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Synthesis and 5a-Reductase Inhibitory Activity of 3p-Substituted
5-Androstene-17-Carboxamides

Iksung Jo and Eunsook Ma”*
College of Pharmacy, Catholic University of Daegu, Hayang 712-702, Korea

Abstract — A series of 3B-substituted 5-androstene-17p-carboxamides were synthesized from analogs of 3B-hydroxy-5-
androstene-17B-carboxylic acid (1) with fer¢-butylamine, N, N-diethylamine and 3-aminopyridine and some compounds were
epoxidized with mCPBA. A rat prostate testosterone 5o-reductase inhibitory activity of synthesized compounds was
assessed by radioimmunoassay using [1,2,6,7->H]-testosterone as substrate. All synthesized compounds showed lower
activity than finasteride and the N-(3-pyridino)-3B-carboxycarbonyloxy-5-androstene-17B-carboxamide (12) showed weak

inhibitory activity (IC5: 2.4x107 M).

Keywords [] 5a-reductase inhibitor, prostate cancer, benign prostatic hyperplasia, 3p3-substituted 5-androstene-17f3-car-

boxamide
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Fig. 1 — Representive 5a-reductase inhibitor.

X2 AEstTA} sFHE 2 A HA A E=ZEA] 3 X (ethyl acetate : #-hexane=1: 1)Z W}
carbonyl”|7} Aol T Q3R carbonylV & st X3V |E oA 1587+ 3 wakelich vk 3
S50 19 oialel] 4 B 5o o] FATS TS SISl - 5M HCL: 7hste] pH 2% AMd3SE afar e 2%
50-Reductase A3l 2732 S7F= HA 0= 179 fA]of thef o7} shaA Aol =& MHslo] 2Xe] uAgek=
3t amine -=AS A3HA7] androstane- 5= androstene-17-  Yield: 2.8 g(93%), m.p: 268~270°C(270~275°C)'®
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carboxamide 572 A7 DS =519 T) 3B-Acetoxy-5-androstene-17p-carboxylic acid (2) - 3B-
Hydroxy-5-androstene-17pB-carboxylic acid(1, 1g, 3.14 mmol)
Alsdre °ll acetic anhydride(20 m)E 7}t §- nHkeHAA phosphoric
acidZ SRS 10] $I5] 22 b 234 Sk, e
Al 2 717] A 1ARE HESAIZ1 3 TLC test(ethyl acetate : #-hexane=1:1)
o= e

B Ao os gal 9 2R TRE gRlsha v B8 7kl 43S A APl
Zato] Agatelon el sk Aok Aldrich, Fluka 2 7ietoiw) b 2ke] B2 Alzlsle] o] uA8lgEs o
Sigmar}e] S5 9 AF-S AFREIITE 84 =4S Gallenhamp  $ITh. Yield: 1.03 g(91%), m.p: 237~239°C(235~238°C)!"
Melting Point 4715 AFE3I0 1 &5 HALE 3F#] Ltth 5a,60-Epoxy-3p-acetoxyandrostane-173-carboxylic acid
'H-, BC-NMR % NOESY spectrum< Varian AS 400 MHz (3) — 3B-Acetoxy-5-androstene-17p-carboxylic acid(2, 300 mg,
spectrometers A3 1 §-vll= CDCly, CD;0DS} DMSO- 0.83 mmol)= chloroform(25 m)ol] &3 A171 3 mCPBA(359
dge AHE-3F310 ™ chemical shifti= tetramethylsilang W32 mg, 2.08 mmol)Ys 7131 60°CellA] 3AIRF RksIit). TLC test
FEAZ AM310] §(ppm) THIE EAISIAAL coupling constant (ethyl acetate : #n-hexane=1:1)Z W5 FE5E Elst & 4w
(N7 Hz= LERRRATE IR spectrum= FT-IR JASCO 4100 o] &5 7Fskal = sodium sulfiteE 7}t mCPBAE A4
spectrometers ARE51] S35 11 GC-Massi= SHIMADZU Sk ethyl acetate® =330t} o5 F54 MgSO,= 713, o
QP5050 model2 AR5 EMH o2 S8}, vlsa2u} st A o NS rotary evaporator® 5% SFal column
E189)(TLC):= silica gel plate(Merck, 60F, )& AR5 1L chromatography(ethyl acetate : #n-hexane=1:3)%Z 2] A5}
359 B2 W AAE 93 medium performance liquid o Aol ASFTES AT Yield: 159 mg(51%), m.p:
chromatography(MPLC):= YAMAZEN MPLC YFLC-AI-580- 202~204°C, 'H-NMR(400 MHz, CDCl,) &: 3.87~3.93(1H, m,
10VE A3 12 column chromatography+ silica gel(Merck 3-H), 291(1H, d, /=44 Hz, 6-H), 2.50(1H, t, J=8.8 Hz, 17-
9385, 230-400 mesh)S o]g3l¥ o AMAR R T Il H), 2.10@8H, s, 3-OCOCH,), 1.06@H, s, 19-CH,), 0.57(3H, s

A k). 18-CH,), *C-NMR(100 MHz, CDCl,) 5: 185.2(20-C=0), 176.2
(3-OCOCHjy), 68.9(3-C), 65.9(5-C), 63.6(6-C), 59.3, 57.2, 44.1,
2] 42.7, 40.0, 38.7, 35.1, 32.6, 31.7, 31.3, 30.1, 28.9, 24.5, 22.9,
3p-Hydroxy-5-androstene-17p-carboxylic acid (1) —Sodium 20.9, 16.1, 13.4, GC-mass(El) my/z: 332[M-C02-1]+, 314[M-
hydroxide 5.95 g2 E(50 m))2} 1,4-dioxane(45 mi)ol] 2-sfA|71 CO,-H,0-11%, IRKBr) cm™: 1255(3-0-COCHj), 1704(20-
% 5°CE 9X38}HA] bromine(1.6 m/, 31.9 mmol)S 7Fetgitt.  COOH), 1729(3-OCOCHS,).
3p-Hydroxy-5-pregnen-20-one(pregnenolone, 3.0g, 9.46 mmol) N-(tert-Butylamino)-3p-acetoxy-5-androstene-17-

- olol = . Cap = § .

< 1,4-dioxane(45 ml)2} E(10 ml)oll EajA)7] Ldof, o] & carboxamide (4) — 3p-Acetoxy-5-androstene-17p-carboxylic acid
SE-S AAE] 7}el 3 8°Coll A 2A)7F wHlEkgit TLC test (2, 300 mg, 0.942 mmol)S benzene(15m)ol A7 =
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triethylamine 4~} oxalyl chloride(0.25 m))E 718} 60°Ce]|
A 1AIZF kAT, TLC test(ethyl acetate : #-hexane=1:1)
2 9S F85E5 913t ¥ rotary evaporator® F A7) L
benzene(10 m/x3)°22 A|A 3 Z=FAIA AASL high vacuum
of|A gkds] 1z AT o5 HE2] A $lo] benzene(15 mi)
£ 78le] £3iA 71 F- tert-butylamine(0.25 m/, 2.36 mmol)E 7}
3Fal A Lo A 24]17F wHESFATE TLC test(ethyl acetate : #-
hexane=1:1)Z W& FE5 RIS & 430 55 7Skl ethyl
acetate® F=3ISITh. o]F -+ MgSOE 7ol -5 A7
3kal oJ}st & o] M-S rotary evaporator® %3kl column
chromatography(ethyl acetate : #-hexane=1:3)%Z #2] A5}
o Ao wA|3IEES LAt Yield: 291 mg(87%), m.p:
216~218 C, *H-NMR(400 MHz, CDCly) &: 5.38(1H, d, /=4.8
Hz, 6-H), 5.08(1H, s, NH), 4.59~4.63(1H, m, 3-H), 2.16
(1H, t, /=86 Hz, 17-H), 2.13(3H, s, 3-OCOCH,), 1.35(9H, s,
NH-C(CH,),), 107(3H, s, 19-CHy), 0.75(3H, s, 18-CHy), “C-
NMR(100 MHz, CDCly) &: 172.1(20-C=0), 170.8(3-OCOCH,),
139.8(5-C), 122.6(6-C), 74.1(C-3), 57.8, 56.6, 51.3, 50.3, 43.7,
38.8, 38.3, 37.2, 36.8, 32.1, 32.0, 29.3, 28.0, 24.7, 234, 21.6,
21.2, 19.5, 13.1, GC-mass(EI) m/z: 355[M-AcOH]*, IR(KBr)
em™: 1248(3-0-COCHy), 1667(20-CONH), 1731(3-OCOCHS),
3422(20-CONH).
N,N-(Diethylamino)-3B-acetoxy-5-androstene-17j3-
carboxamide (5) — 33-Hydroxy-5-androstene-17p-carboxylic acid
(2, 300 mg, 0.942 mmol)= benzene(15m)ol F3AIZ1 $
triethylamine 4% 7}8}3L oxalyl chloride(0.25 m))E 7}3}al
60°ColA 1A1ZF wRESFSITE. TLC test(ethyl acetate : #-
hexane=1:1)% Wk& FEE ERISt T rotary evaporator® &
FA]17]3 benzene(10 m/x3)C. % A& 5, FFAIA A AstaL
high vacuumel|4] €3] 1% A7t} o] & MEe] A glo]
benzene(15 m)E 7}5lo] £38|A171 ¥ diethylamine(0.25 m/,
2.36 mmol)E 78t A2l A 2417 wRESHGITE TLC test
(ethyl acetate : #-hexane=1: DT W3 15 Folst & 4k
o] B2 7}3kal ethyl acetate® FZE3ISItt. o5 F4= MgSO,
2 AFx, st AL NS rotary evaporator® &6kl
column chromatography(ethyl acetate : #-hexane=1:3)% 2]
AAsle] M) AGS At Yield: 282 mg(82%), m.p:
155~156°C, 'H-NMR(400 MHz, CDCly) &: 5.38(1H, d, /=5.2
Hz, 6-H), 4.59~4.62(1H, m, 3-H), 3.77(1H, hext, 20-CH;CH,
H,NCH,H,CH,), 3.68(1H, hext, 20-CH,CH,H,NCH,H,CH,),
3.12(1H, hext, 20-CH,CH,H,NCH,H,CH,), 3.00(1H, hext,
20-CH,CH,H,NCH,H, CH,), 2.033H, s, 3-OCOCH,), 1.09~
1146H, m, 20-CH,CH,NCH,CH,), 103(3H, s, 19-CH,),
0.76(3H, s, 18-CH,), “*C-NMR(100 MHz, CDCly) & 172.4

(20-C=0), 170.6(3-OCOCH,), 139.7(5-C), 122.5(6-C), 73.9
3-C), 56.7, 51.1, 50.1, 45.0, 39.0, 38.1, 37.1, 36.7, 32.0,
31.9, 27.8, 25.9, 24.8, 21.4, 21.0, 19.3, 14.7, 13.8, 13.5, GC-
mass(El) m/z: 415[M]*, 400[M-CH,]*, 355[M-AcOH]*, IR
(KBr) cm™: 1242(3-0-COCH;), 1624(20-CONH), 1726(3-
OCOCH,).

N-(tert-Butylamino)-3p-(2-tert-butylamino-1,2-dioxo-
ethoxy)-5-androstene-17p-carboxamide (6) — 33-Hydroxy-5-
androstene-17p-carboxylic acid(1, 1.0 g, 3.14 mmol)-S benzene
(50 m)¥} methanol(10 m)°ll &3|A]X1 F triethylamine A%}
oxalyl chloride(0.50 m)E 7}3}al 60°CollA 1117+ wHbaliTh,
TLC test(ethyl acetate : n-hexane=1: 1)Z SuE20] AlH3
S &9l3t ¥ rotary evaporator® % A]7]1L benzene(20
m/x3)0 2 AF3ATE o)1= W el A §lo] benzene(50 mi)
off g3 A1 Z tert-butylamine(0.25 ml, 7.85 mmol)S 7}5} 1L
60°CollA ?/\IZ} HESAJIFTE TLC test(ethyl acetate : #n-hexane=
1: DE Rk T55 It & 450 55 718laL ethyl acetate
2 FE33h ol ¥ MgSO,= 71X, o7t & oS
rotary evaporator® %% 3}1l column chromatography(ethyl
acetate : n-hexane=1:3)= 2] FAlsto] H43ek=(6) 2
Ao A% 23(7 8y A3k

6: Yield: 850.1 mg(54%), m.p: 195~198°C, 'H-NMR(400
MHz, CDCly) &: 6.98(1H, s, NH), 5.40(1H, d, /=44 Hz, 6-
H), 5.11(1H, s, NH), 4.69~4.74(1H, m, H-3), 1.40(9H, s, 20-
HNC(CH,),), 1.3509H, s, 3-HNC(CH,),), 1.033H, s, 19-CH),
0.708H, s, 18-CH;), “C-NMR(100 MHz, CDCly) &: 172.0
(20-C=0), 161.0(3-0-CO-CO-N-), 155.9(3-0-CO-CO-N-), 139.3
(6-C), 123.1(6-C), 57.8, 56.6, 52.0, 51.2, 50.2, 43.7, 38.7,
36.8, 32.0, 29.3, 284, 275, 24.7, 23,4 21,2 194, 13.1, GC-
mass(El) m/z: 373[M-(CO-CO-NHC(CH,);+H)]*, IR(KBr)
cm™: 1246(3-0-CO-CO-N-), 1507(20-CONH), 1666(3-0-CO-
CO-N-), 1697(20-CONH), 1707(3-0-CO-CO-N-).

N-(tert-Butylamino)-3p-(2-methoxy-1,2-dioxoethoxy)-5-
androstene-17B-carboxamide (7) - Yield: 331.9 mg(23%),
m.p: 219~222°C, 'H-NMR(400 MHz, CDCly) &: 6.99(1H, s,
NH), 5.40(1H, d, /=2.8 Hz, 6-H), 4.69~4.73(1H, m, 3-H),
3.67GH, s, OCHj), 1.40(9H, s, 20-HNC(CH,;);), 1.00(3H, s,
19-CH,), 0.68(3H, s, 18-CH,), *C-NMR(100 MHz, CDCl,) &:
174.5(20-C=0), 160.8(3-0-CO-CO-OCH,), 155.7(3-0O-CO-CO-
OCHjy), 139.3(5-C), 122.8(6-C), 56.1, 552, 51.8, 49.9, 43.9,
38.1, 37.6, 36.9, 36.6, 31.9, 31.8, 28.2, 27.3, 24.6, 23.6, 20.9,
19.3, 13.3, GC-mass(EI) m/z: 373[M-(CO-CO-OCH;+1)]*, IR
(KBr) cm™: 1196(-0-CO-CO-OCH,), 1672(3-0-CO-CO-OCH,),
1690(20-CONH), 1722(3-0-CO-CO-OCHjy).
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N-(tert-Butylamino)-3p-carboxycarbonyloxy-5-andro-
stene-17p-carboxamide (8) — Yield: 210 mg(15%), m.p: 181~
183°C, 'H-NMR(400 MHz, CDCl;) &: 7.01(1H, s, NH), 5.40
(1H, d, /=2.8 Hz, 6-H), 4.70~4.73(1H, m, 3-H), 1.40(9H, s,
20-HNC(CH,),), 1.01(3H, s, 19-CH,), 0.693H, s, 18-CH,),
BC.NMR(100 MHz, CDCl;) &: 180.020-C=0), 161.0(3-O-
C0O-CO-0OH), 156.0(3-0-CO-CO-0OH), 139.5(5-C), 123.0(6-C),
56.4, 55.3, 52.1, 50.1, 44.3, 38.1, 37.8, 37.1, 36.8, 32.1, 32.0,
28.4, 275, 24.7, 22.6, 21.0, 19.5, 13.3, GC-mass(EI) m/z: 355
[M-(0-CO-CO-OH+1)]*, IR(KBr) cm™: 1200(3-O-CO-CO-
OH), 1246(3-0-CO-CO-0OH), 1508(20-CONH), 1667(3-O-CO-
C0O-0OH), 1697(20-CONH), 1704(3-0O-CO-CO-OH).

5a,60-Epoxy-N-(tert-butylamino)-33-(2-tert-butylamino-
1,2-dioxoethoxy)androstane-17p3-carboxamide (9) — N-(fert-
Butylamino)-3p-(2-tert-butylamino-1,2-dioxoethoxy)-5-andro-

stene-17p-carboxamide(9, 150 mg, 0.30 mmol)= chloroform
Gmhol 3271 5 mCPBA92 mg, 0.53 mmol)E 7}&}aL
60°CollA] 2A17F RS, TLC test(ethyl acetate : #-hexane=
1: DE NS 55 1 & 430 5L 78kl ¥ sodium
sulfiteZ 7}3l0] #leke] mCPBAZ A7 11l ethyl acetate®
FE3I5TE 015 F= MgSO,2 AF, o3 Al § oS &
F3lo] I A73E4S column chromatography(ethyl acetate :
n-hexane=1: 3)= 2] JAsto] A vAsIEHES AUt
Yield: 89 mg(58%), m.p: 227~228°C, 'H-NMR(400 MHz,
CDCly) &: 6.98(1H, s, NH), 5.02~5.101H, m, 3-H), 5.05(1H, s,
NH), 2.92(1H, d, /=44 Hz, 6-H), 1.399H, s, 20-HNC(CHj),),
1.34(9H, s, 3-HNC(CH,),), 1.02(3H, s, 19-CHy), 0.63(3H, s,
18-CH;), “C-NMR(100 MHz, CDCl) &: 172.0(20-C=0),
160.9(3-0-CO-CO-N-), 155.9(3-0-CO-CO-N-), 65.4(3-C), 59.4
(5-C), 57.5, 56.7, 52.1, 51.3, 43.7, 42.8, 38.4, 35.9, 35.2, 32.3,
30.0, 29.2, 29.0, 28.8, 28.4, 26.9, 24.4, 23.3, 20.8, 16.0, 13.2,
GC-mass(E) mi/z: 516[M]*, 371[M-(HN-C(CH,); x2)]*, IR
(KBr) cm™: 1243(3-0-CO-CO-N-), 1517(20-CONH), 1666(3-
0-CO-CO-N-), 1697(20-CONH), 1704(3-0-CO-CO-N-).
N,N-(Diethylamino)-3pB-(2-diethylamino-1,2-dioxo-
ethoxy)-5-androstene-17p-carboxamide (10) — 3p-Hydroxy-
5-androstene-17p-carboxylic acid(1, 400 mg, 1.26 mmol)<
benzene(15 m/)¥} methanol(3 mi)ell §-aiA17] 3 triethylamine
423} oxalyl chloride(0.35 ml)E 78kl 60°CollA] 1A17F wwE
3}t TLC test(ethyl acetate : #-hexane= 1: )% HH5- &5
= 213t T rotary evaporator® 5%A17]1 benzene(10 m/x
3)s ¥t HHEslo] SHAIA mRES-2] oxalyl chlorideE A|A
3lal high vacuumellA] €d3] ZAZAIH o5 M2 A §l
o] benzene(15 m)= 7}3lo] €33k 3 diethylamine(0.39 m/,
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3.77 mmo)E 7}3tal A2l Al 2412t wHESESITE TLC test
(ethyl acetate : #n-hexane=1:1)Z W5 FE5E &lst & 4w
°] 55 7Iskal ethyl acetate® FZ3I91tt. o5 ¥ MgSO,
£ 71eto] RS AlAskaL ofFst §, oJHS rotary evaporator
= 5%3}3L column chromatography(ethyl acetate : #-hexane=
1: D= 2] gAlsto] 2] uA|slghES AT Yield: 459
mg(73%), m.p: 161~163°C, 'H-NMR(400 MHz, CDCl,) 8:
5.42(1H, d, /J=4.9 Hz, 6-H), 4.77~4.85(1H, m, 3-H), 3.78(1H,
hext, 20-CH,CH,H,;NCH,H,,CH,), 3.68(1H, hext, 20-CH,CH,
H,NCH,H,CH,), 342@2H, q, /,=72, J,=7.2 Hz, 3-CH,CH,
H,NCH_H,CHy), 329(H, q, /,=6.8, J,=7.6 Hz, 3-CH,CHH,
NCH,H,CH,), 3.12(1H, hext, 20-CH,CH,H,NCH,H,CH,),
3.00(1H, hext, 20-CH,CH,H,NCH,H, CH,), 2.63(1H, t, /=8.8
Hz, 17-H), 1.09~1.25(12H, m, 3,20-CH,CH,NCH,CH,), 1.03
(H, s, 19-CHy), 0.77(3H, s, 18-CH,), “C-NMR(100 MHz,
CDCl,) 8: 172.6(20-C=0), 163.1(3-0-CO-CO-N-), 161.8(3-O-
CO-CO-N-), 139.2(5-C), 123.3(6-C), 76.1(3-C), 56.9, 51.3,
50.3, 45.2, 42.7, 39.2, 39.1, 37.9, 37.2, 36.9, 32.2, 27.7, 26.1,
25.0, 21.2, 19.5, 14.9, 14.4, 14.0, 13.8, 12.8, GC-mass(EI) m/z:
355[M-(N(C,H,),x2)-1]*, IR(KBr) em™: 1215(3-0-CO-CO-N-),
1630(3-O-CO-CO-N-), 1651(20-CONH), 1739(3-0-CO-CO-N-).

5a,60-Epoxy-N,N-(diethylamino)-3p-(2-diethylamino-
(11) - N,N-
(Diethylamino)-3B-(2-diethylamino-1,2-dioxoethoxy)-5-andro-

1,2-dioxoethoxy)androstene-17p-carboxamide

stene-17p-carboxamide(10, 300 mg, 0.60 mmol)S- chloroform
(10 m))°ll ga1X71 3 mCPBA(186.38 mg, 1.08 mmo)Z 7}a}
I 60°CollAl 2A1%F wRESFSITE. TLC test(ethyl acetate : -
hexane=1:1)Z ¥-§ FEE RIS & 4739 S 7ot ¥
= sodium sulfiteE &% 7}8l4] mCPBAE A4 3}l ethyl
acetate®™ FZ3IT}. o]& T MgSO,= 7x%, o7t & o
&S rotary evaporator® &% 5Fal column chromatography
(ethyl acetate : n-hexane=1: 3)Z 2] AAlsle] 32 1143}
S AU Yield: 214 mg(69%), m.p: 184~187°C, 'H-
NMR(400 MHz, CDCl;) &: 5.11~5.18(1H, m, H-3), 3.75(1H,
hext, 20-CH,CH,H;NCH,H;CHy), 3.64(1H, hext, 20-CH;CH,
H,NCH,H,CHy), 3412H, q J,=72Hz, J,=68Hz, 3-
CH,;CH.H,NCH HCHy), 3.29CH, q, /;=72Hz, J,=8.8 Hz,
3-CH,CH H,NCH.H,CH;), 3.10(1H, hext, 20-CH,CHH,
NCH,H,CH;), 2.99(1H, hext, 20-CH,CH,H,NCH,H;CHy),
294(1H, d, J=4.4Hz, 6-H), 2.58(1H, t, /=8.8Hz, 17-H),
1.10~1.29(12H, m, 3,20-CH,CH,NCH,CH,), 1.093H, s, 19-
CH,), 0.703H, s, 18-CH,), “C-NMR(100 MHz, CDCl,) &:
172.4(20-C=0), 162.7(3-0-CO-CO-N-), 161.7(3-0-CO-CO-N-),
74.2(3-C), 65.3, 59.4(5-C), 57.0(6-C), 51.0, 45.1, 42.7, 39.2,
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38.8, 36.0, 35.3, 32.4, 30.2, 28.9, 27.1, 25.9, 24.8, 20.8, 16.0,
14.9, 14.4, 14.0, 13.7, 12.7, GC-mass(ED) m/z: 516[((M)*, 372
[M-(N(C,H.),x2)]*, IRKBr) cm™: 1214(3-0-CO-CO-N-),
1631(3-0-CO-CO-N-), 1649(20-CONH), 1739(3-O-CO-CO-N-).

N-(3-Pyridino)-3p-(2-hydroxy-1,2-dioxoethoxy)-5-andro-
stene-17p-carboxamide (12) — 3p-Hydroxy-5-androstene-17j3-
carboxylic acid(1, 318 mg, 1.00 mmol)= benzene(15 m))°] &
SISt - triethylamine 4~%-8- 718}l oxalyl chloride(0.20 ml)E
7k 60°CellA] 1A17F wHksIATE. TLC test(ethyl acetate : -
hexane=1:1)Z Hk5- F855 RIS & rotary evaporator® &
ZA]7]1 benzene(10 mIx3)C. =2 A2 T Z={A|A A|AsEL
high vacuumellA] 3] AZ A|ZITh, o] & o] A glo]
benzene(15 ml)°ll £3|A|Z1 & 3-aminopyridine(113 mg, 1.20
mmol)®] benzene(2 m/) &4 7Ftar oA 2A17F WEG-A]
Zok. TLC test(ethyl acetate : n-hexane=1:1)Z HF5 F85
geI3k & 22ko] 55 718}l ethyl acetate® &3t} o]
= 4 MgSO,=Z 1%, oukst oINS rotary evaporator®. &
%3}3l column chromatography(ethyl acetate : #-hexane=1 : 3)

2 e GAste] d29 A4S AUk Yield: 279 mg(60%),
m.p: 330~333°C, 'H-NMR(400 MHz, CDCly) &: 8.98(1H, s,
OH), 8.74(1H, s, pyridine 2-H), 8.46(1H, d, /=2.8 Hz, pyridine
6-H), 8.28(1H, d, /=8.4 Hz, pyridine 3-H), 7.27~7.37(1H, m,
pyridine 5-H), 5.40(1H, d, /=5.2 Hz, 5-H), 4.81~4.93(1H, m,
3-H), 4.00(1H, s, NH), 1.07(3H, s, 19-CH,), 0.76(3H, s, 18-
CH,), C-NMR(100 MHz, CDCl,) &: 178.3(20-C=0), 160.1
(3-OCOCOOH), 154.8(3-OCOCOOH), 146.5(5-C), 141.1~123.4
(pyridine) 127.4(6-C), 56.4, 50.1, 44.2, 38.2, 37.8, 37.5, 36.9,
36.8, 32.2, 32.0, 27.6, 24.8, 23.7, 21.1, 19.6, 19.5, 13.4, GC-
mass(ED m/z: 466[M]", IR(KBr) cm™: 1033(3-0-CO-CO-OH),

HO
Pregnenolone

boq

1

0, O§OH
H;C0C0™ 2
3
C
0
OH OH
b
HO H;COCO
2

1056(3-0-CO-CO-OH), 1508(20-CONH), 1658(3-0-CO-CO-
OH), 1723(20-CONH), 1764(3-0-CO-CO-OH).

50-Reductase X3l

Sprague-DawleyZl 34 rat®] B4 342 homogenizeX]
7] erls whsar oln] Bargl W ¥l F38l0] So-reductase
A B4& Fstolon StEel R 1x107, 1x107 7
1X10°M& AT

Al
=

i

A o

[

s

5a-Reductase A#A] 75 918to] azasteride 1D 2] &3t
E°] ol androstane F4 TIt|E fA5PAA 3HI} 17H 9]
2ol 2375 E]18kaLA) SFiTE. 3-Acetoxy-5-androstene-17-
carboxamide -4 Aol digt A 7798 Scheme 1ol ek
Wilc}. 3-Hydroxy-5-pregnen-20-one(pregnenolone)S- AR5}
methylketones ¥4 =7} s} 4% carboxylic acidE 34
stal o5 ELEARE ARESEIITE NaOHS} bromines ©]-8-3t
haloform W55 551 3p-hydroxy-5-androstene-17p-carboxylic
acid(1)& 3dat3ich. 'TH-NMR spectrumelA] 2.11 ppmellA] X
o]el 211 methyl 54 peak’} Al Z13} BC-NMR spectrum
oA 175.4 ppml A carboxylic acid®] carbonyl ¥4 peak2}
142.0, 121.1 ppmel|A] ZH2t 5-C9} 6-Co] o]FAE ©AE 2l
STk

3% ¢1x]o] OH7]°]l carbonyl 715 7} X375 98}
5a-reductase AsA|EA S BAS HESIAF 1S F52AES
2 olAle3s}ale] 3B-acetoxy-5-androstene-17-carboxylic acid
(2)Z 3J319ict. TH-NMR spectrumelA] 2.03 ppmellA] 3H o}

e
H;COCO

OggN
H;COCO

S
~

Reagents and conditions; a: i) NaOH, Br,, Dioxane, 8°C, 2 h, ii) Reflux, 15 min, iii) 5 M HCI, b: (CH;CO),0, H;PO,, RT, 1 h, c: mCPBA, CHC,,
60°C, 3 h, d: i) (COCl),, Benzene, 60°C, 1h, ii) NH,C(CH;);, Benzene, Methanol, RT, 2 h, e: i) (COCl),, Benzene, Methanol, 60°C, 1h, ii)

NH(C,H;),, Benzene, RT, 2 h.

Scheme 1 - Synthetic methods of 3B-substituted-5-androstene-17B-carboxamide derivatives.
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A& 712l methyl =249}, BC-NMR spectrumol| 4 179.5(17-
C=0), 170.6(3-C=0) ppm°l|~] carbonyl €4 peak F7/1& &
ol skgitt. 3138 22 mCPBAY) WH3A17 5a,60-epoxy-3p-
acetoxyandrostane-17B-carboxylic acid@)Z &4 &}t H-
NMR spectrumel¥] o523 44 peak’} AREAIL 2.91 ppm
o olEAEl @ 60 4 peake} BC-NMR spectrum®] 142.0,
121.1 ppmelAe] 01543t B4 peak’} AL 65.9, 63.6 ppm
oA o ZAI3} B 59 68 Bk peakES EH18}9itt. 5,6-Epoxy
o] i3t AAEFeke 1D-NOESY spectrum® 2 HE 612]
4 peak®} 19912] methyl 54 peak?tell correlation peak”}
AT = 102 g-configurationd-S A3

3}5HE 29] 179 carboxylic acidE oxalyl chloride= HH§-A]
A2 F, tert-butylamine 2} diethylamine-=-
Z}7} 7}s}od  N-(tert-butylamino)-3p-acetoxy-5-androstene-17-
carboxamide(4)$} N, N-(diethylamino)-3p-acetoxy-5-androstene-
17p-arboxamide(5)E A st} 49 Tx2H¢1S TH-NMR
spectrumelA 1.35 ppmelA] tert-butyl?19] =4 97l peaks} BC-
NMR spectrumelA] 30.1 ppmellA] tert-butyl’]12] B4 FE &

A acyl chloride &

NH

\4/

HNIO
0o~ 0O (_)‘
9
[

10

12

¢l &}9irt. 59 T3 'H-NMR spectrumelA] 3.00~3.77 ppm
oA diethyl”] ¢ CH, peak F 7N, 1.09~1.14 ppmel| ] CH,
peak 7 7IE &9l 819131, BC-NMR spectrumelX] 45.0 ppm}
13.8 ppmell] ZH2} CH,9} CH, peak® -] diethylamine®] %]
go] H3les gkl

3 9 Aol carbonyl”] + ME 7H F5x] FAARES
Scheme 21 YEFHATE 1] 1790 91X 9] carboxylic acidS
acyl chloride® 931 tert-butylamine} Wh3-A)71 A3} Exal=
5} 15 N-(tert-butylamino)-3-(2-tert-butylamino-1,2-dioxoethoxy)-
5-androstene-17p-carboxamide(6) 3} A& Z A1 N-(fert-butyl-
amino)-3p-(2-methoxy-1,2-dioxoethoxy)-5-androstene-17p-

carboxamide(7), N-(fert-butylamino)-3f-carboxycarbonyloxy-5-
androstene-17p-carboxamide(8)E 217t 54%, 23% X 15%<]
EE% A9t} 69 'H-NMR spectrumelA] 6.989} 5.11 ppmel]
A 5 719 NH peak?} 1.40, 1.35 ppmellA] 5+ 712 tert-butyl’]
2 peaks 2RI8IIEE PC-NMR spectrumel|d 172.0, 161.0,
155.9 ppmellA] 371¢] carbonyl B2 peakES 16k T, 139.3
(5-C), 123.1(6-C) ppmelA] + 712 o]5d g B4 peaks 2l

NH o NH o NH
H3CO._O HO._O
+ I + I
[0 N0 (O N0)
7 8

o. [
N
N—

le.

11

Reagents and conditions; a: i) (COCl),, Benzene, Methanol, 60°C, 1h, ii) NH,C(CHs);, Benzene, RT, 2 h, b: mCPBA, CHCl,, 60°C, 3 h, c: i)
(COCl),, Benzene, Methanol, 60°C , 1 h, ii) NH(C,Hy),, Benzene, RT, 2 h, d: i) (COCl),, Benzene, 60°C, 1 h, ii) 3-Aminopyridine, Benzene, RT,

2h.

Scheme 2 - Synthetic methods of 3B-substituted-5-androstene-17p-carboxamide derivatives.
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SISl 35 72 3 99X OH7]ell oxalyl chloride”} ¥+
3lo] -OCOCOCk] AAd=]ar o37]el] €m|Z 713+ methanolo] RF
350 esterq] -OCOCOOCH,0] &Ae 7oz Aztec), 'H-
NMR spectrum®] 6.99 ppmelx] NH peak®} 1.40 ppmellA] fert-
butyl”] 4> peak®} 3.67 ppmoA4 methoxy”] 4> peak® F-
B 79 722 g1ttt BC-NMR spectrum©l Al 174.5,
160.8, 155.7 ppmollA 3712] FF2 R d7]9] &4 peakE Elsk
%L, 139.3(5-C)¢} 122.8(6-C) ppmelld F 7H2) 015 Ag g
peakE FRIsISIt.

3 9)Xol| carboxyl’|Z 7} 82] 'H-NMR spectrum®] 7.01
ppmOllA4] NH peak, 1.40 ppm®l| A fert-butyl”] =4~ peak’} &
Q1=]9t}. BC-NMR spectrumellA] 180.0, 161.054 156.0 ppmel]
2] 3719 carbonyl B4~ peakE 131%1 11, 139.5(5-C), 123.0
(6-C) ppmellA] 7 7He] o]FH3 ¥4 peakE ERISIITE 85
mCPBAZ. epoxy3} 2171 23} 5a,60-epoxy-N-(tert-butylamino)-
3B-(2-tert-butylamino-1,2-dioxoethoxy)androstane-173-arbox-
amide(9)°] A= Th TH-NMR spectrumelA] o543t 424
peak’} AFEFR1AL 2.92 ppmoll A o|ZEA3}F ¥ 61 4 peak’| L
EhgS gl 8 4 gtk BC-NMR spectrumell 4 139.3,
123.1 ppmelA] o545 ©0] peakis AlRKIAL 59.49} 57.5 ppm
oM o ZAI3} ¥l 5, 64 ¥4 peakES EHlE = Uit

312 hydroxyl”]”7} protection ] &2 3
chlorideZ ©]8€-5}9] acyl chloride ¥4 ¥ diethylamine¥} ¥+-3-
A7 Ay 3H T 1790 25 amide 43S 7H NN-(di-
ethylamino)-3B-(2-diethylamino-1,2-dioxoethoxy)-5-androstene-
17B-carboxamide(10)7} ¥4 = Ic}. Diethylamines ARE-3+ 7
$& triethylamines AR-st 7-9-9F T}=A] FakEo] Goj=]=]
okokt. 109 7%= 'H-NMR spectrumeid] 3.00~3.78 ppm -
|4l CH, peak U] 7ll, 1.09~1.25 ppmel|A] CH; peak U] 7l
= gl 31903, BC-NMR spectrumell4] 163.1%F 161.8 ppme]]
2] carbonyl ¥4 peak + 7| E HF-E] diethylamine®] FZ: o]
amide A3t S5 ERISFATE. 108 mCPBAS} WE-A121 A3}
5a,60-epoxy-N, N-(diethylamino)-3B-(2-diethylamino-1,2-
dioxoethoxy)androstene-17p-carboxamide(11)7} /3 & 3t}
'H-NMR spectrumellA] ©]52%He] 44 peak’} A3 2.94

3= 15 oxalyl

ppmellA] A3 | 61 4 peaks &}l & 5= Qglon BC-
NMR spectrum®l| 4] 139.2¢} 123.3 ppm AFe]2] fieldol| A ¢]5
Ast ©-20] peakthal 59.49F 57.0 ppmelld olZA|3L ¥ 5, 641
k0] peaks RIS 4= AT

313HE 125 1799l pyridine 125 T3] $15ke] 3-
aminopyridines ©]8-3to] flelx e} 22 Wi ow FHAste] N-
(3-pyridino)-3B-carboxycarbonyloxy-5-androstene-17p-carbox-
amide = ¥QIc}. 313HE<] 7%= H-NMR spectrumells] 8.74,
8.46, 8.287} 7.27~7.37°14 47112 pyridinex®]e] 4712] 48}
141.1~123.4°14] 57112] pyridine 12]2] 2R E S &
Q133

5a-Reductase inhibitory activity

5-Androstene®] 3¥ol= carbonyl”’|S %383t x|87|9} 179
ol carboxamide A& 712l SET o5 epoxy FEAE
et 1259] 3FetEol tisle] Sa-reductase A S &
et on 1 A= Table Io] AASFICE

3H $1Xel| bulky groups X371 BE 3}5HEA finasteride
Ho} £ A9E YehiK] Z3iaint. 17 %171 carboxylic acid
A A9 3FE 19] 3%1% OH71E acetyl’|= X317 315+
2(23.0%)7}F 2318 35E 147.0%)RCF AsjdAo] sl
3}eHE 29 179 carboxylic acidE ter-butylamine?} N,N-
diethylamine® 2 Z}2; H-S-A|7 carboxamide -F-=A] 4(27.6%)
9l 5(45.3%)5 FJ3IR o™ 52 Ed F7= diethylamine ©]
tert-butylRth A3l /gl fFefshAl 2-gahk= AR AAZE S
t}. 38 $IA] ol acetyloxyR.t} carbonyl”]7} sk o S7kd &
A9l 6, 77 82 39] ¢l fert-butylcarbonyl, methoxycarbonyl
123 carboxylZ |7} X8k slRtE A 28.0%, 38.9% 17]iL
432%°) A&l B 247 e on o= COOH71¢] #|3H]
7} Z&rE B0 SRS Bt 3 X Fds X3
715 7K1 12(68.5%)% 2> A3 HERILCH, 179] carboxylic
acidell pyridine 3727} Ast 129] &/do] & v S7He A2
2 )30 fert-butyl BUR= pyridine 728 W8S 3l8lEo0] G4
7t At Aew A7

3919} 17 YAl T fert-butyl”’] == N,N-diethylcar-

Table I - 5a-Reductase inhibitory activity of 3B-substituted 5-androstene-17B-carboxamide derivatives

Compounds % Inhibition* 1C5, M) Compounds % Inhibition*® IC5,(M)
1 47.0% >1x10° 8 52.8% 6.2x10°
23.0% >1x10% 9 46.9% >1x10°
3 33.6% >1x10° 10 38.0% >1x10°
4 27.6% >1x10° 11 23.0% >1x10°
5 45.3% >1x10® 12 68.5% 2.4x107
6 38.9% >1x10% | 100.1% 1.2x107

7 43.2% >1x10°

#5} 5 0] =% 1x10° Mol 4 2] % inhibition, **F: Finasteride.
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50-Reductase #3li412] 34 2 24 473

boxamide A& 714 3% 63 10(38.0%)> & O bulky
group Q! teri-butyl’15 2= 35HE 60] W A&l S e
U= 218 & 5 33tk 5, 6 X0l epoxy 125 71K SlkE
3,9 2 112 3(33.6%)7} 9(46.9%)= ad ZitEd (29 7)8.
o} &Xo] 78I o 11(23.0%)- E¢E4 10 B 7H4s)
Act.

2 =

AP 2 A vigls XA /8-S 93l 5a-reductase
inhibitor2 #-8-& 4= 9l 3B-substituted-5-androstene-17p-
carboxamide$} epoxy A 1255 TAISIAL ratd] HE-AHA
S AFE31Y radioimmunoassay © 98] E4S 431 5-
Androstene =22] 391x]9l bulky3t groups XEAIZ1 & 3}
=0l finasteride .t} & A 45 vpeblloH], N-3-
pyridino)-3B-carboxycarbonyloxy-5-androstene-17B-carbox-
amide(12, ICy: 24X 107, 68.5%)7} 7V £ GAS B th
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