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To remove any doubts concerning its composition, the cardeno-
lide IX was recrystallized froin absolute ether—-methanol and was
dried at 150° for 4 hr. (0.1 mm.), giving anhydrous material®®
melting at 265-269°.

Anal. Caled. for Ci;HyOun:
C, 61.72; H, 7.76.

Tetra-O-acetyl-6'-hydroxyconvallatoxin (IXa).—To a solution
of 1 ml. of acetic anhydride in 1.2 ml. of pyridine was added 30
mg. {0.085 mmole) of 6‘-hydroxyconvallatoxin monohydrate
(IX). After standing for 24 hr. at 0°, the mixture was poured
into ice water, and was extracted with chloroform—ether (1:3).
The extract thus obtained was washed successively with 5
aqueous sulfuric acid, 59 aqueous sodium bicarbonate, and water.
After drying over sodium sulfate, the extract was filtered and

C, 61.46; H, 7.47. Found:

(15) The desolvation was attended witli considerable difficulty. Wlhen
the monohydrate IX was heated at lower temperatures, even for long periods
of time, no desolvation took place. Drying at 150° for periods longer than
that prescribed (6~8 hr., for example) brought about some decomposition as
evidenced in the analytical results wlich were high with respect to carbon.
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evaporated @n vacuo, giving 35 mg. (369, ) of the tetraacetate IXa
as amorphous powder. The material was further purified by
chromatography on silicic acid (Fisher Reagent Grade, activated)
and from the chloroform—ether (1:1), methanol-chloroform—ether
(1:49.5:49.5), and methanol-chloroform—ether (5:47.5:47.5)
eluates there was obtained pure IXa as amorphous powder,
m.p. 128-133°. For analytical purposes the material was dried
for 5 hr. at 80° (0.1 mm.).

Anal. Caled. for CyHgO5: C, 60.50; H, 6.86. Found: C,
60.42; H,7.17.
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A new synthesis for 17a-alkylated pregnane derivatives, by reductive alkylation of 16-dehydro-20-keto-
pregnanes, is described. Structure-activity relationships in the 17a-alkylprogesterone series are presented

and compared with that of known substances.

The probable biological role of substituents capable of imparting

oral activity to these substances is discussed. The ability of blocking metabolic transformations or inactivation
following oral administration is considered a major factor for activity in this series of steroid hormone analogs.

Progesterone is the least polar of all steroids of bio-
logical sources.! Besides its importance in pregnancy,
it is an intermediate in the biosynthetic pathway of
corticoids, androgens and estrogens.> Perhaps for
this reason of biological economy all hydroxylated
progesterones® are less active than their precursor;
probably polarity and metabolic factors are more im-
portant than stereochemical ones in destroying the
“progestational” activity. Molecules with drastically
different stereochemistry like retroprogesterone’ and
Ehrenstein’s  14-is0-17-is0-19-norprogesterone®  are
known to be active, but introduction of a single hydroxyl
function in position 11, for instance, of progesterone is
sufficient to greatly reduce its activity.®

(1) R. V. Short. in ""Hormones in Blood,"* Academic Press, London and
New York, 1961, p. 379 ff.

(2) J. K. Grant, Brit. Med. Bull., 18, 99 (1962).

{3) One notable exception is |7a-hydroxyprogesterone, devoid of activity
in the rabbit and humans, but 60 times as potent as progesterone in tlie
Rockland-Swiss mouse (Hooker~Forbes assay) even by systemic injection.45
The fact that enzymes responsible for | 7a-hydroxylation are missing from rat
and mouse adrenal cortex? is perhaps not coincidental. For a critical
evaluation of the test c¢f. ref. 6.

(4) H. A. Salhanick, E. G. Holstrom, and M. X. Zarrow, J. Clin. Endo-
crin. Metab., 17, 667 (1957).

(5) T. R. Forbes, “Brook Lodge Symposium on Progesterone,"' Brook
Lodge Press, Augusta, Michigan, 196!, p. 71.

(6) H. Weifenbach, Endokrinologie, 40, 13 (1960).

(7) A. Bompiani and E. Moneta, Ann, Ostet. Ginecol., 84, 607 (19G2),

(8) M. Elirenstein, G. W. Barber, and R. Hertz, Endocrinclogy, 60, G81
(1957).

(8) The high activity of All-progesterone!® is nossibly due to impeded
metabolic hydroxylation at position t!.

(10) Ch. Meystre, E. Tschopp, and A. Wettstein, Helr. Chim. Acta, 81,
1463 (1948).

Metabolic studies with radioactive progesterone have
shown!' that the steroid is cleared from blood plasma at
an extremely fast rate and that degradation of the side
chain (as determined from analysis of labeled carbon
dioxide in the expired air) plays an important role in
the metabolic fate of the hormone.

Other metabolic “‘inactivations” include hydroxyla-
tion at position 16e«,'?!? 17a,'* reduction of the 20-
ketone and inversion of the acetyl side chain to the
thermodynamically less stable « configuration.?

Protection of the side chain is therefore an essential
prerequisite for oral activity or absence of side effects
due to metabolites, and 17« substituents meet at least
partly this requirement. Halogens,'® alkyl groups,!”
and acyloxy groups!® have been found to increase the
oral activity of the molecule; of these however, 17-
halogenated progesterones were disappointing in
humans,’ and 17a-acetoxyprogesterones, known to

(t1) E. J. Plotz, “Brook Lodge Symposiumn on Progesterone,' Brook
Lodge Press, Augusta, Michigan, 1961, p. 91.

(12) H. I. Calvin and 8. Lieberman, Biochemistry, 1, 639 (1962).

(13) J. Zander. J. Thijssen, and A. M. von Miinstermann, J. Clin. Endo-
crin. Metab., 32, 891 (1962).

(14) B. Little and A. Shaw, Acta Endocrin., 86, 455 (1961).

(15) L. R. Axelrod and J. W. Goldzieher, J. Clin. Endocrin. Metab., 20,
238 (1960).

(16) C.I. Clappel, C. Revesz, and R. Gaudry, Acta Endocrin., 88, (Suppl.
51), 915 (1960).

(17) R. Desglienglii, Y. Lefebvre, P. Mitcliell, P. F. Morand, and R.
Gaudry, Tetrahedron, 19, 289 (1963).

(18) J. C. Stucki and E. M. Glenn, ""Brook Lodge Symposium on Proges-
terone,’’ Brook Lodge Press, Augusta, Michigan, 1961, p. 25.

(19) D. J. Marshall, private communication.
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lose the ester group n #ivo™** may give rise to corti-
coid-like metabolites.

We have prepared and compared a series of 17 -
alkylated progesteroues and found that the oral activity
(rabbit, Clauberg—-McPPhail test) lnereases in the order
methyl <ethyl <n-propyvland that the latter is as active
as 17 a-acctoxyprogesterone.  The stability  of our
alkylated derivatives was shown by the faet that no deg-
radation of the side chain was observed following 1
pitro cubation with several microorganisms, like
Septomyea affines and Streplamiyees larendulae known to
degrade  17-unsubstituted  or  hydroxylated  proges-
terones. ?

In Table I, we compare the endometrial proliferating
activity of some 17a-alkvlated progesterones as evi-
deunced by the MePhail-Clauberg test 1n the rabbit.
with other mono- or disubstituted compounds. The
effeet of substitutions in position 6 followed the ob-
scerved pattern as i the 17a~acetoxy sceries™ with in-
creasing activity 1 the order:  halogens (), CHy (),
A%CH; and AS-CL#

The most potent derivatives i the oral Clauberg test
are  17a-methyvl-6-chloro-6-dehydroprogesterone! and
17 a-ethyl-6-methyl-6-dehydroprogesterone.

Somewhat =urprising was the decrease mooral ac-
tivity following introduction of a fluorine atom in posi-
tion 21. These 21-fluorinated derivatives were, how-
cver, more active than their parent compounds upon

0O 0O
~R"
RO RO
R R
f 11
o, RS = H
h, R’ CH,

A, RO= Ae, R = H, R = (LH{
b, R"=H R" = H, R = C.H;

: = A¢, R = CH,, R7" = C.H,
d, R7= A, R = H, R = »n-CiH;
, = H, R = CH, R"" = Ci;
f, R'=Ac. R = H, R = CH,

v RO = Ac¢, R = CH,, R"" = CH;
b, R’ = H, R" = CH,, R = CH,

|

0 0
"'RH, "_RH,‘
O 1 O =
R R"
111 Y
a, R = H, R = (LH; a. R = ClHh, R = C;H;
I, R = CHy, R = CoHy b, R = H, R = GH;
er RY o= ALY = a-CeHs o, R = CL R = CoH,
R = ClL, R = CH,

20) B Castegnaro and G Sulp, S Eadopeoeel., 24, 110 (a5,

211 R Seiaky, Gazz. Chin, Ital., 92, A30 i iz,

1) ML L. Melmreieh and R, A Iluseby, J. Cliv, Badecin. delab., 22,
1018 (1n2).

(2% O Vizing, privaee eomimnnieatinn,

2D M. J. Ringnld, in *Mechanism uf Arvtien of Sterpid Hormones,™”
Pergamnn Press, New York, N Y., 1O, p. 20017,

(271) The fact that introduction of a %.7=lanble hanl inervases 1lie activicy
may be correlated with the observell (u eico setabplic hiydrosylation in posi-
tiun 68 of Ga-niethylprogestermnes. 20

Tapte |
DERIVATIVES OF PROGESTERONE
SCLimbery wsd™
refative poteney

~evbstitient e w0 (Ueogese ool ENTretiin- Rl
N 1 iTa 21 A hrone = L dmane = 1 enrs
] OAe > JEI 20
2 |x«(f“/; OAr 20 1t 27
B Br d 0 04 N
| CH. 2 05 24
b o H, > | 31
i o-CH < N i
Toe-CHy  CH, A I g
~ w=-CIHy . <0 3
9 CH, Br 9 < < 3
10 CH: C'H. 1i N 10 I
1 CH. 11 i . <l 5
12 -CH,  Cudl, <10 < A1
15 CHy 11, 1 i 20 3
11 H I’ 2 =004 By
15 [ ¥ > 1) <t 17
11i 1 1 1 < - 17
17 wCH, Cl I 10 <1 17
I~ CH. ('H. ¥ 1 1 < 10 17
19 el 1 5 <03 37
200 -l Br 4 0.3 a8
d |¥-l“ tl“ >._| 3 17
RS Clh | <0 PO 17
RASENTIO [ I 14} <1 17
-l H 1 <10 <003 a7
RENNTA 'H < o 17
200 (1 (' Qi 10 20 v
27 07 t'H I G N 141 17
I8N () (., G <10 <20 N

lregestenme: soe, daily dose 0.1 mg. (445 per rabhit:
wrethindrone: oral daily dose 0.5 mg. (441 per rabhit.  The
untatiom < indieates that the end polnt (441 was not reached
ot the duse level tested.

~ubcatancous administration.  Irom our comparizon,
it 1s evident that “both” ¢ and 17 substitucents have to
he present in our =eries for high oral activity; their main
fiuetion 1= probably a block of metabolic inactivation.
Subcutancously. 17 a-n-propylprogesterone ix less uac-
tive than it lower homolog.  The relationship between
structure and other types of aetivity, like the main-
tenance of pregnancy and ovulation iuhibition, in this
class of compounds will be diseussed 1 successive
paApers.

The 17a-alkyl substituents (other than methyl) in
our progesterone derivatives were mitroduced by reduc-
tive alkylation .39 of o A¥-20-ketone function as i .
LB Parmer, J.cbin Cleme S, T8, 3489 (1933).

JoC0 Babenek, 120 Ggtsell, ML 1L Tterr, Jo AL Tioge, 4 Ol Soaeli

Barnes, gl W, K, Dualin, 7hid., 80, 2004 (1UA8).
Cao B Tooeel wod HE dabike, Cane Jo Binchem. Physivl 35, 1017

207 PLOoAL Plartoer, WL Hoeasser, gaod POV Hervzig, Heleo Chise, i, 32,
J70 119440

Gy R. Dexbengol aml R Gawlry, Trtendovdrou Letiers, 4849 (1962

i3y This wirk, spe Experimental.

132} R, Deghenzlii and R, Gandry, J. cUiee Chem. Soc.. 83, AB68 (il

3y 1) Barn, B. Ellis, V. Petraw, I AL Stusrt-WebD, and DL AL Williwin-
s, . Chem, Sav, £002 (TUAT).

30 P Aitenell, nnpablishad results frany chese Lalioratories,

vy P Rogwgiord, duae Chivme,, 49, 1T (103Y).

G P Tanohoanser, Ro10 Pratt, andd 0 Vo Jensen, . bon Chem Now,
78, 2638 (1D3&;.

3T AL Buwers umd LT Ringold, Tetrubvdron, 3, T4 11438,
58 Cli. R, Engeel andd R, Deshenghi, Can. J. Chem., 38, 4712 (19151,

abh (L Swork, P Rosen, winl No Lo Galiliman, S Am. Clivin. Soe,. 83, 2thi5
IBEITY BN

307 N Anneo ax Pupace A far subnession nf chis paoper as e Bl
itor, @ preliminnry vommnmication by NLoJ. Weiss, #f al. YChem. faid. (Lon-
don, 118 (1863) ]}, deseribing essentially the same alkylation proverlarze e
peared.
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Conventional Oppenauer oxidation gave the proges~
terones 111, whereas addition of chloranil to the Op-
penauer mixture afforded smoothly the dienones IV,

Experimental

Optical rotations were determined as 197 solutions in chloro-
formi at 23°; ultraviolet spectra were determined in ethanolic
solution. Melting points are corrected.

17a-Methylpregnenolone Acetate (IIf).—Lithium wire (1.3
g.) was dissolved (30 min.) in 250 ml. of liquid ammonia and
cooled in a Dry Ice-acetone bath. A solution of 5.0 g. of 16-
dehydropregnenolone acetate (16-DPA) (Ia) in 100 ml. of tetra-
hydrofuran freshly distilled from lithium aluminuni hydride wus
added dropwise while stirring, followed by a solution of 20 ml.
of methyl iodide in 60 ml. of anhydrous ether also added dropwise
to the still blue mixture. The blue color disappeared during this
addition. The cold bath was remnoved and liquid ammonia was
slowly replaced by additional ether while stirring. The mixture
was diluted with ether and washed with water to neutrality.
An oil (4.82 ¢.) was obtained, representing crude 17a-methyl-
pregnenolone. This substance was acetylated with 5 ml. of
acetic anhydride and 20 ml. of pyridine on a steain bath for 1 hr.,
or alternatively overnight at room temperature. Usual working
up gave 3.2 g. of crude acetate which was chromatographed on
neutral aliunmina (Woelm III). Petroleum ether—henzene (4:1)
eluted crystaliine fractions (eca. 1.0 g.) m.p. 179-180° which were
combined after thin layer chromatography (t.l.c.) checking for
homogeneity. This product was identical with an authentic
saniple.*¥

17a-Ethylpregnenolone Acetate (Ila).—To a solution of 3.9 g.
of lithtum in 750 nl. of iquid ammonia was added 15.0 g. of 16-
DPA (Ia) in 270 wml. of tetrahydrofuran followed by 43 mil. of
ethyl todide in 180 ml. ether. The usual working up gave 14.532 g.
of a foam which was reacetylated with 15 inl. of acetic anhydride
in 60 1l of pyridine to give 15.87 g. of crude acetate. This was
chromatographed on 450 g. of alumina (Woelm III). Petroleum
ether--benzene (5:1) eluted 6.6 g. of crystalline fractions coin-
bined after t.l.e. proof of homogeneity. A sample was recrystal-
lized 1o ni.p. 178-180°, {a]**p —61° (197, CHCl,).

Anal. Caled. for CosHss0s: C, 77.67; H, 9.91.
T7.71; H, 9.88.

17a-Ethylpregnenolone (IIb).—The acetate (Ila) was hydro-
lyzed to the corresponding 17a-ethylpregnenolone by alkaline
treatinent in the usual manner, m.p. 199-202° (from acetone).

Adnal.  Caled. for CssH3Os: C, 80.18; H, 10.53. Found: C,
80.05; H, 10.33. [a]?®p —6353.4° (1¢;, CHClL;). Nuclear mag-
netic resonance spectra confirnied the proposed structure. The
optical rotatory dispersion curve was superimposable to that of
17a-methylpregnenolone acetate.

17a-Ethylprogesterone (IIla).—A quantity of 2.1 g. of IIb
was oxidized according to Oppenauer (100 ml. of toluene, 24 ml.
of cyclohexanone, 2.0 g. of aluminum isopropoxide)in the usual
manner to give 2.1 g. of yellow crystals, filtered over 40 g. of alu-
mina ( Woelm IIT). Petroleum ether-benzene (4:1) and benzene
eluted the product (2.0 g.) which was reervstallized from ether to
1n.p. 148-150°, [a]2D +93.3° (19, CHCL); Apax 241 mu ¢ 19,000,
dnal. Caled. for CuHuOu: C, 80.65; H, 10.01. Found: C,
80.5%; H, 10.14.

17a-Propylpregnenolone Acetate (IId).—Lithium wire (3.9
g.) was dissolved in 730 ml. of liquid ammonia. A solution of
15.0 g. of 16-dehydropregnenolone acetate in 275 ml. of tetra-
hydrofuran wus added dropwise, followed by a solution of 50 ml.
of n-propyliodide in 180 nl. of anhydrous ether. The usual work
up gave a residue which was acetylated overnight at room tem-
perature with 15 ml. of acetic anhydride in 60 ml. of pyridine to
give 16.31 g. of crude acetate. This product was chromato-
graphed on 430 g. of alumina (Woelm III), the column being
filled with a petroleum ether—benzene (9:1) mixture. Twenty-
three fractions were eluted with petroleum ether-benzene (9:1).
Fractions 24 to 37 were eluted with petroleum etlier—benzene
(4:1), fractions 38 to 44 with » 1:1 mixture, fractions 45-50 with
pure benzene. Practions 8 ta 16 were combined and recrystal-
lized from ether and provided the analytical saimple, nip. 168-
171°, {a}?*D —68.7° (1%, CHCL).

Anal.  Caled. for CoeHuOs: C, 77.95; H, 10.07. Found: (,
77.73; H, 10.00. The mother liquors of the analytical sample
were combined with fractions 3, 6, 7 (t.l.c.) to give a total of 2.06
g. of I1d.

17a-Propylprogesterone (IIIc).—A quantity of IId (2.06 g.)

Found: C,
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was refluxed on a steam bath under nitrogen with 25 ml. of a 4%,
methanolic sodium hydroxide solution for 30 min. The usual
work up gave 1.738 g. of crude 17a-propylpregnenolone as a
vellow oil.  Without purification this was oxidized according to
Oppenauer, with 130 ml. of toluene, 25 ml. of cyclohexanone and
1.8 g. of aluminum isopropoxide. Part of the toluene (60 ml.)
was distilled and refluxing was maintained for 1 hr. The usual
work up gave 1.740 g. of crude IIlc. This was chromatographed
over 55 g. of alumina. Petroleum ether—benzene (9:1) and 4:1
fractions were combined and recrystallized for analysis (from
ether), m.p. 153-1535°, [a]?*D +88.9° (19, CHCL;); Amax 240 my,
€ 17,200.

4nal. Caled. for C2Hz0,: C, 80.85; H, 10.18, Found: C,
81.16; H, 10.26.

6,17-Dimethylpregnenolone Acetate (IIg).—A quantity of
5.0 g. of 6-methyl-16-dehydropregnenolone acetate?® in 100 ml.
of dry tetrahydrofuran was added dropwise to a stirred solution of
1.3 g. of lithium in 230 ml. liquid ammonia. A solution of 10 ml.
of methyl iodide in 60 ml. of ether was added during 5 min. and
stirring was continued for 15 min. The usual work up gave 5.0
g. of colorless foam which was reacetylated on a steam bath with
5 ml. of acetic anhydride in 25 ml. of pyridine for a period of 1
lir.  The isolated crude acetate weighed 3.14 g. This was chro-
matographed on 150 g. of alumiina (Woelm III). Petroleum
ether—benzene (4:1) fractions eluted 2.142 g. of crystalline mate-
rial, recrystallized from ether—hexane for analysis, m.p. 137-138°,
la]®Dp —65.0° (19, CHClL).

Anal. Caled. for Co;:Hy05: C, 77.67; H, 9.91.
78.03; H, 10.01.

6,17-Dimethylpregnenolone (IIe).—A guantity of 2.142 g. of
acetate Ilg was hydrolyzed with methanolic potassium hydroxide
(0.5 g. in 10 ml.) at room temperature for 3.5 hr. The usual
work up gave 1.876 g. of crystalline product, m.p. 185-187°,
lal?D —01.5° (1%, CHCL).

Anal. Calcd for CstseOzI C, 8018, H, 10.533.
79.84; H, 10.24.

6-Methyl-17-ethylpregnenolone Acetate (IIa).—6-Methyl-16-
dehydropregnenolone acetate®? (15.0 g.), dissolved in 300 ml. of
tetrabydrofuran, was added dropwise during 10 min. to a solution
of 3.9 g. of lithium in 750 ml. of iquid ammonia (Dry Ice—acetone
bath), followed by a dropwise addition of 50 ml. of ethyl iodide
in 180 ml. of dry ether. The organic layer was washed to neu-
trality with water, dried and evaporated to give 15.153 g. of a
vellowish foam, which was acetylated overnight with 15 wml. of
acetic anhydride in 60 ml. of pyridine at room temperature. The
usual work up gave 15.77 g. of crude acetate which was chroma-
tographed on 400 g. of alumina (Woelin III). Petroleum ether—
benzene (G:1) eluted 5 g. of crystalline product. A sample was
recrystallized for analysis from acetone-water, mi.p. 141-144°
[a]2D —72.6° (19, CHClL).

Anal. Caled. for CyeHyOs:
C, 77.62; H, 10.24.

6-Methyl-17«-ethylpregnenolone (ITh).—A quantity of 4.832
g. of 1Ic was hydrolyzed with 50 ml. of methanol containing 1.5
g. of sodiwin hydroxide in 2 ml. of water at reflux under nitrogen
for 30 min. Usual work up gave 4.2 g. of crystalline produect.
The analytical sample melted at 233-237° (from acetone), [a] 2D
—67.5° (19, CHCL).

Anal. Caled. for CpHszs0::
C,80.67; H, 10.72.

6a-Methyl-17a-ethylprogesterone (IIIb).—The pregnenolone
derivative ITh (4.01 g.) was oxidized according to Oppenauer
with 40 ml. of cyclohexanone, 200 ml. of toluene and 4 g. of alu-
minum igopropoxide at the reflux temperature for 1 hr. The
usual workup gave 4.146 g. of a yellow oil which was dissolved in
100 ml. of methanol containing 0.25 g. of sodium hydroxide in
0.5 ml. of water. It was refluxed for 1 hr. under nitrogen, and the
cooled solution was acidified with acetic acid to pH 4.5. The
solvent was evaporated, the residue extracted with ether, washed
with water and dried to give 3.992 g. of a vellow oil. This was
chromatograplied on 120 g. of AlLO; (Woelm III). Petroleum
ether-bensene (1:1) eluted crystalline fractions (2.3 g.). A
sample was recrystallized for analysis, m.p. 149-151° (from ether),
[a] D +77.8° (19, CHCL); Amax 241 my, € 16,250.

Anal.  Caled. for CoH30s: C, 80.85; H, 10.10. Found: C,
%0.61; H, 10.16.

6-Methyl-17 a-ethyl-6-dehydroprogesterone (IVa).—The pro-
gesterone derivative IIIb (2.212 g.) was deliydrogenated® with

(40) E. J. Agnello and G, D, Laubach, J. 4m. Chem. Soc., 79, 1257
(1957).

Found: C,

Found: C,

C, 77.95; H, 10.07. TFound:

C, 80.39; H, 10.68. Found:
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1.7 g. of ebloranil in 65 ml of refluxing isobutyl aleohol for 10 hr.
Work np gave 2.3 g. of a yellow oil which was chromatographed
on 200 g. of Florisil. Ethyl acetate~benzenc (24, and 5% )
fractions eluted the product as vellow erystals 11.358 g.¢ w.p.
181-184° (from ether). The analvtical sample had m.p. 183
183°, [a] D +352° (177, CHCly) Amax 294 1mp € 23,400,

17 «-Ethyl-6-dehydroprogesterone (IVb).—A (uantity of 3.985
g. of ITa-ethylpregnenolone (IIb) was dissolved in 160 ml of
toluene. Part of the solvent (35 ml} was distilled and 35 ml. of
evclohexanone, 3.9 g of aluminu isopropoxide and 3.9 g. of
chloranil were added.  The mixture was refluxed for 1 hr. Work
up gave 3.765% g. of anwmnor phous material, which was chron.-
tographed on 110 g. of alumina {Waelm 1I1).  The petroleun
ether-benzene (1:1) fractions contained IVh., A smuple was
purified for analysis through thick laver chramatography (svstem:
CCL-EtOAc, 4:3), nup. 170-173°, [ix]*p +48.5° (1<, CHCly,
Amax 287 mu e 25,900,

Anal, Caled. for CollnO.: €, S8 H, 947,
%1.10; H, 9.31.

6-Chloro-17a-ethyl-6-dehydroprogesterone t:1Ve). —1'a a quan-
tity of 1.98 g. of the 6-delivdra compound [Vh dissalved tn H0
ml. of dry inethylene chloride was added 95 mb of 2 0.364 .V
solution of mouaperphthalic acid in ether.  After 65 hr. the mix-
ture was washed with sadimn bicarbimate solution and water to
give 1945 g. of a partly ervstalline residue.  Some starting nate-
rial was showi to be present by thin layver chirematography.  Crys-
tallization from ether gave 675 mg. of 6a,7-epoxide, unp. 215-
228° dec.  Without purification, this epoxide was dissolved in
25 mb of acetic uedd and the solutbm saturated with dry hyvdro-
chlorie acid for 5 min., then left at romn temperature far 16 hr.

¢t Lo H. Kook, J. AL Zdervie, J. P. Ruelas, C. )jerassi, and )1 J. Ringold
J. Am. Chem. Sor., 82, 1230 (1900},

IFaund;

Vol. 6

Eixtraction with ether and washing to nentrality gave, after evapi-
nration, 0.690 g. of a yellow oil which crystallized fram ether 1.
give (.284 ¢. of IV as needles, mip. 172-175° A sumple wag re-
ervstallized far analysis, m.p. 17717990 [ ]%p -=30.0° 117,
CHCEI A 285 11 € 24,800.

Anrd. Caled. for CpuH5CLOL: O 7308, H, x33; CL va.
Famad: C, 73.87: H, 8.67; Cl, 9.25.

6,17-Dimethyl-6-dehydroprogesterone «(IVd«-—0.17-Dimethyvl-
pregnenntone (ITet (2,37 g.) was dissolved in 120 ml. of taliene
ad 24 el of distilled vyvelohexanone.  Part of the solveat (30
ml) was distitled ta remave traces of water.  Alnminum iso-
prapuxide (2.4 g0 and 200 g0 of chloranil were added, wnd the
mixture was stirred and refinxed tar 1 hee It was dilintesh with
ether nnd wasled with 5", sodium by droxide solution until eolnr-
less washings were abtained, then with water. The urganie
lnyer was evapirated. then steam distilled to remave the exeess
evelnhexanone, A shightly vellow residne (2 g was abtained
which was purificdd vm o colinnn of alumina <Woelnt ITH. Petr-
letmn ether~benzene 4:1 aud 1:1% ehied ervstalline fistetions
c1.283 g which were rearvstallized fram ether ta give 0813 g, of
IVdop. TR TG identienl withoaa authentic snaaple#
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The addition of phenyhuagnesiim bromide to pregnane-3,11,20-trione 20-ethylene ketal (I11) yielded hoth

epimerie aleohols, which were separated and characterized.

After removal of the protective ketal, a series of

3-phenyl substituted pregnane-11,20-diones was prepared, none of which showed any aldosterone antagonisi

aetivity.

The observation that steroids possessing a spirono-
lactone function at C-17 are able to iuhibit competi-
tively! the mineral-corticoid activity of aldosterone re-
vealed an entirely new field of pharmacological interest.
However, i the interval since the original disclosures,?
no clinically useful activity-enhancing groups have
been found although much work has beeu expended in
that direction.® This disappointing pheunomenon has
provided the impetus for a search for other compounds
also capable of exerting the same biological funetion.

The proposition that lactoues are uniquely capable of
inhibiting the action of aldosteroune seems untenable,
e.g., this activity is also well documented for progester-
one.* In addition a low order of activity has been

(1) . M. Kagawa, J. A, Cella, and C. G. Van Arman, Science, 126, 1015
11ha7).

(2) {a) 1. A, Cella and C. M. Kagawa, J. Am. Chem. Soc., T9, 4808 (1957):
by JJooAL Cella and R. C. Tweit, J. Org. Chem., 24, 1109 (1959).

{31 fa) J. AL Cella, E. A. Brown, and R. R. Burtner, ibid., 24, 743 (19449);
dy . Ao Brown, R. D. Muir, and J. A. Cella, 1bid., 25, 96 (1960); () 8.
Kaufinann, ibid., 26, 5197 (1961).

74) (a) R. L. Landan amil K. L. Lugitibl, J. Clin. Endevrivel, Meh,,
18, 1237 (1938); () It P. Jorgensen arnl P. Lilersen, Acta Meal. Sruvd..
168, 51 (1460).

claimed for numerous other steroids”  Accordingly,
the possibility that the activity of a derivative other
than a lactone might be enhanced by the application of
classical antinetabolite concepts® was examined. In
particular, it was felt that increasing the “hack-side
bulk” of progesterone might lead to an iuteresting
aldosterone antagouist. The synthesis of such a coni-
pound, 3a-phenyl-33-hydroxypregnane-11,20-dione
(Va) is the subject of this paper.

The acid-catalyzed reaction of cthylene glyeol with
na-acetoxypregnane-11,20-dione resulted i1 hydrolysiz
of the acetate funectionality as well as ketal formation
to give the previously deseribed I Oxidation
readily afforded the desired substrate (I111) for the addi-
tion of pheuylinagnesinia bromide. As expected, the

13 () A, AL Datehen, FoHotfiman, F. I Giarrusso, H. Sebiwan, and G L
Arth, J. Crg. Chem., 27, 3822 {W862); (h) R. Nelier, Cli. Meystre, aml AL
Wettstein, Helv. Chim. Acta, 42, 132 (1054); (¢) T. Nakao, K. liraga. T
Raitn, and Y. Muoragann, Acta FKmlonrinol. Sapnl. 81 [First Incernational
Congriss uf Fndoerinobogy. Capenbagen), Session [1Ih, No.o 04 11060).

8) D. W, Wooley, A Soply of Antietabalites” ol Wiley & Rons,
e, New York, NO Y. 1850

7)1 . Rosenkranz, J. Patakic and Co Djevassi, J. Gy Chen 17, 20D
11942).



