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Table 1
typical compounds. a: The number quoted is the weight of the

Structure and androgen antagonism / agonism of the

ventral prostate (mg); b: Percentage inhibition at the dose stated; c:
NA indicates no statistically significant increase in ventral prostate
weight compared to controls

Rs oH

Ry H\H)(/
Compd. R R R R X EDs, Agonism®

: 1 2 3 4 /umoI-L'l
1 Flutamide 2.0 NA®
4 NO, CF, CF, H S 33%at25 34
5 CN CF, CF, H S 0.7 30
6 CN CF, CF, H SO 03
7 CN CF, CF, H SO, 05 32
8 CN CI CF, H S 0.9 21
9 Cl Cl CF, H S 15
10 NO, H CH, H S  11%at50
11 CN CF, CH; H S 17 NA
12 CN CF, CH, H SO 14 NA
13 CN CF, CH, H SO, 18 NA
14 NO, CF, CH, H S 1.0
15 NO, CF, CH, H SO 1.0 NA
16 NO, CF, CH, H S0, 15 NA
17 CN ClI CH, H S 25 NA
18 Cl Cl CH, H S 44% at 25
19 NO, Cl CH, H S 05
20 Cl NO, CH, H S 36% at 50 NA
2l CN CH, CH, H S 50
22 CN CF, CF, 4-<Cl S 11
23 NO, CF, CF, 4l S 23%at25 43
24 NO, CF, CH, 4-Cl S 1.6 NA
25 NO, CF, CH, 3-Cl S 18 NA
26 NO, CF, CH, 2CI S 5.0
27 NO, CF, CH, 4F S 11 NA
28 NO, CF, CH, 4F SO, 0.4
29 NO, CF, CH, 4NO, S 20 NA
30 NO, CF, CH, 4CN S 10
31 NO, CF, CH, 4-OCH, S 16 NA
32 NO, CF, CH, 4-SCH, S 5.0
33 CN CF, CH, 4F S 05 NA
34 CN CF, CH, 4F SO, 05 NA
35 CN CF, CH, 4-<Cl S 4.0 NA
36 CN CF, CH, 4-SCH, S 25

BAEAL A5 (4-CN, 3-CF,) 18 (4-CN, 3-Cl) £ 9 (4-
Cl, 3-Cl) 75 £ 5, 11 (4-CN, 3-CF,) fil 14 (4-NO,, 3-CF,)
. 18 (4-Cl, 3-Cl), 19 (4-NO,, 3-Cl) 3 T H A7 B 714
1420 (4-Cl, 3-NO,). ® R, N —=FHFHEM RIIMLED,
4-NO,, 3-CF, [1iE Mt JE AL, Bl &9 4 AN RA
LI 14, @ FEHHE X7 B 1 | 7 AR B0 2 2 [A] A%
e, 25 S AN [ S A 56 M T 5 T, % T RS T
MG A DAL R 3, AR e H], B3 T F
PR 2, 1 H 2 (1) 33— 2D AT Ak 2 A B TR B 2 2 1]
® I B AL F BRI & (27.28.33 71 34) 1)
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BEE A&, VRN TR EEEER, B & 0T
KRR 2% B PR 00 1 FH a6 e o — e Ak ) R
DAITGT 14 25 B AR 6 PR e P 3 2 v MR AN 2 B L R SR i

BT BT Al 1 SR BRAE L, AN 5 2 3
BRI . AR SR B F 51
T3,

F3E L3N E (255811 mg-kg™) E B HEE K
R 14 K, 5L 2005 A L, 1 &9 11.14. 27,
34,49 F1 56 X 52 J FHIE 35 A4 R K PR e 4 i
B /INE Ak G 49 A1 50, EFEPERA B . FEIX AL A
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Bicalutamide (34)

1491 34 AR5 N ICI 176334, 22 J il 37 F1) B2
H E 4 N R & (bicaluamide), 77 J5 RAIS# A A
FEPUIETE (R 5 A9 A4 A B0 1), e LY e 4 13 NI PR
ROWEIC. IRPRHIF T8 3R B, Lh R i DR F, 50 3 44
B RO R (GNRH) SR (0 X 45 i bR B3 A Bifd

Table 2 Structure and androgen antagonism / agonism of the optimized R, compounds

HaC oH

&

R

Compd. R, R, R, X ED,,/mg-kg* Agonism

1 Flutamide 2.0 NA

37 CN CF, C,H, SO, 11 NA

38 CN CF, C,H, SO 1.3 NA

39 CN CF, CH, S 25 NA

40 CN CF, i-C,H, S <25 NA

41 CN CF, i-C,H, SO, 10

42 NO, CF, CH, S 17 NA

43 NO, CF, C,H, SO, 14 NA

44 NO, CF, i-C,H, S 5.4 NA

45 NO, CF, n-C,H, SO, 6.0 NA

46 NO, CF, n-C,H, SO, 40

47 NO, CF, t-C,H, SO, NA NA

48 NO, CF, 2-thiazolyl S 0.6 NA

49 NO, CF, 2-pyridyl S 0.9

50 CN CF, 2-pyridyl S 2.0 NA

51 NO, CF, 3-pyridyl S 10

52 CN CF, 3-pyridyl S 7.0

53 NO, CF, 4-pyridyl S 4.0 NA

54 CN CF, 2-pyrimidyl S 9.0

55 CN CF, 2-thienyl S 4.0 NA

56 NO, CF, 5-methyl-2-1,3,4-thiadiazolyl S 14 NA

57 CN CF, 2-benzothiazolyl S 18 NA

58 NO, CF, 4-methyl-2-thiazolyl S 2.0 NA
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Table 3 Effects on hormone levels on 14-day dosing in intact
rats. Figures in the columns are the statistical significances for (a)
the testosterone (TS) levels of the treated animals compared to a
control group and (b) the luteinizing hormone (LH) levels of the
treated animals compared to a control group; c: NS indicates no

statistically significant difference from controls
HaC oH

szg/n\ﬂ)\/ x._m

Ry e

Compd. R, R, X R, TS  LH°
1 Flutamide <0.01 <0.01
11 CN CF, s phenyl TS NS
14 NO, CF, S phenyl <001 NS
27 NO, CF, S 4-F-phenyl NS* NS
34 CN CF, SO, 4-F-phenyl NS NS
37 CN CF, SO, C,H, NS NS
48 NO, CF, S 2-thiazolyl NS NS
49 NO, CF, S 2-pyridyl <0.01 NS
50 CN CF, S 2-pyridyl <0.10 <0.05
56 NO, CF, S 5-methyl-2-1,3,4- NS NS

thiadiazolyl

) & HETFRZH )5 H T IRIT 7 e . 55 FDA
T 1995 4E it #fE [k & & % Il (Tucker H, Crook JW,
Chesterson GJ. Nonsteroidal antiandrogens. Synthesis
and structure-activity relationships of 3-substituted
derivatives of 2-hydroxypropionanilides. J Med Chem,
1988, 31: 954-959).
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R AE LTI BT A i 4 A 08 O REER S RS E
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H) AL R & B (BHPE) xd BR, 78 IE % 1) LNCaP 4 ffl
B e PSATE M. G RRX 6 N SEEWIE
PERSR T LU R & %, 75 &2 AW (66) WG P& R MM
FEJE T NL-BUR DT 2 B4R £ P9 R IR 1 45 g A o,
[R5 B AR i (1 25 P 2R AN A
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332 NIEARZERIZTH: DL66 NHnt s, Al T N1-
p-HUAR AL A9 67~70, F PSA FH X 3% P£ A1 5 ot 3% i
Wik RGEVF I 1, 2R BH p-H IR (68) AT P B

Table 4 Comparison of PD and PK parameters of compound 34 and flutamide (1). a: Hormone levels following 14-day dosing to intact

rats at 25 mg-kg*

Bioavailability Half life

Compd. ED,,/mg-kg™* TS*ng-mL* LH*ng-mL™* 1% 0, Prodrug
1 7.0 7.61+1.87 9.00+1.72 90 5-6 h Yes
Hydroxyfutamide
8-9h
34 1.3 3.97+1.29 1.04 +0.25 Well absorbed 5-6 days No
R-Isomer much longer
Control 1.90 +£0.62 1.19+0.19 - - -
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71 R;=R,=H: 72 R,=H, R,;=CH;; 73 R,=H, R,=C:Hs:
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LG ST
S N S R
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84 R= ZCOI[ 85 R=4-Ph;
86 R=4-OH

78 R=CH,; 87 R=CN;
88 R=NO,

X5_@
FaC NY N\Q
77 X=0; 89 X=NH; 90 X=NCH;; 91 X=NC{=S)NHPh;
92 X=NC(=S)NHPh-4-CN-3-CF,

91 R 92 FEAN I N AT 5E , KM AE 7T

337 HuEUMEMTE R, 2R
Hr 2 B NL A p- F BE 25K (5 07 2 1 L Bl g R T 356 sl
IR NI B N — 2D [ X e 34 B, R
ZAH N3 1) R B BTG VI 5, & A &4
93 (FHEAR Ny 4-Fh & L) f194~97 (= H A4 Ny
) R E T YUMEBCEE E Y, 3B EE T 3-CF,-4-
CN St ide = ], X AN U A B AR e

Ha 94 X=Cl; 95 X=F;
0 96 X=Br; 97 X=1

A, # 2 R B0 s N1, N 3-8 5 & 2 1k L it IR 4
G (98), AL ABEPETR AR i (99), N1-JK L [A] 4
NTHERE (100) DA K N1-—ZE B4 &4 (101) #k 2
TG, VR T R A BR AR A ROC RIS 1R
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" s
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LAPCA/AR [1)idVE i 2 5 Tt R &% . H R4 LAPC4/
AR 41 L (1) /N BRAR TR 68 AT 77 fr 40 ) 255 TR R 35 R T L
RE . 778N B PSA 43U 1C,, 0 124 nmol L.
SR 77 W 25430 7 5 L TR R, FE BN R N 2 3 1
B, BB 5 0 t, /8 T 60 min, mTAE S BT SR AR
(log P 4.20, T kb &% log P 2.91) Z&3K b F B4 A
FRIEANI Sl DRk — AP S R Ak, A R T 1 )
AER T BAK o T 1 sE IR MR m AR A e v, B bR R
FE T 0 AR 4 A P B B
o GHs O@

HCHB F3C N\rrN
S s S ssane!
Y L e
N = CHa 77

68

342 NI-FKHERREMBERERZ BhaM T AA
AR 1 25 T AR 1D 755 524k 5 4 102~ 104 A0 A 46 45 A7)
105 F1 106, iX L& 4k, & 47 (1 7% 14 R AR &, 9] 4o 35 R AR
1k & ¥ 102 A1 104 #01 H1] PSA (1) 1C, 15 43 % S~ 200 I
300 nmol-L™*, 2K F 4L &4 103 (1 PR AR &1, 224 1A
N By R F I R A, A T AR R AR . PN A
¥ 105 1 106 (3% 1 5 5%, 1C,, {H >4 100~150 nmol-L ™.
B G AT A ity o ¥ B e R 1 K B, T
IR = (450 MBE) o L — AN i VA6 & 9 107 (1
IC,, {92 nmol-L™*. {HJE¥PE5E (log P 3.44), 281
JREEZE, ST R R 2R BR E e S 5 R AR A A AR
(R & T7).

LD
F3C NY N\@
102 R=CH.OH; 103 R=CHO; 104 R=CH(Me)OH;
105 R=CH=CHCONH,; 106 R=CH=CHCH,OH

s
YO
S .CH3
NC
107 H

N E T AL A 108~ 111, B BE IR D> — R R
TATS 5 5 5 B HE BT 1 LAPCA/AR 41 i 72 4= PSA [#]
OSP4k A 4 108 F1EL & & e AV E . B
M i T A B0 112 B8 113 ki 114 #1115, DL SR
ATy 116, #8 ELAT 40 LAPCA/AR [f) B 1755 14

O E B, AR E Y 117, AR SR XS
LAPCA4/AR 4 il A 5% X (1) #1 #1 PSA 35 1 (IC,, =

O\)_@
FaC NY N\@
IO Y O
108 R=(CH,);CONH,;: 109 R=(CH,),CONH;:

110 R=(CH,),CONHCH;;
111 R=(CH,),CONHCH,CH,OH

112 R,=R,=(CH,);, R=SO,Me, X=H:;
113 R,=R,=(CH,);, R=CO,Me, X=H:
114 R,=R,=CH,, R=CONHMe, X=H;
115 R,=R,=(CH,);, R=CONHMe, X=H;
116 R,=R,=(CH,);, R=OH, X=F

A
FaC N. N F
DO !
N o ~CHz
117 o

122 nmol-L™), 1 A R4F 2R3N J1 22 5. % 551
t TARRAEA S Y HITE 1 L clog P AIHE B sh )R] H &
32 AIERS S N I L 259K

Table 5 The activity, clog P and plasma concentration of typical
compounds. a: At steady state

IC Concentration®
Compd. /nmoIS(-)L'1 clog P /mmol-L*
Bicalutamide 1000 2.91 10.0
7 124 4.20 0.39
107 92 3.44 NA
117 122 3.20 9.9

P & s & Wi iE M oK, 117 5 77 R 107 1)
ICy FHIT, K 2158 T Lt K & 1% 8 %, ¥ 4L % )i & clog P
. #izh b, S 2l 10 mg-kg®, A 117
AT ML 253K 5 R & A E, 23 51 9.9 F
10.0 mmol-L™, $2£75 117 [ PD/PK {1 T Lh R & iz,
58T 77 11107 (Tran C, Ouk S, Clagg NJ, et al. Develop-
ment of second-generation of antiandrogen for treatment
of advanced prostate cancer. Science, 2009, 324: 797-
790).
35 MAEREMMELERKRN LS

W& 107 52 AR 0 7, RS AL i) 44, 2
I 72 N1-3-98-4- H G P JI 2K, N3 Oy 3- = 981 HH ik -4- 5
FEOR, AR C5 ke A, & R 74 & 1 118 A1 119, PR
FIERC TR RO R M CO B 25 % (811), 118
H1119 4] LAPCA/AR 4 fitd 73 W PSA I3 1 5 117 AH
[, 73 B 77 B - RO ) 5% &R, A& 118 1T PRI AL T
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CHa

(9]
FaC N_ N F
DO ‘
N 5 ~CHz

. 8]
118 (enzalutamide)

AL
FsC N_ N F
BOR y
N S ~CHs
119 o
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Figure 1  Comparison of the inhibitory activity of 117, 118 and
119. PSA: Prostate specific antigen
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Table 6 Anti-androgen activity and PK values of typical com-

pounds
Compd. IC,, . Bioavailability .Pro'tein 'Half
/nmol-L 1% binding/% life/day
120 (apalutamide) 16 100 96 3-4
118 (enzalutamide) 214 89.5 97 5.8

1 (bicalutamide) 160 Well absorbed 96.1 5-6
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