
[CONTRIBUTION FROM TEE LEDERLI LABORATORIIOS DIVISION, 
AMERICAN CYANAMID COMPANY] 

Ae~'-STEROIDS. XIV.' ENOL ACETATES OF A4~'-3-XETOSTEROIE)S 

ROSE ANTONUCCI, SEYMOUR BERNSTEIN, MILTON- HELLER, AND 

JAMES €I. WILLIAMS 

Received A p r i l  16, 1968 

Recently, there was reported in a Communication to the Editor a method for 
the transformation of A4*6-choiestadiene-3-one (Ha) via A3~6~7-cholestatriene-3-ol 
acetate (IIIa) to 7-dehydrocholesterol (1). This work was of interest to us since 
we have been investigating the preparation and transformatioii products of 
steroid enol acetates. We now Fish to report on some observations pertinent to 
the formation of enol acetates, and to demonstrate their possible use as inter- 
mediates for the synthesis of cortical steroids. 

Dauben and eo-workers (I) reported the preparation of the han6J-enol acetate 
(IIIa) from the A4$6-3-one (Ha> by the use of a mixture of acetyl chloride and 
acetic anhydride. Acetylation of PIa, however, with an acetic anhydride-pyri- 
dine mixture yielded the Az 43-enol acetate (QIa). No mention was made by these 
investigators of the possible formation of isomeric mixtures of enol acetates 
( A 2 t 4 t 6 -  and As,5J-) in these preparations. We wish to point out, however, that 
Heilbron and co-workers (2) reported that a mixture of acetyl chloride and ace- 
tic anhydride converted Ai",B.22-ergostatrieiie-3-one (isoergosterone) (IIb) into 
A2~4~~~z2-ergostatetraene-3-ol acetate (VIb) in Myo yield. In  order t o  clarify these 
contrasting results produced by acetyl chloride-acetic anhydride, although ob- 
tained on different, but nevertheless chemically related substances, it was de- 
sirable to  prepare A3'5,7-cliole~tatrie~ie-3-o~ acetate (IIIa) by another method. 
This was accomplished by treatment of A4J-cholestadiene-3-one (7-dehydro- 
cholestenone) (1%) with acetic anhydride and pyridine to yield IIIa, the proper- 
ties (m.p. 101.5-103", [aln -1147", X ~ & ~ ' o .  302.5-303,315, and 330.5 KIFEl, E 17,900; 
22,600; and 16,200, respectively) of which did not agree favorably with those 

compound by Dauben and co-workers (1). The structure assigned by us to I I Ia  
was based on the analogous preparation of A7~6~7~zz2-ergostatetraene-3-oE acetate 
(HIIb) from A4,T,22-ergostatriene-3-one (Ib) by Reilbron and eo-workers (2). 
The structure of IIIb, previously based on spectral data and method of synthesis 
(2), has been now further established by the following transformation. Mercuric 
acetate dehydrogenation (3) of I I Ib  afforded in 23% yield A8,j,?,Q(11),n-ergosta- 
pentaene-3-01 acetate (IT), identical in all respects with IV prepared by Heil- 
bron and co-workers ( 2 )  from A4b7v9 (I1: 322-ergostatetraene-3-one (V) treated with 
acetic anhydride and pyridine. It is to be noted that the mercuric acetate de- 
hydrogenation of a 43,6,7J2-3-01 acetate t o  a A3,6,7,y(11),22-3-01 acetate (IIIb+IV) 
is a hitherto unreported extension of this important dehydrogenation reaction. 

It is our opinion that the reaction of A4~6-3-ketosteroids with acetyl chloride 

I Paper XIII, Antonucci, Bernstein, Lenhard, Sax, and Williams, J. Org. Chem., 17, 

( K I . ~ .  91-93", -69" , 'a'' A,:~, 305, 316, and 330 mp, E316 20,000) reported for this 
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and acetic anhydride may lead to a mixture of isomeric enol acetates, namely 
A2*4,8- and A3v6J-enol acetates. The successful isolation of A2~4~6~22-ergostatetraene- 
3-01 acetate (VIb) by Heilbron and eo-workers (2) would indicate a ready aepara- 
tion of the two forms. (No mention was made of the presence of A3~6*7*22-ergosta- 
tetraene-3-01 acetate (IIIb) in the mother liquors.) Apparently, this does not 
pertain in the “cholesterol” series. The discrepancy in the physical properties of 
IIIa reported by Dauben, and by us may be explained by the assumption that 
the California investigators obtained a product which probably consisted of 

- 
f------. 

Q AC 
Q R=C@$H17 
b a = c 3 H 1 7  

CeH17 I 

mixed crystals. Dauben and co-workers (1) have offered as proof of structure of 
IIIa ultraviolet absorption spectrum, optical rotation, a positive Tortelli-JaffB 
color test and the preparation of 7-dehydrocholesterol from IIIa. All of these 
conditions can be satisfied by assuming their product consisted of mixed crystals. 

We have also concerned ourselves with the conversion of A3f6~7- and A3,6,7,9(11!- 
enol acetates to trhe respective A*l7- and A4*7,9(11)-3-one’s. Previous hydrolysis 
studies (2, 4) of such enol acetates have led to  completely conjugated systems. 
This may be attributed to the fact that under the conditions of hydrolysis any 
A4J-3-one or A4-7,9(11)-3-one formed would rearrange into a A4s6-3-one or IL A43a9s-3- 
one respectively (2, 5). Therefore, it was reasoned that only mild hydrolysis 
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conditions would afford a &,y-3-one and a A4Jj9(11)-3-one from the corresponding 
enol acetates. Ester exchange conditions with sodium met#lioxide in methanol- 
benzene served this purpose. Thus, treatment of a8,617,22..ergostatetraene-3-ol 
acetate (IIIb) gave A4t7 22-ergostatriene-3-one (Ib) (51 % yield). Similar hydroly- 
sis of A3,6,7,5(11) ~zz-ergostapentaene-3-ol acetate (IV) yielded A4J*9(n) PZ2-ergosta- 
tetraerie-&one (V) (ea. 22% yield). Hydrolysis of A3,5,7-c2iolestatriene3-ol ace- 
tate (IIIa) under these conditions produced only a syrup, but the presence of 
the A4J-3.-one moiety was demonstrated by the formation of the 2,4-dinitro- 
phenylhydraxone, identical with an uublientic sample prepared from A4p7-cholesta- 
diene-3-one (Ia) (X,,,,, 255-256, 385-388 xnp). In this connection, the 2,4-dini- 
trophenylhydrazone 01 A4,7,22-erg~sLatr~ene-3-one was prepared and exhibited 
ultraviolet absorption maxima at 256-255' and 387 mp. The ultraviolet absorp- 
tion maxima of the 2, .f-dinitrophenylhydra~ones of A4~6-cholesta&ene-3-one and 
44~B*22-ergostatriene-3-one are a t  309 and 402-404 mp (6), and 308 and 400 m p  
(7)) respectively. Thus, it has been denionstrated that no isomerization of the 
A7-double bond to the As-position occurred in the hydrolysis reaction or in the 
formation of the 2,4-dinitrophenylhydraaories. 

These experiments esr;ablish a. novel method for the preparation of A4J39(11)-3- 
one steroids (1--+111-+1V-47, or II--tIII-ietc.). 

In deference to  Dauben and eo-workers, we have set aside an investigation on 
the sodium borohydride reduction of A3~6~7-cholestatriene-3-ol acetate (IIIa) to  
afford 7-dehydrocholesterol until a detailed report by them is forthcoming. 

? 

EXPRBXMENTAL 

Ultrauzolot absorption spectra. All spectra were determined with a Beckman quartz spec- 
trophotometer (Model DU, mfg'd by the National Technical Laboratories, So. Pasadena, 
California), and a e r e  determined in absolute alcohol, unless otherwise stated. 

Uel t ing  points .  All melting points are uncorrected, and were determined with uncali- 
braled Anschiite thermometers. 

Optical Totations. The sample was dissolved in chloroform t o  make a 2-ml. solution, and 
tho rotstion was determined in a 1-dm. semi-micro tube. 

A3,6,7-Cholesladzene-S-oZ acetate (111s). A mixture of 1.4 g. of A* J-cholestadiene-3-01 
(Xa)* [m.p. 86-87", [a];& i-32.9" (27.3 nig., CY= +0.45"), Xmax 238-239 m,u, e 16,400], 10 ml. of 
acetic anhydride, and 10 nil. of pyridine was refluxed for 3 hours. The cooled reaction mix- 
ture was poured into ice-water, and the solid obtained was collected and washed with a 
copious amount of water. The crude product was recrystallized five times from acetone- 
methanol to  constant m.p., optical rotation, and ultraviolet absorption spectrum, m.p. 
101.5-103", Amax 302.5-303, 315, and 330.5 rnp, E 17,900; 22,600; and 36,200, respectively, 
[a]!6 -1470 (11.7 mg., cyI) -0.86'). 

Found: C, 81.72; H, 10.43. 
Anal. Calc'd for C~JL& (424.64) : C, 82.02; 11, 10.44. 

A s ~ a ~ 7 ~ 2 9 - ~ ~ g ~ s l a t e t ~ a e n e - b - o ~  acetate (IIlb) . This coinpound was prepared in the manner 
described by Heilbron and co-workers ( 2 ) .  8 T w o  recrystallizations from alcohol-benzene 
gave colorless plates, 1n.p. 149-151"; A,,, 302, 315, and 331 mp; e 19,350; 23,950; and 16,960, 
respectively; [a]: -144" (13.4 mg., aD -0.97"). 

As~G~1~~(~~)~22-Erqoslapentaene-S-ol acetate (IV).4 T o  a solution of 1.35 g .  of A 5 ~ 6 ~ 7 ~ 2 2 -  

13 (a) Windaus and Kaufmann, -4nn., 642, 218 (1939); m.p. %So, 231 m p  (est.), [a]: 
t 3 4 "  (chioroform); (b) Antonucci, Bernstein, Giancola, and Sax, J. Org .  Chem., 16, 1453 
(1951, ; n1.p. 86-88', 238 mp, t 15,500. 
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ergostatetraene-3-01 acetate (IIIb) in 75 ml. of alcohol was added 4.05 g. of mercuric ace- 
ta te  dissolved in 75 ml. of alcohol and 1.6 ml. of acetic acid. The resultant mixture \vas re- 
fluxed for 2 hours under nitrogen, filtered and the filtrate concentrated t o  a small volume 
in vacuo. Water and carbon tetrachloride were added, and the aqueous layer was extracted 
three times with carbon tetrachloride. The combined extracts were washed with dilute 
acetic acid, sodium bicarbonate, and water, dried over magnesium sulfate, treated with 
Norit and filtered. Removal of the solvent in  vacuo resulted in a yellow oil, which was dis- 
solved in acetone and treated with water t o  give a yellow solid. Successive recrystalliza- 
tions from alcohol, acetone-alcohol, and ethyl acetate-methanol yielded 0.19 g., m.p. 160- 
161°, A,,, 339, 355, and 378 mp; e 12,700; 16,200; and 12,100, respectively, [a]: -230" (11.3 
mg., oiD -1.30"). 

Anal. Calc'd for C3&Ia202 (434.64) : C, 82.90; H, 9.74. 

In  another run using 2.5 g. of A3~6-7~22-ergostatetraene-3-ol acetate (IIIb) and 7.5 g. of 
mercuric acetate, a yield of 0.57 g. (23%) of IV, m.p. 158-159.5", was obtained. 

Hydrolysis  of As~5~7~22-ergostutetraene-3-o~ acetate (IIIb). To  a solution of 0.50 g. of the 
enol acetate (IIIb) in 15 ml. oi  methanol and 10 ml. of benzene placed under nitrogen was 
added 80 mg. of sodium methoxide in 10 ml. of methanol. After standing a t  room tempera- 
ture for 20 minutes, the resultant dark red solution was acidified with a few drops of acetic 
acid, and the solvents were removed in vacuo. Water was added t o  the residue, and the yel- 
low solid was filtered. Four recrystallizations from acetone yielded 0.23 g. (51% yield) 
of Ah'~7~22-ergostatriene-3-one (Ia),) m.p. 132-133", A,,, 238-239 mp, E 15,100, [a!:' -11.8" 
(17.0 nig., aD -O.lOo). 

Hydrolysis  of A~~a~7~g~11~~za-ergostupeataene-S-o~ acetute (IV), A solution of 0.55 g. of the 
enol acetate (IV) in a mixture of 22 ml. of methanol and 15 ml. of benzene was placed in a 
nitrogen atmosphere, and 0.10 g. of sodium methoxide in 10 ml. of methanol wss added. 
After standing a t  room temperature for 20 minutes, one ml. of acetic acid was added and the 
solvents were removed in vucuo. Water was added t o  the residue, and the oil wad extracted 
three times with ether. The combined organic layers were washed with dilute sodium bi- 
carbonate, treated with Norit, and dried over magnesium sulfate. Removal of the solvent 
gave a yellow solid which was recrystallized three times from acetone at the temperature of 
a D r y  Ice-acetone bath yielding 56 my. of V,B m.p. 136-138", A,,, 235.5-236.5 (inflection), 
242, and 249.5-250.5 (inflection) mp; E 26,600; 28,600; and 24,000, respectively; [a]:' 4-190" 
(9.8 mg., 01; +0.93"). Additional fractions of 15 mg., m.p. 135136.5" and 40 mg., m,p. 133.5- 
135" were recovered from the mother liquors; ca. 22% yield. 

Found: C, 82.49; H, 9-80. 

Anal, Calc'd for CzsHaoO (392.60) : C,85.65; H, 10.27. 

Hydrolysis  of Aa*6,7-choleslat~iene-9-ol acetate (IIIa). A solution of 180 mg. of PIIS in 5 
ml. of methanol and 3 ml. of benzene was put under a nitrogen atmosphere, and 30 mg. of 
sodium methoxide in  methanol was added. After standing at room temperature for 20 
minutes, the solution was acidified with 3 drops of acetic acid, and the solvents were re- 
moved in ZJUCUO. Acetone was added, and the solution was filtered. The filtrate was concen- 
trated, but the resultant syrup could not be crystallized. 

2,4-DinitrophsnyZhydrazone of A4J-cholestadiene-d-one. All 2,4-dinitrophenylhydrazones 

a Heilbron and co-workers (2); map. 146"; e& 301, 316.5, and 331 mp; ~116.6 21,400; [a]? 
-143.5" (chloroform). 

Heilbron and co-workers (2); m.p. 161'; XF& 339, 356, and 375 mp; €866 17,400; [cy]:' 

-232.5' (chloroform). 
(a) Heilbron and co-workers (2); m.p. 132"; A?& 230 and 320 mp; e 20,000 and 40, re- 

spectively, [&! -0.8" (chloroform); (b) Antonucci, Bernstein, Giancola, and Sax, J .  Ory. 
Chem., 16, 1453 (1951); m.p. 133-135"; X f ~ " *  239 mp, c 15,100. 

Heilbron and co-workers (2); m.p. 140-142"; Af; 242 mp; I 31,700; [a];' 3-190" (chloro- 
form) . 

Found: C, 85.84; H, 10.50. 
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were prepared by the method of Djerassi (8). A.  A solution of 160 mg. of the above syrup in 
1.5 ml. of acetic acid was warmed on a steam-bath and 92 mg. of 2,$-dinitrophenylhydra~ine 
was added. After warming on the steam-bath for 10 minutes, the mixture was cooled, 
filtered, and the residue was washed with ethanol. Three recrystallizations from chloro- 
form-alcohol gave 160 mg. , m.p. 211"d, )&?P7 255-256 and 383-389 m,u, E 18,950 and 30,600, 
respectively. 
3. A solution of A4J-cholestadiene-d-one (la) in 2 ml. of acetic acid was warmed on a 

steam-bath, treated with 126 mg. of 2 ,4-dinitrophenylhydrazineJ and then was heated an 
additional 10 minutes. After cooling, the crystals were filtered and washed with ethanol. 
Three recrystallizations from chloroform-ethanol gave 260 nig., m.p. 210-210,5°d, 
255-256 and 385-887 mp, e 19,100 and 31,100, respectively. 

Anal. Calc'd for C d T ~ N 4 0 4  (562.73) : 6,  70.43; EI, 8.24; N,  9.96. 

I,Q-Dinitrophenylhydrazone of A4~7~22-ergostatriene-d-one. A solution of 800 mg. of Ib  in 
10 ml. of acetic acid nras treated with 400 mg, of 2,4-dinitrophenylhydraeine in the usual 
manner. Three recrystallizations from chloroform-ethanol gave 0.55 of metallic orange 
plates, m.p. 230.5-232", &?27 256-257 and 387 m,u, E 18,000 and 29,700, respectively, [a].%, 
-58.8" (22.1 mg., OLE907 -0.65'). 

Found: C7 70.64; N, 8.32; IT, 9.84. 

Anal. Calc'd for CsaH&jOd (574.74) : C, 71.05; E, 8.07; N,  9.75. 

Acknowledgement. We are indebted to Messrs. Louis M. Brancone, Samuel 

Found: C, 70.82; H, 8.12; N,  9.95. 

S. Modes, and Sanford Aronovic €or the microanalytical data. 

SUMMARY 

1. A4~7-Cholestadiene-3-one when treated with acetic anhydride and pyridine 
yielded Aa~6~7-cholestatriene-3-oI acetate, the properties of which did not agree 
with those reported for this compound by Dauben and co-workers. 

2. Treatment of ~l~~~*~~~~-ergostatetraene-3-01 acetate with mercuric acetate 
gave A5*6J*9(11) pZ2-ergostapentaene-3-o1 acetate. 

3. Hydrolysis of Aa~5~7~22-ergostatetraene-3-ol acetate and Aa,s~7,e(11)~?2-ergosta- 
pentaene-3-01 acetate with sodium methoxide in methanol-benzene gave A497122- 

ergostatriene-3-one and A4*719(11) ~22-ergostatetraene-3-one, respectively. 
4. Treatment of A3~6~7-cholestatriene-3-ol acetate with sodium methoxide in 

methanol-benzene yielded a syrup which was identified as A4p7-cholestadiene-3- 
one by its 2,4-dinitrophenylhydrazone. 

B ~ A R L  RIVER, NEW YORK 

REFERENCES 

(I) DAUBEN, EASTHAM, AND MICIIELI, J. Am. Chem. Soc., 73, 4496 (1951). 
(2) HCILBROS? KENNEDY, SPRINQ, AND SWAIN, J. Chem. Soc., 869 (1938). 
(3) WINDAUS AND LINSERT, Ann., 486, 148 (1928); WINDAUS AUD ANHAGEN, Ann., 472, 185 

(4) YASHIN, ROSENKRANZ, AND DJERASSI, J. Am. Chem. SOC., 73, 4654 (1951). 
(1929); HEILBRON, JOHNSTONE, AND SPRINQ, J. Chem. SOC., 2248 (1929). 

(5) WETTER AND DIMROTH; Be?-., 70, 1665 (1937); BARTON AND MILLER, J. Chem. SOC. ,  334 
(1949:. 

(6) DJERASSI AND RYAN, J. Am. Chem. SOC., 71, 1000 (1949). 

(8) DJERASSI, J. Am. Chem. SOC., 71, 1003 (1949). 

chloroform and rapidly diluted t o  100 ml. with absolute alcohol. 

(7) B.4RTON AND bhLLER, J. Am. Chem. S O C . ,  73, 370 (1950). 

7 Solvent was 1% chloroform-absolute alcohol; the substance was dissolved in 1 ml. of 


