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androgen receptor binding” J. MED. CHEM. vol. 29, 1986,
pages 2298-2315.
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ABETRACT

Irhibitlon of Se-reductase and anti-emdrogenicity were studied in rats
treated with varicus 4-gzastercids. The known inhibitor, ¥,N-diethyl-4-methyl-
3-oxo-4-aza-$ ac-androstene-17 R-carboxamide (4-MA) served as a referenpce
campound, and analogs of this basic molesule werp sssayed. Enhancement of
engymea Inhibitory po was ysunlly seen with & analoge, whereas reduotion
in Retivity wes noted with substitutuents such as 47, & spirctetrehydrofuran
ring at C-17 or 4-deaza groupe.

Many of the 4-azastercids had a mueh greater or&l antf-androgenic effect
against testosterone propionate {TP} than dlhydrotestosterene proplonate (DHTE).
This difference in activity versus the two androgens is believed to reflect the
necesyity for TP to underge reductlon to DMT befors becoming capable of
stlmulating prostatic growth. Inhibition of Ss—redustass by active compounds
prevented the conperalon, thereby producing an anti~androgenic effect. In this
regard, certaln 4" anhalogs of 4-MA, partleularly those bearing a 178-{N-tert
titytearbamoyl) group, proved very effective agminst TP but were relatively
ipactive versus DHTP.

INTRODUGCTION

The enzyme a‘-a-ketmtemid Se-rechictnse has been found in the male sex
accessory glands of several species {1). Among other actlons, it cetalyzes the
conversion of testostercne (T) to Sa~dihydroteatosterone (DHT) in the rat (2,3),
deg (4), and human {§). Dihydrotestosterone hag been proposed as being the
getive metabolite primerily responaible for prostate growth (2), 8 view which
Is mpported by reports of increnged lavela of DHT [n the hyperplastie prostates
of men {8) and dogs (7). Also, B hersditary laei of Sa-reductass is assoclated
with vesy small prestate slze in adult men (A). Increased loesl concentrations
of DHT have been noted in acne vulgeria {8,19), and higher In vitro convearsion
rates of labeled T to So-reduced metabokites were obtained with skin from

hirsuta, s sompared ta normal, women 11,19,
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Inhibition of Se-reduatase should lead to a reversal or amelicration of the
dizsease stetes eited above. A search for 2 chemieal inhibjtor of @ -reductase
lacking the potentizl side effects of such knewn inhibitors as progesterane (13}
or deoxycorticosterone acetate (14) led to the discovery of 4-MA, 178-N,N-di-
ethyl-4-methyl-3-oxo-4-aza-5o-androstane-1TE-carhoxamide (15). The chemistry
and kinetics of 4-MA and certain related compounds have been deseribed in &
series of papers [ram these laboratories [15-20). The present report deteils
results obtained with various 4-agagtercids in in vivo assays for Sa-reductase
ithibitory and anti-androgenic activities. Certain strueture-aetivity relatlonships
are noted and discussed.

EXPERIMENTAL

Determination of So-reductase inhibition .

The procedures used to determine the in vive inhibition of Screductase
in rat prostate were deseribed previcwsly (i85, In brief, intsct male rsts
weighing epproximately 200-220 g were placed in groups of 34 animals each.
In the earlier assays, the rats were treated by subeutanecus injeetion at 0 and
20 h end sacrificed st 24 h. However, In the majority of the tests, they were
treated only cnce, 4 h prior to their zsepifiee by deeapitation. The ventral
prostate was removed and homogemized in buffer. In the earlier tests, the
prostates were pocled by proup bafore being homogenized, but in later assays
they were homogenized indlividually. Ethyl seetate was used to extract steroids
frem the homogenates, and the extracts were fractionated on a Sephadex LHEZ0
golumn to separate T and DHT. The respeetive fraotlons were stbjected to
radieimmunoassay (21} to determlne their concentrztions of T and DHT. Here
agaln, a more detailed aecccunt of the RIA procedures used ih our laboratory
has been reported (15).

Anti-androgen sssay (castrate rats%
Immature male Crl: R tats welghing about 50 g wera obtained
from Charlés River Labs {Wilmington, MA). They were castrated, end an the

fellowing day the T-day experimental perlod was begun. Stimulated controls
teceived a daily sc Injectlon of 0.1-0.25 mL eottonseed ofl (5% ethanol) vehizle
containing either 10 wg testostercne propionate (TP) or 20 ug dihydrotestosterone
propionata [DHTP). They were also given 0.25-0.5 mL of vehirle deity via an
atal feeding needle., Treatment rats received either TP or DHTP by sc injectien
and, in iticn, were given a dafly oral dose of one of the test 4-szasteroids.
The mnimels were sacrificed on the elghth dey, and the wven:ral prostate was
removed and weighed to the nearsst milllgram.

Anti-androgen assay (intsct rats

Intact male rats (Charles River] welghing about 200 g were used. They
were dosed daily for 14 days using an orel feeding needle. Vehicle controls
received 1 mL cottonseed off (5% ETOH) daily per 250 g body weight, while
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treated rats received a 4-azastercid at the dosape level of 30 mg/kg/day. On
the day after the last dose, the rats wera sacrificed, and the ventral prostate
and seminel vesieles were removed snd weighed to ihe nearest mildigram.

Teble 1, Names of the compounds nseayed for Soreductase inhibitory andfor
enti~androgenie activity.

Compournd Name

el -0 b | 0t . onolle &3 BD

1%
13
14
15
16
1T
13
19
20
Fal
22
23
24
25
28
F1j
28
29

11
a2
4
35

i

N, N-diethyl-4-methyl=3-oxo-4-aza-5e-androstane-17a -earboxamide

N H-diathyl-3~oxc—4-aza-f —airostene-176 ~¢arboxamide

N N-dlethyl-¢-meathyl-3-oxo-d-aze-Sa-androst-1-ene-17 f-carboxamide
H,H-diethyl-3-oxXo-4-aza~5: ~androat-1-ere-17 f-carboxamide
N,N-diathyl-4-methyl-1x .2 o-methylene-3-oxo-4-aze-5q-androgtane-
178-carboxamide

N, N-diathy1-28-fluoro-4-meathyl-I-oxo—4-aza-50-andrastane-17¢-
carboxamide

N, N-diethyl-4-methyl-J-oxo—4-aza-D-homo-Ja-androstane—17ae-
carboxamide

N N-disthyl-4~-methyl-1-oxe—i-axa-5a—pregn-1T{20HE}-en-21 -amide
N, N-dlethyl-4-n ethyl-5-oxo-4-aza~5a ~pregn-20(E>ene-21-carboxamide
M, N-bla(l-methylethyl-4-methyl-3-oxo-4-azpandrost-5-ane-175-
carboxamide '

N H-bis{l-methylethyl-4-methyl-3-oxo-4-aza-du-androstane-17a -
earboxamide

N, W -pis(l -methy ety I-3-0xo-4-Rea-Sc -androstene—17 g -parboxanmide
H,¥-bla(1-methylethyl-3-oxo-4-aza-5% -androst-1-ene-173-earboxamide
N,N-diethyl-4-methyl-3-cxo-4-aza-So-pregnane-20{5)-carboxamide
N, ¥-diethyl-4-methyl-}-txo-4-aze-fa-cholen-24-emide
N-oetyl-4-methyl-3-oxt—4-aza~5 -androstane-172 —carhoxemide
22(RS}-methyl-4-aza=21-nor-5o-chol sne-3, 20-diohe
23(A8)Fmathyl-4-aza-21-nor-§o-chol-1-ene-3,20-dione

4, 12 RBdimethyl-d-aza=21=-nor-5g-cholane-3,20-dicne

4,22(R8>dim sthyl-4-aza-31-nor-5u-ghol-1-ene-3,20-dlone
178-{2-hydroxy-1(8}-methylethyl-4-metliyl-4-aza-5So-androatan-3-ona
178-hydroey-4-methyl-4-aza-5u-androst-1-em-3-one
178=-hydroxy-4-methyl-4-azaandrosia-1,5-dian-3-cne
178-hydroxy-4-aza-So-androat-1-en-3-ane

sodium 4-methy3-oxo-4-aga-So-pregnane-20{8)}-oarboxylate
acdium 3-oxo-4-&za~5 o-pregnane-20(8}-oarboxylate

sodium 4-methyl-3-oxo—~4-aga-So-pregn-1-ene-20(8}-carboxylate
sodium 3-0xo-4-aza-5¢ -pregn-1-ene-20(8}-carboxylate
3-oxo-4-azs-5o-androst-1-ane-178 -sarboxamide
d-methyl-3-oxo-4-aga-So-androst~l-ene-1T=carboxamide
N-athyl-3-oxo-4-aza-Sc-androst-1-ene—1T —carbozamide
NH-ethyl-4-methyl-8=oxc-4-azn-5 a-androat-i-ene-17 E~earboxamide
N-{1,1-dimathylathyl}-2-methyl-3-oxo-4-aza-50-androat-1-ene-1 T8~
carboxamide

N~(1,1-dimathylathyl-i-oxo—d-axa-5 c-androat-1-ene-17 E-carboxamide
178 -{1H-pyrrol-2-ylearbonyl)-4-aes-5o-androstan-3-one

4-methiyl-178 {1 B rarponyiid-aza ~So-Endrosl -1-en-S-the
17541?—wmkz-ﬂmm%rﬁu-mm-l-mra-nm
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3e

a8
41
41
42
43
44
45
46
47
43

49
50
51
52

53
54
53
56

a7
3B
59
60
At

2, ¥'e-tetrahydrofuran-2'-gpire-17-{4-methyl-i-aza-Sa-endrogtan-
2o} -

methyl 3-oxo-4-sza-5 -androstane-178 -earboxylate

potassium J-oxo-4-aza-So-androstane-17 p-carboxylate )
H,N-diethyl-4-methy}-3-oxo-4-azaandrost-5-ene-178-carboxamide
17p-hydroxy-4-methyl-4-eza-5 -androatan-3-one
#-methyl-4-2za-50 -pregnane-3,20-dione
4-aza-So-pregnane-3,20-dione
17E-trydroxy-4-methyl-{-aza-13-nor-5¢-androstan-j-one
178-hydroxy-4-methyl-4-azaendrostan-5-en-3-one
4-methyl-4-azapregn-5-ene-3,20-dione
2',3’:t;tetrahydmfurmi—vﬂ"-ﬂpim-.‘;'f-{i-methyl—*l—nzn—&-mdmstan-
3-one

2',¥ a-tetrahydrofuran-2'apiro-17-(4-aza-50-endrostan—-3—one)
sodium 4-methyl-3-oxo-4-sza-5o-pregn-17(20E)}ene-21-oate

N, N-diethyl-{-meathyl-3-oxo-4-aza-5s-pregnan-21-amide
2',E‘u—:ltetmhyﬁhrm—ﬂ'ﬂpimd%{*i,'fﬂ—d1mathyl-4-m—5m—mdrmtnn-
3-one

4-methyl-3-oxt-4-agapregn-5-ene—20{8)carhoxylio eecid

sedium 4-methyi-3-oxo-4-pza~5a-cholan-24-oate

sadium 4-methyl-3-oxo-4-axa-Sa-androstane-17 F-sarboxylate
1¥B~{diethylamine carbonyl}-3-methoxy-4-methyl-4-azania-5ao-
androst-3-ene-methylbulfate hemihydrate

N N-diethyl-4-athyl-3-oxo-4-aze-5o-androstane-178 ~ecarboxsmide
N, N-diethyl-4-acetyl-3-oxo—4-aza-5 c-androstane—] T8 -earboxamide
4-oxo~daaZa-A-homo-ou-androatan-178-yl-acatsta

methyl 4-ayano-3-oxo-4-androgten=1T8 ~carboxylate

N, N-dlethy}-4-cyanc-3-oxo-4-androsten-176 —carboxamida

RESULTS AND DISCUSSION

The chemigel structures of the sixty-one compounds used in these studies

are shown in Tablex ¢ and 3. The primary variations between these azastercids

inelude whether the ‘31'05 position is saturated, whether there is o methyl or

a proten attached to the nltregen atom iy the A-eing, and the nature of the

Ci7

side chain, There mre also several &7 compounds, two 4-deaza sterclds,

and u few which possezss other groups. Fifty-seven of the compounds were

testad to dotermine the effaet of thelr soute edminlstration on prostatie T

and DET concentratlona In Intact, young aduit male rata. Hesults chtained in

those tests are also shown in Tables 2 and 3.
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Table 2. The struetural characteristics of variovs 4-azasteroids together with
their subtutenequs 50-reductase inhihitoey potencies; So-veductase nhibition i
indioated by treatment-lnduced changes [n the soncentrations of testoatercne
{T) and dihydrotestosterone (DHT} fn the ventral prostates of intact, young
adult male rats.

H

fa) Results of pssgys in which the progtates were pooled by group for androgen
determination. Groups of 3-8 rats were treated at U and 20 0 and saeriliond

at 24 h.

nd

IZIZSIBIE B IS -

Prostatic androgen

Total oconcentrations as
Substituents doze % of eontrol

Tl_ — Rl’.—' Oihet {mg) T DHT
R, B-CON(C,H.J, 20 600% 5%
-H ﬂ-{:t:ulﬂ[r.:zhtsl2 20 560 31
H  B-CO,CH, 20 281 94
H B-COK 0 145 113
-CH, 8-CONIC_H,), a3 20 548 B2
-H ﬁ--OGDCHa A-homeo 20 225 119
<czH  B-CO,CH, adesze- 29 90 om0 120
-C3N  B-CON(C,HJ),  4-deazs- s 9 1 72

i) Results from tests in which androgen determinations were mede waing
prostates pooled by group from groups of 3 rats treated 4 h prior to sacrifice.

| SISl SIS 5]

-CH
-CH
=CH
-H

-CH
-CH
-CH
i
-H

3

3
3

3
3

3
3

B-CONIC
A-0H
B-COCH 3
E-COCH
POH -

E-On
B-COCH

EHEJE

a-CH CH o 0-8 a8

2 2

9-CH,CH,CH,0-8

1t
10
10
10
1%

19

3320+
10%
502
215
24
§92
138
121

13

Ll
81
60
46
53
E50
a7
42

"

* Average of B assays,
% Average of 4 Rssays,

|55
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The androgen coneentration data shown in Table 2(a} and 2(b) were compiied
using prostates which hed been pooled by experimental group before being
homogenized and extracted. Statistier) analysis of these results was not possible
since pooling of the prostates meant that thers was only one replleate for each
group. Therefor#, the androgen concentrations are shown merely 85 A per¢entage
of the vehicle-treated conirol values.

The resulis presented In Table 2(n) were obtalned with rats which had
been treated at 0 and 20 h end saorifieed et 24 h. Two of the eight compounds
tested in this manner reduced DHT concentration very effectlvely and inereased
that of T. These were compounds 1 (4-MA) end 2. They differed only in that
1 possessed a 4-NCH,, group, whereds 2 had & 4-NH. Compound 41, which was
identieml to 1 excepr Ioe being unsaturated at CE’ showed litlle ability to,
reduea the DHT concentration. Thiz suggeated that the :15 modificetion reduced
So-reduetase inbibiting potency.

4-Cyano ai-stamids B0 and 81 were jnactive although the D—ting of 81
was the 2ame e in the active compounds 1 and 2. That Indlented a pagtieular
A-ring eonfiguratlon was necessary for ectivity, However, 383 and 40 have
A-rings identical to that of 2, and they were not active, so it appearsd that
both the A and D rings have to have essentizl determinants for Inhibitory
potency. Compound 53, with an A-homo ring, lso faited to reduce the DHT
congentration. These jnitisl results indleated that maximel aetivity was seen
with compounds having a 4-aza-Sc-androsten-3-cne configuration of the A-rlng
ard & 1T -N,N-diethylearbamoyl group on the D-ring,

The seeorwl group of 4-szastercids tested yielded the results shown in

)95
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Tahle 2(t}, EBach compound was given us a single injection 4 h before sacrifiee,
Androgen determinations were agaln done on prostates pooled .by group before
teing prosessed. Compound 1 was highly setive even at a mueh lower doge
than that previously used. Compounds 42, & DHT analog, end 43, which is
chemioelly telated to progesterone, showed good activity., A reduction in
activity, agaln, was noted with the presence of the h"’ group., Thiz was well
ilustrated by comparison of the high activity of 42 and 43 with the low potency
of thelr 55 counterparts 45 and 47, respectively. Compounds 48 =nd 49, b-aarlhg
20-splro substituents, were essentally inactlve.

The compounds Listed In Table 3 were eszaved using animals which were
treated 4 h prior to sactifice. Prostatic concentratlons of T apd DHT were
datermined for each individual rat, and this allowed gifferences betwesan control
fnd treatmeni groupd 1o e analyzed for swmtlstical signiticance by means of
Student's t-test.

The values shown for ] indieate it is & relatively good inhibiter of
53, all of which had an A-ring identical to that of 1. They did exhiblt a
number of varlatiors of the D-ring side chain, and this further emphasized t[le
fact that modifiestions in this region do not nmaﬂlx lead to a losa in
aetlvity. Similarly, some alterations of the A-ring are alse possible. For

instanee, several LI compounds 13, &, 12, 18, 20, 22, 23, 2%, 28, 39, M, 3%,

23, 34, 36, and I17) showed very good irhibitory poteney as did 8, 1, 56, and
5T which had varlous other modifications. The difference In actvity betwean
57 and 58 is interesting since they are similar except that 57 In 4 4-ethyl,

while 58 is » 4-apety]l eompound,

| 34



Taple 3. Btruetural charaeteristies and acute subocutanegus So-reductase ivhibitory potencies of 4-azasteroids. Inhibitory

activity & indicated by treatment-induced changes in the concentrations of testostereme {T} &nd dihydrotestosterone
(DHT) In the ventral preatate of intact, young adult male rats.

Re
:
Androget: eoncentration
_ Substituents Dosg, _ng/206_mg_tissue : SEM
Compound R, ﬁ" ther mg N T P DHT P
Centrol - ] 0.23 2 0,03 1.37 £ 0,16
1 Ch,  B-CORC,H.}, 1 8 0.80:0.08 ***  1.06% 0.07
Contral - 3 0.26 * 0.03 1.51 ¢ 0.89
1 t 3 3 0.73% 0.17 * 096+ 0.1 *
] CH,  B-COM(C,H.), 4 3 3 D49 1 0.08 0.79+0.11 *
55 <TH;  #CO,Na 3 3 0.29 ¢ 0.04 1.10 ¢ 0.16
Control 1 - ¢ 6.11 £ 0.01 1.50 £ 0.11
4 R-CONIC,H,), 87 1 3 1.00:0.18 ** D.432 0.03 we*
29 -H B-CONH 8y a5 3 037 0.10 * 1.14 & D.OT
T = B-CONRE 4 0.5 3 0742013 * 0.gét0.09 ves
Control - ¢ 0.24 % 0406 2,36 £ 0,33
8 < H,  E-CON(C,H), 2B3fTugro 1 4 0.58* 0.0 ** 1.0 0,20 *
23 -CH;  §-OH A 8 3 4 1323 0,13 *= 0681 0.1 **
Con - 3 0.22* 0,01 1.99 * 0.42
T -CH B-CONIC H_)q D-homo 8 3 102 066 *** D63 0.1T *
5 R s-coNelH), W 4 1102023 * 0367 0.08
{continued)

17 §7 BYOOIH §
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Caontrel
20

s

Control
21

[ Iﬁg rxlgg iﬂzlng Iﬁg Ie.':g [l

E-COCE{CH ) H
6-CO (2 pyrioll °
B-CO {2 pyrrol)
B—CO {2 pyrrol)

B-CENCH_)CH,_OH
E-CHECC&F(C;HEIE

R-OH
R-OH

ﬂ-CH{GHE}CGEHa
B-CHICHSICO: Ha

B—cutcngmog}m

B-CONH
B{:DHHE:EHE

B--ECII‘IH!‘JII'IGHS}3

B-C{)NHC'.’CHE}:;

Table 3 (Contineed)

L [N | bt bt hahoadn |

h &n

G.03
0.1¢
0.30
0.03
0.10

L T T (9 5960 G0 43 L0 LD g

B0 G0 o GO G e

' »
»

-

-0
I+
oo
- 1=k-L-
(- - - -]

0.
0.
G.
0.
0.

2 B i LY

0.27 + 0.03
0.82+ 0.03
0.88 0, 1T

¥

%

L]
L L]

Ak
e
aan

Li 2]

2.08£0.14
L.92 + .23
1.77 £ 0,17

750,15
0.1%z 0.02

2,92+ .25
1.55 1 0.31

0.88 = 0.26
0.15 % 9.05
0.19+ 0.63
0.15+ D.pE

197+ 0.37
214+ 9.52
0.34* 0.02

2.20 ¥ 0.2%
2.13% 0.30
.15+ 19,24
0.70+ G.15
0.61% 0.02
0.47* 0.07

{continuad)
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Anti-undrogen essays utilizing castrate, androgen-treated immature male rats

were conducted with thirty-eight compounds. The t-test for statistical

signiticance was used to pompare data from TP- gr DHTP-stimulated controls

Bgeinst those from treatment groups. The results are shown In Table 4.

Table 4, Effect of oral administration of 4-azasteroids on testosterope
propionate (TP) or dihydrotestosterone propicnate (DHTF) Induced growth of

the ventral prostate (¥P) of immature castegte male rats.

Daily dcse VP_welghts (mg + SEM) .
Compound (mg} " TP N LHTP
TP 0.01 7 a4y - =
DHTE 0.02 - - 7 1
1 0.2 T 323 T J212
L5 ki g & 9% 7 IT+aw
1.8 7 272 e T 353
5.4 7 19+ 2o 7 PR
2 .2 7 32+1] 4 M3
0.6 T a0 + 9 T 3gx 2™
1.4 7 anz 1w 7 B 0w
5.4 7 23 % 2w 7 34% 2
gy 0.01 10 an£3 - -
DHTP 0.02 - - 8 4312
3 .1 B a5t 4 ] 452
0.5 B N E L ) 12+£3
2.5 6 17 & 2%8% 8 4G+ 3
4 0.1 i azx3 6 aT+1
0.5 4] 303w ] B0 3
2.5 [ 23+ e g g5z d
i) 0.1 & 2 & 3% 5 53+ 29
0.5 5 25+ g B 433
2.5 i it gwew é 92
k] 0.1 8 47+ 3 8 45t 3
4.5 o ARLaw & 42+ %
2.5 8 FTER L 5 34t 10
3 o1 6 pTERLL § 473
0.5 B g7+ ges 8 42+
2.5 g 241 & G 8 45 3
1] 0.1 8 24 6 472
0.5 ] 29 * 3 6 4% 2
2.5 g 23t e 8§ 40* 5

i

{eontinued)
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Fable 4 (Continued)
TP 0.0 | a4+4 - -
DHTP .02 - - g 32 =3
] 0.5 [ 36+7T g 4012
1.5 ] 26 £2 ] 34t3
4.5 [ 33:+3 g 31 £32
A 0.5 6 26 + 3 B 393
1.5 8 20 £ 3% -} 22 4
4.5 ] 19 £ 3%~ 6 2] L 3e=
TP 0.1 ] 55t4 - -
DHTP 002 - - 6 £l £5
[ 0.5 6 4z =5 6 47 +4
1.5 6 40 6 6 33 t4+
4.5 B 33 £ 5 8 a5 +4
17 0.5 8 45 +£3 8 &0 =3
1.5 g a4 :p¥e ] 42 24
4.5 ;] B3 + 2w g 38 £5
TP 1.01 ] 26 £3 = -
DHTE 0.02 - - 6 24 22
ki L5 8 24 % 8 23 3
L5 ) 183 8 28 3
4.5 g 15 £ 2% ] 22t 4
18 0.5 8 1B £3 8 24 3
1.5 ] 18 =3 -] o8 +3
4.5 ) 14 21w § 18 £1%
TP 0.01 3 41 %3 - -
DHTe .02 - - 3 422
] 0.2 8 82 g 38 £3
0.5 3 8313 ] 24 Lawe
1.8 8 93 o ] 38 3
5.4 ] 23 tyvee 8 3 3

{eontinuad)
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Table 4 (Continued)

TP o.01 ] 43+ 2 - -
DHTP 002 - - g 432
10 0.8 g 42+3 & 435
1.5 g 145+ ) 455
4.5 g 24 L 45w 8 3B+ 4*
s 0.5 g FLES ] 44 £ 4
1.5 g 37T%3 8 41 =5
4.5 & 3T+ 1* B 46+ 4
TP .01 T 3012 - -
DHTP .02 - - 7 41 +3
pi} 0.2 7 FIEE: T ar:2
0.8 7 3612 T 37 2
1.8 7 a0 £ eer 7 8=l
5.4 7 17 2 4w 7 20 + 3eew
*
TP t.01 ] 392 - -
OHTY &.0L - - & IBEL
12 0.2 8 37 ¢4 ] g *2
0.8 B 332 7 33+3
1.8 ] 25 £ 3ee 8 30 £ 2%
5.4 B 2] L geew ] 37 4
TP 0.0 5 41 %3 - -
DHTP 002 - - 8 02
13 0.5 ) 2] t g & T 4
1.5 5 15 F1%e* 5 3 £3
4.9 5 14 & 3awn 5 25 +3
TP 0.0L B Jgte - -
DHTP 0.02 - - B 453
14 0.1 B FLES ] 5 £3 x5
0.5 6 T ES ] 43
2.5 8 25 £ g 6 4523
15 01 8 4122 8 5023
0.5 ) 41 *+2 g 49 13
2.5 8 31 £ 2= ] 43 +4

{continued)
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Table 4 {(Continued)

TP 2.01 (] 443 - -
DHTP 0.02 - - i 49ty
16 nl [} 5 + 2 6 1R
- 0.5 8 45+ 4 g 6%
2.5 (] a0+ 7T 8 3Tty
TP 0.0% 8 472 +1 - -
DHTP 0.2 - - (] 4813
13 0.5 8 26 + 34* & 41+3
1.5 ] 2% 4 [ mig
4.5 [ 23t 4 8 FLEF
22 0.5 5 Y| 8 513
1.5 £ 47+3 (4 FLET
4.5 6 LIS ) B8 5413
TP 0.01 g 44+ 2 - -
DHTP 0% - - 6 aD X3
20 0.1 8 32 1 poe & 4113
— 0.5 B8 2O & geee & LI R3]
2.5 8 Of + Qe 5 41 ¢
28 0.1 6 35+4 8 ag *g
- 0.5 5 32 & Qe 8 40 tg
2.5 é 20 & Jves 8 k)
o7 0.1 8 33 + 3eea 8 42 1
- 0.5 5 07 + Qakk ] LR
2.5 B 24 % peEe B 4 t4
28 0.l 4 28 + e B8 38 +3
- 0.5 5 24 ¢ pebx & 52 2
2.5 ] T4z pEen ] 46 T4
36 0.1 8 34 3% 8 48 12
- 0.5 6 35 &2 B 48 i3
2.5 8 26 & 4*e & a5 tg
n 0.1 ] 31t g 8 39 14
0.5 6 2 & phen 8 45 5
2.5 [ 24 L gees 8 41 tg

{eontinued}
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Table 4 (Continued)

TP 0.01 10 48] - -
DHATP 0.02 - - 10 48 + 2
n 0.1 7 46+ 3 7 42
0.5 7 34 10w 7 £2 £3
2.5 T 25 + 3o 7 515
25 .1 7 38 = 3@ 7 43 1 4
0.5 7 35 £ e 7 523
2.8 7 Bh £ Jres ki 414
TP 0.0l 6 48 + 4 - -
DHTP 0.02 - - 8 49 =2
3 0.5 8 42 +3 & 463
1.5 8 41 %5 é 36 L ovs
4.5 8 FFES L 8 A7 £ 3w
24 0.5 8 45 £5 é 45119
L5 é $5 3% 8 4123
4.5 § 20 + 3w ] 3913
TP 0.01 g 41 +32 - -
nyare 0.5 - - 5 il Ly
33 0.1 & 2413 B 50 4
0.3 g 23 £ 3w 8 45 + 4
2.5 g 1§ + geam ] 4024
34 0,1 g 23 + gaas 6 43 +2
0.5 ] 26 £ 17+ 6 03
2.5 & 20 £ Fwee ] 48 + 2
TP 0.01 ) 494 - -
DHTP 0.02 - - -} 4ar 3
38 0.2 % ET RS B 1h g%
0.5 8 41 + 2% 6 38 £3
1.4 (] TET 8 Wiy
5.4 6 a0 + 1w B 2

* P<0.05; ** P<0.01; *** P <(,00L.
Those tegts provided mere quemtitative results than did the moute studies, in
TP-treated rats, test compound sdministration usually capsed a severe, dose-

related reduction in ventrzl prostate weight. In pontrast, few of these atergids
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had & mejor effect on the prostate weight of apimals treated with DHTP, Here
Bgain, these results are beleved to be due chiefly to inhibition of Se-reductase,
The data obtained gre consistent with DHT being the aetive androgen at the
eellular level in the prostate, The 4-azasterolds, being for the most part potent
Sa-reductase inhibitors, attenuated the conversion of TP to DHT and thus
Hmlted the amount of DHT svailable to the prostate. Compounds whieh reduced
prostate growth in bath TP-and DHTP-treated rats prohably did so by interfering
with endrogen receptor binding or androgen transport &8 well as by Inhibiting
So-reductase. That stetement Is based on the sssumption that the andregenle
gction of DHT ghould not be infleenced by the presence of & pure So-reductase
inhibitor and the knowledge that certain of these 4-azasteroids compete with
DET for binding altes on the prostatie androgen receptor (22). Compounds thet
gignifleantly reduced prostate growth in TP~ and alse DHTP-treated enlmala
included 8, 8, 9, 10, 31, 19, 23, and 30. Thoss which caused a significant

inhibltlon of TP-lnduced prostate growth yet which showed litfle tendeney to

3. Compounds 5, 18, and 22 did not exhibit anti-sndrogenic actlvity versus
either TP or DETP.

Six of these npastercids, 4, 18, 31, 32, $3, and 34, showed good activity
in the moute essay and wera also highly aetive agsinst TP, but not DHTP, in
the castrate rat anti-mndrogen azsay. 1t is of intereat that each of the slx Is
B 4&1 compound, Although this suggeata the! unsaturation at the GI-CE_ pesition
is associated with good specifivity inscfar as So-reductase Inhibiting propertles
are concerned, the evidence is not wholly conclusive. For example, 30, a 4
stercid,exhibited good anti-androgenleity against TP and DHTE yet showed little
or no ability to reduce prostatic DHT in the acute Sereduetase inhibition assay.
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The results of the single chronic test carried out with intaet young adult

male rats are shown in Table 5.

Table 5. Effect of 14 days oral treatment with 4-azustercids on sex aceessory
gland weights of intact, young aduit {200 g) male rats.

—Drgan weights (mg + SEM]

Compound® Ho. rats Yentral prosinte Seming) veslcles
Controls” " 343 + 21 448 T 24
1 7 40 & e 237 t 19w
2 7 252 & 1 342 t 27*
3 7 181 + Qees 249 + 7w
3 5 203+ gowe 322 & 16%*
11 ¥ 253 + 12%* 324 * G
12 7 200 + 158w 265 & T
18 i 78 & 23 410 * 27
15 7 172 + 11w 243 * 15
& P <0.05; % P<g,01; *** P<0.001. v
- |

The dosage level for all compounds was $0 mg/kg/day.
Controls received 1 mLl eottoraesd afl:ETOH (95:5) vehiole per 250 g bedy
welght per day,

Each of the eight compaunds, with the exception of 18, caused a signifieant
decrense in the weight of the ventiral prostate and seminal vesicles relative to
vehicle-treated contrals, Body weights were not affected. The decreases In
sex accessory gland weights sre thought to have resulted from inhibition of
Se-reductase, since several of the eight compounds were tested in the parabiotle
rat model and they failed to suppress gonadotropln relesse (unpublished). Seven
of the eight sterolds hed been shown to reduce ventral prostate welght ineresses
in TP-treated caatrate rats. Here agaln, only 16 falled to exert an anti-
androgenic effect ageinst TP. It would appear that the results chtained with
these elght sompounds |n the two types of enti-androgen assay are olosely
parallel
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Azagteroids: Structure-Activity Relationships for Inhibition of 5o-Reductese and i
of Androgen Receptor Binding

Gary H. Rasmusson,* Glenn F. Reyoolds,' Nathan G. Steinberg,! Edward Walton,! Gool ¥. Patel,’ Tehming Liang,!
Margaret A, Cascieri,! Anne H, Cheung,? Jerry R, Brooks,} and Charles Bermant

Depnrtme{it of Synthetic Chentical Regearch and Depuriment of Biechemiva! Endocrinology, Merck Sharp & Dohme Research
Laboratories, Rahwoy, New Jersey 07065, Received February §, 1988

A sarles of atercids, primarily d-azasteroids, were prepared and tasted in viteo ee Inbibitors of humen and ret proatatic
Br-reduciass and of binding of dihydrotestoaterans ty the ot androgen teeaptor, The prizanry strwetaval sndifcsations
were r:hagaes ‘uf the A ring and of meieties attacked at the C-17 pesition of the steraid nuclovs, New A-ring
medifications ineluded the 4-cyane-3-oxo-A' ayatem i the carbocyclic sarfas snd 1a-CN, 1aCH,, 1a,20-CHy, 26-F,
2-aza, 2-pan, and A-homo changes in the 3-oxo-4-aze aeries, In addition, d-azasteroide with a Y-hovas ving or methy]
substitution at C-7 (o and g or C-18 (o and 8) were praparad. The majority of the C-17 substitvents wers prapared
from renctive intermadintes derived fram the 178-CO0H. Evhanced So-reductass inhibition in both the hyman
and rat enzyme azseys is seen with 4+-CN substitution on $-030-4* aterolds and with a C-17 side chain incorporating
& lipophdlically substituted semipolar group on the 4-aza-3-gxe-Su-aviroatans nucleus, Fower highly activa compounds
wera found in the human sneyyge essay than in the mt aesay. Structurat regifrements for inhibition of the rat androgen
recaptor are much diffsrent froz these for inhibition of the ansyma, The 178-0H moisty enhances potency mavs
than any nther feature while introduction of deuble bends at £-1 gr C-5 in the azastarcid gives g emall improvetoent.

Azasteroids unsubgtituted at the 4-position show greatly diminished rectptor activity.

The enzyme Se-reductase and the intracellulsr androgen
réceptor serve as important regulators of hormone action
in androgen-sensitive c¢lls. Although the receptor appears
o be an obligate intermediate in o) pndrogen normonael
eXpression, the snryme, which converts teatostercna ()
to the more potent androgen So-dihydrotestosterons
(DHTY, is abeent in cortain n-senbitive tesues such,
g8 adult testls and muscls,'*™  Hurman males born with
deficient androgen receptor action exhibit s femnale phe-
notype, complete with breast development, in apite of high
lovels of citculating T.* Not unexpectedly then, trestmsnt
of normal males with sgents that interfere with recaptor
aetion reaults in a feminizing effect, including gypecomaestia
end loss of libido.v* Males with a deficlency of So-re-
ductase are born with poorly developed externn! genitalia
and are often raised as girls,! At puberty the phellus
enlerges, 5 mele habitus develops, and male psychosexual
orientation takes place, all {n the relative absence of DHT.
A8 adults, these men show little beard growth and no
temporal recegsion of the hairline and have prostate glands
that remein small throughout life. It #ould appear that,
excapl for a short, eritical parind whan fetal developmant
of external genitalin is oceutring, treatment with & Bo-re.
ductase inhibitor should have no delsterious effacts, In-
deed, an agent that could lower levels of DHT withoot
intarfering with T levels ray be usefn! and zafe in the
treatment of acne, elopscia, and benign prostatic hyper-
trophy.

Sevaral reports have deseribed the inhibition of ba-re-
ductase by a series of d-azasterolds.¥1! 'The in vitro activity
of these compounds has been demonstrated in different
tisgues, WA in different species,™ and in differsnt
disense states,'91¥

In additior, some structucal features that prevent or

raduce the androgen receptor binding of this class of
steroids have been explorad. ! From such data, salection
of bigh-potency, selective Bo-reductase inhibitors for in
vivo studies could be made and the relative atility of T
and DHT in snimal modsls could be explored.
- Dhagcribed below ib the preparation of & number of these
inhibitors, &z well a8 an extensive structUre-activity study
resulting from the preliminary screens to which thepe and
related compounds were subrmitted,

~ ' Department of Synthetic Chamical Research.
t Department of Bicchamical Endoerinology.

Chemistry.® The 4-azastercids described In this paper
were all prepared from 2-keto-aA1 precursors 2 by the steps
of onidative cleavage to give seco acids 3, ring closure with
the eppropriate amine at high temperatire to give the ene
lactams 4--8, &nd then hydrogenation over a platinum
catalyat to selectively afford the So-d4-szameroids 9-11
{Scheme I; gee the Experimenta! Section, preparation of
9¢, and ref 8 for applicable B and R}, In tha case of the
hydrazide 7x, catalytic hydrogenation led to sxtensive
hydrogenclysis of the nitrogen nitrogen bond. The A°
double bond of this compovnd could be reduced with so-
dium ¢yanoborohydride ic formic acid but only with con-
comitant formylation of the amino group to give 12x.
Similar borohydride reductiom of compounds of types 4

{1} Gloyne, R E; Wilson, J, D, J. Cfin. Endocringl, Meteb, 1985,
28, 970,
(2} Bardin, C. W.; Cattoratl, J. ¥. Seience (Woshington, 0.0,
18583-) 1981, 217, 1235,
(8} Griffin, J. E; Wilson, J. D N, Engl. 7. Med, 1968, S02, 185,
(4} Wi, J. D; Aimar, 1. MecDonald, F. . Ady, fetern, Med.
1980, 25, 1.
(5) Ner, R.; Knssem, N, In Hormona Antogonises; Agarwal, ML K.,
Ed.; Walter daGruyter; Meo York, 1083; p 247
(8] Meumgnn, F. fr. J. Med, Sei, 1983, 1571, 61,
{7} Imperate-MeQinley, J; Paterson, B. E. Am. S Med. 1378, &1,
241,
{# Rasmussen, G. H,; Reynolds, G. F; Dine, T Jobaoty, R. B,
Primhe, R. L: Bermen, C_; Brooks, ). R. J. Med. Chem, 1984,
27, 1660,
(9} Limng, T\; Resrausson, G, H; Brooks, J. B oJ, Stersid Bischem.
1983, 19, dB5.
{10} Ligng, T.: Cascieri, M. A.; Cheung, A. H; Baynolds, G, F..
Rasmusscn, . H. Endocrinnlogy (Baitimore) 1988, 117, 571,
{11) Liamg, T.; Helse, C. B Cheung, A, H.; Reynolds, . F.; Res-
mussen, G. H. . Biol Chem. 1954, 258, Tad,
(13} Buertica, P. J.; Edman, C. F; Karavolas, H, J. Endesrinology
(Baltimpre) 1984, FI14, 63,
(18) Bertics, F. & Edman, . F.; Katavolas, H. J. & Biol Chem,
1984, 254, 10T,
{14} Ligng, T Helsa, G, E; Detrove, S; Rasmusson, G. H.; Cheung,
A, Endecrinsiogy (Boltimore) 1988, 112, 1480,
{15} Berkevits, G.Dy; Brown, T, R.; Migeon, C. . J. Andral, 1884,
£, 171
(18) HKadohama, M; Karr, J, P; Murphy, G F.; Sandberg. A A,
Carncer Fea. 195, 44, £947,
{17) Leshin, M.; Wilson, J. T1. J. Steroid Bischem, 1982, 17, 245,
{183 For the method of compound nombering, see footnete ¢, Table
I.
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Azasteraids
Bochams I
B
—
X
2 3

2 KM =N 10, - Ber0H, refius,

b. ANH, A

£ He, P, oA
Boheme I

Journol of Medicing,  semistry, 1886, Vol 25, Ny, 11 2299

i

4 R=H 5 R=H

£ Retmy 1 Ry

§ felbha 11 AnLabln
fraw e

| 1 H
H
10 14 13 s
B, LO&; CatgS0n O 5
b P AC, Mg
& {CavigSilnd, Carata
d, MaH, Crinl, DMF
Tabls I, In Vitre Activities of Substituted Androstan-3-ones®
R
in vitro bioactivity
suimtituants bz fee it Se-F Tat raceptor
oo R other reft 13/ 10, 10 T 1% M Ie I0PY M
1a* +OH a8 =100 .22
2 pOH At 39 160 .32
1h -} 39 00
2 =} 4% kL] .40
&1 5-0H A 30 018
" g-COCH At b &1 -] 1=
2h A-COCCH, at ] 44 48 14
x S-COM{CgHge af L] 44 ki a4
17x 4 CON(CH), 4%, 40N 053 2.8 130
Lax o-CHGOHCH - 11 w100 w3
Iar & CHOHCHO-8 Al 36 110 R}
Y a-CHCH,CHLO-8 4% 10-nor 35 160 50
17ar «-CHCH,CH,0-3 A% 4N 1
Py #-OCOCH,, #COCH, A%, §=CH, 0 »160 16 12
1] A-DOCH, At 11a0OH ] » a0 a3

“Unlass otherwise Indicated, 178-substituted Gx-endroatans wiractres are assvmed. *The numbers in this column refer to footnotey in
the peper and provide the source of praviously descibed submtances, * The lower-cape alphebetic charactars in the eompound numbem rafer
to the typs of side chain st C-17 {gee Tabie V1) while the numerde character refers to the variously substltuted ving systems to which shey

are attached (nas sehaznma).

and 5 resulted in double-bond enturaticn but gave an wa-
desirable mixture of 5o~ and 55-isomers.

Because of the enhanced in vive activity® of several of
the Al-azasterpids, A numhber of theas coraponnds wers
prepared (see Tehle IV). The preferred method for
preparation of A-azasterside was the seleninie anbydvide
dehydrogonation® of the unsubstituted lectams 9 in re-

(8 Brooks, J. R.; Bermean, ; Garnes, T; Glltinan, D.; Gordon, L.
R.; Malatmsta, P. F.;: Primka, B L.: Beynolds, G, P Barzoue-
son, O, H. Prostate (.Y} 1888, 3, 85,

(200 Buck, T. G. f. Org. Chem, 198%, 45, 1442,

fluring chlorobenzane (Scherna IT),  This reaction procesds
well (>E0% yield) when the side chain et C-17 {5 an amide,
ester, ketone, tert-butyldimsthylsiloxans, or spirotetra-
Yoydirofuren to give the corresponding unsaturated lactams
153. This reagent, was unsetisfactory to prepare A deriv-
atives of 4-allyl AF, or 17-eerbory 4-azastercids. Meath-
ylation of compounds 13 with methyl iedide and sodium
kydride in DMF provided a high-vield approach to tha
pzasteraide 14, including thoss containing & sesondary
amide at the C-17 side chain. Alternately, the 1,2-double
bond could be incarporated in the 4-methyl compounds
18 by pyrolyais of 2-phenylmlfiry] intermediates generated

70
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Teable . Tn Vitro Activities of 17-Substitutsd-4-azaandrostan-3-onas

Az
o= i 5
.Hr

H'I

7ol
i
Resrmutson er al,

¢

in vitro bivactivity

— substitusnta buraan Se-R: ot Se-E: TaE TogRpioL:
na. R, H, ref G/ 1 5 1% Iy, 1 M Iy, 10 M
a H A-0H 41 25 a3
1ta CH, §-0H g =Gl 16 1%
od H F-COCH, 8 & 8200
lod GH; ﬁ‘DUCH; 3 &7 L] 21
B H F-CHOHCH, =600 4.5 2200
1te CH, #-CHOHCH, 42 17 1o T4
10e CH, = 0H, 8&-CHOHCH, B =600 078 160
10t CH,y A-CH{CH,CHO0H B 1E 0.8 B8
] H A-COK .6 > 10008
Log CH,y A-COyNa & 82 an g10
9h H G-CyCH, 42
Lok CH; &-COCH, & 7 B8 1%
% H CONH, 150 > 1060
L0j CH, B-CONH,; 17 44
1§ CH, B-COMNACH, 28 5.8 11
10k CH, A CONHC,H, B A 1.7 114
101 CH, A-CONHCH{CH,), a4
fm Y S-CONHCI{CH,), L7 0,63 = 10000
10m CH, A-CONHC{TH, ), 1.1 .06 a8
[t CH, 8-CONH{CH ), H, 24 25
e H A-CONH([CH4CH, 2.4 [11317:] 520
o CH, F-CONB{CH,).OH, a £0 0.621 13
%p H FCONHCICH, L CH.CICH ), {56
Lop CH, A-CONECICHCHCICH,), 052
lig CH, F-CONHC Hyy (dleyl} 26 ] 1700
L10r CH, F-CONHOH,CH.O0H >82.5 ] 170
10z CH; S CONHC{CH,LCH,0H B -]
v CH, ACONHCH,CONC.H,), 11
low CH, A-CONHCH . CHICCH ), o .46 79
Iy H SCONCLH,), 2 1.2 41 = 1000
1x TH; F-COMICHeh 8 1 11 280
ay H CON-C Y, 1h 1.1 > 10000
1oy CH, FEOMN{E-CsH, ] .82 .35 1400
1z CH; ﬁ'CﬂN{WCjHﬁ]'g >126 3.3 500
10aa CH, B-CON{CHACH,CH,O0H ]
b CH, B-CONCH,0 B.B 27 T{HM)
10ac CH;, g-CHO0.00H, B oh 0.68 6.6
Liud CH; ACHCONCHE,) & 2 o8 56
Loat CH, =CHCON(CyH,), 8 15 0.25 83
9sh H G-CHICH OO, Na a2 > L0000
10eh CH, #-CHWCHIC O Na g 8 017 4B
t0ai CH, FCHICH )OO, CH, 143 23 a5
Lbaj {H, ECHICHICON{C,H ), 8 350 13 480K}
liak CH, F-CHICHNCH),C0.Na ] 8 .38 21
10a1 CH, F-CR{CHHOH 00RO ), ] &7 0.54 43
10an C'H, S-CH{CHICH ] 076 26
1as CH, #-CN &3
10np CH, #-(2-axazolinyl) i1
Lieg CH, -4 A-dimethyl-2-oxezallnyly 125
far H a-CHCH.OH 04 8 786 B3 260
LOpr CH, o-CH,CHCH 0.2 8 144 ar 14
liar C.H, aCH,CH,CH O 8 117 1360
10as CH, a-OHCH, 008 >6 4 B
Bat H FCOCH.CHICH,), 4.2 = LHKA
10at CH, f-COCH OHICH, ), 2.7
fau H FCUCHICHWC H, 4.0 012 > 10008
1bau LHy S-COCHCHC.H, »1, <8 o.1e #
Pav H F-CO{Z-pyrralyl) 5.8 15040
Lbay CH, FOOZ-pyralyl) 20 B3
Saw H ﬂ‘ﬂﬂaC{E’Ha‘J; &5
itaw CH, -0 CHy =6, <30
10ax GI‘I; lﬂ'CﬂSC{C}{a:la 47
10y CH, 2-COCHM, 41 =g 6a
1bax CH, 5NHCOCH, 8 >80 27 148
L0ha CH, o-NHCOCH, 8 B0 58 4000

in twe stepa ag described previously? or by reaction of the
snolate of 10 with methyl benzenasulfinate. The double

bond of 14at was salactively hydrogenated in the prassnce
of & Pd/C catalyst.
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Table I In Vitto Activities of Analogues of 4-hA {10=)
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. M
‘N c=H! . ]

in vitro bloactivity
substitnents humen ba-R: zat bR rot rRCApEOr
o, R, vther rot I/ T [0, 10 M [C 10 M
Wr CH, B i 11 260
fx H -] 1.2 4.1 » 100
1z CH, 8 =125 B
a2 CH,CO w15
12x HCONH 4] 40 100K
il H 5-H >126 100 = 10CH
23 - CH, 10-CN 160 100 1000
R CH, 1a-CHy 7 BB 1804
o CH, 2804, a 3.6 2.0 810
25 CH, 1o 2ee-OH, 1.3 . &N 270
91 gHs 1&%&-0 8 63 n o
23 28-F.- 5.0
92 CII:I{: e OH™ 8 e 48 "'ﬁg‘t
31 CH, Zor-0H2H, Bl > 10K
20 CH; 28-0CH, 15 > 1000
P CH, BA0CH, 93
85 CH, Py ] a4 5000
93 CH, 3=—NOH A 10 54
ar H A-home 5E > 1431
L CH, Ahomo 30 a0
1] H D-beme 54
19 CH, I-hote LE o
54 CH, 2-ava 4 &0 160
111 CH, Beoxn 25 il aTa
Boheme ITT presence of silver iop gave the corresponding ester, and
¢oeH oo with Raney nickel gave the 17-carbinel (Schama XTI), The
=l Rl thiol ester 10ax was prepared by treatment of a DMF
LKt %00~ solution of the mcid 10g sequentiaily with carbonyldi-
——— imidazola and tert-butyl mercaptan in the presenes of
&N magnesium ethoxide.
1 1#“"-““*'5@ The mixturs of epoxides obtained by reaction of the
a,d-uneaturated ketones 2x or 2ar with alkaline hydrogen
9, 1,13, l4g ,J_-,w-ﬁi percxide was converted, to baze-sohible dicyano compounds

Many of the azasteroids with a carbonyl group attachecd
to C-17 wore prepared from the corresponding 17-carboxy
precursor vis an activated intermedists (Scherme ITI).
Amides of the saturated 4-methyl acid 10g were conven-
iently prepared from the acld chloride 10bb. The £-un-
substituted acid 9g reacted at the 4-porition under con-
ditions of seid chloride formation (pxalyl chloride, toluens,
THF}. However, the hydroxvbenzotriazole ester of 9g o
10g counld be prepared and isolated or used in situ® to
prepare the correaponding 17-amide derivatives without
involvement of the 4-position. The 2-pyridylthic estars®
provided the most versatility as intermediates, ne they
could be propared from a variety of A-ring-reedified 17-
carboxy azastercide. Reaction of these pyridylthic esters
with amines gave amides, with Grignard reagents at low
temperature gave ketones,® with tert-butyl alcohol in the

(21) Formstechar, P; Luntenbergar, P; Davtrevaur, M. Sterofds
1880, 35, 266.

(22 Araki, h.; Sakata, 5.; Takesl, H.; Mokaivama, T. Bulf. Chem,
Spc. Jon, 1974, 47, 1737,

16x or 16ar, respectivaly, on treatment with sodiom
evanide in aleohol. Genile pyrolysis of each of these
compounds afforded the corresponding 4-cyano-af-
atergide, 17x or 17ar {Scheme IV).

Dehydration of tha primary amides 10am (Scheme ¥)
and 101 with phosphorus oxychloride in pyridine afforded
the nitriles 10an sand 1080, respectively., The hydroxy
emides 10t and 108 vnderseent cyclodehydration on
trestment with toluenesulfonyl chipride in pyridine to give
the corregponding oxazines, 19ap and 10aq.

The spirclactone 10as was conveniently prepared by
renction of the corresponding spirvether 10ar with di-
podium chromate in acetic anhydride-acetic acid (Scheme
VI).

Early atterapta to react tha Al-azasteroid 14x with di-
tuethyloxopulionivm mathylide (DMSM) resulted in ho
reaction. To enhance the reactivity of the 1-pesition of
the Al-azasteroid systern to Michael-type additions, the
2 2.hislphenylthio) derivative 18 was oxidized to the

f23) Micolmen, K. C.; Claremon, Ik, A Papahatjis, DL P, Tetrahe-
dran Lett, 1981, 22, 4847,
(24) Ohta, 5.; Okamots, M. Tetrohodran Yett. 1981, 22, 3246

2 DY
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Sehows V
COfHs
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{
CHy \\
IGam 10on
L
o, FCls, pr. [T=F
Scheme VI
MNopliQa
——
HOAL, Ao o
¢ 1 H 1 H
CHg CHs
e ]
Pt Fagmr

phenylsulfiny) eompound 19 (Scheme VI, This matarial
reagted smoothly in refluxing sthanolic sedinm cyanlde
to give the L-cyano-Al-azasternid 21, At room temperatame,
a saturated cyano compound (22) wes obtained from this
reaction. Rensy nickel desulfurlzation of 22 gave the 1o-
cyang campound 23, The milfing] compound 19 (2 mixture

Bobems VII
HICeHalz

(CoHaS)y

g—z

163,87
b &, 205

R -

i
ESep¥eeges

Rosmpgsen ef af,

1Txar

o

t0r, s 108y, 10ag

of isemers at sulfur) reacted with DMSM to give s mixtue
of Lo 2a-methylene products (20, Desulfurization of 20
gave a single Lx2n-methylens azeataroid (28) and the
la-rasthyl compound 24,

To introduce & fluorine at the 2-pogition, the enalate
ganerated from LBA and 10x was condensed with methy
ozalate to give 26 (Scheme VIII. Reaction of 26 with
petchiory] fluoride in pyridine afforded the corresponding
2-fluorg staroid 27, Remosal of the cuakyl side chain of
2T with potassiurn scetats Iy methano! was slow and ji-
complete. In addition to the desirad flocro compound 29,
thers were obtalned starting material and the mejor
product, the methory compound 28, This latter compomd
on treatment with sodium methoxide in methanol gave &
mirturs of 2a- and 26-methoxy analogues, 31 and 30, which
were pepareted and identifisd by the WMR shifts of the
anguiar 19-0H; (0,83 ppm for 31, 0.88 ppm for 36}. The
f-orientetion was assigned to the 2-fluarine of 2% on the
basis of the NMR shitt of the 19-CH,, which appeared as

e

E—

CHa 2 B s hech
I Rech 22
6 NoiCw, METH b BoDH, DMtk CBOEM,oqTHFEZR  d Rg—MUENQH £ Gkl SOCHE, DMED
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Bcheme YIII & doublet [J = 1 Ha) at 0.84 ppm.,
u:u‘. The A-herne szastercids 37 and 38 ware preparsd by the
&b, CHOL~ route shown in Scheme T, Because of the carbamoyl side
chain, the hydroboration step was carried out with the
chamically more selective reagent borane—voethy! sulfide
i xit-ﬂ complex. Although the amids was unreactive with this
A e ;_;:-u-m reagent, the o fo g-selectivity in the hydration of the
At-bond wes low, and it was netessary to equilibrate the
B LOA+cOrtHale b FLIDW, PYF G MG LMON L R0, WeOH ketene mixturs obtained in the exidation uf&ltuopﬁmiw
Sebeme IX
{CaHele
s a b &4
U
22 23 33
CGNiCeHuke
—_—
Q
X %o i A e
38 Xt NOH 38 RChs
0. b, NS, THF b, BHySMup, THF; MoltH, el €. HeCrOw, aostoan; NoOCH:, MadH
d, MHEOH -HEL ELENH, MeOH [ R1=N-"X
Sohams X
H
COMCeHs)y
,cﬁﬁ- -
43 ReOH 4@ AH
ﬂ Ars{CemEly 29 RaCHy
e (G PrCHg, DS b, Olhydrepyran, Tadl &, =B, THF: HoDH, Hy By d.'l'kl.‘.!H,nq.’l-lQH
.0 UNFrly oyckohanrery CaHicHs k. Crdm, Hoge
Scheme X1

CON (Cakate CON{CeHa':

1
]@é

CHn
14x M maD by xeHH
a1l KaNCH 2B X0

o, s, PR 1082 1, oqHlL B, MH N O MO, MO © P1, Ha, Hde
o, MaHH4, EHAH & imgEe0, THF
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Tahla TV, In WVitvs Actlvittes of Unenturatad 4-Azagtersids

Rasmusson et al.

Aa
G N
I
F||
. in vitro blonetivity
subatituente humen &e-R: tat Be-F: T8t racaptar:
no. R R, tnmaturetion I fIC, M I0 L0%M ICy, ¥ M
kT H f0H at 100 17
lda CH, g-0H Al 90 1,24
13h H g-L0CH, & a6 820
14h CH, A-C0CH, al =160 L3
131 H A-CONH, a! &3 = 1KMW
141 CH, -C0NH, Al >150 15
L3k H A-CONHCH al 16 = 1000
1dk CH, A-CONEIC,H, Al 150 83
Lo CH, A-CONH{CH,}CH, Al =G L2
11m H E-CONHCICH S, Al 0.55 0.68 = 10K
Lim CH, B-CONHCICH, ), al 8.0 13 15
13p H F-CONHOICH ) CHyCICH ), Al 1.2 3 10000
iy L, ACON B CR,EI0H), A a0
13 H £CONCH,), 4! B.1 14 10000
l4x* CH, F-CONCH,), al 22 28 46
13y H A-CON{ECHaby LY 1.6 N8 1800
14y CH, 3-CONG-CyHy )y al 0 43 1006
L&he H A-COS(2-pyridinyl) & 1. = 100K
1ihe CH, -CO8(2-pyridinyl) 4 »150 1%
13ai M SCHCHICO,CH, Ak a0 > L0000
Liund CH, SCH{CHHCOCH, al 180 27
13ah H A-CHICH,CO, N Al 4.6 = 10000
Liah CH, F-CH{CHC0,Na Al >05 =100
13at H F-COCHCHICH,), Al 1.8 = L
l4at CH, §-COCH,CHICH,), al a0
13an H F-COCHICH O H, Al 7.5 5.0 = 10000
lien CH, F-COCH{CH 0, H, Al 5t 12 84
13ay B A-CENE-pytralyl) al b I
liav CH, A-OOE-pyTTalyi) Al a3 15
idar H a-CHCEOM 0.8 al 1000 43 160
1dar OH, a-CHLHCH 0.3 Al 1250 43 11
5’ CH, 5-0H al 74
5 CH, g-CONECH, At ar 14 40
G CH, B-CON{CTH,), al 45
dy H A-COM{E-CH ), 45 4.0 88 1407
£y CH, F-CONE-CyHaly af 1% T
ElL CH, A OOy Hay Ald 27 840
Gah® CH, A-CHICE1CO;MNg &b 52 1.3 ]
Baa . GH; -CHCDQC]HE {&] ai.lﬂ“ 100
10k CH; S-CH=CHCOMNCH, b (E) a 2.0
*Thaeae sompounds are deacribad in ref 8.
Behema XTI
COxlH3 COMN{CHadz
CHeDH CHO
R o Y ) (R g
il
ouf Obg i0kh 10by
ORI DMF 1% b CabeMH-GH O, CHeCe cd Cutishy PeCHEDYCHY, CHeClr
the vield of the desired 6o-4-keto aterpid 38, Oxime for- converted to & bhamay] group as shown in Scheme

mition, to give the anti isomer, Beckmenn rearrangement
with tolysnemulfonyl chloride in pyridine, and slkylation
with methyl iodide 2!l proceedad cleanly to give the bo-
steroide indicated.

The Ia-ketone of D-homedehydroiboandroaterons® way

{28) Kirk, D. N.; Wilon, M A J. Chem. Soe, © 1971, 414,

X. The protected Wittig reaction product 40 was selec-
tively hydroborated on the a-faca of the exceyclic olefin
with 8-barobicyelononane to give the dial 41 after osidatidn
and protacting-group removal. Oppetaver oxidetion of 41
was anly partially selective for the A-ring hydraxyl group
to give 42 (81.% ), as further oxidation to give the corre-
sponding 17a-carboxaldehyde accounted for 30% of the
reection product. Chromic acid oxidation of 42 gave the

f

A

206
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56 Xel
BT %aH

CHx
£8 83
&, Om, GGl CHIOH: NaOH, HG| b oHCOEH AT ¢ 20, HOAL O CHaNHe EXOH, 0%
Tehle ¥. In ¥itro Activities of Other 4-Azasterold Derivativen
R
)
Ry
in vitro binmetisvity
auhatimenty buman BB rat Gw-F rat recwptar:

zo. R, Ry other 105/ g 102 §Cgy, 10% M € 1070 M
R CH, A-COCH, 16e-CH, 24 0.54 23
1] CH, FCOCH, lﬁ,ﬂ'-CH; La =i
1) CH, F-CHOHCH, 18a-CH, 260 028 17
B0 CH, ACONI-CyH:ly 54-E =30 100 1000
L] CH, a-CHCHCH Q-8 T8-CH; 048 50
1] CH, OB CH O O-5 Af T8-CH, HN

12 CH, e-CHCHCHO- 5 A5 Ta-CHy >160

7% CH, e CHCH,CH 0§ 19-nor >R 10
T4 CH, aCH,CH,CHO- 8 A} 15-nte >an 4
15 CH, O CHAOH 8 A5 1B.nor =80 15
Ts NH ACONICHgle At X3 540
4x OH S-CONICHg}y ab 22 : 13
8 H 00 La-0CH, = 1ED = 10000
H | CH, S-OONICH,), a1 1-CN w150 w100 == 1000

carboxy steroid 43, which, in turn, was converted fo the
N MN-diethy] amide 44 +ia the actd chleride procedure. Tha
corresponding azasteraids 48 and 49 were prepered from
44 as described above {Scheme I).

A nitrogen or oxygen atom could be substituted for C-2
in the mzasteroida s ehown in Scheme XI. Cxidative
cleavage of the Al-azasteroid 34x with Pb{0Ac),~0s0, in
acetic acid afforded the seco amino aldshyde 50. The
cxime of thie material wae hydregenated to give gn in-
termediate diemine, which remeted with carbonyldi-
imidazole to give the diaza analogue 54, Similarly, boro-
hydride reduction of 50 gave an amino aleohol, which was
ring closed to the 2-oxa-d-azasterocid 55.%

Reactiop of the pyridyithio ester 1he with Baney nickel
gave the 178-carbinol 10bf (Scheme XIT). Oxidation of

(28} An alterndbs psute to thess sxa-4-nzastercids hen recemtly bhasn
reporéed: Weintraab, P, M.; Blohm, T. B.; Laughlin, M. £
Med, Chem., 1385, 28, 831,

19bf to the aldehyde with pyridinium chlorochromate and
subsequent condensation with the stable ¥lids, methyl
(triphenylnhosphoranylidensipcetate, lod to the {rame
unsaturabed ester 10bh, The amide 10kd was obtained
after saponification and amidation by using the hydrony-
benzotrissals sotivation procedurs,

To provide a precuragr for a 7g-mathyl-subatituted
azapteroid, the 68, 70-methylens sterold 847 was ozonized
to give the seco acid 65 (Scheme XIID. The cyclopropane
ring of 65 was ¢leaved by hydroiodic acid, and the inter-
rusdiate iodomethyl sorapound was reduced with zine to
give a methy] componnd 87 of the desired stereochemistry.
Ring closure and reduetion of 87 (Scheme I} afforded the
corresponding azasterold 69,

The ring closure of the 1%-nor seco acid 78 led to
mixture of A* and A%” sternids, 74 and 75 (Scheme X1V,

(27) Arth, G. E.. Reynolde, G. F.. Raemuseen, 5. H; Ohen, 4
Patchatt, A. &. Tetrahedron Leet. 1974, 28],
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Scheme X1V
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Hydrogenation of 74 led to the trans ving isomer 76 as the
major product, but twn other isomers, presumably 77 and
T8, wers alas lglated from this atep.

Strncture-Activity Relattonships. Tables I-V list
compeunds and their in vitro activity as inhibitors of ho-
man Sa-reductase, rat Se-reductess, and rat androgen
receptor binding, Table I contains stersids with e fully
cartocyclic Ting sysiern, Table 11 conteins 17-wbstitotad
4-azaandrostan-3-ones, Tabls IT1 describes anslogues of
4-MA (10x), Tekle IV features unsaturated szaandros-
tan-3-omes, snd Table V includes verious other analogues
of the basic azastarsid structure, The Iy, value of each
storoid was measured and is reported a8 such in the rat
enzyme and rat receptar assays (last two columne, Tables
I-¥} whils for the human He-reductase, which showed
BOMme Asgay-to-asany wariability, the inhibition is expressed
as a ratic of the inhihitor 10, value to the IC,, value of
compound L0x,*% ugad ag s gtanderd in sach assay. The
thres s3eaye were pot Tun conm;rranﬂy, and 23 B resnlt,
meny compomds ware not teated in each dus to time
restrainta or compound availability. in peneral, a donble

“greatar than” sign (35) indicates no activity at the indi-
cated concemtration while 5 zingle sign () Indicates partial
inhibition st the highest lavel tested.

The reeults of this stady confirm and extand o gaxiier
observationa. ! Some of those data are included here
for completeness. The purpose of the study wee to define
the limits of molecular change for this ¢less of compounds
for activity in each of these assaye, to optimize activity an
So-reductaee inhibitors, and to provide a bage from which
a carrelation with lo vive results could be determined.

BRat Androgen Receptor, Dihydrotestosterone (1a)
containg the optimel features for interaction with ita re-
captor, notably, 178-0H, 3-oxo, and the all-trans Gee-re-
duced steroid ekeleton. Im the carbocvelic evstems (Tabla
I}, incorporation of a A! deubls bond resulta in 8 compound
{87} of equal or slightly incrensed hinding activity whereas
a A doubla bond (2a,b.ar} decreases Botivity relative to
the Sa-saturated parent. Loma of the anguisr methyl group
{94} increasea, whils a 4-CN (17x) greatly diminishes, tha
recaptor antegonisem of A* steroide. The order of activity
for 17-substitnents falls off for the carbocyclic steroids in
the order 178-0H, 17=(, 17-spirac THF, 178-CO,CH,,
178-COM(CoHy),, and 178-CO0H. The progesterone
analogues, % and 89, reported as Se-reductase inhibitors

(28) Lieng, T'; Heisa, 0. E. JJ. Biol Chem. 1981, 266, 79898,

2% Brovks, J. B.; Beptista, B. M.; Barcoan, ., Hem, E. A Hi-
chens, M. Jobmetem, D. B, B.; Frimka, R. L.; Rasmusaon, G
H: Raynclds, G. F.; Scbmfet, 8 M.: Arth, O. . Endacrinclogy
[Belbimeare) 1981, 108, 830,

Rasmusson et al.

Table VI, 17-Stde-Chein Subatituents (Schaman I-TV)

s p-OH af  =CHCON(CyH), B
h =D ah  ACHICHHCOH (Ne)
e ACHOHCH, ai  ACHCHCOCH,
& §COCH, al  F-CHICHMCONCHy,
¢ o-0HS-CHOHCH, ak F-CHICHOCH),COH (Na)
f  p-CHICH)CHOH al  A-CHCHHCH,CONICHy,
g FCOHE) am FCHICHCONH,
i ECONH, ao pCN
i #CONHCH ap S-(2-oxasalingl}
k S-'DUNHGgI'f; aq f(d-direthyl-2-canzolioyl)
i B-CONHCH{CHZ: or  o-OHOH.CH 08
m  F-CUNHC{CHyly o CHOH OB
o SCONHICHgCH, at  FCOCHCR{CH,),;
¢ SCONHICH.CH, an FCOCHICH,HC.H,
® ﬁ?ggjl{:{EH,}gCH,Ca &Y fCO0E-pyrrolyl)
0 FCONHO M (olevl] aw SC00(CH,
$ .B-CSNHC-H,OH sy ACOCHN,
[CH W C
t  ACONHCHLCOOH, ez FNHCOCH,
v F-CONHCH,COH ba a-MNHCOCH,
¥ .ﬂng:IIElCH,CDN- kb g-COC
I I
w A-CONHCH,CH- be  -COS{-pyridingt}
OCH
r  J-CONIC,HL bd B-COyll-benzotrlazolyl
¥ A-CONG-CGH: be §-COEL-imidazalyl)
T A-CON(n-Cy by b A-CHOH
an A-CON{CH,,- bg &CHO
CH0H.0H
abh S-CONICH,0 bh A-CH=CHCO,CH,
ac f-CHyCO, D!H,.. B A-CH=CHCO,H
ad 5CH2EG“‘['[C5 vl b} A-CH=CHCONCH,
ag ==CHCOLCWHe bk ACSiCH,CICH,

with antiprostatic®™ and antissbotrophic® activities, had,
reapactively, atrong and moderate activity in the receptor
2RHAY.

The receptor sctivity of the 4-azastercids (Tables I-V)
varied dramatically depending on the nature of substitu-
tion om the A-ring 4-nitrogén. When only & hydrogen was
attached to thia position (R, = H}, receptor activity was
greathy diveinieied Telative to the parent. cerbosyclic steroid
or to the corresponding methyl derivative (R, = CH,l,
Ezxcept for the 4-hydroxy-A® compound Bx, other aubati-
tutione at the A-position led to decreased activity (1bx,
1lar, 12x, gnd Tx}. Other A-ring modifications of the
standard inhibitor 1kx afforded enbanceroent by addition
of 4 (14x}, 3-oximino (33), A-homo (3%), and 1, 2a-epory
{81) moieties, while permissive effects wera sean with the
2-aza (54), 28-fluore (29), le2o-methylens (36), 2a-DH
(92}, and 2-oxg (55} snalogues (Table I1T). There was &
loss of receptor sntagonism by analogues containing 28-
methyl (909, lawmathj.rl {24), 2-oxc (85), et or 23-roethory
(a1, 30), 1-cvano-a! {21}, and la-cyanc (23) functionalities.

Unsataration of the ezastercide at Cgp incrensed receptor
activity (6], 6, bah, 74, 81} Dthsr activity-decrepsing
madifications of the ring system includs the 7F-methyl
(693, 165-methyl (65}, D-homo (49), and 1%-nor (76) ana-
lopaee., & parmissive offect was shown by 2 18o-methyl
(60, 623, An AB cis ring fusion (80) destroye receptor
activity.

A range of 17-substituted azastercids wae investigated
{Table I} and found to conform to that sesn with the fully

(30) Petrew, V. Lack, L. The Frostalie Cell:  Structure ond
Function, Alan B, Lis: New York, 1581; Part B, pp 283=-247.

(31} Tamm, J.; Beckelmann, M; Volkweln, Us Ludwig, B. Br, J.
Dermatol. 1982, IDT, 65,
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carbocyclic systern, Thus, in decreaslng order of recaptor
activity ate actlve compounds with the followlng side
chaing:  178-0H {10}, 173-CH,C0,0,H, (10ar), 178-
CHOHCH, (19¢), tha a o (10as), the ketopyrrole
{10av), 178-COCH, (10h), 178-CONH{CH,),CH; {100),
17-epiro THF {!Dar), 174-COCH, (10d), 175-CONH-
(CH,CH; (10n), 178-CH{CHCON (10an), and 178-
CONH, (L0i).

Carboxyl-containing side chain analopues wera yery
wiak antagoniste (10g, 10ah, 10ak), as were analogues with
hydrogen-honding groupa in the 17e-pesition (10e, 10ka),
The activity of compounds substituted with alkyl groups
on the a-face of the Dering (10ar. 10as, 62, 80) might
indicats that the androgen receptor hes a lipophilic
prefarence at this site of the sterold. In general, linear
chaing of C-17 kstones (10d vs. 10an), esters (10h, 10ac,
ve. 10pi), and amides (10n, 100 ve. 10m, [@) were more
nctive than related hranched derivetivea. The exceptions
are the planar pyrrolvl lactone 10&v and the cholanic acid
derivative 14al. Very long chain aliphatic amides were
inactive (10q, 10:2).

Thue, it is poasibe to prepare an azastercid (ie., 14a)
that cornpetes for the androgen receptor as avidly as di-
hydroteestoaterone. Howevar, by leaving the ring nitrogen
unsubatituted and ineerting a side chain of low affinity,
a compound devoid of receptor activity can be obtained.

Rat Prostatic 5x-Heductase. It ia clear from an in-
spection of Table I that the structural requirements for
intarferanca with the androgen receptor are guite different
from thoss for interference with the enzyme. Most nata-
bly, the Bo-reduced carboeyclic sterolds (1a, lar) that show
good interaction with the receptor ars without effsct on
the engyme., The substrate testopterons (2a) i only a
modest anzyme inhibiter, while the 4-cyano compound 17x,
which [nteracts poorly with the receptor, is the most poient
anzyme inhibitor of the group.

For the azasteroids, the Se-reduced syatem affords op-
timal activity with the enzyms. The difference between
the activity of 4methyl and 4-unsubstituted ezasteraids
in the enzyme assay is not as dramatic as that asan with
the androgen meceptor. Except for a few cases, the 4-
methyl azestercids are slightly mors active than the un-
substituted analogues when the A ring s esturated (Table
IT}; the reverse is true for the Al derivatives (Table TV,
There wera 1o activity-enbancng modifications found with
the A-ring analogues of the standard 10x investigated
{Table III), atthough permissive effects were found with
the lo-mathyl (24), 28-paethyl (M), 1o 2e-methylene (25),
and 4-amine-A5 (7x) derivatives,

Unsaturation at C, ; or Cy g of the azastaroids zesnited
in redueced Go-reductzne inhibitory activity (of. Table 1T
to Table T¥). The addition of a 78-methy! group incrassed
activity (10ar va. 6% as did the incorporation of 2 18- or
168-methyl group (104 vs. 62 or 63). Hydrogen-bonding
groups at the 17«-position (10e, 1if%a) appeated fo enhanes
activity,

Modification of tha side chaln at C-17 of the nzaan-
droatanes has afforded & series of compounde with a broad
range of aetivity {Table IT). As has been noted previous-
v, %t the teptosterome snnlogiss 9a and 10 ars colatively
wenk {nhibitors while slde chains compesed of & semipolar
group with nesrby Lpophilicity show high activity, The
mwoat potent inhibitors ncluded the secondury antédes 10,
10¢, sod %o, which have ICy, velues at the subpanomolar
level. Trigonal geometry sxocyclic to C-17 (ie., 10af)
permits high activity.

The K; data for a number of these compounds hava
appearsd 118 The apparent K, values (in parentheses)

Journal of Medicing, _hemistry, 1888, Vol 23, No, }T 2307

reported for 9x (29 oM}, 9y (13 oM), 10x (G oM}, 10ah
{17 oM}, Loar (24 ndM), 13m (6 nM), 18x (133 M), and
14x {185 nM) a= inhibitora of rat prostatic Ge-reductass
correepond alosaly o the Iy values obtained in this assny.

Humpn Prostatic Sa-Reductase. The reference
gtandard in this agsay, compound 19x, hos besn reportad
to have an I0g, values of 5.8 % 107% M.1® Thuay, the units
expressed for this assay {n "Tabies I-V are approximately
the sama in moles x 10 gg those listed under the rat
Go-reductase and receptor Bssays.

It appears that the structural requireraents for inhibition
of the hyman enzyme ere more stringent than for the rat
anzyme. OF the compounds that can be compared, only
a few (17x, 9x, 13y, 14¥) ehow enhanced activity against
the humen encyme while 8 great majority show & drematie
lose of inhibitory potency relative to the rat enzyme.

A-ring modifications (Table OT), in general, decrogss the
activity of the standard compound L0x. However, the
order of activity and the potency of theae eompounds ap-
pear to be approximately the same as found with the rat
enzyma assay. Compounds with unsaturation at C) g or
Cyys generally have reduced poteticy In this enzyme assay
ag well {Table IV).

Modificatinns at C-17 (Tables I, IV) indicate that for
pptimum activity the attached sermipolar group, preferakly
an atoide, be linked with a compact lipophilic resdus
{10m,p,x.¥; 13m,p.¥). The primary amide 91, az well as
the long-chain substituted amides, 10 and 102, had re-
duced activity. Simple estera {L0h, 10ac, 108i) and the
ketona 1kl were lasa active than the mare lipophilically
substituted analogues (10w and 10at, 10& 0, respectively).
The pyrrolo ard diazo ketones {10av and 10ay) show
higher activity thar might be expected for such polar-ap-
pearing derivatives wheraas gubstitutions ai the 1Ta-pos-
ition would appear to interfere with optimal activity {of.
10e, 10ar). Methyl substitution at the T78-position was
tavored over the Te-position in the A® compounds 68 and
T2

Conclusgion. Thess data reinforee our earlier concapts
of Ba-reductase specificlty and of the structural cherac-
teriatice of good inhibitors, The preferred natural eubstrate
of the prostatic enzyrae of the rat and, most lkely, of the
human as well is noi testosterone but anciher 3-ketn- A
steroid that posssases s less polar side chain, such Bs
progestercne. This selectivity apparently does not changs
with etvzyeoe isolated from different tissues of the same
animal'* or from prostates of different disense states,™
However, there are relative differences 1o the selectivity
of Boe-reductass between species as shosm by the difference
in inhibitor effects on the buman and rat enzyrmaes,'

The mechanisim of action of these mbibitors is assumed
tix be that of transition state inhibition. 2 The confor-
mation of the A-ring lactam closely mimics that of the
transitivn state So-reduced A?-encl that sccurs on the
enzyme in proceeding from the A'-3-ketone to the So-re-
duced 3-ketone. The high activities of the 4-cyano-3-
keto-A* compoumds 17X and 17ar fit this concept, as well,
ginge om reduction by the enzyme they would form a stable
Ba-reduced Al-enol, which lilte the azastercids would re-
main tightly bound to the active site. A facile snol-to-
ketone isomerization of the product may ha raquired for
turnover on the enzyme.

The androgen receptor data indicate that it is posaible
to deasignt an arasteroid with bigh recaptor binding. Thess
compounds potentially could be agonists {14a, 58) or an-

(323 Rasmumon, G, H.; Lisng, T.; Brocks, J. B. In Gens Regulstion
by Sterofd Hormones IF, Roy, A, K., Clark, J. H, Eds;
Bpringer-Varlaym Mew York, 1983 Chapter 10,
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tagonista {14k, 14av) in their effect on androgen-senaitive
tigaues. The latter compounds would be expected to have
a8 dus! mode of androgen control, namely, by So-reductazes
inhibiion and receptor inhibition. Alternately, by leaving
the 4-nitrogen uneubatituted it ia possible to prepare Se-
reductase inhibitors that will not interfere with receptor
action and, thue, permit the study of the actions of tes
testerone in the absence of its potent metabeolite, DHT.

Experimental Saction

General Mathods, Mehing pointy are uncorvectad. "H NMERE
spactra, obtained with Warian T-80 and SC-300 spectrometers,
were rwa in CDCly solution and ere teported e ppr values
downfisld from Me 5L Low-resclution mase spectes were ohtaimned
from an LEKB Modal 000 apactrametey equlpped with GO and
direct inlet symtems. Analytical high-presmure LC ssparations warg
made o0 & Watsrs Associates ALCHH series chrometograph
equipped with o Modsl 60004 pump, & 3.8 mm X 30 cm uPorall
column, a Sories 0¢ refractomecer, and a Seriea 440 ultraviclet
abgorhanca detector. Preparative high-preasure LC separations
were mede on 8 Waters Associates Prep 500 chromatograph
equipped with one or two PrepPels (326 g of sitica gel aach).
Thin-layer chromatography (TLC) was run on Analtech silica gal
coated plates in thicknesses of 260 fanalytical), 1000, and 2000
prn, Al rascticre were followd by T1.C, and the isolated products
ware analyzed by TLC to verify purity. Optical rotations ware
megpured in ehloroform solution om a Parkin-Elmer Model 241
polarimeter veing & i-cm microcell.

17g-Carboxy-5-0x0-4 -nov-8 S-socoandroetan-3-ofc Aoid
(32 A solution of &-oxo-4-androstene-1T8-carboxylic acid (2g)®
(200 g, 0633 mol) in & mizture of 3.5 L of Z-methyl-2-propanc]
and 500 mL of 40% arueows NayCO, wes treated with a solution
of 948.5 g of Mal0, and 6.85 g of KMn(, in .5 L of water at 80
*C and worked up as In tha precedirs degeribed previousty.! The
crude product crystallized on treatment with a Et.O-hexane
mixture to leave the diacid 3g (152.2 gh mp 188-10% *C.

Othar 3-keto-A* starolde were convartad to the following new
aseo goids; 2 e-tatrahydrofuran-2-spire-17- [Ta-methyl-5oxe-
A-tor-3 G-escoatidrastan-Z-oie ncid) (71 2 3 o-tetrahydrofiuran-
oapirne1T-(Becns- 4, 10-dinor-3,6-sacoandrostan-3-oic acid) (73);
5, 2-dioxo-182-methyl-A-nor-} S-secopregnan-3-vie acid (58); mp
204-206 = & 20-dloxo- 163-methyl-A-nor-&, S-amcopragnan-3-nic
meid (571, MY 420 (Mey3i); and 1Tag-{disthylcerbamoyli-5-0xe-
[-home-A-nor-3 freecoandroatan-3-oic ecld (46), mp 215220 *C,

B-Oxo-f-aze-5-androstene-172.carhoxylic Acid (dg). A
smpenaton of the diaeid 3g {64.7 g, (.18 memot} in 350 mL of cold
¢5 *C) ethylene glycol wae treated with 80 ml. of liquid amzmonia.
Tha solution wan then gradually heated (3 2C fmin) ta 180 *C and
was held at 180 °C for 15 min. Dllution of the coaled mixturs
with water and acid{fication to pH 1.5 precipitated the desired
product Filtration, water washing, and vacuom drying afforded
7.5 g of 4g, mp 310 *C.

The {ollowing ara other new AS-nzastarcide prapared by this
methed: d-aza-6prégnans-3 20-dlons [4d), mp 200-282 50 M-
methyl4-methyl-3-oxo-4-aza-G-androstene-1T5-carboxamide (5],
mp 247248 *C {a byproduct of the condenmation of methylamion
with the cotresponding secoatarodd 178-mathyl avter); N N-d1-
athyl: 3-nxo-4-aza-D-homo-S-androatene-17 af-corboxamide (48],
rop 185-190 *0; N N-dlethyl-d-mathyl-3-0x0-4-a26.0-homeo-5-
androetene-1Tad-carbozamide (471, M* 400; N N-diisopropyl-3-
oxo-d-a26-S-androatene-175-carboxemide {4y), mp 2T6-27R *C,
3-0mo-4-aze-§-pregnene-20o-carboxylic acid (£ah), mp >300 *C;
4, 16 o-dimmthyl-4-a2n-5-preprane-5,20-dions (58), mp 160-168 *C:
4,168-dimethyl-d-ata-S-presmered, M-diooe (89), mp 145-147 *C;
2’ 3 o-tatrahydrofuran- 2 -apira-17-(4, 7 oo-dimetbvl-4- o n-f-
androsten-S-ona) (72, mp 145147 70 ¥, ¥ o-tetrehydrofuran-
2-epire-17-{4-mathyl-4-aza8-13-nor-5-andreoston-3- one) {741, mp
95101 *C; and 2 3 v-tecrahydrofuran-2'-gpiro-17-{4-meathyl-4-
aza-19- nor-5 L0-androsten-3-one) (75), mp 142-144 *C. These
latter two compounds weres found togather and were asparatad
by chromatogranhy (HPLE) ob silien ged eluted with 31 orelo-
hezane—FtOAe

N N-Diethyl-4-bydroxy-3-o0x0-4-pza-5-androstene-175-
carboxamide {Ex), A sclution of the seco acid 3x* (0.5 ¢, 1.3
rumicd), 10 mL of 5% KOH solution, and 0.15 g of NHOH-HC1

Rastnuragn ef al,

it 15 mL of athanal wes raftuxsd for 2 b Acatic acid was added
to the cooled mixtues, and dihation with water separated 365 mg
ol the intermediete oxime, mp 217-219 °C.

A sizture of the oxima and 660 mg of 2ine dust in 104 mL
of HOA: wey haated at 30-85 °C fior 1k The mixture was cooled
angd fltered. The filtrate was diluted with water, and the separated
pelid (180 mg} wes washed with watar and deiad, The product
Sx wug inolated by pesparative TLC oo dlica gel plates (two plates,
20 cm ¥ 20 cm X 1000 wem) elutad with 4% CHLOH in CHC,.
lanlated wan 78 mg, mp 228-225 *C.

3-Ozn-d-aze-Se-androvtane-L75-earboxylic Acld (9g).
Hydrogenation at 80 *C of 126 g (0.43 mol) of the abeve AF-
azzaterold 4g [n 1630 mL of HOAC in the prasence of PO (183
g) st 40 paig for 3 h gave, efter filtration, evaporetion, and water
wash, 125 g of the desired Bo-reduced product Og, mp =310 =0,

In additian, the following Gn- 4-azasteroids have been prepared
by & similar procedure;  X-hydroay-4-pza.-5:-pregaan-3-one (Be),
mp A00-302 21 N-rrmthyl-4-methyl-3-oxa-d-sza-So-androstans-
178-carboxemidae (1), mmp S65-288 °C; N N-di-2-propyl-1-nz0-
4-aza-Go-androptane-175-cerboxamide (By), mp 295208 °C; 3-
enemd-aZs-Goepragnane 20 carhoxylic acdd (9eh}, mp 313315 °C;
N N-diethyl-2-ocxo-4-aze-D-homo-Se-androstane- 1 Taf-carhox-
amide {48}, mp 264-263 *C dec; 4,18a-dimethyl-20-hydroxy-4-
aze-Ge-pregnan-3-one (80), mp 215-220 *C, 4, 165dimethyl-20-
hydrozy-d-ata-Bo-preognan-J-one (1), mp 206208 °0; &,58%-
tatrabydrofurgn-2'-apire=17-(4,74-dirnathyl-4-aza-6e-and rosten-
d-cma) {88), mp 115-119 2C; and ¥ ¥a-tatrahydroforan. 8-
aplro=17-{4-methyi-4-nza- 18- nor-be-and rostan-3-one} (76), mp
188-167 °C, predominant [somer, isolated by HPLC., Minor
frorners ohtained in the lattar preparation wers 23 «-tetre-
hydrohuren-2-epiro-1T-id-methyl-4-eza-19-nor-Gf-androstan-3-one)
(77), map 9597 *C, and 2" 3 retetrahydraliucan-2-npiro-17-(4-
iﬂé%ﬁl—i-ﬂ:ﬂ-lQ—nur-Eu,lﬂa-andrmtan-ﬂ-nne‘J (TE), mp 136140

The Ef-reduced isomecs, N N-disthyl-3-oxo-4-aza-G8-
endrostane-178-carbexamide (79), mp 186188 *C, and N N-dl-
lsppropyl-d-methyl-3-vao-4-a2a-Gi-androstane- 1 75 carboxamide
{80}, mp 1LT7-17% "C, were irolated as minod components in
eealad-up reductions of the eorresponding A% precursors.

Mathyl 3-0Dxc-4-aza-Bo-androstane=173-carboxylata (9h).
A sunpermion of the aeld 8g (106.8 g, 0.38 mol) in & mixturs of
42 mT of 2 2-dimethoxypepans and 1.0 L of CHOH wes treatad
with a slow stesarn of HCl gas with stirring for 4 h. The mizturs
wes hantad at rafluz for & h and than allowed to stand ot 24 2C
for 16 h. The separated product was removed by fltretion snd
wesa washed with a small emount of CH;O0H to leave 72,56 g of the
eater Oh, mp 254207 *C. Concantration of the filtrates laft 43
g of & durk sclid, which was sxtracted with hot EtOAs. On pooliog
additione] ¥h eeperated and waa rernoved by filtzetion. After the
product was washed with cold Et.O=-EtQAe, the ydeld emountad
o 111 g, mp 286-289 *C. The filtrate contained {TLC) primarily
nonpalar byproducts.

In a pimilar fashion, methyl 3-oxc-d-aza-Go-pragrnate2e-
carbonylate (Pal), mp 65270 "0, wee prepared from ite corre-
sponding acid.

Methy! 3-Oxo-4-aza-Eo-androet-1-ene-17f-catbexylate
{1&h). A suspension of the saturated szastarcld 9h (83.7 g, 0.25
maol) and 128.5 g 00,35 mol} of benzenesslsninic aphydride in 2,1
L o ehleaobendamns was heated at rafux for 4 b with slow revneval
of solvent and formed water. The mizture was concantratad to
near drynesa. The rasidee in CHaCl, was washed succespively with
aaturated MeFHCO, and NaCl solutions, then drisd, ard misclated
by eomeentration. The cruds product wes elutsd theough 2.5 kg
of silica gal with increasing percentages of peatong in CHyCl, Aftar
elution of nonpeler eromuth byproducia, the desfrad produet (58.4
g} wen eluted with 20% agetone, The laolated product was rnssd
with 2 % 100 mL of Et£) to giva 40.5 g of 11 b, mp 278280 °0,

In n sivodiar fashion, the folowing Al-ezameraids heve been
preparad from the corresponding satureted precursors: N-

(32} The assignment of A-B riog confguration for 76738 was basad
on a comparisot of the NMEB ghifte of the C-5 hydrogens (2.9,
4.58, gnd 3,17 ppm, reepectively) with those of the corre.
spomding 1TA-hydrowy analogues {ref. & and B, Walton, unp-
putlighed datal
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athyl-3-ox0-4-a2a-5a-ghdrost-1-ane-1Tf-carhoxaride (13k), mp
255=-267 *0: N-(2-methyl. 2-propyl)-5-0zc-4-aze-ba-endrost-1-
eno-1TH-carbozamide (13m), mp 251-253 °C; N-(2.44-tri-
methyl-E-pantyl)-G-ozo-d-aze-So-androut-1-ste-175-carbararmide
{12p), mp 284-228 *; N V-di-2-propyl-S-0x0-4-nze-So-androst-
1-ane-175-carboxamide (137, mp 280-262 *C; mathyl 3-0x0-4-
aza-ho-pregn- [-ene-20a-carborsiats {12ai), rp 356281 °L; 23-
rathyl-4-gza-21-por-Sa-chel-1-ane-3, 20-dicne {13at), mp 2953-258
0 {dackens); 22-mathyl-i-azn-21-nor-5a-chol-1-ene-3.20-dicnes
(13an}, mp 238-241 °C; ¥ 3 - tatrahydrofuran-2'-spiro-17-{4-
pza-Fr-androst-1-en-3-ome [138x), mp 271872 °C; and 175-
[itert-matyldimathylsilylery]-4-aza-So-androet-1-en-3-ooe ({20,
mp 286 * dec.

N N -THethyl-i-formamide-3-ox0-d-aza-fo-androatane-
178-carboxamide (12x). A solution of 20 g (6.1 mmol) of tha
sece acid 3x and 5 mL of hydrerive hydeata in 22 mL of HOA:
was heated st 100 *C for 30 min, The sclution wes evaporated
to drynese under reduced pressure, The resldus was chromato-
graphed by HPLC (Waters Prap-pak) on silica gal sluted with
E10Ac to give 880 mg of eryatalline N V-disthyl-¢-amino-3-
oxo-d-aza-f-andrestene- 17 5-carboaamide {7x), Recrywtallization
from FEtyD gave material, my 188-170 °C (poftans 162-164 *C).

Te & solution of the 4-aming-A% stercdd T (100 g, 025 mmel)
in 2 mL of farmic acid wae added, with ice cooling, 100 mg of
sodium cyencborohpdride, Aftar the mizture was stirred at 23
(> for 80 pnin, CH,0H was added and the mixturs was concen-
trated to drynesa. The residua was extracted with CHC, and
the CHCly leyer wes washed with 6% NaH O, and NaCl aolu-
tiony, then dried, and eveporated o an il (112 mg). The major
product was separatad from a lees polar material by TEC on a
0 emn % 20 em X 1000 pm wilica gl plate slutad with 4% CH,0H
in CHCly. Isolated wan 15 mg of 12x, mp 248-250 2C.

NN -Di-2-propyl-i-methyl-3-oxe-4-aza-15-androstadl-
ene-178-cerboxamide (81}, Lithium disopropylacide was
prepared at —70 °C by addition of 164 mL of 22 M bukyTithium
{kexane) to a solution of B84 myg of dilsopropylaming io 20 mL
of THF. After 15 min, a solution of $x? (747 mg, 1.5 mmal) in
& mL of THF was added, and the salution wan stirred for 30 min
wt—70 *C. A golution of methy] benzeossulflnate® (562 mg, 3.6
mmal} tn 5 mL of THF was sdded, end the solution was slowned
to come to 28 °C. The solvent was evaporated, and the residua
in EtOAe wan washed with 5% MNeHCO; solution, water, and
aatureted Ma(l solution. Evaporation 1aft 14 g of a residue, winch
by TLC analysie contaimed = mixture of gtarting matarlal and the
tnere palar phenylaulfiny] derivative. The crude produet in 15
mL of toluens wes refluxed for 2 b, The sclution wes pleced
dirwetiy on & column of 225 g of silica gel and wen sluted with
increasing amounts of BeQAe it hexena. The deaired A com-
pound 81 {328 mg), which elutad with 22% EtDAc, had mp
165170 *C. Continued elution afforded 188 mg of atavitng
material g {NME).

N N-Diisopropyt-4-methyl-8-oro-4-aza-Sa-androst-1-ense-173-
carboxamide {1dy), mp 171-173 *C; 2" ¥ a-totrahpdrofaran-2%
ppire-17-(4-mathyl-4-aza-Se-androst.-1-en-3-ons) (L4ar), mp
126=-121 *C; and 178-[(kart-butyldimsthylaldboxyi-4-methyl-4-
aza-Sa-androst-1-en-3-one (14bK], mp 127-128 °C, wers prepared
by & three-stap sequancs (2-phenyleulfenylation, Nal'Q, caidaticn
to phanylsulfinyl ptercid, snd pyralyyia) starking from the cor-
reapanding saturated precurecrs aocording to the previously de-
scribed procethire®

Mathyl 4-Methyl-3-oxe-d-aza-So-androat-1-ene-174-
carboaylata (1dh). A suspension of the d-azesterofd 13h (25 g,
75 mmnd) and 3.35 g of oil-free NaH in 500 mi. of anhydroys DMTE
was stirred at 24 °0 for 15 min. Methyd iodide (15 L} was added
dropwise, and the mixturs was stirred at 24 °C for 30 min. Ad-
ditional CH, (5 mL) was edded, and the reection mixiurs was
beated at &3 #C for £ . The reaction mixtors was cooled and
than diluted to 2 L with watar. The mixture was chilled and
filtared. The separated solid was washed with watar and vacoum
dried to leavs 26.4 g of 14k, mp 160~181 °C.

In & similar fashion the following 4&methyl 4-azesteroide wore
preparad from the corresponding unsubetituted lactams: N N-

{%4) Fiald, L; Locka, J, M. Grgande Syntheser; Wilsay New York,
1875, Collact. Vel V, p 723
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diethyl-4-methyl-3-oro-d-aze-Se-androst-1-ene-175-carboxamide
{14z}, mp 200-202 *C; methyl 4-methyl-3-oxo-d-ara-Fa-pregn-1-
ena-Me-carboxylate (14ak}, np 1686-187 *C; N-(2 4 4-trimathyl-
2 pentyl-+-methyl-3-oro-d-aza-5o-gndrostane-1 7 f-carbozamide
{100), mp 148150 *C; N-(2-methyl-2-propyll-4methyl-3-oxo-4-
aza-Su-androst-1-ene-178-carkozamids {14m), mp 154=165 *C;
and N N-dfathyl-4-methyl-3%-0xo-4-aza- I home-Se-androetans-
ETaf carboxamide (49), mp 175-T1 “C.

3 Oxo-d-aza-So-androat-1-ene-175-carboxyle Acid (13g).
A puspension of the sater 13 (25 g, 76 mmol) in & salution
prepared from 12,6 g of KOH it 150 mb. of 5:1 CHyOH-H 0 was
hoated at raftux until TLC analywis indicated complats hydrolysls
(1h), The mixtura was encled to 25 *C and acidified to pH <2,
Water (175 mL} wae sdded graduslly with stirring to leeve 2
eryatalllne precipftate, which was removed and washed with water,
Aftar drying, the product amountad to 25 g, mp 313315 °C with
decomposition. NME analyain indicated the produet to ba a
roughly 1:1 miztiars of the dasiced AF acid 13¢ and the corrs-
sponding CH,OH addition product le-methomy-2-0x0-4-ata-Ga-
androstane-175-carborylic acid. This mixture could not be re-
aclvad at thin stape, but derivatization of the carboxyl group as
the pyridyl thio ester (vids infra) allowed a chromatogrephic
geparation at that point.

Simnflarly, saponification of methyl 4-methyl-3-sxo-4-a28-Bo-
androst-1-ene-175-carboxylate (14h) led to a mixture of the A?
aeld and its methanol addition product, The following saponi-
fication procedure afforded the seid with no indicetion of in-
volvement of the Al doubls band.

&Methyl-2-oxo-d-aza-bo-pregn-1-ene- 28a-carboxyile Acid
{14eh}. A euspension of tha A" ester 1dad (2.7 g, 7.2 mmel) in
g mixtors of 6 mE of 20% tetrasthylammonium hydroxide and
100 mL of tetrahydrofuran was heated at reflux for 4 deys under
oitrogen. The mivture was concentrated and diluted with water,
The aguecus phaas was extrastad with CHECL; and acidified. The
peparated solid was removed, washed well with water, and then
drisd. The eolid was extracted with hot CHyOH, and the sohution
wia filtared end then diluted with an equal wwlume of water. After
cooling, the product L4ah wey separated and dried, mp 277-279
* with decomponition,

Similarly prepared was 3-owo-d-asa-Soe-pregn-l-ens-208-
carbozylic reld {18ah), mp 310-512 °C with decomposition,

1 2%-Pmethyl-d-aza-X1-por-Ex-cholage-3,20-dione {10at).
A golution of the 4% mzestersid 14et {800 mg, 2.14 mmod) in 15
raL of THF wag hydrogans ted et 40 paig at 24 °C for 6 kn the
preesnce of 100 mg of 5% Pd on chareos] catalyst. After fhration
and noncenttion, the residus was crystallized by treabment with
hezans to afford 560 mg of 18at, mp 1(4-108 *C.

N N-Diothyl-i-acety]l-1-oxo-i-aza-be-avdroagane- 175
carboxamide [(82). A selution of 9x (050 g, 1.3 mmel) in e
mixture of T mL of pyridine gpd 2.6 ml of Ael) wes heated at
0 oC for 2 b The aolution was added to ice watar, stirred, and
filtezed. The solid was washad well with water end then dried.
Elgtfan of this material through 30  of silics gal with EtQAc gave

456 mg {mp 186-188 "C) of B2 after evaporation and trituration

with B0

N-(1-Hydroxy-2-methy]-2-prapyi)-4-mathyl-3.0x0-4-az8-
Se-andeestane-1T5-carhoxamide (105), Acid Chlorlds Pro-
cadurs. A suspersion of 4-methyl-3-oxo-4-aze-Sa-androstane-
178-carboxylic acid (10g) (050 g, L6 mmol)® in 6.0 ol of telusns
wan freated at 24 °C with 1.2 m of oxalyl chloride. After the
wixturs wes stirred for 20 mip, the aolvent wos removed under
redusad preasurs and the residee (10kh} wes redisaclved in 8 mi
of anhydroue THF. A solution of 1.0 mL of 2-methyi-2-amine-
propane it § mT of THF was edded, and the mivturs was allowed
to stand for 1 b Ies watsr wan added, and the mixfure wey
extractad with CHyCly. The crgands layer wa washed with 2 N
HCi and weter end then dried (Ne,80,). Concentration Jeft 716
mg of & noncrystaliine aolid. The materin? was padeed through
a colamn of ailica get by elutlon with 1:1 scetone—Et0Ae to afford
tha desired product 10a, which crystallized fram Et,0 to give 218
mg, mp 151=-153 *C.

A wirnilar amidation procedurs was used to prepaze the follewing
ITi-carboxamides from the same starting aeid: N-2-propyl 101,
mp 221224 #C; N-petrty! 100, amorphous solid, M* 402 N-aleyl
(CyHag) L0G, 0il, M* 5B2; N-{2-hydruxysthyl} tibr, mp L1§-121
a3 Ne(2,2-dimethoxyethyl) 10w, amorphous selid, MY 421; .-
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N-disetyl 10, cil, M* 556; N-(2-hrdrozyethyli-Moethyl Liaa, mp
178-178 *C; nnd morpholide 10ah, mp 198200 *C, From 4
mathyl-3-oxo-4-acs Bo-pregnane-Mg-carborylic neld (10ah} was
obtained {-methyl-3-0x0-4-aze-Se-pregonane-20a-carboxamide
{10am), mp 260-262 *C.

Benzotriazsl-10-¥1 3-Ozo-i-aza-Sc-androatane-173-
cerboxvlate (9bd) and Fis Conversicn to N-1-Octyl--oxo-
faze-So-androstane-178-carboxamide {201, A solition of the
acid Bg (500 myg, 1.57 mmol}l, NN dicycloherylcarbodiimide (335
g, wnd N-hydroxybenzotrinzole (318 mg) in 60 mL of CHCl,
was seeted woder pitrogen and stored at 4 ° for 16 h.

The renction mixiuns wan aapurntard ints two parts. Part one
wad evaporated to drynens, snd the residue ams chromatographed
by TLC four plates, 20 am % 20 cm 2 1000 wm, silica gel) slutad
with 4% CH;0H in CHCl;, The major UV absorbing band was
gxtracted, awd the isolated product was washed with sther to give
183 my of the artive eoter ¥bd, mp E17-210 °C with decompogition.

Part twa wan Altsred, end tha filteate wag treated with 500 ul
af #-petylamine, After standing at 4 *C for 18 h, the mixtirs wa
wanhed successively with setursted NaHCO,, | N HCI, and
asturated MaCl salutions. The orgenic solution was dried (Na S0,)
and evapereted. The residus wes cheomatographed (TLO, four
plates, 20 cm 3 3] em ¥ 10K prm, silica gel} by elution with 1:1
hesane—ecetone, The major water opaque band was sgtractad,
and the isplated product was cryetalllzad with Et.O ta give B)
mg of 90, mp 186-147 =C.

By utikzation of in situ gonerated hydrozybanzotrinzols eatars
of the corresponding acids, the following amidea have also benn
prepared by the addition of the appropriate amines: N-(24 4-
trimathyl-2-pentyl}-8-coo-4-azn-Sa-sndrogtans-1TA-carboxamide
{8p), mp 250251 "y N-{carbomethorymethyl]-d-methyl-3-mxce
4-azn-Oe-andoostane-17 f-carbozamide (10t), wmp 217-218 2C;
Ne(Z-mathyl-2-propyl)-3-oen-d-aza-Sx-androstane- 1 T5-carbox-
eiide (Sm), mp 275276 °; N, M-diathyl-4-mathyl-d-oxo-4-az8-
bo-pregn- 20-ene-21-carboxemide (b)), mp 174176 *C: and
N-[[N.N - diethyloarbam oyl imathyl]-d-methyl-3-oxo-4-aze-Son
androatene 178-carhoxamide (109), mp 174178 °C.

8-2-Pyridyl 3-Oxo-i-aze-So-androstans-173-thla-
carboxylnte (Fbe). A solunion of the acid 9g (536 g, 011 mol),
triphgnylphosphine (66 g, (.22 rool), and 2,2-dipyridyl dbafTds
(48,3 g, 0,52 mol} in 219 raL of toluene was atiteed at 24 *C {or
6 h. The reactlon mixturs wae placed on a column of Mlice gel
{1.2 kg} and wae slutad with 1:1 acetane—CH,CY,, The degired
thie entar She ehited slowly and, after rinelng with EL,0, amounted
to 38,5 g, mp 232-235 0.

in & similar manner the fodlowing pyridyt thic eaters were
prepared from the corresponding carboxylic netde: S-2-yridyl
4 methyl-3-ox0-§-pza-bo~ardrostane 1 74 thioearbooykate {10baj,
mp WT-308 *0; §-2-pyridvl 3-oxo-4-aza-Ba-androet-1-ene-178-
thiccarboxylate {L3be), mp 230-232 *C; 5-2-pyridyl 4-methy)-3-
o¥o-4-a20-5z-andront- 1-ane-175-thiscarboxylate (Ldha), mp
216~220 °C; and S-2-pyTidyl la-methoxy-3-oxo-4-nze-So-
androstane-1TAthicearboxylate (88), mp 196-19% °C.

Regctice of Amines with Thlopyridyl Estors, N-(2-
Methyl-2-propyl)-3-oxo-d-aza-So-androstans-175-carbox-
antide {9m). A auspension of the thispyridyl sster 9be (363 rog,
.15 mmel) in g mixturs of 1.7 mL of tert-butylamine snd 21 mL
of THE was ptirred at 24 *C for 16 k. The zolution wes con-
centrated and the cegidue pessed through 60 2 of silics gel with
&1 CHCl-acetone to give the desired product, whish wos eluted
aftar g colomed nonpotar materiat, The ischated prodoet 9m aftar
rinslng with Et,0 amountsd to 700 mg, mp 275278 *C.

The [ollowing gmides woare similarly prepered from the ra-
spective precursor 2-pyridyl thic esters:  N-(Z-methyl-2-
propyll-4-methyl-3-gxe-d-eze-Sw-androstans- 174-cerboxemide
{l9m}, mp 198-200 *C; 3-oxe-4-aza-bu-androstane 17 f-carbox-
anvida (81}, mp 224-226 0 F-oxo-{-azn-Go-androat-1-eme-1748-
carboxamide (134), mp 332-333 °C; 4-methyl-J-oxo-d-aza-Sa-
androst- i-ane-17A-carhoxamids (14i), mp 285-291 2C; N-sthyl-
B-o0to-d-aza-So-amdrest - Lowns-17% carboxarmide (13K}, mp 257-250
*(: Weethyl-4-methyl-Foxo-4-228-5o-androat-1-ene- 1 78-carbox-
amnida {14k}, mp 240-242 °C; MN-potyl-d-meathyl-2.0x0-4-aza-50-
androat-1-ene-i T8-carboxammide (14e), mp 186106 #C; N-(Z4,4-
trimathyl-2-pentyl}-4=-methyl-3-0xo-4-ara-bo-androst: 1-ane=178-
carbozarids (14p), mp 168-1730 °C) and lo-mathory-3-ooe-4-
aza-Ga-androatane-178-carboxarsida (B4), mp 205207 °C.,

Rasmueson ot al.

Reagtion of Grignard Besgents wich Thiopyridy] Exters.
23-Methyl-4-axa-21-nor-Sx-chol-1-sne-3,20-dlone [13au}). A
suapension of the A gterofd thiol epter 13be (7.2 g, 17.6 mmol)
ity 288 mL of THF was treated dropwiss at -78 °C with 81 mL
of 1.3 M sec-butylmagnasiom ehlarlds in Et0 (Alfe). Afer the
mixturs wag stirred at —7R °C for 30 min, the temperaturs was
allowad to rise to 0 *C., Saturated Muall selobion was added
dropwies with etirring untll the inorpanic aslis separated as a
granular precipitate. The salia wara ramovad by filteation and
rinséd with THF and then CHyCly. The combined filtrates were
eotcentrated to a residun, which wes dissslved in CHyDly, washed
with 10% WNaQH and esturated WaCl solutions, and then dried
and concenteatad to 8.1 g This mosterial wes pasged through 360
g of sillea gel with I0% acatens In CH.Cl;, The mejor eluted
produet was isolated and rinead with sther to give 4.6 g of I3au,
map 248249 °C. NMR analyels indieated this product to be &
mivture (B5:45) of disstersofypners (ispmeric ab the 22-position).
The mere polar isomer could be obiaived in 0% purity by 7-f0id
recrvetallizetion from CHyUM. The less polar isevnar wan obteined
about B)% pure by pask shavieg on HPLC of the firet mother
liquor materiel. The bioactivity of theas isomer in tha hiumen
anzyTha So-reduotane asany wera acasntially equal,

In a similar fashion the following 20-koto azeatavoids wers
prapared feom precurser thispyridyl sstam: 23.mmethyl-4-aze-
2t-noe-Ba-cholane-3,20-dlons (Jat), mp 220-222 *C; 22-methyl-
d-gxa-21-nor-Go-cholane-3,20-dione (Sawa), mp 223-225 °C; £,22.
dimethyl-4-aza-21-nor-Go-cholane-3 20-dions (10au), my 135140
o 178-{2-pyrrylearbonylj-4-aza-Bo-andrestan-2-one (9av), mp
B6T-270 °C; 4-methyl-178-(Z-pyrrylearbogyl}-4-pzp- G-
phdrogtan-3-one {10av), mp 222-824 C; 4,23 dimethyl-{-aza.
21-ner-Ger-chol-1-ene-3,20-dicne {14at), mp 147-148 = 4,22
dimethyl-d-aza-21-nor-Sx-chol-1l-aoe-5,20-dionhe (1dau), =p
134-138 °C; 178-(2-pyervlearhonyl)-4-gzn-Go-androgt-1-en-2-oma
(L3a¥), mp 294-286 *C; and 4-moethyl-178-(2-pyroylearbenyl)-4-
aza-Ge-androst-1-an-3-ome (1dav), mp 247-248 °C,

tert-Butyl 4-Methyl-1-0x0-4-aza-Go-androstens-173-
carboxylate (L0aw). A solution of 128 mg (0.6 mmel) of silver
triflucromathanesulfonets in 1.0 ml of warm toluane was added
to a atireed sospaneion of the thiopyridyl eater 10he (213 mg, 0.6
mmol) i a micture of 100 wL of +-BuQH and 2.6 mi of tolusow
with vigorous stirring. A gumeny residus separatad, which afbar
2 h wan tritorted to give o franly suspanded solid. After 83 mio
of additiomal ativring, the miertoes wee diuted to 8 mL with
CHyCl, The solution was washed sucessslvely with HaD, 5%
WH,OH soliution, apd saturetsd NaCl soluticn, and then it wes
drisd and concantrated to g gum (240 mg). This mataris} wes
chromatographsd by TLE on gilica gel plates [four plates, 20 cm
3 em X 1000 wen) eluted with 2:2:1 acetone=Et0Ac-CH,Cl,.
The mejor not-UV.absorbing band wes axtractsd to give ores-
talline 1oaw. Racryatallizetion from heptans—sthyl acetate gava
113 mg, mp 3100 *C {cryetal changs during melting}, A portion
from sgumpns mathanol had mp 164-172 °C,

In & similar fushion, the thiopyridyl eater Sbe wes converted
o terd-butyl 3-0x0-d-a2g-So-androatans. 175+cerborylats (3aw),
mp 230360 °C with decormposition.

8.2-Methyl-2-proprl 4-Metksl-3-ox0-4-az8-5a-
androstene- AT thicearboxyiste {10ax). After standing ac 23
*C for 16 h, n solution of the 17-carbayylic avid 10 {167 mg, 0.5
mmal) and NN “carbonyliimidazole (162 mg, 1.4 mmal) in 2
mL of DMF was treated with 1.07 mL of teré-butyl mercaptan
and 9 mg of magnesium athoxide, The mizture was stirred for
18 b and then waa soncentrated to near drmess. The residue in
UKL, was washed with water, seturated MaHCOy solution, and
saturated MaCl solution. The residus after drying and eveperation
waa chramatagraphed on 18 g of milica gel. The thiol ester Ifax,
whish alutsd with 10% ecetone in CHaCly, amounted to 118 mp,
mp 185-159 =C.

N N-Diethyl-d-cyano-3-oxo-d-andrastene- | 75-carboxamide
{17x). A solation of N N-diethyl-2-cxzed-podronbagy-1T4-
carboxamide® (2x) {1.25 g, 3.37 mmoal} in 2B mL of CH,0H was
treated st 0 *C with 0% HoO0g (2.24 ml, 22 mezol) and 253N
MWalH (0.9 mL in 1.35 mL of CH;OH). The solution was stirred
at 0~10 *C for 8 h. Tha selutfon was poursd inta ice water and
was axtracted with BtDAcFt,0 with use of Wall to break the
emulsion. The organic layer was waghed with water, dried with
MayB0,, and evaporated ¢ leave NaY-dlsthyl.4,5-opoxy-3-ox0-

21

i



Aznstorsids

an,du]mtana-l'?mbumida {L6x) as a paixture of Bomars {ajl,

Logl .

A solution of this epoxide L= {1.0 ¢, 2.58 mmal} iv 52 wml of
ethanocl wens treatad with g solution of Nali (1.25 g, 25.9 mmol}
in 15 mL of water end then wee refluxed fer 21 b, The schvent
was remeved god the recidue was treatad with excess dilute Na(H
selution. The aguspus scluticn was extracted with Bt} and then
peidified with 6 N HCL. The separeied salid wes dissolved in
EtGAc, and the salution war washed with water, then dreisd
(Mag80,), and concantrated, The residue was ized from
CHyOH-EtOAc to leave 537 mg of N, N-diethyl-£,5-dleyane-3-
hydrpey-Fandrogtens-178-carboramide [16x), mp 223225 °C dec.

The cyanc compound 16T {537 oy, 1.27 mmol) was heated
under reditcad preesure {10 mmHg) at 235 °C upntll ge avolution
ceaped (2-2 min). The reaidve wes cocled and reeryatallized from
Et0Ae to ghve 392 mg of 17X, mp 240-242 *C with alighe dis-
coloration at 230 °C,

In a similar Fashion, 2.0%s-tetrabydrofursn-2-spiro-17-(4-
androsten-3-one) (2er)? wes converted ssquentially + the cor-
regponding epoxide 15ar, 4,6-dicyane compound 16er, and 4-
oyang-3-axo derjvetive 1Tar, mp 160-181 °C,

20x-Cyeno-i-met byl-4-aza-6e-pregnon -3-oma {10an). Ter
0 *C solution of the amide 10arm {180 mg, 0.63 mmol) in 1O ml.
of pyridine wan edded 0.1% mL of FOCY, After 45 min at 0 °C,
tha golution wes pourad inte 40 mL of ice water conteinlog 0.5
mL of pyridine. The separated product was digsoleed in CHC),
and wae weahed with aaturated NaCl solution, drled, end isclated
by concantration., & emall roount of polar meterial was ramevad
hy pessing an acetona sclution through a short column of silica
gel. Crystallization fioim Ft,0 afforded 100 mg of the nitrile 10an,
iy 220-225 0,

1n & similar fashion, tha I73-cerbozamide 184 was convertad
inta 175-cyane-4-methyi-4-aza-Eo-androgtan-S-ops (10ao), mp
248260 °C,

178-{4,4-THmethylozazin-2-y1-d-methy]-4-aza-5p-
androatan-3-pne {10eq). A solutlon of the amide 108 {180 mg,
04 mmol) and 114 mg of p-toluenseulfonyl ehloride bn 5 mL of
pyridine was kept at 24 *C for 24 h. The solution wes comcentratad
under reducad pressure, and the rasidue wes stirred with 7 mlL
of 10% NaHCOy sclution for 3 h. The product wea sxizacted inta
£, washed with watar, and dried. The prodict iaclated on
svaporation wes aluted by HPLC through a Whatman M ilics
eoluemn with 111 EtOAc—-acetons. The product was bolsted and
crystallized from haxers to give 55 mg of 10aq, mp 144-147 *C.

A stmiler resetion carried out with the hydroxyethyl amide Lor
lad to a mixture of the termingl toaylate and 175-c¥atin-Syl-4-
mathyl-<-aze-Ge-androstan-F-one (10ap), mp 212-214 °C, faolats
by preperative HPLC,

173-Hydroxy-4-methyl-3-0x0-dvazn-Bo-prognane-21-
oerboxyiie Ack Lactone |1086).® TAscdium chromsts tet-
rahydeata wa dried at 100 0 gt 1 am¥Fig for 18 h over P20y, Te
a solution of 2% a-tetrahydrofuran-2' spirg-17-(4-mathyl-4-aza:
Ge-pndroatan-3-one) (10ar) (0L50 g, 1.45 mmal) in & oixture of
8.79 mL of HOAp and 2.2 mL of Aoy was added MeCr0, (472
mg, 2.8 mimal). The solution wea hantad at 38 °C for 18 b, then
cooled, and pdded dropsrisa to a sohition of 1.7 g of oxalic acid
in 20 mL of water. The separeied product (about 11 single
product to stanting matectyl by TLC) was extrasted fnvo CHLCL,
washed with 5% WaHCD,, water, and saburated Walil then dried
(MNay30,), and lsclated by avaporstion. This residva (426 mg)
was chromatographed by HPLC, eluting a Whatman M3 ailica
column with EtOAe, The polar laetone 10as was recrystatlized
from Et0 to afford 185 mg, mp 202-204 20,

N N-Diethyl-{-methyl-§-0x0-2-{ phenylsufizyl}-4-aza-5a-

_andvost-l-ene-173-oprboxamide (1%, A solution of LOGT g (6.0
mmiol} of MalQ), in 8 mL of watar was added to a solution of 1.0
7 11,65 mmel) of N N-diethyl-2,2-bis{phenylsulfenyTi-4-methyl-
A=titp=d-azn-Sre-andropane-17A-corboarndds [13)F in 34 mL of
CH,OH. The mixture was stirred at 23 °C for 48 h. The mixmre

(85) Arth, G. B Schwam, H.; Savett, L. Glitesr, ML J. Med. Chem.
1943, 6, 417,

{3&} This procedurs is a modification of one previously desctibed
(Beynolde, G, F., ot al. Teerahedron Lelt, 1070, 50571, It was
developed in these laboratores by G. Cal,
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wed concentrated under reduced pressura ta remove the CH;0H
mr] then was exizacted with EH0Ae, The crgenic Iover was worked
up o lewve g gummy reaidue. The material wes sluted thraugh
100 g of silicn pal with EtAc to give N N-diathyl-4-methyi-2-
ozt 2-(phenyinadfenyl)-d-aza-So-andront- 1-ene-17-carbongm ided
(A} (160 mp) in the sarly fractions. The erysialfine tithe compound
19 {407 1y aluted next, followsd by 180 my of meterial kaving
no avamatic ring as enelysed by NMRE, Recrystallization of 19
from EtOAr geve 200 mg, mp 250-286 °C, the broad melting point
indicating contamination of aoe sulfoxide isomer with the other
(vide infra).

Qridation of the phenylsulfany! compound A (346 mg) with
WalO, (256 mg) in a similar fashion for 24 h effopded 285 mg of
19 a» an inoroeric mixture of sulfoxides, Recrytallization from
EiQAc gave 108 myg, mp $R5-267 °C,

The above ocxidation was eacrled out with 7.4 g of the his-
{pheoylsuifenyl) compound 18 and 7.4 g of Mally in refluxing
agqueons mathano! for 2 b, Chrometographis ksolation afforded
2.9 g of the sulfoxide 19 as wall as the 2-ocxo compound 88 mp
188-188 *C (poftans 170 =C), and W N-disthy)-2 2-dimethoxy-4-
methyl-3-oxo-4-gze-Ga-androstane- 17 f-cerboxemide (B6), mp
120-128 °C dae.

N N-Disthyl-t-eyanp-4-methyl-B-oxo-d-aze -So-androst-1-
sne-17F-carbozamide {21% A mixture of NaCM [85 mg, 1.1
mmel}, the sulfiny] alefin 19 (30 mg, 0.08 mmol), and water (.2
mlL} in 1.6 ml. of THF was haated at reffiux for 2.6 b The sooled
reaction micture wes dituted with Bt Ac and worked up to leave
20 mg of 4 gum. Chromatography {TLC, 20 cm % 20 cm X 500
sm; acetone~hexrans, 2:6) afforded 21 mg of crvstailine 21. Re-
cryetallizetion fegen Bt O-beptane gave 16 mg, mp 162-165 *C,

N . N-Dlethyl-1a-gyabs-4-methyl-3.oxo-4-aza-Sn-
andvostane-173-carboxamide {23). A mixture of NaCN (105
mg; 2.1 wrmol}, the sulfinyl olefin 1S {76 mg, 0,15 mmoli, and .4
ml. of water in 8.0 oL of THF was stirred at 23 °C for 2.6 h. The
reaction mixture was Ziluted with Et0Ac, waghed with satnrated
aquecus MaCl molution, end dried, Concentration at <23 *C gave
78 mg of & sewly cyetallizing residue. Tritgration with ether
piforded 34 mg of the cyano sulfinyl steroid 22, mp 140-145 °C
to o gel, which crystatiized and melted 178-180 *C.

A sohution of the above product #2 {25 mg) in 1.0 mL of sthano!
and 0.5 L of Raney nickel wes atirvsd gt 253 °C for 16 B and thay
wag heatad at reflay for 30 min, Ethy! acetate was added apd
the catalyet wan ramoved. Eveporation left a clear gum, which
wrag chromatographed by TLC (20 em X 20 &m # 500 umg ace-
tone-hezane, 1:1). The major component (23) was foleted and
crystallized From Et;0 to give 10 mg, mp 217-219 *C,

N.N-Disthyl-4-mathyl- 1o do-methylene-3-os0-2-{phenyl-
sulfinyl)-d-p2e fn-audrostene 175-carhoxamids (20}, A 60%
MaH stmpansion in minerel cil (30 mg) was fingad with hexeanas
end then wee suspendad in 4.0 mL of dry dimethyl sulforida,
Trimethyleulfozonivm lodide (220 mg, 1.0 mmol) was addad to
the atirrad mixtura, When tha raixturs becarma ¢lear, & solution
of erystelline phenylaulfingl alefin 19 (150 mg, 0.28 mmed) in 3
mL of THF was added. After 24 b at 23 °C, the solution was
pertiaily conesnibrated under reduced pressurs and then diluted
with water. The sclid was separated, washed with watar, and
vacuumt delad, Crystallization from athyl acetats gave 3 mg of
the cvcdopropyl compound 20, mp 275277 *C. The C-19 mathyl
ginglet in the NMHE apectrum of this materisl ia obaerved at 0,07
pom.

However, whan nonerystalting phenyloulfing] olefin 19 (426 mg}
cbtained from the mother Hgquor of the orystallization: wae reacted
with dimethylyolfcxonium methylide (from 1026 g of (CHL S0
2e deecribad abova, a diffarant (malting point and NMH) eygle-
propyl compound [(20) (362 mg} was obtained, mp 120136 *C
to a gel, which became free flowing at 160 °C; the C-1% methyl
shift i obaervad at 1,00 ppm of tha NMR spectrum. Thae {om-
eriggn proved to be gt the sulfouids meisty us the desdfurization
reaction deseribad below afforded the sgme products with each
isoner.

N.¥-Disthyl-d-mathyl-le2s-methylene-5-o0xo-4-a2a-Ge-
androstane-173-carbexamlde (26) apd N N-Diethyl-led-
dimethyl-3-0x0-4-aza-5-Androstanes- 173 -carboxamide {24).
Eeaney nicket (undar EtfH, 0.5 mL sclid volumea) wes edded to
& aalution of 350 mg {0.67 mmol) of the low-melting suifiny]
mathylans stecoid 28 in 12 mL of EtOH. Tha mixios was bepted
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at reflux with stlrring for 50 min. Aftet dilution with EtOAc, tha
catelyst was removed end washed with BtOAc The combinsd
organte laysrs were conmentrated to drymess and chromatographed
by TLO (oo plates, 20 o X 20 em % 1000 um, EtOdc). The
TAJOT 2T HES Rewtene BRtzacked L0 give 244 10 of crystaliine
meterial. Recrystallization twa tines from Bt.O-hezene gave 6%
mg of the laZe-mathylene steroid 28, mp 166-168 *C. Tha
mother higuar inaternisl was eluted by HPLC {silica gel, 40 ¢m %
12 mmn, ecetone:haxans 1:2) o give & minot, faster moving com-
ponent and the major component. Ths major component was
tecrystallized from sther-hexane to give an additionsl 26 mg of
26, mp 166187 °C. The minor compoment separated from
heptane—EL,D to give 28 mg of the lo-methyl stereid 24, mp
175113 *C,

A, similar experitnent with 26 mg of the higher melting aulfonyd
methylens steroid 30 and Raney nickel afforded 10 mp of the
la,?a-methylene sternid 25, mp 1687-169 *C, and 3 mg of the
Eaetanthyl eompound 24w 1T3-178 00,

N.N -Diethyl-28-fluore-4-methyb-3-0zo0-4-aza-5o-
androstane-1753 carbozemide {281, To g eolution of N W-di-
ethyl-d-methyl-3-ox0-4-aza-Fa-androstane-173-carboternide (100
(4} g, 61.6 omoel} in 620 mL of THF was added at -7 =C 141
L of & solution of 0.54 N lithivm diiecpropylamide in hexane—
pentaned” After ptitring for 20 min at ~78 °C, this solution wes
added to a solutlon of dimethyl oxalats {12,168 £, 102 memnl) in
180 mY, of THF coolad at 09, The reaction misturs nas allowed
to come td and vermaln at 23 *C for 1k The mixture was diluted
with water, scidified with 2 W HCI, and then extracted with
EtdAc, The organic layer was washed with ssturgted NaCl
selution, dried (MNaB0,}, and eveporated to 22 g of & foam.
Chromatagraphy oo 2 kg of silles, gel shated with 21 bezwne-
acebone geve 106 £ of the nimeryetalline 2-mathoxaby] intermediate
28,

Perchloryl flunrides was bubbled through a solution of the abova
methoealyl starcid (18,5 g, 41.3 mmel) {n 588 ml of pyTidine as
the temperature wae raised from 15 to 23 °C. Bubbling wes
comtinued for 4 b, Bnd the solution then was allewed to stand for
2LYy days. The mistiurs was concentrated under reduced pressare
to o smal} volume, The reaidus was diluted with water, aeidifiad
with § N HC] eolution, and axtractsd with Bi(h. Tha Et,0 layer
wan washed with water and saturated MNaCl solution, then drisd,
und mmporated. The product was purified by preparative HELC
{Weters Prep-pak) on allica gel eluted with 1:1 EuDAchexene,
Tha Z-flaata-2-methaxelyl steraid 37 wepazated g the maio:
compionant, 146 g, mp 150-160 °C,

A molutiopn of the above product (14.5 g, 257 mmol) and 15 g
of potassium acetate in 300 mL of CHyOH was haatsd at reflux
firr 48 h. The stdution wees evaporated, and the residue vas (reated
with water and B0, The Et,0 laysr was waghed with water and
eaturated NaCl eolution, than dried, and econcentrated. The
rmsidue wes chromatographed by HFLC (Watars Prep-pak} on
gilice gol elated with 311 EtOAe-hexane, Three componants {n
thair arder of elution were identified: 1.7 ¢ of starting 2-fluore-
E-methozalyl compound 27; 4.15 ¢ of 2-methozy-2-methoxalyl
sreroid 28, mp 175178 °C; and 2.6 g of the desired 2-flunra staraid
2%, mp 158-165 "C.

Aeidification of the aqueons phare separgted a solid, which
when worked up amounted to 1.8 g, mp 234-235 *C dec. This
material analyzed for CopHgpM0 P H0 and wes probubly the
aeid sorresponding to hydrelyzed starting ester.

N N-Diethyl-2«- and -28-methoxy-d-mathyl-3-oxo-4-aza-
E-gndroatans-175-carboxnmlda {31 and 30). A solution of the
methoxy methoxalyl erercid 28 (260 mg, 0.5 mmel) and 500 mg
of WaOCH; in 10 mL of CHOH was allowed to stand at 23 *C
for 3 days. ‘The solution was treated with water and EtQAc. The
argenic layer wae washed with watar and setirgied WaCl solution,
then dried, and evaporeted to a cryetalline solid (142 mg). TLC
an eilica gel (EtDAc) indicated it to be & mixtueos of teg com-
ponants. Thene were seperated by HFLC (Whatmen M9-5s2mi-
prep! on gilica gal sluting with EtOA: The first omponent slutad,
23-methoxy womer 50, bad mp 141-142 0. The second com.
panent eluted, Zo-methoxy ieomer 81, hagd mp 188-140 °C. The

137 Hovee, H. O.; Phillips, W. W.; Saver. T 5 B. Yau, C.-C. J.
GOrg. Cham. 1978, 43, 700,

Rasmusgon ¢f al,

anslgnment of stereochemiviry wee based on the NME shift of
the 1f-methyl groure (25-methory ~0.88 ppm; Zo-methory ~0,83

pRmb

N N -Diethyl-3.8-(ethyleneditbio}-4-androntane-175-
carboxpmide {32). Redistilled boren triflucrlds etherata (1.0
ml} wap eddad st 10 *C with stirring to 8 solution of N N-di-
athyl-J-nro-d-androstene-173-carbwrxamide (2x) (2.5 2, 6.7 mmal)
and 1,5 mL of ethanedithiol jn 12.6 mL of HOAe After stirring
for 1.5 b at 23 o0, the minture was diluted with water (30 ml),
Tha sepetated solid wae tritueated and then remesvasd by fltration.
Crystallization from aquesus CHOH gave 2.524 g of £2, mp
150158 “C.

N N-Diethyl-4-sndroptene- 175-carboxamide {351, A o
Iution of the thipketal 33 (10 g, 2.2 mnel) io 140 mL of anhydrons
THYF was added to a solution prapared from 1.2 g of sodfugm in
80 wl of refluxing ammenia. After 20 min, the mixturs was
treated dropwise with EXOE untfl tha blue color was quencimsd,
Tha mizkore wes silorewed bo eveporats, and e residy wes worked
up in methylens chloride to laave 0,805 g of crystalline 33, A
portion recrysiellized from harane had mp 116-116 *C,

N N-Dieithyl-iz-byd vocy-So-androgtane-17 5 oarboxamids
{34} Borsue—dirmathy] gulfide complax (1M uL) was addsd at
0 tg g solution of 535 mg (140 mmol) of the olafini; steroid
33 in 2.5 mL of enhydrows THF, The reaction miztass was gtirred
gt 0 °C for 40 min and then et 23 *C for 3.5 b, It was conlad ta
0" and was treated dropwdne with 3 M NaOH sobution {1.0mL).
When the fbaming anbsaided, 1.0 mL of 30% H0; wes added and
the mixtura wes ellowed to come to 28 #C. Tetrahydrofuran (8
mi) was edded, and the organfs layer wag soparetad and washed
saccessively with saturated MNeClsolution (two tlmes), 5%
MaiB0y, sobation, wnd sutarated MaTh sohotien, After drfiog sl
concentration of the eslubion, the residus (590 mg) was recrye-
tallizad twice from EtQAc—heptans to glye 110 mg of the «-hy-
droxy steroid 54, mp 175180 *C. The mother liguors on TLC
analysis (hexans—Et0As 1:1) indicated a trace of starting olefin
with only ooe wther gpot, which reprasented a mixture of the 4o-
and 43-bydroxy sternids {see below),

NN -Methyl-i-oxo-So-androstane-175-carboxamida {353,
Jones reagent™ was added at ¢ *C with vigorous agitation to a
muspensicn of the puva de-hydroxy stercid 34 {130 mg, 0.35 mmol)
in 4 mL of acetone until & deflnlte srenge color persisted, After
gtirring for 16 min at 0 °C, the mixture wes treated with isapropyt
alechel until the supemetent was colorless. The loyers wera
wapaiatad. The inorgenic laver was dilied with wote and s
extracted with BtOAc, The organic layery were combinad and
dried., Concentratlon efforded 120 mg of crystalline product.
Recryetallization from hezane gave 60 mg of 35 as prisma, mp
130-134 *C.

When the material (400 mg, 1.08 mmel) obtained from the
mather liguors of the cxyatallization of 54 wae cerriad threugh
the pxidation progedure, 378 mp of & letome mixture wes ghtained.
TLC analyeis (1:1 hexane—Et3Ac) Indicated a slight predominanes
of the BA-isorner.

A salutien of the Letone mixture {378 g} with 160 mg of
gocium reethoxida in 15 ml of CH,OH was heated at reflux far
45 min. The solvent was svaporated, end the reaidue was axtractad
with watar srud Bt Ac. Workug of the organke layar gave 2 residus
ity whigh the Sa-lsotner tiem froen hexane
afforded 232 mg of 35, mp 128133 °C. The residue from the
mother liguat wes slutad through a 40 cn % 12 mm elica calunn
(HFLC) with 4:1 herene-EtQAc to give Al-steroid 33 (13 mg),
the 5#-ketone (42 mg, mp 164-168 *C), and fo-ketons 35 (42 mg),

A golution of 270 my (0.72 mmaol) of the Se-ketons 35, 100 mg
of NHOH-HCL, and 4 dropa of diethylamine in § mL of CH,0H
stood at 28 °C for 60 min. Wetar (8 mL) wan sdded, and the salid

{3%) Bowden, K Heilbron, I M.; Jones, B B H_; Weedon, B. C,
L. J Chem. Soc. 1048, 30,

(3% Staraleids, Inc, P.OL Box 310, Wilton, MNH 03606,

4y Bger, U Cooley, Go Daerlas, B0 T, Dooacher, B W Bl By
Feather, P.; Hiseock, A. K.; Kitk, D. N Laftwlck, & P Pa-
trow, ¥ Willianason, It M. Tetrohedros 1984, 20, 587,

(41} Bolt, C. C. Reel. Tror, Chim, Paye-Bes 1338, 37, BOG,

(42} Doorenbon, N, F. 1LE, Perent & 204 301, 1960,

(48} Liang, T.; Cheung, A. H.; Reynolds, G. F.; Hasmumeon, G, H,
J. Biol Cheny 1985, 250, 48940,
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was separared, washed, and air-dried. Crstallization from CHZOH
gave 206 mg of the cxime 36, mp 218-224 ¢C. A samplp re-
crystaliized from haptave-EtOAe hod a eryptal chenge ab >»210
*C with mp 226-280 *C.

N N -Detny)-b-oxo-do-aze- A -homt-bo-ardrovinge-178-
carboxamide (37). p-Toluenesulfonyl chloride (300 mg, 1.68
minal) war added at 0 °C ta a selution of 270 mg (0,70 mmel)
of the oxitue 36 I 5.5 mL of pyridine. After atanding at 5 °C
for 18 h, the stirred soliftion was trested with aaturated WaHCO,
splation. Weatar ras added after 3 h, and ths product sas ax-
tracted with EtQAc, The orgenic lsyer wes washed with 5% HCI
gclution and then worked up to leeve a solid residus. Crystai-
Lization from ethyl acetats afforded 207 mg of the A-homo Aze-
etareid 57, mp 202204 "C. A portion separated from baptane—
Et(A¢ gave prisma, mp 205.5-207 °C.

N .N-THethyl-in-met hyl-4-0x0- da-nzh- A -homp-a-
androatane-175-carboxamide (381 Oil-frap st hydride (B0
mg, (.4 mmol) was added to a solutlon of 80 mg (016 mmel) of
tha ataroidal lactarn 37 fn 1.0 mL of taluepe, The solution wes
refluxed gantly whils methy] jodide wes pdded in 0.2-mL aliguots
evary 3 b over a 8-b pericd, Raflus wes continued for 2 b bafors
tha Taaction mirpuee wes cooled to 52 "C and treated with water
The organic layer was diluted with EtDAc pnd worked up to leave
an ol Chromategranhy (HELO, an e 4 om o 12 e silios gel
calmi with 521 BtOAsfoatong afforded 49 my of 28 sod 5 trece
of starting lastem. Racrystallization of 38 from EAOA-haptane
gave 4] mg, mp 188-188 °C,

1Ta-Mathylone-IH-homo-S-androften-35-0l (40) and e
THP Brker. To s vonpensicr of 480 mE of €00 sodive buypdride
{suepended in mineral oil, 11.5 mmaoll in 8.5 ml of dimathyl
aulfoxide (Ma,80) was added at 24 °C with vigorous stirriog &
solution of methyltriphenylphoepbentum bromida in 12.6 ml of
Me, 50, After 2 b, the resulting clear sglutlon was treated with
a solutlom of 1.0 g of D-bomodensdroipoamdr petearene® 39 (3.3
mmaold in 12 ml of THF, and the reaction mixture was heatsd
at B0=55 "C for 18 h. The mixtiré 7as coolad and diluted with
water. The product, extractsd with EtDAc, was washed with water
and saturatsd NaCl solution, then dried, and isoleted by evep-
eration to leave 16 g of cruds residua. The desirsd 1T-methylans
steroid 49 (R = H} wap purified by chrometography on silica gal
(250 g, eWted with T30 cycloharana—BpliAc) to give 900 mg of
40 (R = H), mp 140142 *C,

A solution of D00 mg (3.0 mumel) oF the above methylans stamid
and 50 mg of p-TeClin &0 mL of dibydropyran wes gtirrad at
24 °C for 2 b Pyridine (I mL) was a followed by dilution
wlth watel. The layers were mixed well; EtChAc war added, and
the layers wara saparated, The organie ayer wis washed with
watar end saturated NaCl golutiorn then dried, and concentrated.
Recryatellization of the residue from EtQAc gave 487 mg of the
tetrahydropyranyl ether 46 (R = THP), mp 138140 °C,

17e5-(Hydroxymethyl). B-honio-S-androsten-3d-01 {413, Tu
& solution of the above tetrahydropamanyl ether 40 (6,39 g, 14
vk} i THE wee added a 24 °C o salution of ®harahisyelo-
[3.3.1}norena, 0.6 N in THY (100 teL, 50 mmel). After pranding
far 16 h, the solution wesd copled to 0 *C and wae treated gropwise
with 20 mL of 2.3 N NeOH and then 32 mL of 30%
peroxide. The mixture was allowed to warm to 24 *C and stood
for 20 b, Setureied HeCl solation wvd BaOAs were sdded, The
organic layar was worked up to lasve the eruda prodost. This
wateripl was purified by preparative HPLE (Waters, Prep-pak)
on gilica pel aluted with &G0r40 hexang-EeDAc, Thy jsplated
product, Ad-(tetrahydropyranylozy)-D-homo-S-androstan-178-
yimethars), emounied to 3.4 g, mp 10132 90,

A 3glution of the aberts material (8.4 g, 158 mimal) gnd L4 g
of prtolustmnlfonles seld in & mixture of 182 L of CHZOH and
6.2 mL of weter wes keptat 24 °C for 16 h The polution wes
neutralizad with 2 N MNaOH and then coneeatrated, The residus
wan sxtrgeted into BtOae. The organic adlution was washed with
water, 5% NaHCO,, sodl saturated MaCl selution, then driad, and
concentrated to a crydtalline residue. Recryetallization from
EtDAc gave 3.98 g of 41, mp 208-210 =,

Hud-{Hydrorymethyl}. O -homo-{-androgtan-3-one (42). 4
sofution of the dihydroxy compeund 41 (7.8 g 34 mmol} in a
mixturs of 442 mL of tolnene and 45 mL of cyclohaxanone was
diatilled until 100 mI: of solutlon remaeined. A slurry of 5.2 g of
alurminuss isepropoxide in 76 mi of toluens wea ndd;‘;d. and the
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mixturs was heated at reflux for 1.5 B. The mixturs wae con-
contratad ta mhott cne-half of fis initlal volume and was trastad
with 2.9 g of dintomacaecus earth (Supsrcel} and 7.8 mL of wetar,
After raizing, the mizture was filtored and the filter cake was
rerdiverd welh winh Eai e, The combised fluetes were comoen-
trated to an oily residus. Thfs residue wae submittad Lo Bteam
distillation to vetnove gyclobexaoone. The residus io EtOAC was
wished with water and saturated NaCl solution, then dried, and
inoleted by ration. Becryntallization of the residus from
EtOac afforded 2853 g of &2, wp 152150 °C,

The material in the mother Hguer wis chromatograghad by
HPLC {Watars Prep-pak) on silica gel eluted with 11 BtOAC-
haxans, Early fractions affevded 247 g of 3.oge-D-homo-d-
arsdroatens.17a8-carboraidehyde, 1H NME (C0Cl) & 0.88 {18
CHgh 100 (18-0Hp), 472 (4 H), and 533 14, J = T iz, 17e-CHO.
Additional 17acarhinel 42 (196 g, mp 168-153 °C) was Leak ted
froen later fractlons,

8-0Oxo-D- hovon-d-andeoatens- 17ag-carboxylle Aecld (43) and
the Corresponding Dethy]l Amide {4£). To a golution of the
17af-hydroxymethyl steroid 42 (2.83 g, B2 mmel] in 76 wil, of
HOAz was added Cry, (158 g, 19.8 mmgl] portionwise with
sbring Aftér 18 b et 24 °C, water (160 m1) was added with
ghrring. The mixture was covled vt 4 °C fior 14 h, The cystalline
polid was removed and warhed with water to leave 178 g of 43
{R = OH) affer drying, mp 228-230 *C deg,

The comhbinegd fltratet wers extracted wth EtOAe.  Aftar
waahing with water, the crganic leyss wae evapereted. The resldys
was extracted with 3.5 N MaOH sclution. The aguecus sctution
as anidified and artracted with Erllde. Wurkup af tha OF ganit
lever affordad 538 mg of additionsl 43.

The N.N-disthyl amide 44 (mp 188-171 °() was prapared via
the acid chlaride pracedirs as pravicusly daseribed for 2x.t

N N-Disthyl-1-oxa-§-ara-1,2-sec0-A -nor-5u-androstans-
VTE-tarbornmide (505, Oumiom tetraoTide (40 wg) war added
to a mixture of N,N—:liathgl--t-mt.}quﬁ-mo-d-meﬁnranﬂmst.-l-
ene-178-carboxermitds (L4%)" (500 mg, 1.3 momol), 2.5 gof PRCAR,,
and 0,76 mL of water [n 6.0 m] of HOAe. Aftar standing for 16
hoat 28 °C, the mixture was diluted with toluene and the layers
wors saparated, The crpantt uyer was extThried sotessively with
water, 5% angueaus HCI, water, snd sarurated Nall solution. The
aquecte lavers were combined end seperated from the precip:tated
lead malts. ‘The sclution wae made alkaling with {005 end was
extracted with CHOL,. This solution was washed with water and
gatvrated Nall sclutipn, driad over GeSD,, ané concenttated ko
300 mg of a crystalline residus. Chromatography by elution
through 30 g of silica gel Afforded 288 myg of paie yellow product
B An sxalytles) sample prepared by trituretion with EiO had
mp 43-146 7.

This mateTial (100 mg) was converted to the corresbending
oxlme B1 by reaction with 30 mg of NHOH-HCl in 2 mL of
CH,OH at23 °C for 16 h. Concentration of the reaction Tirture
and extraction of the resldue with CHACL 1ad 1o 36 mg of the
axiree 51 after workup. Reerystallization from EtQAc geve ma-
terial of mp 167-165 °C.

N N -Diethyl-4-meth¥l-3-ox0.-2,4-digzp-bo-androstans-
173-carboxgmide (54}, The pxime 1 (30 mg) in L5 mL of HQAe
was hydrogepated in the Presapes of 50 g of Py, at 40 pelp at
23 o for € . The ceralyst was remivad and the solutlon was
concentratad to dryosas. The product wes ireatad with 5%
aqueous MeOH splution and axtracted with CHOy Workup
afforded 82 rog of the cruds l-amine compeund 52,

A solution of the arming énmpound 52 (36 mg) in 1.5 mL of dry
THUF wue trented with 26 mg of cerbangldimidaznla. Aftar
panding for 18 h, the solutlon was concentrated to & gum, which
aolidified on trituration in water, Thie solid was arystallized from
EtDAc-hepsarm (% mL) by datitlation to lsave 34 mg of the
digzasteroid 54, mp 212-217 L. Racrystallization from EvOAc
ZEVE Plaves, T BT PO,

N N-Disthyl-i-mechyl-3-0x0-4-626-2-0xa-So-androstape-
115carbaxamida (58). Sodiom borohydride (40 mg) was added
in portiona gt 0 *C to & aclution of the aminoeidehyde B (146
mpg, 04 mmel) in 2.5 mL of CHROH. After sticeing at 0 °C for
) min and af 25 ¥C for 1.5 1, Yhe eolution was esi with watar.
The preipitate weay sollectad washed with water, dried, and
eryatpllized from agueous CHOH to glve 84 mg of the aming
Aleohe) 83, mp 1156125 "C,

215
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& soiatien, of 4he arino alocehoh 5 (T8 1op, 0.2 mod) o &
THF wae treated at 0 *C with Pl g of carbonyldiitnid azole. The
0lution way concentratad, and the residue way chromategraphed
oa TLC (o plates, T o W D) oo ¥ 1O s, 19, acetont—
EtOc). The major preduct amountad to 56 mg. Racgetallization
from E1OAz geve 56 {47 mg), mp 183-185 *C.

4,182 apd 4.183-Nisthyl-4-pze-Soundooytape. 3 M-dinnes
(62 and 453). Ozidation of the H-hydroxy ateroids 80 and &1 in
acaton® ascyrdine to the Jones procedurs® {gee preparation of
34 abave) affarded, respactively, the enrreapondiog 20 ketavss
62, mp 178181 °0, end 63, mp 125132 9C with coloration,

1-Mothyl-2.0x0-4-p2a-5o-prego-20-emo-Z1-carhoxylio Acld
{10bi). Reney nickel under athane! tvolume of solid about 176
b)) wan washed fres of athancl by traptraent with Et() foltowsd
by decantatiop (three Himes) and then was suepended in DMF
by the same procedura. & solution of the thiopyridyl estar 10bc
(18.4 g, 432 mmod) with the above Ranay nickel in 460 m1, of DMF
was heated gt 115 °C for 4 b The solid was removed and rinsed
with CHyCly and CH,OH, The corabiped filtrates were conven-
tretad t¢ & whits solid. The solid was suspecaded in 1:1 Ef0-
hexans and filtered, The cryvatalline solid was nashed with hexans
to give 13.7 g of drmethyl-175-(hydrozyreethyl)-4-gza. G-
androstan-J-ome (LObE}, mp 284-227 *C {acotate, mp P07 =0).

A solutlon of the abeve alcoho] 1bF (14.5 g, 455 mmol] in 125
il of CHoCly was addad tapidly to a atirred aclution of pyridinium
chloroehrompte (144 g, 68,2 mmol) in 100 mE of CH,Cl,. After
L& b, iropropyl aleshol was edded. Addition of 2.5 N HCL sayved
to solubilize the black tace, Additienal CHClp was added, and
the phakas wers saparated. The U,y layver Was washed with
water sod gatyurated NaCl solution, then dried, &hd concentratad
to leave 11.0 g of crystalling aldehyde 10bg. Color wras removed
fram the product oy eluting it through 50 g of sltica gel with 5%
CHUH-CHCL, to legve, aftar eryatallization from Et20, 9.4 g
of pure 10bg, 218-218 *C.

b sgation of the apove aldehyde 150g (B4 &, 30 mmel) and
methyl (tiphanyiphosphoranyiidans Jacetata (12,1 g, 356 pumol)
in 395 mi of {HCly wie refluxed for 24 k. The feactioh mixture
W eonvbenvirated 1o an Ui, which was prarified by WRLY (Waleta
Prop-pak) on silica gel eluted with EtQAc,

The methy] cstar L0BR obtaited above (10T &, 28.7 mmol) was
sepenified with 340 g of B 00, tn 440 ml of 1L CH0H-watis
at reflux for 16 b The reaction mixture was comeenttated and
the regidie was dissolved in watar. ‘The agueaois golution was
waahed with QHCL, and thee gotdified. The saparated wolid e
dixsolved In CHCly, weshed with eatuzated WaCl solytion, and
then dried and inclated to give 7,62 g of the acid E0bd, mp 260-203
*Q.

This aeid wes convarted #o the NN-diethy] amide 10k via the
hydroxybenaotriozele procedure deseribed above,

' Ya-Totry by deo fura v 2-a plro- 17 (4 TE-Hlowthy -4 aea
5-androsteg-J-one) (68). Ozpne war passed through a selution
of 2 3 e-tetrahydrofuran. 2 -spirg-17-06,79-rmathylene-4-
androstan-S-gne} (6437 (1.0 g 2.8 mmeol} in & mixture of 12 oL
of CH,C); and 2 mL of CH,OH at ~70 °C until the blue coler of
the solution parsisted for 20 min, The sclution was purged with
nitrogen., snd tha temperature wan allowed to vise. The mixture
was roneentrated to dryness and trested with % methanolic
NeH Aftey gtirring For 15 miv, the mizture was ermcentrated
end the tatidye wes washed with B0, The restdus wag dissotved
in watar, and the resulting solution was acldified with 2.5 N HCL
The product was sxtracted inta EtOAc and washed with water
and saturgtad NeCl aolutlon; it was then dried and isclated by
concentTation under reduced pressure. The glassy seco acid bS
{760 mg) on TLC slutsd 68 & gingin apot with $.6% HCOCGOM in
Er0).

The serp peid 86 (750 mg) in 10 b of 88% TICOOH wa
treated with 3. g of potaesium iodide. Water was addad to the
mixture aftar atirring for 3 h at 23 °C. The gumony product was
digncbyed i CELCL ead washed mith 5% Ma,8:0, aobetion avd
water Lo give, after drving and concemtration, the ipdomethyl
corapowund £6 a9 an amber foam. The NMR specteim has o broad
davlalat at 527 pom fF = 40).

This foam [ 200 mL of 70% aquecus HOAc was treatsd
portionwiee with 10 g of granular zins, After the mixture was
gtirrad ab 23+ for 16 h. 1.5 g of zinc powder wan addad and the
mixture Wes haeted at B0 *C for 16 min. Tha mizture was cobe

Rosmusson et af.

hntreiad o nept drynbes eng wae Auted with BXDac and 40
mL of 1.5 N HCL After the mixtere was stizred for 3¢ min, the
EtDA: layer was soparated, washed with water and maturgted el
wolkmbeny, dried. e concemraded Yo pave T g of vhe rude
Ta-mathyl seeo xeid &Y.

& solution of this material in § wL of EtOH and 1.0 g of
CHMH, o wenlad i o oo and beated o4 180 °C Soa B 1 The
tenlad reactlon mizture wes aveporgied, and the residue wes
worked up.in BtOAc. The residue (520 mg) was purkfied by TLC
{faar platen, T o 3 B oo ¥ L0000 pms, 2% CEOHOHOL) 4o
glve 283 my of crywialline praduct §3. Regrystalllzation from
BtyO~haxane ghve 126 mg of 68, mp 132-133 °C.

£-Mathyl-d-nza-§-gndroetens8 17-dona (5oL & galution of
178-hydrony-d-mathyl 4-azu.5-androgtan-S-ona (Sa)¥ (10, 2.3
mmal} it 8 mL of CH,Cl; was added ar 23 °C to & suspemeion of
pyHdinivm chlireakremete (1,22 g, 8 mmeld in 8 el of CHAOLL.
Aftar 80 min, 50 e of ether waa addad with stiring, The phases
wrere peparated, and the solld wea extzactsad egain with Bt The
combinsd orgartin laysza wars filtarad through Flovisil (20 g) and
eonceniritad to g crywtallive residye. Raceystallizejion from
EAc-haptane geve 451 rog of §6, mp 158-187 °C {unchanged
on furthar crystaliization},

Ethy] 4-Mathyl-3-0xc-4-aza-5,17(20) - pragnadiep.21 -oeta
(%aeh. The ketone E§ (625 mp, 1.74 mmsl} wes resctad with
methyl (diethylphoaphenolacetate in sthanclic sedivm sthoxide
by a procedure described previcusly.* The crude product wab
purified by HELC (Whatman M%) an silice gel aluked with 1:1
Etar-haxans to give 466 ;g of Bge, mp 136-1%8 °C, on onye-
tallization from EtDAc-heptane.

175-[{ tart -Buryldhuethy 15y oxy ]-4-axa-5or-androstan-
S-ome (9bk). To nsohation of the azadibydrotatestarone ba {162
g, 56 minsl) in 350 mL of TMF was added 15,6 mL of triethyl-
amine and 16.5 g (0,11 maly of ters-buiyldimethylailyl chisride.
After stirring at 23 °C for 18 b, the mixtirs wes Nitered to rameve
The precipitated produtt The slid was rinssd with THIF and
then taken up in CH,Cl. After washing with water and saturated
MaCl solistion, the selution wes dried and evaporated to leave 9.2
g of 9k, mp =E0% 00,

In a similar fashiot, 178-[iftert-butyldimathylaiyllozy)-4-
methyl-d-eea-Ba-grdroatan-3-atie (L0bk), mp 126-127 °C, was
prapared fromn Wp. This materisl e pined in sohation end wee
solated by worlup of the ke oltained on evaparation of tha
initial reaction mixture.

1T3-Hydrony-{-methyl-d-a g8 Bor aidroat-1-an-F-pua { Ldah.
Te & selutien of the Al silvloxy compaypd 14bk (1.3 g, 3.1 mmal)
in 80 mL of THF wap added .76 ml of 1.0 M tetrabutyl-
apanonium fusrida, AFer § boat 24 90, the solvant was ey
rated and the paabdus was extractad with EtOAD, The arganic
polution wes warhed with wetsr, dried, and evaporated. The
rosidue was chromatographed oo TLO gflics gel plates (§ve plates,
0 e ¥ 50 em ¥ 2000 am) eluted with EtGAc The starting
maserial (R, 0.79, 20 mg) and desived a'-17-hydrosy steroid 14a
(R, 0.48, BOD mg} were isolated. Racryetallization of Lfe from
EtCAe gove 465 mg, mp 133-134 *C,

Ini a pimilar fashion, 178-hydroTy-4-a2a-So-nrvirosts | -an-d.one
{13a), mp 267-28% °C, was preparsd from 130k

Bicasaays. Rat Prostetic So-Reductuse. This geany wak
carfied out an deserlbad previousiy, "= A rengs of eonesnteatlons
{102-107" M} of the test sterald was ingubeted in duplicate with
radiosetive T and en sxeses of MADPH in a medium containing
the ¢rude, coll-fres anzyme, The radioactive DHT was messursd
and comparsd with that of a &owirel incrzheticn to datarmine
ohibitory activity, The I0g data reperesd in Tables 1=V were
eslimated from plote of the inhibitory aetivitius At varlous con-
canbratinns of the ixhibitors. The resplts shown A4 a gomposite
of snetef temEys paritnmet wetr & peried of soeTel years and, a6
suech, ahould be regardaed gualitetively.

o e e e
e oA e
to sacrifich, Tha assay was carzied out as previewsly desceibed
with use ¢f & sormblnation of ammenium sulfate fractionation and
dexiran-coated chamoel reatment o separate receptor bound
{*H}-60-0HT from frea and from that beund 1o & nonraceptar
protein. Aliquats of eytosel were incubatad In duplicate with the
radioactive steraid in the presence or absescs of competitore, The
I, values reported [n Tablea 1=V were eatimated Fom plote of

2 \b
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inhibition at warioie ectreantrationa of inhibitoe  Comnpounds were
teeted in betchas of 320 per assay, and the resulss shown ware
obiained over a pericd of several years,

Humes Prostatic be-Beduotess, This nseay was parformed
Ty modificetion of g previvus procedure™ thet wiilized rat prostate
tisinie, Humap henign prostiic hypartrophy tasue that hed been
abtained by surgery and quickly frozen and stored at —70 °C sarved
8 the sonres of the apzyme. Typlumlly, a 1,5-¢ portlat was thawsd,
minced, and homoganized in 0,25 M suerose buffer  The hom-
cganata wan peptrifaged vt 1300 rpm for 10 min, and the supernate
wes discarded. After the pellet was washed thees times in buffer,
it was suspended in buffar eo that 1.0 mL contained about 300
mog of homogenizad tissue, This suspansion (.1 mL} wes incu-
batsd with 0.01 ml. of inhibitor and 0.1 mlL of a mixhu containing
[*H]veatoatarone, unlabaled testoatarnne and dikydrotestoatsrcme,
gluccse &-phogphata, gluccen-5.phosphate debydroganans, and
NADE for 34 min at 37 *C. Aftey tha ncubation, the steroids
weze extracted with 5.0 mb of athyl acetats, and the organie phoms
wren yeperated and evaporatsd upder My, This extract wae spotted
onte TLC plates. Aster the TLO plates were devaloped in ethyl
aeetate—oyelohexane (1:1), the [YH]DHT 2one wae seraped from
the plate and countsd. A contrel incubation without inhibitor

and incubations with the standard inhibitor 16z wers run with
each gesay. The pumber of compounds run pet assay ranged from
one to 12, Generally, 1C,, valuas were estimated from plots of
inhlbitary activity and them wers compared to that obtained with
10x in the same gaeny. Thess data are reported in Tahlas -V,
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Synthesis and Renal Vasodilator Activity of Some Dopamine Agonlst
1-Aryl-2,3,4,5-tetrahydro-1H-3-benzazepine-7,8-diols: Halogen and Methyl

Analogues of Fenoldopam

Jossph Weinstock,*! David L. Ladd,! James W. Wilson,! Charles K. Brush,' Nelson C. F. Yim,'
Gregory Gallagher, Jr.,' Mary E. McCarthy,! Joanne Silvestyi,' Henry M. Sarzu,? Kathryn E. Flaim,}
Drennis M, Ackerman,’ Paylette K. Setleri A, J. Tabia,! and Richard A Hahn!

Medicinal Chamistry, Moletglor Pharmacology, and Pharmacology Depaortments, Researeh and Development Division,
Smith Kline & French Loboratories, Phitadelphio, Perneylvpniz 157601, Recsived March 31, 1986

Cortain g-halo-1-phenyd 28,

1H- & bonzetepin pa wors Fouivd b0 be

petertt -1 dapanting agaminte, The

1-rd-hydroxyphenyl) anelogues did not have centrel pervous pyatem activity becausa their high polarity inhibited
entry into the biein. However, these compaunds wste potent rane! vesodilaizes. Fenoldopars, the 8-chiloto analogue,
in g apecinlly significant membar of the series, and its syntheads, pharmecology, end dinical proparties have boen
stydiod sxtansivaly, The S-methyl zud S-iode conganers were potent yanal vesodilators, but nenpotent partial -1
agoniata ar measarsd by stimulation of ret caudate adetylate cyclese. A posiible rationalization suggests different
recaphir reasrvas For these activities, Tha Smbatitutsd benzazepines ware aithar fnactive or of low potancy a8 dopamine
agonists, while the A.methy] analogues bad significant angagoniat potency sy measured by inhibition of dopamine

atinrulation of rat opudate adervlats syclase,

Elevated renal vascular reslstance is found in most pa-
tients with sssential hypsertenaion® and jg strongly im-
plicated in both the pathogenesis and maintenance of this
disenss.? This suggested that selective renal vasodilators
might he usefu! antihypertensive agents.! An approach
to thia type of agent via stimulation of repal d ing
receptors was suggested by the work of Goldberg'® on the
effects of dapamine on renal blood flow in c-adrenergic
blocked doga,

Diopamine is not suitable for general use aa an antihy-
pertensive agent. Its limitetions include lack of oral ab-
sorption and its lack of selectivity because of activity at
both D-1 and D-2 recepiors ss well as at norepinephrine
Tecephors, which mediats hoth o end f-edreontpis e
aponaee, Furthermote, although dopaming {teelf doss not
croas the blood-brain bearrlee, other dopamine agonlsta
such as gpomorphine and bromeeriptine do pass the
blood—~brain barpier and couse biochemical snd bebhavioral
changea charaeteristic of central dopaming receptor acti-

t Madicinal Chemistzy Deapartmant,
! Molegular Phermacology Department,
| Pharmacology Department,

vation® The ohjective of our rgsenreh in this aren was the
digcovery of orally sctive dopamine agonist rena) veagdi-
lators selective for inereasing remel blood flew witheut
inducing central nervous aystem effecta or TeRpynRes dne
to activation of a- or S-adrenergic receptors. While this
work was in progress, the conespt of dopamine D-1 and
D-2 recaptor subtypes was developed® and o further ob-

jective that desirable compotinds be D-1 agonists without

significant D-2 petivity was added. A major reason for this
was to avold the possibility of D2-induced emesis, Apart

i1} de Lemrw, P. W.; Schalehamp, M. A. D. il.; Birkeohager, W,
H [n Haudbock of Hypertenelon; Bobertson, I L 8, Ed;
Flpevier: Amsterdarm, 1055 Wol, 1, p #ik
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Como resultado de) examen de fondo, reglizado con fundamento en el articulo 45 de
la Decision 486 de la Comision de la Comunidad Andina, se le comunica;

1. Documentos estudiados

1.1, Descripcidn: Foilos: 58 a 128  (como se radicd inicialimente)
1.2. Reivindicaciones:  Folios: 18 a 31 {como se radicé inicialmente)

Folios: 129a 140  primera modificacion.
Folios 183 a 175  segunda modificacién.

13.  Prigtidad: Folio 1 { USB0/363,822 . 13 de Marzo de 2002. )

Se acepta para estudio el capitulo reivindicatorio de los folios 183 a 175,

72\
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2. Objeto de la invencion

Titulo de la scficitud . Derivados de 4-azasteroides fluorados como moduladares del
receptor de androgencs.

El cbjeto de la presente solicitud de patente de invencién consiste en:
Derivados de 4-azastercides fluorados

Reivindicaciones 1-20,30-36:  Compuesto de la férmula |
HZ

SN
Me ~R

OF NTE
1, H
R (i

Reivindicacion 21,28 . Composicidn farmacéutica del compuesto de formula |

Reivindicaciones 22-27 . Compoesicidn farmacéutica del compuesio dea formula
con otros aclivos.

Reivindicacion 29 : Un procedimiente para preparcar la composicion farmacéutica
de| compueste de fdrmula |,

El problema planteade en esta solicitud es la necesidad de derivados de
azasterorides que sean moduladores del receptor de androgenos de una forma
selectiva de tejida v son dtiles como agonistas del receptor de andrdgencs en el
tejido déseo y / 0 muscular que a la vez antagonizan el AR en la prostata de un
paciente varén o en el (tero de una paciente mujer.

Para solucionar este problema técnico la solicitud en estudio proporciona derivados
de azasterorides fluorados , procedimientos para su preparacién y formulaciones
farmacéuticas que emplean dichos compuestos.

El objeto de la invencién definido anteriormente se clasificé de  acuerdo con
la Ciasificacion Internacional de Patentes (IPC) : C07D221/18; AG1K31/473 ;

3. De la solleitud de Patente
3.1, DescripCin (articulo 28 D. 486)

» Teniendo en cuenta la definicién de los compuestos de formula | de los folios
{162 a 175) | esta Depentencia s permite sefialar que dentro del aparte
descriptivo se encuentra que se habla que los compuestos de formufa |
pueden ser administrados con otros agentes  en  composiciones
farmacéuticas o pueden administrarse por separadao { Folios 87-10Q) |, nera
estas composiciones ¢ combinaciones no muestran ninguna ventaja técnica
inesperada ya que no se encuentran datos que las respalden.

-7
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+« Encuanto a los resultados oilenides | son datos muy generales, ¥ no son

repregentativos para todas las variables en R3 con los sustituyentes
respectivos con relvindicadas en 1.

En consecuencia, las reivindicaciones 1-38 no encuentran sustento dentro del
aparte descriptivo de la solicitud

Se raquiere al solicitante ajustar a0 capitulo descriptive y  reivindicatorio  de
acuerdo a aqueilas modalidades que son objefo de la invencién y a las
observaciones realizadas, teniendo cuidado de no ampliar ia materia mas alla de
como se establecié originalmente.

3.2

Reivindicaciones (articulo 30 D 486)

Las relvindicaciones 1,13,15 no scn claras ni concisas ya que resultan
amplias y especulativas en el sentido que existen multiples posibilidades de
sustitucion a nivel del compuesto de formula | para el sustituyente R3,
cuando se habla “...de gicloheteroalquilo ...del cual no se especifica el
numero de carbonos que 1o conforma, no se define su tamafio, el nimero y
clase de heterodtomos que lo confarman , y por este motivo la caracteristica
esencial de l[as moiéculas gue corresponden a la estructura de la férmula (1)
no s representativa, ni define tadas las posihilidades de los compuestes que
se pueden obtener una vez se procede arealizar las sustituciones respectivas
en dicha estructura. Se le requiere al interesado definir o especificar los
grupos cicloheteroalguilo  en lo posible { por gjemplo si es piperidina |
piperazina .. ) ¥ que son relevantes para la invencian.

Para la reivindicacién 3 |, se habla de " ... donde &l grupo alquilo o &l grupo
cicloheteroalquilo ....., pero este grupo ya no se encugntra dentro del
alcance de esta reivindicacién,

La reivindicacién 22 y en consecuencia sus dependientes no son claras ni
concisas ya que resultan amplias y especulativas en el sentido que existen
mittiples posibilidades de composiciongs farmaceuticas obtenidas de la
combinacidn de “el compuesto de formula | con un estrdgeno, un bifesfonato,
un inhibidor de captesina K etc.., .. Se le requiere al interesado definir o
especificar las composiciones farmacéuticas del compuesto de formula I con
otros ingredientes activos y que son relevantes para la invencidn.

La reivindicacidn 28 no es clara y resulta amplia y especulativa , ya que se
reclama nuevamente la composicién reivindicada en 22, sin aportar ninguna
caracteristica téchica adicional.
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4. Unidad de invencidn {articiio 25 D 486)

Se aclara que, de acuerdo al Art 25, las reivindicagiones 1-36 carecen de
unidad de invencién por lo siguiente:

Se distinguen los siguientes grupos de invencidn { no limitantes):

+ Grupo | . Reivindicaciones 1-21,28-36 . Compuestos de formula |, sus
composiciones farmacéuticas y procedimiento para preparar dicha
composicién,

» Grupo il. Reivindicaciones 22-27, composiciones que comprenden un
compuesto de férmula | con ingredientes activos adicionales.

Cada una de estas invenciones , es una invencién distinta caracterizada por su
propia caracteristica técnica y no se encuentran tan unidas como para formar un
congepto general inventivo nico.

En especial la patentabilidad de grupo |l depende deltipo y cantidad de los mittiples
ingredientes activos que lo conforman, su interaceidn, co-accion, por ejemplo si
crean sinergismo etc., y lo hace distinto de las composiciones del grupo | de
invencion que contienen sélo un solo ingredients activo del compuesto de férmula 1.

En consecuencia, dado gue |as realizaciones preferidas de Ia invencién reivindicada,
rmanifiestan una falta evidente de un concepto inventive comdan a todas ellas, toda
vezZ que en el desarrollo y caracterizacion de la composicion farmacéutica del
compuesto de  formula | se identifican ndcleos estructuralmente diferentes , esta
Dependencia recomienda realizar las medificaciones correspondientes .

6. Determinacion del Estadeo de la Técnica

Considerando que la fecha de presentacion de la primera solicitud de patente de la
cual se reivindica prioridad es 13 de Marzo del 2002, se consultaron las bases de
datos y los archivos con que cuenta la entidad con fecha de publicacién anteriory se
encontraron los siguientes documentos que anticipan el objeto de esta solicitud :

. . | Fecha de

| N | Documento Titulo Publicacion®
JOURNAL
MEDICAL AZASTETORIDS: STRUCTURE-

. CHEMISTRY vOL ACTIVITY RELATION SHIPS

D1 I 29 paglnas 2298- FOR INHIBITION OF 5¢- 19088
23185, REDUCTASE AND ANDROGEN
RASMUSSON , RECEPTOR BINDING.
| GARY.




6. Andlisis de patentabilidad (articulo 14 D486)

Para entender mejor el concepto se realizara el giguiente cuadro comparativo.

SOLICITUD | D1

Q
F CHy
N\j——/
e
oF TN
e H
Grupo farmacoférico
Grupo farmacoforico
Compuesto 22, {abla 1), pagina 2301
Compuesto 51 de la actual solicitud
E
l o il
A
N
a-b \
F \"

&7 N

N
He'

il Srupo farmacofdrico ]

Compuesto 5.1 de la actual solicitud

6.1. Nivel inu_en;ivo {articulo18 486)

El documento del estado de la técnica més cercano &s D1 { folios 187-214) que
ensefa derivados azastercides , caracterizados pot ser inhibidares de la So-
reductasa la y de la unidn ai receptor androgénico, las cuales sirven como
reguladeres importantes de la accidn de la hormona en céluias andrégenc-sensibles.

La diferencia con D1 son las sustituciones sobre el nitrdgano de la carboxamida del
grupa farmacoférico y el dable enlace sobre el carbone que contiene el F ( a-b) (
derivados de azasteroides fluorados )

Esta diferencia no parece conceder un efecto técnico inesperado d una ventaja alos
compuestos reivindicados en comparacion con los compuestos del Estado de la
Tecnica mas cercano { Ver folio 200, Compuesto 29, tabla lll, pagina 2301) ; porque
estos compuestos no presentan un mayor efecto modulador del receptor de
antdrogenos Ver folios 122-125),



Asi gque ¢l Problema  Técnico planteado en esta solicitud que consiste en ia
necesidad de derivados de azasterorides  que sean moduladores del receptor de
androgencs de una forma selectiva de tejido y son (tiles como agonistas del receptor
de androgenos en el tefido 6seo y/ o muscular que ala vez antagonizan el AR en la
prostata de un paciente vardn o en el Gtero de upa paciente mujer, se habia
solucionado  previamente mediante compuestos muy similares derivados de
azastercides | sin tener otras sustituciones sobre el nitrdgeno de la carboxamida del
grupo farmacofdrico. De manera gue los nuevos compuestos son una alternativa a
los compuestos conocidos porque no presentan un mayor efecto modulader
del receptor de andrdgenos.

El experto en la materia en vista del Estado de la Técnica en su totalidad, es deciren
vista de D1, hubiera sugerido sin mucho esfuerzo de su parte, modificar los
sustituyenies sobre &l nirbgeno de la carboxamida del grupo farmacoférico , ( por
ejemplo por hidrégeno y un grupe arilaiquile) | lo cual es una practica comin en ¢l
campo téenico vy as! lograr los derivados de azasteroides fluorados  reivindicados
que no parecen presentar un mayor efecto modulador del receptor de
andrégenos.

Por lo cual s& consideran obvios para el experto en |la materia. En consecuencia,
carecen de nivel inventiva.

La composicidn fammacéutica de las relvindicaciones 21-28 no fiene nivel inventive
porque el compuesto que la caracteriza no s inventivo.

7. . Conclusiém:

Los requisitos de patentabilidad de la presente solicitud se encuentran afectados asi:

Reivindicaciones

4 & [+]
N Documento N afectadas

Requisito que afecta

JOURNAL
MEDICAL
CHEMISTRY VOL
P1| 29 paginas 2298- 1-36 Nivel inventivo.
2315,
RASMUSSON ,
GARY.

En cumplimiento del articulo 45 de |a Decisidn 486 de la Comisidn de la Comunidad
Andina, se le indica que debe dar respuesta denfro del término de sesenta dias
contados a partic de la fecha de notificacion de Ja presente comunicacion. En caso
de no dar respuesta al presente requerimiento, o si a pesar de [a respuesta
subsistieran los impedimentos para la concesion, se denegara la patente.
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227

Notifiquese el presente oficio co & a lo dispuesto en el numeral 5.2, literal &}, de|
capitulo quinto del titulo primegs de la Circular Unica N° 10 de 2001.

ALIX CARMENZA CESPEDES DE VERGEL
Jefe de Division dg' Nuevas Creaciones

El' anterior requerimiento fue notificade por fijacidn en lista, de fecha

— 111 JuL 2008
CONCEPTO TECNICO No. EXAMINADOR TECNICO
1260 Cédigo No. 202075
b
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