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4-Sulfobutyl Thiocarbazimidate (5b).— ‘The reaction nf tliia-
semicarbazide (2.00 g, 22.0 mmoles) with an equimolar amonut
uf 1bY7 in ethanol (10 ml) gave 5b in low yield afier n relatively
short (it aptimiad} reflux period. Crude 5b was purified by
extraction iuto hoiling methanol and repreecipitation by the
addition of ether; yield, 1.01 g (20¢.% ax white eryv=tals; mp
174-178°%: o¢¥VBr hic em~1: 3340 Gn-s, sharp, NH), 1670 Gu,
('2==N), 1160-1190 (s, broad), and 1040 s, SOy 1.

Anal.
Faund: C,26.77: H, 5.72; 8,47.9.

4-(Acetimidoylthio)-1-butanesulfonic Acid.—A solution o

thinacetamide (19.3 g, 25.8 mmoles) und 1b (35.1 g, 25.8 mmoles)
in benzene (100 ml) was refluxed for 2 hr and then chilled. The
white crystalline precipitate was cullected in two ervops and
triturated i boling acetone; vield 6.9a g, mp 193-105° dec.
The annlyGeal snmple, mp 196--200° dec, wis reeryv=tallized {rom
aeeie neid.

Anal. Caled for CiHENOSR
Found: €, 34.17; H, 5.99; 3, 30.2,

3-(2-Thiazolin-2-ylthio)-1-propanesulfonic Acid (8a) and S-2-
Aminoethyl S'-3-Sulfopropyl Dithiocarbonate (9a).-~A solution
of 2-thiazolidivethione (7) (5.00 g, 41.8 mmoles) and the sultone
la®® (5.13 g, 41.8 mmoles) i I-propanol’® (25 ml) was refluxed
for 1.5 hr and allowed (o cool to room temperature.  The white
cry=als, which had hegun to deposit during the reflux period,
were collected, washed with 1-propanal, acetone, and ether, and
dried “n vacuo over P.O;; vield of 8a, 8.70 g (8D5): mp 219~
221° (melting point of analytical sample nbhtained from reactinn
i ethanol, 228-225°1: o¥Br jii em—1: 1380 (s, C==N), 121)
(=), 1150 (= and 1015 (3, 3Oy 71

)

Caled for C;HiN0,8:: €, 26.42; H, 5.76: =, 2821,

’

Coshll H, 6,200 8, 3085,

LHG Water rontent by viaes 004345

Val. 9
Aual, Coled T CeHNOgS,: O, 200820 H, 4090 N, H.8q,
S, 9060 Found: €, 29.52; H, 4.85: N, 5.5 8, 40.02.

A solutinn of the 8a described above e Lint water 1100wl was
refiuxed for 15 min and allowed tn ernd o vin temperntare,
The dithvenrhmudr 9a was deposited in 2 vvgps (540 g, Har,
from 71 as white crystals: mp 206-267°: o8B dg e b Higu
(s, Coo O, 88U (5, RORY, 1155 G, hroad, and 1035 153, 180,

bads Calind 1o CRHEGNQOGS: O 27750 HL, 5.45: N, o4
=, 57.050 Found: C 2807 H, 5000 N, D082 872,
S-2-Aminoethyl S'-4-Sulfobutyl Dithiocarbonate (9b1 A

solutian of 2-thinzolidinethioue V71 €152, 128 mnle)r and =nl-
tone 1b7 (174, a 28 modedin L-propannd (125 mb) was refluxed
for i hr and then roaled. The white erystalline precipitate (113
g, mp 24D-245° deed, washed with ethanol aul acetone, wis re-
crystallized v wier. The vield of 9b as white rrvstals, mip
254-255° dee, o twa erops was BT @ 140 0 gB B e &
1640 45, (-t 875 0%, RCR), 115, 1175 ibroad donblecs, wnd
1040 (20Q),

A Caled for CGiHuNOS G, 30750 H, 5050 N ok
=510, Fannd: 0,330,967 H, 5559 N, 4,000 %, 45.1.

General Procedure for the Sulfoalkylation of Heterocyclic
Thiones. ludividual preparations are sunmmarized in Table 1.
A solution (i suspension) nl equimolar amomds of thiote and
sultvue 1a® v 1b' in the appropriate sulvent (ethunal or prefer-
ably t-propanolt wis refluxed for (he indieated perind.  (Rome-
times the wse af wslight exces< of xultane made t=olatinu of pure
prodirets easier.1 The veactinn mixtnre was allowed tin eond 1
oo cemperature; (e ervstalline produet, which asually pre-
cipitated during the veflux period, was collected, washed tur-
onghly with edhnol, weetoue, and ether du that orderi, and dried
i e uver 1,00 Toomost instauees the produets <o abituined
were natyvtieally pare: some, lmwever, required reery=Gillizatin,
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The syuthests nf several A-ring mnodified dihydrotestosternue derivirtives ix desciibed i detail.

A comparisin

ol the androgenic and anabolic responses prodirced by these A-ring isomers revenled that the C-1 oxygenated
dertvatives were cthe mosc potent, having a favorable =cpnrativn of auabolic from the lest desivable andragenie

wetivity,

[n o recent publication,® we reparted on the mterest-
g biological properties of various A-ring conjugated
cnone androstane derivatives.  The most potent orally
active anabolie agent of this =eries was found to be
173-hydroxy-17 a-methyl-5a-androst-1-en-3-one. In
addition, it was found that saturation of the double
bond of compound Td! and retention of cither the car-
bouyl or hydroxyl function produced compounds with
superiar anabolic  properties.  Thex¢  observations
prompted interest in making a hiological comparizon
(Table IIT) of the compounds which had 2 carbonyl
ar hydraxyl group in all of the possible positions (C-1
ta C-4) of the A ring. This paper will discuss the
chemistry and biology of these modifications.

The fuetle conversion of the 1,2a-cpoxy-da-androstii-
3-one series of conmpounds to la-hydroxy-je-androst-
2-ene derivatives by treatment with hydrazine hy-
dratet afforded u convenient pathway to the I-oxy-
genated A-ring androstane derivatives (IIT and IV)
(2ee Table I). When the 2-dehydro-1a-hydroxy com-
poundz (I) were reduced under catalvtic conditions
with  platinum oxide, the  corresponding  <aturated

L 1 D s and RCT5 Connsell, o Ued Chone., 8 8 T1IBS)

analogs (I1I) were ahtained.  Subsequent oxidatian
using chronie acid in acetance? afforded the 1-keto-He-
androstanc derivatives (IV),  An alternate pathway
to the ketones IV involved oxidation of T with chromic
acid  acetone? followed by catalytic hyvdrogenation
of IT (zee Scheme I).

The synthesis of Sa-androstan-la-ol-17-one proved
ta be somewhat mare lengthy than that of the other la-
hvdroxy derivatives (IT1).  This method involved
protecting the 17 a-hydroxy group while performing the
necesgary chemical changes in the .\ ring of the andra-
stane molecule.  The 17-tetrahyvdropyranyl cther of
Ja-androst-2-cne-1a,178-diol! was acetylated to protect
the le-hydroxyl proup.  Subscquent removal af the
tetrahydropyranyl group afforded n good yicld of Aa-
androst-2-enc-1a. 178-dial  1-acctate.  Finally, treat-
ment with chroniic acid in acetone,? followed by basc
hydrolysis gave the desired la-hydroxy-be-androst-2-
en-17-one analog (Ia).

TFor the synthesis of the 2-oxygenated steroids, the
reductive removal of the bromine from the appropriate

v Bowden, 1ML Uedbesen, Vo 10 10 dares, aind 130 O L Wesdun,
Ao Soe (G
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AxaBoLic A-RiNG OXYGENATED ANDROSTANES

TasLE I

IsoMERIC A-RING OXYGENATED ANDROSTANE DERIVATIVES

Yield,
Compi Recrystn media A Mp, °C laip, deg
IIIa MeOH-H.O 94 150-151 +101
b MeOH-H,0 71.4 164-165.5 +21
¢ MeOH-H,0 80 168-169 +15.5
d Me,CO-hexane 65 192-193 0
IVa MeOH-H,0O 75 174-175 +204
b MeOH-H.O 67.4 165-167 +121.5
e MeOH-H,0 65 140-141 +110
d MeOH-H.O 93.2 173.5-175
Via MeOH-H.0O 46.8 188-1902 +102.5
b Me,CO-hexane 68 185-185.5
c MeOH 35.2 170-172 +10
d MeOH 63.4 201.5-203 +2
VIIIa Me;CO-hexane 89.5 153-154% +129.5
b MeOH-H.0O 87 183-185¢ +45.5
e MeOH-H,0 95.1 143-1464 +27
d MeOH-H,0 67.2 177-177.5¢ +20
XIIIa MeOH-H.0O 42.7 171-173 +93
b MeOH-H,0 69.2 179-181 +20
d MeOH-H.0 66.6 185-188 -2
XIVa Acetone-H,O 80.5 162-164 +97
b MeOH-H.0O 35.6 150-1527 +25.5
¢ MeOH-H,0O 50.5 140-142¢ +7
d MeOH-H.O 80 169-170 -7

s Lit.5 mp 193.5-195°, [&] %D +101.0°.
mp 152.5-154.5°.

Chem., 28, 2626 (1963). ¢ Lit.3 mp 180-181°, [a]D +19°.

7 Lit.22 mp 125-126°, [«]D +16°.

——Caled, 9,—— ~——TFound, ¢;——

Formula C H C H
C19H302 78.57 10.41 78.68 10.41
C19H3:02 78.03 11.03 T7.78 10.75
Co1H340; 75.40 10.25 75.28 10.15
CaH3402 78.38 11.18 78.28 10.98
Ci9H2s0: 79.12 9.79 79.30 0.94
C19H30: 78.57 10.41 78.29 10.00
CaH3:05 75.86 9.70 75.57 9.52
CaoH3:0: 78.89 10.59 78.72 10.33
C1yHz02 78.57 10.41 78.17 10.51
CiyH30: 78.03 11.03 77.90 10.90
CoH340; 75.40 10.25 75.17 10.13
CaH3:0-- 76.35 11.26 76.67 11.04

0.5MeOH
CiyHp0, 79.12 9.79 79.22 10.09
CyyH30: 78.57 10.41 78.16 10.24
CauH3:0, 75.86 9.70 75.85 9.72
C2oH3:0: 78.89 10.59 79.35 10.51
Ci9H30- 78.57 10.41 78.40 10.27
CiyH3:0, 78.03 11.03 78.20 11.09
Ca0H340: 78.38 11.18 78.45 11.02
Cy3H2s0: 79.12 9.79 79.09 9.78
C19H302 78.57 10.41 78.38 10.59
CH;:0; 75.86 9.70 75.99 9.70
CaoH3:0: 78.89 10.59 78.59 10.39

b C. Djerassi, R. Yaskin, and G. Rosenkranz [J. -Am. Chem. Soc., 72, 5750 (1950)] reported
¢J. A, Edwards, D. G. Holton, J. C. Orr, L. C. Ibdfiez, E. Necoechea, A. de la Roz, E. Segovia, R. Urguiza, and
A, Bowers [J. Med. Chem., 65, 174 (1963)] reported mp 180-181°, [«]D +49°.

4 Lit.5 mp 149-150°, [«]p +25°; R. L. Clarke, J. Org.
¢ P. L. Julian and H. C. Primty [U, 8.

Patent 2,900,399 (1959); Chem. Abstr., 54, 1622 (1960)] reported mp 175-178°.

ScHEME 1

H
1 I
oK 0
H H
il v
steroidal bromohydrins was investigated. Several

nmethods have been reported for this type of trans-
formation.®=® More recently, Clarke and Daum®
described the preparation of some 2-oxygenated
androstanes by treating the corresponding 3a-bromio-
28-hydroxy compounds with hydrogen using palladium
chloride on strontium carbonate as catalyst. The 2-
keto compounds were obtained, however, instead of the
2B8-hydroxyl derivatives. These authors eventually
obtained a debrominated alcohol with tributyltin

(3) D.R.James and C. W, Shoppee, J. Ckem. Soc., 4224 (1954),

1) T Nambiara sl M. Yani, Chen. Fharae, Bydl. (Tokya), 13, 1004
(11165).

(3) 'T. Nawbara anil J, Fishmau, J. Oryg. Chem., 26, 1569 (1061).

16) R. L. Clirkeamd 2..J. Danu, ibid., 30, 3786 (1h69).

hydride. In our studies, the C-2 oxvgenated deriva-
tives (VI and VIIT) were obtained by a method similar
to that reported by Julian and co-workers” in 1950.
When the bromohydrins V were treated with Raney
nickel in refluxing ethanol, good yields of the 28-
hydroxy compounds VI were obtained. It was found
that optimal reaction periods ranged from 1-2 hr and
that extended periods caused the formation of 2-keta
derivatives. Subsequent treatment of VI with chromiu
acid in acetone? afforded the C-2 carbonyl derivatives
VIII? (see Schenie IT). Two alternate procedures to

ScHEME II
R

R

0
Br-- .

H
VII

H
VIII

the 28-hydroxy androstanes followed pathways pre-
viously deseribed for the synthesis of 238-hydroxy

(7) P. L. Julian, E. W, Meyver, W. J. Karpel, anil I. R, Waller, J. Am.
Chem. Soc., T2, 5145 (1850).

(8) A.D.Cross, J. A. Edwards, J. C. Orr, B. Berkoz, L. Cervantes, M. (.
Calzada, anl A, Buwers, J. Med. Chem., 6, 162 (1363).
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Vol y

Tasun 1

Comparamive Nve Dyt

- Caled ™ rps—

Chranpd R 1 R C-19 18
1V l-one Sie 71.0 525
Via 2aone -nue 17.0 A2
IXa Jaime -nle 6:3.0 540
N1V 4-anie -nne 46.5 525
IVh l-oue Ol 11 0.0 445
VI RNTIE (9381 11 46.0 14 Q
INXD J-nne O11 11 IR 46 4
ASARE ENITT Oll 11 Ah0H 4400
v l-nue [OANE 11 70 470
Ve Qe OAr 11 470 471
INv ERTING OAe i1 $2.0 41a
NIV - OAr 11 45.0 475
1vd f-tne D1t L, TQa.H R
VI Qoone OI1 [GEH EE) hl.a
1N« Hentte Ol [QER 625 50
NIV $-aue Ol il 46,0 T
RN 1e-O11 -tne 4.0 520
Vi 23-01 -uhie 1545 529
\a B38-D1 Snue 505 52 .q
N1 43-0O11 -Due d.) 52 .a
1L Lx-O11 Ol11 11 A80H 440
\ih 23-Di Ol 11 0625 44«
Nh 38-01 Ol 1 40.a +iu
N 43-0O11 Ol11 11 . 444
1 Le-O11 OAr 11 485 470
Ve 23-O11 OAc¢ i1 62,0 471
ANE 33-Dil OAv il 1.5 17 .0
11 1re-O1 O11 Cliy 4110 olH
V1l 25-0O11 O11 Cll, 62511 YN
Nd 43-0H Ol Cly EE 510
N1Tld 13-0O11 i Cll, 04 .0 BRINS!

* Values nbintned with the use of Zitrcher's taliles. 1

nf band X measured ac half the amplitnde. @ Positinn of 17a-praton observed as 2 (riplec

v Pratot,

steraid=. One af these methods® mvolved oxidation
of the Tromohydrins Vowith chromic acid in acetie
acud to wive the 3a-bromo 2-ketones (VIL).  Debromi-
nation of VIT with zine and acctic acid gave VIIIL
Reduetion with cither lithivm tri-/-butoxyaluminmun
hvdride (BLAH) or lithium aluminum hvdride (LAH)
gave o gaod vicld aof the aleohol VIL The 28-hydroxy
annlags VIb and VId were prepared by a sccond method
invalving reduction of the 2.38-¢poxide with LAH in a
manner similar to the report by Slates and Wendler.®

Our approach to the 4-keta and 4-hydroxy steroids
differed  from  the several methods previously com-
played, 01y sequence of reactions similar to those
dexeribed above for the preparation of the 2-keto and
2-hyvdroxy i=omer= was used to prepare some of the C-4
oxyeenated  androstane  derivatives.  Conversion  af

thy 1L States amd N L Wemdler, Jo 2o, Chon, Sac., T8, 374D (1856;.

07 COWL Shinpper, M. 1s, WL Howden, R W, Killick, and G. H. R.
Sutnmers, J. Chene Soe., 630 (140

A1 K Hensler, J. Kalvoila, . Wieland, .
Iele. Chivn, Avta, 45, 2577 (10621,

(1 KL Beasder, L Nadviada, G Noer, amd V. Wedstein, i64d,, 46, 552
1,

C131 ML Nuossing, Y, Mazar, windl I Sundlieinter, J. ey Chenn, 29, 1120,
TR (G Uy,

Anner, and A, Wettstein,

& Poxition of proton on rarban bhearing hiydroxyl group in the A ving.

-1Yonml, eps---

-19 18 X s Y.," rps % cps
T4.5 514

475 Hloa

62.5H o

40.5 B

T 445

45 .0 445

628 46 Q

460 445 )
oL 47.5 DR, 277,285
BTV 480

615 4804

45.0 475

2.4 H2oa

106.5 H0.H

$H2 D 5.0

46.5 BRAE!

4110 52.0 2010 )

SR H2.a 24N 7.0

Ha H2oa 215 16.11

td ) 520 251 6.0

481 441 220 6.5 210, 2160, 225
635 40 244 ) 210, 218, 226
411 Q 4401 RAR RICIRE! &

B4 14 .a 224 ) 208, 216, 224
475 175 221 (IR 26, 276, 283
6525 474 2475 S.a 260, 274, 282
M0 47 R t7.a 2675, 275, 284
i1 11 YIRS 22 T

13,0 Hl.u 24N S0

(2.5 Hlon 205 t7.5

4.0 5l 208 70

© Width
¢ Penks were masked hy broad peak of

the bromohydrin XIa with Raney nickel m ethanol
gave n good vield of the 48-hvdroxy derivative NITTa.
Alkvlation of XIIla with methyhuagnesium hromide
vave the 17e-methyl analog XITId which was in turn
oxidized with chromie acid in aretane? to give the (-4
carbonyl derivative XIVd  (zec Scheme 111, An
alternate pathway to compounds XTIV utilized direet
oxidation of the bromohydrins (XI) as dexcribed before
followed by removal of the bromine with zine and acetic
acid to give the 4-keto-Ha-androstanes (XIV).

In all cases, the formation of the 178-hydroxy deriva-
tives (IVh, VIIIh. and XIVb) necessitated starting
the reaction <equence with the appropriate 178-acetates
(Ib, Vb, or XIh) mnd subscquently hydrolyzing with
strong base to give the final praduet.

The nnur spectra were obtained for all of the A-ring
oxvgenated androstane derivatives ineluded in this
study.™  The position of the angular methyl protons
and the proton on the carbon bearing a hydroxyl
group in the A ring are listed in Table 1. The eal-

Pl W wisle o thiank Des 150110 Bilde, Jr., of nnrlabareatories for Lelpdnd
disenssipns ehoneerning the nnie speetrs of these componnils,
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AxapoLic A-RixG OXYGENATED ANDROSTANES

Tasre III
ANABOLIC-ANDROGENIC ACTIVITIES®

Compd R e R;
Testosterone
proptonate
Testosterone
IVb l-one OH H
VIIIb 2-one OH H
IXbb 3-one OH H
XIVb 4-one OH H
IVe 1-one OAc H
VIIIe 2-one OAc H
IX¢ 3-one OAc H
XIVe 4-one OAc H
IIIb 1«-OH OH H
VIb 28-OH OH H
Xb? 38-OH OH H
XIIIb 48-OH OH H
IITe 1e-OH OAc H
Vie 28-OH OAc H
Xee 38-OH OAc H
Methyltestosterone
Ivd 1-one OH CH,
VIIId 2-one OH CH;
IXd® 3-one OH CH;
XIVd 4-one OH CH;
I11d 1a-OH OH CH;
VId 28-OH OH CH,;
Xd 38-OH OH CH;
XII1d 48-OH OH CH;,

927
R,
————————Im Oral
Anabolie Androgenie Anabolic Androgenic
100 100
26 35
20 25
I I
100 35
40 50
20 10
I I
20 25
10 50
40 20
I I
4 1
I I
20 10
I 1
4 2.5
26 24 100 100
40 10 850 180
I I I I
25 20 I 50
4 1 I I
25 10 650 150
4 2.5 I I
2 3 I 50
1 I I I

@ Potencies are given in terms of per cent of the activity of testosterone propionate and 17«-methyltestosterone and were determined

from the lowest levels at which significant increases in seminal vesicle or levator ani muscle weights were obtained.
¢ A. Ercolt and P. Ruggieri, J. Am. Chem. Soc., 75, 650 (1953).

Searle Chemicals, Inc.
Rosenberg, Helv. Chim. Acta, 18, 1487 (1933).
Chim. France, 539 (1960).

Scueme 111

Br-- :
H
0
X1 XI1
1 1
1 1
OH H OH
XIII X1v
a, RRi=0
b, R=H; R,=OH
¢, R=H; Ri=0Ac
d, R=CH;; R\ =0H

culated values for the C-19 and C-18 protons as ob-
tained with the ald of the Zircher tables,? are also
included for comparative purposes.

(15) R. F. Ziircher, Hele. Chim. Acta, 46, 2054 (1963).

b Available from
¢ L. Ruzicka, M. W. Goldberg, and H. R.

¢ A. Marquet, H. B. Kagan, M. Dvolaitzky, J. Lematre, and J. Jacques, Bull. Soc.

As shown in Table II, both the 28-hydroxyl and 43-
hydroxyl groups (VI and XIII) produce nearly iden-
tical chemical upfield shifts of about 16-18 cps on the
C-19 protons when compared to the corresponding 2-
and 4-keto derivatives (VIII and XIV). This ob-
servation illustrates the spatial conformational simi-
larity of the C-2 and C-4 positions in the normal Sa-
androstane molecule.

In each case, the spatial configuration of the A-ring
hydroxyl group is proven by the width of the nmr band
at half the amplitude of the proton on the carbon
bearing a hydroxyl group.'®* With the C-1, -2, and
-4 hydroxyl derivatives (I1I, VI, and XIII), the protons
observed have a peak width of about 5-6 cps indicating
an equatorial position for the proton, whereas the C-3
hydroxyl derivatives (X) have a broad peak width of ap-
proximately 16-20 cps which is indicative of an axial
proton.

Biological Results.”.*—The procedure used to

(16) Y. Kawazoa, Y. Sato, T, Okamoto, and K. Tsuda, Chem. Pharm.
Bull. (Tokyo), 11, 328 (1963).

(17) We are grateful to Dr. E. F. Nutting and to Mr. R. Bergstrom of our
Endocrinology Departmeitt, Divisibn nf 13islogical Researcl, for furnishing
us with thls information.

(18) A more detailed biological description of tlie isomeric A-ring oxy-
genated !7a-methyl-5a-androstane derivatives will be reported elsewhere:
E. F. Nutting, P. Klimstra, and R. E. Counsell, submitted for publication.
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determine androgenie and anabolic activities was that of
IZisenberg and Gordon® as modified by Saunders and
Drilk2 The compounds were given to enstrated male
rts by cither the intramuscular or oral routes of ad-
ministration.  The potencies are given in terms of per
cent activity of testosterone propionate (intramuscular)
or 17e-methyltestosterone (oral) and were determined
from the minimal fevels at which significant ineroases
in =eminal vesicle and ventral prastate ar levator
muscle weights were obtained. The vesults listed in
Table TIT compare the androgenie and anabalie netivi-
ties far the compounds evaluated in this study.

A comparison of the parenteral potency ol the
various A-ring modifications of  Se-undrostan-178-ol-
3-onc (dihydrotestosterone) revealed that none of the
Ixomers wis s aetive s dihyvdrotestosterone.  This
<ubstance possessed about the same anabolic activity
ax the standard, testosteronce propionate, but was only
one-third n= wndrogenic. Al of the other A-ring
modified andrastanes, whether alkyviated ot C-17 or
not, poxsessed little (ITIh und ITVd) ar no activity when
administered parenterally.

More recently, emphasis has been placed on the
anabalic response observed after orval administration.
One of the more common methods for effecting oral
activity is by alkylation at ('-17. As =een in Table
ITI. there seenmt 1o be sprecific structural requirements
necessary for optimal oral activity.  Within the scope
af the compounds studied, the C-1 position appears
quite important for mparting significant oral activity.
Ax shown in Table III, 173-hydroxy-17 a-methyl-5a-
androstan-l-one (IVd) and 178-hyvdroxy-17e-methyl-
Ha-androstan-la-ol (I11d) were by far the mast potent
campounds of the entire series of A-ring isomers witen
adminiztered  orally, being respectively 8.5 and 6.5
times as anabolic and 1.8 and 1.5 tines as androgenic
a8 17e-methyltestosterone. Al of the other 17a-
methylndrostanes studied were mactive anabolically
and anly the dihydromethyltestasterone isomers (IXd
and Xd) had any measurable androgenic  activity,

RI RI
<R <R

H H
IX X

being about 0.5 times that of methyltestosteronc.
It is important to emphasize that while the 38-hydroxy
and 3-keto isomers (X and IX) were considerably
more androgenic than anabolic, the reverse situation
resulted when the oxygen function, whether hydroxyl
(IIT) or ketone (IV). was in the C-1 position.

During the past few vears, several papers have aj-
peared dealing with the structural requirements for
biological activity of androgens at the molecular
level.2t22 Utilizing in wive data, Bowers and co-

(191 1. Lisenberg and G. 8. Gordon, J. Fharoweol, Eeptl. Therap., 99, 38
[REHION

et 1 Sanders aml NN Vied), P Seee, el Biel Ued. 94, 640
[N VRN

{200 AL Beavers, AL DL Cross, Jo AL dwared, 11 Carpi, M. C0 Calzinda,
aned 120 Dennt, J. Hed. Chem,, 6, 106 (1NGS3.

220 MWW, W o, amd R, Kwolk, a7, 577 (16t

Val, b

workers*C cancluded that a strong fnetar necessary in
pramoting high anabohic activity was a high cleetran
denxity at C-2 and ‘or C-3 in the 17 8-hydroxyvandrastane
moleeule,  In the ease of the C-3 aleohols ar ketones,
this requirement may be satished hy an interconversion
af the former ta the latter by mn in elro 1merahiolagien!
axidation wherenpon the ketone ean then enolize to
prescuc a C-2 7 bond to which the receptor site ean be
attached,  Some =<imilar conelusians also have heen
reparted recently vy Walff and co-warkers, 22

In the case af the compaunds i our present study s
well nx <ome of thase reparted on previausly,* there
scems Lo he good indicatians that there are many ex-
ceptions 1o the above conclusians,  Based on e
hvpotheses of Bawers and  co-workers?' and Wollf,
et af 22 one wonld expect the greatest bialogieal aetian
to reside in the C-2 and /ar C-3 oxvgenated androstane
derivatives. A~ shown i Table HI, the C-1 axy-
genated derivatives e iy thies mare patent than
the ather A-ving modified androstanes.  Marcaver,
i other studies i anre labaratories, the completely
aturated  A-ring  deoxy  campound, 17 a-methyl-5o-
androstane,® passe=sed signiticnt oral anahbalie and
androgenic activity.  Thix campaund = incapable of
<p? hybridization i the 2\ ring unless an oxyveeu fuue-
tion were metaholically mtradueed,

hi conelusion, it appears that until more is known
abuut the tissue distribution, absorption, and netab-
olism of these =ubstanees it iz hazardous to speculate on
the mode af aetion af these substances at the mojecalo-
cellulbar level.

Experimental Section®

la-Hydroxy-5«-androst-2-en-17-one ilar.- A <ulution i vhe
17-tetrahydropyranyl ether uof 1h! 1.2 w1in pyridine 20 mly ol
acetie anhydride (10 ml wis allowed ar <tand over che weekend
at roomn temperature.  The reaction mixinre was poured inan
cold HO and extracted with ether. The extract wuas waxhed
saccesstvely with 5¢7 agueons HCH zolution, 5, agqueons NaHCO,
solutian, and 0. After drving over anhydrons  Na.RO),
containing Darven, the solvent wax removed in vaciio 1o give
a-acetoxy-Da-audrost-2-en 173-01 1 7-tetrahyvdropyranyt ether ax
au oil, The infrarerd spectrum indicated thac the erude prodaet
was xtiitable for subsequent renctions,

The ernde produet from above (1.2 g was allowed o stand in
methanol (60 ml eouraining p-toluenesulfonic aetd wwnohydrate
1.7 gy at abont 30° e 1.25 hie. The =olntion was putived intn
1.0 and extracted with ether. The exanet was washed re-
peatedly with HaO and dried dGCD; contaiuing Darvea . Solvent
removal in eacvo lelt the produet, de-androst-2-cne-la,178-dind
-ncetate, as an oil. Speetral determinations mdieated that the
rrale residie was saitable for the following reactini.

A =olutian of rrnde ester (LS g) in acetone (15 mli was treatel
dropwisze with stundard chromic acid solntion® anal che colar nf
the reagent just persisted. The excess oxidizing agent wis
destroyed by the addition o a few deops of ixupropyl alendnf.
The inorganic salt were renved by filtering the =nlntion throagh
Sapercel.  The filtrate wias cnneeotrated, and the residue was
diltited with 170 The mixtire was extracted with ether sl

123 10 1L Wlistew, B0 V0 Naonme, ol RV Cannselll (i, 9, nu
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240 Thix subetanere was fionud wr Le 2.8 times as amdodie sond 005 tiones
ss audrogenie as methyvltestosternne when given nrally. ' An initial reparc
of activiry for this snbstance was maile earlier by C. Il Wiehakiun, P
Sne. Exptl. Biol. Med., 80, 386 (1052).

1251 Optical rotatinns, specira, dml analyiival duta were furnsshied by Dy,
R. T. Dillon, Mr. 12, Zielinski, and Mr. J, Damascus of pur Analytical -
partment. The optical rotatiens and infrared speetru werre ulitained in
vhloral e at andaent temperantres, VL anre spertrg gere phiaine] il a
Varin A-60 spamerrnploaniecer sl arve reportel b eyvides pee seead dpwne
lieb] from terramoyyl=dane whiely wus usiml a3 an internad stwmlped, Deu-

veripelbvaaforin was nsed e the splvenl nuless ralieerwise spaeiliel. The
taelting pois were nbtstined poca Visirep-Tplins s pparatins ated gee rorvereiml
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washed with H.O. After drying (Na,S80;) the solvent was
removed in vacuo to leave an oil. Recrystallization from ace-
tone-hexane gave pure le-acetoxy-5e-androst-2-en-17-one (350
mg), mp 170-173°, [a]D +301.5°.

Anal. Caled CyH;305: C, 76.32;
75.99: H,9.25.

The above acetate (0.3 g) was refluxed with methanol (8 ml)
containing KOH (0.2 g) for 2 hr.  The reaction was poured ito
H,0 and extracted with methylene chloride. The extract was
washed with 537, aqueous HCl followed by 5% aqueous NaHCO;
solution.  After dryving (NasS0,) the solvent was removed in
vacuo to give erude Ia (250 mg), mp 162-163°, [«]D +226°.

Anal. Caled for CisHusO,: C, 79.12; H, 9.79. Found: C,
79.02; H, 9.66.

5«-Androst-2-ene-1,17-dione (Ila).—A solution of IIb!
(0.5 g) in acetone (3 ml) was treated with standard chromic acid
solution? dropwise until the color of the reagent persisted. The
excess chromic acid was decomposed by adding a drop of iso-
propyl aleohol. The inorganic salts were removed by filtering
through Supercel. The filtrate was concentrated in racuo and
diluted with HyO. The precipitate was collected, washed with
H:0, and air dried. Recrystallization from acetone-hexane gave
ITa26 (0.35 g), mp 151-154°, Amax 224.5 mpu (€ 6900).

dnal. Caled for CiyH0.: C, 79.60; H, 9.16. Found: C,
79.67; H, 9.10.

17« -Methyl-5« -androstane-1«,178-diol (IIId). General
Method for III.—A solution of Id! (10 g) in ethyl alcohol (200
ml) was hydrogenated (Amico Rocker) at 70.2 kg/em? and 100°
for 20 hr using ruthenium oxide as catalyst. The catalyst was
removed by filtration and the filtrate was poured into an ice-cold
aqueonts 29, NayCO; solution. The precipitate was collected,
washed with HyO, and air dried. Solvent removal in vacuo left
a white solid which was recrystallized from acetone-hexane to
afford 1T1d (6.45 g), mp 192-193°.

17« -Methyl -5« -androstan-178-ol-1-one (IVd). General
Method for IV. A. Via Aleohol.—A solution of I11d (1.5 g) in
acetone (70 ml) was treated dropwise with standard chromic acid
solution., The excess reagent was destroyed with isopropyl alcohol
and the inorganic salts were removed by filtering through Supercel.
The filtrate was poured into ice and H:O and the precipitate was
collected. Recrystallization from methanol-H,O afforded 1Vd
(1.2 g), mp 173.5-175°.

B. 7Via Olefin.—A solution of IId! (2.5 g) in ethyl alcohol
(200 ml) was hydrogenated at atmospheric pressure and room
temperature (Parr shaker) using 5%, Pd-C (0.25 g) as catalyst.
The catalyst was removed by filtration and the filtrate was con-
centrated to dryness. The residual solid was recrystallized from
aqueous methanol to give IVd (2.8 g), mp 173-175°, identical
with that prepared by the above procedure.

5«-Androstan-173-ol-1-one (IVb). General Method for VIIIb
and XIVb.—A solution of IVe (0.3 g) in methanol (10 ml) was
refluxed with KOH (0.2 g) in water (2 ml) for 2.5 hr. The
solvent was evaporated and the residual solid was taken up in a
minimun of methanol and poured into HsO. The product
was collected, washed (H»0), and air dried. Recrystallization
from methanol-H,O afforded IVb (0.175 g), mp 165-167°.

5«-Androstan-23-0l-17-one (VIa). General Method for VI
and XIII.—A mixture of Va? (12.0 g) in ethyl alecohol (300 ml) was
refluxed with Raney nickel (45 g) for 1 hr. The solution was
cooled and filtered. The filter cake was washed with ethyl
alcohol and the filtrate concentrated to dryness in vacuo to leave a
white solid. The residue was taken up in benzene and chromato-
graphed over silica gel. Elution with benzene—ethyl acetate
(4:1) gave pure VIa (3.4 g): mp 188-100°; [«]Dp 102.5°; umr,
249 (2e-1), 63.5 (C-1% methyl), and 52 cps (C-19 methyl)
it mp 193.5-195°; [«]®p + 101.0°; nmr, 250 cps (2e-H)1.

17a-Methyl-5«-androstane-23,17g8-diol. (VId). A. Via Ke-
tone.—To a stirred solution of VIIId (1.0 g) in tetrahydrofuran
(THF) (15 mi) cooled m an ice bath was added lithium tri-t-
butoxyaluminum hydride (2.25 g) in THF (15 ml). After 1 hr
at ice bath temperature, the reaction was poured into a cold 5%,
aqueotrs acetic acid solution. A finely divided precipitate was
collected, washed with 5% NaHCOj; solution, and dried n vacuo.

H, 9.15. Found: C,

(26) We wish to thank Dr. A. H. Goldkamp of our laboratories for provid-
ing us with aliditional material m1 which the analytiral dala was nlitained,

(27) 1N D. Klimstra and R. It Counsell, U. 8. Patent 3,018,298 (1962);
Chem. Abstr., 87, 4733 (1962).

Axasoric A-Rixe OXYGENATED ANDROSTANES 929

Recrystallization from methanol afforded VId (0.85 g), mp
201.5-203°. A second crop (0.15 g), mp 191-194°, was obtained
from methanol-H,0O.

B. Via Epoxide.—To a solution of LiAlH, (1.5 g) in purified
dioxane (50 ml) was added a solution of 2,38-epuxy-17a-
methyl-5a-androstan-178-0123 (3.0 g) in dioxane (50 ml) dropwise
over 15 min. The reaction mixture was refluxed for 4 hr.  After
cooling to room temperature, the excess reagent was decomposed
by the successive addition of H;O (1.5 ml) in dioxane (20 ml),
209 aqueous NaOH (1.2 ml), and H,O (5.2 ml). The inorganic
salts were collected and washed with additional dioxane. The
filtrate was concentrated <n vacuo and the residual solid was
recrystallized from methanol to give VId (2.1 g), mp 202-203°.
This sample was shown by infrared spectral comparison to be
identical with that obtained by the above methods.

3a-Bromo-5«-androstane-2,17-dione (VIla).—Treatment of
Va?” with standard chromic acid solution? as described above gave
a crude product. Reerystallization from methanol gave VIIa
(4.0g), mp 154-155°, [«]D +243°.

Anal. Caled for CyHxBrO:: C, 62.12; H, 7.41. Found:
C,61.70; H, 7.68.
17 «-Methyl-5«-androstan-178-0l-2-one  (VIIId). General

Method for VIII and XIV. A. Vieg Halogen.—A mixture of
VIId! (0.5 g) and zine dust (0.33 g) in glacial acetic acid (6 ml)
was stirred for 1 hr at room temperature. The solution was
filtered to remove the zine and poured into ice and H.O. The
product was collected, washed with H,O, and air dried. Re-
crystallizatian from aqueous methanol afforded VIIIId (0.32 g),
mp 177-177.5° (lit.® mp 180-181°, [«]D + 19°).

B. Via Aleohol.—A solution of VId (3.5 g) in acetone (250 ml)
was treated dropwise with standard chromic acid solution? while
being cooled in a H,O bath. The excess reagent was decomposed
with isopropyl alecohol and the inorganic salts were removed
through Supercel. The filtrate was concentrated to one-third
of the original volume, water was added, and the solution cooled.
A finely divided precipitate was collected and recrystallized from
aqueous methanol to give VIIId (1.3 g), mp 173-175°. A
second crop (1.0 g), mp 165-171°, was also obtained.

3a-Bromo-5«-androstane-4,17-dione (XIla).—Treatment of
XT1a% (4.0 g) with standard chromic acid? as described above gave
a crunde product. Recrystallization from methanol gave pure
XIIa (3.2 g), mp 145-146°, [«]%D — 67.5°.

Anal.  Caled for CigHyBrO.: C, 62.12; H, 7.41.
C, 62.38; H, 7.41.

5«-Androstane-43,173-diol (XIIIb).—To a solution of XIIla
(0.5 g) it isopropy! aleohol (15 ml) was added a mixture of NaBH,
(0.5 g) in H;O (0.5 ml) and methaunol (1.5 ml). The reaction
mixture was stirred at room temperature for 5 hr and poured
into ice and H.O. After careful acidification with acetic acid,
the gel-like mixture was extracted with ether. The extract was
washed with H,O and 59 NaHCO; solution and dried (NasSOQ,
eontaining Darco). Solvent removal in vacuo left a solid which
was recrystallized from aqueous methanol to give XIIIb (0.3 g),
mp 179-181°,

17«-Methyl-5«-androstane-43,173-diol (XIIId).—A solution
of XIIIa (3.0 g) in ether (100 ml) was added dropwise over 20
min to a stirred mixture of methylmagnesium bromide (50 ml,
3 M in ether) in ether (50 ml). The reaction was conducted in
an ice bath for 0.5 hr and then refluxed for 16 hr. The mixture
was decomposed by pouring into a saturated aqueous NHCl
solution and extracted with ethyl acetate. The combined
extracts were washed with H.O followed by 59, aqueous NaHCO;
and dried (Na.SO; containing Darco). Solvent removal in
vacuo left a solid which was reerystallized from aqueous methanol
to give X1I1d (1.9 g), mp 185-188°,

17«-Methyl-5«-androstan-173-ol-4-one (XIVd).—A stirred
solution of XIIId (1.0 g) in acetone (20 ml) was treated with
standard chromic acid solution dropwise until the color of the
reagent persisted. The excess reagent was taken up with iso-
propyl alcohol. The inorganic salts were removed by filtering
through Supercel. The filtrate was concentrated in vacuo to
one-third of the original volume. Water was added, and the
gelatinous material which formed was collected, washed with
H,0, and air dried to give crude XIVd, mp 150-152°. Recrystal-
lization from aqueous methanol gave pure XIVd (0.8 g), mp
169-170°,

Found:

(28) P. D. Klimstra, U. 8. Patent 3,166,678 (1965); Chem. Absir., 62,
9207 (1965).



