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Ac
Ac,O
AcOH
API
AUC
n-BuOAc
n-BuOCl
c.HCl
CRK3
DBU
DIPEA
DMAC
DMAP
DME
DMF
DMSO
EGFR
Et;N
EtOAc
EtOH
FTO
GC
GMP
HER
HMBC
HPLC
HRMS
HUVEC
ICs0
ICH

IPE

acetyl

acetic anhydride

acetic acid

active pharmaceutial ingredients

area under the plasma concentration—time curve
normal butyl acetate

tertiary butyl hypochlorite

concentrated hydrochloric acid
cdc2-related protein kinase 3
1,8-diazabicyclo[5.4.0]-7-undecene
N,N-diisopropylethylamine
N,N-dimethylacetamide
4-dimethylaminopyridine
1,2-dimethoxyethane
N,N-dimethylformamide

dimethyl sulfoxide

epidermal growth factor receptor
triethylamine

ethyl acetate

ethanol

freedom to operate

gas chromatography

good manufacturing practice

human epidermal growth factor receptor
heteronuclear multiple bond correlation
high performance liquid chromatography
high resolution mass spectrometry
human umbilical vein endothelial cells
half maximal inhibitory concentration
international conference on harmonization of technical
requirements for regisration of pharmaceuticals for
human use

diisopropyl ether


http://www.tcichemicals.com/eshop/ja/jp/commodity/D1450/

IR infrared

JAK janus kinase

KSCN potassium thiocyanate

LAH lithium aluminum hydride

LC/MS liquid chromatography/mass spectrometry
MeCN acetonitrile

MeOH methanol

MeOAc methyl acetate

NaOBr sodium hypobromite

NaOCl sodium hypochlorite

NBS N-bromosuccinimide

NCS N-chlorosuccinimide

NDDH 1,3-dichloro-5,5-dimethylhydantoin
NIS N-iodosuccinimide

NMP N-methylpyrrolidone

NMR nuclear magnetic resonance

NOESY nuclear overhauser effect correlated spectroscopy
PAT process analytical technology
PDE10A phosphodiesterase 10A

PDGFR platelet-derived growth factor

P13 phosphoinositide 3-kinase

PKCO protein kinase CO

PLGF placental growth factor

i-PrOH 2-propanol

QbD quality by design

rt room temperature

TCCA trichloroisocyanuric acid

THF tetrahydrofuran

TMEDA N,N,N',N'-tetramethylethylenediamine
TYK2 tyrosine-protein kinase 2

VEGF vascular endothelial growth factor

VEGFR vascular endothelial growth factor receptor


http://en.wikipedia.org/wiki/Trichloroisocyanuric_acid
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FTAIR1721TD 25K L, TNHE 18 LA SEDZ L TISBELNDNE H D2
ZIRFEL7= (Scheme 4), 7 +7 I K19a%, NV =F /N7 I UAFEFIZ8 & THF
TG SEZE 2 A, 17a DMERIGE (8%) THOLNTZ, —FH, 7K 19b & F 728
A, B 17Tb 135 o neinoTz, BIEE LT, 7 a7 aRr uREt I R 24
% n-BuOAc 1, 100 °C T2-7ru7tFnrrnul F25a LnSE-E 24, 17a )
IR 67% THONT, 24 L 2-7BETEF L7 13 K 25b OUGIE, 17b ZILE 36%
THATZ, b7z 17a & Na,HPO, fF(E N, NN-YAF L7k F7 I F (DMAC) !
100°C T18 & 4 FFHIUL ST E 2 A, IR 48% THMD 15 B biic, —F. 17b
% Na,HPO, {77 F, DMAC H' 85 °C T 3 FFfIt S 7= & 2 A, IR 77% TILEW 15
BFLNT, WTNDORISIZBWT S, BOSRTIZIIKZ# T35 2 & T 15 Ok
IO IEIRT DI EICRVAESITIS A BT 52 LN TET,

11



o
> s
cl

O
>4 X
B
HZNJK/X HN{
Et;N, THF, rt o)
19a, X=Cl 17a, X= Cl, 8%
19b, X= Br 17b, X= Br, 0%
o N_ _ClI
X N~
xk | /\ 18
25a, X= Cl o HoN o
25b, X=B >4
o) r >4 « Na,HPO, NG
—_—
> zNH HN{ HN— /Kj/
2 n-BuOAc o) DMAC N=
24 17a, X=Cl, 67% 15

17b, X=Br, 36%
from 17a, 48%

from 17b, 77%

Scheme 4. 17a/17b DA% & 18 & OHEE S

PboX iz, 24 95 172170 2B LT, (LEM IS DARTE D2 RN 0hoiz
7o, SHIZ240H 15527 Ry NTHRET D2 ENAEENE D D ET Lz, KES
FAZIW TR, B, JEE, 2% OBEREICR W Z ET 5720, VAR y b T
BEORGEITH Z EmTE L, MEMMOKIBRERENTREE /b, £lo, ZOK
JhET ARy NTITH 2 E T, RMEDOH D a-~m 7 I R 17a/17b O HEEERAEZ Rk
T&, REGHREOEESEZ RIBICUET L2 L bARELE R D,

T VR FERORFHZIOW T, 17a Tl <, 17b Z2HRA L Lz, Zhiud, 17a
M 1S5 HARR LB, HBEL 72 15 OfSICEVWEAREO N dTh b, 7.
A A DMAC IC[EE LT {ED A7V —=27" (Na,HPO,. K;PO,. Na,CO5, NaOAc,
NaHCO;) #17-72, 24 & 25b OIJRIZHOWTIL, HBEIEELE T C b KIS0 HET L7,
—J5.17b & 18 DOV TiE, NaOAc, NaHCO; & W 7235 BT RS 3 e T84,
Na,HPO,, K;PO, & WG G I RS AT LT, R CRIAET 5 HBr =2 fnd
D720, HHREOERI R OEEOWMNB MBI D EEZEZI NS, €2 T, £7
24 ZHEHIFFLE FIZ 25b & 60 °C T 1 RIS S, 2D, RISIEFIZ 18 & K5PO,
ZEIMMLT 80 °C T 3 BSOS &8, H|IRE THEIL T b SRIC/KZEML T 15
Dbt HEEAZ1TO Z &I Lz, kA 24, 25b, KiPO, DY ELZEZ TRISE T T
BRD#EF A Table 1 12787,

1.0 ¥ ED 25b & W26 QYR 9 20% &KV ME & 72> 7= (entries 1, 2), 25b D
HEZX IS YBEFETHOLILE A, IEHRIT 4% FE TH EL (entry 3), —77. 25b D
WE L KPO,DOYEEZ 20 YEE THECLELE ZA, IERIFME T L7 (entry 4), Hf&H)
IZIE, 2.0 MED 24, 1.5 M 5D 25b, 1.5 Y&ED KPO, & HWEHGEIT, &b mOIER

12



(45%) DMF o7 (entry 6), ZDV Ry NUSTH OG- 151%, HEEL7Z 170 2 H
WTAR LTz 15 &l L TRENRRE - 72 (5% AW T HPLC CTERZ1T- 72
EZAH ML 91 wt% Thoto), fmP~OEEIEORANEDNIZTZD,

DMSO/H,0 75 T 21T o 72 & 2 A B D 15 (399 wt%) ALK 92% TSz,

Tablel. 15DV Ry FNEHK

_N__Cl
o NS
Br)]\/Br HNT N 18
o) 0
o} 25b KsPO.
D—/( = D—gN{Br #» D_SN y NN S
NH, DMAC o) DMAC N/J\)/
60°C,1h 80°C,3h
24 17b 15
24 —17b 17b — 15 Yield®
entry 24 25b K;PO, %)
(equiv)”  (equiv)” (equiv)” °
1 1.5 1.0 1.0 20
2 1.5 1.0 1.5 18
3 1.5 1.5 . 1.5 44
4 1.5 2.0 2.0 21
5 2.0 1.5 1.0 38
6° 2.0 1.5 1.5 45
7 2.0 1.5 2.0 42

“Based on the amount of 18. ”Insoluble matter was filtered off before addition of H,0. “Isolated yield
corrected by the purity (based on 18).

15 DA —7 » 78 (3.8 kg D 18 Zfli ) OFERIZIZ, MWEHALZESEHT-DIC
BIFR P B ML AA A TS, TV Ry N CRISEIT - T2%, RN EIEE LT, 15
Z BtOAC/THF THiH L T 5%NaHCO; KK CTheidf 217 - 7o, i 2 ¥ 4% . DMSO/H,0
DB AER L AT o T 15 OMAERM 2157, = 0%, Hifi 2 DMSO/H,0 7> & Ffi i3
HZET, @B D15 I 42% THSH Z L3 TE 7= (Scheme 5, 2.88 kg, >99 wt%).,

H7 22T ROXIICERLTHEAL TS,
wt% = S % VT HPLC IZ K 2 0 B H M LIAL & O IERO B EALE WY D BT OE X 100 (%)
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_N Cl
o 8.94 kg NI N 3.81kg
Br )J\/Br H,N - 18
(0] (0]
0 25b > /< K3PO,
M _ > Br _— [> Z J N’N\ c
NH HN HN /J
2 DMAC o DMAC N=~F
60°C,1h 80°C,3h
24 17b 15 (crude)

5.01 kg

recrystallization
(DMSO/H,0)

Y

4
>4 _N__ClI
Hn— )
NTNF

2.88 kg
42%

Scheme 5. 15 D A7 — /LT v FARK
3 BT Y=L HLR U 12a AR

v 7 — L VIR P 12a (pl0, Scheme 2 ) (3, Jﬁﬂk LTAFETLZ DL
Mmoleled ALEWM 1 DA —VT v TEMAEIT O T OIZIE, 12a O RERIEZ L
THIEBMHATH -, ZIE TIZ Martin %0)7»—7 2R, TFI26 L N-=F L
E RIP0Dy 2 U Z G SE T, 12a DA F LT AT )UK 27 2B LT 2
FRZHELCWD, P Lo, 5 05HE i)iﬁ&@ﬁ%i%#ﬂﬁﬁiﬁ< . 53:46 DELRT
N BAEROIREWHEH TV S (Scheme 6),

(o) e
EtNHNH, «(COOH MeO,C Me
MeO,C " 2+ o MeOL_{ MeO,C
| e —m > | °N + Kt ref 20
N <
NMe, B0 Et N
26 27 28 27:28=53:46
o EtNHNH, CF,
EtO,C CF3
EtO,C NaOH N EtO,C
| CF, — | N + = N_Et ref 21
toluene/H,0 N =N
86%
29 30 31 30:31=89: 11

Scheme 6. N-TF /L t°F ' — )L DA Rk

TE8 3THK 20, TR 21 (Wb AR &b, RIEROMEREHE T SRiduI e -7,
14



—J7, =/ =)L —7 /129 % NaOH f#1£ I, toluene//KIEA T H T N-=F /L b FF
VLIRS ETLE A 12a LRI UEHRA LR o7 N-mF L E T Y —)L 30 73, 89:11
DOFRETEEFD E L THLNTZEORERD D, 2 2D OWERIN» S, N-=F
e RIP 2RV N-FILE T — L DOERRICEIT A EIRIR ML, B o
EFOGSRAFIZRE UKAFT D Z LD D,

% Z T, Scheme 6 D " flZHEI, N-TF /Lt KTV & 32a/32b 25 SH T, 12a
DEFNVTAT IARIZ Y725 33a AT H 2 L Lz, ™ 322 & 32b% 122\ T
SCHRIZHE > THRRZAITV, EIZIREMOEEHEA Lz, b 0RE % AWV TABLD A
7V == U T RITO, WIS S O ESRYEIC 5 2 5 %~ 25 Z LI L7z (Table
2),
32a ZHE L L CTHWEHAIE, THF < toluene, EtOAc 1 THE L% 70:30 O E®E
RETHMO 33a 3ERK LT- (entries 1, 3, 4), BBRGEWZ &2, EtOH 2L L L7=5;
BT IFREIRME D WA LT, 33b AFEF T E W SR (33a:33b = 10:90) T15 5 417 (entry
2), BUED & ZABHITZ D> TRV, ZOFRERNPBIZZOFRMEITL Y | 33b Ak
RIZERTE D ARREN TR EN D, —FH, FHEHE L T3Rb AHWZEEIE, HHL
T2IAIECEE D 59, EV (33a/33b > 84/16) JEIRMET 33a 234 % L7~ (entries 9-17),
Th, IbEVIERM 2R LZREE 1,2-0 2 &%= (DME) T, 33a % 33a:33b
=91:9 OEINMETH 2 7= (entries 16, 17),

19 b&% 33a/33b DREEIZ DUV Tk, HMBC 3 L N NOESY D 2227 F L B#ERE L7, Data for 33a: 'H
NMR (300 MHz, CDCl;) & 1.34 (3H, t, J = 7.1 Hz), 1.48 (3H, t, J = 7.3 Hz), 2.46 (3H, s), 4.10 (2H, q, J = 7.3 Hz),
4.27 (2H, q, J=7.1 Hz), 7.83 (1H, s). Data for 33b: "H NMR (300 MHz, CDCl;) & 1.35 (3H, t, J=7.1 Hz), 1.41 (3H,
t,J=7.3 Hz), 2.54 (3H, s), 4.11 2H, q, J= 7.3 Hz), 4.28 (2H, q, /= 7.1 Hz), 7.85 (1H, s).

Me
EtO,C
| N
N
H(

H

NO| )V
ESY H e,

HMBC
33a

15



Table2. N-T=F /Lt KT L 32a/32b DRSS IBUT A EIRIR M

EtOZCfOLMe BINHNH, Etozoﬁ; . Etochzﬂ ©
| N _ N-Et
R Et N
entry  substrate  solvent rat.iob entry  substrate  solvent ratio”
33a:33b 33a:33b
1 32a THF 68 :32 9 32b THF 90:10
2 32a EtOH 10 : 90 10 32b EtOH 84:16
3 32a toluene 73:27 11 32b toluene 88:12
4 32a EtOAc 70:30 12 32b EtOAc 90:10
5 32a MeCN 58:42 13 32b MeCN 90:10
6 32a DMAC 48 : 52 14 32b DMAC 90:10
7 32a IPE 64 :36 15 32b IPE 88:12
8 32a DME 65:36 16 32b DME 91:9
17¢ 32b DME 91:9

“The reaction was conducted using 1.0 equiv of £/Z mixture of 32a/32b and 1.5 equiv of ethylhydrazine
at 0—10 °C for 1 h. * Molar ratio was determined by HPLC analysis of the reaction mixture. ¢ The reaction
was conducted at =20 to —10 °C.

LEDOFRIZEESE | BGICAFARERT hZ ATV 34705 32b Z5RKL, S HIZ
12a # &% L7z (Scheme 7), L& 34 % MoKFEEH ., AL FXEE N U =F /L & 100 °C
T 11 BEEIAOG S8, I 28825 LT 320 OMARY 21572, Zh % EtOH I[CIRfiE S
T, —20~—10 °C TN-Z=F /L RTVUERGIEIZEZ A, 33a & 33b D 91:9 D
BB ELINTZ, SONTZIRAWE ., EtOH H 8 M /KER{L T b U w7 LKERIR TR oy fiF
L72%. 6 M @ HCl KIFK TG D pH % 4~45 [ZFHFE LIZ L Z A, 12a O
RNz, WiBIZ XA EEET 5 2 &, 3 TREFEIGE 76% 7T 12a 2155 Z & M3
T&, " B{OoNEROMEITL L, MERMEAOEANIRD bieho7tz, Lk
DIRFHZ LV, VDTN I T AT a~ N7 T 7 40—l XM ELE LT Dl
O LN 12a DAL EHENLT HZ LN TE T,

H10 EBRBICBWTHI 7 LA —/V T 122 A LT, BEMIZIT 122 D KREAKREIT O I8 0 -
T2, AR — T TR EEE A TSI L TR Y . NENHIUTKESRN AR TH 5,
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o HC(OEt), O EtNHNH,
2
e Me ——>»
e, T
Ac,0 OEt DME
34 100 °C, 11 h 12b -20to-10 °C

(E/Z mixture)

M M
EtO,C © Me 8M NaOH aq HO,C ©
N\ EtO,C N
LN * ~ N—Et LN
N <\ EtOH N
Et 60-65°C, 2 h Et
33a 33b 12a
91:9 76% for 3 steps

from 34

Scheme 7. 12a O &K

FaE LAWMW1, 14 DERK

7 x /) —/L16a/16b IZOWTIX, 7/ 7=/ —/L10 & BT — )L )LAR g 12 )
LI L7z 1Y) 13 L DS THBL L7 (Scheme 8),

F
NH,
10
OH
Me
Me Me 1.0 equi N
HOC_{ SOCl, 1.1 equiv cloc eau T 0 T Nem
N [N NS
N DMAC N o
Et Et
12a 13a OH
(1.05 equiv) 16a
57%
F
NH,
500 g
10
M Me OH Me
SOCl, 1.1 equi i
{ A quiv { 1.0 equiv F oy N\
N —— D N AL
Ho,c” N DMAC cloc” N Me
Me Me o
OH
12b 13b
(1.05 equiv) 16b
5799 94%
923 g

Scheme 8. 16a/16b DAk
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B R LA RIETCER LTS Y — L VR R 12a & THIEOE S Y — L L
Nk 12b %2 DMAC H1, 0~10°C CHLTF A=V ERIGSH TR v U R 13 12454 L
7et%. 10 Z 0 EIRIN L CROS 2T o 7, ROSHE T2 NaOH KSR 23N L TH L
T2l 2 A OB ZO/SEEIRINT 5 Z 12XV 16a, 16b NEINE AL
IR 57%, 4%@% i, B ZoRISICBWT, MU ZF AT R AT L TR
AT o810, B Re XV ERRIG L= AT UERORIAENHER S, —JF.
A fi A Lfoeb\)iﬁﬁwmttf‘ X AT VRO ARITIZE A CBESRT, (LA 10 DT
I EEE e U EOFRERREOMEELZ 7 )V 7752 LR TE,

B TRRICH T D 15 & 16a/16b D SyAr BUSMI DWW T, IR LA O R 7 ) —= 7
EBiTo12E 2 A, Cs,CO5 & DMSO OMAEDLENR S L, GHEEN A 452 &
Doy o Tz (Scheme 9), #2 BL U AW F A UNIRFEEBRE W=D, ho v H—T
=4 L OFEFMBEHRREL D hF Ay, T4 HOBEEMAERPTHL 25
ZETHY U E =T =FOREMERM LT 52 ERMmbnTnS, 207 —ATIE,

2T a b MBS LD DMSO 2t v Al F A U RN RN 5 2 &
ZE D KISPEDE 16a/16b D7 = ) X2 T = A VN S v, SSEE O Bz
RO TNDL EEZLND, LAEW 15 % 2.0 UED Cs,CO;s DIF(E T, 1.2 B ED 16a
& DMSO H 100~110 °C TS S W72 & 2 A, T 4 B CIREHK T Lz, T
%, BUSIRIZ MeOH L /AKZISINT 52 E THEMNENT L7720, —EiER a2 IS L
T, MeOH/H,0 (2:1) HCTREHIE L T FEIRINT 5 Z & T, n’*@;{@@b‘ 1 Z U=
85% TIH5H Z LN TE -, B3 —J7. 15 L 16b DL 16a & D & it L TiEL |
SO % 5E4E S/ 5 72912, DMSO H1 100~110 °C T 9 KIS SEAMERH - 72, K
JERETRIZ, ROSIKIZ MeOH &K Z RN 5 Z & THBIMID 14 23854 L, I8lize 45
LT ENFE NN THEDLZ ENTET,

EI ERIRICBWTHST T LA —)LT16a A LT, BA&EIZIE 16a D KEAREIT IS T80 o
T3, Ar—)V 7 v TRREe SRR L TR Y | z%ﬁ%h IEREARNDETH D,

12 —flamrd e, B2 YaE, RISIRE 95°C, IG5 R o e Tk, K,CO3/DMSO TldEs
#17R 62%,. NaOH/DMSO TITHEH=R 89%. K;PO,/DMSO TiLlEHizR 89%, Cs,CO;/DMSO TIiiEHisR 96%
Toholz, F72. Cs,CO5 & DMF, DMAC, NMP O#lAA B Tk, [F— OGS THaIAER T 90%FL &
\ZikE o7,

F13 ERBICEBWTET T LA — LT EERKR LTz BEIICIE 1 O RBEAREIT ORI e o 208,
A —T  TARERRGEEER TR L TR Y . LEADITKREARNAETH 5,
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F HMe /N\N
Nj(l\;/ Et F HMe _N
©/ (0] 1.2 equiv @N#N\Et
OH  16a 0

4
>_< _N Cl
N X
HN— _
N=F Cs,CO03 2.0 equiv, DMSO

|
II
Zz o
Z7TN\
bz
\ /~
- o

100-110 °C, 4 h
15 85%
Me
F N
NN o6 g
N Me
o) Me F I\
. BN
@) N o OH 16b 1.2 equiv N
AN—/ NS i o M
NFas Cs,CO;3 2.0 equiv,DMSO O N O
100-110 °C, 9 h > /U
HN—
15 94% NTNF
1559 14

2769

Scheme 9. 1 & 14 D&KL
WSIH 0.5 7~ UEHE 2 DA

REFELETITOND BHEOAEHAEK T, BROLEEEZHT 2ILEWEERT 5 2
EVNYHE O EHIE L 72 A8, EIRGFEEORE TlX, IWRESCLENE L W o T k& oY
LR R E D CTEHBERER LD, WIENTZED 2R > T s LThH,
HAMEOILAEMOSGEIZITE MENTORIE FO U 27 0358 0 | WiRtE, e tt%
ICRIED B 25 EITITESE S & LCHRZET 52 LT LV, 207D, EIRMLFEIEICHS
W TCIEBHZRE O FIRBR 2> & | BRI HE U 7= B L2 72 R 2 RO S T O TR DO R R
DTN D, LGOI A~DZERL, (LB OEEMEIER LD T DIZRANT S
HFETHLIN. B ET2HZ KA — NV THBMNELSES Z LTS8 T LLES TiE
AN

14 £ 7 NVBOKINZE D, 0.5 7 < /VERKE 2 OBFFIZIEN2 0 OREIDB LT L 725
7o BIEALZRIZ BT DARE (7 ~/VEE 1 1.05 &8, I : THF/EtOAc) 13/hNA 7 —L
THIFFITHIMENES, BRO 2 3 G56105 2 &b HUR, 2 OFEFMIE LD
ZEbHolz (Table3, entry 1), A7 —/L7 v 7T DOI=ODOMRFHIEE L Cix, 14 ORHE
B0 D UFRIEDMEN T2 8O . 97 DMSO & BRI L LT 14 O 7 < /LRl 2 ~D 7
AT,
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FREOEP A GUEEE & U THO TR ZIT 27288, 37T 14 2MERGE CEI S
NDHDHRToH -7 (entries 2-6), fMDIET v h AEMBIEEE SR L7208, 0T 7=
R ~DOEHITE Z 57, 14 BEUES DR & 72572 (entries 7-9).

MEt & % 9 B2, THF <° 2-butanone (2D B DK Z TN 5 = & T 14 OEREEH
K& ST Z LS ho7-, 2-butanone DFAEIZIL, 2-butanone HIHTIX 14 % 70 °C
TR EELHDIT 65 viw *P° UL EOBIENLETH - 72728, 10%75 7K 2-butanone
DOEFEITIZ 20 viw TREIEMSEL LN TE DL ENGhoT-, ZOHAIZLD,
2-butanone ZIAEEE L THWTH, HORRED /Ny FEhR T2 2HETE 5 BN -
7o £ 2T, 10%% 7K 2-butanone ZIAME L LTS HITHFTZHtid 72, 1.05 48D 7~ /L
BaH LeSGAIE, RIFVERICHEER R ONT, B 2356528 b b
UE2 L MOREMBEHEOND Z L6 H Y BASIRE % 0~10 °C £ T FIF7HEITIE.
2 DIFEBEFMNESND Z ENEL IeoTz (entry 10), S HITRITEERA 2 B/ HE T,
T NMBEOYBEEMT N2 ELE LR THEL I Z T MO CHETHL Z &
Doahole, 7NUEONEE 2.0~3.0 YEE T L CISEITY & BIID 0.5 7
~ VERHE 2 NEBMER <. KW TH LU (entries 11-13), B8Z 5 <, 7= /LEO
MEREZHESCLUAKRTO 7 VIBBOREZ EIF5 2 L2k, 140 L v 0.5 7
VB AR LT WL D IR BEI L TV D LB 2 Hd, entry 13 OFMFITA
=)V 7y TREEIC R < EA T E, 350 g D 14 & 15%% /K 2-butanone H1, 3.0
BOT7VNUREKIGESEDZ ETHMD 2 2R 75% (295 g) THDHIZ ENTET,

14 BEEE (anti-solvent): T Z1T 2 BICHWS, BRI & T LAY ORMIENMRWIEEZE3, BE
T 2B OUSEIED @ VIR (REE) (LA 23R L BB 2 IRIN L CTIT O bl 2 B BRI AT
MRS, GERHIR BITOMbE ~EHEAERE CTHLLN D MITERIE L RS E Ot~ il
Z. S&T Hfifl, 2013.)

WIS viw . 22T, LA 1 kg ISR L CTHERT2HREERE (L) 2R THEMELTHEAL TS, 65 viw
ThiuE, LEW 1 kg l2kF L TIX 65 L OEEL (L& 2 kg 1Zx L TIL 130 L DFEEZ BT 5,
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Table 3. 0.5 7~ /LiEi 2 o FHHL

S i
(equiv)
2 71
1 THF (28)/EtOAc (40) 1.05
solvate of 2° 79 (THF 6.9%, EtOAc 5.1%)"
2° DMSO (2)/EtOAc (10) 1.05 free 14 46
34 DMSO (2)/acetone (14) 1.05 free 14 40
4 DMSO (2)/2-butanone (20) 1.05 free 14 10
5 DMSO (2)/EtOH (8) 1.05 free 14 62
6 DMSO (2)/2-propanol (8) 1.05 free 14 61
7 DMF (4)/EtOAc (20) 1.05 free 14 66
8 NMP (3)/EtOAc (15) 1.05 free 14 54
9 DMAC (4)/EtOAc (20) 1.05 free 14 72
2 49
10 10% aqueous 2-butanone (20) 1.05 solvate of 2° 60 (2-butanone 4.8%)“
free 14 + 2 64
11° 10% aqueous 2-butanone (20) 2.0 2 74
12° 10% aqueous 2-butanone (20) 3.0 2 76
13 15% aqueous 2-butanone (20) 3.0 2 75

“ After 14 and fumaric acid were dissolved into the solvent, anti-solvent was added at the room
temperature. ” After 14 and fumaric acid were dissolved into the solvent with heating, the solution was
gradually cooled to room temperature and aged at the same temperature. © Aged at 0 °C. “ The numbers in
parentheses refer to the residual solvent in the product. Residual solvent was determined by "H NMR.

E3HT  fm

FEFIT, MO T N—Txr MpOBEEOEV, VEGFR-2 ) — B 15 H A
LB & 2 DERIEZBA%E L7=, Scheme 10 IT/LAW 1 3 L 02 O EREIELE 2T,
AFORG LAY 18, 24, 25b OU R v UGS Efe < FfSERIC XL 0 . FED v
15 22 VBTN IT A~ NI TT7 4 —IZXDE-ETH Z el AlkT 5 k%
RH L7, Zhid, A2 RE 37 YAV UVBEREHA LT, A4 XX V1,2-b]
Y X2 T I VEREGRLTEEOE 725, KEEREDA 7 ) —=0 7%
1TH2Z2EICED N-mF LT Y — VAT AALESEIMER W E L, BHICATA
RERIFEND BT — VANV R B 12a 2 VATV E T A a~ N TT7 4—I2 &
ZRERL e LSS AR T 2 5B 2 fesr Lz, i TRRIZ R 5 15 & 16a/16b O SyAr
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_N Cl
o 8.94 kg NI ~ 3.81kg
~ 18
Br)J\/Br H,N
25b D (o K3PO, > 40 N__Cl
M _— > Br _ = J N
HN HN—(
DMAC e} DMAC N=\F
60°C,1h 80°C,3h
24 17b 15
5.01 kg 42% (after recrystallization)
2.88 kg
1. SOCI; 1.1 equiv i 1. SOCI;, 1.1 equiv
F ! F
NH, » NH,
! 500 g
10 M ; 10 Me
Me 2 OH Foy e\ ; Me 2. OH Fo {
HO,C 1.0 equiv N <~ N-Et . N 1.0 equiv N [ N
| N ! N N
N DMAC o) I Hoc” N DMAC o Me
I |
Et OH ; OH
12a 16a ' 12b 16b
(1.05 equiv) 57% ! (1.05 equiv) 049%
|
; 579 g 923 g
. Me /N\
H <~ N-Et . Me
H —
e} ) N . N~Et
1.2 equiv
0 OH o
D { %\N’N\ cl 16a . o
HN T DA N ©
N/J\)/ Cs,C03 2.0 equiv, DMSO i NS
100-110°C, 4 h N=F
15 85%
1
71/(< Cs,C03 2.0 equiv,DMSO
100-110°C,9h
OH 16b 1.2 equiv 94%
196 g Me
F N
NN
fumaric acid 3.0 equiv N
e > [e) Me
O 15% H,O/MEK
HNfJJ 75% HNfJJ < A COH >
0.5

276 g (from 155 g of 15)

Scheme 10. [t &% 1 38 L V2 Dk
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295 g (from 300 g of 14)
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S iE. DMSO/Cs,CO; & VW5 Z & T, 100~110 °C & W9 BUNRE CTRAFICETT 5
ZEEWLMMIT LI, S 5T MeOH & HyO ZRJISIRTICINA S Z & TR Z Y |
JEHT 5L T1 & 142 LWICRTHEICHEL Z ENTEE, £2, BEEOE 14
D 0.5 77 NWBE~DOEWITEZE L, A7 —NAT v 7 %iT>Th 2 DEICRIET
EDH Lol REMIEZHNT, BEMICEF 17 7 LADILEY 2 BERK I,
LAY DBIFIC L E RS BORBR MG Sz, #1° RKAMIEZS YV B SV T Lo 0
NN T T4 HMLELET VR Y FEKR, JOSRICEERE A5 Z L THRY
WD EENTHAT > T, RIBRRF O 53R ERAE % [BIEE T 5 7 R E 2 RIE Il L TR Y |
TV =2 I AN —OBENL LB THD EEZLND,

L6 LA 12OV TE, BKBICIIREAREIT ORI oD, A r—nL 7 v 7 algle gk %z
FESLLTRY ., RERHNIERKRESKRNARETH S,
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2 (1241 DTV R[5 ) P2 T IVERERT S
VEGFR-2 ¥ 7 —E[HEFIKIICIIT 5 7 1 2ot

LAV E

IEEM 3131 BIZBWTEHR LA 1L. BL 2 LIZRB D 5284 T L5,
(124U 7Y a[15-a]E Y Y r2-T I &R/ E T 5 VEGFR-2 ) —BHEIKDO M
Wilba®cdH D (Figure 5), ** VEGFR-2 & —FIZ%9 5 ICs 1% 2.0 nM, HUVEC D
FERHETE T IC5o=5.0nM TH U | WK LT HIEF TRV LEEMEZ o,

1 8

3

VEGFR-2 IC55 2.0 nM
HUVEC IC50 5.0 "M

Figure 5. VEGFR-2 & — VL EREMLAY 3

HRDORUE VB B 2N OEBIET, VEGFR-2 F T —BIxtd 2 BEEMICIER
SRBIE 20 b OO, HUVEC OHFEILEFEICIINATH Y | EfELE 7 v R
JRF&T 22 & THREMDMRENR I L35 Z LR gnoTnd, £, RiiD Y A F
VBT Y = VERLIZ DU T, HUVEC Ol ETENE LB OBRMREIZ T 5T 5 2
ERIRENTWD, ZoRFRFETATFAET = LEMNEEAT L LWL,
VEGFR-2 ¥ —BI\Zxt 9 2 EE A% &3 2 & R <ALBWOEMEER M L L. BRAT

A MAEFIREE (Coa) & AUC SERL SN TEYEEA R E <IEEIN TV D

L&Y 3 DX F—TBERMEZ 7= L Z A, VEGFR 7 —8721F T72 < . PDGFR (IfiL
/B HE SRk R TR 52 254K platelet-derived growth factor receptor) D ¥ —FE 7 7 I U —
W2k LT H G2~ T 2 & 039Dy 7o, PDGF (M)l B 2Rk R [K - platelet-derived
growth factor) & PDGFR O EAEAIC L 5 > 7 F VR, & A OBR o i & Al
o DEFFIZHATH Y . ZOMAAEHEZHET 2 2 LIIRBEICR T 25O E 72 5
WEESSHDRFETHD Z LB RENTWVS, ® LEZ2-> T, VEGFR & PDGFR %
FIRFICBHE T 5 2 & C B HAEREFIC X 2HUEGAI & U Tl ERIRIE S5 ATRet
DD, —H AEY 3 D HER2 (B b _ERZEE K -5 28K 2: human epidermal growth factor
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receptor 2). EGFR (%5 A 132 1A epidermal growth factor receptor), f > A U 52 %%
K, PKCO (¥ > 737 'E %+ —F CO: protein kinase CO) (2T HfEAREIXLLS . FF—F
OFEPRVEIZ I L2 Do T,

fb&W 3 OPUEGEMEZ, b MAZEYE (DUL45) &/ hfifafire (A549) % SRR
L7 X— Rv 7 2AZHWTHRGEEL 72 & 2 A 10 T 10 mgkg/day (5 mgkg % 1 H 2 [8])
14 A G35 2 & T IREE & ik LT DU145 D354 T 27%. AS549 D4 T 14%
T ORE SN L, 22 OBEREEBD b EEORMELEO bR o T,
UUED XD, FEFICHLERT —ZREONTALEY 3 12O\ T, & 5722 5 HTERIKH
FeeHEST D720, RN E 7 7 L~ BFn 7T Lo EHJET 5 2 ERKD
bilz, £ 2T, EHIILMM, offifE CREGAITEH Al g e s E A R T~ <R
At B L7,

26 VEGFR-2 % 7 — IR EMIL A 3 07 1 AL
HIH AL FOERIE L 7 A G R

B LI BT A IEIE, §F 6 TENLARD ) =7 —RE8IETHY . RIERIZ
25%IZ1EE > TV 5D (Scheme 11), *® £, 7=/ —/L 10 LTS =L LR=/LV
2 R 13b O7 LRSI R Y | 5 1 mTHRAALEW 16b 2G5 TV 5, b
16b & 5-7mE2-= Y T 35a D S\Ar UG EITH &, BRID 36 & 5-7rEE
Uy 37a DIREMINDEOND TS, YU BTSN TAra~ T T 7 4—28D 36
ZHEHER TS, 36 D= bk BB Tic L 0ETL, Bohiz38% A Y FA LT
F— 39 LRUSEEDLZEICEVTFATLT 40 KT D, FAULT 40 2, A
Y 7a eIy I (DIPEA) fA7E FICBREIEO e Ka X T I R & K6
EHDHZLICEY, BULEUSHAHET LT 41 BT 5, 2 mERlcy 7 nrur i
R=nrml K8 EDT VILEIGEEIT> THID 3 25T\ 5,

Z DEBIEILFERE T NA T — NV OEETT ) ETIERBEIE RV 0D, Fu s T A
A= N DNV T BEERFT I, (1) V=T —R2EIETH D RICERNMEW, (2) 1k
AW10 D KREAFELEE LT (3)16b & 352 D SyAr SUSIZE T 538 PPENME L (36
37a=60:40), Y UVBFNDT L0~ T TFT7 4 —ICLHKRNMETHD, 4) &
i, DAEFEDOH DA YV FA LT 22— 39 ZEH LTS, &) RESRFEL
77

17 BEHEMEEY 3 OF ow 2L A2 B U2 A Tk, 10 133ERE L TIAT A Z &R T&
ST BUEIE. 10120 OO A —H—LEEARRETH 5,
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B
/E\<N 13b NS r
N’ | 35a
M

CloC =
F e Me O,N
F
NH, Et,N BN Cs,CO5
R E— [\‘j »
THF o Me DMF
OH
99% OH 59%
10 16b
Me Me
F F
PR Ho
. N Hy, Pd/
N N N N 2 d/C
\
e} Me Me
o MeOH
O
Nl A |N\ ° 88%
= H N
0N Br = 2
36 37a 38
2 oo - -
-7 P on A F N
Et0” N N ]N,N NH,OH-HCI N LN
39 \ DIPEA N
- O Me > 0o Me
DMSO o s NI X (0] MeOH/EtOH 4<N‘JN\/>/O
H.N—
NP N 69%
H H (2 steps from 38)
40 41
Me

> s PN
Cl N
S
DMAC O le)
Ty
71%

6 steps, 25% overall yield
Scheme 11. BIFE(LRITEIT D 3 DERKIE

EFILABICZOEL— NI OnOfEE R HDESZ LR T2 N TER
X, REAMICEM TE 2 B2, £7. HBEEERD T =/ —/L 10 ITONT,
AFARERICEMZ R E T REAMIEDRIE LTS Z L2 L, (EE% 10 135 1
BEOMED 1, 2 OBRROEEIZHHANWTNDE N, L&Y 3 DERMIZHB N T LY EEH
HWE L7 o> TnD, 20D, {LEW 10 DERIEOE BRIXM LAY 3 DA RKIFIZIT-
776

26



36 DAFIZOWVWTIE, 10 225 36 ~D 238 Y D/L— k (Route A, Route B) (2D TH
#&21T o 72 (Scheme 12), ZNLZEND/L— MMIOWT,5- 2 B U 22 35a/35b & D S\Ar
FOSGMEORELELITH 2 & TRREZ 1 LS, U B 70 h T A XK DR oERE
Tk Irdz, 2 DD — b E il L7 fE R A i LT BRI L0 KWEERE B 2 7
No— NEEIRT D 8t LTz,

X Me

N7 Route A {

l Pz | N

O,N - cl N

35a: X=Br NH, o Me

35b: X=Cl 13b
—————
o)
N| o Me
F 0N oy
NH, 42 N N’
I — o) Me
Me
OH
QA N X N™XX 0
I ,N ‘ = I =
10 Cl N Me O,N O,N
36
o Me T 35a: X=Br
13b N N/N 35b: X=ClI
—_—
e} Me
OH
16b
Route B

Scheme 12. 36 O A /r— L7 v FHRUEIZ AT 72— b DR

F AT LT ADOERIZDONWTIE, A VT AT 31— F39% Ll CATORS LAY
Mhinsitu CIREL L, HEET A2t < UV Ry hTHERTA HEEBRE Lz, kL
FRIZHBT D, WEROERNT SO R FIZ oW T HBFE{To72, S bIc, &
TRZ KEAROBENLT 7 vy aT v 7L, EEOIRENEER, D ORZITHD
NDLERIEEMNLT D2 LI Lz,

E2IE LA 10 DR EARIED R

IHETICHRE SN TODI0DAKIET Y 05 b, KEAKICEA T % /D
B D2 ODERIEC OV TEREZIT> T, TOREMEERIET D2 LI Lz, &AIDOKH
EiX, U7 =0 AEACD MK R IES < — R TH D (Scheme 13), * KEAFA]
REZMLEDAIIN ORI ERT D L DTE D7 =V VB8 k45% | Mkifeh, dayme
TR DAERIGESEDZ L T46% Gk Lz, ARk LT-d6% HEd 5 = L 72 < KOG
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ZFIR L CEBMSM: FIZ46DINAK iR 21T 5 Z & T, HAHYD10%HPLCE &IX268% T
BAHZENTER, ZOHFETIIERE LV TIIHENZI03 5507 DD, 46D
KR D I PIZ REDRIEMNBAE CT-T= . KRESR~OmE A IEHE L &l L7,

F F
Aczo NHAc H,, 5% Pd/C NHAc
—_—
pyndlne EtOH

NO, NH,
90% 95%
43 a4 45
NaNO, F F
dilute H,SO,4 aq NHAc reflux NH,
—_— >
) 68%
Ny /2S04 (HPLC assay yield) OH
46 10

Scheme 13. 437>5 D10D A%

2O H D EIE, ALEWA9/50 D BEfETTIC IS < 1 TH D (Scheme 14), 3 K&
AFARER2-7 0 u-4-7 )L A0 7 = ) — 47 7 o a R A F L%, Na,COME(E T IZ
AKHCROGR S, SOSHFIIHTH LA 2RI T 5 2 & TREET AT /L 48% IL395% T
B2 DT 48DFEE I IR T (340 °C) (TWIEFIET D L HHET DL N0,
W I TEBE DRI Th > 7o, W< O ORLEBRSRIF 2 /e U 72 kE 8L, J2EEE 230 °C,
JUTEE 2 —0.1 MPalZi%E L7e, foi < JRilg & IRAHER 2 2 = b e (B 1307 3 3R
FNZHEST L C ALB W49 ILFRIZY% TH 2 72, & 512,492 52i@ Y DJL— b (Scheme
14, Route C, Route D) T10~D % i AT,

TE18 MR 713 Z OALERIRA /2 = b LIS HTH o 7o, WHRFT 22V EETIE, i & Bk
HERIF 23:77 Th o Tz,

F F

HNO; NO,
—_— +
H,SO, NO,
0OCO,Me 0OCO,Me 0OCO,Me
23 : 77
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F

CICO,Me F i
Na,CO, HNO3 NO,
B e
cl H,0 cl H,S0, cl

OH \ 0CO,Me 0OCO,Me
95% 93%
47 48 49
Route C
F
2 M NaOH Hy
93% NO;  10% Pd/C
>
cl MeOH
F OH F
NO, 50 NH,
e —
cl
0CO,Me OH
H, F
49 10% Pd/C NH, 2 MNaOH 10
—_— —_—
MeOH
0OCO,Me
51
Route D

Scheme 14. 47 75D 10 DAL

F9°. 492 MeOHH', 2 M NaOH/KIFIK TR RS 5 = & TILEMWS0%457- (Route
Q). 1FHILT250I2DOWT, PA/CHE W T IR T 2 (i FE il A 7o 3. LRI 60~70%F2
FEIZIEE o7, CROMB 1T o7& 2 A, [ CREES0DHEMGE TIZ DUV TR =
HEOWEFINRH S T2, DTN BICRIIPRRE CTH 72, ™ Z ORIeIG TIHFERT
B DHSONERICHE SN TWVD D, AL DORIVERMNAERKT 5 Z & TIERME T
LTWD RSN, 2T, IR TR EICRE EOTFEEED 0, 5008
filt3E TC SO T DU T BN O BNl & 45 D CREMICMRFT 21T - 72 (Table 4),

10% Pd/C (Pd: 3 mol%) Z vy, RIL T4 B ZITo728 2 A, 10 DMK 64% T
Boiiz (entry 1), ZOSFM FTIE= brREOBTIZIEFICH L, G 1 R O BRET
JFEE 50 IHIEIZBRICHEE SN, —FH, Z7eaKoBETidE, ]G 4 Ff% TH
IR 52 20 73 495817 L T=,

FE19 H, (50 psi), 10% Pd/C, 12 h, X3 70%*" , H, (balloon), PA(OH),/C, 8 h, X3 67%>".

120 L&MW 52 OREEITHEE L THE L7=. "HNMR (300 MHz, DMSO-dy) 6 5.13 (brs, 2H), 6.37 (d, *Jur = 8.6
Hz, 1H), 6.95 (d, *Jigr = 11.0 Hz, 1H), 9.52 (brs, 1H, OH); *C NMR (75 MHz, DMSO-dg)  103.3 (d, *Jor = 4.3 Hz),
104.5 (d, *Jep = 9.7 Hz), 115.7 (d, Y = 22.6 Hz), 136.17 (d, *Jcr = 14.10 Hz), 144.0 (d, 'Jop = 231.09 Hz), 149.7 (d,
4JCF = 1.9Hz); Anal. Calcd for C¢HsCIFNO: C, 44.60; H, 3.12; Cl, 21.94; F, 11.76; F, 11.76; N, 8.67; O, 9.90. Found:
C,44.37;H,3.24; N, 8.73.
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Table 4. 50 OHANETCHUS DA (Route C)

F F
H, (balloon) NH
/©/ _10%PaC NH, /©/NH2 @/ 2
rt, MeOH Cl
(0]
OH

OH

10

HPLC assay yield

10 52 53 50
1 3 - 4 64 4 2 0
2 3 AcOH (2.0) 4 78 6 2 0
3 3 ¢.HC1 (2.0) 4 8 80 0.2 0
4 3 NaOAc (2.0) 3 87 0.1 10 0.
5 3 Na,COj; (2.0) 3 37 0 58 0
6 3 8 M NaOH (2.0) 3 8 7 37 0
7 3 MeONa (2.0) 3 67 0 29 0
8 3 NaOAc (1.1) 3 85 0.5 5 0
9 5 NaOAc (1.1) 3 77 0.7 4 0
10 10 NaOAc (1.1) 3 53 1 3 0
11 2 NaOAc (1.1) 3 88 0.4 4 0

(86°)

“ Isolated yield after column chromatography.

N T, WRINAN & U CREDRR - HE 2 N x CRISZITV, T OB ERFE LT, K
Fie 2 AN U T2 5 A TR DS 78%I2 1) | L 72 (entry 2), BUBRVZEWNZ L2, JEHHEE (c.HCI)
Z 2.0 YEININL CEITKCEITD & 5207 m e by K E < BRE S, PEED 8%IC
ETIRF L (entry 3), ZOFERMNDIT, 52 OfL7 v uafbiZ k> THIERFIZAET S
HWALKFEMN, 52 o7 v afbZfHE L TV D Ll s, T7bb, 52, H{bkE
BEO10 SFEHEIRREICH 0 . RPICREIAEY TH DAL KFEOENIE X 5 Z LT, i
252 DFIML EFEZX N, 207D, RICRPIHEEZRNTHZ L1k, 52
ORL7 v bl Ko TRIAT 28R FENF RS, 52 OB m ek Mt sivd o
TR EB 2 T2, EBE. NaOAc ZIRIN L TS EITH 2 & T, 52 DFEFEIT 0.1%
FCH L, 10 ML 87% T L AL (entry 4),
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—J7. NayCO; & NaOMe Z W L7260 1E, 52 DEAFEITIREFD LIZbDOD, 10
DB UBROBETLSET L TEA Y 53 % BNREICAERT DR L 72> 7= (entries 5,
7). ' RINAIORF 21T 9 22T, Pd fREO B L OSICRE REEBEE 5252 L1y
ol RIS PdDEE 3 mol%7H5 5 mol%., 10 mol% EHEP L= & 2 A, IURIX
85%M 5 T7% & 53%~L TN LK T L7= (entries 9, 10), & HITHET & felT 7= R, &%
72 R E S 2 mol% TH D Z &N o72, 2 mol%® Pd Z AV, 1.1 Y& D NaOAc
BUINUCRISZAT 9 = & TILERI 88% % Tl L L7= (entry 11),

ZOBIESICB T ANRIE T OER L., RPUBAEITT SN BIAERY 53 DA
&, S3IMAEMM 10 LRIKEEEZTZLIZhd B oD, TRETIZ, 3-73
STz /) =) 54 OXUBUVRPIEILIANT 83 BWiELNTE EOWEITH DD (Scheme
15), ' LA 10 DB UBROB LN, W7 v FELE NN HETT S 2 Lo
TIEHEHI D 720,

NH; 10% Pd/C, H, (balloon) NH;
> ref 31
MeOH

OH 60 °C, 14 h %

94%
54 53

Scheme 15. 3-7 X/ 7 =/ —/L 54 DEIC

B % LC/MS THftLiz& A, 53 & 10 MG LT T 7= B AR hS EoFE a8
Z2X {172 (Scheme 16, & ITHEEMER), 7 MMM T TIX10 353 ERIGEL, Zh
MEDITEITLIND Z L THORIAERDRAE T T, 10 ODILENMETTHHDEEZD
o, —J5. OIS T TIE10 205 53 ~OETIZRE N HO D, 10 & 53 DG
WL BB BREICAER LI EHERISN D, PdIEDOEZHLF 2 LI2XK D 10 DILR
PMETFLIZDOEH 10 5 53 ~OBITLEPIE S N Z EBRFRKRTH DL EE XD,
50 OFEITLIOGEHIEIEFAE FITIT9 &, 7 v a 0BT k- CRIAT 1 bKFEIC
X o TSR RFEIZERYEIZ 72 D (pH 3~4), NaOAc D L 9 7e 992 Y B %2 T
JEZEAT S T & T, BOGIKD pH 28 S 72 FHIC 2 b r— L S i, RSgRIEREME L 72 o
T10 DR BUBEROBETLTNMEESND Z &<, FRDBPWMEE > T10 2853 LA
FtaE T2 eb <, WRIS 103G b0 LHEIND,

21 LB 53 OHEEIZ, 'THNMR & LC/MS DORIE 21TV, STk 31 B8 X OHARORIE (Alfa Aesar #7025
BEN) AR MVT—FN—FT5Z L TR LT,

122 HPLC IZ L B 3H7 TlX, T b DRIAESMIZIEFIT/ NI VWE—27 L LTRHRIEENT, T b DRIAER
M oOFRITIE, FEFITIO UV BRI LOFF2 2 WMEEWRE £ 57290, UV #iili#s % H\ 72 HPLC 2347 Tl
NS ORIERY O EMREZ RO D Z L ITHE Lo T,

31



F slow OH OH
NH; Q/ fast
acidic NH NH
OH condition E E
10 53 (0] OH

(@] o (0] (0]
NH; fast Q/ NH NH N
strong basic slow @ @ @
OH condition (0] (0] (0]

putative structures of byproducts

10 53 suggested by LC/MS analysis

Scheme 16. {54 53 D4R & F ORI S
TDEATOREUVBROBEITGI, 3-T ) 7 ) — I EEER R E WIS Th
HEEZEZLNDTZO, B Rux UM REINTALEY 49 OEILHG (Scheme 14,
Route D) IZ2OWTid, 2O X IBRRUPUEOBETIIREIOARAWVWEO EHAIS T

(Table 5),

Table 5. 49 ® 51 ~DiE T (Route D)

H, (balloon)

NO, 10% Pd/C NH, NH,
Cl rt, 5h Cl
OCO,Me MeOH OCO,Me OCO,Me
49 51 55
entry additive (equiv) conversion (%)
1 - 29
2 NaOAc (1.0) 88

KBRS F T 49 OBRETRIG AT o728 22 (entry 1), TIK S5 02
7o EOERTTNIEFITELS . BID 51 ~DOZEHIRIT 29%I2 1L FE 572, —J7, NaOAc %
WL 799t B ESRME T ORI &R T -T2 8 T A, EHRIT 88% F Th L L7 (entry 2),
L7 L. NaOAc DFINC L - T, KIS 49, FRIA 55 3 L OV 51 D A K

%23 Data for 55: 'H NMR (300 MHz, DMSO-dg) & 3.83 (s, 3H), 5.58 (brs, 2H), 6.74 (d, *Jir = 10.9 Hz, 1H), 7.27
(d, *Jur = 8.31 Hz, 1H); *C NMR (75 MHz, DMSO-dq) & 56.01, 109.9 (d, *Jcr = 5.78 Hz), 110.0 (sd, *Jcr = 12.6 Hz),
116.2 (d, 2Jcr = 23.6 Hz), 137.0 (d, 2Jor = 14.4 Hz), 143.3 (d, *Jor = 2.66 Hz), 148.0 (d, 'Jcp = 239.7 Hz), 153.0.
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%o LR = VIO RN —EEAT LT, Route C OFRIKIC B 5 50, 52 & A
D10 WAERKT D Z L 353 0vo 72 (Scheme 17),

Route C

F F
NO, NH,
S I
Cl Cl
OH OH
NO, 50 52
e —
Cl/i i
0CO,Me / OH

49 10

NH,

cl NH,

— other
" s byproducts

Route D
53

Scheme 17. ¥ FEAF(E T TD 49 OIE TSI 5 HREHA & BIZE )

ZOMREIZ Y | OSSR < OFRUA L BIAERMNAAE LD Z 212720 | OB
BRESHFREOERLEIRT L2 ZENHEL RoTc, BH, KA — /L TORIETIL, i
BHEHRDOIDIIT BB ANT A—F—OFERERNPEREND, DD, {LEW
10 DA —VT v 7HEIZIE Route D Tid72 < Route C #3IR$ 5 Z Ll Lz,

Bl U7z SO gettE (p30, Table 4 entry 11) (3% 1 27T WA — L CORLEIC 1
THIENTE, E S0 % 5.4 kg fAF, 2.0 mol %® Pd/C, 1.1 H&ED NaOAc % H
VT 0.1 MPa DO/KFEET 4 REIRIS 21T - 7o, il 285 L7212 ISR % BtOAc |27
il BHK TS L To 5 EtOAc/n-heptane (1:4) 2> HifEaab 325 Z &1 LD IHE80%
TILEM 10 2 285kg 5D Z &N TX T,

124 NaOAc DRI, FERMEFD/LAEY 49 D MeOH T THOLEMEZFH~7=, MeOH IAIHIZ 1.1 HBED
NaOAc & 49 2Nz CTHHFRZIT 72 L 2 A, 20 °C Tix 1 FRRI4S 72V 8%, 40 °C TiX 1 FFRI4 72V 30%D
49 NPURFE SN TS50 ~ LB X7z, —JF. NaOAc JETFTE FTIiX, 25 °C T 40 °C TH 49 OFifR#EIX
Bl hianoTz,
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EIE LA 36 DA

L& 36 OARICOWTIE, FTFEEE LTEARRER 5-vm2-=hepbl) v
35a/35b & 10 & D SyAr S DOFRT 21T > 72 (p27, Schemel2, Route A, Table 6), " 5k
PESRET T, 10 7 = 7 T2 RBEENICKIS L T—T /MEO AN AR L, B
FEEPWEICMBEIT 2oz, W LD A )V —=0 T 2{To12 L T A, Cs,COs,
K,CO;, K;3PO,iZ DMSO H ClR% DR % 5 2 7= (entries 3-5), 2D 9 6., EIAEKY)
Db D7 W KPO, BRI E LTHEMAT S 2 LTz,

Table 6. 10 & 35a/35b & ™D S\Ar KD ici#E k. (Route A)*

F F
OH NH, NH,
)Nj/x base
| _— +
=
O,N solvent o N. O
z 70-75°C, 1h )N@/ @/
0N~ XN

2

35b: x-C1 2 b x-01
entry substrate base solvent ratio”
42 : 56
1 35a Cs,CO3 THF 21:79
2 35a Cs,CO3 DMAC 59 :41
3 35a Cs,COs DMSO 62 :38
4 35a K,COs DMSO 65:35
5 35a K;PO, DMSO 62 :38
6 35a t-BuONa DMSO 48 :52
7 35a 8 M NaOH DMSO 59 :41
8 35a K;PO, DMSO/H,0 (2:1) 75:25
9 35b K;PO, DMSO/H,0 (1:1) 86 : 14 (74Y

“ The reaction was carried out using 1.0 equiv of 35a/35b, 1.2 equiv of 10 and 1.25 equiv of bases at 70—
75 °C for 1 h. ” Molar ratio determined by HPLC analysis of the reaction mixture. ¢ Yields were not
determined in entries 1-8. ¢ The reaction was carried out for 10 h. ¢ The reaction was carried out using 1.9
equiv of K5PO, at 75-80 °C for 9 h.” Isolated yield of 42.

%25 Data for 56a: '"H NMR (300 MHz, DMSO-dg) & 5.29 (brs, 2H), 6.24 (ddd, Jiyr = 6.5 Hz, J= 8.7, 2.9 Hz, 1H),
6.51 (dd, Jur = 7.7 Hz, J=2.9 Hz, 1H), 6.94 (d, J = 8.7 Hz, 1H), 6.99 (dd, Jyyr = 10.2 Hz, J = 8.7 Hz, 1H), 8.00 (dd, J
=8.7,2.6 Hz, 1H), 8.27 (d, J = 2.6 Hz, 1H); '*C NMR (75 MHz, DMSO-dq) 8 107.9 (d, *Jcr = 6.9 Hz), 108.7 (d, *Jcr
=49 Hz), 113.3, 113.39, 115.5 (d, YJcr = 20.2 Hz), 137.7 (d, %Jop = 14.8 Hz), 142.5, 148.0 (d, 'Jor = 233.9 Hz), 148.1,
150.1 (d, *Jor = 1.9 Hz), 162.6. MS (ESI): m/z 283, 285 [M+H]". 56b {22V Tl LC/MS #7172 HAEIE 2 HEE L
72o MS (ESI): m/z 239 [M+H]".
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Bata179 9 B, Wit E L TE/K DMSO (DMSO/H,0 2:1) & HAW5 & UGS EITE T
T2 6 DDDMSO % BM THEENC WIS K0 & RIRMN [ BT 5 2 L ninoT,
Fo, BEICHOWTIE, 35%a ZHWD LD S 35b A FHNDIE ) DRV EIRMEE 5 X T2,
HASEICITAE & LT 35b 2V, DMSO/H,0 (1:1) ¥, 1.9 %80 KiPO,, 1.2 4
FOD 10 Z T 75~80 °C T 9 WSS S5 Z & Tl 7255 B23F H 47z (entry 9),
EHIRMEIT 42:56b = 86:14 £ T L L, BUERRZRICTA Y T o BT —T )b i 217
9 Z & T, 1% (mol tk) @ 56b % & T 42 3ULEE 76% THF H L7z (Scheme 18), 15 H A7z
22O\ T, BTV = HIVRVEE12b LT A =06 in situ THEL L7287 1
U R &S SH, EtOAc/n-heptane 2> B b5 Z & T 36 ZUUHE 87% T/, b1
72 36 121E 56b [T HIRT 2 BRI E EN TV iRho T,

ZDON— MZOWTIE, /MR — A TIEEMED 36 ZNE L EXT-H00, 10 &
35b @ SNAr USRI D D EDREM DHERDFRD HALTc, ZAUE, SyAr BUGSEM:
TTT =010 PREERTD EHER S, ZORBAT =T v 7 %17 5 H O
SMELE LT T,

Me

N cl \
| N i
o | _ _ HO N 12b 1.05 equiv Me
F i NH o Me Fon
35b 1.0 equiv 2 N N'N
©/NH2 K3PO, 1.9 equiv SOCl, 1.2 equiv 4
» > (e] e

DMSO/H,0 (1:1) O
OH 75-80°C, 9 h N DMAC NTXC
O:N 7 42 o L
10 76% 87% 0N 36
1.2 equiv (based on 35b) (isomer 56b: 1%)

Scheme 18. Route A D Fxiwfb Dk -

Route B (p27, Scheme 12) {22\ CiE, £9710 & 12b 25 16b & A1k L, & D% 35a/35b
& D SNAr UG ORI 21T > 72 (Table 7), ™° 10 & 35 Ois (Table 6) & [AIERIC, HE
ELTiE35a L0 35b OB EWVEIRMEE G272, A7 U —=2 7 &ATo 358 & iR
D 9 H K,CO3 & DMSO DA S DOE i d LWAER % 5 2 72 (entry 13, 36:37b = 80:20),
Flo, ZORINMIEBWTHKRETRINT 5 Z & CEIEDO R EAFRD H iz (entry 14),
16b % 1.05 4 &ED 35b & 1.1 4 ED K,CO; fF1E . DMSO/H,0 (5:1) H' 75~85 °C T 6 If

7126 Data for 37a: "H NMR (300 MHz, DMSO-dj) & 2.20 (s, 3H), 3.99 (s, 3H), 6.86 (s, 1H), 7.05-7.10 (m, 2H),
7.36 (dd, Jur = 9.9 Hz, J=9.9 Hz, 1H), 7.44 (dd, Jyr = 6.4 Hz, J=2.9, 1H), 8.07 (dd, J = 8.8, 2.5 Hz, 1H), 8.29 (d, J
=2.5 Hz, 1H), 10.1 (brs, 1H); '*C NMR (75 MHz, DMSO-d¢) & 13.2, 38.8, 107.9, 113.7 (d, >Jor = 2.5 Hz), 116.8 (d,
2Jep =22.2 Hz), 119.7, 119.9 (d, *Jor = 8.0 Hz), 125.9 (d, 2Jcr = 14.0 Hz), 135.1, 142.8, 145.7, 147.9, 149.2, 152.68
(d, Jcr = 244.6 Hz), 158.3, 162.2. MS (ESI): m/z 405,407 [M+H]". 37b |22\ Tl LC/MS 25347 > & 13 & HE
L7z, MS (ESI): m/z 361 [M+H]".
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I SH 5 & 97% %8 2 D280 36:37b = 82:18 DEIRNE TS HEIT LT,

Table 7. 16b & 35a/35b @ SyAr )i DEciE{l (Route B)”

Me

T H I N
N " 16b
N Me M
O Me F F
\ \
OH HW\/FN NN
N N
N™X X base o Me . S Me
(o]

e

\J

N solvent O N
s T W e U
entry substrate base solvent ratio”
36 : 37
1 35a Cs,COs4 THF 30:70
2 35a Cs,COs4 DMF 60 : 40
3 35a Cs,CO, DMAC 56 :44
4 35a Cs,CO;3 NMP 57 :43
5 35a Cs,CO4 DMSO 66 : 34 (54)°
6 35a K,CO; DMSO 69 : 31
7 35a t-BuONa DMSO 64 :36
8 35b Cs,COs4 DMF 72 :28
9 35b Cs,CO;4 DMAC 70 : 30 (65)°
10 35b Cs,CO;4 NMP 69 : 31 (65)°
11 35b Cs,CO;4 DMSO 77 : 23 (72)°
12 35b K;PO, DMSO 79 : 21 (72)°
13 35b K,CO; DMSO 80 : 20 (76)°
147 35b K,CO; DMSO/H,0 (5:1) 82 : 18 (80)°

“ The reaction was carried out using 1.0 equiv of 35a/35b, 1.05 equiv of 16b and 1.1 equiv of bases at 70—
75 °C for 3 h. * Molar ratio determined by HPLC analysis of the reaction mixture. ¢ Yields were not
determined unless otherwise noted. “ The reaction was carried out for 6 h. © HPLC assay yield of 36.

EtOAc T L Tk, EtOAc/n-heptane (1:3) 75 EEHT3 5 Z & T 2% (mol k) @
37b &1 36 UL 79% THE7= (Scheme 19), 37b IZ DWW TIIK D 36 DHEfilIETO T
FEOBMBEDOBRIZREIND (<01%) ZENgnoioiod, TPl EORRIIVLE
AR EI1: Ty

27 1AM 36 % EtOAc/n-heptane (1:3) 22T L7 & 2 A, I 91%T 36 2345 21, 37b X 0.6%A35
ICECHIT 5 2 &Ml T&EIZ,
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Me

| \N NTX Cl
HO N 12b 1.05 equiv o | _ Me
F o Me Me F H I \N
F { 35b 1.05 equiv N N
©/NH2 SOCl, 1.1 equiv H | N K,CO;3 1.1 equiv \
> N > o Me

DMAC o Me DMSO/H,0 (5:1) 0
OH 75-85°C, 6 h N
93% ot 79% l/
10 ° 16b ° O2N 36

(isomer 37b: 2%)

Scheme 19. Route B O fx i Dk 5

Route A & Route B D LZITo 72/ R, 2 TROBHEIRIZIZIZFRE CTH - 7273,
A=)V T TIN5 D 720 Route B & Fe#&Hy 72 vk & LT&%E?R L7z, Route B
[ZHANWT AT =Ty TRNE AT o T2 /5 R, 802 g @ 35b, 1.20 kg @ 16b 725 1.39 kg
7 36 (37b: 1.6 area% ") LK 78% CTHDH Z LN TE =,

4TH (LB 40 DU Ry N AR

ATEIC THF HALTZ 36 12DV T, MeOH B, 10%Pd/C (Pd: 2 mol%) % FV T Hfil
a%fn%:ﬁot& A BOSHIHIZ R X 72RO iz, £ 2T, WIEOHRFH 21T -
7o & 2 A, EtOAc ZEELZH WD & RS X 0 IRFNCH#EST a“é ENGyhoTz, 36 D
PR ITTO A —LT v 7 (600 g @ 36 AT 2 BN/ CRUGEIT>72)™ 1%
EtOAc H'. 10% Pd/C (Pd: 2 mol%) % U T 15~30°C T 3 Kffif]. 40~45°C T 3 B
Z1T o7 (Scheme 20), SJSHE THICAEEZ 82 L, EtOAc/n-heptane (2:5) 2> 5 datTd
HZEIWZED, WERI%T1.00kg D 2-7 2/ BV VU aFEIK 38 2157,

Me
F N
NN
H2 Pd/C N
le) Me
EtOAc o
91% N™s

02N 36 38

1.20 kg (600 g x 2) 1.00 kg

Scheme 20. 36 DR T

28 FEBRIEIZ T O T S TILEW/IGH 2 HPLC CRIE LB, mEE O EE £ T,
129 600 g D 36 ZJFkLE LT 2 HIRISEITo72E, ISR EOEDITE & D THRULBEBELIT o T2,
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BN T, Bl SMERED B DA Y F AT 32—k 39 2, il v oK F L
574 VF AT VA Y UL (KSCN) 205 insitu TARK L, 38 LU VR y b TRIG
¥ D MET A T o7 (Table 8), 57 & 1.04 245 KSCN & THF H 50 °C THIG S H7- &
A, 39 EELNR o7z (entry 1), SCHERTIE, LR O OGN 39 OFHHEI L
HThDHERESN TS, ? Wit L7z EoF Tk TMEDA 2 bR TH Y |
39 ZULEK 70% TH- 272 (entry 2), —J7., MOBEDOFEHZREFTL7=E T A, MeCN &
acetone IR WSS ITIX B A RINT 5 2 & 72 < 39 BENZETIUIE 73%.57%
T BTz (entries 6, 7),

Table8. 7O OREETFILET LA VFATT DY TLANLD 39D in situ fiE

o KSCN o

EtO)LCI EtO)LN/’C/S
57 39
entry KSCN basF: solvent teomp time GC assay yield of 39

(equiv) (equiv) () (h) (%)
1 1.04 - THF 50 2 ND*
2 1.2 TMEDA (0.1) THF rt 5 70
3 1.2 Et;N (0.1) THF rt 5 38
4 1.2 pyridine (0.1) THF rt 5 58
5 1.2 DMAP (0.1) THF rt 5 59
6 1.04 - MeCN 70 2 73
7 1.04 - acetone 50 1.5 57

“Not detected.

EBICELNZIEHEET S5 ULRy hT38 LGS D Z & aRlil,
{b&% 38 %, Table 8 entry 2 DA THHBEL L 7= 39 ® THF IR FICHIN L= & 2 A, X
JRIEFEICHEIT L C 40 AR L2, LU, BUSRTIZKZR F3 25 2 & TIEEW 40
TSR AT b0, Wk E G2 DFER L 72572, Table 8 entry 6 O
MeCN ZAE & L7e GG RONRIZKZT T2 & 40 23R & 72 572723, Table 8
entry 7 O acetone Z IR & U725 A I ZII RO HFIZK 2/ T35 & 40 235%5 ik L, IEER
THZELTA ZRGICHBESTHZ LN TE T2, acetone Z M L7-BRIZIX, 38 % 40
IZFERICEWRT D012 2.0 BED 57 L 2.1 H5ED KSCN BNMFE L7257, acetone H
T39 2 L7721, 38 A UM HPICHEMAR E LTINAT25°C T 1 KB L2, Kk
HRIZKET 95 2 & T 40 238471 L, J8HLE L C EtOH/H,0 (1:1) T+ 52 & Tk
B 40 INILER 96% CTHEHAUT- (Scheme 21), &S iL7-fEsE 213 38 & 57 X° KSCN &
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DEJSHR & BN L BIAERDITEED ST, EiEO 40 HERBIETHE LN D K

INZtp ot B0

Me
F
NN
N
o) Me
Me
NSO
| _ F H I \N
HoN 38 N N
j\ KSCN 2.1 equiv j\ S 1.0 equiv X & l\\/le
c* -
EtO Cl acetone EtO N 25°C,1h N (o]
40-50 °C,2 h (6] S N|
57 96% P
2.0 squiv 39 (based on 38) EtO ” H
oequ one-pot 40
Scheme 21. in situ FHHL L7239 Z 240 DT R v R AR
Vivan \
H5IH L&Y 3 DERK

{EEMANIT. FAT LT 40 % 5 4 EOE Fax 7 I UHEEE L 3 24 5EO DIPEA
& EtOH 1, 50~55°C T 6 RS SBH Z LICE VW ESICAKTHZ LN TE T, K
ZROSERPICHE T T2 2 & T e 0, JERE 325 2 & T41 OKFY (41-H,0)
DMLER 93% THF H ALz (Scheme 22),

Me Vo
F R
H F
N a Y
\ NH,OH-HCI, DIPEA, EtOH N
\
% Me > 0 Me
93%
0 s NP ° N- 0
L N Y] ko
EtO” N7 N NT 2
H H
40 414 H,0
(S: 2.8%)

Scheme 22. 41 D&KL

Lo, 56072 41 H,0 O TR o aiTo728 2 A, PHIRRZ L2 2.8%DHiE %
GHLTWD ZERNgholz, ZOREZ, JOSHIZAERT D HS BNESEB LI D 2
LI o THERT D LD EHERI S T2, HS OBt 2 B <72 DIl i 2 B HEEHK KT

H30 SOICEREERD L, BONT 40 TR EITH) Z LR RTBRIEHRATE D2 030 hoTz, K
BA R ITREERIZ RS 0 B 720 R E R AW T & 2 L RIERR O MEIZ DN %, TDT2,
A=V T v TERIZOWTIT 40 OAEEEZOETEFRTREICHWD Z 2T Lz,
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Tolcl TA, BEIEOEIL 1.5%FE THA LIcbD D, FiE DK ~DERE % 5%
B Z LT LW EBE X BN, £ T, 5607 41-H,0 Z & FEEEH CRIB
L., BRI 2 R < MRt 21T > 7= (Table 9), *° EtOH/H,O (1:1) ® X 9 72 & /KA T4
SEONRM 72720y (entry 1), JREENED @RI DWW IR E O R H 5 Z &
WoyoTz, toluene W COREEIRIZFFIC RN T, BRFFEN<0.05%L 720 22D
96% D [EILF T 41-H,0 %:IEIHM% TEMNTEEN (entry 3), A7 —1 L 7B 33000
bz, —J. EtOAc # AW AICIT A — VU U 713k 2 59, REMED 0.39%F
THA LT o0, BFUEN 8 5%3:113&1/\{[_9: 7272 (entry 4), FAEHIICITIR G TR
EtOAc/n-heptane (1:1) 23 b L WFERE 5 2, FREMIE23<0.05% & 720 A —Y 7
T2 7 < FIUNERIX 94% & mVME & 725 72 (entry 5),

Table 9. 41-H,0 O&FREBEH CTORBEITIE & FRBE S DR ZE ¢

L amount of
initial amount of .
. temp recovery residual sulfur
entry residual sulfur solvent o o |
(%) °O) (%) after resburry
(%)
1 2.8 EtOH/H,0 (1:1) rt 96 2.8
2 1.5 diisopropyl ether 60 98 0.55
3 1.5 toluene 90 96 <0.05
4 1.5 EtOAc 60 85 0.39
5 1.5 EtOAc/n-heptane (1:1) 60 94 <0.05

“ Crude 41-H,0 was suspended in each solvent and stirred for 1 h at the temperature described in the table.
After cooling to room temperature, the slurry was stirred for 1 h, and then 41-H,O was collected by
filtration. ” Determined by elemental analysis.

A= Ty TEREEOBIZIE, 900 g D 38 MDA L7z 40 ORiksh 2 W TG %
1TV, ZOFEEHAAT Z & CEIE FREMPE<0.05%)D 41-H,0 7338 nH D 2 T.
FRIBBEUE 81%C 815 g 5 H 4172 (Scheme 23),

>

Me
1) NH,OH-HCI, DIPEA, EtOH E H | \N
2) reslurry in EtOAc/n-heptane (1:1) N N
\
[e) Me

81%

o 2 steps from 38 N\N
J\ / H N_</
EtO” "N” °N H,O
H H
40 41+ H,0
(Synthesized from 900 g of 38) 815¢g

Scheme 23. 41 D A — /LT v AR

31 SO OBEH ~FEMmA K ERICMET HHSEDOZ &,
40



BB T DAY 41 L 8 L DT L ILKISEDIERIL, T1%IZ1EE > T b
(Scheme 11), F#& TRROIGRIT, 2AEORE T X MIREREELH X 5720, IUHEH
LOTEDICETORGEIT S Z L2 Lz (Table 10), {LE Y 41 H,0 OPLHAESI kT2
TRFRIED B D TR 72D, DMAC, NMP, DMF @ X 9 72367 1 b U MERPE VAL 2 F
THRISZEAT> 72, 41'H,0 & 3.0 5D 8 2, DMAC, & L <IZ NMP Z{EHE L L T 40 °C
T4-5SBFEGSSET=E 2 A, BID 3 A 95 area%lh EAERL L 72 (entries 1,2), — 7.
DMF 2L L CTRHW RIS EIT> 728 2 A, 3 OAERKIE 10.4 area%(Z 1 £ Y . LC/MS
IZE DG 58 LHEE SN DA 89.1 area%Ek L7z, mffiZzitcdh b 8 »
FAREZ 3O0YENS 1S YBEE THO Lz 245 .3 DAERRIIRIEIZREL Lz (entry
4, 63.9 area%), I T, MInEMET A7 DI EOTME G Lz, 124980 Y
TFNT IV EMATRIGCEIT) & LOMS IZE 5506, ERT bk 59 L#E
ESINDILEWD 39.1 area% £ LT (entry 5), AV V—=V T 54T 0 5 6,
B ORI i bR O W AN TH o7 (entry 9, 10), 41-H,0 % 2.0 ¥ &ED
8 L30YEDOE Y VUAFETFIT, 25~40 °C TS S HT- L 2 A, 3 OAEEIT
99.2 area% F Tlal kL7 (entry 10), Z D LEFIT. 3 DA —AT v 7 ERK (890 g
D 41-H,0 2 M) ICHEHAT 5 Z & TE 7 (Scheme 24), KIS THITKEFESE 3
DKRFY): 3-H,0) Z M2 .2 M O NaOH KB A T L CpHZ 6~8 I LT & 2 A,
3-H,0 OB AT L7z, ™ s 2 I8E L K T 92 2 & T 1.04 kg D EHE (99.2
area%) @ 3-H,0 Z mWILE (99%) TRDH Z LN TE T,

132 FEEAEDOBRIZ form A DR ZE 5 Z & T3 #MAKY (form A)& L THUIGT 5 Z LIXA[RETH - 7273,
MY (form A) OFAIITTEEMENELS . JBRE T2 DICIHEFICEORK#EZELZ, —J7. K 3 -
H,0) OEAITITIBIEEHE N ELS . fmEASICHBET 52 &N TE T,
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Table 10. 41-H,O0 O 7 3 /WALKG D E ik,
(0] Me
\Hﬁ nh g Iw
base N
K;/ T e o ijo M
HZN—</:;N P H,0 D_:{N—(:jjo
41+ H,0 3
entry 8 (equiv) solvent (;ﬁi) t(irgl)) tl(r}?)e (areZ %" (::(;SOZ/OO)Q
1 3.0 DMAC - 40 4 96.8 22
2 3.0 NMP - 40 5 95.2 4.1
3 3.0 DMF - 40 3 10.4 <1
4 1.5 DMAC - 50 5 63.9 34.6
5 1.5 DMAC Et;N (1.2) 50 3 40.8 18.1
6’ 1.5 DMAC DBU (1.2) 50 3 44.8 50.9
7 1.5 DMAC -BuOK (1.2) 50 3 353 27.5
8 1.5 DMAC K,CO; (1.2) 50 3 71.3 26.3
9 1.5 DMAC pyridine (1.2) 50 3 83.1 16.5
10 2.0 DMAC pyridine (3.0)  25-40 2 99.2 <1

“ Area % in HPLC analysis of the reaction mixture.

was observed. ¢ 2.2 area % of 59 was observed.

0
58 59
O
Me >+ 8 20equiv Me
F N [¢]
ool N Fon TN\
N pyridine 3.0 equiv N N
e} Me > e} Me
o DMAC (o]
N~ O
N NN
H,N— /Q/ H,0 99% HN—¢ H0
NTF _<N/ ¥ z
41+ H,0 3+H,0
890 g 1.04 kg
Scheme 24. 3-H,0 D A7 —/L7 v FHRK
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HH6TH AW 3 OGS

B S R IR b P IS 2 R0 7o) . BEORIE (R ZI) 2> 2 &%
WIZERHHBNTND, FEZIER—3FTh N b, EILEND R 5
ZRED | IRIRNESO L E TS OB LR I N R D, — RIS, BRI R B RE
SR, tMOREREE (ELER) & ik L CRIEROFIEHNA S T, BIMRF L
B O FEFHERRS O ATREMEDMR W 201, BRI E L TGRIRS D Z &%, LavL, B
FOFERE IS Z 1T T LH RS TIER <. B E ERIo/REN S LT
D, BEOREREOIREDPFONT VT Er—ANRExb b, TDIb, KAF—)
THMEEIZHDOREREN GO D K 5 R BUEEZ LT 2 72 DI, Ikl i i 08 R |
BRI DR & A s OV MRS, TR OIWRINREE . & i O BAIRE 3 K ORARKRE
33 D5 A —H — T DN T ANE R NN L 72 5

LB 31T 2 SOFEREE (form A form B) & 1 DDO#HEZIE™* (1 AFi#: 3 -H,0) 2
Ao TNDA, BI)FRINCHR b ZERMMIE TdH 5 form A SBARE L L TEIRS
iz, 2@ 207, form A BHEFEIC HLD K 9 2B FAE S TR ORISR S L E b
oty

3 OB 6 2 IAREE 25D TRV (<0.3 wt%) 728, £33 DMSO % B
& L= T EOME 21T - 7= (Table 11), ¢ (A% 3 % DMSO/H,0 7> 5 Ffilih L
7o & ZABBD form ARG HTZH OO A FIZ DMSO 23 1.5%5% 84 L 7= (entry 1),
DMSO (2% 9 %KD % EiF T (DMSO/H,0 1:5) FfifmE1T-> 7225, 788 DMSO @
BIXIEE AW Lo 72 (1.4%, entry 2), = Z C. EtOH & H,0 &AM E LCTH
Wie b Z A, 3OKMMBPEOLNDREF L 72 o7 (entry 3), LA EDFERS, DMSO %
BRI L U7-ifsim a2 W& L, BtOH & BRI & Lo ek b Z Lo Lz,

133 BRI (aging time), FARKIREE (aging temperature): #fh % 7 CoVA IR 2 SR LR T 5 IR 35 & ONREfH]
DZ L, MDD EIZKE BT 5,

34 IR K> TR END . WIEZ STk, WA VKDOGEE 2K & 5,

7135 Form B Dfifidhi%, 1 K4 % 145 °C LLEIZIEA L 72 BRICHE B 7z, Form A, form B, 1 KFI#) D455
BETEIZ DN TIE, B ONTREROBMER X BEHTOREEZITV, EDOT T FAO/AE— AL iR LT,

145 °C
Form A mono hydrate ------- = FormB
-

136 L& 3 © 25 °C TOPHEBEI KT DIEMEE TR OB Y T 5, EtOH, 0.28 wt %; acetone, 0.19 wt %;
2-butanone, 0.16 wt %; 2-propanol, 0.08 wt %; EtOAc, 0.07 wt %; MeOAc, 0.11 wt %.
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Table 11. 3 OGSO “*

solvent anti-solvent asing yield crystal residual
entry (v/w) (v/w) temp %) form solvent
O (%)

14 DMSO (5) H,0 (10) rt 89 A DMSO: 1.5

26¢ DMSO (5) H,0 (25) rt 95 A DMSO: 1.4
3¢/ DMSO (5) EtOH (10) rt 95 monohydrate ~ DMSO: 0.08

H,0 (10)

48 6 wt % H,O - 0-5 78 A EtOH: 0.36

5¢ 12 wt % H,O — rt 79 A EtOH: 0.30

6% 18 wt % H,0 - rt 68 A EtOH: 0.23

7 20 wt % H,O H,0O (17) 0-5 94 monohydrate EtOH: 0.14

“In entries 1-3 and 7, 3 was used as a substrate. In entries 46, 3-H,O was used as a substrate. ” In all
experiments, seeds for form A (0.1 wt %) were added before addition of anti-solvent or lowering the
temperature. © After dissolving 3 into DMSO at 40-50 °C, seeds were added at 40—45 °C. ¢ H,O was
added at 3540 °C. ¢ H,0 was added at 45-55 °C. /EtOH was added first, and then H,O was added at 45—
55 °C. ¢ 3-H,O was suspended in the solvent and heated to 65-75 °C. After confirming that 1-H,O
completely dissolved into the solvent, the solution was gradually cooled to 55 °C. At this point, seeds
were added and the mixture was aged at 4555 °C for 3—4 h. Then the slurry was gradually cooled to 0—
5 °C or room temperature, and aged for 9—12 h. " After dissolving 3 into 20 wt % H,0/EtOH at 60—65 °C,
seeds were added at 50-55 °C. Then H,O was added at 55-65 °C. ’ After addition of H,O (17 v/w), the
composition of the solvent became approximately 50 wt % H,O/EtOH. / Determined by 'H NMR
analysis.

ZHUE3-H,0 D EtOH (25t D IAMREE DML 7 5 A3 ACHDHA FF 4 57 12k %)
WSR2 MEL D bRV iz X 5,

¥, form A, form B, 3-H,0 OfEfD ., &7K EtOH ~DIEfEE A T~5 = L2 LT
(Figure 6), BLBRIEWNZ L2, D& (5~20%) DOKMPIEET D Z & T, 3D EOH IZx11 5
WARFE DS KIEICH B L 2 LA b)), 3 258 RUCTAiE St D DI B 7 it B & Kig 2 Al
WD ENAREE D I Motz £12, GKREN IS wt%EBZ 5 L., 3H,0 D
VRERFEIN form A DIRFEFE X D IRWME L 22D 2 & b hno T, THUTE KRN 15 wt% %
R DHMTIE, 3IH0 DI PLERNAAET HZ L2 EWRT D, Lzni> T, formA

##£37 ICH (international conference on harmonization of technical requirements for regisration of pharmaceuticals
for human use) 13, FEEDOEGRHFAEBIEIEIAHIOEAILE X > T, 77— OEBEM M ESZ T AR ZHEH
T5Z LTk Y, EKREAOTE L & FHEOVIEH R 2R L, o e L RBEOFTIET
52 LEAMLE LTV, ICH (2&Y TEESLOKRBEEET A RT74 ) PMEREN TS, ZOHA R
TA Y OHNIL, BEOREDTDIZERG T OERBIEHEOFNRELRTZLTHY, TOFREDER
WCEoT, VTR, V7 TR2, VTAIDIEMDY T RGHINTWD, 77 A 1 OFEEE, EXRM
RSB W TN 28T 5 RS EHET. b MTBIT 2B AMERTR Bebh 5 L OREICH E Y
B2 00BN EEND, 77 A 2 OFBEIT, EIHELPORE &2 HHITXESHEE T, BREEIRS
IRV DSEN TR TR ANEZ R LT, PR s AT T 7 388 AAMELISN O Wi Za Fp 2R L7z
B, BLOEOMOERTIED D03 WM RFEN DN DBEENE END, 7 7 A 3 OBEEIIRENE
DEFEHET, & M L TERRME L B AN 2WENE EN D, EELFIRICS T 5B EOSLHEITIAR
{2 5000 ppm (0.5%) LA FToH 2D (CCHK 1()2> b,
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DR A EFIAGT D T2DIT, BAREE 15 W%l FITR > THREREITY 2L L, 3
% 6 wt% 7 /K EtOH (entry 4), 12 wt% % 7K EtOH (entry 5) 26 Fhftige L7z & 2 A, HifsaE
DIZ form A OFEEEAF HAL, 788 EtOH 1% 0.4%LL T CTh -7z, 3 % 18 wt% 5 /K EtOH
MOLEAES LEEEIC S, form A OFEEOTMLIZ2R G H Y . form A DFERMPGD
Tz (entry 6), —J7. 950 wt% g /K EtOH 7 & ikl 24T - 72 & Z A, Figure 6 DIAESE
JERRBR D XFFS LD K O IKFIDB G BT (entry 7). BAEHIIC entry 5 DA% A
F=NT w7 (750 g D 3H,0 ZHEH) Lk 2 A, AT — L TOEBRREREZ 22T
FBLTX, form A D 3 ZULE 77% T 553 g (99.9 area%. 758 EtOH: 0.16%) 735 Z &3
TET,

1.2

S 1.0 1

2 )\

Z

2 08 .

=

z / —— form A
0.6 —— monohydrate
0.4 I/ formB

! A\

0.0

: : : : : : == 7 £3
0 10 20 30 40 50 60 70 80 90 100
H,O content (wt %)

Figure 6. form A. form B, 3-H,0 ® EtOH /H,0 {EEVEEET TORMRE (25 °C)

R

EFIT, AT — AT TREEIZHEIG FTRER M 7e 3 OE LA BI%E L7z (Scheme
25), (LG 50 DHEEARTCSOCZFE L <t 2 2 £12X Y, NaOAc ORI E Pd il
DEEHa{bT 5 2 & TRIERY OERKEE KIEIZIE S L, IEZ R EXE25 2 L3
RRERDHDIELEZRM LT, TORE., REAFAREREEZHWNT, 07T AR 7 —
JVCHIFEIFEL 8 2 Ak 5 BEIE A HENL LTz, (LA 35b & 16b O SyAr )i D EIR M
X, L E LT Ky,COs, S LTEAKDMSO Vs Z T bL, v UbZng
TLIuw N TT7 4=k BN EIT) Z LR LICAMD 36 LR LGS Z LR
ARE L Tpo Tz, EBICA VYT AT T 31— b 39 L7 5B D G in situ TTHRLL, 38 &
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N
| N 12 Ny
"o N Me ) 3% T 8 [
Me O,N N ‘
E o} . 2 N
\ \
NH, socl, N N,N K,CO3 O Me  10%PdcC
— > \ _— = B — e
(0]
DMAC O Me 0% H,0DMSO NS EtOAC
OH OH ¥
93% 79% O:N % 91%
10 16b (27b: 1.6 area%)
1.20 kg 1.39kg
[e) KSCN o) s Me
Me o -9 39
F EtO” >Cl Eto)J\ NE ooy Y
H { \N N ’
N Ay 57 i N
\ e} Me
o] Me
> o}
N™X o 1t Q 3 NS
acetone
P 38 EtOJ\NJ\N Z
H,N H H
40
1.00 kg (from 1.20 kg of 36)
Me [ fo 8 Me
(1) NH,OH-HCI, DIEPA, EtOH FoH RN cl Fon BN
(2) reslurry in EtOAc/n-heptane (1:1) N N pyridine N N
\
> e} Me ——> (o} Me
81% DMAC O
o o)
(2 steps from 38) NN o M Ny X
HN—C Hz0 99% HN—C ) H,0
N F N/ =
41+ H,0 3-H0
815 g (from 900 g of 38) 1.04 kg (from 890 g of 41+ H,0)
Me
F N
H
NN
\
recrystallization o o Me
T D 0
12wt% H,O/EtOH HN _</N‘N =
NN
77%
3 (form A)

553 g (from 750 g of 3 H,0)

Scheme 25. LAWY 3 D& ELEE & A7 — LT v T A RO R
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DRy NCRIGEEDZETTFAU LT 40 B2, L4, P OFEICARTE 5 &
N7 REABRICHE L MEE M Lz, RETRIZOW L, VY U a2
LTHEMHT2Z & TAIH0 OF U BRIEDIEENR R E <M kL, &~&EMIZ 1 kg L E
D 3H,0 Z @R, B EICAKT 5 Z N TE I, U EOZEMIZRGT O R, #Iv R
1% 54%I2F THLE L, EBR=E L ~LD 27— /)L T2 AL O AR BT D #IX
F (Sheme 11,25%) O 2 fFLL B & 72 V) | fRD TR LG RIELZ TR EED Z &N
T&7e, BT, INETITHSD>TWDE 3 OOfEED 5B, HIUD form A =5
2 DB TR T EE L L, BE YT LA — L TCOREIZHEF LT form A Ok
A3 ERDLZ LTI LTz,
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FIE 1(E) V24T T =V U HEROBREI AR SUGIT
[1,24] V7Y a[1,5-a]E°) P r-2-7 2 3 %%@ﬁﬁAm&®%%

N-fs B EHRERIL, 82 < ORBRYSAIERALAEDICAR OGN HETH DL, ZNbHD
N-itfii @%%@9% [1,2,4] NV 7Y a[1,5-a] BV ¥ 02-7 X EFEIKITE ORA DL
HUEMED DI, EEMOBEMEED E LT OEHZED TX 7, ERE TFELT
TH,[1,24] MU 7Y a[l,5-a]E Y P 2-T 2 EKE R OL 590, PI3BKy Bﬂ%ﬁﬂ *
JAK2 BHEA]®, CRK3 FLEAI . DNA Vv A L—R/hRA YV AT —¥ IV [HERE
PDEI0A FHLESE ¥ TYK2 PHEIK P, Sre ¥ —PHER Y L LTHESL TV 5,

b —R72[1,241 N U 7Y a[1,5-a| B ) P U2-T 2 UFERO AR ER Scheme 26
R, Y27 BT 60 A VT A YT T FERTF L3I LSS ETTF A Y
L7 61 5L, 61 2t Fuxi /L7 I UHEERIE L DIPEA &G SHE5 &, HS &
CO, DERMEFENRN HBALIENEITL T, 62 NEWINEKRTHOLND, * ZOAK
EIXFERICERETH Y | 5 2 3 Clk_72 VEGFR-2 FF— VB HLERGEMLAY 3 O H
a4l OBET T LA =V TOEMRICHHEAT L2 LN TEL, LhL, ZOGE/MIE
T RPN SBEE Lm0, BRERDL, miE MR, TRIEZ AT 2 HS
DEIZETDE VI EFICRERBERD DD, ZOD, EHIT, Ar—n7T v g
(A ATREZR[1,2,4] B U 7Y 1 [1,5-a] BV P 02-T 2 VBRI S BIE OB 21T
7l L,

-S R NH,OH-+HClI
R c* 2
@ EtOJ\N’ 39 @ j\ jj)\ DIPEA
=
Z>NH, N™ N” okt — H,S
60 61

Scheme 26. [124] ~ VU 7Y a[1,5-a]E Y ¥ 2-7 2 ViBEARO R 72 A R 515
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F2ifi (Y P 2-A )T T =D FHEARORRCAI PSR SO DS

118 [1,24] U 7Y a[1,5-a] Y P 0 2-7 3 VA FE A L OB %

&

Grenda (%, N(E' Y Y2 2-4 )R XA I Z I K 63 23NaOCl & 1 M HCI CHLELF
HZEEVEFRILEZ T L L, BONIE N-Zra T IV 64 % NayCO; THLEEY
HZEICKVBERNEEZ 0, [1,24] U 7Y 1,54 ) P2 65 WAERT D T & AW
LTCW5 (Scheme27), *

CHZCIZ/HZO MeOH/HZO

aq NaOClI
| SN NH 1M ol SN Nazcos A~N-N
Ay O\ \>_© ref 42
H XN

63
74% (2 steps)

Scheme 27. Grenda HIZ X 5[124] NV 7V a[1,54]EV ¥ 65 DAL

FEHIX, Grenda O EABEOFEEZHANDS Z LT, (B V24 /W) T T =2 67
MD 62 NAEKTE DD TIT /W EE 2 7= (Scheme 28), 7725, 67125\ T 2-
NEEY V66 L TT =V SNAr BISTER L, Fbh7 67 Z#bd 52 &Ik
DR 68 25T, ChaBEETUET - LICkVERILSET6R 255 — %25
Tl

NH

R oxidizing
X
R\/§N HzN)]\NHZ ‘\ SN NH agents
| = )]\
_ N” NH,
X H
66 67
R
@ N’Y base R\¢\N,N
| —_— g S—NH,
AL, -
68 62

Scheme 28. 1-(E' U VL 2- A /W) T T =T 6715 D 62 DERL

FEHZHDOMBIRED . 67 Ok &t < 68 DIEFEAIRICZ L D E’ﬁf)ﬂﬁm LT FE TS
DR, 22T, Zoart” %@ﬁéli%@aaﬁ‘é 7= i?‘ SRR LA CThH D
1-G-= by P24 T =V 67a* O NCS (2 Xk HHE#EE . PRIK 68a D
K,CO; AKEHRIZ X 5 PABREUG DFFET 24T > 7= (Scheme 29)0 67a ® MeCN ¥R % 1.1
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YD NCS & 40 °C TRISSHT2 L TA, B CHADOERERMTH Licizo, EiRE
TWAIL T Z O AEKREZER L, SofeE&oH (HRMS) & NMR (T X %047
2L, FFoNIALEWIT 67a BEFEILSNIALEW T, T OHEEIT 68b, 68c TiX72
< 68a THDZ LN -7 (Figure 7), ** ** 68a O MeCN IAHKIZ 2.1 24 E D K,CO;
KIEEZRINT D 2 & T, 68a DB RS D ICHEIT L, 62a AR 93% TH 5
M7= (Scheme 29 (a)), LAWY 62a (ZHOWTiX, Bli& 2-7 2 /-5-= bt U rnG
Scheme 26 |ZFE#E L 72 FIEITHE > THEAATV., TUH 218 OFIETHEK LT 62a D
ALY NAT—EN—KT D L EMHR LT, P

Z D 62a DAERRITISTIE, 67a DIFEFRE, 68a DPABR L DWW T HUIZ DT 6, MeCN
WP CRISZAT ) T NARETH o 72, ZOFEEMNDS ., EH 1T MeCN AT, 67a 7>
562a TRy NTEMRTELDOTIIRVMNEE X T2, T T, EBXZ MeCN H,
67a % 1.1 5D NCS & 40 °C T 15 Ui STk, 2.1 D K,COs K A N L
CIANRE T 30 i S ¥ 72, EtOAc THitit:., AREZ 10% K T L, 2
ZHWT HPLC ICTEEEIToT2 & T A, 62a BUHE T19% TR LN Z ERghoTe
(Scheme 29 (b)),

(a) sequential reaction

O,N SCl

| XN NH NCS 1.1 equiv | XN N aqKyCOz2.1equiv. ON__~ N-N
D e G T
H 2 MeCN H 2 MeCN N
40 °C, 15 min 40 °C, 30 min
67a 68a 62a
90% 93%
(b) one-pot reaction
O,N | SN NH NGS 1.1 equiv ON | SR a0 KoCO; 2.1 6quiv  ON__~ N
A —— A, | g
N™ "NH, MeCN N" 'NH, . . XN
40°C, 15 min 40°C, 30 min
67a 68a 62a
not isolated 79% (HPLC assay yield)
Scheme 29. 67a 7>5 D 68a =/ L7= 62a DAK
N
ON o~y N ON SN NH ON_~N  NH
(LA ) y (L L (U g
N NH, one peak corresponding N NH, = N N~
correlation 4 to NH, protons was observed a H H

. i 1
iNHMBC  gga in "H NMR 68b 68c

Figure 7. 68a D& E

138 DMSO-d; 1 ¢ HMBC #lIZE (930 73) 24T-o7-& 2 A, 68a D3R (#1 10%) BB ST, 68a DIE
REEDSFEF AR =D CDCly =2 MeOH-dy &\ o 72D BB A% Z LN TE o Tz,
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Fi2IH WAL ) PRI ER B O B LA

UEDEIIZ, 67a02H62a % T ARy NTRITEDLZ LN mrolclcd, 61T
Fefbsl, A, WD AT V) —=2 7 %47 o TRISSRI O feii{b 21T > 72 (Table 12),
HHEALAITIZ, +-BuOCl 73 NCS & [FIFLE O WK (80%) T 62a #5272 (entry 5),
NaOCl A, 7 uF 3y T. NUZaadg Vo7 Sl (TCCA). 13-37 1 1.55.
VAFNe X hA Y (NDDH) ZHWeHEITIE, WIS IERIIME T L7z (entries
1-4), MOILANZ DN T HIRETEZIT 272, NBS Z W26 13, 62a 2MEIE (13%)
THLATZH DD (entry 6), NIS Z HWZHEITIZAMIMITAE LR o7 (entry 7).
BOPNOES S Lk ZE L. LIigORETClImikAl s LT NCS 25 Z &I
L7z,

Table 12. 62a DU LR MR EE il

oxidizing agents base

‘ \/N NH 1.1 equiv | \/N )NI\ 2.1 equiv ON.__ N/N\>_NH2
N" NH2  40°c, 15min N® NH, 40 °C, 30 min N
67a 68 62a
entry oxidizing agent solvent base y(ioe/i()l"
1 aq NaOCl MeCN aq K,CO; 41
2 chloramine-T MeCN aq K,CO; 42
3 TCCA’ MeCN aq K,CO3 69
4 NDDH MeCN aq K,CO; 42
5 t-BuOCl MeCN aq K,COs3 80
6 NBS MeCN aq K,COs3 13
7 NIS MeCN aq K,CO3 0
8 NCS MeCN pyridine 32
9 NCS MeCN NEt; 15
10 NCS MeCN DBU 51
11 NCS MeCN K,CO; 34
12 NCS MeCN 1M NaOH 77
13 NCS MeCN aq KOAc 5
14 NCS MeOH aq K,CO; 87°
15 NCS EtOH aq K,CO; 74°
16 NCS i-PrOH aq K,COs3 68°

“HPLC assay yield. ” 0.37 equiv of TCCA was used for the reaction. © Isolated yield.

51



Uy, MUV ZFAT I DBU & W o AR Z W84, K.COs K
W W56 & el U TR T L7z (entries 8-10), F 7=, KIEWE Tl < [EED
K,CO; & Hi 4k & Lfﬁi)ﬂ L7 AT N K& <MK F L7z (34%, entry 11), 1 M NaOH
IKERHE & VT2 38121, K,COs 7k(5{1?z%:ﬁﬁb\7i A & FIFEE DI T 62a 235 H LT
(77%, entry 12), ﬁ KOAc KIEEZ W T2GE12iE, PRI 5% & RVME & 72 o7
(entry 13), LA EDFERNNBIL, ﬁ%‘@@?ﬁb‘ﬁ*ﬂ%ﬁkK@ﬁfﬁ\ 68a 705 62a ~DZL
HLUZEHETHDLZ ER 0D,

ZORISTIE, Tha— L biEle LTHEAT 22N THL Z D ahole
(entries 14-16), 7 /b a2 — Wigi 2 =856 K,COs KR ZIRINT 5 LA L7- 62a
DBUOSIRANZ ER & 70 THTH L7z, BOSERIRICE R & U CKZR T L. s 2 I8
T2 LT 62a xRS THPET 2 Z EMNARETH o 7o, Fe BN L2 72 DL MeOH
BB L U256 T IR 87% £ T E L7z (entry 14),

F3IH WA R PABR B oD 1 i DH D et

Z DOFRALAIPABR RS 03 F AT RERGDH 2 MiFiE ™ 5 728, Scheme 28 (2R L 7= 7 HEICHE -
T, 20U VUBERB LU R A 6T & TT =V RIRE T
T =V UHEREYR D SNAr BUGIC KV 7T =V ALK 67a-6Tm & Ak L 7= (Table 13),
HEE LA 2.2 //az’?%ﬁg%ﬁﬁb\“(}im%uﬁ#tb) 2\ B UUEEE
ERERIIEEZHALTWD \CDIr, TT =0 LD SyAr FUSHHEITL T 67 2 5
Z 12, 67 OYLHTALL ﬂ#é@%é#ﬁ@fﬁwt . 67 OHPETIEN R D EMER R
JLBRINEE L 720 o IR R IE E o T,
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Table 13. 77 =3 ik 67 DA
reaction yield” reaction yield”
.. , Substrate product entry .. ,  substrate product
condition (%) condition (%)
oy L o, O
A = cl Z H NH, 25 7 B F4C Z Cl F3C & ” NH, 47
66a 67a 66g 679
SN SN N F i
% % SN NH
A c N7 N 32 8 D @ | L 37
NO, NO, A NTNH,
66b 67b 66h 67h
‘ SN | SNONH FoC | SN FoC ‘ SN ONH
B Z e Z SN NH, 39 9 C Qu Z NJ\NHZ 36
cl a H c a H
66c 67c 66i 67i
-
B - . Z ”J\NHZ 47 10 B Nl N" N UNH, 50
66d 67d 66j 67i
X
SN SNONH
‘ = ‘ = )J\ N _N
B cl NN 12 11 B _N oM 58
CFs CFs & N
66e 67e 66k 67k M2
HN
FaC o~ FC SN N N
N N N DNH,
C Ay - HJLNHz 39° 12 C @[Ofc' @O\HH 57
66f 67f° 66m 67m

“ Reaction conditions described in the table are as follows: A guanidine hydrochloride (10 equiv), K,CO;
(15 equiv), +-BuOH, reflux. B guanidine carbonate (3 equiv), K,CO; (5 equiv), 1-methylpyrrolidin-2-one
(NMP), 120-140 °C. C guanidine carbonate (1 equiv), K,COs (3 equiv), NMP, 100-120 °C. D guanidine
carbonate (3 equiv), K,CO; (5 equiv), N,N-dimethylacetamide, 120 °C. ° Isolated yield. © 0.9 NMP
solvate was obtained.

O EEE 67b-6Tm Z VT, B{ERIPABR UL OGS 21T > 72 (Table 14), 1-(3-
=hrbE U2 A4NTT =670 ZEEE LT, ViR y FTOHEFEL—RIEK
JEEAT ST & 2 A, AR DSOS I T 2 O3 MR S vz, KEABEEE LT
JSHEHIZIN A TEECT 2 Z & 12 KD 62b AR 86% THIMES 2 Z L AN TE /2 (entry 2),
SRAIZ, 1-3-7 ) P24 /WVWT T =V 67c ZHEE L L THWEEGAIZE,
67a. 67b DA LT B BERNE LN (entry 3), 67c & 1.1 B E D NCS THL
HLEZEZ A, HESOEPET L TH- DM AR Lz, LrL, ZofEHIES
NIALEWITHR LT KCOs KR ERM L T2 Z A, W O DLEDRIERY & &
HIZ, 2 ODFEAFMBBIE I NI,
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o ) ~ — 33 EC Ly g, L g
Table 14. 1-(E°) P 2-A )W) T =2 U FFEIE 67 DIEALIIEHBR RS
entry substrate product entry substrate product
0N~ NH, NH,
N NH OzN _N SN NH NN
o UK Ty T el IS IS
N~ “NH S <. F3C N~ “NH =N -
N 2 N NGB 3 N 2 FC Fo” SN
67a 62a 69a 67g 62g 69g
87% ND? 16% 50%
NH,
SN NH A N-N F
| 1 >N Z N/\<N N F e,
2 N" NH, NN N SN 8 DS @N\>—NH ~ NN
NO Z S 2 SN
2 NO, NO, N™NH, SN SN
67b 62b 69b 67h 62h 69h
86% ND ND ND
NH, NH,
SN NH A N-N FsC FsC N
P § 1 e, - N/\<N ] J‘\H SR g N/\<N
3 N “NH, N sAsy 9 NN NH, N N P
a M cl H N
& cl cl &
67c 62c 69c 67i 62i 69i
27% 19% 57% 9%
cl NH
SN NH Cl N cl A 2 ™ X
PN S—NH, 7N N NH |
N~ NH, PN < Ny N
4 H NN 10 N7 N7 NH, N= N
H N ):N
67d 62d 69d NHz HN
67j 62j 69j
trace 50%
20% 39%
NH, N
SN NH A N-N X
| L _ D—NH, 2N _N L S
5 Z N7 NH, NN S 11 TN N
H N HN._NH Y oy NH:
CF, CFs ¥ N /)
CF3 NH N~-N
NH, 2
67e 62e 69 67k 62k 69k
44% 20% 35% 13%
FSC X F.C NH, HoN
SN e L NN FC A HN lN\j/NHz )
6 A PRal \Q\\N 12 N S—NH, N SN
N " A - Ly gog
o d g
67f 62f 69f
67m 62m 69m

23%

52%

ND

ND

“ The substrates in MeOH were treated with 1.1 equiv of NCS at 40 °C for 15 min. Then 2.1 equiv of
K,CO; in H,O was added, and the reaction mixture was stirred at 40 °C for 30 min. * Not Detected. € 0.9
NMP solvate of 67f was used as the substrate.

ZD2ODEEFMZONT, VI ADTNAT LT~ NI T 7 40— CHEE Kils
1TV, HRMS & NMR TH#r&17 572, BBRERWZ &2, HRMS 70T DOfER, 2D 22
DALEWIT 7+ CHCING IS T2 2 < Rl—DOREERELFFOZ L0 hodz,
2T 2O00/EEMD 'THNMR O AL kUL, 7 I 07 FOEITRLR D HDOD[FE
DT 7N o TRE— v (FERMEIC 1 DO triplet like D B — 27 £ 250 doublet like
DE—27  NH, 70 b AZKHST D 1 DD —7) 2R L1z, ZHHORENSIT,



FL SN T REEZ KCO; KEIR TS 5 Z LI XD | 600 TR b G HEE
T, HID 62¢ 7217 T <, 62¢ L [AIEROWEE A FFALEMD AR L TN D Z &7
REENTE, 2 2FOEEMIZ- OV T, HMBC ° NOESY &2 572 2 ot NMR %
AW THESE Z 3BT LR, BRYD 62¢ LT R DAY OREEIL. Figure 8 (2
RL7Z69¢ THDH ERBENT, * Z OLIPHER G TR DALz 62¢ & 69¢ DIEIEIC
DOUWTIE, SCHREBERI O FIETARR LT 62¢ & 69¢ & AT LT —ZN—FT 5 Z LI
X VFERT D Z LN TE 72 (Scheme 30), *

NOE

H™ NH,

= N/\< correlation
N in HMBC

X \Nl

Cl

69c

Figure 8. 69¢ DR E

o)
J S
< Et0” N” 1.5 equiv q NH,OH+HCI 5.0 equiv N
N N S O ; A N-
| P 39 _ | _ J\ Jk DIPEA 3.0 equiv _ \ \>—NH2
NH, t - N N OF EtOH - YN
acetone
cl 50°C, 1h cl 50°C,2h cl
60c 86% 61c 68% 62c
. ><)< 1.2 equiv
| NN NH,NH,*H,0 5.0 equiv | NN SCN | SNy
»Z > = > N N
c EtOH NHNH, THF N 7<\]<
cl reflux, 40 h cl rt, 14 h cl S
66¢ 91% 70 89% 71

e
NG ¢ 1.3 equiv

N
Me NH;
NEt; 2.4 equiv HN 6M HCI = N/\<N
t _—
A g
THF P N MeOH
rt,5h N 50°C,3h cl

0, CI 0,
51% 72 32% 69c

Scheme 30. SCEREEEI D HIEIZ KD 62¢ & 69¢ DANK
1-5-7vn Y o2 AW)T 7= 67d ZRE L LIZEAIZIE, 69d 23 EAKY
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& LTI 50% THF B AL, 62d OAERUTIEBF &I (- > 72 (p54, Table 14, entry 4), ¥IZ,
BIRDALEIZ N 7 A AFVHLEFFO IO 1(B ) V244 /MWMT T =2 02xf L
TR Z#A LTz, 3-CF; 2 F52 67e 11, 62e 2 U3 44%, 69e % UL 20% CTH 2 7=
(entry 5), — 5, 4-CF; J& & 5-CF; A FFORE Tld, 69 NEAMM & e 72, 67f 1% 52f
ZUINE 52% TH-Z (entry 6). 67g 1% 69g I 50% TH- X 7= (entry 7), BRI &1
QN7 v HEIR 2 FF5 67Th 7 5liE. 62h b 69h 1155720 -7 (entry 8), 67h DI
FACITHEIT LT b DD KyCOs KIFIR ZTRINT 5 & SR IREE A DOIRIK & 720 | $5FE
HOHEE R OE MDA HER ST, 3MITHFER & SALIZ CFR ke vnwd 2o
DEHLILZFFD 67i IT OV TR, I 57% T 62i 2 E4AMW & L TH 27 (entry 9),

A G%, 2B EMTHD 1(F V24 MNTT=D0 678, 1-(AVx
VA-AMWNTT =V 6Tk ICHEA LT, 67 & 6Tk IENCS LGS /DT LTI
LR EZ T, KCOs KIERZ RIS % & ZMAbEMmE 5 272, 67 [IZ2O0\ T,
69j NEAME LTELNT (39%, entry 10), —J7. 67k (22O TIE 62k 7S T4
kbfﬂ%%%f%%hk(mwn)%ﬁ’ﬁbf‘u«//mﬁ%%/—w44w)
T =V 6Tm EE & LIEGEITE. BIBAERMITR OGN > T (entry 12),

F4H WALRIPHER BSOS O SOSHERE 2B 2 & %%

Table 14 |Z/R L7V, BV P UEBRO 30T i%ﬁ%%%ﬁ%ﬂba%(mm6h\ma
EHE L LEMOGSTIE, 2 N FEERME L THLN, —F, SIICE KRG KE o
67d & 67f OFUGTIX, 69 BEEMM & 7o 7203, ﬁmﬁ%*%ﬁfﬁé%%mﬁ%s
ALIZFFD 67a DRUGTIX, 62a DANGE LT, Flo, 50T CFREZF LAY 67F
XN 69f & 5- 2 7273, 5L CFy A&, 3 (AICHIRIFE T2 R oba9 67i 13, 62i & 1/
L L CHEZT, ZNOORERNHIT, BEHRIEORME, (LB, B RUSHEREICRE <
BELTWDZENRRENDN, 2007 T =DV L TR, Heshfs
LT, EVRRMICEFRIIE L LT < BEELFOERE T, 62 1AM &
7‘@5@ﬁ75> BOLID,

BB RZED, (B Y2 AW T T =V 67 Rk LT, HETHERS
BARIGICOWNWTIZIZ N E TITHEFIN 2, —F, Xkicks e, 73V 13 %
NaOCl, & L < (% NaOBr KEE CUEET H & 3- a3 @B T U > 79 DBIBLBRZE
AN = ANTHERT D Z ENRESN TS (Scheme 31), ** HAJIC Graham (& L - T
WEINTZZOVT PV UOAERTIZ.N-Z a7 IV T4 ENN-VZua 7 IV
75 UANDEFRMITEHEBER SN TR, ¥ LER-> T, BRE T =4V NEHEFEF+%
EEZELCOT VY URERLTHNDDON A T4 MLy ERBLTYT VY >
AR L TWD L5373 TR, Moss Hid, AREJISIZ DOV CREMZFIE 21700,
N-7aua73IV 74 ENNN-N) Z7ea7 IV 0307 a2 523 NN-V 71
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07 VIS DERN, DTV COERICRAI R THD EREL TS, P BES
SLKREOT I ) ET2HOEFNE A LIk HEFREFNE LRSI L
TENT, NH 7o horofRICE a7 e oAb 2 BEL TWDH LD EEZHNLD,

X
NH NaOX XN NaOX N
—_— | —_— /|th —_—
R” “NH, NH, R™ °N ‘)
(X=Cl. Br) X q
73 74 75 OH ref 48
x)
N N . N=N
Le —= N T /—\ —
Loy %
RN R RA o R7OX
76 77 78 79

Scheme 31. Graham D H{EIZ LD 3-a3-@E#T U > 79 DAL

VI EDORZSEIZ LT, BUGCEREIZ DWW TLL FD&EE 24T > 7= (Scheme 32), 67 %
HE L LIS TIE, BT REOE Y UUBRA, i#ET 5 NH 7' kv O 2 Lk
SH, INHIEICE D80 ZRA L, VT VU 81 OAEREEEL TS EEZD
#U% (Scheme 32 (a)), 81 OHHERSUNL, 2 FHOKRKEZBEL LD L EINE, BV
BROBEFRFFN, OT7 VIV OBERFFEHET DL NNHEEORAZES T 62 73
BFondEEXLND (pathA), — ., BV P UVEBDOERR N, 7YY D CN

HIEADRBIRTEZHETHE, CNEGORAEHE-ST 9 BELNDEEZLND
(path B),

HIVEDEZ LNDRICHMEIL, 74 LU 2R3 5 H D THD (Scheme 32 (b)),
T =4 80 N, WHREIFRTOBEEEZ > CTHA hLr 82 L, ThnFox £HET
HE62%525 (path C), —JF, 74 ML 8213 FA ML 83 8B ML, 7T
v AN L RRED S T ANV AR DA I R84 A 52 D a[fEME b E2 55,7 v
UV VBROERFTN, VR IA IR ORBIATEHET S L, 69 BEMRTDHZ
L1272 % (path D),

ZOftilz, T=4 80 DABRN, BT AROEY UUBR RIZIERTEIL, ERL
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EEROES

TRTORE, FEIT—HOY7I7 4 v —bEAL, BREFITHEM L7z, NH &~
U 717/ (CHROMATOREX) IZOWTIXE LT U 7oA L, @ik, Bichi
Melting Point B-540, % L < {X Stanford Research Systems OptiMelt MPA 100 Tl E L TH
MIETHD, 'H & "C NMR, HMBC, NOESY A7 FMUIT h T AF LT &N
B %E L L C BRUKER AVANCE 500 spectrometer, % L < (X BRUKER AVANCE 600
spectrometer CHIE L7z, 7 I V27 N ppm Tictdk L7z, {L&# D HPLC Hrizo
VW&, Shimadzu SPD-10A/LC-10AT & SPD-7A/LC-7, % L < % Shimadzu LC-2010Cy
AL TITo72, GC ST 2V TiE Shimadzu  GC14B & FAWTIT 572, M fRhE
HE&5H (HRMS) (29U TiX Shimadzu Prominence UFLC system & Thermofisher LTQ
Orbitrap Discovery & FHHWNTIT 572, IR A-XZ K /LiE Thermo Electron FT-IR Nicolet 4700
(ATR), % L <% Shimadzu IR Prestige-21 (nujol) % HWCTIr-7=, TREHHITHOV T
Elementar vario MICRO cube (CHN) & Mitsubishi Chemical Analytech XS-2100H/Dionex
ICS-1600 (/2 7 ) ZRWTIT 9 2, b L UEIERA SR B i seir (BUE b
o s —E)FEER) THEZITo 7,

[HPLC conditions]

(A) Inertsil ODS-3 column, 5 pm, 150 mm X 4.6 mm i.d.; UV detector at 254 nm; isocratic
elution with CH;CN/50 mM aqueous KH,PO, (pH 7.0) (40:60) at 1.0 mL/min flow rate; column
temperature: 25 °C. Retention times: 2 (7.9 min), 14 (7.9 min), 15 (5.2 min), 18 (2.0 min).

(B) Inertsil ODS-3 column, 5 pm, 150 mm x 4.6 mm i.d.; UV detector at 254 nm; isocratic
elution with CH;CN/50 mM aqueous KH,PO, (30:70) at 1.0 mL/min flow rate; column
temperature: 25 °C. Retention times: 1 (23.7 min), 10 (3.5 min), 12a (2.3 min), 15 (10.0 min),
16a (5.6 min), 32a (3.1 min), 32b (7.1 min, 8.2 min), 33a (10.9 min), 33b (11.9 min).

(C) Inertsil ODS-3 column, 5 um, 150 mm x 4.6 mm i.d.; UV detector at 254 nm; isocratic
elution with CH;CN/50 mM aqueous KH,PO, (40:60) at 1.0 mL/min flow rate; column
temperature: 25 °C. Retention times: 10 (2.8 min), 12b (1.6 min), 16b (3.8 min).

N-(2-Chloroacetyl)cyclopropanecarboxamide (17a)
To a suspension of cyclopropanecarboxamide 24 (2.00 g, 23.5 mmol) in n-butyl acetate
(n-BuOAc, 20 mL) at room temperature was added 2-chloroacetyl chloride 25a (2.92 g, 25.9

mmol) dropwise, and the mixture was heated to 100 °C and stirred for 3 h. After cooling to
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room temperature, the mixture was stirred for 1 h, and then filtered. Wet solids were washed
with n-BuOAc (10 mL) and dried in vacuo at 50 °C to give the title compound 17a (2.55 g,
67%) as a white solid; Mp 156-157 °C; 'H NMR (500 MHz, DMSO-d,) § 0.83-0.86 (m, 2H),
0.88-0.92 (m, 2H), 1.98-2.03 (m, 1H), 4.50 (s, 2H), 11.30 (s, 1H); "C NMR (125 MHz,
DMSO-dg) 6 9.1 (2C), 14.1, 45.3, 167.4, 173.9; IR (ATR) 3255, 3174, 3023, 2983, 2944, 1744,
1698, 1515, 1448, 1408, 1394, 1314, 1210, 1173, 1158, 1105, 1060, 1027, 973, 940, 925, 889,
852, 825, 801, 776, 708, 604, 559 cm '; Anal. Caled for C¢HgNO,CI; C, 44.60; H, 4.99; N, 8.67;
Cl, 21.94. Found: C, 44.49; H, 4.99; N, 8.76; Cl, 22.15.

N-(2-Bromoacetyl)cyclopropanecarboxamide (17b)

To a suspension of 24 (2.00 g, 23.5 mmol) in #n-BuOAc (20 mL) at 40-50 °C was added
2-bromoacetyl bromide 25b (5.23 g, 25.9 mmol) dropwise, and the mixture was heated to 80 °C
and stirred for 5 min. After cooling to room temperature, the mixture was stirred for 0.5 h, and
then filtered. Wet solids were washed with #n-BuOAc (5 mL) and dried in vacuo at 60 °C to give
the title compound 17b (1.73 g, 36%) as a white solid; Mp 153-154 °C; '"H NMR (500 MHz,
DMSO-dg) 6 0.84-0.88 (m, 2H), 0.89—-0.93 (m, 2H), 2.02-2.07 (m, 1H), 4.33 (s, 2H), 11.27 (s,
1H); "C NMR (125 MHz, DMSO-ds) § 9.2 (2C), 14.2, 31.7, 167.0, 173.9; IR (ATR) 3255, 3174,
3018, 2947, 1741, 1697, 1513, 1450, 1392, 1283, 1175, 1144, 1103, 1059, 1025, 972, 937, 886,
848, 824, 797, 701, 581, 551, 419 cm'; Anal. Caled for C¢HsNO,Br; C, 34.98; H, 3.91; N, 6.80;
Br, 38.78. Found: C, 34.83; H, 3.78; N, 6.80; Br, 38.95.

N-(6-Chloroimidazo[1,2-b]pyridazin-2-yl)cyclopropanecarboxamide (15)

To a 100 L-glass lined vessel at 20-30 °C were added 24 (5.01 kg, 58.9 mol) and DMAC (19.0
L), and the mixture was cooled to 0—10 °C. To this solution at 0—10 °C was added 25b (8.94 kg,
44.3 mol) dropwise over 1 h, followed by addition of DMAC (3.8 L). The mixture was heated to
60 °C and stirred for 1 h, and then cooled to 0-10 °C. To this mixture at 0—10 °C were added
K;5PO4 (9.37 kg, 44.2 mol) and 3-amino-6-chloropyridazine 18 (3.81 kg, 29.4 mol), followed by
addition of DMAC (7.6 L). The mixture was heated to 80 °C and stirred for 1 h, and then cooled
to 25 °C. To this mixture was added THF (15.2 L), and the mixture was stirred at 25 °C for 1 h,
and then filtered to remove insoluble matter. After addition of THF (22.9 L), EtOAc (76.9 L)
and 5% aqueous NaHCOj; (114.3 L) were added to the combined filtrate, and then layers were
separated. The organic layer was washed with H,O (38.1 L), and concentrated under reduced
pressure. To the resulting residue was added DMSO (7.6 L), and the mixture was heated to
70 °C and stirred until the mixture became a homogeneous solution. The solution was cooled to
65 °C, and at this point 15 (3.81 g) was added as seed. The mixture was gradually cooled to
25 °C over 1 h, and H,O (0.76 L) was slowly added at this temperature. The resulting slurry was
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cooled to 0 °C and stirred for 2 h, and then filtered. Wet solids were washed with DMSO/H,0O
(1:4,3.8 L) and H,O (22.9 L), and dried in vacuo at 60 °C to give crude 15 (3.17 kg) as a brown
solid. To a 20 L-glass flask were added crude 15 and DMSO (8.5 L), and the mixture was heated
to 70 °C and stirred until the mixture became a homogeneous solution. The solution was cooled
to 65 °C, and at this point 15 (2.87 g) was added as seed. The mixture was gradually cooled to
25 °C over 1 h, and H,O (0.85 L) was slowly added at this temperature. The slurry was cooled
to 0 °C and stirred for 2 h, and then filtered. Wet solids were washed with DMSO/H,0 (1:4, 2.8
L) and H,O (17.1 L), and dried in vacuo at 60 °C to give the title compound 15 (2.88 kg, 41%)
as a pale yellow solid; Mp. 190-191 °C; 'H NMR (500 MHz, DMSO-d;) & 0.82—0.88 (m, 4H),
1.95-1.99 (m, 1H), 7.33 (d, J = 9.0 Hz, 1H), 8.06 (dd, J = 9.5, 0.5 Hz, 1H), 8.25 (s, 1H), 11.25
(s, 1H); °C NMR (125 MHz, DMSO-d,) & 7.6 (2C), 13.6, 105.3, 118.3, 125.4, 133.9, 142.9,
144.9, 171.4; IR (ATR) 3337, 3118, 1667, 1618, 1536, 1514, 1441, 1402, 1329, 1279, 1233,
1205, 1190, 1163, 1130, 1096, 1064, 1044, 1010, 964, 939, 883, 844, 818, 793, 779, 711, 668,
636, 611, 590, 516 cm '; Anal. Calcd for C;oHoN,OCI: C, 50.75; H, 3.83; N, 23.67; Cl, 14.98.
Found: C, 50.62; H, 3.83; N, 23.51; Cl, 15.08.

1-Ethyl-3-methyl-1H-pyrazole-4-carboxylic acid (12a)

To a solution of ethyl acetoacetate 34 (2.00 g, 15.4 mmol) in acetic anhydride (7.86 g, 77.0
mmol) was added triethyl orthoformate (4.55 g, 30.7 mmol), and the mixture was refluxed for
11 h. After cooling to room temperature, the mixture was concentrated under reduced pressure
to give crude 32b. To a solution of crude 32b in 1,2-dimethoxyethane (20 mL) at —20 to —10 °C
was added ethylhydrazine (1.39 g, 23.1 mmol) dropwise, and the mixture was stirred at 0—10 °C
for 1 h, and then at room temperature overnight. The mixture was concentrated under reduced
pressure to give a mixture of 33a and 33b (molar ratio 91:9) as an oil. To this oil were added
EtOH (2.6 mL) and 8 M NaOH (2.6 mL), and the mixture was heated to 60—65 °C and stirred
for 2 h. After cooling to room temperature, the solution was concentrated under reduced
pressure until the weight of the solution became 6.3 g. To this solution was added 6 M HCI and
the pH was adjusted to 4.0-4.5. The resulting slurry was stirred at room temperature for 1 h, and
then filtered. Wet solids were washed with H,O (6 mL) and dried in vacuo at 50 °C to give the
title compound 12a (1.79 g, 76% for 3 steps from 34) as a white solid; Mp. 156-157 °C; 'H
NMR (500 MHz, DMSO-dq) 6 1.35 (t, J = 7.3 Hz, 3H), 2.31 (s, 3H), 4.06 (q, J = 7.3 Hz, 2H),
8.13 (s, 1H), 12.07 (s, 1H); °C NMR (125 MHz, DMSO-d,) & 13.1, 15.1, 46.1, 111.4, 133.8,
149.4, 164.5; IR (ATR) 3126, 2765, 2703, 2557, 2494, 2167, 2026, 1990, 1921, 1682, 1541,
1486, 1472, 1407, 1379, 1355, 1334, 1254, 1233, 1166, 1118, 1086, 1032, 954, 904, 783, 776,
711, 673, 636, 621, 556, 457 cm'; Anal. Caled for C;H,(N,O,; C, 54.54; H, 6.54; N, 18.17.
Found: C, 54.42; H, 6.41; N, 18.19.
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1-Ethyl-N-(2-fluoro-5-hydroxyphenyl)-3-methyl-1H-pyrazole-4-carboxamide (16a)

To a solution of 12a (4.60 g, 29.8 mmol) in DMAC (15.8 mL) at 0 °C was added thionyl
chloride (3.72 g, 31.2 mmol) dropwise, maintaining the temperature below 20 °C. After addition
of DMAC (1.8 mL), the mixture was stirred at 15-25 °C for 1 h. To this mixture was added
3-amino-4-fluorophenol 10 (3.50 g, 28.4 mmol) portionwise, and the mixture was stirred at 15—
25 °C for 1 h. Then, H,O (7 mL), 4 M NaOH (15.6 mL) and H,O (19.3 mL) were successively
added. At this point, to this mixture was added a small amount of 16a as seed, followed by slow
addition of H,O (21 mL). The resulting slurry was stirred at room temperature for 1 h and then
filtered. Wet solids were washed with H,O (10.5 mL) and dried in vacuo at 50 °C to give the
title compound 16a (4.29 g, 57%) as a white solid; Mp. 157-158 °C; 'H NMR (500 MHz,
DMSO-dy) & 1.39 (t, J = 7.3 Hz, 3H), 2.35 (s, 3H), 4.09 (q, J = 7.3 Hz, 2H), 6.53 (ddd, *Jyyr =
3.5Hz, J=9.0, 3.5 Hz, 1H), 7.03 (dd, *Jir = 10.5 Hz, J = 9.0 Hz, 1H), 7.18 (dd, *Jiy = 6.5 Hz, J
=3.0 Hz, 1H), 8.36 (s, 1H), 9.27 (s, 1H), 9.36 (s, 1H); °C NMR (125 MHz, DMSO-d) & 13.3,
15.1, 46.3, 111.4 CJer = 7.5 Hz), 111.9, 113.8, 115.5 (Jcr = 21.3 Hz), 126.2 (Jer = 13.8 Hz),
131.2, 148.2 (‘Jcr = 233.8 Hz), 148.9, 153.2, 161.5; IR (ATR) 3459, 3129, 2988, 1644, 1634,
1608, 1555, 1480, 1460, 1444, 1402, 1378, 1366, 1357, 1334, 1299, 1287, 1258, 1236, 1195,
1163, 1120, 1103, 1081, 1038, 1018, 1004, 974, 954, 888, 872, 852, 815, 795, 753, 731, 637,
615, 600, 554, 531, 462, 451, 440 cm'; Anal. Calcd for C3sHsN;O,F: C, 59.31; H, 5.36; N,
15.96; F, 7.22. Found: C, 59.16; H, 5.29; N, 15.90; F, 7.06.

N-(2-Fluoro-5-hydroxyphenyl)-1,3-dimethyl-1H-pyrazole-5-carboxamide (16b)

To a solution of 12b (578.8 g, 4.13 mol) in DMAC (2.0 L) at 0 °C was added thionyl chloride
(514.7 g, 4.33 mol) dropwise, maintaining the temperature below 15 °C. After addition of
DMAC (0.25 L), the mixture was stirred at 0—15 °C for 0.5 h. To this mixture was added 10
(500.0 g, 3.93 mol) portionwise, maintaining the temperature below 40 °C. After addition of
DMAC (0.75 L), the mixture was stirred at 15—40 °C for 1 h. Then, H,O (1.0 L), NaOH (346.1
g, 8.65 mol) in H,O (4.5 L), and H,O (3.5 L) were successively added dropwise at 1540 °C.
The resulting slurry was stirred for 2 h, and then filtered. Wet solids were washed with H,O (1.5
L) and dried in vacuo at 50 °C to give the title compound 16b (923 g, 94%) as a pale brown
solid; Mp 188-189 °C; '"H NMR (500 MHz, DMSO-dj) & 2.19 (s, 3H), 3.98 (s, 3H), 6.62 (ddd,
“Jur = 3.3 Hz, J = 8.5, 3.3 Hz, 1H), 6.83 (s, 1H), 7.02 (dd, *Jyr = 6.5 Hz, J = 3.0 Hz, 1H), 7.07
(dd, *Jyr = 10.0 Hz, J = 9.0 Hz, 1H), 9.48 (br s, 1H), 9.85 (s, 1H); °C NMR (125 MHz,
DMSO-dy) § 13.0, 38.5, 107.5, 112.9, 112.9, 115.8 (Jer = 21.3 Hz), 125.0 (Jer = 12.5 Hz),
135.2, 145.4, 149.0 ("Jer = 235.0 Hz), 153.3 (Jor = 1.3 Hz), 158.0; IR (ATR) 3229, 1651, 1625,
1547, 1531, 1504, 1452, 1377, 1303, 1274, 1260, 1226, 1178, 1109, 1056, 1024, 973, 893, 850,
817, 804, 788, 771, 746, 678, 638, 624, 595, 527, 510, 461, 451, 432, 422, 412 cm’'; Anal.
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Calcd for C,H,N3;0,F: C, 57.83; H, 4.85; N, 16.86. Found: C, 57.62; H, 4.69; N, 16.88.

N-(5-{|2-(Cyclopropanecarboxamido)imidazo[1,2-b]pyridazin-6-yl]oxy}-2-fluorophenyl)-1-
ethyl-3-methyl-1H-pyrazole-4-carboxamide (1)

To a solution of 15 (1.50 g, 6.33 mmol) in DMSO (7.5 mL) were added 16a (2.00 g, 7.60 mmol)
and cesium carbonate (4.12 g, 12.7 mmol), and the mixture was heated to 100—110 °C and
stirred for 4 h. To this mixture at 45-55 °C were added MeOH (15 mL) and H,O (30 mL)
dropwise in this sequence. The resulting slurry was stirred at room temperature for 2 h, and then
filtered. Wet solids were suspended in MeOH/H,O (2:1, 45 mL) and stirred at 50 °C for 1 h.
After cooling to room temperature, the resulting slurry was filtered. Wet solids were washed
with H,O (50 mL) and dried in vacuo at 50 °C to give the title compound 1 (2.49 g, 85%) as a
pale brown solid; Mp. 192-193 °C; '"H NMR (500 MHz, DMSO-d) & 0.78-0.82 (m, 4H), 1.39
(t,J=7.3 Hz, 3H), 1.91-1.94 (m, 1H), 2.34 (s, 3H), 4.10 (q, J = 7.3 Hz, 2H), 7.07 (d, J= 9.5 Hz,
1H), 7.11 (ddd, *Jyr = 3.5 Hz, J = 9.0, 3.5 Hz, 1H), 7.37 (dd, *Jur = 9.5 Hz, J = 9.5 Hz, 1H),
7.68 (dd, “Jur = 6.3 Hz, J = 2.8 Hz, 1H), 7.95 (s, 1H), 8.04 (d, J = 9.5 Hz, 1H), 8.40 (s, 1H),
9.54 (s, 1H), 11.08 (s, 1H); "C NMR (125 MHz, DMSO-d) & ; 7.4 (2C), 13.2, 13.6, 15.1, 46.3,
105.2, 110.6, 113.5, 116.3 (Jep = 22.5 Hz), 117.5, 117.5, 126.7, 127.1 (Jor = 13.8 Hz), 131.4,
133.4, 141.9, 148.8, 149.0, 151.7 ("Jcr = 241.3 Hz), 159.0, 161.6, 171.1; IR (ATR) 3450, 3249,
3077, 1673, 1665, 1656, 1626, 1529, 1477, 1451, 1434, 1377, 1334, 1320, 1290, 1242, 1228,
1179, 1148, 1106, 1083, 1039, 1010, 984, 961, 880, 859, 804, 791, 756, 734, 708, 671, 628, 603,
536, 490, 447, 424, 416, 401 cm '; HRMS-ESI (m/z): [M+H]" calced for C,;H,;N,O5F,
464.1841; found, 464.1840.

N-(5-{|2-(Cyclopropanecarboxamido)imidazo[1,2-b]pyridazin-6-yl]oxy}-2-fluorophenyl)-1,
3-dimethyl-1H-pyrazole-5-carboxamide (14)

To a 5 L-flask equipped with a mechanical stirrer, a reflux condenser with argon gas inlet, and a
thermometer was added DMSO (775 mL), 15 (155.0 g, 0.66 mol), 16b (196.0 g, 0.79 mol) and
cesium carbonate (427.0 g, 1.31 mol) with consecutive evacuation and backfilling with argon
gas. The mixture was heated to 100—110 °C and stirred for 9 h under argon atmosphere. After
cooling to 45-55 °C, the mixture was transferred to a 10 L flask, followed by rinsing with
MeOH (465 mL). To this mixture were added MeOH (1085 mL) and H,O (3.1 L) dropwise in
this sequence. The mixture was stirred at 20—30 °C for 1 h and stored at 15-25 °C overnight.
After stirring for an additional 1 h, the slurry was filtered. Wet solids were washed with H,O (3
x 1.55 L) and dried in vacuo at 60 °C to give the title compound 14 (276.4 g, 94%) as a pale
brown solid; Mp 237-238 °C; "H NMR (500 MHz, DMSO-d) & 0.78-0.84 (m, 4H), 1.91-1.96
(m, 1H), 2.20 (s, 3H), 3.99 (s, 3H), 6.86 (s, 1H), 7.07 (d, J = 9.5 Hz, 1H), 7.22 (ddd, *Jiz = 3.5
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Hz, J=9.0, 3.5 Hz, 1H), 7.40 (dd, *Jyr = 9.8 Hz, J = 9.3 Hz, 1H), 7.55 (dd, *Jiyr = 6.5 Hz, J =
3.0 Hz, 1H), 7.95 (s, 1H), 8.04 (d, J = 9.5 Hz, 1H), 10.10 (s, 1H), 11.08 (s, 1H); *C NMR (125
MHz, DMSO-dy) § 7.4 (2C), 13.0, 13.6, 38.5, 105.2, 107.7, 110.6, 116.7 (*Jcr = 21.3 Hz), 118.9,
119.1 (3JCF = 8.8 Hz), 125.8 (%Jer = 13.8 Hz), 126.8 , 133.4, 134.9, 141.9, 145.5, 148.9, 152.6
(‘Jer = 242.5 Hz), 158.1, 159.0, 171.1; IR (nujol) 3443, 3254, 3177, 3084, 1697, 1657, 1628,
1541, 1466, 1439, 1377, 1333, 1294, 1225, 1180, 1150, 1109, 1009, 959, 887, 810, 746, 727,
677 cm '; Anal. Caled for C,,HyoN,O5F: C, 58.79; H, 4.49; N, 21.82. Found: C, 58.80; H, 4.53;
N, 21.67.

N-(5-[{2-(Cyclopropanecarboxamido)imidazo[1,2-b]pyridazin-6-yl}oxy]-2-fluorophenyl)-1,
3-dimethyl-1H-pyrazole-5-carboxamide hemifumarate (2)

To a 10 L flask equipped with a mechanical stirrer, a reflux condenser, and a thermometer was
added 2-butanone (3.85 L), H,O (1.05 L), and fumaric acid (271 g, 2.34 mol). To this solution
was added 14 (350.0 g, 0.78 mol), followed by addition of 2-butanone (0.7 L). The mixture was
heated to 70 °C and stirred until 14 completely dissolved into the solution. The resulting
solution was suction filtered at 70 °C through a glass filter to remove insoluble matter, followed
by washing with 2-butanone (1.4 L), and transferred to a 10 L flask. The solution was cooled to
room temperature and stirred for 3 h, and then filtered. Wet solids were washed with 2-butanone
(1.05 L) and dried in vacuo at 60 °C to give the title compound 2 (295 g, 75%) as a white solid;
Mp. 220 °C (DSC); 'H NMR (500 MHz, DMSO-d,) 8 0.78-0.84 (m, 4H), 1.91-1.96 (m, 1H),
2.20 (s, 3H), 3.98 (s, 3H), 6.65 (s, 1H), 6.86 (s, 1H), 7.08 (d, J = 9.5 Hz, 1H), 7.22 (ddd, “Ji;z =
3.5Hz, J=9.0, 3.5 Hz, 1H), 7.41 (dd, *Jir = 9.5 Hz, J = 9.5 Hz, 1H), 7.55 (dd, *Jyr = 6.5 Hz, J
= 3.0 Hz, 1H), 7.95 (s, 1H), 8.05 (d, J = 9.5 Hz, 1H), 10.10 (s, 1H), 11.08 (s, 1H), 13.13 (br s,
1H); °C NMR (125 MHz, DMSO-dy) § 7.4 (2C), 13.0, 13.6, 38.5, 105.2, 107.7, 110.6, 116.7
(Jor = 22.5 Hz), 118.9, 119.1 CJcr = 8.8 Hz), 125.8 (*Jor = 15.0 Hz), 126.8 , 133.4, 133.9 (C=C
fumaric acid), 134.9, 141.9, 145.5, 148.9, 152.6 ('Jor = 243.8 Hz), 158.1, 159.0, 165.9 (C=0
fumaric acid), 171.1; IR (nujol) 3429, 3275, 3213, 1688, 1626, 1558, 1537, 1523, 1464, 1431,
1377, 1346, 1296, 1244, 1221, 1188, 1155, 1123, 1103, 1038, 1013, 982, 959, 928, 822, 743
cm '; Anal. Caled for CugHaaN140,0F2: C, 56.80; H, 4.37; N, 19.32. Found: C, 56.87; H, 4.39, N,
19.28.

52 FEORR

[HPLC conditions]
(A) Inertsil ODS-3 column, 5 pm, 150 mm X 4.6 mm i.d.; UV detector at 254 nm; isocratic
elution with CH;CN/50 mM aqueous KH,PO, (40:60) at 1.0 mL/min flow rate; column
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temperature: 25 °C. Retention times: 3 (4.6 min), 10 (2.8 min), 16b (3.8 min), 38 (2.8 min), 40
(12.7 min), 41 (3.6 min), 49 (22.0 min), 50 (9.7 min), 51 (6.2 min), 52 (4.3 min), 53 (1.5 min),
55 (13.3 min), 12b (1.6 min), 58 (4.1 min), 59 (21.8 min).

(B) Inertsil ODS-3 column, 5 pm, 150 mm X 4.6 mm i.d.; UV detector at 254 nm; isocratic
elution with CH3CN/50 mM aqueous KH,PO, (50:50) at 1.0 mL/min flow rate; column
temperature: 25 °C. Retention times: 10 (2.3 min), 16b (2.7 min), 35a (4.7 min), 35b (4.3 min),
36 (6.2 min), 37a (11.8 min), 37b (10.5 min), 42 (6.0 min), 56a (9.8 min), S6b (8.8 min).

(C) Inertsil ODS-3 column, 5 pm, 150 mm x 4.6 mm i.d.; UV detector at 254 nm; isocratic
elution with CH3;CN/50 mM aqueous KH,PO, (60:40) at 1.0 mL/min flow rate; column
temperature: 25 °C. Retention times: 47 (3.5 min), 48 (5.6 min).

(D) Inertsil ODS-3 column, 5 pm, 150 mm X 4.6 mm i.d.; UV detector at 254 nm; isocratic
elution with CH;CN/10 mM aqueous AcONH,; (40:60) at 1.0 mL/min flow rate; column
temperature: 25 °C. Retention times: 16b (12.7 min), 38 (4.6 min).

(E) Inertsil ODS-3 column, 5 pm, 150 mm x 4.6 mm i.d.; UV detector at 254 nm; isocratic
elution with MeOH/50 mM aqueous KH,PO, (50:50) at 1.0 mL/min flow rate; column
temperature at 25° C. Retention times: 48 (22.1 min), 49 (19.4 min).

[GC conditions]

GC conditions. SPB-5 column, 30 m x 0.53 mm i.d., 5 um film; FID detector, He carrier gas
(approximately 6 mL/min); oven heating 80 °C for 5 min, 3 °C/min to 125 °C for 1 min.
Retention times: 57 (3.7 min), 39 (14.0 min).

2-Chloro-4-fluorophenyl Methyl Carbonate (48)

A 300 L glass lined (GL) vessel was charged with 2-chloro-4-fluorophenol 47 (10.0 kg, 68.2
mol), Na,CO; (7.96 kg, 75.1 mol) and H,O (100 L). The mixture was heated to 40—45 °C and
stirred for 1 h. Then the reaction mixture was cooled to 10 °C and methyl chloroformate (1.23
kg, 13.0 mol) was slowly added at 10-25 °C. At this point, 48 (30.0 g) was added as seeds,
followed by slow addition of methyl chloroformate (6.51 kg, 68.9 mol) at 10-25 °C. The
resulting slurry was stirred at 10-25 °C for 1 h and then filtered. The wet cake was washed with
H,O (60 L) and chilled EtOH/H,O (1:3, 40 L), and dried in vacuo (—0.08 to —0.10 MPa) at
30 °C to afford 48 as a white solid (13.2 kg, 95%). Mp 74-75 °C; '"H NMR (500 MHz,
DMSO-dg) 8 3.90 (s, 3H), 7.32 (ddd, *Jyur = 8.0 Hz, J = 9.0, 3.0 Hz, 1H), 7.53 (dd, *Jur = 5.0 Hz,
J=9.0 Hz, 1H), 7.64 (dd, *Jiyr = 8.5 Hz, J = 3.0 Hz, 1H); °C NMR (125 MHz, DMSO-d;) &
56.0 (q), 115.5 (dd, *Jep = 22.5 Hz), 117.4 (dd, *Jor = 27.5 Hz), 125.0 (dd, *Jer = 10.0 Hz), 126.7
(sd, *Jep = 11.3 Hz), 143.2 (sd, “Jor = 2.5 Hz), 152.6 (s), 159.5 (sd, 'Jcr = 245.0 Hz); IR (ATR)
1768, 1758, 1597, 1493, 1438, 1400, 1268, 1245, 1184, 1072, 1041, 949, 932, 914, 858, 825,
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798, 774, 735, 688, 677, 577, 555, 518, 452, 438 cm™'; Anal. Calcd for CsH¢CIFO;: C, 46.97; H,
2.96; Cl, 17.33; F, 9.29. Found: C, 46.94; H, 3.03; Cl, 17.08; F, 8.99.

2-Chloro-4-fluoro-5-nitrophenyl Methyl Carbonate (49)

A 300 L GL vessel was charged with concentrated sulfuric acid (47 L) and 48 (13.2 kg, 64.5
mol). The mixture was cooled to 0—5 °C and nitric acid (65%, 7.51 kg, 77.5 mol) was slowly
added, maintaining the temperature below 15 °C. The reaction mixture was stirred at 0—10 °C
for 1 h and then slowly poured into H,O (132 L), maintaining the temperature below 25 °C. The
resulting slurry was stirred at 0—10 °C for 1 h and then filtered. After washing with H,O (3 % 60
L), the crude product was suspended in H,O (46 L). The slurry was stirred at room temperature
for 1 h and then filtered. The wet cake was washed with H,O (3 x 60 L) and dried in vacuo to
afford 49 as a yellow solid (15.0 kg, 93%). Mp 57-59 °C; 'H NMR (300 MHz, DMSO-d;) &
3.90 (s, 3H), 8.10 (d, *Jyr = 10.8 Hz, 1H), 8.44 (d, *Jur = 7.2 Hz, 1H); "C NMR (75 MHz,
DMSO-dg) & 56.6 (q), 120.6 (dd, *Jer = 26.1 Hz), 121.6 (dd, *Jep = 1.9 Hz), 133.6 (sd, *Jer =
10.7 Hz), 136.0 (sd, *Jcr = 8.6 Hz), 142.9 (sd, *Jor = 3.8 Hz), 152.3 (s), 152.6 (sd, 'Jcr = 264.4
Hz); IR (ATR) 3459, 3371, 2362, 2337, 1756, 1639, 1508, 1464, 1443, 1304, 1261, 1227,
1190, 1170, 1070, 1003, 937, 862, 839, 815, 778, 732, 669, 653, 628, 528, 490, 480, 469, 455,
442, 433,419 cm™; Anal. Calcd for CgHsCIFNOs: C, 38.50; H, 2.02; Cl, 14.21; F, 7.61; N, 5.61.
Found: C, 38.42; H, 2.08; Cl, 14.19; F, 7.54; N, 5.67.

2-Chloro-4-fluoro-5-nitrophenol (50)

A 300 L GL vessel was charged with 49 (15.0 kg, 60.0 mol), MeOH (30 L) and 2 M NaOH (45
L). The mixture was stirred at 20—40 °C for 10 min. Then additional 2 M NaOH (15 L) was
added, and the mixture was stirred at 30—40 °C for 1.5 h. The mixture was cooled to room
temperature, and toluene (45 L) and H,O (15 L) were added. After phase separation, the
aqueous layer was concentrated under reduced pressure until approximately 30 L of solvent was
removed. To this solution, 2 M HCI (60 L) was slowly added and the pH was adjusted to
approximately 1, maintaining the temperature below 30 °C. The resulting slurry was cooled to
0-10 °C and stirred for 1 h, and then filtered. The wet cake was washed with H,O (3 x 30 L)
and dried in vacuo at 40 °C to afford 50 as a yellow solid (10.8 kg, 94%). Mp 109-112 °C; 'H
NMR (300 MHz, DMSO-dg) & 7.59 (d, *Jyyr = 7.0 Hz, 1H), 7.70 (d, *Jyr = 11.0 Hz, 1H), 11.1 (br
s, 1H); C NMR (75 MHz, DMSO-ds) & 111.9 (dd, *Jer = 2.5 Hz), 119.8 (dd, *Jer = 25.5 Hz),
127.4 (sd, *Jor = 9.3 Hz), 135.4 (sd, *Jop = 8.4 Hz), 147.7 (sd, 'Jep = 256.2 Hz), 150.1 (sd, *Jor =
2.8 Hz); IR (ATR) 3376, 3116, 3062, 1616, 1591, 1524, 1487, 1420, 1359, 1349, 1334, 1293,
1232, 1198, 1184, 1099, 1022, 1004, 901, 865, 844, 799, 756, 705, 637, 599, 556, 494, 468, 455,
433,417 cm™; MS (ESI): m/z 192 [M+H]"; Anal. Calcd for C4H;CIFNO;: C, 37.62; H, 1.58; Cl,
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18.51; F,9.92; N, 7.31. Found: C, 37.51; H, 1.76; Cl, 18.54; F, 9.87; N, 7.39.

3-Amino-4-fluorophenol (10)

A 300 L GL vessel was charged with MeOH (108 L), 50 (5.40 kg, 28.2 mol) and NaOAc (2.54
kg, 30.6 mol). After the reaction vessel was evacuated and backfilled with nitrogen, 10% Pd/C
(PE type, 52.7% H,O wet, 1.32 kg, 0.587 mol as Pd) was quickly added to the solution. The
reaction vessel was evacuated and backfilled with nitrogen, and then evacuated and backfilled
with hydrogen three times. The reaction mixture was stirred at 15-25 °C for 4 h while
maintaining hydrogen pressure at 0.1 MPa. The hydrogen was vented and the reaction vessel
was evacuated and backfilled with nitrogen. The reaction mixture was filtered and the cake was
washed with MeOH (32 L). The combined filtrate was concentrated under reduced pressure.
EtOAc (22 L) was added to the residue and concentrated under reduced pressure again. Then
EtOAc (54 L) and H,O (27 L) were added, and the layers were separated. After washing with
5% aqueous NaCl (27 L), the organic layer was concentrated to 10.8 L under reduced pressure.
EtOAc (43 L) was added, and the solution was concentrated to 10.8 L under reduced pressure
again. To this solution was slowly added n-heptane (43 L), and the resulting slurry was stirred at
15-25 °C for 30 min. After cooling to 0—10 °C, the slurry was stirred for 2 h, and then filtered.
The wet cake was washed with EtOAc/n-heptane (1:4, 10.8 L) and dried in vacuo at 50 °C to
afford 10 as a pale brown solid (2.85 kg, 80%). Mp 143-145 °C; '"H NMR (300 MHz,
DMSO-dg) & 4.91 (br s, 2H, NH,), 5.86 (ddd, *Jiyr = 6.4 Hz, J = 8.6, 3.1 Hz, 1H), 6.18 (dd, “Jir
=7.9 Hz, J = 3.1 Hz, 1H), 6.69 (dd, *Jir = 11.4 Hz, J = 8.6 Hz, 1H), 9.10 (br s, 1H, OH); °C
NMR (75 MHz, DMSO-dg) & 102.4 (dd, *Jor = 6.6 Hz), 103.0 (dd, *Jer = 3.7 Hz), 115.0 (dd,
*Jor = 19.5 Hz), 137.0 (sd, *Jor = 14.3 Hz), 145.1 (sd, 'Jor = 226.6 Hz), 154.1 (s); IR (ATR)
3387, 3295, 3045, 2953, 2832, 2723, 2362, 1631, 1605, 1509, 1360, 1317, 1208, 1159, 1132,
1080, 966, 837, 770, 726, 696, 616, 597, 595, 442 cm™'; MS (ESI): m/z 128 [M+H]"; Anal.
Calcd for CcH¢FNO: C, 56.69; H, 4.76; F, 14.95; N, 11.02. Found: C, 56.67; H, 4.84; F, 14.91;
N, 10.99.

2-Fluoro-5-[(6-nitropyridin-3-yl)oxy]aniline (42)

A flask was charged with H,O (50 mL), DMSO (50 mL), 5-chloro-2-nitropyridine 35b (10.0 g,
63.1 mmol), 10 (9.62 g, 75.7 mmol) and K5PO,4 (25.4 g, 120 mmol). The mixture was heated to
75-80 °C and stirred for 9 h. After the mixture was cooled to room temperature, toluene (200
mL) and 1 M NaOH (100 mL) were added, and then layers were separated. The organic layer
was washed with H,O (100 mL) and concentrated under reduced pressure. The residue was
suspended in diisopropyl ether (50 mL) and stirred at 50 °C for 1 h. The slurry was cooled to

room temperature and stirred for 1 h, and then filtered. The wet cake was washed with
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diisopropyl ether (20 mL) and dried in vacuo at 50 °C to afford 42 as a white solid (11.9 g, 76%,
residual 56b: 1%). An analytical sample was prepared by recrystallization from
EtOAc/n-heptane (1:2). Mp 96-97 °C; '"H NMR (300 MHz, DMSO-d;) & 5.48 (br s, 2H), 6.33
(ddd, *Jyr = 6.5 Hz, J= 8.7, 2.9 Hz, 1H), 6.57 (dd, “Jyr = 7.6 Hz, J= 2.9 Hz, 1H), 7.09 (dd, *Jyr
=11.2 Hz, J= 8.7 Hz, 1H), 7.58 (dd, J=9.0, 2.9 Hz, 1H), 8.32 (d, /= 9.0 Hz, 1H), 8.38 (d, J =
2.9 Hz, 1H); “C NMR (75 MHz, DMSO-d;) & 106.6 (dd, *Jer = 7.1 Hz), 107.3 (dd, *Jor = 5.2
Hz), 116.2 (dd, *Jcr = 20.4 Hz), 120.6 (d), 126.2 (d), 138.3 (d), 138.6 (sd, Jcr = 14.9 Hz), 148.2
(sd, 'Jer = 235.1 Hz), 150.6 (sd, *Jor = 2.0 Hz), 150.9 (s), 159.0 (s); IR (ATR) 3499, 3402, 1635,
1567, 1513, 1453, 1396, 1352, 1286, 1235, 1198, 1150, 1140, 1111, 972, 911, 873, 853, 841,
810, 767, 747, 710, 690, 627, 607, 472, 451, 416, 406 cm™'; Anal. Calcd for C,;HsFN;05: C,
53.02; H, 3.24; N, 16.86. Found: C, 52.99; H, 3.26; N, 16.60.

N-{2-Fluoro-5-[(6-nitropyridin-3-yl)oxy]|phenyl}-1,3-dimethyl-1H-pyrazole-5-carboxamide
(36)

Preparation via route A.

A flask was charged with 1,3-dimethyl-1H-pyrazole-5-carboxylic acid 12b (1.18 g, 8.43 mmol)
and DMAC (9 mL). To the mixture was slowly added SOCI, (1.18 g, 9.93 mmol) at 0—-15 °C.
The mixture was stirred at 10 °C for 1 h, and then 42 (2.00 g, 8.03 mmol) was added

portionwise, followed by addition of DMAC (3 mL). The reaction mixture was stirred at room
temperature for 1 h, and H,O (20 mL), 8 M NaOH (2.2 mL) and EtOAc (40 mL) were added in
this sequence. After phase separation, the organic layer was washed with H,O (10 mL) and
concentrated under reduced pressure. The crude product was suspended in EtOAc (10 mL),
followed by slow addition of n-heptane (30 mL). The resulting slurry was stirred at room
temperature for 1 h and then filtered. The wet cake was washed with n-heptane (10 mL) and
dried in vacuo at 50 °C to afford 36 as a pale yellow solid (2.60 g, 87%). Mp 132-133 °C; 'H
NMR (300 MHz, DMSO-d;) & 2.20 (s, 3H), 3.99 (s, 3H), 6.88 (s, 1H), 7.20 (ddd, J = 6.9, 3.2,
3.2 Hz, 1H), 7.47 (t like, J = 9.1 Hz, 1H), 7.59 (dd, J = 6.3, 3.0 Hz, 1H), 7.66 (dd, J = 9.0, 2.9
Hz, 1H), 8.36 (d, J = 8.9 Hz, 1H), 8.44 (d, J=2.7 Hz, 1H), 10.2 (br s, 1H); °C NMR (75 MHz,
DMSO-ds) 8 13.2 (q), 38.8 (q), 108.0 (d), 117.7 (dd, *Jer = 22.2 Hz), 118.3 (d), 118.5 (dd, *Jer =
8.2 Hz), 120.7 (d), 126.7 (d), 126.8 (sd, *Jcr = 14.0 Hz), 135.0 (s), 138.5 (d), 145.7 (s), 149.8
(sd, *Jer = 2.6 Hz), 151.2 (s), 152.8 (sd, 'Jer = 252.8 Hz), 158.3 (s), 158.6 (s); IR (ATR) 1686,
1624, 1573, 1541, 1523, 1433, 1348, 1242, 1190, 1167, 1111, 1014, 972, 877, 865, 855, 825,
813, 759, 745, 692, 667, 646, 610, 592, 507 cm™'; MS (ESI): m/z 372 [M+H]"; Anal. Calcd for
Ci7H14FNsOy: C, 54.99; H, 3.80; N, 18.86. Found: C, 55.00; H, 3.82; N, 18.73.
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Preparation via route B.

A 10 L separable flask was charged with DMSO (3.6 L), 16b (1.20 kg, 4.81 mol), 35b (802 g,
5.06 mol), K,CO; (732 g, 5.30 mol) and H,O (720 mL). The reaction mixture was heated to 75—
85 °C and stirred for 6 h. After the mixture was cooled to room temperature, EtOAc (15.6 L)

and 5% aqueous NaCl (9.6 L) were added, and then layers were separated. The organic layer
was washed with 5% aqueous NaCl (2 x 9.6 L) and concentrated to 8.4 L under reduced
pressure. To this solution was added EtOAc (15.6 L) and the solution was concentrated to 6.0 L
under reduced pressure. The mixture was stirred at 20-25 °C for 1 h, and then n-heptane (16.8
L) was slowly added over 1 h. The resulting slurry was stirred at 20-25 °C for 1 h and then
filtered. The wet cake was washed with chilled EtOAc/n-heptane (1:5, 10.2 L) and dried in
vacuo at 50 °C to afford 36 as a pale brown solid (1.39 kg, 78%, HPLC analysis, 36: 97.2
area %, 37b: 1.6 area %).

N-{5-[(6-Aminopyridin-3-yl)oxy]-2-fluorophenyl}-1,3-dimethyl-1H-pyrazole-5-carboxamide
(38)

A 20 L separable flask was charged with 36 (600 g, 1.62 mol) and EtOAc (11.4 L). Nitrogen

was introduced to the solution via glass tube, and nitrogen bubbling was continued for 10 min.

After 10% Pd/C (PE type, 55.5% H,0 wet, 77.9 g, 32.3 mmol as Pd) was quickly added to the

mixture, hydrogen was introduced via glass tube. Under hydrogen bubbling, the mixture was

stirred at 15-30 °C for 3 h and at 40-45 °C for 3 h. Then, the reaction mixture was filtered and

the cake was washed with EtOAc (1.8 L). This hydrogenation was conducted twice and the

filtrate was combined for work-up. The combined filtrate was concentrated to 5.4 L under

reduced pressure, followed by dropwise addition of n-heptane (12 L). The resulting slurry was

stirred at 20-25 °C for 0.5 h and then filtered. The wet cake was washed with EtOAc/n-heptane

(2:5, 3.6 L) and dried in vacuo at 50 °C to afford 38 as a white solid (1.00 kg, 91%). Mp 141—

142 °C; "H NMR (300 MHz, DMSO-d;) & 2.20 (s, 3H), 3.99 (s, 3H), 5.92 (br s, 2H), 6.53 (dd, J
=8.9, 0.4 Hz, 1H), 6.80-6.86 (m, 2H), 7.15 (dd, J = 6.3, 3.1 Hz, 1H), 7.23 (ddd, /=8.9,2.9, 1.8

Hz, 1H), 7.27 (d, J = 8.9 Hz, 1H), 7.79 (d, J = 2.6 Hz, 1H), 9.97 (br s, 1H); °C NMR (75 MHz,

DMSO-d,) & 13.2 (q), 38.8 (q), 107.9 (d), 108.9 (d), 114.2 (d), 114.6 (dd, *Jcr = 7.6 Hz), 116.7

(dd, *Jer = 21.9 Hz), 125.9 (sd, *Jer = 14.0 Hz), 130.5 (d), 135.2 (d), 139.8 (s), 143.4 (s), 145.7

(s), 150.9 (sd, 'Jor = 241.8 Hz), 154.7 (sd, *Jor = 2.1 Hz), 157.3 (s), 158.2 (s); IR (ATR) 3470,

3424, 3291, 3158, 1684, 1633, 1609, 1538, 1524, 1493, 1435, 1398, 1369, 1328, 1310, 1284,

1248, 1233, 1174, 1146, 1132, 1101, 1046, 1012, 972, 922, 888, 871, 830, 801, 788, 748, 720,

658, 644, 634, 605, 592, 552, 526, 518, 503, 471, 449, 423, 403 cm'; MS (ESI): m/z 342

[M+H]"; Anal. Calcd for C;;H,cFN;O,: C, 59.82; H, 4.72; N, 20.52. Found: C, 59.70; H, 4.69; N,
20.55.
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N-{5-[(2-Amino-[1,2,4]triazolo[1,5-a]pyridin-6-yl)oxy]-2-fluorophenyl}-1,3-dimethyl-1H-
pyrazole-5-carboxamide Hydrate (41-H,O)

A 20 L separable flask was charged with acetone (6.8 L) and potassium thiocyanate (538 g, 5.54
mol). The mixture was warmed to 40—45 °C and ethyl chloroformate 57 (572 g, 5.27 mol) was
slowly added at this temperature. The reaction mixture was stirred at 40—45 °C for 2 h, and then
cooled to room temperature. To this mixture was added 38 (900 g, 2.64 mol), followed by
addition of acetone (0.45 L). The mixture was stirred at 20-25 °C for 1 h, and then H,O (7.2 L)
was slowly added. The resulting slurry was stirred at 20-25 °C for 1 h and then filtered. The wet
cake  was  washed with EtOH/H,O0 (1:1, 27 L) to give  ethyl
{[5-(3-{[(1,3-dimethyl-1H-pyrazol-5-yl)carbonyl]amino } -4-fluorophenoxy)pyridine-2-yl]
carbamothioyl}carbamate 40 as a white solid. 40 was used for the next reaction without drying.
A 20 L separable flask was charged with wet solids of 40, EtOH (9.0 L), hydroxylamine
hydrochloride (916 g, 13.2 mol) and DIPEA (1.02 kg, 7.91 mol). The mixture was heated to 50—
55 °C and stirred for 6 h (CAUTION: generation of H,S occurs). To this mixture was slowly
added H,O (9.0 L) at 50-55 °C over 0.5 h. The reaction mixture was cooled to room
temperature and stirred for 1 h. The resulting slurry was filtered and washed with EtOH/H,0
(1:1, 2.7 L). The obtained solids were suspended in EtOAc/n-heptane (1:1, 9.0 L), and the slurry
was heated to 50-55 °C and stirred for 1 h. After cooling to 20-25 °C, the slurry was stirred for
1 h and then filered. The wet cake was washed with EtOAc/n-heptane (1:1, 2.7 L) and dried in
vacuo at 50 °C to afford 41-H,O as a white solid (815 g, 81% yield over 2 steps from 38).

40: Mp 156-157 °C; 'H NMR (300 MHz, DMSO-ds) & 1.26 (t, J = 7.1 Hz, 3H), 2.19 (s, 3H),
3.97 (s, 3H), 4.23 (g, J = 7.1 Hz, 2H), 6.83 (s, 1H), 6.98-7.05 (m, 1H), 7.30-7.37 (m, 2H), 7.62
(dd, J=9.1, 3.0 Hz, 1H), 8.23 (d, /= 3.0 Hz, 1H), 8.63 (br s, 1H), 10.1 (s, 1H), 11.5 (br s, 1H),
12.1 (br s, 1H); C NMR (75 MHz, DMSO-d,) & 13.2 (q), 14.3 (q), 38.8 (q), 62.4 (t), 107.9 (d),
116.4 (d), 116.7 (d), 116.9 (d), 117.0 (d), 117.3 (s), 117.3 (d), 126.3 (sd, *Jcr = 14.0 Hz), 128.1—
128.2 (s, br m), 135.1 (s), 139.2 (s, br m), 145.7 (s), 148.6 (sd, 'Jor = 243.2 Hz), 150.8 (s), 152.2
(sd, *Jop = 2.2 Hz), 153.4-153.7 (s, br m), 158.2 (s); IR (ATR) 3420, 3155, 2997, 1716, 1694,
1623, 1519, 1485, 1431, 1409, 1373, 1320, 1229, 1184, 1147, 1106, 1039, 970, 950, 917, 883,
852, 834, 785, 766, 746, 678, 660, 632, 606, 549, 529, 487, 457, 445, 424, 409, 401 cm™'; MS
(ESI): m/z 473 [M+H]"; Anal. Calcd for C,H, FN4O,S: C, 53.38; H, 4.48; N, 17.79. Found: C,
53.29; H, 4.56; N, 17.64.

41-H,0: Mp 153 °C; 'H NMR (500 MHz, DMSO-d;) & 2.19 (s, 3H), 3.35 (s, 2H, H,0), 3.97 (s,
3H), 6.03 (br s, 2H), 6.82 (s, 1H), 6.96 (ddd, J = 8.8, 3.8, 3.8 Hz, 1H), 7.26-7.34 (m, 3H), 7.42
(dd, J = 9.5, 1.0 Hz, 1H), 8.62 (dd, J = 2.5, 0.6 Hz, 1H), 10.0 (s, 1H); °C NMR (125 MHz,
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DMSO-dg) 8 13.5 (q), 39.1 (q), 108.2 (d), 113.1 (d), 115.4 (d), 115.7 (dd, *Jcr = 8.8 Hz), 117.2
(dd, *Jor = 21.3 Hz), 120.5 (d), 124.4 (d), 126.4 (sd, *Jor = 12.5 Hz), 135.5 (s), 143.7 (s), 146.0
(s), 148.9 (s), 151.8 (sd, 'Jor = 241.3 Hz), 154.1 (sd, “Jor = 2.5 Hz), 158.5 (s), 167.2 (s); IR
(ATR) 3464, 3389, 3214, 1688, 1638, 1564, 1535, 1521, 1510, 1434, 1376, 1347, 1326, 1272,
1239, 1179, 1170, 1138, 1117, 1043, 1013, 979, 917, 888, 877, 849, 817, 798, 781, 754, 741,
658, 633, 604, 589, 512, 466, 454, 439, 409 cm™'; MS (ESI): m/z 382 [M+H]" for anhydrate;
Anal. Calcd for C;gHsFN-Os: C, 54.13; H, 4.54; N, 24.55. Found: C, 54.02; H, 4.51; N, 24.65.

N-[5-({2-[(Cyclopropylcarbonyl)amino][1,2,4]triazolo[1,5-a]pyridin-6-yl}oxy)-2-
fluorophenyl]-1,3-dimethyl-1H-pyrazole-5-carboxamide Hydrate (3-H,O)

A 20 L separable flask was charged with 41-H,O (890 g, 2.23 mol), pyridine (529 g, 6.69 mol)
and DMAC (3.56 L). To this solution was slowly added cyclopropanecarbonyl chloride 8 (466 g,
4.46 mol) at 25-40 °C, and the reaction mixture was stirred at this temperature for 1 h. Then
H,0 (780 mL) was slowly added to the reaction mixture at 30—40 °C. At this point, 3-H,O (2.23
g) was added as seeds, followed by dropwise addition of H,O (1 L). 2 M NaOH (2.67 L) was
slowly added to the mixture to adjust pH to 6.0—8.0, maintaining the temperature below 40 °C.
Then H,O (5.34 L) was added at 40-45 °C, and the resulting slurry was stirred for 1 h at this
temperature. After cooling to 20-30 °C, the slurry was stirred for 2 h and then filtered. The wet
cake was washed with H,O (4.45 L) and dried in vacuo at 50 °C to afford 3-H,O as a white solid
(1.04 kg, 99%). Mp 128129 °C; 'H NMR (300 MHz, DMSO-d) § 0.95 (br d, J= 5.1 Hz, 4H),
1.98 (brs, 1H), 2.19 (s, 3H), 3.34 (s, 2H, H,0), 3.98 (s, 3H), 6.84 (s, 1H), 6.97 (ddd, J = 9.0, 3.6,
3.6 Hz, 1H), 7.30-7.37 (m, 2H), 7.54 (dd, J = 9.6, 2.3 Hz, 1H), 7.75 (dd, /= 10.1, 0.5 Hz, 1H),
8.89 (d, J = 1.7 Hz, 1H), 10.0 (s, 1H), 11.2 (br s, 1H); °C NMR (75 MHz, DMSO-d;) & 8.0 (t,
2C), 13.2 (q), 14.1 (d), 38.8 (q), 107.9 (d), 115.3 (d), 115.6 (dd like), 115.9 (dd, *Jcr = 7.3 Hz),
117.0 (dd, *Jep = 22.1 Hz), 120.8 (d), 125.8 (s), 126.2 (sd, *Jor = 14.2 Hz), 135.1 (d), 145.3 (s),
145.7 (s), 147.3 (s), 151.8 (sd, 'Jop = 243.2 Hz), 153.2 (s), 158.2 (s), 159.1 (s), 171.4 (s); IR
(ATR); 3434, 3297, 3262, 3089, 3016, 1718, 1654, 1619, 1570, 1550, 1509, 1490, 1426, 1398,
1369, 1314, 1299, 1286, 1273, 1252, 1185, 1155, 1133, 1116, 1049, 1035, 1014, 970, 949, 886,
806, 786, 733, 689, 657, 592, 531, 511, 457, 443, 412 cm™'; MS (ESI): m/z 450 [M+H]" for
anhydrate; Anal. Calcd for C,,H,FN,Oy4: C, 56.53; H, 4.74; F, 4.06; N, 20.97. Found: C, 56.48;
H, 4.71; F, 4.00; N, 21.01.

Recrystallization of 3.
A 20 L separable flask was charged with 3-H,O (750 g, 1.60 mol), EtOH (12.2 L), and H,O
(1.35 L). The mixture was heated to 65—75 °C and stirred until 3-H,O completely dissolved into

the solvent. Then the solution was filtered through 0.45 um filter, followed by washing with
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EtOH/H,0 (9:1, 1.5 L). The combined filtrate was heated to 65—75 °C and then cooled to 50—
55 °C. At this point, seeds (form A, 1.50 g) were added, and the slurry was aged for 1 h at this
temperature. The mixture was heated to 60 °C again and stirred for 15 min. The mixture was
cooled to 45-55 °C and stirred for 4 h, and then cooled to room temperature and stirred for 12 h.
The slurry was heated to 45-55 °C again and stirred for 3 h, and then cooled to room
temperature and filtered. The wet cake was washed with EtOH/H,O (9:1, 1.5 L) and dried in
vacuo at 50 °C to afford 3 as a white solid (553 g, 77%, form A, residual EtOH: 1600 ppm). Mp
217 °C; 'H NMR (300 MHz, DMSO-d;) § 0.95 (br d, J = 5.1 Hz, 4H), 1.98 (br s, 1H), 2.19 (s,
3H), 3.98 (s, 3H), 6.84 (s, 1H), 6.97 (ddd, J=9.0, 3.6, 3.6 Hz, 1H), 7.30-7.37 (m, 2H), 7.54 (dd,
J=9.6,2.3 Hz, 1H), 7.75 (dd, J=10.1, 0.5 Hz, 1H), 8.89 (d, /= 1.7 Hz, 1H), 10.0 (s, 1H), 11.2
(br s, 1H); °C NMR (75 MHz, DMSO-d,) & 8.0 (t, 2C), 13.2 (q), 14.1 (d), 38.8 (q), 107.9 (d),
115.3 (d), 115.6 (dd), 115.9 (dd, *Jer = 7.3 Hz), 117.0 (dd, *Jer = 22.1 Hz), 120.8 (d), 125.8 (s),
126.2 (sd, °Jor = 14.2 Hz), 135.1 (d), 145.3 (s), 145.7 (s), 147.3 (s), 151.8 (sd, 'Jer = 243.2 Hz),
153.2 (s), 158.2 (s), 159.1 (s), 171.4 (s); IR (ATR); 3298, 3247, 3087, 3028, 1660, 1621, 1550,
1538, 1510, 1492, 1470, 1432, 1408, 1376, 1330, 1309, 1285, 1273, 1243, 1189, 1172, 1116,
1086, 1048, 1035, 1015, 980, 965, 949, 900, 881, 852, 831, 820, 807, 786, 764, 756, 746, 714,
683, 658, 642, 601, 589, 536, 507, 459 cm'; MS (ESI): m/z 450 [M+H]"; Anal. Calcd for
CyHyFN;Os: C, 58.79; H, 4.49; F, 4.23; N, 21.82. Found: C, 58.69; H, 4.46; F, 4.12; N, 21.84.

%3 EDOEER

[HPLC conditions]

Inertsil ODS-3 column, 5 um, 250 mm x 4.6 mm i.d.; UV detector at 254 nm; isocratic elution
with CH3;CN/50 mM aqueous KH,PO, (pH 7) (30:70) at 1.0 mL/min flow rate; column
temperature: 25 °C. Retention times: 67a (3.9 min), 62a (4.9 min).

General procedure for the one-pot oxidative cyclization
To a solution of 1-(3-chloropyridin-2-yl)guanidine 67¢ (1.00 g, 5.86 mmol) in MeOH (100 mL)

was added N-chlorosuccinimide (861 mg, 6.45 mmol) at 40 °C, and the mixture was stirred at

the same temperature for 15 min. To the resulting slurry was added K,COs (1.70 g, 12.3 mmol)
in H,O (20 mL) at 40 °C, and the mixture was stirred at the same temperature for 30 min. After
cooling to room temperature, the solvent was concentrated in vacuo. To the residue were added
EtOAc (100 mL) and 10% aqueous NaCl (50 mL), and the layers were separated. The aqueous
layer was extracted with EtOAc (2 x 100 mL), and the combined organic layer was washed with
10% aqueous K,CO; (2 x 50 mL) and 10% aqueous NaCl (50 mL). The organic layer was

concentrated in vacuo and the residue was purified by column chromatography (NH silica gel,
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1:4 EtOAc/n-hexane to 3:97 MeOH/EtOAc) to give crude 62¢ (275 mg) and 69¢ (190 mg, 19%,
pale brown solid). Crude 62¢ (150 mg) was triturated with EtOAc/hexnae (1:1, 2 mL) and
filtered to give 62¢ (148 mg, 27%) as a pale brown solid.

Syntheses of 1-(pyridin-2-yl)guanidine derivatives 67
1-(5-Nitropyridin-2-yl)guanidine (67a)"

To a suspension of 2-chloro-5-nitropyridine 66a (5.00 g, 31.5 mmol) and guanidine
hydrochloride (30.1 g, 315 mmol) in ~BuOH (250 mL) was added K,CO; (65.3 g, 473 mmol),
and the mixture was refluxed for 50 h. The solvent was removed by evaporation, and H,O (200
mL) was added to the residue. The slurry was stirred at room temperature for 1 h and then
filtered. The wet cake was washed with H,O (2 x 10 mL). The resulting solids were suspended
in EtOH/H,O (1:6, 11 mL), and the mixture was stirred at 60 °C for 1 h. The mixture was
cooled by ice bath and stirred for 1 h, and then filtered. The wet cake was washed with H,O (3 x
2 mL) and dried in vacuo to give the crude product (3.69 g). The crude product (3.00 g) was
suspended in EtOAc/n-hexane (1:2, 27 mL), and the mixture was stirred at 50 °C for 30 min.
The mixture was cooled to room temperature and stirred for 1 h, and then filtered. The obtained
solids were suspended in EtOAc/n-hexane (1:1, 12 mL), and the mixture was stirred at 50 °C for
30 min. The mixture was cooled to room temperature and stirred for 1 h, and then filtered to
give 67a as an orange solid (1.16 g, 25%). Mp 228 °C; 'H NMR (500 MHz, DMSO-d;) & 6.58
(d, J=9.5 Hz, 1H), 7.30 (br s, 4H), 8.10 (dd, J = 9.3, 3.0 Hz, 1H), 8.93 (d, /= 2.8 Hz, 1H); °C
NMR (125 MHz, DMSO-d;) 8 118.0, 131.3, 134.8, 144.6, 159.7, 167.2; IR (ATR) 3406, 3033,
1664, 1599, 1563, 1509, 1461, 1412, 1313, 1262, 1111, 992, 947, 934, 864, 836, 771, 726, 713,
531, 496, 452, 420 cm™'; HRMS-ESI (m/z): [M + H]" caled for CsHgNsO,, 182.0678; found,
182.0673.

1-(3-Nitropyridin-2-yl)guanidine (67b)

To a suspension of 2-chloro-3-nitropyridine 66b (5.00 g, 31.5 mmol) and guanidine
hydrochloride (30.1 g, 315 mmol) in ~BuOH (150 mL) was added K,CO; (65.4 g, 473 mmol),
and the mixture was refluxed for 40 h. The solvent was removed by evaporation, and EtOAc
(500 mL) was added to the residue. The suspension was filtered through a pad of NH silica gel,
and the pad was washed with EtOAc (2 x 100 mL). The combined filtrate was washed with
saturated brine (3 x 15 mL) and 10% aqueous NaCl (2 x 15 mL), and concentrated in vacuo.
The resulting solids were suspended in EtOAc/n-hexane (1:2, 45 mL) and stirred at 50 °C for 1
h. The mixture was cooled to room temperature and stirred for 1 h, and then filtrated to give the
crude product (3.99 g). The crude product (1.00 g) was suspended in EtOAc/n-hexane (1:2, 9

mL), and the mixture was stirred at 50 °C for 30 min. The mixture was cooled to room
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temperature and stirred for 1 h, and then filtrated to give 67b as a yellow solid (462 mg, 32%)).
Mp 140-141 °C (lit.”* 143-144 °C); '"H NMR (500 MHz, DMSO-d) § 6.73 (dd, J= 7.6, 5.0 Hz,
1H), 6.96 (br s, 4H), 7.86 (dd, J = 7.9, 1.9 Hz, 1H), 8.21 (dd, J = 4.7, 1.9 Hz, 1H); °C NMR
(125 MHz, DMSO-d;) 6 111.9, 130.8, 140.3, 148.8, 154.7, 158.4; IR (ATR) 3458, 3412, 3128,
2362, 1651, 1581, 1536, 1491, 1417, 1348, 1325, 1257, 1044, 877, 837, 760, 730, 714, 586, 555,
527,447 cm'; HRMS-ESI (m/z): [M + H]" caled for C4HgN;O,, 182.0678; found, 182.0670.

1-(3-Chloropyridin-2-yl)guanidine (67¢)

To a suspension of 2,3-dichloropyridine 66¢ (4.50 g, 30.4 mmol) and guanidine carbonate (16.4
g, 91.2 mmol) in 1-methylpyrrolidin-2-one (NMP) (40 mL) was added K,CO; (21.0 g, 152
mmol), and the mixture was heated to 140 °C and stirred for 30 h. The mixture was filtered
through a glass filter at approximately 100 °C, and the cake was washed with EtOAc (5 X 90
mL). The combined filtrate was washed with H,O (45 mL) and 10% aqueous NaCl (3 x 45 mL),
and concentrated in vacuo. The residue was suspended in EtOAc/n-hexane (1:2, 45 mL), and the
mixture was stirred at 50 °C for 1 h. The mixture was cooled by ice bath and stirred for 1 h, and
then filtered. The obtained solids were suspended in H,O (45 mL), and the slurry was stirred at
50 °C for 1 h. The mixture was cooled by ice bath and stirred for 1 h, and then filtered to give
67¢ (2.01 g, 39%) as a white solid. Mp 138 °C; '"H NMR (500 MHz, DMSO-d,) 8 6.63 (dd, J =
7.7, 4.9 Hz, 1H), 6.83 (br s, 4H), 7.61 (dd, J= 7.7, 1.7 Hz, 1H), 7.98 (dd, J = 4.9, 1.7 Hz, 1H);
C NMR (125 MHz, DMSO-dy) & 113.8, 123.0, 136.9, 144.1, 157.8, 159.2; IR (ATR) 3474,
3365, 3148, 2357, 1609, 1555, 1512, 1421, 1311, 1230, 1154, 1121, 1036, 997, 951, 855, 764,
731, 668, 646, 558, 523, 476, 455, 431, 405 cm'; HRMS-ESI (m/z): [M + H]" calcd for
C¢HgCINy, 171.0437; found, 171.0432.

1-(5-Chloropyridin-2-yl)guanidine (67d)

To a suspension of 5-chloro-2-fluoropyridine 66d (5.00 g, 38.0 mmol) and guanidine carbonate
(20.5 g, 114 mmol) in NMP (50 mL) was added K,CO; (26.3 g, 190 mmol), and the mixture
was heated to 130 °C and stirred for 8 h. To the mixture at room temperature were added EtOAc
(100 mL) and H,O (200 mL), and the layers were separated. The aqueous layer was extracted
with EtOAc (3 x 100 mL), and the combined organic layer was washed with 10% aqueous NaCl
(3 x 50 mL) and concentrated in vacuo. To the resulting residue was added EtOAc (500 mL),
and the solution was filtered through a pad of NH silica gel. The filtrate was evaporated, and the
residue was suspended in EtOAc/n-hexane (1:3, 40 mL). The mixture was stirred at 40 °C for 1
h. The mixture was cooled to room temperature and stirred for 1 h, and then filtered. The
obtained solids were dissolved into H,O (15 mL) at 50 °C, and the solution was gradually

cooled to room temperature. The slurry was stirred at room temperature for 1 h, and then filtered
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to give 67d (3.03 g, 47%) as a white solid. Mp 162—163 °C; "H NMR (500 MHz, DMSO-d) &
6.60 (dd, J= 8.8, 0.6 Hz, 1H), 6.75 (br s, 4H), 7.48 (dd, /= 8.8, 2.8 Hz, 1H), 8.04 (d, /=2.5 Hz,
1H); C NMR (125 MHz, DMSO-dy) & 119.3, 120.0, 136.5, 143.7, 157.6, 162.1; IR (ATR)
3468, 3414, 2362, 1627, 1573, 1543, 1518, 1463, 1370, 1314, 1278, 1229, 1133, 1110, 1004,
914, 857, 834, 756, 730, 614, 572, 520 459, 436, 405 cm '; HRMS-ESI (m/z): [M + H]" calcd
for C¢HgCIN, 171.0437; found, 171.0432.

1-[3-(Trifluoromethyl)pyridin-2-yljguanidine (67¢)

To a suspension of 2-chloro-3-(trifluoromethyl)pyridine 66e (10.0 g, 55.3 mmol) and guanidine
carbonate (29.9 g, 166 mmol) in NMP (100 mL) was added K,COj; (38.2 g, 277 mmol), and the
mixture was heated to 120 °C and stirred for 40 h. The mixture was filtered through a glass filter
at approximately 100 °C, and the cake was washed with EtOAc (5 x 200 mL). The combined
filtrate was washed with H,O (100 mL) and 10% aqueous NaCl (3 x 100 mL), and concentrated
in vacuo. The residue was purified by column chromatography (NH silica gel, EtOAc/n-hexane
1:10 to 2:3) to give the crude product. To the crude product in EtOAc (200 mL) was added
activated carbon (500 mg), and the mixture was stirred at room temperature for 30 min. The
activated carbon was filtered off, and the filtrate was concentrated in vacuo. The residue was
dissolved into EtOAc (100 mL), and 4M HCI in EtOAc (14 mL, 55.3 mmol) was added at 5 °C.
The mixture was stirred at 5 °C for 30 min, and then filtered. To the obtained solids were added
EtOAc (200 mL) and aqueous 5% NaHCO; (50 mL), and the layers were separated. The
aqueous layer was extracted with EtOAc (100 mL), and the combined organic layer was
concentrated in vacuo. To the residue was added EtOAc/n-hexane (1:3, 10 mL), and the slurry
was stirred at 5 °C for 1 h, and then filtered to give 67e (1.31 g, 12%) as a white solid. Mp 128—
130 °C; 'H NMR (500 MHz, DMSO-d;) & 6.72 (dd, J = 7.4, 4.9 Hz, 1H), 6.87 (br s, 4H), 7.78
(dd, J = 7.6, 1.9 Hz, 1H), 8.23 (dd, J = 5.0, 1.6 Hz, 1H); °C NMR (125 MHz, DMSO-d;) &
111.9, 115.8 (q, *Jor = 28.8 Hz), 124.3 (q, 'Jor = 270.0 Hz), 135.1 (q, *Jor = 6.3 Hz), 149.7,
157.7, 160.5; IR (ATR) 3483, 3449, 3384, 3164, 1614, 1592, 1561, 1513, 1430, 1334, 1301,
1256, 1226, 1158, 1127, 1102, 1070, 1027, 965, 859, 806, 779, 742, 695, 615, 583, 543, 483,
471, 448, 435, 422 cm™'; HRMS-ESI (m/z): [M + H]" caled for C;HgF5N,, 205.0701; found,
205.0696.

1-[5-(Trifluoromethyl)pyridin-2-yljguanidine 0.9 1-methylpyrrolidin-2-one solvate (67f)

To a suspension of 2-chloro-5-(trifluoromethyl)pyridine 66f (8.00 g, 44.1 mmol) and guanidine
carbonate (7.94 g, 44.1 mmol) in NMP (80 mL) was added K,COs (18.3 g, 132 mmol), and the
mixture was heated to 120 °C and stirred for 7 h. The mixture was filtered through a glass filter

at approximately 100 °C, and the cake was washed with EtOAc (5 x 160 mL). The combined
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filtrate was washed with H,O (80 mL) and 10% aqueous NaCl (3 x 80 mL), and concentrated in
vacuo. To the residue was added EtOAc/n-hexane (1:2, 40 mL), and the mixture was stirred at
50 °C for 1 h. The mixture was cooled by ice bath and stirred for 1 h, and then filtered to give
the crude product (6.13 g). The crude product (1.00 g) was suspended in EtOAc/n-hexane (1:2,
9 mL), and the mixture was stirred at 50 °C for 1 h. The mixture was cooled to room
temperature and stirred for 1 h, and then filtered to give 67f (829 mg, 39%) as a white solid. Mp
95-97 °C; 'H NMR (500 MHz, DMSO-d;) & 1.85-1.96 (m, 1.8H, NMP), 2.18 (t, J = 8.0 Hz,
1.8H, NMP), 2.70 (s, 2.7H, NMP), 3.30 (t, J = 6.9 Hz, 1.8H, NMP), 6.66 (d, J = 8.8 Hz, 1H),
7.01 (brs, 4H), 7.67 (dd, J = 8.8, 2.5 Hz, 1H), 8.35 (br s, 1H); °C NMR (125 MHz, DMSO-d;)
3 17.2 (NMP), 28.9 (NMP), 30.1 (NMP), 48.4 (NMP), 113.9 (q, Jer = 32.1 Hz), 118.3, 124.9 (q,
'Jer = 268.3 Hz), 133.1 (q, *Jcr = 2.5 Hz), 143.5 (q, *Jor = 5.0 Hz), 158.8, 166.1, 173.7 (NMP);
IR (ATR) 3483, 3449, 3384, 3163, 1614, 1591, 1561, 1512, 1430, 1334, 1301, 1256, 1226, 1158,
1127, 1102, 1070, 1027, 965, 859, 806, 779, 742, 695, 651, 614, 584, 542, 480, 470, 448, 435,
422, 410 cm'; HRMS-ESI (m/z): [M + H]" caled for C;HgF;5N,, 205.0701; found, 205.0694;
Anal. Calcd for Cy;sH;s5 N4 oF3009: C, 47.08; H, 5.19; N, 23.39. Found: C, 46.96 H, 5.13; N,
23.17.

1-[4-(Trifluoromethyl)pyridin-2-yl]guanidine (67g)

To a suspension of 2-chloro-4-(trifluoromethyl)pyridine 66g (4.50 g, 24.8 mmol) and guanidine
carbonate (13.4 g, 74.4 mmol) in NMP (45 mL) was added K,COs3 (17.1 g, 124 mmol), and the
mixture was heated to 120 °C and stirred for 18 h. The mixture was filtered through a glass filter
at approximately 100 °C, and the cake was washed with EtOAc (5 x 90 mL). The combined
filtrate was washed with H,O (45 mL) and 10% aqueous NaCl (3 x 45 mL), and concentrated in
vacuo. The residue was suspended in EtOAc/n-hexane (1:2, 23 mL), and the mixture was stirred
at 50 °C for 1 h. The mixture was cooled by ice bath and stirred for 1 h, and then filtered. The
obtained solids were suspended in H,O (13 mL) and the slurry was stirred at 50 °C for 1 h. The
mixture was gradually cooled by ice bath and stirred for 1 h, and then filtered to give 67g (2.39
g, 47%) as a white solid. Mp 141-142 °C; "H NMR (500 MHz, DMSO-d;) & 6.75 (s, 1H), 6.85
(dd, J = 5.4, 1.6 Hz, 1H), 6.92 (br s, 4H), 8.25 (d, J = 5.4 Hz, 1H); °C NMR (125 MHz,
DMSO-dg) 8 107.5 (q, *Jer = 2.5 Hz), 113.9 (q, *Jer = 3.8 Hz), 123.2 (q, 'Jer = 271.3 Hz), 137.3
(q, *Jor = 32.5 Hz), 147.7, 158.3, 164.2; IR (ATR) 3388, 3045, 1663, 1595, 1527, 1411, 1335,
1293, 1271, 1171, 1145, 1122, 1078, 980, 871, 817, 793, 758, 731, 689, 667, 561, 536, 467, 444,
421,401 cm™'; HRMS-ESI (m/z): [M + H]" calcd for C;HgF3N4, 205.0701; found, 205.0693.

1-(6-Fluoropyridin-2-yl)guanidine (67h)
To a suspension of 2,6-difluoropyridine 66h (4.00 g, 34.8 mmol) and guanidine carbonate (12.5
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g, 69.6 mmol) in N,N-dimethylacetamide (80 mL) was added K,CO; (14.4 g, 104 mmol), and
the mixture was heated to 120 °C and stirred for 6 h. At this point, guanidine carbonate (6.27 g,
34.8 mmol) and K,CO; (9.62 g, 69.6 mmol) were added, and the mixture was stirred at 120 °C
for an additional 3 h. After cooling to room temperature, EtOAc (160 mL) and H,O (240 mL)
were added, and the layers were separated. The aqueous layer was extracted with EtOAc (5 x 40
mL), and the combined organic layer was washed with saturated brine (2 x 40 mL) and 10%
aqueous NaCl (3 x 40 mL), and concentrated in vacuo. The resulting residue was purified by
column chromatography (NH silica gel, EtOAc/n-hexane 1:1). The obtained solids were
suspended in EtOAc/n-hexane (1:2, 36 mL), and the mixture was stirred at 50 °C for 1 h. The
mixture was cooled to room temperature and stirred for 1 h, and then filtered. The obtained
solids were suspended in H,O (12 mL), and the mixture was stirred at 50 °C for 1 h. The
mixture was cooled to room temperature and stirred for 1 h, and then filtered to give the crude
product (2.31 g). The crude product (1.00 g) was suspended in EtOAc/n-hexane (1:3, 5 mL),
and the slurry was stirred at 50 °C for 1 h. The mixture was gradually cooled to room
temperature and stirred for 1 h, and then filtered to give 67h (866 mg, 37%) as a white solid.
Mp 121-122 °C; "H NMR (500 MHz, DMSO-dy) & 6.27 (dd, J = 7.6, 2.2 Hz, 1H), 6.48 (dd, J =
8.0, 2.1 Hz, 1H), 6.67 (br s, 4H), 7.56 (dt, J=9.8, 7.9 Hz, 1H); C NMR (125 MHz, DMSO-d)
596.4 (d, *J=36.3 Hz), 115.6 (d, *Jyr= 5.0 Hz), 141.5 (d, *Jur= 6.3 Hz), 158.0, 161.2 (d, 'Jyr=
233.8 Hz), 162.6 (d, *Jyr= 12.6 Hz); IR (ATR) 3485, 3310, 3137, 2255, 2179, 1709, 1635, 1608,
1564, 1537, 1487, 1464, 1416, 1334, 1260, 1243, 1222, 1151, 1055, 1035, 988, 957, 866, 781,
726, 696, 673, 596, 572, 555, 472, 422, 404 cm'; HRMS-ESI (m/z): [M + H]" calcd for
C¢HgFNy, 155.0733; found, 155.0725.

1-[3-Chloro-5-(trifluoromethyl)pyridin-2-yl]guanidine (67i)

To a suspension of 2,3-dichloro-5-(trifluoromethyl)pyridine 66i (10.0 g, 46.3 mmol) and
guanidine carbonate (8.34 g, 46.3 mmol) in NMP (100 mL) was added K,COs; (19.2 g, 139
mmol), and the mixture was heated to 100 °C and stirred for 5 h. The mixture was filtered
through a glass filter at approximately 100 °C, and the cake was washed with EtOAc (200 mL).
To the combined filtrate was added 10% aqueous NaCl (100 mL), and the layers were separated.
The aqueous layer was extracted with EtOAc (3 x 100 mL). The combined organic layer was
washed with 10% aqueous NaCl (3 x 100 mL) and concentrated in vacuo. To the residue was
added EtOAc (100 mL), and the solution was cooled by ice bath. To the solution was added 4M
HCI in EtOAc (23 mL, 92.6 mmol), and the mixture was stirred for 2 h, and then filtered. To the
obtained solids were added EtOAc (200 mL), H,O (50 mL) and 8M NaOH (12 mL, 92.6 mL),
and the layers were separated. The aqueous layer was extracted with EtOAc (3 x 100 mL). The

combined organic layer was concentrated in vacuo. The residue was purified by column
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chromatography (NH silica gel, EtOAc/n-hexane 1:3 to 1:1) to give the crude product. To the
crude product was added H,O (10 mL), and the mixture was stirred at 60 °C for 1 h. The
mixture was cooled to room temperature and stirred for 1 h, and then filtered to give 67i (4.02 g,
36%) as a white solid. Mp 146-149 °C; '"H NMR (500 MHz, DMSO-d) & 7.14 (br s, 4H), 7.91
(d, J=2.2 Hz, 1H), 8.30 (dd, J= 2.4, 1.1 Hz, 1H); *C NMR (125 MHz, DMSO-d;) & 113.9 (q,
2Jer = 32.5 Hz), 122.8, 124.0 (q, 'Jor = 268.8 Hz), 132.9 (q, *Jor = 2.5 Hz), 141.7 (q, *Jor = 5.0
Hz), 159.2, 161.5; IR (ATR) 3511, 3457, 3405, 3324, 1624, 1600, 1542, 1519, 1461, 1405, 1382,
1331, 1307, 1257, 1153, 1112, 1088, 1054, 999, 937, 910, 878, 809, 773, 721, 670, 641, 598,
543, 481, 465, 421, 405 cm'; HRMS-ESI (m/z): [M + H]" caled for C;H,CIF;N,, 239.0311;
found, 239.0309.

1-(Quinolin-2-yl)guanidine (67j)

To a suspension of 2-chloroquinoline 66j (4.50 g, 27.5 mmol) and guanidine carbonate (14.9 g,
82.5 mmol) in NMP (45 mL) was added K,COs (19.0 g, 138 mmol), and the mixture was heated
to 120 °C and stirred for 17 h. After cooling to room temperature, EtOAc (90 mL) was added,
and the mixture was filtered through a glass filter. The cake was washed with EtOAc (4 x 90
mL). To the combined filtrate was added H,O (45 mL), and the layers were separated. The
organic layer was washed with 10% aqueous NaCl (2 x 45 mL) and concentrated in vacuo. The
residue was suspended in EtOAc/n-hexane (1:2, 45 mL), and the mixture was stirred at 50 °C
for 1 h. The mixture was cooled to room temperature and stirred for 1 h, and then filtered. The
obtained solids were suspended in H,O (14 mL), and the mixture was stirred at 50 °C for 1 h.
The mixture was cooled by ice bath and stirred for 1 h, and then filtered to give 67j (2.54 g,
50%) as a white solid. Mp 218-219 °C; '"H NMR (500 MHz, DMSO-d,) & 6.80 (d, J = 8.8 Hz,
1H), 7.18 (br s, 4H), 7.22 (td, /= 7.4, 1.3 Hz, 1H), 7.43-7.53 (m, 1H) 7.59 (d, J = 8.5 Hz, 1H),
7.65 (dd, J = 8.0, 1.1 Hz, 1H), 7.90 (d, J = 8.8 Hz, 1H),; °C NMR (125 MHz, DMSO-d;) &
121.7, 122.2,123.4, 125.7, 127.1, 128.6, 135.9, 146.4, 158.9, 162.9; IR (ATR) 3411, 2997, 1657,
1620, 1585, 1535, 1491, 1444, 1417, 1378, 1349, 1309, 1284, 1246, 1212, 1142, 1119, 1016,
1003, 974, 944, 929, 828, 788, 763, 752, 684, 640, 593, 550, 478, 467, 447, 416 cm ',
HRMS-ESI (m/z): [M + H]" calcd for C;oH;|N,, 187.0984; found, 187.0976.

1-(Isoquinolin-1-yl)guanidine (67k)

To a suspension of 1-chloroisoquinoline 66k (4.50 g, 27.5 mmol) and guanidine carbonate (14.9
g, 82.5 mmol) in NMP (45 mL) was added K,CO; (19.0 g, 138 mmol), and the mixture was
heated to 120 °C and stirred for 15 h. The mixture was filtered through a glass filter at
approximately 100 °C, and the cake was washed with EtOAc (5 x 90 mL). To the combined

filtrate was added H,O (45 mL) and the layers were separated. The organic layer was washed
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with 10% aqueous NaCl (3 x 45 mL) and concentrated in vacuo. The residue was purified by
column chromatography (NH silica gel, EtOAc/n-hexane 1:1). The obtained solids were
suspended in H,O (45 mL) and the slurry was stirred at 50 °C for 1 h. The mixture was cooled
to room temperature and stirred for 1 h, and then filtered to give the crude product (3.30 g). The
crude product (700 mg) was suspended in EtOAc/n-hexane (1:2, 11 mL), and the mixture was
stirred at 50 °C for 1 h. The mixture was cooled to room temperature and stirred for 1 h, and
then filtered to give 67k (0.627 g, 58%) as a white solid. Mp 193-194 °C; '"H NMR (500 MHz,
DMSO-dg) 6 6.98 (d, J = 6.0 Hz, 1H), 7.11 (br s, 4H), 7.43 (ddd, /= 8.2, 6.9, 1.3 Hz, 1H), 7.58
(ddd, J=17.6, 7.6, 1.3 Hz, 1H), 7.61-7.67 (m, 1H), 7.90 (d, /= 5.7 Hz, 1H), 8.62 (d, J= 8.5 Hz,
1H); °C NMR (125 MHz, DMSO-d,) & 111.3, 125.5, 125.6, 126.0, 126.8, 130.0, 137.3, 140.4,
158.9, 162.0; IR (ATR) 3382, 3046, 2179, 1586, 1519, 1489, 1443, 1390, 1363, 1315, 1277,
1211, 1139, 1089, 1020, 964, 950, 877, 810, 797, 757, 728, 682, 658, 584, 520, 463, 425, 404
cm '; HRMS-ESI (m/z): [M + H]" caled for C;oH;;N,, 187.0984; found, 187.0976.

1-(Benzo|d]oxazol-2-yl)guanidine (67m)

To a suspension of 2-chlorobenzo[d]oxazole 66m (4.50 g, 29.3 mmol) and guanidine carbonate
(5.28 g, 29.3 mmol) in NMP (90 mL) was added K,CO; (12.1 g, 87.9 mmol), and the mixture
was heated to 100 °C and stirred for 1 h. After cooling to room temperature, EtOAc (135 mL)
and H,O (225 mL) were added, and the layers were separated. The aqueous layer was extracted
with EtOAc (3 x 90 mL). The combined organic layer was washed with 10% aqueous NaCl (3 x
23 mL) and concentrated in vacuo. The residue was purified by column chromatography (NH
silica gel, EtOAc/n-hexane 1:3 to 1:1). The obtained solids were suspended in H,O (23 mL) and
the mixture was stirred at 40 °C for 1 h. The mixture was cooled by ice bath and stirred for 1 h,
and then filtered to give the crude product (3.83 g). The crude product (700 mg) was suspended
in EtOAc/n-hexane (1:2, 11 mL), and the mixture was stirred at 50 °C for 1 h. The mixture was
cooled to room temperature and stirred for 1 h, and then filtered to give 67m as a white solid
(535 mg, 57%). Mp 185-186 °C  (lit.>* 186 °C); '"H NMR (500 MHz, DMSO-d;) & 7.03 (dd, J
=7., 1.1 Hz, 1H), 7.07-7.20 (m, 1H), 7.18 (br s, 4H), 7.20-7.30 (m, 1H), 7.30-7.40 (m, 1H);
C NMR (125 MHz, DMSO-d,) & 108.5, 115.3, 120.8, 123.0, 142.5, 146.6, 159.8, 166.4; IR
(ATR) 3448, 3340, 3196, 3056, 1609, 1547, 1455, 1344, 1316, 1251, 1177, 1101, 1029, 1007,
962, 919, 755, 728, 504, 434, 416, 409 cm™'; HRMS-ESI (m/z): [M + H]" calcd for CgHoN,O,
177.0776; found, 177.0768.

2-Chloro-1-(5-nitropyridin-2-yl)guanidine (68a)
To a suspension of 67a (544 mg, 3.00 mmol) in MeCN (27 mL) was added N-chlorosuccinimide
(NCS, 441 mg, 3.30 mmol) at 40 °C, and the mixture was stirred at this temperature for 15 min.
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The mixture was cooled by ice bath and stirred for 30 min, and then filtered to give 68a (584
mg, 90%) as a pale yellow solid. Mp 154—155 °C; "H NMR (500 MHz, DMSO-d) & 7.35 (d, J
= 9.5 Hz, 1H), 7.58 (br s, 2H), 8.44 (dd, J=9.5, 2.8 Hz, 1H), 9.05 (d, J = 2.5 Hz, 1H), 10.3 (s,
1H); "C NMR (125 MHz, DMSO-de) & 111.2, 133.7, 137.8, 144.5, 157.5, 157.9; IR (ATR)
3461, 3228, 3056, 1659, 1599, 1562, 1523, 1478, 1413, 1322, 1287, 1243, 1159, 1111, 1014,
978, 954, 889, 850, 833, 756, 723, 697, 609, 528, 499, 416 cm '; HRMS (ESI): [M+H]" calcd
for C¢H;N;0,Cl, 216.0288; found, 216.0287.

Syntheses of [1,2.4]triazolo[1,5-a]pyridin-2-amines 62 and [1.2.4]triazolo[4.3-a]pyridin-3-

amines 69

6-Nitro[1,2,4]triazolo[1,5-a]pyridin-2-amine (62a)

Synthesis from 68a

To a suspension of 68a (431 mg, 2.00 mmol) in MeCN (22 mL) was added K,CO; (581 mg,
4.20 mmol) in H,O (9 mL) at 40 °C, and the mixture was stirred at this temperature for 30 min.

After cooling to room temperature, H,O (35 mL) was added, and the mixture was cooled by ice
bath and stirred for 30 min, and then filtered to give 62a (332 mg, 93%) as a yellow solid. Mp
311-312 °C (lit.* 310 °C); '"H NMR (600 MHz, DMSO-d;) 8 6.68 (s, 2H), 7.47 (d, J = 9.5 Hz,
1H), 8.16 (dd, J = 9.4, 2.3 Hz, 1H), 9.64 (d, J= 1.9 Hz, 1H); °C NMR (150 MHz, DMSO-d;) &
110.9, 123.8, 126.9, 135.1, 152.6, 168.7; IR (ATR) 3449, 3320, 3237, 3110, 3070, 3033, 1633,
1561, 1522, 1488, 1448, 1422, 1328, 1290, 1256, 1205, 1139, 1081, 1038, 946, 888, 831, 760,
744, 725, 697, 610, 582, 550, 489, 424 cm '; HRMS (ESI): [M+H]" calcd for C¢HgNsO,,
180.0521; found, 180.0514.

One-pot synthesis from 67a
To a suspension of 67a (362 mg, 2.00 mmol) in MeOH (36 mL) was added NCS (294 mg, 2.20

mmol) at 40 °C, and the mixture was stirred at this temperature for 15 min. To the resulting
slurry was added K,COj3; (581 mg, 4.20 mmol) in HO (7 mL) at 40 °C, and the mixture was
stirred at this temperature for 30 min. After cooling to room temperature, HO (29 mL) was
added, and the mixture was stirred for 30 min, and then filtered to give 62a (312 mg, 8§7%) as a

yellow solid.

8-Nitro[1,2,4]triazolo[1,5-a]pyridin-2-amine (62b)

Compound 62b was synthesized from 67b (544 mg, 3.00 mmol) according to the procedure
described for the one-pot synthesis of 62a. Yellow solid, 461 mg, 86% yield. Mp 350 °C
(decompose); 'H NMR (600 MHz, DMSO-d) & 6.71 (s, 2H), 7.04 (dd, J = 7.5, 7.5 Hz, 1H),
8.41 (dd, J= 8.3, 1.1 Hz, 1H), 8.99 (dd, J = 6.4, 1.1 Hz, 1H); °C NMR (150 MHz, DMSO-d) &
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109.2, 127.2, 132.7, 133.4, 145.2, 167.7; IR (ATR) 3361, 3309, 3220, 3173, 3101, 1631, 1561,
1519, 1442, 1413, 1340, 1272, 1194, 1149, 1077, 1038, 984, 898, 841, 835, 795, 752, 738, 686,
596, 563, 543, 474, 452 cm '; HRMS (ESI): [M+H]" caled for C¢H¢NsO,, 180.0521; found,
180.0513.

8-Chloro[1,2,4]triazolo[1,5-a]pyridin-2-amine (62c)

Mp 225 °C; 'H NMR (600 MHz, DMSO-dy) § 6.25 (s, 2H), 6.86 (dd, J = 7.7, 6.6 Hz, 1H), 7.60
(dd, J = 7.7, 0.9 Hz, 1H), 8.55 (dd, J = 6.8, 1.1 Hz, 1H); °C NMR (150 MHz, DMSO-d;) &
110.9, 116.9, 126.7, 128.1, 148.4, 166.1; IR (ATR) 3323, 3164, 1641, 1627, 1544, 1506, 1407,
1308, 1221, 1203, 1136, 1121, 1062, 1029, 962, 907, 794, 779, 772, 749, 675, 635, 579, 561,
537,408 cm™'; HRMS (ESI): [M+H]" caled for C¢HgCIN,, 169.0281; found, 169.0273.

8-Chloro[1,2,4]triazolo[4,3-a]pyridin-3-amine (69c)

Mp 270-271 °C (decompose) (lit.** 275-276 °C); "H NMR (600 MHz, DMSO-d;) & 6.56 (s, 2H),
6.75 (dd, J=7.0, 7.0 Hz, 1H), 7.28 (d, J = 7.1 Hz, 1H), 8.06 (dd, J= 6.8, 0.8 Hz, 1H); °C NMR
(150 MHz, DMSO-dg) & 111.2, 120.0, 121.6, 124.0, 143.2, 149.8; IR (ATR) 3265, 3106, 1658,
1629, 1575, 1517, 1500, 1439, 1414, 1378, 1331, 1154, 1128, 1043, 1036, 943, 935, 882, 868,
781, 758, 727, 687, 651, 568, 557, 539, 510, 409, 404 cm™'; HRMS (ESI): [M+H]" calcd for
CsHeCINy, 169.0281; found, 169.0273.

6-Chloro[1,2,4]triazolo[4,3-a]pyridin-3-amine (69d)

Compound 67d (512 mg, 3.00 mmol) in MeOH (51 mL) was treated with NCS (441 mg, 3.30
mmol) and K,COs (871 mg, 6.3 mmol) in H,O (10 mL), and work-up was conducted according
to the general procedure. The residue obtained after evaporation of the organic layer was
purified by column chromatography (NH silica gel, EtOAc/n-hexane 1:1 to EtOAc) to give
crude 69d (262 mg). Crude 69d (150 mg) was triturated with EtOAc/n-hexane (2:1, 2 mL) and
filtered to give 69d (145 mg, 50%) as a pale yellow solid. Mp 256 °C (decompose); 'H NMR
(600 MHz, DMSO-ds) 6 6.48 (s, 2H), 7.08 (dd, J = 9.8, 1.9 Hz, 1H), 7.50 (dd, J= 9.8, 0.8 Hz,
1H), 8.34 (dd, J = 1.7, 0.9 Hz, 1H); "C NMR (150 MHz, DMSO-d) & 116.5, 118.3, 120.1,
125.8, 144.1, 148.5; IR (ATR) 3248, 3094, 1664, 1630, 1578, 1509, 1447, 1391, 1359, 1337,
1165, 1137, 1034, 928, 851, 824, 817, 790, 734, 676, 572, 540, 416 cm '; HRMS (ESI): [M+H]"
calcd for CgHgCIN,, 169.0281; found, 169.0279.

8-(Trifluoromethyl)[1,2,4]triazolo[1,5-a]pyridin-2-amine (62¢)
Compound 67e (817 mg, 4.00 mmol) in MeOH (82 mL) was treated with NCS (588 mg, 4.40
mmol) and K,COs (1.16 g, 8.40 mmol) in H,O (16 mL), and work-up was conducted according
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to the general procedure. The residue obtained after evaporation of the organic layer was
purified by column chromatography (NH silica gel, EtOAc/n-hexane 1:4 to EtOAc) to give
crude 62e (473 mg) and crude 69e (189 mg). Crude 62e (200 mg) was purified by column
chromatography (NH silica gel, EtOAc/n-hexane 1:4 to 1:1), and the obtained solids were
triturated with EtOAc/n-hexane (1:1, 1 mL) and filtered to give 62e (151 mg, 44%) as a white
solid. Mp 221 °C; 'H NMR (600 MHz, DMSO-d;) § 6.44 (s, 2H), 7.00 (t, J= 7.2 Hz, 1H), 7.84
(d, J=7.6 Hz, 1H), 8.84 (d, J = 6.8 Hz, 1H); >C NMR (150 MHz, DMSO-d;) & 109.9, 112.6 (q,
2Jer = 33.0 Hz), 122.9 (q, "Jor = 270.0 Hz), 127.2 (q, *Jer = 4.5 Hz), 131.2, 146.8, 166.8; IR
(ATR) 3342, 3209, 1640, 1582, 1524, 1509, 1460, 1421, 1352, 1330, 1303, 1226, 1199, 1166,
1112, 1068, 1028, 959, 929, 906, 807, 794, 762, 717, 667, 593, 526, 507 cm '; HRMS (ESI):
[M+H]" calcd for C;HsF3N,, 203.0545; found, 203.0540.

8-(Trifluoromethyl)[1,2,4]triazolo[4,3-a]pyridin-3-amine (69¢)

Crude 69e (100 mg) was triturated with EtOAc/n-hexane (1:1, 1 mL) and filtered to give 69e
(87 mg, 20%) as a yellow solid. Mp 258 °C (decompose); 'H NMR (600 MHz, DMSO-d;) &
6.64 (s, 2H), 6.88 (t, J = 7.0 Hz, 1H), 7.58 (d, J = 6.8 Hz, 1H), 8.30 (d, J = 7.2 Hz, 1H); °C
NMR (150 MHz, DMSO-dy) & 109.9, 115.9 (q, *Jor = 33.0 Hz), 122.5 (q, 'Jor = 270.0 Hz),
125.0 (q, *Jor = 6.0 Hz), 126.6, 140.6, 149.2; IR (ATR) 3304, 3153, 1661, 1637, 1585, 1558,
1508, 1450, 1424, 1390, 1338, 1313, 1240, 1163, 1139, 1114, 1046, 1031, 946, 872, 773, 742,
733, 690, 642, 611, 564, 520, 504 cm™'; HRMS (ESI): [M+H]" calcd for C;HgF;5N,, 203.0545;
found, 203.0540.

6-(Trifluoromethyl)[1,2,4]triazolo[1,5-a]pyridin-2-amine (62f)

Compound 67f (1.17 g, 4.00 mmol) in MeOH (117 mL) was treated with NCS (588 mg, 4.40
mmol) and K,COs (1.16 g, 8.40 mmol) in H,O (23 mL), and work-up was conducted according
to the general procedure. The residue obtained after evaporation of the organic layer was
purified by column chromatography (NH silica gel, EtOAc/n-hexane 1:1 to 4:1) to give 62f (184
mg, 23%) as a white solid and crude 69f (454 mg). Mp 182 °C; 'H NMR (600 MHz, DMSO-d;)
5 6.37 (s, 2H), 7.52 (d, J = 9.4 Hz, 1H), 7.68 (dd, J = 9.1, 1.9 Hz, 1H), 9.18 (s, 1H); °C NMR
(150 MHz, DMSO-dy) & 112.8, 113.4 (q, *Jer = 33.5 Hz), 123.7 (q, 'Jer = 269.0 Hz), 124.9 (q,
*Jor = 3.0 Hz), 126.6 (q, *Jor = 4.5 Hz), 151.4, 167.5; IR (ATR) 3343, 3172, 2360, 2341, 1648,
1564, 1543, 1522, 1428, 1358, 1331, 1307, 1181, 1120, 1058, 1034, 938, 864, 809, 761, 740,
674, 639, 562, 537, 438, 415 cm™'; HRMS (ESI): [M+H]" calcd for C;HgF;N,, 203.0545; found,
203.0538.
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6-(Trifluoromethyl)[1,2,4]triazolo[4,3-a]pyridin-3-amine (69f)

Crude 69f (200 mg) was dissolved in EtOAc and washed with 5% aqueous K,CO;. After
evaporation of the solvent, the obtained solids were triturated with EtOAc/n-hexane (1:1, 2 mL)
and filtered to give 69f (184 mg, 52%) as a yellow solid. Mp 249 °C (decompose); 'H NMR
(600 MHz, DMSO-dq) 6 6.72 (s, 2H), 7.23 (dd, J = 9.8, 1.5 Hz, 1H), 7.63 (d, J = 9.8 Hz, 1H),
8.77 (d, J = 1.5 Hz, 1H); C NMR (150 MHz, DMSO-ds) & 114.0 (q, “Jor = 33.5 Hz), 117.0,
119.8 (q, *Jor = 3.0 Hz), 123.2 (q, *Jer = 6.0 Hz), 123.6 (q, 'Jer = 269.0 Hz), 144.7, 149.5; IR
(ATR) 3257, 3105, 1666, 1650, 1588, 1531, 1450, 1405, 1376, 1322, 1170, 1119, 1031, 930,
889, 833, 801, 777, 743, 651, 633, 584, 566, 542, 522, 425, 410 cm™'; HRMS (ESI): [M+H]"
calcd for C;HgF;N,, 203.0545; found, 203.0539.

7-(Trifluoromethyl)[1,2,4]triazolo[1,5-a]pyridin-2-amine (62g)

Compound 67g (817 mg, 4.00 mmol) in MeOH (82 mL) was treated with NCS (588 mg, 4.40
mmol) and K,COs (1.16 g, 8.40 mmol) in H,O (16 mL), and work-up was conducted according
to the general procedure. The residue obtained after evaporation of the organic layer was
purified by column chromatography (NH silica gel, EtOAc/n-hexane 1:4 to 10:1) to give 62g
(131 mg, 16%) as a pale yellow solid and crude 69g (496 mg). Mp 167-168 °C; '"H NMR (600
MHz, DMSO-dg) & 6.35 (s, 2H), 7.15 (dd, J = 7.0, 2.1 Hz, 1H), 7.82 (s, 1H), 8.78 (d, J = 7.2,
1H); >C NMR (150 MHz, DMSO-d;) & 106.7 (q, *Jer = 3.0 Hz), 109.7 (q, *Jcr = 3.8 Hz), 123.3
(q, 'Jer = 270.8 Hz), 128.7 (q, *Jor = 33.0 Hz), 128.7, 149.5, 167.4; IR (ATR) 3327, 3166, 1650,
1556, 1523, 1509, 1483, 1326, 1272, 1256, 1211, 1180, 1119, 1057, 1035, 951, 860, 789, 758,
740, 673, 582, 568, 544, 443, 413 cm™'; HRMS (ESI): [M+H]" calcd for C;HgF;3N,, 203.0545;
found, 203.0539.

7-(Trifluoromethyl)[1,2,4]triazolo[4,3-a]pyridin-3-amine (69g)

Crude 69g (200 mg) was dissolved in EtOAc and washed with 10% aqueous NH4Cl and H,O.
After evaporation of the solvent, the obtained solids were triturated with EtOAc/n-hexane (1:1,
4 mL) and filtered to give 69g (162 mg, 50%) as a white solid. Mp 275 °C (decompose); 'H
NMR (600 MHz, DMSO-ds) 6 6.71 (s, 2H), 6.99 (dd, J = 7.6, 1.5 Hz, 1H), 7.99 (s, 1H), 8.25 (d,
J=7.6 Hz, 1H); C NMR (150 MHz, DMSO-d) 5 106.6 (q, *Jcr = 3.0 Hz), 114.6 (q, *Jer = 5.5
Hz), 123.3 (q, 'Jer = 270.5 Hz), 124.1, 124.8 (q, *Jor = 33.0 Hz), 143.9, 149.4; IR (ATR) 3272,
3081, 1651, 1572, 1509, 1481, 1428, 1371, 1336, 1293, 1263, 1145, 1050, 1035, 937, 887, 826,
793, 779, 741, 731, 688, 674, 639, 606, 576, 526, 459, 433, 407 cm™' ; HRMS (ESI): [M+H]"
calcd for C;HgF;N,, 203.0545; found, 203.0540.
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8-Chloro-6-(trifluoromethyl)[1,2,4]triazolo[1,5-a]pyridin-2-amine (62i)

Compound 67i (716 mg, 3.00 mmol) in MeOH (72 mL) was treated with NCS (441 mg, 3.30
mmol) and K,CO; (871 mg, 6.30 mmol) in H,O (14 mL), and work-up was conducted
according to the general procedure. The residue obtained after evaporation of the organic layer
was purified by column chromatography (NH silica gel, EtOAc/n-hexane 1:5 to 5:1) to give
crude 62i (420 mg) and crude 69i (129 mg). Crude 62i (200 mg) was triturated with
EtOAc/n-hexane (1:1, 2 mL) and filtered to give 62i (193 mg, 57%) as a white solid. Mp 238—
239 °C; 'H NMR (600 MHz, DMSO-dy) § 6.62 (s, 2H), 7.99 (d, J = 1.5 Hz, 1H), 9.22 (s, 1H);
C NMR (150 MHz, DMSO-dy) & 113.3 (q, *Jer = 34.5 Hz), 117.5, 123.1 (q, 'Jor = 268.5 Hz),
124.2 (q, *Jor = 1.5 Hz), 125.9 (q, *Jer = 4.5 Hz), 149.5, 167.3; IR (ATR) 3379, 3299, 3165,
3111, 1627, 1542, 1401, 1351, 1321, 1306, 1219, 1170, 1116, 1074, 1031, 975, 920, 883, 869,
841, 758, 691, 652, 628, 551, 532, 502, 449, 410 cm'; HRMS (ESI): [M+H]" caled for
C;H;5CIF;Ny, 237.0155; found, 237.0148.

8-Chloro-6-(trifluoromethyl)[1,2,4]triazolo[4,3-a]pyridin-3-amine (69i)

Crude 69i (129 mg) was triturated with EtOAc/n-hexane (1:1, 1 mL) and filtered to give 69i (72
mg, 9%) as a white solid. Mp 266 °C (decompose); 'H NMR (600 MHz, DMSO-d;) & 6.89 (s,
2H), 7.58 (d, J = 1.1 Hz, 1H), 8.79 (s, 1H); °C NMR (150 MHz, DMSO-d) & 113.9 (q, *Jcr =
34.0 Hz), 119.0 (q, *Jer = 2.7 Hz), 121.7, 122.6 (q, *Jor = 6.0 Hz), 123.0 (q, 'Jer = 269.5 Hz),
142.5, 150.9; IR (ATR) 3472, 3297, 3228, 3104, 2998, 1647, 1572, 1542, 1518, 1441, 1377,
1345, 1312, 1234, 1163, 1115, 1069, 1037, 948, 905, 884, 873, 865, 831, 754, 732, 685, 651,
630, 550, 446, 424 cm '; HRMS (ESI): [M+H]" caled for C;HsCIFsN,, 237.0155; found,
237.0151.

[1,2,4] Triazolo[1,5-a]quinolin-2-amine (62j)

Compound 67j (745 mg, 4.00 mmol) in MeOH (75 mL) was treated with NCS (588 mg, 4.40
mmol) and K,COs (1.16 g, 8.40 mmol) in H,O (15 mL), and work-up was conducted according
to the general procedure. The residue obtained after evaporation of the organic layer was
purified by column chromatography (NH silica gel, EtOAc/n-hexane 1:5 to EtOAc/MeOH 99:5)
to give crude 62j (168 mg) and crude 69j (370 mg). Crude 62j (130 mg) was purified by column
chromatography (NH silica gel, EtOAc/n-hexane 1:2), and the obtained solids were triturated
with EtOAc/n-hexane (1:3, 3 mL) and filtered to give 62j (115 mg, 20%) as a pale pink solid.
Mp 196 °C; '"H NMR (600 MHz, DMSO-d) & 6.09 (s, 2H), 7.45-7.54 (m, 2H), 7.78 (t, J= 7.9
Hz, 1H), 7.94 (d, J = 9.4 Hz, 1H), 8.02 (d, J = 7.6 Hz, 1H), 8.15 (d, J = 8.3 Hz, 1H); °C NMR
(150 MHz, DMSO-d;) 6 113.2, 114.5, 121.9, 124.0, 129.0, 129.7, 130.2, 132.5, 148.5, 165.6; IR
(ATR) 3328, 3178, 1651, 1611, 1561, 1530, 1449, 1418, 1392, 1355, 1330, 1215, 1092, 1054,
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810, 767, 756, 745, 691, 643, 615, 554, 522, 508, 477, 424, 409 cm '; HRMS (ESI): [M+H]"
calcd for C;yHgNy, 185.0827; found, 185.0820.

[1,2,4] Triazolo[4,3-a]quinolin-1-amine (69j)

Crude 69j (300 mg) was purified by column chromatography (NH silica gel, EtOAc), and the
obtained solids were triturated with EtOAc/n-hexane (1:1, 3 mL) and filtered to give 69j (231
mg, 39%) as a pink solid. Mp 255-256 (lit.>® 175-177 °C, 1it.”® 250-253 °C); '"H NMR (600
MHz, DMSO-dg) 6 6.31 (br s, 2H), 7.40 (d, J = 9.4 Hz, 1H), 7.45-7.55 (m, 2H), 7.65 (t, J=7.6
Hz, 1H), 7.87 (d, J = 7.6 Hz, 1H), 8.52 (d, J = 8.3 Hz, 1H); *C NMR (150 MHz, DMSO-d;) &
115.1,115.9, 124.0, 125.3, 127.4, 128.5, 128.6, 131.9, 146.1, 151.5; IR (ATR) 3292, 3126, 1654,
1612, 1567, 1546, 1539, 1471, 1449, 1440, 1390, 1341, 1329, 1278, 1214, 1171, 1150, 1126,
1065, 1039, 1008, 968, 930, 879, 854, 803, 754, 739, 691, 680, 609, 565, 536, 509, 440, 418
cm '; HRMS (ESI): [M+H]" caled for C;oHoN4, 185.0827; found, 185.0820.

[1,2,4] Triazolo[5,1-a]isoquinolin-2-amine (62k)

Compound 67k (745 mg, 4.00 mmol) in MeOH (75 mL) was treated with NCS (588 mg, 4.40
mmol) and K,COs (1.16 g, 8.40 mmol) in H,O (15 mL), and work-up was conducted according
to the general procedure. The residue obtained after evaporation of the organic layer was
purified by column chromatography (NH silica gel, EtOAc/n-hexane 1:2 to EtOAc/MeOH 98:2)
to give crude 62k (361 mg) and crude 69k (141 mg). Crude 62k (300 mg) was purified by
column chromatography (NH silica gel, EtOAc/n-hexane 1:2), and the obtained solids were
triturated with EtOAc/n-hexane (2:1, 9 mL) and filtered to give 62k (212 mg, 35%) as an
orange solid. Mp 193-195 °C; '"H NMR (600 MHz, DMSO-ds) & 6.03 (s, 2H), 7.27 (d, J = 7.2
Hz, 1H), 7.70 (td, J = 7.5, 1.3 Hz, 2H), 7.95 (d, J = 7.5 Hz, 1H), 8.29 (d, J = 7.7 Hz, 1H), 8.37
(d, J=7.2 Hz, 1H); °C NMR (150 MHz, DMSO-d,) & 110.7, 120.1, 123.1, 124.6, 127.3, 127.7,
129.2, 131.0, 148.1, 165.3; IR (ATR) 3320, 3175, 1638, 1556, 1537, 1523, 1486, 1434, 1400,
1370, 1330, 1298, 1258, 1137, 1095, 1058, 904, 823, 778, 747, 704, 682, 659, 613, 570, 548,
509, 416 cm'; HRMS (ESI): [M+H]" caled for C,oHoN,, 185.0827; found, 185.0820.

[1,2,4] Triazolo|3,4-a]isoquinolin-3-amine (69k)

Crude 69k (141 mg) was purified by column chromatography (NH silica gel, EtOAc/n-hexane
1:1 to EtOAc), and the obtained solids were triturated with EtOAc/n-hexane (1:1, 2 mL) and
filtered to give 69k (98 mg, 13%) as an orange solid. Mp 263 °C (decompose); 'H NMR (600
MHz, DMSO-dg) 6 6.47 (s, 2H), 7.07 (d, /= 7.2 Hz, 1H), 7.63 (dt, /= 7.7 Hz, 2H), 7.79 (d, J =
7.0 Hz, 1H), 7.90 (d, J = 7.6 Hz, 1H), 8.31 (d, J= 7.1 Hz, 1H); °C NMR (150 MHz, DMSO-dj)
o 112.1,119.8, 121.6, 122.0, 127.3, 128.5, 129.0 (2C), 143.7, 149.9; IR (ATR) 3311, 3139, 1644,
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1567, 1557, 1525, 1480, 1459, 1437, 1370, 1325, 1303, 1132, 1044, 982, 926, 896, 783, 769,
750, 741, 708, 700, 679, 636, 560, 507, 484, 471, 462, 443, 432, 421, 405 cm™'; HRMS (ESI):
[M+H]" caled for C,oHoNy, 185.0827; found, 185.0821.

Synthesis of 62a from 5-nitropyridin-2-amine

To a stirred solution of 5-nitropyridin-2-amine (1.00 g, 7.19 mmol) in acetone (10 mL) was
added ethoxycarbonyl isothiocyanate (1.41 g, 10.8 mmol), and the mixture was stirred at 50 °C
for 22 h. After cooling to room temperature, H,O (10 mL) was slowly added to the mixture. The
slurry was stirred at room temperature for 1 h and then filtered to give ethyl
[(5-nitropyridin-2-yl)carbamothioyl]carbamate (1.46 g, 75%) as a brown solid. Mp 178-179 °C;
'H NMR (600 MHz, DMSO-d,) & 1.28 (t, J = 7.2 Hz, 3H), 4.25 (q, J = 7.2 Hz, 2H), 8.69 (dd, J
=9.2,3.0 Hz, 1H), 8.90 (d, /= 9.4 Hz, 1H), 9.22 (d, /= 2.6 Hz, 1H), 12.0 (brs, 1H), 12.5 (brs,
1H); °C NMR (150 MHz, DMSO-d,) & 14.0, 62.5, 113.9, 134.2, 140.8, 144.6, 153.3, 155.2,
177.9; IR (ATR) 3162, 2994, 1720, 1579, 1529, 1508, 1455, 1355, 1311, 1243, 1192, 1143, 1110,
1038, 1004, 949, 870, 840, 799, 757, 734, 714, 700, 628, 596, 525, 501, 436, 412 cm™'; HRMS
(ESI): [M+H]" caled for CoH;;N40,4S, 271.0501; found, 271.0497.

To a stirred solution of ethyl [(5-nitropyridin-2-yl)carbamothioyl]carbamate (1.00 g, 3.70 mmol)
in EtOH (10 mL) were added N,N-diisopropylethylamine (1.43 g, 11.1 mmol) and
hydroxylamine hydrochloride (1.29 g, 18.5 mmol), and the mixture was stirred at 50 °C for 1.5
h. After cooling to room temperature, H,O (10 mL) was slowly added to the mixture. The slurry
was stirred at room temperature for 1 h and then filtered. The wet solids were suspended in
EtOAc/n-heptane (1:1, 10 mL), and the mixture was stirred at 50 °C for 30 min. The mixture
was cooled to room temperature and stirred for 1 h, and then filtered to give 62a (587 mg, 89%)

as a yellow solid.

Synthesis of 62¢ from 3-chloropyridin-2-amine 60c¢
Ethyl [(3-Chloropyridin-2-yl)carbamothioyl]carbamate (61c)

To a stirred solution of 3-chloropyridin-2-amine 60c¢ (800 mg, 6.22 mmol) in acetone (8 mL)
was added ethoxycarbonyl isothiocyanate (1.22 g, 9.33 mmol), and the mixture was stirred at
50 °C for 1 h. After cooling to room temperature, H,O (16 mL) was slowly added, and the
mixture was stirred at 40 °C for 30 min. The mixture was cooled to room temperature and
stirred for 1 h, and then filtered to give 61c (1.39 g, 86%) as a white solid. Mp 126-128 °C; 'H
NMR (600 MHz, DMSO-dg) 6 1.27 (t, J = 7.2 Hz, 3H), 4.23 (q, J = 7.2 Hz, 2H), 7.42 (dd, J =
8.1, 4.7 Hz, 1H), 8.04 (dd, J= 7.9, 1.5 Hz, 1H), 8.45 (dd, J = 4.5, 1.5 Hz, 1H), 11.4-11.5 (m,
2H); °C NMR (150 MHz, DMSO-d,) & 14.1, 62.1, 124.4, 128.5, 138.7, 147.1, 148.5, 153.4,
180.0; IR (ATR) 3152, 2989, 1723, 1578, 1510, 1474, 1447, 1423, 1370, 1321, 1266, 1235,
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1171, 1137, 1068, 1041, 1031, 870, 795, 769, 753, 736, 708, 680, 647, 598, 551, 534, 418 cm ';
HRMS (ESI): [M+H]" caled for CoH,;;CIN;0,S, 260.0261; found, 260.0258.

Synthesis of 62¢ from 61c
To a stirred solution of 6lc (1.00 g, 3.85 mmol) in EtOH (10 mL) were added
N,N-diisopropylethylamine (1.49 g, 11.6 mmol) and hydroxylamine hydrochloride (1.34 g, 19.3

mmol), and the mixture was stirred at 50 °C for 2 h. After cooling to room temperature, H,O (10
mL) was slowly added to the mixture. The slurry was stirred at room temperature for 1 h and
then filtered. The wet solids were suspended in EtOAc/r-heptane (1:1, 10 mL), and the mixture
was stirred at 50 °C for 30 min. The mixture was cooled to room temperature and stirred for 1 h,

and then filtered to give 62c¢ (443 mg, 68%) as a white solid.

Synthesis of 69¢ from 2.3-dichloropyridine 66¢

3-Chloro-2-hydrazinylpyridine (70)*’

To a stirred solution of 66¢ (5.00 g, 33.8 mmol) in EtOH (25 mL) was added hydrazine
monohydrate (6.77 g, 135 mmol), and the mixture was heated to reflux for 20 h. At this point,

additional hydrazine monohydrate (1.69 g, 33.8 mmol) was added, and the mixture was heated
to reflux for 20 h. The mixture was cooled by ice bath and stirred for 1 h, and then filtered to
give 70 (4.40 g, 91%) as a white solid. Mp 164—166 °C (lit.”” 163—164 °C); "H NMR (600 MHz,
DMSO-dg) 6 4.22 (br s, 2H), 6.61 (dd, J = 7.6, 4.9 Hz, 1H), 7.52— 7.64 (m, 2H), 8.05 (dd, J =
4.7,1.3 Hz, 1H); °C NMR (150 MHz, DMSO-d,) & 113.2, 113.6, 136.2, 145.7, 155.7; IR (ATR)
3284, 3195, 1592, 1494, 1455, 1412, 1343, 1264, 1122, 1033, 991, 968, 957, 930, 787, 761, 750,
726, 634, 610, 543, 497, 438, 423, 416 cm'; HRMS (ESI): [M+H]" caled for CsH,CIN;,
144.0328; found, 144.0323.

2-(3-Chloropyridin-2-yl)-NV-(2,4,4-trimethylpentan-2-yl)hydrazinecarbothioamide (71)

To a stirred solution of 70 (3.00 g, 20.9 mmol) in THF (150 mL) was added
2-isothiocyanato-2,4,4-trimethylpentane (4.30 g, 25.1 mmol), and the mixture was stirred at
room temperature for 14 h. The mixture was concentrated in vacuo, and the residue was purified
by column chromatography (EtOAc/n-hexane 1:5) to give the crude product. The crude product
was suspended in n-hexane (35 mL), and the mixture was stirred at 50 °C for 30 min. The
mixture was cooled to room temperature and stirred for 1 h, and then filtered to give 71 (5.84 g,
89%) as a white solid. Mp 105-106 °C; 'H NMR (600 MHz,CDCl5) & 0.93 (s, 9H), 1.60 (s, 6H),
1.91 (s, 2H), 6.86 (m, 2H), 7.11 (br s, 1H), 7.52-7.63 (m, 2H), 8.18 (d, J = 4.5 Hz, 1H); °C
NMR (150 MHz,CDCl;) 6 28.9 (2C), 31.4 (3C), 31.5, 52.3, 57.6, 116.3, 118.1, 137.3, 146.5,
152.5, 181.9; IR (ATR) 3360, 3332, 3208, 2954, 1586, 1567, 1533, 1503, 1472, 1454, 1402,

91



1387, 1365, 1323, 1266, 1225, 1156, 1127, 1101, 1065, 1034, 1005, 979, 791, 754, 735, 668,
596, 553, 441, 412, 401 cm'; HRMS (ESI): [M+H]" calcd for C4,H,4CIN,S, 315.1410; found,
315.1405.

8-Chloro-NV-(2,4,4-trimethylpentan-2-yl)-[1,2,4]triazolo[4,3-a]pyridin-3-amine (72)

To a stirred solution of 71 (3.80 g, 12.1 mmol) in THF (114 mL) were added triethylamine (4.01
g, 29.0 mmol) and 2-chloro-1-methylpyridinium iodide (4.01 g, 15.7 mmol), and the mixture
was stirred at room temperature for 5 h. To the mixture were added EtOAc (228 mL) and H,0O
(38 mL), and the layers were separated. The organic layer was washed with 5% aqueous
NaHCOs; (2 x 38 mL) and H,O (2 x 38 mL). To the organic layer was added activated carbon
(380 mg), and the mixture was stirred at room temperature for 30 min. The mixture was filtered
and the filtrate was concentrated in vacuo. The residue was purified by column chromatography
twice (EtOAc/n-hexane 1:10 to 1:1, then EtOAc/n-hexane 1:3) to give the crude product. The
crude product was suspended in EtOAc/n-hexane (1:5, 114 mL), and the mixture was stirred at
50 °C for 30 min. The mixture was cooled to room temperature and stirred for 1 h, and then
filtered to give 72 (1.72 g, 51%) as a pale brown solid. Mp 182-183 °C; 'H NMR (600 MHz,
DMSO-dg) 6 0.92 (s, 9H), 1.51 (s, 6H), 1.93 (s, 2H), 6.22 (s, 1H), 6.73 (t, J= 7.0 Hz, 1H), 7.29
(d, J= 6.8 Hz, 1H), 8.26 (d, J = 7.2 Hz, 1H); "C NMR (150 MHz, DMSO-d;) & 29.4 (3C), 31.1
(20), 31.4, 49.9, 55.3, 110.9, 120.0, 121.8, 124.3, 142.9, 148.3; IR (ATR) 3360, 3332, 3209,
2953, 1586, 1567, 1533, 1503, 1471, 1454, 1402, 1387, 1365, 1323, 1266, 1225, 1156, 1127,
1101, 1065, 1033, 1005, 979, 791, 754, 735, 667, 593, 553, 442, 413 cm'; HRMS (ESI):
[M+H]" calcd for C,4,H,CINy, 281.1533; found, 281.1530.

Synthesis of 69¢ from 72

To a stirred solution of 72 (500 mg, 1.78 mmol) in MeOH (2.5 mL) was added 6M HCI (2.5
mL), and the mixture was stirred at 50 °C for 5 h. At this point, MeOH (2.5 mL) and 6M HCI
(2.5 mL) were added, and the mixture was stirred at 50 °C for 2 h. Then additional MeOH (2.5
mL) and 6M HCI (2.5 mL) were added, and the mixture was stirred at 50 °C for 1.5 h. The

mixture was concentrated in vacuo. To the residue were added EtOAc (100 mL) and 5%

aqueous NaHCOj; (50 mL), and the layers were separated. The aqueous phase was extracted
with EtOAc (2 x 100 mL). The combined organic layer was washed with 5% aqueous NaHCO;
(2 x 20 mL) and 10% aqueous NaCl (20 mL) and concentrated in vacuo. The resulting residue
was suspended in EtOAc/n-hexane (1:1, 10 mL), and the mixture was stirred at 50 °C for 30
min. The mixture was cooled to room temperature and stirred for 1 h, and then filtered to give
69c (97.0 mg, 32%) as a white solid.
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