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oven at 65° for 1 hr. The =olvent was rentoved o vacon, and
the residhie was taken up in ether—ethyl acetate (1:1% Thix
solirtion was washed successively with dihite HCL water, and 5,
nutassittm carbonate soluntion,  The washed extract was dheied
(Nu:804) and the =olvent was rerwoved nnder reducal pressure.
The residnal salid was veervstallized from acetone-liexane
give pure VEELL (02 g0), mp. 194-107°, [a} 5D 077
ands Caled. far CasHg NOq: €, 7o B, B2z N, SUdo.
Found: (!, 75.504; H, 10.21; N, 3.13.
33-Acetoxy-23-nor-3-cholenic Acid Isopropylamide (VIIIb).
Thiouy! chloride (1 b)) was added dropwise with stirring to «
solution of 33-acetoxy-23-nur-d-chujeuic acid® (2.0 &) in anly-
drous henzene (25 ml.y. The solution was refluxed for YU nin.,
and the solveut was remwoved under reduced pressure. Traces
af thionyl chloride were removed by the repeated additivar aud
distillation of anhydrans benzene.  The crude aeid  chloride
wax dissolved in anhydrouns benzene (1l and added dvopwixe
with stirring to a cooled solution of sopropylamine 2 il in
anhydrous benzene (20 mb i The wixture was sureed ae room
temperatnre ior 3 hree aud water (25 mlo and ether were addel
(o0l The organie Liver was sepmraned, washed with wadter,
and dried over amixtire of NiassOy and Darvo. Renwoval of the
solvent /i vevwo altarded a white erysialline =olid 2.2 g3, .
IS7-194°, Recrystallization fron avetone-heptane gave pore
V1D, mup. 197-199°, [«]®D - 41°.
Anal. Caled. for CtNO,: ()
¢, 75.92; 1, 1021
33-Acetoxy-5-cholenic Acid Dimethylamide (VIlIe).- The
erude aeid chloride of Bg-ucetoxy-d-cholenic acid $15 g.) was
prepared in o manner similar o that deseribed above. This
product was dissalved in anhydrous benzene (130 il and a
=olntion of dimethylamine in tohiene 26, w.odw, 30 ml; was
added with stirring and external cooling, Benzene (4 1l

7o b ez Fonod:

by KL Sax and W Bergmaun, Jo D, Cleogs Secs, TT TALO {10553,

Anabolic Agents.

Vol s

wits use] to rinse the addition fnunel and this was added to the
reaction mixture. The mixtinre wis stivred ot voon teimperatuee
for 2 hee and ethee c2u) ) wax added. The sohuntion wos
wasted snevessively with water, 2N HCL and 5 NallCo,
~olution and dried nyver a mdxture of anlivdrons potussiumg cue-
bonate and Dareos Trenoval of the solventunder vedneed pressire
gave erde Ve 175 w0, nope 1770837, which was =atisIhctory
tor snbzequent nse. A samiple was purilied Ty adsorption onos
silica geland clution with ethylaceine benzene (190 Alternate
veervstullization fron: edhivl acetate heptane  and benzene
beprme gave o pure sample, nep. IS-186.5°, Ledsn - 11
G ISDA-T90°, Tt —40.0%,
Aaals Caledy for CuHGNO, O
Foml: ¢) 710135 H,0.90:0 N 30508,
Reduction of Amides. General Method.—A solntion of V
f44 s 0ol 10 odioxane (75 ml) was added dropwise with
stering to asuspension o Huhium alundinun hydride (8.8 1w,
b 37y i dinzane (75 il i at the refux temperature. The -
ture was refluxed with =tirring Oor Is hies, wherenpon the exiess
Livdride was devotposal by the saeeessive drapwise addition
of water 4w dioxane A0 s, 200, NaOH soluntion (3wl s
atd water s 20l The inarganie salts were removed hy filira-
ton anel washed withe dioxane. The liltrate was concetttrated
to deviess fozesqo wnd the vestilue was ervstallized fron acetine.
Thi= cove  pure N-bsoamyl=200-anidnopregn=s-cn-Ag-ul - 7 \VL
202k weps P2 Ly 0307,
dewds Caleds Gor CoaNO )
Fomud: Cys0.70 FLHELTS: N, H04
Hydrochloride Salts.  The crvswlhne amines were dissolved
e isupeopyh adeohol arad sutlicient 7.8 HCH in izopropyl aleohol
was added drapwise with agitation. The mixture was allowed o
staned at rooyu Lewperature for o few winates and the precipitae
was eolleensd by filteation. The salis were reerystallized tfram
cither aqaeus soprapyl aleohal orw wiixoire of methauol aul
isopropylaboslol aned gove satisfactory elemental winlvses,
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Various A-ring modilied derivatives of testosterone were prepaved v the hope of ohtaining componnds with

high anabolicand minimal andragenic activity.
discussed.

tia previous publication, '™ it was noted that shifting
the double bond of testosterone and 17 a-inethyltestos-
terone from the 4,5- to the 1,2-position enhanced pa-
renteral anabolic and, to a lesser extent, androgenic ace-
tivity.  Moreover, a comparison of aral myotrophic
activity of the 4,5- and 1,2-cne systems indicated that
the latter had a more favorable anabolic--androgenic
ratio. These oral activities (Table I) were much
greater than would have been expected from an exanii-
nation of the original biological parenteral data.'v

The potent activity found for the I-dehydro isomers
of testosterone (I) prompted interest in other A-ring
isomers (Table IT) 1 whieh the position af not only the
double bond, but also the carhanyl group was altered.
This paper will discuss the chemistry and hiology of
these modifications.

The observation by Wharton and Bohilen® that hy-
drazine caused rearrangeinent of steroidal e.g-cpoxy

(la)y I'resented in part before the Division of Muedicinal Chennsiry at rhe
Li8ult National Meeting of (he Awoenean Chemnical Socery, Clyeaw, 1L
Sept. G4, (1) R, E. Connsell, 1L Klimseea, uml 770 B Coluou, Ao e,
Chem., 27, 248 (1962),

2l LS. Whartan wand 16 H. Belden, ©id, 26, 26T (1)),

A comparizan al the hiologieal netivity of these A-ring isomers is
The synthesis af sore of these isomers is described in detail,

ketaues to allyhie aleohiols prampted investigation al
this reaction when applied to the 1,2a-epaxy-3-keto-
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TaprLe 11

A-Ring MoDIFIED ANDROSTANE DERIVATIVES

[a]2%D,
Compd. Recrystn. media Yieid, % M.p.. °C. deg.
I11a Me,CO-hexane 89.2 140-143 +116
c MeOH-H,0 87.7¢ 128-130 +109
d MeOH-H,0 64.5 61.5-64 +195
e b 85.1 +104.5
IVa Me,CO-hexane 62.4 179-181 +138.5
b MeOH-H,0 70 153-155 +96
¢ MeOH-H,0 65.4 170-172 +113
VIia MeOH 52 167-169 +184.5
b Me,CO 56 154-156 +190
VIila MeOH-H,0 48 87-90 +8
b Me,CO 39.2 221-224 -119
IXb MeOH-H,0 76.5 139.5-140 +30
XTa MeOH-H:O 83 130-132 -79.5
b MeOH-H,0 51.5 130.5-133 —141
X1lae MeOH-H,0 36.4 182-184 +7.5
b Me,CO-hexane 70.5 116-118 —4.5

@ Yield based on crude material, suitable for further reactions.
myu (log €3.87).

5a-androstane system. Epoxidation of the 1-dehydro-
3-keto steroids (I) with alkaline hydrogen peroxide
according to Hoehn? afforded the intermediate 1,2a-
epoxy-3-keto steroids (II) in excellent yield. The
crude epoxides were of sufficient purity for direct con-
version to le-hydroxy-3e-androst-2-ene derivatives
(I1I) by heating with hydrazine hydrate in a hetero-
geneous mixture. The a-configuration of the C-1 axial
hydroxyl group was previously established for this re-
arrangement product by chemical means in the chole-
stane series.* An n.m.r. spectrum of 17a-methyl-5a-
androst-2-ene-1¢,178-diol (I1Ic)® indicated the presence
of a fairly narrow unresolved multiplet from 217-223
c.p.s. which was assigned to the C-1 equatorial proton.

OR,

::_..

I
Ia, R = H; R, = Ac 11
bR =CH;; Ri=H \
¢ R=CH;; RR=H \
d,R = H:; R, = pyranyl \
e, R =R, = l

IVa,R = H IIla, R=Ri =R, = H
b, R = CH; b, R = R, = H; R, = pyranyl
e, B = CH; ¢, R=CH;; Rir=R,=H
d,R = CHg, R1 = AC, R2= H
e,R=CZH5; R|=R2=H

(3) W. M., Hoehn, J. Ory. Chem., 28, 1929 (1958).

(4) C. Djerassi, D. H. Williams, and B. Berkoz, ibid.. 27. 2205 (1962).

(5) The 1957 IUPAC rules on steroid nomenclature as set forth in J. Am.
Chem. Soc.. 82, 5577 (1960), have been followed.

(6) The peak positions and relative intensities seem to fit an A-B-X
system not unlike that calculated for this type of aliylic alcohol: R. H.
Bible, “The Interpretation of NMR Spectra—An Empirical Approach.”
Plenum Press. New York N. Y., 1964.

b Could not be recrystallized from a variety of solvents.

~——Caled., Po—— ~——Found, %——

Formula C H (o} H
C\sH30: 78.57 10.41 78.35 10.42
CaoH3,0, 78.89 10.59 78.81 10.46
CyH;40; 76.26 9.89 75.95 9.77
Cy H;40: 79.19 10.76 78.72 10.44
CisHzs0: 79.12 9.79 79.36 9.62
CaoH 300, 79.42 10.00 79.69 10.13
Cy H30: 79.70 10.19 79.41 10.14
C, H;BrO; 61.31 7.60 60.91 7.60
CoH30; 76.32 9.15 76.47 9.21
CyoH 300, 79.42 10.00 79.68 10.16
CyH 30 83.27 11.18 82.96 10.87
CyH;,Br0;-0.5H,0 60.00 7.44 60.30 7.70
CyHj3, BrO, 62.66 8.15 62.17 8.23
Cs, H300s 76.32 9.15 76.02 9.34
CoH 50, 79.42 10.00 79.69 10.26

° Amax 226

A split peak at 344 and 347 c.p.s. was assigned to th®
C-2 and C-3 protons on the double bond.®? More re-
cently, Djerassi, et al.,* applied the hydrazine rear
rangement to 1,2a-epoxy-5o-androstan-17s-ol-3-one
(ITa) and likewise obtained the la-hydroxy-2-ene sys-
tem.

Usual methods employed to oxidize III with man-
ganese dioxide failed. Similarly, the use of dicyano-
dichlorobenzoquinone proved unsuccessful, a result also
observed by Djerassi and co-workers,* indicating that
this system is not typically allylic® On the other
hand, oxidation of III with chromium trioxide in ace-
tone® gave a good yield of the 2-dehydro-l-keto sys-
tem (IV).

Preparation of the 2-dehydro-1-keto isomer of testo-
sterone (IVa) began with the preparation of the tetra-
hydropyranyl ether of 178-hydroxy-5a-androst-1-en-3-
one (Id). Epoxidation followed by hydrazine hydrate
rearrangement gave Jo-androst-2-ene-le,178-diol 17-
tetrahydropyranyl ether (IIIb). Chromic acid oxida-
tion in acetone?® followed by acid hydrolysis of the pro-
tecting ether group afforded 178-hydroxy-5a-androst-
2-en-1-one (IVa). In our hands, the reaction of 1009,
hydrazine hydrate with 1,2a-epoxy-5a-androstan-173-
ol-3-one acetate (IIa) gave cleavage of the acetate to
the diol I1Ia making selective oxidation to IVa im-
possible.’® Djerassi, et al.,* however, did obtain 5a-
androst-2-ene-1¢,178-diol 17-acetate by using isopropyl
aleohol as a solvent and heating the reaction only at
steam bath temperature.

Reduction with lithium tri(t-butoxy)aluminum hy-
dride or lithium aluminum hydride converted the ke-
tone IVb into the C-1 axial alecohol IIIc in good yield.
Chromatography of the crude product indicated an ab-
sence of any of the C-1 equatorial hydroxyl isomer.

(7) We are grateful to Dr. R. H. Bible of our laboratories for his inter-
pretation of the n.m.r. data.

(8) It may be possible that the allylic character of the 2-dehydro-la-
hydroxy system is distorted because of tlie proximity of the C-10 methyl
group and the C-11 protons interfering with the proper approach of some
reagents.

(9) K. Bowden, I. M. Heilbron. E. R. H. Jones, and B. C. L. Weedon.
J. Chem. Soc., 39 (19486).

(10) It was subsequently found that tlie use of 959 liydrazine hydrate
in place of 1007 hydrazine hydrate caused minimal hydrolysis of the 17-
acetate.
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Several investigators,' " have been concerned with
the preparation of the 3-dehiydro-2-keto system.  Addi-
tion of hypobromous acid to Se-androst-2-cn-173-al
derivatives (V) gave the mtermediate bromohydrins
(VI) which upoit oxidation with ecither chiromic acid in
acetone® or preferably with chiromic acid i acctic acid
afforded the 3e-bromo-2-keto derivatives (VID). In
the sapogenin series, Wendler and Slates were unable
to dehydrohalogenate the 3a-bromo-2-keto system witl
boiling pyridine or callidine.  Even with hithium chlo-
ride in dimethytormamide at 100° they obtained dis-
placamncnt of the bromine with clilorie, but no 3-de-
hydro 2-ketone.

In the androstaie series we were suceessful in eliim-
inating HBr from commpounds VI using lithium chlo-
ride and dimethylformamide at reflux temperature ta
give the 3-dehydro-2-keto derivatives (VIII) in fair yield.

The preparation of compounds where the carbonyl
uroup was shifted to the C-4 position was accomplished
starting with the 3-dehydro analogs (IX). At the
present time, the 3-dehydro-je-androstance derivatives
(IX) are prepared only with great difficulty. The
mrethod of MeIKenna and co-workers, ' which involves
treating the 4-dehydro-3-keto system with wn enor-
mous excess of zie dust and acetie acid, is practical
only for very small quantities of material.  Another
method employed it these laboratories involved de-
hydrotosylating 33-tosyloxy-Je-androstane derivatives
to give a mixture of the corresponding 2- and 3-dchydro-
Se-androstanes. ' This mixture was not separable by
presently available physical means.!s Treatment of the
olefin mixtwre with hypobromous acid. however, af-
forded a mixture of bromohydrins from which the less
soluble 3a-hromo-23-hydroxy isomer separated upon
crystallization from methanal. The mother liquors
were chromatographed on silica gel using at least a 100
1 ratio of adsorbant to steroid. TFrom the benzene-
ethyl acetate cluate was obtained the 3a-bromo-43-hy-
droxy isomers (X). A portion of the bromohydrins was
converted in good yield to the 3-dehydio derivatives
(IX)'" by a brief treatment with zine and acetic acid at
reflux temperature.  The remaining portion was oxi-
dized with chromic aeid in acetie acid to give the bromo
ketoues XI.  Dehydrohalogenation with lithiui chlo-
ride and dinethiylformannde gave the desived 2-deliyv-
dro-4-keto derivatives (XI1) in good wvield.

Biological Activity.”™—The assay used to determine
androgenie and myotrophic activitics was an adapta-
tion® af that nsed by Eisenberg and Gordan.”  The

(11 R R, Bngel and €. Djerassi, Abstracts, 154th Natioual Meeting of
tlee Nmerican Cliemieal Society, Chicago, I, Sept. 1158, p. 15-0.

(12) . Djerassi and T, Nakano, Chem. Hud. (London), 48, 1383 (1960).

(13) N. L. Wendler aud H. 1. Slates, J. Org. Chem., 26, 4738 (1961).

(14) {a1 J. Meikenna, J. X, Norymiberski, and R. D. Stubbs, J. Ckem. Sov..
A502 (1958). (b1 Since eompletion of this work, L. Caglioti, (5. Cainelii, (:.
Maira, and AL Selva [Guzz, vhim. dtal., 92, 308 (1962); Tetraledron, 20, 047
(19GH 1 hiave reported what appears to b an huproved procedure for thie
preparation uf the 3-illehydro-He-anilrostanes.,

(15} J. Fajkus and I, Sorim [Collection Caeck. Chem. Cowmman., 24, 3115
(1950 ] also were unable ti separate those isipners by erystallizativu or
vhiromatography.

(16) The pliysical constants of de-sudrust-3-eu-178-0l acelate vompared
favorably with thiose reriorted previously by A, Bowers, A. 1D, Cross, J. A,
Idwanls, 11, Carpio, M. C. Calzada. and 15, Ileuot, J. Med. Chem., 6, (H6
(ARt IRIN

117y We are gratefinl to Tls. J. Sannders, 11, D, Lewnon, awd 1n. UL
Notting of onr Endoerinplozy Division for fornishing ns with ilus inforia-

CoSwnnders and VAL Dl el Soes Repd, Biol, Med,, 94,

G 1957,

Vol. 8
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a, R=H;Ri=Ac

. R=CH;; R =H
conipounds were injected  intramuscularly ar o given
orally to castrated male rats,  The poteucies are given
iir terms of per cent activity of testosterouc propionate
(ian.) or 17e-methyltestosterone (oral) aud were de-
termined from the minimal levels at which significaut
inereases i1 seminal vesiele or levator ani muscle
weights were obtained.  Table I shows the estinates
of the androgenic and myotrophic poteneies obtained
iir these assays.

Comparison of the parcnteral poteney of the variaus
A-ring modifications of testosteronc showed that 173-
hydroxy-da-androst-2-cn-4-one acetate (XIIa) had 2.0
times the anabolic and 0.25 tines the androgenic ac-
tivity of testosterone parenterally and approximated
the potency of the previously reported 178-hydroxy-
Je-androst-1-en-3-one  derivatives (la and le). The
ather two isomers, [Va and V1lIa, showed minimal ac-
tivity, !

Recently, emphasis has been placed o oral assays
for assessnient ol myotrophie activity, The cwrent
method for effeeting oral activity is by 17 e-altkylatiou.
A comparison of the 17a-methyl compounds i1 Table [
reveals a somewhat speeifie structural requirement for
high oral activity., 178-Hydroxy-17 e-methyl-5a-au-
drost-1-cn-3-one (Ib) was much more potent than any
af the other A-ring isomers.  This compound also pos-
sessed a good auabalic-androgenie ratio,  Isomers 1Vh

1Y) I Iseubers ausi Gl Gordaw, Jo Diacmacol, Foepll, Phecog., 99
38110505,
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and XIIb, the 2-dehydro-1-keto and 2-dehydro-4-keto
derivatives, respectively, were approximately equal to
17 «,methyltestosterone myotrophically, but were much
less androgenic. Compound VIIIb, the 3-dehydro-2-
keto derivative, was essentially devoid of oral activity.
Similarly, the 17a-ethyl homolog (IVe) showed low
parenteral and oral activity as was previously observed
for the 17 a-ethyl analog of Ib.!b

Some of the intermediates also displayed significant
physiological activity. For example, the 17a-methyl-
la, 178-diol (IIIh) was equal to 17 e-methyltestosterone
myotrophically and only 1/10 as audrogenic. In addi-
tion, all of the compounds in Table I possessed some de-
gree of antiestrogenic activity. Specifically, XlIa,
XIIb, IIIc, and IVb were between 100 and 6009, the
activity of progesterone in the mouse uterine growth
assay.? Because of the relatively high autiestrogenic
respouse of IITe, studies are in progress to evaluate it
as an inhibitor of mammary fibroadenoma.

Experimental?!

173-Hydroxy-5«-androst-1-en-3-one Tetrahydropyranyl Ether
(Id).—A solution of Ie (20 g.) and dihydropyran (24 ml.) in
methylene chloride (160 ml.) containing p-toluenesulfonic acid
monohydrate (10 mg.) was allowed to stand at room temperature
for 72 hr. The solution was washed successively with water and
5%, NaHCO; solution, and dried over anhydrous K,CO; con-
taining Darco. Solvent removal in vacuo left an oil which was
crystallized from methanol-water to give Id (18.0 g., 69.6%),
m.p. 94-96°, Apmax 229.5 mu (log € 4.01).

Anal. Calced. for C|9H2302: C, 7912,
C, 79.36; H, 9.62.

1,2a-Epoxy-5«-androstan-173-0l-3-one Tetrahydropyranyl
Ether (IId).—To a solution of Id (5.0 g.) in methanol (85 ml.)
cooled to 5° was added a solution of 309, hydrogen peroxide (5.7
ml.) and 109, NaOH in methanol (1.5 ml.). The reaction was
stirred for 20 min. at room temperature and poured into ice and
water. The resulting mixture was extracted with chloroform-
methanol (4:1). The extract was washed with water and dried
over anhydrous K.CO; containing Darco. The solvent was
removed by distillation and the residue crystallized from meth-
anol-water to give pure IId (4.5 g, 86.59%), m.p. 123-125°,
[a}%D 490°.

Anal. Caled. for CaHs04:
C, 74.45; H, 9.19.

178-Hydroxy-5«-androst-2-en-1-one (IVa).—A heterogeneous
mixture of 11d (4.0 g.) and 1009, hydrazine hydrate (60 ml.) was
heated at about 90° for 5 min. and then refluxed for 20 min.
Cooling caused two layers to form. The upper layer was dis-
carded and the residual semisolid dissolved in methanol (50 ml.)
and was poured into cold water. The precipitate was collected,
washed with water, and air-dried to give crude I1Ib (3.5 g.),
identified by its infrared spectrum. This crude product was
suitable for the following reaction.

A solution of crude IIIb (0.5 g.) in acetone (20 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 isopropyl alcohol. The organic
layer was decanted from its inorganic salts. To the acetone solu-
tion (25 ml.) was added methanol (10 ml.) and p-toluenesulfonic
acid monohydrate (0.5 g.). The solution was refluxed 15 min.
and allowed to stand 64 hr. at room temperature. The reaction
was poured into water and extracted with ether. The extract
was washed with 59, NaHCO; solution and dried over anhydrous

H, 9.79. Found:

C, 74.19; H, 9.34. Found:

(20) E. F. Nutting and D. Callioun, private communication.

(21) Optical rotations, spectra. and analytical data were furnished by
Dr. R. T. Dillon, Mr. E. Zelinski. and Mr, J, Damascus of our Analytical
department. The optical rotations and infrared spectra were obtained in
chloroform and the ultraviclet spectra in methanol. The n.m.r. spectra
were obtained with a Varian A-60 spectrophotometer and are reported in
c.p.s. downfield from tetramethyisilane which was used as an internal stand-
ard. Deuteriochloroform was used as the solvent uniess otherwjse specified.
The melting points were obtained on a Fisher-Johns apparatus and are
corrected.
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K,CO; containing Darco. The solvent was removed in vacuo,
the residue was dissolved in benzene, and the solution was
adsorbed onto silica gel (65 g.). Elution with benzene-ethyl
acetate (9:1) gave pure I1Va (234 mg.), Amax 224.5 mu (log € 3.88).
17a-Methyl-5«-androst-2-ene-1«,173-diol (Ille). General
Method.—A heterogeneous mixture of 1Ib22 (8.0 g.) and 1009,
hydrazine hydrate (120 ml.) was allowed to stand 0.5 hr. at room
temperature. The mixture was heated at 90~100° for 15 min.
and refluxed for the same period of tinme. The reaction was
cooled resulting in separation into two layers. The supernatant
liquid was poured into water and the precipitate was collected,
washed with water, and air-dried (0.5 g.). The residual semi-
solid was dissolved in methanol (50 ml.) and poured into ice and
water, and the precipitate was collected. The combined pre-
cipitates were washed with 2Y;, aqueous HCI solution, 57}
NaHCO; solution, and water. After air drying, the product
weighed 7.2 g. and was suitable for subsequent reactions. Re-
crystallization from methanol-water afforded pure I1Ic (3.7 g.).

17«-Methyl-5a-androst-2-ene-1«,173-diol 1-Acetate (IIld).—
A solution of I1Ie (1.5 g.) in pyridine (22 ml.) and acetic anhy-
dride (11 ml.) was allowed to stand overnight at about 40°.
The reaction was poured into water and extracted with ether.
The extract was washed with water, 1097 HCl, and 59, NaHCO;
solution and dried over anhydrous K,CO; containing Darco.
Solvent removal in vacuo left an oil which was crystallized from
methanol-water to give 111d (1.1 g.).

173-Hydroxy-17 «-methyl-5«-androst-2-en-1-one (IVb).—A
solution of I1Tc (10.0 g.) in acetone (250 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 isopropyl alcohol. The organic layer was de-
canted from its inorganic salts and poured into ice and water.
The precipitate was collected, washed with water, and air-
dried. Recrystallization from methanol-water gave pure IVb
(7.0 2.), Amax 224.5 mu (log ¢ 3.84).

Reduction of 173-Hydroxy-17«-methyl-5«-androst-2-en-1-one
(IVb).—A solution of IVb (1.9 g.) in dry tetrahydrofuran?3(20
ml.) under nitrogen was cooled in ice and treated with a previously
cooled solution of lithium tri(f-butoxy)aluminum hydride?*
(6.0 g.) in dry tetrahydrofuran (20 ml.). The reaction was
stirred at ice bath temperature for 2 hr. and poured into an ice-
cold solution of 59 aqueous acetic acid. The mixture was ex-
tracted with ether, washed with a 5% NaHCO; solution, and
dried over anhydrous Na,SO, containing Darco. Solvent
renioval in vacuo left an oil which was chromatographed over
alumina (Woelms, neutral). Elution with benzene-ethyl ace-
tate (9:1) gave 1.2 g. of 17a-methyl-5a-androst-2-ene-1e,178-
diol (IIIc), identical with that prepared from the hydrazine
hydrate treatment of IIb. None of the 18-hydroxy isomer of
I1Ic was observed.?

3a-Bromo-5«-androstane-23,173-diol 17-Acetate (VIa).—
To a cooled solution of Va (containing an undeterminable small
amount of the A%*isomer) (10.0 g.) in purified dioxane (200 ml.)
was added dropwise a mixture of N-bromosuccinimide (7.0 g.),
perchloric acid (3.8 g.), and water (80 ml.) during 10 min. The
reaction was stirred for 4 hr. at room temperature. The solution
was poured into ice and water (1.5 1.). The product was col-
lected, washed with water, and air-dried. Recrystallization
from acetone-hexane gave pure VIa (6.0 g.), m.p. 145-147°,
[a}®D +46.5°.

Anal. Calcd‘ for CuHsgBI‘OsI C, 61.01,‘ H, 8.05.
C, 61.30; H, 8.45.

The mother liquors were chromatographed over silica gel.
Elution with benzene-ethyl acetate (9:1) gave additional VIa
(1.4 g., 56.49% total) followed by compound Xa (0.3 g.) which
was recrystallized from methanol, m.p. 166-168°, [«]%D —4.5°.%6

5a-Androst-3-en-173-0l Acetate (1IXa). General Method —
A stirred solution of Xa (8.9 g.) in glacial acetic acid (300 ml.)

Found:

(22) R. E. Counsell and P. D, Klimstra, J. Med. Pharm. Chem. 5§, 477
(1962).

(23) Freshly distilled from methiylmagnesium bromide,

(24) Obtained from Metal Hydrides Inec.

(25) Similarly, treatment of 1Vb with lithium aluminum hydride gave
only the le-hydroxy isomer I1Ie upon chromatograpliy.

(26) The reaction of hypobromous acid witli olefins proceeds »ia diaxial
addition. Hence, witl the presence of both the A23- and AS4-jsomers in
tlie starting material, a total of four products is theoretically possible. In
practice, four isomers have been isolated by careful chiromatography two of
which (tlie 28-bromo-3a-hydroxy- and the 48-bromo-3a-hydroxy-) were
present in only trace amounts and tentatively identified by infrared analysis.
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was refluxed with zine dust (27 g.) for 15 min.  The solution wus
filtered and the filtrate was diluted with cold water. The pre-
cipitate was collected, washed with water, and air-dried to give
IXa (6.5 g.), tp. 119--119.5° (lit.'s m.p. 119-120°).  The n.an.r.
shawed a triplet at 312, 323, und 331 ¢.p.».

3a-Bromo-17 o-methyl-5«-androstane-23,173-diol (VIb), -A
cooled solution of Vh (containing an undeterminable snuill
amant af the Ad%-isomer) (32.0 g.) treated as ahave gave the
crude  bromohydrin,  Recrystallization  fram  methanol  gave
VIh (Fig.), nep. 164-167°, [«] %D +3%.0°.

Anal. Caled. for CyupHgpBrO.: C, 62,33,
C, 62.46: H, 8.59.

Crystallization of the first partian of the benzene eluate from
niethanal gave additional VIb (5.2 g., 47.29¢ total), while the
latter portion gave pure 3e-broma-17e-methyl-je-androstane-
43,178-dial (Xb, 0.7 g.), 1.p. 182-184° dec., [a] D —22.5°.

Anal. Caled. for CoHyuBrO,: C, 62.33; H, 8.62. Found:
C, 62.14: H, 8.44.

3a-Bromo-17a-methyl-5«-androstan-173-0l-2-one (VIIb).
Treatment of VIb (1.0 g.) with standard chromic acid solution®
as described above gave a crude product. Recrystallization
from acetone-hexane gave VIIb (550 ing.).
173-Hydroxy-17 «-methyl-5«-androst-3-en-2-one (VIHIb).
General Method.—Freshly prepared Vb (14.8 g.) was refluxed
with lithium chloride (4.0 g.) and lithiuwin carbouate (3.2 g.) in

H, 5.63. Found:
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dimethylturmamide (200 ml.) for .5 hr. aud allowed to stand o
rovin teraperature overnight.  Water (150 ml) was added aml
the solution was extracted with cther.  The ether extraet was
waghted with 107 HCL solutian, 377 NaHCO5 sohution, wd witer.
The extravi wasadried vver anhydrous Na.SO; containing Davins,
and the solvent was removed m vacue to give a solid, N, 22020
i flog e 1655 The product was purified by chromatography
o wilien pel, Cravstallization of  the  benzeneethyl aceiate
A7) eliates frowe acetone wave pure VIITh 205 a3,
252 g (log e 8D L
3a-Bromo-17«-methyl-5a-androstan-173-ol-4-onc (XIb .
General Method.—-To u stirred solution of Xb (2,35 g.) in glaeial
aretic acid (35 ml) was added with caoling chramie anhydride
(Lud ) in glacial acetie aeid (15 b ) and water (E1 b
The addition required 1A min.  The redction wag stivred at
raoim tenperatnre overnight and poured into ec and water.  The
precipitate was collected, washed with water, and air-dried.
The vrude produrt was dissolved in methauol and treated with
Darco. The =olvent was remaved /o pacan, and the residne wis
recrystallized frony methanol-waer to give NIb (1.2 g5
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Derivatives of 2,3-Diphenylindenes'

Danign Lepyicer, Joux C, Banscoex, Pavi B, MarLarr,
STaNLEY C. LysTER, AxD Gorpox W, Duxcax

Ttesearch Laboratories, The { pjohn Company, Kalwmazoo, 3 ichigun

Recewed Joune 113, 1065

A series of basic cthers of 2,0-diphenylindenes wus jirepared by the veaction of suhstituted 2-phenyi-1-inda-

nones,
tent antifertility agents in the rat.

Reproduction of the species 18 known to he an
ntricate process dependent at several stages on subtle
balances of naturally occurring hormones. Thus, it
has been demonstrated that in animals the processes
of ovulation, cgg transport, and nidation can all be
altered by varying the relative hornonal balances.?
By iutroducitig an exogenous antagonist to a hormone
upon which the reproductive process is dependent, it
may prove possible to interrupt the chain of events
which normally leads to the implantation of a fertilized
ovum in the uterus.

Aloug these lines it has been shown that some basie
cthers of compounds related to tlie synthetie estrogen
1 such as 2 and 3% will exhibit antifertility activity in
lahoratory animals. 4

It is of particular interest that while souie of these
agents show weak cstrogenic properties, they will
antagonize the effects of concurrently adniinistered
estrogen.®”  Although such lines of evideuce can

(1) Published in preliinary furm as o Cowwvnnieation to the ditor,
. Lednicer, J. C, Babeock, 8. C. Lyster, J, C. Stucki, and (;. W, Duncau.
Chem. I, (l.nml(m). 2008 (1u61): preseutell in part at the Sywposiine
vu Nomnsteroidal Antifertility Agents, 144th National Meeting of the Aweri-
can Clhieweal Society, Los Angeles, Calif., April 1963.

{2) *'Sex and Internal Secretions,”” W. (", Young, Ed., Williawns and Wil-
kins Co., Baltiwore, Md.. 1961.

(3) R. E. Allen, F. P. Palopoli, E. L. Schiwuann, and M. G. VanCamnpen,
Jr., U.8. Patents 2,014,562 and 2,914,563 (1959).

(1) S0 Segul and W, 0O, Nelson, Frov, Sevo Keptl, Bl Hed. 98, 431
(1958;.
(O 10 1, Noltkaoip, J G Greshu, O AL Root, snd 1., Leruer, o,

1058, a7 11HHAN,

Methods are given fur the preparation af the latter.
Strueture-uctivity relations in this series are discussed.

Several of the agents were found to he highly po-

seldont he rvehied upon, we nevertheless decided ta iu-
vestigate basie cethers of synthetie estrogens.  The
report™* that indenes such as 4 are relatively potent
estrogens made these olecules, which possess a rgid
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