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Progesterone, deoxycorticosterone, and Cortisol each have carbonyl groups at ('-:> and (.'-20, and methylene 
and cyclopropane analogs at these positions were prepared in an effort, to establish the function of these moieties 
in eliciting biological effects. The Simmons-Smith and Wittig reactions were used to prepare various methano, 
methylene, and spirocyolopropyl analogs of progesterone, deoxycorticosterone, and ethislerone. In the case of 
Cortisol and deoxycorticosterone derivatives difficulties encountered in the removal of protecting groups pre
vented the synthesis of these analogs. Every substitution of a methylene group or cyclopropane ring gave an 
analog essentially devoid of progestational or mineralocoi'ticoid activity, in contrast, to earlier results in the 
androstane series. The nmr spectra are discussed. 

Iii a, previous study2 from this laboratory evidence 
was presented leading to the view tha t the androgen 
molecule functions as a conformational cam or wedge 
and is bound to its receptor by means of a it bond in
volving C-2 and /or C-3. The high activity found in 
the nonclassical sp2-hybridized system, 2a ,3a-methano-
")a:-androstan-17/3-ol, provided important support for 
this concept. 

We now describe work intended to extend this 
analysis to progestational, mineralocorticoid, and gluco
corticoid systems. Progesterone, deoxycorticosterone, 
and Cortisol each have carbonyl groups at C-3 and C-20, 
and the present work was carried out in an effort to 
establish the function of these moieties in eliciting the 
biological effects of the hormones. If these groups also 
are involved in 7r-bond formation with a receptor, it 
should be possible for other nonclassical sp2 systems to 
assume their role, as in the case of the androgen analogs. 
The preparation of derivatives of these steroids con
taining methylene groups and /o r 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 described,3"6 and this method was utilized in the 
present study (Table I) . In our previous work2 the 
Simmons-Smith reaction6 was employed for the prepa
ration of steroidal cyclopropanes. In contrast to the 
earlier experiments, where the zinc-copper couple 
made by the method of Shank and Shechter7 was uti
lized, the highly active zinc c o p p e r couple of Le GofP 
was used in the present case. It was found (hat these 
reactions took place with greater facility when the 
highly active couple was employed. 

Treatment of I9 with the Simmons-Smith reagent 
gave the methano steroid II in 3 0 % yield. The con-
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figuration of the cyclopropane ring in II is assumed to 
be 2a,3a, as in the case of our previous work. A single 
isomer was isolated from the Simmons-Smith reaction, 
which is known6 to be highly subject to steric control, 
and the most reasonable product on this basis would 
arise from attack on the a face of the steroid. By 
treatment of II in redistilled tetrahydrofuran solution 
with iodine in the presence of calcium oxide and azo-
bisisobutyronitrile,1"'11 the corresponding 21-iodo com
pound was obtained. Displacement of the halide with 
tr iethylammonium acetate solution gave the DOCA 
analog I I I . I t is noteworthy tha t the yield of the 
product (2o%) was no lower than a. previous similar 
reaction in our hands12 involving a steroid without a 
cyclopropane ring; this suggests tha t the cyclopropane 
ring is not at tacked under these conditions. 

Application of the Wit t ig reaction to I, employing 
methyltriphenylphosphonium bromide and phenyl-
lithium in efher-tetrahydrofuran solution, gave the 20-
mcthylene compound IV. The nmr spectrum of IV 
shows a broad singlet at o.oCi ppm (half-band width, "> 
cps) which is due to the two protons at C-2 and C-3, 
coupled to each other and to other protons attached 
to the A ring. Although vicinal olefinic protons in 
six-membered rings have coupling constants of 8 10 
cps,13 no multiple! is seen here because of the high .//AS 
ratio. The olefinic protons at ('-22, on the other hand, 
produce two broad peaks (half-band width, •"> cps) 
at 4.('i.r) and 1.80 ppm. These are due to the AB sys
tem at. C-22. for which ./„,.,„ is only about 1.") cps. The 
chemical shift of the two protons is different owing to 
their different relationship to C-18 and ring D. The 
broadness of the peaks results from allylic coupling 
of the C-22 protons to C-21 ; the C-21 resonance at 
1.73 ppm has a half-band width of 4 cps owing to this 
coupling. The spectra of V, VII, X, X I , XVI, and 
XVII display similar features in these regions for the 
same reasons. 

Treatment of IV with the Simmons-Smith reagent 
gave a mixture of the 2,3-olefin 20-spirocyclopropy] 
derivative V and the biseyclopropyl derivative VI, as 

iUl .1. v. E I I M . H. Ncher , and T. Ueichstein, llele. Chim. Aeia, 45 , 22 1 
(1962). 
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copy in Organic Chemist ry : I l lus t ra t ions from the Steroid Fie ld ," l lo lden-
Dny, Inc . , San Francisco, Calif.. 1964. C h a p t e r s H and 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 Simmons-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 sample 
of VI was obtained by repeated recrystallization from 
acetomtrile-ethanol while monitoring purity by gas 
chromatography. 

The nmr spectrum of VI is of interest with respect 
to the width of the C-21 peak. The half-band width 

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 reported14 

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-Smith reagent, the bis-
spirocyclopropyl derivative IX was obtained. 

Treatment of 3,3-ethylenedioxypregn-5-en-20-one15 

with the Wittig reagent gave X which on hydrolysis 
gave the progesterone analog XL The "reverse" of 
this analog, XIV, was obtained by a Wittig reaction 
of 20/3-hydroxypregn-4-en-3-one16 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 monoketal17 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, XVII. 

Efforts to secure C-3 analogs of DOCA and Cortisol 
were less successful. DOCA was reduced with lithium 
tri-2-butoxyaluminohydride to give the 3/3,20^-diol 
21-acetate18 which on selective oxidation of the allylic 
alcohol with 2,3-dichloro-o,6-dicyanoquinone and iso
lation under alkaline conditions gave 20/3,21-dihydroxy-
pregn-4-en-3-one 20-acetate via migration of the ester 
group.19 The last compound gave no isolable product 
in the Wittig reaction. 

In another attempt, ketalization of 3/3,21-dihydroxy-
pregn-o-en-20-one 21-acetate gave the corresponding 
ketal which on Oppenauer oxidation gave the con
jugated 3-ketone.18 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. Similarly, bismethylenedioxycorcisol20 

gave the Wittig product XIX, but the protecting group 
could not be removed without affecting the exocyclic 
olefin. 

Pharmacological Results.21—Compounds I, II, IV-
IX, XI, XII, XIV, and XV were inactive or nearly 

(14) F. Sondheimer 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. Miescher, Helv. Chim. Acta, 32, 1922 (1949). 
(17) R. Antonucci 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. Deyler, 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 performed at the Endocrine Laboratories, 
Madison, Wis. Statistical analyses were made in part with a machine pro
gram kindly supplied by Dr. Bertram Katzung and were supported in part 
by U. S. Public Health Service Grant FR-00122 for computing services on 
this campus. 
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p e r i m e n t a l p rocedure was s imi lar to the m e t h o d descr ibed in ref 5. C o m p o u n d I V was recrvs ta l l ized from e thano l , V I rom 
icetone, VII, VIII , X I I I . XV, X V I I I , and X I X f rom m e t h a n o l , X from a.cetonitrile, and XVI f rom a c e t o n e . b All ro t a t i ons 
•en ( ra t ion excep t X I I I ( l . ! ! ) ' , ' ) , X V ! 0 .5 ' . ; ) , X V I ( 1 . 2 5 ' ; !, X V I I I (1.25'/ , ,) , and X I X ( l . K S ' , )• * C o m p o u n d s VII a n d VIII 
so la ted from the Wi t t ig r eac t ion on 5a -p regnane -3 ,20 -d inne . '' 3,3-Klhylenedioxypregn-4-on-20-oiie.1- ' ' ° 20/3-hydroxypregn-
16 •' E f h i s t e r o n e . « 3 ,3- l ' . ) thylenedioxy-21-hydroxypregn-5-en-20-o!ie ace ta te , 1 7 '' 20 ,2D-I ' ; thylenedioxy-21-hydroxypregn-
a e e t a t e . ' 17u ,20 ,20 ,21-Bismethy lened ioxy- l l /3-hydroxypregn-4-en-3-one. ; !" 

inactive: in the progestational assay.2- Compounds 
III and XVII were inactive or nearly inactive in the 
sodium retention test.12 

Unlike the situation in the testosterone series,-,:i 

the 2a,;-$a-methano steroids II and III are inactive as 
are the methylene steroids XIV and XV. In the side 
chain also, active compounds cannot he obtained by 
conversion of the 20-ketone to a cyclopropane or methyl
ene group, as in XI, XII, and XVII. Although 
these negative data allow few conclusions to be drawn, 
it is clear that we still have no real understanding of the 
role of the carbonyl group in steroid action. It seems 
likely, however, that the function of this group in the 
A ring involves more than simple ir-bond interaction 
in the ease of progesterone and the corticoids. Oxida
tion-reduction and hydrogen-bond acceptance tire 
other possible mechanisms by which the carbonyl 
group in ring A could exert an effect, and the prepara
tion of hormone analogs to test these possibilities is in 
progress. 

Experimental Section23 

2 a , 3 a - M e t h a n o - 5 a - p r e g n a n - 2 0 - o n e (II) (General S i m m o n s 
Smith Procedure) .—A m i x t u r e of 0.0 g (0.12 mole) of Z n - C u 
couple,8 32.0 g (0.12 mole ) of d i i o d o m e t h a n e , and 0.08 g of iodine 
in 150 ml of a n h y d r o u s e the r was hea ted u n d e r reflux for 1 hr . 
T h e n 3.0 g (0 .01 mole) of I dissolved in a n h y d r o u s e ther was 
a d d e d . T h e m i x t u r e was h e a t e d u n d e r reflux for 1 week, filtered 
t h rough a l u m i n a , w a s h e d w i t h 5 ' , ' HC1 and wate r , and dr ied 
(Na2st()4) . On e v a p o r a t i o n to d ryness , a g u m m y s u b s t a n c e was 
ob ta ined and was passed t h r o u g h 100 g of n e u t r a l a l umina . 
T h e benzene f rac t ion furnished ().!) g CM)'',) of t h e p roduc t , 
nip 0 4 - 9 9 ° . Reerys fa l l i za t ion from ace toui t r i l e gave t h e ana 
ly t ica l s a m p l e : n ip 1 1 5 - 1 1 7 ° ; la]2si> + 1 2 1 " (c 1, CIIC1 3 ) ; 
nmr , 0.58 (C-10 I t ) (3 I I ) , 0.S0 ( 0 - 1 8 I I ) (3 I I ) , 2.10 (C-21 I I ) 
( 3 H ) . 

(22) T. M i y a k e , Methods Hormone Itea., 2, 135 (1962). 
(2ti) Mel t ing points were d e t e r m i n e d with a T h o m a s - H o o v e r a p p a r a t u s 

equ ipped wi th a corrected t h e r m o m e t e r . Inf ra red spec t ra were ob ta ined 
with a B e c k m a n I I t - 8 or a I ' e rk in -E lmer :(:.(? i n s t r u m e n t . .Microanalyses 
were performed by the Mie roana iy t i ca l D e p a r t m e n t , U n i v e r s i t y of California, 
Berkeley, Calif. Opt ica! ro t a t i ons were ob ta ined in a 0 .5-dm t u b e with a 
K u d o l p h photoelec t r ic po iar imeter . N m r spec t ra were ob ta ined a t a field 
s t r e n g t h of 60 M c / s e e on samples in C'DCb solu t ion on a Var i an A-60 in
s t r u m e n t using Si(CII3)a as in te rna l s t a n d a r d a n d are r epor t ed in pa r t s per 
million. Gas c h r o m a t o g r a p h y was carr ied out using a l i a rbe r -Oo leman 
Model oOOO sys tem employing 1.83-m U - t u b e cu lumns of 2% S l i -30 on Gas 
C h r o m Q or Z, Ue carr ier , hydrogen flame de tec t ion , co lumn t e m p e r a t u r e s 
of 220-210 ' ' . "on column"' inject ion a t 21)0°, and de tec to r t e m p e r a t u r e s of 
2,10". 

.I/10/. Calcd for C, ,H: , ,0 : C, 8 4 . 0 1 : II, 1(1.00. F o u n d : 
C . 8 4 . 2 7 : II, 10.82. 

2a,3a-Methano-20-spirocyclopropyl -5a-pregnane (VI) was 
o b t a i n e d from the genera l S i m m o n s - S m i t h p r o c e d u r e us ing 3.0 
g (0.045 g-a lom of Zn) of Z u - C u couple , 12.0 g (0 .045 mole) of 
CI L i : , a few crys ta l s of iodine, 80 ml of a n h y d r o u s e ther , and 1.0 g 
(0.003 mole) of IV in 30 ml of a n h y d r o u s e the r . T h e res idue af ter 
evapo ra t i on of t h e solvent was a m i x t u r e of p r o d u c t s which showed 
no te rmina l olefin infrared abso rp t ion but showed olefinie p r o t o n s 
in the nmr - p e c t r u m . f r a c t i o n a l recrys ta l l i za t ion failed to 
s e p a r a t e the two p r o d u c t s . It was sub jec ted to t h e S immons-
Smi th p r o c e d u r e a second t ime . Al te r work ing up as descr ibed 
above , t h e residue, which showed t w o p e a k s in gas c h r o m a 
tog raphy , was recrvsta l l ized leu t imes from ace lon i t r i l e -e fhauo l 
solut ion to afford 45 mg of colorless c rys ta l s : m p 129-130° ; 
! a P ) > + 1 7 ° (Y 1, O H O ! ; ) : nmr, 0.72 ( 0 - 1 8 I I ) OS II) , 0.80 
(0 - l i ) 11)13 H i , 1.07 (.0-21 I I ) OS I I ) . 

Anal. Calcd for O-.JI, , : ( ' , 8S.27: 11, 11.73. F o u n d : 0 . 
8 8 . 2 1 : 11, 11.01. 

3,20-Bisspiroeyclopropyl-oa-pregnane (IX) was o b t a i n e d from 
the genera l S i m m o n s - S m i t h p r o c e d u r e using 3.0 g (0.023 mole I 
of Z n - O u couple, 12.0 g (0.02 mole) of 0H- ,L, a few c rys ta l s of 
iodine, 100 ml of a n h y d r o u s e ther , and 0.7 g (0.0022 mole) of VII 
in e ther . C h r o m a t o g r a p h y on 50 g of n e u t r a l a l u m i n a gave , from 
I lie pe t ro l eum ether ( b p 3 0 - 0 0 ° ) f ract ions , a to ta l of 0.35 g of prod
uct , m p 107 112°. Recrys ta l l i za t ion from ace tone gave t h e ana 
lyt ical s a m p l e : m p 118-120° : \a\-"v 0° (c 1, OIIOls) : nmr , 0.72 
( 0 - 1 8 I I ) (3 I I ) , 0.S2 (C-10 I I ) (3 I I ) , 1.07 (0-21 I I ) (3 I I ) . 

Anal. Calcd for ( + 11,,,: 0 , S.s.10; II, 11.84. F o u n d : O, 
•88.14: II, 11.02. 

20-Spirocyclopropylpregn-4-en-3-one (XII) was ob t a ined from 
the general S i m m o n s - S m i t h p r o c e d u r e us ing 2.5 g (0.02 mole) of 
Zn On couple , 5.4 g (0.02 mole) of 01 I»h , a few crys ta l s of iodine, 
50 ml of a n h y d r o u s e ther , and 0.70 g (0.0022 mole) of X I . Chro 
m a t o g r a p h y on 30 g of iicut nil a l u m i n a g a v e 0.30 g of p r o d u c t , m p 
150-157° . Kecrys ta l l i za t ion gave t h e ana ly t ica l s a m p l e : m p 
157 158°, U-j2*])' + 0 2 ° (c I, C I I C I 3 ) ; nmr , 0.77 ( 0 - 1 8 IT) (3 I I ) . 
1.05 (C-21 H i (3 I I ) , 1.1S iO-li) I I ) (3 I I ) , 5 . 0 8 ( 0 - 4 I I ) (1 I I ) . 

Anal. Calcd for 0 a H . u O : 0 . 84.00: II, 10.50. F o u n d : O. 
84.36: I I , 10.20. 

21-Hydroxy-2f f ,3a-methano-5a-pregnan-20-one Acetate (III) . 
-A solut ion of 0.20 g (0.0004 mole) of I I in 5 ml of redist i l led 

T H F and 5 ml of m e t h a n o l was t r e a t e d w i t h 0.34 g of powdered 
OaO anil 12 mg of recrvsta l l ized azob i s i sobu ty ron i t r i l e . T o the 
s t i r red m i x t u r e , immersed in a 25° w a t e r b a t h , t h e r e was a d d e d 
0.22 g of iodine dissolved in a m i x t u r e of 1.1 ml of T H F and 0.7 
ml of m e t h a n o l . T h e iodine solut ion was a d d e d dropwise but 
fast enough to s l ight ly exceed t h e rap id decolor iza t ion r a t e . 
T h e m i x t u r e was s t i r red for 2 -4 hr un t i l only a pa le yellowish 
color r ema ined . It was d i lu ted w i th e the r and filtered. T h e 
filter cake was washed wi th e ther and d i sca rded . T h e combined 
e ther f i l t rates were washed free of excess iodine w i t h 150", aqueous 
N a l solut ion, dr ied (\a-2SO4), and e v a p o r a t e d u n d e r reduced 
pressure . Without- purif icat ion, the '21- iodo res idue was dissolved 
in 10 ml of ace tone and t r e a t e d wi th a m i x t u r e of 1.7 ml of acet ic 

0aH.uO
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acid and 2.7 ml of triethylamine. The resulting solution was 
heated under reflux for 1 hr, cooled, and diluted with water. The 
crude product was filtered and recrystallized from aqueous ace
tone to afford 0.05 g (25%) of product, mp 102-110°. The 
analytical sample, recrystallized from aqueous acetone, had mp 
115-117°, [a] 2 8 D+220°(c0.9 , CHC13). 

Anal. Calcd for C24H36O3: 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 in 100 ml of acetone and 5 ml of 2 N HC1 
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 152-157°. Further recrvstallization gave the analytical 
sample: mp 157-158°; [a]2\> +105° (c 1, CHC13); "nmr, 
0.62 (C-18 H) (3 H), 1.18 (C-19 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. Calcd for C22H320: 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 XI I I in 80 ml of acetone was treated dropwise 
with 8 X 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 under reduced pressure. A gummy residue was 
obtained. I t was extracted with ether, washed, and dried 
(Na2S()4). On evaporation of the ether and recrvstallization 
from methanol there was obtained 0.30 g of product, mp 140-
148°. Further recrvstallizations from methanol gave the 
analytical sample, mp 148-149°, [«] 1 SD +268° (c 1, CHC13). 

Anal. Calcd for C22H320: C, 84.56; H, 10.32. Found: C, 
84.24; H, 9.97. 

20,20-Ethylenedioxypregn-5-ene-3/3,21-diol 21-Acetate.—A so
lution of 4.2 g of 3/3,21-dihydroxypregn-5-en-20-one 21-
acetate in a mixture of 100 ml of ethylene glycol and 100 ml of 
benzene containing a trace of p-toluenesulfonic acid was heated 
under reflux for 3 hr. The benzene layer was washed with 
water and NaHC0 3 solution and dried (CaSO^), 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°; 
[«] 2 6 D - 3 3 ° (c 0.87, CHC13): 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-21 H) (6 H), and 5.29 (C-6 H) (1 H). 

Anal. Calcd for C25H3SOo: C, 71.74; H, 9.15. Found: C, 
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-3/3,-

The growth-promoting or anabolic property of the 
male hormone, testosterone, has been known for many 
years.2 Clinical use of testosterone for this purpose, 

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

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

21-diol 21-acetate in 50 ml of toluene and 30 ml of cyclohexanone 
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 CH2C12, and the CH3C12 was 
evaporated giving 1.4 g of crude oil. Crystallization from 
methanol gave 0.8 g of colorless product, mp 139-140° (lit.18 

mp 140-141 ° when prepared in another way). 
20/3,21-Dihydroxypregn-4-en-3-one 20-Acetate.—A solution 

of 1.00 g (0.0027 mole) of 3(3,20/3,21-trihydroxypregn-4-ene 21-
acetate,18 and 0.90 g (0.004 mole) of dichlorodicyanobenzoqui-
none in 22 ml of dioxane was stirred for 66 hr and filtered. The 
solid was washed with CH2CI2, and the filtrate was concentrated, 
affording dark brown oily material, which was dissolved in CH2-
Cl2, washed with 109c NaOH solution and water, and dried. The 
resulting yellow oil was chromatographed on alumina; the frac
tion obtained from 1% methanol-ether (1:99%) was recrystal
lized from benzene-hexane (1:1) affording 0.78 g (78%) of color
less crystals: mp 188-190° (lit,19 mp 185-188° when prepared 
by another method); nmr, 0.71 (C-18 H) (3 H), 1.17 (C-19 H) 
(3 H), 2.10 (acetate) (3 H), 5.69 (C-4 H) (1 H). 

Anal Calcd for C23tl3404: C, 73.76; H, 9.15. Found: 
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, and 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 contained the product), 
followed by recrystallization from ethanol affording 1.0 g of 
colorless crystals: mp 203-203.5° (lit.18 mp 209-211° when pre
pared bv another method); nmr, 0.68 (C-18 H) (3 H), 1.04 
(C-19 H) (3 H), 2.16 (acetate) (3 H), 3.95 (ethvlenedioxv) (4 
H), 4.65 (C-6 H) (1 H). A total of 2.3 g of starting material 
was recovered. 

Anal. Calcd for C25H3605: C, 72.08; H, 8.71. Found: C, 
72.20; H, 9.00. 

21-Hydroxy-20-methylenepregn-4-en-3-one (XVII).—To a so
lution of 0.54 g (0.0015 mole) of XVI in 90% aqueous acetone 
there was added 0.5 ml of trifluoroacetic acid. The mixture was 
refluxed for 1.5 hr and 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°; [a]28D +122° (c 1.03, CHC13); nmr, 
0.65 (C-18 H) (3 H), 1.19 (C-19 H) (3 H), 4.07 (C-21 H) (3 H), 
4.94 (1 H), 5.25 (1 H), 5.73 (C-4 H) (1 H). 

Anal. Calcd for Co2H3202: C, 80.44; H, 9.82. Found: C, 
80.29; H, 9.63. 

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 

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

Anabolic Agents. 19-I\or- and 19-Substituted 5a-Androst-2-ene Derivatives 

R. E. COUNSELL, G. W. ADELSTEIN, 

Laboratory of Medicinal Chemistry,1 College of Pharmacy, University of Michigan, Ann Arbor, Michigan 48104 

P. D. KLIMSTRA, AND B. SMITH 

Division of Chemical Research, G. D. Seaiie and Company, Chicago, Illinois 60680 

Received May 21, 1066 

A series of 19-nor- and 19-substituted 5a-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. 


