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Research for Discovery of Novel PCA-1 Inhibitor for Hormone-Refractory Prostate Cancers ~
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Novel Metabolically Stable PCA-1/ALKBH3 Inhibitor Has Potent Antiproliferative Effects on

DU145 Cells In Vivo
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Compound 1H-NMR IR ESI-HRMS m.p. ——
retention time purity
(min) (%)
NMR (DMSO-dg,8): 2.15 (3H, s), 2.39 (3H, 5), 3.59 (2H, 5), 6.96-7.00 (1H, m), IR (KBr): 3312, 3024, 2936, 2915, | ESI-HRMS (positive ion, sodium formate)
1 |7.13-7.20 (1H, m), 7.23-7.29 (4H, m), 7.31 (1H, br s), 7.39 (1H, d, J=8.2Hz) 1653, 1553 cm'” calcd for CygHigN,O ([M+H]") 319.1559 ; 198-200 1.2 99.4
found 319.1588
NMR (DMSO-d6,5): 2.17(3Hs), 3.59(2H.s), 7.13-7.21(2H,m), 7.24-7.30(4H,m), IR (KBr): 3263, 3031, 2914, 2842, |ESI-HRMS (positive ion, sodium formate)
7a 7.52(1H,d,J=8.7Hz), 7.55(1H,d,J=2.3Hz) 1654, caled for CygHisCIN,O ([M+H]) 339.1007 ;|  101-104 13.1 98.9
1623, 1556 cm’ found 339.0978
NMR (DMSO-d6,5): 2.19(3H;s), 3.60(2H,s), 7.14-7.21(1H,m), IR (KBr): 3033, 2935, 2901, 1637,  |ESI-HRMS (positive ion, sodium formate)
7b  |7.24-7.31(4Hm), 7.46-7.52(1Hm), 7.70(1H,d,J=8.2Hz), 7.84(1H,s) 1551 cm’ calcd for CigHisFsN;O ([M+H]*) 373.1271 216-218 13.6 98.8
NMR (DMSO-d6, 8): 2.17 (3H, s), 2.35 (3H, ), 3.60 (2H, 5), 7.13-7.21 (1H, m), IR (KBr): 3446, 3027, 2962, 2873,  |ESI-HRMS (positive ion, sodium formate)
7c  |7.23-7.31(6H, m), 7.43 (1H, dd, J=1.8, 8.2Hz), 7.51-7.59 (3H, m), 7.72 (1H, brs) 1632, calcd for CosHygN,O ([M+H]') 395.1866 ; 120-124 136 98.0
1556 cm’”’ found 395.1852
NMR (DMSO-d6, 8): 2.39 (3H, s), 2.41 (3H, s), 7.07 (1H, dd, J=0.9 and 8.2Hz), IR (KBr): 3060, 1660, 1596, 1514 cm’ |ESI-HRMS (positive ion, sodium formate)
7d  |7.12-7.17 (1H, m), 7.32-7.38 (3H, m), 7.44 (1H, d, J=8.2Hz), 7.64-7.69 (2H, m) caled for CygHi7N;O ([M+H]") 305.1397 ; 130-134 1.8 98.6
found 305.1402
NMR (DMSO-dg, 8): 2.14 (3H, s), 2.38 (3H, 5), 3.21 (2H, 5), 6.98 (1H, d, J = 7.5 Hz), |IR (KBr): 3175, 3034, 1679, 1651,  |ESI-HRMS (negative ion, sodium formate)
Te  |7.31(1H,s), 7.39 (1H,d, J = 7.5 He) 1635, 1605, 1559, 1507 cm”’ caled for CygHysNyO; (IM-HT') 285.0993; 246-248 7.9 94.8
found 285.0983
NMR (DMSO-6, 3): 2.08 (3H, 5), 5.28 (1H, 5), 7.13-7.24 (4H, m), 7.26-7.33 (8H, m), ||R (KBr): 3229, 3025, 1656, 1559 cr” |ESI-HRMS (positive ion, sodium formate)
7 |7:48-7.53(2H, m) calcd for CogHyiN,O ([M+H]") 381.1710 ; 165-167 13.0 98.0
found 381.1707
NMR (DMSO-dg, 8): 7.14 (1H, t, J = 7.3 Hz), 7.20-7.30 (3H, m), 7.33 (2H, d, J = 7.3 |IR(KBr): 3101, 3073, 3059, 1651, ESI-HRMS (negative ion, sodium formate)
79 |Hz), 7.37-7.45 (3H, m), 7.45-7.55 (2H, m), 7.58 (1H, d, J = 8.7 Hz), 7.62 (1H, br s) 1596, 1572, 1555, 1510, 1466 cm” |caled for Co,Hy,CIN,O ([M-H]) 385.0856; | 111-117 14.7 99.1
found 385.0870
NMR (CDCI,,8): 2.39 (3H, s), 7.04 (2H, d, J = 7.8Hz), 7.05-7.50 (12H, m) IR (KBr): 3419, 3059, 2974, 1641, | ESI-HRMS (negative ion, sodium formate)
7h 1615, 1600, 1565, 1513, 1469 cm™  |calcd for CoHyN,O ([M-HT') 365.1402 ; NT 1.8 99.8
found 365.1416
NMR (CDCly,5): 2.00 (3H, s), 2.44 (3H, br s), 7.06 (1H, br s), 7.15-7.50 (7H, m), 8.43 (IR (KBr): 3173, 3026, 2923, 1662, ESI-HRMS (negative ion, sodium formate)
7i o [(2H brs) 1652, 1634, 1617, 1558, 1508, 1473 |calcd for CygHisN,O (IM-H]') 303.1246; 118-123 104 96.4
cm”! found 303.1269
NMR (CDCly,8): 2.37 (3H, s), 7.32 (1H, t, J = 7.2Hz), 7.40-7.50 (2H, broad), 7.45 (H, |IR (KBr): 3435, 2922, 2854, 1637, ESI-HRMS (negative ion, sodium formate)
7 t, J =7.2Hz), 7.61 (2H, d, J = 7.2 Hz), 7.60-7.78 (1H, broad). 1563, 1437, 1399, 1329, 1250, 1220, |calcd for CgHioFsN,O ([M-H]') 357.0969; 117-120 12.9 98.2
1164, 1051 cm’ found 357.0977.
NMR (CDCly,8): 2.35 (3H, s), 3.66 (3H, s), 6.81 (1H, dd, J = 9.0 and 2.4Hz), 6.80-  |IR (KBr): 3464, 3055, 2948, 2832, ESI-HRMS (positive ion, sodium formate)
7k |6.93 (1H, broad), 7.15-7.30 (1H, broad), 7.26 (1H, t, J = 7.2 Hz), 7.41 (2H, t, J = 7.2 | 1656, 1597, 1551, 1512, 1435, 1401, |calcd for CygHigN,O, ([M+H]') 321.1346; 127-132 10.4 94.2
Hz), 7.67 (2H, d, J = 7.2 Hz). 1367, 1317, 1278, 1197, 1157, 1073, |tound 321.1336.
NMR (DMSO-d6, 3): 2.40 (3H, s), 7.65 (1H, ddd, J = 9.0 (H-F), 8.4 and 2.0 Hz), 7.21 [IR (KBr): 3463, 3066, 2022, 2857,  |ESI-HRMS (positive ion, sodium formate)
71 |(1H t J=8.4Hg), 7.35 (1H, dd, J = 9.0 (HF) and 2.0 Hz), 7.40 (2H, t, J = 8.4 Hz), |1665, 1556, 1512, 1491, 1432, 1374, |calcd for CyrHysFN,ONa (IM#Na]') 115-119 15 9.7
7.54 (1H, dd, J = 8.4 and 4.8 (H-F) Hz), 7.65 (2H, d, J = 8.4 Hz). 1307, 1272, 1247, 1137, 1105, 1007|331 0966 : found 331.0968.
NMR (DMSO-d6, 8): 2.38 (3H, s), 2.41 (3H, 5), 7.10 (1H, dd, J = 8.4 and 1.8 Hz),  |IR (KBr): 3029, 2954, 2903, 1669,  |ESI-HRMS (negative ion, sodium formate)
7m  |7.36 (1H, d, J = 1.8 Hz), 7.36 (2H, d, J = 8.4 Hz), 7.45 (1H, d, J = 8.4 Hz), 7.73 (2H, [1638, 1591, 1513, 1434, 1396, 1229, |calcd for CgHieCIN,O (IM-H]') 337.0862; | 250 (decomp) 19 954
d, J = 8.4 Hz). 12086, 1182, 1132, 1093 cm”" found 337.0847.
NMR (DMSO-dg, 8): 2.43 (3H, s), 2.48 (3H, ), 7.18 (1H, dd, J = 8.4 and 0.9 Hz), IR (KBr): 2426, 1680, 1618, 1594, ESI-HRMS (negative ion, sodium formate)
7n 7.39 (1H, br s), 7.48 (1H, d, J = 8.4 Hz), 8.06 (2H, d, J = 9.6 Hz), 8.13 (2H, d, J =  |1520, 1490, 1436, 1377, 1240, 1204, |calcd for C;gH1sNsOs ([M-HJ') 348.1102; 143-147 1.7 96.7
9.6 Hz). 1111, 1034 cmi’! found 348.1098.
NMR (CDCl,3): 2.30 (3H, 5), 2.36 (3H, s), 3.83 (3H, 5), 6.97 (1H, d, J = 7.8 Hz), IR (KBr): 3046, 2998, 2948, 2907,  |ESI-HRMS (positive ion, sodium formate)
70 [6.99 (2H, d,J = 7.8 Hz), 7.12 (1H, br s), 7.20 (1H, d, J = 7.8 Hz), 7.58 (2H, d, J = [2834, 1655, 1522, 1440, 1374, 1245, |calcd for CyoHigN,O, (IM+H]') 335.1502 ; 120-124 10.6 9.3
7.8 Hz). 1132, 1091, 1022, 1004 cm’" found 335.1491.
NMR (CDCl,,3): 2.39 (3H, s), 2.41 (3H, s), 7.04 (1H, d, J = 8.4Hz), 7.10-7.35 (2H,  [IR (KBr): 3027, 2952, 2910, 2867, ESI-HRMS (negative ion, sodium formate)
7p  |broad), 7.35 (1H, t, J = 7.6 Hz), 7.45 (2H, dd, J = 8.0 and 7.6 Hz), 7.63 (2H, d, J =  |1738, 1659, 1529, 1490, 1431, 1303, |calcd for CpH1gN,O (IM-H]') 379.1564; 139-145 12.7 96.3
8.0 Hz) , 7.66 (2H, d, J = 7.6 Hz), 7.76 (2H, d, J = 7.6 Hz). 1239, 1031, 1007 cm’' found 379.1572.

“'HPLC conditions

HPLG system (Tosho Co., Ltd,)

Autoinjector : AS-8020

Couln oven : GO-8020

liquid mixer : CO-8020

Pump : SD-8022 % 2

UV detector : UV-8020

Column: YMC-Pack Pro C18 (150 x 4.6 mm ID, S-5 um, 12 nm)

Gradient program A

0 313 15 15.1 20 min

10 10 95 95 10 stop %acetonitrile in 0.1% TFA aq.

flow: 1 ml/min
detection: 254 nm

NT:not tested
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XS5 ST NTB A~ 5 7B CTHIE LT,
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Tliolb 25, 10 YEOBERIEIDTH 1% Tho7= (K3) . 20 &6 HUHS0IS
(TIFRRRLC Fs ) %)ﬁuﬁﬂiﬁfﬂ?< invivo IRBBUCHDEFR L 72> TNDH Z EDRIE S
T2, 2T, AWFETIE S9mix LELRZ A 7 U —= 2 7 RITHAAIA S in vivo {&PED [ %
AT 2 & & Ui, 70, RRSORERIFEORIER, 5. FISREE 15CE L,

{\6& oG oy o el
& LA R M
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S9 mix 1, FIELE T 10 pELE L% OV T AERERERT

(2) FHEAROTYA o LEKPE - K ERE
BIEEDREF N5 . HUHSO01S 138 5% . FFIgICIS 1 21 X ONE ORI 6 DFE R

HeE Shielew, INRZEMSE L B LR NG E1T- o @

T2 BARIICIE, HUHSO015 O EZ2gREH 2, O~ XA N\)—NN,‘ O
IES—ABDSMAFLIE, QYT — VRO 410 N g O >
I @ BT —VBRO 5 LA FNEEHEE LFHEIR G

1ot (4) . FHNFHEIL, HUHSO1S AL & ARk IS B ARe0 0 DIRSE = R T
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BT 5 S9mix FEEFR, KT v MEAKEE 30 VT 60 3HOML X HREEZ X7 Y
—=y ezl (F2, £3) .,

4DD A F NI R & Z IO & HEE S DEFRITER LIALE Ta D S9mix 7517
FIX81%EMm L, 7 v Pl 0.15 pg/mL & HUHSO1S (2~ 2 5w L L7, —
J5. PCA-1 BHEVEMEIZE TR T Lz, RS, #2207 ic< Wiy 74 X F
VI (Th) R 4-AF N7 = =)VHE (Te) (T LT-3F5IR O SOmix FRIFRIZE TN
2%, 64%EehE LS, T v MR ZENEN 0.02 pg/mL (7b) | 0 pg/mL R
. 7¢) LIETF L7, ZOTASOERW MR, 235 FFEROMR AL LE N
TOWE)NCER®H 5 L Bbii,

2. 2-(5-Substituted-benzimidazol-2-yl)-4,5-substituted 3-hydroxpyrazoles ¢ PCA-1 BLEIENE, DU14S #lfatE
FEHNHHE, SOmix FRAFIH K OF% #5544 o i e

2
R' N NeR
S—N
L
H ho
A Remains after Blood concentration
0,
“ Structure PCA-1 inhibition ~ DU14® cells growthinhibition (%) - o by s9 mix  (ug/mL) 60 min after oral
ICso (M) for 10 min at 15 °C  administration (32 mg/kg)

R’ R? R® at1uM at 10 uM n=1 n=1
HUHS015  Me Me CH,Ph 0.7 35 54 42% 0.08
7a Cl Me CH,Ph 45 24 36 81% 0.15
7b CF; Me CH,Ph 5.9 34 47 72% 0.02
7c  4-Me-Ph-  Me CH,Ph 12.0 78 61 64% ND
7d Me Me Ph 9.7 NT 32 74% 2.45
7e Me Me  COOH >10 20 -1 87% 0.22

(37% inh. at 10 uM) ? :
7f Me Me CH(Ph), 7.2 52 72 85% 0.17
79 Cl Ph Ph 6.9 31 38 76% 1.03
7h Me Ph Ph >10 12 19 98% 0.31

(49% inh. at 10 uM) ° -
7i Me Ph Me >10 -6 27 35% 0.33

(6% inh. at 10 pM) ? :

NT: not tested ND: not detected

WK 4Q DR DNV FEZ AKEEME R ERHIFRFCE D VAR F I (Te) (AL Z I
7oA. SOmix FEAEERN 87%. MR 1T 0.22 ng/mL & HUHSO15 (2 ki L Tl B L=,
L2xL, PCA-1 FHETEMEIIRIGICIR T L7z, £, XU UKok b RSN EIN D
AF LU ZBRNTALE 1d R0 1 87 = = V3 A B0 USEARFEE S X 0 e B KR &
HIg L7ALE® (70 1%, SOmix FRAFRIZZNEIL 4% & 85%. IR 2.45 ng/mL

(7d) . 0.17 pg/mL (7f) & #FR@E Y S L7z,

BT DT Y —VEBED A FNFEE 7 = = VI 2 U7 338K Th 1T S9 7S {ER
98%. IR 0.31 ug/mL & ek L7, PCA-1 BLETHEMEIE ICso>10 uM & FEPETS I L
2o E720 AL Th DR XA I 2 —)VBRD 5 A FNIEEEHERT (Tg) T8 HT
L& SOFRIER T6%, MAHEE 1.03 pg/mL & BiF/2iE R4 R L7223, PCA-1 FLEEM I
ICs50=6.9 uM, DU145 MAHEAHNEIER (10 pM) 1£38% & e o7, {LEMTd DT Y —/v
BRO4ALE SALDATFNHEL T = =V B A NIVEZ T-758K Ti 13 S9mix FRAF3H 35%., 1
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TR 0.33 pg/mL, PCA-1 FHEIEMEIX ICso>10 uM, DU145 HEREEEFEANHIZE 27% & PCA-1
FEETEME X HUHSO1S 12~ K< 7e o 72,

Y EOFEROF G, HEEEIL7d OFE S9mix Z2EME (74%) & RO (2.45
pg/mL) [ZHEH L, 7d DR R 5558 KR 217 o7 (£ 3) . (bEWTd DX XA IFY
— B EOATF I (OITHEY, MHZREICLETH L ERHFETEDL M) 7uF
2 AFAH () o A RFVHE (k) . Ty RES () A LIEAR, 10 mgkg TO
7 v PO A GHZOMPIREIL, 60 HEIZEBNTEILEI 033 pg/mL (7j) . 0.18
pg/mL (7k) . 0.73 pg/mL (7)) & W@ D EVENE SN, REIC, 7 = =/LER 4 i~
DERT (Tm-Tp) Z4T-7205, WL h PCA-1 [LEIEMEATEL L2720, BatxiTbil-
776

CLEOREINS ., LA T IX HUHS015 (2, PCA-1 [HEEMEN 1IC50=2.9 uM L& T
T2 HOO, DUL4S MUFBEFINHIZEN 77 % & EF- L, 2> oM 0.73 pgmL & &
L7=Z &hb, PCA-1 BETEMEZHERF L7223 S E\ invivo VEDSEIFRF CE 5 B2, v v
2 xenograft €7 /L CORME&ZITH Z & & L7z,

7 3. 2-(5-Substituted-benzimidazol-2-yl)-4-substituted-3-hydroxy-5-methyl-pyrazoles @ PCA-1 FHLETEE:,
DU145 M RG] ==, SOmix A7 M O M ¢ 5% o 1 i

Remains after Blood concentration after
Structure PCA-1 inhibition DU145 cells growth inhibition (%) ~ feaction by oral admm/s:raﬂon (10
NO S9 mix for 10 mg/kg)
1Cs0 (uM) min at 15 °C (ug/mL)
R R? R at1uM at 10 uM n=1 30 min 60 min
7j CF; Me Ph 1.6 60 78 NT 1.00 0.33
7k MeO Me Ph 1.0 65 78 NT 0.63 0.18
71 F Me Ph 29 63 7 1% 1.02 0.73
>10
m Me Me CIPR a0t inh. at 10 uM) NT NT NT
>10
n Me Me  (-NOJPN  aoo it at10 M) NT NT NT
>10
70 Me Me  (4-OMePh oo it at10 M) NT NT NT
>10
- NT NT
7 Me Me — (-PIPh {19 inh. at 10 uM) NT
NT: not tested

(3)  in vivo T EFHEFHMNEZH RIS K OEINEH] oG

BROIZ, HUHSO15 OEMMEIZE (29 HM. wid, sc&E5)0BRa%21T-72 (X5) .
ZOREF., HUHSO15 1%, IO FEBREB Y 944) 1 @RISR Z R Lo, B
I COMIEIERH LN E e o Tz,

A BEERE B. k&

g o T ®

2 70 I | T

S o0 i i ﬁmﬁﬁﬁ
.o b 2

55 50 P -

Ps 40 T € 20

o

20 30 —O-control

B 20 J— —O—control 15 gontro —
5 3 T —-32mg/kg

o 1.0 = 32mglkg |

0.0 : : 10 . L
0 10 20 30 0 10 20 30
Days Days

5. Xenograft &7 /L2 1F % HUHS015 O REBEATEZE (Ll K& ORI x4 5 1EH
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WIT, ATPEHE TORF T b &V invivo IR S LbEW T & BRRIEER IR
3 DTX O JEBEIENININ IR % [FIERIC xenograft £ 7 /L TIT572(29 H, X 6), & DF5E,
& NiZ=ay b e—/b, DTX (S OBFE 2 IHl L7=(X 6 A, B), 723, ARBRT
B L7z DTX O 55 2.5 mg/kg ITIZITRREHEHS THL 1Y, £o, (LEM N B X
O'DTX OFGIZ LA EREICKHT H2ZBLIEERD b e o7z (K6.C) . £, mEHICH
FERESCBERE O FREE & 72 5 GOT, GPT, Creatinine &2 () BUN @ 4 IHH 2B W TH, 3 BED
BIVEH R BLCHEH 2R A B AR b o7z (K 7)

AREEEIELL BAEE£IE CHE

60 - 1600 30

50 T} ol & 1200 I 25
ﬁg 0 Control /5/?/? E 5
o o —
BV . W w800 B o2 ——
o % n & = .
w Ao 20
®a Fﬁyy B a0 15 b

1.0

00 : : 0 10 .

0 10 20 30 Control 7’ DTX 0 10 20 30
Days Days

6. Xenograft T /VIZE T BLEW 7. DTX OFEBAR K MK R 5 1EH

A GOT B. GPT
- 60 20
% ® ? 15
40 [/
-g 30 % 10 ?
f = g |
Control DTX < Control 7l DTX
C. Creatinine D. BUN
086
g o5 _
E 04 — g
E o3 — E
E 02 - 2
Y ||
00 L1 11111
Confrol DTX DTX

7. Xenograft ~ 7 ZZH T DA T £721F DTX #5512 X 2 i+ GOT, GPT, Creatinine, &% ¥ BUN
ZxdHEH

[Z4]

HUHSO015 1%, AEOBFNS invivo TiXib5%, HEAIEHC NI TR 45 1 H
KT D ENHEESNT, £ 2T, HUHSO15 2> — NMba# L L, #EEE 2 HEE L

(X 4) | WEEEHAIT - -5 2. 3). HUHS015 O DL EE(K 4©Q) D AF L
EORENENTHL ZEBRHALNE Tz, R, IR EDOH 5 A F L (X 40)
EDICT v BFTICES LALEY 71X HUHS015 [ZH~, PCA-1 BEIEVEAD ICs0=2.9
uM EE TR T T2 000, #ilas V-2 Tk, DU14S HEFREEFEINEIEN 77% & E5H-
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