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A3, LUT OlgRER L OHEEZ Vi,

Ac acetyl

aq aqueous

Boc tert-butoxycarbonyl

br broad

Bu butyl

calcd calculated

d doublet

DMF N,N-dimetylformamide

DMSO dimethylsulfoxide

ELISA Enzyme-Linked ImmunoSorbent Assay
EMT epithelial to mesenchymal transition
ESI electrospray ionization

Et ethyl

h hour(s)

HRMS high resolution mass spectrometry
Hz hertz

J coupling constant

Me methyl

MET mesenchymal to epithelial transition
MW micro wave

m/z mass to charge ration

p para

Ph phenyl

q quartet

rt room temperature

RT-PCR Reverse Transcription Polymerase Chain Reaction
S singlet

sat saturated

SEM 2-(trimethylsilyl)ethoxymethyl

t triplet

t tertiary

THF tetrahydrofran

TLC thin layer chromatography
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HIF-1 % L8 7 A i - R S iz 2, & B ICIA U4EC, HIF-1 1E HIF-1a & HIF-1B
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1X. LI bHLH R A A > Per/Amt/Sim (PAS) K A 1 >, ¥ XU\ Transactivation (TAD) R
AA &R, ZHUZXE L, Oxygen-dependent degradation (ODD) N A A > 1%, HIF-la (2
DIHIFIET D,
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BRIE DEEEIRIE KA L C HIF-la OZELICRE S BS LT 5,

HIF-1 #5325 B 7 === FTdh 5 Aryl hydrocarbon receptor nuclear translocator
(ARNDIX, DT A V7 4—ALThHD ARNT-2 Lt#ET 5 &, bHLH KA A > & PAS
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DNA binding Dimerization Stability Transactivation
P402 P564 N803

HIF-1a bHLH PAS ODD N-TAD C-TAD
transcription transcription
cofactors cofactors
- HLH ODD -
HIF-2a b . PAS N-TAD C TAD‘
O e

HIF-3a bHLH

ARNT

B1.HFZ273)—22 N\ BD—REE.
bHLH; basic helix-loop-helix, PAS; Per/Arnt/Sim, ODD; Oxygen-dependent degradation, N-TAD;
N-tarminal trasactivation, C-TAD; C-tarminal trasactivation.
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7a ) RN KER L & 5T %, T 3UAY von Hippel-Lindau (VHL) % & e 5% F 2 IR0
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Glucose metabolism

Cell proliferation

Cell survival

HK1 Cyclin G2 ADM
HK2 IGF2 EPO
AMF/GPI IGF-BP1 IGF2
ENO1 IGF-BP2 IGF-BP1
GLUT1 IGF-BP3 IGF-BP2
GAPDH WAF1 IGF-BP3
LDHA TGF-« NOS2
PFKBF3 TGF-53 TGF-«
PFKL VEGF
PGK1
PKM Angiogenesis Extracellular—matrix metabolism
TPI EG-VEGF CATHD
ENG Collagen type V (a 1)
Transcriptional regulation LEP FN1
1-Dec LRP1 MMP2
2-Dec TGF-583 PAI1
ETS-1 VEGF Prolyl-4—hydroxylase a (I)
NUR77 UPAR
Vascular tone Cytoskeletal structure Motility
« 1B-adrenergic receptor KRT14 AMF/GPI
ADM KRT18 c—MET
ET1 KRT19 LRP1
Haem oxygenase-1 VIM TGF-«
NOS2
Apoptosis Iron metabolism Nucleotide metabolism
NIP3 Ceruloplasmin Adenylate kinase 3
NIX Transferrin Ecto—-5-nucleotidase
RTP801 Transferrin receptor

pH regulation

Erythropoiesis

Amino—acid metabolism

Carbonic anhydrase 9

EPO

Transglutaminase 2

Epithelial homeostasis

Cell adhesion

Energy metabolism

Intestinal trefoil factor

MIC2

LEP

Drug resistance Regulation of HIF-1 activity
MDR1 p35srj

B 3. HIF-1 &k > TEERE Sh 5&EF.

ADM, adrenomedullin; ALDA, aldolase A; ALDC, aldolase C; AMF, autocrine motility factor;
CATHD, cathepsin D; EG-VEGF, endocrinegland-derived VEGF; ENG, endoglin; ET1,
endothelin-1; ENO1, enolase 1; EPO, erythropoietin; FN1, fibronectin 1; GLUT1, glucose
transporter 1; GLUT3, glucose transporter 3; GAPDH, glyceraldehyde-3-P-dehydrogenase; HK1,
hexokinase 1; HK2, hexokinase 2; IGF2, insulin-like growth-factor 2; IGF-BP1,
IGF-factor-binding-protein 1; IGF-BP2, IGF-factor-binding-protein 2; IGF-BP3,
IGF-factor-binding-protein 3; KRT14, keratin 14; KRT18, keratin 18; KRT19, keratin 19; LDHA,
lactate dehydrogenase A; LEP, leptin; LRP1, LDL-receptor-related protein 1; MDR1, multidrug
resistance 1; MMP2, matrix metalloproteinase 2; NOS2, nitric oxide synthase 2; PFKBF3,
6-phosphofructo-2-kinase/fructose-2,6-biphosphatase-3; PFKL, phosphofructokinase L; PGK 1,
phosphoglycerate kinase 1; PAI1, plasminogen-activator inhibitor 1; PKM, pyruvate kinase M;
TGF-a, transforming growth factor-a; TGF-B3, transforming growth factor-B3; TPI,
triosephosphate isomerase; VEGF, vascular endothelial growth factor; UPAR, urokinase
plasminogen activator receptor; VEGFR2, VEGF receptor-2; VIM, vimentin.
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TLES TR Y BRI HER A FEAT D720 Mils~PEH S AU FLERIC L 0 3 AU
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9~ % vascular endothelial growth factor (VEGF), fi#¥s 2 O L IZB 5 7§ % Glucose
transporter-1 (GLUT1), & 52 pHEREE D FfEfi 21T 9 Carbonic anhydrase (CAIX)72 & DFE %
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52T KA~ OREME - BB EE D T
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EMT %4 % %57 THho TWIST, SNAIL 72 FDFHAFHHET S 7, £/, HIF-1
IZ &> T, lysyl oxidase (LOX)23RHLFHFE X, Miflast~ ) 7 22 V7Y 7L,
PN KR DR M 2 TUE T 5 2 L3 I A Z W ERFRIC K v s S Tn D &

53 ALFREIER L OB BEIE IS I 1T 2 iniR R

3 AURIAE I, HIF-1 {2 & ¥ multi drug resistant protein 1 (MDR1) 2358 B FHE <1, 3
AlOMAaAPELRES B E 25 %, U XY FEAIMESR S D, MDRI X P FEY
NIEP-gp)E LTHHOLNTEY , LFRBKMEEYSOAERTOERY 72 E ORI
¥ 7L LT ATPRTFIIC R RET 5 %

—Ji. MFEORZIE, BEFRBEIC L0 FFE S 2D BORHE « Mifla st E & B E
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AHNTVD N, 2 LT, IKEERESE N CHOMIAR & £ S Lo AMIIR L, HIF-1
T2 845 L TGN O ME ~m T ClEE L, PADHEZES ZEPHRESNLTVD
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o

Z DL DT, HIF-1 I A DOEMHAVICH LI R EE 2 RIZ L TnD 2 Enn ., BAR
JEIZT T HRIEER - L THER SN TWS

%5 3 i HIF-1 BHEH|OH S

ZHETICZ L O HIF-1 [EAP®RE SN TEY, 22 TIERERNUR DB 2

(4 4,5),

F P RIK(LA W TIE. Echinomycin''*, Chetomin'® % Geldanamycin'® ' "* 72 &3 5,
Echinomycin 3B cis $HIE(5-RCGTG-3’) TdH % HRE ~fii& L. HIF-1 ® DNA
DG ZHET D, Chetomin (FERF LK T p300 @ cysteine/histidine-richl (CHI)
domain [Z#5 & L, HIF-1 &85 ILEAF p300 & O EHEEMZ R T, Fi2,
Geldanamycin 35 X OV OFFERIT HIF-10 D53 fif 2 £ 3 5, Geldanamycin X Hsp90 &
ATP L OFEA ZHARNCHHE L, Hsp90 DO v 2o G a2KESE5, Znicky
HIF-1 (2654 L CU 5 Hsp90 2345 Z & T RACKI 28 HIF-1 IZfi&T& b Lo ic7k
%5, £L T, ZORACKI B tFF U J—EThH%S Elongin B/C IZFEFk L, 71
T T V=LK D HIF-1o D3 fENFHE SN D,

s

55 sy
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Echinomycin Chetomin
inhibition: DNA binding inhibition: Transcriptional activity

Target: HRE Target: p300

GA: R = OCH,

H
17-AAGI R = 3N~

H
17-DMAG: R = 3N~ ~
|

Geldanamycin (GA)
inhibition: HIF-1a degradation
Target: Hsp90
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B AL AW Tl HIF-1o O 53 fif A e 95 CAY 10585 (LW6, AC1-001)° 238 % (X7,
CAY10585 X7 = v gRIE TV v I a2 4 X o fiig~ & ZH 3 5 E malate
dehydrogenase 2 (MDH2)%#[ET 2 *, 2 b2y RU T OMREMARESND Z & T,
ROS FEAEDMIHI 4L, Fe' 23 ROS IZ L Db 22 P FICLRENLT D, Z D7z, Fe*'
23 PHD OIE & 720 | PHD 2MEME(L S 41T, HIF-la D fENMEE S LD,

N CF
O © o @d : ~ OH
e e
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N-
O\)J\N \,N
Ho on N :
CAY10585 Bayer's compound YC-1
inhibition: HIF-1a degradation inhibition: HIF-1a degradation inhibition: HIF-1o. degradation
Target: malate dehydrogenase 2 /Transcriptional activity

K 5. HIF-1 BEE&RIO®BED (EREEY) .

Z T L Bayer fEHE DLW 2 R0 YC-12 D X 9 \ZIE BN 2R S 3R BA 73 HIF-1
PREAIS Z<FET D (K5 X ROALHEIN TS YC-1 1, BHBIEEEZ D
JEGEREAEICIEIT 2 2 N~ R ZHANVTHREN TSN P, JiEERE L
C HIF LERID B S FIEBED & Z A7,

VLD RO & FEF IR 7 A 7 %A LTH#L HIF-1 BLEZEB % B
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O ORI ICBE 4 D058 (36 3 %) 21T 72,
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—=rZty FNERAETHZEEMFLE,

% Z C. B-Rafkinase inhibitor’’, CBI receptor antagonist**, CARMI inhibitor® 73 (2~
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GDC-0879 Rimonabant (SR141716) Compound 17
B-Raf kinase inhibition CB1 receptor antagonist coactivator associated arginine
(ATP competitive) methyltransferase 1 (CARM1) inhibitor
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N 727 —BBETELR—Z—L L THWZY vyEASIZBN I VY T =T —
PIFIC L D BBEORIHFEF NN OGS TnD Y 22T, AFRIZBNT
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A ) == 7 LIALA IR 2 HRMS (2 X WILEWM D5y F B2 gt . CLB-016
AR LTz, £ LT, HIF-1 [REEEO BN, 72 5 NS HIF-1 ZEREE T Lk~
DB EfNT T 5 2 & C, HIF-1 [LHFRBAZFAN L7z, ZOREER, LiR—7—#BRick 2
HIF-1 PR AR & AHRE L, ISR AOIC HIF-1 EE195E {5 7 CTd D CAIX mRNA L~UL
DR TR Lz (M 13), BLEOFER I Y . CLB-016 (X HIF-1 fHERZ AT 25 Z &N
BHoNERoT,
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X 13. CLB-016 0 HIF-1 A 80 5.

(A) HRE-Luc/HT1080 #ifa = ZEAIWIE L. EEERET(1% 0,) T 24 BFRIEE Lz, TDE&. LI T
I5—FICKBIEERAFREL. HF-1 EEEEZELE LTz, B) BEBRERET(1% 0,)®
HT1080 #fifad # & RE M CLB-016 T 4 BfENE L. CAIX mRNAEZ% E & RT-PCR [ & Y 4T
LT

FeH &

Bl HIF-1 [HEAIO R 7 ) —=2 7 %47 9 12H720 . K 30,000 (LG5 EH T 5 AK%
WMEBRETA T 7V =80, ~T e FERZERL LTS {bamafiti Lz, &6
|2 HIF-1 HERBRB L OV 7 = 7 —FHEIC L DBEEEOHREZTTS = & T, BEfED
HIF-1 BHER & 13872 587728 % 4 7 Th 5 CLB-016 Z R L7z, F£7-. CLB-016
IX HIF-1 PRETEYE & FHEBE L. JREMRAFAOIC HIF-1 AR - TH D CAIXmRNA X
NERK T L, 202 &G, CLB-016 X HIF-1 BIEREZHT 5 Z &R 0hoiz,
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$F2E CLB-016 O HIF-1 [AEFE (T 51E:&E/EE4EES

551 HT AEGETEYEAEBIAEAT OO BRIK

CLB-016 @ HIF-1 PREFIEMEIZ 351 D MG VAR BT 2. hIui 5 &8 (el 1) |
JIVARFH I RE (I 2), BT Y — VBT IVFLE (BE3), L ThHEEZ A B
(FHik4) D4 SOOI ZEI L, LAR—Z —iBRIC IV HIF-1 BEEEO 2L A5~
7=, (4 14)

$833

TR 2
HILREHIFE

hREBFEIR

14, #8:E TR 1EAE A AR AT D BRHE.

%5 2 Hi  CLB-016 3 L OV OFEILD G AL

CLB-016 3 X N2 OFFEARD G RIEZ UL TR T ALEW 2 2 3 Uik F L& T
TNF AL, ERR LIALE R Z B L. 3A. 3B 25T, VT, TREhOR
PEARZBEMETCIZ L D 7 I UK 4A, 4B ~EETT LTz, DL & Bt ROKFER L E
7 =)V SNLDKFERT-L D NOESY HHEA A BT 5 Z L1c kv | (i@ BRI R ofiE %
WE LT, (RF—2A41)

WW e ;% Egi
HO N \/o\{)_ZNoz —ATy e

3A 3B

2

\ \\ .
N N
b .
NH
@) 2
y, NH, — %
o
4A 4B

AEX—LAL1. CLB-016 BLUZFDHEAKNDEH.
SHE & &4 (a) Ethyl iodide, K,CO3, DMF, rt, 3A (34%), 3B (21%); (b) Pd/C, H,, EtOH, rt, 4A

14



(77%), 4B (91%).
Flo BT NABH B AFAET L6 LY AT IR T AR L. MK fE
LTCHONR RS 25T, (AF—L2)

2
R 6a: R2=H
= - R2=
o O m 6d: R?=Cl o
“N

6e: RZ=Br R! 2N\_-R?
‘O/K'\/X o N
c N
() (a)—

5a: Ar= 2,5-disubstituted furan, R'=Et, X=ClI 7a: Ar=furan, R'=Et, R?=H, 48%
5b: Ar= 2 5-disubstituted thiophene, R'=Me, X=Br 7b: Ar=thiophene, R'=Me, R?=H, 43%
5c: Ar= 1,3-disubstituted phenylene, R'=Me, X=CI 7c: Ar=phenylene, R'=Me, R%=H

7d: Ar=furan, R'=Et, R?=Cl, 55%
7e: Ar=furan, R'=Et, R?=Br, 42%

8a: Ar=furan, R2=H, 56%

8b: Ar=thiophene, R?=H, 46%

8c: Ar=phenylene, R2=H, 73% (from 2 steps)
8d: Ar=furan, R2=Cl, 80%

8e: Ar=furan, R?=Br, 93%

AX—LA 2.CLB-016 XUV FDFEAXDERK.
3R & &4 (c) 6a/6d/6e, KOtBu, THF, rt; (d) NaOH, EtOH, rt.

BT, TIVRA EINVR RS g SET-%, SO TF L2719 &2/
KSR THAREE 10 2B, (ZAF—213)

N
4A.B N o
e \ z R2 f /
o H N N
8a-e _/ 0
9Aa: Ar=furan, R?=H, 70% OPK-134 (10Aa): Ar=furan, R?=H, 91%
9Ab: Ar=thiophene, R?=H, 75% 10Ab: Ar=thiophene, R?>=H, 94%
9Ac: Ar=phenylene, R?=H, 93% 10Ac: Ar=phenylene, R>=H
9Ad: Ar=furan, RZ=Cl, 71% 10Ad: Ar=furan, R?=Cl, 95%
9Ae: Ar=furan, R?=Br, 68% 10Ae: Ar=furan, R?=Br, 97%
N N
Wy, o
_ ~ _ N p
\ N \
o] N O N { HO HoJ O N
_/ 0 l Y 0 Y
9Ba: 43% 10Ba: 90%

AF—UL 3.CLB-016 B XUV EDFERAEDSHL.
SAE L &4 (e) HATU, Hunig's Base, DMF, rt; (f) NaOH, EtOH, rt.
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WZIZT v EMEGT 5 Z & T CLB-016 (1), OPK-137 (11Aaa), OPK-136 (11Aab),
OPK-140 (11Ab), OPK-170 (11Ac), OPK-102 (11Ad). OPK-100 (11Ae), 3 L T* OPK-143
(MBa)Z &Rk L7z, RO AR W T CLB-016 OFEEA AR LI, /-, 7%
NVHE (fEIK 3) DR SOERD OPK-160, OPK-148 HEIEED HILIZ LW ARk L7z, (A

F— L4 4)
ﬁ
N’N
g R3 ﬁN 0 Néi/Rz
N \
R HN

CLB-016 (1): Ar=furan, R?=H, R3=H, R*=H, 85%

OPK-137 (11Aaa): Ar=furan, R?=H, R%=Me, R*=H, 25%

OPK-136 (11Aab): Ar=furan, R%=H, R3=Me, R*=Me, 30%

OPK-140 (11Ab): Ar=thiophene, R?=H, R3=H, R*=H, 64%

OPK-170 (11Ac): Ar=phenylene, R?=H, R3=H, R*=H, 19% (from 2 steps)
OPK-102 (11Ad): Ar=furan, R?=Cl, R3=H, R*=H, 72%

OPK-100 (11Ae): Ar=furan, R%=Br, R%=H, R*=H, 82%

e o

OPK-143 (11Ba): 47%

A¥—L 4.CLB-016 B LU ZDFEARDERK.
A% & &4 (g) HATU, Hunig’s Base, DMF, rt or MW (50 °C).

RIZ OPK-169 DEMIEZ R (AF—L45),

ICAW 2 B AFNMLICE D AF AT ATV 12 ICEH L . ©F Y — /LD NH % SEM T
R LT, e C, SR ICICCT I VIR 14 ~ BB L, WLR B 8a HEaT 52
ETILEW 15 21572, S BT, MKSRE, 7 oE=7 LiadT2 2 & TILawm 1T %
370, F#%\Z HCIVEtOH Z W TR T 5 Z & T, OPK-169 (18)% 157,

16



SEM
N SEM
k NoJ o W7 N,N
o H o N Y/ \ | O N
Te T L o W3
o [,
15

- jﬂgﬁ* At b

OPK-169 (18)

A F—L 5. OPK-169 (18)0)éﬁﬁ.

A% & &4 (h) Acetyl Chloride, MeOH, rt, 73%,; (i) SEM-CI, NaH, THF, rt, 54%; (j) Hz, Pd/C, 40
°C, 71%; (k) 8a, HATU, Hunig’'s Base, DMF, MW 50 °C, 49%; (I) 5N NaOHaq, EtOH, rt, 95%; (m)
NH,CI, HATU, Hunig’s Base, DMF, MW 50 °C, 84%; (n) 2M HCI/EtOH, MW 80 °C, 52%.

W, FEVERIRFEIATH D OPK-164 () DA HILEEZ R (AF—16),
LB 12 % 19 & AW CTT V¥ btk A L7z Boe 7 X {4 20 Z B4 4 T Tl Boc
L. f T toluene H1, HEIEMESIE T MBS 5 2 & CTEALIK 21 #157-, HEfilig ok,
8a LA L. OPK-164 (23)%157-,

Boc\N/\/Br
H
H 19 N
N H N N
- ) N N N
N\ / B — Boc” Q:Z _p, Hg\ —
O NO O NO, NO,
/ Y 2 / o) O
12 20 21
N’N\
q (\ _ *{l
HN NH,
o)
22 OPK-164 (23)

AF—. 6. OPK-164 (23)D & k.

SEE & &4 (0) K.CO3, TBAL DMF, 1t, 11%; (p) i. 2M HCI/EtOH, 50 °C; ii. Hunig’s Base, toluene,
100 °C, 46%; (q) Pd/C, H,, EtOH, 40 °C, 84%; (r) 8a, HATU, Hunig's Base, DMF, MW 50 °C,
42%.
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oM PREFFEROMRE (FH1)
FHI1H GRBROLH
HSRASALE S 2 R ER O M EHRIER O A LT ALEWEROEZ K& <L

0T 2T, PR FEBR O LRI X DIEE DO L& BREE L7, CLB-016 (HRE-Luc :
ICso=19.1 uM) O 7 Z 8% MEBREMOA[EN R DT 47 = VRSO UE VB A~

EEBLIZE 2 A, FA T = VERTCIE HIF-1 BLETEMEATH % L(OPK-140, HRE-Luc : ICs
>100 uM), A Z N7 2 [EHRD B 2 TIIIEEDEES L 72(OPK-170, HRE-Luc : ICso= 60.8
uM), (1)

I, EHSEFOAELUSNOER GETT 5720, 7 FEHFFER L O _HMA % 180
FERR Sl a7 4 A— 3 VOFELRSEEZ DFT FHH(B3LYP/6-31G*)IZ L 0 HH
L7z, ZOfEF, 77 VB (AE=2.86 kcal/mol) & T4 7 = B¢ (AE = 1.17 kcal/mol) T
ATVX—DAL T F A= a Y PNRID T ENRBEINTZ, T, 7T VR TIIESE
FlLOBWOKFE . FA7 = TIES-OHEERAYOFENERTHL EEBEZHND,
TREIZ/R L7z furan-2-amide 5 °* & thiophene-2-amide ¥ D& E 2 > 7 4 A —3 3 VI,
TNENEUME L AT 266D X BEEEEEMRITIC L0 ZFREhTnsd, £z,
NUBVERETIE, WAy 74 A= a VOFEREMIFFELNZ L, 7Y v L
RTWNWZENEZLND, UL EDORER LY CLB-016 ® HIF-1 FLEFEMEREICIL, (1) &
B OAREO), BLOG) 7 FEFBFRED HA~OEERE, 77 RIZED
AT xA—va VHIENEETHD I LRI,
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®1. FEROLES:. (88 1)

N
N
o/ o N7
HzN H N /
o " ()
ke BEREEOAE WAV THA—30D HIF-1BAEES  HIEMGLEEE  Alogp©
- 6’ O i ICs0 (M) 1Cso (uM)?
R? o]
R! O N
0 N H Y=
CLB-016 Q) 125.6° Hoo0 - o0 19128 151418 1.18
[ 7R 3197 .
major R
R! o]
RU P N
N - H —
OPK-140 h 147.5° Ho9s ) S s >100 >100 1.74
4 77R? 84:16 L
major QO
RU P N
OPK-170 @ 119.9° N , —— Hb 60.8£12.7 55.0 +16.9 1.71
R
52:48
RZ
YC1 48.4+2.3 30.9+4.3 4.08

HIF-1 BAE &4 HRE-Luc/HT1080 #ifa = E=HIME L. EEFET(1% O,)T 24 BFMEEE Lz, %
D&k W2 Tz 5—FITKBIEERAZREL. HIF-1 HEFME(Cs)ZEH L1z, HBIENGIE
t: HT1080 #lBa % EHIME L, EBEET(1% O,)T 72 BRIEE L=, ZD%. WST-8[CTE®R
%, WAEFAFE L. BEIMHEE(C)ZEE L1,

EBEREMOAE. FLUmMIYIA A= a3 OBFRELEG, ZENEHKIER(the density
functional theory, DFT) B3LYP/6-31G*IZ & Y B H L 1=, 3 BID FEHfE. & & V1Z#EBRE, ° ALogP
[% Pipeline pilot (Accelrys, Inc.)ZBWWTEHH L 1=,

F2WH TIPN-TFAT=UERICKEITD S-OHAEHDZE

RO ESERIZ ALAMEED 2 T3 A= a OWEICREREBEE 52 5,
S-OfHAEHHZD—2THY, 1,5 type @ S-O fHASEHIZ DUV TIX, Nagao H723, X
B AR S ARHT & Hartree-Fock 3FHLIC L » THFEL T\ 5 ¥ (X 15)

TRUMEAE O X B EERATIC L 2 &0 S-O MO 7ML 2.65 A TH Y | #
HERN TV D van der Walls DL 332 A Ll 95 L o TnD 2 b,
JR A CHEERAMHNTWE Z ERTKEESN TS,
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X-8

LT 1,4 type
2654
- X-8
o I ST\

)\\)Q/N K) 1,5 type
N N

X-S
1,5 type S-O HEEH 1,6 type

Bl 15. X {54 RiEEMITIC & % S-0 B ETFHIER.

% 7=, Hartree-Fock 152X, 7 I REF 77V — LB OHA % 90 4 o]l
SEEHREOT RN X —EZ2 I L, S-O fHAVER 2T LIS 5IRE B 8= Rk /L ¥ —
HINCZETHDH R LTS Y (K16)

o)
H s FsCr. =0~ _
N—Q l/" R — » \S, A ‘\\\\\SI/,,
Fscﬁoﬂ\N-N/_ — Fgc)kNﬂ"\“ S “—R —_— HN—{"W",—R
H N=N N=N
A 0° 90° B: 180°
0 (HF/6-31G™) -2.25 (HF/6-31G") -8.16 (HF/6-31G")
0 (HF/6-311+G™) -2.75 (HF/6-311+G*") -8.17 (HF/6-311+G**)

B 16. Hartree-Fock tEI- & B R IRED TR ILF—E .
BEXTEOHFIL. Hartree-Fock FHEIZ &K Y EhNI=Hxt T RILF—(kcal/lmo)THY . #Ei&
I A % O kcal/mol & L= ®D, R=n-CsH7,

S B2, Nagao HlE, S-OFHAMEHDER & L TiE, H/LR=/VEESE lone pair DIERG
EYEEE & S-CfEA O WLEDHEEMAZRET b0 Lk =T D “, (K17)

N,
Ng 9

005N N
)X\N)Q N

Fec” N

B 17.S-0 HEFAOER .

AWFFRIZFBUT, DFT(B3LYP/6-31G*)FHAEIC L U 15 5417 OPK-140 @ S-O JR-1-f#liE
BEIX2.97 A TH Y| Vander Walls FEROFIE T 5 & 035A L o TS, =
DT &N B, OPK-140 D S-O FHZIIMHASEA NN TWDL Z ENRB X 6ND, (X 18)
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X 18. OPK-140 O S-O JR-FRAEERE.
S-O R FREIEES (X, ZE ARAEIER(the density functional theory, DFT) B3LYP/6-31G*[C &k U &
H L7,

& 512, OPK-140 ® HOMO & LUMO (IZ2OWT b #iE L7-, HOMO DO#LEZ & H L
el TAH NVR=VIEHE EIZ HOMO OWLUENH D Z LA nhoTz, £, fis kI
X HOMO O#UEITR VW2 & b8 T &7z, £NlZxi L, LUMO O#uE AR L7z & =
A, Wi EIZ LUMO OfLEN H D Z & 2R LTz, ULEOFEREL Y, HOMO IZ& 5
FEOFRHBEFNOE D EOTXNVF—HENTHDH LUMO ~ERBT D & S IThiHDZE
W~ EBET D2 EP RISz, DE YD S-O M THAEMEANE LT WIRETH S
ZEnBEZLND, (X19)

HOMO

X 19. OPK-140 ) HOMO £ & U LUMO O#E.
HOMO & & U LUMO D ##E X, # LB % i/ (the density functional theory, DFT)
B3LYP/6-31G*IZ & Y EH L1-,

Fo, P TE—AY FBIXOFERT oy V2R L, sHFE L 2 mfA0E1L
IZE > THTORGE—AL FOXTZ MV GEEORA) PRESELLTNDHZ L
NH, ZOREEDLY OEERN T 2RI E 2D BENRENT EPMER I, £,
HBERT VY NEBEH LIS 2 A, IARZIIVENSIREEIC)NT T, B EER
BWZ L EER L, 2L, BWOSBBEL, B FOREICORB - TND LB

21



ZTW5 (¥ 20), L7=23> T, OPK-140 TIZHNVAR =)V FOBRBR & F 47 = B
DR T & ORNITFHEERNMIN TS Z ERNEZ BN D,

X 20. OPK-140 DBBFE—* > FHE L UFHERTU O v L.

BIEBFE—AY FBLUBHRERT U vILIE, ZEABEKER({he density functional theory,
DFT) B3LYP/6-31G* [Tk YEH LT, BBERT UYL : F = EFFEMNEWL, T = EF
BEMEL,

AR AR FH I NEHOMRE (K 2)

7 X RIIKRFE/BEDO RF—I2b T 787X —Ibe 520 EHERBLUITEE @&
I THDH, T T, KE/EE T —E7257 I NOKHKR T & HIF-1 EIEHRTO
BIfR 2 MG D72, DRI H I REOEBREIT -T2, (F2)

CLB-016 DA /VARFH I a2 T F /b Lic e 24 k7 I R CIIIEENRER
L7y, =7 I RCIREMESHE L., £, 7 I RS o7 a h o R —Hol
VR UER, F—R TV 3 — B LT IEMRIRTE R L,

INHDOFREREY | HARFY I FEOKRR AL HIF-1 [HEEERBICHEETH D
R EINT,

22



£ 2. HILARXY = FEORE. (8 2)

R o]

. N”

H%ﬁ“ {
VY

HIF-1BEEEM RS

L&Y ALogP ©
ICso (HM)G ICs (P-M)a
3
CLB-016 N 19.1+2.8 15.1+1.8 1.18
H,N
o]
\\
N,N
OPK-137 w » 4, 194t6.2 18.140.8 1.38
N
70
\\
N
OPK-136 | N >100 75.0 +10.9 1.59
N
70
\\
N’N
OPK-134 v >100 >100 1.81
HO
o]
2
OPK-167 N >100 N.D. 1.36

HO

HIF-1 FEE:EM4: HRE-Luc/HT1080 #ifa # EXK|INE L. EEBFET(1% O,)T 24 BEEE LT, £
DE. W7z 5—CITKBIEZEHRALZRTE L. HIF-1 PBEEE(Cso)EHE L1z, BIEIMFIE
P: HT1080 #If Z ZEHIME L, EEER T (1% O,) T 72 BEE&E L=, TD#%. WST-8IZTE#R
%, MAEFAEL., BEEIHIEE(Co)EELH Lz,

A3EOFEWIE. BLUIEEBRE, "ALogP I Pipeline pilot (Accelrys, Inc.)EFWLWTEH L1=,
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FHHT TAFAEOKE SORF (FEEK3)

CLB-016 DEH LD 7 VX /VEMEZ F#T 272D, T AFLEDOKRE I OfGET %
fTo72 (3 3), CLB-016 ®=F /LI FRE UMEIZ L7z OPK-169, & L<IZAF v
FLICEME L7 OPK-160, F723010, 2 A~ T FHE~LME L7 OPK-148 &K L
oo LALRDG, WTFNOHE BIEMHITET Lz, L EORIR LY | CLB-016 D%
EOTAFAEOREIE LTI TFAENEL TWDL I ENghoT,

£3. FILXINEOKZZOEE. ($5H3)

R o
N N
Y%

HIF-1FREEN S NEE S

=57/ AlogP®
ICso (LM)° ICso (LM)*
3
CLB-016 N 19.1+2.8 15.1+1.8 1.18
H,N
e}
N
OPK-169 N 71.6+1.1 66.6+2.9 0.62
H,N
(o]
N
OPK-160 N 79.3+1.9 41.6+2.7 0.83
HoN
o]
OPK-148 N 50.1+4.6 37.9+3.3 2.16
HoN
o]

HIF-1 BEE & M: HRE-Luc/HT1080 Ml #ZFIME L, KEEFET(1% 0,) T 24 BEEE L=, %
DE. WO IT5—FITKBIEEHRAZRTE L. HIF-1 AEEE(Cso)FEH L1=, EIEINFEE
P HT1080 #IRA = ZEFIME L, EEERT(1% O,)T 72 BB &E L -, FD#%. WST-8IZTE®E
%, MAEFAEL., BEEINHIEE(C)EEH Lz,

3EOFEWE. BLUIEEBRE, "ALogP [ Pipeline pilot (Accelrys, Inc.)EFAWLWTEH L1=,

FOHI T NVEOBEHAELS (fEE3)

TEMRBUCEERBERILL, ZORXISEHFHANREETHSL, F2 T, =FLEDSH
MIZ £ % HIF-1 [REIEHRBA~OEEEZRTTT 5720, T/VF VOB ELREZT
7= (F4),
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CLB-016 OfLEFRMEARTH D OPK-143 A LTz & 2 A, IEEEK L, Wi
KEgET oL, HARFH I RHMELT Y — LB E O ififA23, CLB-016 TiX 0 £,
OPK-143 TIX 11 L Z{bT 2 Z LB DFTFHRICL Y G Sz, Z o ZmAaZ kT,
B EER SN T VX NVIEEOVEKEFEICLS DO THL EEZLND,

T, VR FY I REAEE L, CLB-016 & IFIEIE U i T B i JEE i [R5
K OPK-164 ARk L7z & A, IEMEIZHEK Lz, T72b5, CLB-016 & [F Uik (&
TV 1AL SO T VX )VIEOE AN HIF-1 LEEERBICEE THDLZ ENEZD
N5, E5HIZ, CLB-016 & OPK-137 [T /VARFH 2 RAKZEFRFNH) & BT —/LEH
JA T CTHTNKRERARS AL S 2 EvD * OPK-164 & bl 5 &7 2 Rk
B EDOKFFRF DM E b HIF-1 [LEEHRBUCEE TH L ZENEXBNLD,

XoT, CLB-016 DX 57 1-T XN ET Y —)L3-F VA% I REKA HIF-1 FH
EEMRBLICEHE CH D Z R SN, (¥ 21)

F4. TILXIIEOERUEETHR. (8 3)
R\ 2 N/
H%g*“ /
l V

HIFRRE S EE &) E S AL
ICso (LM)* ICso (UM)°

ogP b

R
y
CLB-016 N 19.1+2.8 151+1.8 1.18

HoN
o)

L

N
N N
OPK-143 \2% >100 >100 1.04
’ 0]
Ny
(-
OPK-164 % {j\“ >100 >100 0.72
0]

HIF-1 BEE;EM4: HRE-Luc/HT1080 il # HEHFIME L, EEEFET(1% 0,)T 24 BEEE L=, %
DE. W7 5—CITKBEZHRAEZRTE L. HIF-1 BBEEE(Cso)EHEH L1z, EIEIMFIE
P4: HT1080 MRE Z EHFINE L, EEERT(1% O,) T 72 HEEEL-, T0DH%. WST-8IZTESR
%, MAEFAEL., BEBEIHIEME(Co)ZEH L,

3EDFEHE, HLUVIZERE, "ALogP [ Pipeline pilot (Accelrys, Inc.)Z B LNTEH L1-=,
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DESY—IL1E~AD

FILXILEDEA
QkREFOME > |
N N BFRAEEE) Nl
)\( N (\N_\ |:> e w/
HZN\@_ZC N /‘N\K}_z<
Y H o9 R ©
CLB-016 (R = H)
OPK-143 OPK-164 OPK-137 (R = Me)
—mAa=11° “mA=2° ZHEfA=0°

H21. ZIFIVEDOEBRBEMRICZK S HIF-1 BEEFEDOELXODER.
“EAIX. BFERBSIER(the density functional theory, DFT) B3LYP/6-31G*IZ& Y EH L 1=,

BT A'Z A NORKE (FEk4)

CLB-016 D& 7 A OV T Y —VBRIX, ¥ A FNVEEH LIZIREMEO & O &
o TW5B, FZT, IBIRMICER LImA® 7 AL OB AEIT, EE~DRE L
7o (£ 5),

CLB-016 O A F)VHA ML L7z OPK-161 IZIEMERNHES LTz, £, AT HRT
HT25HODONT aJFB5IMA Z [A T2 2 A F v A Y 3 — )L (OPK-095) TIEfEMEA
HRLT-, ZOFE, CLB-016 £ OPK-095 TlI AlogP IZZL LTV aly, 2D Z &b,
FHE T AV FTIH CLBOI6 IZEEND T ATFAET Y — DX D 7edh HRREE VIR
B2 H T 2 H1E) HIF-1 [LEEMERBUCEE TH D L B2 b,

FZT BB TH AN TS AT L ARICEA L 2 A, HIEREY
TEME23 M E L72 OPK-102 38 X TV OPK-100 3G Hbhviz, Zaux, U H v Ronm b o
AT K VR 3 F ONRER MBI T 2 B AN L8 Y | 2 D072 s iEriz L5 =
YRR E—RHERKLEZEREZLND,

26



#®5 AT hORE. (FE4)

\
N
N\ / o
HzN HJKE;\/R
o [ Y

HIFREEEME  EIEIFLEY Alogp”

L&Y R
ICsg (uM)° ICsp (LM)?
CLB-016 Niji 19.1+2.8 15.1+1.8 1.18
=/
N/
OPK-161 N/J 81.8+6.9 75.1+£0.2 0.75
=/
N
~ 0
OPK-095 — >100 >100 1.17
N7 Cl
OPK-102 N / 8.7+£0.6 7.4+0.2 1.84
=
B

OPK-100 NNJI ' 8.1+0.2 7.0+0.3 1.93
=

HIF-1 FEE:EM4: HRE-Luc/HT1080 #ifa # EXK|IMNE L. EEBFET(1% O,)T 24 BEEE LTz, £
DE. W7z 5—CITKBEZEHRALZRTE L. HIF-1 BBEEHE(Cso)EHEH L1z, BIEIMFIE
P: HT1080 #IfaZ ZEHIME L, EEERT(1% O,) T 72 BEE&E L=, TD#%. WST-8IZTE#R
%, MAEFAEL., BEEIHIEE(Co)EELH Lz,

A3EOFEWIE. BLUIEEBRE, "ALogP I Pipeline pilot (Accelrys, Inc.)EFWLWTEH L1=,

F8HI Fiw

CLB-016 OREEIEMEARBIMIFEORS H, HIF-1 FREFMHREFICIE,. O7 7 VRICK S =
Y7 F A—=Ta U, @ ARFY I FEOKERFNH), @87 A FOET Y
— IV EDOTIVFNEEORES LNE, QLB 7 A FOKE S LIREMEBRIEOFENE
ETHDHLIENgmole, EHIT, k4 OMFT LV G onzmR e KiIchEE 7 A b
HICIREEERIE CH DI Na S BB A LT L 2 A, CLB-016 L U % HIF-1 [HEIGMHEN
B8R L 72 OPK-100, 102 & RLH L7-,
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F3E CLB-016 B LUV DFEEMAD HIF-1 [AEH#IEDEMT

B
o

AREFETIE CLB-016 3 L OV OFFER D HIF-1 JLEBREIZ OV TRO X 9 ITIRIT LT,
F9. AMEAYO HIF-1 FEREE T RBUCKIETRELZTHRL LT, FH2ETRL
7z HIF-1 [HEEME L OMBEZfHE L (F 1), 518, XMeEWIT XL v HIF-1 28
B FORRAMEST S Z L T, HIF-1 ICE > THE SN ARBANCRIETTHB LR~

7= (38 2 #i),
HIF-1 [HEMNE & L TR0 H A ERA R ZIRICHREEL 72 (X 22), 2F D,
q WA (5 3.

/e

AAAEWIZ LD HIF-1 o, HIF-1 3 DB FB LY o R 7 BHIEBL~D

HIF-1 o DEBIT (B 4. HIF-1 @ DNA fEAHe (5 ICkd B LT,
b RS A SRV PERER 21TV HIF-1 BRERITH D YC-1, B L OBE

I,
TEDOFUEEIL L Dz Ic L A ERETF OHERI 21T - 7=,

HIF-1a

BHEET

22. E3ETKREIL /- HIF-1 [HE#E.

HIF-1 FERE G 3BT &IE 9 CLB-016 58 A D28

=
HoE TR L7 CLB-016 FHELA, HIF-1 fEAELE FREICKITT 2L E &

]

RT-PCR {EIZ X W fiRHT L=, ZORER, LAR—& — BRI XV FFf L7- HIF-1 PLEREME
EHHES U C L HIF-1 BERE R T Th 5 CAIXmRNA L)L DX TR S -, E HIT,
FEETE MR AENT X 0 A L 7= OPK-100 3 X TY OPK-102 THLFE L 7-#54 1. CLB-016

JLERIZ LTy CALX BB R G2 b vz, (1% 23)
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0.8 A

0.6 A
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Relative CAIX mRNA level

0.0 -
Hypoxia (1% O,)

+

DMSO
DMSO
OPK-143 +
OPK-102 +
OPK-100 +

CLB-016 +
OPK-137 +

OPK-095 +

E 23. CAIX EEFHBIRIZT CLB-016 FHEDEE.
EEFRIRET(1% 0,)M HT1080 #iiE % CLB-016 :5&{A T L(100 uM, 16 h), CAIX mRNA
E#EE RT-PCRAIZK U L1,

S 51T, CAIX LAk @ HIF-1 BB T-RBUCKT T 5 B E T ~T-, ZORE, HIF-1
FEHI (G T T D VEGF &, CLB-016 |2 X AEFEIHEI NN S, (X 24)

1.6 1

1.4 <

0-2 -

Relative VEGFmRNA level

0.0 4
Hypoxia (1% 0,) - - - - -
CLB-016 (uM) 0 0 10 30 100

X 24. VEGF BIEF#RIZRIFT CLB-016 DFE.

BEEFRRIET(1% 0,)M HT1080 #iig %= &2 E D CLB-016 T 4 FELE L., VEGF mRNAE%
FE RT-PCREICEK YT LT=,

PLEDOFER LD CLB-016 B X OEOIEMFEERIL, HIF-1 BLEEEZHT 52 L7
BHG & 7o T,
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72 E‘ﬁ 25 At e oD i 7 BH. 25 ek

Fram Cilk_7= X 512, HIF-1 12 XV 85 T0HE SN BB 1703, DA OB % 358
THZERMBNTWS, £I T, HIF-1 IZX > THEINLHRBAE LT, BAME
DWEAITRT 5D CLB-016 36 L O OIEMFF SR DR B2 BIR Lz, (1X25)

% 5 1:1E wound-healing assay & 2, ZORERIL, 2> 7L FAREEE TR
ELHBEMIZS > &8 (B Z1ED, ZOBBESWERIET 2 HETH D,
HIF-1 Mt OB FFHBIH S v, Mt~ b Y v 7 2 OFESE-oHE 12 L 2 s
FEARIERE R ENBE 2T 5 & B AR OBEERRIZAEOIRBOER & LTS
o,

AAtE ¥ % wound-healing assay Tallit L 72 /55, =2 > b v — /L OBIMEFRATHIL 43.3%.
%72 HIF-1 BEIEMEZ b 7272 WEE 9 OPK-143 TliE 39.9% Th > 7=, Z 1iTx L HIF-1
PREEEZ A3 289 CLB-016 (RIEFRIFR 723%) . BLOZ OFEKRTH S
OPK-102 ([l 72.5%) & OPK-100 ([F] 77.8%) 1%, AUEDIEKE A WE 2> ha—/LiZ
EAREBICHELEZ, 202 25, CLB-016 3 X UE OIFMEF SN IS, (KERRRE T

LR DB AMBEOEELEZ KT D Z ERR ST,

A ___oh _DMsO

500 um

CLB-016 OPK-102 OPK-100 OPK-143

T o] sl

P
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Wound area (%)

[
o
1

lh

DMSC CLB-016 OPK-102 OPK-100 OPK-143

X 25. iEEREEHER.

(A) EBE L= HT1080 HREADEEBZERY FFy TERAVTEHEEER S -, TO®R., EFITR
EL(100 pM), BERRRET(1% O )F&E L 24 KHEZOBIGAEDOES L Z EEZHEME T
gL, AEXHNT BIEDOREEEEZRT . AT—ILIA—DOKEEL 500 ym THb. (B) L&
PALIRRTIC R T 5. L EHNER 24 BREICE T 2 RIEDTEFLEE(%),

% 381 HIF-la, HIF-1p ® mRNA 3 LN X7 B L~UL DT

KE S5 5 HilCbiz - T, HIEM SN TV 5 HIF-1 B s 73 BRSO 0 - 5 R LA
WS BAFE R A G L 72,

%4, HIF-la, HIF-1p ® mRNA B X% L7 B L~ULI%4 % CLB-016 D 8%
fEAT L 7=, € B RT-PCR AT DFE R, HIF-1 12 & 25 R 1k % 52 1F 72\ HIF-1o & HIF-15
® mRNA L~/LZxt LT, CLB-016 13584 RIE S RN 2 Lo 1o, (X26)

PLEDOFER G, A CT/R L7Z CAIX mRNA L-ULOMKFiL, RNA KU 27—
REFREERFORFIC L2 BB FIREOIFRABRAFICLD O TRV LR
MR S iz,
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L4 9 W HIF-la [OHIF-18
v 12
Y]
5 1.0 A
§ 0.8
e
€ 06
a
2
® 04 1
Y]
& 02
0.0 A —
Hypoxia (1% O,) - + + + + +
CLB-016 (uM) 0 0 1 10 30 100

& 26. HIF-1a. HIF-1B &G FRBRICKRITT CLB-016 DFE
EEERIREE T (1% O,)M HT1080 #iAE & &2 E D CLB-016 T 4 BrRMLIE L HIF-1a H &K U HIF-18
mMRNA 2% F 8 RT-PCR LI & Y L 1=,

T, v AX T vy MEZED HIF-la & HIF-1B % 287 ERBL AT LT,
HIF-lo D% FET 2 7NV 2T~ A 2 VFERTH D 17-AAG 1E, 5 H Y 2 HIF-1a
BRI LAV B LT-, ZHUTK L, CLB-016 3 L UZ OIEMEFERIX, HIF-1a
FBELOHIF-1B # N7 E LU b B2 RIE S N2 AR Iz, (X 27)

ZOZ ENMDH Y, CLB-016 38 L OV OIEMFHEMAEIL, FERARMICEE TR ZHES
% Z L 72 < HIF-1 ERBEFOWRBEZHET LI e LN o7,

o o~ Vo] m )
2388383 ¢
2 2 ¥ ¥ 2 ¥ &
-
0 & 5 6 0 o =
HIF-1a -

HIF-1B ——
a-tubulin | — —-— - - —
Normoxia Hypoxia (1% O,)

(21% 0,)

B 27. HIF-1a. HIF-1B 2 > /Y BHBICRIET CLB-016 FEEDEZE.

HT1080 #ifa Z {EEARIRIE T (1% O,) T 2 BFfEIEE L /214 . CLB-016 FFE A T L 1= (100 pM.
4 B5f8) . HIF-1a, HIF-1B 2 /9 B LAILDOZE L EH HIF-1a fiifk, HLHIF-1B A Z AT
TRA>TOy MEICKY#ER LT
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AR HIF-1a O RBIE

HIF-la XN ~B1T L, HIF-1p & ~7 1 _BIKEZFKT5H, =2 T, HIF-lo DN
JRTE% , MRS E YR K 0 F~T, (X128)

Z OFEHR, HIF-1 LEEME 2~ 959 OPK-100, 1EME% R 720 OPK-143 CTALEE L
7o HIF-1a [ZENORIZJFHIE L TWD Z &R S, L EDORE R LV CLB-016
FHEMRIY HIF-la OBBITICHEEZ RIS RN LB otz, T7bbh, RAMeAwic
X % HIF-1 BT3B OMBNL, HIF-la OEBITHE TH D Z LR E N7,

Phase HIF-10 DAPI

DMSO

YC-1

X 28. HIF-1a w#ﬁrl_&(id’ CLB-016 ﬁ%ﬁm
REERBET(1% 0,)T 1 BREiEE L= HT1080 %Eﬂﬂ’é " OPK-100 & OPK-143 THLIE L 1= (30
uM. 3R, MBEZETE#. MLHF-1a A ZAV - AHARELEEIT o1,



#5581 HIF-1 O DNA f5AREICXTT % CLB-016 #FHE A0 2

BN T~T 1 Z&KJEA L7- HIF-1 (X, HRE f8RICHES L, Hix 2iB0Es 10l
FaRtEd 5, % 2T, HIF-1 ® DNA #5GREIC6d % CLB-016 #5508 4 et L
77

ABR S 1EICIE, HRE 2 & T AREH DNA 282— h &z 7 L— k& H\ 7= ELISA ik
EHA L, ZO7 b— MIKEEFELSHE L7 HeLa MM OB IR & 5B L AW A BN
L. 7 b — MMIHE S 7z HIF-1o % BT HIF-1a H1(A3 X OV HRP 15k R PUiR 2 L
THEEIZLVAEGE Lz, (X29)

Z DOFEF. HRE ~#5H 9 % Echinomycin (%, #t& 1@ Y HIF-1 O DNA ~ODO#E& % [HE
L7z, & ZAP, CLB-016 #HE{KIT DNA fEAAEEENS RO R o, 2D &nn
5. ARG HIF-1 © HRE S~ DR E Z HE LW 2 L VR S vz,

140 ~
120 A1
100 4
80 A
60 A T

40 -

DNA binding activity (%)

20 A

1 5 30

CLB-016

Echinomycin (uM)

DMSO
OPK-100
OPK-102
OPK-143

YC-1

[ 29. ELISA i%[Z & % HIF-1 @ DNA #£&BEERE.
HIF-1 ® DNA $£ & #ElZxt9 % CLB-016 5E{K(100 uM)DFE # (BEA RIS ZEHFI(5-ACGTG-3))
&8 ZAtH DNA #F UL V= ELISARIZ K URRET L 1=,

PLEOVER SN OFE R LV . CLB-016 B L OV OiEMEFHERIL, Iz G R T L D
MEERRE, BNTOAXY MIEH L TWARIEENEZ BN D, (X 30)

p300/CBP

SRC-L  gespmz
HDAC-7 /

Na Rl

& BHBRET
INE

HRE

30. EIETORIFZKVEZ o BHFILEYD HIF-1 BEHE.
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6 HT b NS AKRE RS PERUR

1990 FEN L, B RBAMIB AN UZ K DTN AFIA 7 UV —=271%, KEEE
WFZEFT(NCD) THEME ST\ D P, ZOJiEIE, 60 FE oML T O SANRSZ R & 5
—HRX—=27'0 7T NN E AN FIEERA G DR D 2 & T ALE Y OVE T 2 HeE
T LAHER TH D,

ZOFEESE, () BAMESORSFLIE, MEIZE FBAMR SR IZLD
A V== TREMSL LT, oW E, ILBA S B, B 6 Bk KIBBSA S
R B3 A 7 BR. AT 7 —~ 1 B, JRERDS AU S BR. B A 2 Bk, BMIESS 6 BK. RSz
JRAS A 2 BRODFF 39 BRE DM S LTV D, DAMIBAOFIHIC L Y | 1 > OFEHNI
BB EINHIER 72 & ORGSR R D, Z ORI ZFIH L, FANKT 2 Bzt o i
55 % I o (finger print) TR &, 1ERT S fHBI3 5, F£72. TCOMPARE] &IETNS
HUWERBZE T v 77 22k BRBLEW O finger print & BEF OHUESESR % 5 A 72K
100 FEFELL L DOFEAIOD finger print & OFHBAMEE #9252 & T, L&MW OIERFS T
HATRE L 72 %,

T MMEEMOIERBET 2 Tl 572, OPK-100 D & k723 AflE Sk L ikids
& U COMPARE itz (W) 73 AAFFERITIRIE L 72, Z DOfEF. OPK-100 (X COMPARE
(ZIER S AL TV D WT I OFEHR & SAHBIRES 0.5 L TH YD | H#A V=X L5267
DIANOFREMENR S D Z & AR S Tz, £ 72 HIF-1 B EE L EEM 267 5 YC-1¥
& OPK-100 & OYEHMEF- L2 COMPARE (2 THEMT L7 & 2 A, FHEIMRE 0.034 T
O FPMEITRD bl holz, (1X31)

VL EOFER LV | CLB-016 3 L O OTEMEFEIRIL, BEF O L1382 A =X
L% LIz HIF-1 [HEAICTH D AR E W EBP LN E o7z,
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OPK-100

CELL LINE Log G150 H:0 L:0
Br .
HBC-4 -4.76 1
BSY-1 -4, 31
HBC-5 -4. 14 =l
MCF-7 -4.31 =
MDA-MB-231 =5.13 |
CNS .
uzs1 -4.46 L |
SF-768 -4.58 o
SF-295 -4.42 | |
SF-539 -5.02 ]
SNB-75 -4.73 i
SNB-T78 -4.79 ]
Co *
HCCZ998 -5.01 ]
Kd-12 -5. 43 ||
HT-29 -4, 78
HCT-15 -5.10 ]
HCT-116 -5. 12 [ |
Lu .
NCI-H23 4. 55 |
NCI-H226 4.78 !
NCI-H522 5. 47 =l
NGI-H460 5.02 1
A544 4. 61
DMS273 -5.13
DMS114 -4, 85
Ma »
LoX-1mvi -5.26
Ov .
OVCAR-3 -4.89
OVCAR-4 -5.05 [ ]
OVGAR-5 -4.22 =
OVCAR-8 -5.07 ]
SK-0V-3 -5.42 m
Re *
RXF-631L -5.31 BB
ACHN -5.39
St .
St—4 -4, B1 1
MKN 1 =511
MKNT -4.97 ]
MKNZS -4, 30
WKN4S -4.93 |
WNT4 -4. 89
wPg »
DU-145 -5.18 | |
PC-3 -5. 26 |
NG-MID 48] FF LT %3
Delta 0.58
Range 1.34

X 31. £ FAAMRE/ S RILBZHEHERIC KD OPK100 DD 4 H—TF1 > EHT.
FROSA VICx L, BHRZHER. ENERZMEK, Glsp: T2 FA—)LICHEARIEFEZE 50%
[ZHIHIT BBE,

BTHI E& O

CLB-016 33 X O OFEMFHEIR X, HIF-1a 3 X O HIF-1§ mRNA (2138 % KT &7
Mmole, ZOZ Enn, AMEEMIT general IZBIE T REALZET S Z & 722 < HIF-1 {2
R T OIGZHET L2 BRI LNE o7, F£72, HIF-1 [EMEHE & L CREENE
D& HIERRZNACRFE L= & Z A, CLB-016 35 X UNZ OIFMHEFHERIIENIZE T
HIF-1 BEHE a1 OB EREEBE CEA L CW DN Z X b, S5, B B
PRI SOV RS PERRBR D5 F: . COMPARE (2§ STV D W 38K & 6 AEE A
RO HNIRNST2Z LD AEEWITEHHUENR T2 A3 2 HIF-1 [HERICTH L Z &
DR ST,

36



AR

AR T EH X N-TAFAE T =3V REH 2 REGT 5{LEW% HIF-1
TEMERREAE L TR L7z, 7785, KEERMRE I A 77V =80, ~T unE
AN & LTesSbaafhit L HIF-1 [HERE I L OBEMHEOPREZ1T 5> 2 & T,
BEAF 0 HIF-1 PHLEA] & (X872 2172 r €% A4 7 Th 5 CLB-016 & WL L7z,

\\N
QN — NP NZ
\ H N H%\/N |
651t &1 © /

CLB-016
HRE-Luc ICsg = 19.1 + 2.8 uM

% LT CLB-016 OHEETGPEFABIMTFE OAE IR HIF-1 JHETEMEREIICIZ, O1-7 v F v
BT =3IV FY I NERK, Q77 VRICKD a7 A—va Ul OFf
B A FDORE S LIREMEREOFENEE TH L Z L0 minol, S bHIT,
CLB-016 £ ¥ & HIF-1 [AFVEMES SR L 72 OPK-100, 102 & WL L7z,

CLB-016: R=H
OPK-102: R = Cl
OPK-100: R = Br

BEA7 D HIF-1 fLEA| & 13872 o> To r B2 A 7T D2 AR LA WHEIT, general 2R T3
BAMHETHZ L HIF-1 ENER TOBGEHET L2 ENRHLNE -T2, 2,
VER ST 24T o T2 & 2 A, RMEEWTIRE IR 1 & OF EAERA~D 87 & HIF-1
B R T ORRGAEEEME CIERA L TV D RIEEMNE X b, 51T, & MAAM
RFVES MR DFE R . COMPARE (ZINER STV D W T LD FEH & S AR O &
NighoTleZ & e CLB-016 36 X OV OIEMEFEMITE M ERBF 2 H 925 2 &0

TR X T,
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p300/CBP
SRC-1 ESARET

/3

g g %WEE%
I NG

HRE

ZHIVE TS STV D HIF-1 BREFEAIO/EM AL, PI3K X° mTOR (2 L 5 FHEREX
OB, HIF-1 @ DNA fEAFLE, FIH (factor-inhibiting-HIF) D& 4{LIZ X % HIF-1 &5
BILALK - p300/CBP & DFEABHEZ ENE HAL TV 523, CLB-016 38 L OV O
BT IO OER R &35 e 2 aTREME D RIS S iz, AMEE# O HIF-1 FLFEEE O
HRRATIIME TH DL H DD, 1-T LI A E T Y — L3 LR FH I REHFERNFT LV
TEM Rz ff - 72 HIF-1 BER & U THRE LIS 2 WRetE N5 2 b, HIF-1 [HEAITH
% YC-1 12 X B RRIBIE S O 23 A DO TFF & i) L= &6 b & 0 | BEfF o HIF BREH
CNIEHEN B2 DA E)E ) — R E LB LOGUEE RO N EIf & 5,
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Experimental Section.

General Remarks:

Reactions in microwave reactors were performed by single-node heating in an Initiator
(Biotage). Flash column chromatography was performed manually or using a Biotage SP-1
Flash. Low-resolution mass spectra were measured on JMS-700 (JEOL) or LCMS-2020
(Shimadzu) mass spectrometer. High-resolution mass spectra were measured on LC-IT-TOF MS
(Shimadzu) mass spectrometer. The 'H NMR (400 MHz) and ">C NMR (100 MHz) spectra were
recorded on JEOL AL-400, JEOL ECS-400 with tetramethylsilane as an internal standard.
Abbreviations are as follows: s, singlet; d, doublet; t, triplet; q, quartet; sept, septet; m,
multiplet; br, broad. Melting points were measured by BUCHI Melting Point B-545 (BUCHI
Labortechnik AG). IR spectra were measured on a SHIMADZU FTIR-8400S spectrometer.
OPK-095 and YC-1 was purchased from Princeton BioMolecular Research, Inc. and Santa Cruz

Biotechnology, Inc., respectively.

Ethyl 1-ethyl-4-nitro-1H-pyrazole-3-carboxylate (3A) and ethyl
1-ethyl-4-nitro-1H-pyrazole-5-carboxylate (3B)

4-Nitro-1H-pyrazole-3-carboxylic acid (1) (300 mg, 1.91 mmol) was added to a stirred solution
of ethyl iodide (324 pl, 4.01 mmol) and K,CO; (660 mg, 4.77 mmol) in DMF (9 ml). The
reaction mixture was stirred for 3 h at rt, and then the mixture was filtrated and concentrated.
The residue was suspended in H,O and extracted with EtOAc. The organic layer was washed
with H,O and brine, dried over Na,SO,, and concentrated in vacuo. The residue was purified by
silica gel column chromatography (hexane/EtOAc) to give 3A (140 mg, 0.656 mmol, 34%) as a
pale brown oil and 3B (84 mg, 0.395 mmol, 21%) as a pale brown oil.

Compound 3A: '"H-NMR (CDCLy) 6 8.16 (s, 1H), 4.47 (q, J = 7.2 Hz, 2H), 4.26 (q, J =
7.3 Hz, 2H), 1.57 (t,J = 7.3 Hz, 3H), 1.41 (t,J = 7.1 Hz, 3H); "C-NMR (CDCl;) ¢ 160.3, 138.8,
134.1, 129.1, 62.5, 48.9, 14.9, 14.0; HRMS-ESI m/z: [M+Na]  calcd for CgH;N;O4Na:
236.0642, found: 236.0643.
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Compound 3B: 'H-NMR (CDCl;) § 8.03 (s, 1H), 4.50 (q, J= 7.2 Hz, 2H), 4.31 (q, J =
7.3 Hz, 2H), 1.50 (t,J = 7.3 Hz, 3H), 1.42 (t, J = 7.2 Hz, 3H); "C-NMR (CDCl;) 6 158.6, 135.2,
134.4, 131.2, 63.4, 47.7, 15.3, 13.8; HRMS-ESI m/z: [M+Na]" caled for CgH;N;O,Na:
236.0642, found: 236.0639.

Ethyl 4-amino-1-ethyl-1H-pyrazole-3-carboxylate (4A) and Ethyl
4-amino-1-ethyl-1H-pyrazole-5-carboxylate (4B)

After purging with N, gas, to a solution of compound 3A (140 mg, 0.657 mmol) in MeOH (1.3
ml) was added 10% Pd/C (6.99 mg, 6.57 pmol). The reaction mixture was purged with H, gas
and stirred for 22 h at rt. The mixture was filtrated through celite and concentrated. The residue
was subjected to column chromatography using amino-functionalized silica gel (EtOAc/MeOH)
to furnish 4A (92 mg, 77%) as a colorless oil. The isomer 4B was synthesized in a similar way

(66 mg, 91%).

\’

N,N
\
0 S NH,
Compound 4A: "H-NMR (CDCl;) § 6.99 (1H, s), 4.41 (2H, q, J = 7.2 Hz), 4.13 (2H,
q, J = 7.3 Hz), 4.07 (2H, br s), 1.46 3H, t, J = 7.2 Hz), 1.41 3H, t, J = 7.2 Hz); “"C-NMR
(CDCI3) § 163.7, 135.0, 129.6, 115.8, 60.4, 48.1, 15.4, 14.5; HRMS-ESI m/z: [M+Na]" calcd

for CgH3N30,Na: 206.0900, found: 206.0904.
N
N X

\/o\\g_ZNH2

O
Compound 4B: a colorless oil; '"H-NMR (CDCl;) 6 7.09 (1H, s), 4.45 2H, q, J = 7.2

Hz), 4.39 (2H, q, J= 7.2 Hz), 4.10 (2H, br s), 1.41 (3H, t,J= 7.2 Hz), 1.36 (3H, t, /= 7.2 Hz),
BC-NMR (CDCl5) 6 160.4, 137.2, 126.9, 116.3, 60.4, 47.5, 15.7, 14.4; HRMS-ESI m/z: [M+H]"
calcd for CgH4N30,: 184.1081, found: 184.1083.

Synthesis of pyrazoles Ta-e: ethyl
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5-((3,5-dimethyl-1H-pyrazol-1-yl)methyl)furan-2-carboxylate (7a)

Ethyl 5-(chloromethyl)furan-2-carboxylate (5a, 2.0 g, 10.60 mmol) was added to a solution of
3,5-dimethyl-1H-pyrazole (6a) (1.019 g, 10.60 mmol), KOsBu (1.547 g, 13.79 mmol) and TBAI
(0.392 g, 1.060 mmol) in THF (53 ml) at 0 °C. The mixture was allowed to warm up to rt and
was stirred at rt for 24 h. To the reaction mixture was added sat. NH4ClI aq, and then the mixture
was extracted with EtOAc. The organic layers were combined, washed with H,O and brine,
dried over Na,SO4 and concentrated in vacuo. The residue was subjected to silica gel column
chromatography (hexane/EtOAc), which yielded the pyrazole 7a (1.25 g, 48 %) as a brown oil.

Pyrazoles 7b, 7¢, 7d and 7e were synthesized in a similar way.

2 -z
/\ N
[
Y

Compound 7a: yield, 48%; a brown oil; '"H-NMR (CDCl3) 6 7.07 (d, J = 3.4 Hz, 1H), 6.18 (d, J
= 3.7 Hz, 1H), 5.84 (s, 1H), 5.21 (s, 2H), 4.34 (q, J = 7.2 Hz, 2H), 2.28 (s, 3H), 2.21 (s, 3H),
1.36 (t, J = 7.1 Hz, 3H); "C-NMR (CDCl;) 6 158.6, 154.7, 148.3, 144.4, 139.5, 118.7, 109.7,
105.8, 60.9, 46.0, 14.3, 13.5, 11.0; HRMS-ESI m/z: [M+Na]  caled for C;3H;sN,O;Na:
271.1053, found: 271.1046.

o s N
5

Methyl 5-((3,5-dimethyl-1H-pyrazol-1-yl)methyl)thiophene-2-carboxylate (7b): yield,
43%; a white solid; "H-NMR (CDCls)  7.63 (d, J = 3.9 Hz, 1H), 6.86-6.84 (m, 1H), 5.84 (s,
1H), 5.33 (s, 2H), 3.84 (s, 3H), 2.23 (s, 3H), 2.23 (s, 3H); "C-NMR (CDCL;) J 162.4, 148.3,
147.4, 138.9, 133.5, 133.0, 125.8, 106.0, 52.1, 47.8, 13.5, 11.0; HRMS-ESI m/z: [M+H]" caled
for C;,H 5sN,O,S: 251.0849, found: 251.0845.

Methyl 3-((3,5-dimethyl-1H-pyrazol-1-yl)methyl)benzoate (7cC): After extraction,
washing and drying, evaporation of the solvent gave a residue that was used without further

purification in the next step.

7 Cl
—\\ N/
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Ethyl 5-((4-chloro-3,5-dimethyl-1H-pyrazol-1-yl)methyl)furan-2-carboxylate  (7d):
yield, 55%, a pale yellow solid; '"H-NMR (CDCl;) § 7.08 (d, J = 3.4 Hz, 1H), 6.25-6.22 (m, 1H),
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5.21 (s, 2H), 4.34 (q, J = 7.1 Hz, 2H), 2.28 (s, 3H), 2.20 (s, 3H), 1.36 (t, J = 7.1 Hz, 3H),
BC-NMR (CDCl3) 0 158.6, 153.7, 145.4, 144.7, 136.1, 118.6, 110.2, 61.1, 46.8, 29.7, 14.3, 11.2,
9.4; HRMS-ESI m/z: [M+Na]" calcd for C,3H,;5sCIN,Os;Na: 305.0663, found: 305.0666.

O p B
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Ethyl 5-((4-bromo-3,5-dimethyl-1H-pyrazol-1-yl)methyl)furan-2-carboxylate (7e):
yield, 42%, a pale yellow powder; "H-NMR (CDCl3) 6 7.08 (d, J= 3.4 Hz, 1H), 6.24 (d, J=3.7
Hz, 1H), 5.24 (s, 2H), 4.34 (q, J = 7.1 Hz, 2H), 2.30 (s, 3H), 2.20 (s, 3H), 1.36 (t, /= 7.1 Hz,
3H); "C-NMR (CDCl3) 6 158.5, 153.8, 146.9, 144.7, 137.7, 118.6, 110.2, 95.0, 61.1, 47.0, 14.3,
12.3, 10.4; HRMS-ESI m/z: [M+Na]" caled for C13H15BrN203Na: 349.0158, found:
349.0149.

Synthesis of carboxylic acids 8a-e:
5-((3,5-dimethyl-1H-pyrazol-1-yl)methyl)furan-2-carboxylic acid (8a)

A solution of SN NaOH (7.25 ml, 36.2 mmol) was added to a solution of compound 7a (3.0 g,
12.08 mmol) in EtOH (60.4 ml), which was stirred at rt for 24 h. The aqueous phase was
acidified to a pH of approx. 3 with 6 N HCI on ice. The majority of the solvent was removed on
a rotary evaporator. After the precipitate was filtrated and washed with H,O, the carboxylic acid
8a was obtained as a pale yellow powder (1.50 g, 6.81 mmol, 56 %). Carboxylic acids 8b-e

were synthesized in a similar way.

O -
//

Compound 8a: yield, 56%; a pale yellow powder; "H-NMR (DMSO-ds) 6 13.07 (s,
1H), 7.14 (d, J= 3.5 Hz, 1H), 6.46 (d, J = 2.9 Hz, 1H), 5.84 (s, 1H), 5.25 (s, 2H), 2.26 (s, 3H),
2.07 (s, 3H); "C-NMR (DMSO-dy) 6 159.1, 154.7, 146.3, 144.4, 139.0, 118.5, 110.3, 105.2,
45.0, 13.2, 10.5; HRMS-ESI m/z: [M-H] calcd for C;;H;1N,O5: 219.0775, found: 219.0769.

/ J

5-((3,5-Dimethyl-1H-pyrazol-1-yl)methyl)thiophene-2-carboxylic acid (8b): yield,
46%; a pale yellow powder; 'H-NMR (DMSO-dg): 6 13.0 (s, 1H),7.56 (d, J = 3.6 Hz, 1H), 7.01
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(d, J=3.6 Hz, 1H), 5.84 (s, 1H), 5.38 (s, 2H), 2.21 (s, 3H), 2.09 (s, 3H); *C-NMR (DMSO-d)
0 162.7, 147.6, 146.6, 138.7, 133.9, 132.9, 126.6, 105.3, 46.8, 13.3, 10.5; HRMS-ESI m/z:
[M-H] calcd for C;;H;;N,0,S: 235.0546, found: 235.0539.

3-((3, 5-Dimethyl-1H-pyrazol-1-yl)methyl)benzoic acid (8c): yield, 73% (from 2
steps); a white powder; 'H-NMR (DMSO-dg) 0 13.00 (s, 1H), 7.84 (d, J = 7.5 Hz, 1H), 7.68 (s,
1H), 7.46 (dd, J= 8.1, 7.5 Hz, 1H), 7.33 (d, J = 8.1 Hz, 1H), 5.87 (s, 1H), 5.26 (s, 2H), 2.15 (s,
3H), 2.10 (s, 3H); "C-NMR (DMSO-ds) 6 167.1, 146.2, 138.8, 138.5, 131.3, 131.0, 128.8,
128.2, 127.6, 105.1, 51.1, 13.3, 10.6; HRMS-ESI m/z: [M-H] calcd for Ci3H;3N,0,: 229.0982,
found: 229.0974.

7 2\_cl
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5-((4-Chloro-3,5-dimethyl-1H-pyrazol-1-yl)methyl)furan-2-carboxylic  acid (8d):
yield, 80%; a white powder; 'H-NMR (DMSO-ds) 6 13.09 (s, 1H), 7.15 (d, J = 3.4 Hz, 1H),
6.54 (d, J = 3.4 Hz, 1H), 5.33 (s, 2H), 2.26 (s, 3H), 2.08 (s, 3H); "C-NMR (DMSO-ds) J 159.1,
153.8, 144.7, 143.5, 135.7, 118.5, 110.8, 106.5, 46.1, 11.0, 9.0; HRMS-ESI m/z: [M-H] calcd
for C;1H,(CIN,O5: 253.0385, found: 253.0378.

NZ Br
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5-((4-Bromo-3,5-dimethyl-1H-pyrazol-1-yl)methyl)furan-2-carboxylic acid (8e): yield,
93%; a white powder; '"H-NMR (DMSO-d;) 6 13.12 (s, 1H), 7.15 (d, J = 3.4 Hz, 1H), 6.54 (d, J
= 3.4 Hz, 1H), 5.35 (s, 2H), 2.28 (s, 3H), 2.08 (s, 3H); "C-NMR (DMSO-ds) J 159.1, 153.8,
145.0, 144.7, 137.4, 118.5, 110.8, 93.4, 46.2, 11.9, 9.9; HRMS-ESI m/z: [M-H] calcd for
C11H,0BrN;Os: 296.9880, found: 296.9880.

Synthesis of carboxamids 9Aa-e and 9Ba: ethyl
4-(5-((3,5-dimethyl-1H-pyrazol-1-yl)methyl)furan-2-carboxamido)-1-ethyl-1H-pyrazole-3-
carboxylate (9Aa)
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To a solution of compound 4A (150 mg, 0.819 mmol) and compound 8a (180 mg, 0.819 mmol)
in DMF (1637 pl) were added HATU (374 mg, 0.982 mmol) and Hunig's base (214 ul, 1.228
mmol). The mixture was stirred for 5 min at 50 °C in a microwave instrument. The reaction
mixture was diluted with H,O and stirred for 0.5 h. The precipitate was filtrated to give the
carboxylic acid 9Aa (221 mg, 0.57 mmol, 70%) as a white powder. Carboxylic acids 9Ab-e and

9Ba were synthesized in a similar way.

\\
N
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Compound 9Aa: yield, 70%; a white cotton; "H-NMR (CDCl3) 69.90 (1H, s), 8.29
(1H,s), 7.13 (1H, d,J=3.4 Hz), 6.31 (1H, d, /= 3.4 Hz), 5.86 (1H, s), 5.25 (2H, s), 4.49 (2H, q,
J=17.1Hz),4.25 (2H, q,J= 7.3 Hz), 2.39 (3H, s), 2.22 (3H, s), 1.53 (3H, t,J = 7.3 Hz), 1.47
(3H, t,J=7.1 Hz); PC-NMR (CDCL3) § 163.8, 155.1, 153.2, 148.4, 147.0, 139.6, 130.1, 124.7,
121.1, 116.2, 110.5, 105.9, 61.3, 48.5, 45.8, 15.4, 14.5, 13.5, 11.1; HRMS-ESI m/z: [M+Na]"
caled for C H,,N.O /Na: 408.1642, found: 408.1646.

\\
N
N )
o S
_/ (o) H%\/N
Ethyl

4-(5-((3,5-dimethyl-1H-pyrazol-1-yl)methyl)thiophene-2-carboxamido)- 1 -ethyl-1 H-pyrazole-3-
carboxylate (9AD): Purified by column chromatography over silica gel (hexane/EtOAc). yield,
75%; a white powder; 'H-NMR (CDCl3) 6 9.74 (s, 1H), 8.27 (s, 1H), 7.49 (d, J = 4.1 Hz, 1H),
6.88 (d, J=4.1 Hz, 1H), 5.85 (s, 1H), 5.35 (s, 2H), 4.47 (q, J= 7.2 Hz, 2H), 4.24 (q, /= 7.3 Hz,
2H), 2.25 (s, 3H), 2.24 (s, 3H), 1.52 (t, J = 7.2 Hz, 3H), 1.45 (t, J = 7.0 Hz, 3H); "C-NMR
(CDCL) 6 164.1, 158.6, 148.4, 146.1, 139.0, 137.9, 129.8, 128.6, 126.2, 125.2, 121.0, 106.1,
61.4, 48.5, 47.8, 15.4, 14.5, 13.5, 11.1. HRMS-ESI m/z: [M+Na]" calcd for C;9H;N5O;SNa:
424.1414, found: 424.1416.
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Ethyl

4-(3-((3,5-dimethyl-1 H-pyrazol-1-yl)methyl)benzamido)- 1 -ethyl-1 H-pyrazole-3-carboxylate
(9Ac): Purified by column chromatography over silica gel (hexane/EtOAc).yield, 93%; a pale
yellow oil; "H-NMR (CDCl;) 6 9.98 (1H, s), 8.37 (1H, s), 7.81 (1H, d, J= 7.8 Hz), 7.69 (1H, s),
7.44 (1H,dd, J="7.8, 7.8 Hz), 7.22 (1H, d, /= 7.6 Hz), 5.88 (1H, s), 5.30 (2H, s), 4.49 (2H, q, J
=7.1Hz),4.26 2H, q,J=7.3 Hz), 2.26 (3H, s), 2.18 (3H, s), 1.54 (3H, t,J= 7.3 Hz), 1.47 (3H,
t, J = 7.1 Hz); "C-NMR (CDCI3) § 164.2, 163.8, 148.0, 139.2, 138.5, 133.8, 130.2, 130.0,
129.3, 126.0, 125.6, 125.5, 121.1, 105.8, 61.4, 52.2, 48.5, 15.4, 14.4, 13.5, 11.1. HRMS-ESI
m/z: [M+Na]" calcd for C5;H,sNsO3Na: 418.1849, found: 418.1841.

\\N
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Ethyl
4-(5-((4-chloro-3,5-dimethyl-1H-pyrazol-1-yl)methyl)furan-2-carboxamido)-1-ethyl- 1 H-pyrazo
le-3-carboxylate (9Ad): yield, 71%; a white powder; "H-NMR (CDCl3) 0 9.94 (1H, s), 8.28 (1H,
s), 7.13 (1H, d, J=3.7 Hz), 6.37 (1H, d, /= 3.4 Hz), 5.25 (2H, s), 4.50 (2H, q, /= 7.2 Hz), 4.25
(2H, q, J= 7.4 Hz), 2.40 (3H, s), 2.21 (3H, s), 1.53 3H, t, J= 7.3 Hz), 1.47 (3H, t, J = 7.2 Hz);
PC-NMR (CDCl;) 6 163.9, 154.9, 152.3, 147.2, 145.5, 136.0, 130.1, 124.7, 121.0, 116.1, 110.9,
108.5, 61.4, 48.5, 46.7, 154, 14.5, 11.4, 9.5, HRMS-ESI m/z: [M+Na]" calcd for
C,,H,,N.O,CINa: 442.1252, found: 442.1266.
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Ethyl
4-(5-((4-bromo-3,5-dimethyl-1H-pyrazol-1-yl)methyl)furan-2-carboxamido)- 1-ethyl-1 H-pyrazo
le-3-carboxylate (9Ae): yield, 68%; a white powder; "H-NMR (CDCl;) 0 9.94 (1H, s), 8.28 (1H,
s), 7.13 (1H, d, J=3.4 Hz), 6.37 (1H, d, /= 3.4 Hz), 5.27 (2H, s), 4.50 (2H, q, /= 7.1 Hz), 4.25
(2H, q, J= 7.3 Hz), 2.42 (3H, s), 2.22 (3H, s), 1.53 3H, t, /= 7.3 Hz), 1.47 (3H, t, J = 7.2 Hz);
PC-NMR (CDCl;) 6 163.9, 154.9, 152.2, 147.2, 147.0, 137.8, 130.1, 124.7, 121.0, 116.1, 110.9,
94.9, 61.4, 48.5, 46.8, 154, 14.5, 12.3, 10.4; HRMS-ESI m/z: [M+Na]" caled for
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C,,H,,N.0,BrNa: 486.0747, found: 486.0742.
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Ethyl
4-(5-((3,5-dimethyl-1H-pyrazol-1-yl)methyl)furan-2-carboxamido)- 1 -ethyl-1 H-pyrazole-5-carb
oxylate (9Ba): Purified by column chromatography over silica gel (hexane/EtOAc). yield, 43%;
a white powder; 'H-NMR (CDCl3) § 9.67 (s, 1H), 8.37 (s, 1H), 7.14 (d, J = 3.6 Hz, 1H), 6.28 (d,
J=3.2 Hz, 1H), 5.85 (s, 1H), 5.23 (s, 2H), 4.54 (q, J = 6.8 Hz, 2H), 4.50 (q, J = 7.2 Hz, 2H),
2.33 (s, 3H), 2.22 (s, 3H), 1.50 (t, J= 7.2 Hz, 3H), 1.43 (t, J= 7.2 Hz, 3H); "C-NMR (CDCl;) 6
159.9, 155.1, 152.9, 148.3, 147.2, 139.4, 130.3, 127.6, 118.4, 116.3, 110.7, 106.0, 61.5, 48.1,
45.9, 15.8, 14.4, 13.5, 11.1; HRMS-ESI m/z: [M+Na]" calcd for C;oH;3NsO4Na: 408.1642,
found: 408.1649.

Synthesis of carboxylic acids 10Aa-e and 10Ba:
4-(5-((3,5-dimethyl-1H-pyrazol-1-yl)methyl)furan-2-carboxamido)-1-ethyl-1H-pyrazole-3-
carboxylic acid (10Aa)

5N NaOH aq (311 pl, 1.557 mmol) was added to a solution of compound 9Aa (200 mg, 0.519
mmol) in EtOH (5 ml), and then the mixture was stirred at rt for 9 h. The reaction mixture was
adjusted to a pH of approx.3 with SN HCI aq on ice. The majority of the solvent was removed
on a rotary evaporator. After the precipitate was filtrated and washed with H,O, the carboxylic
acid 10Aa was obtained as a white powder (169 mg, 0.47 mmol, 91%). Carboxylic acids

10ADb-e and 10Ba were synthesized in a similar way.
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Compound 10Aa: yield, 91%; a white powder; 'H-NMR (DMSO-dy) 6 13.37 (br s,
1H), 9.86 (s, 1H), 8.35 (s, 1H), 7.19 (d, J = 3.4 Hz, 1H), 6.58 (d, J = 3.7 Hz, 1H), 5.84 (s, 1H),
5.28 (s, 2H), 4.22 (q, J = 7.2 Hz, 2H), 2.39 (s, 3H), 2.06 (s, 3H), 1.39 (t, J = 7.3 Hz, 3H),
BC-NMR (DMSO-dq) § 165.0, 153.8, 153.8, 146.5, 146.3, 139.2, 130.2, 123.3, 121.3, 116.1,
111.1, 105.1, 47.4, 44.7, 15.2, 13.3, 10.6; HRMS-ESI m/z: [M-H] calcd for C;;H;gNsOy4:
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356.1364, found: 356.1369.
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4-(5-((3,5-dimethyl-1 H-pyrazol-1-yl)methyl)thiophene-2-carboxamido)-1-ethyl-1 H-p
yrazole-3-carboxylic acid (10Ab): yield, 94%; a white powder; 'H-NMR (DMSO-dg) J 13.30
(brs, 1H), 9.84 (s, 1H), 8.26 (s, 1H), 7.55 (d, /= 4.1 Hz, 1H), 7.07 (d, J = 4.1 Hz, 1H), 5.84 (s,
1H), 5.40 (s, 2H), 4.20 (q, J = 7.3 Hz, 2H), 2.21 (s, 3H), 2.09 (s, 3H), 1.37 (t, J = 7.2 Hz, 3H);
PC-NMR (DMSO-dy) 6 164.7, 157.6, 146.5, 146.3, 138.6, 137.4, 130.9, 128.5, 126.8, 123.4,
121.7, 105.2, 47.3, 46.7, 15.2, 13.2, 10.5; HRMS-ESI m/z: [M-H] calcd for C;7H;sNsO5S:
372.1136, found: 372.1132.
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4-(3-((3,5-dimethyl-1 H-pyrazol-1-yl)methyl)benzamido)- 1-ethyl-1 H-pyrazole-3-carb
oxylic acid (10Ac): After the reaction mixture was adjusted to a pH of approx. 3, evaporation of
the solvent gave a white powder that was used without further purification to use in the next

step.
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4-(5-((4-chloro-3,5-dimethyl-1 H-pyrazol-1-yl)methyl)furan-2-carboxamido)-1-ethyl-1
H-pyrazole-3-carboxylic acid (10Ad): yield, 95%; a white powder; 'H-NMR (DMSO-d;) 6
13.37 (br s, 1H), 9.86 (s, 1H), 8.35 (s, 1H), 7.20 (d, J = 3.4 Hz, 1H), 6.66 (d, J = 3.4 Hz, 1H),
5.37 (s, 2H), 4.23 (q, J = 7.2 Hz, 2H), 2.40 (s, 3H), 2.08 (s, 3H), 1.39 (t, J = 7.3 Hz, 3H);
PC-NMR (DMSO-ds) 6 165.0, 153.8, 152.9, 146.5, 143.6, 135.9, 130.2, 123.3, 121.4, 116.1,
111.6, 106.5, 47.4, 45.8, 15.2, 11.0, 9.1; HRMS-ESI m/z: [M-H] calcd for C,7H;7;NsO4Cl:
390.0974, found: 390.0972.
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4-(5-((4-bromo-3,5-dimethyl-1H-pyrazol-1-yl)methyl)furan-2-carboxamido)-1-ethyl-1 H-pyrazo
le-3-carboxylic acid (10Ae): yield, 97%; a white powder; 'H-NMR (DMSO-ds) 6 13.38 (br s,
1H), 9.87 (s, 1H), 8.35 (s, 1H), 7.20 (d, J = 3.7 Hz, 1H), 6.66 (d, J = 3.7 Hz, 1H), 5.39 (s, 2H),
423 (q, J = 7.2 Hz, 2H), 2.41 (s, 3H), 2.08 (s, 3H), 1.39 (t, J = 7.3 Hz, 3H); "C-NMR
(DMSO-dy) 6 165.0, 153.8, 152.9, 146.5, 145.2, 137.6, 130.2, 123.3, 121.4, 116.1, 111.6, 93.4,
474, 459, 152, 11.9, 10.0, HRMS-ESI m/z: [M-H] calcd for C;7H;;BrNsO4: 434.0469,
found: 434.0462.
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4-(5-((3,5-dimethyl-1H-pyrazol-1-yl)methyl)furan-2-carboxamido)- 1-ethyl-1H-pyraz
ole-5-carboxylic acid (10Ba): yield, 90%; a pale yellow powder; 'H-NMR (DMSO-d;) 6 9.75 (s,
1H), 8.12 (s, 1H), 7.20 (d, J = 3.5 Hz, 1H), 6.58 (d, J = 3.5 Hz, 1H), 5.84 (s, 1H), 5.27 (s, 2H),
4.48 (q, J = 7.2 Hz, 2H), 2.36 (s, 3H), 2.06 (s, 3H), 1.33 (t, J = 7.2 Hz, 3H); "C-NMR
(DMSO-dy) 0 161.1, 154.2, 153.8, 146.4, 146.2, 139.1, 129.3, 126.2, 119.4, 116.2, 111.0, 105.1,
47.0, 44.6, 15.5, 13.2, 10.6; HRMS-ESI m/z: [M-H] caled for C;;HsNsO4: 356.1364, found:
356.1359.

Synthesis of carboxamides 1, 11Aaa, 11Aab, 11Ab-e and 11Ba

To a solution of compound 10Aa (90 mg, 0.252 mmol) and ammonium chloride (67.4 mg, 1.259
mmol) in DMF (1.5 ml) were added HATU (115 mg, 0.302 mmol) and Hunig's base (286 pl,
1.637 mmol). The mixture was stirred for 5 min at 50 °C in a microwave instrument. The reaction
mixture was diluted with H,O and stirred for 0.5 h. The precipitate was filtrated, and then
purified by column chromatography over amino-functionalized silica gel (hexane/EtOAc) to
give the carboxamide 1 (76 mg, 0.21 mmol, 85% yield) as a white powder. Carboxamides 11Aaa,

11Aab, 11Ab-e and 11Ba were synthesized in a similar way.
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CLB-016 (1): yield, 85%; a white powder; mp 209.7-210.2 ‘C; IR (cm’l) 3522, 3404,
3346, 3009, 1668, 1605, 1583, 1553, 1420, 1375, 1331, 1236, 1221, 1213, 1138, 1016, 964;
'H-NMR (CDCl;) § 10.27 (s, 1H), 8.25 (s, 1H), 7.11 (d, J = 3.4 Hz, 1H), 6.74 (br s, 1H), 6.29 (d,
J=3.7Hz, 1H), 5.85 (s, 1H), 5.62 (br s, 1H), 5.24 (s, 2H), 4.16 (q, J= 7.3 Hz, 2H), 2.39 (s, 3H),
2.21 (s, 3H), 1.51 (t, J = 7.3 Hz, 3H); "C-NMR (CDCl3) d 165.7, 155.2, 153.2, 148.3, 147.1,
139.7, 131.6, 123.4, 121.4, 116.0, 110.5, 105.8, 48.1, 45.8, 15.3, 13.5, 11.1; HRMS-ESI m/z:
[M+H]" calcd for C,;H,,NO,: 357.1669, found: 357.1670.
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4-(5-((3,5-Dimethyl-1H-pyrazol-1-yl)methyl)furan-2-carboxamido)-1-ethyl-N-methyl-
1 H-pyrazole-3-carboxamide (11Aaa): The reaction mixture was stirred for 5 h at rt. yield, 25%;
a white powder; mp 178.9-179.0 “C; IR (cm™) 3431, 3335, 3009, 1655, 1584, 1554, 1437, 1373,
1223, 1209, 1173, 1146, 1016, 962; '"H-NMR (CDCl;) 6 10.39 (s, 1H), 8.23 (s, 1H), 7.09 (d, J =
3.4 Hz, 1H), 6.82-6.75 (m, 1H), 6.21 (d, /= 3.4 Hz, 1H), 5.85 (s, 1H), 5.25 (s, 2H), 4.15 (q, J =
7.3 Hz, 2H), 3.01 (d, J = 5.1 Hz, 3H), 2.37 (s, 3H), 2.22 (s, 3H), 1.50 (t, J = 7.3 Hz, 3H);
PC-NMR (CDCls) 6 164.3, 155.2, 153.4, 148.3, 147.1, 139.7, 132.3, 122.9, 121.3, 115.8, 110.2,
105.8, 48.0, 46.0, 25.4, 15.3, 13.5, 11.1; HRMS-ESI m/z: [M+H]" caled for C;sH3NgOs:
371.1826, found: 371.1812.
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4-(5-((3,5-Dimethyl-1H-pyrazol-1-yl)methyl)furan-2-carboxamido)-1-ethyl-N,N-dime
thyl-1H-pyrazole-3-carboxamide (11Aab): The reaction mixture was stirred for 5 h at rt. yield,
30%; a white powder; mp 185.8-186.3 “C; IR (cm™) 3319, 3002, 2955, 1661, 1618, 1603, 1576,
1551, 1533, 1425, 1367, 1213, 1191, 1163, 1136, 1084, 1016, 966; 'H-NMR (CDCls) 6 10.84 (s,
1H), 8.27 (s, 1H), 7.08 (d, J = 3.5 Hz, 1H), 6.25 (d, J = 3.5 Hz, 1H), 5.84 (s, 1H), 5.24 (s, 2H),
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4.17 (q,J= 7.3 Hz, 2H), 3.59 (s, 3H), 3.14 (s, 3H), 2.39 (s, 3H), 2.21 (s, 3H), 1.51 (t, J= 7.2 Hz,
3H); PC-NMR (CDCL) 6 164.5, 155.1, 153.1, 148.3, 147.4, 139.8, 133.4, 124.9, 120.5, 115.5,
110.2, 105.8, 47.9, 45.9, 39.0, 36.5, 15.2, 13.5, 11.1; HRMS-ESI m/z: [M+H] calcd for
C ,H,.N,O,: 385.1982, found: 385.1975.
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4-(5-((3,5-Dimethyl-1H-pyrazol-1-yl)methyl)thiophene-2-carboxamido)-1-ethyl-1H-p
yrazole-3-carboxamide (11ADb): The reaction mixture was stirred for 13 h at rt. Recrystallized
from EtOH. yield, 64% ; a white cotton ; mp 230.0-230.2 °C; IR (cm’l) 3522, 3402, 3346, 3009,
2959, 1666, 1583, 1545, 1487, 1420, 1375, 1223, 1213, 1171, 1132, 1022, 960, 901; 'H-NMR
(CDCl3) 6 10.18 (s, 1H), 8.21 (s, 1H), 7.48 (d, /= 3.9 Hz, 1H), 6.87 (d, /= 3.7 Hz, 1H), 6.68 (br
s, 1H), 5.84 (s, 1H), 5.34 (s, 3H), 4.16 (q, /= 7.3 Hz, 2H), 2.24 (s, 3H), 2.23 (s, 3H), 1.51 (t,J =
7.3 Hz, 3H); "C-NMR (CDCl3) 6 165.9, 158.7, 148.3, 145.9, 139.0, 138.1, 131.3, 128.5, 126.1,
124.0, 121.3, 106.0, 48.1, 47.8, 15.3, 13.5, 11.1; HRMS-ESI m/z: [M+H]" calcd for

C,,H, N,0,S: 373.1441, found: 373.1441.
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4-(3-((3,5-Dimethyl-1H-pyrazol-1-yl)methyl)benzamido)-1-ethyl-1 H-pyrazole-3-carboxamide
(11Ac): Purified by column chromatography over silica gel (hexane/EtOAc). yield, 19% (from 2
steps); a white powder; mp 152.6-153.5 C; IR (cm'l) 3522, 3402, 3354, 3018, 1666, 1583,
1539, 1420, 1375, 1329, 1219, 1211; "H-NMR (CDCl3) § 10.41 (s, 1H), 8.31 (d, J= 1.2 Hz, 1H),
7.80 (d, J=7.5Hz, 1H), 7.74 (s, 1H), 7.42 (t,J=7.5 Hz, 1H), 7.17 (d, J= 7.5 Hz, 1H), 6.72 (br
s, 1H), 5.87 (s, 1H), 5.41 (br s, 1H), 5.29 (s, 2H), 4.18 (q, /= 7.3 Hz, 2H), 2.25 (s, 3H), 2.17 (s,
3H), 1.52 (t, J = 7.5 Hz, 3H); "C-NMR (CDCl;) § 165.9, 163.9, 147.9, 139.3, 138.4, 133.9,
131.6, 130.2, 129.3, 126.1, 125.7, 124.3, 121.4, 105.8, 52.3, 48.1, 15.3, 13.5, 11.2; HRMS-ESI
m/z: [M+Na]" calcd for C,,H,,N,O,Na: 389.1696, found: 389.1681.
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4-(5-((4-Chloro-3,5-dimethyl-1 H-pyrazol-1-yl)methyl)furan-2-carboxamido)-1-ethyl-1H-pyrazo
le-3-carboxamide (11Ad): yield, 72%; a white powder; mp 220.1-220.8 °C; IR (cm™) 3522,
3404, 3344, 2997, 1668, 1605, 1583, 1553, 1477, 1421, 1377, 1331, 1223, 1209, 1140, 1088,
1016, 962; '"H-NMR (CDCls) 6 10.29 (s, 1H), 8.24 (s, 1H), 7.11 (d, J = 3.7 Hz, 1H), 6.70 (br s,
1H), 6.33 (d, J=3.4 Hz, 1H), 5.44 (br s, 1H), 5.23 (s, 2H), 4.17 (q, J= 7.3 Hz, 2H), 2.40 (s, 3H),
2.20 (s, 3H), 1.51 (t, J = 7.3 Hz, 3H); "C-NMR (CDCl;) 6 165.6, 155.0, 152.4, 147.3, 145 .4,
136.0, 131.6, 123.4, 121.4, 115.9, 110.9, 108.5, 48.1, 46.8, 15.3, 11.4, 9.5; HRMS-ESI m/z:
[M+H]+ calcd for C17H,oCINgO5: 391.1280, found: 391.1282.
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4-(5-((4-Bromo-3,5-dimethyl-1 H-pyrazol-1-yl)methyl)furan-2-carboxamido)-1-ethyl-1 H-pyrazo
le-3-carboxamide (11Ae): yield, 82%; a white powder; mp 229.8-230.2 °C; IR (cm™) 3522,
3404, 3344, 3009, 1668, 1605, 1585, 1553, 1477, 1421, 1377, 1331, 1221, 1209, 1140, 1072,
1016, 964; "H-NMR (CDCls) 6 10.30 (s, 1H), 8.24 (s, 1H), 7.11 (d, J = 3.4 Hz, 1H), 6.72 (br s,
1H), 6.34 (d, J=3.7 Hz, 1H), 5.49 (br s, 1H), 5.26 (s, 2H), 4.17 (q, J= 7.4 Hz, 2H), 2.41 (s, 3H),
2.21 (s, 3H), 1.51 (t, J = 7.3 Hz, 3H); "C-NMR (CDCl;) 6 165.6, 155.0, 152.3, 147.3, 146.9,
137.8, 131.6, 123.4, 121.4, 115.9, 110.9, 94.9, 48.1, 46.9, 15.3, 12.3, 10.5; HRMS-ESI m/z:
[M+H]+ calcd for C;7H,0BrN¢Os: 435.0775, found: 435.0783.
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4-(5-((3,5-Bimethyl-1H-pyrazol-1-yl)methyl)furan-2-carboxamido)- 1-ethyl-1 H-pyrazole-5-carb
oxamide (11Ba): The reaction mixture was stirred for 5 h at rt. yield, 47%; a white powder; mp
189.9-190.5 °C; IR (cm™) 3468, 3404, 3292, 2999, 1676, 1604, 1585, 1551, 1474, 1379, 1221,
1209, 1148, 1090, 1016, 970; '"H-NMR (CDCl;) 6 9.09 (s, 1H), 7.83 (d, J = 1.2 Hz, 1H), 7.13
(dd, J=3.5, 1.2 Hz, 1H), 6.42 (br s, 2H), 6.33 (d, J = 3.5 Hz, 1H), 5.85 (s, 1H), 5.20 (s, 2H),
4.45 (q, J= 7.3 Hz, 2H), 2.31 (s, 3H), 2.20 (s, 3H), 1.48 (t, J = 7.2 Hz, 3H); >C-NMR (CDCl;)
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0 161.6, 157.2, 152.9, 148.5, 146.9, 139.3, 133.4, 127.4, 121.3, 116.8, 110.7, 106.0, 47.3, 45.6,
15.6, 13.4, 11.1; HRMS-ESI m/z: [M+H]" calcd for C,;H,,NO,: 357.1669, found: 357.1665.

4-(5-((1H-pyrazol-1-yl)methyl)furan-2-carboxamido)-1-ethyl-1H-pyrazole-3-carboxamide

~
N'\N 1 o
thgl H%J@
o |
OPK-161 was prepared according to the synthetic procedure in a similar way of CLB-016 (1)
starting from a commercially available 5-((1H-pyrazol-1-yl)methyl)furan-2-carboxylic acid.
Yield: 33% in 3 steps as a white powder; mp 199.5-200.3 °C; IR (cm’l) 3522, 3402, 3344, 3009,
1668, 1607, 1585, 1555, 1420, 1375, 1330, 1217, 1209, 1135, 1088, 1016, 962; 'H-NMR
(CDCl3) 6 10.33 (s, 1H), 8.24 (s, 1H), 7.60 (d, J= 2.4 Hz, 1H), 7.55 (d, J= 1.7 Hz, 1H), 7.12 (d,
J=3.4Hz, 1H), 6.74 (br s, 1H), 6.40 (d, /= 3.4 Hz, 1H), 6.32 (dd, J= 2.1, 2.1 Hz, 1H), 5.58 (s,
1H), 5.40 (s, 2H), 4.17 (q, J = 7.3 Hz, 2H), 1.51 (t, J= 7.3 Hz, 3H). "C-NMR (CDCl;) § 165.7,
155.1, 152.2, 147.4, 140.0, 131.6, 129.6, 123.4, 121.4, 115.8, 111.1, 106.5, 48.7, 48.1, 15.3;
HRMS-ESI m/z: [M+H]" caled for C,;H ,N,O,: 329.1356, found: 329.1348.
4-(5-((3,5-dimethyl-1H-pyrazol-1-yl)methyl)furan-2-carboxamido)-1-methyl-1H-pyrazole-

3-carboxamide
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OPK-160 was prepared according to the synthetic procedure in a similar way of CLB-016 (1)
starting from a commercially available 5-((1H-pyrazol-1-yl)methyl)furan-2-carboxylic acid.
Yield: 8% in 4 steps as a white powder.
'H-NMR (CDCl5) 6 10.24 (s, 1H), 8.22 (s, 1H), 7.10 (d, J = 3.4 Hz, 1H), 6.66 (br s, 1H), 6.28 (d,
J=3.4 Hz, 1H), 5.85 (s, 1H), 5.37 (br s, 1H), 5.23 (s, 2H), 3.91 (s, 3H), 2.39 (s, 3H), 2.21 (s,
3H); "C-NMR (CDCly) 6 165.4, 155.2, 153.3, 148.3, 147.0, 139.7, 131.8, 123.6, 123.0, 116.1,
110.5, 105.8, 45.8, 39.8, 13.5, 11.1; HRMS-ESI m/z: [M+H]" calcd for C;¢H;oNOs: 343.1513,
found: 343.1498.
1-butyl-4-(5-((3,5-dimethyl-1H-pyrazol-1-yl)methyl)furan-2-carboxamido)-1H-pyrazole-3-
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OPK-148 was prepared according to the synthetic procedure in a similar way of CLB-016 (1)
starting from a commercially available 5-((1H-pyrazol-1-yl)methyl)furan-2-carboxylic acid.

Yield: 3% in 5 steps as a white powder.

'H-NMR (CDCl;) 6 10.26 (s, 1H), 8.23 (s, 1H), 7.10 (d, J = 3.4 Hz, 1H), 6.70 (br s, 1H),
6.29-6.27 (m, 1H), 5.85 (s, 1H), 5.48 (br s, 1H), 5.23 (s, 2H), 4.10 (t, /= 7.1 Hz, 2H), 2.39 (d, J
= 0.5 Hz, 3H), 2.21 (s, 3H), 1.90-1.81 (m, 2H), 1.40-1.29 (m, 2H), 0.95 (t, J = 7.3 Hz, 3H);
BC-NMR (CDCl;) § 165.7, 155.2, 153.2, 148.3, 147.1, 139.7, 131.6, 123.3, 121.9, 116.0, 110.4,
105.8, 53.0, 45.8, 32.1, 19.7, 13.5, 13.5, 11.1; HRMS-ESI m/z: [M+H]" calcd for C;oH,sN4Os:
385.1982, found: 385.1973.

Methyl 4-nitro-1H-pyrazole-3-carboxylate (12)

N
/0 S NO,
Acetyl chloride (634 ml, 89 mmol) was added to the mixture of
4-nitro-1H-pyrazole-3-carboxylic acid (2, 7 g, 44.6 mmol) in MeOH (223 ml) at 0 °C. The
mixture was stirred at rt for 16 h. After concentrated in vacuo, the residue was azeotroped with
MeOH two times. The residue was diluted with MeOH and EtOAc, and the mixture was
adjusted to a pH of approx. 9 with sat. NaHCOs;aq. The mixture was extracted with EtOAc. The
organic layer was washed with H,O and brine, dried over Na,SO,, and concentrated to give the
compound 12 (5.55 g, 32.4 mmol, 73%) as a white powder.
'H-NMR (DMSO-d;) 6 14.39 (br s, 1H), 8.99 (s, 1H), 3.89 (s, 3H); "C-NMR (DMSO-dq) ¢
160.9, 137.5, 133.2, 131.4, 52.8; HRMS-ESI m/z: [M-H] calcd for CsHsN;04: 170.0207, found:
170.0200.

Methyl 4-nitro-1-((2-(trimethylsilyl)ethoxy)methyl)-1H-pyrazole-3-carboxylate (13)
To a solution of methyl 4-nitro-1H-pyrazole-3-carboxylate (12, 3.0 g, 17.53 mmol) in THF (88

53



ml) was added NaH (1.052 g, 26.3 mmol) at 0 °C in an Ar atomosphere. After being stirred for 10
min, SEM-CI (3.73 ml, 21.04 mmol) was added to the reaction at 0 °C and stirred for another 20
min at rt. The reaction was quenched with H,O and extracted with EtOAc. The organic layer was
washed with brine and dried over Na,SO,. After filtration and concentration, the residue was
subjected to silica gel column chromatography to give the compound 13 (2.83 g, 9.39 mmol,
54% ) as a colorless oil and methyl
4-nitro-1-((2-(trimethylsilyl)ethoxy)methyl)-1H-pyrazole-5-carboxylate 13’ (1.60 g, 5.31 mmol,
30%) as a colorless oil.

l
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Compound 13: "H-NMR (CDCl;) 6 8.32 (s, 1H), 5.48 (s, 2H), 4.00 (s, 3H), 3.66-3.62
(m, 2H), 0.97-0.93 (m, 2H), 0.00 (s, 9H); "C-NMR (CDCl;) 5 160.3, 138.4, 135.2, 129.7, 82.1,
68.4,53.2,17.8, -1.5; HRMS-ESI m/z: [M+Na]" calcd for C;;H;sN3;05SiNa: 324.0986, found:
324.0982.
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Compound 13’: '"H-NMR (CDCl;) 6 8.06 (1H, s), 5.61 (2H, s), 4.03 (3H, s), 3.59-3.54
(2H, m), 0.92-0.86 (2H, m), -0.02 (9H, s); *C-NMR (CDCls) 6 158.6, 135.3, 135.2, 131.4, 80.8,
67.9, 53.9, 17.6, -1.5; HRMS-ESI m/z: [M+Na]" calcd for C,;H;9N;0sSiNa: 324.0986, found:
324.0986.

Methyl 4-amino-1-((2-(trimethylsilyl)ethoxy)methyl)-1H-pyrazole-3-carboxylate (14)

NV
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After purging with N, gas, 10 % Pd/C (32 mg, 0.030 mmol) was added to the solution of
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compound 13 (913 mg, 3.02 mmol) in EtOH (15 ml). The reaction mixture was purged with H,
gas and stirred for 1 h at 40 °C. The mixture was filtrated and concentrated. The residue was
subjected to column chromatography over amino-functionalized silica gel (EtOAc/MeOH) to
give the compound 14 (581 mg, 2.14 mmol, 71%) as a colorless oil.

'H-NMR (CDCl;) § 7.16 (1H, s), 5.37 (2H, s), 4.12 (2H, br s), 3.94 (3H, s), 3.55-3.51 (2H, m),
0.92-0.88 (2H, m), -0.02 (9H, s); *C-NMR (CDCl3) J 164.1, 135.6, 130.3, 115.8, 81.6, 67.0,
51.7, 17.9, -1.4; HRMS-ESI m/z: [M+Na]  calcd for C,;H,N;0;SiNa: 294.1244, found:
294.1235.

Methyl
4-(5-((3,5-dimethyl-1H-pyrazol-1-yl)methyl)furan-2-carboxamido)-1-((2-(trimethylsilyl)eth
oxy)methyl)-1H-pyrazole-3-carboxylate (15)
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To a solution of compound 14 (0.58 g, 2.137 mmol) and compound 8a (0.471 g, 2.137 mmol) in
DMF (10 ml) were added HATU (0.97 g, 2.56 mmol) and Hunig's Base (0.560 ml, 3.21 mmol).
The mixture was stirred for 5 min at 50 °C, 3 times in a microwave instrument. The reaction
mixture was diluted with water and sat. NaHCO; aq. The mixture was extracted with EtOAc.
The organic layer was washed with H,O and brine, and dried over Na,SO,, and evaporated. The
residue was subjected to silica gel column chromatography (hexane/EtOAc) to give the
compound 15 (493 mg, 1.04 mmol, 49%) as a white powder.
'H-NMR (CDCl) 6 9.86 (s, 1H), 8.46 (s, 1H), 7.14 (d, J = 3.7 Hz, 1H), 6.33 (d, J= 3.7 Hz, 1H),
5.86 (s, 1H), 5.48 (s, 2H), 5.26 (s, 2H), 4.02 (s, 3H), 3.59-3.55 (m, 2H), 2.39 (s, 3H), 2.23 (s,
3H), 0.94-0.90 (m, 2H), -0.03 (s, 9H); *C-NMR (CDCl;) § 164.1, 155.1, 153.2, 148.4, 146.9,
139.6, 130.7, 125.2, 121.6, 116.3, 110.6, 105.9, 81.8, 67.3, 52.2, 45.8, 17.8, 13.5, 11.1, -1.5;
HRMS-ESI m/z: [MJrNa]+ calcd for C,,H;3NsO5SiNa: 496.1986, found: 496.1989.

4-(5-((3,5-Dimethyl-1H-pyrazol-1-yl)methyl)furan-2-carboxamido)-1-((2-(trimethylsilyl)et
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hoxy)methyl)-1H-pyrazole-3-carboxylic acid (16)

\\ <
Si

An aqueous solution of SN NaOH (624 ul, 3.12 mmol) was added to a solution of compound 15
(493 mg, 1.04 mmol) in EtOH (5 ml), and then the mixture was stirred at rt for 2 h. The pH of
the reaction mixture was adjusted to approx. 3 with 6 N HCI on ice. The majority of solvent was
removed on a rotary evaporator. After the precipitate was filtrated, the solid was washed with
H,O to give the compound 16 (455 mg, 0.990 mmol, 95%) as a white powder.

1H-NMR (DMSO-dy) 6 9.90 (s, 1H), 8.45 (s, 1H), 7.21 (d, J = 3.4 Hz, 1H), 6.59 (d, /= 3.4 Hz,
1H), 5.84 (s, 1H), 5.49 (s, 2H), 5.28 (s, 2H), 3.57-3.54 (m, 2H), 2.38 (s, 3H), 2.06 (s, 3H),
0.86-0.82 (m, 2H), -0.05 (s, 9H); "C-NMR (DMSO-dy) § 171.7, 165.0, 154.0, 153.8, 146.5,
146.2, 139.3, 123.5, 122.2, 116.2, 111.1, 105.1, 80.5, 66.1, 44.7, 17.1, 13.3, 10.7, -1.4;
HRMS-ESI m/z: [M-H] calcd for C;;H,sN5O5Si: 458.1865, found: 458.1869.

4-(5-((3,5-Dimethyl-1H-pyrazol-1-yl)methyl)furan-2-carboxamido)-1-((2-(trimethylsilyl)et
hoxy)methyl)-1H-pyrazole-3-carboxamide (17)
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To a solution of compound 16 (90 mg, 0.196 mmol) and ammonium chloride (52.4 mg, 0.979
mmol) in DMF (1 ml) were added HATU (89 mg, 0.235 mmol) and Hunig's base (0.222 ml, 1.273
mmol). The mixture was stirred for 5 min at 50 °C in a microwave instrument. The reaction
mixture was diluted with H,O. The precipitate was filtrated and washed with H,O to give the
compound 17 (75 mg, 0.16 mmol, 84% ) as a white powder.
'H-NMR (CDCl3) 6 10.27 (s, 1H), 8.41 (s, 1H), 7.12 (d, J = 3.4 Hz, 1H), 6.76 (br s, 1H), 6.30 (d,
J=3.4 Hz, 1H), 5.85 (s, 1H), 5.47 (br s, 1H), 5.40 (s, 2H), 5.24 (s, 2H), 3.59-3.54 (m, 2H), 2.40
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(d, J= 0.7 Hz, 3H), 2.21 (s, 3H), 0.95-0.91 (m, 2H), -0.01 (s, 9H); *C-NMR (CDCl;) ¢ 165.4,
155.2, 153.3, 148.3, 147.0, 139.7, 132.8, 123.9, 122.2, 116.1, 110.5, 105.8, 81.2, 67.2, 45.8,
17.7, 13.5, 11.1, -1.4; HRMS-ESI m/z: [M+H]" caled for C,H,; NO,Si: 459.2170, found:

459.2151.

4-(5-((3,5-Dimethyl-1H-pyrazol-1-yl)methyl)furan-2-carboxamido)-1H-pyrazole-3-carboxa
mide (18)
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To a suspension of compound 17 (40 mg, 0.087 mmol) in EtOH (174 pul) was added 2M
HCI/EtOH (436 pl, 0.872 mmol). The mixture was stirred for 1.5 h at 80 °C in a microwave
instrument. After the white precipitate was filtrated, the solid was washed with EtOH. The
resultant pellet was suspended in sat. NaHCOjaq, and stirred for 0.5 h. After the white precipitate
was filtrated, the solid was washed with H,O. The residue was subjected to column
chromatography over amino-functionalized silica gel (CH,Cl,/MeOH) to give the compound 18
(15 mg, 0.05 mmol, 52% ) as a white powder.

Mp 234.6-235.1 °C; IR (cm™) 3676, 3522, 3447, 3404, 3344, 3007, 1670, 1605, 1583, 1555,
1448, 1420, 1375, 1340, 1300, 1236, 1103, 1016, 968, 943, 881; 'H-NMR (DMSO-ds) 6 13.26
(s, 1H), 10.49 (s, 1H), 8.24 (s, 1H), 7.81 (s, 1H), 7.58 (s, 1H), 7.14 (d, J = 3.4 Hz, 1H), 6.57 (d,
J=3.7 Hz, 1H), 5.84 (s, 1H), 5.28 (s, 2H), 2.41 (s, 3H), 2.06 (s, 3H); "C-NMR (DMSO-dy) ¢
165.7, 153.7, 153.5, 146.5, 146.4, 139.2, 132.6, 121.7, 119.8, 115.6, 110.9, 105.0, 44.6, 13.2,
10.6; HRMS-ESI m/z: [M+H]" calcd for C,sH,;NO,: 329.1356, found: 329.1362.

Methyl 1-(((tert-butoxycarbonyl)amino)methyl)-4-nitro-1H-pyrazole-5-carboxylate (20)

To a solution of compound 12 (1.333 g, 7.79 mmol), K,CO; (1.615 g, 11.68 mmol) and TBAI
(0.288 g, 0.779 mmol) in DMF (39 ml) was added fert-butyl (2-bromoethyl)carbamate (19)
(1.92 g, 8.57 mmol). The mixture was stirred at rt for 2 h, and then filtrated on Celite. After
concentration, the pellet was suspended in EtOAc and H,O, and extracted with EtOAc. The
organic layer was washed with H,O and brine, dried over Na,SO,, and concentrated in vacuo.

The residue was subjected to column chromatography over silica gel (hexane/EtOAc) to yield
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compound 20 (271 mg, 0.863 mmol, 11%) as a white powder and Methyl
1-(((tert-butoxycarbonyl)amino)methyl)-4-nitro- 1 H-pyrazole-3-carboxylate 20’ (701 mg, 2.228

mmol, 29%) as a white powder.

H _N
N/ N
Boc” —
0 S NO,

Compound 20: 'H-NMR (CDCly) & 8.06 (1H, s), 4.85-4.77 (1H, m), 4.40 (2H, t, J =
5.5 Hz), 4.02 3H, s), 3.60 (2H, q, J = 5.5 Hz), 1.42 (9H, s); *C-NMR (CDCl;) 5 158.8, 155.7,
135.8, 134.7, 131.8, 80.0, 53.9, 52.0, 40.2, 28.3; HRMS-ESI m/z: [M+Na] calcd for
C1,H sN,OgNa: 337.1118, found: 337.1114.
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Compound 20": '"H-NMR (CDCl;) 6 8.18 (1H, s), 4.91-4.81 (1H, m), 4.39-4.30 (2H,
m), 3.99 (3H, s), 3.64-3.56 (2H, m), 1.43 (9H, s); "C-NMR (CDCls) & 160.5, 155.9, 138.8,
134.2, 131.0, 80.4, 53.2, 53.2, 40.1, 28.3; HRMS-ESI m/z: [M+Na]" calcd for C;,H;sN;OgNa:
337.1118, found: 337.1113.

3-Nitro-6,7-dihydropyrazolo[1,5-a]pyrazin-4(5H)-one (21)

(5
HN—( NO,
o
2M HCI/EtOH (3.6 ml, 7.22 mmol) were added to a solution of compound 20 (227 mg, 0.722
mmol) in EtOH (1.5 ml) at rt. The mixture was stirred at 50 °C for 1 h. The precipitate was
collected by filtration as a white powder, and subjected to the next reaction. The mixture of the
white powder and Et;N (0.150 ml, 1.077 mmol) in toluene (5 ml) was stirred at 100 °C for 1h.
After cooling to room temperature, H,O was added to the reaction mixture. The precipitate was
filtered, and dried in vacuo to give the compound 21 (60 mg, 0.329 mmol, 46%) as a white

powder.

'H-NMR (DMSO-ds) & 8.71 (1H, br s), 8.35 (1H, s), 4.41-4.38 (2H, m), 3.67-3.61 (2H, m);
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BC-NMR (DMSO-dy) J 154.6, 136.3, 134.0, 129.4, 47.3, 38.4; HRMS-ESI m/z: [M+Na]" calcd
for CHN,O,Na: 205.0332, found: 205.0333.

6776

3-Amino-6,7-dihydropyrazolo[1,5-a]pyrazin-4(5H)-one (22)

N
a2
"”“je—ZNH2

o}

After being purged with N, gas, 10% (w/w) Pd/C (3.80 mg, 3.57 pmol) was added to a solution
of compound 21 (65 mg, 0.357 mmol) in EtOH (2 ml). The reaction mixture was purged with
H, gas and stirred at 40 °C for 1.5 h. The mixture was filtrated and concentrated. The residue
was subjected to column chromatography over amino-functionalized silica gel (EtOAc/MeOH)
to give the compound 22 (46 mg, 0.298 mmol, 84%) as a white powder.

'H-NMR (DMSO-ds, 6 7.75 (1H, s), 6.99 (1H, s), 4.67 (2H, s), 4.10-4.05 (2H, m), 3.54-3.48
(2H, m); "C-NMR (DMSO-dy) § 160.9, 134.9, 126.9, 117.1, 45.8, 39.4; HRMS-ESI m/z:
[M+Na]" calcd for CHN,ONa: 175.0596, found: 175.0589.

5-((3,5-Dimethyl-1H-pyrazol-1-yl)methyl)-N-(4-0x0-4,5,6,7-tetrahydropyrazolo[1,5-a]pyra

zin-3-yl)furan-2-carboxamide (23)

Ny
1
N/
HN H%\/N J
o [

HATU (135 mg, 0.355 mmol) and Hunig's base (77 ul, 0.444 mmol) were added to a solution of
compound 22 (45 mg, 0.296 mmol) and compound 8a (65.1 mg, 0.296 mmol) in DMF (1.5 ml)
at rt. The mixture was stirred at 50 °C for 5 min (automatically controlled in a microwave
instrument). The mixture was diluted in H,O and sat.NaHCOs; aq, and extracted with EtOAc.
The organic layer was washed with H,O and brine, and dried over Na,SO,, and concentrated in
vacuo. The residue was subjected to a column chromatography over silica gel (hexane/EtOAc)
to give the compound 23 (44 mg, 0.123 mmol, 42%) as a yellow powder.

Mp 288.4-289.6 °C; IR (cm™) 3418, 3254, 2997, 1668, 1610, 1551, 1491, 1429, 1379, 1354,
1335, 1304, 1223, 1209, 1142, 1055, 1016, 970; 'H-NMR (DMSO-dy) 6 9.56 (s, 1H), 8.46 (s,
1H), 8.04 (s, 1H), 7.20 (d, J = 3.7 Hz, 1H), 6.58 (d, /= 3.7 Hz, 1H), 5.83 (s, 1H), 5.28 (s, 2H),
4.32-4.25 (m, 2H), 3.68-3.61 (m, 2H), 2.39 (s, 3H), 2.06 (s, 3H). "C-NMR (DMSO-d;) d 160.0,
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154.1, 153.8, 146.4, 146.1, 139.2, 129.4, 123.0, 120.4, 116.2, 111.0, 105.0, 45.6, 44.6, 13.2,

10.5; HRMS-ESI m/z: [M+H]" caled for C,.H, N 0,: 355.1513, found: 355.1501.

177719776
5-((3,5-Dimethyl-1H-pyrazol-1-yl)methyl)-N-(1-ethyl-3-(hydroxymethyl)-1H-pyrazol-4-y)f
uran-2-carboxamide (OPK-167)

\\
N
HO NNo N4
//

To a suspension of LiAlH, (52.3 mg, 1.378 mmol) in THF (3ml) was added 9 Aa (177 mg,
0.459 mmol) in THF at 0 °C for 3 h. After stirring for 30 min at rt, the reaction mixture was
cooled at 0 °C and water, SN NaOHaq and water was added. The mixture was dried over
Na2S04 and then filtered and concentrated on a rotary evaporator. The crude was purified by
silica gel column chromatography (CHCI3/MeOH) to give
5-((3,5-dimethyl-1H-pyrazol-1-yl)methyl)-N-(1-ethyl-3-(hydroxymethyl)-1 H-pyrazol-4-yl)fura
n-2-carboxamide (OPK-167, 70 mg, 0.193 mmol, 44%) as a white solid.

'H-NMR (CDCls) 6 8.86 (1H, s), 8.04 (1H, s), 7.07 (1H, d, J= 3.4 Hz), 6.29 (1H, d, J =
3.7Hz), 5.84 (1H, s), 5.17 (2H, s), 4.87 (2H, d, /= 5.1 Hz), 4.10 (2H, q, J = 7.3 Hz), 2.99-2.93
(1H, m), 2.30 (3H, s), 2.21 (3H, s), 1.46 (3H, t, J = 7.3 Hz);?C-NMR (CDCls) 6 155.0, 152.3,
148.3, 147.4, 140.5, 139.4, 122.0, 118.6, 115.6, 110.5, 105.9, 59.0,47.3, 45.7, 15.4, 13 .4,
11.1;HRMS-ESI m/z: [M+H]" caled for C;7H,,NsO;: 344.1717, found: 344.1707.

4-(5-((3,5-Dimethylisoxazol-4-yl)methyl)furan-2-carboxamido)-1-ethyl-1H-pyrazole-3-carb
oxamide (25)

N
NIl o N
2 \O
HN N o )=
o Y

OPK-095 (25) was purchased from Princeton BioMolecular Research, Inc.

White powder; ; mp 218.2-218.9 “C; IR (cm™) 3522, 3404, 3346, 3009, 1668, 1603, 1583, 1549,
1421, 1375, 1331, 1222, 1209, 1196, 1138, 1015, 962, 891; "H-NMR (CDCls) 6 10.25 (s, 1H),
8.25 (s, 1H), 7.09 (d, J= 3.4 Hz, 1H), 6.71 (br s, 1H), 6.06-6.05 (m, 1H), 5.47 (br s, 1H), 4.17 (q,
J =17.3 Hz, 2H), 3.75 (s, 2H), 2.41 (s, 3H), 2.23 (s, 3H), 1.52 (t, J = 7.3 Hz, 3H). "C-NMR
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(CDCl) ¢ 166.3, 165.6, 159.6, 155.5, 155.3, 146.7, 131.6, 123.5, 121.3, 116.0, 109.1, 108.7,
48.1,21.7, 15.3, 11.0, 10.1; HRMS-ESI m/z: [M+H]" caled for C;7HNsO4: 358.1510, found:
358.1516.
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HfaRE 2

b MERMEE PR HT1080 MR 0kF 1%, 10% ¥ U IRIRMIEZ N Lz 2~y a2
A — 7 N HI(DMEMIC CTTT o 72, IKEERISZ % (Hypoxia responsive elements
HRE) Fiticny 7 =7 —B8ia Tz ZERR ST MRHESFAE 5xHRE /
HT1080 M dEFEEIL, 10% 7 R Mg, 1% Penicillin /Streptomycin, 50 png /mL
Zeocin Z I L7= H L~y a8yl — Z AN TiT > 72, W 37°C. 20% Os,
5% CO2 N TATo7z, KEAHE TORFEIL 1% 02 FCITo72,

HRE-Luc VAR —4%—&IzT7 vtAa

HRE O Fticne 7 =7 —BBRFEHA LT T A Fe LIRS 5 M
MR AIE HT1080 e (5XHRE/HT1080) % T, HIF-1 PHEEMEZ RN L 7=,
5xHRE/HT1080 iz 96 well plate (Z#5HE L (1.0x10* cells/well), il EEFHE L T
24 WfHIATEE R Lz, RBULEW 2RI L (DMSO #&IRE : 0.5%) . @ IEHRRE T
1 PR L7tk IRBRSRIRE (1% O2) T T 24 KFfEIRTFE L7, #ifldZ PBS T4 L.
lysis buffer (20 mM Tris/HCI pH 7.5, 150 mM NaCl, 1 mM EDTA, 0.1% Triton X-100)
ZMAZ (30 pLiwell) . 10 s3#R & 5 U CHIfRfl R 2157, Miflafhitiik 10 pL (2
Coomassie Brilliant Blue (CBB)##& % 100 pL #1 L. WYeE (595 nm) ZIE LT
SN ERERER Lz, —J7, Mgt b o o7 = 7 —BiEviE,. Masah ik
20 pL |2 Luc reaction buffer (50 mM Tris pH 8.0, 5 mM MgSO4, 0.125 mM D-/L- o7
= U, 0.5 mMATP, 0.5 mM CoA) Z %, {t¥F % EnVision (Perkin Elmer ft)
Z W THIE L7z,

Al e S B o) B R
HT1080 #lix % 96 well plate {Z#EFE L (1.0x104 cells/well), {KEEFE LM T T 24 FFfH
AiEEE Uiz, Btz uin L, KEE3 T T 72 KRG #E L7z, WST-8 cell counting
kit (FM-AbZ4h) 2L C 37T CTHRIE L, 3%, v~ 77 L — K —X—
(Bio-rad #£) Z MW THOGE (450 nm) Z#lE L7z,

U AR T a sy MEYT
FALA W ALEL L 7= HT1080 A4k (i buffer: 50mM Tris (pH 7.5), 150 mM

NaCl, 0.5% Triton-X100, % > 37’5 10 ng) % SDS-PAGE (8% /V) 2 X - T/rH
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L7-#%. PVDF &~ LG Lz, BE&OIE, 3% BSA/0.1% Tween 20-PBS ¥
Ty d s (SR, 1 RRE) Lz, 0 T—kEUE, “kukL s sE, Tk
1%, NBT/BCIP |2 LV B O & X7 E AL LT, —RPURIZIZ, v 7 AL
HIF-1a & / 7 o —F /v 4ifk (1:2000) (Becton, Dickinson ££) . ©» ¥ 4T HIF-18 &
/7 a—F gk (1:1000) (Cell Signaling Technology ). 7 ¥ F¥$Hla F=2—7Y
VE /7 a—F PR (1:5000) (Cell Signaling Technology 1) . v ¥ Hi CA-IX7KR
U 7w =74k (1:1000) (Abcam ££), “RPUAKICIZ, V¥~V X IgG Hifk

(1:10000) (Promega tf). ¥ X$Hiv X IgG Hifk (1:10000) (Promega ££) % H\»
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7€ & RT-PCR fi##T
Total RNA Extraction kit (Viogene ft) % v T, HT1080 D4 RNA % it

L7z, cDNA ~Oifi#ia 5%, HT1080 #ifid4 RNA 0.5 ng #5412,

TIIA~—L LT

Random 9 mer Z M\ T, ReverTra Ace-a (HVEftE) 12XV, 42 CT 20 /&
SH/H5HZETITo7, E&E PCR fEHTIX Fast Start Universal SYBR Green Master

(Roche Diagnostics f1:) % F\>. ABI StepOne Plus (Applied Biosystems) (ZT4T
272, LA ® primer % PCR THW /=, W EAE X human 18SrENA & L7z,

K185 1- O primer FL¥

Sense Antisense

Human

5-ACCCTCTCTGACACCCTGTG-3 5-GGCTGGCTTCTCACATTCTC-3
CAIX
human

5-TACTAGCTTTGCAGAATGCTC-3 5-GGGTAGAGGCACTCGGAACTG-3
HIF-1o
human

5-GGGGGCAGCTTACCTCTAAC-3 5-GGGTAGAGGCACTCGAACTG-3
HIF-18
Human

5-GCAGCTTGAGTTAAACGAACG-3 5-GGTTCCCGAAACCCTGAG-3
VEGF
Human

5-GCAATTATTCCCCATGAACG-3 5- GGGACTTAATCAACGCAAGC-3
18S rRNA
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Wound healing assay

HT1080 #ifin % 6 well plate (Z#&f#H L (7.5x103 cells/well), =2 7/ NMIET D
FCHEE Lz, B O HE 2 | 200 pL Xy by TE AN T o0& 6 (BIE)
B LT, EiHisc#ite, BB m 2 iin L, REEREREE T TR L7, 24 Ff#f&
DRMEIRI O AW 2 (LA 2B TRIZE LT,

I 502 Gu a1k

RERLAEW 2 | R RTLEE L 72 HT1080 Mifd A | IKEEE FC 3 WREHIETEE L7z, 4%/%
THRNVLT T REdETe PBS FCAHN—H T A EOMIBEZBEE L (4 C. 1545,
ML Z B L7z 0 /N— 9 7 A% PBS THeif%. 3%BSA & 0.3% Triton-X100 % & s PBS
T7ryx o7 Uk (8, 3047), —REUKEBUS (iR, 90 77) SH721%., Alexa488
WY T hi~ U A 1gG Pk & ROR ST (IR, 60 47),

HIF-1 @ DNA &5

HIF-1 alpha Transcriptiion Factor Assay Kit (abcam ) Z M\, IO 7o k=2 —1ic
VT o7z, T 72 H . HRE AR (5-ACGTG-3") % &Te _A${ DNA AU I3 =
—h&N7 96 VT L— M, BB LG E A 15 7SR THE Lo, #ill T,
NiCL f#/£ I Th;# L 72 HeLa AIIBOZIIHIK 2N A, 4 CT 12 BpEFFE L7z, —&kHL
& (JUHIF-la §ifF) . “RHUA (HRPHLU ¥ %) &S S+, Developing Solution (2
TRANKSZITV, w4 7 n 7 L— | —%— (Thermo tf) & v THILE (450 nm)
2 HIE L7z,
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OGRS 22 D THeE, THIHEA Y £ L7z, s R RFBR AR - A5 I
FRACFEA CRGHE L 97,

ARG do 7= 1) | IR - FFFEEBA IR T S\ E Lin, SRS R R e g
B - IREDIESEE . TIRBL I, ) SRR EBNEUC D K 0 AL L R E T

SRS B Z2THO T RIGRS: AIRMZEEE 7 — - A #L,
TRZPRABESEOFER - EiE ML IGEE &R, RERFRICOI VLR L E
FES

AWIEOZATICEE ITEE £ Lz, Sse)llRE L, MEARS L (B K EIRRHIE~
57 8F) WA R R B A SE R R S5 27250 B O RIS D K 0 i L £97,

FHPRFRZFEBERAIER: « @G MR, W ONS REFIE IR, AR O &R %
LTHZZ OMBRZBEY £ Lz, WRERIEHOEEZRLET,
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