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By RusseLL E. MARKER, Harry M. CroOKS, JR., ELDON M. JONES AND EMERSON L. WITTBECKER

Saturated 3,6-diketo steroids may be prepared
by zinc-acetic acid reduction of A%-3,6-diketones
using the method of Windaus.! The unsaturated
ketones have been prepared in a variety of ways,
the best of which is the direct chromic acid oxida-
tion of the free 3-hydroxy-A’-compounds.! We
have previously? indicated a simplification of the
preparation as applied to chlorogenone and allo-
pregnanetrione-3,6,20. This has now been ex-
tended to the preparation of sitostanedione-3,6,%*
stigmastenedione,® dehydro-allo-hyodesoxycholic
acid® and dehydro-bis-nor-allo-hyodesoxycholic
acid.® It has also been found that acetylation of
the 3 and 6 hydroxyls is sufficient to protect the
first two rings during oxidation of the side-chain
with chromic acid® in the case of cholestanediol-
3,6. mor-allo-Hyodesoxycholic acid has now been
obtained in this manner from sitostanediol-3,6.

Reduction of the 3,6-diketo compounds with
Adams catalyst and hydrogen in acetic acid solu-
tion gave the corresponding 3(8),6(8)-diols. In
this manner pregnanetriol-3(8),6(8),20(8) was
prepared from pregnanetrione-3,6,20, sitostane-
diol-3(8),6(8) was prepared from sitostanedione-
3,6 and from stigmastenedione-3,6; allo-hyode-
soxycholic acid was prepared from dehydro-allo-
hyodesoxycholic acid and bis-nor-allo-hyodesoxy-
cholic acid was prepared from the dehydro-bis-nor-
cholenic acid.

We wish to thank Parke, Davis and Company
for their assistance,

Experimental Part

Sitostanedione-3,6 from Sitosterol.—A solution of 50 g
of sitosterol in 2500 cc. of acetic acid was oxidized with 50
g. of chromic acid at 15-20°. The solution was allowed to
stand for one hour. At the end of this time, 100 g. of zinc
dust and 150 cc. of water was added and the solution was
refluxed for four hours. The zinc was filtered and the
product was extracted with water and ether, The ethereal
solution was washed well with water and with sodium hy-
droxide solution to free it of acids. Upon evaporation of
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the ether, the product crystallized. It was crystallized
from ether and from acetone, m. p. 196-199°, yield 26 g.

Anal. Caled. for CpeHiOs: C, 81.2; H, 11.3. Found:
C, 81.5; H, 11.2.

Sitostanediol-3(8),6(8) from Sitostanedione-3,6.—A
solution of 10 g. of sitostanedione-3,6 in 500 cc. of acetic
acid was hydrogenated by shaking with 1 g, of platinum
oxide catalyst under a pressure of 45 pounds of hydrogen
for ninety minutes. The catalyst was filtered and the
filtrate was distilled in vacuo. The residue was crystal-
lized from acetone, m. p. 204-206°, yield 8.8 g.

Anal. Caled. for CosHs0:: C, 80.5; H, 12.1.
C, 80.7; H, 12.3.

Upon refluxing with acetic anhydride it gave a product
which was crystallized from methauol, m. p. 111-113°,

Anal. Caled. for Ci3Hg04: C, 76.7; H, 10.9. Found:
C, 76.9; H, 11.0.

Stigmastenedione-3,6 from Stigmasterol.—To a solution
of 2 g. of stigmasterol in 300 cc. of acetic acid at 20-22° was
added a solution of 2 g. of chromic anhydride in 50 cc. of
909 acetic acid. After standing for one hour, 10 g. of
zinc dust was added and the product was refluxed for four
hours. The zinc was filtered and the product was extracted
with ether. The ethereal solution was washed well with
sodium hydroxide. The ether was evaporated and the
residue crystallized from acetone and from ether, m. p.
194-196°, yield 1.1 g.; mixed with sitostanedione-3,6,
m, p. 196-199°, it melted at 178-185°.

Anal. Caled. for CysHyOs: C, 81.6; H, 10.9.
C, 81.7; H, 11.1

Reduction of Stigmastenedione-3,6 to Sitostanediol-
3(8),6(8).—To a solution of 200 mg. of A?*-sitostenedione-
3,6 in 100 cc. of acetic acid was added 200 mg. of platinum
oxide catalyst and the mixture was shaken for two hours
under hydrogen at 45 pounds pressure. The catalyst was
filtered and the solvent was removed iz vacuo. The residue
was crystallized from acetone, m. p. 204-206°. When
mixed with sitostanediol-3(8),6(8), m. p. 204-206° (from
sitostanedione-3,6), it gave no depression in melting point,
yield 160 mg.

Anal. Caled. for ngHngz!
C, 80.8; H, 12.4.

‘When refluxed with acetic anhydride it gave a diacetate,
which was crystallized from methanol, m. p. 111-113°.
When mixed with sitostanediol-3(8),6(8) diacetate, m. p.
111-113°, it gave no depression in melting point.

Anal. Caled. for Ci3HgOs: C, 76.7; H, 10.9.
C, 76.6; H, 10.9.

Oxidation of Sitostanediol-3(8),6(3) Diacetate to nor-
allo-Hyodesoxycholic Acid.—To a solution of 8 g. of the
diacetate of sitostanediol-3(8),6(8) in 300 cc. of acetic acid
was added a solution of 18 g. of chromic anhydride in 18
cc. of water and 80 cc. of acetic acid. The product was
heated on a steam-bath at 90-95° for five hours. Water
was added and the product was extracted with ether. The
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C, 80.5; H, 12.1. Found:

Found:
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acetic acid was removed by washing with water.  The
ethereal solution was extracred with potassium hydroxide
solution. The alkaline laver was warmed for thirty min-
utes on a steam-bath to hydrolyze the weetoxy groups, I
was then acidified with hydrochloric acid, extracted with
ether and converted to the sodium salt which is (uite ie-
soluble,  This was filiered, decomposed with dilute hvdro-
chloric acid and crystallized from slightly diluted methanoi
and finally from methanol, m. p. 2262297, vield 150 1

When niixed with zor-ailo-hyodesoxychiolic actd, i o 220
229° it gave no depression in melting point.

Anal.  Caled. for CogH304:
C, 72.8; H, 102,

Conversion of 3-Hydroxy-5-cholenic Acid to Dehydro-
wlln-tiyodesoxycholic Acid.—To a solution of 5 g. of
A8-3-hydroxy-cholenic acid in 500 cc. of acetic acid at 207
was added a solution of 5 g. of chromic anhydride in 50 ce.
of 909, acetic acid.  After one hour, 15 g. of zine dust and
15 ce. of water were added and the product was refluxed
for four hours, The zine was filtered and the solvent was
removed to about 100 ce. It was well extracted with ether
and the acetic acid was removed by washing with water.
The solvent was reruoved and the residue was crystallized
from methyl alcohol, m. p. 206-209°; yield 2.1 g Mixed
with dehydro-allo-hyodesoxycholic acid prepared from
hyodesoxycholic acid, it gave no depression in melting

C,oTan Hownt

Fonmd:

point.

To a solatiorr of 1.5 g, of dehydro-alfo-hyodesoxycholic
acid in 50 ce. of acetie acid was added 300 mg. of platimuuu
oxide catalyst,  The product was shaken under an atraos-
phere of hydrogen for two hours at 45 pounds pressure,
The catalyst was filtered and the residue after removal of
the solveny was crystallized from ethyl acetate, ni. p. 280°¢
Mixed wilh olle-hyodesoxycholic acid, prepared from
hyodesoxycholic acid, . p. 278-280° 1t guve no depression
i melting point

Anal. Caled. for CullnO-
730, H, 103,

Conversion of 3-Hydroxy-5-bis-nor-cholenic Acid to
Dehydro-his-nor-allo-hyodesoxycholic Acid.-—7To a solution
of 3-hydroxy- AS-bis-nor-cholenic acid (from stig-
masterol) in 300 cc. of acetic acid af 20° was added a solu-
tion of 3 g. of chromic acid in 30 cc. of 09, acetic acid.
Afier standing for one hour, 10 g. of zine dust and 10 ce. of
water was added and the product was refluxed for four

C, T L1080 Found:

of 3 g
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The zine was filtered and the solvent was removed

[t was well extracted with ether.  The solvent
was freed of acetic acid by washing well with water.  The
vidier was removed and e residue was crysrallized from
cthel aleohol, ni. 1o 244247, yield 650 mg.

i, Caled. for Culla0y: G, 73.3; H, 8.4,
C, 73.00 H, R

is-nor-allo-Hyodesoxycholic Acid. —A mixture of 50
myg, of dehydro-bis-nor-allo-hyodesoxycholic acid, preparcd
S0 mg. of platinun oxide catalyst and 100 ce. of
dvedde avid was shaken with hydrogen at 45 pounds pres-
The catalyst was filtered, the solvent
remcved and The residue erystallized from methanol, m. p.
258-200 . T gave no depression in melting point when
mixed with bes-nor-nlio-hyodesoxycholic acid which was
prepared by the Widlund degradation of allo-hyodesosy-
cholic acid.

Awradd o Caled for CouFLO4 C, 7205, HL 100,
C, T2 H, ol

allo-Pregnanetriol-3(3),6(3),20(8).~ A mixture of 400
myg. of ello-pregnanctrione-3,6,20 (prepared by the chromic
acid oxidation of A’-pregnenol-3(8)-one-20 followed by
zine reduction?), 100 mg. of platinum oxide catalyst and 75
v of acetic actd was shaken with hydrogen at room tem-
perature aud 3 atmospheres pressure for one hour, T
catalvst was fltered and the solvent was evaporated in
tucue. The residue wax ervstallized from acetone, m. p.
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hours,

1o 0 e,

Foumd:

ahove,

Sure for oie hour,

I'ound:

Caled, Tor O HaOy:
H, 104

Awed C, 7490 H, th 8, Found:
CoTH0;
Treatruent of this material with hot acetic anhydride
gave a triacetate which melted at 163-185° after crystal-
tivation from mwethanol.
Caled. for CosH 04

M, w1,

Anal, C,70.1; H, 92, Found:

oo
Summary

Various 3,6-diketo steroids have been prepared
by direct oxidation of the Ad-steroid with chromic
acid, followed by reduction with zinc dust in acetic
acid.  Their platinum oxide reduction products
have been studied.
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