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Progesterone, deoxycorticosterone, and cortisol each have earbonyl grmps ot C=1 and C-20, and wmethylene
and eyclopropane analogs at these positions were prepared in an elfort 1o establi<h the function of these moieties

in eliciting biological effects.

The Simmons-Sniith and Wittig reactions were used to prepare various nlethiano,
utetliylene, and spiroeyclopropyl analogs of progesterone, deoxyeorficosterone, and ethisterone.

Tn the case of

cortisol and deoxycorticosterane derivatives difficultiex enconntered in the removal of protecting groups pre-

vented the synthesis of these analogs,

Every substitution ol n methylene gronp or eyclopropane ring gave an

analog essentially devoid of progestational nr mineralocorticold acrivity, by contrast to carlier results i the

androstane series.  The nnir spectra are diseussed.

[t a previous study? from this laboratory cvidence
was presented leading to the view that the androgen
molecule functions as a conformational cam or wedgc
and is bound to its rceeptor by means of a « bond int-
volving C-2 and/or C-3. The high activity found in
the nonclassical sp>-hybridized systemn, 2a,3e-methano-
Se-utdrostan-178-ol, provided important support for
this concept.

We now deseribe work mtended to extend this
analysis to progestational, mineralocorticoid, and gluco-
corticoid systems. Progesterone, deoxycorticosteroic,
and cortisol each have carbonyl groups at C-3 and C-20,
ind the present work was carried out i an effort to
establish the funection of these moieties in cliciting the
biological effects of the hormones,  If these groups also
arc involved in w-bond formation with a receptor, it
should be possible for othér nonclassical sp? gystems to
assuine their role, as in the case of the androgen analogs.
The preparation of derivatives of these steroids con-
taining methylene groups and/or cyclopropane rings in
place of the carbonyl groups was therefore undertaken.

Conversion of steroidal ketones to the corresponding
methylene groups by means of the Wittig reaction has
been deseribed,? ™8 and this method was utilized i the
present study (Table I). In our previous work?® the
Stimmons-Smith reaction® was employed for the prepa-
ration of steroidul eyelopropares,  In contrast to the
arlier experiments, where the zine-copper couple
made by the method of Shank and Shechter™ was uti-
lized, the highly aective zine-copper couple of Le Goft
was used in the present case. 1t wis found that these
reactions took place with greater facility when the
highly active couple was employed.

Treatment of I* with the Shunons=Smith reagent
gave the methano steroid IT in 3097 yield. The con-

(1) Taken in par(, from ne Ph.D. Thesis of W. 1o, University of Cali-
fornia, 1965, This investigation was suppmrted in part Ly 4 research granl
{AM-05016) froin thie National Institute of Arthritis and Metabolii: Diseases,
U. = Pulilic Health Service. 1'be ninr spectrometer used in this study was
provided by a grant (N8T G 21268) from the National Science Foundation.

(2) M. E. Wolt, W, Mo, aml R, Kwok, .J. Mal. Chem., T, 577 (1064).

1) DL 1L R Barton, A. Camypms-Neves, and R, ', Cookson, J. Chem. Soe..
3500 (1946),

1) 1° Randhenner amd R. Mechoutam, J. e, Clem, Soc., 79, 5029 (1057).

() D). 1) Iovans, 1), E. Livans, G. 8. Lewis, and P, J. Palmer, /. Chem,
Sec, 1312 (1963); K. lrmscher, M. (3 Krafr, and A, Bruckner, J. Med.
Chem., T, 348 (1964),

(6) (a) M. I Simmons and R. D. Smich, J0 Ane Chem, Soc., 81, 4256
(19ath);  (by I P Blanchard and . E. Simnions, dbid., 86, 1337 (10643,
1) 11 B Stinmoens, 15 P, Blancbard, and R, 1), Smich, tbid., 86, 1347 (1964).

(7) R. 8. Shank and 1, skechiter, J. Org. Chem., 24, 1825 (149549).
18) . Le Coff, ihid., 29, 2048 (196-4).

Aguration of the eyclopropane ring m IT is assumed to
be 2a3 e, as in the case of our previous work. A =ingle
iromer wag i=olated from the Simmons—Smith reactiont,
which is known® to be highly subject to sterie control,
aud the most reasonable product on thisx basiz would
arize from attack on the a face of the steroid. By
treatiment of IT in redistilled tetrahydrofuran solution
with iodine in the presence of caleium oxide and azo-
hisizsobutyronitrile.1t the corresponding 21-iodo com-
pound was obtained.  Displacement of the halide with
triethylammonium acetate solution gave the DOCA
analog III. It is noteworthy that the yield of the
product (253%) waz no lower than a previous similar
reaction it our hands'? involving a steroid without
cyclopropanc ring; this suggests that the cyelopropane
ring is not attacked under these conditions.

Application of the Wittig rexction to I, ciploying
methyltriphenylphosphoniunt  bromide and  phenyl-
lithium in ether-tetrahydrofuran solution, gave the 20-
methylene cooupound IV, The nmr spectrunn of IV
shows « broud singlet at H.56 ppm (half-band widtl, 5
eps) which is due to the two protons at C-2 and -3,
coupled to el other and to othier protons attachied
to the A ring.  Although vichal olefinie protons in
six-mcenthered rings have coupling constants of 8-10
eps. no multiplet is scen licre beeause of the high /7 Ad
ratio.  The olefinie protons at C-22, on the othier hand,
produce two broud peaks (half-band width, 5 c¢ps)
at LG and 180 ppm. These are due to the AB =ys-
tem it C-22, for which . 15 ontly about 1.5 eps. The
chemieal <lift of the two protons is different owing to
their different relationship to C-18 and ving D, The
broadness of the peaks vesults from allvlic coupling
of the C-22 protous to C-21; the C-21 resonance
1.73 ppm L= o half-baud width of 4 ¢p= owing to this
coupling.  The spectra of 'V, VII, X, XI, XVI. und
XVII disptay shuilar features in these regions for the
SHINE TCHSONS,

Treatment of IV with the Shimons-Smith reagent
gave a mixture of the 2,3-olefint 20-spiroeyclopropyl
derivative Voand the bisevelopropyl davivative VI, s

Wy Loy, Buw, R Nehier, and P Reichstein, Heleo Chim, Acta, 46, 221
19G21,

(10) 1. Rinpold and G. Stork, /. dne Chem. See., 80, 250 (1938).

Tl 1= Ratlonan, T Perlscein, and M., K. Wall, .7, Org. Chenc, 28, 196G
1149601,

(123 M. L Wolll and W, o, J. Med. Chem., T, 681 (1UGH),

113 N, S Bbacen and 1, ML Williains, “Applications nf NMR Specoros-

copy in Organic Chemtistry:  Nbisirations from che Sternid Field,” Nolder-
Uray, Ine., Sin Franeisco, Calif,, 1964, Chapters 8 awd 5.
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judged from the olefinic proton signals in the nmr spec-
trum of the crude product. The crude material was
allowed to react again with the Simmnmons-Smith rea-
gent and gave a mixture which was inseparable by
column chromatography and thin layer chromatog-
raphy. Gas chromatography gave a clean separation
of the mono- and biscyclopropane derivatives because
of the difference in molecular weight. A pure saniple
of VI was obtained by repeated recrystallization from
acetonitrile-ethanol while monitoring purity by gas
chromatography.

The nnir spectrum of VI is of interest with respect
to the width of the C-21 peak. The half-band width
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of this peak is only 2 cps indicating that the cyclo-
propane ring is more like a carbonyl group than an
olefin in its ability to transmit spin couplings. The
spectra of compounds IX and XII are similar in this
respect.

Compound V was obtained by application of the
Wittig reaction to II. Treatment of 5a-pregnane-
3,20-dione with the Wittig reagent gave the reported!
VII and also the 20-ketone VIII, which could be sepa-
rated by chromatography. The two products could
be distinguished readily by the C-21 peak frequencies
and band widths in the nmr spectra as well as by the
olefinic peak patterns as already indicated. On treat-
ment of VII with the Simmons-Sniith reagent, the bis-
spirocyclopropyl derivative IX was obtained.

Treatment of 3,3-ethylenedioxypregu-s-en-20-one's
with the Wittig reagent gave X which on hydrolysis
gave the progesterone analog XI. The “reverse” of
this analog, XIV, was obtained by a Wittig reaction
of 208-hydroxypregn-4-en-3-one' to give XIII followed
by oxidation at C-20 to give XIV. Compound XII was
obtained from XI by means of the Simmons—Smith
reaction.

A derivative (XV) of ethinyltestosterone was ob-
tained by reaction of this compound with the Wittig
reagent.

In the DOCA series, ketalization of DOCA with
methyl ethyl dioxolane gave the monoketal” which on
treatment with the Wittig reagent lost the acetate func-
tion and gave XVI. All attempts to carry out the
Simmons-Smith procedure on XVI failed, and only
starting material was recovered. Hydrolysis of XVI
gave the 20-methylene analog of DOC, XVIL.

Efforts to secure C-3 analogs of DOCA and cortisol
were less successful. DOCA was reduced with lithium
tri-i-butoxyaluminohydride to give the 38,208-diol
21-acetate!® which on selective oxidation of the allylic
alcohol with 2,3-dichloro-5,6-dicyanoquinone and iso-
lation under alkaline conditions gave 208,21-dihydroxy-
pregn-4-en-3-one 20-acetate via migration of the ester
group.’® The last compound gave no isolable product
in the Wittig reaction.

In another attempt, ketalization of 38,21-dihydroxy-
pregn-5-en-20-one 21-acetate gave the corresponding
ketal which on Oppenauer oxidation gave the con-
jugated 3-ketone.'® Application of the Wittig reac-
tion gave XVIII, but mixtures containing no exocyclic
olefin as shown by nmr were obtained on removal of
the ketal group. Shmilarly, bismethylenedioxycortisol?
gave the Wittig product XIX, but the protecting group
could not be removed without affecting the exocyclic
olefin.

Pharmacological Results.2’—Compounds I, II, IV-
IX, XI, XII, XIV, and XV were inactive or nearly

(14) F. Sondlieimer and R. Mechoulam, J. Am. Chem. Soc., 80, 3087
(1958).

(15) F. Sondheimer, M. Velasco, and G. Rosenkranz, ibid., 77, 192 (1955).

(16) T. Wieland and K. Miesclier, Hely. Chim. Acta, 32, 1922 (1949).

(17) R. Antonucei and S. Bernstein, J. Org. Chem., 17, 1369 (1952).

(18) F. Sondheimer and Y. Klibanski, Tetrahedron, 5, 15 (1959).

(19) M. L. Lewbart and J. J. Schneider, J. Org. Chem., 29, 2559 (1964).

(20) R. E. Beyler, R. M. Moriarty, F. Hoffman, and L. H. Sarett, J. Am.
Chem. Soc., 80, 1517 (1958): M, Akhtar, D. H. R. Barton, J. M. Beaton,
and A. G. Hortmann, ibid., 85, 1512 (1963).

(21) Pharmacological tests were performeil at the Endocrine Laboratories,
Madison, Wis. Statistical analyses were made in part with a machine pro-
gram kmdl; supplied by Dr. Bertram Katzung and were supported in part

by U. & Public Health Service Grant FR-00122 for computing services on
this campus.
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“The experimental procedure was <imilar to the method deseribed by vel 5.
methannl—nectone, VI, VIII, NI, XV, XVIIL, aud XIX from methannl, X rom acetonitrite, and XVE from acetone,
at 19 cuncentration except XIT1 (11900, NV (0.350), NVI 12300, XNVIHT (12570, and NIX (L1690
were bath isolated from the Wittig reactinn on Ha-pregnane-3,20-dione.
« 3,3-Lthylenedioxy-2 I-hydroxyprego--cn-20-nne aeetate.r?
T 17 0,20,20,21-Bismethylenedioxy- 11 g-hy droxypregn-4-en-3-npe . *

4-cu-3-one." 7 Ethisterone.

Jd-cn-J-one neetate,
mactive in the progestational assay.?*  Compounds
III and XVII were innetive or nearly inactive i the
=odimtt retention test, 12

Unlike the situation in the testosterome series,?
the 2a.3e-methano stevoids IT and TIT are innctive ax
are the methylene stevoids XTIV and XV, In the side
clizin alzo, active compounds cunnot be obtuined by
converston of the 20-ketone to a cyelopropane or methyl-
ene  group, in XI, XII, and XVII. Although
these tegative data allow few conelusions to he drawn,
it s clear that we still have vio real understanding of the
role of thie carbonyl group in steroid action. It scems
likely, however, that the function of this group in the
A ring imvolves more than shaple «-hond itderaction
in the case of progesterone und the corticoids.  Oxidu-
tion—reduction  and  hiydrogen-bond  eceptuance  wre
other possible mechanisnis by whichh the carbonyl
group in ring A could exert an cffect, and the prepari-
tion of hormone analogs to test these possibilitios is in
Progress,

as

Experimental Section®®

2a,3a~-Methano.5a-pregnan-20-one (Il (General Simmons-
Smith Procedure).—A mixture of 9.0 g (0.12 mole) of Zu-Cn
couple,d 32.0 g (0.12 mole) of dilodomethane, and 0.08 g of fodine
in 150 il of anhydrous cther was heated under reflux for 1 hr.
Then 3.0 g (0.01 mole) of T dissolved in anhydrous ether wis
added.  The mixture was heated under reflux for 1 week, filtered
through aliming, washed with 5% HCL and water, und dried
(NanS0h), On evaporation to dryness, @ guiimy substance wis
obtaimed and was passed through 100 g of neutral alunmina.
The henzene fraction furnished 0.9 g (3090) of the produet,
nmp 94-09° Rearystallization from acetonitrile gave the ana-
tytienl =amiple: mp 115-117°; {a]n +121° (¢ I, CHCL):
umr, 0.38 (C-19 H) (3 ), 0.80 (C-13 H) (3 1I), 2.10 (C-21 1)
(3 1),
22) T. Miyake, Methods Hormone es., 2, 135 (1962).

(23) Melting points were iletermined with a Thomas—tloover apparatus
equipped with a corrected tlierinometer.  Infrareid spectra were obtained
with a Deckman 1R-8 or a Perkin-Ehner 337 instrument. Microanalyses
were Derfarined by the Microanalytical Department, University of California,
Berkeley, Calif.  Onptical rotations were nbtainenl jnoa 0.5-tm tube with a
Ruwilolpl photoelectrie polarimeter.  Niur speetrs were olitained at a field
strenglh of 60 Me/ser pn samples in CDCly sohition on a Varian A-60 in-
s(rumnent using Si(CHe)g as incernal standard and are reported in parts per
willion.  Gas chiromatography was carried out using a Barber-Coleman
Madet 53000 system employing 1.83-m U-tube columus of 24, S19-30 on Gas
Chram Q or Z, He carrier, hydrogen tlame detection, cohimn temnperatures
af 220-210%, “oun colynn’™ injectinn at 290°, aml iletretor temperalures of
250",

Compound 1V was reery=tatlized from ethavol, Vo lrow
5 Al motations

» Conmpounds VII and V111
<3 a-Fhvlenedioxyprego-4-cn-2h-nue ¢ 208-hydroxypregn-
Eon2n-thylenedioxy-2 1-hydroxypregu-

Anal. Caled Dor Caalln O oS40 11 10000 Tonnd:
CUo8427 01T OS2,
2«,3x~-Methano-20-spirocyclopropyl-5a-pregnane (V1) was

obtained from the geperal Sunmons=Smith procedure using 3.0
g (0045 g-atom of Zu) of Zi-Cn couple, 12.0 g (0.045 mole of
CHala, aTew crvstals alndine, SO b ol aphvdrous erther, and Lh ¢
10.003 mnle) of TV in 30 ml of anhydrous ether.  Theresichie after
eviporiation ol the sulvent wiosamixture of produets which showed
v terminal alelin fraved absorption but showed olefinie protous
by the vwr spectrunt. Fractional reerystallization failed b
separiate the two produet=. 1t wos subjected to the Sinmmons
Smith provedure o =ceond time,  Alter working up ax deseribed
abuve, the residue, which showed two peaks b gas chronam-
tagraphy, was reerystallized terc times lrom acetonitrile-cthanal
solution to allord 45 mg ol volorless crystals: mp 120--130°;
Yaf®n +17° (v 1, CIICEY): now, 0.72 1C-18 1D (3 1), D.SO
(C-10ID G g LT C21 Th a1,

Anal. Caled Tay Colly: O SS270 1L
S82 L.

3.20-Bisspirocyclopropyl-5a~pregnane (IX) was obtained I
the general Simmon=-Siith procedire nsing 3.0 g (0,023 malel
nl Zoa-Cnoeouple, 12,0 g (0.2 male) of CHols, a few ervetals of
indine, 1001 of aphydrons ether, snd 0.7 g (0.0022 maole) of V1l
w ether.  Chromatograpby on 5D g ol peutral alunnna gave, o
the petraletn ether (hp 30-60°) Menelious, a tatal of 135 g of prad-
net, mp 107-112° Reery=tallization from acetone gave the apa-
Ivtical sample: mp 11821200 {of®o 0° (¢ 1, CHCL): mur, 0.72
(C-IS T AT, 082 (C-10 1) (3 1), LOT(C-211T) (3 1.

Anal. Cabed Tor Callg: O, SSU6: 1L 11840 ol
SN L e,

20-Spirocyclopropylpregn-4-en-3-one ( XII) was obtained D
the general Rimmons-Smith procedure using 2.5 g (0.02 wole) ol
Zu-Cu oeonple, 5.4 g (.02 mole) of CH.Ly, a few erystals ol idine,
Al of anhydrons ether, and D70 g (D022 mole) of XL Cloo-
watography v sn g rentralaliina gave D30 g ol prodact, mp
130-157° Reerystallization gave the analytical sample: mp
LAT-1ANY TP +02° (e 1 CHCL): mor, 0.77 (C-IS TTY (5 71,
LOS {C-20 Ly Gy, LIS G- HD 3 1, .08 (C-4 1D (1 1.

Ll Culed T CoIT,0: OO 84800 1L 10500 Found:
S4.50; 1, 10246,

21-Hydroxy-2«,3a-methano-5q«-pregnan-20-one Acetate (III).
—A solution of 0.20 g (0.0004 mole) of IT in 5 ml of redistilled
THF and 8 ml of methanol was wreated with 0.34 g of powdered
Ca() and 12 mg of reeryvstallized azobisizobutyronitrile. T the
stirred mixtare, inunersed in o 23° water bath, there was added
0.22 ¢ of fodine dissolved in aomixture of LU ml of THE and D.7
ml of methanol.  The iodine solution was added dropwize but
faxt enough to <lightly exceed the rapid decolorization rade.
The mixture wos =tirred {or 2-4 hr until only o pale yellowish
enlor remnined.  towns diluted with ether and filcered. The
filter cake was witshed with ether ond discarded.  The combined
cther filtrates were washel [ree ol excess iodine with 155 aqueotts
Ml osolution, dried (Na.80,), wund evaporated under reduced
pressurc.  Without pirification, the 21-iodo residue was dissolved
in 1t mb of seetone and treated with o mixture of 1.7 ml of acetic

11,73, Fonnd: O,

¢,
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acid and 2.7 ml of triethylamine. The resulting solution was
heated under reflux for 1 hr, cooled, aud diluted with water. The
crude product was filtered and recrystallized from aqueous ace-
tone to afford 0.05 g (259) of product, mp 102-110°. The
analytical sample, recrystallized from aqueous acetone, had mp
115-117°, [al*D +220° (¢ 0.9, CHCL,).

Anal. Caled for CoHy0;: C, 77.38; H, 9.74. Found: C,
77.57; H,9.77.

20-Methylenepregn-4-en-3-one (XI).—A solution of 1.5 g
(0.0042 mole) of X i1 100 ml of acetone aud 5 ml of 2 ¥ HCI
was refluxed for 1.5 hr. The acetone was evaporated under
reduced pressure and water was added. The precipitate was
filtered, washed with water, and dried, giving 1.0 g of product,
mp 152-1577. Further recrystallization gave the analytical
sample: mp 157-158°; [«]®0 +105° (¢ 1, CHCL); nmr,
0.62 (C-18 H) (3 H), 1.18 (C-1Y H) (3 H), 1.75 (C-21 H) (3 H),
4.68 (1 H), 4.80 (20-methylene) (1 H), 5.68 (C-4 H) (1 H).

Anal. Caled for CeeHs0: C, 84.56; H, 10.32. Found: C,
84.73; H, 10.35.

3-Methylenepregn-4-en-20-one (XIV).—A solution of 1.0 g
(0.003 mole) of XIIT in &80 ml of acetoie was treated dropwise
with 8 V chromic acid reagent at 0°.  Thin layer chromatography
was used to monitor the course of the reaction. The excess
chromic acid was decomposed with 2-propanol and the solvent
was removed uuder reduced pressure. A gummy residue was
obtained. It wus extracted with ether, washed, and dried
(NapS04). On evaporation of the ether and recrystallization
from methanol there was obtained 0.30 g of product, mp 140-
148°,  Further recryztallizations from methanol gave the
analytical sample, mp 148-149°, [«]¥p +268° (¢ 1, CHCL,).

Anal. Caled for CpH30: C, 84.56; H, 10.32. Found: C,
84.24; H, 9.97.

20,20-Ethylenedioxypregn-5-ene-38,21-diol 21-Acetate.—A so-
lution of 4.2 g of 3,21-dihydroxypregi-5-en-20-one 21-
acetate 111 a mixture of 100 ml of ethylene glycol and 100 ml of
benzene coitalning a trace of p-toluenesulfonic acid was heated
under reflux for 3 hr. The benzene layer was washed with
water and NuHCO; solution and dried (CaS0,), and the benzene
was removed in vacuo. The precipitate obtained was recrystal-
lized from methanol giving 3.7 g of product: mp 135.5-136.5°;
[a]®D —33° (¢ 0.87, CHCly); nmr, 0.78 (C-18 H) (3 H), 1.00
(C-19 H) (3 H), 2.03 (acetate) (3 H), 3.98 (ethylenedioxy and
C-21H) (6 H), and 5.29 (C-6 H) (1 H).

Anal. Caled for Cy;H3sO05: C, 71.74; H, 9.15.
71.61; H, 9.23.

20,20-Ethylenedioxy-21-hydroxypregn-4-en-3-one 21-Acetate.
—To a solution of 3.0 g of 20,20-ethylenedioxypregn-5-ene-34,~

Fouud: C,

ANABOLIC 5a-ANDROST-2-ENE DERIVATIVES 685

21-diol 21-aeetate i1 50 ml of totuere and 30 ml of cyclohexanoue
there was added 5.0 g of aluminum isopropoxide, and the solu-
tion was heated under reflux. After the reaction, 50 g of sodium
potassium tartrate was added and the mixture was steam distilled.
The residue was extracted with CH.Cl,, and the CH,Cl, was
evaporated giving 1.4 g of crude oil. Crystallization from
methanol gave 0.8 g of colorless product, mp 139-140° (lit.'®
mp 140-141° when prepared in another way).
203,21-Dihydroxypregn-4-en-3-one 20-Acetate.—A solution

of 1.00 g (0.0027 mole) of 38,208,21-trihydroxypregu-4-ene 21-
acetate,® and 0.90 g (0.004 mole) of dichlorodicyanobeuzoqui-
uoue in 22 ml of dioxaue was stirred for 66 hr and filtered. The
solid was washed with CH,Cly, and the filtrate was concentrated,
affording dark brown oily material, which wax digsolved i1 CH,-
Cl,, washed with 109, NaOH solution and water, and dried. The
resulting vellow oil was chromatographed o alumina; the frac-
tion obtained from 19, methanol-ether (1:9997) was recrystal-
lized from beuzeie—hexane (1:1) affording 0.78 g (78%;) of color-
less crystals: mp 188-190° (lit.!* mp 185-188° when prepared
by another method); nmr, 0.71 (C-18 H) (3 H), 1.17 (C-19 H)
(3H), 2.10 (acetate) (3 H), 5.69 (C-4 H) (1 H).

Anal. Calcd for 023}134041 C, 7376,
C,73.96; H, 8.97.

3,3-Ethylenedioxy-21-hydroxypregn-5-en-20-one Acetate.— A
mixture of 5.20 g (0.014 mole) of deoxycorticosterone acetate,
30 ml of 2-methyl-2-ethyldioxolane, aund 50 mg of p-toluenesul-
fonic acid was refluxed for 3.5 hr and allowed to stand for 18 hr
at 27°. The precipitate was filtered and purified by alumina
chromatography (the benzene eluate countained the product),
followed by recrystallization from ethanol affording 1.0 g of
colorless crystals: mp 203-203.5° (lit.** mp 209-211° when pre-
pared by another method); nmr, 0.68 (C-18 H) (3 H), 1.04
(C-19 H) (3 H), 2.16 (acetate) (3 H), 3.95 (ethylenedioxy) (4
H), 4.65 (C-6 H) (1 H). A total of 2.3 g of starting material
was recovered.

Anal. Caled for CysHjyO;: C, 72.08; H, 8.71.
72.20; H, 9.00.

21-Hydroxy-20-methylenepregn-4-en-3-one (XVII).—To a =0-
lution of 0.54 g (0.0015 mole) of XVI in 909 aqueous acetoile
there was added 0.5 ml of trifiuoroacetic acid. The mixture was
refluxed for 1.5 hr aud the acetone was removed in vacuo. The
precipitate was filtered and the resulting solid was recrystallized
twice from methanol, affording 456 mg (92%) of colorless
crystals: mp 155-156°; [«]®p +122° (¢ 1.03, CHCl); nmr,
0.65 (C-18 H) (3 H), 1.19 (C-19 H) (3 H), 4.07 (C-21 H) (3 H),
494 (1H) 5.25(1H), 5.73 (C-4H) (1 H).

Anal. Caled for CeeHp0.: C, 80.44; H, 9.82.
80.29; H, 9.63.

H, 9.15. Found:

Found: C,

Found: C,

Anabolic Agents.
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A weries of 19-nor- and 19-substituted 5o-androst-2-ene derivatives were synthesized as part of a continuing

program aimed at the preparation of potentially useful anabolic steroids.

The anabolic and androgenic proper-

ties associated with some of these compounds and their synthetic intermediates are described.

The growth-promoting or anabolic property of the
male hormone, testosterone, has been known for many
years.? Clinical use of testosterone for this purpose,

(1) The work conducted in these laboratories was supported by National
Institutes of Health predoctoral fetlowship 5-F1-GM-24992-02 and American
Cancer Society Grant PRA-18,

12) C. D. Kochakian and J. R. Murlin, J. Nutr., 10, 437 (1935).

however, is limited by its inherent androgenic proper-
ties. As a result, this past decade has witnessed the
synthesis of a wide variety of structural modifications
of testosterone in an effort to separate the desirable
anabolic properties from the masculinizing features of
the molecule.?

(3) F. A. Kinel, Methods Hormone Res., 4, 21 (1965).



