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2, 2'-bis(diphenylphosphino)-1, 1'-binaphthyl
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Chronic Kidney Diseases

divalent metal transporter 1

dibenzylideneacetone
1,1'-ferrocenediyl-bis(diphenylphosphine)
2-dicyclohexylphosphino-2'-(N, N-dimethylamino)biphenyl
diethyl azodicarboxylate

N, N-dimethylformamide

diisopropyl azodicarboxylate

erythropoietin

erythropoiesis stimulating agents

ethyl

ethyl acetate
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Hypoxia-Inducible Factor

Hypoxia-Inducible Factor Prolyl Hydroxylase Domain
high performance liquid chromatography

high resolution mass spectra
(2R)-1-[(1R)-1-(dicyclohexylphosphino)ethyl]-2-(diphenylphosphino)ferrocene
methyl

(2-di-tert-butylphosphino-3,4,5,6-tetramethyl-2°, 4°, 6’-triisopropyl-1, 1-
biphenyl)



MeOH methanol

MS mass spectrometry

Ms methanesulfonyl

NBS N-bromosuccinimide

NK1 neurokinin 1

NMP N-methylpyrrolidone

NMR nuclear magnetic resonance
PDB protein data bank

Ph phenyl

Pd-PEPPSI-IPent [1, 3-bis(2, 6-di-3-pentylphenyl)imidazol-2-ylidene](3-chloropyridyl)
dichloropalladium(II)

Pr isopropyl

q quartet

QOL quality of life

s singlet

t triplet

TFA trifluoroacetic acid

THF tetrahydrofuran

TMSCI trimethylsilyl chloride

TMSI trimethylsilyl iodide

Tyr tyrosine

VHL von Hippel-Lindau protein

WSCI 1-(3-Dimethylaminopropyl)-3-ethylcarbodiimide hydrochloride
XPhos 2-dicyclohexylphosphino-2’, 4°, 6’-triisopropylbiphenyl

‘Bu tert-butyl

‘BuOH tert-butyl alcohol

‘BuXPhos 2-di-tert-butylphosphino-2’, 4', 6'-triisopropylbiphenyl
‘BuBrettPhos 2-di-tert-butylphosphino-3, 6-dimethoxy-2', 4', 6'- triisopropyl-1, 1’-biphenyl
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33738, LoPd(EHTEREIZLPA0)E EZ SN TV BT U —A T 4 F BRI L <4
LU 72PdiEICT S AL, BEIC X 27w b L 2R CGEITHINEEC X Y. T —
NT IVBEKT S &L BICLaPd0O)SFHET 2 EEZ LN TNV,
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=
R2
- 1 |
Et,NSnBus + HNRZR? — BuzSn—NR? PAChotoysPly R N,
2 3 u3Sn—NR“R | AN R3
=
2)
HNRZ?R3
R PdCl,(o-tolyl3P), ; 32
Br NaOBu R
> oyt
Z P
3) Pd(0)
12 l
ANRR LnPd(0)
ArX
Reducive Elimination Oxidative Addition
1
Ar ,R
_Pa—N, A d-x
2
Ln R Ln/
R
Base*HX ng
A 1
Deprotonation |r R
5 Ln—Pd—NH
ase x R2

Scheme 10. Pdfit#ic X 2C-NAH v 7°Y v 7 K6

Scheme 9, I0C/R L7z & 5 1A v 7Y v ZRIGDENL T & L TP(o-tolyl)s B3V T & 72
23, EITHIMEEOBRICB-v F Y FEE L HiA L. AWaT7 Y —Ar78m I Folfiras ik
DEIET 2 L METH o 72 (Scheme 11-1), TNEERT 272010, Ark T I ¥ Hicis
WG U 7= BOE I [E X AR TTHIMEE MR X 5 X 5 ICERGEE & 7z ZERECAZ F-BINAPY
LdppfOA R &3 (Scheme 11-2), #4727 ) —A 7B IFET IV I DENRTT ) —
LT I VBERARERRIGE o7z RICTYV—=L27uF7 4 KT IVOCNALy 7Y v
7 DRGE & L7z, BINAP, dppfz FW72C-NA v 7 ) v KIS T, HEEHECTH - 72
L2 v T V7 ) —r7v I FIGEfEINTE 2, 2 2 TN Z i3
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% 72 ICBINAPCdppf & HLlk L CPAftiicfiihz 372 U VIR FOETHE % 58 7 ik A
7 4 VAL 2SE%E & L. Hartwigb i€ X 3 7 = v & Vi T-JosiPhos*'. Buchwald & IC X
LY TNAFNALET Y —LFRT 4 VBN FDavePhos? 3 fF S Nz, T EH VB 2 &
TTY—nA2o7u) FeT7Ivohy 7)) v RIGICEWTEIETEADT Y —LT IV
#1356 L aREL i o 7z, 7rd5. Davephosit V VIR F % 1D LRz 7\ A3, PdHuL 232"
D ERIFFICHNL LBINAP & [FERICERTCRIBERE D MEtE 3 2 Bl 2 HL 2 (Figure 8-2),
XPhos!d2’, 6 WL ICEE WPHEZALE L, 200 VY VRO “HAZKES T LTy 7
o X EAALEC & & D ICTEERETH B L1PA0) 2 LEL X2 (Figure 8-3). & 5 I KUGH:
DIENT YV = by T — b 2FHATE 2 EAMEINTHEY, ZDH% D, Buchwaldd
IC X o CEMEOBEFHIZIR., THRKRICE Y Fa—o v VIR TR IT
W5, FlZiE, XPhosD v 7 u~F U tert- 7 FARICERL Y VIR FOBETEE S
DAL INAE % 1) | & 4 72'BuXPhos*, 3f7ICEA L7z 4 b ¥ > H o kEEL L T
SRICHILEE % (et 9 2 Bl % HX % BrettPhos¥ 2325 1F & 41 (Figure 8-4). FR{E Tl Y] 7 Bidfiz

DFERICEVEEABRT V= AnFA KT IveT=0 Y, TIFDHhy 7Y v IRIG
BAFEL Tro T B,

1) R2

1R2
NR'R R! ) Reductive
Pd(0) /Tz E Elimination
P(o-tolyl 1 r
AR (o-tolyl)s R\'T'
Pd R2
7/ N _ .
A Ln \ RlN/) + pry Phydride

Elimination

2)

R2
12
NR R Ph PhR‘ R2 R! ) Reductive
Pd(0) p N\/ 'Tj Elimination
BINAP AN Ar
ArBr ——————> ;q
DO~
R .
Pi Ph R+ am Phvdide
N Elimination

Scheme 11. Z=ITHIMEEL B-v U FlEEO A

17



1)
O | E PCy, E P'BU,
PCy, 'Pr. 'Pr 'Pr. 'Pr
MezN
O Pr iPr

DavePhos XPhos tBuXPhos
2) 3)
R 2
\ /R
r R N RS
*p-pg=Ar P
1 R U
! ~
:I/_\ 7\ N R3
1
— 3
\ RY
R3=Pr

Figure8. ¥ 7 A F AT U =Nk R 7 4 VBT

O OMe
MeO PCy2
iPr l iPr
ipr

BrettPhos
4)
R? R
R N~

Pl e xR 7 4 VEULIFIC XL BTV =T A BT V= AFHDOCN(pH v 7Y v

7RG, Hartwig 512 X 2 dppfZ Blfi FIcHw v e —1r 4 v F =L DCNA Y 7Y v

70— TH o 72 (Scheme 12-1)%, #i\> T, DavePhos% F\ 272267 % L < 137471 & fakk
EEHETEA VY F=rDT Y =4t 23Buchwald & IC & 0 #1172 (Scheme 12-2)Y7, KIC X
LICEEOE WY 7 V=, A v X = E Wik y 7Y v 7 RKIGABuchwald & 12 X

> THE I T 3% (Scheme 12-3, Scheme 12-4)*, LA Lo X 5108 L 72 Fihr T % #IR 3 %

TEICEY, TYV=AANTAFET YV —=LDCN@Ep)H v 7Y v I RIS RETH 5,
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1) N 2)
2
i \ A\ m 3
Q:’,Q [_\ i N R

H H
" Pd(OAc), dppf \rij> 1 Pd,(dba)s, Davephos R
4 R R t 1
‘\\ Br 'BuONa or Cs,CO4 ‘\\ N/ ‘\\ X BuONa or K3PO, R\\ N
= P = ‘ _
X = Br, Cl, OTf R?
4)
3) (;?‘ A (;,:\ N\
LN LY
2N N
H H
Pd,(dba)s, ‘BuXPhos PEREN Pd,(dba);, Me,BuXPhos N
‘BuONa N f\,N K3PO4 " I D
(Het)ArX Boy - N\ (Het)ArxX AN | N>
X = Br, Cl (Het)Ar X =Br, Cl (i—let)Ar

Scheme 12. 7/ — LV DC-NA v 7'V v 7K

— RN HRIEEL DS C-N A1 v 7Y v I RIGERAE X ¢ 5 729 'BuONa 283k & LTI
NTE, TATART by DX BEEICARRE R ERENFET 2 KH LA, K’
Wt v ) VAR )Y LBH L5 %,

v 7Y —=0NDCNAHY 7YV TRIGICDWWTIE Buchwald 5 1C X D #19 TEB I LT
% (Scheme 12-3), L 2>L. 48 D X 9 7 ICHEAE IC A LIE 7o 5 A i ER ©
NLTCETY—nrohy 7)) v VRO Thb s 3 v, 2 2T, Skh s HikiEeR
Y IV VTV OARAREZ: Pd EEIC X B CN Ay 7Y v I RIGORFICEF
EIR-ROR RN DY

JIYvic

B RWFEEEREY IV V- I V-V Pd il E AV C-N Ay T
v 7RG D Sefalil

BRIV VALY TV =49 L B Pdhy 7Y v I RIGE G RIGEED
LT o7 (Table 1)e £, PAMEL LTH ) (X T Y F V)P T 7 4(0)
(Pdy(dba);). Buchwald H5IC X VHE TN TWBE I TAFA LT Y —AFK R 7 4 VAT
XPhos % i\ 7z, MK L L Cld 48 DIIKEZINHIS 2 HTY YA ) 7 L& v, &
B OWTHEAME L7z (entry 1-3) A v 7'V Y RIGICHH I N ZEBE LTl
v dioxane. ‘BuOH ZMRZI L 72558, tA v T3y vEEH ) 7 ABRIEL 7= KG
DT & A EHEFT L7 d o 72, —J5 T dioxane. BuOH % FH 7z FRIC 10%FREE & KUK TH
LZHREHND A Y 7Y v K50 RSNz, TORRICA b X L EONIK R Z T 72 B
FRONGEN o7z, LBLKESD 48 0RAEL TV 5 L h b, RIEEDFRIZBALAIAT
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MBEFTLCipn &R F 2RI 2 28 & LT,

YV VIR EOBBFEEE® BT, BN EREST 27201, ) VR OBEREIC Bu
F % F52 BuXPhos #BLfiiT- & L CTH, KOMETCRIFOHMENBR LNV A F I v
BuOH %L L7z & &5, PEDPEIMICUGEE LEICE (75%, 80%) T 50 21525 & L ITHK
L7z (entry4,5), Buk%x U VIERFOERILL L CROfttor 7TAF AT Y — kR
7 4 VAL Z 72 BET 21T o 720 MesBuXPhos® TR 25% & F RSN 1<
¥ 57278 (entry 6), ‘BuBrettPhos® TIXILFE 69% & 72 b . ‘BuXPhos & FIFEDFERHE S 7z
(entry 7)o < 2 HELALT- & L THIH LTV % rac-BINAP, dppf T3 48 23% < F&Af7 LAKIY
R (13%) Lhrole, RiCHY 7Y v I ROGICEWTHE L LT 415 BuONa,
Cs:COs Z Wz &5, HHANED R XIS U T 48 2K R 2L, KUK TH - 7=
(entry 10, 11), Pd fili#i & L T Organ 512 X o THIFE & . MW 2 e 2 & s &
T % PA-PEPPSI-IPent’! % F W 7251 21T o 7203, HEICY VIEA Y v 22w TWw 3
2O RIEEIT LI K <, 48 DFAE LIKIGE  (13%, 7%) TH o7z (entryl2, 13), A E X
D entry 4. 5 DRICEMEDROBEENCTH L L RIHL 72,

PUE o KISt RE b ic s\, —M%IIC entry 2, 3 @ XPhos 725137 ) — A 2
7Y FCRBLIFHINSET T 25 bBb L, zane s yae) 32y 48 3L
HMASETLICK K 2o/ 28 XV, 48D 3T Y =71y F XY SRS EeT
LickweEzoNd, £/, 7737 IveT=) vkl <7 + v ot
FERE W=D, 80°C, T TH B Y vEEH U 7 L L) EECRICHERICE T 37
FUALDETT L2 FE XL T B,
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Table 1. 7 v 7V v 7 KIGE 5wl

EtOZC\{’,“H
49 =N (1.2 eq.

)
MeO catalyst (5 mol%) MeO
Q/ ligand (10 mol%) Q/ N
N= base (1.5 eq.) NI
N SN
LA

‘ \/)N\ solvent, 80 °C, 15-16 h . W,
MeO” "Nl II\ID»CozEt
48 50
entry catalyst ligand base solvent yield (%)
1 toluene trace
2 XPhos dioxane <10
3 ‘BuOH 13
4 ‘BuXPhos ‘BuOH 75
5 K5PO4 dioxane 80
6 Pdy(dba)s Mes'BuXPhos 25
7 ‘BuBrettPhos 69
8 rac-BINAP ‘BuOH 13
9 dppf 13
10 ‘BuXPhos ‘BuONa 0
11 Cs2CO0; 22
12 Pd-PEPSSI- K3POy4 DME 13
13 IPent dioxane 7
O O O OMe HaC CHy j= HiC CHs
N__N
, PCy, PBu;  MeO PBu, CHy | HyC
Pr Pr  Pr 'Pr 'Pr 'Pr HaC c|—;|=d—c| CH,
T (J
Pr Pr Pr N
XPhos ‘BuXPhos ‘BuBrettPhos Pd-PEPPSI-IPent

FBEE SRRAEFEHEEREY IV v-v 7V —LvoAK
FoficRI L 2RSS, XY #EEOK Y 'BuOH Z W 725514 (Table 1, entry 4)
PRV, A OBEEBEHBRE Y IV VEIB2B 2R WThHy 7Y v IIRIGEEEL 7=
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(Table2), ¥ 7 VB Y I¥ v 48 LFEIBRICKISHA T ICHEIT L 28R, ©7vee ) I
v 52a, 7Y Vv 52b,52c, 7Y IVYRUEEGNECHEL LI L, T2, F
I/ Y IV 52 bEAKRICRIFARIGE (67%) THRLIZ, Yraov) IV Y 2f ohs
ERIGDTERG 3, I 46%TH o 72, JRKIIARIHTH %23 Pd IS JGE L 72 & 5 10F
ZbN7272%, 10mol%D Pdy(dba)s. 20mol%®D BuXPhos % i\ 7z, % DFER. KIGASTERS
UIE 64%ICA X2 Z EAARECH o7z, ¥rB LYY IV V82832007 muilic
B B5EREZHRD 720 AR LTz, KIEDORERER VX VR ED 7 v ol RIS EST
Lz e b 2EIERY % LC/MS TR L B D INE 43%IC8 £ o 72, Xic, JLAE
REEMLCFF VY vERCERICEBRR Lz, ZDfER, K 67%ThHy 7Y v
AR 52h AE O, FTEE 6 BERAMEER L2 IV VICO ARG EBEHARETH 5 T
ERDP 0Tz, R THEEICARLER Y ) v~ Z BT L7, % ORHR, Kt
FIREICHET L. SR T 521 25, HREEOINE T 52§ M H 17z, ML EOMGHER X
[6+6]7% & NIC[6HSMEER E Y S Fv-¥' 7 V= LV DOARICARKIGEEZ N5 2 L XA[RETH %
T EERAAL 72,
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Table 2. Pd 71 v 7V v KT X 25 FGE R e ) 2 2 v o

EtOZC\{NH
=N (1.2eq.)

49
Pd,(dba); (5 mol%)
BuXPhos (10 mol%)

K3POy4 (1.5 eq.) N X
| oX | A
o x/)\m 'BUOH, 80 °C, 15-16h  MeO™ “X "\‘}coza
N\
51 (X =C, N) 52 (X =C, N)
\ /
Si\

AN
Si
/
=N

J\l e f
k k k
COgEt MeO }lcoza }COZEt
N —

52a, 83% 52b, 72% 52, 80%
cl
N/
/

A N

A\ < M
COzEt COzEt }CozEt MeO™ "N "\‘}lcoza

N\
52d, 99% 52e, 67% 52f, 46%, 64%° 529, 43%

52h, 67% 52i, 87%

210 mol% of Pdy(dba)z and 20 mol% of BuXPhos were used.

RITE TV — VEEE OB I oW THRE L 72 (Table 3), #RETL 2@k & LTl
EHAEIE L 53a, BTG ED A FAES3b, ETREIMEDO MY 7 At m X FAE 53¢ 2 b
M=t us3d D 4HEHTH B, TCOE T —AiCBW TG 5ER L HFEE DI
ECHIYI RO, vV I P Y ~DORKEBIS L Y RIFRINETH L L EZ TS
F7o. BEEOEVIC X ZEFIREBOEDSIEICRN G o720, KA GETEELE T
2TV —NVERVLZLEBHRETH DL EEZLND, Y T V=, BEHRFETF OB
WA ET 2 RICEREE VY T Y — DRI X 0. X 5 ML K ATRE

Bl I il
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4@\#’)“50

Table3.Pd /1y 7'V v 7 RIGIC X 2 B 2 B EAH T3 €7V — Lotk

~
=N (1.2eq.)

47
Pd,(dba)s (5 mol%)
‘BuXPhos (10 mol%)

K3PO4 (1 5 eq)

BuOH, 80 °C, 15-16 h

53¢, 57% 53d, 56%
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RPUE /NG

Pd filili A F\ 7y 7Y v FROGIC X 3 /BB E Y I F V-v 7V — L ORERNE
FGRBAFICE Y FHA 720 MK NG 0 72 R Y VA V) 7 2% Hv, BErfHn %
fRiEX 2 HNTY VERTOBETHEEZED RN T 2EAT 2 2 & CRIG R ICET
T5ZEERBLE, R L&A AHERRERE ) IV V-7 V= LDOHKT
IERA I RRPMER L7z ) IV v T TR, v Y VICOEHTFEZILRL, %k
Pz R L 7= & EE BT I L 72,
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HoE ROKSEREHTE HIF-PHD FHEZ AR
HIF-PHD IC1Z 3 DD % 7 X 4 IEE L, ZNE N HE & 9 % HIF-a % Table 4 IC7R
$ 5%, HIF-PHD2 %% EPO FBIFHEICEHE 2 &H 2R 72 L Twd HIF2e 2 EHE LT3 T
& 5559 HIF-PHD2 RiE~ v A CIRIRIMER D HE N A58 &3 5 —75 C HIF-PHD3 D % Ui %
IRIMERBEIN2S58 e\ & & A5, HIF-PHD2 % [HE 3% C & 28 EPO FEAETUEICER T
HpLEZLND O, it 5T, HIF-PHD2 FHEFEEZfEtR L L Ttz v s 2k e L
770

Table 4. HIF-PHD O % 7% 4 7 & Z 0 HE

=3 Y
HIF-PHDI HIF-1a
HIF-PHD2 HIF-1a, HIF-2a
HIF-PHD3 HIF-2a

B—Ei HIF-PHD FREEMEZ A T3 FEEMERL Y I Frv-v 7 V- LayolE

AIECHI L ZFEBHEERE ) I F v-v 7 YV — L OFBERN & BGE %G L 72 BI3E 5
KOTFRICH Y fHA T, RREANKRFANEZEGET A4 F 7 Ve ) v v R T I MG
ENLTHA L 54, RV XA IZY = e v F Y —h b5 557 A HIF-PHD FHE 3
ELTHEINT WS Z LICiEH L7z (Figure 9), Protein Data Bank (PDB) 1 & % [fi{t &4
@ HIF-PHD2 & ® X ffs i (PDB ID: 2HBU, 30UH) %2 L 7= & & A, Fe FifiL,
Arg383 7z & TNIT Tyr303 & O/KERES. Tyr310 & n HEIEH 25320 b1 (Figure 9). &
JEAFERE ) S F V-7 V= ARFEROHAERZ LG22 L 0w E2 Db L 56 ZaxGt L
7zo ZOEE BEEOPTHTIAHVONIETH 5 & v ) BRI CHiBRERICT 4 7 = v
ZERL, MEINTWES5DSAR LY, RV XA IXY =5 600h7REd—H
FOCHEEMERE A G AT 2 LiftEsm L3 2 @A H 072720, F/ Y I F Y SHLCA
FAFEERBAL 2, RICHFFEZEIC T v X v 72X F 4 Z{KHE L. Figure 10 IC/R$HHE
TERDAIRECH % & & MR L 7z EBRIC56 2L 728 25, FRRED in vitro HIF-
PHD2 FHEGH: (ICs0: 290 nM) % 7k L 72,
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OH

X Cl NH
» § CO,H By
~
e N ’\H}»COZH
o] N=
54 55
hHIF-PHD2 IC5,: 640 nM hHIF-PHD2 ICso: 79 nM(3XRRfE)

Tyr303

|
@ ! ’ H . Tyr310 H ’
I T A & 4
o N N : ~TTH
) © HH z O NN
cI N N\)\O\\ t '\\lw@ VAN
H,0 EH\ZO WN= C ‘IH_‘N\
O SO © H Arg383
Asp315°% Asp315°Y =
His313 His374 His313 isa7a
Figure 9. X #ihl S HEE T IC X 5 HIF-PHD2 & O I(FH
Tyr310 Tyr303
s
/ S / é H\\O
Z >N 7N A H
J\ _ |IH’N _
NN o i PN N Jo @>——N Arg383
H \ 2 =H,0 -
N= 27 wWN= orH-N,
=,/ H
56 Asp315'>

hHIF-PHD2 IC50: 290 nM His313 His374

Figure 10. ¥ v ¥V 272X F 4ICX 2 HIF-PHD2 ¢ F /v Y I Fv-v' 7YV — 56 DI
HAEH

S RBEEMEAHEITR I & 3 Y — FMLAYEUS

#1145 AR 7 HIF-PHD FHEHE ORFEZ Hig L. (LAY 56 % sl Ic &G AR BIWT ST
Z{T\>, HIF-PHD2 FHE G210 L X ¢ 2 RICEF Lz, €V I FY-E TV =LK
VEBREEDR 7 7=~ a7 AT THLI LD, FAT 2 VD I A F LI DZERIC
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X A REEIE MBI R A E L 72, Fy X v 27 REZ T 412X 0, 560X FEDEDBIK
PERIE L 720 T3 2 LRI N7z, NRBHIEEAIC X Y iEtkm LA lRECH 2 &
FHRL, L2l S, Z OBUKMEEREE I HIF-PHD2 OfGENIEFEIC 7L F O T ATH
2720, Fyxv 2274 poiEm EoREZRED 2L 3HLVWEEZ LI,
Table | ISR 38R~ ALEMEZ G L, EMHEZFHMEST 2 2 & & L7

DUF e & AR RS 2 B & L Ca%al L 72t &0 &K % 7R3 (Scheme 13-16), 5-
AFNF LY I FY 561 Scheme 13 ICRTTIETAK L7z, 2,4-¥ 7B FT /)
IVV SIS L, HEO NaOMe #1EH S #, A b F U EEZEAL 72 58 %K 96% T
7o RiICE/ Z7uBnFT /Y IVVBICHE-ETHBLAE EZACTE Y VY —LEA
T2 EITEY 59 % 80%DICE Tz, 59 O TMSI LR IC X Y XA FAfb L7=tk, = F
NI AT AR NIKSE L CHBIY) 56 1577,

e s DU
DT T ey X,

N 002Et co2

57 58 59 56
Scheme 13.5- A F L F T/ &) I F Y 56 DA
(a) NaOMe, THF, MeOH, 0 °C—rt, 96%; (b) ethyl 4-pyrazolecarboxylate, Pdx(dba)s;, MesBuXPhos,
K3P0O4, BuOH, 90 °C, 80%; (c) TMSI, CH3CN, 50 °C; (d) aqueous NaOH, THF, EtOH, 40 °C, 12%

(2 steps)

BT, 7472 VEROXFNEZ I SICIRRED S GEIE AL 7252 /v Y
F v ZBElK 63, 65a-65d % & L 7= (Scheme 14), 59 IC AIBN f77F . NBS Z#{Ef & &,
PR 64%TT7HEATFT RGO & L7tR, SRy 7Y v 7T X VI 33% Ty 7 m~F
VBB AL, KBRIMKGEHGZEITCICE D v 7 ~F o~ LBt Scheme
13 LRERDFTEDOBREIC XY 63 #1572, 60 & TV —AFu vigEHwiz8KA vy 7Y

CX D 6d4a-64d ~FHEL. TNnFE TLFEKDOMIRFEIC XY HIY) 65a-65d %1537,
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s
S U ¢ SR
N
MeO \N/J\N N MeO™ N7 NN <
\ CO,Et \ CO,Et Me0” SNN
N= N= e \}COZEt
N\
59 60 61
s
/ / S
c Z >N d e
- L ¢
MeO” N7 N
e |§~002Et 07NN o
N= Ho e
62 63
s
Br. 7 R i S R / S
Z N f %
NEN — ) —- T
MeO N N7\ CO,Et X,
’.\‘} 2 MeO” "N N}coza 0 N '\“}COzH
N= N=
60 64 65

Scheme 14. T/ v’V I F VRO AR

“Reagents and conditions:; (a) NBS, AIBN, CCls, reflux, 64%; (b) cyclohexene-1-boronic acid
pinacol ester, PdClx(amphos), K3POs, dioxane, 100 °C, 33%; (c) 10% Pd/C, H,, EtOH, rt, 67%; (d)
TMSI, CH;CN, 80 °C; (e) aqueous NaOH, THF, EtOH, 50 °C, 52% (2 steps); (f) RB(OH)a,
PdClx(amphos), K3sPOy4, dioxane, 100 °C, 49% (64a), 26% (64b), 31% (64c), 71%(64d); (g) Nal,
TMSCI, CH3CN, 80 °C; (h) aqueous NaOH, THF, EtOH, 40-60 °C, 61% (2 steps, 65a), 78% (2
steps, 65b), 72% (2 steps, 65¢), 91% (2 steps, 65d)

RICFA 7z vVEBEZECR—VICAALzvra Y I FY 70 &5 L 72 (Scheme
15), 5,7-¥7mua 4 v F—=66 ICHERDF ) T LRXAFT7—+EEHIRELNLE 67
KXt L, REEAH Y YAFET 4-7 2= v 7u I PRSI, 1fic4-7 =1
Ry UNMABEEE AL 72 68 B 1H7z, KICPAdEZ W72y 7Y v RIBICK Y, v
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I =N EEA L 69 ICFHEE L 72, RBICOKBEF MY Y L2V AT S
KIT A b F U HDOMKSFEITE Y 70 ZEKL 72,

HN HN
NS
MeO N/‘\Cl
67

| —
cl \N/‘\CI NP\N
\
86 MeO \N)\m
68
QL ~ TN
N, N
N Z>N
S X
MeO” N h\l},coza 07 NN coH
N= H =
69 70

Scheme 15. ' v ') I F ¥ 35 DERK ¢

“Reagents and conditions: (a) NaOMe, THF, MeOH, 0 °C-rt, 70%; (b) 4-phenylbenzylbromide,
K>COs;, CH3CN, rt, 84%; (¢) ethyl 4-pyrazolecarboxylate, Pdz(dba)s;, MesBuXPhos, K3PO4, ‘BuOH,
130 °C, 69%; (d) aqueous NaOH, THF, EtOH, 50 °C, 40%

EHLRFAZ7 v BT —VICEBLZY 7)) I FviFERE & L 72 (Scheme
16), F—ETRIHLZPdA Yy 7Y v ZICX VAL 2aD p- A P F oy UAE%
TFA &b CRE L. 71 2GR 80% CTf572z, CHICH L T4 7 2= Ay I 7 m IV, K
AV v LeHnEfFicsnTxy Il v KB F ) v 20k Y 712745
L 13 2 &L 72,
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,N‘ or N\ \ N
% ¥

I O N )com
(e} N N}/COH N=
H "\l\ 2

72 73
Scheme 16. &' 7 Y m ') I F VEFERD AL ¢
“Reagents and conditions: (a) TFA, 60 °C, 80%; (b) 4-phenylbenzylbromide, K.CO3, CH3CN, 80 °C;
(c) aqueous NaOH, THF, EtOH, 60 °C, 43% (2 steps, 72), 32% (2 steps, 73)

DEDXSICHER LYY S Fv-¥ TV — A AR YBBED invitro 128 % HIF-PHD2
PHEWEM: (ICs0) ZMIE L7z (Table5), ¥/ ¥ U I F v 56 D 547 A FAICHEAMEL%
BALALE RO RICTF A7 = vEREEHL 72ALEID in vitro HIF-PHD2 FHE G % R~
To 561y 7m~FUNKEEALALEY 63 T215., 7z = AEZEBAL LAY 65a
T3fGoEEEE M LR SN, 65alc bV 7 A m X FAFEEA L7z 65b, 65¢ Tl
BT it o a B R o et o 728, MR V¥ VERD 4017 = = V2 E AL 7=
65d 1% 65a & Ml L CRHE ML 3 f5 M B L, 58\ HIF-PHD2 FHEEE 2R Lz, Mo
FEE IR IATEISE A X 0 iR EASTTRETH 2 & v ) PREZ IR TR TH o7, K
KFA7zven—1bH0WEe 7Yy —VIcEfaLzruerey) IV 70, ©7 VY
UIFY NRoEEEFHEL 72, vuae ) I Fy 70 TRIEESEE L 225, JEHICHES
7z HIF-PHD2 HEEM A F 327V u v ) I VY 2 %1972, £72. 12 BT
» 5 73 b FEIFRICIES) 7 HIF-PHD2 [HENEEZ T 5 2 & 23bd o7z, DIEHEDIE N 72
ZF\Tz invive FHIIC X b . 58 10 mg/kg TV RCH T % EPO FEAJUEEH % 2
L7228, R MECRORIEICZ LW &b otz NAFATRA Y T 4
16%).
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Table5. 7=/ vV IFy, voovrv)Iry, v©ovovrl I FyfEERore b HIF-
PHD2 BHEEM:
Ra

compound R R hHIF-PHD2 . R hHIF-PHD2
p 1R |Cso (nM) compoun 12 |CSO (nM)
S
/
56 P 290
1
' 65d 23
s
63 Q/@ 140
<
ll
70 51
S
65a / 78
1
1
FsC
65b Q/{/S\ 68 72 9
1
1
CFs
s
65¢c / 45 73 12
1
1

FBEE ROWRINER Eo 7D OB RE
invivo CBEWCHMMEZET 27 a ) IV Y 25285 2 LTI L7283, IBAREE
DME S 72 D FE RIS & & A3 s o 7z, RTAMRE IZAZERTIE IC 5 € LIE LIKTE T
TEHHECTH Y, WMEEREEAIC X Y BUKEZ & 2 (IRIEMEEL T 2)2 & 03—k 75
AR SEDOHEEITH B, LL, 23T CHBEERETHZ INVREF AL H
TH2AEYMTHZ7-0, I OIIEREARKT €5 2 & CEEEEK T ICRR 3 2 & 00%
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IR T AEE s, 2 CIRENEZ T T2 2 L E\ORMEZ2SEGET 22 & 2L
Too —MRIC, FEAREE DK~ DOIEME L, WE oKL K L O ALERRET) D 2 DDA
FIKFF L T b, 2 FOFHERPHIEER SOy v ZicgE e 5 20 510
TEDSHANL B LAEER DXy ¥ v 7 2MET L, BlSEAMET 3%, Hiff. Lovering 1, [EH 5
BRIRIERLA O T — 2 R — 2 %@t L. sp® IR R O EIG OB ARl QKT & B
5 &G LY, WAMRE LS FEFRMEORRICoOWT, KUty 7 = =1 (PCB)
CHEWT, KOV RELTHMEZFREOAN MERLY 7 2 = VDT 08, BED R 2 & 2SR
I FlzX, 22-Y7rBEE 7 2 =)L (900 pg/mL) X, 4-7 BB E T =L (400
pg/mL) 24-Y7une 7 =)L (637 ugmL) XV bEWKAEEEZFEL TS, —H.
DT DOXFREICDOWTIE, 1995 4EIC Gavezzotti 13, WFREDE W 113, WFRMEDO K5
T X0 b, ZRTCOFIEFICHD 2 AT, TR, X0 LE Crln., KaiE

DA T % EfElE L. EBICALV P BX R X E R 2V 37 B R X D HK
BT 2L 2MELTWDE 2, 20X 5 ICEROEMIEIX. AE OEB~D RN
L. FEROFEL XD ICHEEZT B,

Figure 11 I[CHIZERFTEIC B W CTIREMEE T 5 2 & M CIRMEUEE ICKI) L 2R 2 n 3
B, 1oHIF, 7=V 0 ERE ROV ANS S 3IMICEET S & THT ORIEE R
U ARSI L =56 CH % (Figure 11-1)74, 2 2 B I3F7 5B % RORIER IC 25 s L VAR
JEUGEDER XT3 (Figure 11-2), ZHIIFHEFERZWO T2 L CHFHEA T, &
FRIEEDSTRETH 2 2L R L TWwb, Z LT3 DHIIAEERMER T 2 LAY ICERE
HEE2EAL, HAZKELST L LICX VT OVFIEMEGRE ., B2 UGE S &
22 EBMEINT WS (Figure 11-3)%, AR L7 yrr ) I Py 72133 2HD
Hfill & [FIRRICHERE L 72 PG D 720, HEBRANK, 75 I “HAEKIC X 2 FHEPEK
WOAIREUGE DR 7 FBR L H 2 T2,
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L NHSOPh N @TH I‘;IHSOQF’h
B P
chozH I COsH

(8]

SBARE: <0.1 mg/ml (water) 3.5

2) OH OH
CF4 CFy
‘ Hj/\T/O/ $ Hw
N = N S
SR 1

BfEE: <0.0001 mg/ml 0.023

(pH 7.4 buffer)
3)

BREE: 262 mg/mle SSAREE: 1270 mg/mle
—mEf: 17.8° b —Ef: 37.9°0 —mEf: 70.0°06

25olubility in an equal volume of EtOH and 1/15M phosphate buffer (pH 7.4)

Figure 11. JEEMHARIEIC X & 7o\ 35k B s 55451

IV uE ) IRV RO T s S AESO HAKKEEZ 7 v EREAL LAY
74, 75, 72 b NICHFEBRANKIC X 2 I UGE 2 BIXI L <TLEY) 76 ikt L7z, &b,
65a & 65d DRHETEMAHBI X V. FEBREZHNAT 2 LIEER S FREI Lz 0, BENE
HEchrrunkizBEAT 5L L LT (Figure 12),

O F

QL a
Nf
A N
SN
o”°N '\“}COZH
N\
74

Figure 12. AfREUGE 21510 L - {LEVIERE

BTEMEICXD 72, 714750 7 = VS OREMMEIcE T 2 —HifaEsEL-L C
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AL T2 D345°, 74 2549°, 75 B3 51070 H UNIC 58°8 7w BB A VDT HTH B 25 H A
IR E L 7 0 IAFRIEDSSGE 3 2 ATREMEASRIR X u7- (Figure 13).

Figure 13. 2L FEIRICX 2 €7 = =85 o ATl

Table 6 \ZALEY) 74-76 D in vitro iGTE. WEEE, RiRZRd, {LaW 72 LKL, €/
7 N B R 74 13 in vitro TETEDI D T CIET L 7223, pH6.5 O N LIGRIC BT 2 5k
DIRFRESER R N, 72 X0 SIS H 10°CIEKTLTWEZ R, 7 2=1D
THASAR L2 SN, Yy F Y S RET X R, MK T L, AR
BREELZEEZTHDE, Y 7AART513 74 L B L T in vitro 3EVEA D F 20210855 L
7B, BN s R R L e, F 720 BRIEKT 15 °CHRT L7272 3 5 7 2 IR K
LEVRBEZONTBT LA 74 XD DT DICHRBE K o7z, MIRPAMET L2 b7y
FHBAICLY, 74 X0 XbICe 722 HMBARL, FEREMETFT LT3
25, 74 X0 BAREEAE K D (logD(pH 6.5): 1.53 vs 1.67). IRIETH 2 /K~DHAIE DMK
TLAEZ BB LMBREEZT VDS, 7475 3LAVKGTOBICERIL 728 Y |
JEAMER T2 2 L R ARE 2 REI 2 L IR L 2L ThH 3, RvEVERE
PREL 72V 7 ma Xy VAR 76 138 in vitro EYER G L. 74-75 DL ICIEARIE % 8GE 3
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52 B TE Tz, 72 LB L TR T IC X 25 EERT & IREHET I X 27k~
HMIPER ED 2 MSAMESEICHFG L2 E2bNE, TOMBLY, 76 DIRMAEZ X L
i bxgs &l L,

Table6. £ 7V u v ) I FViEEKRD v b HIF-PHD2 HEEME & Y1E(E

hHIF-PHD2  solubility?  solubility
IC50 (NM) (ng/ml) (ng/ml)

R
72 9 9.5 22 311-314 1.39
cr

compound m.p. (°C) logD(pH 6.5)°

74 16 - 52 299-303 1.53

F
F
75 O 25 49 42 283-285 1.67

Cl
76 Q 24 88 163 290-291 0.81

“Solubility of pH 6.5 buffer. °Solubility of pH 6.5 artificial intestinal fluids. ‘logD values were

estimated by calculation using the Daylight ClogP, and pKa values calculated using the ChemAxon

pKa plugin.””> 78

FATISE~ v ¥ VB OB AR TG T2 L F A, 76 LR X v ¥ VERORMEZ
Fiofbex Ao -BERm Exiagtd s o e Lz, B HUEREHVTI6 DR VY
ML E R VX VBRDRB-IREREA % L X 2 72RO RETEEE (Figure 14-A) ZFEHEL L
T, XYL VEROMEDIED S X LAMEHRE LT, 76 DXV I AL A F VI ZEA
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L7277 CTREIBEN Y VBROKFE L A FALEOVREED 2B, 76 LY bbb hicy
XY PRENIZIRLERE L 72 - 72 (Figure 14-B), 77 DECEL D, RV EVED 2 f7iCiE L
HEEATZENNRN L DVKREED D, TLERVEVERMENS L PRI
=018 BAEH Lz, ZORR, AARZ KL X FAROIM S O IREE &8 T 2 A7E I
RVYELVERPEEL, 76 X 0 b X HICRNWZECSE & 72 5 72 (Figure 14-C), X FLEL DM
79 13 76 1T WAL L 7 o 7223, 247 m a2V R = v & ONREEEIC X Y SOHENIC B
& L7z (Figure 12-D), AL X 0. L&Y 76 & L L THISES v ¥ v 2R 72 77-78 254
FRIEUGET 2 AR L . Z ORI 16, 80-81 72 & ICHlFE~ v & v BRD 3 {2 & 4 4L
ICEREL DAL IE % 4 2 7= 82 © HIF-PHD2 [HEEME. BEE 2T 22 L & Lz,

A)
) ©
Q,N—
N
Z N
s

C)

M |

N[ N=
N

Cl “Z "N
M

78

Figure 14. fl[§H~ > ¥ v ERORCREICHE H L 72 RELUGE & 1517 L 7L &ExE

Table 7 iC 16, 80-82 D in vitro itk WAL, RlM 2R3, 77 DNEIEIEARTH 2 80 &
81 TII A FAIEDVIRD S Bl D 80 D J7 2% HIF-PHD2 FHEIG A < . 80 13 72 L [FIFFED
FEF BN RHEFEEZE L Cnzpd, BIREIE 76 XV b FHITKT L, HifF L 28R
WEIIIED 5 72, BUSMET L T30, 76 X0 FEREIME T LTw228, A FH
A X o THRIEMED B30 . K~ DEMBEIME T L2720 Th2EEZTHS, 80 L[H
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U A FAIEDNREFED 78 ONFIEMENR 16 12, HIF-PHD2 PHEIGEDY 2 2055 L 72 2358
FERFE 23 1000 pg/ml BA b & KIEICEE L 72, 76 £ Y @S2 50°C LB & RIGICETLZZ &
CE RS KRE KT L, BINGRARERELZ D720 LeeEIL w5, $7z. L
Y16 L FEERICHIBE~ v € v 2 fic 7 v n k2T % 82 bIRME S KIEICH L L 7,
PLE X DI~ v ¥ v BROBEEICE B L 72 b&PRkaHic X v i@y HIF-PHD2 PHE G &
BWIEREZH T 5 16 OHIFICHII L7z, £72. 16 D invivo iEEZFHIi L7z 2 A, R
TFREORINE (N4 AT A 7€) T 4:771%). 7 v FEUEIE T VICE W TEIMSK
EERABR NI,
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Table7. £ 7V u v’ ) I FviFE{Ro v b HIF-PHD2 fHEEME & YH:E

N=
RN N
M

hHIF-PHD2  solubility?  solubility®

compound R m.p. (°C logD(pH 6.5)°
P Coo (M) (ug/ml)  (ug/mi) P-(*C)  logD(pH B.3)
o ©
76 Q 24 88 163 290-291 0.81
o ©
80 Q 9 75 149 265-268 1.1
o O
81 Q 60 - - - 1.11
cl
16 54 >1000 >1000 239 1.23
cl i
F
82 99 >1000 >1000 232-259 0.66
cl )

“Solubility of pH 6.5 buffer. *Solubility of pH 6.5 artificial intestinal fluids. ‘logD values were
estimated by calculation using the Daylight ClogP, and pKa values calculated using the ChemAxon

pKa plugin.””> 78

>

RAESGEZ BN L Cikat L 72L& 16, 74-76, 80-82 DA HIC DWW T/RT (Scheme
17)o JHESEIT & T Scheme 16 TE72 71 IC_ v I AFHEAEA L 7- 82 #1572, KT 2-7
NAu 7z Rua VBEE OBRKR-ERA Yy 7Y v I EHAWT 83 1572, Hii\w TKEE(L S
FIYLERGZZATALRLTRICA P X EONUKMRICE Y EZyr ) I FY 74,
BBEEK LTz, 20 TIONREKICEH W72y O b L KEELF + Y v L& T T
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TR D T A b F U EAEIMAKSEIC X Y 16,76, 79-81 % 157=,

*@%&

83a (R =H) 84a (R = H)
83b (R=F) 84b (R = F)

COzEt

CO,H
74 (R = H)
75(R=F)
N=
-N
d, e R =~ N
A (Y
0" N NN —copn
16, 76, 80-82
, o of o C of .
Q’_ i RN i cl i
76 80 81 16 82

Scheme 17. AfFEE D7D ICKEI L2 7 YV re ) I F ViEEKRDO AR

“Reagents and conditions: (a) 4-bromobenzyl alcohol or 3-fluoro-4-bromobenzyl alcohol, DIAD,
PPhs, rt, 67% (83a), 55% (83b); (b) 2-fluorophenyl boronic acid, PdCl(amphos),, K3sPO4, dioxane,
100 °C, 84% (84a), 86% (84b); (c) aqueous NaOH, THF, EtOH, 60 °C, 70% (74), 99% (75); (d)
ROH, Mitsunobu reagent, PPhs, THF, rt; (¢) aqueous NaOH, THF, EtOH, 60 °C, 47% (2 steps, 76),
27% (2 steps, 80), 45% (2 steps, 81), 37% (2 steps,16), 34% (2 steps, 82)
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BV NG

HEBEMERE Y I Fv-v 7 V=V OEMEE W 0#% 5 A HE 7 HIF-PHD FHEZEO
PRRWFFEICHLY MlA 72, #iis T % HIF-PHD2 & %2 ORHEI O X Hfs i ic X 24
HAEFMNT X 0 . HIF-PHD2 HEEE 2 H 3 2 A HEBEMHIRLE Y I F -7 V' — 56 % AL
L7zo KU, FEEETEMBINGSIC X 0 . JEHICi®)) 7 HIF-PHD2 FHEEEZ G52 v 7 Vm
v Y 3N VERERE B L 7208 IR AMK R ORI AR 2 o 720 S I3ERES 5 5 &
BRE 2  5 -ofmEErme 2 EBFRTH 2 L EZ N, £ T TH ORI
IR X 2 IAMREE R ICHL Y A, vy HIF-PHD2 PHERRME & BWiAMRE 264 2{LAY
16 % B3 2 LTI L 72,
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=8 ENERTARERR: -7 I /eI YV uEd3d Y I P-4 v oS RER
% & HIF-PHD fHEZE~DEH

i TR

5 B ORIEEMSE CRADIH VW 72 HIF-PHD BHESR A BGE OWBEIE % 7R3 (Scheme 18), SCHk
BEAERIc X 0, iiloe 7 =126 X9 51a % 7B, 17%TAK L, F-ETRBL%E
Pd il 2 720y 70 v I ROGE I CT 52 ICFE L 72, HtWwCliEZHAWT 52 @ p-£ b
FORVUNEERRELETLICHL, BERIGICE 2T —AD |-NXY Il o™
KR XD 16 855N 5, RV UNMIBHO L2 EZ 2 - AKiETH 2720, TR
¥H% < (11 LA N-=_ ¥ I Al (71516) ICAZEEIREA M 2 & A3FE H CRAIER A3
V(RN 4%) Z L b, LENGHRIINEETCH 2 L ExbN5, £ 2T, 16 DEFENIERN
REREESGIT 22 &L L,

HN a ] b N )
7o, N N ] )'N\
HO,C | -
S MeO” N7 N
MeO )\m e \}COZEt
26 N=
51a 522
cl
HN \
N
c N N d e N/N*
! cl A N
MeO” "N "I‘}COQEt %
N\
07N "\‘}COZH
N\
71 16

Scheme 18. BISEAZEICHW2-T I /v 7V v[43-dE ) I F-7-F v DERL
“conditions: a) See ref. 33, 17% (in 7 steps); b) See Table 1, 83%; c) See Scheme 16, 80 %; d), )
See Scheme 17, 37%

16 DL ERMEIRRAIARICE W T, ¥ 7 V= N-X v AL DA EERPEAHE O & & 28I
KK TORKDIFRTH 5 2 &b FETRIAIRE R CIIAEER UGS S0 L & 2
oo ZTTL 4T I7ET) =N HMDINRYINMLICEY I-NRVYUNLA4T I T
V=92 AT S 8L L7z (Scheme20), ~7 w7 U —AT I v XD, HEHEEMRERYE
YIFVYEAERTIHELE LT, FAZ7Y) —TA 2 77 VRIBHULRISIC X 2 ) I F v
BEEBH SN T WS (Scheme 19), ~7 BTV —ALT7 IV 83 L84 Lk0FoNDT IV
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v 85 ZBHYLHTE AL L, A v o T A —badfke LTRELEZSTFHNTZ Y —T A0 7

7 RIRICHHET L, €Y I FVEREZMET 577 TH S (Scheme 20-1)%, 72, 7=
V871 EhfEons 7=y 88 BRIk A L L CHW A TFHNT7 Y —TLr 77

BOGIC X 2 2- 737 FF Y m v 89 DAMIHE TN T2 (Scheme 20-2)87,

1) cl

e O,
@\ COzR" g4 )'N\ A N R = Me, Et
I
NH, H[\I] CXs3 0 N)\CX3 X=F, Cl
83 CO,R H
85 86

rR2 R' Rr2 R'RN R'0,C RO,C
NN N s S 0
S~ = R'I/v\\ N\Q\\ N\)\\ R2 / PN / R
1 1 1 1 1
I 1 I 1 I

2)
NCS : ‘N Lewis acid or A

EtO
NH, 2) PrNH,, WSCI L g JN\
25
_— HIN™ - NHPr 07 >N” NHPr
CO,Et H
89

88
Scheme 19. 73 TN 7V —FT N7 7 7 VRGO HB/ES R LY I F Y OEK
Scheme 19-2 @ /5% % JGH L 7z HIF-PHD FHESR O W& A ¥ — 2% 7/R 3 (Scheme 20),
R TR T AT VDMK GEEITY (90—16). ) I FVEBRESTHZ Y —TL2 T 7
YV EOGIC X DS 2 (91—-90), BRALETEKAIZT I /7 7 V=L X VEFERRETH b
(92591, TI/ET V=192 TV =94 LHEEER VAT A= 93 XD
AHATRECTH 2 & E 2 72, HRFRIE LT TV =L 94 227207 L F b o#R Y

FRIREE 72 537, 1A CLRREDHIR S v, BIEEE cH WAL oMBER A UGE I NS
Lo TENGRICCHTEELEZ Nz, LrL, 7 FATZ7IV =T L7 77V RIGIC
X257/ 778[43-d) I F7-F Vv OERILERI N T Winizo, KGEH%

RBftT & & L7,
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Cl

Qfo e e j\lx -

O,H COzEt
16 90
Cl
Cl
Cl ~—OH
N= Cl g
N;l\ 93
Cl & N — /N‘ jr— +
J§ N
Ao N= 92 HN_
EtO O NHBoc
o 94

Scheme 20. 73+ 7V —F 27 T 7 VBT X % HIF-PHD FHEZE O &K

B TRV —TA2 77 VBRIBRURIGICX S 5-TI/7€7 Y u43-dr) I F-7-
7 v ARG O Stat

AFRDR -7 2=NA4-T I )T —=ADLHAIRT Ry PRISBICE ) ERKL7Z
7T =Y v 95 RBALHIER L Lz FHN7 V=T V2 77 Y RIBYLROG 2 FwT, 5-7 3
¥ 7y RA43deY I P74V 96 AT 2 KIS % so{t L 72 (Table 8), Scheme
22 ICR L RIBICEWT, DMFHF TMSCL /2 % Z &I X b, RICICE T 2 REH
150°C 7> 5 80°C ICIK T3 % & L 23R S LT\ 5729, DMF % BEEICH . TMSCI /71
T. 80°C THMETZMfiw b Z L b Lz, 2GR, B OARRIIHER T % 725, HFER
23% Ko Tz (entry 1), 80 °C TRIEEMHFRD b Nixd 5 72720, IR % 100,
120°CIC 7 L THRRT L 72 (entry 2,3)e Z OFER. ISIRED EF & & b ICIGIEHET L.
120°C, JGHEE 90 43 TRIC A TERE L 72 (entry 4) RICSUCHNIET % EME SN T W3
~A 787 —7IC X BMENGEIECHET L 72 ¥, KIGIREE 80 °C. 60 43 Tl HFERI D b%
FEDER E N (entry 5). 100 °C THRIGHTEAE L, E I T LHiIc~vf/m v
— 7 X D INBACIRISHIIE D B S 72 (entry 6), 7z, 120°C IC B W THFFICHIAERY X
BHNd. 100°C DA & FBRICICK 77% THII 5 57z (entry 7). AL DRETIC
H . DMF i, TMSCI f#7E£ T 120°C, 90min d L K i~ 4 7 v v = — 7 HEAD LA TiE 100
°C, 60 7 CERALKIGHETT 2 2 /R Lz, FF Vv Vi3 80°C TRIGHHETT S Z
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EDREINTWER, 7YV —ATIE120°C%HEH L7z, 2NNVl ey s
V= NVIFETARRTERTH D, BAURICHEIT LI D otz/zd eEZ TS, £
2. ~A47v v -7 X 0 RICHIE S - BB IEAHTH B,

Table 8. 3TN 7 U —F N2 5 7 RIBAV KRGS 0 it

N=— N=
®/ \j\ TMSCI (5.0 eq.) Q/NJ/?/\N +®/N\;\N
| |
DO I

N/\/ dry DMF
fo N0 H temp., time H H 2 H
95 96 97
entry temp. (°C) time (min) 95:96:97¢ isolated yield (%)

1 80 60 67:33:0

2 100 60 41:59:0

3 120 60 22:78:0

4 120 90 0:100:0

5 80 (W) 60 74:26:0

6 100 (uW) 60 0:100:0 77

7 120 (uW) 60 0:100:0 77

8° 120 (uW) 60 0:0:100

“Determined by UV (254 nm) area of HPLC analysis of the reaction mixture. °4.0 equivalent of

water was added.

KERMU 72 CRIGEEML 728 25, BRFERDIKDE L 72 97 DLERAHERR X

7z (entry 8)s Z DfiF X U Scheme 21 IC/RTHE CTHRICHHEIT L TV 25 & F 2 T 5,
TMS H: DBV FTENR 98 D A7 VST A VEEEFRICEAI L, =2 7 — 23l 5 2 & T,
100 34T 2, KICT I 7 Epb0EBTFOM L LICK>T7 Y —T A2 T 7 v RIBR L
FOGDSET L, €V I F v 102 3T 5. KBRS 2556, 100 ICKBEH L, A%
ERANNI VI3 ZRHAL 7T =YV 14~ fRE NG,
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N= N
N= R1-NI\J\ N N=
IN TMSCI M Rre ) Ml R2 H,0 o~ N
I Rr2 HNT N — - g I 2
. N~ N )\\ R
HN™ N R3 ® =~ L N7 N
A R? E07 30 % R HO R g
Et0” SO SiMe, SiMe;
98 9 100 103

\ Friedel-Craft type

Cyclization
N= ,N‘ N

1-N 1-N A

R Z>N aromatization SN RLN\;\
Lo "l ser N

07NN Q" NT N M R
H ge SiMe;  R® HeN™
102 101 104 R

Scheme 21. 73+ 7V —F 27 T 7 BIBRAV S GHERE

BEE ATHZYV—FTAZ I 7VRBIRIGIKE B 5T I /€7 8[43-de) I K74V
A L HIF-PHD fFAEE~DJEH
BoEIORE L 2SR, AR ST I TV ud3de ) I R v EARL
72 (Table9), 1PLIC7 2= AHEEHL, ST I/ HOERRZE TV a43-de) I F-7-
FVEAER LTz, SILICERYV Y VERTLEZ /) I FY 106a Z@NETHL L
BTE IWNE %), TNIEF7V—TA7 77 VBELISICED, WIOT2H/TIvER
TEHEMEERE Y I PV EARLEHICH 5, RiC4-t A4 Py EZEALLEYOE
R RBR Tz, Z OFER, B 106b 23K 53% TF O L7203, EIERKY) & L T 106¢ 23X
R 44%THEONT, THRBILKIGHE 4- A v FEo 2 i CBIL L 2EBYITH ., v 5
V= 5fie PAA NV I FREICEFRE TH o e 2 B ERYI GO L
EZTC0D, SHICT Y= A %EALLZY 7V 8[43-deY I FT7-F v E2EK LTz, FAD
TECHRIN L7 HIF-PHD HEHE L Ffkic e 7V — v 2 H T 5 106d % SR TRR5 2 &
I L 72, SNIXARKIGD HIF-PHD HER~OICH 2 ffE ¢ 2R ch o7, 4 I X
V=R E AL 72 106e (ZIEBEIC NMP Z w2 2 LIic X D SR T/ S 2 &3 T 7,
DMF # W i=56, KIBEMHICE > TDMF XV AEL 2V X F AT 3 V58 105e & K6
Ly AIXY =AML 728 FE X N2 EBMBRD ON720TH D, €TV —1D
B E p- X PR RVONIICER L 2T U a[43-de ) 2 F-7-4 v 106f, T
[3,2-d] ) I F-4-F4 v 106g & b ICE VIR TH LNz, RRIGICK Y, F2/[3,2-d]E D
IFA4-F AR L PO TCOHITH B,
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/

Table9.5-7 I/ ¥ 7/ u[43-dvV) I F-7-4 v D&

/N\
v\ ,
— N R'/N

TMSCI (5.0 eq.)

N=
3 e
H/,L R DMF, 120 °C (uW), 60 min 5 HJ\R
Et0” SO
105a-g 106a-g
N,N~ NIN\
O Oy o 1 e
o N "O o) N)\N o) N)\N = @
H H H H
106a, 90% 106b, 53% 106c, 44%°2

N= N=
o o
=~ "N Z\
| \
o HJ\N} o N)\N/\\

SE\

SN

\

| o, AL
N= l—/ H H

106d, 91% 106e”, 97% 106f, 85% 1069, 90%

N

MeOQ,
ZN
|
o N/kN
H H

“The yields were calculated by 'H NMR spectra of the mixture 106b and 106¢c. "NMP was used as a

solvent.

RICHTN7 YV —F N2 F 7 Kt % HIF-PHD FHERO A RUCIGH L 72 (Scheme 22),
MHRDE G IR vy YT ova—v 93 (7 v F 4~ —@F*K: 03%) # X > At L7
107 Z v, ©F7 =1 948 % N-xX v P L 72 108 %1572, Hiv> T TFA I X U i Boc
L322 Ltk b, 3BRMIEKES50%T92 2157, Ric, BRILHIBKATH 2 7T =2 91
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Scheme 22. 7 ¥WN7 Y =72 7 7V BEALKRIG% 72 HIF-PHD FHESE 16 DA K
“Reagents and conditions: (a) Ms;O, EtsN, CHCl3, rt; (b) 94, Cs2COs3, DMF, rt; (C) TFA, CH2Cly, 1t,
50% (3 steps); (d) ethoxycarbonyl isothiocyanate, CHCIs, rt, then ethyl 4-pyrazolecarboxylate,
WSCI, Et3N; (e) TMSCI, NMP, 120 °C (uW); (f) aqueous NaOH, EtOH, 34% (3 steps)
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FBRIH
General

'H and *C nuclear magnetic resonance (NMR) spectra were recorded on Bruker 400
UltraShield Plus. Chemical shifts in the NMR spectra are reported in parts per million (ppm) with
relative to tetramethylsilane (& = 0.00 ppm) as the internal standard. The following abbreviations are
used to designate the multiplicities: s = singlet, d = doublet, t = triplet, q = quartet, m = multiplet, br
= broad. Coupling constants (J) are in hertz. High resolution mass spectra (HRMS) were recorded on
a LTQ Orbitrap Velos Pro mass spectrometer equipped with an ESI Lockspray source for accurate

mass values.

ethyl 1-[7-methoxy-1-[(4-methoxyphenyl)methyl]pyrazolo[4,3-d]pyrimidin-5-yl]pyrazole-4-
carboxylate (50)

A mixture of 48 (100 mg, 0.328 mmol), ethyl 4-pyrazolecarboxylate (55 mg, 0.394 mmol), Pdx(dba)s
(15 mg, 0.0164 mmol), ‘BuXPhos (14 mg, 0.0328 mmol), and KsPO4 (105 mg, 0.492 mmol) in
‘BuOH (3 ml) was stirred at 80 °C for 15 h under a nitrogen atmosphere. After the mixture was
cooled to ambient temperature, to the reaction mixture was added water and the resulting mixture
was extracted with CHCIs twice. The combined organic phase was concentrated under reduced
pressure and the residue was purified by NH silica gel column chromatography (Hexane/EtOAc =
95/5-50/50) to afford 50 (101 mg, 75%).

'H NMR (CDCls, 400MHz):  =9.03 (d, J = 1.0 Hz, 1H), 8.17 (s, 1H), 8.16 (s, 1H), 7.26-7.23 (m,
2H), 6.86-6.83 (m, 2H), 5.67 (s, 2H), 4.36 (g, J = 7.2 Hz, 2H), 4.33 (s, 3H), 3.77 (s, 3H), 1.39 ppm
(t, J=7.2 Hz, 3H)

13C NMR (CDCls, 100MHz): 6 = 162.8, 159.5, 157.3, 148.9, 146.6, 143.5, 133.8, 132.5, 129.2,
128.5,120.3, 117.1, 114.2, 60.6, 55.4, 55.3, 55.0, 14.4 ppm

HRMS (ESI) m/z calcd for CH2104Ne [M+H]*: 409.1619, found: 409.1609

ethyl 1-[7-methoxy-2-[(4-methoxyphenyl)methyl]pyrazolo[4,3-d]pyrimidin-5-yl]pyrazole-4-
carboxylate (52a)

A mixture of S1a (101mg, 0.332 mmol), ethyl 4-pyrazolecarboxylate (56mg, 0.398 mmol), Pd,(dba)s
(15 mg, 0.0164 mmol), ‘BuXPhos (14mg, 0.0328 mmol), and K3PO4 (106 mg, 0.497 mmol) in

‘BuOH (3 ml) was stirred at 80 °C for 16 h under a nitrogen atmosphere. After the mixture was
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cooled to ambient temperature, to the reaction mixture was added water and the resulting mixture
was extracted with CHCI; twice. The combined organic phase was concentrated under reduced
pressure and the residue was purified by silica gel column chromatography (Hexane/EtOAc =
100/0—80/20) and NH silica gel column chromatography (Hexane/CHCI3 = 70/30-0/100) to afford
52a (113 mg, 83%).

'H NMR (CDCls, 400MHz):  =9.04 (s, 1H), 8.16 (s, 1H), 8.01 (s, 1H), 7.31-7.26 (m, 2H), 6.92—
6.88 (m, 2H), 5.54 (s, 2H), 4.36 (9, J = 7.2 Hz, 2H), 4.33 (s, 3H), 3.80 (s, 3H), 1.39 ppm (t, J=7.2
Hz, 3H)

13C NMR (CDCls, 100MHz): § = 162.8, 162.8, 160.1, 149.2, 143.6, 142.0, 132.7, 130.9, 129.7,
126.5, 123.8, 116.9, 114.5, 60.6, 58.3, 55.4, 55.0, 14.4 ppm

HRMS (ESI) m/z calcd for CaoH2104Ns [M+H]*: 409.1619, found: 409.1608

ethyl 1-[6-methoxy-7-(2-trimethylsilylethoxymethyl)purin-2-yl]pyrazole-4-carboxylate (52b)

A mixture of 51b (100 mg, 0.318 mmol), ethyl 4-pyrazolecarboxylate (53 mg, 0.398 mmol),
Pdx(dba); (15 mg, 0.0159 mmol), ‘BuXPhos (13mg, 0.0318 mmol), and K3PO4 (101 mg, 0.476
mmol) in ‘BuOH (3 ml) was stirred at 80 °C for 15 h under a nitrogen atmosphere. After the mixture
was cooled to ambient temperature, to the reaction mixture was added water and the resulting
mixture was extracted with CHCI3 twice. The combined organic phase was concentrated under
reduced pressure and the residue was purified by NH silica gel column chromatography (Hexane/
EtOAc = 95/5-30/70) to afford 52b (96 mg, 72%).

'H NMR (CDCls, 400MHz): § = 9.16 (s, 1H), 8.20 (s, 1H), 8.20 (s, 1H), 5.68 (s, 2H), 4.36 (q, J =7.2
Hz, 2H), 4.32 (s, 3H), 3.62-3.58 (m, 2H), 1.39 (t, J = 7.2 Hz, 3H), 0.95-0.91 (m, 2H), -0.03 ppm (s,
9H)

13C NMR (CDCls, 100MHz): 8 = 163.0, 162.8, 158.1, 150.4, 147.1, 143.6, 132.7, 117.2, 111.4, 76.1,
67.1, 60.6, 55.0, 17.7, 14.4, -1.5 ppm

HRMS (ESI) m/z calcd for C1sH2704NeSi (M+H)+: 419.1858, found: 419.1852

ethyl 1-[6-methoxy-9-(2-trimethylsilylethoxymethyl)purin-2-yl]pyrazole-4-carboxylate (52¢)
A mixture of 51c (100 mg, 0.318 mmol), ethyl 4-pyrazolecarboxylate (53 mg, 0.398 mmol),
Pd,(dba)s (15 mg, 0.0159 mmol), ‘BuXPhos (13mg, 0.0318 mmol), and KzPO4 (101 mg, 0.476

mmol) in 'BUOH (3 ml) was stirred at 80 °C for 15 h under a nitrogen atmosphere. After the mixture
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was cooled to ambient temperature, to the reaction mixture was added water and the resulting
mixture was extracted with CHClIs twice. The combined organic phase was concentrated under
reduced pressure and the residue was purified by NH silica gel column chromatography (Hexane/
EtOAc = 95/5-30/70) to afford 52¢ (106 mg, 79%).

IH NMR (CDCls, 400MHz): & = 9.09 (d, J = 1.0 Hz, 1H), 8.20 (s, 1H), 8.09 (s, 1H), 5.69 (s, 2H),
4.38 (g, J = 7.2 Hz, 2H), 4.32 (s, 3H), 3.67-3.63 (m, 2H), 1.41 (t, J = 7.2 Hz, 3H), 0.97-0.93 (m,
2H), -0.05 ppm (s, 9H)

13C NMR (CDCls, 100MHz): 6 = 162.7, 161.8, 153.2, 150.2, 143.8, 142.8, 132.8, 120.0, 117.3, 72.7,
67.5,60.7,55.0, 17.8, 14.4, -1.5 ppm

HRMS (ESI) m/z calcd for C1gH2704NeSi [M+H]*: 419.1858, found: 419.1851

ethyl 1-[6-(4-fluorophenyl)-4-methoxy-furo[2,3-d]pyrimidin-2-yl]pyrazole-4-carboxylate (52d)
A mixture of 51d (70 mg, 0.251 mmol), ethyl 4-pyrazolecarboxylate (42 mg, 0.301 mmol),
Pd(dba)s (11 mg, 0.0126 mmol), ‘BuXPhos (11 mg, 0.0251 mmol), and KsPO4 (80 mg, 0.377
mmol) in 'BuOH (2 ml) was stirred at 80 °C for 15 h under a nitrogen atmosphere. After the mixture
was cooled to ambient temperature, to the reaction mixture was added water and the resulting
mixture was extracted with CHClIs twice. The combined organic phase was concentrated under
reduced pressure and the residue was purified by NH silica gel column chromatography (Hexane/
EtOAc = 95/5-70/30-60/40) to afford 52d (95 mg, 99%).

'H NMR (CDCls, 400MHz): 3 = 9.09 (s, 1H), 8.20 (s, 1H), 7.84-7.79 (m, 2H), 7.20-7.15 (m, 2H),
6.97 (s, 1H), 4.37 (q, J = 7.2 Hz, 2H), 4.27 (s, 3H), 1.40 ppm (t, J = 7.2 Hz, 3H)

13C NMR (CDCls, 100MHz): & = 168.2, 164.4, 163.4 (d, J = 250.5 Hz), 162.6, 153.9, 150.6, 143.8,
132.5,126.9 (d,J=7.7 Hz), 125.3 (d, J = 3.1 Hz), 117.5, 116.3 (d, J = 22.3 Hz), 104.9,97.1 (d, J =
1.5 Hz), 60.7, 55.1, 14.4 ppm

HRMS (ESI) m/z calcd for C1gH1604N4F [M+H]*: 383.1150, found: 383.1143

ethyl 1-(4-methoxy-6-phenyl-thieno[2,3-d]pyrimidin-2-yl)pyrazole-4-carboxylate (52¢)

A mixture of 51e (52 mg, 0.188 mmol), ethyl 4-pyrazolecarboxylate (32 mg, 0.226 mmol), Pdz(dba)s
(9 mg, 0.00940 mmol), ‘BuXPhos (8 mg, 0.0188 mmol), and KsPO, (60 mg, 0.282 mmol) in ‘BuOH
(1.5 ml) was stirred at 80 °C for 15 h under a nitrogen atmosphere. After the mixture was cooled to

ambient temperature, to the reaction mixture was added water and the resulting mixture was
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extracted with CHCI3 twice. The combined organic phase was concentrated under reduced pressure
and the residue was purified by NH silica gel column chromatography (Hexane/EtOAc = 95/5—
60/40) and silica gel column chromatography (Hexane/EtOAc = 95/5-50/50) to afford 52e (48 mg,
67%).

IH NMR (CHLOROFORM-d, 400MHz): 8 = 9.09 (d, J = 1.0 Hz, 1H), 8.21 (s, 1H), 7.71-7.68 (m,
2H), 7.48-7.43 (m, 2H), 7.41-7.37 (m, 1H), 4.37 (q, J = 7.2 Hz, 2H), 4.27 (s, 3H), 1.41 ppm (t, J =
7.2 Hz, 3H)

13C NMR (CHLOROFORM-d, 100MHz): § = 168.9, 164.6, 162.7, 150.6, 143.8, 143.2, 133.2, 132.6,
129.2, 129.0, 126.5, 119.1, 117.4, 113.2, 60.7, 54.8, 14.4 ppm

HRMS (ESI) m/z calcd for C19H1703N4S (M+H)+: 381.1016, found: 383.1004

ethyl 1-(4-methoxy-5-methyl-pyrrolo[3,2-d]pyrimidin-2-yl)pyrazole-4-carboxylate (52f)

A mixture of 51f (50 mg, 0.253 mmol), ethyl 4-pyrazolecarboxylate (43 mg, 0.304 mmol), Pd.(dba)s
(23 mg, 0.00253 mmol), ‘BuXPhos (21 mg, 0.0506 mmol), and K3PO4 (81 mg, 0.380 mmol) in
'BUOH (1.5 ml) was stirred at 80 °C for 15 h under a nitrogen atmosphere. After the mixture was
cooled to ambient temperature, to the reaction mixture was added water and the resulting mixture
was extracted with CHCI; twice. The combined organic phase was concentrated under reduced
pressure and the residue was purified by NH silica gel column chromatography (Hexane/EtOAc =
95/5-30/70-0/100) and silica gel column chromatography (Hexane/EtOAc = 50/50-10/90-0/100) to
afford 52f (49 mg, 64%).

'H NMR (CDCls, 400MHz): § = 9.05 (s, 1H), 8.16 (s, 1H), 7.24 (d, J = 3.1 Hz, 1H), 6.63 (d, J=3.1
Hz, 1H), 4.36 (g, J = 7.2 Hz, 2H), 4.23 (s, 3H), 4.04 (s, 3H), 1.39 ppm (t, J = 7.2 Hz, 3H)

13C NMR (CDCl3, 100MHz): 6 = 163.1, 157.3, 151.5, 148.1, 143.0, 134.9, 132.1, 116.5, 114.6,
102.7, 60.5, 54.1, 36.4, 14.4 ppm

HRMS (ESI) m/z calcd for C14H160sNs [M+H]*: 302.1248, found: 302.1244

ethyl 1-[6-(4-chlorophenyl)-4-methoxy-7-methyl-pyrrolo[2,3-d]pyrimidin-2-yl]pyrazole-4-
carboxylate (529g)

A mixture of 51g (51 mg, 0.166 mmol), ethyl 4-pyrazolecarboxylate (28 mg, 0.199 mmol), Pd.(dba)s
(8 mg, 0.00827 mmol), ‘BuXPhos (7 mg, 0.0166 mmol), and KsPO4 (53 mg, 0.248 mmol) in ‘BuOH

(1.5 ml) was stirred at 80 °C for 15 h under a nitrogen atmosphere. After the mixture was cooled to
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ambient temperature, to the reaction mixture was added water and the resulting mixture was
extracted with CHCIs twice. The combined organic phase was concentrated under reduced pressure
and the residue was purified by silica gel column chromatography (CHCIs/EtOAc = 100/0-99/1—
95/5) and NH silica gel column chromatography (Hexane/CHCIz = 100/0-50/50) to afford 52g (29
mg, 43%).

IH NMR (CDCls, 400MHz): § = 9.13 (s, 1H), 8.20 (s, 1H), 7.49-7.44 (m, 4H), 6.59 (s, 1H), 4.37 (q,
J =7.2 Hz, 2H), 4.24 (s, 3H), 3.88 (s, 3H), 1.41 ppm (t, J = 7.2 Hz, 3H)

13C NMR (CDCls, 100MHz): = 163.4, 162.9, 153.9, 149.3, 143.4, 139.3, 134.8, 132.5, 130.3,
129.9, 129.1, 116.8, 104.1, 98.7, 60.6, 54.4, 30.7, 14.4 ppm

HRMS (ESI) m/z calcd for C2oH1903NsCl [M+H]*: 412.1171, found: 412.1161

ethyl 1-(4-methoxyquinazolin-2-yl)pyrazole-4-carboxylate (52h)

A mixture of 51h (50 mg, 0.257 mmol), ethyl 4-pyrazolecarboxylate (43 mg, 0.308 mmol),
Pd(dba)s (12 mg, 0.0128 mmol), 'BuXPhos (11 mg, 0.0257 mmol), and KsPO, (82 mg, 0.385
mmol) in 'BuOH (1.5 ml) was stirred at 80 °C for 15 h under a nitrogen atmosphere. After the
mixture was cooled to ambient temperature, to the reaction mixture was added water and the
resulting mixture was extracted with CHClI3 twice. The combined organic phase was concentrated
under reduced pressure and the residue was purified by NH silica gel column chromatography
(Hexane/EtOAc = 95/5-65/35-50/50) and silica gel column chromatography (Hexane/EtOAc =
95/5-50/50) to afford 52h (51 mg, 67%).

1H NMR (CDCl3, 400MHz): 6 =9.16 (s, 1H), 8.22 (s, 1H), 8.18 (d, J = 8.2 Hz, 1H), 8.06 (d, J = 8.2
Hz, 1H), 7.87 (ddd, J = 8.2, 6.7, 1.5 Hz, 1H), 7.56 (ddd, J = 8.2, 6.7, 1.5 Hz, 1H), 4.38 (q,J=7.2
Hz, 2H), 4.32 (s, 3H), 1.41 ppm (t, J = 7.2 Hz, 3H)

13C NMR (CDCls, 100MHz): 6 = 169.0, 162.7, 151.6, 151.0, 143.9, 134.7, 132.8, 127.9, 126.8,
123.8,117.2, 115.3, 60.6, 55.1, 14.4 ppm

HRMS (ESI) m/z calcd for C1sH1503N4 [M+H]*: 299.1139, found: 299.1136

ethyl 1-(1-methoxy-3-isoquinolyl)pyrazole-4-carboxylate (52i)
A mixture of 51i (50 mg, 0.258 mmol), ethyl 4-pyrazolecarboxylate (43 mg, 0.310 mmol), Pdx(dba)s
(12 mg, 0.0129 mmol), 'BuXPhos (11 mg, 0.0258 mmol), and KsPO4 (82 mg, 0.387 mmol) in

'BUOH (1.5 ml) was stirred at 80 °C for 15 h under a nitrogen atmosphere. After the mixture was
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cooled to ambient temperature, to the reaction mixture was added water and the resulting mixture
was extracted with CHCI; twice. The combined organic phase was concentrated under reduced
pressure and the residue was purified by NH silica gel column chromatography (Hexane/EtOAc =
95/5-85/15) and silica gel column chromatography (Hexane/EtOAc = 95/5-85/15) to afford 16i (67
mg, 87%).

'H NMR (CDCls, 400MHz):  =9.03 (s, 1H), 8.24 (d, J = 8.2 Hz, 1H), 8.12 (s, 1H), 7.85 (s, 1H),
7.80 (d, J=8.2 Hz, 1H), 7.68 (ddd, J = 8.2, 7.2, 1.0 Hz, 1H), 7.51 (ddd, J = 8.2, 7.2, 1.0 Hz, 1H),
4.37 (q,J = 7.2 Hz, 2H), 1.41 ppm (t, J = 7.2 Hz, 3H)

13C NMR (CDCls, 100MHz): = 163.1, 160.8, 143.4, 142.7, 139.3, 131.4, 130.3, 126.9, 126.4,
124.4,118.7, 116.2, 100.9, 60.5, 54.3, 14.5 ppm

HRMS (ESI) m/z calcd for C16H160sN3 [M+H]*: 298.1186, found: 298.1183

ethyl 1-(4-methoxy-1,8-naphthyridin-2-yl)pyrazole-4-carboxylate (52j)

A mixture of 51j (50 mg, 0.257 mmol), ethyl 4-pyrazolecarboxylate (43 mg, 0.308 mmol), Pd2(dba)s
(12 mg, 0.0128 mmol), ‘BuXPhos (11 mg, 0.0258 mmol), and KsPO;4 (82 mg, 0.385 mmol) in
'BUOH (1.5 ml) was stirred at 80 °C for 15 h under a nitrogen atmosphere. After the mixture was
cooled to ambient temperature, to the reaction mixture was added water and the resulting mixture
was extracted with CHCI; twice. The combined organic phase was concentrated under reduced
pressure and the residue was purified by NH silica gel column chromatography (Hexane/EtOAc =
95/5-45/55) and silica gel column chromatography (Hexane/EtOAc = 50/50-0/100) to afford 52j
(38 mg, 50%).

IH NMR (CDCls, 400MHz): § = 9.44 (s, 1H), 9.06 (dd, J = 4.1, 2.1 Hz, 1H), 8.56 (dd, J = 8.2, 2.1
Hz, 1H), 8.17 (s, 1H), 7.70 (s, 1H), 7.45 (dd, J = 8.2, 4.1 Hz, 1H), 4.35 (q, J = 7.2 Hz, 2H), 4.20 (s,
4H), 1.39 ppm (t, J = 7.2 Hz, 3H)

13C NMR (CDCls, 100MHz): = 165.2, 162.7, 155.6, 154.4, 153.2, 143.3, 132.0, 131.4, 120.9,
117.7,115.5, 92.1, 60.6, 56.8, 14.3 ppm

HRMS (ESI) m/z calcd for C1sH1503N4 [M+H]*: 299.1139, found: 299.1135

7-methoxy-1-[(4-methoxyphenyl)methyl]-5-pyrazol-1-yl-pyrazolo[4,3-d]pyrimidine (53a)
A mixture of 48 (50 mg, 0.164 mmol), pyrazole (13 mg, 0.197 mmol), Pd>(dba)s (8 mg, 0.00821
mmol), '‘BuXPhos (7 mg, 0.0164 mmol), and KsPO4 (52 mg, 0.246 mmol) in 'BuOH (1.5 ml) was
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stirred at 80 °C for 15 h under a nitrogen atmosphere. After the mixture was cooled to ambient
temperature, to the reaction mixture was added water and the resulting mixture was extracted with
CHClI; twice. The combined organic phase was concentrated under reduced pressure and the residue
was purified by NH silica gel column chromatography (Hexane/EtOAc = 95/5-30/70) and silica gel
column chromatography (Hexane/EtOAc = 90/10-0/100) to afford 53a (37 mg, 67%).

IH NMR (CDCls, 400MHz): § = 8.56 (d, J = 2.1 Hz, 1H), 8.12 (s, 1H), 7.81 (d, J = 1.0 Hz, 1H),
7.27-7.21 (m, 2H), 6.87-6.81 (m, 2H), 6.47 (dd, J = 2.6, 1.5 Hz, 1H), 5.66 (s, 2H), 4.31 (s, 3H), 3.77
ppm (s, 3H)

13C NMR (CDCls, 100MHz): 8 = 159.5, 157.1, 149.7, 146.8, 143.0, 133.6, 129.2, 129.1, 128.7,
120.0, 114.1, 107.9, 55.28, 55.26, 54.7 ppm

HRMS (ESI) m/z calcd for C17H1704Nes [M+H]*: 337.1408, found: 337.1403

7-methoxy-1-[(4-methoxyphenyl)methyl]-5-(4-methylpyrazol-1-yl)pyrazolo[4,3-d]pyrimidine
(53b)

A mixture of 48 (50 mg, 0.164 mmol), 4-methylpyrazole (16 mg, 0.197 mmol), Pdz(dba)sz (8 mg,
0.00821 mmol), 'BuXPhos (7 mg, 0.0164 mmol), and KsPO4 (52 mg, 0.246 mmol) in '‘BuOH (1.5
ml) was stirred at 80 °C for 15 h under a nitrogen atmosphere. After the mixture was cooled to
ambient temperature, to the reaction mixture was added water and the resulting mixture was
extracted with CHCIs twice. The combined organic phase was concentrated under reduced pressure
and the residue was purified by NH silica gel column chromatography (Hexane/EtOAc = 95/5—
30/70) and silica gel column chromatography (Hexane/EtOAc = 90/10-0/100) to afford 53b (26 mg,
45%).

IH NMR (CDCls, 400MHz): § = 8.30 (t, J = 1.0 Hz, 1H), 8.09 (s, 1H), 7.62 (s, 1H), 7.27-7.21 (m,
2H), 6.87-6.81 (m, 2H), 5.65 (s, 2H), 4.30 (s, 3H), 3.77 (s, 3H), 2.17 ppm (s, 3H)

13C NMR (CDCls, 100MHz): & = 159.6, 157.2, 150.0, 146.9, 144.2, 133.5, 129.1, 128.7, 127.5,
119.9, 118.5, 114.1, 55.3, 55.2, 54.6, 9.0 ppm

HRMS (ESI) m/z calcd for C1sH1902Nes [M+H]*: 351.1564, found: 351.1559

7-methoxy-1-[(4-methoxyphenyl)methyl]-5-[4-(trifluoromethyl)pyrazol-1-yl]pyrazolo[4,3-
d]pyrimidine (53c)
A mixture of 48 (50 mg, 0.164 mmol), 4-trifluoromethylpyrazole (27 mg, 0.197 mmol), Pd2(dba)s (8
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mg, 0.00821 mmol), ‘BuXPhos (7 mg, 0.0164 mmol), and KsPO4 (52 mg, 0.246 mmol) in ‘BuOH
(1.5 ml) was stirred at 80 °C for 15 h under a nitrogen atmosphere. After the mixture was cooled to
ambient temperature, to the reaction mixture was added water and the resulting mixture was
extracted with CHCI3 twice. The combined organic phase was concentrated under reduced pressure
and the residue was purified by NH silica gel column chromatography (Hexane/EtOAc = 95/5—
60/40) and silica gel column chromatography (Hexane/EtOAc = 90/10-50/50) to afford 53c (38 mg,
57%).

'H NMR (CDCls, 400MHz): 5 = 8.83 (t, J = 1.0 Hz, 1H), 8.16 (s, 1H), 7.98 (s, 1H), 7.27-7.21 (m,
2H), 6.87-6.81 (m, 2H), 5.68 (s, 2H), 4.33 (s, 3H), 3.77 ppm (s, 3H)

13C NMR (CDCls, 100MHz): 6 = 159.5, 157.3, 148.7, 146.5, 139.6(q, J = 2.6 Hz), 133.7, 129.1,
128.7(q, J = 3.9 Hz), 128.5, 122.3(q, J = 266.6 Hz), 120.3, 115.6(q, J =38.5 Hz), 114.2, 55.4, 55.3,
55.0 ppm

HRMS (ESI) m/z calcd for C1gH1602NeF3 [M+H]*: 405.1281, found: 405.1272

7-methoxy-1-[(4-methoxyphenyl)methyl]-5-(4-nitropyrazol-1-yl)pyrazolo[4,3-d]pyrimidine
(53d)

A mixture of 48 (50 mg, 0.164 mmol), 4-nitrolpyrazole (22 mg, 0.197 mmol), Pd2(dba)s (8 mg,
0.00821 mmol), ‘BuXPhos (7 mg, 0.0164 mmol), and K3PO4 (52 mg, 0.246 mmol) in '‘BuOH (1.5
ml) was stirred at 80 °C for 15 h under a nitrogen atmosphere. After the mixture was cooled to
ambient temperature, to the reaction mixture was added water and the resulting mixture was
extracted with CHCI3 twice. The combined organic phase was concentrated under reduced pressure
and the residue was purified by NH silica gel column chromatography (Hexane/EtOAc = 95/5—
50/50) and silica gel column chromatography (CHCIs/EtOAc = 100/0-85/15) to afford 18d (35 mg,
56%).

'H NMR (CDCls, 400MHz): = 9.25 (d, J = 1.0 Hz, 1H), 8.34 (s, 1H), 8.19 (s, 1H), 7.27-7.21 (m,
2H), 6.87-6.81 (m, 2H), 5.69 (s, 2H), 4.35 (s, 3H), 3.77 ppm (s, 3H)

13C NMR (CDCls, 100MHz): & = 159.6, 157.5, 148.0, 146.4, 137.9, 137.2, 133.9, 129.2, 128.3,
128.1, 120.5, 114.2, 55.5, 55.29, 55.26 ppm

HRMS (ESI) m/z calcd for C17H1604N7 [M+H]*: 382.1258, found: 382.1252

2-chloro-4-methoxy-5-methyl-thieno[2,3-d]pyrimidine (58)
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To a solution of 57 (4.79 g, 21.9 mmol) in THF (40 ml) and MeOH (80 ml) was added 28% NaOMe
in MeOH (4.40 ml, 21.6 mmol) at 0 °C. After being stirred for 2 h at room temperature, the reaction
mixture was evaporated. The precipitate was collected by filtration and washed with water to obtain
58 (4.57 g, 97%).

'H NMR (CDCls, 400 MHz): 8 = 6.97-6.91 (m, 1H), 4.15 (s, 3H), 2.53 ppm (s, 3H)

MS(APCI) m/z 350/352 [M+H]*

ethyl 1-(4-methoxy-5-methyl-thieno[2,3-d]pyrimidin-2-yl)pyrazole-4-carboxylate (59)

A mixture of 58 (4.55 g, 21.2 mmol), ethyl 4-pyrazolecarboxylate (3.56 g, 25.4 mmol), Pda(dba);
(776 mg, 0.847 mmol), Me4s'BuXPhos (917 mg, 1.91 mmol) and K3PO4 (320 mg, 1.51 mmol) in
'BUOH (100 ml) was stirred at 90 °C for 9 h under nitrogen atmosphere. After being cooled to
ambient temperature, the reaction mixture was filtered through a pad of NH silica gel eluting with
CHCI; and the eluent was concentrated in vacuo. The residue was triturated with CH,Cl— P20 to
give 29 (5.21 g, 77%).

'H NMR (DMSO-ds, 400 MHz): & =9.09 (s, 1H), 8.21 (s, 1H), 7.45-7.38 (m, 1H), 4.30 (9, J = 7.2
Hz, 2H), 1.32 ppm (t, J = 7.2 Hz, 3H)

MS(APCI) m/z 319 [M+H]*

1-(5-methyl-4-oxo-3H-thieno[2,3-d]pyrimidin-2-yl)pyrazole-4-carboxylic acid (56)

To a solution of 59 (270 mg, 0.85 mmol) in CH3CN (10 ml) was added TMSI (850 mg, 4.24 mmol)
at room temperature. After being stirred at 50 °C for 1 h, the mixture was cooled to ambient
temperature. To the mixture was added water, and the precipitate was collected by filtration and
washed with water. To a solution of the obtained solid in THF (1 ml) and EtOH (1 ml) was added 1
M NaOH agq. (1.00 ml, 1.00 mmol) at room temperature. After being stirred at 40 °C for 1 h, the
mixture was cooled to ambient temperature. To the mixture was added 1 M HCI (1.00 ml) at room
temperature and the suspension was concentrated in vacuo. The precipitate was collected by
filtration, washed with water and dried under reduced pressure to afford 56 (28 mg, 12%) as a
colorless powder.

'H NMR (DMSO-ds, 400 MHz): & = 12.95 (brs, 2H), 8.91 (s, 1H), 8.23 (s, 1H), 7.17 (s, 1H), 2.49
ppm (s, 3H)

MS(ESI) m/z 277 [M+H]*
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ethyl 1-[5-(bromomethyl)-4-methoxy-thieno[2,3-d]pyrimidin-2-yl]pyrazole-4-carboxylate (60)
To a solution of 59 (6.00 g, 18.8 mmol) in CCl4 (180 ml) were added NBS (3.68 g, 20.7 mmol) and
AIBN (309 mg, 1.88 mmol) at room temperature. After being stirred for 4 h under reflux, the
mixture was cooled to ambient temperature and evaporated. The residue was purified twice by silica
gel column chromatography (first: Hexane/EtOAc = 90/10-50/50, second: CHCI3/EtOAc = 100/0—
97/3) to give 60 (4.81 g, 64%).

'H NMR (CDCls, 400MHz): § =9.09 (s, 1H), 8.20 (s, 1H), 7.40 (s, 1H), 4.81 (s, 1H), 4.38 (q, J=7.2
Hz, 2H), 4.31 (s, 3H), 1.41 ppm (t, J = 7.2 Hz, 3H)

MS(ESI) m/z 319 [M+H]*

ethyl 1-[5-(cyclohexen-1-ylmethyl)-4-methoxy-thieno[2,3-d]pyrimidin-2-yl]pyrazole-4-
carboxylate (61)

A mixture of 60 (400 mg, 1.01 mmol), cyclohexene-1-boronic acid pinacol ester (416mg, 2.00
mmol), bis(di-tert-butyl(4-dimethylaminophenyl)phosphine)dichloropalladium(II) (36 mg, 0.0508)
and K3PO4 (640 mg, 3.02 mmol) in dioxane (6 ml) was stirred at 100 °C for 6 h under nitrogen
atmosphere. After being cooled to ambient temperature, the reaction mixture was filtered through a
pad of the mixture of silica gel and NH silica gel eluting with EtOAc. The eluent was concentrated
in vacuo, and the residue was purified by silica gel column chromatography (Hexane/EtOAc =
90/10-30/70) and NH-silica gel column chromatography (Hexane/EtOAc = 100/0-50/50) to give 61
(131 mg, 33%) as a colorless powder.

'H NMR (CDCls, 400 MHz): 6 = 9.08 (s, 1H), 8.19 (s, 1H), 6.96 (s, 1H), 5.44-5.37 (m, 1H), 4.37 (q,
J=17.2Hz, 2H), 4.22 (s, 3H), 3.57 (s, 2H), 2.05-1.95 (m, 4H), 1.69-1.52 (m, 4H), 1.40 ppm (t, J =
7.2 Hz, 3H)

MS(ESI) m/z 399 [M+H]*

ethyl 1-[5-(cyclohexylmethyl)-4-methoxy-thieno[2,3-d]pyrimidin-2-yl]pyrazole-4-carboxylate
(62)

To a solution of 61 (130 mg, 0.326 mmol) in EtOH (20 ml) was added 10% Pd/C (200 mg) at room
temperature. After being stirred for 3 days at room temperature, the insoluble material was removed
by filtration and the filtrate was evaporated. The residue was purified by HPLC to give 62 (88 mg,
67%).
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'H NMR (CDCls, 400 MHz): & = 9.08 (s, 1H), 8.19 (s, 1H), 6.92 (s, 1H), 4.37 (q, J = 7.2 Hz, 2H),
4.25 (s, 3H), 2.80 (d, J = 6.7 Hz, 2H), 1.78-1.53 (m, 6H), 1.40 (t, J = 7.2 Hz, 3H), 1.28-1.14 (m,
3H), 1.08-0.91 ppm (m, 2H)

MS(ESI) m/z 401 [M+H]*

1-[5-(cyclohexylmethyl)-4-oxo-3H-thieno[2,3-d]pyrimidin-2-yl]pyrazole-4-carboxylic acid (63)
To a solution of 27 (81 mg, 0.202 mmol) in CH3CN (10 ml) were added Nal (180 mg, 1.20 mmol)
and TMSCI (0.13 ml, 1.00 mmol) at room temperature. After being stirred for 30 min at 80 °C, the
mixture was cooled to ambient temperature. To the mixture was added water, and the precipitate was
collected by filtration and washed with water and EtOH. To the suspension of obtained solid in THF
(2 ml) and EtOH (2 ml) was added 1 M NaOH aq. (1.00 ml, 2.00 mmol) at room temperature. After
being stirred at 50 °C for 2 h, to the mixture was added 1 M HCI (1.00 ml) at room temperature. The
suspension was concentrated in vacuo and the precipitate was collected by filtration, washed with
water and dried under reduced pressure to afford 63 (38 mg, 52%) as a colorless powder.

'H NMR (DMSO-ds, 400 MHz): & = 12.93 (brs, 2H), 8.90 (s, 1H), 8.22 (s, 1H), 7.12 (s, 1H), 2.79 (d,
J=6.7 Hz, 2H), 1.72-1.53 (m, 6H), 1.25-1.05 (m, 3H), 1.05-0.86 ppm (m, 2H)

MS(ESI) m/z 359 [M+H]*

ethyl 1-(5-benzyl-4-methoxy-thieno[2,3-d]pyrimidin-2-yl)pyrazole-4-carboxylate (64a)

A mixture of 60 (200 mg, 0.503 mmol), phenylboronic acid (71 mg, 0.992 mmol), bis(di-tert-
butyl(4-dimethylaminophenyl)phosphine)dichloropalladium(II) (18 mg, 0.0254 mmol) and K3PO4
(320 mg, 1.51 mmol) in dioxane (6 ml) was stirred at 100 °C for 6 h under nitrogen atmosphere.
After being cooled to ambient temperature, the reaction mixture was filtered through a pad of silica
gel eluting with EtOAc and the eluent was concentrated in vacuo. The residue was purified by silica
gel column chromatography (Hexane/EtOAc = 90/10-50/50) and triturated with CH>Clo— ‘Pr0 to
give 64a (97 mg, 49%) as a colorless powder.

'H NMR (CDCls, 400 MHz):5 = 9.07 (s, 1H), 8.19 (s, 1H), 7.38-7.29 (m, 2H), 7.29-7.20 (m, 3H),
6.83-6.79 (m, 1H), 4.36 (q, J = 7.2 Hz, 2H), 4.30 (s, 2H), 4.19 (s, 3H), 1.40 ppm (t, J = 7.2 Hz, 3H)
MS(ESI) m/z 395 [M+H]*

1-(5-benzyl-4-oxo0-3H-thieno[2,3-d]pyrimidin-2-yl)pyrazole-4-carboxylic acid (65a)
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To a solution of 64a (93 mg, 0.236 mmol) in CH3CN (2 ml) were added Nal (212 mg, 1.41 mmol)
and TMSCI (0.15 ml, 1.18 mmol) at room temperature. After being stirred for 20 min at 80 °C, the
mixture was cooled to ambient temperature. To the mixture was added water and the precipitate was
collected by filtration and washed with water. To the suspension of obtained solid in THF (1 ml) and
EtOH (1 ml) was added 1 M NaOH agq. (2.00 ml, 4.00 mmol) at room temperature. After being
stirred at 40 °C for 1 h, to the mixture was added 1 M HCI (2.00 ml) at 0 °C. The suspension was
concentrated in vacuo, and the precipitate was collected by filtration, washed with water and dried
under reduced pressure to afford 65a (51 mg, 61%) as a colorless powder.

'H NMR (DMSO-ds, 400 MHz): & = 12.96 (brs, 2H), 8.91 (s, 1H), 8.23 (s, 1H), 7.35-7.25 (m, 4H),
7.23-7.15 (m,1H), 7.13 (s, 1H), 4.29 ppm (s, 2H)

MS(ESI) m/z 353 [M+H]*

ethyl 1-[4-methoxy-5-[[4-(trifluoromethyl)phenylJmethyl]thieno[2,3-d|pyrimidin-2-yl|pyrazole-
4-carboxylate (64b)

A mixture of 60 (200 mg, 0.50 mmol), 4-trifluoromethyl phenylboronic acid (190mg, 1.00 mmol),
bis(di-tert-butyl(4-dimethylaminophenyl)phosphine)dichloropalladium(II) (18 mg, 0.0254 mmol)
and K3POj4 (320 mg, 1.51 mmol) in dioxane (6 ml) was stirred at 100 °C for 6 h under nitrogen
atmosphere. After being cooled to ambient temperature, the reaction mixture was filtered through a
pad of the mixture of silica gel and NH silica gel eluting with EtOAc. The eluent was concentrated
in vacuo, and the residue was purified by silica gel column chromatography (Hexane/EtOAc =
90/10-20/80) and NH-silica gel column chromatography (Hexane/EtOAc = 90/10-70/30) to give
64b (61 mg, 26%) as a colorless powder.

'H NMR (CDCls, 400 MHz): 6 = 8.93 (s, 1H), 8.13 (s, 1H), 7.56 (d, J=7.7 Hz, 2H), 7.42 (d, J = 7.7
Hz, 2H), 6.72 (s, 1H), 4.43 (s, 2H), 4.36 (g, J = 7.2 Hz, 2H), 1.38 ppm (t, J = 7.2 Hz, 3H)

MS(ESI) m/z 463 [M+H]*

1-[4-0x0-5-[[4-(trifluoromethyl)phenyl]methyl]-3 H-thieno[2,3-d]pyrimidin-2-yl|pyrazole-4-
carboxylic acid (65b)

To a solution of 64b (53 mg, 0.115 mmol) in CH3CN (5 ml) were added Nal (103 mg, 0.687 mmol)
and TMSCI (0.073 ml, 0.575 mmol) at room temperature. After being stirred for 20 min at 80 °C, the

mixture was cooled to ambient temperature. To the mixture was added water and the precipitate was
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collected by filtration and washed with water and EtOH. To the suspension of obtained solid in THF
(1 ml) and EtOH (1 ml) was added 1 M NaOH agq. (2.00 ml, 2.00 mmol) at room temperature. After
being stirred at 60 °C for 1 h, to the mixture was added 1 M HCI (2.00 ml) at room temperature. The
suspension was concentrated in vacuo, and the precipitate was collected by filtration, washed with
water and dried under reduced pressure to afford 65b (32 mg, 78%) as a colorless powder.

'H NMR (DMSO-ds, 400 MHz): & = 8.89 (s, 1H), 8.18 (s, 1H), 7.64 (d, J = 7.7 Hz, 2H), 7.52 (d, J =
7.7 Hz, 2H), 7.15 (s, 1H), 4.39 ppm (s, 2H)

MS(ESI) m/z 421 [M+H]*

ethyl 1-[4-methoxy-5-[[2-(trifluoromethyl)phenyl]methyl]thieno[2,3-d]pyrimidin-2-yl]pyrazole-
4-carboxylate (64c)

A mixture of 60 (200 mg, 0.50 mmol), 2-trifluoromethyl phenylboronic acid (190mg, 1.00 mmol),
bis(di-tert-butyl(4-dimethylaminophenyl)phosphine)dichloropalladium(II) (18 mg, 0.0254 mmol)
and K3PO4 (320 mg, 1.51 mmol) in dioxane (6 ml) was stirred at 100 °C for 6 h under nitrogen
atmosphere. After being cooled to ambient temperature, the reaction mixture was filtered through a
pad of the mixture of silica gel and NH silica gel eluting with EtOAc. The eluent was concentrated
in vacuo, and the residue was purified by silica gel column chromatography (Hexane/EtOAc =
90/10-20/80) and NH-silica gel column chromatography (Hexane/EtOAc = 90/10-70/30) to give
64c¢ (72 mg, 31%) as a colorless powder.

'H NMR (CDCls, 400 MHz): 6 = 9.07 (s, 1H), 8.19 (s, 1H), 7.72 (d, J = 7.7 Hz, 1H), 7.44 (t, )= 7.7
Hz, 1H), 7.36 (t, J = 7.7 Hz, 1H), 7.10 (d, J = 7.7 Hz, 1H), 6.75 (s, 1H), 4.51 (s, 2H), 4.37 (9, J = 7.2
Hz, 2H), 1.40 ppm (t, J = 7.2 Hz, 3H)

MS(ESI) m/z 463 [M+H]*

1-[4-0x0-5-[[2-(trifluoromethyl)phenyl|methyl]-3 H-thieno[2,3-d]pyrimidin-2-yl|pyrazole-4-
carboxylic acid (65¢)

To a solution of 64¢ (61 mg, 0.132 mmol) in CH3CN (5 ml) were added Nal (119 mg, 0.792 mmol)
and TMSCI (0.084 ml, 0.662 mmol) at room temperature. After being stirred for 20 min at 80 °C, the
mixture was cooled to ambient temperature. To the mixture was added water and the precipitate was
collected by filtration and washed with water and EtOH. To the suspension of obtained solid in THF
(1 ml) and EtOH (1 ml) was added 1 M NaOH aq. (2.00 ml, 2.00 mmol) at room temperature. After
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being stirred at 60 °C for 1 h, to the mixture was added 1 M HCI (2.00 ml) at room temperature. The
suspension was concentrated in vacuo, and the precipitate was collected by filtration, washed with
water and dried under reduced pressure to afford 65¢ (37 mg, 72%) as a colorless powder.

'H NMR (DMSO-ds, 400 MHz): & = 8.93 (s, 1H), 8.24 (s, 1H), 7.76 (d, J=7.7 Hz, 1H), 7.60 (t, J =
7.7 Hz, 1H), 7.47 (t, J = 7.7 Hz, 1H), 7.29 (d, J=7.7 Hz, 1H), 6.83 (s, 1H), 4.50 ppm (s, 2H)
MS(ESI) m/z 421 [M+H]*

ethyl 1-[4-methoxy-5-[(4-phenylphenyl)methyl]thieno[2,3-d]pyrimidin-2-yl|pyrazole-4-
carboxylate (64d)

A mixture of 60 (200 mg, 0.503 mmol), 4-phenylphenylboronic acid (200mg, 1.01 mmol), bis(di-
tert-butyl(4-dimethylaminophenyl)phosphine)dichloropalladium(IT) (18 mg, 0.0254 mmol) and
K3POs (320 mg, 1.51 mmol) in dioxane (6 ml) was stirred at 100 °C under nitrogen atmosphere
overnight. After being cooled to ambient temperature, the reaction mixture was filtered through a
pad of the mixture of silica gel and NH silica gel eluting with EtOAc. The eluent was concentrated
in vacuo. The residue was purified by silica gel column chromatography (Hexane/EtOAc = 90/10—
60/40) and triturated with CH>Cl— ‘Pr20 to give 64d (169 mg, 71%) as a colorless powder.

'H NMR (DMSO-ds, 400 MHz): 6 =9.09 (s, 1H), 8.21 (s, 1H), 7.71-7.56 (m, 4H), 7.56-7.28 (m,
6H), 4.36-4.24 (m, 4H), 4.19 (s, 3H), 1.32 ppm (t, J = 7.2 Hz, 3H)

MS(ESI) m/z 471 [M+H]*

1-[4-0x0-5-[(4-phenylphenyl)methyl]-3H-thieno[2,3-d]pyrimidin-2-yl]pyrazole-4-carboxylic
acid (65d)

To a solution of 64d (143 mg, 0.304 mmol) in CH3CN (6 ml) were added Nal (273 mg, 1.82 mmol)
and TMSCI (0.19 ml, 1.52 mmol) at room temperature. After being stirred for 10 min at 80 °C, the
mixture was cooled to ambient temperature. To the mixture was added water and the precipitate was
collected by filtration and washed with water. To the suspension of obtained solid in THF (2 ml) and
EtOH (2 ml) was added 1 M NaOH agq. (2.00 ml, 4.00 mmol) at room temperature. After being
stirred at room temperature for 30 min, to the mixture was added 1 M HCI (2.00 ml) at 0 °C. The
suspension was concentrated in vacuo, and the precipitate was collected by filtration, washed with
water and dried under reduced pressure to afford 65d (119 mg, 91%) as a colorless powder.

IH NMR (DMSO-dg, 400 MHz): § = 12.96 (s, 2H), 8.91 (s, 1H), 8.24 (s, 1H), 7.68-7.52 (m, 4H),
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7.49-7.28 (m, 5H), 7.20 (s, 1H), 4.33 ppm (s, 2H)
MS(ESI) m/z 429 [M+H]*

2-chloro-4-methoxy-5H-pyrrolo[3,2-d]pyrimidine (67)

To a solution of 66 (188 mg, 1.00 mmol) in THF (2 ml) and MeOH (2 ml) was added 28% NaOMe
in MeOH (197 mg, 1.02 mmol) at 0 °C. After being stirred at room temperature overnight, the
reaction mixture was evaporated. The precipitate was collected by filtration and washed with water
to obtain 67 (128 mg, 70%).

'H NMR (DMSO-ds + CDCls, 400 MHz): 6 = 11.20 (brs, 1H), 7.46-7.41 (m, 1H), 6.55-6.50 (m,
1H), 4.16 ppm (s, 3H)

MS(APCI) m/z 184/186 [M+H]"

2-chloro-4-methoxy-5-[(4-phenylphenyl)methyl]pyrrolo[3,2-d]pyrimidine (68)

A mixture of 67 (69 mg, 0.376 mmol), 4-phenyl benzyl bromide (121 mg, 0.489 mmol) and
potassium carbonate (104 mg, 0.752 mmol) in CH3CN (4 ml) was stirred at room temperature for 5
h. To the mixture was added water and the mixture was extracted with CHCIs. The organic phase
was concentrated under reduced pressure. The residue was purified by silica gel column
chromatography (Hexane/EtOAc = 80/20—65/35) and the resulting solid was triturated with CH,Cl,—
Pr,0 to give 68 (110 mg, 84%) as a colorless powder.

'H NMR (DMSO-ds, 400 MHz): 6 = 7.97 (d, J = 3.1, 1H), 7.67-7.55 (m, 4H), 7.50-7.40 (m, 2H),
7.39-7.32 (m, 1H), 7.31-7.25 (m, 2H), 6.59 (d, J = 3.1, 1H), 5.58 (s, 2H), 4.06 ppm (s, 3H)
MS(APCI) m/z 350/352 [M+H]"

ethyl 1-[4-methoxy-5-[(4-phenylphenyl)methyl]pyrrolo[3,2-d]pyrimidin-2-yl]pyrazole-4-
carboxylate (69)

A mixture of 68 (86 mg, 0.246 mmol), ethyl 4-pyrazolecarboxylate (86 mg, 0.615 mmol), Pd»(dba)s
(11 mg, 0.0123 mmol), Me4s'BuXPhos (18 mg, 0.0369 mmol) and KsPO. (78 mg, 0.369 mmol) in
'BUOH (2.5 ml) was stirred at 130 °C under microwave irradiation for 2 h. After being cooled to
ambient temperature, to the mixture was added water and the mixture was extracted with CHCl;.
The organic phase was concentrated under reduced pressure and the residue was purified by NH

silica gel column chromatography (Hexane/EtOAc = 80/20-45/55-40/60) and the resulting solid was
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triturated with CH,CL—"Pr>O to give 69 (77 mg, 69%).

IH NMR (DMSO-ds, 400 MHz): 8 = 9.02 (s, 1H), 8.14 (s, 1H), 8.00 (d, J = 3.1, 1H), 7.66-7.58 (m,
4H), 7.48-7.40 (m, 2H), 7.38-7.28 (m, 3H), 6.68 (d, J = 3.1, 1H), 5.62 (s, 2H), 4.28 (q, = 7.2 Hz,
2H), 4.18 (s, 3H), 1.31 ppm (t, J = 7.2 Hz, 3H)

MS(APCI) m/z 454 [M+H]*

1-[4-0x0-5-[(4-phenylphenyl)methyl]-3H-pyrrolo[3,2-d]pyrimidin-2-yl]pyrazole-4-carboxylic
acid (70)

To the suspension of 69 in THF (1.5 ml) and EtOH (1.5 ml) were added 2 M NaOH agq. (3.00 ml,
6.00 mmol) and 6 M NaOH aq. at room temperature. After being stirred at 80 °C overnight, to the
mixture was added 6 M NaOH agq. (1.50 ml, 9.00 mmol), THF (1ml) and EtOH (1 ml) at room
temperature. After being stirred at 80 °C for 4.5 h, the suspension was concentrated in vacuo. To the
residue were added 6 M NaOH agq. (1.00 ml, 6.00 mmol), THF (3ml) and MeOH (3 ml) and the
mixture was stirred at 75 °C overnight. After the mixture was concentrated in vacuo, the residue was
suspended to water and the suspension was neutralized with 1 M HCIL. The precipitate was collected
by filtration, purified by silica gel column chromatography (CHCl3/MeOH = 97/13-80/20) and
purified by HPLC. The residue was suspended to CHCl3/MeOH and the filtrate was concentrated in
vacuo. The precipitate was suspended to 2 M HCI and collected by filtration, washed with water and
dried under reduced pressure to afford 70 (27 mg, 40%).

'H NMR (DMSO-ds, 400 MHz): & = 12.67 (brs, 1H), 8.84 (s, 1H), 8.19 (s, 1H), 7.69 (d, J = 2.1, 1H),
7.66-7.57 (m, 4H), 7.50-7.40 (m, 2H), 7.40-7.30 (m, 3H), 7.47 (d, J = 2.1, 1H), 5.67 ppm (s, 2H)
MS(APCI) m/z 412[M+H]*

ethyl 1-(7-methoxy-1H-pyrazolo[4,3-d]pyrimidin-5-yl)pyrazole-4-carboxylate (71)

52a (44.6 g, 109 mmol) was dissolved in trifluoroacetic acid (165 ml) and the solution was stirred at
60 °C overnight. After the reaction mixture was cooled to ambient temperature, the solvent was
evaporated under reduced pressure. To the suspension of the residue in EtOH (200ml) was added
triethylamine (100 ml) and the mixture was stirred for 3 h at room temperature. The precipitate was
collected by filtration and washed with 200 ml of EtOH twice. To the suspension of solid obtained
above in CHCl3 (300 ml) and the mixture was stirred at room temperature overnight. The precipitate

was collected by filtration and washed with 100 ml of CHCIs twice and dried under pressure to
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afford 71 (25.2 g, 80%) as a colorless powder.

'H NMR (DMSO-ds, 400 MHz): & = 14.39 (brs, 1H), 9.08 (s, 1H), 8.40 (s, 1H), 8.18 (s, 1H), 4.29 (q,
J=7.2 Hz, 2H), 4.28 (s, 3H), 1.32 ppm (t, J = 7.2 Hz, 3H)

MS(APCI) m/z 289 [M+H]*

1-[7-ox0-1-[(4-phenylphenyl)methyl]-6H-pyrazolo[4,3-d]pyrimidin-5-yl]pyrazole-4-carboxylic
acid (72)

A mixture of 71 (346 mg, 1.20 mmol), 4-phenyl benzyl bromide (386 mg, 1.56 mmol) and
potassium carbonate (332 mg, 2.40 mmol) in CH3CN (12 ml) was stirred at 80 °C for 3 h. After it
was cooled to ambient temperature, to the mixture was added water and the mixture was extracted
with CHCls. The organic phase was concentrated under reduced pressure. The residue was purified
by silica gel column chromatography (SiO, Hexane/EtOAc = 65/35-45/55-40/60) and the resulting
solid was collected by filtration and washed with ‘Pr,O. To the solution of the obtained solid in THF
(5 ml) and EtOH (5 ml) was added 2 M NaOH aq. (5.00 ml, 10.0 mmol) at room temperature. After
being stirred at 60 °C for 1.5 h, the mixture was cooled to ambient temperature. To the mixture was
added 2 M HCI (5.20 ml), and the precipitate was collected by filtration, washed with water and
dried under reduced pressure to afford 72 (205 mg, 43%) as a colorless powder.

'H NMR (DMSO-ds, 400 MHz): & = 12.96 (brs, 2H), 8.87 (s, 1H), 8.23 (s, 1H), 8.10 (s, 1H), 7.66—
7.60 (m, 4H), 7.48-7.42 (m, 2H), 7.39-7.32 (m, 3H), 5.81 ppm (s, 2H)

13C NMR (DMSO-ds, 100 MHz): & = 162.8, 153.2, 143.0, 142.4, 139.7, 139.6, 138.4, 136.1, 133.1,
131.6, 128.8, 128.1, 127.4, 126.9, 126.6, 123.8, 118.3, 53.7 ppm

HRMS (EST) m/z caled for C2oHi703Ns [M+H]*: 413.1357, found: 413.1346

HPLC: 99.86% (tr = 2.796 min, column: Sumipax ODS D-210SLP (3um, 4.6x50mm, Serial No.
D210SLP231), eluent: 0.05% TFA in MeCN/0.05 % TFA in H20=50/50)

mp: 321.5-322 °C

1-[7-ox0-2-[(4-phenylphenyl)methyl]-6H-pyrazolo[4,3-d]pyrimidin-5-yl]pyrazole-4-carboxylic
acid (73)

A mixture of 71 (144 mg, 0.50 mmol), 4-phenyl benzyl bromide (161 mg, 0.65 mmol) and
potassium carbonate (173 mg, 1.25 mmol) in CH3CN (4 ml) was stirred at 80 °C for 2.5 h. After it

was cooled to ambient temperature, to the mixture was added water and the mixture was extracted
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with CHCls. The organic phase was concentrated under reduced pressure and the residue was
purified by silica gel column chromatography (Hexane/EtOAc = 80/20-60/40—40/60-20/80-0/100).
To the residue was added CH>Cl» and Pr,0, and the precipitate was collected by filtration and
washed with 'Pr;O. To the solution of obtained solid in THF (2 ml) and EtOH (2 ml) was added 2 M
NaOH agq. (2.00 ml, 4.00 mmol) at room temperature. After being stirred at 60 °C for 2 h, the
mixture was cooled to ambient temperature and to the mixture was added 2 M HCl (2.20 ml). The
precipitate was collected by filtration, washed with water and dried under reduced pressure to afford
73 (65 mg, 32%) as a colorless powder.

'H NMR (DMSO-ds, 400 MHz): & = 12.95 (brs, 1H), 12.32 (brs, 1H), 8.85 (s, 1H), 8.58 (s, 1H), 8.20
(s, 1H), 7.70-7.61 (m, 4H), 7.50-7.41 (m, 4H), 7.40-7.33 (m, 1H), 5.62 ppm (s 2H)

MS(APCI) m/z 413 [M+H]*

The isomers 72 and 73 are distinguished by the NOESY. In the case of 73, the NOESY was observed
between the benzyl proton (5.62 ppm) and the scaffold pyrazole proton (8.58 ppm). But it was not
observed in 72 (5.81, 8.23 ppm).

ethyl 1-[1-[(4-bromophenyl)methyl]-7-methoxy-pyrazolo[4,3-d]pyrimidin-5-yl]pyrazole-4-
carboxylate (83a)

To a mixture of 71 (308 mg, 1.07 mmol), 4-bromophenylmethanol (300 mg, 1.60 mmol) and
triphenylphosphine (560 mg, 2.14 mmol) in THF (8 ml) was added 1.9 M diisopropyl
azodicarboxylate in toluene (1.12 ml, 2.14 mmol) at room temperature. After being stirred at room
temperature for 2 h, the reaction mixture was concentrated in vacuo. The residue was purified by
silica gel column chromatography (Hexane/EtOAc = 90/10-75/25-70/30—-65/35) to give 83a (330
mg, 67%).

IH NMR (CDCls, 400 MHz):5 = 9.02 (s, 1H), 8.20-8.15 (m, 2H), 7.50-7.40 (m, 2H), 7.18-7.11 (m,
2H), 5.69 (s, 2H), 4.36 (q, J = 7.2 Hz, 2H), 4.31 (s, 1H), 1.40 ppm (t, J = 7.2 Hz, 3H)
MS(ESI) m/z 457/459 [M+H]*

ethyl 1-[1-[[4-(2-fluorophenyl)phenyl]methyl]-7-methoxy-pyrazolo[4,3-d]pyrimidin-5-
yl]pyrazole-4-carboxylate (84a)
A mixture of 83a (335 mg, 0.733 mmol), (2-fluorophenyl)boronic acid (205 mg, 1.47 mmol), bis(di-
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tert-butyl(4-dimethylaminophenyl)phosphine)dichlorolalladium(II) (52mg, 0.0733 mmol) and
K3POs4 (467 mg, 2.20 mmol) in dioxane (7 ml) was stirred at 100 °C under nitrogen atmosphere.
After being stirred overnight, to the reaction mixture was added water and the resulting mixture was
extracted with CHCls. The organic phase was concentrated under reduced pressure and the residue
was purified by silica gel column chromatography (Hexane/EtOAc = 80/20-50/50), which was
recrystallized from CH>Cl, and "PrO to give 84a (291 mg, 84%).

'H NMR (DMSO-ds, 400 MHz): 6 = 9.08 (s, 1H), 8.40 (s, 1H), 8.19 (s, 1H), 7.55-7.45 (m, 3H),
7.45-7.34 (m, 3H), 7.34-7.24 (m, 2H), 5.82 (s 2H), 4.31 (s, 3H), 4.29 (q, J = 7.2 Hz, 2H), 1.32 ppm
(t, J=7.2 Hz, 3H)

MS(APCI) m/z 473 [M+H]*

1-[1-[[4-(2-fluorophenyl)phenyl]methyl]-7-0x0-6 H-pyrazolo[4,3-d|pyrimidin-5-yl]pyrazole-4-
carboxylic acid (74)

To the solution of 84a (256mg, 0.542 mmol) in THF (2 ml) and EtOH (2 ml) was added 1 M NaOH
ag. (1.60 ml, 1.60 mmol) at room temperature. After being stirred at 60 °C for 6.5 h, the mixture was
cooled to ambient temperature and concentrated in vacuo. The residue was dissolved in water and to
the solution was neutralized with 1 M HCI (1.65 ml). The precipitate was collected by filtration,
washed with water and dried under reduced pressure to afford 74 (242 mg, quant.) as a colorless
powder.

'H NMR (DMSO-ds, 400 MHz): & = 12.92 (brs, 2H), 8.86 (s, 1H), 8.22 (s, 1H), 8.09 (s, 1H), 7.55—
7.45 (m, 3H), 7.45-7.34 (m, 3H), 7.34-7.24 (m, 2H), 5.83 ppm (s 2H)

MS(APCI) m/z 431 [M+H]*

ethyl 1-[1-[(4-bromo-3-fluoro-phenyl)methyl]-7-methoxy-pyrazolo[4,3-d]pyrimidin-5-
yl]pyrazole-4-carboxylate (83b)

To a mixture of 71 (400 mg, 1.39 mmol), (4-bromo-3-fluoro-phenyl)methanol (427 mg, 2.08 mmol)
and triphenylphosphine (728 mg, 2.78 mmol) in THF (8 ml) was added 1.9 M diisopropyl
azodicarboxylate in toluene (913 pl, 2.78 mmol) at room temperature. After being stirred at room
temperature for 4 h, the reaction mixture was concentrated in vacuo. The residue was purified by
silica gel column chromatography (Hexane/EtOAc = 80/20-50/50), which was recrystallized from
CH,Cl, and 'Pr;0 to give 83b (364 mg, 55%).
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IH NMR (DMSO-ds, 400 MHz): § = 9.08 (s, 1H), 8.40 (s, 1H), 8.19 (s, 1H), 7.67 (dd, J=9.8, 8.2 Hz,
1H), 7.28 (dd, J = 9.8, 2.1 Hz, 1H), 7.03 (dd, J = 8.2, 2.1 Hz, 1H), 5.77 (s, 2H), 4.30 (q, J = 7.2 Hz,
2H), 4.27 (s, 3H), 1.32 ppm (t, J = 7.2 Hz, 3H)

MS(APCI) m/z 475/477 [M+H]"

ethyl 1-[1-[[3-fluoro-4-(2-fluorophenyl)phenyl]lmethyl]-7-methoxy-pyrazolo[4,3-d]pyrimidin-5-
yl]pyrazole-4-carboxylate (84b)

A mixture of 83b (120 mg, 0.252 mmol), (2-fluorophenyl)boronic acid (71 mg, 0.507 mmol), bis(di-
tert-butyl(4-dimethylaminophenyl)phosphine)dichlorolalladium(II) (9 mg, 0.0127 mmol) and KsPO4
(161 mg, 0.758 mmol) in dioxane (3 ml) was stirred at 100 °C under nitrogen atmosphere. After
being stirred overnight, the reaction mixture was cooled to ambient temperature. The reaction
mixture was filtered through a pad of silica gel eluting with EtOAc and the eluent was concentrated
in vacuo. The residue was purified by silica gel column chromatography (Hexane/EtOAc = 85/15—
50/50) and triturated with ‘Pr,O to give 84b (106 mg, 86%).

'H NMR (DMSO-ds, 400 MHz):8 = 9.08 (s, 1H), 8.42 (s, 1H), 8.19 (s, 1H), 7.73-7.38 (m, 3H),
7.37-7.14 (m, 4H), 5.85 (s, 2H), 4.30 (s, 3H), 4.30 (g, J = 7.2 Hz, 2H), 1.32 ppm (t, J = 7.2 Hz, 3H)
MS(APCI) m/z 491 [M+H]*

1-[1-[[3-fluoro-4-(2-fluorophenyl)phenyl]methyl]-7-ox0-6H-pyrazolo[4,3-d]pyrimidin-5-
yl]pyrazole-4-carboxylic acid (75)

To a solution of 84b (100mg, 0.204 mmol) in THF (2 ml) and EtOH (2 ml) was added 2 M NaOH
ag. (2.00 ml, 4.00 mmol) at room temperature. After being stirred at 60 °C for 2 h, the reaction
mixture was cooled to ambient temperature. To the mixture was 2 M HCI (2.05 ml) at 0 °C and the
mixture was concentrated in vacuo. The residue was added water and the precipitate was collected
by filtration. The obtained powder was washed with water and Et,O, and dried under reduced
pressure to afford 75 (86 mg, 94%).

'H NMR (DMSO-ds, 400 MHz): & = 8.87 (s, 1H), 8.23 (s, 1H), 8.12 (s, 1H), 7.52-7.39 (m, 3H),
7.36—7.27 (m, 2H), 7.26-7.16 (m, 2H), 5.85 ppm (s, 2H)

13C NMR (DMSO-ds, 150 MHz): 5 =162.8, 159.0 (d, J = 246.4 Hz), 158.8 (d, J = 246.2 Hz), 153.3,
143.0, 142.5, 139.7 (d, J = 7.6 Hz), 138.4, 133.4, 131.8 (d, J = 3.0 Hz), 131.6, 131.5 (d, J = 2.2 Hz),
130.4 (d, J =8.3 Hz), 124.6 (d, J = 3.3 Hz), 124.0, 123.7 (d, J = 3.0 Hz), 122.2 (d, J = 15.5 Hz),
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122.1 (d, J = 16.1 Hz), 115.6 (d, J = 23.0 Hz), 118.3, 114.7 (d, J = 23.1 Hz), 53.2 ppm

HRMS (ESI) m/z caled for C2oHis03NgF2 [M+H]": 449.1168, found: 449.1158

HPLC: 99.26% (tr = 26.415 min, column: GL Sciences Inertsil ODS-3 (3 pm, 4.6x150 mm), eluent:
0.05%TFA in H>0/0.05%TFA in CH3CN (95:5-0:100/40min))

1-[1-[(3,4-dichlorophenyl)methyl]-7-ox0-6H-pyrazolo[4,3-d]pyrimidin-5-yl]pyrazole-4-
carboxylic acid (76)

To a mixture of 71 (317 mg, 1.10 mmol), 3, 4-dichlorophenylmethanol (331 mg, 1.87 mmol) and
triphenylphosphine (722 mg, 2.75 mmol) in THF (11 ml) was added 2.2 M diethyl azodicarboxylate
in toluene (1.20 ml, 2.64 mmol) at 0 °C. After being stirred at room temperature overnight, the
reaction mixture was concentrated in vacuo. The residue was purified by silica gel column
chromatography (Hexane/EtOAc = 60/40-35/65). The residue was added "Pr>O and the precipitate
was collected by filtration. To the solution of obtained solid in THF (5 ml) and EtOH (5 ml) was
added 2 M NaOH agq. (5.00 ml, 10.0 mmol) at room temperature. After being stirred at 60 °C for 1.5
h, the mixture was cooled to ambient temperature and concentrated in vacuo. The residue was
dissolved in water and to the solution was neutralized with 1 M HCI (5.20 ml). The precipitate was
collected by filtration, washed with water and dried under reduced pressure to afford 76 (208 mg,
47%) as a colorless powder.

'H NMR (DMSO-ds, 400 MHz): & = 12.98 (brs, 2H), 8.86 (s, 1H), 8.23 (s, 1H), 8.11(s, 1H), 7.61 (d,
J=8.2Hz, 1H), 7.56 (d, J = 1.8 Hz, 1H), 7.23 (dd, J = 8.2, 1.8 Hz, 1H), 5.78 ppm (s, 2H)
MS(APCI) m/z 405/407 [M+H]*

1-[1-[(1S)-1-(3,4-dichlorophenyl)ethyl]-7-ox0-6H-pyrazolo[4,3-d]pyrimidin-5-yl]pyrazole-4-
carboxylic acid (80)

To a mixture of 71 (555 mg, 1.93 mmol), (1R)-1-(3, 4-dichlorophenyl)ethanol (552 mg, 2.89 mmol)
and triphenylphosphine (1.01 g, 3.85 mmol) in THF (10 ml) was added 1.9 M diisopropyl
azodicarboxylate in toluene (2.02 ml, 3.85 mmol) at room temperature. After being stirred at room
temperature for 1 h, the reaction mixture was concentrated in vacuo and the residue was purified by
silica gel column chromatography (SiO2, Hexane/EtOAc = 90/10-55/45) and NH-silica gel column
chromatography (90/10-70/30). To the solution of the resulting residue in THF (4 ml) and EtOH (4

ml) was added 1 M NaOH agq. (7.33 ml, 7.33 mmol) at room temperature. After being stirred at
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60 °C for 1 h, the mixture was cooled to ambient temperature and concentrated in vacuo. The residue
was dissolved in water and to the solution was neutralized with 1 M HCI. The precipitate was
collected by filtration, recrystallized from hot THF (3 ml) and EtOH (3 ml), and washed with
THF/EtOH (1/1) to give 80 containing EtOH, which was suspended in water (4ml) and THF (0.8 ml)
for 1 h to remove EtOH and filtered. The obtained cake was dried under air blow at 50 °C to afford
80 (218 mg, 27%) as a colorless powder.

'H NMR (DMSO-ds, 400 MHz): & = 12.90 (brs, 2H), 8.84 (s, 1H), 8.21 (s, 1H), 8.10 (s, 1H), 7.57 (d,
J=8.5Hz, 1H), 7.53 (d, J = 1.3 Hz, 1H), 7.23 (dd, J = 8.5, 1.3 Hz, 1H) 6.46 (g, J = 6.9 Hz, 1H),
1.90 ppm (d, J=6.9 Hz, 3H)

13C NMR (DMSO-ds, 100 MHz): & = 162.8, 153.3, 143.0, 142.7, 142.5, 138.4, 133.0, 131.6, 131.0,
130.7,130.3, 128.5, 126.7, 123.7, 118.2, 57.7, 20.3 ppm

HRMS (ESI) m/z caled for C17H1303N6Cly [M+H]™: 419.0421, found: 419.0410

HPLC: 99.53% (tr = 27.370 min, column: column: GL Sciences Inertsil ODS-3 (3 um, 4.6x150
mm), eluent: 0.05%TFA in H0/0.05%TFA in CH3CN (95:5-0:100/40 min))

Enantiomer excess: 99.60%ee (tr = 16.923 min, column: Daisel CHIRALPAK IC-3 (4.6x150 mm),

eluent: Hexane/PrOH/AcOH=85/15/0.5)

1-[1-[(1R)-1-(3,4-dichlorophenyl)ethyl]-7-ox0-6H-pyrazolo[4,3-d]pyrimidin-5-yl]pyrazole-4-
carboxylic acid (81)

To a mixture of 71 (200 mg, 0.694 mmol), (1S)-1-(3, 4-dichlorophenyl)ethanol (199 mg, 1.04 mmol)
and triphenylphosphine (364 mg, 1.39 mmol) in THF (4 ml) was added 1.9 M diisopropyl
azodicarboxylate in toluene (730 pl, 1.39 mmol) at room temperature. After being stirred at room
temperature for 1.5 h, the reaction mixture was concentrated in vacuo. The residue was purified by
silica gel column chromatography (Hexane/EtOAc = 90/10-65/35) and NH-silica gel column
chromatography (Hexane/EtOAc = 95/5-65/35). The residue was added ‘Pr,O and the precipitate
was collected by filtration. To the solution of the obtained solid in THF (3 ml) and EtOH (3 ml) was
added 1 M NaOH agq. (3.01 ml, 3.01 mmol) at room temperature. After being stirred at 60 °C for 1 h,
the mixture was cooled to ambient temperature and concentrated in vacuo. The residue was
dissolved in water and to the solution was neutralized with 1 M HCI. The precipitate was collected
by filtration, washed with water and dried under reduced pressure to afford 80 (125 mg, 45%) as a

colorless powder.
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'H NMR (DMSO-ds, 400 MHz): & = 12.90 (brs, 2H), 8.85 (s, 1H), 8.21 (s, 1H), 8.12 (s, 1H), 7.59 (d,
J=8.5Hz, 1H), 7.55 (d, J=1.5 Hz, 1H), 7.24 (dd, J = 8.5, 1.5 Hz, 1H), 6.48 (g, J = 7.2 Hz, 1H), 1.91
ppm (d, J = 7.2 Hz, 1H)

MS(APCI) m/z 419/421 [M+H]*

Enantiomer excess: 99.82%ee (tr = 13.163 min, column: Daise]l CHIRALPAK IC-3 (4.6x150 mm),
eluent: Hexane/PrOH/AcOH=85/15/0.5)

1-[1-[(1S)-1-(2,5-dichlorophenyl)ethyl]-7-o0x0-6H-pyrazolo[4,3-d]pyrimidin-5-yl]pyrazole-4-
carboxylic acid (16)

To a mixture of 71 (250 mg, 0.867 mmol), (1R)-1-(2, 5-dichlorophenyl)ethanol (206 mg, 1.30 mmol)
and triphenylphosphine (455 mg, 1.73 mmol) in THF (5 ml) was added 1.9 M diisopropyl
azodicarboxylate in toluene (913 pl, 1.73 mmol) at room temperature. After being stirred at room
temperature for 2 h, the reaction mixture was concentrated in vacuo. The residue was purified by
silica gel column chromatography (Hexane/EtOAc = 80/20) and NH-silica gel column
chromatography (Hexane/EtOAc = 80/20). To the solution of the resulting residue in THF (4 ml) and
EtOH (4 ml) was added 1 M NaOH agq. (4.73 ml, 4.73 mmol) at room temperature. After being
stirred at 60 °C for 3 h, the mixture was cooled to ambient temperature and concentrated in vacuo.
The residue was dissolved in water and to the solution was added 1 M HCI (4.80 ml). The precipitate
was collected by filtration, recrystallized from THF (2 ml) and EtOH (5 ml), washed with water and
dried under reduced pressure to afford 16 (133 mg, 37%) as a colorless powder.

'H NMR (DMSO-ds, 400 MHz): 6 = 12.92 (brs, 2H), 8.86 (s, 1H), 8.22 (s, 1H), 8.15 (s, 1H), 7.53(d,
J=8.5Hz, 1H), 7.42 (dd, J = 8.5, 2.6 Hz, 1H) 7.16 (d, J = 2.6 Hz, 1H), 6.76 (q, J = 6.9 Hz, 1H),
1.87 ppm (d, J = 6.9 Hz, 3H)

13C NMR (DMSO-ds, 100 MHz): & = 162.8, 152.9, 143.1, 142.5, 140.9, 138.5, 133.2, 132.0, 131.6,
131.2,130.4, 129.3, 127.2, 123.9, 118.3, 56.0, 19.8 ppm

HRMS (ESI) m/z caled for Ci7Hi303N6Cl, [M+H]*: 419.0421, found: 419.0410

HPLC: 99.86% (tr = 8.871 min, column: Waters ACQUITY BEH C18 (1.7 pm, 2.1x100 mm),
eluent: 0.05%TFA in H,0/0.05%TFA in CH3CN (98:2-0:100/15 min))

Enantiomer excess: 99.70%ee (tr = 9.923 min, column: Daisel CHIRALPAK IC-3 (4.6x150 mm),
eluent: Hexane/EtOH/AcOH=70/30/0.5)
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1-[1-[(15)-1-(2-chloro-4-fluoro-phenyl)ethyl]-7-ox0-6 H-pyrazolo[4,3-d|pyrimidin-5-yl|pyrazole-
4-carboxylic acid (82)

To a mixture of 71 (200 mg, 0.694 mmol), (1R)-1-(2-chloro-4-fluorophenyl)ethanol (182 mg, 1.04
mmol) and triphenylphosphine (364 mg, 1.39 mmol) in THF (4 ml) was added 1.9 M diisopropyl
azodicarboxylate in toluene (632 pl, 1.39 mmol) at room temperature. After being stirred at room
temperature for 2 h, the reaction mixture was concentrated in vacuo. The residue was purified by
silica gel column chromatography (Hexane/EtOAc = 90/10-70/30-60/40). To the solution of the
obtained solid in THF (3 ml) and EtOH (3 ml) was added 1 M NaOH agq. (2.85 ml, 2.85 mmol) at
room temperature. After being stirred at 60 °C for 1 h, the mixture was cooled to ambient
temperature and concentrated in vacuo. The residue was dissolved in water and to the solution was
added 1 M HCI. The precipitate was collected by filtration, washed with water and dried under
reduced pressure to afford 82 (94 mg, 34%) as a colorless powder.

'H NMR (DMSO-ds, 400 MHz): 6 = 12.89 (brs, 1H), 8.86 (s, 1H), 8.22 (s, 1H), 8.11 (s, 1H), 7.46(d,
J=8.5Hz, 1H), 7.30-7.13 (m, 2H) 6.76 (g, J = 6.9 Hz, 1H), 1.85 ppm (d, J = 6.9 Hz, 3H)
MS(APCI) m/z 403/405 [M+H]*

ethyl N-[N'-(1-phenylpyrazol-4-yl)-N-propyl-carbamimidoyl]carbamate (95)

To a solution of 1-phenylpyrazole-4-amine (132mg, 0.829 mmol) in CHCIs (3 ml) was added
ethoxycarbonyl isothiocyanate (120 mg, 0.912 mmol) at room temperature. After being stirred at
room temperature for 1 h, to the mixture were added WSCI (191 mg, 1.20 mmol), EtsN (0.346 ml,
2.49 mmol) and n-propylamine (0.0818 ml, 0.995 mmol) at room temperature. After being stirred at
room temperature for 4 h, to the reaction mixture was added water and the resulting mixture was
extracted with CHClI3 twice. The combined organic phases were concentrated under reduced pressure
and the residue was purified by silica gel column chromatography (Hexane/EtOAc = 90/10-50/50)
to give 95 as a pale yellow gum (207 mg, 79%).

'H NMR (400 M Hz, CDCl3) § = 10.35 (brs, 1H), 7.93(s, 1H), 7.71-7.63 (m, 2H), 7.66 (s, 1H),
7.52-7.45 (m, 2H), 7.39-7.32 (m, 1H), 4.71 (brs, 1H), 4.17 (q, J= 7.1 Hz, 2H), 3.35 (q, J= 7.1 Hz,
2H), 1.53 (sextet, 2H, J=7.3 Hz), 1.34 (t, J= 7.1 Hz, 3H), 0.90 ppm (t, /= 7.5 Hz, 3H)

3C NMR (100 MHz, CDCl3) 8 = 164.8, 159.7, 139.7, 138.2, 129.6, 127.21, 123.7, 120.2, 119.0,
60.9,42.9,22.8,14.7, 11.3 ppm

HRMS (ESI) m/z caled for Ci6H22NsO2 [M+H]* : 316.1768, found: 316.1762
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1-phenyl-5-(propylamino)-6H-pyrazolo[4,3-d]pyrimidin-7-one (96)

A mixture of 95 (50 mg, 0.16 mmol) and chlorotrimethylsilane (0.10 ml, 0.79 mmol) in DMF (2 ml)
was stirred at 120 °C under microwave irradiation for 1 h. After it was cooled to room temperature,
to the mixture was added saturated aqueous NaHCOs and the resulting mixture was extracted with
EtOAc three times. The combined organic phases were washed with brine and dried over Na;SOa.
The filtrate was concentrated under reduced pressure and the residue was purified by silica gel
column chromatography (EtOAc/MeOH = 100/0-92/8) to give 96 (33 mg, 77%) as a colorless solid.
'"H NMR (400 MHz, DMSO-ds) 8 = 10.94 (brs, 1H), 7.92(s, 1H), 7.66-7.60 (m, 2H), 7.54-7.43 (m,
2H), 7.40-7.33 (m, 1H), 6.16 (brs, 1H), 3.24 (q, J= 6.8 Hz, 2H), 1.55 (sextet, J= 7.3 Hz, 2H), 0.90
ppm (t, J= 7.5 Hz, 3H)

BC NMR (100 M Hz, DMSO-des) 6 = 164.8, 159.7, 139.7, 138.2, 129.6, 127.21, 123.7, 120.2, 119.0,
60.9,42.9,22.8,14.7, 11.3 ppm

HRMS (ESI) m/z caled for C14H16NsO [M+H]" : 270.1349, found: 270.1346.

1-phenyl-5-(1-piperidyl)-6H-pyrazolo[4,3-d]pyrimidin-7-one (106a)

To a solution of 1-phenylpyrazole-4-amine (101mg, 0.634 mmol) in CHClI3 (2 ml) was added
ethoxycarbonyl isothiocyanate (92 mg, 0.70 mmol) at room temperature. After being stirred at rt for
1 h, to the mixture were added WSCI (146 mg, 0.761 mmol), EtsN (0.27 ml, 1.90 mmol) and
piperidine (0.075 ml, 0.76 mmol) at room temperature. After being stirred at rt for 3 h, to the
reaction mixture was added water and the resulting mixture was extracted with CHCI3 twice. The
combined organic phases were concentrated under reduced pressure and the residue was purified by
silica gel column chromatography (Hexane/EtOAc = 90/10-25/75) to give 105a (147 mg, 68%). A
mixture of 105a (50 mg, 0.15 mmol) and chlorotrimethylsilane (0.094 ml, 0.73 mmol) in DMF (2
ml) was stirred at 120 °C under microwave irradiation for 1 h. After it was cooled to room
temperature, to the mixture was added saturated aqueous NaHCO3 and the resulting mixture was
extracted with EtOAc and EtOAc/THF (1/1) three times respectively. The combined organic phases
were washed with brine and dried over Na,;SOs. The filtrate was concentrated under reduced
pressure and the residue was purified by NH silica gel column chromatography (EtOAc/MeOH =
100/0-93/7-90/10-85/15) to give 106a (39 mg, 90%, 61% from 1-phenylpyrazole-4-amine) as a
colorless solid.

'H NMR (400 MHz, DMSO-dg) & = 11.31 (s, 1H), 7.95 (s, 1H), 7.77-7.66 (m, 2H), 7.55-7.44 (m,

76



2H), 7.41-7.34 (m, 1H), 3.64-3.45 (m, 4H), 1.67—1.47 ppm (m, 6H)

13C NMR (100MHz, DMSO-de) 5 = 154.0, 151.8, 144.2, 139.4, 133.5, 128.4, 126.9, 123.5, 119.8,
46.6,24.9,23.8 ppm

HRMS (ESI) m/z caled for C16H;sNsO [M+H]* : 296.1506, found: 296.1470

5-(4-methylanilino)-1-phenyl-6H-pyrazolo[4,3-d]pyrimidin-7-one (106b)
6-methyl-2-[(1-phenylpyrazol-4-yl)amino]-3H-quinazolin-4-one (106c)

To a solution of 1-phenylpyrazole-4-amine (100mg, 0.628 mmol) in CHClI3 (2 ml) was added
ethoxycarbonyl isothiocyanate (91 mg, 0.69 mmol). After the reaction was stirred at room
temperature for 1 h, the mixture was added ethoxycarbonyl isothiocyanate (41 mg, 0.31 mmol) again
and stirred at room temperature for an additional 1 h. After the reaction was completed, to the
mixture were added WSCI (145 mg, 0.754 mmol), EtsN (0.26 ml, 1.88 mmol) and p-toluidine (81
mg, 0.75 mmol) at room temperature. After being stirred at room temperature overnight, to the
reaction mixture was added water and the resulting mixture was extracted with CHCI; twice. The
combined organic phases were concentrated under reduced pressure and the residue was purified by
NH silica gel column chromatography (Hexane/EtOAc = 95/5-75/25-70/35). The resulting residue
was crystallized with EtOAc to give crude 105b as a colorless solid (192 mg, 84%). A mixture of
105b (51 mg, 0.14 mmol), chlorotrimethylsilane (0.090 ml, 0.70 mmol) in DMF (2 ml) was stirred at
120 °C under microwave irradiation for 1 h. After it was cooled to room temperature, to the mixture
was added saturated aqueous NaHCO3 and the resulting mixture was extracted with EtOAc/THF
(1/1) three times. The combined organic phases were washed with brine and concentrated under
reduced pressure. The residue was purified by NH silica gel column chromatography (EtOAc/MeOH
= 100/0-80/20-70/30) to give the mixture of 106b and 106¢ (43 mg, 97%, 81% from 1-
phenylpyrazole-4-amine) as a colorless solid.

MS(ESI) m/z 318 [M+H]*

106b

'H NMR (400 MHz, DMSO-ds) & = 10.96 (s, 1H), 8.48 (s, 1H), 8.05 (s, 1H), 7.78-7.69 (m, 2H),
7.60-7.46 (m, 4H), 7.44-7.36 (m, 1H), 7.21-7.11 (m, 2H), 2.28 ppm (s, 3H)

3C NMR (100MHz, DMSO-de) 6 = 152.7, 147.9, 143.6, 139.3, 136.4, 133.8, 131.2, 129.1, 128 4,
127.1,123.7,120.8, 119.1, 20.3 ppm

HRMS (ESI) m/z caled for CisH16NsO [M+H]" : 318.1349, found: 318.1345
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106¢
'H NMR (400 MHz, DMSO-ds) 8 = 9.98 (brs, 1H), 8.80 (s, 1H), 7.96 (s, 1H), 7.92-7.78 (m, 3H),
7.59-7.39 (m, 4H), 7.35-7.25 (m, 1H), 2.38 ppm (s, 3H)

13C NMR (150MHz, DMSO-de): 3 = 169.2, 148.7, 139.7, 134.9, 133.4, 131.0, 129.4, 125.5, 125.2,
125.0, 124.7, 117.6, 117.6, 116.7, 88.4, 20.5 ppm

HRMS (ESI) m/z caled for C1sH eNsO [M+H]* : 318.1349, found: 318.1344

1-phenyl-5-pyrazol-1-yl-6H-pyrazolo[4,3-d]pyrimidin-7-one (106d)

To a solution of 1-phenylpyrazole-4-amine (152mg, 0.955 mmol) in CHClI3 (3 ml) was added
ethoxycarbonyl isothiocyanate (151 mg, 1.15 mmol) at room temperature. After being stirred at rt
for 2 h, to the mixture were added WSCI (219 mg, 1.15 mmol), EtsN (0.40 ml, 2.86 mmol) and
pyrazole (78 mg, 1.15 mmol) at room temperature. After being stirred at rt for 5 h, to the reaction
mixture was added water and the resulting mixture was extracted with CHClIs twice. The combined
organic phases were concentrated under reduced pressure and the residue was purified by silica gel
column chromatography (Hexane/EtOAc = 95/5-55/45) to give crude 105d (137 mg, 44%). A
mixture of 105d (50 mg, 0.15 mmol) and chlorotrimethylsilane (0.099 ml, 0.77 mmol) in DMF (2
ml) was stirred at 120 °C under microwave irradiation for 1 h. After it was cooled to room
temperature, the mixture was purified by HPLC (Capcellpak C18 UG80 ®20mm*250mm Sum,
0.05%TFA-H,0/0.05%TFA-CH3CN = 58/42-48/52) to give 106d (39 mg, 91%, 40% from 1-
phenylpyrazole-4-amine) as a colorless solid.

'H NMR (400 MHz, DMSO-ds) 8 = 12.62 (s, 1H), 8.63 (dd, J = 2.7, 0.64 Hz, 1H), 8.30 (s, 1H), 7.96
(d, J= 1.0 Hz, 1H), 7.77-7.69 (m, 2H), 7.59-7.51 (m, 2H), 7.50-7.43 (m, 1H), 6.69 ppm (dd. J =
2.7, 1.7 Hz, 1H)

3C NMR (100MHz, DMSO-de) 6 =152.3, 143.3, 143.0, 140.8, 138.9, 134.7, 128.9, 128.5, 127.7,
124.4, 123.4,109.7 ppm

HRMS (ESI) m/z caled for Ci4H11N6O [M+H]" : 279.0989, found: 279.0989

5-imidazol-1-yl-1-phenyl-6H-pyrazolo[4,3-d]pyrimidin-7-one (106e)
To a solution of 1-phenylpyrazole-4-amine (201mg, 1.26 mmol) in CHCIs (4 ml) was added
ethoxycarbonyl isothiocyanate (199 mg, 1.52 mmol) at room temperature. After the reaction was

stirred at room temperature for 1 h, the mixture was added ethoxycarbonyl isothiocyanate (83 mg,
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0.63 mmol) again and stirred at room temperature for additional 1 h. After the reaction was
completed, to the mixture were added WSCI (290 mg, 1.52 mmol), EtsN (0.70 ml, 5.05 mmol) and
imidazole (103 mg, 1.52 mmol) at room temperature. After being stirred at rt for 2.5 h, to the
reaction mixture was added water and the resulting mixture was extracted with CHClI3 twice. The
combined organic phases were concentrated under reduced pressure and the residue was purified by
silica gel column chromatography (EtOAc/MeOH = 100/10-90/10) to give crude 105e (265 mg,
65%). A mixture of 105e (50 mg, 0.15 mmol) and chlorotrimethylsilane (0.099 ml, 0.77 mmol) in
NMP (2 ml) was stirred at 120 °C under microwave irradiation for 1 h. After it was cooled to
ambient temperature, to the mixture was added EtzN (0.11 ml, 0.77 mmol) and the resulting mixture
was purified by silica gel column chromatography (EtOAc/MeOH = 100/0-50/50, and
EtOAc/MeOH = 100/0-65/35) to give 106e (44 mg, 97%, 63% from 1-phenylpyrazole-4-amine) as a
colorless solid.

'"H NMR (400 MHz, DMSO-ds) 8 = 8.59 (s, 1H), 8.25 (s, 1H), 7.97 (s, 1H), 7.80-7.71 (m, 2H),
7.58-7.47 (m, 2H), 7.46—7.38 (m, 1H), 7.15 ppm (s. 1H)

3C NMR (100MHz, DMSO-ds) 6 = 155.8, 144.8, 142.2,139.3, 135.7, 134.4, 128.9, 128 .4, 127.2,
124.2,123.7, 117.3 ppm

HRMS (ESI) m/z caled for C14H11N¢O [M+H]* : 279.0989, found: 279.0985

1-[(4-methoxyphenyl)methyl]-5-(propylamino)-6H-pyrazolo[4,3-d]pyrimidin-7-one (106f)

To a solution of 1-[(4-methoxyphenyl)methyl]pyrazol-4-amine (200 mg, 0.984 mmol) in CHCI; (4
ml) was added ethoxycarbonyl isothiocyanate (155 mg, 1.18 mmol) at room temperature. After
being stirred at room temperature for 1 h, to the mixture were added WSCI (226 mg, 1.18 mmol),
EtsN (0.410 ml, 2.95 mmol) and n-propylamine (0.0971 ml, 1.18 mmol) at 50 °C. After being stirred
at room temperature for 1.5 h, to the reaction mixture was added water and the resulting mixture was
extracted with CHCls three times. The combined organic phases were concentrated under reduced
pressure and the residue was purified by silica gel column chromatography (Hexane/EtOAc = 95/5—
40/60) to give 105f (296 mg, 78%). A mixture of 105f (50 mg, 0.14 mmol) and chlorotrimethylsilane
(0.089 ml, 0.70 mmol) in DMF (2 ml) was stirred at 120 °C under microwave irradiation for 1 h.
After it was cooled to room temperature, to the mixture was added saturated aqueous NaHCO3 and
the resulting mixture was extracted with EtOAc/THF (1/1) three times. The combined organic

phases were washed with brine and dried over Na,SOg. The filtrate was concentrated under reduced
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pressure and the residue was purified by NH silica gel column chromatography (EtOAc/MeOH =
100/0-90/10) to give 106f (37 mg, 85%, 66% from 1-[(4-methoxyphenyl)methyl]pyrazol-4-amine)
as a colorless solid.

'"H NMR (400 MHz, DMSO-ds) 8 = 10.76 (brs, 1H), 7.59 (s, 1H), 7.23-7.14 (m, 2H), 6.90-6.81 (m,
2H), 6.03-5.94 (m, 1H), 5.52 (s. 2H), 3.70 (s, 3H), 3.18 (q, /= 7.1 Hz, 2H), 3.18 (sextet, /= 7.2 Hz,
2H), 0.88 ppm (t, J= 7.5 Hz, 3H)

13C NMR (100MHz, DMSO-ds) = 158.6, 153.9, 150.7, 142.3, 130.6, 129.5, 128.9, 120.2, 113.7,
55.0,53.2,42.1,21.9, 11.2 ppm

HRMS (ESI) m/z caled for Ci6H20NsO2 [M+H]* : 314.1612, found: 314.1606

2-(propylamino)-3H-thieno[3,2-d]pyrimidin-4-one (106g)

To a suspension of thiophene-3-amine hydrochloride (200 mg, 1.48 mmol) in CHClI3 (4 ml) was
added EtzN (0.225 ml, 1.62 mmol) and ethoxycarbonyl isothiocyanate (232 mg, 1.77 mmol) at room
temperature. After being stirred at room temperature for 1 h, to the mixture were added WSCI (339
mg, 1.77 mmol), EtzN (0.820 ml, 5.90 mmol) and n-propylamine (0.146 ml, 1.77 mmol) at room
temperature. After being stirred at room temperature for 2 h, to the reaction mixture was added water
and the resulting mixture was extracted with CHCIs twice. The combined organic phases were
concentrated under reduced pressure and the residue was purified by NH silica gel column
chromatography (Hexane/EtOAc = 95/5-70/30) to give 105g (190 mg, 50%). A mixture of 105g (53
mg, 0.21 mmol) and chlorotrimethylsilane (0.13 ml, 1.0 mmol) in DMF (2 ml) was stirred at 120 °C
under microwave irradiation for 1 h. After it was cooled to room temperature, to the mixture was
added saturated aqueous NaHCOj3 and the resulting mixture was extracted with EtOAc/THF (1/1)
three times. The combined organic phases were washed with brine and dried over Na>SOs. The
filtrate was concentrated under reduced pressure and the residue was purified by NH silica gel
column chromatography (EtOAc/MeOH = 100/0-85/15) to give 106g (39 mg, 90%, 45% from
thiophene-3-amine) as a colorless solid.

"H NMR (400 MHz, DMSO-ds) & = 10.80 (brs, 1H), 7.95 (d, J= 5.3 Hz, 1H), 7.05 (d, J = 5.1 Hz,
1H), 6.26 (t, J=5.7 Hz, 1H), 3.24 (dt, J= 7.1, 5.7 Hz, 2H), 1.54 ppm (sextet, /= 7.3 Hz, 2H), 0.90
(t,J="7.5 Hz, 3H)

13C NMR (100MHz, CDCI3) 6 = 164.6, 159.0, 134.8, 126.9, 125.0, 117.7, 60.9, 42.9, 22.7, 14.7,

11.3 ppm
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HRMS (ESI) m/z caled for CoH1oN30S [M+H]" : 210.0696, found: 210.0697

1-[(1S)-1-(2,5-dichlorophenyl)ethyl]pyrazol-4-amine (92)

To a solution of (1R)-1-(2, 5-dichlorophenyl)ethanol 93 (498 mg, 2.61 mmol, 93.38%ee) in CHCl3
(10 ml) was added EtsN (0.725 ml, 5.21 mmol) and methanesulfonic anhydride (681 mg, 3.91 mmol)
at room temperature. After being stirred at rt for 2 h, to the reaction mixture was added 1 M HCI and
the resulting mixture was extracted with CHCIs twice. The combined organic phases were
concentrated under reduced pressure to give crude 107 as a yellow gum. To a solution of 107 in
DMF (10 ml) were added fert-butyl N-(1H-pyrazol-4-yl)carbamate 94 (525 mg, 2.87 mmol) and
cesium carbonate (2.55 g, 7.82 mmol) at room temperature. After being stirred at rt for 2 h, to the
reaction mixture was added water and the resulting mixture was extracted with EtOAc there times.
The combined organic phases were washed with brine and dried over Na;SOy4. The filtrate was
concentrated under reduced pressure and the residue was purified by silica gel column
chromatography (Hexane/EtOAc = 95/5—75/25) and NH silica gel column chromatography
(Hexane/EtOAc = 95/5-80/20) to give crude 108. To a solution of 108 in CH,Cl, (4ml) was added
TFA (4.0 ml) at room temperature. After being stirred at room temperature for 1 h, the reaction
mixture was concentrated in vacuo and to the residue was added saturated aqueous NaHCOs. The
resulting mixture was extracted with CHCls three times and the combined organic phases were
concentrated under reduced pressure. The residue was purified by silica gel column chromatography
(Hexane/EtOAc = 50/50-0/100) to give 92 (326 mg, 50%).

"H NMR (400 MHz, CDCls) 6 = 7.28 (d, J= 8.6 Hz, 1H), 7.25 (d, /= 0.77 Hz, 1H), 7.16 (dd, J =
8.6, 2.6 Hz, 1H), 7.10 (d, J=0.90 Hz, 1H), 6.98 (d, /= 2.6 Hz, 1H), 5.74 (q, /= 7.1 Hz, 1H), 2.93
(s, 2H), 1.82 ppm (d, J= 7.1 Hz, 3H)

3C NMR (100MHz, CDCl): 6 = 142.0, 133.4, 131.9, 130.7, 130.2, 129.2, 128.9, 127.3, 117.8, 57.5,
19.9 ppm

HRMS (ESI) m/z caled for Ci1H12N3Cl, [M+H]* @ 256.0403, found: 256.0403

1-[1-[(1S)-1-(2,5-dichlorophenyl)ethyl]-7-0x0-6H-pyrazolo[4,3-d]pyrimidin-5-yl]pyrazole-4-
carboxylic acid (16)
To a solution of 92 (321 mg, 1.25 mmol) in CHCI; (6 ml) was added ethoxycarbony! isothiocyanate

(197 mg, 1.50 mmol) at room temperature. After being stirred at rt for 2.5 h, to the mixture were
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added WSCI (288 mg, 1.50 mmol), EtsN (0.523 ml, 3.76 mmol) and ethyl 4-pyrazolecarboxylate
(211 mg, 1.50 mmol) at room temperature. After being stirred at room temperature for 2 h, the
reaction mixture was purified by silica gel column chromatography (Hexane/EtOAc = 95/5-50/50)
to give crude 91 (351 mg). A mixture of 91 (100 mg) and chlorotrimethylsilane (0.123 ml, 1.01
mmol) in NMP (3 ml) was stirred at 120 °C under microwave irradiation for 1 h. After it was cooled
to ambient temperature, to the reaction mixture was added saturated aqueous NaHCOs and the
resulting mixture was extracted with EtOAc there times. The combined organic phases were washed
with brine and dried over Na;SOj. The filtrate was concentrated under reduced pressure to give
crude 90. To a solution of 90 in THF (1ml) and EtOH (1ml) was added 1 M NaOH aq. (1.01 ml, 1.01
mmol) at room temperature. After being stirred at room temperature for 6 h, the mixture was
concentrated in vacuo. The residue was dissolved in water and to the solution was added 1 M HCL
The precipitate was collected by filtration, which was then suspended in EtOH at 50 °C to afford 16
(50 mg, 33%) as a colorless powder.

'H NMR (DMSO-ds, 400 MHz): & = 12.96 (brs, 2H), 8.86 (s, 1H), 8.22 (s, 1H), 8.16 (s, 1H), 7.53(d,
J=8.6 Hz, 1H), 7.42 (dd, J = 8.6, 2.6 Hz, 1H) 7.16 (d, J = 2.6 Hz, 1H), 6.75 (q, J = 6.9 Hz, 1H),
1.86 ppm (d, J=7.1 Hz, 3H)

3C NMR (100MHz, DMSO-ds): 6 = 162.9, 153.0, 143.1, 142.6, 141.0, 138.6, 133.2, 132.1, 131.7,
131.3, 130.5, 129.3, 127.3, 124.0, 118.3, 56.1, 19.9 ppm

HRMS (EST) m/z caled for Ci7Hi3N6O3Cl, [M+H]* : 419.0421, found: 419.0426

Enantiomeric Excess: 98.93%ee (tr = 9.678 min, column: Daisel CHIRALPAK IC-3 (4.6x150 mm),
eluent: Hexane/EtOH/AcOH=70/30/0.5)

Conformational Study
MOE was used to search possible conformations at the molecular force field level. Gaussian 09 was
then used to obtain the most stable structure by the energy-stabilization calculations of these

comformers at the B3LYP/6 -31G** level using the Density Functional Theory (DFT).
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