
Feb., 1942 3,6-DIKETO STEROLS AND THEIR REDUCTION PRODUCTS 219 

[CONTRIBUTION FROM THE SCHOOL OF CHEMISTRY AND PHYSICS OF THE PENNSYLVANIA STATE COLLEGE] 

Sterols. kXXX. 3,6-Diketo Sterols and their Reduction Products* 
Bs RUSSELL E. MARKER, HARRS M. CROOKS, JR., ELDON M. JONES AND EMERSON L. WITTBECKER 

Saturated 3,6-diketo steroids may be prepared 
by zinc-acetic acid reduction of A4-3,6-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- As-compounds.' We 
have previously2 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-3,6,3~4 
stigmastenedi~ne,~ dehydro-allo-hyodesoxycholic 
acid5 and dehydro-bis-nor-allo-hyodesoxycholic 
acid.6 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 acid6 in the case of cholestanediol- 
3,6. nor-allo-Hyodesoxycholic acid has now been 
obtained in this manner from sitostanediol-3,B. 

Reduction of the 3,6-diketo compounds with 
Adams catalyst and hydrogen in acetic acid solu- 
tion gave the corresponding 3(/3),6(/3)-diols. In 
this manner pregnanetrio1-3(/3),6(/3),20(/3) was 
prepared from pregnanetrione-3,6,20, sitostane- 
diol-3(/3),6(/3) 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. A t  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. Calcd. for GsH~sOZ: C, 81.2; H, 11.3. Found: 
C, 81.5; H, 11.2. 

Sitostanediol-3(@),6(@) 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. Calcd. for CtgH~202: C, 80.5; H, 12.1. Found: 
C, 80.7; H, 12.3. 

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

Anal. Calcd. for C ~ S H J ~ O ~ :  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 300cc. of acetic acid at  20-22' was 
added a solution of 2 g. of chromic anhydride in 50 cc. of 
90% 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 O ,  yield 1.1 g.; mixed with sitostanedione-3,6, 
m. p. 196-199', it melted a t  178-185". 

Anal. Calcd. for C,gHasOz: C, 81.6; H, 10.9. Found: 
C, 81.7; H, 11.1. 

Reduction of Stigmastenedione-3,6 to Sitostanediol- 
3(0),6(@).-To a solution of 200 mg. of Az2-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 in vacuo. The residue 
was crystallized from acetone, m. p. 204-206'. When 
mixed with sitostanediol-3(@),6(@), m. p. 204-206' (from 
sitostanedione-3,6), it gave no depression in melting point, 
yield 160 mg. 

Anal. Calcd. for CzsHbzOz: C, 80.5; H, 12.1. Found: 
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(@),6(@) diacetate, m. p. 
111-113', it gave no depression in melting point. 

Anal. Calcd. for CaaHb6Ob: C, 76.7; H, 10.9. Found: 
C, 76.6; H, 10.9. 

Oxidation of Sitostanediol-3( @,a( 8 )  Diacetate to nor- 
allo-Hyodesoxycholic Acid.-To a solution of 8 g. of the 
diacetate of sitostanediol-3(@),6(@) 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 a t  90-95' for five hours. Water 
was added and the oroduct was extracted with ether. The 




