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and crystallization of the fractions eluted with benzene- 
ether (1: l  and 1:3)  from acetone-hexane furnished 0.58 g. 
(13%) of the diacetate I I Ib  as large shiny plates with m.p. 
213-217" (Kofler, finely ground). The analytical sample 
was crystallized from acetone-ether or methanol and ex- 
hibited m.p. 218-220" (Kotler, finely ground), Amax. 237 mp, 
log e 4.22, ~2::'~ 1736, 1718, 1700 and 1686 cm.-' and free 
hydroxyl band. 

Anal. Calcd. for ClsHs20s: C, 65.20; H, 7.01. Found: 
C, 64.79; H ,  7.16. . .  

A4-Pregnene-2a,17a,21-triol-3,1 1,2O-trione (2a-Hydroxy- 
cortisone) (IVb).-A solution of 152 mg. (2.5 equivalents) 
of potassium hydroxide in a few drops of water was added 
to a suspension of 500 mg. of the diacetate I I Ib  in 40 cc. of 
ice-cold methanol and the mixture was stirred a t  room tem- 
perature for 1 hour under nitrogen. The resulting solution 
was acidified with 1 cc. of acetic acid and evaporated to dry- 
ness under vacuum. The residual oil was diluted with sat- 
urated ammonium chloride solution, the product was ex- 
tracted with chloroform and chromatographed on 25 g. of 
silica. The solid fractions eluted with ethyl acetate on 
crystallization from acetone-ether afforded 185 mg. of 201- 
hydroxycortisone as small plates with m.p. 234-236" (intro- 
duced a t  azo"), [a]D f202', MD 4-760, Amx. 237 mp, log 
t 4.21, v::;' 1700 and 1670 em.-' and free hydroxyl band. 

Anal. Calcd. for CZIHBO~: C, 67.00; H, 7.50. Found: 
C, 66.42; H,  7.61. 

A4-Pregnene-2a, 17a,21-triol-3,11,20-trione (2a-Hydroxy- 
cortisone) Triacetate (VIb).-A solution containing 1.3 g. of 
cortisone 17,21-diacetate (Vb)K and 2.2 g. (1.5 equivalents) 
of lead tetraacetate (90% pure) in 50 cc. of C.P. acetic acid 
and 0.8 cc. of acetic anhydride was heated on the steam-bath 
for 5 hours. Addition of water, isolation with ether, crys- 
tallization of the product from acetone-hexane and chro- 
matography of the mother liquors on alumina furnished a 
tota: of 0.33 g. (22%) of the triacetate VIb with m.p. 231- 
233 . The analytical specimen showed m.p. 243-244", 
[a]D t103", MD +517, A,,,. 237 mp, log c 4.21, v:::'' 
1736, 1718, 1700 and 1686 ern.-'. no free hvdroxvl band. 

Anal. Calcd. for C27HstOo: C; 64.63; H, 6.&. Found: 
C, 64.21; H,  6.68. 
A'-Androsten-2a-ol-3,17-dione Acetate (VIII). (a) From 

6-Bromo-A4-androstene-3, 17-dione (E) .-A solution of 3 
g. of 6-bromo-A4-androstene-3,17-dione* and 12 g. of anhy- 

drous potassium acetate in 75 cc. of acetic acid was refluxed 
for 4 hours, cooled and poured into water. Isolation with 
ether and crystallization of the product from acetone-hexane 
afforded 0.58 g. (20%) of the 2a-acetoxy compound VI11 
with m.p. 200-203'. The analytical specimen exhibited 
m.p. 209-210", [ a ] D  +146', M D  +502, Amax, 241, log 6 4.21, 
Y ~ ~ ~ ' '  1736 and 1684 cm.-l. 

Anal. Calcd. for Cg1Hz8Oa: C, 73.23; H ,  8.19. Found: 
C, 72.97; H, 8.41. 

(b)  From 2-Bromo-A4-androstene-3, 17-dione (VII).-The 
acetolysis reaction was carried out with 1 .O g. of 2-bromo-A4- 
androstene-3,17-dione' and 4 g. of potassium acetate in 25 
cc. of acetic acid (refluxing for 4 hours). Crystallization 
of the product from ether-pentane furnished 0.12 g. (:3'%) 
of the 2a-acetoxy compound VIII with m.p. 201-204 . A 
further purified sample (m.p. 208-210°) was shown to be 
identical with one prepared by method a as evidenced by 
mixture m.p. determination and infrared comparison. 

Saponification of 2a-Hydroxytestosterone Diacetate.- 
The complete saponification2d of 2a-hydroxytestosterone di- 
acetate has been repeated with potassium carbonate in 
boiling aqueous methanol. The carefully purified product 
showed m.p. 170-171.5', [ a ] ~  4-120" (reportedad m.p. 

A partial saponification a t  C-2 was carried out by adding 
an ice-cold solution of 1.8 g .  of potassium hydroxide in 2 cc. 
of water and 10 cc. of methanol to a suspension of 5.0 g. of 
2a-hydroxytestosterone diacetate in 100 cc. of ice-cold 
methanol. After 15 minutes stirring a homogeneous solu- 
tion resulted, but the product then began to precipitate. 
After being allowed to stand a t  room temperature for a 
further 1 hour, the mixture was acidified with acetic acid, 
concentrated nearly to dryness and diluted with water. The 
precipitate on crystallization from acetone furnished 1.96 g. 
of 2a-hydroxytestosterone 17-monoacetate with m.p. 228- 
230°, Amex 240 mp, log e 4.22, Y~?:I 1718 and 1670 cm.-' 
and free hydroxyl band.10 

Anal. Calcd. for CtlHsaOa: C, 72.80; H, 8.73. Found: 
C, 72.52; H, 8.73. 

161-162", [a]D f120'). 

(IO) R. L. Clarke, K. Dobriner, A. Mooradian and C. 31. Martini 
[cf. THIS JOURNAL, in press] have kindly informed us that they have 
obtained this compound (m.p. 221-226") by potassium bicarbonate 
saponification of the diacetate. 
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17-Nor-desoxycorticosterone (IVb), a substance exhibiting ca. twice the mineralcorticoid activity of desoxycorticosterone, 
has been synthesized by two routes. 

It has recently been shown that removal of the 
C-19 methyl group from proge~terone,~ from 17- 
ethinylte~tosterone~ and from 17-methyltestoster- 
one5 in all cases results in increased hormonal ac- 
tivity. On the other hand, removal of the C-19 
methyl group from testosterone considerably de- 

(1) Paper LX, G .  Rosenkranz, 0. Mancera and P. Sondheimer, THIS 
JOWRNAL, 77, 145 (1955). 

(2) A preliminary announcement of part of this work has been pub- 
lished [A.  Sandoval, L. Miramontes, G. Rosenkranz, C. Djerassi and 
F. Sondheimer, ibid., 7 6 ,  4117 (1953)l. 
(3) (a) Universidad Nacional Autdnoma de Mexico; (b) Wayne 

University: ( c )  Syntex, S. A. 
(4) C. Djerassi, L. Miramontes and G. Rosenkranz, THIS JOUR- 

NAL, 75,  4440 (1953). 
(5) C. Djerassi, L Miramontes, G. Rosenkranz and F. Sondheimer, 

ibid., 76, 4092 (1954). 

creases the androgenic activity.6" It was there- 
fore of interest to make available for biological 
testing the C-19 nor-analogs of the adrenal cortical 
hormones, especially since i t  had been reported by 
Ehrenstein8 that an amorphous 19-nor-desoxycorti- 
costerone acetate isomer, obtained by degradation 
of strophanthidin, was biologically inactive. We 
now report upon the synthesis by two routes of 19- 
nor-desoxycorticosterone (IVb) , which possesses the 
same configuration a t  all asymmetric centers as 
does desoxycorticosterone. 

The first route utilized the previously described 
(6) A.  J. Birch, A n n .  Refits. Prop. Chem. (Chem. Soc. London), 47, 

(7) A. L. Wilds and N .  A. Nelson, THIS JOURNAL, 75,5366 (1953). 
(8) M. Ehrenstein, J .  Org. Chem., 9, 435 (1944). 

210 (1950). 
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19-nor-17-ethinyltestosterone (I)6 as starting ma- 
terial. Partial hydrogenation in pyridine solution 
over a palladium-calcium carbonate catalysts 
smoothly yielded 19-nor-l7-~inyltestosterone (11). 
The latter compound was hydroxylated with os- 
mium tetroxide to the triol IIIa,’O which without 
purification was acetylated to IIIb and then sub- 
jected to a Serini reaction with zinc dust in boiling 
toluene solution. l1 The crystdine product, read- 
ily isolated by chromatography on alumina, was as- 
signed the 19-nor-desoxycorticosterone acetate 
structure IVa by analogy with the 19-methyl ser- 
ieslla and this assignment was confirmed by the ele- 
mental analysis, the infrared spectrum,le the posi- 
tive reaction with triphenyltetrazolium chloride13 
and the rotation (see below). Saponification with 
potassium bicarbonate a t  room temperature pro- 
duced 19-nor-desoxycorticosterone ( I n ) .  

Since the use of osmium tetroxide was undesir- 
able, an alternative synthesis of IVa was carried 
out by a route which involved construction of the 
side-chain from the corresponding 17@-carboxylic 
(9) Cf. L. Ruzicka and P. Muller, Hdu.  Chim. Acta, 11, 766 (1989). 
(10) Cf. A. Seriniand W. Logemann, Bcr.,71,1362 (1938). 
(11) l n f c r  al .  (a) A. Serini, W. Logemann and W. Hildebrand, ibdd., 

72, 391 (1939); (b) C. Djerassi and C. R. Scholz, TRIS JOURNAL, 71, 
3962 (1949). 

(12) The spectrum showed bands at 1744 and 1718 cm.- l  (in 
chloroform), indicative of a 2l-acyloxy-2O-ketone [ c j .  R. N. Jones, 
V .  2. Williams, M. J. Whalen and R. Dobriner, TRIE JOVRNAL, 70, 
2024 (1948)l. 
(13) This test is specific for 21-hydroxy-2O-keto and 21-acyloxy- 

20-keto steroids Id. A. Zaffaroni, “Recent Progrus in Hormone Rc 
search,” Academic Press Inc.. New York, N. Y.,  Vol. VIII, 1059, p. 771. 

X P  a , R = O H  
b , R - O M e  
c ,  R = C I  
d ,  R=CHNZ 

acid. The key intermediate in this sequence was 
methyl 3-hydroxy-AJa 3,5(10)-estratriene- 17-P-carbox- 
ylate (XIa), a compound which had previously 
been prepared from methyl 3-keto-5a-etianate v i a  
methyl 3-keto-A1p4-etiadienate (XII) . llb, l4 We had 
available a quantity of methyl 3-keto-A4-etienate 
(V) and have now prepared XIa from this substance 
through bromination to the 2,g-dibromide VI, colli- 
dine dehydrobromination to the trienone VII, pyro- 
lytic aromatization to the tetraene phenol X and fin- 
ally catalytic hydrogenation. lli The structure of 
the intermediate methyl 3-ket0-A~#~p~-etiatrienate 
(VII) was confirmed by the typical triple maxima 
(at 222, 254 and 296 mp)16 in the ultraviolet and 
by carrying out the dienone-phenol rearrangement 
with $-toluenesulfonic acid in acetic anhydride to 
yield the 1-methyl-3-acetoxytetraene (VIII), which 
was hydrogenated to the 1-methyl-3-acetoxytriene 
(IX).16 As expected, the last-mentioned com- 
pound differed from a substance (obtained by di- 
enone-phenol rearrangement of the dienone XII) 
to which structure IX had previously been as- 
signed,14 but which is now known to be the corre- 
sponding 1-acetoxy-4-methyl isomer.*’ 
(14) C. Djerassi and C. R .  Scholz, TEIS JOURNAL, 69, 2404 (1947). 
(15) Cf. S. Kaufmann, J. Pataki, G. Rosenkranz, J. Romo end C 

Djcrassi,ibid., 71, 4531 (1950); C. Djerassi, G. Rosenkranz, J ,  Romo. 
S. Kaufmann and J. Pataki, i b i d . ,  71, 4534 (1960). 
(16) Cj.  C. Djerassi, G .  Rasenkranz, J.  Romo, J .  Pataki and S. Rauf- 

maon, ( b i d . ,  7S, 4640 (1960). 
(17) R .  B.  Woodward and T .  Singh, ibdd., 71, 494 (1950); R. 8 .  

Woodward, H. H. Inhoffen, H. 0. Larson and K.  H. Menzel, Bur., 86, 
594 (1968); A. 6. Drciding and A. Voltman, THIS JOURNAL, 76, 587 
(1954). 
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The phenol XIa was converted to the methyl 
ether XIb, l lh  which was then subjected to a modi- 
fied Birch reduction with lithium in liquid ammo- 
n k 7  Acid hydrolysis7 of the resulting crude ether 
XI11 produced 1 7/3-hydroxymethyl-A4-estren-3-one 
(XIV), a Bouveault-Blanc reduction of the car- 
boxymethyl side-chain having occurred in addition 
to reduction of ring A. Oxidation of the primary 
alcohol grouping of XIV was brought about by 
means of chromic acid i n  acetic acid and produced 
the required keto acid XVa, further characterized 
as its methyl ester XVb. Finally the 17-carboxyl 
group of XVa was transformed to the 21-acetoxy- 
20-ketone system via the acid chloride XVc and the 
diazoketone XVd, exactly as described in the 19- 
methyl series.'* The resulting 19-nor-desoxycorti- 
costerone acetate (IVa) proved to be identical in 
every respect with that prepared by the first 
method. l9 

In  Table I the molecular rotations ([MID) of a 
number of steroidal hormones are compared with 
those ([MI","') of the corresponding 19-nor analogs. 
I t  can be seen that the contribution of the C-19 
methyl group ([MID - [MI","') lies in the range + 150 to +200 in all cases (cf. reference 7 ) ,  includ- 
ing that of desoxycorticosterone acetate. 
Xs reported in our preliminary communication,2 

19-nor-desoxycorticosterone (IVb) was found to be 
ca. twice as active as desoxycorticosterone on being 
assayed for its mineralocorticoid activity by the 
method of Simpson and TaiLZ0 

TABLE I 
MOLECULAR ROTATION DATA OF C-19 NOR HORMONES' 

[MID - 
[MID IMINO"' [MI%' 

Testosterone +314b +151' +163 
17-Methyltestosterone +248c + 86' +162 
17-Ethinyltestosterone +122''d - 75' +197 
Progesterone +640b +441' +199 
Desoxycorticosterone acetate +692* $537' + 155 

a Rotations were determined (at 20') in chloroform solu- 
tion, unless stated otherwise. * F. Sondheimer, S.  Kauf- 
mann, J. Romo, H. Martinez and G. Rosenkranz, THIS 
JOURNAL, 75, 4712 (1953). Determined in these labora- 
tories. Determined in chloroform containing 10% of pyri- 
dine, due t o  insolubility in chloroform. e This paper. 

E x p e r i m e n t a l 2 1  
19-Nor-l7~~-vinyltestosterone (11) (With L. Miramontes). 

-A solution of 1.82 g. of 19-nor-17a-ethinyltestosterone 
(1)s in 45 cc. of pyridine was shaken in hydrogen with 0.6 g. 
of a 5% palladium-on-calcium carbonate catalyst at atmos- 

(IS)  A.  L. Wilds and C. H.  Shunk. THIS JOURNAL, T O ,  2427 (1948). 
(19) I t  is of interest that several transformations involving the side- 

chain of steroids containing the 19-nor-Ad-3-ketone system (e. #., 
I1 -. IVa, XVa - IVa) proceeded in considerably poorer yield than 
the analogous transformations carried out with the corresponding 19- 
methyl compounds. The reduced yields in the nor series may be due 
t o  the greater reactivity of the A4-3-ketone system when it is not 
shielded by the 19-methyl group. 

(20) S. A. Simpson and J. F. Tait, E ~ ~ O C ~ O ~ O E Y ,  10, 150 (1952). 
We would again like to express our thanks t o  these workers for carrying 
out this assay. 

(21) Melting points are uncorrected. Rotations were measured 
(at 20') in chloroform and ultraviolet absorption spectra in 95% 
ethanol solution. Thanks are due t o  Mrs. P. Lopez for these deter- 
minations, as well as for the infrared spectra which were measured 
in chloroform solution on a Perkin-Elmer 12C single beam spectro- 
photometer with sodium chloride prism. We would also like t o  
thank Mrs. A Gonzalez for the microanalyses and Miss N. Monroy for 
her skillful technical assistance. 

pheric pressure and room temperature. After 90 minutes 
1 mole of gas had been absorbed and the uptake had become 
slow. The catalyst was removed, the so 
rated in vacuo and the residuc was dissolvrc 
Washing with dilute hydrochloric w i d ,  sodium bicarbonata 
and water, drying, evaporation and final 
from ethyl acetate furnished I .42 g. of the 
compound with m.p. 169-170°, [ ~ I D  $25".  A,,,,, 2Ul inp, 
log E 4.23, vmsx. 1668 crn:-l : r i d  free hydroxyl bdiiil. 

.4naZ. Calcd. for C20H2801: C, 79.95; H,  9.39. Found: 
C, 79.64; IH, 9.27. 

19-Nor-desoxycorticosterone Acetate (IVa) from 11.-A 
solution of 1 .07 g. of 19-nor-17a-vinyltestosterone (11) a n d  
0.91 g. (1 equivalent) of osmium tetroxide in 100 cc. of dry 
ether containing 4 drops of pyridine was allowed to  stand 
a t  room temperature for 60 hours. The solvent was evap- 
orated and the residue was refluxed for 9 hours with 7 g. of 
sodium sulfite in 25 cc. of ethanol and 50 cc. of water to de- 
compose the complex. The filtered solution was thoroughly 
extracted with ether and ethyl acetate and the organic er- 
tracts were dried and evaporated. The residue (Amax, 240 
mp. log t 4.21), consisting of the crude triol IIIa,  was acetyl- 
ated by being heated on the steam-bath with 12 cc. of pyri- 
dine and 8 cc. of acetic anhydride for 30 minutes. The re- 
sulting crude diacetate IIIb was then refluxed with 18 g. of 
zinc dust in 200 cc. of dry toluene for 65 hours with stirring. 
The metal was removed by filtration, washed well with hot 
toluene and the filtrate was evaporated to  dryness in VUCUO.  
Chromatographic purification of the residue on 50 g. of 
neutral alumina and crystallization of the fractions eluted 
with benzene-hexane ( 2 : 3  and 1 : 1) from acetone-ether af- 
forded 0.18 g. of 19-norde2oxycorticosterone acetate wit11 
m.p. 173-174", [ a ] ~  +I50 , x,.~. 240 mp, log E 4.24, vmax. 
1744, 1718 and 1668 cm.-', no free hydroxyl band. The 
color test with triphenyltetrazolium chlorideT3 was positive. 

Anal. Calcd. for CnzHao04: C, 73.71; H, 8.44. Found: 
C, 73.88; H, 8.23. 

19-Nor-desoxycorticosterone ( I n )  (With J. Iriarte) .-A 
solution containing 40 mg. of the acetate IVa and 80 mg. 
of potassium bicarbonate in 15 cc. of distilled water and 20 
cc. of methanol was allowed to stand at room temperature 
under nitrogen for 20 hours. Addition of water, extraction 
with chloroform and crystallization from ether furnished 
25 mg. of 19-nor-desoxycorticosterone with m.p. 131-132", 
Xmsx. 240 mp (log t 4.24). The material was shown to be 
homogeneous by chromatography on paper (kindly carried 
out under the direction of Dr. A. Zaffaroni), which showed 
its polarity to  be very similar to  that of desoxycorticosterone. 

Methyl 2,6-Dibromo-3-keto-A4-etienate (VI).-A solu- 
tion of 10 g. of methyl 3-keto-A'-etiocholenate (m.p. 128- 
130") in 500 cc. of dry ether was cooled in ice and a few 
drops of 4 N hydrogen bromide in acetic acid were added. 
A solution of 10 g. of bromine in 50 cc.of acetic acid was then 
added dropwise at the rate at which decolorization occurred. 
The mixture was stirred for a further 10 minutes and the 
precipitated dibromo compound was removed by filtration 
and washed well with water. The product, when com- 
bined with a further quantity obtained from the filtrate b!- 
washing with water, drying, evaporation and trituratiori 
with ether, weighed 12.3 g. (83%) and showed m.p. 171- 
173". Crystallization from acetone-ether led to the ana- 
lytical sample with m.p. 179-180", [ a ] ~  +10io,  Xmax 250 mp 

Anal. Calcd. for Cz1Hz8O3Br2: Br, 32.78. Found: Br, 
32.37. 

Methyl 3-Keto-A1,4se-etiatrienate (VII) .--A solution of 6.6 
g. of the dibromo compound VI (m.p. 171-173') in 35 cc. of 
dry, redistilled collidine was refluxed for 1 hour and was 
then cooled in ice. The precipitated collidine hydrobromide 
(4.95 g., 91%) was collected and washed well with ether. 
After the usual work-up, concentration of the ether extra$ 
furnished 2.75 g. (62%) of the trienone with m.p. 166-168 . 
Crystallization from acetone-ether yielded a sample with 
m.p. 176-177', [a]D +98", xUx 222 mp (log e 4.15), 254 
mp (log e 4.08) and 296 mp (log e 4.20), vmsx 1718 and 1656 
ern.-'. 

Anal. Calcd. for C Z ~ H ~ ~ O ~ :  C, 77.27; €I, 8.03. Found: 
C, 77.16; H, 8.21. 

Methyl I-Methyl-3-a~etoxy-A~J~~(~0)~~-estratetraene-178- 
carboxylate (VIII).-A solution of 1 g. of the trienone VI1 
and 0.2 g. of p-toluenesulfonic acid in 50 cc. of acetic anhy- 

(log €4.17). 
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dride was heated on the steam-bath for 4 hours. Addition 
OF water, extraction with ether and crystallization from 
acetone yielded 0.64 g. of the tetraene VI11 with m.p. 185- 
186' (Kofler block), [ D I D  -SO", Amax. 224 mp (log e 4.43) 
and 264 mp (log c 3.90), vmex. 1736 and 1718 cm.-'. 

Anal.  Calcd. for C&2804: C, 74.97; H, 7.66. Found: 
C, 75.34; H ,  7.87. 

Methyl l-Methyi-3-aceto~y-A~~~~~(~~~-estratriene-l7~-car- 
boxylate (IX).-The tetraene VI11 (0.25 9.) dissolved in 
10 cc. of ethyl acetate was hydrogenated over 0.1 g. of a 5% 
palladium-on-charcoal catalyst at 24' and 582 mm. Crys- 
tallization of the product from acetone furnished 0.20 g. of 
the triene IX with m.p. 151-152', [ a ] ~  +195", Xmsx. 270 
mp (log e 2.54), vmSx. 1736 and 1718 cm.-l. 

Anal. Calcd. for CzaH3oO4: C, 74.56; H, 8.16. Found: 
C, 74.92; H, 8.44. 

Methyl 3-Hydroxy-A*~*~~~i~~~a-estratetraene-l7~-carboxy- 
late (X).-A solution of 3 g. of the trienone VI1 in 250 cc. 
of mineral oil was dropped a t  a rate of 2 cc./sec. through 
a glass tube (32 X 3 cm.) filled with Pyrex helices and heated 
to 600'.22 Chilling the resulting solution in ice, collecting 
the precipitate and washing with hexane furnished 1.47 g. 
of the phenol X with m.p. 201-203'. Sublimation of a 
sample at 180' (10-8 mm.), followed by crystallization fro? 
methanol, led to  the analytical specimen, m.p. 206-207 , 
[ a ] D  -69', Amax, 222 mp (log c 4.48), 264 mp (log e 3.95) and 
302 m p  (log e 3.42), Y ~ . .  1718 cm.-l and free hydroxyl band. 

Anal. Calcd. for C Z ~ H ~ ~ O ~ :  C, 76.89; H, 7.74. Found: 
C, 77.18: H ,  7.99. 

Methyl 3-Hydroxy-A1~~~s~~io~-estratriene-l7j3-carboxylate 
(XIa).-Hydrogenation of 1.5 g. of the tetraene X in 50 cc. 
of ethyl acetate over 0.15 g. of a 5% palladium-on-charcoal 
catalyst a t  22" and 584 mm., followed by crystallization of 
the product from acetone-ether, yielded 1.29 g. of the triene 
XIa, m.p. 216-219', [ a ] ~  +108', Am.. 280 mp (log e 3.38), 
vmX. 1718 cm.-l and free hydroxyl band. Identity with 
an authentic specimen (m.p. 217-219'),11b prepared from 
methyl 3-keto-Ai*4-etiadienate (XII) ,  was established 
through mixture m.p . determination and infrared compari- 
son. 

17j3-Hydroxymethyl-A4-estren-3-one (XIV).-The phe- 
nolic methyl ester XIa was converted to  the methyl ether 
XIb  (m.p. 159-162') with methyl sulfate, as described pre- 
viously.lib To a solution of 10 g. of XIb in 800 cc. of anhy- 
drous ether was added 1 1. of liquid ammonia, and then 15 
g. of lithium wire during the course of 20 minutes. The 
mixture was stirred for a further 30 minutes, 200 cc. of ab- 
solute ethanol was added slowly, and the solvents were 
allowed to  evaporate overnight a t  room temperature. 
Addition of water to the residue yielded the crude ether XI11 
as a solid, which after collection, washing with water and 
drying weighed 9.6 g. and showed m.p. 114-117', no appre- 
ciable absorption a t  280 mp. This material, dissolved in 480 
cc. of methanol and 290 cc. of 3 N hydrochloric acid, was 
heated a t  60' for 30 minutes. Addition of water, isolation 
with ether and crystallization from acetone furnished 4.1 g. 
of the unsaturated ketol XIV with m.p. 129-131', Amax. 240 
mp (log c 4.24). Chromatographic purification of the mother 
liquors on neutral alumina furnished another 0.5 g. with 
m.p. 130-132' (total yield 52%). The analytical sample 
was obtained by crystallization from methanol or chloro- 

(22) Thanks are due to Mr. Humberto Flores for carrying out this 
pyrolysis. 

form-ether and exhibited m.p. 138-139', [ a ] ~  4-57', Xmax 
240 mp (log e 4.23), vmaX. 1660 cm.-'and free hydroxyl band. 

Anal.  Calcd. for Cl8Ha02: C, 79.12; H ,  9.78. Found: 
C, 79.47; H, 9.94. 

In some experiments it was found difficult to crystallize 
the unsaturated ketol XIV directly. In those cases the 
product from the acid hydrolysis was subjected to a Girard 
separation; the ketonic fraction could then be easily crystal- 
lized and furnished XIV in yields comparable to that re- 
ported above. 

A4-Estren-3-one-17~-carboxylic Acid (XVa) .-A solution 
of 0.26 g. of chromium trioxide in 5 cc. of acetic acid contain- 
ing a Few drops of water was added dropwise during 10 miii- 
utes to a stirred solution of 1 g. of the unsaturated ketol 
XIV in 40 cc. of acetic acid, kept a t  20'. After being 
allowed to stand overnight, the solution was poured into 
water and the resulting precipitate was collected, washed 
well with water and treated with 10% potassium hydroxide 
solution. Neutral organic products were removed by ex- 
traction with chloroform and the aqueous layer was acidi- 
fied with dilute hydrochloric acid. The precipitated keto 
acid XVa, after collection, washing with water and drying, 
weighed 0.72 g. and showed m.p. 240-245'. A sample was 
crystallized from chloroform and then exhibited m.p. 256- 
259', Amx. 240 rnp (log e 4.23). 

Anal. Calcd. for CloHzsOI: C, 75.46; H, 8.67. Found: 
C, 75.66; H, 8.77. 

The methyl ester XVb, prepared by treating the acid in 
chloroform solution with diazomethane, was crystallized 
from aqueous acetone and showed m.p. 105-106°, Amax. 240 
mp (log c 4.24), vmdX. 1718 and 1660 cm.-l. 

Ana2. Calcd. for C I O H ~ O ~ :  C, 75.91; H,  8.92. Found: 
C, 75.75; H, 8.87. 

19-Nor-desoxycorticosterone Acetate (IVa) from XVa.- 
A solution of sodium hydroxide (14 cc., 0.109 N) was slowly 
added to  a stirred suspension of 49? mg. of the keto acid 
XVa in 15 cc. of methanol kept a t  0 . The solvent was re- 
moved in vacuo a t  room temperature and the residue was 
dried at 20' and 0.1 mm. for 18 hours. The resulting sodium 
salt was powdered under 15 cc. of dry ether, cooled in ice 
and then treated successively with 2 drops of pyridine and 
2 cc. of freshly distilled oxalyl chloride. After 3 hours a t  O', 
the mixture was evaporated to dryness in vacuo a t  room 
temperature. Dry benzene (4 cc.) was added, the solvent 
was evaporated at 20' in  vacuo, and the process was re- 
peated twice more. The resulting acid chloride XVc was 
then treated with 4 cc. of dry benzene, sodium chloride was 
removed by filtration and the filtrate was added with stirring 
to an ethereal solution of diazomethane (from 5 g. of nitroso- 
methylurea) a t  -20'. The solution was kept a t  0" for 1 
hour, the solvent was evaporated in vacuo and the crude 
amorphous diazo ketone XVd was refluxed directly with 20 
cc. of acetic acid for 3 minutes. Water was added to the 
cooled solution, the product was extracted with ether in the 
usual way and then was chromatographed on 20 g. of neu- 
tral alumina. Elution with benzene-hexane furnished 
crude 19-nor-desoxycorticosterone acetate [ 176 mg., m:p. 
153-159', Am.x. 240 mp (log e 4.23)]. One crystallizatlon 
from aqueous acetone yielded 80 mg. with m.p. 162-166", 
and further crystallization led to a sample with m.p. 172- 
173", identified with the above described material by mix- 
ture m.p. determination and infrared comparison. 
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