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Side chain degradation of 22-isoallospirostan-3|3-ol-ll-one (11-ketotigogenin) by way of the crystalline "diosone" IUa led 
to A15-allopregnen-3/3-ol-ll,20-dione acetate IVa which upon hydrogenation produced the known allopregnan-3/3-ol-ll,20-
dione acetate (Va). Protection of the 20-keto group by means of ketal or hemithioketal formation followed by lithium 
aluminum hydride reduction and acid or Raney nickel cleavage furnished allopregnane-3/3,ll/3-diol-20-one (VII). The 
corresponding l la-epimer (Vb) was prepared by side chain degradation of 22-isoallospirostan-3/3,lla-diol and subsequent 
hydrogenation of the resulting Ale-allopregnene-3/3,lla-diol-20-one diacetate. 

Allopregnane-3|8,ll/3-diol-20-one (VII) and allo-
pregnane-3/3,ll.a-diol-20-one (Vf) are potentially 
important starting materials for the synthesis of 
17a-hydroxycorticosterone (Kendall's Compound 
F) and its lla-hydroxy epimer, and the present 
paper is concerned with the preparation of these 
two previously unknown 20-ketopregnanes from 11-
oxygenated sapogenins. 

The degradation of the side chain of 22-isoallo-
spirostan-3/3-ol-12-one (hecogenin) proceeds in a 
much poorer yield4 than that of ring C unsubsti-
tuted sapogenins,6 and it was of interest as well as of 
practical significance to determine the course and 
yield of the side chain degradation of 11-oxygenated 
sapogenins. 22-Isoallospirostan-3/3-ol-ll-one (Ia) 
is a key intennediate in certain synthetic sequences 
from A5-22-isospirosten-3/3-ol (diosgenin)6'7 and 
22-isoallospirostan-3/3-ol-12-one (hecogenin)8 to cor
tisone and the side chain degradation of this 11-
keto sapogenin Ia has so far only been reported in a 
preliminary communication.6 As described in the 
experimental section, this reaction proceeds par
ticularly well and just as in the case of A7-22-isoallo-
spirosten-3/3-ol9 yields a rather insoluble "diosone" 
(Ilia), thus considerably facilitating the isolation 
of pure intermediates. Hydrolysis of the "diosone" 
M a followed by hydrogenation of the resulting 
A16-20-ketone IVa10 led to the previously de
scribed6,11 allopregnan-3/3-ol-ll-20-dione acetate 
(Va). Conversion of this substance to the desired 
lljS-hydroxy derivative VII was accomplished by 
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two closely related methods. The first procedure, 
adapted from one employed recently12 with preg-
nan-3a-ol-l 1,20-dione and involving formation of the 
20-ethylene ketal (VIc) followed by reduction with 
lithium aluminum hydride and acid hydrolysis, was 
carried out without isolation of intermediates and 
led directly to the 3/3,ll/3-diol-20-one Vila. The 
second approach was developed in an attempt to 
employ a procedure which would obviate the acid 
hydrolysis once the acid-labile 11/3-hydroxy group 
was formed and took advantage of the recently 
described13 Raney nickel hydrolysis of hemithio-
ketals. Allopregnan - 3/8 - ol -11,20 - dione acetate 
(Va) was converted by means of /3-mercaptoethanol 
and zinc chloride into the 20-hemithioketal (Via) 
which was reduced with lithium aluminum hydride 
to the 20-hemithioketal of allopregnane-3/?,ll/3-
diol-20-one (VIb) and then treated with Raney 
nickel in ethanol solution to give allopregnane-3/3,-
11 /3-diol-20-one (Vila) further characterized by its 
3-monoacetate (VIIb). 

The preparation of the epimeric allopregnane-
3/3,lla-diol-20-one diacetate Vb was accomplished 
by degrading 22-isoallospirostan-3/3,lla-diolu via 
the oily furosten Hb and "diosone" IHb directly 
to A 16-allopregnene-3 /3,11 a-diol-20-one diacetate 
IVb in 45% over-all yield followed by catalytic 
hydrogenation of the A16-double bond. Applica
tion of Kritchevsky and Gallagher's enol acetate-
peracid method15 led to aUopregnane-3/3,lla,17a-
triol-20-one diacetate (VIII). 

Experimental16 

A16Allopregnen-3(3-ol-ll,20-dione Acetate (IVa).—A solu
tion of 7 g. of 22-isoallospirostan-3/3-ol-ll-one6'7'8 in 55 cc. 
of acetic anhydride was heated in a bomb tube for eight 
hours at 190°, poured into water, extracted with ether, 
washed well with sodium carbonate solution, water, dried 
and evaporated. The resulting oily A20(22)-allofurostene-
3/3,26-diol-ll-one diacetate (Ha) was oxidized with chro
mium trioxide exactly as described in the degradation of 
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A7-22-isoallospirosten-3/3-ol8 and after two recrystallizations 
from methanol afforded 5.02 g. (56%) of allopregnane-3 0,-
16/3-diol-l 1,20-dione 3-acetate 16-7-methyl-S-acetoxyvaler-
ate (IHa) with m.p. 128-130°, Ia]20D + 4 7 ° , no selective 
absorption in the ultraviolet. 

Anal. Calcd. for C81H46O8: C, 68.10; H, 8.48. Found: 
C, 68.26; H, 8.25. 

Separate bicarbonate saponification8 of the mother 
liquors of IHa and of the crystalline "diosone" I l i a fol
lowed by recrystallization from methanol-chloroform 
furnished a total of 3.24 g. ( 53% over-all yield based on 22-
isoallospirostan-3 /8-ol-l 1-one) of A18-allopreenen-3 0-ol-l 1,20-
dione acetate (IVa) with m.p. 184-185°, [a]MD + 6 6 ° , 
X®'a°

H 237 and 312 rmi, log <= 4.13, 1.85; reported,6 m.p. 
183-185°, W 2 0 D + 6 4 . 5 ° . 

Anal. Calcd. for C23H32O4: C, 74.16; H, 8.66. Found: 
C, 73.75; H, 8.46. 

Allopregnan-3/3-ol-l 1,20-dione Acetate (Va).—The cata
lytic hydrogenation of the A16-dione IVa was accomplished 
in 8 6 % yield at room temperature and atmospheric pressure 
(1 hour) employing ethyl acetate as the solvent and 5 % 
palladized charcoal as the catalyst. Recrystallization from 
hexane-acetone gave colorless crystals with m.p. 143-145°, 
Ia]V-D +86 .5° ; lit.6'11 m.p. 141-143°, 143-145°, [a] D 
+ 8 8 ° . 

Allopregnan-3 /3-ol-l 1,20-dione 3-Acetate 20-Ethylene-
hemithioketal (Via).—The hemithioketal was prepared in 
the usual fashion13 from 1.0 g. of the dione Va, 1.5 cc. of 
/3-mercaptoethanol, 5 g. of anhydrous sodium sulfate and 
5 g. of freshly fused zinc chloride in 15 cc. of dioxane. Re

crystallization from chloroform-methanol afforded 0.8 
g. of brilliant plates with m.p. 191-193°, Ia]20D +35° 
(dioxane). 

Anal. Calcd. for C26H38O4S: C, 69.09; H, 8.81. 
Found: C, 69.46; H, 8.97. 

Allopregnane-3 /3,11 /3-diol-20-one 20-Ethylenehemi-
thioketal (VIb).—A solution of 0.4 g. of the above 
hemithioketal Via in 30 cc. of tetrahydrofuran was 
added dropwise to a mixture of 200 mg. of lithium 
aluminum hydride in 20 cc. of ether and the mixture 
was refluxed for 20 minutes. After decomposition 
with water, evaporation of the ether and addition of 
Rochelle salt solution, the product was filtered and 
recrystallized from methanol-water yielding 350 mg. 
of colorless crystals with m.p. 175-178°, Ia]20D +28° 

(dioxane). 
Anal. Calcd. for C23H38O3S: C, 70.01; H, 9.70. Found: 

C, 69.69; H1 9.78. 
Allopregnane-3|3,ll/3-diol-20-one (Vila) (a) From Allo

pregnane-3 /3,11 {) - diol - 20 - one 20 - Ethylenehemithioketal 
(VIb).—An acetone solution of 300 mg. of the hemithioketal 
VIb was refluxed for 2 hours with 3 g. of W-2 Raney nickel,17 

the catalyst was filtered, the solvent was evaporated to 
dryness and the crystalline residue was recrystallized from 
hexane-acetone furnishing 190 mg.- of allopregnane-3 /3,11/3-
diol-20-one (Vila) with m.p. 232-234°, Ia]20D +114° . 

Anal. Calcd. for C2]H34O3: C, 75.40; H, 10.25. Found: 
C; 75.54; H1 10.26. 

Acetylation with acetic anhydride-pyridine (1 hour, 
steam-bath) followed by recrystallization from dilute meth
anol produced shiny crystals of the 3-monoacetate VIIb with 
m.p. 180-182°, W20D +102° , X^1

0" 1722 cm." 1 (acetate), 
1700 c m . - 1 (20-ketone) and free hydroxyl band. 

Anal. Calcd. for C23H36O4: C, 73.36; H, 9.64. Found: 
C, 73.40; H, 9.69. 

(b) From Allopregnan-30-ol-l 1,20-dione 3-Acetate 20-
Ethyleneketal (VIc).—A benzene solution of 0.8 g. of the 
dione acetate Va was converted in the usual manner12 with 
ethylene glycol into the ethylene ketal VIc which without 
purification was reduced in ether solution with lithium alu
minum hydride in the above described manner. The 
crude reduction product was dissolved in 50 cc. of acetone 
and left at room temperature with 200 mg. of ^-toluenesul-
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fonic acid for 20 hours in order to cleave the ketal grouping. 
Dilution with water, extraction with chloroform, washing 
with water, drying, evaporating and recrystallizing from 
acetone-hexane furnished 0.42 g. of the diol Vi la with m.p. 
231-234°. The monoacetate VIIb melted at 180-182° and 
the infrared curves of both products proved to be identical 
with those of specimens prepared according to (a). 

AI6-Allopregnene-3/3,lla-diol-20-one Acetate (IVb). -The 
degradation of the side chain of 22-isoallospirostan-3(3,l Ia-
diol (Ib)14 was carried out exactly as described for the 11-
keto analog Ib except that the furosten H b and the "dio-
sone" I H b were not isolated. Crystallization from ether-
hexane afforded between 43-47% of the A16-diacetate IVb 
with m.p. 156-158°, [<*]%> - 1 0 ° , X ^ H 237 m/i, log e 4.12, 
X ^ ' 3 1724 and 1668 cm."1 , but no free hydroxyl band. 

Anal. Calcd. for C25H36O0: C, 72,08; H, 8.71. Found: 
C, 72.09; H, 8.49. 

Allopregnane-30,lla:-diol-2O-one Diacetate (Vb).—The 
catalytic hydrogenation of the z\I6-derivative IVb was per
formed as described for the 11-keto analog IVa and pro
ceeded in 90% yield; m.p. 171-173°, [a]'»D + 4 4 ° , X™:,;< 

The development of the acyloin condensation as a 
useful method for the synthesis of carbocyclic 
compounds3'46 has encouraged a study of the 
chemistry of simple functional derivatives of many-
membered carbon rings in the intermediate range, 
i.e., carbocycles having 9 to 12 members. The ex
tensive work of Ruzicka and others has shown that 
derivatives of carbocycles containing 15 or more 
ring members may be obtained by transformations 
applicable to open-chain molecules of comparable 
size and, further, the properties of such compounds 
are also similar to those of analogous acyclic mole
cules. However, in the intermediate range of carbo
cycles methods of synthesis as well as chemical 
and physical properties appear not to correspond 
closely to acyclic analogs. 

The present article describes observations per
taining to certain unsaturated hydrocarbons having 
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1724 cm." ' (acetate) and 1702 em."1 (saturated 20-ketone). 
Anal. Calcd. for C 2 5 H K O 5 : C, 71.74; H, 9.15. Found: 

C, 71.97; H, 9.19. 
Allopregnane-3 /3,11 a, 17a-triol-20-one 3,11 -Diacetate 

(VIII).—The above diacetate Vb was converted into its 
enol acetate and treated with peracid exactly as described 
for allopregnan-3/3-ol-20-one15 except that monoperphthalic 
acid18 rather than perbenzoic acid15 was used. The crude 
product from the alkaline saponification of the epoxide was 
directly acetylated with pyridine-acetic anhydride and after 
recrystallization from hexane-acetone afforded in 65-73% 
yield the diacetate VIII with m.p. 180-182°, [a]wD - 2 8 ° , 
X|„^ l ! 1726, 1704 cm."1 and free hydroxyl band. 

Anal. Calcd. for C5H38O6: C, 69.09; H, 8.81. Found: 
C, 69.34; H, 8.87. 
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a ten-membered carbon ring. The considerable 
interest in corresponding derivatives of the eight-
membered carbocycle stimulated these particular 
studies.6'7 

Sebacoin, obtained in improved yield (55%) 
by certain modifications of methods previously 
described,3-4'5 was used as the starting material for 
all syntheses. Since the application of infrared 
spectrophotometry proved to be of great value in 
following the purification of many of the ten-
membered ring compounds and in their ultimate 
characterization, infrared absorption curves for 
some of the compounds studied are presented. 
No data up to the present time have been pub
lished on the infrared spectra of carbocycles con
taining more than eight members. 

Cyclodecyne.—In view of Domnin's report of a 
successful synthesis of cyclooctyne8 it seemed rea
sonable to apply his method to the synthesis of 
cyclodecyne (V) from cyclodecanone (I) as outlined 
in the following diagram. 

, CO PCl5 I CCl2 KOH 
(CH2)8 ! > ( C H 2 ) 8 I *~ 

1 CH., I CH, in ale. 
1 II 
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33, 1282 (1939). 
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The synthesis of the ten-membered cyclic hydrocarbons cyclodecyne, cw-cyclodecene and irans-cyclodecene has been 
achieved. Cyclodecyne was obtained by the oxidative decomposition of 1,2-cyclodecanedione dihydrazone with yellow mer
curic oxide. Hydrogenation of cyclodecyne in the presence of a palladium catalyst led to aVcyclodecene which was also 
obtained by dechlorination of 1-chlorocyclodecene using sodium in liquid ammonia. /rarcs-Cyclodecene was produced by 
dehydration of cyclodecanol, by the action of zinc on 2-bromocyclodecanol acetate, and by the thermal decomposition of 
cyclodecyltrimethylammonium hydroxide. Certain physical properties of these cyclic hydrocarbons and many of their 
cyclic intermediates have been determined. The infrared spectra of these compounds show that there is a close corre
spondence in characteristic absorptions for various atomic groupings in acyclic and Cio-carbocyclic compounds. A compari
son of the properties of the isomeric cyclodecenes indicates that both forms are probably strainless with /rares-cyclodecene 
being the more stable thermally. 


