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Steroid Amines. Fungicides Derived from A5-3P-Hydroxybisnorcholenic Acid 
(Fernholz Acid) 

BY HERSHEL L. HERZOG, CONSTANCE c. PAYNE* AND E. B. HERSHBERG 
RECEIVED APRIL 21, 1955 

Several amines, and their quaternary derivatives, prepared from ~6-3~-acetoxybisnorcholenic acid, have been found t o  
possess the ability t o  inhibit the growth of Candida albicans. 

The preparation and antimicrobial effects of a 
number of aminosteroids have been reported. m-ebb 
and co-workers,l and Dodgson and Haworth2 pre- 
pared derivatives of bile acids and cholesterol, none 
of which was especially effective either as antibac- 
terial agents1 or as amoebicides2 Barnett, Ryman 
and Smith synthesized some amino derivatives of 
cholesterol with appreciable antibacterial proper- 
ties3 Kull and co-workers4 have described the 
action of several amino pregnenes and aminoandro- 
stenes against a wide variety of microorganisms. 
2O-Amino-3P-hydroxy-5-pregnene hydrochloride 

-K 

TABLE I 

Fernholz acid, according to the method (I + 111) 
elaborated in the next paragaph. They reported 
no microbiological studies. 

Prior to the report of Louw5 we prepared a group 
of amines from A5-3~-acetoxybisnorcholenic acid 
which inhibit the growth of Candida albicans a t  low 
concentration. A5-3@-Acetoxybisnorcholenic acid 
(I)  which is available through the ozonolysis of 
stigmasteryl acetate,6 has been converted, by treat- 
ment with thionyl chloride, into the corresponding 
acid chloride which, with the appropriate second- 
ary amine, afforded an amide I1 (Table I). Reduc- 

CHs-CH-C-R 
I II 

Carbon, % Hydrogen, 5% 
rml1., o c .  [ a ] z a D  (CHCh) Calcd. Found Calcd. Found 

-X(CHB)~  238-240 
-S(C&)z 174-175 
-N(n-CaH,) 2 152- 153 
-S( CHzCHzOH)? 230.5-231 

4-1 2 12-2 14 

-35.8' 
-16.0" 
-29.0 
-24 ,2  

-38.5 

-39.5 

-- 75.13 i a .  00 
75.80 75.81 
76.38 76.71 
70. 70 70.78 

76.15 '76.32 

76.44 76. 40 

9.94 
10.22 
10.47 
9.54 

9.81 

0.95 

10.01 
9 .99  

10.42 
9 .31  

9.67 

9 .67  

-36.4 

-34.2 

76.71 76.82 

76.71 76. 67 

10.08 

IO. 43 

rCHzCH2i 
- s 0 232-238 -37.9 73.48 73.64 9.47 9.23 

'CHZCHZ' 
CH3 
I 

182-184 + 0 . i  --S-CGH;~ 
a I n  methyl alcohol. 

and :Gketo-%l-( l-piperidyl)-A4,17-pregnadiene hy- 
drochloride were effective in inhibiting the growth 
of Candida albicans a t  concentrations of 10 mg. 
The remaining steroids displayed less pronounced 
activity. Louw, Backer and Stratings reported 
recently the preparation of A5-3P-hydroxy-22- (K,N- 
diethylaminol-bisnorcholene and the correspond- 
ing dimethylamino compound, both derived from 

* Deceased, January 19, 195;. 
(1) 3 2 .  Webb, et al., J .  Chem. Soc., 66: (1946): 2767 (1951). 
( 2 )  D. P. Dodgson and R. D .  Haworth,  ibid., 67 (1952). 
( 3 )  J.  Barnet t ,  B. Ryman  and F. Smith, ib id . ,  524, 526, 528 (1946). 
(4) I>. C .  Kull, e t  a i . ,  J .  I n w s i .  Dermaiol . ,  21, 227 (1953); see also 

K .  A .  XIicheli and C. K ,  Bradsher. THIS JOURNAL, 77, 4788 (19.55). 
( 3 )  D .  € 7 .  I,ouw, J .  Strating and H. J .  Backer, Rcc. i i .ar .  c h i ? i i . ,  7 3 ,  667 

(1g.X).  

77.94 78.20 9.07 9.02 

tion of the amide with lithium aluniinuin hydride in 
the conventional way7 yielded the corresponding 
amine I11 (Table II), with attendant loss of the 
acetate group at  C-3. The amine then was con- 
verted to the methiodide IV  (Table 111) in the usual 
way. 

The reduction of the amide from N-methylani- 
line took an unexpected course. Instead of the an- 
ticipated amine there was isolated a neutral sub- 
stance, free from nitrogen, which was shown to be 
A5 - 3/3,22 - dihydroxybisnorcholene.8 Subsequently 

( G )  E. Fernholz, A n u . ,  507, 128 (1933). 
( 7 )  A review of this reaction appears in an  article by V. 3Iicovic and 

32, Mihailovic, . I .  O r g .  Chcm., 18, 1190 (1053). 
(8) A .  V. LIcIntosh, r t  a l . ,  TxIs J O I I R N A I . ,  70, 292; (1<918). 
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CHI-CH-CHg-R 

TABLE I1 

Carbon,  %, Hydrogen, '7c 
R M.P., OC. [ U ] ~ ~ D  (CHCIJ) Calcd. Found Calcd. Found 

HO 

- N( CHI)* 171-172 -14.5' 80.15 80.38 11.49 11.53 
-K(CgHa)g*HCI 326-327 d. C1,8.36 8 .62  S, 3.30 3.27 
- S ( ~ - C ~ H T ) ~ * H C I  302-303 d. - 8.4" Cl,7.86 7 .67  N, 3.10 2.95 
-X( n-C,Hg)g*HCl 274-275 d. - 5.5" CL7.37 7.47 S, 2.92 2 .77  

155-156 -10.8 80.98 81.15 11.24 11.36 

200-201 - 5 . 0  81.14 81.07 11.35 11.23 
-a 

/CHI 
179- 180 - 3 . 3  81.29 81.27 11.45 11.34 

- N ~ - C H ~  192-194 - 2 . 5  81.29 80.95 11.45 11.35 

-S( CHzCH90H) 2 238-245 +23. 4b 74.41 74.00 10.81 10.65 

219-222 - 6 . 0  77.75 78.04 10.79 10.79 

0 In  methyl alcohol. In  ethyl alcohol. 

CH~-CH-CHZ--N--R~ 
I +  1- 

norcholane (V), and was oxidized by the Oppen- 
auer procedure to A4-3-keto-22- [N-piperidinol-bis- 
norcholene (VI). Amines also were prepared from 
cholic acid and A5-3P-acetoxyandrostene- 17P-car- 
boxylic acid. Cholic acid was converted into the 
3,7,12-triformate1' which then was transformed by 
the previously illustrated method to 3a,7a,12a-tri- 
hydroxy-24- [N-piperidino I-cholane methiodide. 11 

-S Rz M.p. ,  o c .  [ U ] z 5 D  Calcd. Found From A5-3P-acetoxyandrostene-1 7P-carboxylic acid, 
-K(CHa)2 298-300 d .  -30.8 (DMF) 25.31 24.96 A5 - 3 P -  hydroxy-17- [(N-piperidino)-methyl]-andr~- 
-N(CzHs)z 245.5-246 d. -22.5 (CHaOH) 23.97 24.43 stene and its methiodide were synthesized similarly. 
-N(n-CaH,)z 235 d .  -21.6 (CHsOH) 22.76 23.03 None of the amides of Fernholz acid possessed sig- 

The amines, on the -Cl 280 d. -22.6 (CHaOH) 24.06 24.43 other hand, were effective a t  low concentrations. 
-K=1> 275-276 d .  - 2 4  . 5  ( C ~ H ~ O H )  23.43 23.77 The most active members of the group, 3P-hydroxy- 

,CHa 22- [N-piperidino I-allobisnorcholane, A5-3P-hydroxy- 
277-278 d. -2G.G (DMF) 22, 84 22, 78 22- [N-piperidinol-bisnorcholene and A5-3P-hydroxy- 

22- [N-pyrrolidino I-bisnorcholene were effective in 
- o C H z  278-279 d.  -27.0 (DMF) 22.84 23.2G inhibiting Candida albicans in the concentration 
- N ( C H ~ C H ~ O H ) ~  277-278 d .  -20.6 ( C z H K W  2 2 . 6 0  22.42 range 0.1-1.0 mg. However, these substances 

269-270 d.' 23.35 22.87 were both toxic and irritating. Several of the 
methiodides retained the activity of the parent 
amines and displayed greatly reduced toxicity. The 
methiodide of A5-3P-hydroxy-22- [N-piperidinol-bis- 
norcholene inhibited Candida albicans in the con- 
centration range 0.25-0.5 mg. % and was relatively 
non-toxic and non-irritating to mucous membranes. 
The quaternaries from cholic acid and A5-3P-ace- 
toxyandrostene-l7P-carboxylic acid possessed much 
lower orders of activity against Candida albicans. 

(10) F. Cortese and  L. Bauman, THIS JOURNAL, 67, 1393 (1935). 
(11) cf. L. F. Fieser and w. Huang, ib id . ,  75, 6306 (1953). 
(12) Inhibition of growth of Candida aZbicnns was determined by 

extent, conventional methods. Various concentrations of t he  compounds 
under tes t  were incorporated in  tryptose agar containing 5 %  serum, 
and after t he  agar had hardened the  surface was streaked with 24-hour 
cultures. Growth was recorded af ter  48 hours incubation at 370. 
Details of the  bacteriological investigation will be published elsewhere. 

G.2:: ~ n ~ ~ ' , ~ ~ s ~ n  ~ ~ d J ; ~ ~ ~ ~ $ k ~ ,  z::::;:; :;'ei;o't z;;,:; 

CH3 
TABLE I11 

Iodine, % 
H 

nificant antimonilial activity. -N(n-C4Hdz 210-211 d. -20.6 (CaHsOH) 21.67 21.32 

- K c >  

- e o  { 275-277 
a Double m.p. 

there appeared the description of a method for the 
preparation of aldehydes from acids involving con- 
version of the acid to the corresponding N-methyl- 
anilide, followed by lithium aluminum hydride re- 
duction with 1/3 to l / ~  mole of reducing agent.g The 
use of a larger excess of reducing agent converted 
the aldehyde to the alcohol, as we observed. This 
abnormal course Of reaction, from conditions de- 
signed to produce the amine, also has been observed 
as the principal reaction path with amides derived 
from pyrrole, indole, carbazole and, to 
tetrahydroquinoline.' 

The amine 111 derived from piperidine (A5-3P- 
hydroxy-22- [N-piperidinol-bisnorcholene) was re- 
duced catalytically to the corresponding allobis- 
(9) F. Weygand, e t  a i . ,  ATtgew. Chem.,  66, Z25 (1953). scription of the  procedure and the  reported activities. 
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Experimental13 
~6-3P-Acetoxybisnorcholenoyl Ch10ride.~4-To a sub- 

pension of 24 g. (0.062 mole) of A6-3p-acetoxybisnorcholenic 
acid (I, Fernholz acid 3-acetate) in 500 ml. of dry benzene 
was added 12 ml. of thionyl chloride and one drop of pyri- 
dine. The resulting mixture was stirred until solution of 
the acid was complete ( ca .  3 hours), whereupon the benzene 
was removed in vacuu a t  30". The residue was dissolved in 
100 ml. of dry benzene and concentrated once again in vacuo 
a t  30'. The crystalline A5-3~-acetoxybisnorcholenopl chlo- 
ride was employed in the succeeding step without further 
purification. 

Amides from A5-3~-Acetoxybisnorcholenoyl Chloride.- 
The acid chloride thus prepared was dissolved in 300 ml. o f  
dry benzene and was treated with 0.155 mole of the appro- 
priate secondary amine. The reaction mixture was allowed 
to stand overnight, and was then washed with water, dilute 
sulfuric acid, dilute sodium carbonate solution and dried over 
anhydrous magnesium sulfate. The dried solution was con- 
centrated with the occasional addition of heptane until 
precipitation from the boiling solution ensued. The re- 
sulting mixture was cooled and the precipitate was removed 
by filtration (the amides from dipropyldmine and dibutyl- 
amine did not crystallize readily from heptane and the resi- 
dues from concentration of the benzene solutions were 
employed in the subsequent reactions without further puri- 
fication). Recrystallization of the amides could be effected 
from methylene chloride -hexane and yields based on I werc 
in the range SO-SO%. 

Amines from Lithium Aluminum Hydride Reduction of 
Amides.-To a suspension of 2.5 g. of lithium aluminuni 
hydride in 100 ml. of anhydrous ether was added a solution 
of 10 g. of amide in 100 ml. of anhydrous tetrahydrofuran 
and the resulting mixture was refluxed with stirring over- 
night. The reaction mixture was cooled and 25 g. of ace- 
tone was added dropu-ise with stirring, followed by 25 ml. 
o f  water. The precipitated alumina was removed by 
filtration with Filter Aid and the precipitate was leached 
several times with methylene chloride. The filtrate and 
methylene chloride extracts were combined, dried and con- 
centrated. Crystallization of the residue was effected from 
methylene chloride-hexane solution in most instances. 
The amines derived from diethylamine, dipropylamine and 
dibutylamine were taken up in dry ether and precipitated 
as hydrochlorides with anhydrous hydrogen chloride. The 
hydrochlorides were recrystallized from ethanol. Yields 
from the reduction were in the range 80-90yo. 

Reaction of Amines with Methyl Iodide .-The amine 
(1.0 g.) was refluxed with 10 ml. of methyl iodide until a 
heavy precipitate formed. The precipitate was redis- 
solved by the addition of methanol and reflux was continued 
for one hour. The solvents mere removed by distillatioil 
and the methiodides were recrystallized from ethanol. 

A6-3P-Ace toxy-22- [N-piperidino] -bisnorcholene .-To a 
solution of 1 .0 g. of As-3P-hydroxy-22- [X-piperidino] -bisnor- 
cholene in 10 ml. of anhydrous pyridine was added 2 ml. o f  
acetic anhydride. The reaction mixture was allowed tri 
stand overnight at room temperature and was then poured 
into ice-water. The resulting precipitate (1.1 8 . )  was re- 
moved by filtration and recrystallized from methylene ChkJ- 
ride-hexane; m.p. 171-172.5", [a]"D -7.8" (CHCls). 
Anal. Calcd. for CggH4702Rr: C, 78.86; H, 10.73. 

Found: C, 78.58; H ,  10.51. 
The methiodide melted a t  288-289' dec., [a]% -28.6 

(ethanol). 
Anal. Calcd. for C30Hs~02SI :  I,  21.75. Found: I ,  21.15. 

3P-Hydroxy-22- [N-piperidino] -all0 bisnorcholane .--To a 
solution of 5 g. of Ab-3P-hydroxy-22- [S-piperidino] -bisnor- 
cholene in 100 ml. of glacial acetic acid was added 1 .O g.  of 
Xdams platinum catalyst and the resulting mixture was 
hydrogenated a t  room temperature and atmospheric prcs- 
sure. When uptake of hydrogen ceased, the catal>-st w3.s 
removed by filtration and the filtrate  vas concentrated in 
vacuo. The residue was refluxed for one-half hour with 200 
ml. of 5yo methanolic potassium hydroxide, whereupon water 
!$-as added and the resulting precipitate was collected on a 

(13) All melting points are corrected .4nalyreh a n d  r,ptical (lata 
were obtained by the  Microanalytical and Physical Chemistry De- 
partments of th r s r  lahoratorirs 

<I-$) ..\ IVettatein, H r I :  C'hi!ii . l t h i ,  24,  311 (1941) .  

filter by suction. The precipitate was maslied well with 
water and recrystallized from methanol. There resulted 

Anal. Calcd. for C??Hd,OX: C, 80.73; H, 11.80. 
Found: C, 80.71; H, 11.98. 

The methiodide melted at 282-287' dec., [ a I z 5 ~  + 1U.6' 
(dimethylformamide). 

Anal. Calcd. fur CpeHji,OKI: I, 23.35. Found: I, 
23.04. 

A4-3-Keto-22- [N-piperidino] -bisnorcholene .-To a solu- 
tion of 2 g. of As-3P-hydroxy-22- [S-piperidyl] -bisnorcholenc 
in 30 ml. of anhydrous acetone and 60 ml. of anhydrous 
benzene was added a solution of 3.5 g. of aluminum isopro- 
pylate in 50 ml. of anhydrous benzene. The reaction mis- 
ture was refluxed with stirring for 48 hours. At the end of 
the reflux period the reaction mixture was cooled aiid 
xvashed with 10% sodium hydroxide and mater. The re- 
sulting solution was dried and concentrated in vacuo to ;t 
solid residue. Recrystallization from acetone afforded 
1.0: g., m.p. 155-157", resolidified and remelted 168- 
171 , €242  15,500 (methanol), [ a ] " ~  +119.7' (CHC13). 

. Calcd. for Cz7Ht30X: C, 81.55; H, 1O.W. 

3a,70/, 12~~-Trihydroxy-24- [N-piperidino] -cholane Methio- 
dide .-Cholic acid was converted to the triformate accord- 
ing to Cortese and B a ~ m a n . ~  The triformate (16.1 8.)  was 
dizsolved in 500 ml. of anhydrous ether, and to the solution 
were added 10 ml. of  thionyl chloride and one drop of pyri- 
dine. The reaction mixture was allowed to stand at room 
temperature overnight. The ether was then removed i l l  
uacitu, 100 ml. of anhydrous benzene was added to the resi- 
due and the resulting solution was again concentrated in 
t ' ucuo.  The residue was taken up in 200 ml. of benzene and 
25 ml. of piperidine was added. After the reaction mixture 
had remained at room temperature overnight i t  was washed 
well with water, dilute sulfuric acid and again with water. 
The solution then was dried and concentrated, and the 
residue was dissolved in 100 ml. of anhydrous tetrahydro- 
furan. The resulting solution was added to a suspension of 
15 g. of lithium aluminum hydride in 150 ml. of anhydrous 
ether and the reaction mixture was refluxed with stirring 
overnight. Then 100 nil. of acetone was added dropwisc, 
followed by 30 ml. of water. The precipitated alumina was 
removed by filtration with Filter Aid and the precipitate 
was leached several times with methylene chloride. The 
filtrate and extracts were combined and evaporated to a 
residue, which was taken up in anhydrous ether. Anhy- 
drous hydrogen chloride was passed into the solution until 
precipitation was complete. Filtration afforded 11.9 g. o f  
&, 7a,  12~-trihydroxy-24- [ i\'-piperidino] -cholane hydrochlo- 
ride, m.p. 304-305', [ D ] ~ ~ D  +39" (ethanol). 

d i t n l .  Calcd. for C2YHS203SC1: C1, 7.12. I:ound: C1, 
ci.90. 

lcive grams of amine hydrochloride was dissidved in inetli- 
mol  and a solution of 2 g. of potassium hydroxide in meth- 
an01 was added. The reaction mixture was diluted with 
water and extracted with methylene chloride. The com- 
bined extracts were washed with water, dried and concen- 
trated to an oily residue. The residue was dissolved in 25 
ml. of methyl iodide and the resulting solution was re- 
fluxed for one-half hour. The methyl iodide was boilcd 
off and replaced with methanol. Vi'ater was then added to 
induce crystallization. Filtration of the precipitate af- 
forded 4.65 g. of methiodide, 1n.p. 234-237". Recrystalli- 
zation from methanol-water raised the m.p  to  230-238", 
[ a l Z 5 D  +28" (ethanol). 

..<nul. Calcd. for CloI-ISa0SI: I ,  21 .02. Finintl: I ,  
20.94. 

.15-3$-Hydroxy-17- [( N-piperidin0)-methyl] -androstene 
Methiodide.-To a mixture of 8.0 g.  of A6-3P-acetoxy- 
androstene-17P-carbosylic acid in 400 ml. of anhydrous 
ether were added 10 ml. of thionyl chloride and one drop 
of pyridine. The reaction mixture was allowed to stand a t  
room temperature overnight and then was concentrated 
z f f  vacuo. The residue was dissolved in 100 ml. of anhy- 
drous benzene and again concentrated in W I C U O .  The resi- 
due was then taken up iii 300 ml. of anhydrous henzerie arid 
15 ml. of piperidine was added. After standing overnight 
at room temperature the reaction mixture was processed 
according to the pre\-ioudy elaborateti procedure. The 

1.4 g., m.p. 190-191°, [a]"D f 49.6" (CHClz). 

C, 81.43; H,  10.58. 
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amide was crystallized from a benzene-heptane mixture; 
yield 8.4 g., m.p. 192-195'. 

The amide (7.9 g. in 100 ml. of anhydrous tetrahydrofuran) 
was then treated with 8 g. of lithium aluminum hydride 
in 100 ml. of ether as described in the general procedure. 
The resulting A6-3P-hydroxy-17- [( N-piperidin0)-methyl] an- 
drostene separated as a gel from methylene chloride-hexane. 
After repeating this process several times there was obtained 
6.7 g., m.p. 132-136', [a]"D -50.7' (CHCla). 

Anal. Calcd. for C&4,0h-: C, 80.80; H, 11.12. 
Found: C, 80.69; H ,  11.51. 

A solution of 1.5 g. of amine in 30 ml. of methyl iodide 
was refluxed for one-half hour. Sixty ml. of ethanol then 
was added and the methyl iodide was removed by distillation. 
A small amount of insoluble material was filtered from the 
hot solution, and the filtrate was concentrated until crys- 
tallization began. From the cooled mixture there was ob- 
tained 1.25 g. of the methiodide, m.p. 280-282' dec. Re; crystallization from methanol raised the m.p. to 282-283 
dec., [ ( Y ] ~ ~ D  -32.1' (ethanol). 

Anal. Calcd. for C26H440SI :  I, 24.71. Found: I ,  
24.68. 

A6-3p,22-Dihydroxybisnorcholene from the N-Methyl 
Anilide of A6-3p-Acetoxybisnorcholenic Acid by Lithium 
Aluminum Hydride Reduction.-To a solution of 1.57 g. of 
the N-methyl anilide of A5-3~-acetoxybisnorcholenic acid in 
240 ml. of anhydrous tetrahydrofuran was added 5.0 g. of 
lithium aluminum hydride and the reaction mixture was re- 
fluxed overnight. The excess reagent was decomposed in 
the usual way and the precipitated alumina was removed by 
filtration. The precipitate was leached with methylene 
chloride and the extracts were combined r i t h  the filtrate. 
The resulting solution was dried and concentrated. Addi- 
tion of hexane induced crystallization. There resulted 
0.95 g. of A6-3~,22-dihydroxybisnorcholene, m.p. 199- 
200", [ ( Y ] ~ ~ D  -58.6' (CHCl3) [lit. m.p.3 196-205" (hemi- 
hydrate), [ cY]*~D -55.4' (CHCII)]. 

Anal. Calcd. for C22H3602: C, 79.46; H ,  10.92. Found: 
C, 79.04; H ,  11.05. 

The product was not basic (no precipitate in ethereal 
hydrogen chloride), was free from nitrogen, and showed no 
carbonyl bands in the infrared (strong hydroxyl absorption 
was observed). 
BLOOMFIELD, N. J. 

[COSTRIBUTION FROM THE MEDICISAL CHEMICAL RESEARCH SECTION, LEDERLE LABORATORIES, RESEARCH DIVISION, 
AMERICAN CYANAMID Co.] 

Steroidal Cyclic Ketals. XV1.I 16-Hydroxylated Steroids. II.* The Preparation 
of 16-Keto- and 16P-Hydroxyprogesterone 

B Y  SEYMOUR BERNSTEIN, MILTON HELLER AND STEPHEN h1. STOLAR 
RECEIVED JUNE 9, 1955 

Chromic acid-pyridine oxidation of A6-pregnene-16a-ol-3,20-dione 3,2O-bis-ethylene ketal (Ia) afforded the 16-one bis- 
Mild acid hydrolysis of I Ia  gave A4-pregnene-3,16,20-trione (IV), which was converted into the 20-enol acetate V 

Reduction of the 16-one bis-ketal IIa with lithium aluminum hydride resulted in the 
ketal IIa. 
(13% yield) on mild acetylation. 
168-01 bis-ketal IIIa,  which was hydrolyzed to A4-pregnene-16B-ol-3,20-dione (VIa). I ts  acetate VIb also was prepared. 

In a recent publication2 from this Laboratory 
there was reported synthetic pathways to 16a-hy- 
droxyprogesterone and related compounds via 
ethylene ketal intermediates. The latter have 
lent themselves to a number of interesting trans- 
formations which elaborate further the chemistry 
of the C-16 position. The results obtained form the 
basis of this paper. 

Chromic acid-pyridine oxidation3 of As-pregnene- 
1 Ga-ol-3,20-dione 3,20-bis-ethylene ketal (Ia) af- 
forded in 80yc yield the 16-one bis-ketal IIa, which 
displayed in the infrared spectrum the expected 5 -  
membered ring carbonyl absorption a t  1748 cm. --I. 
The oxime IIb of the 16-one bis-ketal I Ia  also was 
prepared and characterized. It was noted that the 
infrared absorption spectrum of the oxime IIb 
showed an abnormally weak absorption band in 
the C=N region a t  1670 ern.-'. 

Mild acid hydrolysis of the l6-one bis-ketal I Ia  
gave A4-pregnene-3,16,20-trione (IV) in fairly good 
yield. I t  appeared to exist mainly in an enol form 
as shown by its complex infrared absorption spec- 
trum (see Experimental) and by its ultraviolet ab- 
sorption spectrum with bands a t  240 and 285 1n1.1.~ 

(1) Paper  XV, W. S. Allen, S. Bernstein. M. Heller and R. Littell, 
THIS JOURNAL, 77,  4784 (1955). 

(2) Paper  I,  S. Bernstein, M. Heller and S. M. Stolar, ibid., 76, 5674 
(1954). 

(3) G .  1. Poos, G. E. Arth,  R.  E. Beyler and L. H .  Saret t ,  ib id . ,  75, 
422 (1953). 

(4) The  value 285 mp disagrees with t h a t  of 277 mp recorded for the  
same chromophore system b y  H. H. Inhoffen, F .  Blomeyer and K. 
Bruckner, BcY., 87, 5Q3 (1954). 

The expected bathochromic effect of the ultraviolet 
absorption band in basic solution was observed 
with a shift of the higher absorption band (285 m,u) 
to 308 mp. No shift of the absorption band was 
noticed on d i l u t i ~ n . ~  It was not possible to deter- 
mine from the above physical data in which direc- 
tion (or both) enolization might have taken place. 
ilcetylation under mild conditions, however, fur- 
nished one of the two possible enol acetates after 
purification by several crystallizations (perhaps 
necessary for the separation of both enol acetates). 
This new compound had an ultraviolet absorption 
band a t  242 mp (e  26,400) (the ultraviolet absorp- 
tion spectrum in basic solution reverted to that of 
the free enol). Since the bands of the two chromo- 
phores combined in the ultraviolet, no information 
could be obtained from that source as to the di- 
rection of enolization. I ts  infrared absorption 
spectrum, however, clearly indicated the probable 
structure. The spectrum in the carbonyl and 
double bond regions was complex and had bands a t  
1755, 1725, 1679, 1652 and 1625 cm.-l. The band 
a t  1755 cm.-l could best be assigned to the enol 
acetate grouping,6 so that the band a t  1725 cm.-' 
must be the result of the conjugated ketone, 
A17(20)-16-one (the A4-3-ketone was, of course, 
shown by the band a t  1679 cm.-l). There- 
fore, the enol acetate was assigned the structure 
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