lo, ARRBRICIB VTR b
PUES D RIE, 20d03H 7 5 MEH AR G323 — B 2IEE < AET A HENFE L
bOEWRINT, Fo, BEGHICBWTHERAEFEFRITRO N1 Z L,
LERRIZBWTH20d0EN - HE R SN B2 b b,
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Vehicle
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€1.5 mag/kg

43 mg/kg
—~ 800 - memglkg O
E +12mg/kg “I
E oo | o7 [
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25 30 35 40 45 50 55
Days after inoculation

Figure 2-6 Efficacy of the hydrochloride of 20d in DU145 tumor xenograft model.
DU145 tumor-bearing mice were orally administered with the hydrochloride of 20d (1.5,
3, 6, and 12 mg/kg) twice daily for 21 days. Data are shown as mean (standard deviation,
SD) (n = 5). *: p < 0.025 versus vehicle control as determined by an onetailed Williams’
test. Antitumor effects expressed as T/C (growth of treated tumor/growth of control

tumor) x 100.
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26 Fi¥

Fr#l type 2 VEGFR2 ¥ —BHFEHKOAIHA HWIZ, v ur(3,2-dE ) I Vi
ETFPA L A LT, Brnl32-dE ) RV AN T = ) FUEEETHILE M A4
AR L. 7 VEGFR2 [HEEMZ 7T 7 ==L LA NMETa Z R L7=, L&Y Ta D
KX B BB LR B UVEAOEBRAEAIZL Y, VEGFR2 FEEFEMEIZMZ .
HUVEC B4R EIR M2 RIgIC 83 S iz 20d Z8IH L=, (L& 20d & VEGFR2 O
B X SR LR AT RS 570 B . 20d 2 type 2 VEGFR2 ¥ —VPILERTH S Z L 2 H 5
2T L7, &51T, 20d 12 VEGFR & & b ICIiE# 4 ICB 59 % Tie-2 3 L ' PDGFR %
BRACBET D, ZOMFF—BIRTE A CHELARWVERESNEW LGS TH D 2
LER LT, TROOENTAENEGS L, & MINZIRS AHINE DUL45 Bli~ 7 A %
T BB RRER I 35\ T, 20d TEMEE O A 2 S L, B A A HEER LD b
>72, LLEDORESR, type 2 VEGFR2 ¥+ —BHEHKTH 5 20d 1%, Fohm, ZamE bl
BENiALEmThH LEEZLND,

F72. 20d DAIHIZHEN, FH—FE TR LT type 2 F T —VEEKDT A ARG D %
MHENREINT, RTHFA L EHNDZ EICL Y, VEGFR2 A 6T, FrEo X —8
2K % type 2 ¥ T —EIHERAAILT L Z ENATRRICR -T2 LB R HILD,
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FERDHE

Al 1XBUCHI B-545%4 il sl 2 #2 M O'SRS OptiM el sl i #5 & F W CTHRIE L7z,
1IH-NMR A% /L iEBruker DPX-300(300 MHz), Varian Mercury-300 FUEZRESIENS%E
(300 MHz) & % \ M & Varian Gemini -200 8% 531 440E (200 MH2) 2 vy, 7 T A F
T NTERE L U CHNE Uz, 02N Fe# L, singlet, doublet, triplet, quartet,
multiplet, broadened % % 11 s, d. t. q. m. br& &9, MSH|E X Waters LC-MS system
(ZQ, ZMD-1, ZMD-2)iZ X D 1TV, A A AbikIL7E T8, 1 4 1k (Electron Spray
Ionization) % F\ /=, U BN BT AT v~ 7T 7 4 —|ZiXFuji Silysia Chemical
il Purif-Pack & % VX Merck 1% Silica gel 60 ¥ J O8Fuji Silysia Chemical £ #
Chromatorex NH-DM 1020 % H\ 7z, #E 27 n~ 7 7 7 1 —IZiZMerck Kieselgel
60F254TLC Plate % 7- (3 Fuji Silysia NH TLC plate# MU 7=, L&D 4 1ZTUPACH 4
EICHE > TRtak L7z,

4-Chloro-5-methyl-5 H-pyrrolo[3,2-dlpyrimidine (2)

LA1(5.01 g, 32.5 mmol), A& > ALK R AFL(3.07 g, 34.2 mmol), Kt
7 2 (21.2 g, 65.2 mmol), DMF(50 mL) DiRA#) % SR TR R E Lz, ISIRA Y % K
THNL, Hife— T /L Chitit:, AHEZ ik Coye L, BKiE~ 7 22 U AT
HEE L, Al L7z, AIRAEBIERMER. R EFE =T VI~F o Ciyg L, RE(LE
7)(4.36 g, 80%) & W AaE R & LT,
TH NMR (DMSO-ds) § 4.09 (3H, s), 6.67-6.68 (1H, m), 7.95 (1H, d, J= 3.0 Hz), 8.57 (1H,
s).

3-[(5-Methyl-5 H-pyrrolol3,2- dlpyrimidin-4-yl)oxy]aniline (3)

IbE¥2(2.08g,9.83 mmol), 3-7 3/ 7=/ —/ (1.29¢g,11.8 mmol), KL U 7 L
(3.26 g, 23.6 mmol), NMP(15 mL)DiEEW %110 °C T2 L7z, MISNRAMZ KT
WL, EEfg— T L Citht ., AHEE 2 R ARk CTheld L. KAt~ 7 %> 7 A CHL
Bt A L7, AIREBILEM L, EEWE AHtE, BT VI~ Tk L, #£
LA Y(1.46 g, 62%) % AAREIR E L THE7,
1H NMR (DMSO-ds) § 4.07 (3H, s), 5.28 (2H, brs), 6.34-6.50 (3H, m), 6.58 (1H, d, J= 3.2
Hz), 7.06 (1H, t, J= 7.8 Hz), 7.76 (1H, d, J= 3.2 Hz), 8.28 (1H, s).

1-{3-[(5-Methyl-5 H-pyrrolo[3,2-dlpyrimidin-4-yl)oxylphenyl}-3-phenylurea (4)

{LEW3 (579 mg, 2.41 mmol), ~ U =F /7 2 2 (1.00 mL, 7.22 mmol) THF(10 mL)
WIRZ, 7 = =AY 7 F— h314 pL, 2.89 mmol) & iz . 1RA W% =il T 15RFHIfHE:
L7z BUNRSEWZAKTHRNL, Bt F L Chitit, A % fafn ik oy L,

30



KR~ 7 %> U A THRG . Al LTz, AIREBERME L, EEME 7 L7 a~ b
77 4 —WNH VU 7 )V, B FUI~FH0) THE . Bt F /L i~F 4 X 0 G
fEL. ZELEW(690 mg, 80%) % F kL L7,

Mp 177-179 °C. 'H NMR (DMSO-ds) § 4.10 (3H, s), 6.60-6.61 (1H, m), 6.88-6.98 (2H, m),
7.20-7.30 (3H, m), 7.35 (1H, t, J= 8.1 Hz), 7.43 (2H, d, J= 8.1 Hz), 7.57 (1H, t, J= 2.1
Hz), 7.79 (1H, d, J = 3.0 Hz), 8.29 (1H, s), 8.72 (1H, s), 8.86 (1H, s). Anal. Calcd for
C20H17N5020.1H20: C, 66.51; H, 4.80; N, 19.39. Found: C, 66.35; H, 4.77; N, 19.25.

N-{3-[(5-Methyl-5 H-pyrrolo[3,2- dlpyrimidin-4-yl)oxylphenyl}benzamide (5)

{tE¥38 (415 mg, 1.73 mmol). b U =F /L7 2 (719 ul, 5.19 mmo) DT F T & Fr
7 Z (10 mLIRIKIBIEIE T, X A 027 v U F(221 pL, 1.90 mmoD) iz, 1A
IR CISRRIHEE Lis, MISRAWE K CTHIR L, BT /L Tk, AHE % fafn
BTG L, BKkMiE~ 7 % >0 A TRE%G, A L7-, AIREMITREGEER. REY
BT Lruavw NITT7 40—V ATV FERTTVIA~FY ) TR L, RE(LEW(262
mg, 44%) % AR E L THT,
Mp 209-212 °C.'H NMR (DMSO-ds) § 4.12 (3H, s), 6.61 (1H, d, /= 3.0 Hz), 7.04-7.07
(1H, m), 7.44 (1H, t, J= 8.1 Hz), 7.50-7.68 (4H, m), 7.80 (1H, d, J= 3.0 Hz), 7.84 (1H, t, J
= 2.3 Hz), 7.93-7.97 (2H, m), 8.30 (1H, s), 10.41 (1H, s). Anal. Caled for C20H16N4O2: C,
69.76; H, 4.68; N, 16.27. Found: C, 69.58; H, 4.53; N, 16.07.

4-[(5-Methyl-5 H-pyrrolo[3,2- dlpyrimidin-4-yl)oxy]aniline (6)

IbE 8 DERE RO FIEIZ LD . REMEW(60%) % AR L L TR,
TH NMR (DMSO-dbs) § 4.06 (3H, s), 5.04 (2H, brs), 6.53 (1H, d, J= 3.0 Hz), 6.58 (2H, d, J
=8.7Hz), 6.91 (2H, d, /= 8.7 Hz), 7.70 (1H, d, /= 3.0 Hz), 8.21 (1H, s).

1-{4-[(5-Methyl-5 H-pyrrolo[3,2-dlpyrimidin-4-yl)oxylphenyl}-3-phenylurea (7a)

{bA46 (150 mg, 0.624 mmol). CDI(101 mg, 0.624 mmol), DMF (3 mL)DEAY %

SR TR L2, KSEAWIZT =V »(61.0 mg, 0.655 mmol) & il %, =R T15HH]
PR LT, BONRAEM A K THINL ., Bl /L Clititk . AHE 4 faf K T L.
KBS~ 7 2> U LT, AR LT, AIREBILRG L, BEWE LT La~ b7
77 4 —WNH VU 7V, B FLI~F 4 0) TR Bt F/ui~F 4 X 0 b
bL. RE(LAW(T5.1 mg, 34%) % AR E LTHE-,
Mp 183-186 °C. 'H NMR (DMSO-ds) § 4.04 (3H, s), 6.53 (1H, d, /= 2.9 Hz), 6.90 (1H, t,
J=17.4 Hz), 7.14-7.26 (4H, m), 7.39-7.49 (4H, m), 7.71 (1H, d, J= 2.9 Hz), 8.21 (1H, s),
8.68 (1H, brs), 8.75 (1H, brs). Anal. Caled for C20H17N5020.2H20: C, 66.18; H, 4.83; N,
19.29. Found: C, 66.16; H, 4.73; N, 19.23.
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e To-h 1%, Ta DA EFRBEDTEIZ LD AR LT,

1-Methyl-3-{4-[(5-methyl-5 H-pyrrolol3,2- dlpyrimidin-4-yl)oxylphenyliurea (7b)

= 26%. Mp 190-196 °C. 'TH NMR (DMSO-ds) § 2.59 (3H, d, J= 4.8 Hz), 4.03 (3H,
s), 5.99 (1H, d, /= 4.8 Hz), 6.51 (1H, d, J= 2.4 Hz), 7.08 (2H, d, /= 8.8 Hz), 7.39 (2H, d,
J = 8.8 Hz), 7.70 (1H, d, J = 2.4 Hz), 8.19 (1H, s), 8.54 (1H, brs). Anal. Calcd for
C15H15N5020.15H20: C, 60.05; H, 5.14; N, 23.34. Found: C, 60.16; H, 5.09; N, 23.09.

1-{4-[(5-Methyl-5 H-pyrrolo[3,2-dlpyrimidin-4-yl)oxylphenyl}-3-propylurea (7c)

IV 17%. Mp 184-187 °C. '"H NMR (DMSO-ds) § 0.86 (3H, t, J= 7.5 Hz), 1.37-1.46
(2H, m), 2.99-3.06 (2H, m), 4.07 (3H, s), 6.15 (1H, t, /= 6.0 Hz), 6.55 (1H, d, J= 3.0 Hz),
7.13 (2H, d, J= 8.7 Hz), 7.43 (2H, d, J= 8.7 Hz), 7.74 (1H, d, J= 3.0 Hz), 8.23 (1H, s),
8.48 (1H, brs). Anal. Caled for C17H19N502: C, 62.75; H, 5.89; N, 21.52. Found: C, 62.56;
H, 5.75; N, 21.36.

1-(2-Chlorophenyl)-3-{4-[(5-methyl-5 H-pyrrolol3,2- dlpyrimidin-4-yl)oxylphenyl}urea
(7d)

= 7.0%. Mp 196-200 °C. 'H NMR (DMSO-ds) § 4.05 (3H, s), 6.53 (1H, d, J=2.9
Hz), 6.94-7.01 (1H, m), 7.16-7.28 (3H, m), 7.38-7.50 (3H, m), 7.72 (1H, d, J = 2.9 Hz),
8.09-8.13 (1H, m), 8.21 (1H, s), 8.32 (1H, brs), 9.56 (1H, brs). Anal. Calcd for
C20H16CIN502 0.2H20: C, 60.44; H, 4.16; N, 17.62. Found: C, 60.40; H, 4.15; N, 17.66.

1-(3-Chlorophenyl)-3-{4-[(5-methyl-5 H-pyrrolo[3,2- dlpyrimidin-4-yl)oxylphenyl}urea
(7e)

=% 14%. Mp 184-186 °C. 'H NMR (DMSO-ds) § 4.04 (3H, s), 6.53 (1H, d, /= 2.8
Hz), 6.94-6.98 (1H, m), 7.15-7.25 (4H, m), 7.46 (2H, d, J= 8.8 Hz), 7.66 (1H, s), 7.71 (1H,
d, J=2.8 Hz), 8.21 (1H, s), 8.78 (1H, brs), 8.85 (1H, brs). Anal. Calcd for C20H16CIN50z2:
C, 60.99; H, 4.09; N, 17.78. Found: C, 60.71; H, 4.21; N, 17.84.

1-(4-Chlorophenyl)-3-{4-[(5-methyl-5 H-pyrrolol3,2- dlpyrimidin-4-yl)oxylphenyl}urea
(79

IV 18%. Mp 214-218 °C. 'H NMR (DMSO-ds) § 4.04 (3H, s), 6.53 (1H, d, J =
3.1 Hz), 7.16 (2H, d, J = 8.8 Hz), 7.26 (2H, d, J = 8.6 Hz), 7.24-7.48 (4H, m), 7.71
(1H, d, J = 3.1 Hz), 8.21 (1H, s), 8.73 (1H, brs), 8.78 (1H, brs). Anal. Calcd for
C20H16CIN502: C, 60.99; H, 4.09; N, 17.78. Found: C, 60.80; H, 4.13; N, 17.83.
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1-{4-[(5-Methyl-5 H-pyrrolol[3,2-dipyrimidin-4-yl)oxylphenyl}-3-[3-(trifluoromethyl)phen
yllurea (7g)

IV 14%. Mp 188-190 °C. 'H NMR (DMSO-ds) § 4.04 (3H, s), 6.53 (1H, d, J =
2.8 Hz), 7.15-7.27 (3H, m), 7.41-7.51 (4H, m), 7.71 (1H, d, J= 2.8 Hz), 7.98 (1H, s),
8.21 (1H, s), 8.94 (1H, brs), 9.14 (1H, brs). Anal. Calcd for C21H16F3N502: C, 59.02;
H, 3.77; N, 16.39. Found: C, 58.77; H, 3.74; N, 16.22.

1-(3-Bromophenyl)-3-{4-[(5-methyl-5 H-pyrrolo[3,2- dlpyrimidin-4-yl)oxylphenyl}urea
(7h)

IR 16%. Mp 207-211 °C. 'H NMR (DMSO-db) § 4.08 (3H, s), 6.57 (1H, d, J =
3.0 Hz), 7.13 (1H, d, J = 8.0 Hz), 7.20-7.24 (3H, m), 7.31 (1H, d, /= 8.0 Hz), 7.51
(2H, d, J=9.0 Hz), 7.75 (1H, d, J = 3.0 Hz), 7.85 (1H, t, J = 2.1 Hz), 8.25 (1H, s),
8.88 (1H, brs), 8.95 (1H, brs). Anal. Calcd for C20H16BrN502: C, 54.81; H, 3.68; N,
15.98. Found: C, 54.76; H, 3.71; N, 15.84.

1-(3-Fluorophenyl)-3-{4-[(5-methyl-5 H-pyrrolo[3,2- dlpyrimidin-4-yl)oxylphenyl}urea
(79

IbEW 4 DERRE RO FIEIZL Y, REMEW(BI%) & A AER s LTH,
Mp 189-191 °C. 'H NMR (DMSO-ds) § 4.08 (3H, s), 6.56-6.57 (1H, m), 6.73-6.57
(1H, m), 7.10-7.13 (1H, m), 7.20-7.32 (3H, m), 7.46-7.52 (3H, m), 7.75 (1H, d, J =
3.3 Hz), 8.25 (1H, s), 8.81 (1H, s), 8.91 (1H, brs). Anal. Caled for C20H16FN502: C,
63.65; H, 4.27; N, 18.56. Found: C, 63.54; H, 4.11; N, 18.49.

1-(3-Methylphenyl)-3-{4-[(5-methyl-5 H-pyrrolo[3,2- dlpyrimidin-4-yl)oxylphenyl}urea
(79

IbEW 4 DERRE RO FIEIZ LY RELEY (76%)% AGEER L LT,
Mp 174-176 °C. 'TH NMR (DMSO-ds) § 2.26 (3H, s), 4.09 (3H, s), 6.57 (1H, d, J= 3.2
Hz), 6.77 (1H, d, J= 7.2 Hz), 7.11-7.29 (5H, m), 7.48-7.51 (2H, m), 7.75 (1H, d, J=
3.2 Hz), 8.25 (1H, s), 8.59 (1H, s), 8.71 (1H, brs). Anal. Caled for C21H19N502: C,
67.55; H, 5.13; N, 18.76. Found: C, 67.32; H, 5.17; N, 18.50.

N-{4-[(5-Methyl-5 H-pyrrolo[3,2- dlpyrimidin-4-yl)oxylphenyl}benzamide (8)

LAY b DAL RFEDFIEIZ LY, RELEY (7.6%)% Ak E L TH,
Mp 209-212 °C. '"H NMR (DMSO-db) § 4.12 (3H, s), 6.59-6.60 (1H, m), 7.30 (2H, d, J
= 8.7 Hz), 7.52-7.63 (3H, m), 7.79 (1H, d, J= 3.0 Hz), 7.85 (2H, d, /= 8.7 Hz), 7.98
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(2H, d, J= 7.5 Hz), 8.28 (1H, s), 10.36 (1H, s). Anal. Calcd for C20H16N40O2 0.1H20: C,
69.39; H, 4.72; N, 16.18. Found: C, 69.15; H, 4.59; N, 16.40.

N-{4-[(5-Methyl-5 H-pyrrolol3,2- dlpyrimidin-4-yl)oxylphenyl}-2-phenylacetamide (9)

IbEY 5 DERRE RO FIEIZL Y REEY (84%)% AGEE L LT,
Mp 164-165 °C. 'H NMR (DMSO-ds) § 3.66 (2H, s), 4.09 (3H, s), 6.58 (1H, d, /= 3.0
Hz), 7.22-7.38 (TH, m), 7.67 (2H, d, J=9.0 Hz), 7.77 (1H, d, J= 3.0 Hz), 8.26 (1H, s),
10.26 (1H, brs). Anal. Caled for C21H1sN4Oz0.2H20: C, 69.68; H, 5.12; N, 15.48.
Found: C, 69.80; H, 5.15; N, 15.20.

1-{4-[(5-Methyl-5 H-pyrrolo[3,2-dlpyrimidin-4-yl)oxylphenyl}-3-phenylthiourea (10)

IbEW 4 DERRE RO FIEIZ LY REEY (T5%)% AtEER S LT,
Mp 155-157 °C. 'H NMR (DMSO-ds) § 4.11 (3H, s), 6.60 (1H, d, /= 3.2 Hz), 7.10—
7.16 (1H, m), 7.24-7.38 (4H, m), 7.47-7.58 (4H, m), 7.78 (1H, d, J = 3.2 Hz), 8.29
(1H, s), 9.84 (2H, s). Anal. Calcd for C20H17N508S: C, 63.98; H, 4.56; N, 18.65. Found:
C, 63.67; H, 4.60; N, 18.52.

N-{4-[(5-Methyl-5 H-pyrrolo[3,2- dlpyrimidin-4-yl)oxylphenyl}-1 A-benzimidazol-2-amine
(11)

{bAM6 (475 mg, 1.98 mmol), 2-7 v a2 -1H-X2 V' A 2 ¥ —/1(322 mg, 2.18 mmol).,

NMP(5 mL) DiEAY) 2120 °CTI5RFFIFHE L=, RISIREWZ K CTHRN L, Fifg=F /1T
M, AHE 2 i K TR L. MK~ 7 % > U A CHIES . Al LTS, AR
AL L, BREWMAE I T L a~ NI T T 40— ) BTV, BERE T UIANF Y ) TR
%, e T VI~V L0 AR L. RELE(66.0 mg, 9.3%) % HARFEKE LT
57,
Mp 219-222 °C. '"H NMR (DMSO-ds) § 4.12 (3H, s), 6.59 (1H, d, J= 3.0 Hz), 6.94-7.04
(2H, m), 7.22-7.38 (4H, m), 7.77 (1H, d, J= 3.0 Hz), 7.83 (2H, d, J= 9.0 Hz), 8.27 (1H, s),
9.52 (1H, s), 10.97 (1H, s). Anal. Calcd for C20H16N6O: C, 67.40; H, 4.53; N, 23.58. Found:
C, 67.11; H, 4.43; N, 23.52.

3-[(5-Methyl-5 H-pyrrolol3,2- dlpyrimidin-4-yl)oxylbenzoic acid (12a)

&2 (2.08 g, 12.4 mmol), 4-t K22 BF&E£(1.88 g, 13.7 mmol), [klEt T ¥
2(12.1 g, 37.2 mmol), DMSO(10 mL)DiEA#)% 100 °C T4RFRIREHE L7z, 1 N HEEEZ N
ZBOSERZpH 4 & L, HriiEEE AHbk, KTl L, RE(LAWB.08 g, 72%) % {4
Bk L LTHET,
1H NMR (DMSO-ds) 6 4.12 (3H, s), 6.62 (1H, d, J= 3.0 Hz), 7.58-7.64 (2H, m), 7.80-7.91
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(3H, m), 8.30 (1H, s), 13.21 (1H, brs).

4-[(5-Methyl-5 H-pyrrolol3,2- dlpyrimidin-4-yl)oxylbenzoic acid (12b)

IbEY) 12a DERRE RO FIEIZ LY . RELEY (712%)% AGEEK S LTHEZ, 1H
NMR (DMSO-ds) 6 4.10 (3H, s), 6.62 (1H, d, J= 3.3 Hz), 7.44 (2H, d, J= 8.9 Hz), 7.81
(1H, d, J=3.3 Hz), 8.04 (2H, d, J= 8.9 Hz), 8.31 (1H, s), 13.02 (1H, brs).

3-[(5-Methyl-5 H-pyrrolol3,2- dlpyrimidin-4-yl)oxyl- -phenylbenzamide (13a)
{bE&% 12a (552 mg, 2.05 mmol), EDC -HCI (589 mg, 3.07 mmol). HOBt(415 mg,
2.05 mmol), 7 =1V > (187 puL, 2.05 mmol)} X O DMF (56 mL)DIEAEW % =i T 15
RERREE L7z, RONMBREWEZ K THINL . i~ /L Chhitit, A % fafn ik
TYNE L, BKRiE~ 7 R0 LA THES, A LT, ARABIERMEL., ZEWE
A, FEE =T VI~F Y L0 B ik L, RELEY(496 mg, T0%) % 55 o [E {4 &
L TH7,
Mp 223-228 °C. 'H NMR (DMSO-ds) § 4.14 (3H, s), 6.62 (1H, d, /= 3.0 Hz), 7.07—
7.13 (1H, m), 7.32-7.38 (2H, m), 7.54-7.67 (2H, m), 7.75-7.82 (3H, m), 7.89-7.92
(2H, m), 8.30 (1H, s), 10.31(1H, s). Anal. Calcd for C20H16N4O2: C, 69.76; H, 4.68; N,
16.27. Found: C, 69.48; H, 4.59; N, 16.03.

4-[(5-Methyl-5 H-pyrrolol3,2-dlpyrimidin-4-yl)oxyl- -phenylbenzamide (13b)

LAY 18a DAL E REROIFIEIZ L0 . RE(LEY (28%) % AGRELKE LT,
Mp 157-160 °C. 'H NMR (DMSO-ds) § 4.12 (3H, s), 6.62 (1H, d, J = 3.0 Hz), 7.10
(1H, t, J=17.7 Hz), 7.36 (2H, t, J= 7.7 Hz), 7.48 (2H, d, J= 8.6 Hz), 7.78-7.83 (3H,
m), 8.06 (2H, d, J= 8.6 Hz), 8.31 (1H, s), 10.30 (1H, s). Anal. Calcd for C20H16N4O2:
C, 69.76; H, 4.68; N, 16.27. Found: C, 69.74; H, 4.63; N, 16.34.

Ethyl {4-[(5-methyl-5 H-pyrrolol3,2-dlpyrimidin-4-yl)oxylphenyl}acetate (14)

LAY 12a DERRE RO FIEIZ LY . RELEY (88%)% AMEGAK L L THE7Z, 1H
NMR (DMSO-ds) § 1.28 (3H, t, J= 7.2 Hz), 3.65 (2H, s), 4.14 (3H, s), 4.17 (2H, q, J= 7.2
Hz), 6.65 (1H, d, /= 3.0 Hz), 7.22 (2H, d, /= 8.4 Hz), 7.32 (1H, d, /= 3.0 Hz), 7.39 (2H, d
J=28.4 Hz), 8.44 (1H, s).

o

{4-[(5-Methyl-5 H-pyrrolol3,2- dlpyrimidin-4-yl)oxylphenyl}acetic acid (15)

{b&%14 (990 mg, 3.20 mmol) D A % / — /(10 mL)IFIFEIZ8 N KE-{LT b U 7 LkiE
#(1.00 mL)% Iz T, SR TI8MEMIEEE Uiz, ROSRGWIZL N HE#(8.00 mL) 2z T
BUERM LT, B A K THR L, LA A0, KTHEF LTz, ka2 % ) —v
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26 FE AL S TRENAY (669 mg, T4%) % FAMGEIEK L L THZ,
1H NMR (DMSO-de) § 3.62 (2H, s), 4.10 (3H, s), 6.59 (1H, d, J= 3.2 Hz), 7.25 (2H, d, J=
8.6 Hz), 7.35 (2H, d, J= 8.6 Hz), 7.78 (1H, d, J= 3.2 Hz), 8.28 (1H, s), 12.37 (1H, brs).

2-{4-[(5-Methyl-5 H-pyrrolo[3,2- dlpyrimidin-4-yl)oxylphenyl}- Nphenylacetamide (16)

LAY 18a DAL E REROIFIEIZ L0 | RELAY 81%) & AfERE L TR,
Mp 236-240 °C. 'H NMR (DMSO-ds) § 3.69 (2H, s), 4.10 (3H, s), 6.59 (1H, d, /= 3.0
Hz), 7.05 (1H, t, J= 7.5 Hz), 7.26 (2H, d, J= 8.7 Hz), 7.32 (2H, d, J= 7.5 Hz), 7.42
(2H, d, /= 8.7 Hz), 7.61 (2H, d, J= 7.5 Hz), 7.78 (1H, d, /= 3.0 Hz), 8.27 (1H, s),
10.18 (1H, brs). Anal. Caled for C21H1sN4Oq: C, 70.38; H, 5.06; N, 15.63. Found: C,
70.21; H, 5.02; N, 15.70.

4-[(5-Methyl-5 H-pyrrolo[3,2- dlpyrimidin-4-yl)sulfanyl]aniline (17a)

It&% 8 DA E RO FIEZ LY RELAEY B9%) % AfaEk s LTH-, 1H
NMR (DMSO-ds) § 4.16 (3H, s), 5.56 (2H, s), 6.52 (1H,d, J= 3.0 Hz), 6.62 (2H, d, J= 8.7
Hz), 7.19 (2H, d, J= 8.7 Hz), 7.74 (1H, d, J= 3.0 Hz), 8.37 (1H, s).

N-(5-Methyl-5 H-pyrrolo[3,2-dlpyrimidin-4-yl)benzene-1,4-diamine (17b)

4-=+r 7 =Y 2(2.04 g, 14.7 mmol), {LEW2 (2.06 g, 12.3 mmol), IPA(10 mL), 4 N
HCVACOEt(5.5 mL)DIRAEW %80 °CTIRFMHEIR L7z, RINRAWEZKTHNL, Wik~
TV T, AR E 2 SR K CHEG L, Bk~ 7 R v 7 A CHIRE . Al LTz,
B 2 BT PR A A & 7 — (10 mINCEEfE L, 23T V0 AR FE(BO% E K, 100
me)Z M %, IREWME KBZBHEIR TRIETIMHE L, RSEEWEEIA FAE L,
AR 2 I A PR R A A B, HER = F )L/~ o THes L A (867 mg, 88%)
FEAFERE L TR,
TH NMR (DMSO-ds) § 4.10 (3H, s), 4.90 (2H, s), 6.33 (1H, d, /= 3.0 Hz), 6.55 2H, d, J=
8.4 Hz), 7.17 (2H, d, J= 8.4 Hz), 7.44 (1H, d, J= 3.0 Hz), 7.99 (1H, s), 8.08 (1H, s).

N-Methyl- N*(5-methyl-5 H-pyrrolo[3,2-dlpyrimidin-4-yl)benzene-1,4-diamine (17c)
N-AF)-4-= 7 =1 (761 mg, 5.02 mmol) DDMF(10 mL)EIEIZ KGR T, /K
FibF F U 7 L (60%iHME, 300 mg, 7.50 mmol) Z 1%, 0°C T30 /R Lz, MISIRS
WALE 2 (838 mg, 5.03mmol) & 2., IR CISKFERIE L7z, KA T, KINREW%E
KBGO mL) TAR L, e L Chiitt L7z, A 2 BERMER, ZEWE 17 57 n<
NTTT7 40—V BT, BT VAT — BERT TV A K ) — V) TR BERR
TF VIPE X D L S TCNS P AFN-N4-= v 7 = =)V)-5HEna[32-dt Y
I V4T X (429 mg, 1.54 mmol) AR E LTHBE, 29 LTHELNIENSG VAT
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N-N@4-=tn7c=)5HEna[32-dtY I -4-7 2 (404 mg, 1.43 mmol)D A
% 7 — (80 mLVEIKIZ /N7 20 A fRFEGBO%E KM, 162 mg &Nz, KEFFEK T, =il
TORHEIE LTc, RINEAEWE Al L, AIREWBIERME L, EEWE 7 L7a~ N7
77 4—WNH U B 7L, BT U~ ) TR . IPE TR RIE S & TRELEY
(328 mg, 91%) % HEEKRE L TH T,

H NMR (DMSO-ds) § 3.08 (3H, s), 3.36 (3H, s), 5.06 (2H, s), 6.39 (1H, d, J = 3.0 Hz),
6.51 (2H, d, J=8.7 Hz), 6.68 (2H, d, J= 8.7 Hz), 7.36 (1H, d, J= 3.0 Hz), 8.39 (1H, s).

1-{4-[(5-Methyl-5 H-pyrrolo[3,2- dlpyrimidin-4-yl)sulfanyl]phenyl}-3-phenylurea (18a)

IbEW 4 DERRE RO FIEIZ LY REEY (75%)% AtEE S LT,
Mp 204-207 °C. 'H NMR (DMSO-ds) § 4.19 (3H, s), 6.55 (1H, d, /= 3.0 Hz), 6.95—
7.01 (1H, m), 7.26-7.32 (2H, m), 7.45-7.60 (6H, m), 7.79 (1H, d, J = 3.0 Hz), 8.40
(1H, s), 8.78 (1H, s), 8.94 (1H, s). Anal. Calcd for C20H79N508S: C, 63.98; H, 4.56; N,
18.65. Found: C, 64.11; H, 4.53; N, 18.63.

1-{4-[(5-Methyl-5 H-pyrrolo[3,2- dlpyrimidin-4-yl)amino]phenyl}-3-phenylurea (18b)
ItEY 4 OEREFERROFIEIC LY . REMEY (183%) % AR s LTH7z, Mp
207-210 °C. '"H NMR (DMSO-ds) § 4.14 (3H, s), 6.40 (1H, d, /= 3.3 Hz), 6.92-6.99 (1H,
m), 7.24-7.56 (8H, m), 8.20 (1H, s), 8.29 (1H, s), 8.55-8.66 (3H, m). Anal. Calcd for
C20H1sN60 0.5H:20: C, 65.38; H, 5.21; N, 22.87. Found: C, 65.59; H, 5.01; N, 22.87.

1-{4-[Methyl(5-methyl-5 H-pyrrolo[3,2- dlpyrimidin-4-yl)amino] phenyl}-3-[3-(trifluorome
thyl)phenyl]urea (18¢c)

IbEYW 4 DERRE RO FIEIZ LY RELEY (80%)% AGEE L LT,
Mp 170-174 °C. '"H NMR (DMSO-ds) § 3.18 (3H, s), 3.47 (3H, s), 6.48 (1H, d, J= 3.0
Hz), 6.88 (2H, d, J= 8.9 Hz), 7.30 (1H, d, /= 7.5 Hz), 7.40 (2H, d, J= 8.9 Hz), 7.45—
7.65 (3H, m), 8.01 (1H, s), 8.50 (1H, s), 8.80 (1H, s), 9.03 (1H, s). Anal. Calcd for
C22H10FsN6O: C, 60.00; H, 4.35; N, 19.08. Found: C, 59.99; H, 4.30; N, 18.92.

2-Chloro-4-[(5-methyl-5 H-pyrrolo[3,2- dlpyrimidin-4-yl)oxy]aniline (19a)

{bE¥2 (168 mg, 1.00 mmol), 4-7 2 /-3-7 7 = /—/L(215 mg, 1.5 mmol), %
fig 71V 7 (415 mg, 3.00 mmol), NMP(3 mL)DIEA %120 °CT18HEf#HHE L=, Kt
BAEMEKTHNL, Filg—F /L CHitl L7z, A8 2 BIERGER., KM E 17 L7
~ 777 4—WNH ¥ U BT, BT LA~FH ) TR L, RELA®WA00 mg,
36%) & Kk L LT,

TH NMR (DMSO-ds) § 4.05 (2H, brs), 4.13 (3H, s), 6.64 (1H, d, J= 3.0 Hz), 6.84 (1H, d, /
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=8.7Hz), 7.00 (1H, dd, J=8.7, 2.4 Hz), 7.20 (1H, d, J= 2.4 Hz), 7.31 (1H, d, /= 3.0 H2),
8.45 (1H, ).

3-Chloro-4-[(5-methyl-5 Hpyrrolo[3,2- dlpyrimidin-4-yl)oxylaniline (19b)

LAY 19a DAL E REROIFIEIZ L0 | LAY (B2%) % AfFERE L TR,
1H NMR (DMSO-ds) § 4.07 (3H, s), 5.35 (2H, brs), 6.56—6.58 (2H, m), 6.69-6.70 (1H, m),
7.07 (1H, d, J= 8.7 Hz), 7.74 (1H, d, J= 2.7 Hz), 8.22 (1H, s).

2-Methoxy-4-[(5-methyl-5 H-pyrrolol3,2- dlpyrimidin-4-yl)oxylaniline (19¢)

bAEW 19a DERRE RO FIEIZ LY . RELEY 61%) % AGEE S LTHEZ, 1H
NMR (DMSO-db) & 3.74 (3H, s), 4.08 (3H, s), 4.67 (2H, s), 6.55-6.67 (3H, m), 6.78 (1H, d,
J=2.1Hz),7.73 (1H, d, J= 3.0 Hz), 8.24 (1H, s).

2-Fluoro-4-[(5-methyl-5 H-pyrrolo[3,2- dlpyrimidin-4-yl)oxylaniline (19d)

{b&%2(550 mg, 3.28 mmol), 3-7/L 4 n-4-= 17 =/ —/L(619 mg, 3.94 mmol),
0¥ v L (20 mL)DIRAEW %100 °CC . H MR U 7o, RONIRA W % Bl = F L CHoi%.
AigIE K, SRR TR L, BOKEiEE~ 7 R > U ATHIRG, Al LT, AIRE R
AR, R E AR, BT VA~ TR L4-B- 7 v A 4= te 7 ) F
)5 AFN-BH T T[32-dlE° Y 2 V(725 mg, T7%) Z ke LTH7-, Z295LT
BFonca@7rted4=rn 7z /) F)5AFII5HERR[32-dEY V(715
mg, 0.867 mmol), #H(1.62 g, 24.8 mmol). (k7T > =7 A(531 mg, 9.92 mmol), A %
/= (10 mL) DIREW % BT T LRI L7z, 7 A F Al AREKTHRL .,
FEfE =T LTI U7z, AE 2 fafn ik Cotid L, KRR~ 7 % >0 A THERE .,
AHilh LTz, AIRAEWIERMER . REWE AHL Big= T L/~F 3O L, RELED
(256 mg, 40%) % EAE A S L THE7-, 1H NMR (DMSO-ds) § 4.08 (3H, s), 5.11 (2H, s),
6.57 (1H, d, J= 3.2 Hz), 6.77-6.89 (2H, m), 7.05 (1H, dd, /= 12.0, 2.1 Hz), 7.75 (1H, d, J
= 3.2 Hz), 8.26 (1H, s).

1-{2-Chloro-4-[(5-methyl-5 H-pyrrolol3,2- dlpyrimidin-4-yl)oxylphenyl}-3-[3-(trifluoromet
hyl)phenyl]urea (20a)

IbEW 4 DERRE RO FIEIZL Y RELEY (61%) % AGEEKE LT,
Mp 192-194 °C. '"H NMR (DMSO-ds) § 4.11 (3H, s), 6.61 (1H, d, /= 3.0 Hz), 7.30—
7.36 (2H, m), 7.52—7.58 (3H, m), 7.80 (1H, d, /= 3.0 Hz), 8.06 (1H, brs), 8.18 (1H, d,
J = 87 Hz), 831 (1H, s), 8.45 (1H, brs), 9.73 (1H, brs). Anal. Caled for
C21H15C1FsN502: C, 54.61; H, 3.27; N, 15.16. Found: C, 54.53; H, 3.25; N, 15.17.
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1-{3-Chloro-4-[(5-methyl-5 H-pyrrolol3,2- dlpyrimidin-4-yl)oxylphenyl}-3-[3-(trifluoromet
hyl)phenyllurea (20b)

IbEW 4 DERRE RO FIEIZ LY RELEY (85%)% AGEE L LT,
Mp 241-242 °C. '"H NMR (DMSO-dbs) § 4.10 (3H, s), 6.59-6.60 (1H, m), 7.31 (1H, d, J
= 8.0 Hz), 7.37-7.43 (2H, m), 7.51 (1H, t, J= 8.0 Hz), 7.59 (1H, d, J= 8.7 Hz), 7.79
(1H, d, J= 3.3 Hz), 7.84-7.85 (1H, m), 8.01 (1H, s), 8.25 (1H, s), 9.06 (1H, s), 9.16
(1H, brs). Anal. Calcd for C2:H15C1FsN502: C, 54.61; H, 3.27; N, 15.16. Found: C,
54.59; H, 3.29; N, 15.03.

1-{2-Methoxy-4-[(5-methyl-5 H-pyrrolo[3,2- dlpyrimidin-4-yl)oxylphenyl}-3-[3-(trifluorom
ethyl)phenyllurea (20c)

IbEW 4 DERRE RO FIEIZL Y, RELEY (54%)% AGEER LS LT,
Mp 173-177 °C. 'H NMR (DMSO-ds) § 3.38 (3H, s), 4.12 (3H, s), 6.60 (1H, d, /= 3.3
Hz), 6.86 (1H, dd, J= 8.9, 2.3 Hz), 7.07 (1H, d, J= 2.3 Hz), 7.30-7.34 (1H, m), 7.52—
7.54 (2H, m), 7.78 (1H, d, J= 3.3 Hz), 8.06 (1H, s), 8.15 (1H, d, /= 8.9 Hz), 8.29 (1H,
s), 8.33 (1H, s), 9.67 (1H, s). Anal. Caled for C22H1sF3N5030.2H20: C, 57.32; H,
4.02; N, 15.19. Found: C, 57.22; H, 3.85; N, 15.12.

1-{2-Fluoro-4-[(5-methyl-5 H-pyrrolo[3,2- dlpyrimidin-4-yl)oxylphenyl}-3-[3-(trifluoromet
hyl)phenyl]urea (20d)

IbEW 4 DERRE RO FIEIZL Y RELEY 87%) % AGEE L LT,
Mp 196-198 °C. 'H NMR (DMSO-ds) § 4.10 (3H, s), 6.61 (1H, d, /= 3.0 Hz), 7.12—
7.19 (1H, m), 7.30-7.44 (2H, m), 7.50-7.60 (2H, m), 7.79 (1H, d, J = 3.0 Hz), 8.05
(1H, s), 8.13 (1H, t, J= 9.3 Hz), 8.30 (1H, s), 8.67 (1H, s), 9.41 (1H, s). Anal. Calcd
for C21H15FsN502: C, 56.63; H, 3.39; N, 15.72. Found: C, 56.62; H, 3.24; N, 15.78.

4-Chloro-5-(2-chloroethyl)-5 H-pyrrolo[3,2-dlpyrimidine (21)

IbEW 2 DERRE RO FIEIZ LY RELEY (54%)% AGEEK S LT,
1H NMR (DMSO-ds) § 4.10 (2H, t, J= 5.9 Hz), 4.72 (2H, t, J= 5.9 Hz), 6.51 (1H, d, J =
3.0 Hz), 7.22 (1H, d, J= 3.0 Hz), 8.75 (1H, s).

1-(4-{[5-(2-Chloroethyl)-5 H-pyrrolo[3,2-dlpyrimidin-4-yllamino}phenyl)-3-[3-(trifluorom
ethyl)phenyllurea (22)

{LE¥25(493 mg, 1.49 mmol), {LA21(318 mg, 1.47 mmol), IPA(10 mL)DEE
Z80 °CTCIRFB#: Lic, RUNEEWZ /K TAIR L, Wig—F /L CHitN®%., A8 % fafn
BHKTHE L, BRI~ 72> U A THEL, Al LT, AIKZFIERE L, ZEY
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AT hra< 757 —NH VBTN, BT /AR ) —V) TG, Bk
Fol~F Yo L0 RSk L, RELEY(466 mg, 67%) % Ak E LTHT,

1TH NMR (DMSO-ds) & 4.28—4.32 (2H, m), 4.48-4.53 (2H, m), 6.58 (1H, d, J = 2.9 Hz),
7.32-7.59 (8H, m), 7.82 (1H, d, J = 2.9 Hz), 8.02 (1H, s), 8.49 (1H, s), 9.26 (1H, s), 9.44
(1H, s).

1-[4-(5,6-Dihydro-4 H-pyrrolol3,2,1-delpteridin-4-yl)phenyl]-3-[3-(trifluoromethyl)pheny
Iurea (23)

{bE#)22(450 mg, 0.948 mmol), fKfED U 7 4(392 mg, 2.84 mmol), DMF(10 mL)?D
IRA %80 °C TSR LTz, MINRAWZ K THINL, Hiik—T L (x3) Tk, A
B & fu RN K THE L. BOKRREE~ 7 1 v 0 ACHIER L, A L7c, A& BUE IR

L. BEWME S Lru< s 2757 —NH vV B0, BT F L) TS, FigoF
JUI~ZF 2 10 EfE R b L. RELEY(260 mg, 63%) % HEAEEE L THEZ,
Mp 197-200 °C. '"H NMR (DMSO-ds) § 4.16—4.20 (2H, m), 4.39-4.43 (2H, m), 6.45
(1H, d, J=2.7 Hz), 7.31 (1H, d, J= 7.5 Hz), 7.43-7.60 (7TH, m), 8.03 (1H, s), 8.20 (1H,
m), 8.89 (1H, s), 9.09 (1H, s). Anal. Caled for C22H17FsN¢O: C, 60.27; H, 3.91; N,
19.17. Found: C, 60.17; H, 3.80; N, 19.21.

1-(4-Aminophenyl)-3-[3-(trifluoromethyl)phenyl]lurea hydrochloride (25)

4-= a7 =12(2.02 g 14.6 mmol), F VU =F /LT I (6.07 mL, 43.8 mmol) D
THF(10 mEKRIZ, 3-(FRY ZAFA B AFN)T7 ==L A VT F— 245 mL, 175
mmol) Z Mz, IREW % EIE T 15 R L7z, JSIEAWE K THIR L, BT LT
Mt AHE 2 i K CHeig L. MK~ 7 % > U A CHIES . Al LTS, AR
ZIRE A L R E B A Z 7 — (10 mIICIRfE L. 28T 20 ARFE(GO% E /K .
100 mg)Z %, IREW %z KFERIK TREIR T 3 MR Lz, RIGREMEE T F5iH
L. AKIZ 4 NHCUACOEt (4 mL) 2NN % | B8 & AWtk | Hile — F /L~ o THeif L,
FZRELAW(1.42 g, 29%) & SRR E L TR,
TH NMR (DMSO-db) § 7.26-7.32 (3H, s), 7.47-7.59 (4H, m), 8.00 (1H, s), 9.49 (1H, s),
9.65 (1H, s), 9.93 (3H, brs).

Docking model of VEGFR2

rreo[32dtV I YrikERA)%E GOLD(version 3.2, 2007, The Cambridge
Crystallographic Data Centre, UK) T VEGFR2 #&ft# & (PDB ID: 1IVR2IZ Ky o 7 L
72. MOE(version 2006.0804, 2006, Chemical Computing Group, Canada) C= /L —4i
/IMEEHRE (MMFF94s, 3% &% 4xy, o &M & ¥ 37 EIL AMBER99., L& #1%
AM1-BCC TENENT H A )& FEH L TREEET VAR LT,

40



Expression, purification, crystallization and structure determination

t b VEGFR2 (7 X /7% % 806-1171, fHL, ¥+ —EHH A FA A1 (Kinase
insertion domain, KID) fEi 940-989 K8 Di&fs 1%, Bz TEV a7 7 —
£ TEV) U1 b 2&dr N Kiiik AF ¥ 7 %HT % baculovirus FHARY ¥ —
(pFastBacHT (Invitrogen)iZ 7 v —=1> 7 SjLiz, #2371 Sf9 B BAllaR CRIELE
T, EBEXL— 1 NT 7 4=7 427 v~ /77 +— (immobilized metal-chelate affinity
chromatography, IMAC) THHl L 72, IMAC I 7 AIZHEA LT-Z )7 81T 0.02 M
Tris-HC1 pH8.0, 0.5 M NaCl, 10% glycerol, 0.005 M DTT. 0.25 M imidazole % &7 ¢i%
R CUE I S W7, W HES3 1% 0.02 M Tris'HCL pH 8.0, 0.05 M NaCl, 0.005 M DTT,
10% glycerol Tk L7z 7 /v Ai 71 7 4 (Sephacryl S-200) % fif > THAYHUIRIED & >
NIEEBEN LT, EOWIZ fTEV a7 7 —BRBIZID e ATV X 7 EREL, K
VT 0.02 M Tris-HCI pH 8.0, 0.05 M NaCl, 0.005 M DTT T3l L7=faA Ao 25Hah
7 2 (Mono-Q) #f#\>, 0.02 M Tris-HCl pH 8.0, 0.3 M NaCl, 0.005M DTT o &AL
T L7z, UV UBM b LT enZ w7 Eilisr 2 EL L, B Z 2 (HiPrep desalting
column) T 0.05 M HEPES pH 7.5. 0.025 M NaCl, 0.01 M DTT. 10% glycerol ~/X+ 7
7 M UTo, XU BRI () 8 mg/ml IRE) Ao < VR L7223 5 DMSO ([ZiAfR
L7 AbBE M ZREIRE 0.5 mM IC72 5 K 9 ITNZ, & HITK BT 3 RFflFfE L7z,

fienfbid. 100 nl 0 % >/ 27 H - ALEWER & 100 nl OILBFAIEKL (1.3 M tri-sodium
citrate # 5 1p) ZRAG L. AKIEHUEIC LY 4°C THEME L7, 1507/ mh B Al &
LCZ U Ea— VA EIRIE 24%2722 K D ITINA T BIRIRER IR Lic, X BREYTT
— X%, FEBRER X MRAELEE (U F 7 EH. CuKafitE X #R, I 1.5418 A) & RAXIS
AA=D T T — M AT A FETIIRABIN Y E% SPring-8 © v — A7 1 BL32B2
LR IE IS, IR 1A TIE L7z, WIhof b ZZRBHTEANG R C2 1T/ L, HBTE
#0135 % 56 x 52 A, f= 95° T > 1= REREMENTIZ T R IR 2 €7 L & LT CCP4 program
suite IZF £ D7 v 27 7 5 MOLREP %4 - ToH FEHEIC X W IRE LT, EEREEIX
7' 77 5 CNX2002 %l - 7=, FofdAis Ofs sa RIS FHMIE I, R S RERZEIC
W, 20d 1Z R = 18.6% (Bivee = 20.9%). root-mean-square deviations (RMSD) in bond
lengths and angles 1% 0.007 A & 1.2°L 72 7=,

Measurement of inbibitory activities against VEGFR2 kinase

VEGFR2 % —EiEEDHEIE AlphaScreen® system (PerkinElmer, USAIZ L ¥
Fhe L7-, DMSO 2 L7= B LA % #%E (50 mM Tris-HC1 pH 7.5, 5 mM Mn
Clz, 5 mM MgCls, 0.01% Tween-20 and 2 mM DTT) CAIR L7=, Z DILEWIAEI 5 1
L 12 50 ng/mL ® VEGFR2 #HilaN K A A > % >3 & 250 ng/mL @ A4 F kAR U~
7'F K biotinylated poly-GluTyr (4:1)(CIS bio International) % & #e#EfEfik % 10 pLilx
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Iz FFDIIZIRAWRIZ 25 pM - ATP Z& {4z 10 pL iRNL, 25 °C T 5 4y FERIE
SH72t%, 25 uL OfE K100 mM EDTA, 62.5 mM HEPES pH 7.4, 10 pg/mL Alp
haScreen streptavidine donor beads (PerkinElmer), 10 pg/mL acceptor beads (Perk
inElmer), 250 mM NaCl, 0.1% BSA)% Nz, FUGEEIES®, GERA 25 °C T
16 BE[E & L7-% . EnVision 2102 Multilabel Reader (PerkinElmer)Z{#HH L CTh v
N ERE LTz, RBE S D X —BIEROC)IZLL T OXTEHE Lz, BAEE%) = (-G
Bibamoh v b - 7707 G- T 0 7)x100, 2 2T ALEW AR TSRS
SETWRDO T Mo TR &L ALEWE ATP ZIINM LR o e RO 7 v b %
(7Z 7] &L, 50%MET 2 DICHERRBILEMOREICs I LT 95%/FHH
X[#% Prism version 5.01, GraphPad Software (USA)IZ THEH L7z,

Kinase profiling by ICs0 measurement
AR D VEGFR2 & —EERER & A0 FIEIC L0  AbEWOKFx T —BITkd 5
PHAETEECso fE) &2 R L 72,

Cell proliferation assay (with VEGF stimulation)

b R SR NG (HUVEC, Cambrex, USA)IL 37 °C. 5%REE T A A
FaX—H—NIZBWT, 5% VIRTFILIE I L O 2.5 ng/mL i FAEREME LA o B 5E R 1 %
G eI B N R R S Hi(Invitrogen) THE 28 L7-, FEMIICIE. AR 5% 7 U IB(FIMiE & & e
I PN BRI B 2 i L 7= HUVEC %, 96 7 =LK L — M4 7 =)L 50 pLGHA
#3000 FHE L7z, —WRkEaER, Fix OREOPEYE 72 b NS 120 ng/mL O & PN EH
JEIKF(VEGF) %, 5% ¥ LR Il & & Lo g N B R U c i L. & v /L 50 pL
WINL7z, 5 HHEEERL, XTT REFRLHMIE) Z 4 U=/ 10 pLIRI L, 37°C. 5%k
AA U F 2= —NIZBWT 2-3 FFRIRUS STz, 450 nm OYSLE L, ~ A 7 u A X
—7 L= MU —=F =K VRE L., MIREEERR BTG A HIE U, #BR A A5 I B TNy
DY EEAE % FAV T SAS system NLIN procedure M1 27 A v 7 gz 72 FERRIE
/N TFIRICE Y | BRI BRI D 50% % BRI IR E (ICs0) 2 B L 72,

Pharmacokinetic Studies

REREA W10 mgke) & IR~ 7 AR O & v MG, MiEZ TS Lz, By
BEZ X0 g TN EG %, TR M= N AR VN ERBRE LT, SHIC
WODHET S Z LIk EEES%. BIEE 001 M X7 =7 AKEKRI T2 =k
U QD) THAIR Lz, HOELEEL 2%, LC/MS/MS % T RIS DL AW 2l E
L7,

Xenograft Nude Mouse Model
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10% FBS(HyClone) % &1 DMEM 55# (Invitrogen) THiZE, HYFH X ¥ 7= Bii SR 0
i DU145 (ATCC No. HTB-81)% Trypsin (Invitrogen Corp., Carlsbad, CA, USA) Ty v
— L LY #[23 L, Hanks’balanced salt solution (Invitrogen Corp., Carlsbad, CA, USA)
IR LT, 6 WX — K~ 2 (BALB/cnu/nu, BAZ L' 7)) OMIIEEHRIZ, EFikk
WHE 100 pLOMIAEEL: 3 x 100) % 2 FiES L TRl 2 AE L, HEEhi 2 ERL L 7=, Bhitk,
FENESHARD 150210 mm3 L 725 K925 8 (n=5) ICEMMEZRS T L. BHMNDL,
1% 7 = #(Wako Pure Chemical)/1%7 7 £'7 = A(Suzu Pharmaceutical, Japan)/Kiz
% vehicle & LT, {t&#20d % 1.5, 3. 6, 12mgkg CT1H2@BKEO#KEG L, &
HBAMATIT 1 M 2 MOEIE CHEBAR & AREZNE L, B TR 5B TR E Tl
BN LU 7 IS ARE L USSR OFEFRE L LT T/C (treatment/control, %)% & H L7-,
TS ARRRIL, EORRB AL/ FATHM L TR L > TRE L, [(EER) =
(BAR) x (A2)2 x 1/2],

%3 3CHk
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3.1 [IL®IZ

AFETIL, 2 F TR L7 type 2 VEGFR2 F F—TFHEEKD TV 1 &2 52, B
DR TR T 7 A NENTALEMOREEIToTe, £ (LEWOEEMKLERTH S
BV UHE—ZONWT, B ERETHZ L LT, (BB 20d DB UL
A —Thorternl3,2d) IV NE. 7T =V RKE Y R D UiEE AT 5, BIEE T,
TToUEEN D R EREEY IV UBIORY DGR AT AR UL U H—
ISR S, T, FEROHEE AT D type 2 VEGFR2 - — TV HLHEK MR\ TH
HENTND D, 6o T, FHMEDOHMRS, BBFEOIEmE 3R 7 07 7 A4 Varmdik
AMORIHEZ B ETICS > TE, BUIDUVBIOEY DUELsSt o v PO S UF
—Z AT ENEEIC/RD, T TAETIE, B2 —L LT, FEYI V-
BUDURDAIZAN2-D ) EDNCER Lz, KEKIL., HiEIED cefozopran
(Figure 3-8 5 Z &N DAEEHROBIEDOREIN/ NS, T2, ARG YR, KF
KX —BRERKICRA S NZHIN 2ol Z &b, FiEREN-T-, LAY 20d
orrr3,2dt ) I VAN EAILV[1,2-P ) XY KR, 6 (LICEBRT =/ F
VEAZEALT 2610, IMEENE R [3,2-dEY VD 1N ERICTWLEICFIET
HIEMNL, MAHADOHEEMRATHS Cys919 & OKFRESITHEF SN D &5 2 7-(Figure
3-2), FEFE, 26 #4 L VEGFR2 FRETEMEZMIE Lz & 2 A, ICs = 5200 nM DiE %
IRLTEZEMB AIZY,2D ) XV PR R, o — L L THERET 2 2 E NS
meilgole, —Ji, MIETHLNIR TR E LT, U LT ELICR T 2 AEFEMIETE
PERBUABO CTEHETHY . UL T OMEND L THAREY TH D & RM e BEEHD
e SN Z E3 I L7z, 7> T, kA 26 1238V T VEGFR2 FRETEMED PRI
BMESTERIZ A IFXVL,2-BE Y XD ~OZEHIZ L0 7 L7 A i 727 8 AR AE
LTWeWZ 2L DbDEZ LN, £ 2 TARETIX, VEGFR2 DXy 7 KT v k&%)
BEHNCHEERT A 22V 1,2-D 8 ) XV FE R A RRT 52 & & Lz,

Figure 3-1 Structure of cefozopran.
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070 0~:20

E S Hydrophobic : Hydrophobic
H H pocket H H : pocket
N_ N N_ N _— :
\g/ scaffold /©/ \g/ \© QA _y—R
Me O : hopping o o :
\ v F
N B N H 3 N7 ‘ N7 ‘ H
N w w N
\ N/) o coor N N W coo
. <\,r/\1 <\,r/\1 o
: Asp1046 B B Aspl046
o H o H o #
!
I
E)K/N\ffmn e region K)K/N\; %)K/N\f
Cys919 9= =g Cys919 ° Hinge region Cys919 ¢ Hinge region
1 26
VEGFR2 IC5, = 6.2 "M VEGFR2 ICs, = 5200 "M

Figure 3-2 Design of imidazo[1,2-blpyridazine derivatives.

46



Scheme 3-1 B LW 32124 2 & V[1,2-8 ) ¥ UiFE8RO A RIEE T, TIRD 6-
suaaAIXV,20 )X 2T L, RED Y VLFETT ) 7=/ —VEEA
SHLHZ LTI T =Y 28ac A LT, ALEW 28a-c IZxt L&FEA VY o7 F— b EAE
MEEDHZEICED L TR26 8L 1029a-d ~LiEX 7ol FEEsSESZLIck
07 2 RIK80ab ~EE -, F/, 27 & 3 RuXULREFMRA TV E ORELRK G
WZE0ESNT 8la ZT7 A UAIKSEIZ LY 81b ~LE X kKW T EDC-HCl 8LV
HOBt # VW7 =V v L&D 2 L THi7 2 Rk 382ab 24 L7=,

H H
NTN
¥
b (/\ X
- NN 26
)
X
N_ a | — =R If \O Rl
(/\N S =2
= =
N fN/N\ 29a: Rl = H
27 NEhs 29b: R = 3-CF,4
1=
28a: R = 4-NH, 2061 RY = 4-CFy
28b: R = 3-NH,
28¢: R = 2-NH, b H H
N

JoNTS a: R2 =

AT e
Scheme 3-1 Reagents: (a) Aminophenols, K2COs, NMP; (b) phenyl isocyanates, EtsN,
THF; (c) benzoyl chlorides, NMP.

I i /@\
OR 1
N_ N R
—_— —_—
NFNF /N /N

2 31a:R =CH, 32a:Rl=H

31b:R=H 32b: R =CF,

Scheme 3-2 Reagents: (a) Methyl 3-hydroxybenzoate, K2:COs, NMP; (b) NaOH, H:0,
MeOH; (c) anilines, HOBt, EDC-HC], EtsN, DMF.
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3.3 HEETEMEARY

FP. AN, AF . ANTMNEFENFNIC T 2= LA REZEA LTSIz O
T VEGFR2 BREE M 238 L 72 (Table 3-1), L& 26 D7 ==/ 7 LA REE&E/NT(Lh
B AV MIZBE) 72 29d 13 VEGFR2 FRETEMEZNES L7z DIlck L, A X pLicBEh s &
72 29a 13 100 fEEMEANEE L-, ZOMERIT, v e n(3,2-dtY I VUiFEEIcB TR
TEBEPEE CHHBRE BT, A IXV[1,2-0 ) ¥V #FiE Kk E VEGFR2 Off
BETIBEERD T L ZA A IV [1,2:8 ) FV 0 1% FR & Cys919 DKFEREAT
LHE9IMEAEMERBE LSS, 26 D7 ==L LA REIANY IRy Ve bEHT50
NINEETH - 7= (data not shown), —J7, 29a D7 ==L LA REI N 7R M%E%)
R EFET AT RS 57 (Figure 3-3(), (L&YW 29a 1L, 7 LT #5450
Glu885 D /LR F IV FF LN Asp1046 O F8H NH EAHAMEA L, K7 = = /L HE M5
WHER 7 v MICHIEL T2, 72, 29a ORI 7 = = /LD 3 B LN 4 (i E0IIEE
BIEZ IR T 2/ SWVIREMER T > b OFERfER S iz, RIBEER > ME, BrnR
[32-dl°V SV UFFEK 20d D R Y ZAA O AFIAENEELTWERT Yy b THDH I &
M5, 29a 2 MY 7oA e AFUEEEA LT 29b,e A LTz, ZORER, THEED 29b.c
& H1Z VEGFR2 BLEIEMENR M E L, fEEET AL E MY 7vda 2 F VD RIEMER 7
v MR EHT AR BE O  (Figure 3-3()).

Table 3-1
VEGFR2 kinase inhibitory activity of phenylurea derivatives2
Rl

R2

R3

N
(/\N/ S
N~ A
Compd R1 R2
H H

26 /NINO 5200 (3500-7900)
NN

29a ~ \g \@ 52 (34-81)
H H

29b /NTN CFs 12 (11-15

(o]

NN

29¢ - \g \@\ 29 (19-42)

CF3
NN
20d ~ E \© >10000

aNumbers in parentheses represent 95% confidence interval.

RS VEGFR2 IC5, ("M
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¥ GluBsS

A

/ #”  Asp1046
/

Phet047  /

(a) 29a with VEGFR2 (b) 29b with VEGFR2
Figure 3-3 Binding model of imidazo[1,2-blpyridazine derivatives and VEGFR2 using
the crystal structure of 20d and VEGFR2.

VEGFR2 @ Glu885 35 L 1F Asp1046 & fHANEHI 3 2 it 7o AL 2 R¥ 95 B I,
U LT R LT (Table 3-2), £79°. UL 7® NH ZfRELET I MK 80a BL W
32axiiiL7=& 2 A.80a7 VL7 {K29a & [F% D VEGFR2 FLETR 2 7R L7=DIZxf L.,
32a (TIEPEAS 10 (FREEES L2, 7 2 N{K 80a & VEGFR2 OfGET ML DL, v
TEGy T X RIZAE#HL LT Glu88s 35 KLU Aspl1046 & OFHAMEAITHERF S LD 2 & 23]
B L7- (Figure 3-4), —#. 82a3#i7 I R TH D729, Glu885 5 L N Aspl046 & DFHA
ERZEMHFFLE D 2L, K7 = = VENIREMER 7 v &R EF T& <72
51=%. VEGFR2 [LEFEMENRETN TS LB 2 bz, £ 2T, REMERT v b 2R
HAET 5 HT, 82a IZHREMEEIILTH D N 7 A e AF VKA E A LTz 32b &Gk
L7 2 A, 30 5L | VEGFR2 BETEMED 58 L7, [RIERIZ, 80a il b U Z7vdm XA F 1
FAE A L7 80b b 10 R EIR R M | LT,
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Table 3-2
VEGFR2 kinase inhibitory activity of meta-substituted 6-phenoxy-imidazo[1,2-

blpyridazines?

Compd R VEGFR2 ICy, (M)
NN
29a - \g/ \@ 52 (34-81)
NN
290 -~ F \©/°F3 12 (11-15)

’
30a /N\g/© 80 (61-110)
H
30b /N CF, 7.1 (6.0-8.2)
(@]
e
32a 650 (520-790
P ( )
H
WG
32b 18 (11-29
AH or, (11-29

2 Numbers in parentheses represent 95% confidence interval.

,\/rv/\ﬁ\

Glu885

p/

TR - J
o cyso19 g—— Asp1046

[ W Phe1047

Sy

Figure 3-4 Binding model of 30a and VEGFR2.
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I b 58 ) 72 VEGFR2 PLETEM: 27~ L7z 80b & H U, %) —¥ @R 2 71l L 7= (Table
3-3), v'ru[32-dvV I Y UFFEAR 20d LIFELE. 80b X VEGFR1, PDGFRa, LT
PDGFRBF T —EB 2 IZE L7z, —J7, BRIRWZ &2, 20d 73587 7% Tie-2 PHETEME
R T O L, 80b (X Tie-2 FHFETEMENIEF KD o 72, > T, Wbz 724
R Z T 52 L2 LY, Tie2 DMEFHAE~OFGENRIATE 2 EHIfFE N5,

Table 3-3
Kinase selectivity of 20d and 30b2

IC50 (nM)
VEGFRI VEGFRZ PDGFRa  PDGFRp  FGFRL FGFR3  FGFR4
15 62 35 % X X
20d (14-17) (4.7-8.3) (27-43) (76-120) >10000 NT NT
8.4 71 13 30 5100 4200
300 7989  (6.0-82 12-15 2635,  (4100-6400)  (3000-5800y 10000
( ) ( ) ( ) ( ) ( ) ( )
1Cqq (nM)
kit B-raf GSK3p  c-Met Tie-2 IR IGFI-R
170 900 . 20
20 0o eooize 10000 NT 123, >10000  >10000
120 290 5100
0 oq 140, oota) 10000 10000 ey >10000  >10000

2 Numbers in parentheses represent 95% confidence interval.
b Not tested.
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34 Fi¥

ARETIE, BrIRNAS F—L L TAIX V2208 XV 2T 588 type 2
VEGFR2 ¥+ —tBHEEKEZ TV A - Gk LTz, LA 26 2V — NMeAa & L CE#k
TR Fh Lo fEH. 26 D7 ==Ly LA REEZ A XLICBEI ¥ 25 Z L1k ) VEGFR2
PLEEVEMEA M B35 2 & U LT HELZ T I FREEICAR L TH VEGFR2 BHETEME DS HER?
THZEERM L, RFMEY 30b OFX T —BERMZ 7 L72F5%., 80b (Zr 1
[3,2-dlE°V 2 ¥ a8k & Ak PDGFR % —P 2 ET % 77, Tie-2 BLEIGTENIEFIC
RN EAVHIB L7z, BLEDFER, B oIS v H—% A I XV [1,2-D 8 ) ¥V B
HZEIWZXY, ¥ —FHETo 7 7 A NVOERLBEME RHT Z L IZRE LT,
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EEROER

4-(Imidazol1,2- blpyridazin-6-yloxy)aniline (28a)

ta%27 (768 mg, 5.0 mmol), 4-7 3 / 7 = / —/L(818 mg, 7.5 mmol), KEEH U 7 L
(2.07 g, 15.0 mmol), NMP (5 mL)DiEA# %120 °CT3 HEHE L=, MSRAMEL N
NaOH T#ARE, Fefg—F /L Chllt L7c, AHE 2 BIERNER, K8 E 7 L7 a~ T
77 4—NH > U BTN, ~XH U= TI, BEXO U BT, BT VA X ) —
TR, A4 Y ez —7 L LT S8 T, RELAEW(759 mg, 67%) % 18t
wE LTHT,
1H NMR (DMSO-ds) § 5.07 (2H, s), 6.60 (2H, d, J= 8.9 Hz), 6.92 (2H, d, J= 8.9 Hz), 7.00
(1H, d, J=9.8 Hz), 7.61 (1H, s), 8.01 (1H, s), 8.09 (1H, d, J= 9.8 Hz).

3-(Imidazo[1,2- blpyridazin-6-yloxy)aniline (28b)

LA W28aD Gk & RO TIEIZ L0 . RELAW(A1%) % AR E LT,
TH NMR (DMSO-ds) § 5.29 (2H, s), 6.31-6.35 (1H, m), 6.37 (1H, t, J= 2.2 Hz), 6.42-6.47
(1H, m), 7.02 (1H, d, J= 9.8 Hz), 7.06 (1H, t, J= 7.9 Hz), 7.65 (1H, d, /= 1.2 Hz), 8.08
(1H, s), 8.13 (1H, d, J= 9.8 Hz).

2-(Imidazol[1,2- blpyridazin-6-yloxy)aniline (28c)

LA W28aD Gk & [FEED TIEIZ LV . REELAW(14%) Z B EGFEIER L LT,
1H NMR (DMSO-ds) § 5.08 (2H, s), 6.57 (1H, td, J= 7.6, 1.6 Hz), 6.81 (1H, dd, J=17.9, 1.7
Hz), 6.95-7.04 (2H, m), 7.04 (1H, d, /= 9.9 Hz), 7.61 (1H, d, J= 0.9 Hz), 8.02 (1H, s),
8.11 (1H, d, J=9.9 Hz).

N-[4-(Imidazol1,2- blpyridazin-6-yloxy)phenyl]- V-phenylurea (26)

fb&% 28a(181 mg, 0.80 mmol) & b U =F /L7 2 >(0.011 mL, 0.08 mmol) THF(10
mL)VERIZ, 7 = =/LbA Y 7 F— 1(0.104 mL, 0.96 mmol) % /Il 2. T == T8I L
oo RSB Z BN L, B E A2 7 —L L0 eS8 T, ZELAW(223 mg,
81%) & Hafy R & L T,
Mp 197-199 °C. 'H NMR (DMSO-ds) § 6.97 (1H, t, /= 7.6 Hz), 7.09 (1H, d, /= 9.8 H2),
7.22 (2H, d, J= 8.7 Hz), 7.28 (2H, t, J= 7.6 Hz), 7.46 (2H, d, J= 7.6 Hz), 7.52 (2H, d, J=
8.7 Hz), 7.64 (1H, s), 8.05 (1H, s), 8.15 (1H, d, J= 9.8 Hz), 8.70 (1H, s), 8.76 (1H, s). Anal.
Calcd for C19H15N502: C, 66.08; H, 4.38; N, 20.28. Found: C, 66.05; H, 4.34; N, 20.25.

N-[3-(Imidazol1,2- blpyridazin-6-yloxy)phenyl]- V-phenylurea (29a)
bEW29aD Gk & RO FIEIZ L 0 . RE(LEW(T1%) % ABERE LTHE,
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Mp 199-201 °C. 'H NMR (DMSO-ds) § 6.85-6.90 (1H, m), 6.97 (1H, t, /= 7.5 Hz), 7.11
(1H, d, /= 9.6 Hz), 7.22-7.31 (3H, m), 7.36 (1H, t, J= 7.9 Hz), 7.43 2H, d, J= 7.5 H2),
7.51 (1H, t, J= 2.1 Hz), 7.66 (1H, d, J= 0.9 Hz), 8.08 (1H, s), 8.18 (1H, d, /= 9.6 H2),
8.72 (1H, s), 8.87 (1H, s). Anal. Calcd for C19H15N502: C, 66.08; H, 4.38; N, 20.28. Found:
C, 66.05; H, 4.38; N, 20.21.

N-[3-(Imidazol1,2- blpyridazin-6-yloxy)phenyl]- V-[3-(trifluoromethyl)phenyllurea (29b)
LA W29aD Gk & RO TIEIZ L0 . RELAW(62%) % AR E LT,

Mp 217-219 °C. 'H NMR (DMSO-ds) § 6.89-6.94 (1H, m), 7.12 (1H, d, J= 9.8 Hz), 7.26—

7.34 (2H, m), 7.38 (1H, t, J= 8.1 Hz), 7.47-7.60 (3H, m), 7.66 (1H, d, J= 0.9 Hz), 7.99

(1H, s), 8.08 (1H, s), 8.18 (1H, d, /= 9.8 Hz), 9.01 (1H, s), 9.11 (1H, s). Anal. Calcd for

C20H14F3sN502: C, 58.11; H, 3.41; N, 16.94. Found: C, 58.05; H, 3.40; N, 16.83.

N-[3-(Imidazol1,2- blpyridazin-6-yloxy)phenyl]- N-[4-(trifluoromethyl)phenyllurea (29¢)
LA W29aD Gk & RO TIEIZ L0 . REEAW(50%) 7 AR E LT,

Mp 246247 °C. 'H NMR (DMSO-ds) § 6.86-6.94 (1H, m), 7.11 (1H, d, J= 9.8 Hz), 7.24—

7.31 (1H, m), 7.38 (1H, t, J= 8.2 Hz), 7.51 (1H, t, J= 1.8 Hz), 7.58-7.68 (5H, m), 8.08 (1H,

s), 8.18 (1H, d, /= 9.8 Hz), 9.00 (1H, s), 9.16 (1H, s). Anal. Calcd for C20H14F3N502: C,

58.11; H, 3.41; N, 16.94. Found: C, 57.95; H, 3.41; N, 16.76.

N-[2-(Imidazol1,2- hlpyridazin-6-yloxy)phenyl]- V-phenylurea (29d)

LA W29aD G & [FIEED TIEIZ L0 . REEAW(T2%) % AR E LT,
Mp 213-214 °C. 'H NMR (DMSO-ds) § 6.92—7.00 (1H, m), 7.02-7.09 (1H, m), 7.17-7.30
(5H, m), 7.38-7.44 (2H, m), 7.66 (1H, d, /= 0.9 Hz), 8.09 (1H, s), 8.20-8.28 (2H, m), 8.33
(1H, s), 9.04 (1H, s). Anal. Calcd for C19H15N502: C, 66.08; H, 4.38; N, 20.28. Found: C,
66.06; H, 4.33; N, 20.25.

N-[3-(Imidazol1,2- blpyridazin-6-yloxy)phenyl]benzamide (30a)

{t&% 28a (113 mg, 0.50 mmol) DNMP(1.0 mL)AE#KIZ, X A7 1l (116
pL, 1.00 mmol) % iz C=IR C18REMIRIE L=, RISIEAW %1 N NaOH CAiiRtk, HElg
TFUTHIN L2, AHEE A1 NNaOH, fafn@ik Creidth, BUEIRME L7, gz oY
HFENT T hTa~ NI T T 4 —(HERTF VA H ) —)V) TR B F L L0 &
BT, RELEW(A22 mg, 74%) % AR E L THET-,

Mp 211-213 °C. 'H NMR (DMSO-ds) § 7.01-7.06 (1H, m), 7.14 (1H, d, /= 9.8 Hz), 7.45
(1H, t, J= 8.2 Hz), 7.50-7.64 (3H, m), 7.66-7.71 (2H, m), 7.77 (1H, t, J= 2.1 Hz), 7.92—
7.97 (2H, m), 8.09 (1H, s), 8.19 (1H, d, J = 9.8 Hz), 10.39 (1H, s). Anal. Calcd for
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C19H14N4O2: C, 69.08; H, 4.27; N, 16.96. Found: C, 68.99; H, 4.16; N, 16.72.

N-[3-(Imidazol1,2- Alpyridazin-6-yloxy)phenyl]-3-(trifluoromethyl)benzamide (30b)

LA W80aD Gk & RO FIEIZ L0 . RELAW(98%) % AR L LT,
Mp 225-226 °C. 'H NMR (DMSO-db) § 7.05-7.10 (1H, m), 7.15 (1H, d, /= 9.6 Hz), 7.47
(1H, t, J= 7.9 Hz), 7.67-7.71 (1H, m), 7.67 (1H, d, J= 1.2 Hz), 7.75 (1H, t, /= 2.1 H2),
7.79 (1H, t, J= 7.8 Hz), 7.98 (1H, d, J= 7.8 Hz), 8.09 (1H, s), 8.20 (1H, d, /= 9.6 Hz),
826 (1H, d, J = 84 Hz), 829 (1H, s), 1061 (1H, s). Anal. Caled for
C20H13FsN402 0.2EtOAc: C, 60.06; H, 3.54; N, 13.47. Found: C, 60.04; H, 3.59; N, 13.36.

Methyl 3-(imidazo[1,2- Alpyridazin-6-yloxy)benzoate (31a)

LA 28aD Gk & [FIEED TIEIZ L0 . RELAW(64%) Z B EFEIER L LT,
1H NMR (DMSO-ds) § 3.87 (3H, s), 7.16 (1H, d, /= 9.5 Hz), 7.60-7.68 (3H, m), 7.79-7.83
(1H, m), 7.84-7.93 (1H, m), 8.05 (1H, s), 8.19 (1H, d, J= 9.5 Hz).

3-(Imidazol1,2- blpyridazin-6-yloxy)benzoic acid (31b)

b4 81a (1.67g, 6.2 mmo) D A % 7 —/L (30 mL)IAIKIZ. 8 N KEE{t.F kU w7 L0k
Wi%(3.00 mL) % % T80 °C CI8HFMR L L 7o, MUSIRAMIZ6 N e (4 mL)Z M x. I
JEPRME L7z, FRBEEERICKRZ IR | EiEZ AHt% . MeOH (10 mL)IZHRE S 7, BRBIK A
INEGRGSE T 100 L, iR E TmAI L, EiRkE AHt%. MeOH THE L, R
{b&% (1.05 g, 66%) % AR E L THE,
1TH NMR (DMSO-ds) 6§ 7.15 (1H, d, /= 9.9 Hz), 7.54-7.68 (3H, m), 7.74-7.80 (1H, m),
7.82-7.91 (1H, m), 8.06 (1H, s), 8.19 (1H, d, J= 9.9 Hz), 13.17 (1H, brs).

3-(Imidazol1,2- blpyridazin-6-yloxy)- N-phenylbenzamide (32a)

{t&%31b (128 mg, 0.50 mmol), EDC-HCI (192 mg, 1.0 mmol). HOBt(92 mg, 0.60

mmol), 7=V (56 mg, 0.60 mmol), kYU =F /LT I (0.209 mL, 1.5 mmol), I
DMF (56 mL)DIRAY & SRiE CI15W R Lz, SRINRAW A K THIR L, Fifig—F /1 (x3)
THi . AHERE & fafn K CUevE L, KRR~ 7 % v 7 ATtk AR LT, 5%
BWah T rra~ 777 4—(0 0 50 BigTFVI~FH 0) TRER% . Bk L
X0 EREAE L. FELEW(122 mg, T4%) % AGEEK S LTET-,
Mp 188-189 °C. 'H NMR (DMSO-ds) § 7.11 (1H, t, J= 7.4 Hz), 7.18 (1H, d, J= 9.6 Hz),
7.35 (2H, t, J= 7.9 Hz), 7.52-7.58 (1H, m), 7.63 (1H, d, /= 8.1 Hz), 7.66 (1H, d, J= 0.9
Hz), 7.73-7.80 (2H, m), 7.86-7.93 (2H, m), 8.07 (1H, s), 8.21 (1H, d, J = 9.6 Hz), 10.28
(1H, s). Anal. Calcd for C19H14N4O2: C, 69.08; H, 4.27; N, 16.96. Found: C, 69.12; H, 4.26;
N, 16.95.
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3-(Imidazol1,2- blpyridazin-6-yloxy)- N*[3-(trifluoromethyl)phenyl]benzamide (32b)

LA 82aD Gk & [FEED FIEIZ LY . RELAW(BT%) 2R B EaEER L LT,
Mp 229-230 °C. 'H NMR (DMSO-ds) § 7.18 (1H, d, J= 9.9 Hz), 7.47 (1H, d, J= 7.8 Hz),
7.55-7.71 (4H, m), 7.89-7.95 (2H, m), 8.02-8.08 (2H, m), 8.19-8.25 (2H, m), 10.59 (1H,
s). Anal. Calcd for C20H13FsN4Oq: C, 60.30; H, 3.29; N, 14.07. Found: C, 60.22; H, 3.25; N,
13.99.
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1) a) Manley, P. W.; Bold, G.; Bruggen, J.; Fendrich, G.; Furet, P.; Mestan, J.; Schnell,
C.; Stolz, B.; Meyer, T.; Meyhack, B.; Stark, W.; Strauss, A.; Wood, ¢J. Biochim.
Biophys. Acta 2004, 1697, 17-27; b) Miyazaki, Y.; Matsunaga, S.; Tang, J.; Maeda,
Y.; Nakano, M.; Philippe, R. J.; Shibahara, M.; Liu, W.; Sato, H.; Wang, L.; Nolte, R.
T. Bioorg. Med. Chem. Lett. 2005, 15, 2203-2207; ¢c) Potashman, M. H.; Bready, J.;
Coxon, A.; DeMelfi, T. M., Jr.; DiPietro, L.; Doerr, N.; Elbaum, D.; Estrada, J.;
Gallant, P.; Germain, J.; Gu, Y.; Harmange, J. C.; Kaufman, S. A.; Kendall, R.; Kim,
J. L.; Kumar, G. N.; Long, A. M.; Neervannan, S.; Patel, V. F.; Polverino, A.; Rose, P.;
Plas, S.; Whittington, D.; Zanon, R.; Zhao, H. J. Med. Chem. 2007, 50, 4351-4373; d)
Harmange, J. C.; Weiss, M. M.; Germain, J.; Polverino, A. J.; Borg, G.; Bready, J.;
Chen, D.; Choquette, D.; Coxon, A.; DeMelfi, T.; DiPietro, L.; Doerr, N.; Estrada, J.;
Flynn, J.; Graceffa, R. F.; Harriman, S. P.; Kaufman, S.; La, D. S.; Long, A.; Martin,
M. W.; Neervannan, S.; Patel, V. F.; Potashman, M.; Regal, K.; Roveto, P. M.; Schrag,
M. L.; Starnes, C.; Tasker, A.; Teffera, Y.; Wang, L..; White, R. D.; Whittington, D. A.;
Zanon, R. J. Med. Chem. 2008, 51, 1649-1667; e) Cee, V. J.; Cheng, A. C.; Romero, K.;
Bellon, S.; Mohr, C.; Whittington, D. A.; Bak, A.; Bready, J.; Caenepeel, S.; Coxon,
A.; Deak, H. Li.; Fretland, J.; Gu, Y.; Hodous, B. L..; Huang, X.; Kim, J. L.; Lin, J.;
Long, A. M.; Nguyen, H.; Olivieri, P. R.; Patel, V. F.; Wang, L.; Zhou, Y.; Hughes, P.;
Geuns-Meyer, S. Bioorg. Med. Chem. Lett. 2009, 19, 424-4217.
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BAE 2TIUATIIAIFVN2NENED AT LT = RiEEIEOAR L AW
B2l

4.1 IL®IZ

HI3EIIBWTRHENIA I FV[1,2-h ) 2  #%EK 30b 1Z., ICs50 = 7.1 nM
D 4172 VEGFR2 BLETEME % 7R L 72, — 7. 80b © HUVEC HFH B 2 A L 7= 46 5
FAEZ L TIEPEAME NI Cs0 = 650 nM) Z & 2VHB L7, &2 T, #4172 HUVEC
FHILETEE 2 RS Y — RMEAWORIHE BIZ, A 2 4V [1,2-b 8 ) 7 ¥ U BBk ok s
fifiztTo 2 & & Lz,

HAKETENEMTA T TV ERANT AL ZV—TF >y hRAT ) —=2 7 OfE R,
ICs0 = 1300 nM ® VEGFR2 [HEIEMEART 2- 7 VAT 2 /A I X4V [1,2-0 80 ¥ 5
K 83 2R &7z (Figure 4-1), {t&# 83 1%, 80b D7 = =/L'7 I ME&EIZHYS T2
R=YEF IRV HBED LT, uM A4 —4% —0 VEGFR2 [HLEHME %2 /R~ § Bk L&
Thotlz, T T, TOMEEE— Rl & BIZ, Y —F v 71kIC X W VEGFR2 & O#A
RHE b & B L 72 (Figure 4-2(a), MEERIATRE RN G A I &V [1,2-0 8 &V L e
UREIICAFAE L, 1A0ZEHE ) Cys919 L8 NH EAHAEEH L CWA Z ERNHBH L, &5
(2. 2007 3 7 58 Cys919 E A LR =L LKERES LT 5 BLEREWE VS S Tz,
—Ji. ERMEEWM T A 7TV L3R e T T 7 A ORI 300 LLF e T A 7T
VERWEZRAZ V== 7280, 45 V(1,2-08 ) Y U8R 84 B9 b
VEGFR2 fHEEMEA 7~ (ICs0 = 34 pMbAEW & L TR E Tz, (L& 84 & VEGFR2
DA X BRGE EERTRE R D, 84 DA I XV [1,2-p ) XV LIL, 88 DELE
A CZ2f % 54h L. VEGFR2 & O A/EM b IAIEETdH - 7= (Figure 4-2(b)), £72, 617 =
J X UHIT, 88 BEA L TWeW Sy VRS y MFRICAFET 25—, 2 (S EHILD T
FELZRW=, 88 D 277 2 /ML Cys919 T8 H /LR =)L & OKRFEREA YT DA
TERIERRD BN dno iz, ZOFERG, 38 L 84 DML, Cys919 E# D LV R=L &
DOHAAEHDOFHEC X 2 " ReME R Shv7e, £ 2 CL 84 L [Alkk 2 frE iz S 720 30b
(2, 88 D 27 X/ HKITHY T 53—V EH AT UL, Cys919 =SV /LR =/L & DA
VER 25845 LSRR BN RIAD D LR A LT, LAWY 85 2B LT-, ZOfE%E. Wifm
Y HUVEC H5ERHETE M2 ICs0 = 6.9 nM & KIEIZHR L 72, £ Z CTARETIX, 35 % U —
RMbA# & L, Figure 4-1 O AR IALEMEZT VA > Liz, Thbb, S FliRmEDT
LV RLR2 % VEGFR2 OfE AR 7 v Ml ie 4 Xk L Ot i+ 5 2 L &
. 5725 VEGFR2 [HEIEMEOM ENRIAD L EZ 2T, £, H2EIBWT, B
DN F =G L7 = /) FURICEBREAZEANT S Z £I12 XY HUVEC ¥EHEE
PERSBEIR L7722 D A 2 XV [1,2-8 8 ) XY UFERIZBOTH RN E UEA~DE
HEE AN HUVEC BGEPRETISMERICFH 595 & B x 7o, BLEDIGEI AR, A I 4V
[1,2-bI &Y &2 U FFEARD B AT > T2,
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Figure 4-1 Design of hybrid compound A.
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=

(a) (b) (0
Figure 4-2 (a) Binding mode of 33 to VEGFR2. (b) Binding mode of 34 to VEGFR2. (c)
Superposition of 33 (pink) and 34 (blue).
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4.2 A

AIXV,2-DE VX 20T VNT R Hea A LT L&Y 41a-g 1X, Scheme 4-1
WRTHIEICE VAR LT, TR 3- 72 /-6-a— KU X 36 1%L, U UERAKFET
N DAFEET, = FLrzuna 7 F Ao Ly v EERASELZ LI A 24 V(1,2-0
VY XU, U LY R ENUKGR LT X /K388 L Lz, DMA ¥R flx
DOl v ) REHWS8 DT X/ HET v btk, 5017z 89a-g ([Zxf L, [REE Y 7 L7
T 37T/ 7=/)—NEEHSEDLZLICED T =D 1K 40a-g ~& 8z, £ LT
‘iz 37ntaxXey A nnrul) RefHn40ag 27 kT 5 2 LIk 4lag = 5K
L7,

NH,

o] o
N_ I N_ I R1 < N_ I RL < N
N~ a N~ c 4 d .
‘ S e RHN / J\j/ _c. H 4(/\N S e, H 4(/\N A
N=\F N=NF N~

HN" N
36 37: R =CO,Et 39a— 40a—
b’: 2 *] 9
38:R=H
_ S _
L e | O O~ L -
e Me Fs
. © a b c d
(@]
1 N
® AN/ NS
NFAZ F3C—©—> l>—> Me
4la—g e f g

Scheme 4-1 Reagents: (a) Ethyl (chloroacetyl)carbamate, NasHPO4, DMA; (b) Ba(OH)s,
NMP/H20; (¢c) RICOC], DMA; (d) 3-aminophenol, K2COs, DMF; (e) 3-fluorobenzoyl
chloride, DMA.

Scheme 4-2 |ZR T HIEZ LV . BFEHOT VIO ER 24T > 7=, DMA BHF, 7
=J 2 40alZ 3 (R ZAdaAF )Ry A vral) REERSELZ LI2XD 3524
ik Uiz, F7o, FRROSMT, 40f 07 2 /) A S o) REHWT Uk T 52 ki
XV 42-52 A LT,
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HN— S
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42 43
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~Me 0 | | N | °N
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Scheme 4-2 Reagents: (a) 3-(Trifluoromethyl)benzoyl chloride, DMA; (b) R2COCI,

DMA.

X B U BRAOBEHHESE AL, Scheme 4-3 O HFIEIHEWEG L=, (L&Y 39f &
BFET X ) 7= ) =) e DFFBEREEWSOSIZ LD T = K 53af ~LiBx | kT
1,3V AFN-1HET ) — -5 NR=ral) RefAWT I ) £E27 kT 562 LI
K02 OE#IEZ AT 5 bdaf 2 AR LT,

I>_< /N'N\ — )
Y

N

39f 53a—f
Me
X
2 H |
N . X
: > Kﬁ s
_h, . -
fe) 4N 6 b 4-Me
N’N Z 6-Me
> < /NS 2-Et
H W e 2-F
f 2-Cl
54a—f
Scheme 4-3 Reagents: (a) aminophenols, K:COs, DMF for 53a,c—f;

5-amino-2-methylphenol, NaH, DMF for 53b; (b) 1,3-dimethyl-1H-pyrazole-5-carbonyl
chloride, DMA for 54a,e.f; 1,3-dimethyl-1 H-pyrazole-5-carbonyl chloride, EtsN, THF for
54b,c; 1,3-dimethyl-1 H-pyrazole-5-carbonyl chloride, NMP for 54d.

61



4.3 AEETEMERE RS

WSS ORE R AbAW 35 D R T Fu A F LA 3-T7 )4 n 7 = = LI E
il 7z 41a 1B\ T, VEGFR2 [HETEM DM E(ICs = 2.7 nM)23 388 Hitlz, £ Z T, 4la
EU—FEame L. A 24V N2-0 Y ZP 0 20DT T 2 HEE LT, £,
4la DT b7 FrE TV EE T 7 o~ U VIRIICEBR LT 41b ZiME L= & 2 A,
VEGFR2 FHEVEMEDS 4 (ERREHEE Lc, — . 3 AT AT A7 =K 41le. (R 70Fn
AFN)T7 = =)L 41d,e 13X & 512 VEGFR2 FHFEIEMEANETS L, & OV FE 23 & = O VE s
Z T 5 41d,e THHZEHZE Th o7, LLEDORER, 7V VENEHT 587 > IR/
SWETPHEEINT, EZ T 4laBdBETH7 M7 Ree =LKL A Xo/hS72v 7
D7 EVEBIOATLVEEZET S 4alfg # Ak Lz 2 A, TEY VEGFR2 [HEIE
PESEE5R L 7= (ICs0 = 1.0 nM (416), 1.1 nM (41g)),

Table 4-1
Effect of the amide substituent R! on VEGFR2 kinase inhibitiona

N
F

o

o)
RL _N
AN/ NS
NN

Compd R VEGFR? ICg, (M)
35 6.9 (6.4-7.4)
41a O_. 2.7 (2.6-2.9)
41b <:>_. 11 (10-12)

S
41c Vane 19 (16-21)
Me
41d </ )— 160 (120-200)
FsC
41e F3c©_. 120 (110-140)
41f > 10 (0.96-L.1
41g Me 1.1(1.0-1.2

2 Numbers in parentheses represent 95% confidence interval.
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BT, 227 a7 a eV VR=T R RICEE L, o FAESHOT VLA
#il 7= (Table 4-2), ¥, Af D7 LV Fu 7 =LA a7 o)L HICE L T- 42 %
P L7z & 2 A, VEGFR2 BRETE D 12 50855 L72(ICs0 = 12 nM), F7=. tert7 F /LK
43 13 VEGFR2 FHEIEMED & HIZHETICs0 = 650 nM) L7z, ZDZ &b, Tibie L
THEBRERED I E LW EHA L, —FH, BV R4 BT VX8 — R
45 |3 41f L [AEE nM A — & —D8i )17 VEGFR2 BIEEMEZ /R LT Z Enh, HEEROM
BUXIETEICREEZ 52 02 A Lz, I, HHRE EEREOEELREF Lz, &
BNLE ORI DT ) AT IR 46 18 K47 B[RO VEGFR2 FLETEMEZ R LI-DIZkE L,
AT AR 48-50 [ TEMHENEO b, TRbE, DWNVR= VDA IV MLIZY ATV
Ea2f6T5 49 13, Z OO EHK 48,50 Ltk L VEGFR2 PHETEMED 20 f5RRERGS L7
(ICs0 = 0.96 nM (48), 25 nM(49), 1.4 nM (50)), F7=. EHEN 1 XOLELZFI~5HIT
51 BLOB2 Z#iiiL72& 2 A, B0 DET Y — )L 1 (i AF VI A 7 = =)Lz, 3L AF
WA N Y 7 a AT VIR LT 51,62 128\ T VEGFR2 BRETEMEIIHERF L 7=,
WoT, TUVNVENREET DR v MIXA b Tidlel, BHEZEEICITEER L TV
W ERRBEINTZ, — ., TUNVEORBEICL AT 0 7 s A VDOENWEFET S HAT
T —BBIRMERBREZEGE L2 A, NUBUVERELEB LAT B BEHRD S — %R
PRI DA 23R S 17z (data not shown), $#1Z. B-raf 7 —8 & OEIRVEDE VA K
=<, 7t a7 ==K 10f 53 ICs0 = 650 nM OFAEIE: 2R3 DlICxf L, ©7 Y —/LiK
50 (% 10000 nM (2B W T BEIEENRBO e 7-, £72, 501X ICs0=1.7 nM D7
7172 HUVEC HESEBAETE M2 R Uiz, BLEORER, 50 (372240 - Fahin & bIEnR LS
MThdLEILN,
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Table 4-2
Effect of the amide substituent R2 on VEGFR2 kinase inhibitory activity2

H

N R2
(o]
_N
N=~
) VEGFR2 , VEGFR2
Compd R 1Cx, (nM) Compd R 1Cy, (nM)
— > 1.0 Me 13
. N\ .
arf § (0.96-1.1 4 K E (12-1.5)
Me
12 N.N- 0.96
42 —< (11-14) 48 {_ (0.81-1.1
Me
Me
Me 650 <N 25
43 ~{Me 49
Ve (550-750) ‘—<e\ ) (19-33)
M
Me
w“ = 1.3 50 N 14
N\ / (1.2-1.5) <—<\/K (13-15)
Me
Ph
J 1.3 N 1.2
4 ‘_é,h 1213 > — L 1213
Me
Me Me
1.4 N 3.7
46 Y 52 ~N
& (1218 «MCF (3342
3

2 Numbers in parentheses represent 95% confidence interval.
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4.4 VEGFR2 & 50 O#A M X s s & T

LAY 50 OFEAT— FiftrZ2 BAIC, VEGFR2 & DA X s st & i 2 32 i
L7, 1tA% 501X, VEGFR2 ODARJEM L 7 4 A —3 a LIRS L, type 2 ¥ —F[H
EINCHEMN 2 3 SOMEMEA 2R L Tz (Figure 4-3), A 2 # V' [1,2-0 Y #2488
DB VA A LI MERN E U VHEO Cys919 H8{NH & 8(7 CH 7% Glu917
FHINVR= NV EEZNFNEAEER LT, 64607 = /7 v 8F, Ny 7Ry a2 ER
L. 72 R Glu885 B /LR L /L 3ds LU Aspl046 £ NH & Z i EhkEMEE L,
v — VRN IEIR IR 7 v S &2 A LW, EROMEMEIMA, b2 DEEIC
BWT, 2057 3 ML Cys919 T8 BNV R =1 & DKERH AR b, Z O AN
I%. 83 & VEGFR2 O#HAKMEMETROONIZbDLFEETH-T-, /-, v/~
2R VAR = VT, EEANCAFIET 2Ry N ESRICER T2 Z & BB L,
ZOEHIT, 50 DB EHES DR EAERICTF ST 2 —F, FRARE U BRED &8
BT oL, TA XIS S ODZEMOIFIED RS STz, 16> T, BHEEANICKIY Z
DZEMZE S TIUE, S HIIEER BN RAD D LB X T,

Glu917

Figure 4-3 Crystal structure of 50 in complex with VEGFR2 (PDB 3VO03).
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4.5 HFRARBUERAOEBAE A

MmtEE NS EONZMmAE I, FRAUE VR EAOBBREEAZ{To 2, 7
AEIABE KV BRI E AR EHER SN 202, 46, BE OGN A TF LR EEA LT
LA 2MEBAN R L E LWRERE 5272, T72b b, 2 A F/VIK bda |THEE H K
& bbig U VEGFR2 BRETEYEN B E(ICs0 = 1.4 nM (50) — 0.95 nM (54a)) L7=Z L0 b,
AFNVIENER D RN EET D2 N RBENT, —FH, 6 MU AT AIEEZEAN LT
54c 1%, THIZK L C VEGFR2 FHETEMEDHFIICs0 = 4.7 nM) L7z, ERE LT, AFL
HEOBNZEY, AV MUFET DT I REESERKENAEL, FEa 7+ A—Ta
VIREENNSNTEZ ENEZLND, RIT, FalehERE 5 272 2 L A T /UK b4a % =
FIARBAd IZEH L= & = A, VEGFR2 BRETEMED 5 {5855 (ICs0 = 5.1 nM) L7z, AF
NHEL R L, A A NEWERFFREDO 7 VA n kB LNy n ks A3 5 bdef 13,
98 7172 VEGFR2 BRETEMEZMERF L7z, 7€- T, Figure 4-3 26 PRI NZ@D , e~y
YU 2N S WEBREO AR SN D Z VA L, &IiZ, b4a-f © HUVEC H45H
PREEREZ 51l L7z, VEGFR2 PHFIGMED e b 98] 7 2- 2 FUUIK Bda 1%, 50 & LK) 6
% HUVEC S5 PR 858 L 72 (ICs0 = 1.7 nM (50) — 0.30 nM (54a)), F7=, 2-7 /L
A ik 54e H 1Cs0 = 0.56 nM D IEH 258 )72 HUVEC BEFEHEIEE 2 R LTz,

Table 4-3
Effect of the central phenyl substituent X on VEGFR2 kinase and HUVEC growth

inhibitiona

VRS
o A g Me
Compd X VEGFR2 ICg, ("M HUVEC® ICgo (M
50 H 14 (1.3-1.5) 1.7 (0.66-3.8)
54a 2-Me 0.95 (0.82-1.1) 0.30 (0.28-0.32)
54b 4-Me 1.8 (1.5-2.1) 11 (6.8-17)
54c 6-Me 4.7 (4.2-5.3) 97 (73-130)
54d 2-Et 5.1 (4.2-6.2) 93 (66-130)
54e 2-F 1.1 (1.0-1.3) 0.56 (0.14-1.5)
54f 2-Cl 1.3 (1.1-1.5) 3.0 (1.4-5.8)

2 Numbers in parentheses represent 95% confidence interval.
4 Inhibition of HUVEC proliferation.
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4-6 LB b4a OEWEHN
91178 In vitro 1EMEZ R LT2Ab&% 50, Bda, B L bde (IZHOW T, w7 AIZBITH

O WL NE 2 3F4H L 7= (Table 4-5), BLBRIZENZ &2, 2 (IEH#AK bda 3 L0 bde 1, EE
ik 50 & i L AUCosh 38 LU Con MIFFITHMETH o7, —MRIT, B 0 WIME 7 B

DL ZITHZEDNMBINTND Z ED, ALAEYOIBHERRING B RS/ FH 2 RIS

B OEMEZNE Lz, TORE, BAWINMED BAF T -7 54a 1%, 50 & Hifg LY 10
S DOIRRELENRO Nz, £72. bdali~ TV AFI 7 o Y — BT A2 ZET
HY ., TNAEKRL TS 8 Rl (Con) bR M PIREZMERF Lz, & MFI/7 Y —
DB DL EE L IEFICBF TH o722 D bda ldt MZBWTH o7k nk
NHEZTRT EBZZ BT,

Table 4-5

Pharmacokinetic and physicochemical profiles of 50 and 54a,e

Mouse PK? Metabolic stabilityd Solubility
f
Compd AUC,g,° o e Human Mouse P2+ BA° (ocp) logD; 49
(ug-himLy e (HITE) @Lminmgy  qUminmg)  (Mg/ML)
50 0.73 0.053 6 43 3.7 266 2.28
54a 15 0.60 2 31 38 223 2.24
54e 7.6 0.30 9 54 14 234 221

a Compounds (10 mg/kg) were orally administered by cassette dosing.

b Area under plasma concentration—time curve from O to 8 h.

¢ Plasma concentration at 8 h after administration.

d Metabolic stability in hepatic microsomes.

¢ Thermodynamic solubility in Japanese Pharmacopoeia disintegration test solution 2
(pH 6.8) containing a bile acid.

fDetermined by differential scanning calorimetry.

£1-Octanol/water distribution coefficients at pH7.4.

LAY bda D38 T)72 in vitro TEPE & BIF 2RO WINMEA R L2 &b, v U RAEH
W= PSR & i L7- (Figure 4-4), A549 t Milind ARG Z B TR LT-~ 7 A2,
{b&W 64a % 1 H 218, 15 HREIMROEE L, HEARBZRE L, ZOR%, vehicle %
BRIV TE LWEEHATE O IR Hi 7z ﬂi/Ma&ﬁﬁ’%wfi%%Wf
BB 7R B R &2 R Lz, £72, WTHOHEICBWTHBER A EEFRIIAD
Lo T,
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700 r

-O-Vehicle
gg 600 r -@-0.25mg/kg, bid
E 500 | —4-1 mg/kg, bid
2 -4 mg/kg, bid
3 400 TIC
o
>
>
= 200
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100 _80
O 1 1 1
13 18 23 28

Days afterinoculation

Figure 4-4 Antitumor efficacy of 54a in an A549 xenograft mouse model. A549
tumor-bearing nude mice were orally administered 54a (0.25, 1, and 4 mg/kg) twice
daily for 14 days (day 14-27). Data represent mean + SD (n = 5). *: p < 0.025 versus
vehicle control as determined by a one-tailed Williams’ test. Antitumor effects are
expressed as T/C values (increase in treated tumor volume/increase in control tumor

volume) X 100.
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4.7 FL®

501172 HUVEC HELEEE 2 R LA OAIHE BRIZ, 3 ETRIH SN A
2 1,2-D 8V &P FEROWEEM 21T 57, 227 2 /A 4V [1,2-0 8 ) Y v ifiE
K33 DFFAEE— Rinb, 207 X/ EOBEIEMEP/RIEB I N7z, 30bIZ 27 X/ Fx
BMALRE 8 &7 A v, AR LT, TORER, 85 X HUVEC HETEMENE L < iR+ 5
ZENHALTZ, £2C, 85 2 —NEEME L., TR T VD ki L
AL B U BRA OB HELE A A 1T o 76 R 38772 in vitro TEMEITIN 2 BAT 2% 1 WU i
9 bda & AT Z LITERH Lz, (L& bda 1X, ~ 7 APUEE BRIV TR -3
WaR L, BHERAEESZLRD NPT E0vh AMEAW(TAK-593) % if K iR 5
fifbA® L U CER L,
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EEROER

Ethyl (6-iodoimidazo[1,2-lpyridazin-2-yl)carbamate (37)

1t&%36(27.0 g, 122 mmol) ®DMA (270 mLAHRIZ, (7 aa T2 F ) H AN g
TF/1(32.4 g, 195 mmol), YV 2 EEKFE " F N U v A(43.4 g, 305 mmol) &%, 110 °CiZ
TIHFEIBEEE L7, SIBICMAIR, KRG10mL) &M A, HrH L7zBERZER, 72 =1V
b, VEFNT—TCTHRE L, REEAEY (33.0 g, 81%) AR L LT,
1H NMR (300 MHz, DMSO-ds) § 1.26 (3H, t, J= 7.1 Hz), 4.17 (2H, q, J = 7.1 Hz), 7.47
(1H, d, J=9.2 Hz), 7.70 (1H, d, J= 9.2 Hz), 8.06 (1H, s), 10.51 (1H, brs).

6-Iodoimidazol[1,2- blpyridazin-2-amine (38)

KB/ NU 7 -8 KFn#(14.5 g, 46.1 mmol)IZ7K(240 mL) % il %, 80 °CIZ CT15%7 [
L=, 1bA&%37(10.2 g, 30.7 mmol) DNMP(80 mL)i& 2 iz . 120 °CIZ T8EEMHH# L
7o SIRICHEE ., SONRIZAK(A80 mL) # M &, 1R L7z, Eifg—F /L/THF % Hu
T2 [EHlH L, @ik Iic THE %, BKEEE~ 7 2 v 7 AT, A LT, BUE
TR A R L, BB A Y Fa e ra—F A% A, il L-ERE2I8HR L., =81
H6.1 g, 16%) & KA L LTHIZ,

TH NMR (300 MHz, DMSO-ds) § 5.61 (2H, s), 7.22 (1H, d, J= 8.7 Hz), 7.36 (1H, s), 7.39
(1H, d, J=8.7 Hz).

N-(6-Todoimidazol1,2- blpyridazin-2-yl)cyclopropanecarboxamide (39f)

1A 38(1.0 g, 3.85 mmol) ®DMA (10 mILWVAIRIZY 7 v 7 m BV )VR=)L 7 1l
R(0.38 mL, 4.23 mmoDZ N %, ZIRIZ CARFRFR L7, RONKICKZ N2 . Hilg—=TF /L
/THF (2 THIE U7z, SaREHEKIC T, KR~ 713 7 AT THE, Al LTz,
WUE PRI A B, TR %~ U IER = T VS T, REEEW(1.01 g, 80%) % 7%
wEmE L LTH,
TH NMR (300 MHz, DMSO-ds) § 0.82-0.86 (4H, m), 1.90-2.00 (1H, m), 7.49 (1H, d, J=
9.3 Hz), 7.73 (1H, d, J= 9.3 Hz), 8.23 (1H, s), 11.20 (1H, s).

{LEMBAHDE R E RO FIEIZ LY | 89a—e,gx B LT,
N-(6-Todoimidazol1,2- blpyridazin-2-yDtetrahydro-2 H-pyran-4-carboxamide (39a)
= 73%. 1H NMR (300 MHz, DMSO-db) § 1.54-1.76 (4H, m), 2.66-2.80 (1H, m),

3.27-3.40 (2H, m), 3.84-3.96 (2H, m), 7.49 (1H, d, J= 9.3 Hz), 7.74 (1H, d, J= 9.3 Hz),
8.28 (1H, s), 10.91 (1H, s).
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N-(6-Todoimidazol1,2- blpyridazin-2-yl)cyclohexanecarboxamide (39b)
¥ 50%. 1TH NMR (300 MHz, DMSO-ds) § 1.12-1.49 (6H, m), 1.59-1.85 (5H, m),
7.48 (1H, d, J=9.3 Hz), 7.73 (1H, d, /= 9.3 Hz), 8.22-8.31 (1H, m), 10.80 (1H, s).

N-(6-Todoimidazol1,2- blpyridazin-2-yl)-3-methylthiophene-2-carboxamide (39c)

N 61%. 'H NMR (400 MHz, DMSO-ds) § 2.47-2.50 (3H, m), 7.03 (1H, d, J= 4.9
Hz), 7.53 (1H, d, J=9.4 Hz), 7.69 (1H, d, J= 4.9 Hz), 7.77 (1H, d, J= 9.2 Hz), 8.40 (1H, s),
10.96 (1H, s).

N-(6-Todoimidazol1,2- blpyridazin-2-yl)-3-(trifluoromethyl)benzamide (39d)

%2 63%. 1H NMR (300 MHz, DMSO-ds) 6 7.55 (1H, d, J= 9.3 Hz), 7.74-7.85 (2H,
m), 7.98 (1H, d, J= 7.8 Hz), 8.37 (1H, d, J= 7.7 Hz), 8.46 (1H, s), 8.51 (1H, s), 11.77 (1H,
s).

N-(6-Todoimidazol1,2- blpyridazin-2-yl)-4-(trifluoromethyl)benzamide (39¢)
IZ3 49%. 1H NMR (300 MHz, DMSO-ds) § 7.55 (1H, d, J=9.3 Hz), 7.81 (1H, d, J=
9.3 Hz), 7.91 (2H, d, J= 8.3 Hz), 8.26 (2H, d, J= 8.1 Hz), 8.51 (1H, s), 11.72 (1H, s).

N-(6-Todoimidazol1,2- blpyridazin-2-yl)acetamide (39g)
IN# 43%. 'TH NMR (300 MHz, DMSO-ds) § 2.09 (3H, s), 7.49 (1H, d, J = 9.3 Hz),
7.74 (1H, d, J= 9.3 Hz), 8.25 (1H, s), 10.91 (1H, s).

N-[6-(3-Aminophenoxy)imidazo[1,2-blpyridazin-2-yllcyclopropanecarboxamide (40f)
L& 39 (805 mg, 2.45 mmol), 3-7 2 / 7 = / —/L (430 mg, 3.94 mmol), KL U
7 2 (847 mg, 6.13 mmol), DMF (6 mL)DEEW %, ~A 7 a v —7 KIS E % v,
180 °C T304 FAIINEMIE#E L 72, IRAWICHEE=F /VITHF, fafifkigKET b U o LKERK
Nz, KgxEiE=F VTHF CHit L7z, G AilE 4 fafn ik Ty L, K
WiEEF Y U L THEE, Al LT, ARZBIERME L, EWE VATV T L a<
N7 77 4 —@il =T L ~F ) THIL . RELE(A70 mg, 60%) % AR L LT
57=,
H NMR (300 MHz, DMSO-ds) § 0.75-0.85 (4H, m), 1.87-1.97 (1H, m), 5.31 (2H, s),
6.27-6.32 (1H, m), 6.35 (1H, t, J= 2.2 Hz), 6.40-6.46 (1H, m), 6.95 (1H, d, J= 9.5 Hz),
7.05 (1H, t, J=8.0 Hz), 7.98 (1H, s), 8.00 (1H, d, J= 9.5 Hz), 11.08 (1H, s).

{LEWAOED G R & [FERD HIEIZ LY | 40a—e,ga B L T2,
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N-[6-(3-Aminophenoxy)imidazo[1,2-blpyridazin-2-ylltetrahydro-2 H-pyran-4-carboxami
de (40a)

N 42%. 'TH NMR (300 MHz, DMSO-ds) § 1.57-1.73 (4H, m), 2.64-2.77 (1H, m),
3.26-3.39 (2H, m), 3.84-3.94 (2H, m), 5.30 (2H, s), 6.27-6.45 (3H, m), 6.95 (1H, d, J= 9.6
Hz), 7.05 (1H, t, /= 8.1 Hz), 7.97-8.03 (2H, m), 10.78 (1H, s).

N-[6-(3-Aminophenoxy)imidazo[1,2-Blpyridazin-2-yllcyclohexanecarboxamide (40b)

W= 51%. 'TH NMR (400 MHz, CDCls) § 1.21-1.37 (2H, m), 1.45-1.59 (2H, m), 1.65—
2.02 (6H, m), 2.21-2.34 (1H, m), 3.77 (2H, brs), 6.50 (1H, t, J = 2.1 Hz), 6.52—-6.57 (2H,
m), 6.81 (1H, d, J= 9.6 Hz), 7.17 (1H, t, J= 8.0 Hz), 7.70 (1H, d, J= 9.6 Hz), 8.01-8.14
(1H, m), 8.22 (1H, s).

N-[6-(3-Aminophenoxy)imidazo[1,2-blpyridazin-2-yl]-3-methylthiophene-2-carboxamide
(40c)

% 58%. '"H NMR (400 MHz, CDCls) § 2.62 (3H, s), 3.78 (2H, brs), 6.52 (1H, t, J =
2.1 Hz), 6.56 (2H, dd, J= 8.1, 2.0 Hz), 6.83 (1H, d, /= 9.5 Hz), 6.95 (1H, d, J= 4.9 H2),
7.18 (1H, t, J= 8.1 Hz), 7.37 (1H, d, J= 5.1 Hz), 7.67 (1H, dd, /= 9.5, 1.7 Hz), 8.32 (1H,
s), 8.36 (1H, brs).

N-[6-(3-Aminophenoxy)imidazo[1,2- Bl pyridazin-2-yl]-3-(trifluoromethyl)benzamide
(40d)

U= 54%. TH NMR (400 MHz, CDCls) § 3.80 (2H, brs), 6.53 (1H, t, J = 2.1 Hz),
6.55—6.60 (2H, m), 6.84 (1H, d, /= 9.5 Hz), 7.20 (1H, t, J= 8.0 Hz), 7.58 (1H, d, J= 9.5
Hz), 7.64 (1H,t, J=7.8 Hz), 7.82 (1H, d, J= 7.8 Hz), 8.11 (1H, d, J= 7.8 Hz), 8.21 (1H, s),
8.39 (1H, s), 9.16 (1H, brs).

N-[6-(3-Aminophenoxy)imidazo[1,2- bl pyridazin-2-yl]-4-(trifluoromethyl)benzamide
(40e)

V=R 44%. 'TH NMR (400 MHz, CDCls) § 3.80 (2H, brs), 6.53 (1H, t, J = 2.2 Hz),
6.55—6.60 (2H, m), 6.83 (1H, d, /= 9.6 Hz), 7.20 (1H, t, J= 8.0 Hz), 7.54 (1H, d, J= 9.6
Hz), 7.76 (2H, d, J= 8.5 Hz), 8.04 (2H, d, /= 8.3 Hz), 8.39 (1H, s), 9.13 (1H, s).

N-[6-(3-Aminophenoxy)imidazo[1,2-blpyridazin-2-yl]lacetamide (40g)

I 72%. 'H NMR (400 MHz, DMSO-ds) § 2.07 (3H, s), 5.31 (2H, brs), 6.30 (1H, dd,
J=17.9,1.6 Hz), 6.36 (1H, t, J= 2.2 Hz), 6.43 (1H, dd, J= 8.1, 1.2 Hz), 6.96 (1H, d, J=9.8
Hz), 7.05 (1H, t, /= 8.1 Hz), 7.97-8.01 (2H, m), 10.79 (1H, s).
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MN[3-({2-[(Cyclopropylcarbonyl)aminolimidazol1,2- Alpyridazin-6-yl}oxy)phenyll-3-fluoro
benzamide (41f)
{E&% 40f (100 mg, 0.32 mmol) DDMA (8 mL)AKIZ, 3-7/AuXr A rnul

R (43 pL, 0.36 mmol) Z il 2. C=ilk C18RFMIHFE L7, RINEAYW 2K TRk, ik~
JVTHI U7e, ARSE A K, SR BIEK Chedtt. UEIRME L, miEE2 v V57
Lra~ b7 5T g —(~FW UEER T V) TG, BTV X 0T H S, KR
a4 (56 mg, 40%) % FEMA L LT,
Mp 263-264 °C. 'H NMR (300 MHz, DMSO-ds) § 0.76-0.85 (4H, m), 1.87-1.98 (1H, m),
7.02 (1H, dd, J= 8.1, 2.2 Hz), 7.07 (1H, d, J= 9.5 Hz), 7.41-7.49 (2H, m), 7.54-7.83 (5H,
m), 7.98 (1H, s), 8.06 (1H, d, /= 9.5 Hz), 10.43 (1H, s), 11.08 (1H, s). Anal. Calcd for
C2sH1sFN50s: C, 64.03; H, 4.21; N, 16.23. Found: C, 63.76; H, 4.12; N, 16.10.

EEDAUDERK L RRDOTTIEIZ LY | 4la—e g B LT,

N-[6-(8-{[(3-Fluorophenyl)carbonyllamino}phenoxy)imidazo[1,2- Blpyridazin-2-yl]tetrah
ydro-2 H-pyran-4-carboxamide (41a)

= 34%. Mp 230-231 °C. 'H NMR (400 MHz, DMSO-ds) 6§ 1.58-1.74 (4H, m),
2.65-2.76 (1H, m), 3.28-3.37 (2H, m), 3.86-3.92 (2H, m), 7.02 (1H, dd, /= 8.1, 1.5 Hz),
7.08 (1H, d, J= 9.5 Hz), 7.42-7.49 (2H, m), 7.56-7.62 (1H, m), 7.64-7.68 (1H, m), 7.72—
7.78 (2H, m), 7.80 (1H, d, J= 7.8 Hz), 8.03 (1H, s), 8.06 (1H, d, J= 9.5 Hz), 10.45 (1H, s),
10.81 (1H, s). Anal. Calcd for C25H22FN5040.25H20: C, 62.56; H, 4.72; N, 14.59. Found:
C, 62.64; H, 4.63; N, 14.82.

N-[3-({2-[(Cyclohexylcarbonyl)aminolimidazol1,2- lpyridazin-6-yl}oxy)phenyl]-3-fluorob
enzamide (41b)

=R 54%. Mp 216-217 °C. TH NMR (300 MHz, DMSO-ds) § 1.09-1.49 (5H, m),
1.57-1.84 (5H, m), 2.39-2.48 (1H, m), 6.98-7.10 (2H, m), 7.40-7.50 (2H, m), 7.54-7.69
(2H, m), 7.71-7.83 (3H, m), 8.00-8.08 (2H, m), 10.44 (1H, s), 10.69 (1H, s). Anal. Calcd
for C26H24FN5030.2H20: C, 65.45; H, 5.15; N, 14.68. Found: C, 65.49; H, 5.21; N, 14.63.

N-[6-(3-{[(8-Fluorophenyl)carbonyllamino}phenoxy)imidazo[1,2-blpyridazin-2-yl]-3-met
hylthiophene-2-carboxamide (41c)

=R 33%. Mp 203-204 °C. 'TH NMR (300 MHz, DMSO-ds) § 2.47 (3H, s), 6.99-7.07
(2H, m), 7.12 (1H, d, J= 9.5 Hz), 7.41-7.50 (2H, m), 7.55-7.70 (3H, m), 7.73-7.85 (3H,
m), 8.01-8.18 (2H, m), 10.45 (1H, s), 10.86 (1H, s). HRMS-ESI (m/2): [M + H]* caled for
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C25H1sFN503S, 488.1187; found, 488.1166.

3-Fluoro- N-(3-{[2-({[3-(trifluoromethyl)phenyllcarbonyl}amino)imidazol1,2- blpyridazin-
6-ylloxy}phenyl)benzamide (41d)

% 52%. 'TH NMR (300 MHz, DMSO-ds) § 7.06 (1H, ddd, /= 8.0, 2.4, 0.9 Hz), 7.15
(1H, d, /= 9.8 Hz), 7.41-7.51 (2H, m), 7.60 (1H, td, J= 8.0, 6.1 Hz), 7.66-7.72 (1H, m),
7.74-7.85 (4H, m), 7.97 (1H, d, J= 7.6 Hz), 8.10-8.16 (1H, m), 8.25 (1H, s), 8.36 (1H, d,
= 8.0 Hz), 8.45 (1H, s), 10.47 (1H, s), 11.68 (1H, s). HRMS-ESI (m/2): [M + H]* calcd for
C27H17F4N503, 536.1340; found, 536.1327.

3-Fluoro- N-(3-{[2-({[4-(trifluoromethyl)phenyl]lcarbonyl}amino)imidazol1,2- blpyridazin-
6-ylloxy}phenyl)benzamide (41e)

=R 55%. Mp 211-212 °C. 'H NMR (300 MHz, DMSO-ds) § 7.06 (1H, dd, J = 8.0,
2.2 Hz), 7.11-7.18 (1H, m), 7.40-7.51 (2H, m), 7.54-7.64 (1H, m), 7.65-7.71 (1H, m),
7.73-7.84 (3H, m), 7.89 (2H, d, J= 8.4 Hz), 8.13 (1H, d, /= 9.5 Hz), 8.21-8.29 (3H, m),
10.46 (1H, s), 11.61 (1H, s). Anal. Calcd for Ce7H17F4N503-0.5H20: C, 59.56; H, 3.33; N,
12.86. Found: C, 59.75; H, 3.46; N, 12.80.

N-(3-{[2-(Acetylamino)imidazo[1,2- 5] pyridazin-6-yl]loxy}phenyl)-3-fluorobenzamide
(41g)

% 76%. Mp 304-305 °C. 'H NMR (300 MHz, DMSO-ds) § 2.07 (3H, s), 6.99-7.11
(2H, m), 7.39-7.51 (2H, m), 7.53-7.70 (2H, m), 7.71-7.84 (3H, m), 7.97-8.09 (2H, m),
10.44 (1H, s), 10.80 (1H, s). Anal. Calcd for C21H16FN503-0.2H20: C, 61.67; H, 4.04; N,
17.12. Found: C, 61.94; H, 4.09; N, 16.86.

N-{6-[3-({[3-(Trifluoromethyl)phenyllcarbonyl}amino)phenoxylimidazo[1,2-blpyridazin-
2-yl}tetrahydro-2 H-pyran-4-carboxamide (35)

{EE&% 40a (200 mg, 0.57 mmol) DDMA (2 mLVAHRIZ, 3-(F VU ZuA 1 XA F L)
Y A7 m ) K100 pL, 0.68 mmol) & Al 2. TEE CTISKFEEE L7z, SRS % /K THi
Wik, e~ F L CHItE Lo, ARE 2K, fafn K Cledtt, BUERNG Lz, KRik%
SUBTENT T AT a~x T T T 4 — (X R T L) TRES  BEEE T L L0 B
fa L. RELAY (221 mg, 74%) & AR L LTHE-,
Mp 205-206 °C. 'H NMR (300 MHz, DMSO-ds) § 1.56-1.73 (4H, m), 2.62-2.78 (1H, m),
3.26-3.38 (2H, m), 3.83-3.93 (2H, m), 7.00-7.06 (1H, m), 7.08 (1H, d, /= 9.6 Hz), 7.46
(1H, t, J=8.1 Hz), 7.64-7.83 (3H, m), 7.95-7.99 (1H, m), 8.03 (1H, s), 8.06 (1H, d, J= 9.6
Hz), 8.23-8.29 (2H, m), 10.60 (1H, s), 10.80 (1H, s). Anal. Caled for
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C26H22F3N504-0.3H20: C, 58.82; H, 4.29; N, 13.19. Found: C, 58.80; H, 4.36; N, 13.06.

EEMBEDERK & RIRRDITIEIZ LY | 42-52& Bk LT,

MN[3-({2-[(Cyclopropylcarbonyl)aminolimidazol[1,2- Alpyridazin-6-yl}oxy)phenyllcyclopro
panecarboxamide (42)

= 70%. Mp 273-274 °C. 'H NMR (300 MHz, DMSO-ds) 6§ 0.77-0.82 (8H, m),
1.70-1.78 (1H, m), 1.87-1.97 (1H, m), 6.90 (1H, dt, /= 6.9, 2.2 Hz), 7.05 (1H, s), 7.30—
7.42 (2H, m), 7.57 (1H, s), 7.96 (1H, s), 8.03 (1H, d, J= 9.5 Hz), 10.34 (1H, s), 11.08 (1H,
s). Anal. Caled for C20H19N5030.3H20: C, 62.75; H, 5.16; N, 18.30. Found: C, 62.74; H,
5.18; N, 18.00.

N-(6-{3-[(2,2-Dimethylpropanoyl)amino]phenoxy}imidazol1,2- blpyridazin-2-yl)cycloprop
anecarboxamide (43)

= 60%. Mp 234-235 °C. 'TH NMR (400 MHz, CDCls) § 0.86-0.93 (2H, m), 1.08—
1.14 (2H, m), 1.31 (9H, s), 1.55-1.59 (1H, m), 6.83 (1H, d, /= 9.5 Hz), 6.94 (1H, ddd, J=
8.0, 2.3, 1.0 Hz), 7.26-7.40 (3H, m), 7.60 (1H, t, J= 2.2 Hz), 7.72 (1H, d, J= 9.5 Hz), 8.14
(1H, s), 8.46 (1H, s). HRMS-ESI (m/2): [M + H]*caled for C21H23N50s, 394.1874; found,
394.1857.

N-[3-({2-[(Cyclopropylcarbonyl)aminolimidazol[1,2- lpyridazin-6-yl}oxy)phenyl]pyridine
-4-carboxamide (44)

U= 78%. Mp 257-259 °C. TH NMR (300 MHz, DMSO-ds) 6§ 0.75-0.85 (4H, m),
1.84-2.00 (1H, m), 7.01-7.07 (1H, m), 7.08 (1H, d, J= 9.6 Hz), 7.46 (1H, t, J= 8.1 Hz),
7.63-7.69 (1H, m), 7.73 (1H, t, J= 2.1 Hz), 7.82-7.87 (2H, m), 7.98 (1H, s), 8.06 (1H, d, /
= 9.6 Hz), 8.76-8.81 (2H, m), 10.62 (1H, s), 11.09 (1H, s). Anal. Caled for
C22H1sN60s5 0.2H20: C, 63.21; H, 4.44; N, 20.10. Found: C, 63.28; H, 4.55; N, 19.97.

N-[3-({2-[(Cyclopropylcarbonyl)aminolimidazol1,2- lpyridazin-6-yl}oxy)phenyllisoxazol
e-5-carboxamide (45)

=R 57%. Mp 237-239 °C. TH NMR (300 MHz, DMSO-ds) 6§ 0.75-0.85 (4H, m),
1.85-1.99 (1H, m), 7.02-7.10 (2H, m), 7.25 (1H, d, J= 1.7 Hz), 7.46 (1H, t, J = 8.2 Hz),
7.63-7.72 (2H, m), 7.98 (1H, s), 8.06 (1H, d, /= 9.4 Hz), 8.81 (1H, d, /= 1.7 Hz), 10.87
(1H, s), 11.08 (1H, s). Anal. Calcd for C20H16N6O4: C, 59.40; H, 3.99; N, 20.78. Found: C,
59.09; H, 3.97; N, 20.73.
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MN[3-({2-[(Cyclopropylcarbonyl)aminolimidazol1,2- Alpyridazin-6-yl}oxy)phenyl]-3-meth
ylisoxazole-5-carboxamide (46)

I 22%. Mp 241-243 °C. '"H NMR (300 MHz, DMSO-ds) § 0.73-0.87 (4H, m),
1.86-1.98 (1H, m), 2.32 (3H, s), 7.01-7.14 (3H, m), 7.45 (1H, t, J= 8.2 Hz), 7.62-7.74 (2H,
m), 7.98 (1H, s), 8.06 (1H, d, J= 9.8 Hz), 10.82 (1H, s), 11.10 (1H, s). HRMS-ESI (m/2):
[M + HI]* caled for C21H18N6O4, 419.1462; found, 419.1429.

N-[3-({2-[(Cyclopropylcarbonyl)aminolimidazo[1,2- lpyridazin-6-yl}oxy)phenyl]-1-meth
yl-1H-1,2,3-triazole-5-carboxamide (47)

IV 67%. Mp 282-284 °C. 'H NMR (300 MHz, DMSO-ds) § 0.79-0.82 (4H,
m), 1.87-1.96 (1H, m), 4.23 (38H, s), 7.02-7.09 (2H, m), 7.46 (1H, t, J = 8.1 Hz),
7.56-7.65 (2H, m), 7.96 (1H, s), 8.05 (1H, d, J = 9.6 Hz), 8.37 (1H, s), 10.61 (1H,
s), 11.09 (1H, s). Anal. Caled for C20H1sNsO30.1EtOAc: C, 57.35; H, 4.44; N, 26.
23. Found: C, 57.24; H, 4.58; N, 26.00.

N-[3-({2-[(Cyclopropylcarbonyl)aminolimidazo[1,2- bl pyridazin-6-yl}oxy)phenyl]-1,5-dim
ethyl-1 H-pyrazole-3-carboxamide (48)

I 42%. Mp 226-227 °C. '"H NMR (300 MHz, DMSO-ds) 6§ 0.78-0.83 (4H, m),
1.88-1.96 (1H, m), 2.30 (3H, s), 3.82 (3H, s), 6.54 (1H, s), 6.91-6.96 (1H, m), 7.05 (1H, d,
J=9.6 Hz), 7.37 (1H, t, J= 8.1 Hz), 7.69-7.73 (1H, m), 7.76-7.78 (1H, m), 7.97 (1H, s),
8.04 (1H, d, J=9.6 Hz), 10.10 (1H, s), 11.09 (1H, s). Anal. Calcd for C22H21N7031.2H20:
C, 58.32; H, 5.21; N, 21.64. Found: C, 58.41; H, 5.32; N, 21.36.

N-[3-({2-[(Cyclopropylcarbonyl)aminolimidazol1,2-blpyridazin-6-yl}oxy)phenyl]-3,5-dim
ethylisoxazole-4-carboxamide (49)

=R 73%. Mp 227-228 °C. 'H NMR (300 MHz, DMSO-ds) 6§ 0.79-0.82 (4H, m),
1.88-1.95 (1H, m), 2.32 (3H, s), 2.54 (3H, s), 6.98-7.02 (1H, m), 7.06 (1H, d, J= 9.6 Hz),
7.42 (1H, t, J= 8.1 Hz), 7.48-7.51 (1H, m), 7.61-7.64 (1H, m), 7.96 (1H, s), 8.05 (1H, d, ¢/
= 9.6 Hz), 10.19 (1H, s), 11.09 (1H, s). Anal. Calcd for C22H20N¢O4: C, 61.10; H, 4.66; N,
19.43. Found: C, 60.83; H, 4.74; N, 19.31.

N-[3-({2-[(Cyclopropylcarbonyl)aminolimidazol1,2- lpyridazin-6-yl}oxy)phenyl]-1,3-dim
ethyl-1 H-pyrazole-5-carboxamide (50)

IV 54%. Mp 266 °C. 1H NMR (300 MHz, DMSO-ds) § 0.79-0.83 (4H, m), 1.87-1.97
(1H, m), 2.19 (3H, s), 3.98 (3H, s), 6.82 (1H, s), 6.99-7.03 (1H, m), 7.07 (1H, d, J= 9.6
Hz), 7.43 (1H, t, J= 8.1 Hz), 7.60-7.64 (1H, m), 7.65-7.68 (1H, m), 7.97 (1H, s), 8.06 (1H,
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d, J = 9.6 Hz), 10.24 (1H, s), 11.10 (1H, s). Anal. Calcd for C22H21N703-0.2EtOH: C,
61.05; H, 5.08; N, 22.25. Found: C, 61.03; H, 5.04; N, 22.24.

MN[3-({2-[(Cyclopropylcarbonyl)aminolimidazol1,2- Alpyridazin-6-yl}oxy)phenyl]-3-meth
yl-1-phenyl-1 H-pyrazole-5-carboxamide (51)

= 66%. Mp 255-256 °C. TH NMR (300 MHz, DMSO-ds) 6§ 0.76-0.84 (4H, m),
1.84-1.96 (1H, m), 2.29 (3H, s), 6.85 (1H, s), 6.96-7.01 (1H, m), 7.04 (1H, d, J= 9.6 Hz),
7.30-7.58 (8H, m), 7.95 (1H, s), 8.03 (1H, d, /= 9.6 Hz), 10.64 (1H, s), 11.08 (1H, s). Anal.
Calcd for C27H23N7050.8H:20: C, 63.85; H, 4.88; N, 19.30. Found: C, 63.91; H, 4.97; N,
19.31.

N-[3-({2-[(Cyclopropylcarbonyl)aminolimidazo[1,2- blpyridazin-6-yl}oxy)phenyl]-1-meth
yl-3-(trifluoromethyl)-1 H-pyrazole-5-carboxamide (52)

I 78%. Mp 249-251 °C. 'H NMR (300 MHz, DMSO-ds) § 0.73-0.85 (4H,
m), 1.84-1.97 (1H, m), 4.15 (3H, s) , 7.02-7.10 (2H, m), 7.46 (1H, t, J = 8.2 Hz),
7.50 (1H, s), 7.59-7.64 (1H, m), 7.66 (1H, t, J = 2.1 Hz), 7.98 (1H, s), 8.06 (1H,
d, J = 9.6 Hz), 10.53 (1H, s), 11.10 (1H, s). Anal. Calcd for C22H1sF3N7Os: C, 54.
43; H, 3.74; N, 20.20. Found: C, 54.48; H, 3.75; N, 19.97.

{LEM8EDERL L [FARED HFIEIZ LV | B3a,cfaERk LT,

N-[6-(3-Amino-4-methylphenoxy)imidazo[1,2- blpyridazin-2-yllcyclopropanecarboxamid
e (53a)

N 58%. 'TH NMR (300 MHz, DMSO-ds) § 0.72-0.86 (4H, m), 1.84-1.97 (1H, m),
2.04 (3H, s), 5.06 (2H, s), 6.28 (1H, dd, J= 8.1, 2.4 Hz), 6.42 (1H, d, J= 2.4 Hz), 6.93 (1H,
d, J=9.3 Hz), 6.95 (1H, d, /= 8.1 Hz), 7.96 (1H, s), 7.98 (1H, d, /= 9.3 Hz), 11.07 (1H, s).

N-[6-(3-Amino-2-methylphenoxy)imidazo[1,2-blpyridazin-2-yl]cyclopropanecarboxamid
e (53c)

N 58%. 'TH NMR (300 MHz, DMSO-ds) § 0.71-0.87 (4H, m), 1.83-1.98 (1H, m),
1.89 (3H, s), 5.13 (2H, s), 6.32 (1H, d, /= 8.0 Hz), 6.55 (1H, d, J= 6.8 Hz), 6.93 (1H, dd, J
=8.0,6.8 Hz), 6.94 (1H, d, J=9.5 Hz), 7.91 (1H, s), 7.98 (1H, d, J= 9.5 Hz), 11.05 (1H, s).

N-[6-(3-Amino-4-ethylphenoxy)imidazo[1,2- 5] pyridazin-2-yllcyclopropanecarboxamide
(53d)

IN# 70%. 1H NMR (300 MHz, DMSO-ds) § 0.73—0.88 (4H, m), 1.14 (3H, t, J= 7.4
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Hz), 1.85-2.00 (1H, m), 2.43 (2H, q, J= 7.4 Hz), 5.07 (2H, s), 6.31 (1H, dd, J= 8.1, 2.7
Hz), 6.42 (1H, d, J=2.7 Hz), 6.93 (1H, d, J= 9.6 Hz), 6.95 (1H, d, J= 7.8 Hz), 7.97 (1H, s),
7.98 (1H, d, /=9.0 Hz), 11.05 (1H, s).

N-[6-(3-Amino-4-fluorophenoxy)imidazol1,2- blpyridazin-2-yllcyclopropanecarboxamide
(53e)

N 73%. 'TH NMR (300 MHz, DMSO-ds) § 0.74-0.86 (4H, m), 1.86-1.98 (1H, m),
5.36 (2H, s), 6.30-6.38 (1H, m), 6.58 (1H, dd, J= 7.7, 2.9 Hz), 6.97 (1H, d, J= 9.6 Hz),
7.03 (1H, dd, J=11.4, 8.7 Hz), 7.96 (1H, s), 8.00 (1H, dd, J= 9.6, 0.6 Hz), 11.06 (1H, s).

N-[6-(3-Amino-4-chlorophenoxy)imidazo[1,2-blpyridazin-2-yllcyclopropanecarboxamide
(53f)

N 73%. 'TH NMR (300 MHz, DMSO-ds) § 0.72-0.87 (4H, m), 1.84-1.98 (1H, m),
5.56 (2H, s), 6.40 (1H, dd, J = 8.5, 2.8 Hz), 6.61 (1H, d, /= 2.8 Hz), 7.00 (1H, d, /= 9.8
Hz), 7.23 (1H, d, J= 8.5 Hz), 7.98 (1H, s), 8.02 (1H, d, /= 9.8 Hz), 11.09 (1H, s).

N-[6-(5-Amino-2-methylphenoxy)imidazo[1,2-blpyridazin-2-yl]cyclopropanecarboxamid
e (53b)

KFLT B U 7 L(60%HME, 56 mg, 1.4 mmol) DDMF (2 mL)&¥ERIC, 57 2 /-2-
AF N7 = ) —(173 mg, 1.4 mmol) DDMF (1 mL)IF#EZ Mz, 0°C T30 L1z, K
JSRA ., LA 39f (306 mg, 0.93 mmol) ODMF (1.5 mL)¥E#R Z2 1 %, 110 °C T24 5[]
PLER U7, UL TIRBEZ B Ltk FRIEICEEE =T /L, KEMZ. KE % Bl T /L Chit
Uiz, AR Z fafn K T L, MOKRREE ) b U o ACRilg, A L7c, BUE FIEEE
BRE EEWE VNIV T A a< 87T T 4 —ERT T VIANFT Y ) TRHERLL, #
LAY (94 mg, 31%) &= KR E LT,
TH NMR (300 MHz, DMSO-ds) 6§ 0.73-0.89 (4H, m), 1.84-2.01 (1H, m), 1.97 (3H, s), 5.08
(2H, s), 6.30 (1H, d, J= 2.3 Hz), 6.40 (1H, dd, /= 8.0, 2.3 Hz), 6.94 (1H, d, /= 8.0 Hz),
6.95 (1H, d, J=9.5 Hz), 7.93 (1H, s), 7.99 (1H, d, J= 9.5 Hz), 11.06 (1H, s).

N-[5-({2-[(Cyclopropylcarbonyl)aminolimidazo[1,2- bl pyridazin-6-yl}oxy)-2-methylpheny
1]-1,3-dimethyl-1 A-pyrazole-5-carboxamide (54a)

{b&453a (485 mg, 1.50 mmol)DMA (3 mL)IAKIZ, KETF. 1, 3V AF)L-1HE
T =5 HR =7 1) (262 mg, 1.65 mmol) & Il 2, =i C1RFEHEEE L=, K&
IRAEWMZ BRIEAKFET ) U LKERCTHIR L, B F /L CHllit U7z, AH)E 2 fafn
BHEKTHEE L, BRI M) U AT, AL, BIENEHEEZEEL, ZEDE
VUBGTNIT NI a~v NI T T 4 —(HERTTIVIA K ) — ) TG, =% ) — L XD
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fEdh L. RE(LEY (51T mg, TT% % HEHEE LTH,

Mp 223 °C. 'H NMR (300 MHz, DMSO-ds) § 0.76-0.85 (4H, m), 1.86-1.98 (1H, m), 2.19
(8H, s), 2.25 (3H, s), 3.97 (3H, s), 6.81 (1H, s), 7.04 (1H, d, J= 9.5 Hz), 7.10 (1H, dd, J =
8.4, 2.5 Hz), 7.27 (1H, d, J= 2.5 Hz), 7.35 (1H, d, /= 8.4 Hz), 7.93 (1H, s), 8.03 (1H, d, J
= 9.5 Hz), 9.80 (1H, s), 11.07 (1H, s). Anal. Caled for C23H23N7Os: C, 62.01; H, 5.20; N,
22.01. Found: C, 61.98; H, 5.18; N, 22.08.

N-[3-({2-[(Cyclopropylcarbonyl)aminolimidazol1,2- bl pyridazin-6-yl}oxy)-4-methylpheny
1]-1,3-dimethyl-1 H-pyrazole-5-carboxamide (54b)

{bA4538b (73 mg, 0.23 mmol) DTHF (5 mL)AHIZ, K& T, 1, 3P AFI-1HEZ
V' — -5 A ViR =L 7 1) K (46 mg, 0.29 mmol), kU =F /L7 2 (68 mg, 0.67 mmol)
A, SR CLRERIE Ui, SUSIRA W & fafnikigkFE T R U 7 LKER CHIN L, HE
e F L% VT3 B L7z, AifE 26t CRfi K g L, BoKkmEgsT MY
U LTHEE, A L7z, BT FASARE L%, EEREZER L, BT v/~ FH T
P L, RE(LAW(222 mg, TT%) & AR E LT,
Mp 137 °C.'H NMR (300 MHz, DMSO-ds) § 0.70-0.88 (4H, m), 1.85-1.97 (1H, m), 2.14
(3H, s), 2.18 (3H, s), 3.97 (3H, s), 6.81 (1H, s), 7.08 (1H, d, J= 9.5 Hz), 7.32 (1H, d, J =
8.3 Hz), 7.55 (1H, dd, J=8.3, 1.9 Hz), 7.60 (1H, d, J= 1.9 Hz), 7.92 (1H, s), 8.05 (1H, d, J
= 9.5 Hz), 10.18 (1H, s), 11.08 (1H, s). Anal. Calcd for C23H23N70s-1.5H20: C, 58.47; H,
5.55; N, 20.75. Found: C, 58.40; H, 5.56; N, 20.69.

N-[3-({2-[(Cyclopropylcarbonyl)aminolimidazol1,2- bl pyridazin-6-yl}oxy)-2-methylpheny
1]-1,3-dimethyl-1 H-pyrazole-5-carboxamide (54c)
LA WBAb DGR & RO FIEIZ L0 . RELAY (82%) % AfFEKRE L TR,

Mp 262 °C. 'H NMR (300 MHz, DMSO-ds) § 0.72-0.87 (4H, m), 1.86-1.98 (1H, m), 2.06
(8H, s), 2.20 (3H, s), 4.01 (3H, s), 6.84 (1H, s), 7.09 (1H, d, J= 9.5 Hz), 7.15 (1H, dd, J =
6.8, 2.3 Hz), 7.25-7.36 (2H, m), 7.88 (1H, s), 8.05 (1H, d, J= 9.5 Hz), 9.95 (1H, s), 11.07
(1H, s). Anal. Calcd for C23H2sN703 0.3H20: C, 61.27; H, 5.28; N, 21.75. Found: C, 61.31;
H, 5.03; N, 21.51.

N-[5-({2-[(Cyclopropylcarbonyl)aminolimidazol[1,2- lpyridazin-6-yl}oxy)-2-ethylphenyl]-
1,3-dimethyl-1Hpyrazole-5-carboxamide (54d)

L& #53d (202 mg, 0.60 mmol) DNMP (3 mL)EHRIC, KA T, 1, 3-F A F/L-1HE
7 —-5-FNAR=L7 1) R(143 mg, 0.90 mmol) Z Mz, =R CIRFfHRIE Lz, MG
IRAEW & fOFREEAKFET U U KR AR, B F L2 AW T3 Bt Lz, A
g 2 G o TRMAEAK THE L, BAMEET M) UL Tl AL, BUE N
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EHEL, BEWME VI SN T T LI NI T T 4 — (BT AR ) — =
100/0—80/20) TH##%, =% / —/L L0 Hfish L. RELAEY (167 mg, 61%) % HEHK
L LTHET,

Mp 199 °C. 'H NMR (300 MHz, DMSO-ds) § 0.76-0.84 (4H, m), 1.15 (3H, t, J= 7.6 Hz),
1.84-2.00 (1H, m), 2.19 (3H, s), 2.63 (2H, q, J= 7.6 Hz), 3.97 (3H, s), 6.80 (1H, s), 7.04
(1H, d, J=9.6 Hz), 7.15 (1H, dd, J= 8.6, 2.6 Hz), 7.23 (1H, d, /= 2.6 Hz), 7.37 (1H, d, J=
8.6 Hz), 7.94 (1H, s), 8.03 (1H, dd, J=9.6, 0.6 Hz), 9.82 (1H, s), 11.07 (1H, s). Anal. Calcd
for C24H25N7030.3H20: C, 62.00; H, 5.55; N, 21.09. Found: C, 61.95; H, 5.51; N, 21.09.

N-[5-({2-[(Cyclopropylcarbonyl)aminolimidazo[1,2- bl pyridazin-6-yl}oxy)-2-fluorophenyl]
-1,3-dimethyl-1 H-pyrazole-5-carboxamide (54e)
LA Wb4aD Gk & RO TIEIZ L0 . RELAY (66%) % AERE L TR,

Mp 234 °C. 'H NMR (300 MHz, DMSO-ds) § 0.72-0.88 (4H, m), 1.84-2.00 (1H, m), 2.19
(3H, s), 3.97 (3H, s), 6.84 (1H, s), 7.07 (1H, d, J= 9.6 Hz), 7.14-7.25 (1H, m), 7.39 (1H, t,
J=19.6 Hz), 7.48-7.58 (1H, m), 7.93 (1H, s), 8.03 (1H, d, J= 9.6 Hz), 10.09 (1H, s), 11.06
(1H, s). Anal. Caled for Co2H20FN7Os: C, 58.79; H, 4.49; N, 21.82. Found: C, 58.61; H,
4.44; N, 21.74.

N-[2-Chloro-5-({2-[(cyclopropylcarbonyl)aminolimidazol1,2- Al pyridazin-6-yl}oxy)phenyl]
-1,3-dimethyl-1 H-pyrazole-5-carboxamide (54f)

bEWb4aD G L RO HIEIZ LY . RE(LEY (66%) % HEEK L LT,
Mp 255 °C. 1H NMR (300 MHz, DMSO-db) § 0.72-0.86 (4H, m), 1.85-1.98 (1H, m), 2.20
(3H, s), 3.98 (3H, s), 6.84 (1H, s), 7.10 (1H, d, J= 9.6 Hz), 7.26 (1H, dd, J= 8.9, 2.8 H2),
7.54 (1H, d, J= 2.8 Hz), 7.64 (1H, d, J= 8.9 Hz), 7.96 (1H, s), 8.06 (1H, d, J= 9.6 Hz),
9.99 (1H, s), 11.09 (1H, s). Anal. Calcd for C22H20CIN7Os: C, 56.72; H, 4.33; Cl, 7.61; N,
21.04. Found: C, 56.65; H, 4.30; Cl, 7.51; N, 21.03.
Metabolic stability assay

t hBIXO~v2[FI 7 1 Y — A0 Xenotech, LLC (Lenexa, KS)#t L WEEA L=,
71— 5(0.2 mg protein/mL) & /LA #(1 umol/L)? 50 mmol/L KH2PO4/K2HPO4 buffer
(pH 7.4z, 25 mmol/LL MgCls, 25 mmol/L glucose-6-phosphate, 2.5 mmol/L
beta-NADP+ and 7.5 unit/mL glucose-6-phosphate dehydrogenase # %1 L 37 °C TA >~
FaX—varllk, 7TEF= M) ABIMCEVEBERERGZELEZ, UV H D50
LC/MS/MS iz & v Bibaw omb &4 E LT,
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FHHE HBb6MAREAT DT =Y NFEEEOERKE LRl

5.1 (IL®IZ

AR CRHEINTZA I X V1,2-0 80 X2 5558k 501X, #7172 VEGFR2 FHEEME
(ICs0 = 1.4 nM)F KL " HUVEC 8458 ETEME(ICs0 = 1.7 nM) %2 78 L 72, 72,50 & VEGFR2
OBEE GRS OBUFIZERE) L, 50 OFEEE— RRHA L E 57 (Figure 4-3), {L5%) 50
D INRAL U E—=ThbHAIZ /(1,208 X3, 1 (M EFB L8 CH BHHAE
FZBAE- L, FFIC 1 = & Cys919 O F8H NH & OKERE S IXIEMERBUI RO CTEHE T
bDHZENTFEBEENTZ, LT, ZOMOFEFICHELRAEEERTGED bhkho/cZ b
PO IERB LS. CHLUSMIAEWAIRETH D LR SN 3 E TR L D 1T,
Bl oA A —RIE, TR ORECROEAS RO A U P 2 T EE S < BEn
fbEW e OEMMEOBE N GIEFICEETHD, £ T, IS FX—L LT,
VEGFR2 & OMAENEAICE G542 1 (L 2EHB L8N CH Z#Ff L7 5,6 fid R4 A
5 type 2 VEGFR2 ¥ —BHEEKDOAIH 2 ATlz, A I X4V [1,2-08) X0 D 1%
FRLOBAL CHIZH YT HEICEHRR FB LU CHAZA T 5 5,6 Mt BRIZZEUTE D,
FZTETVARATRENE & B BIROREMEDBLEN D EM & 725 5,6 fEAERZIBIR LT,
WIZ, AIXVN2-P Y HZD D 1 MERDKBREET 787 % —& LTHREET S &0
IR AR, LI OBEROKEEAT 77X —ENEVHAREZRINT D2 L &
Lz, KEWET 78 72— FHIT 570, BHRFF ELOBFHEELZHAELEZLEZ A,
[1,2,4] NV 7Y r[1,5-alE°) ¥ 66a, 1 IV [1,2-al°) ¥ 69a, 77V 1[5,4-pEY
T Tda, BIO 13XV FTY =8 M, A IFXV[1,2-h Y U 50 & [RIZELL E
DAEFBMEHFORTND Z L2V L7z (Figure 5-1), iE-> T, ZNHE VIS, U H—%H
T AW, Cys919 £ NH L RMICKERAT D2 Lick v, #/72 VEGFR2 [

FEEMEZ R EB R
Me
H A\
N@/m
AR

r|ng

0
[ N
H N

Cmpd 65a 69a 74a 85 50

N. s__N S N

. N N> X N X
Rin / /A:f I:f %

g ~ o <Y <1 <1 O
@ ® ® ® ®

Atomic charge
on the N(a)a

-0.66 -0.61 -0.58 -0.58 -0.60

Figure 5-1 Atomic charges of the representative compounds. 2Atomic charges were

calculated at the Hartree—Fock 6-31G/level using the Gaussian03.
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L ZATUB0 1HHRV in vitroTEVEZE R Loy, = 0 AT D DWW UEDME N> T2,
~ 7 A% W T G RER 2 W TEN - B2 2 7R 371X, TR D722 in vitro &M D 772 53
BIF 72 AW A G T 2 0EN DD, 4 FIZBWT, 50 OH R~ B U BRICE LA
BMAT DL, WRENR EL, EOREREODRINENSGET HMANE T, £ T
%fﬁ\mvmn%ﬁ&&%’%%ﬁ’%ﬁb%ﬁ%%%ﬁi:&kbto%%W&%ﬁ%
FECE LGB E LT, 5 4 IR HMAND, PR B URA~OBEHILE A7)
R THDEEZT=, £, FULLE 4 BIZBWT, D FHARDY AT IVE T Y — LERAL
IEMFFRVEDN BN Z LAV LTV 572, VEGFR2 FHETRE 2 HERE L 72208 DIARREE N
] B9 2 @S R 2 TR B 5 & B 2 72,
U bkomBzikic, 1,24 N 7y a5av ) vy, A IF Y128 ) vy FT
yulb4abe vy, BIWY 1,3V FT Y —)vE kU, X — LT 5 Figure 52
R ITLEmE AR L, TORMEZITH> 2L &Lz,

Glugss

Hydrophobic
Pocket

RN
\é{f\% ‘\: NIR
:>

/N\ N

E :[\‘ & % j/;j\ rlng =
N s N S
)\/N ;N SN S
kcysglgpf ASp1046 4<N/)\/;/ 4@ P %\N | 4<\N
@ ®) ©

Figure 5-2 Inhibitor Design

KRED S H—20 BIIL, AIFSE TR S 72 type 2 VEGFR2 - — B BRHEHE O F##
EHONITHZETHD, 2 EITHBWT, 20d EmWWF T —EiERMZ R L, ZRmIC
BT type 1 VEGFR2 ¥ F—EHEHRIVENRDL Z 2B 60 E Lz, £Z TRETIX
type 2 VEGFR2 & — V¥ EIHKOENEIZ BT 2ENT-FHEZHA LT H 2 &2 B
RENMEW OREREIIT 21T > T2,
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5.2 Ak

[1,2,4 RV 7Y m(1,5-al v & UFERDOEHIEL Scheme 5-1 (237, HRD 3-=
ho 7= /=55 ZHHERE LT, 57 rE-2-= ha ') IV L REBINISEITS =
ETV= bk b6 B AA. BMIETICEI Y VT R KRBT~ i, RWNT, BT ICK
Lzl 60 ZEHSESZ L2k, 2007 2 DI b7 = RENBRIRIICT
ks B8a 157, — . NUB VR EICATFAEB IO VA K E BT 554,
T YR E DT X ERT UL SN T LE 9720, AEEL— M 58b-d DA
ICHEH C& 7ehote, T2 T, 73/ 7=/ —/VB9ac k7 ul K602k v 7l
%, 57 rE2=bu YV EDh T TR EITY 62ac ~EE X RWT= b
o AR LT HZ LI E Y 58bd ARk LT, 7 /K B8ad (X, = FFXTANAR=
NMAVFFTT = S EDZEICL0, ST HFA T LUTIR 63ad & L7=1%,
AV TR ENLNZTFAT IUAFET, E ReXx T I VEBEAZFEFHIELZ 21X
[1,24] NV 7Y [1,5-al° U ¥ 1K 64a-d ~& ZH# L 7=, Bochis HIZ XV #iE 7= Tk
kB E, 1,24l NV 7Y r15alE ) DUBRIE, FATLTAREE FEFIT I VDK
JSIZE D AX VT =B AERR LT, in situ TEHBBRISHETT 5 2 Ll L DS
nNoEEZLNTVWD, ZOLHIZLTHLNET I /K64ad D55, 64ab ikt NV
TFINT IVEETF., YZaFaXvhrR=rral) ReERAEEREZ A, FTED
65a,b (TN 2, 7 XV ENTT LI NTALE DRI LTz, 27 S UARIET V7 VK
DRRZE DT, T UK 65ab ~EWARETH -T2, VT VRPN ERT HERIL, RV
TFAT IVERMLIEZ EICED2bDEERT, £Z2TC, 64c,d DT I LKIZEBNT, b
V=T N7 o H0d DMA FICRISE Tl A, F /7 2 /UK 65c,d D3 RINIYIZ 1S
b,
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NH,
¢ (for 583
—_—

Me

Qfﬁ

NO,
HO NO, 4 b
\©/ —_— _
N7 N
| \ N‘
H,N
55 2 56 2 HzN 58a: R=H
58b: R = 2-Me
58c: R = 3-Me
58d: R = 2-F
I \
f (for 58b—d)
> [% e
CIOC
N
\
59a: R = 2-Me 6la: R = 2-Me 7 628 R = 2-Me
59b: R = 3-Me 61b: R = 3-Me 62b: R = 3-Me
59Cc: R =2-F 61C: R =2-F 62C: R =2-F
Me Me
X “m/m i b A
X
5 9 ‘ e} Me h ‘\\
8a-d = . = Me
S N7 N (0]
SN
EtOOC\N)LN ‘ HN— /J\/j/
H H 632 R=H NN 6sa:R=H
63b: R = 2-Me 64b: R = 2-Me
63C: R = 3-Me 64C: R = 3-Me
63d: R = 2-F 64d: R = 2-F
Me
. R H I \N
i (for GSa,b) N |
j (for 65¢,d) N N
- ‘ _ o) Me
o
>4 N
SN
AN
N=\F
65a:R=H
65b: R = 2-Me
65C: R = 3-Me
65d: R = 2-F
Scheme 5-1 Reagents: (a) 5-Bromo-2-nitropyridine, Cs2COs, DMF; (b) Ho, Pd/C,

MeOH; (c) 60, pyridine, THF; (d) EtsN, THF; (e) 5-bromo-2-nitropyridine, Cs2CO3, DMF;
() Hs, Pd/C, MeOH; (g) EtOOCNCS, DMSO; (h) NH:OH-HCl, DIEA, MeOH, EtOH; (i)
(1) cyclopropanecarbonyl chloride, EtsN, THF, (2) Na2COs, MeOH, H:0; ()

cyclopropanecarbonyl chloride, DMA.

Scheme 5-2 IZRTHIEIZELD . A IFV[1,2-alV°) P UiFEk69ab A LT-, 7
R /K B8ab iz pr b= AR =L v ) REEH SE 66ab ~E A L7-%, I—FK
TENTIRERAWE Y DU ET VXL, 29 LTRELILZ 67ab 1Tk L, b
U7 NAafiikhmEERSEL 2 8Ick A4 24V [1,2-al 8V ¥ U BR AR, 247 b
VonAa7vF T I ) EENMKSBELT 2 /1K 68ab ~EE- 2, gElc, vrnr
g HNR= v REfWET I 2 EOT U BIZ XY 69ab Ak LT,
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HNT N TSHN
58a:R=H 66a: R=H 67a:R=H
58b: R = Me 66b: R =Me 67b: R = Me

Me

Me
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N’ N
c \ d \
_ Me _ Me

O
N
=Y

68a: R=H 69a: R=H
68b: R =Me 69b: R = Me

Scheme 5-2 Reagents: (a) TsCl, pyridine; (b) iodoacetamide, DIEA, DMF; (c) (1) TFAA,
CH:Cl: (2) NaOH, H20, EtOH; (d) cyclopropanecarbonyl chloride, EtsN, THF.

F7 v ulb4-bv ) VUHEROAKIEL Scheme 5-3 (2R T, £F, 7=/ —VIR
70 BLU6la L 2-7un-5-=hpb Dby 7Y U IROGIED Tlab & A4,
= b EE2EMECSOSIAT 2 8L 0 7 X 2R T2ab ~ &N T2 IRV TISCHRIITHEW Y,
WERSIRHE ., T2ab ICRBB LS VT AT oA ) v aEEHSE Z LI TFT Y
1[5,4-b ) VUBREMEE LTZ, (LAY 6bab DG RIE L FERIC, FUZF AT I UIFEET
78a Ilfk7 v ) REEHSED &, B/ T IIUEK Tda & VT VIVIEDIREM NS LN,
2T, IBEWMET VI UMUK IREARATT 2 & TE ) TR T4da ~ORS 2, —
F. RUVZFAT I w2 H0T DMA 1 C 78b O 7 Vb ER AT L A, FIEDE /)T
VK T4b DB 7G5 Z LITE LT,

?/Yﬁ% g;/# N g;/#

70:R=H 71aR=H 72a:R=H
6la: R = Me 71b: R = Me 72b: R = Me
Me Me
R R
H \ N
g d (for 74a NN
c N e (for 74b) N
—_— [e) Me _— o) Me
o]
S N S N
AN X
H,N H
<1 STy
73a:R=H 742 R=H
73b: R = Me 74b: R = Me

Scheme 5-3 Reagents: (a) 2-Chloro-5-nitropyridine, K2COs, DMF; (b) Hz, Pd/C, MeOH;
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(c) Bra, KNCS, AcOH; (d) (1) cyclopropanecarbonyl chloride, EtsN, THF, (2) Na2COs,
MeOH, H:0; (e) cyclopropanecarbonyl chloride, DMA.

PR UBRICERLZAET H[1,24 NV 7Y a1,5a B Y U UFEEKS0ER L
8la-fD & ki%. Scheme 5-4IZ/RT HiEIC LV EE L7z, {LEWTTablL. 58b-d& [FEEIC
75abl5-70E-2-=huab ) oD hy 7Y IR, = ha ke o 2 &
WCEDAR LT, RWT, 72 /{R7TablZxf L. Scheme 5-1 & RIEEDOSMZ2 WD Z LiZ
Eve-7I /1,24l NV TV al1,5al ) P UBREMEEL. T K0T b, Bockd
BrEZIERITS Z &Ik 7 /{K79abt L=, L C, T9abZzfEx Dfigr vl Kz H
WTT Vb T 52 &2k D, 80k L U8laf~LiE -,

Me Me
0C
Me , X NHE A
A& NHBoe | \
3\ a = b =
e o

W~
H

NHBoc

N N
{ |
0N NF HN- N
75a: 4-yl 76a: 4-yl 772 4-yl
75b: 2-y 76b: 2-yl 77b: 2+

M NHBoc Me NH
‘\\ \\ 2
¢ = d ‘ >
- —_— ]
N N
HAN—¢ N7 >—<H — N
NFNF NFNF
78a: 4-yl 79a: 4-yl
78b: 2-yl 79b: 2-yl

H | \ N H R
N
N ’
. \ f T
% - o Me M o
Me:

80 8la-f

Scheme 5-4 Reagents: (a) 5-Bromo-2-nitropyridine, Cs2COs, DMF; (b) Hs, Pd/C,
MeOH; () EtOOCNCS, DMSO, (2) NH:OH-HC1 , DIEA, MeOH, EtOH; (@) (1)
cyclopropanecarbonyl chloride, DMA, (2) TFA; (e) 60, DMA; (f) R-COCl, DMA

1,3-_ Y F T — VR85 DG ik A Scheme 5-512 779, (L& #82002-7 X/ KA
BIRICT VLT 5 Z L2 L 0 7 2 RNIR88% Alkth., 1-7 4 r-3-=furx/—Lk
OREBEILOSIZE 084L LT, (bAWBAD = F i T I /) S~ B % - O g
LERATZE T A, IEWBEFTEIE L, 22T, FMHFE28ECICERETLH2LTT I
JIREGH%, BBy a ) RERWET S IUBIc L 085~ L Eu -,
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Scheme 5-5 Reagents: (a) Cyclopropanecarbonyl chloride, EtsN, THF; (b)
1-fluoro-3-nitrobenzene, K2COs, DMF; (c) (1) Hs, Pd/C, MeOH, (2) Fe, CaClz, EtOH, H20,
(3) 60, EtsN, THF.
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5.3 HEETEMEMBY

IEAEWB0DA I XV [1,2-al 8 X2 B Al 2 OREEERICE# LI-fE R % Table 5-1
WRT, BT FA AGEED . 4 I XV ([1,2-a 8V XY UMY T A EICERIR
T #H7 565a, 69a, Tda, B LU85IL, WT ' bnMA— & —D5# ) 72 VEGFR2BAE S
s LT, LGB0 5 (1283 % 3 (IS BB X ¥ 7-65at L UNCHIZZA i L 7269all BT
VEGFR2PHETEMEDHMaRF L2 Z & 26| Figure 4-3 6 PHEINZ@Y . 3MLEB L OB (LD
ZEFRIZIVEGFR2 & OFEMEAICH S Lz EVHIBA L7z, 512, T4ak L U8
VEGFR2FAFEMAMERF L7 2 L2 6| BEANL O EFR I X OB WL Ok #F 1  VEGFR2[H.
TR B L B 2 002 LI Lz, (LA OHUVECHISHLERBR AT o7& 2 A,
65a. 69a. 74a. B L U85I%. 50 & [FEEnMA— & — i f1 e fEIGEZ R LT-, LA ks
B (1,24l NV 7y a[15a ) vy A IXV[1,2:a8 ) U FT Y al54-bE Y U
BLUL3-R Y F T —)LiE, VEGFR2F F— B EKDEN - RS U —L LT
FERET D Z LB L MM o 72,

Table 5-1

Effect of modifications to the hinge-binding core

Wf*

. Solubility JP2¢
com rin R VEGFR2 IC., ("M b y ClogPd
pd ing 50 (M) HUVEC® ICg, ("M (ng/mL) g
N
50 /NS H 1.4 (1315 1.7 (0.66-3.8 17 23
W (L315) (0.6638)
65a Noy H 11(1.0-13) 3.9 2075 12 2.4
65b %/N/Jg/ 2-Me 19 (1.6-2.2) 13 (0.59-2.6) 53 2.2
65¢ 3-Me 2.1 (18-2.4) 47 (17-136) 32 2.9
80 4-Me 373343 67 (48-92) 37 29
65d 2-F 2.0 (18-2.3) 5.0 (3.0-8.0) 65 19
69a NS H 11(10-12) 1.1(0.34-2.6) 0.73 33
69b N 2-Me 12(1.1-13) 0.80 (0.38-1.5) 29 31
74a s__N_ H 13(11-14) 441999 <0.04 33
74b %\N P 2-Me 12 (10-14) 36 (14-856) 48 32
S
85 = D/ H 3.6 (3.04.3) 0.93 (0.12-3.7) 0.22 42
N

2 Numbers in parentheses represent 95% conidence interval.
b Inhibition of HUVEC proliferation.
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¢ Kinetic solubility in the 2nd fluid of Disintegration Test of the Japanese
Pharmacopoeia (pH 6.8).

d ClogP(1-Octanol/water partition coefficients) value was calculated by Daylight
Software. ClogP, version 4.95, Daylight Software, Daylight chemical information
systems, Inc., Aliso Viejo, CA; http:// www.daylight.com.

b UNRA B —DENRF BRI G 2 5 EEIZ OV TR L7 (Table 5-2),
%9, VEGFR2 & HREMED I I8V VEGFR13 L O'PDGFRBIC 59~ % BRLEEG M & 57 L
72 ZA, WITHOEEY HICs < 100 nMOSR S R HEEEEZ R LT, & 2 AT, type 2

X —PIHERIL, AREN L5 FF—PIThZ, type 2% F—EIERDOFEEN M B
TWLDFF—BHIHET 256055, 21X, errl3,2-dv Y I ¥ 3FEK20d1%
VEGFR2/Z/1 2 Tie-2Z58@ /JIZPHE L, ¥ ¥B-raffHE3E & L CTRI¥E & fu7zsorafenibid,
VEGFR2 b NICPHET 29, —F, ©rnr(3,2-dv’ ) I P riFEfk20ds 1 2 %/ [1,2-1)
B U XY UFHERB0b[H CTie-2fHEIGHENR R E S B o TWeZ e, B IRS U H

W XY S —BRPEN R B NN E 2 b, £ 2T, 50, 65a, 69a, T4a.
BILUBBIZHONT, type 2F T —VILEIEKDIFAENHE STV DHekitd), Aurora A9,
B-raf?, Tie-29, 3 X 'p38MAPFF—ENIKf 7 5 BTG A G M Lz, ZOfER, Wi
NOAEY b Tie-2 & p38MAP - —RIZxt ¥ 2 [HEIEIEN RO > T DITH L,
c-kit, Aurora A, B X UB-raflxt7 5 HEEMEIFIECEMIT LD B D Z LB LT,
by UNRA U — DO L e kitBlEIR M L OBE AR Z A, BODI (LIS T HNL
BNCHTH DL IS U X —%HT 550,69a73[Cs0 = 20 nMO5E ) 72 BHETE A R L
723, X DALENR~T v Th H65a, Tda, 3 L U851XICs50 > 100 nMTh o7, HiE
ST, T /WL OMAEMCMCHMRE ST 5 Z Enmg I, £7-. BraffHEIGME
B L TIE, 65aDAITIEENRO b= Z D, Braf OMHAERIZIIER N EE T
bDHTEPHB LTz, —JF, AuroraAFEIEMEIC DWW TIE, 77 Y r[5,4-b Y ¥ U FFEK
T4aZ RN T, WTNOLEY b HRRE O EIEM:(100 nM < ICs0 <1000 nM) &7~ L7=, LA
FORER, e VRS X DB L) B RIREORE N FRETH S LRI
77
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Table 5-2

Kinase selectivity

Me
H \
NYE\?N
o Me
e
MHN
e

Csy (V)7
Compd ring VEGFR1 VEGFR2 PDGFRp c-kit Tie-2 Aurora A B-raf p38a
S0 ﬂ{j‘\'\l/j/ @.1—%.4) (1.%0,1.5) (3.2'-57.9) (15-?57) >1000 (24?6?5?30) >1000  >1000
65a %’:\/N D (2;3:13) (1.3-11.3) (141-925) (11%?270) >1000 (4}1?230) (42?2800) >1000
69 ﬂ{jj (5.%.7) (1.%)'-11.2) (4.2'-97.8) (15-126) >1000 (11%)7260) >1000 >1000
42 4<\§ \N/\ (365-?37) (1.:;-31.4) (4%-315) (111(-)?260) >1000 >1000 >1000 >1000

s 69 36 21 240 680
8 %\N]@/ 6277 (3043) (1433 190290y 0% 50-3200 1000 1000

2 Numbers in parentheses represent 95% confidence interval.

BRLLTALA O B AR HE 2R IPIC I DIRMRE LT L= 2 A, B YN
AU H— "B DH T LIS RVIERENEAT D 2 LV L7z(Table 5-1), [1,2,4] MY
7 null5-al vy Y UiEERebald, 50 L IFMRENFRETHY , A I XV [1,2-alE ) PV
BR69alT DTN N B NME T Lz, X LT, MR 263 5F7 Y ul54-0EY
T UHERT4a L3N Y F T Y — VERERSE I3 BRI E MR T L2, bEY
T4a L 85 CIAME MK T L2 R O —DIIMREMER I K2 b D EEZ B 510, FEEE R
BHED/RT A —2 Tl % ClogPl3b0 & i LEfE T o7z, b 5 —DDER L LT, Hitdi
F-L2607 I RIS L OS-OMBEERNE 2 bW, $72b5 SSOMAERICLY T
I RELHHARMSEFHICHEET 230 74 A=Y a UBNEEREND & FHEiEED
DEFPNEANFEAE D Z ENAIREE T2 D, 16> T, T4ak LU8BIL, Hidh/ Ny F o 70
IR D DHUCIEIRENRNE B 2 Db, —Ji, AR TR O ML L RIS,
e B U BR2ALIC A F L EE A A L 7265b, 69b, 35 L UN74bid, MEE AR & g Lug
WHBRIREEN A E Uiz, Balt, A HOMENTBN T, BT AL XD 57OV
g &L RS Sy U TAME T UL AR E BT A BISES SiuTo, AR GED RS
K& D3> 7265bDfEhF(217-220 cCO)NE, *IEsT 5 HEE Hi{A65a D Fl 5(244-245 oC) & bl LA
BT o Tz, 6o T, 22 AFNEOBE ALY | 5O FmEMEA R DI TV B ATHEMED
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mNEBZLND,

A #65bIZ I\ TR IR 7 B N7, S HICHERR B U BROE
FRHE & 4T - 7= (Table 5-1), 9. 65bD 27 A F /L% 378 K O E) X ¥ 7-65¢, 80
R L7z & 2 A, WIS VEGFR2FAETEENHERE L 7=, — 5, HUVECH A EHER D
%, 65b3ICs0 = 1.3 nM D3R /) 72 HUVECHIFEL ETEM: 2 77T D12k L. 65cks L1801
VEGFR2FHFIGHEA65b & [F55E CTd 512 6 B 63, 106524 FHUVECH] 8 PR F 15 238055
Lz, &2 T, BHROLEIZML E0m &KW L, 7oA aikesda Gk L& 24, #iie
VEGFR2BAEIH M3 L OHUVECHHR EIG M2 7R LT, WMREEHIE O E, 65dI1ZJP2IC
% L50 pg/mLU OBt E R Uiz, AFNVEL Y 0 X/ hEWT v FEIT, HF O
PEZ T NRITN SN EZZ B D, fiEo T AR YGEO BRI, IREMEIR T (ClogP = 2.4
(65a) — 1.9BBAICL DL DEEZBND,

WIT, VAT NE T — VRN OB K 558 % FJ-_7= (Table 5-3), H4F TR LN
TAER RIS, TR E LTHEBREZAT 2b6W8la-dD 472 6579 REaf T L% /v
£81e fIc B\ T b i /172 VEGFR2PAETG M A 4R L 7=, %I L T, HUVECHFEF BTG &
WIREEIX, 7V VOB EZ RE S ZIT72, £7 . HUVECHFEMHETEMEICBE L Tid, A
T vV iE AT 58la-dD N, HEFEFET VAR T H8leflV LI TH T, 1k
H¥81a L 8leld, ClogP A% TH D12 b 20 b T HUVECH L ETE LN B2 5 = &
5. IREMEIXHUVECHFERLETE I B LW B 2 b vz, 6o T, 7 P IvEONFmtk
DT R A, HUVECHGEIL EIHIERTRICE S L TWD 2 EARB SN, —7.
LA ORI L, TREEIC KV ERSND Z LV LTz, 9725, 65b & Ll L ClogP
DE81a,biE KIEICIR MR E MK T L, 65b & U ClogP2ME W 81e,dI TR fifE 23 m L=, 1k
E8le fNENEIAMEIZ BB L O FVEMENE N> T- DI, 7T U IVENEFR & g Lrigid
TRWIENEREEZ NS,
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Table 5-3
Modification of the acyl group?

[e]
NN
HN_<”
T

Solubility JP2°

Compd R VEGFR, IC5, ("M) HUVECP ICg, ("M ClogP¢
# (ng/mL)
Me
65b /m 1.9 (16-2.2) 1.3 (0.59-2.6) 53 2.2
N
Me
Me
8la /’L’( 15 (1317 43 (1512 0.16 35
Me
81b 3N\ e 0.48 (0.43-0.55 1.6 (0.9-26 12 37
' ( ) ( )
Cl
Me
N
8ic /[/(N 19 (1L.7-2.2) 3.8 (15-9.3) >03 19
Me
A\
81d m 16 (L4-17) 9.9 (4.3-23) >80 19
Me
8le Me 20 (17-2.2) 56 (33-96) 12 34
Me
81f /D 3.0 (2635 88 (59-133) >78 2.8

2 Numbers in parentheses represent 95% confidence interval.

bInhibition of HUVEC proliferation.

¢ Kinetic solubility in the 2nd fluid of Disintegration Test of the Japanese
Pharmacopoeia (pH 6.8).

d ClogP value was calculated by Daylight Software. ClogP, version 4.95, Daylight
Software, Daylight chemical information systems, Inc., Aliso Viejo, CA; http://

www.daylight.com.
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587172 in vitro &M L & HITEWIRMEE Z R L7z 65d,81c 12D\ T~ 7 A D IY
P& RN L7z (Table 5-4), M¥#OHFFED . 50 1Tk LIEMEEEN W E L7z 65d 35 L O 8lc
1. B RMAPEE (Cmax). AUCo-sn 28 & HIZ 50 Lk LEfETH 7=, —F. 8leld. 65d
& Cnax (A TH > 7203 AUCosn 1F 1/8 Kiili ChH o 7=, (LAWY 8le id, H 5 8 K& D1
HE R EE (Cen) 3 FEH 1A A 2 72(0.011 pg/ml) 2 & 20D, WIS LT H 0N H 50
PR SN D Z ENRBENTL, v VA 7 a Y — AR AREREEEZFHME L &
Z A, 8lc 1L 65d L0 EHSehICRE SN Z EnDh, REHCARLERILAW TH D Z LM
FIBA L7z, *LT, (LG 65d 13X RAF e~ U AL EMEZ KR L Can 23E <, £zt b
FFR7uy—ABNTHEETH T, - T, 65d D~ 7 A THRD Lz BAF 28O
IPEIE, B MZBWTHHHTE S LEZ BN,

Table 5-4
Pharmacokinetic properties
Mouse PK? Metabolic stabilityd
Solubility JP2¢
Compd Cinax AUC g.° o /miC Human Mouse /m{
(Mg/ML)  (ug-hmLy e (O uL/minmg)  uL/min/mg (HgME)
50 0.15 0.730 0.053 6.0 43 1.7
65d 3.11 7.39 0.247 10 45 65
8lc 3.21 2.31 0.011 6.0 78 >93

a2 Compounds were administered at an oral dose of 10 mg/kg as a cassette dosing.

b Area under the plasma concentration—time curve.

¢ Plasma concentration at 8 h after administration.

d Metabolic stability in hepatic microsomes.

¢ Kinetic solubility in the 2nd fluid of Disintegration Test of the Japanese

Pharmacopoeia (pH 6.8).
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5.4 LA 65d OAWRH

{EA Y 65d O —BiERIEZFHH L7 (Table 5-5), {tA# 65d 1%, t'r=([3,2-d
EU R VUHEAR 20d BL O 2 4 V(1,2-8 8 Y XY UaEEK 80b & [FIREIC, VEGFRI,
PDGFRo. PDGFRBZ#/JICPHE L7z, —77. 65a i c-kit, B-raf, Aurora |Zxf L T ICso
<300 nM DOFHEIEM AR L7y (Table 5-2), 7 /LA m B4 A L7z 65b 1%, c-kit (2%
% P ETEPEIIHERF 95 (Cs0 = 150 nM) & DD, B-raf, Aurora (2% % FLETEMEIZRMEIC
J885(B-raf ICs0 > 10000 nM, AuroraAICso=2900nM)L7=, F7=, HE L7=FDfh 12 %
F—FIZoNTH ICs0 > 1000 nM TH Y, 65d IEF T —EBIEREMLEMTH D Z &
AR L7z,

Table 5-5
Kinase selectivity of 65d2
kinase ICsy (nM) kinase ICg (nM)
VEGFR2 2.0 (1.8-2.3) IGF1-R >10000
VEGFR1 3.6 (3.3-3.8) c-kit 150 (120-200)
PDGFRa 12 (10-14) Src >10000
PDGFR[3 14 (11-17) FAK >10000
FGFR1 2700 (1900-3900) B-raf >10000
Tie-2 >10000 ERK1 >10000
HER2 >10000 PKC6 >10000
EGFR >10000 GSK3p >10000
IR >10000 Aurora A 2900 (1800-4500)
p38a >10000

2 Numbers in parentheses represent 95% confidence interval.

&% 65d 23581172 in vitro IEMEICINZ RAFRBEAWIMEZ R LT-Z &b, v T A
MW= gUlEg B 217 > 72 (Table 5-6), b MATSZIRAN ML DU145 3 X O Mt A
Ml A549 Z L TR L7~ A2, 65d & 1 A 2 EIEO£L Lz, LT, &5 14 A
\ZIEGAAE A I7E L. vehicle #f & LA 5 HE OIS AFEIEMHL(T/C) 2 HiH L=, Z Ofb
B, 65d 13 0.5 mg/kg(H & 1 mg/ke)& 5BV CIEEAFE % vehicle BED 6 EIFREE 24
Wl Uiz, 72, AEEGEICIESARE O ZMH L, 5 mg/kg(H £ 10 mg/kg)$ 58613,
JEIS TS DO HE NS vehicle BED 3 EIRNG TH o 7o, O F72 D 2 DO 03 AulZxt L TIRIZE D HY
FHRRENRNRD N2 &b, UYIOMFHERY | A H A ERDER % e AER)
ThHIENRBINT, £, WTNOREEIZBWTHBHERAEFRLITRD R
Mol Z b, 65d XL EEDOEmVINARIE RV GD EEZ LT,
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Table 5-6

Antitumor efficacy of 65d in nude mice bearing human tumor xenografts

Tumor model Dose (Mg/kg)? T/IC (%)b
DU145 (prostate) 0.5 60
15 37
5.0 27
Ab549 (NSCLC) 0.5 57
15 34
5.0 14

a2 Compound was dosed twice daily for14 days.
b Treatment per control (T/C %), an index of antitumor efficacy, was calculated by
comparison of the mean change in tumor volume over the treatment period for the

control and treated groups.

Type 2 VEGFR2 37— P& KA 450 i | ’Ef;‘cé%%%%%ﬁﬁ“é HiyT, k&8 D
ATPHEHIMER KOS G % 37 L 7=(Table 5-7), i@% ., VEGFR2¥ - — VI EHRBRIL
{bA% &£ VEGFR2% 5%) F'%’ V¥ o= g Lizth, ATPI0 pMEINC L 0 ¥ —E K
% BbA X, —ERRRICEE Y VL EEZNIET 5, — 5 AERIT LAY L VEGFR2
DTVArFa— 7 /H%%F'ﬁ% TR L U605, ATPIRE A1 mMICREE LTZ, £,
VEGFR2E D7 LA & a_X—3 = UIRF] A 05 R & RS /0 IZRE L, ATPIRE A1

IZEFE LI-BEOVEGFR2IALEIHEMEZJE Lz, £ OfER, 65dis L 81D ICsofli%
Table 5-135 L U5-3 T/~ L7ZATPIZE 10 uMIZ 1 2 IC50fEICs0 = 2.0 nM (65d). 3.0 nM
@1 LM% TH 7=, > T, 65dIB L USIIFATPHEA R 7 v &2 EETHICH b b
TUATPHBIMEZ RSN E A L7z, — ., ATPIREZ1 mMIZRE L., {bEw &
VEGFR2L DT L A o F 2 X— 3 VR %6050 1A T L7zFE, VEGFR2EIEMEN KiE
(AT DRV S b, 77200, 8Ifid7 LA ¥ aX—T g VIFHIC K -
TICsofENZAL LAV DIZK L, 65d1X6057 7' LA v F 2X— a3 35 2 &Ik 0 KI8E
VEGFR2[HEIEMEN TR L 72 (ICs0 = 2.2 nM — 0.26 nM)o O END, 65dIE55H D
TUA rF 2= a3 L TIEVEGFR2 & OfE G I LRV, fiied THE Gl B 23
WMEEWTH D Z EAVHI LTz, £72, 65dIX81fL L LHUVECiFEWLBHE/EﬁZP#% (el
NTHHZENS, 60T LA vFax— 3 v LEBOVEGFR2MLEEEAHUVEC
HEIEPR TS M & T 5 2 & AR S dLT,
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Table 5-7

Preincubation time-dependent inhibition

VEGFR2 ICqy ("M)
Pre-incubationP

Cmpd 5 min 60 min HUVEC® IC5, ("M)
65d 2.2 (2.0-2.5) 0.26 (0.25-0.28) 5.0 (3.0-8.0
81f 3.9 (34-4.4 3.1(2.4-4.0y 88 (59-133)

2 Numbers in parentheses represent 95% conidence interval.

b The assay was performed with preincubation of the compounds and VEGFR2
before addition of 1 mM of ATP.

¢ Inhibition of HUVEC proliferation.

BLIRTZR N E RN A R L 7265d O fiffifE s B2 4 5EAfi 9~ 5 H YT, dilution assay & 1772
(Figure 5-3), AZEBRIX, IC50D10fHRED(LEM EVEGFR2E 7' LA V¥ aX— 3 L
TCEA R TR S E T, ICoD 110 EICAIN L, ATPE LOEE 2N 7 —8 K
JREAT T BROIEE Y VML EEZRET D2 DO TH D, WHFICHM /100 E T, Him Lix
ERTOIEMHBVEGFR2 GEEET 5, > T, ZOFRETIEFF—EEHETE L
720 | control® L 9 (ZHFM O & & HIHEEN Y v Ibsihd, —J7, 65di%Y Rk
TS TEL . T —BRISELN 59053 (5400f)#% 1288\ T H U ek &iXcontrol
DL T CThoTe, ZOBENE ALEMDB AR L > THVEGFR2) HAEA LT E £,
T B REREHE D3RO TR Z &2V Lo, MEEERE 2 EVMEAmoREE LT, (b
B — AR BE T IUT R I A CE 270N RN fFc& 52 L, A
MHRE ZHERFT A MER WA T X —7y MIEAT2 VA BERTFT5Z &, M
T HN51, (6o T, 65d03HE T 5 MREEHEE AN EVWER X, SRR & 2 etEom icEw
B3 5LEZ26N5,
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Figure 5-3 Dilution assay of VEGFR2-65d complex. Phosphorylation of peptide
substrate as a function of time is shown. The reaction was initiated by diluting a
preformed enzyme—inhibitor complex to one tenth of ICso with reaction buffer
containing 1 mM ATP and 0.1 pg/mL biotinylated poly-Glu-Tyr (4:1). The recovery of

activity was measured using the AlphaScreen® system.
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556 F LW

ARETIE, Fe v U S F—DRFE L BIF Wt 2 s LA oRIH &2 BicS
EIT o T2 ALEMB0DA I XV [1,2-0 ) XV #[1,24] N U 7 Va5l v, A
REVN2-al ) vy, FTYulb4be ) vy, BEO,3RU S TF T VAT D
ZElcky, e YRS A —%AT Dtype 2 VEGFR2F F—VRLERAZAIH LT,
Z LT, WEEYGEZ B & Lo gl b ORE R, 71720n vitrol&VEITIN 2, B2 0%
IWVEZ 7R 965d % R 2 L ITAE) LTz L& 65dI%, = 7 A & F W 7o HUiE S kiR o5 &
RIQ DD AT T /W L CRA R FER 2R L, BHERAFEFRLRD LR -
77

F72. KFETidtype 2 VEGFR2¥ T — B ER DR 25 L7, Fhmis i 2 8k
ZHOLICTHHMT, LA % a—3 g VIRRKAERER S L O\dilution assay Z1T
VN, BBAMFE AR, FREEERE & B IO TRV L AR L, ., BRERIT L EHEE
HONMZT 2 H X — B RIRMERBR 2 520 L, 65d23 1% Hr4 12 B 5 VEGFR,
PDGFRD A % I PLET 5 IRED EVMEEW TH D Z L 2SN LTz,

LI EDOfER, type 2 VEGFR2¥F - —EIHFHHK T 565dix, Fahm - Z4aim L bITEN
TALBTH D Z EAVHEIA LTz, o> T, 65dITBEFOHIN AFKI NG T 2 i & fRih L7- 5t
MAKNE T2 015D L HIRF S LD,
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EEROER

2-Nitro-5-(3-nitrophenoxy)pyridine (56)

3=btmr7x/—(1.76 g, 55.8 mmol), 57 BE-2-=hr Y (0.3 g, 50.7
mmol), R 7 4(24.8 g, 76.1 mmol). DMF (150 mL)DIEAW % 50 °C T 15 Kefil#
L7z, SREAYZKTHENL, Big=F L CHH Uiz, AR 2K, fafn K oot
., BOKMEE~ 7 32U LT, A LTn, AIREBITLEMGESR. REWE T 570
~ K777 4—(NHYV U BTN ~FH VBT /L) TR L ZRE(LEY (4.37 g, 33%)
FEARERE L TR,
1H NMR (DMSO-ds) § 7.73-7.85 (3H, m), 8.10 (1H, t, J= 2.1 Hz), 8.15-8.19 (1H, m), 8.38
(1H, dd, J/=9.0, 0.6 Hz), 8.52-8.54 (1H, m).

5-(3-Aminophenoxy)pyridin-2-amine (57)

t&% 56 (1.33 g, 5.07 mmol) D A % / —/L(10 mLWAHKIZ /T P Lfk#E (50% 5 /K
fhy 100 m@) &M x., IRAEWEKFERAK FRIR T 12 FHMEL L, KNREEhEET A
AL, AIRZIEREMER, i L, RE(LEY (980 mg, 96%)% ik & L TH
77
1H NMR (DMSO-ds) § 5.15 (2H, brs), 5.82 (2H, brs), 6.00-6.04 (2H, m), 6.18-6.22 (1H,
m), 6.47 (1H, d, J= 8.9 Hz), 6.90 (1H, t, J= 7.7 Hz), 7.14 (1H, dd, J= 8.9, 3.0 Hz), 7.69
(1H, d, J= 3.0 Hz).

N-{3-[(6-Aminopyridin-3-yl)oxylphenyl}-1,3-dimethyl-1 H-pyrazole-5-carboxamide(58a)
b 57 (975 mg, 4.85 mmol), E'Y > (410 pL, 5.09 mmol)?® THF(10 mL){&iFZ
KRG T, 1,3V AFN-1H YT Y —)b-5- 7))V R=/L 7 vl K807 mg, 5.09 mmol)®
THF(10 mL)&EHE A F L. IBAW &=L T 2 B Lz, MSIEAWEKTHR L, B
i F /L CHlit . AHEE 2 R B Tl L. BOKERE~ 7R > U A TR, AL
77 AIRERITEME L, BEWE h T b0~ N7 T7 7 40—V 70, ~FH ik
FV) TR, BT v~F Y L0 ARt L. RELLAEY (964 mg, 61%) % H [
we LTHT,
1H NMR (DMSO-ds) § 2.18 (3H, s), 3.96 (3H, s), 5.91 (2H, brs), 6.50 (1H, d, J/= 8.9 Hz),
6.65-6.68 (1H, m), 6.78 (1H, s), 7.11 (1H, dd, J = 8.9, 3.0 Hz), 7.24-7.30 (2H, m), 7.43—
7.47 (1H, m), 7.75 (1H, d, /= 3.0 Hz), 10.10 (1H, brs).

N-{5-[(6-Aminopyridin-3-yl)oxyl-2-methylphenyl}-1,3-dimethyl-1 H-pyrazole-5-carboxam
ide (58b)

t&% 62a (3.38 g, 9.20 mmol)D A % / —/L (20 mLEIKIZ/ T V7 LR#E (50% &
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Kt 300 mg) &M%, AW E KFERFR TRIRTARMEE L, SREME T A
KA L, AIRAEBIERMGES, ZEWE AHL BBz T L~ 30 Ce L, REREYD
(2.94 g, 95%) & AEKR & L TH-,

1H NMR (DMSO-ds) 6§ 2.15 (3H, s), 2.18 (3H, s), 3.97 (3H, s), 5.88 (2H, brs), 6.49 (1H, dd,
J=9.0,0.6 Hz), 6.73-6.78 (2H, m), 6.88 (1H, d, J= 2.4 Hz), 7.17-7.22 (2H, m), 7.73-7.75
(1H, m), 9.71 (1H, brs).

N-{3-[(6-Aminopyridin-3-yl)oxy]-5-methylphenyl}-1,3-dimethyl-1 H-pyrazole-5-carboxam
ide (58¢)
A4 58b DA AL & FIERD FIEIZ LV | RELA(88%) 2 W s ta bk & L T157=,
1H NMR (CDCls) § 2.28 (3H, s), 2.31 (3H, s), 4.12 (3H, s), 4.40 (2H, s), 6.40 (1H, s), 6.50—
6.57 (2H, m), 6.92 (1H, t, J=2.0 Hz), 7.17 (1H, s), 7.21 (1H, dd, J= 8.6, 2.6 Hz), 7.65 (1H,
s), 7.89-7.92 (1H, m).

N-{5-[(6-Aminopyridin-3-yl)oxy]-2-fluorophenyl}-1,3-dimethyl-1 H-pyrazole-5-carboxami
de (58d)

A4 58b DA RL & [FIERD FIEIZ LV | RELAY(88%) 2 W s bk & L TH57=,
H NMR (DMSO-ds) § 2.18 (3H, s), 3.96 (3H, s), 5.90 (2H, s), 6.50 (1H, d, J = 9.0 Hz),
6.76-6.85 (2H, m), 7.10 (1H, dd, J= 6.2, 3.2 Hz), 7.16-7.28 (2H, m), 7.76 (1H, d, J= 3.0
Hz), 9.97 (1H, s).

N-(5-Hydroxy-2-methylphenyl)-1,3-dimethyl-1 H-pyrazole-5-carboxamide (61a)

373 /)4 AFNTx/—/L (38.71 g 30.1 mmol), bV =F/NL7T I >(4.38 mL, 31.6
mmol)® THF(30 mL)¥EH KM IHEE T, 8(5.02¢g,31.6 mmo)D7 hZ & ka7 7 (10
mL)ERZTH T L, IBEM A EIE T 16 R Lc, RINRAWZKTHNL, k=T
JUTTHI R . ARRE & S K THE L. KRR~ 7 1 v U A THR, AL, A
TR 2 TS L, iR & AEs, HERR = F LI~ Tl L. ZELAW(4.67 g, 63%)
AGERE L TR,
1H NMR (DMSO-ds) § 2.09 (3H, s), 2.19 (3H, s), 3.98 (3H, s), 6.57 (1H, dd, J = 8.5, 2.4
Hz), 6.76-6.79 (2H, m), 7.02 (1H, d, J= 8.5 Hz), 9.26 (1H, brs), 9.59 (1H, s).

N-(3-Hydroxy-5-methylphenyl)-1,3-dimethyl-1 H-pyrazole-5-carboxamide (61b)

bAY) 6la DAERLE RO FIEIZ LD | RELA(96%) 2 S A ikm & LTz,
TH NMR (CDCls) § 2.29 (3H, s), 2.30 (3H, s), 4.13 (3H, s), 5.58 (1H, s), 6.39 (1H, s), 6.49
(1H, s), 6.80 (1H, s), 7.13 (1H, t, J= 2.0 Hz), 7.55 (1H, s).
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N-(2-Fluoro-5-hydroxyphenyl)-1,3-dimethyl-1 H-pyrazole-5-carboxamide (61c)

LAY 61la DAL E REROIFIEIZ L . RELEW(96%) % AERE L TR,
H NMR (DMSO-ds) § 2.19 (3H, s), 3.98 (3H, s), 6.58-6.64 (1H, m), 6.83 (1H, s), 6.97—
7.09 (2H, m), 9.87 (1H, s), 1H not detected.

1,3-Dimethyl- N{2-methyl-5-[(6-nitropyridin-3-yl)oxylphenyl}-1 H-pyrazole-5-carboxami
de (62a)

&% 61a (4.67 g, 19.0 mmol), 5-7 1E-2-= h 1 ' 22(3.68 g, 18.1 mmol), Mk
27 21(9.29 g, 28.5 mmol), DMF (20 mL) DiEEW 2 iR T 15 B L-, KRS
WEKTHNL, BT LTIt L7z, AR 2K, fafn Bk Cleidis, BKmm~
TR LT, Al LT, AIREBERNGER, KEWEI 7 L0 N7 0 —(v
VBTN NFYURET V), e TAH T hon< 87 T77 4—=NH VU B 70 ~F
PR T L) TR L, RELAY (3.38 g, 44%) & AR L L TR,

TH NMR (DMSO-ds) § 2.20 (3H, s), 2.27 (3H, s), 3.98 (3H, s), 6.82 (1H, s), 7.09 (1H, dd,
=8.3,2.5 Hz), 7.31 (1H, d, J= 2.5 Hz), 7.41 (1H, d, J= 8.3 Hz), 7.62 (1H, dd, J= 8.8, 2.8
Hz), 8.36 (1H, d, J= 8.8 Hz), 8.42 (1H, d, J= 2.8 Hz), 9.82 (1H, s).

1,3-Dimethyl- N-{3-methyl-5-[(6-nitropyridin-3-yl)oxylphenyl}-1 H-pyrazole-5-carboxami
de (62b)

LAY 62a DAL E RO FIEIZ LY . REAEW(54%) 2 K E ARy & L TR,
TH NMR (CDCls) § 2.29 (3H, s), 2.39 (3H, s), 4.12 (3H, s), 6.73 (1H, s), 7.19 (1H, s), 7.43
(1H, t, J= 2.0 Hz), 7.46 (1H, dd, J= 8.8, 3.0 Hz), 7.74 (1H, s), 8.01 (1H, s), 8.25 (1H, d, J
=8.8 Hz), 8.34 (1H, d, J= 3.0 Hz).

N-{2-Fluoro-5-[(6-nitropyridin-3-yl)oxylphenyl}-1,3-dimethyl-1 H-pyrazole-5-carboxamid
e (62c)

LAY 62a DERLE RO FIEIZ LY . REAEW(59%) % Aafiik s L TRk,
1H NMR (DMSO-d) § 2.20 (3H, s), 3.99 (3H, s), 6.87 (1H, s), 7.16-7.22 (1H, m), 7.46 (1H,
dd, J=10.5, 8.9 Hz), 7.59 (1H, dd, J= 6.3, 3.0 Hz), 7.66 (1H, dd, J= 9.5, 2.9 Hz), 8.36
(1H, d, J=9.3 Hz), 8.44 (1H, d, J= 2.7 Hz), 1H not detected.

N-{3-[(2-Aminol1,2,4]triazolo[1,5- alpyridin-6-yl)oxylphenyl}-1,3-dimethyl-1 H-pyrazole-
5-carboxamide (64a)

{b&%) 58a (184 mg, 0.569 mmol)® DMSO (4 mLFIEIZ, A YV F A>T F b Xz
/1(89.6 mg, 0.682 mmol), &Mz, BEWE 15 R L1z, SURRSMZ K THRL,
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FEfE =T L Tt A IS 2 R A K T L, KRR~ 7 %> U A CHE, AHib
L7z, AZBIEEM%., w8 L. (LAY 63a (268 mg, 99%) % M@k & LT, =
5 LTHE LAY 63a (238 mg, 0.524 mmol), Hfkt FuXxi L7 E=1 4 (364
mg, 5.24 mmol), DIEA(548 pL, 3.14 mmol), =% /—/L (3 mL), A% /—/L (3 mL)®»
IRGM% 60 °C T 5 IR}, 80 °C T 2 Wefl#i#E L7z, BUNEAEWZ /K THINL ., Hifg—F v
Thi U7z, AHE 2K, Baf K CUE %, KRR~ 7 1o U LTl Al LTz,
AR LR L, M E DT Lo~ NTT77 40—V BTN, ~FY IR TV
| A5 ) =) TR, BER =T L/~F W L0 Efsa b L, £ZELAY (131 mg, 69%)
AGERE L TR,

H NMR (DMSO-ds) § 2.18 (3H, s), 3.96 (3H, s), 6.03 (2H, s), 6.78-6.82 (2H, m), 7.30—
7.43 (4H, m), 7.52-7.57 (1H, m), 8.65 (1H, d, J= 2.4 Hz), 10.13 (1H, s).

N-{5-[(2-Amino[1,2,4]triazolo[1,5- a]lpyridin-6-yl)oxy]-2-methylphenyl}-1,3-dimethyl-1 H-
pyrazole-5-carboxamide (64b)

LAY 64a DAL E REROIFIEIZ L . RELEW(T5%) % Ak s L TR,
TH NMR (DMSO-ds) § 2.18 (6H, s), 3.96 (3H, s), 5.99 (2H, s), 6.77 (1H, s), 6.87 (1H, dd, /
= 8.6, 2.6 Hz), 7.02 (1H, d, J= 2.6 Hz), 7.23-7.29 (2H, m), 7.38 (1H, d, J= 9.3 Hz), 8.55
(1H, d, J=1.8 Hz), 9.73 (1H, s).

N{3-[(2-Amino[1,2,4]triazolo[1,5- a]lpyridin-6-yl)oxy]-5-methylphenyl}-1,3-dimethyl-1 H-
pyrazole-5-carboxamide (64c)

LAY 64a DAL E REROIFIEIZ LV . RELEW(63%) % Ak s L TR,
H NMR (DMSO-ds) § 2.17 (3H, s), 2.28 (3H, s), 3.96 (3H, s), 6.01 (2H, s), 6.63 (1H, s),
6.77 (1H, s), 7.17 (1H, t, J= 1.9 Hz), 7.25-7.34 (1H, m), 7.36-7.45 (2H, m), 8.61 (1H, d, J
=1.9 Hz), 10.03 (1H, s).

N{5-[(2-Amino[1,2,4]triazolo[1,5- alpyridin-6-yl)oxy]-2-fluorophenyl}-1,3-dimethyl-1 Hp
yrazole-5-carboxamide (64d)

LAY 64a DAL E REROIFIEIZ LV . RELEW(69%) % Ak s L TR,
1H NMR (DMSO-ds) § 2.18 (3H, s), 3.96 (3H, s), 6.02 (2H, s), 6.82 (1H, s), 6.92-6.98 (1H,
m), 7.23-7.33 (3H, m), 7.40 (1H, dd, J= 9.3, 0.6 Hz), 8.61 (1H, dd, /= 2.1, 0.6 Hz), 10.01
(1H, s).

N-[3-({2-[(Cyclopropylcarbonyl)amino][1,2,4]triazolo[1,5- alpyridin-6-yl}oxy)phenyl]-1,3-
dimethyl-1 H-pyrazole-5-carboxamide (65a)

{b&% 64a (117 mg, 0.322 mmol), kU =F /L7 2 (134 uL, 0.966 mmol)® THF(5
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mL)ERIOKGHEE T, > 7 a7 hriR=127nrl F(38.0uL, 0.419 mmol) Z /1% .
RAWEEIR T 12 R %, bty rara v hR=/17nrl K29.3 ulL, 0.322
mmol) & il 2. 3 BEFHE U7z, MOSIRAMZ /K THIRN L, Bifg—F L Chitt L7z, AiE %
K, BRI EHK TS, BRI~ 7 R AT, A LTs, A& IR L.
FEEWCRIET R U v A(100 mg), A ¥/ —/(2ml), K@A00 )&=, RE¥%E 50 °C
T30 R Lz, RNRGMEKTHIR L, Bifg=F /L i L7z, A8 2K, fafn
BHKTHRIEH%, B~ 7 2> U A THlE, Al Lo, AREZBUERN L, EED%E
BT Lra~ NTTT7 40—V BT, FilgT T V) TREE ., BT X0 BRI L.
RKELAW(112 mg, 60%) % [AMAEEKE LTHZ,

Mp 244-245 °C. 1H NMR (DMSO-ds) § 0.80—0.85 (4H, m), 2.00-2.01 (1H, m), 2.17 (3H, s),
3.96 (3H, s), 6.77-6.85 (2H, m), 7.35 (1H, t, J= 8.3 Hz), 7.40 (1H, t, J = 2.1 Hz), 7.51—
7.58 (2H, m), 7.74 (1H, d, J=9.3 Hz), 8.94 (1H, d, J= 2.4 Hz), 10.14 (1H, s), 11.05 (1H, s).
Anal. Calced for C22H21N70350.25AcOE¢t: C, 60.92; H, 5.11; N, 21.62. Found: C, 61.10; H,
5.21; N, 21.38.

N-[5-({2-[(Cyclopropylcarbonyl)amino][1,2,4]ltriazolol1,5- alpyridin-6-yl}oxy)-2-methylph
enyl]-1,3-dimethyl-1 H-pyrazole-5-carboxamide (65b)

LAY 65a DAL E REROIFIEIZ LV | RELEW(60%) % Ak s L TRk,
Mp 217-220 °C. 1H NMR (DMSO-ds) § 0.81-0.83 (4H, m), 1.98-2.10 (1H, m), 2.18 (3H, s),
2.19 (3H, s), 3.96 (3H, s), 6.78 (1H, s), 6.92 (1H, dd, J= 8.4, 2.6 Hz), 7.07 (1H, d, J= 2.6
Hz), 7.27 (1H, d, J= 8.4 Hz), 7.49 (1H, dd, J= 9.5, 2.3 Hz), 7.71 (1H, d, J= 9.5 Hz), 8.53
(1H, d, J=2.3 Hz), 9.76 (1H, s), 11.04 (1H, s). Anal. Calcd for C2sH23N703-0.25EtOAc: C,
61.66; H, 5.39; N, 20.97. Found: C, 61.28; H, 5.36; N, 20.95.

N-[3-({2-[(Cyclopropylcarbonyl)amino][1,2,4]ltriazolol1,5- alpyridin-6-yl}oxy)-5-methylph
enyl]-1,3-dimethyl-1 H-pyrazole-5-carboxamide (65c)
b 89f DAL L RERDIFIEIZ L 0 | FELEW(G3%) & Ak E L TR,

Mp 233 °C. TH NMR (DMSO-ds) § 0.77-0.87 (4H, m), 1.96-2.10 (1H, m), 2.17 (3H, s),
2.29 (3H, s), 3.96 (3H, s), 6.67 (1H, s), 6.78 (1H, s), 7.21 (1H, t, /= 1.9 Hz), 7.43 (1H, s),
7.52 (1H, dd, J=9.6,2.3 Hz), 7.74 (1H, d, J=9.6 Hz), 8.91 (1H, d, J= 2.3 Hz), 10.05 (1H,
s), 11.04 (1H, s). Anal. Caled for Ca23H2sN70s: C, 62.01; H, 5.20; N, 22.01. Found: C,
62.00; H, 5.22; N, 22.10.

N-[5-({2-[(Cyclopropylcarbonyl)amino][1,2,4]triazolo[1,5- alpyridin-6-yl}oxy)-2-fluorophe
nyl]-1,3-dimethyl-1 H-pyrazole-5-carboxamide (65d)

1Le 89 DA L RERD AT LY . FELEW(T1%) 2 A EMEK S LT,
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Mp 209 °C. TH NMR (DMSO-ds) § 0.81-0.84 (4H, m), 1.99-2.08 (1H, m), 2.18 (3H, s),
3.96 (3H, s), 6.81 (1H, s), 6.98-7.03 (1H, m), 7.29-7.35 (2H, m), 7.52 (1H, dd, J= 9.6, 2.4
Hz), 7.73 (1H, d, J= 9.6 Hz), 8.87 (1H, d, /= 2.4 Hz), 10.02 (1H, s), 11.02 (1H, s). Anal.
Caled for C22H20FN7Os: C, 58.79; H, 4.49; N, 21.82. Found: C, 58.61; H, 4.36; N, 21.65.

1,3-Dimethyl- N-{3-[(6-{[(4-methylphenyl)sulfonyl]amino}pyridin-3-yl)oxylphenyl}-1 H-p
yrazole-5-carboxamide (66a)

t4%) 58a (750 mg, 2.32 mmol), p- /LT 2Lk =L 7 1l F(486 mg, 2.55 mmol),
v U (6 mL)DIREW % 80 °C T 15 KEEIEHR L7z, RISIRAMZ /K TAR L, Hifg=F
UTHIE R . AHRE & S K THE L, KRR~ 7 1 v A THER, AL, A
R, L, RELAW(A.13 g, 99%) % Ay & L THi,
1H NMR (DMSO-ds) § 2.18 (3H, s), 2.35 (3H, s), 3.33 (3H, s), 6.71-6.77 (2H, s), 7.13 (1H,
d, J=8.7 Hz), 7.29-7.53 (6H, m), 7.78 (2H, d, J= 8.4 Hz), 8.01 (1H, d, /= 3.0 Hz), 10.14
(1H, s), 11.06 (1H, brs).

1,3-Dimethyl- N-{2-methyl-5-[(6-{[(4-methylphenyl)sulfonyllamino}pyridin-3-yl)oxylphe
nyl}-1 H-pyrazole-5-carboxamide (66b)

LAY 66a DAL L REROIFIEIZ L . RELEW(TT%) % Ak s L TR,
1H NMR (DMSO-ds) § 2.19 (6H, s), 2.34 (3H, s), 3.97 (3H, s), 6.78-6.84 (2H, m), 6.98 (1H,
d, J=2.7Hz), 7.13 (1H, d, J= 8.9 Hz), 7.25 (1H, d, J= 8.7 Hz), 7.36 (2H, d, /= 8.1 Hz),
7.44 (1H, dd, J= 8.9, 3.0 Hz), 7.77 (2H, d, J= 8.1 Hz), 7.97 (1H, d, J= 3.0 Hz), 9.73 (1H,
s), 11.02 (1H, brs).

N-(3-{[1-(2-Amino-2-oxoethyl)-6-{[(4-methylphenyl)sulfonyllimino}-1,6-dihydropyridin-3
-ylloxy}phenyl)-1,3-dimethyl-1 H-pyrazole-5-carboxamide (67a)

{bE&% 66a (1.11 g, 2.32 mmol). DIEA(424 uL, 2.44 mmol), DMF (7 mL)DiEA& Y %
ST 2 KM%, 29— K7 b7 2 F(451 mg, 2.44 mmol) % I 2 =G C 15 REfj#z#e
L=, BUSIERAMZAKTHIR L, Wil F /L CTHit% ., AHE % afn Ak Cu L, 8
KEEEE~ 7% 7 A CHE, Al Lo, AIREBIERMGE L. M E HBth, Bilg=F v/
AFH TG L, ZELAW(883 mg, T1%) & AGEKRE L THE2,
1H NMR (DMSO-ds) § 2.19 (3H, s), 2.34 (3H, s), 3.97 (3H, s), 4.83 (2H, s), 6.72-6.79 (2H,
m), 7.26-7.43 (6H, m), 7.52-7.56 (1H, m), 7.66-7.77 (4H, m), 8.12 (1H, d, J = 2.7 H2),
10.18 (1H, s).

N-(5-{[1-(2-Amino-2-oxoethyl)-6-{[(4-methylphenyl)sulfonyllimino}-1,6-dihydropyridin-3
-ylloxy}-2-methylphenyl)-1,3-dimethyl-1 H-pyrazole-5-carboxamide (67b)
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LAY 6Ta DAL E REROIFIEIZ LV . RELEW(T2%) % Ak E L TR,
1TH NMR (DMSO-ds) § 2.17 (3H, s), 2.19 (3H, s), 2.34 (3H, s), 3.98 (3H, s), 4.82 (2H, s),
6.79 (1H, s), 6.84 (1H, dd, J= 8.3, 2.6 Hz), 7.04 (1H, d, /= 2.6 Hz), 7.24-7.29 (3H, m),
7.87-7.42 (2H, m), 7.65-7.71 (3H, m), 7.76 (1H, brs), 8.10 (1H, d, /= 3.0 Hz), 9.77 (1H,
s).

N{3-[(2-Aminoimidazo[1,2- a]lpyridin-6-yl)oxylphenyl}-1,3-dimethyl-1 H-pyrazole-5-carb
oxamide (68a)

t4%) 67a (882 mg, 1.65 mmol), U 74 oA (6 mL), 27 oo A% (8
mL) DIREY) % 2R C 2.5 ReIFE U7, ROSVIR 2 BT IR M4 . R WICRafnfR /K S8
MU D LK E A, BT LTIt A 2 fafn Bk Theid L, SEKRE ~
TR LT, Al LT, AIREBERNGER, B EI T L0 N7 7 0 —(
U7 ~FP R T V) TRER L, 29 LTELNTLE®(328 mg, 0.715 mmol),
1 NNaOH@E mL), =% / —/L(8 mL)DIEAEW % 40 °C T 2 BifElfit#eE L7z, JIGNRAGY %
KRTHRL, Bifg=F LTIt e 2 SR T L, Bk~ 71 v A
THEE, Al LTz, AAERIERESR., BEWE I 7L< NI 7 40— VBT,
AL ) —)VIEEB T L) TR L REEW(205 mg, 79%) % AGEE S L THEZ,
1H NMR (DMSO-ds) § 2.17 (3H, s), 3.96 (3H, s), 5.09 (2H, s), 6.75-6.78 (2H, m), 6.86 (1H,
dd, J=9.4, 2.0 Hz), 7.01 (1H, s), 7.22 (1H, d, J= 9.4 Hz), 7.32 (1H, d, J = 8.3 Hz), 7.37
(1H, t, J= 2.3 Hz), 7.50-7.60 (1H, m), 8.33 (1H, d, J= 2.0 Hz), 10.12 (1H, s).

N-[3-({2-[(Cyclopropylcarbonyl)aminolimidazo[1,2- alpyridin-6-yl}oxy)phenyl]-1,3-dimet
hyl-1 H-pyrazole-5-carboxamide (69a)

{b&% 68a (270 mg, 0.745 mmol)® THF(G mLIERIKIGIBHE T, 7 7ra/Xuh

VR =Lz 1Y R(88.0 nL, 0.969 mmol) Z N X, IREGW % =il C 15 Rt L7z, LR
BWEKRTHRL, BT L CHItE L7c, AR 2K, fafn iR Chtidih, BRI
TRV U NTHE, A LT, AIREERNE L, B8 E DT Lo a<x N7 4 —(v
U150 ~FH g TV TR . BB T L~ L0 i b L. RS
(191 mg, 60%) % HEAREIE L L TH,
Mp 226-230 °C. 1H NMR (DMSO-ds) § 0.79-0.81 (4H, m), 1.89-1.97 (1H, m), 2.17 (3H, s),
3.95 (3H, s), 6.77-6.81 (2H, m), 7.08 (1H, dd, J= 9.8, 2.4 Hz), 7.33 (1H, t, J= 8.3 Hz),
7.39 (1H, t, J = 2.1 Hz), 7.46-7.56 (2H, m), 8.06 (1H, s), 8.58 (1H, d, J= 2.4 Hz), 10.12
(1H, s), 10.97 (1H, s). Anal. Calcd for C23H22NeOs: C, 64.17; H, 5.15; N, 19.52. Found: C,
63.97; H, 5.19; N, 19.48.

N-[5-({2-[(Cyclopropylcarbonyl)aminolimidazo[1,2- alpyridin-6-yl}oxy)-2-methylphenyl]-
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1,3-dimethyl-1 H-pyrazole-5-carboxamide (69b)

A% 68a 35 L 10 69a DA AL L REED FILIZ L v REMEW(A1%) & A fEkE LT
72,
Mp 265-268 °C. 1H NMR (DMSO-ds) § 0.78-0.81 (4H, m), 1.91-1.94 (1H, m), 2.18 (3H, s),
2.19 (8H, s), 3.96 (3H, s), 6.78 (1H, s), 6.88 (1H, dd, J= 8.5, 2.9 Hz), 7.02-7.08 (2H, m),
7.26 (1H, d, J= 8.5 Hz), 7.46 (1H, d, /= 9.4 Hz), 8.06 (1H, s), 8.53-8.55 (1H, m), 9.74 (1H,
s), 10.97 (1H, s). Anal. Caled for C24H24N6O30.25H20: C, 64.20; H, 5.50; N, 18.72.
Found: C, 64.47; H, 5.63; N, 18.40.

N-(3-Hydroxyphenyl)-1,3-dimethyl-1 H-pyrazole-5-carboxamide (70)

LAY 61la DAL E FREROIFIEIZ L . RELEW(90%) % Ak s L TR,
H NMR (DMSO-db) § 2.19 (3H, s), 3.98 (3H, s), 6.47-6.53 (1H, m), 6.79 (1H, s), 7.08—
7.13 (2H, m), 7.28 (1H, ), 9.41 (1H, ), 9.97 (1H, s).

1,3-Dimethyl- N{3-[(5-nitropyridin-2-yl)oxylphenyl}-1 H-pyrazole-5-carboxamide (71a)
&% 70 (1.58 g, 6.83 mmol), 2-7 v r-5-= kU 2 (1.03 g, 6.51 mmol), fRHE
#Y 7 1(1.42 g, 10.2 mmol)F L N DMF (10 mL)DiEE % 60 °C T 15 B L=, X
JSIROW K TR L, BT/t L7z, AHE 2K, fafn Rk CUedes, ok
Wi~ 72> U LA CHME, Al LT, AREMIERM®R, ZEWE T L~ N7 T 7
A —(NFY VR T V) TR L, RELEW(2.26 g, 94%) % AR L L THE:,
1H NMR (DMSO-ds) § 2.20 (3H, s), 3.98 (3H, s), 6.83 (1H, s), 6.96-7.00 (1H, m), 7.28 (1H,
d, J=9.3 Hz), 7.44 (1H, t, J= 8.3 Hz), 7.58-7.62 (1H, m), 7.69 (1H, t, J= 2.1 Hz), 8.61—
8.65 (1H, m), 9.04 (1H, d, /= 3.3 Hz), 10.27 (1H, s).

1,3-Dimethyl- N{2-methyl-5-[(5-nitropyridin-2-yl)oxylphenyl}-1 H-pyrazole-5-carboxami
de (71b)

bEW Tla DAL E REROIFIEIZ L 0 . RELEW(90%) % Ak s L TR,
TH NMR (DMSO-ds) § 2.19 (3H, s), 2.25 (3H, s), 3.97 (3H, s), 6.81 (1H, s), 7.04 (1H, dd, J
=8.7,2.9 Hz), 7.24-7.27 (2H, m), 7.35 (1H, d, /= 8.7 Hz), 8.62 (1H, dd, J= 8.9, 2.9 Hz),
9.01 (1H, dd, J= 2.7, 0.6 Hz), 9.81 (1H, s).

N-{3-[(5-Aminopyridin-2-yl)oxylphenyl}-1,3-dimethyl-1 H-pyrazole-5-carboxamide (72a)

e T1a (2.26 g, 6.40 mmol) D A &/ —/L(20 mLVEIEIZ /T V0 A RFE(50% E 7K
fhy 200 m@) Z N %, BEWE KFIRFR TRIRT 5 RREEE L-, JISREMEE T A K
Al L, AR WBIEIRME% . R EY & ABL BEg =T Vi~ e L RE(LA Q.77
g, 86%) % Ak E L TH7,
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1H NMR (DMSO-ds) § 2.19 (3H, s), 3.97 (3H, s), 5.14 (2H, s), 6.67-6.71 (1H, m), 6.76—
7.00 (2H, m), 7.08 (1H, dd, J= 8.4, 3.0 Hz), 7.28 (1H, t, J= 8.1 Hz), 7.36 (1H, t, J= 2.1
Hz), 7.43-7.47 (1H, m), 7.56 (1H, d, /= 3.0 Hz), 11.10 (1H, s).

N-{5-[(5-Aminopyridin-2-yDoxyl-2-methylphenyl}-1,3-dimethyl-1 H-pyrazole-5-carboxam
ide (72b)

bEY 12a DAL E FREROIFIEIZ L0 . FELEY(quant) % B S LT,
1H NMR (DMSO-ds) § 2.17 (3H, s), 2.18 (3H, s), 3.97 (3H, s), 5.10 (2H, s), 6.74-6.80 (3H,
m), 6.93 (1H, d, J= 2.7 Hz), 7.07 (1H, dd, J= 8.7, 3.0 Hz), 7.20 (1H, d, J= 9.0 Hz), 7.53—
7.54 (1H, m), 9.72 (1H, s).

N-{3-[(2-Aminol1,3]thiazolo[5,4- blpyridin-5-yl)oxylphenyl}-1,3-dimethyl-1 H-pyrazole-5-
carboxamide (73a)

{b&¥ 72a (1.75 g, 5.41 mmol), FA4 > 7 U 7 4(4.21 g, 43.3 mmol) DFERE(10
mD)BEIRIOK R T, REQ mL)OFHEE mDIFEERZE T L, BE%W%E 0°C T2k
M. =R T 15 R L7z, BORRAIZAKA0 mL) 2% 80 °C 2k, 74 KA
L7, A% 8 NNaOH TH#%, HriifEfk%z A, KL, FKELEGW(1.05 g, 51%)
AGERE LTH,

TH NMR (DMSO-ds) § 2.19 (3H, s), 3.98 (3H, s), 6.81-6.86 (2H, m), 6.92 (1H, d, /= 8.1
Hz), 7.35 (1H, t, J= 8.1 Hz), 7.50 (1H, t, J= 2.1 Hz), 7.57 (1H, d, /= 8.1 Hz), 7.68-7.74
(3H, m), 10.31 (1H, s).

N-{5-[(2-Amino[1,3]thiazolo[5,4- blpyridin-5-yl)oxyl-2-methylphenyl}-1,3-dimethyl-1 H-p
yrazole-5-carboxamide (73b)

bEW 18a DAL L REROIFIEIZ L . RELEWAT%) % Ak s L TR,
1H NMR (DMSO-ds) § 2.19 (3H, s), 2.21 (3H, s), 3.98 (3H, s), 6.80 (1H, s), 6.88-6.94 (2H,
m), 7.09 (1H, d, /= 2.4 Hz), 7.28 (1H, d, J= 8.7 Hz), 7.62 (2H, s), 7.71 (1H, dd, J = 8.4,
0.9 Hz), 9.77 (1H, s).

N-[3-({2-[(Cyclopropylcarbonyl)amino][1,3]thiazolo[5,4- blpyridin-5-yl}oxy)phenyl]-1,3-di
methyl-1H-pyrazole-5-carboxamide (74a)

LAY 65a DAL E REROIFIEIZ LV . RELEW(G6%) % Ak s L TR,
Mp 225-228 °C. 1H NMR (DMSO-ds) § 0.94-0.98 (4H, m), 1.96-2.05 (1H, m), 2.19 (3H, s),
3.97 (3H, s), 6.81 (1H, s), 6.89-6.94 (1H, m), 7.14 (1H, d, J= 8.9 Hz), 7.40 (1H, t, J= 8.4
Hz), 7.57-7.61 (2H, m), 8.17 (1H, d, J= 8.9 Hz), 10.20 (1H, s), 12.70 (1H, s). Anal. Calcd
for C22H20N603sS 2H20: C, 54.53; H, 4.99; N, 17.34. Found: C, 54.65; H, 4.85; N, 17.31.
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MN[5-({2-[(Cyclopropylcarbonyl)amino] [1,3]thiazolo[5,4- Alpyridin-5-yl}oxy)-2-methylphe
nyll-1,3-dimethyl-1 H-pyrazole-5-carboxamide (74b)

b 89f DAL L RERDIFIEIZ L 0 | FRELEW(66%) % Ak L TR,
Mp 228-231 °C. 1H NMR (DMSO-ds) § 0.94-0.97 (4H, m), 1.95-2.02 (1H, m), 2.19 (3H, s),
2.24 (3H, s), 3.97 (3H, s), 6.80 (1H, s), 7.00 (1H, dd, J= 8.3, 2.6 Hz), 7.10 (1H, d, J= 8.4
Hz), 7.17 (1H, d, J=2.4 Hz), 7.32 (1H, d, J= 8.7 Hz), 8.16 (1H, d, J= 8.4 Hz), 9.78 (1H, s),
12.68 (1H, s). Anal. Calcd for C23H22N6OsS 0.25H20: C, 59.15; H, 4.86; N, 17.99. Found:
C, 58.96; H, 4.77; N, 17.90.

tert-Butyl {4-methyl-3-[(6-nitropyridin-3-yl)oxylphenyl}carbamate (76a)

LAY 56 DAL E RO IFIEIZ L b | RELEW(A4%) & AafEk s L TR,
TH NMR (DMSO-ds) § 1.45 (9H, s), 2.06 (3H, s), 7.24-7.34 (3H, m), 7.45 (1H, dd, J=9.2,
2.9 Hz), 8.32 (1H, d, J= 9.2 Hz), 8.38 (1H, d, J= 2.9 Hz), 9.50 (1H, s).

tert -Butyl {2-methyl-5-[(6-nitropyridin-3-yl)oxylphenyl}carbamate (76b)

bEW 56 DAL E RO IFIEIZ L Y | KELEWMGE3%) & AafEikE L TR,
TH NMR (DMSO-ds) § 1.51 (9H, s), 2.28 (3H, s), 6.40 (1H, s), 6.72 (1H, dd, J = 8.3, 2.6
Hz), 7.20 (1H, d, J= 8.3 Hz), 7.40 (1H, dd, J= 9.0, 2.6 Hz), 7.84 (1H, d, J= 1.9 Hz), 8.22
(1H, d, J=9.0 Hz), 8.31 (1H, d, J= 2.6 Hz).

tert -Butyl {3-[(6-aminopyridin-3-yl)oxyl-4-methylphenyl}carbamate (77a)

bEW 5T DA E REROIFIEIZ L Y | RELEW(A4%) & AafEik s L TR,
TH NMR (DMSO-ds) § 1.40 (9H, s), 2.16 (3H, s), 5.80 (2H, s), 6.46 (1H, d, J = 9.0 Hz),
6.89 (1H, s), 7.01-7.13 (3H, m), 7.66 (1H, d, /= 3.0 Hz), 9.50 (1H, s).

tert -Butyl {5-[(6-aminopyridin-3-yl)oxyl-2-methylphenyl}carbamate (77b)

bEW 5T DA E RO IFIEIZ L b | KELEW(98%) % A ik E L TR,
1TH NMR (DMSO-ds) § 1.50 (9H, s), 2.20 (3H, s), 6.30 (1H, s), 6.55 (1H, dd, J= 8.3, 2.7
Hz), 6.60 (1H, d, J = 8.7 Hz), 7.05 (1H, d, J = 8.3 Hz), 7.25-7.31 (1H, m), 7.59 (1H, s),
7.75 (1H, d, J= 2.7 Hz), 8.02 (2H, s).

tert-Butyl {3-[(2-aminol[1,2,4]triazolo[1,5-alpyridin-6-yl)oxyl-4-methylphenyl}carbamate
(78a)

IbAY) 64a DERLE RO FIEIZ LY . REMAEW(8T%) % Aafiik s L TR,
'H NMR (DMSO-ds) § 1.39 (9H, s), 2.19 (3H, s), 6.00 (2H, s), 6.98 (1H, s), 7.12-7.18 (2H,
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m), 7.24 (1H, dd, /= 9.5, 2.3 Hz), 7.39 (1H, dd, /= 9.5, 0.3 Hz), 8.43 (1H, d, J= 1.8 Hz),
9.23 (1H, s).

tert-Butyl {5-[(2-amino[1,2,4]triazolo[1,5-alpyridin-6-yDoxyl-2-methylphenyl}carbamate
(78b)

LAY 64a DAL E REROIFIEIZ L0 . RELEW(AI%) & Ak s L TR,
TH NMR (CDCls) § 1.50 (9H, s), 2.22 (3H, s), 4.42 (2H, s), 6.32 (1H, s), 6.61 (1H, dd, /=
8.3,2.7Hz), 7.09 (1H, d, J=8.3 Hz), 7.23 (1H, d, J= 2.3 Hz), 7.32-7.38 (1H, m), 7.70 (1H,
d, J/=1.9 Hz), 8.07 (1H, d, J= 1.9 Hz).

N-[6-(5-Amino-2-methylphenoxy)[1,2,4]triazolo[1,5- alpyridin-2-yllcyclopropanecarboxa
mide (79a)

1A% 78a (1.50 g, 4.22 mmol)?® DMA (5 mL)EHK I CKSGHHET, v 7 uFa oL
A=nZ7nrY FQ1.15mL, 12.7 mmoD) # 1z, IRAEW % EIR T 2 R L=, [ISRAY
ZAKRTHNL, B F L CThiltE L7z, ARE 2K, SR REK Tk, KR~ 7
ARTULTHSRE, Al LT, AIREZRBERSN L, REME AL, Bifg—F vi~F% 4T
WL, AefbEmEfS-, 25 LTHELN LE®(1.50 g, 4.22 mmol), ~ U 7 /A4 v
(5 mL)DIEEM%E 0 °C T 30 /MR Uiz, WA TR E%, mEWZ KIZEME L,
BUFNIRIRK SR T b U O AKESIR CH %, B~ L Tt L7, AR E A K, fafnflE
KTHEH, AN~ 7 2> U AT, Al LT, AIRERBIERNE L, ZEHE AH
%, BT VI~ TR L. REREW(1.04 g, 91%) & AAER & L TR,
H NMR (DMSO-ds) § 0.81-0.84 (4H, m), 1.99-2.08 (1H, m), 2.09 (3H, s), 5.09 (2H, brs),
6.08 (1H, d, J=2.1 Hz), 6.30 (1H, dd, /= 8.2, 2.1 Hz), 6.93 (1H, d, J= 8.2 Hz), 7.42 (1H,
dd, J=9.6, 2.3 Hz), 7.69 (1H, d, J= 9.6 Hz), 8.61 (1H, d, /= 2.3 Hz), 10.98 (1H, s).

N-[6-(3-Amino-4-methylphenoxy)[1,2,4]triazolo[1,5- alpyridin-2-yllcyclopropanecarboxa
mide (79b)

bEY 19a DAL E REROIFIEIZ L0 . RELEW(86%) % AtafiikE L TR,
1H NMR (CDCls) § 0.87-0.97 (2H, m), 1.15-1.23 (2H, m), 1.65 (1H, s), 2.14 (3H, s), 3.70
(2H, s), 6.29-6.39 (2H, m), 7.01 (1H, d, J= 7.5 Hz), 7.33-7.41 (1H, m), 7.55 (1H, dd, J =
9.8,0.8 Hz), 8.27 (1H, d, J=1.9 Hz), 9.56 (1H, s).

N-[3-({2-[(Cyclopropylcarbonyl)amino][1,2,4]triazolo[1,5- alpyridin-6-yl}oxy)-4-methylph
enyl]-1,3-dimethyl-1 H-pyrazole-5-carboxamide (80)

&% 79a (265 mg, 0.820 mmol) > DMA (5 mL)EIRIZKGRHR T, 1,3-2 X FL-1H-
7= 1H- VR =)y 71l K260 mg, 1.64 mmol)Z /Il x., IRAW%EEIR T 2 Wi
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B L7, UNRAWZKCTHEINL, Biig=F L CHitl L7z, AHEZ K, fafififikc
Vet tt, MOKBREE~ 7 %> U A CHlie, Al LTz, AIREWBITIRNESR. BEWE DT L7
0~ b 777 g —(~F W UEER T V) TR L, ZE(LA(B33 mg, 91%) % H A K &
LTH7,

Mp 222-225 °C. 1H NMR (DMSO-ds) § 0.81-0.84 (4H, m), 1.99-2.08 (1H, m), 2.15 (3H, s),
2.27 (3H, s), 3.93 (3H, s), 6.72 (1H, s), 7.21-7.30 (2H, m), 7.48-7.56 (2H, m), 7.74 (1H, dd,
J = 9.5, 0.7 Hz), 8.78-8.80 (1H, m), 10.02 (1H, s), 11.04 (1H, s). Anal. Calcd for
C23H2sN7050.5H20: C, 60.78; H, 5.32; N, 21.57. Found: C, 61.04; H, 5.29; N, 21.55.

N-[5-({2-[(Cyclopropylcarbonyl)amino][1,2,4]triazolo[1,5- alpyridin-6-yl}oxy)-2-methylph
enyl]-2,5-dimethyl-1,3-thiazole-4-carboxamide (81a)

2,5- Y AF)N-1,3-F T V' —)L-4-F1 )L R FE(107 mg, 0.681 mmol)® THF(5 mL)&FKIZ

DMF(2 i), #ifbF A4 =/1(118 uL, 1.36 mmol) &%, IBEW % il T 2 KB L7,
FOSIRA Y 2 WMt . 8% DMA (6 mL)IZIEM L. &% 79b (200 mg, 0.619
mmol) & N . IREW & R T 2 BERIEE U7z, SJOSIRG Y & SR EgKE T U v LKA
WKTHRL, Bifg=F L CHItE Lo, AR 2 fafnikmksE ) N Y o 2KEIKR, fafnf
KTHEH., AN~ 7 220 AT, AL, AREBIERGEL, =%/ —1L X
D FEAE L L, BELEY(248 mg, 87%) % FGlE K L LTz,
Mp 239-240 °C. 1H NMR (DMSO-ds) § 0.78-0.86 (4H, m), 2.04 (1H, brs), 2.23-2.28 (3H,
m), 2.65 (3H, s), 2.70 (3H, s), 6.82 (1H, dd, J= 8.3, 2.7 Hz), 7.27 (1H, d, /= 8.7 Hz), 7.50
(1H, dd, J=9.5,2.3 Hz), 7.66 (1H, d, J= 2.7 Hz), 7.69-7.75 (1H, m), 8.82 (1H, dd, J= 2.3,
0.8 Hz), 9.66 (1H, s), 11.02 (1H, s). Anal. Calcd for C23H22NsOsS: C, 59.73; H, 4.79; N,
18.17. Found: C, 59.48; H, 4.80; N, 18.00.

b 8la DAL EREED FFIEIZ XV, 81bf A LT,

N-[5-({2-[(Cyclopropylcarbonyl)amino][1,2,4]triazolo[1,5- alpyridin-6-yl}oxy)-2-methylph
enyl]-3-chloro-4-methylthiophene-2-carboxamide  (81b)

IV 78%. Mp 218-219 °C. 'H NMR (DMSO-ds) § 0.79-0.86 (4H, m), 2.04 (1H, brs),
2.20 (3H, d, J= 1.1 Hz), 2.27 (3H, s), 6.89 (1H, dd, J= 8.3, 2.6 Hz), 7.28 (1H, d, J= 8.7
Hz), 7.42 (1H, d, J=2.6 Hz), 7.50 (1H, dd, J= 9.8, 2.7 Hz), 7.66 (1H, d, /= 1.1 Hz), 7.69—
7.76 (1H, m), 8.84 (1H, dd, J = 2.3, 0.8 Hz), 9.54 (1H, s), 10.96-11.09 (1H, m). Anal.
Caled for C2sH20CIN503S: C, 57.32; H, 4.18; N, 14.53. Found: C, 57.28; H, 4.04; N, 14.51.

N-[5-({2-[(Cyclopropylcarbonyl)amino][1,2,4]triazolo[1,5- alpyridin-6-yl}oxy)-2-methylph
enyl]-1,3-dimethyl-1 H-pyrazole-4-carboxamide (81c)
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IV 58%. Mp 192—194 °C. TH NMR (DMSO-ds) § 0.79-0.86 (4H, m), 2.04 (1H, brs),
2.20 (3H, s), 2.32 (3H, s), 3.79 (3H, s), 6.86 (1H, dd, J= 8.5, 2.8 Hz), 7.17 (1H, d, J= 2.6
Hz), 7.25 (1H, d, J= 8.7 Hz), 7.49 (1H, dd, J= 9.6, 2.5 Hz), 7.72 (1H, dd, J= 9.4, 0.8 Hz),
8.23 (1H, s), 8.81 (1H, dd, J = 2.3, 0.8 Hz), 9.16 (1H, s), 11.03 (1H, s). Anal. Calcd for
C23H2sN7050.5H20: C, 60.78; H, 5.31; N, 21.57. Found: C, 61.20; H, 5.76; N, 19.77.

N-[5-({2-[(Cyclopropylcarbonyl)amino][1,2,4]triazolo[1,5- alpyridin-6-yl}oxy)-2-methylph
enyl]-1-methyl-1 H-pyrazole-5-carboxamide (81d)

=R 47%. Mp 131-135 °C. 'H NMR (DMSO-ds) § 0.78-0.87 (4H, m), 2.04 (1H, brs),
2.20 (3H, s), 4.05 (3H, s), 6.94 (1H, dd, J= 8.3, 2.7 Hz), 7.02 (1H, d, J= 1.9 Hz), 7.09 (1H,
d, J=2.7Hz), 7.29 (1H, d, J= 8.7 Hz), 7.46-7.53 (2H, m), 7.72 (1H, dd, /= 9.8, 0.8 Hz),
8.82-8.85 (1H, m), 9.86 (1H, s), 11.02 (1H, s). Anal. Calcd for C22H2:1N70s: C, 61.24; H,
4.91; N, 22.73. Found: C, 61.24; H, 4.98; N, 22.58.

N-[5-({2-[(Cyclopropylcarbonyl)amino][1,2,4]ltriazolol1,5- alpyridin-6-yl}oxy)-2-methylph
enyl]-2-methylpropanecarboxamide (81e)

IR 72%. Mp 217219 °C. 'H NMR (DMSO-ds) § 0.79-0.85 (4H, m), 0.93 (6H, d, J=
6.4 Hz), 1.96-2.11 (2H, m) 2.16-2.23 (5H, m) 6.79 (1H, dd, /= 8.3, 2.7 Hz) 7.17-7.25 (2H,
m) 7.47 (1H, dd, J= 9.7, 2.5 Hz) 7.71 (1H, dd, J= 9.5, 0.8 Hz) 8.79 (1H, dd, J= 2.3, 0.8
Hz) 9.21 (1H, s) 11.01 (1H, s). Anal. Caled for C22H25N50s: C, 64.85; H, 6.18; N, 17.19.
Found: C, 64.71; H, 6.23; N, 17.24.

N-[5-({2-[(Cyclopropylcarbonyl)amino][1,2,4]triazolo[1,5- alpyridin-6-yl}oxy)-2-methylph
enyl]cyclobutanecarboxamide (81f)

IV 45%. Mp 229-230 °C. 'H NMR (DMSO-ds) 6§ 0.78-0.87 (4H, m), 1.72-1.85 (1H,
m), 1.85-1.98 (1H, m), 1.98-2.14 (3H, m), 2.15 (3H, s), 2.17-2.27 (2H, m), 3.21-3.35 (1H,
m), 6.80 (1H, dd, J= 8.3, 2.7 Hz), 7.20 (1H, d, J= 8.7 Hz), 7.25 (1H, d, J= 1.9 Hz), 7.47
(1H, dd, J=9.5, 2.3 Hz), 7.66-7.74 (1H, m), 8.76-8.80 (1H, m), 9.05 (1H, s), 11.01 (1H, s).
Anal. Caled for C22H2sN50s: C, 65.17; H, 5.72; N, 17.27. Found: C, 65.24; H, 5.70; N,
17.34.

N-(6-Hydroxy-1,3-benzothiazol-2-yl)cyclopropanecarboxamide (83)

ftA%82 (9.03 g, 54.3 mmoDIs Lk U =F /17 2 (827 mL, 59.7 mmol) D
THF(100 mLEHIKBHBEET. 7 nra e grR=127nml) (619 mL, 57.0
mmol) DTHF (25 mLVEHK 2 Il %, IRGY) % iR C2Re M Lo, MOSRA Y Z K THR
L. B~ F L CHItE U7, A A K, fafn &K CHedik, BARB~ 72U LT
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RilE, Al L7z, AWREBITERMG L, EEME AT, ~FV U= L THRE L, #
L EW(12.3 g, 97T%) & A AR & L THET,

1H NMR (DMSO-ds) § 0.95-1.05 (4H, m), 1.84-1.99 (1H, m), 6.93 (1H, dd, J = 8.8, 2.6
Hz), 7.29 (1H, d, /= 8.8 Hz), 7.45-7.50 (3H, m).

N-[6-(3-Nitrophenoxy)-1,3-benzothiazol-2-yllcyclopropanecarboxamide (84)

It54 83 (3.54 g, 15.1 mmol), 1-7 /L4 1-3-= h a2 ¥ (2.24 g, 15.9 mmol), &
fe V) 7 1(6.26 g, 45.3 mmol) ¥ L X DMF (30 mL) DRA W% 150 °C T 15 B[ #: L7z,
BOSREA 2K TR L, Bifg=F L CHitH Uiz, A 2K, fafi ik coeiftk, M
KEEEE~ 7% 7 ACHER, Al LTz, AIREBIERMR. REmE AR, Bifg=F v/~
FH T L, RELEWA.82 g 37% % AMEIR L L TH,

TH NMR (DMSO-ds) § 0.95-0.99 (4H, m), 1.96-2.05 (1H, m), 7.24 (1H, dd, J = 8.7, 2.7
Hz), 7.47-7.51 (1H, m), 7.63-7.70 (2H, m), 7.78-7.83 (2H, m), 7.94-7.99 (1H, m), 12.67
(1H, s).

N-[3-({2-[(Cyclopropylcarbonyl)amino]-1,3-benzothiazol-6-yl}oxy)phenyl]-1,3-dimethyl-1
H-pyrazole-5-carboxamide (85)

{b&%) 84 (1.80 g, 5.53 mmol) D A % / — /(20 mLIFIFIZ /3T 20 L fRFE(B0% & K b
100 mg)Z %, AW % KFERIAK TREIRT 5 KR Lz, RISRAMEETA 5
L. AIRERTEENEE, BEWICETEB09 me), Hibh v v (613 mg, 5.53 mmol),
=& /= (10 mL)EB L OVKEQ mL) &M x ., IBEW 28RS T 2 REf#E Lz, JOSEA
WMEEZA NAE, AIREKTHRL, BT VTl L7, AELK, fafflE
KTHEH., BN~ 7 20 AT, ALz, AIREBULRMESR. EEWET b
Zb Re7 7 Q0 mIICHEMRE L, RGBT, MU =F 7 (192 pl, 1.39 mmol) I &
¥ 8 (220 mg, 1.39 mmol) % Iz, IRAW % =i T 3 BEMBH L=, MISRAYE K THIR
L. Eefg—F /L CHit L=, A8 2K, fafn ik Cois, Bk~ 7 22U AT
Wil A L7z, AIREBITEM L, BEME DT Lra~ NI T77 04— VBTN, ~
XY R V) TR . BB = F LT R Tk Ru T T o CHEMRE L, ZELAY
(126 mg, 5.1%) % AL E L TH,
Mp 192—-194 °C. 1H NMR (DMSO-ds) § 0.94-0.97 (4H, m), 1.96-2.05 (1H, m), 2.17 (3H, s),
3.95 (3H, s), 6.76-6.80 (2H, m), 7.15 (1H, dd, J = 8.6, 2.6 Hz), 7.34 (1H, t, J= 8.1 Hz),
7.40 (1H, t, J= 2.3 Hz), 7.51-7.56 (1H, m), 7.70-7.77 (2H, m), 10.13 (1H, s), 12.62 (1H, s).
Anal. Caled for C2sH21N503S: C, 61.73; H, 4.73; N, 15.65. Found: C, 61.49; H, 4.52; N,
15.67.

Dilution assay of VEGFR2
ICs0 D 10 {5 E DA% & 10 nM of VEGFR2 % 32 buffer H1C 60 4y (iR 1 >
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FaX—v a3 L7, 1 mMATP & 0.1 pg/mL biotinylated poly-Glu-Tyr (4:1)® buffer
IR 2 FV 100 (547 R#% . AlphaScreen®i£(Z L 0 & —8 it &2 f#AT L 7=,
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% 6 7 VEGFR/FGFR dual ¥ 7 —E[HEED G & AWFh

6.1 IL®IZ

1 EICR W T B type 2 ¥ —PILER N RO MG L AT H 2 LA R L,
TIBEOHEE A EUNCALET D 2 LT XY type 2 ¥ —VBIEEMNAIHTE B LG E
NTT, LT, ZOERERERIC LT VA 2k, 2 B\ HH 5 BEICBWTHED
type 2 VEGFR2 ¥+ —EBHEFEIROAIHIZKII LTz, ZNHDORRNSG, F1ETRLET
PA 2KV VEGFR2 SO FF—BIZxT 2 type 2 ¥ —BHEHKOAIH & AIEEIZ 22
HEEZLNTE,

& AT, BUEE Tlltype 2% T —EBIHERE N R S 7o F—B 13D 20, 2D
& LT, Otype 2% T —EEROM AL ET L7 IV BERELFFOX T —ERFET
5HZ &, Otype 2% T —BILEIHEDBFEETHARNER T 74 A—T a URERENLIIZ WD
XTF—EBNRGFETDHZE, BEXOLNTE, QoL LT, EFimatinibDit:kiz
gatekeeper & FFIEN 5 7 X/ BROBAGNHE ST 5D, Type 2 ber-abl¥ - —ERHESE
T®H HimatiniblL, FERber-abld b v VB L Oy 7 Ry v &2 EET D, —F,
Ny 7Ry O ANDIIFIET D gatekeeperDF 11 3 A YV 1A A R(T315D) 4
% e SREEO T Dimatinib 3 FES TE R <R 5, o T, type 2% T —EREENFES
"HE/R X —EIL. gatekeeperlZFFEDT I JEEFH T HX T —BIZROND EEZX BN
TV, LA LIS, T31514 BRICKT LT bR N e HEIEE 2 R b A A &2
Z &b, gatekeeper DB LT IR VML A DORIEITFREL Z 2 L, OO AlREMEITIK
{75 Tno, OICEALTIE, FHEBFHFIECEY, DFGEF—7 L ZDENDT I/
FRELAIDENZ L » T, RiEHEa Yy 74 A—va UINEEL LT WS F—8 L2 5 Th
WX T —ERNFETHZENRBRINTNDY, fiE-> T, Bifttype 2% 7 —BRHEILD FLH
ERNTWEFF—PIE, bebEREEI L T3 A= a UREEMLRLTVERT ¥
NBRBHDLEEZEZLND, LT, 2O LI RxT—EiX, (bLEMEOMIZ3 DL 725 HH
HERMZERT 5 &, NG 74 A= a UNERICRET 5 BRSNS, 4,
BORFE+5E, NEHa 73 A= a U PRERER LI WS F—FIiox LTid, #
ERDMHEERZHESCT Z EICLVZERTE D EEZLND, £ 2T, ZiLE Ttype 2
F—PHEENDHENL TN T —P2ERE L, LR DA 2L
7o Fihitype 2% T — B EERZAINTH 2 L & LT,

AR TIE, Brlitype 2% F—VHEKOER & LT, FGFR¥F—EIZHH L7,
FGFR¥ 7 —E€1%, VEGFR2 &[RRI EFHEICEHETHF T —ETh D9, IF, VEGFR
T FOVELERIC T D MR & L CL FGFRY 7 v 20 L 72 A& A O TUHE A R &
NTWn59, - T, VEGFR2 L FGFROM ¥ —EB#[HET 2N AANL, LV ENH
JEE N2 R T L Wi S5, VEGFR2 & FGFRICPLEE M2 R4 LEW L LT, 201346
HBIfE, BIBF-11200, TKI-2587, E70809 23K EME ICH D, 2D H 5, BIBF1120
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IE. IR BAZ XS E LIZPh2idBRicBWTaRIMEAZ R L7729, —F ., BIBF1120ittype 1
FI—VHEKLKLEEZOLND0Z Lb, type 2 VEGFR2Z/FGFRT = 7 /L& ) —¥ L #HHK
ZRAIMTIUX, LR OBERFBARIERVEL LB BN,

ZZ T, ERoFHEEIC, Hfitype 2 VEGFR2/FGFRT = 7 /L& F— B IEKE T
AL FTHZEE Lz, BIEE LT, BEfEDOtype 2 VEGFR2F F—EERKIC, FGFRD
NEWRT 7+ A= a VEEIICEHE G T 2MEAEEREMN A EANT 5 FIEEE 2 -, HH2E
TR L7z e([3,2-d ) 2 VriFER20alk, FGFR” 7 2V —D1>TH HFGFR1IZ
*f UBREIEMEDNR D 5720 72(ICs0 > 10000 nM, Figure 6-2), —J7. 20at VEGFR2 &
DA IRXIAE SRS 205 20aldtype 2 VEGFR2% - — ¥ HRICHHHAY 7230
OB EAER 2T 5 Z &AL (Figure 6-1), £7=. v¥'unu[3,2-dv°V ¥ EU
BIO(NY 70t a A F)0)7 = = VIEEICZER OGFEPHER STz, 26 OZEMIZIE,
ERISE ALV HAERBRTE 57 2 VBBTFEEL, FGFRUZEBW T HIRFINT
WAHZENHA L, bbb, KEMBEVPHFHFTEL7 I/ LT, vrr(32-dyY
2V UALIZIZAsn923(Asn568 in FGFR1D)23, (MU Zbd v A F)V) 7 = = LEJEIIZ I,
Ie1025(I1e620 in FGFR1)35 & U'His1026(His621 in FGFR1) D E8H 7 LR = )L B FTE L7z,
Fio, (MU 7uda A F V)7 = = VIEINZIE, TREYER AR S HIRF CE 2 BUKMET
J BRIREE b BEBAFAE LTz, 1> T, 20a~DOEMHE NI LY 267 I /e HEENT
X, FGFRIOARIEME Y 74 A= a v B RENTE D EEZT-, T2 T, b7
VL OMEAERZMAFL, Figure 621" {bEMET A . AT DI & & LTz,

Figure 6-1 X-ray co-crystal structure of 20a in complex with VEGFR2.
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6.2 Ak

SO Al 2 DEBIL AT (LA WIE, Scheme 6-1IZ77 T HIEIC L W AR L=, (LAY
127 VxX b9 52 LickV86act LIz, 47X /-3 7nn”x /) =Wl KDTEE
REEWSEZITWT =V 8Tae~E e, LT, 3(NY TZAA R AF )T ==/ A
VT — b EHWET LTIZ L Y 88aeE Bk LT,

Cl
NH,
Cl R Cl C (for 88b)
H a N b d (for 88a )
‘ N ‘ N - = R (¢] R
\ \
\ N/) N/) N NN
1 86a: R = ~(CH,,0Bz g7a:R = (CHZ)ZOBZ 88a R = ~(CHy),0H
86b: R = *(CHz20Me 87b: R = ~(CHy),0Me 88b: R = -(CHy),0Me
86C: R = -(CH,),0(CH,),0Bz 87C: R = -(CH,),0(CH),0Bz 88C: R = -(CH,),0(CHy),0H

Scheme 6-1 Reagents: (a) R-X, Cs2COs, DMF; (b) 4-amino-3-chlorophenol, K2COs,
NMP; (¢)  3-(trifluoromethyl)phenyl  isocyanate, EtsN, THF; (1) (1)
3-(trifluoromethyl)phenyl isocyanate, EtsN, THF, (2) NaOH, MeOH.

AL ~DEHAFSE ANIT, Scheme 6-212 " T ERIEICHEVWER L7-, 7I /U I -89
WXL, AZUANLVKUBATNVEEREELZEICLV AT AT I /R90E Lzt 4
T/-3rmnT =)=l HEEEREERSOEZITVT = U 91~ &N, fil
T, flxDOTNVF A HWERIERIGIC K VI T V¥ o 2B A L%, 3 U kdiad v
BALRILZATS 2Ltk vrr(32-dEY IP092cx b Lz, LT, 3-(hY 70
FORAF)T 2= A VT F— b ERAWT IV EET L TET 52 LI2L D 98ae~ &
EN-

NH,
I | .
a
MeHN
HNOAN o SN o o o)

89 90

Cl
NH, d (fOf 93a
c e (for 93b
f (for 930)
Me o
NN
R
L J
N
92a: R = -CH,OTHP 93a: R = -CH,OH
92b: R = -CH,0Me 93b: R = -CH,0Me
92¢: R = -C(CH3);0TMS 93¢: R = -C(CH3),0H

Scheme 6-2 Reagents: (a) MeOMs, NaH, THF; (b) 4-amino-3-chlorophenol, K2COs,
NMP; (c) (1) alkynes, Pd(PPhs):Cle, Cul, CH3CN, EtsN, (2) Cul, DMF; (d) (1)
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3-(trifluoromethyl)phenyl isocyanate, EtsN, THF, (2) pTsOH, EtOH; (e
3-(trifluoromethyl)phenyl isocyanate, EtsN, THF; (f) (1) 3- (trifluoromethyl)phenyl
isocyanate, EtsN, THF, (2) 1 NHC], EtOH.

Scheme 6-3|Z " T HIEIC LY, U T EHBEZZEH LT, 7=V 19alcxtL, Zun
RIET = = VaAFHISE T L2 AR E BTG, ST 27 I o2 M MBdE#HET 52 &
IZ &V 94a-dB L U94h-pa Ak Lz, £7-. 19alC bV 7+ A7 U ZER &1k, 73
EMZBRCTHET L2 EICL 0V Megh B LTz, —FH, 19alZ%L, HoUHFHEL
72U L& 98ab A N ZMEE#RT 5 Z L2k V95aba i, &5, HIILKR RIS E
Curtiusfisf\Z iz LD A V7 F— l\’\%?ﬁf(ﬁ 19a% i35 Z LICLVITEERR LT,

Cl

Cl
NH a (for 94a-d, h-p) H H
b (for 94e-g) \ﬂ/ \R Y X
cforosab) b) o Ly
Me o Me (0]
} CF3

N

N N SN
AL \'M AL
19a 94a-p 95a: X=N,Y=CH

95b: X =CH,Y =N

o

Cl
(o SSUNPNGLN o N
\n/ N
D 0T o'
j CFg

CF NN CFs
8 N/) 98a: X =N, Y = CH
o o7 98b: X=CH, Y=N

Scheme 6-3 Reagents: (a) Amines, PhOCOC], pyridine, DMA; (b) amines, triphosgene,
EtsN, CH2Cly; (c) 98a or b, pyridine, NMP; (d) (1) DPPA, EtsN, toluene, (2) 19a.

U LT BB O E 72 5T = U URIE, Scheme 6-43 K OG5~ HIEIC LD
B LT, ZAFa R r99ickt L, FAKRY v EHOTEELERZBRRE IS ET- 72
%, = baEEEMETTHZLICEV100E Lz, £, 1-ATFAEXRY Vr-4-F—)1|Z
KFMMT R T LZMATNVAFT e L, 92 MR D &Ik T rafki sy
AL, RNT= oA T 52 8128 0v101E L-, —JF7, LR £102ab% 4
FHULsm ) FIZKOEgE7 o) RLZBWg ELRY) VBRI OL-ATFAERT V&4
MEELZLIZLY 7 I FR108a-d~ L X, itV TIRAFNANLVT 4 R8T iK%
W7 X RZEERILTHZETRUUMRLI04a-dE A LT, £/, B 7Y — L iFE{K107a,b
13, 105D 7 L3 LAk & < HEflR I LD ARk L7z,
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O,N CFs \C[
B —
F b
99 100

ON CF, HN__~_CFs
o o]
\COOH » 5 NN X
N
102a: 4~y 103a: 4- y X=0 104a: 4-yl, X =0
102b: 5yl 103b: 4-yl, X = NMe 104b: 4-yl, X = NMe
103¢: 5-yl, X = 0 104¢: 5-yl, X =0
103d: 5-yl, X = NMe ' 104d: 5-yl, X = NMe

Scheme 6-4 Reagents: (a) (1) Morpholine, DMSO, (2) Hs, Pd/C, MeOH; (b) (1)
1-methylpiperidin-4-ol, NaH, DMF, (2) Hz, Pd/C, MeOH; (c) (1) (COCl)2, DMF, CH2Cls,
(2) morpholine or 1-methylpiperazine, CH2Cls, (3) Hz, Pd/C, MeOH; (d) Me2S-BHs, THF.

H a (for 106a l\? 3
‘N b (for 106b) NN ¢ Non
&J ” &J i XJ
O,N O,N HoN
105 106a: R = tBu 107a: R = tBuU
106b: R = CH,CF, 107b: R = CH,CF4

Scheme 6-5 Reagents: (a) 2-Bromo-2-methylpropane, K2COs, DMF; (b) CFsCH20TY,
K2COs, DMF; (c) He, Pd/C, MeOH.

7 L X 98a,bD A fkik A Scheme 6-6|1Z~ L7z, 7 rur bt U Y AK108I1C%f L, T
TR LFEFNRT VY LARBEEHSED Z LIV T 7 0 {RK109~ & EHith,
WAL E 7T =T KEHWA— R L—T7H170 °CTRIESEDZ LICLD T I /IR
110L L7, LT 110Ic7 n k7 = = V2 {EA SE 7 L Z L 98a~ L~ —J5,
v U Y R111%2 mCPBAIC & O N4 & & FA~ LB % = b e fbiUs 21710 118a,b~ &
Nz, 2 LT, 118abDRAW AR ICICL D 7 X /7 {K114L L, RFEIC7 v v &g 7
T VEEEES Z L2k v98bE ARk LT,
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Scheme 6-6 Reagents: (a) HCOONH4, Pd/C, MeOH; (b) aq. NHs, CuCl; (¢) PhOCOC],
pyridine, THF; (d) mCPBA, CH2Cls; (e) HNOs, HaSO4; (f) He, Pd/C, MeOH.
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6.3 MG MR

VEGFR2DAsn923% L O'FGFR1DAsn568 & O EAEH M L, Eru(3,2-dt'V
IVUADOEMBSEANE1T 572 (Table 6-1), £3, SAEHILIZE L CIL, ffMmiEEs» o7
HEnzimy , BREFAESIEFICE L, 88aciiW\ TN bR WVEGFR2BLEIH 27~ L
7o A BFTTZFIURB8b A I HITIFE S H 727 L 32— L {K88clZ 35\  CVEGFR2PH FHTE
WE ELZZ E D, SPIERE L7-Asn923 L B MBI 5 ATREMEANV RIR S iz, — 5,
88clIFGFRILEIEENME -T2 Z £ D FGFR1MDAsn568 & (32 RANTHI AAEA LT
mnEEZ BN, o, 6B L TiE, EHSEE RE < T % L VEGFR2PBEETEMENHES
B 2R L, WIS FGFRILEFRMEIRD SN2 o7z, UL EOREERNDL, B rur(3,2-d
vl IV ~OEBHEEE AL, FGFRIFAFENER EIZZRATIIRWZ E XL N E 25
77

Table 6-1

Kinase inhibitory activity of compounds modified at the 5- and 6-positions

H H
N N
: hig
5 O
R (6]
] N__ApN CF3
R N | N/)
Compd RS R6 VEGFR2 ICy, (nM) FGFR1 ICg, (nM)
20a Me H 3.7 (3.4-4.1) >10000
88a (CHy),0H H 40 3.5-4.7y >10000
88b (CH,),0CH, H 9.0 (7.1-11) 2700 (2300-3100)
88c (CHy),0(CH,),0H H 27 25-3.0) 6500 (4900-8700
93a Me CH,OH 9.7 (8.9-11) >10000
93b Me CH,0CHj, 14 (12-17) >10000
93c Me C(CHs)ZOH 18 (15-22) >10000

2 Numbers in parentheses represent 95% confidence interval.

WIZ, VUVTEREEDOT I JBEOMAEERZMG L, Brxo~T o bHREA
TLH5U LT REGM LT (Table 6-2), £, MEHE Y U K9Ma-cxiHliL7z& Z A, W
FTHBVEGFR2PAFIEMEN KD > 72, xF LT, MU 71 A F/1{K94d3s L 1V95a,bi,
WAL D 20a & A% O5R ) 72 VEGFR2FLFETG M A2~ Lz, BLEORER, HER EOEFRE T
IXVEGFR2MLEF AT, IRIAMEERIE N VEGFR2MLEIGMEM EI2% 595 Z & V1A
L7ce —J. WInoa®m b FGFRIAEEMENRBD b gnolc 2 &b, BV VU
BRI LT EREE L TEETIIRWEB X b, £ 2 TRIC, IBEMEEE AT 558
AT O EEFRERN LTz, TORR, tert 7 F IV E TV — )UKAIZ B\ T, 511 7e VEGFR2
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PHETEPECs0 = 7.6 nM) & HERE OFGFR1BAFTEMEICs0 = 940 nM)3FR S H LTz, *fIid
% FU 7 A e =T h94el IZFGFRIBLE B b no7-Z &b, FGFR1E O
HAERIZIZ YA AORERIGEHEDMLELE 2 bV, £ C, ki tert 7 F V%
BT 594gB L O94h %5l L7 & Z A, mi{ba® & & ICHIFEE Y FGFR1EETEENTRD 5
#7=(ICs0 = 220 nM (94g), 260 nM (94h)), VL EDOFERI D U U 7 @EHILA~ D JRIEMEE
AT, FGFRIFAERNEN FIcw 545 2 LB LT,

Table 6-2

Effect of modifications to the terminal heteroaromatic ring on kinase inhibitory activity

SN
L
Compd R VEGFR2 FGFR1 Compd R VEGFR2 FGFRL
ICso (M) 1Cso ("M) 1Cs ("M) 1Cso ("M)
N 210 A
94a S >10000 | N 4.0
- e >
| (79-580) ez N @48 10000
CF3
94b SN 230 >10000 A
| (190270, r \@N 76 940
S 650 Ve (6:392) (770-1100)
C >
94 B (510-820 10000 Me
N
= ~o
04d | 2.7 >10000 %y = 7?).-911 21%?240
& 2.2-3.3 Me (H9-1 ( )
( ) M e
F3
Me
N 2.9 N
95a : >10000 4h N 19 260
7 (2.6:32) 9 Ly, 16-21 230-280
g 1621 (230-280)
3 Me
M e
X
osb LN 38 >10000 3.7
(32-4.6) 20a >10000
F (34-4.1)
3 FS

2 Numbers in parentheses represent 95% confidence interval.

FEWT, v L7 E#EE D OT1e1025(11e620 in FGFR1) ¥ X V' His1026(His621 in
FGFRD) & O E/ERZBIFE LT, (MY 7 Fa A F V)7 = = )L~k E i 28 A L
7= (Table 6-3), £, /N OMPEEBILE L TA S UEZEAL-9M4inZiMliL7-& =
7. WIS VEGFR2FALETEME TR L7 & O OFGFRIFLETEMEIZRD bR T2, A
;& L3 T1e620F L UHIs621 LK FEEGT DTN A+ Th o e E X, K ¥Aa
RDRE I ERIE 2GS LTZ, BAKRY 1K94) k0,97, BTV K94l p,. BLOE
AU PRI AR L7z & 2 A 0T S VEGFR2BE FHIEM:1320a & bhl L2015 LAN O
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B E T, —H, BT UAR94] 135071 72 FGFRIPAEIGHE(ICs0 = 14 nM) %7 L7,
XIGT B ENR Y AR94kiE, 941 & bl LFGFRIPEETEMEICs0 = 4500 nM) DMK o 72 2
D, YD KRIRERNIEFICEETH D 2 LDV Lz, (LAl & FIERIC ) FRKigiC
BHFE AT H94mPB L U94p/s, MAICFGFR1ZEL-Z &b b, 94O REEFROE
FMENRRIB S Tz,

Table 6-3

Effect of substitutions at the terminal benzene ring on kinase inhibitory activity2

Sy ‘

N\gN RS

e Wﬁ;ﬂw
N_Ap Fs

AL
Compd R# RS VEGFR2 ICg, ("M FGFR1 ICg, ("M
20a H H 37 3.4-4. >10000
94i OMe H 9.4 (7.9-11y >10000
94; —~N b H 61 (53-71) 610 (500-740)
7/
94k (O H 19 16-22) 4500 (3200-6200)
N
Me
odl (N H 9.3 (8.3-10) 14 (12-16)
N
Me
94m N H 12 (10-14) 270 (240-290)
~o
94n H OMe 20 (18-22) >10000
o7 H N Do 60 (45-80) >10000
—/
940 H (o 23 (20-28) >10000
N_
94 H N
o 11 (10-13 390 (320-480)
N

2 Numbers in parentheses represent 95% confidence interval.

LA 94liE, 94kiZxt LVEGFR2BAETIG M 2558 L7 2 L 2D, 94O KRR IL
VEGFR2 & O AEAEIC b FH G595 2 L ARE SN, £ 2T, 20a& VEGFR2OHEA K
fhmiE 2 80 & L, 941& VEGFR2D#EGET V& Esk L7 (Figure 6-3), {L&#941i%,
20a TR LN AEFEHZHERF L, HIffEY B BX7 0 oRbmERILe10253 LY
His1026D F8 I /LR =L & KERE G LG D BREEICAAAE L T, Blcik~7= k512, Th
507 X/ ERIZFGFRUIBW T HRFE I TV 51620, His621 in FGFR1) Z & n b,
94113FGFR1IZx L T H RO BN 2T 5 & PSS, £ LT, ZOMAEEMD,
FGFR1IORNEME Y 7 4 A= a VEEMICKRELS HFET 2 2 E N ENT,
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Figure 6-3 Binding model of 941 in complex with VEGFR2.
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6.4 941 DAY

VEGFR2/FGFR17 = 7 /L% F—EAEHKIN % I\ CHUVECH A E R SR 217> 7=
(Table 6-4), HUVECIZX, VEGF, FGFW\FHLORKIC L > CH a5 k7, £
. VEGFHIIEF. 72 H5EVEGF/VEGFRY 7 /WAL 3515 5 HUVECH L E b
ZEHEL7= & = A, VEGFR2ILETE M % 77 7°20a, 941& & (IZHUVEC O 5 % 58 7712 #0i]
L7z, —J. FGFHlIE T, 4722 bFGF/FGFRY 7 F /LG AL Z 315 5 HUVECHA L
ERREFHMI L7 & 2 A, 9411320a & bh#k L 105 LA E5R 7) IZHUVEC O $85E 2 i) L 7=, LA
FoORER, 94ITHIENIZEB W T HVEGFR2/FGFR1T = 7 /L% — P ESK & L CHERE
HZ B LT,

Table 6-4
In vitro activity of 20a and 9412
ICy (nM)
. R Growth inhibition of
Kinase inhibition HUVECD

compd VEGFR2 FGFR1 VEGF FGF

20a 3.7 (3.4-4.1 >10000 13 (8.6-20) 230 (160-350)

94l 9.0 (8.3—10) 14 (12—16) 38 (30—48) 20 (16-26)

2 Numbers in parentheses represent 95% confidence interval.
4 inhibition of HUVEC proliferation.
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6.5 Fr¥

AETIX, ZTiE Ttype 2F F—EBHEHED AH I TV WX F—BZ2ER & LT,
Frifitype 2% F—BIHEKZ AN T 5 Hikima 188 L, BEsntype 2% 7 —BHFEENG T
2 3ODEFHEAEEAITMZ . S DITHAEEENLZEAT L Z LIk, FT—EDR
EEa 74 A= a B L OVRERTE D EGRAN Tz, £ LT, Kt e e
[3,2-dl &'V 2 ¥ i {A20a% X — A (Z L7ztype 2 VEGFR2/FGFR1T = 7 /L% —¥[{
TP A LT, TORR, RSP UBRICERT VUG A L 7-9412358 1 72
FGFR1%Z /R Z L& RH L7z, 941 VEGFR2DFESET A D, BT V3 11e10255
FOHis1026 L FHAEHT 2 Z L 2L Lz, BT 2/ BRIZFGFRUICE VT H IR
FINTWNDZ 06, MUIFROHEERIZL VW FGFRIOANEE2 > 7+ A —Ta &
BEATDHEER LT, - T, type 2 FGFR1F—VPERKIL, BEfitype 23 —FFi
FEINA T D 3OO AAEFALICI %, 11e6203 KL O'His621 & A AAEH 4 5 Btk 4
ATHZEICLVAIHTEDL EEZ NS, FEEOFIELZHND Z LT, ZiLE Ttype 2
FF—EHEENAHINL T RN T —EE2IEN L Liztype 2% F—EHEIKOAIH N
AREICR D B2 6D, £lo, RETHMLZ9MIT, BEFOEMmE 3R R 7T n 7 7
ANERTZEND, TIETHROBD LR T2 AT 2 H IR AA L 720
55 EMFINn D,
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EEROER

2-(4-Chloro-5 H-pyrrolo[3,2- dlpyrimidin-5-yl)ethyl benzoate (86a)

IbEW 2 DERRE RO FIEIZ LD . REEY (93%) 2 AEEE L THE,
TH NMR (DMSO-ds) § 4.65 (2H, t, J= 5.0 Hz), 4.90 (2H, t, J= 5.0 Hz), 6.73 (1H, d, J =
3.3 Hz), 7.45 (2H, t, J= 7.7 Hz), 7.61 (1H, t, J= 7.7 Hz), 7.78-7.81 (2H, m), 8.12 (1H, d, J
= 3.3 Hz) 8.60 (1H, s).

4-Chloro-5-(2-methoxyethyl)-5 H-pyrrolo[3,2-dlpyrimidine (86b)

a2 DERRE RBEDFIEIZ LY . REEY (96%) Z Ak s LT, H
NMR (DMSO-ds) § 3.19 (3H, s), 3.68 (2H, t, J = 5.4 Hz), 4.65 (2H, t, J= 5.4 Hz), 6.71—
6.72 (1H, m), 7.97 (1H, d, /= 3.3 Hz), 8.60 (1H, s).

2-[2-(4-Chloro-5 H-pyrrolo[3,2-dlpyrimidin-5-yl)ethoxylethyl benzoate (86¢)

LB 2 DERRE RBED HFIEIZ LY . REEY (18%) & Witk LT, H
NMR (DMSO-db) § 3.66-3.69 (2H, m), 3.82-3.86 (2H, m), 4.27—4.30 (2H, m), 4.65—4.68
(2H, m), 6.60 (1H, d, /= 3.0 Hz), 7.46-7.51 (2H, m), 7.61-7.66 (1H, m), 7.80-7.84 (2H,
m), 7.95 (1H, d, /= 3.0 Hz), 8.56 (1H, s).

2-[4-(4-Amino-3-chlorophenoxy)-5 H-pyrrolo[3,2- dlpyrimidin-5-yl]ethyl benzoate (87a)

It&% 8 DA E RO FIEZ LY RELAEY (19%) % Atk s LTHz, 1H
NMR (DMSO-ds) § 4.69—4.70 (2H, m), 4.78-4.80 (2H, m), 5.31 (2H, brs), 6.61 (1H, d, J=
3.2 Hz), 6.79 (1H, d, J= 8.9 Hz), 6.87 (1H, dd, /= 8.9, 2.6 Hz), 7.01 (1H, d, J= 2.6 Hz),
7.45 2H, t, J= 7.8 Hz), 7.60-7.65 (1H, m), 7.76-7.79 (2H, m), 7.91 (1H, d, J = 3.2 H2),
8.26 (1H, s).

2-Chloro-4-{[5-(2-methoxyethyl)-5 H-pyrrolo[3,2- dlpyrimidin-4-yl]oxy}aniline (87b)
IbEY 8 DERE RO FIEIZ LY . REEY (56%) %W AEMEKE LT,

1H NMR (DMSO-db) § 3.19 (3H, s), 3.72 (2H, t, J= 5.4 Hz), 4.55 (2H, t, J= 5.4 Hz), 5.31

(2H, s), 6.56 (1H, d, J= 3.2 Hz), 6.83 (1H, d, J= 8.9 Hz), 6.97 (1H, dd, J= 8.9, 2.7 Hz),

7.20 (1H, d, J=2.7 Hz), 7.75 (1H, d, J= 3.2 Hz), 8.26 (1H, d, J= 0.6 Hz).

2-{2-[4-(4-Amino-3-chlorophenoxy)-5 H-pyrrolo[3,2- dlpyrimidin-5-yllethoxy}ethyl
benzoate (87c)

IbEY 8 DERE RO FIEIZ LY . REMEY (91%)Z W AEEE L THE,
IH NMR (DMSO-ds) § 3.68-3.71 (2H, m), 3.86-3.89 (2H, m), 4.29-4.32 (2H, m), 4.55—
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4.59 (2H, m), 5.30 (2H, brs), 6.48 (1H, d, J=3.0 Hz), 6.80 (1H, d, J= 8.4 Hz), 6.94 (1H, dd,
J=8.4,2.4Hz),7.18 (1H, d, J= 2.4 Hz), 7.44-7.99 (2H, m), 7.60-7.66 (1H, m), 7.75 (1H,
d, J=3.0 Hz), 7.80-7.83 (2H, m), 8.23 (1H, s).

1-(2-Chloro-4-{[5-(2-hydroxyethyl)-5 H-pyrrolo[3,2- dl pyrimidin-4-ylloxy}phenyl)-3-[3-(tri
fluoromethyl)phenyl]urea (88a)

{t&#87a (300 mg, 0.734 mmol), kU =F /L7 2> (1.00 mL, 7.34 mmol) DTHF(5

mL)&EEIZ, 3-(FY Zvd e AF )7 ==L A V7 F— ;130 mg, 0.807 mmol) & Il % .
IRAW % iR CLoR TR LT, SINEEM A /K TR L, Biit—T L Chitlitg, AHE
EAFAREK T L, HKRiiE~ 7 X U LA TR L, A LTC, AIRA LR L.
FRWE0.5 NKERILT NV o h A K 7 —/UIRIE(Q mIICEME L, REW % =R T304 M
PR LT, BORRAM A K THIN L, Bl /L Clititk . AHE % faf K T L.
BB~ 72 U L THEEL, Al LT, AIREBIERME L, KEWEI T L7 0~ b
757 4—WNH U 7 BT F)UI~F Y ) TRESLE | BiiR = F L & 0 BRI L.
KL E(93.4 mg, 26%) % HEGERE LTHZ,
Mp 170-174 °C.'H NMR (DMSO-ds) § 3.76-3.81 (2H, m), 4.45 (2H, t, J= 5.4 Hz), 4.91
(1H, t, J= 5.4 Hz), 6.59-6.60 (1H, m), 7.27 (1H, dd, J= 9.2, 2.7 Hz), 7.32-7.33 (1H, m),
7.49-7.57 (3H, m), 7.79 (1H, d, J= 3.0 Hz), 8.03 (1H, brs), 8.15 (1H, d, J= 9.2 Hz), 8.29
(1H, s), 8.43 (1H, s), 9.71 (1H, brs). Anal. Calcd for C22H17C1FsN50s: C, 53.72; H, 3.48; N,
14.24. Found: C, 53.61; H, 3.50; N, 14.25.

1-(2-Chloro-4-{[5-(2-methoxyethyl)-5 A-pyrrolo[3,2- dlpyrimidin-4-ylloxy}phenyl)-3-[3-(tr
ifluoromethyl)phenyl]urea (88b)

Ib& 4 OERREFRROFIEIZL Y, KE(LEY WT%) % AABEEE LTHZ, Mp
177-178 °C.'H NMR (DMSO-ds) § 3.22 (3H, s), 3.74 (2H, t, J= 5.3 Hz), 4.57 2H, t, J=
5.3 Hz), 6.60 (1H, d, J= 3.2 Hz), 7.27-7.34 (2H, m), 7.49-7.55 (3H, m), 7.80 (1H, d, J=
3.2 Hz), 8.03 (1H, brs), 8.15 (1H, d, /= 9.0 Hz), 8.30 (1H, s), 8.43 (1H, s), 9.71 (1H, brs).
Anal. Caled for C2sH19C1FsN50s0.5H20: C, 53.65; H, 3.92; N, 13.60. Found: C, 53.61; H,
3.67; N, 13.57.

1-[2-Chloro-4-({5-[2-(2-hydroxyethoxy)ethyl]-5 H-pyrrolo[3,2-dlpyrimidin-4-yl}oxy)pheny
1]-3-[3-(trifluoromethyl)phenyllurea (88c)

b5 88a DAL L RERDIFILIZ L 0 | FELEY (17%) &2 HEAERE L TR,
Mp 170-174 °C. *H NMR (DMSO-ds) 6 3.40-3.41 (4H, m), 3.81-3.85 (2H, m), 4.56—4.59
(3H, m), 6.60 (1H, d, /= 3.0 Hz), 7.27-7.34 (2H, m), 7.49-7.56 (3H, m), 7.83 (1H, d, J=
3.0 Hz), 8.03 (1H, brs), 8.14 (1H, d, J= 8.7 Hz), 8.29 (1H, s), 8.44 (1H, s), 9.71 (1H, brs).
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Anal. Caled for C24H21C1FsN504: C, 53.79; H, 3.95; N, 13.07. Found: C, 53.76; H, 4.01; N,
13.00.

4,6-Diiodo- N-methylpyrimidin-5-amine (90)

46-3— K'Y V57 2 (761 mg, 5.02 mmol) DTHF (300 mL)RREIZIZ KIS
BT, KFET U7 L60%01, 5.20 g, 130 mmoD) Z Mz, 0°CT30 R L, K
JRIREMINZ A B o AR g A F1(18.2 mL, 156 mmol) Z 1z, iR CISHFMHH#E L 7=,
KT, BOSRAEYZAKTHEIR L, Bifg=F L Tl Uiz, AHE A2 TR ER. 8%
BT~ NTTT7 4 —( VBTN, BT VIA~FTH )T L, RELED
(21.9 g, 70%) & AR & LT,
1H NMR (CDCls) § 3.03 (3H, d, /= 6.0 Hz), 3.78 (1H, brs), 8.04 (1H, s).

4-(4-Amino-3-chlorophenoxy)-6-iodo- N methylpyrimidin-5-amine (91)

LA %90(9.60 g, 55.4 mmol) DNMP (200 mL)RIZ. REEH U 7 4(18.4 g, 133
mmo) B L 4-7 2 /-3-7unr 7= /—/b (8.80g, 61.0 mmol)Z %, 110 °CIZ T 1FERIHE
PEL72, FIRICHEE, ROSRIZKEZIMN 2, BifgTF /Tt U7, fafn e ik Coev
L. BKffilg~ 7 2L U LATHEL, AL, AIREBIEEREL, Z8HE LT L7 0
~ NI T 74—V AN BT VAT ) TR L LA (9.60 g, 46%) & 7%
wEE R & L TR,
1H NMR (DMSO-ds) § 3.02 (3H, d, /= 5.3 Hz), 4.80 (1H, q, J=5.3 Hz), 5.31 (2H, s), 6.82
(1H, d, J=8.7 Hz), 6.90 (1H, dd, /= 8.7, 2.7 Hz), 7.13 (1H, d, J= 2.7 Hz), 7.77 (1H, s).

2-Chloro-4-({5-methyl-6-[(tetrahydro-2 H-pyran-2-yloxy)methyll-5 H-pyrrolo[3,2-dlpyrim
idin-4-yl}oxy)aniline (92a)
{EE&#91(3.00 g, 7.97 mmoD) D7 & k= k U L(90 mL)/ b U =F /L7 2 (90 mL)IAHK
(2. 2-(prop-2-yn-1-yloxy)tetrahydro-2 A-pyran (1.34 g, 9.56 mmol), 7 vnrt A hJ 7
T =)VIR AT 4 TV 5(0.28 g, 0.40 mmol) B L V= 7 4K4[(0.15 g, 0.80 mmol) &l
T, 60 °CIZCLURFIEHE L7z, =IRICmEAE, BIE NAARE L, M E 17 L7 0
~ T T 4= BTN, FERRTTF AT ) TR L, 29 LTELNLEY
(2.10 g, 5.40 mmol) DMF (42 mL)¥EHRIZ, = 7{b#i(152 mg, 0.80 mmol) &/ %, 80 °C
W CIRERR R LT, IR AL, Jif“\{ﬁz \ZAKEMZ, FifE T VI T L7, fafng
WK CUE L, Sk~ 7 X U AT L, Al L7z, AIRERITREMEL., HEDE
NI aw NI T 74—V TN FEEET VAT ) TR RE(LE(1.35 g,
64%) & etk & LT,
TH NMR (DMSO-ds) § 1.48-1.86 (6H, m), 3.56-3.64 (1H, m), 3.85-3.97 (1H, m), 4.06 (2H,
s), 4.13 (8H, s), 4.71 (1H, d, J = 12.8 Hz), 4.73-4.76 (1H, m), 4.93 (1H, d, J = 12.8 Hz),
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6.66 (1H, s), 6.83 (1H, d, J= 8.7 Hz), 6.99 (1H, dd, J= 8.7, 2.6 Hz), 7.19 (1H, d, J= 2.6
Hz), 8.43 (1H, s).

2-Chloro-4-{[6-(methoxymethyl)-5-methyl-5 H-pyrrolo[3,2- dlpyrimidin-4-ylloxy}aniline
(92b)

bAW 92a DAL E RO FIEIZ LY . REEW (29%) & R AE K & L TR,
1H NMR (DMSO-de) § 2.34 (3H, s), 4.02 (3H, s), 4.66 (2H, s), 5.34 (2H, s), 6.62 (1H, s),
6.84 (1H, d, J= 8.7 Hz), 7.00 (1H, dd, J=8.7, 2.7 Hz), 7.22 (1H, d, J= 2.7 Hz), 8.25 (1H,
s).

2-Chloro-4-[(5-methyl-6-{1-methyl-1-[(trimethylsilyl)oxylethyl}-5 H-pyrrolol[3,2- dlpyrimi
din-4-yl)oxylaniline (92c)

bAW 92a DAL E RO FIEIZ LY . RELEW (60%) % R AREAK L L TR,
1H NMR (DMSO-de) § 0.07 (9H, s), 1.76 (6H, s), 4.05 (2H, s), 4.31 (3H, s), 6.56 (1H, brs),
6.83 (1H, d, J=8.7 Hz), 6.99 (1H, dd, J=8.7, 2.7 Hz), 7.20 (1H, d, J= 2.7 Hz), 8.45 (1H,
brs).

1-(2-Chloro-4-{[6-(hydroxymethyl)-5-methyl-5 H-pyrrolo[3,2- dlpyrimidin-4-yl]oxy}pheny
D-3-[3-(trifluoromethyl)phenyllurea (93a)

fb&%92a (1.35 g, 3.47 mmol), ~VU=F /L7 2 (1.45 mL, 10.4 mmol) DTHF(27
mLERIZ, 3-(hY 7 A a 2F )7 =) A V7 F— ~543 pl,, 3.89 mmol) il %,
IRAW % SR CLoR TR LT, SINEAEM A /K CHN L., Biit—T L Chitlitg, e
ZAAFAEK T L. KRR~ 7 x>0 L CHUEHE, A LT, AIRZ HUERME L.
WRWE T Lra~ v 7T 7 4—NHY U B 7L, BT FILIA~FF ) TH-LEZ, =
Iy L THELNTALEH DO X 7 — (21 mLIERIZp bV ALk R —KFI®) (509
mg, 2.67 mmol) & Mz, FIEIC TIMFMIHIE Lz, T IR L L, BEW CfafiE s
KEMZ ., BT T A T L7z, fafn Bk CHevd L, KRR~ 7 % > 7 A TR,
AU, ABEBITEEME L, BEWE T L/ u~ T T57 4 —E U BN, FilkoF
JUIF W ) TR L . iR TV ~F 0 20 FfssE L, RE(LAEW(105 mg, 8%) % M
EER L LT,
Mp 219-220 °C. '"H NMR (DMSO-ds) § 4.05 (3H, s), 4.73 (2H, d, /= 5.4 Hz), 5.55 (1H, t, /
= 5.4 Hz), 6.57 (1H, s), 7.29-7.37 (2H, m), 7.51-7.58 (3H, m), 8.06 (1H, s), 8.17 (1H, d,
= 9.0 Hz), 8.28 (1H, s), 8.47 (1H, s), 9.75 (1H, s). Anal. Calcd for Ca3H19C1F3N50s: C,
53.72; H, 3.48; N, 14.24. Found: C, 53.81; H, 3.56; N, 14.27.

1-(2-Chloro-4-{[6-(methoxymethyl)-5-methyl-5 H-pyrrolo[3,2- dlpyrimidin-4-yl]oxy}pheny
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D-3-[3-(trifluoromethyl)phenyllurea (93b)

IbEW 4 DERRE RO FIEIZL Y RELEY B7%) % AtEE S LT,
Mp 179-181 °C. 'H NMR (DMSO-ds) § 3.33 (3H, s), 4.04 (3H, s), 4.69 (2H, s), 6.66 (1H, s),
7.29-7.35 (2H, m), 7.51-7.58 (3H, m), 8.05 (1H, s), 8.16 (1H, d, J= 9.0 Hz), 8.29 (1H, s),
8.47 (1H, s), 9.74 (1H, s). Anal. Calcd for CesH19ClFsN503-H20: C, 52.73; H, 4.04; N,
13.37. Found: C, 52.75; H, 3.92; N, 13.36.

1-(2-Chloro-4-{[6-(1-hydroxy-1-methylethyl)-5-methyl-5 H-pyrrolo[3,2- dlpyrimidin-4-yl]o
xy}phenyl)-3-[3-(trifluoromethyl)phenyl]urea (93c)

b&% 92¢ (0.95 g, 2.35 mmol), ~ VU =F /L7 22 (1.31 mL, 9.38 mmol)®» THF(19

mD)ERIZ, (R 7 A r AF )7 ==L A7 F— 10.839 mL, 2.82 mmoD) &l %,
IBAW % RIRT 15 RFEHREE Lz, MINESWZ K CHAIR L, Bifg=F L Chithk, HHE
AR AEK T L. KRR~ 7 2 o0 L CHIEH% . Al LTc, AIRA HUERME L.
BRWME T L a~ T 7 4 —WNH U BTV BEET T VIA~TH ) THRR- L,
S LT LI KRIED = 7 —1(12.3 mLEIKIC 1 NHCL (243 mL)A# %, =EIRIZT 15
YRR Uz, BUE FIAEA2 A L, REWICafmEE KE2 ML, BT s T L
T2 BAFIAMEK TUES L. BARER~ 7 %y 7 LA THMR, Al LT, Al EBIERN L.
BRWME DT L a~ NI 57 40—V BT, BEgT T VI~F ) TG Bk T
JUI~F Y L0 BRI E L. RE(EEW(550 mg, 45%) % FIafE ke L TR,
Mp 158-165 °C.'H NMR (DMSO-ds) § 1.64 (6H, s), 4.31 (3H, s), 5.55 (1H, s), 6.51 (1H, s),
7.29 (1H, dd, J= 9.0, 2.7 Hz), 7.32-7.35 (1H, m), 7.53-7.56 (3H, m), 8.05 (1H, s), 8.16
(1H, d, J = 9.0 Hz), 8.25 (1H, s), 8.45 (1H, s), 9.73 (1H, s). Anal. Calcd for
C24H21C1FsN505 ‘H20: C, 53.59; H, 4.31; N, 13.02. Found: C, 53.87; H, 4.18; N, 13.07.

1-{2-Chloro-4-[(5-methyl-5 H-pyrrolo[3,2- dlpyrimidin-4-yl)oxylphenyl}-3-pyridin-2-ylure
a (94a)

{EE&#%19a(275 mg, 1.00 mmol), £V (633 pL, 8.00 mmol) ®DMA (2 mL)&F#Z
KT, 7 no XEE7 = =1 (251 pl, 2.00 mmol) I ., IREW % EiRL CIREMHEE L
72o BUGIRAMIZ2-aminopyridine (188 mg, 2.00 mmol) % i1z, 90 °C C15HFRIFH#R L 7=,
FOSRG Y 2K THR L, Bl F /L Chlltit: . A 2 fafn K Colid L, SRR
YR U NTHME, A LT, AIRE LRGSR, 8 E DT L oa<x N7 4 —(v
U BT BEg=TF VI~ ) TG . BT LI~F 0 L0 sk L. REE
(299 mg, 76%) % FafE & L L TR,

Mp 259-260 °C. 'H NMR (DMSO-ds) § 4.11 (3H, s), 6.61 (1H, d, J= 3.0 Hz), 7.03-7.07
(1H, m), 7.25 (1H, d, J= 8.4 Hz), 7.33 (1H, dd, J= 9.2, 2.6 Hz), 7.60 (1H, d, J= 2.6 Hz),
7.77-7.82 (1H, m), 7.80 (1H, d, J= 3.0 Hz), 8.31 (1H, s), 8.31-8.34 (1H, m), 8.40 (1H, d, J
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=9.2 Hz), 10.03 (1H, s), 11.83 (1H, brs). Anal. Caled for C19H15CIN6Os: C, 57.80; H, 3.83;
N, 21.29. Found: C, 57.66; H, 3.91; N, 21.01.

{tEY) 94b—d 35 L 0 94h—p (%, 94a DAL L FEDOHIEICL VAR LT,

1-{2-Chloro-4-[(5-methyl-5 H-pyrrolo[3,2- dlpyrimidin-4-yl)oxylphenyl}-3-pyridin-3-ylure
a (94b)

IV 23%. Mp 233—-237 °C.1H NMR (DMSO-ds) § 4.11 (3H, s), 6.61 (1H, d, /= 3.0
Hz), 7.32 (1H, dd, 4= 9.0, 2.7 Hz), 7.32-7.37 (1H, m), 7.57 (1H, d, J= 2.7 Hz), 7.80 (1H, d,
J=3.0Hz), 7.98 (1H, ddd, J=8.2, 2.5, 1.5 Hz), 8.17 (1H, d, J= 9.0 Hz), 8.22 (1H, dd, J=
4.5, 1.5 Hz), 8.31 (1H, s), 8.49 (1H, brs), 8.63 (1H, d, /= 2.5 Hz), 9.56 (1H, brs). Anal.
Caled for C19H15CIN6O2: C, 57.80; H, 3.83; N, 21.29. Found: C, 57.81; H, 3.88; N, 21.11.

1-{2-Chloro-4-[(5-methyl-5 H-pyrrolo[3,2- dlpyrimidin-4-yl)oxylphenyl}-3-pyridin-4-ylure
a (94¢)

IV 22%. Mp 233-237 °C.1H NMR (DMSO-ds) § 4.11 (3H, s), 6.61 (1H, d, /= 3.2 H2),
7.33(1H, dd, J=9.0, 2.6 Hz), 7.46 (2H, d, J= 6.3 Hz), 7.58 (1H, d, J= 2.6 Hz), 7.80 (1H,
d, J=3.2 Hz), 8.15 (1H, d, /= 9.0 Hz), 8.31 (1H, s), 8.39 (2H, d, J= 6.3 Hz), 8.56 (1H,
brs), 9.78 (1H, brs). Anal. Caled for C19H15CIN6O2 H20: C, 55.28; H, 4.15; N, 20.36.
Found: C, 55.39; H, 4.17; N, 20.08.

1-{2-Chloro-4-[(5-methyl-5 H-pyrrolo[3,2- dlpyrimidin-4-yl)oxylphenyl}-3-[4-(trifluoromet
hyl)pyridin-2-yllurea (94d)

IV 21%. Mp 259-260 °C. 1H NMR (DMSO-ds) § 4.09 (3H, s), 6.58-6.59 (1H, m),
7.831-7.38 (2H, m), 7.59 (1H, d, J= 2.1 Hz), 7.77-7.80 (2H, m), 8.28-8.31 (2H, m), 8.57
(1H, d, J = 5.7 Hz), 10.36 (1H, s), 10.61 (1H, brs). Anal. Caled for
C20H14C1F35N602 0.2H20: C, 51.50; H, 3.11; N, 18.02. Found: C, 51.48; H, 2.98; N, 18.16.

1-(3- tert-Butyl-1-methyl-1 H-pyrazol-5-yl)-3-{2-chloro-4-[(5-methyl-5 H-pyrrolol3,2- dlpyr
imidin-4-yl)oxylphenyliurea (94h)

IV 6%. Mp 194-196 °C.'H NMR (DMSO-db) § 1.22 (9H, s), 3.65 (3H, s), 4.10 (3H, s),
6.11 (1H, s), 6.60 (1H, d, /= 3.0 Hz), 7.30 (1H, dd, J= 9.3, 2.7 Hz), 7.56 (1H, d, /= 2.7
Hz), 7.79 (1H, d, J= 3.0 Hz), 8.16 (1H, d, J= 9.3 Hz), 8.30 (1H, s), 8.61 (1H, s), 9.22 (1H,
s). Anal. Calcd for Ce2H24CIN7O2: C, 58.21; H, 5.33; N, 21.60. Found: C, 57.89; H, 5.31; N,
21.35.
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1-{2-Chloro-4-[(5-methyl-5 H-pyrrolol3,2- dlpyrimidin-4-yl)oxylphenyl}-3-[4-methoxy-3-(t
rifluoromethyl)phenyllurea (94i)

I 33%. Mp 233—-237 °C. 'TH NMR (DMSO-ds) § 3.86 (3H, s), 4.10 (3H, s), 6.61 (1H,
d, J=3.0 Hz), 7.24 (1H, d, J= 9.2 Hz), 7.30 (1H, dd, J= 9.0, 2.7 Hz), 7.56 (1H, d, J= 2.7
Hz), 7.59 (1H, dd, J= 9.2, 2.7 Hz), 7.80 (1H, d, J= 3.0 Hz), 7.88 (1H, d, J= 2.7 Hz), 8.17
(1H, d, J = 9.0 Hz), 8.30 (1H, s), 8.37 (1H, brs), 9.51 (1H, brs). Anal. Calcd for
C22H17C1F3N503: C, 53.72; H, 3.48; N, 14.24. Found: C, 53.63; H, 3.47; N, 14.22.

1-{2-Chloro-4-[(5-methyl-5 H-pyrrolo[3,2- dlpyrimidin-4-yl)oxylphenyl}-3-[4-morpholin-4-
yl-3-(trifluoromethyl)phenyllurea (94;j)

IV 34%. Mp 147-150 °C. 1H NMR (DMSO-ds) § 2.80-2.83 (4H, s), 3.68-3.71 (4H, s),
4.10 (3H, s), 6.60 (1H, d, J= 3.0 Hz), 7.30 (1H, dd, J = 9.1, 2.7 Hz), 7.54-7.63 (3H, m),
7.79 (1H, d, J= 3.0 Hz), 7.94 (1H, J=2.1 Hz), 8.16 (1H, d, J=9.1 Hz), 8.29 (1H, s), 8.42
(1H, s), 9.67 (1H, s). Anal. Calcd for C25H22C1F3NsO2: C, 54.90; H, 4.05; N, 15.37. Found:
C, 54.67; H, 4.14; N, 15.17.

1-{2-Chloro-4-[(5-methyl-5 H-pyrrolo[3,2- dlpyrimidin-4-yl)oxylphenyl}-3-[4-(morpholin-4
-ylmethyl)-3-(trifluoromethyl)phenyl]urea (94k)

IV 29%. Mp 149-151 °C. 'H NMR (DMSO-ds) § 2.30-2.40 (4H, m), 3.55-3.60 (6H,
m), 4.10 (3H, s), 6.60 (1H, d, J= 2.9 Hz), 7.31 (1H, dd, J/= 8.9, 2.6 Hz), 7.56-7.59 (2H, m),
7.68 (1H, d, J=8.7 Hz), 7.79 (1H, d, J=2.9 Hz), 8.00 (1H, d, J= 2.1 Hz), 8.18 (1H, d, J=
8.9 Hz), 8.30 (1H, s), 8.42 (1H, s), 9.70 (1H, s). Anal. Calcd for C26H24C1F3N6Oz ‘H20: C,
53.94; H, 4.53; N, 14.52. Found: C, 53.86; H, 4.50; N, 14.27.

1-{2-Chloro-4-[(5-methyl-5 H-pyrrolo[3,2- dlpyrimidin-4-yl)oxy]phenyl}-3-{4-[(4-methylpi
perazin-1-yl)methyl]-3-(trifluoromethyl)phenyl}iurea (941)

IV 23%. Mp 138-139 °C. 1H NMR (DMSO-ds) § 2.16 (3H, s), 2.20-2.45 (8H, m),
3.54 (2H, s), 4.10 (3H, s), 6.61 (1H, d, J= 2.9 Hz), 7.31 (1H, dd, /= 8.8, 2.6 Hz), 7.56—
7.67 (3H, m), 7.80 (1H, d, J= 2.9 Hz), 8.00 (1H, s), 8.18 (1H, d, J= 8.8 Hz), 8.30 (1H, s),
8.43 (1H, s), 9.70 (1H, s). Anal. Calcd for C27H27C1F3N702 1.2H20: C, 54.45; H, 4.98; N,
16.46. Found: C, 54.73; H, 4.98; N, 16.16.

1-{2-Chloro-4-[(5-methyl-5 H-pyrrolo[3,2- dlpyrimidin-4-yl)oxy]phenyl}-3-{4-[(1-methylpi
peridin-4-yl)oxy]-3-(trifluoromethyl)phenyl}urea (94m)

I 11%. Mp 137-139 °C. 'H NMR (DMSO-ds) § 1.65-1.75 (2H, m), 1.85-1.95 (2H,
m), 2.19-2.35 (5H, m), 2.50-2.60 (2H, m), 4.10 (3H, s), 4.45-4.51 (1H, m), 6.60 (1H, d, /
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=3.0 Hz), 7.26-7.31 (2H, m), 7.52-7.55 (2H, m), 7.79 (1H, d, J= 3.0 Hz), 7.85 (1H, d, J=
2.4 Hz), 8.17 (1H, d, J= 9.6 Hz), 8.30 (1H, s), 8.33 (1H, s), 9.47 (1H, s). Anal. Calcd for
Ca27H26C1FsN6O3 2H:20: C, 53.07; H, 4.95; N, 13.75. Found: C, 53.43; H, 4.80; N, 13.48.

1-{2-Chloro-4-[(5-methyl-5 H-pyrrolol3,2- dlpyrimidin-4-yl)oxylphenyl}-3-[3-methoxy-5-(t
rifluoromethyl)phenyllurea (94n)

I 21%. Mp 205208 °C. 'H NMR (DMSO-ds) § 3.83 (3H, s), 4.11 (3H, s), 6.61 (1H,
d, J= 3.0 Hz), 6.88 (1H, brs), 7.26 (1H, brs), 7.32 (1H, dd, /= 9.0, 2.7 Hz), 7.51 (1H, brs),
7.57 (1H, d, J= 2.7 Hz), 7.80 (1H, d, J = 3.0 Hz), 8.15 (1H, d, J= 9.0 Hz), 8.30 (1H, s),
8.47 (1H, brs), 9.76 (1H, brs). Anal. Calcd for C22H17C1FsN502 H20: C, 51.82; H, 3.76; N,
13.74. Found: C, 51.98; H, 3.75; N, 13.80.

1-{2-Chloro-4-[(5-methyl-5 H-pyrrolo[3,2- dlpyrimidin-4-yl)oxylphenyl}-3-[3-(morpholin-4
-ylmethyl)-5-(trifluoromethyl)phenyl]lurea (940)

IV 23%. Mp 134-136 °C. 'H NMR (DMSO-ds) § 2.30-2.45 (4H, m), 3.30-3.61 (6H,
m), 4.10 (3H, s), 6.60 (1H, d, /= 3.3 Hz), 7.26 (1H, s), 7.28 (1H, dd, /= 8.8, 2.6 Hz), 7.54
(1H, s), 7.56 (1H, d, J= 2.6 Hz), 7.78 (1H, d, J= 3.3 Hz), 7.94 (1H, s), 8.16 (1H, d, /= 8.8
Hz), 8.30 (1H, s), 8.40 (1H, s), 9.74 (1H, s). Anal. Caled for C2sHz24C1FsNsO3-H20: C,
53.94; H, 4.53; N, 14.52. Found: C, 53.77; H, 4.39; N, 14.32.

1-{2-Chloro-4-[(5-methyl-5 H-pyrrolo[3,2- dlpyrimidin-4-yl)oxy]phenyl}-3-{3-[(4-methylpi
perazin-1-yl)methyl]-5-(trifluoromethyl)phenyliurea (94p)

I 7%. Mp 131-132 °C. 1H NMR (DMSO-ds) § 2.15 (3H, s), 2.20-2.50 (8H, m), 3.52
(2H, s), 4.10 (3H, s), 6.60 (1H, d, /= 3.0 Hz), 7.23 (1H, s), 7.30 (1H, dd, J= 9.0, 2.7 Hz),
7.50 (1H, s), 7.56 (1H, d, J= 2.7 Hz), 7.79 (1H, d, /= 3.0 Hz), 7.94 (1H, s), 8.17 (1H, d,
= 9.0 Hz), 829 (1H, s), 840 (1H, s), 9.75 (1H, s). Anal. Caled for
C27H27C1FsN702 1.5H20: C, 53.96; H, 5.03; N, 16.31. Found: C, 53.92; H, 4.97; N, 16.01.

1-{2-Chloro-4-[(5-methyl-5 H-pyrrolol3,2- dlpyrimidin-4-yl)oxylphenyl}-3-[1-(2,2,2-trifluo
roethyl)-1 H-pyrazol-4-yllurea (94e)

1EE%19a(275 mg, 1.0 mmo) B Lk U =F /L7 2 2(2.79 mL, 20 mmol) DY 7 b 1
A A (10 mLIEHEIZ, R Y AR A5 (297 mg, 1.00 mmol) 201z, SR T30 H# LT,
473 /-112,22- N 7t a=F )T YV — b (330 mg, 2.0 mmoD) N %, IREW %=
IR CARFIRIR Lo, RONREMZ K TAHIR L, Bifg— T /L T, AE % fafn ik
TYel L, EOKEG~ 7% 7 A Clplfte, A LTc, AREBIERNE L, REME D 7
Lrva~ N5 7 4 —NHY U A7V, BT V~F 4 0) CTREE% ., BiigsF L -~%1
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R0 EREME L, ZELEW(22T mg, 49%) % AGEKRE LT,

Mp 227-231 °C. TH NMR (DMSO-ds) § 4.10 (3H, s), 5.09 (2H, q, J= 9.2 Hz), 6.61 (1H, d,
J=3.2 Hz), 7.29 (1H, dd, J= 9.0, 2.6 Hz), 7.54 (1H, d, J= 2.6 Hz), 7.56 (1H, s), 7.79 (1H,
d, /=3.2 Hz), 7.97 (1H, s), 8.18 (1H, d, /= 9.0 Hz), 8.30 (1H, s), 8.32 (1H, brs), 9.25 (1H,
brs). Anal. Caled for Ci19H15C1FsN-7O2: C, 48.99; H, 3.25; N, 21.05. Found: C, 49.04; H,
3.14; N, 21.02.

Ib&W 94f,g 1%, 9de DAFLE REED HFHEIZ L VAR LT,

1-(1- tert-Butyl-1 H-pyrazol-4-yl)-3-{2-chloro-4-[(5-methyl-5 H-pyrrolo[3,2-dlpyrimidin-4-
yDoxylphenyliurea (94f)

IV 7%. Mp 137-140 °C. 'TH NMR (DMSO-ds) § 1.51 (9H, s), 4.10 (3H, s), 6.60 (1H,
d, J=3.0 Hz), 7.28 (1H, dd, /= 9.0, 2.7 Hz), 7.43 (1H, s), 7.53 (1H, d, /= 2.7 Hz), 7.79
(1H, d, J=3.0 H2), 7.85 (1H, s), 8.21 (1H, d, J= 9.0 Hz), 8.28 (1H, s), 8.30 (1H, s), 9.08
(1H, s). Anal. Calcd for C2:H22Cl N7O2: C, 57.34; H, 5.04; N, 22.29. Found: C, 57.23; H,
5.06; N, 22.14.

1-(5- tert-Butylisoxazol-3-yl)-3-{2-chloro-4-[(5-methyl-5 H-pyrrolo[3,2-dlpyrimidin-4-yl)ox
ylphenylturea (94g)

= 36%. TH NMR (DMSO-ds) § 1.30 (9H, s), 4.10 (3H, s), 6.47 (1H, s), 6.61 (1H, d,
J=3.0Hz), 7.32 (1H, dd, J= 9.2, 2.7 Hz), 7.58 (1H, d, /= 2.7 Hz), 7.80 (1H, d, J = 3.0
Hz), 8.19 (1H, d, /= 9.2 Hz), 8.30 (1H, s), 8.74 (1H, brs), 10.21 (1H, brs). Anal. Calcd for
C21H21CIN503 0.4H20: C, 56.29; H, 4.90; N, 18.76. Found: C, 56.47; H, 4.90; N, 18.52.

1-{2-Chloro-4-[(5-methyl-5 H-pyrrolol3,2- dlpyrimidin-4-yl)oxylphenyl}-3-[5-(trifluoromet
hyl)pyridin-3-yllurea (95a)

L& 98a (282 mg, 1.00 mmol). LA 19a (275 mg, 1.00 mmol), ¥V 22-(633 mg,

8.00 mmo)B LU N AF /v ) K (2 mL)DOIREY% 90 °C T 7 REfHEEE L=, KSR
B EKTHERE, BT L CHltE L7c, AR 2K, fafBEK Tk, IR
LT, BEWME DT L~ NI T 7 40—V BTV ERRT TV A X ) — L) THESR% .,
FEfE =7 /L X 0 ffsdn bk L CREA (228 mg, 49%) % A AE A & L TR,
Mp 220-224 °C. 'H NMR (DMSO-ds) § 4.11 (3H, s), 6.61 (1H, d, /= 3.0 Hz), 7.34 (1H, dd,
J=9.0,2.7Hz),7.59 (1H, d, J= 2.7 Hz), 7.80 (1H, d, J= 3.0 Hz), 8.14 (1H, d, J= 9.0 Hz),
8.31 (1H, s), 8.48 (1H, m), 8.60 (1H, m), 8.65 (1H, brs), 8.77 (1H, m), 9.94 (1H, brs). Anal.
Caled for C20H1sClFsNeO2: C, 51.90; H, 3.05; N, 18.16. Found: C, 51.92; H, 2.95; N,
18.17.
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1-{2-Chloro-4-[(5-methyl-5 H-pyrrolol3,2- dlpyrimidin-4-yl)oxylphenyl}-3-[2-(trifluoromet
hyl)pyridin-4-yllurea (95b)

bAW 95a DAL L RO FIEIZ LY . REAEW (54%)% AMER S LTHZ, Mp
227-231 °C.'H NMR (DMSO-ds) § 4.11 (3H, s), 6.61 (1H, d, J= 3.0 Hz), 7.35 (1H, dd, J=
9.0, 2.7 Hz), 7.57 (1H, dd, J= 5.7, 1.7 Hz), 7.60 (1H, d, J/= 2.7 Hz), 7.80 (1H, d, J= 3.0
Hz), 8.09 (1H, d, /= 1.7 Hz), 8.12 (1H, d, J= 9.0 Hz), 8.31 (1H, s), 8.57 (1H, d, J= 5.7 H2),
8.68 (1H, brs), 10.16 (1H, brs). Anal. Caled for C20H14C1FsN¢O2-0.25H20: C, 51.40; H,
3.13; N, 17.98. Found: C, 51.38; H, 3.07; N, 17.88.

1-{2-Chloro-4-[(5-methyl-5 H-pyrrolo[3,2- dlpyrimidin-4-yl)oxylphenyl}-3-[3-morpholin-4-
yl-5-(trifluoromethyl)phenyllurea (97)

1E&#96(1.00 g, 3.63 mmol)FI LUk Y =F /L7 2 2(2.50 mL, 18.2 mmol)® /L=
B0 mAKIZY 7 = =)Lk AR UL 7P R (860 pl, 3.99 mmol) Z Ml %, &St T4
ReE Lo, BOGSIRGM & EiRICmEIE, {LE%19a(907 mg, 3.30mmol) & 1%, IR T
QRFEMREE L7z, RUSIREWMZ K CAR L., File—T /L Chiti# ., AHE 2 fafn /K Cut
L, SR~ 7 32U AT L, AL, AIRERBITEMG L, BEWE DT L7
o~ N5 74— B, BT F T ) TS . Bl T L~ F Y kY
P b L, ZELAW(GT2 mg, 32%)% AGERE LTHEE,
Mp 211-215 °C. 'H NMR (DMSO-ds) § 3.16-3.19 (4H, m), 3.74-3.77 (4H, m), 4.10 (3H, s),
6.60 (1H, d, J= 3.0 Hz), 6.88 (1H, s), 7.18 (1H, s), 7.29-7.35 (2H, m), 7.56 (1H, d, J= 2.7
Hz), 7.79 (1H, d, J= 3.0 Hz), 8.17 (1H, d, J= 8.7 Hz), 8.30 (1H, s), 8.39 (1H, s), 9.60 (1H,
s). Anal. Calcd for C25H22C1FsN6O2: C, 54.90; H, 4.05; N, 15.37. Found: C, 54.66; H, 4.16;
N, 15.15.

Phenyl [5-(trifluoromethyl)pyridin-3-yllcarbamate (98a)

A% 110(780 mg, 4.80 mmol) & ¥V 22 (1.56 mL, 19.3 mmol)?® THF(10 mL)¥&iE
WK T, 7 raXEE” = =/1(664 pL, 5.30 mmol) Z I % CEIR T 2 B Lz, Kk
IRAEMZIKTHRE, Filg—F /L Chitl L7z, AHEEZBIERME L., KM E 7 L7
~ T 74—V BT, BT T VAT L) TR L CTRELAW(T12 mg, 52%) %
HaERE L TR,

TH NMR (DMSO-ds) § 7.17-7.23 (3H, m), 7.28-7.32 (1H, m), 7.39-7.47 (2H, m), 8.39 (1H,
brs), 8.63 (1H, s), 8.72 (1H, d, /= 2.4 Hz).

Phenyl [2-(trifluoromethyl)pyridin-4-yllcarbamate (98b)
fb&W 98a DAL & RO IFIEIZ L0 . REILEY (46%) % FIaE R L LTz, H
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NMR (DMSO-ds) § 7.16-7.22 (2H, m), 7.26-7.33 (1H, m), 7.33 (1H, brs), 7.39-7.47 (2H,
m), 7.58 (1H, dd, J= 5.7, 2.1 Hz), 7.85 (1H, d, J= 2.1 Hz), 8.62 (1H, d, /= 5.7 H2).

4-Morpholin-4-yl-8-(trifluoromethyl)aniline (100)

L& 99(564 mg, 2.70 mmol)®> DMSO(20 mL)EHRIZE /LA Y 2(2.35 g, 27.0 mmol)
ZNz. 100 °C T 7 REEERE L7z, RUNEEWAE K CTHIN L, Big=F L Chititk, A1
Ji& 2 B Fn K CHE L, BRI~ 7 R v U A TR L, Ailh LTz, AIRZ B,
R E A4 ) — A5 mIIZIEfE L, /X7 VU ARFGO%E KL, 15mg) &z, A
KBRS VEIRT 3 REMPEE Lz, JOSIRAWE T A b Al L, AR Z RBIEREE.
FolE L, RELA (668 mg, 99%) & EEER L LT,

TH NMR (DMSO-db) § 2.69-2.72 (4H, m), 3.62-3.65 (4H, m), 5.37 (2H, brs), 6.75-6.81
(2H, m), 7.24 (1H, d, J= 8.7 Hz).

4-[(1-Methylpiperidin-4-yl)oxyl-3-(trifluoromethyl)aniline (101)

1-AF N ERY D-4-F—)L (1.26 g, 6.03 mmol)® DMF (10 mL)GEIE I KA HHE T,
KFELT B U 7 L (60%HME, 398 mg, 9.94 mmol) &z, 0°C T 30 M Lz, KR
EWALA Y 99(1.51 g, 2.70 mmol) Z i %, ZEIR T 18 FERIE L=, KW T, USRS
Z7K(50 mL) CAR L, iR T /(20 mLx3) Tt L7-, AHfE 2 BIERMES. AR E
[EMRME% ., KW E A 2 ) — A5 mDICEfE L, /X7 U0 LRFEGO%E Kb, 10me) %
Z. IREWEKEFEFHRTERT 3 RKEIE Lz, JSNEAMEE 7 A AR, A%
WL, ol L, ZEA (998 mg, 60%) % BAMEIK L L CTH7,
TH NMR (DMSO-ds) § 1.56-2.67 (2H, m), 1.81-1.92 (2H, m), 1.99-2.20 (5H, m), 2.50—
2.60 (2H, m) , 4.24-4.30 (1H, m) , 5.02 (2H, s) , 6.75 (1H, dd, J= 8.5, 2.8 Hz), 6.81 (1H, d,
J=2.8 Hz), 6.97 (1H, d, J= 8.5 H2).

4-(Morpholin-4-ylcarbonyl)-3-(trifluoromethyl)aniline (103a)

b&%102a(2.00 g, 8.51 mmol) DY 7 1t 1 A % (55 mL)AWKIZ, 0°CTHifbA x4V
/1(3.65 mL, 42.4 mmol), DMF(100 pl) &M%, 1RFRHEEE L7z, ROSIEREE L O LA+
UIVEERE B, BEWE Y 7 aa A% Q0 mIIZEME L, 0°CTENARY 2 (2.50 mL,
22.7 mmol) & I X CHREMIHHE L7, RUNREMAEiIE—T L CHIN L., GHEEK, fafn
BHEKTHREH, B~ 72> U LA THEL, Al LTz, AIRERITEREER. 8D
AL =N mINZEEfRE L., /X7 U0 LRFEGO%E Kb, 100 mg) &Mz, IREWE K
TR T EIR TR L7z, JUSIREME LT A FAB L, AREBITLRMES., 7
L., #ELAW1.68 g, T2%) Z HE AR L L THEx,
TH NMR (DMSO-ds) § 2.10-2.40 (4H, m), 3.05-3.20 (2H, m), 3.50-3.65 (2H, m), 5.78 (2H,
s), 6.75-6.79 (1H, m), 6.88 (1H, d, J= 1.8 Hz), 7.01 (1H, d, J= 7.8 Hz).
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4-[(4-Methylpiperazin-1-yl)carbonyl]-3-(trifluoromethyl)aniline (103b)

ILAW108aD Gk & FAERD FIEIC XV . REAEY (84%) % AMERK L L TH7e, 1H
NMR (DMSO-ds) § 2.10-2.40 (7H, m), 3.05-3.20 (2H, m), 3.50-3.65 (2H, m), 5.78 (2H, s),
6.75-6.79 (1H, m), 6.88 (1H, d, J= 1.8 Hz), 7.01 (1H, d, J= 7.8 Hz).

3-(Morpholin-4-ylcarbonyl)-5-(trifluoromethyl)aniline (103c)
{EEW108aD &k & RO HiEZ L0, RELEY 61%) % AtaEikE LTz, H
NMR (DMSO-db) § 3.30-3.70 (8H, m), 5.80 (2H, s), 6.74 (1H, s), 6.78 (1H, s), 6.80 (1H, s).

3-[(4-Methylpiperazin-1-yl)carbonyl]-5-(trifluoromethyl)aniline (103d)

IEAE108aD Gk & FERD FIEIC X0 . REAEW (15%) % AfER L LTHe, 1H
NMR (DMSO-ds) § 2.21 (3H, s), 2.25-2.40 (4H, m), 3.25-3.40 (4H, m), 5.80 (2H, s), 6.69
(1H, s), 6.76 (1H, s), 6.89 (1H, s).

4-(Morpholin-4-ylmethyl)-3-(trifluoromethyl)aniline (104a)

{tA4 108a (1.00 g, 3.65 mmol)®> THF k(25 mI)iZ, 0°C T 1.9M fift.s” A FL-
R -FT b7k Fu7J i (9.60 mL, 18.2 mmol) Z{#H T L., 1 Fi=iE CHER%, &
TR 3 BMHHE L, USRI Z RIRICHm AL, 6 N HER(10 mL) &Mz, 30 W
PR, BRI T 2 BEIBLEE L7, BOSIRIRZ 0 °C I2m A%, 8 NNaOH(10 mL) &%
KRTHRL, Bifg=F LTIt AHE 2 B K T L, Bk~ 71 v A
THIMEE, Al LT, AIRARIERAES, i L, RELEW(1.88 g, 99%) & Bk & L
T,

TH NMR (DMSO-ds) § 2.30-2.40 (4H, m), 3.39 (2H, s), 3.50-3.60 (4H, m), 5.45 (2H, s),
6.72-6.75 (1H, m), 6.85 (1H, d, J= 2.1 Hz), 7.30 (1H, d, J= 8.4 Hz).

4-[(4-Methylpiperazin-1-yl)methyl]-3-(trifluoromethyl)aniline (104b)

LAY 104a DAL E FEROIFIEIZ LD . RELEY (99%) % AAER S LT,
TH NMR (DMSO-db) § 2.25 (3H, s), 2.50-2.65 (4H, m), 2.90-3.05 (4H, m), 3.45 (2H, s),
5.48 (2H, s), 6.58 (1H, s), 6.72 (1H, d, J= 9.0 Hz), 6.85 (1H, d, /= 9.0 Hz).

3-(Morpholin-4-ylmethyl)-5-(trifluoromethyl)aniline (104c)

LAY 104a DAL E FEROIFEIZ LD . RELEY (12%) % AAER S LT,
TH NMR (DMSO-ds) § 2.30-2.40 (4H, m), 3.36 (2H, s), 3.50-3.60 (4H, m), 5.54 (2H, s),
6.69 (1H, s), 6.72 (1H, s), 6.77 (1H, s).
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3-[(4-Methylpiperazin-1-ylmethyl]-5-(trifluoromethyl)aniline (104d)

LAY 104a DAL E FEROFIEIZ LD . RELEY (50%) % AAE KRS LT,
H NMR (DMSO-db) § 2.28 (3H, s), 2.60-2.70 (4H, m), 2.95-3.05 (4H, m), 3.43 (2H, s),
5.56 (2H, s), 6.66—6.76 (3H, m).

1-tert-Butyl-4-nitro-1 H-pyrazole (106a)

4-= b EZY—1(1.13 g 10 mmol) & 2-7 BE-2-AF /L7 1,3(17.81 g, 130
mmol)® DMF(50 mL)IAHRIZ EREE D U v 2 (21.56 g, 156 mmol) % i1z C 80 °C T 3 H[H#H
L7z, RUGIREGW A K200 mL) AR L, Fifg—F /L CHitH L7z, AHE % 7K(0 mL),
N /K (50 mL) CHaf# ., IR LT, REWE I T Lrou~ 777 4 —( VAT
b, BERE =T U~ ) TR L CRELEY (1.18 g, 67%) % HAERE LTS,
TH NMR (DMSO-ds) § 1.63 (9H, s), 8.09 (1H, s), 8.24 (1H, s).

4-Nitro-1-(2,2,2-trifluoroethyl)-1 H-pyrazole (106b)
fbE% 106a DAL E RO LI L D, REILEY (96%) % FIAE KR & LT,
'H NMR (DMSO-ds) § 4.77 (2H, q, J= 8.1 Hz), 8.16 (1H, s), 8.29 (1H, s).

1- tert-Butyl-1 H-pyrazol-4-amine (107a)

tA%106a (1.10 g, 6.50 mmol) D A % / — /(20 mL)IRIKIZ /ST 20 LR FE(B0%E K
fhy 442 me)Z Mz CTKEFRIAL T, EiE TR Lz, itz SR04, AU & £
i Ui, BME T 2 ra~ 777 40—V BT, BT LIA~FH ) TR LT
FKELA (838 mg, 92%) & 157-,
TH NMR (DMSO-ds) § 1.53 (9H, s), 2.86 (2H, brs), 7.15 (1H, s), 7.19 (1H, s).

1-(2,2,2-Trifluoroethyl)-1 A-pyrazol-4-amine (107b)
LA 10Ta DERLE FIEED FiEIC L 0 . FEILEY (89%) % AMEIRE L TH7-,
1H NMR (DMSO-ds) § 2.98 (2H, brs), 4.57 (2H, q, J= 8.4 Hz), 7.09 (1H, s), 7.25 (1H, s).

5-(Trifluoromethyl)pyridin-3-amine (110)

t&4108(6.48 g, 30.0 mmol), FE7 > E="7 24 (3.78 g, 60.0 mmol), A % / —/(15
mL)DIEAWNOKBIREE T, 737 U0 ARFEGO%E KA, 2.59 g) & I % Sk C2RFRHIFHHE L
7o REWME T NLT—T 60 mL) THINL., REWE A AE LI, AIRED KDY
TFNT—T NV EFEBERERBEEE L THRS- 7 oo-5-(h) 7 A XA F )Y Vv
(109D A ¥ ) — VAR 2 157-(109 1TERIERFE VY, 5510721090 2 &% 7 — VIR, ik
$AD(1.64 @), 28%7 > E=7 /K45 mL)DEEWE A — 7 L—7H1 170 °C T48F5fH
L, BEETHHAK, BRAEMWEY 7 oo 22 Tl Ls, GHE 2 T RMEER . 7%
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Bk horra~x T T77 40— 0 BTN, Bifg=F u/~%% ) THRELL T, RELE
P(786 mg, 16%) % MY & L THT-,
1H NMR (DMSO-ds) § 3.92 (2H, brs), 7.15 (1H, s), 8.24 (1H, d, J= 2.3 Hz), 8.27 (1H, s).

2-(Trifluoromethyl)pyridine 1-oxide (112)

t&% 111121 g, 82.0 mmol) D ¥ 7 1 1 * % (96 mL) AWK (2K G B T .
mCPBA(70%, 22.24 g, 90.2 mmoD) Z Mz, {RGW % ik T 24 FefHiEE Lz, RISIREW
(2 5% F AHiilE T b U v AKERKR(100 mL) & AaFnE#E K (100 mL) Z A0 % 00 C 1 REREHE
L7z, AEEZSERL, KEEZY 7o 22Tt Uiz, AHE 2 TERNE L, REY
AHILruv 757 4 —NH VB 5N, Bl F L/~ 0) TR L CRES
¥ (6.31 g, 47%) & Mk & LT 7=,
1H NMR (DMSO-ds) § 7.34 (1H, t, /= 7.9 Hz), 7.40-7.50 (1H, m), 7.70 (1H, dd, J= 7.9,
1.9 Hz), 8.31 (1H, d, /= 6.6 Hz).

2-(Trifluoromethyl)pyridin-4-amine (114)

tE5%112(6.30 g, 38.6 mmoD)|Z0 °C CAiEE(20 mL)., i\ CTHEEAEEE(d 1.52, 20 mL)
% IREG% 130 °CTHIRFRIE R L7z, S £ THAEI%  IRA W % KK(100 Iz kW72,
BAMIOKE T, S NNaOHZ M CT A A UMEE Lk, Yr7aax Tl A
B 2 IR, MW A D T Lo~ T T T 40— BT, B TV~ F )
WA LTz, 4= b u-2-(RY 74 XA F 1) E ) 20(118a)(1.05 g, 14%) MM EH L.
FNTa=hre2(F 7rda AT VEY P 1-4F 2 F(118b)(968 mg, 12%) A
L7, {b&118a(1.05 g, 5.46 mmol) & # % / —/L(20 mL)DIEEW/RT V7 L fRFE (0%
GKEh, 420 me) & M A AKFEFEILA T, IR CORFEHEE Lz, itz A5 L%, AikEHIE
JE4E 1 114(908 mg, quant.) %157, LA #%113b(966 mg, 4.64 mmol) % A % / —/1(20 mL)
WCIRfiE L, 73T V0 ARFGO%E KL, 386 mg) & M 2 /KFEFEHA T, =i TSR L
Too fiblilA AE1% . AR ZEBIEENE L114(772 mg, quant) & 157-,
113a: '"H NMR (DMSO-ds) § 8.27 (1H, dd, J= 5.1, 2.1 Hz), 8.43 (1H, d, /= 2.1 Hz), 9.09
(1H, d, J=5.1 Hz).
113b: '"H NMR (DMSO-ds) § 8.28 (1H, dd, J= 7.1, 3.0 Hz), 8.36 (1H, d, /= 7.1 Hz), 8.53
(1H, d, J= 3.0 Hz).
114: '"H NMR (DMSO-ds) § 4.40 (2H, brs), 6.64 (1H, dd, J= 5.6, 2.4 Hz), 6.89 (1H, d, J=
2.4 Hz), 8.31 (1H, d, J= 5.6 Hz).

Cell proliferation assay (with FGF stimulation)
VEGF Ot 02 FGF(10 ng/mL) % JHV, 5 2 BT~/ 51k & [AERO HIEIC LY |
FGF JIP4 2317 DB DM i B E TR 2 & L7z,
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