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The Xynthesis of Progesterone and Related Compounds. 
By A. F. DAGLISH, J. GREEN, and V. D. POOLE. 

[Reprint Order No. 5259.1 

Ergosterol has been converted into pregnane-3 : 20-dione, progesterone, 
and 3a-acetoxypregnan-20-one. 

PREGNANE-3 : 20-DIONE, progesterone, and 3a-acetoxypregnan-20-one are useful inter- 
mediates in the synthesis of cortisone from readily available steroids and the object of the 
work described here is to provide a convenient route to these compounds from ergosterol. 
Preliminary announcements on this subject from the Upjohn Company (Chem. Eng. News, 
1953, 31, 3977), Johnson, Newbold, and Spring (Chem. and Ind., 1953, 1230), and ourselves 
(ibid., p. 1207) have already appeared. 

Ergosterone (ergosta-4 : 7 : 22-trien-3-one) (I) was prepared by the Oppenauer oxidation 
of ergosterol with aluminium isopropoxide, cyclohexanone, and benzene or toluene. The 
use of acetone as hydrogen acceptor gave products which contained unchanged ergosterol. 
When isobutyl methyl ketone and aluminium isopropoxide were used in the absence of the 
conventional inert solvent, good yields of ergosterone were obtained. 

The direct isomerisation of ergosterone to isoergosterone (ergosta-4 : 6 : 22-trien-3-one) 
(111) in 60% yield by treatment with a chloroform solution of hydrogen chloride has been 
carried out by Barton, Cox, and Holness (J., 1949, 1771), but this yield is only obtained 
when the ergosterone has been carefully purified. In order to avoid this wasteful procedure, 
the crude product from the Oppenauer oxidation was acetylated directly, giving the enol 
acetate of ergosterone (11) (cf. Heilbron, Kennedy, Spring, and Swain, J., 1938, 869), 
which in boiling aqueous-met hanolic sulphuric acid afforded isoergosterone in 66% overall 
yield from ergosterol. Other methods previously described for this conversion (Heilbron 
et al., loc. cit. ; Antonucci, Bernstein, Giancola, and Sax, J .  Org. Chem., 1951, 16, 1453) were 
found to give only low yields of highly coloured material. The hydrolysis proceeds through 
an intermediate compound believed from its analysis and ultra-violet absorption spectrum 
to be 3-methoxyergosta-3 : 5 : 7 : 22-tetraene. a t  320 mu (log E 4-30), corre- 
sponding to a conjugated heteroannular triene, exhibiting the typical bathochromic shift 
due to methoxyl substitution (cf. Dorfman, Clzem. Reviews, 1953, 53, 47). It is easily 
isolated as it is precipitated from the reaction mixture during the early stages of 
the hydrolysis. 

Hydrogenation of a dry ethanolic solution of isoergosterone, in the presence of 10% 
palladised charcoal and relatively high concentrations of potassium hydroxide, ceased 
after the uptake of two mols. of hydrogen, yielding 5p-ergost-22-en-3-one (IV). Other 
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catalyst carriers such as calcium carbonate and barium sulphate were also successful. 
When a less active palladium catalyst (1 % on charcoal) was used with a lower concentration 
of alkali, and when the hydrogenation was stopped after the uptake of one mol. of hydrogen, 
ergosta-4 : 22-dien-3-one (VI) (Barton et aZ., Zoc. cit.) was isolated in good yield. How- 
ever, this dienone was prepared more conveniently and in excellent yield by treating iso- 
ergosterone in liquid ammonia with lithium or sodium followed by ethanol, according to the 
general method of Wilds and Nelson (J .  Amer. Chem. SOC., 1953, 75, 5360). This appears 
to  be the first time that this reagent has been used for the selective reduction of a steroidal 
conjugated heteroannular dienone. 
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Treatment of a chloroform solution of 5p-ergost-22-en-3-one at  -70" with one mol. of 
ozone gave 3-oxobisnorcholan-22-a1 (V) in 92% yield. Ozonisation in other solvents was 
unsatisfactory. When two or more mols. of ozone were used, or when ozonisation was 
carried out at higher temperatures, the products contained large amounts of 3-oxobis- 
norcholanic acid. This acid was best obtained by permanganate oxidation of the ozonis- 
ation product. The cyclic ketal prepared from 5p-ergost-22-en-3-one and ethylene glycol 
was ozonised at 0" and gave a mixture from which, on esterification with diazomethane, 
methyl 3-ethylenedioxybisnorcholanate was isolated. The side chain of this compound 
could not be degraded further with phenylmagnesium bromide in the usual manner without 
hydrolysis of the ketal grouping. The only product isolated was 3 : 22 : 22-triphenylbis- 
norchola-3 : 20(22)-diene. 

Treatment of a chloroform solution of ergosta-4 : 22-dien-3-one at -70" with one mol. of 
ozone gave 3-oxobisnorchol-3-en-22-al, which has been previously prepared from stigmasterol 
and converted into progesterone by Hey1 and Herr (Zoc. cit. ; ibid., 1952, 74, 3627). 

3-Oxobisnorcholan-22-a1 was degraded by way of its enol acetate, prepared by the 
method of Bergman and Stevens ( J .  Org. Chzsm., 1948, 13, 10). The enol acetate was 
ozonised, without isolation, giving pregnane-3 : 20-dione (VII) . Alternatively, degrad- 
ation proceeded by way of the 22-piperidino-derivative (cf. Hey1 and Herr, Zoc. cit.). This 
enamine, because of its instability, was difficult to obtain pure, and generally the crude 
condensation product was ozonised directly, to give the dione. 

Hydrogenation of 5p-ergost-22-en-3-one in ethanol, containing potassium hydroxide, 
with Raney nickel gave 5p-ergost-22-en-3a-01 in 90% yield. (Barton et al., Zoc. cit., reduced 
this ketone with sodium and n-propanol.) The reduction was also carried out in high 
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yield with lithium in liquid ammonia, followed by addition of ethanol. 5p-Ergost-22-en- 
3a-01 was also obtained in good yield by the Raney nickel reduction of either ergost-4 : 22- 
dien-&one or isoergosterone, uptake of hydrogen ceasing at 2 and 3 mols. respectively. 
Acetic anhydride gave the 3a-acetate in 93% yield. 

Treatment of a chloroform solution of 3cr-acet oxy-5P-ergost-22-ene at  -70" with 
one mol. of ozone gave over 90% of 3a-acetoxybisnorcholan-22-al. When larger amounts 
of ozone were used at higher temperatures, the main product isolated was the 3a-acetoxy- 
acid, also obtained in high yield by chromic acid oxidation of the total crude ozonisation 
product. 

3a-Acetoxybisnorcholan-22-a1 was converted into its enol acetate, which, without 
isolation, was ozonised in chloroform, giving 3a-acetoxypregnan-20-one (IX) . Altern- 
atively, the 22-aldehyde gave a crystalline piperidino-derivative in good yield, which, on 
ozonolysis, also afforded 3a-acetoxypregnan-20-one. 

Pregnane-3 : 20-dione, on bromination in methylene chloride-tert.-butanol, gave 
4-bromopregnane-3 : 20-dione which, on dehydrobromination (cf. McGuckin and Kendall, 
J .  Amel.. Chem. Soc., 1952, 74, 5813), gave progesterone (VIII). 

EXPERIMENTAL 
Ultra- 

violet absorption measurements were made in ethanolic solution with a Hilger " Uvispek " 
instrument. 

3-Acetoxyergosta-3 : 5 : 7 : 22-tetraene (Ergosterone Enol Acetate) (II).-(a) A mixture of 
ergosterol (50 g.), cyclohexanone (300 ml.), and benzene (500 ml.) was distilled until moisture 
had been removed azeotropically. Aluminium isopropoxide (40 g.) in dry benzene (250 ml.) was 
added, and the mixture refluxed for 6 hr. Rochelle salt (50 g.), dissolved in a minimum 
of water, was then added and the volatile solvents were removed by steam-distillation. While 
still warm, the residue was extracted with benzene, and the extract washed with water, dried, 
and evaporated, the last traces of volatile material being removed on a steam-bath under 
reduced pressure. The crude product, which was a yellow solid, was refluxed with acetic 
anhydride (50 ml.) and pyridine (50 ml.) for 3 hr. After cooling, the product crystallised from 
the reaction mixture, which was filtered. Crystallisation from ethyl acetate gave 3-acetoxy- 
ergosta-3 : 5 : 7 : 22-tetraene (41 g., 74%) as plates, m. p. 146-149", [a]= -143", ha,. 315 mp 
(log E 4.36). Heilbron et al. (ZOG. cit.) give m. p. 146", [a]= -143.5", Amax. 316.5 mp (log E 4.33). 

(b)  Repetition of (a) with toluene (1200 ml.) in place of benzene and refluxing for 20- 
30 min. gave the same yield of 3-acetoxyergosta-3 : 5 : 7 : 22-tetraene. 

(c) Aluminium isopropoxide (15 g.) was refluxed in a dry solution of ergosterol (15 g.) in 
isobutyl methyl ketone (600 ml.) for 2 hr. When cool, the product was washed with dilute 
sulphuric acid, followed by water until neutral. The solvent was removed and the residue 
acetylated, affording 3-acetoxyergosta-3 : 5 : 7 : 22-tetraene (11-5 g., 70%) as plates, m. p. 144- 
147". 

Ergosta-4 : 6 : 22-triene-3-one (isoErgosterone) (111) .-A suspension of 3-acetoxyergosta- 
3 : 5 : 7 : 22-tetraene (100 g.) in methanol (5000 ml.), sulphuric acid (150 ml.), and water (125 ml.) 
was heated under reflux. The enol acetate dissolved rapidly, and during the reaction a white 
flocculent precipitate appeared, which slowly redissolved. Refluxing was continued for 1 hr. 
after the final clearing of the solution, the total reaction period being approx. 3 hr. The solution 
was cooled to room temperature and an equal volume of water added. The precipitated solid 
was collected and dissolved in ether, and the extract washed with water until free from acid. 
Evaporation left crude ergosta-4 : 6 : 22-trien-3-one which crystallised from methanol as faintly 
yellow needles (78 g., 87%), m. p. 106-5-108.5", [.IL, -40", A,,,. 283 mp (log E 4.44). Heilbron 
et al. ( loc.  cit.) give m. p. 108", [.ID -3O", A,,,. 280 mp (log E 4.52). 

3-Methoxyergosta-3 : 5 : 7 : 22-tetraene.-The above hydrolysis was repeated and, after 1 hour's 
refluxing, a portion of the insoluble intermediate was filtered off, washed with hot methanol, 
and crystallised twice from ethyl acetate, yielding 3-methoxyergosta-3 : 5 : 7 : 22-tetraene as 
needles, m. p. 137-140", Amax. 320 my (log E 4.30) (Found : C, 85.3; H, 11.0. C,,H440 requires 
C, 85.2; H, 10.9%). This substance is unstable, especially in chloroform solution, but an ether 
solution gave [.ID -75". 

5P-Ergost-22-en-3-one (IV) .-A solution of potassium hydroxide (50 g . )  in pure, dry ethanol 
(5 l., distilled over Raney nickel) containing palladium catalyst (10% on charcoal; 20 g.) was 

Optical rotations were determined on 0.5-1% solutions in CHCl, a t  15-20'. 

Alumina for chromatography was Spence, Type " 0." 
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shaken in an atmosphere of hydrogen until the catalyst was saturated. isoErgosterone (100 g.) 
was added and hydrogenation continued until there was no further uptake of hydrogen (2.0 mols. 
of hydrogen were absorbed in 2 hr.). After filtration, the solution was made just acid by 
addition of acetic acid, and the solvent removed under reduced pressure. The product from 
ether was crystallised from methanol, yielding 5P-ergost-22-en-3-one (8 1 g., 80%) as plates, 
m. p. 108-110°. After several recrystallisations from methanol, a sample for analysis had 
m. p. 114-115", [.ID -6" (Found : C, 83.9; H, 11.5. Calc. for C2,H,,0 : C ,  84.4; H, 11.6%). 
Barton et aZ. (Zoc. cit.) give m. p. 110.5", [.ID -2". 

Ergosta-4 : 22-dien-3-one (VI).-(a) A solution of potassium hydroxide (0.1 g.) in dry ethanol 
(250 ml.), containing palladium catalyst (1 %, on charcoal ; 1-25 g.), was shaken in an atmosphere 
of hydrogen until the catalyst was saturated. isoErgosterone (5 g.) was added and reduction 
continued until 1 mol. of hydrogen had been absorbed, then the reaction was stopped. The 
product was isolated in the usual manner, affording ergosta-4 : 22-diene-3-one (3-0 g., 60%), 
m. p. 127-128", [.ID +42", Am. 242 mp (log E 4-21). Barton et al. (Zoc. cit.) give m. p. 127-5- 
128.5", [.ID +44", Amax. 242 mp (log E 4.26). 

(b)  isoErgosterone (1.0 g.) was dissolved in dry ether (50 ml.), and liquid ammonia (250 ml.) 
was added with stirring. After 
a further 10 minutes' stirring absolute ethanol was added dropwise so that the solution 
became colourless after 15-20 min. The solvents were then evaporated and water was added 
to the residue. Extraction with ether and evaporation of the dried extract leIt a sticky solid 
which was dissolved in benzene and filtered through a small column of alumina. Removal of 
the benzene and crystallisation of the residue from methanol gave ergosta-4 : 22-dien-3-one 
(0-8 g.) as colourless needles, m. p. 129-130", Am=. 241 mp (log E 4.23). 

In  this preparation, sodium could be used in place of lithium, a similar yield being obtained. 
3-0xobisnorchoZan-22-uZ (V) .-5P-Ergost-22-en-3-one (12 g.) , dissolved in pure chloroform 

(250 ml.), was cooled to -70", and treated with ozonised oxygen until the solution became 
faintly blue (this corresponded to an uptake of 1-0-1.05 mols. of ozone). Immediately, zinc 
dust (20 g.) was added, followed by glacial acetic acid (50 ml.), and the mixture was stirred at 
room temperature until it no longer gave a positive starch-iodide reaction (about 20 min.). 
The zinc residues were removed by filtration and the filtrate evaporated to a small bulk under 
diminished pressure. The residue was extracted with ether, and the extract was washed with 
potassium hydroxide solution ( 1 yo), water, and dried. Evaporation left 3-oxobisnorchoZan-22-aZ 
(9.2 g., 93%), as a white crystalline solid, m. p. 140-145". This material was sufficiently pure 
for the next stage. A portion crystallised twice from isopropyl ether had m. p. 142-145", 
[.ID +24" (Found : C, 80-0; H, 10.5. C22H3,02 requires C, 80.0; H, 10-4y0). 

3-OxobisnorchoZanic A cid.-5P-Ergost-ZZ-en-3-one (4 g.) , dissolved in chloroform (200 ml.) , 
was cooled to 0" and treated with 2 mols. of ozone. The solvents were removed under reduced 
pressure and the residue was dissolved in a mixture of acetic acid (24 ml.) and ether (50 ml.). 
Zinc dust (4 g.) was added and the mixture stirred a t  room temperature for 30 min. After 
dilution with water and extraction with ether, the extract was dried and evaporated. The 
residue was dissolved in acetone (50 ml.) containing acetic acid (5 ml.), and a saturated solution 
of potassium permanganate in acetone (40 ml.) was added. After 2 hours' stirring the solution 
was acidified with dilute sulphuric acid. Sodium metabisulpbite was then added until the 
mixture was colourless. Extraction with ether and crystallisation from methanol gave 3-0x0- 
bisnorcholanic acid (2.0 g., 58y0), m. p. 178-180", [.ID +So. (Budenandt and Mamoli, Ber., 
1935, 68, 1854, give m. p. 184", [.ID +4.55".) Reaction with diazomethane in ether gave the 
methyZ ester, which crystallised from methanol as plates, m. p. 168-169", [a],, + Z O O  (Found : 
C, 76.3; H, 10.1. C,.&&:, requires C, 76.6; H, 10.1%). 

3-E2~yZenedioxy-SP-ergost-22-ene.-A mixture of 5P-ergost-22-en-3-one (6 g.), dry benzene 
(60 ml.) and ethylene glycol (12 ml.) was refluxed for 12 hr., in the presence of toluene-p-sulphonic 
acid (100 mg.), with constant removal of the water with barium oxide. After cooling, potassium 
hydroxide (0-5 g.) in methanol (10 ml.) was added, and the lower phase was discarded. The 
benzene extract was washed with water, dried, and evaporated. Crystallisation from methanol- 
ethyl acetate gave 3-ethyZenedioxy-5P-ergost-ZZ-e?ze (6-0 g., 90%) as needles, m. p. 91-93", 
[.ID 0" (Found : C, 81.3; H, 11.2. C3oH50O2 requires C, 81.4; H, 11.4y0). 

Methyl 3-Et~yZenedioxybisn~rc~oZanate.-3-Ethylenedioxy-5~-ergost-22-ene ( 2  g.), in chloro- 
form (100 ml.) and pyridine (2 ml.), was treated with 2 mols. of ozone at  0'. The solvents were 
removed under reduced pressure and the residue was dissolved in ether (26 ml.) and acetic acid 
(12 ml.). Zinc dust (2 g.) was added, and, after 10 minutes' stirring, the zinc residues were removed 
by filtration. The acid fraction was extracted from the filtrate by shaking it with potassium 

Lithium (1.0 g.) was added in small pieces during 5 min. 
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hydroxide solution ( 1 %) . The alkaline liquors were acidified with acetic acid, and the liberated 
acid was extracted with ether and worked up in the usual manner. The crude acid was 
methylated with diazomethane, and the ester was purified by chromatography on alumina. 
The benzene eluate yielded a crystalline solid. ilfethyt 3-ethyZenedioxybisnorchoZunate (0.72 g., 
40%) separated from methanol as needles, m. p. 100-102", [.ID +lo" (Found : C, 74.2; H, 
9.8. 

Further degradation of the side chain of this compound with phenylmagnesium bromide 
yielded 3 : 22 : 22-tri~henyZbisnorchola-3 : 20(22)-diene, which crystallised from methanol as 
needles, m. p. 234-236", [.ID +373" (Found : C, 91.3; H, 9.0. C4oH4, requires C, 91.2; H, 

3-OxobisnorckoZ-4-en-22-uZ.-A solution of ergosta-4 : 22-dien-3-one ( 5  g.) in chloroform 
(25 ml.) a t  -70" was treated with ozonised oxygen until 1 mol. had been absorbed. Zinc dust 
(7.6 g.) and acetic acid (50 ml.) were added and the mixture was shaken a t  room temperature 
until it no longer gave a positive starch-iodide test. Zinc residues were removed by filtration, 
and the filtrate was extracted with ether. After removal of the acid fraction with potassium 
hydroxide solution (lye), evaporation of the extract left a white solid which, after crystallis- 
ation from isopropyl ether, gave 3-oxobisnorchol-4-en-22-al (2.9 g.) as needles, m. p. 152-159". 
A sample crystallised several times from isopropyl ether had m. p. 169-160", [.ID +88". Hey1 
and Herr (Zoc. cit.) give m. p. 160-161", [.ID +82-5". 

Pregnune-3 : 20-dione (VII) .-3-Oxobisnorcholan-22-al (2 g.) in acetic anhydride (20 ml.), 
containing fused sodium acetate (2 g.), was refluxed for 6 hr. in an atmosphere of nitrogen. The 
product, a light yellow gum, was treated in chloroform (100 ml.) with ozonised oxygen (1.4 mols.) 
a t  - 70". Zinc dust (6 g.) and glacial acetic acid (50 ml.) were added and the mixture was stirred 
a t  room temperature for 20 min. The filtered solution was evaporated, and the residue was 
dissolved in ether and washed with potassium hydroxide solution (1 yo), followed by water. 
Crystallisation from light petroleum (b. p. 40-60") afforded pregnane-3 : 20-dione (1.08 g., 
56y0), m. p. 121-123", [.ID +logo  (Found : C, 79.5; H, 10.1. Calc. for C2,H3,02 : C, 79.7; 
H, 10.2y0). 

22-PiperidinobisnorcJzoZ-20(22)-en-3-one.-A solution of 3-oxobisnorcholan-22-a1 (2 g.) in 
benzene (100 ml.), containing piperidine (0.8 ml.), was heated a t  the b. p. for 2-5 hr. The 
solvent was continuously dried with barium oxide during the reaction. After removal of the 
solvents, the product was chromatographed on alumina in benzene-light petroleum (1 : 10). 
The eluate, on evaporation, yielded a solid, which was crystallised several times from light 
petroleum, and then isopropyl ether, affording 22-~iperidinobisnorchol-20( 22) -en-3-one as needles, 
m. p. 111-130°, [.ID +26", Amax. 236 mp (log E 3-90) (Found : C, 81.7; H, 10.9. C,,H,,ON 
requires C, 81-6; H, 10.9%). In an earlier communication (Chem. and Ind., 1953, 1207) the 
m. p. and rotation of this compound were wrongly reported. 

Pregnaw-3 : 20-dione from 22-PiperidinobisnorclzoZ-20( 22)-en-3-one.-3-0xobisnorcholan-22- 
a1 (2.8 g.) was converted into its 22-piperidino-derivative as described above, and the crude 
product was treated in pure chloroform (100 ml.) with ozonised oxygen a t  -70°, until a blue 
colour appeared. Zinc dust (4 g.) and acetic acid (50 ml.) were added and, after isolation in the 
usual manner, the product was chromatographed in benzene-light petroleum (1 : 1) on alumina. 
The first eluate afforded pregnane-3 : 20-dione (1.2 g., 54y0), m. p. 119-122", [.ID + 108". 

5P-Ergost-22-en-3a-ol.-(a) From 5P-ergost-22-en-3-one. (i) To a solution of potassium 
hydroxide (2 g.) in ethanol (200 ml.), Raney nickel sludge (2 ml.) was added, and the suspension 
was shaken in hydrogen until the catalyst was saturated. 5P-Ergost-22-en-3-one (2 g.) was then 
added and reduction continued until absorption was complete (122 ml.). After filtration, the 
solution was made acid with acetic acid and evaporated to dryness. Crystallisation from 
methanol afforded 5P-ergost-22-en-301-01 (1.8 g., go%), as needles, m. p. 149-150", [.ID -2" 
(Found : C, 83.9; H, 11.9. Calc. for C28H,80 : C, 83-9; H, 12.1%). Refluxing with acetic 
anhydride for 1 hr. gave 3a-acetoxy-5P-ergost-22-ene (93%), m. p. 115-116", [.ID +11" (Found : 
C, 81.0; H, 11-2. Barton et u Z .  (Zoc. cit.) give m. p. 
149-150", [.ID -2", for the alcohol and m. p. 114-115", [aID + 16O, for the acetate. 

(ii) To a solution of 5P-ergost-22-en-3-one (2 g.) in dry ether (60 ml.) was added redistilled 
liquid ammonia (200 ml.) with stirring, followed by lithium (1 g.), in small pieces, during 
5 min. Stirring was continued for 10 min., and dry ethanol (25 ml.) was then added dropwise 
during 10 min., by which time the solution became colourless. The ammonia was evaporated 
and water added. Isolation with ether and crystallisation from methanol gave 5P-ergost-22- 
en-3a-01, m. p. 140-144", which was converted directly into its acetate (1.6 g., 72y0), m. p. 

C2,H4,04 requires C, 74.2 ; H, 10.0%). 

8.8%) .  

Calc. for C,,H5,,02 : C, 81.4; H, 11.3%). 

115-1 1 7 O .  
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(b) From ergosta-4 : 22-dien-3-one. Ergosta-4 : 22-dien-3-one (5 g.) in ethanol (300 ml.), 

containing potassium hydroxide (3 g.), was hydrogenated over Raney nickel. Absorption 
ceased when 2 mols. of hydrogen had been taken up. After isolation with ether, a sample of 
the crude solid did not give a precipitate with digitonin. Crystallisation from methanol gave 
5P-ergost-22-en-3u-01 (3.5 g., 69y0), m. p. 146-149". 

By the method previously described, isoergosterone (8.7 g.) was 
hydrogenated over Raney nickel. Absorption ceased after 3 mols. of hydrogen had been taken 
up. After isolation in the usual way, the crude product was crystallised from methanol, yielding 
5P-ergost-22-en-3u-01 (7-0 g., 79%), m. p. 145-148". 

3a-AcetoxybisnorchoZan-22-al.-3a-Acetoxy-5~-ergost-22-ene (12 g.) in chloroform (250 ml.) 
was ozonised a t  -70". The solution became blue after 1 mol. of ozone had been absorbed. 
Isolation in the usual manner gave 3a-acetoxybisnorcholan-22-a1 (9.4 g., 92%), m. p. 125-128". 
Crystallisation from isopropyl ether gave plates, m. p. 127-128", [aID +33" (Found : C, 77.0; 
H, 10.4. Calc. for C24H3@3 : C ,  77.0; H, 10.2%). 

3u-Acetoxy-5P-ergost-22-ene 
(2 g.) in chloroform (200 ml.) was treated with 2 mols. of ozone at  0-5". The solvents were 
evaporated under reduced pressure and the ozonide was decomposed with zinc dust (2 g . )  and 
acetic acid (12 ml.). Isolation of the steroid acid fraction, treatment with diazomethane, and 
crystallisation of the product from methanol gave the methyl 3u-acetoxybisnorcholanate (0.84 g., 
46%) as plates, m. p. 109-112", [.ID +40" (Found : C, 73.7; H, 9-8. C,,H4,0, requires C, 

(b) By ozone, followed by chromic acid oxidation. 3u-Acetoxy-5P-ergost-22-ene (2 g . )  in chloro- 
form (75 ml.) was treated with 1-25 mols. of ozone a t  0'. Zinc dust (3 g.) and acetic acid (100 ml.) 
were added and the mixture stirred for 1 hr. The solids were filtered off and the filtrate was 
evaporated to dryness. The residue was dissolved in acetic acid (50 ml.), and chromic acid 
(1 g.) in water (1 ml.) was added. The solution was allowed to remain at room temperature for 
17 hr. After removal of the excess of chromic acid with methanol, the product was isolated 
with benzene. Crystallisation from methanol-water gave 3a-acetoxybisnorcholanic acid 
(1.1 g., 62%) as colourless blades, m. p. 220-223", [a]= +22" (Found : C, 73.8; H, 9-7. Calc. 
for C24H3804 : C, 73.8; H, 9.8%). Treatment with diazomethane afforded the methyl ester, 
m. p. 109-112". 

3u-A cetoxy~regnan-20-one.-3u-Acetoxybisnorcholan-22-al (4-46 g.) was heated at reflux 
under nitrogen for 5 hr. in acetic anhydride (36 ml.) containing anhydrous potassium acetate 
(0.07 g.). After isolation in the usual manner, the product was dissolved in dry ether (100 ml.), 
cooled to -35", and treated with 1 mol. of ozone. The product was dissolved in light petroleum 
and purified by chromatography on alumina. Crystallisation from ether gave 3u-acetoxy- 
pregnan-20-one, as prisms, m. p. 100-lOl", [.ID +123" (Found : C, 76.2; H, 10.1. Calc. for 

3u-A cetoxy-22-Pi~eridinobisno~choZ-20( 22) -ene .-3a-Acetoxybisnorcholan-22-al (6.4 g.) was 
refluxed under nitrogen for 24 hr. in benzene (150 ml.) containing piperidine (5 ml.). Barium 
oxide was used to remove water from the distilling solvent. Removal of the solvent left a 
solid which, on crystallisation from methanol, gave 3u-acetoxy-22-piperidinobisnorchol-20( 22) - 
ene (4.1 g., 54%) as plates, m. p. 106-110". After recrystallisation from methanol, the 
analytical sample had m. p. 114-115", [.ID +47" (this rotation was wrongly recorded in the 
preliminary communication) (Found : C, 79.0; H, 10.6; N, 3.2. Calc. for C,,H,,02N : C, 
78.8; H, 10.7; N, 3.2%). 

3u-Acetoxypregnan-20-one from 3u-Acetoxy-22-~i~eridinobisnorchoZ-20(22)-ene.-A solution of 
the acetoxy-enamine (5.7 g.) in dry ether (200 ml.) was treated at  -35" with ozonised oxygen 
until absorption of ozone was complete, as shown by analysis of the effluent gas. The product 
was chromatographed in light petroleum on alumina. The first fractions gave 3u-acetoxy- 
pregnan-20-one (2.7 g., !By0), which crystallised from ether as prisms, m. p. 100-lOl", showing 
no depression on admixture with the previously prepared sample. 

4-Bromopregnane-3 : 20-dione.-Pregnane-3 : 20-dione (1.0 g.) was dissolved in a mixture of 
methylene chloride (5 ml. saturated at room temperature with hydrogen bromide) and tert.- 
butanol (5 ml.), and cooled in ice. Bromine (0.50 g.) in a mixture of methylene chloride (5  ml.) 
and tert.-butanol (5 ml.) was added during 15 min. The solution was then set aside at room 
temperature until the colour was discharged. Extraction with ether gave a solid which 
crystallised from chloroform-ether, affording 4-bromopregnane-3 : 20-dione (0.65 g., 52 %) , 
m. p. 178-182'. 

Progesterone.-4-Bromopregnane-3 : 20-dione (1.0 g . )  was dissolved in a mixture of tert.- 

(c) From isoergosterone. 

3u-Acetoxybisnorcholanic Acid.-(a) Using an excess of ozone. 

74.2; H, 10.0%). 

C23H36O3 : C, 76.6 ; H, 10.1%). 

Butenandt and Schmidt (Bey. ,  1934, 67, 1901) give m. p. 186-187". 
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butanol (50 ml.) and chloroform (30 ml.), and the air above the solution was displaced 
by nitrogen. Semicarbazide base (300 mg.) was added, and the solution was allowed to  stand 
under nitrogen for a further 3 hr. After 0.5 hr., the solution became deep orange and later 
colourless. Solvents were removed under reduced pressure, and the residue was triturated with 
ethanol (15 ml.) and water (20 ml.). The solid semicarbazone (0.92 g.) had m. p. 234-236", 
[.ID +192O (c, 0.2 in 1 : 1 chloroform-tert.-butanol), ?,,,. 270 mp (log E 4.46). 

The semicarbazone was dissolved in acetic acid (15 ml.), containing water ( 5  ml.) and 
P-hydroxybenzaldehyde (1-6 g.), and sealed under nitrogen for 24 hr. Isolation with ether gave 
a product which was dissolved in benzene and chromatographed on alumina. A benzene-ether 
eluate gave progesterone (0-30 g., 38%), which crystallised from light petroleum as blades, m. p. 
and mixed m. p. 127-129", [ E ] ~  +220°. 

The authors are indebted to Mr. D. J. Outred for assistance with the experimental work. 
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