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The synthesis of precortical systems in the 16-acetyl-5P.androstane series is described. Rearrangement of the Kagi- 
Miescher type waa observed in one instance of oxide cleavage. 

Recently the conversion of the whomo keto1 I 
to the 16-a~etyl-A~~-5&androstene IV was reported.' 
In this transformation I was reduced to the diol 
I1 by means of aluminum isopropoxide followed by 
periodate cleavage and cyclization to IV. Cor- 
respondingly I was converted to the ditertiary 
diol I11 with methylmagnesium iodide. Cleavage 
oxidation of the diol I11 and subsequent cyclization 
with alkali yielded the 17-methyl-16-a~ety1-A'~- 
5+androstene VI. 

Our recent experiences with methylations a t  
(3-16 of 3a-aceto~y-A~~-pregnene-l1,20-dione by 
means of diazomcthane2 encouraged the applica- 
tion of this method to the positionally isomeric 
system IVa. The latter, IVa, was observed to react 
in a completely parallel fashion with diazomethane 
to afford the pyrazoline (V). Pyrolysis of the latter 
gave 3a-acetoxy-17-methyl-16-acetyl-A1s-5~-andro- 
stene-ll-one (VI) identical with material obtained by 
the Grignard sequence. Treatment of the A*lp-ketone 
V I  with alkaline hydrogen peroxide produced the 
oxide (VII) and this derivative on acid hydrolysis 
with dilute perchloric acid suffered oxide opening 
with methyl migration CI3 -P C17 to afford the A=**- 
ketone (VIII), m.p. 233-23Go, 240 mp 
(11,200).9 Recently there have appeared many 
examples of this rearrangement type,48 which was 
first observed by Cohen, Cook, and H e ~ e t t , ~ ~  
in the equilenin series and later studied in detail by 
Ktigi and Mies~her.'~ 

The rearranged steroid VI11 was reduced a t  C m  
with sodium borohydride in dimethylf~rmamide~ 
and the intermediate diol cleaved with periodate to 
provide the enedione IX, m.p. 179-183", A,,, 
237 mp (lOj900); A:::' 5.72 p (five-ring C=O) 
and 5.99 p (six-ring C=O). The enedione as a 
vinylogous &diketone would be expected to cleave 
readily with alkali to give the acid X.6 This, 
however;.did not prove to be the case. 
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81,5472 (1959). 

Treatment of IX with alkali produced a complex 
mixture of neutral, phenolic and acidic components 
which was not further investigated for lack of 
material. The sensitivity of IX to air in the pres- 
ence of alkali was evident from the formation of 
highly colored solutions under these conditions. 
The tendency of the hydrindenone system to aroma- 
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tize has been observed in the jervine alkaloid 
series.' 

(6) Cf., e.g., the cleavage of the octdindione (i) to the 
A*I@-ketonic acid (ii): 
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Catalytic reduction of 3a-hydroxy-16-a~ety1-A~~- 
5p-androstene-1 l-one (IV) over 5% palladium on 
barium sulfate resulted in the uptake of one mole 
of hydrogen. Fractional crystallization of the total 
product gave 3 a-hydroxy-16&acetyl-5&androstane- 
ll-one (XI), m.p. 206-210", as the major and 
3a - hydroxy - 16a - acetyl - 50 - androstane - 11- 
one (XI) ,  m.p. 151-154", as the minor component. 
The configurations were assigned on the assumption 
that the predominant mode of addition to the 
AIS double bond is from the a-side of ring D.8 Con- 
firmation of these assignments was obtained by 
alkaline isomerization of the quasi axial Pisomer XI 
to an equilibrium mixture in which the quasi equa- 
torial a isomer XI1 predominated.3 

Both compounds XI and XI1 were converted to 
the same noncrystalline enol acetate (or mixture of 
geometrical isomers) XIII which, with perbenzoic 
acid, gave an amorphous oxide mixture. The latter, 
when cleaved by methanolic sodium hydroxide, 
gave as the principal products the ketols XIV, m.p. 
178-180", and XV, map. 181-184°.10 The ketol 

COCHj - 
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XIa. 3u-OAc 
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(7) 0. Wintersteiner and M. Moore, J .  Am. Chem. Sm., 
75, 4938 (1953). 

(8) The a face of ring D is relatively more accessible to 
addition reactions than the B face because of the steric bulk 
of the CI8 angular methyl group. [See L. F. Fieser, Ezpeti- 
entia, 6, 312 (1950).1' 

(9) Analogous stability relationships at CM in another 
seriea (the 16acetyl-3j3-acetoxy-5a-andrmtanea) were ob- 
wrved by J. Fajkh and F. S6m, Chem. Listy., 51, 579 
(1957). 

(10) ALSO obtained were XI and XI1 and a substance, 
m.p. 267-271°, apparently isomeric with the ketols XIV 
and XV (see Experimental). This material, which w a  not 
investigated further, could be a 16,17-~ubstituted D-homo 
compound (iii). 

iii 
(11) T. H. Kritchevsky and T. F. Gallagher, J. Am. Chem. 

Soc., 73, 184 (1951); B. A. Koecldin, T. H. Gtchevsky, 
sud T. F. Gallagher, J. Am. Chem. Soc., 73, 189 (1951); 
T. H. Kritchevsky, D. L. Garmaise, and T. F. Gallagher, 
J .  Am. Chem. Soc., 74,483 (1952). 

XIV predominated over XV in the ratio 55~45. 
The A17(%) 20 enol acetates studied by Gallagher 
and his collaboratorsll react with peracids stereo- 
specifically to give almost exclusively 17a12Oa- 
oxides which in turn lead to 17a-hydroxy-20-keto 
pregnanes free from the corresponding epimers. 
This difference in stereospecificity between reaction 
with 17(20)- and 16(2O)double bonds is note- 
worthy. 

The assigned configurcttions of the two ketols 
XIV and XV, based on the assumption that per- 
acid attack from the a side would still predominate, 
were shown to be correct by the following chemical 
evidence. Reaction of 3a-a~etoxy-A~~-l6-acetyl- 
5p-androstane-1 l-one (IVa) with N-bromsuccin- 
imide gave a noncrystalline bromohydrin best for- 
mulated as XVI, the quasi diaxial product result- 
ing from the 16aJl7a-bromonium ion. The bromo- 
hydrin XVI was converted by methanolic sodium 
hydroxide to the &oxide XVII, m.p. 188-192", 
which with hydrogen bromide in acetic was re- 
converted to XVI. Removal of bromine from XVI 
by hydrogenation over palladium on calcium car- 
bonate followed by saponification of the 3a-acetate 
group gave in good yield the 3a-hydroxy ketol, 
m.p. 181-184" (XV), in conformity with the above 
structural assignment. 
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The preparation of the 16a-hydroxy ketol XIV 
via the 16aJl7a-oxide XVIII was attempted also. 
Alkaline hydrogen peroxide treatment of IV gave 
the 3a-hydroxy-16aJ17a-oxide, m.p. 187-193" (XV- 
111), which was acetylated to the corresponding 
3a-acetate1 m.p. 166-167" (XVIIIa). Reaction of 
the latter with hydrogen bromide in acetic acid 
gave an amorphous bromohydrin XDL which be- 
haved uniquely when treated with hydrogen over 
palladium on calcium carbonate to give in good 



28854 TAUB, HOFFSOMMER, SLATES, AND WENDLER VOL. 26 

yield 3a-acetoxy-l6~-acetyl-5~-androstane-ll-one 
(XIa) and the corresponding 3-alcohol XI.12 
This red& is compatible with structure XIX for 
the bromohydrin in which the hydroxyl and bromo 
substituents are quasi axial with the hydroxyl 
group p to the 20-carbonyl group in position to be 
readily eliminated concomitant with reductive 
loss of bromine.13 The resulting 16,17-double bond 
is reduced from the a side to give XIa. The alter- 
nate possibility (XX) in which the substituents 
are trans quasi equatorial would be expected to be 
less prone to loss of its hydroxyl group.14 

EXPERIMENTAL 

Pyrazoline derzvative of Ya-aceto~y-l6-acetyl-A~~-6~-an- 
drostene-11-one (V). A 6-g. sample of 3a-hydroxy-16-acetyl- 
Alfl-5fi-androstene-ll-one (IV)' was converted to its 3-ace- 
tate derivative by room temperature acetylation in 20 cc. 
of acetic anhydride and 20 cc. of pyridine. The amorphous 
acetate derivative thus obtained waa dissolved in 50 cc. of 
ether and treated with an excess of diazomethane as de- 
scribed.2 A total of 5.9 g. of crystalline pyrazoline (V) was 
obtained which melted after recrystallization from acetone 
a t  190-192". 

Anal. Calcd. for C&aO4N2: N, 6.76. Found: N, 6.39. 
Sa-Hydroxy-1 7-meth yl-16-a~elyl-A~~-5P-androstene-l1 -one 

(VI). The pyrazoline derivative (5 g.) was heated in vacuo 
a t  200' for 10-15 min. as described.2 After the vigorous loss 
of nitrogen had subsided the product was refluxed with 
alkali and isolated in the usual manner.2 The product was 
crystallized from acetone-hexane (4 g.) m.p. 193-195"; 
mixed melting point with a sample of VI obtained by 
another method' was not depressed. The infrared spectra of 
the two samples were the same. 

S~-Hydroxy-16~,17a-orzdo-~ 6P-acet yl-l7p-rriethyl-58- 
androstene-11-one (VII). A solution of 3 g. of Aaa9-ketone (VI) 
in 100 cc. of methanol was treated a t  room temperature 
with 14 cc. cjf 30% hydrogen peroxide and 14 cc. of 10% 
sodium hydroxide and allowed to stand for 1.5 hr. a t  room 
temperature and 48 hr. a t  5-10". Water was added and the 
precipitated product was filtered, washed with water, and 
dried; wt. 2 g. il 200-mg. sample was crystallized from 
acetone-ether; m.p. 210-214", no ultraviolet may. 

(12) Evidently partial hydrolysis of the Sa-acetate 
function occurred in the aqueous methanolic hydrogenation 
medium. When 5% palladium on charcoal was used as the 
catalyst similar results were obtained. 

(13) In the case of the bromohydrin (vi) removal of 
hromine in hydrogen over palladium charcoal in the presence 
of ammonium acetate occurred without loss of the hydroxyl 
group [B. Loken, S. Kaufmann, G. Rosenkranz, ana F. 

CH3 

vi 
Sondheimef, J .  Am.  Chem. SOC., 78, 1738 (1956)]. See 
however M. Nishikawa, K. Morita, and S. Naguchi, J .  
Pharn .  SOC. Japan, 79, 1149 (1959). 

(14) Since oxides in general are opened by HX to give 
predominantly the diaxial product [A. Furst and PI. 
Plattner, He2v. Chim. A l a ,  32, 275 (1949); A. Furst and 
R. Scotoni, Jr., Helv. Chim. Acta, 36, 1410 (1953)], structure 
XX might be considered improbable a priori. See, however, 
N. I,. Wendler, D. Taub, S. Dobriner, and D. K. Fuku hima, 
J. Am. Chem. Soc., 78, 5027 (1956). 

Anal. Calcd. for C22H8204: c, 73.33; HI 8.89. Found: 
C, 73.50; H, 8.71. 

Rearrangement of the oxide VI1 to the AaJ%etone (VIII). 
A solution of 1 g. cf the oxide (VII) in 40 cc. of dioxane was 
treated with 6 cc. of 7Oy0 perchloric acid diluted to 20 cc. 
with water. The reaction mixture was allowed to stand a t  
room temperature for 7 2  hr. At the end of this period the 
solvent was evaporated in vacuo, the product extracted with 
ethyl acetate and the ethyl acetate extract washed with 
bicarbonate solution. Evaporation of the dried ethyl 
acetate solution and crystrtllization of the residue from 
acetone-ether afforded VIII, m.p. 228-232'; X ~ ~ ~ : " O "  240 mp 
(11,200); X ~ ~ c c ' '  2.85 (OH), 5.88 (sat. C=O), 6.05 and 6.09 
p (conj. C=O). 

Anal. Calcd. for C22H3204: C, 73.33; H, 8.89. Found: 
C, 73.71; H, 8.91. 

A sample of VI11 (100 mg.) acetylated with acetic an- 
hydride (1 cc.) in pyridine (2 cc.) a t  room temperature af- 
forded the 3-acetate derivative of VIII, m.p. 244-248'; 
Xz::'3.03 (OH), 5.78 (OAc), 5.87 (sat. C=O), 6.07 and 6.21 
p (conj. C=O). 

Anal. Calcd. for C24H3405: C, 71.64; H, 8.46. Found: C, 
71.21; HI 8.66. 

Sa-Hydroxy-1 7J7-dimethy1-18-nor- A12-5fl-androstene-l 1 ,- 
16-dione (IX). A solution of 200 mg. of the Aa,@ ketone VI11 
dissolved in 10 cc. of dimethylformamide was treated in the 
cold (0") with 50 mg. of sodium borohydride in 2.5-3 cc. 
of water for 1-2 hr. At the conclusion of this time the excess 
borohydride was decomposed with glacial acetic acid and the 
organic prodiict precipitated by addition of saturated salt 
solution. The precipitate was extracted with ethyl acetate 
and the ethyl acetate extract washed with water, dried over 
magnesium sulfate, and evaporated to dryness. 

The amorphous residue from the reduction was dissolved 
in 10 cc. of methanol and oxidized with 280 mg. of sodium 
metaperiodate in 10 cc. of water for 15 hr. The reaction mix- 
ture was evaporated in vacuo, the organic product extracted 
with ether and crystallized from acetone-ether, m.p. 179- 
183", 237 mp (10,900); A",:'3 2.74, 2.88-2.9 (OH), 
5.72 (five-ring C=O), 5.99 

Anal. Calcd. for C?oH2a03: C, 75.95: H, 8.86. Found: 
C, 75.65; H, 8.98. 

Catalytic reduction of Sa-hydroxy-1 6-acety1-A1Q?fl-andro- 
stene-11-one (IV). A solution of 6 g. of Xa-hydroxy-1G- 
acetyl-A1~-5~-androstene-ll-one ( I t r )  in 100 ml. of methanol 
WaB hydrogenated at  25" and 1 atm. pressure over 5 g. of 5% 
palladium on barium sulfate catalyst. Hydrogen uptake was 
complete in 30 min., the catalyst was removed by filtration 
and the filtrate taken t o  dryness under vacuum. Crystnlli- 
eation of the solid residue from acetone-hexane gave 4.14 g. 
3a-hydrosy-l6~-acetyl-5~-an~lrostene-ll-otie (XI), m.p. 

Anal. Calcd. for C21H320a: C, 75.85; H, 9.70. Found: 

Acetic anhydride-pyridine acetylation (25' for 18 hr. 

(conj. C=O). 

206-210'; [ u ] ~ " ~ ' ~  +41'; AZf:," 2.80, 2.00-2.95, 5.86 p .  

C, 75.53; H, 9.53. 

gave the corresponding Sa-acetate (XIa) m.p. 120-121"; 
xCHCIS -~. 5.80. 5.86. 8.0 u. ...Î  , I  

Fractional crystallization of the mother liquors from ace- 
tone-hexane gave additional small aniounts of XI in two 
crops followed by two crops of Y a - h y d r o x y l  6o-acetyl-6B- 
androsfane-11-one (XII) ,  n1.p. 150-159'. The analytical 
sample had m.p. 151-154"; +64"; A:!:" 2.80, 
2.90-2.95, 5.87 p different from XI in fingerprint region. 

Anal. Calcd. for C2,H3203: C, 75.85; HI 9.70. Found: 
C, 75.66; H, 9.32. 

Epimerization of Sa-hyilrox~-l6~-acefyl-jp-nndroslene-l1- 
one (XI). A solution of 50 tug. of the lGB-epinier (XI)  in 
10 ml. of methanol and 2 ml. of water containing 50 mg. cf 
sodium hydroxide was kept at 25" for 2 hr. The alkali was 
neutralized with acetic acid, water was added, the methanol 
removed under vacuum, and the product extracted into 
chloroform. The chloroform extract was washed with water, 
dried over magnesium sulfate, and concentrated to dryness. 
The residue (52 mg.) was chromntographed on 3 g. of neutral 
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alumina. The petroleum ether-benzene, 1 : 4, to benzene 
eluates gave 17 mg. of the 16pacetyl epimer (XI), m.p. 
18&200" which on crystallization from ether-petroleum 
ether h d  m.p. 207-210'. From the benaene-chloroform elu- 
a h  waa obtained 29 mg. of the Ma-aoetyl epimer (XII), 
m.p. 151-154'. 

3a,l GorDihydroxyl6~-acetyld&cndrostana-ll-one (XIV), 
ba,160 - dihydroxy - 16a - acetyl - 68 - androstane - 11 - one 
(XV), and byprodu& ba, the peracid sequence. The catalytic 
reduction product ( X I  and XII, 6.02 go) from 6 g. of IV 
was converted to  the A18(m)-enol acetate XI11 by the per- 
chloric acid-acetic anhydride procedure of Barton and his 
collaborators. l6 

A cold (5"-10") mixture of 0.0 ml. of 60% perchloric acid 
and 11.4 ml. of acetic anhydride waa added dropwise to a 
stirred slurry of the catalytic reduction product (XI  and 
XII, 6.02 9.) in 20 ml. of chloroform and 100 ml. of carbon 
tetrachloride maintained at 0". The mixture W&B stirred a t  
25' for 3 hr., cooled to 15', extracted successively with 
cold 5% sodium carbonate solution, water, and dried 
over sodium sulfate. The solvent was removed under vacuum 
to give crude enol acetate XI11 (7.8 g.).The latter was 
freed from polar impurities by chromatography on 100 g. 
of neutral alumina. Colorless oils were obtained from 
the petroleum ether-benzene to benzene eluates. These 
were combined to give 7.08 g. of material which was disolved 
in 9 ml. of benzene. Perbenzoic acid in benzene (49 ml. of 
0.38M) was added and the mixture kept a t  20-25' for 9 hr. 
Seventy per cent of the calculated amount of peracid was 
consumed in 4 hr. following which no significant further 
change in titer occurred. The reaction mixture was extracted 
with cold sodium carbonate solution, water and sodium 
chloride solution. The organic layer was dried over sodium 
sulfate and the solvent removed under vacuum. The residue 
(7.3 g.) was stirred at 20-25' in a mixture of 275 ml. of 
ethanol, 145 ml. of water, and 5.5 g. of sodium hydroxide for 
2 hr. The alkali was neutralized by acetic acid, the ethanol 
removed under vacuum, and the product exbracted into 
chloroform. The latter extract was washed with dilute 
aqueous potassium bicarbonate, water, saturated aqueous 
sodium chloride, and dried over magnesium sulfate. The 
residue (5.3 g.) was chromatographed on 200 g. of neutral 
alumina to give the following results: 

Fraction 5: benzene; 101 mg. contained primarily the 
16,9-acetyl-5B-androstane XI, m.p. 170-190°, raised to 190- 
200' on crystalliaation from acetone-ether, identified by 
mixed melting point and infrared comparimn with authentic 
material. 

Fractions 6-8: benzene to 2% chloroform-benaene; -500 
mg. contained largely the 16a-acetyl-5B-androstane XII ;  
m.p. 149-152" on crystalliaation from acetone-ether; 
identical with authentic material by mixed melting point 
and infrared comparison. 

Fractions 10-14: 5% chloroform-benzene to 30% chloro- 
form-benzene; 1.30 g. of 16p-hydrox ketol XV; prisms from 

2.90-2.95, 5.86 p. 
Anal. Calcd. for C21H3204: C, 72.39; H, 9.26. Found: 

C, 72.37; H, 9.25. 
Fractions 16-20: 50% chloroform-benzene to 100% chloro- 

form; 1.83 g. of 16a-hydroxy ketol XIV; prisms from 
acetone-ether, m.p. 178-180"; lalE1'cl' +62": A""'* 2.78. 

acetone-ether, m.p. 181-184'; [a] l! $67"; A:::'' 2.79, 

.~ , . .- , ___ 
2.92, 5.87 p. 

Anal. Calcd. for C21H3~01: C. 72.39: H. 9.26. Found: C. 
I ,  ~~ ~. ~ 

72.21; H, 8.91. 
Fraction 23: 2% methanol-chloroform. 205 mg. of needles 

from acetone-ether m.p. 267-271"; A$ 2.93, 2.99, 5.85, 
5.90 p. 

Anal. Calcd. for C21H3201: C, 72.39; H, 9.26. Found: 
C, 72.12; H, 9.11. 

(15) D. H. R. Barton, R. M. Evans, J. C. Hamlett, P. G. 
Jones, and T. Walker, J. Chem. Soc., 747 (1954). 

On the bani8 of its analyeis this substance is an isomer 
of XIV and XV. It could be a 16,17-substituted D-homo 
compound. 

Sa-H ydrozy-18~,1 Y~-oxido .16a-ace ty~6~~ndros tane- l1  -one 
(XVII). To a stirred solution of 900 mg. of 3a-acetoxy-16- 
a~etyl=A~~-6~-androtenell-one (IVa) in 30 ml. of dioxane 
cooled to loo was added 4.8 g. of N-bromsucciniinide in 6 
ml. of water and 22.5 ml. of 1N aqueous perchloric acid. 
The mixture wm stirred a t  25" for 3 hr. Aqueous sodium 
bisulfite solution was added until the yellow color was die- 
charged. Water waa added snd the mixture extracted with 
ethyl acetate. The organic extract was dried over magnesium 
a l fa te  and concentrated to dryness to give the braohydr in  
(XVI) as a colorless amorphous solid (1.10 g.); kEc!' 
2.9b-3.00, 5.82, 5.88, 8.0 p. 

To a solution of 200 mg. of the bromohydrin (XVI) in 
10 ml. of methanol at 16" under nitrogen was added 150 mg. 
of sodium hydroxide in 5 d. of water. After 45 min. a t  25' 
the mixture was neutralized with acetic acid and concen- 
trated to remove the methanol. Water was added and the 
mixture extracted with ethyl acetate. Crystallization of the 
residue (120 mg.) from acetone-ether gave the 168,170- 
oxide (XVII) as prismatic needles, m.p. 188-192'; [a]g8ci8 
4 R R O  , -- . 

Anal. Calcd. for Ct~HaoOd: C, 72.80; H, 8.73. Found: C, 
72.75: H, 8.76. 

Triatment of 50 mg. of the 16&17p-oxide (XVII) with 
hydrogen bromide in acetic acid as described under the 
preparation of the bromohydrin (XIX) gave bromohydrin 
(XVI) with infrared spectrum the same as that of authentic 
material. 

Reductive removal of brmine from. braohgdr in  (XVI). 
A solution of 400 mg. of the 17a,l6U-bromohydrin (XVI) in 
20 ml. of methanol was hydrogenated a t  atmospheric 
pressure and 25" over 400 mg. of 25% palladium on calcium 
carbonate. Hydrogen uptake ceased after 20 min. The cata- 
lyst was removed by filtration and the filtrate concen- 
trated to dryness. Water was added and the mixture ex- 
tracted with ethyl acetate. The residue after removal of 
ethyl acetate was dissolved in 8 ml. of methanol and 150 
mg. of sodium hydroxide in 5 ml. of water was added to 
saponify the 3-acetate function. After 1 hr. a t  25' the solu- 
tion was neutralized with acetic acid, and the methanol 
removed by concentration under vacuum. Water was added 
and the mixture was extracted with ethyl acetate. The amor- 
phous residue (215 mg.) was chromatographed on 15 g. 
of neutral alumina and the crystalline fractions from the 
5% chloroform-benzene to 5070 chloroform-benzene eluates 
combined to give 141 mg. of the 16p-hydroxy ketol (XV). 
Crystallization from ether-acetone gave material with 
m.p. 175-181', undepressed with authentic material. 
The respective infrared spectra and paper chromatographic 
mobilities were also identical. 

Sa-Hydrmy-l6a, 17a-oxido-16~-acetyl-~i~-androstane-l1- 
one (XVIII). To a solution of 1.20 g. of 3a-acetoxy-16- 
s~etyl-A~~-5~-androstene-ll-one (IVa) in 75 ml. of methanol 
kept at 5' was added 4.8 ml. of 30% aqueous hydrogen 
peroxide followed by 2.4 ml. of 4N aqueous sodium hydrox- 
ide. After 18 hr. a t  5 O ,  most of the methanol was removed 
under vacuum, additional water added, and the precipitated 
oxide (XVIII) collected by Htration, washed with water, 
and dried in air. Crystallination from aqueous methanol gave 
material (650 mg.) with m.p. 187-193'; [ a ] ~ E c ' a  +46"; 

Anal. Calcd. for C21H3004: C, 72.80; H, 8.73. Found: 
C, 72.61; H, 9.01. 

ACHC18 2.90, 5.86, 5.90 p. 
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Sa-Acetozy-1 Ba,f 7~r-oz&l O ~ d y L 6 ~ - a n d r o s t n n e - l 1 -  
one (XVIIIa). Acetylation of 600 mg. of XVIII in 2 ml. of 
acetic anhydride and 2 ml. of pyridine at 26" for 18 hr., and 
crystelhation of the product from acetone-ether ave 655 
mg. of the %acetate XVIIIa, m.p. 166-167'; e", S.80, 
5.90, 8.04 p. 

Anal. cdcd .  for GIIIuOS: c, 71.10; H, 8.30. Found: 
C, 70.72; H, 8.18. 

b a - A ~ ~ ~ ; y l 6 ~ y G l l ~  (XI&) a d  
ba-htldroxy-18B6cetyd68atulro8latlldtL6 (XI) from the 
16a , l7ad~ ide  (XVIIIa). To a aolution of 350 mg. of the 
16aI17a~xide  (XVIIIa) in 14 ml. of acetic acid kept at 12' 
waa added 1.6 ml. of 24% hydrogen bromide in acetic acid. 
After 30 min, at 12' the solution WBB cbncentreted tb dry- 
n w  under vacuum and flushed with benzene several times 
to give the bromohydrin S ~ - l S a & & o w - l 7 ~  
bromo - 16a - acetyl - 68 -androstane - 11 -one (XIX) aa an 
amorphous solid; eo" 2.90-3.00, 5.80, 5.86, 8.0 p; negli- 
gible ultraviolet absorption in the 220-400 region. 

A solution of 370 mg. of the bromohydrin (XIX) in 20 
ml. of methanol and 2 ml. of water was treated with hydrogen 
at atmospheric p r e s "  over 400 mg. of 25% palladium on 
calcium carbonate catalyst. When hydrogen uptake 04, 
the catalyst was removed by atration and the a t r a t e  con- 
centrated to a small volume. Water was added and the 
mixture waa extracted with ether. The ether extract {260 
mg.), which gave a negative Beilstein teat, waa chromato- 
graphed on 8.0 g- of acid waahed alumina. From the 60% 
petroleum e ther -hmne to 100% benzene fractions (138 
mg.) wm obtained 3~acetoxy-16Sacetyl-58-androatanell- 
one (ma), map. 118-120° identical with an authentic sample 
by mixed melting and infrared a p e c h  comparit".  The 
100% chloroform eluatea (78 mg.) on crystallization from 
acetone-hexane gave the " o n d i n g  3 d l  (XI), m.p. 
203-207' undepreeaed an admixture with an authentic 
sample. The respective infrared spectra were identic81. 

R.AE~WAY, N. J. 
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The Configuration of 7-Hydro~y-A~-3-oxosteroids~~ 

Rewk~ed October 17,1980 

The configurations of 7-hydroxy-AC39xmteroida have been correlated by comparison of the molecular rotstions of the 
corresponding scetab with 7 & a c e t ~ ~ x y c h o l ~ o n e  and by the analysb of NMR Bpectra. 

In  recent years a number of 7-hydr0~y-A~- 
3-oxosteroids have been reported in the literature.2 
The configurations of these compounds were a- 
signed by various methods, the most popular of 
which was comparison of molecular rohtory differ- 
ences. The values obtained were compared to those 
(1) (a) Preeented before the 136th National Meeting of 

the American Chemical Society, Atlantic City, N, J., 
Sept. 13-18, 1969, Abstrscts, Page 83-P. (b) Present 
address: University of Minnesota, Minneapob, Minn. 

(2)  (a} C, W. Greenhdgh, H. B. Henbest, and E. R. H. 
Jones, J.  Chmn. Soc., 2375 (1952). (b) C. Meystre, E. Vischer, 
and A. Wettatein, Helv. Chim. A h ,  38, 381 (1955). (c) 
W. J. McAlaer, M. A. Koelowuki, T. H. Stoudt, and J. M. 
Chemerda, J. &g. ch., 23, 058 (1958). (d) K. Tsuda, 
T. Asai, E. Ohki, A. Tanaka, and M. Hattori, Chem. and 
Phum. Bull. (Tokyo), 6, 387 (1958). (e) S. BBmstem, 
W. 5. Allen, M. Heller, R. H. Lenhard, L. I. Feldman, and 
R. H. Blank, J. Org. C h . ,  24, 286 (1959) and S. Bern- 
stein, L. Feldman, W. S. Allen, and R. H. Blank, U. 5. Pat. 
2,962,512 (Nov. 29, 1960). (f) J. Fried, R. W. Thoma, D. 
Perlman, and J. R. Gerke, U. S. Pat. 2,836,608 (May 
27, 1958). (9) A. Schubert, K. Heller, R. Siebert, K. 
Zetsche, and G. Langbein, Natu&mch4&, 45, 264 
(1958). (h) E. L. Dulaney and W. J. McAleer, U. S. 
Pat. 2,888,469 (May 26, 1959). (i) K. Tanabe, R. Hay- 
ashi, R. T a w ,  and M. Shirasaka, Chmn. and Pharm. 
Bull. ( T o b o ) ,  7, 811 (1959). (j) K. Tsuda, T. h i ,  
E. Ohki, A. Tanaka, and T. Matauhim, chnn. and P h .  
BulZ. (Tokyo), 7, 369 (1959). (k) A. L. Nuasbaum, G. Bra- 
bazon, T. L. Popper, and E. P. Oliveto, J. Am. Chem. Soc., 
80,2722 (1958). (1) K. Tsuda, T. h i ,  Y. Sato, T. Tanaka, 
T. Matsuhiea, and H. Hssegswa, C h .  and Phann. Bull. 
(Tokyo),  8, 626 (1960). (m) K. Tsuda, T. h i ,  Y. Sato, 
T. Tanaka, and M. Kato, J. Gen. App. Microbiot. (Tokyo), 
5, 1 (1959); Chem. Abstr., 53, 22250 (1959). (n) R. W. 
Thoma and J. Fried, U. S. Pat. 2,960,513 (Nov. 15, 1960). 

in the literature for saturated or Ab unsaturated 7- 
hydroxysteroids, for which the moleculax rotatory 
contribution [AM, = M D  (7-OR)-MD (7-H)I for B 
7&hydroxy group is positive while that for the 
7kgroup is negative. The data reported by McAleer 
et d,$Q show, by contrast, that with a A4-3-ketone 
grouping in the molecule, both 7a- and 7p-h~- 
droxyls cause negative shifts of about the same 
magnitude. Thus i t  appears to be impossible to 
assign configuration to a 7-hydroxy-A4-3-oxosteroid 
on the basis of its molecular rotation. 

Some of the acetates of these hydroxy compounds 
have been reported and here the differences in 
rotation seemed to offer more chance €or differen- 
tiating the 7a and 78 isomers. Consequently, when 
we isolated the isomeric 7-hydroxy4androstene- 
3,17diones from fermentations, we took the op- 
portunity to prepare their acetates and compare 
their properties with those reported for the acetate 
of 76-hydroxycholestenone 2u This is the one 78- 
hydroxy-A4-3-oxosteroid whose structure is une- 
quivocal, as it was prepared from the well-charac- 
terized4 compound, 7j3-hydroxycholester01.~ This 
comparison, aa seen in Table I, indicated tLat the 

(3) L. F. Fieser and M. Fieeer, Si"&, Reinhold, 
New York, 1959, p. 179. 

(4) H. Heymann and L. F. Fieser, Helv. Chim. Ada, 35, 
631 (1952). 

(5) The structures of the 7a-hydroxy-steroids reported 
by Nussbaum et al.,Zk 88 deduced from the method of 
synthesis, are also very probably correct. However, aa the 
authors did not report rotations for their acetates, the com- 
pounds have been omitted from our table. 


