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acid was added, and shaking was continued for 3 more hr. 
The insoluble barium salts were filtered off and washed with 
water and acetone, and the combined filtrate and washings 
were concentrated in vacuo to 5 ml. 

Barium formate (200 mg.) was obtained from the concen- 
trate by the addition of 50 ml. of acetone. It was purified 
by three rrystallizations froin water-acetone, then steam dis- 
tillation from acid solution, and reconversion to  the barium 
salt. The pure salt was plated on copper planchets from 
water solution. 

The aqueous acetone filtrate from the original precipita- 
tion of the barium formate was concentrated to  dryness. 
1,3-Dithiolane l,l,3,3-tetroxide was extracted from the 

residue with boiling acetone and crystallized from isopropyl 
alcohol. After three recrystallizations, it was plated from 
acetone solution with collodion as a binder. The following 
activities were found (corrected for selfabsorption): 

c.p.m. per mmde 
diluted inositol 

All carbons (counted as disulfone) 38,300 
Carbon 2 (dithiolane tetroxide) 37,500 
Carbons 1,3,4,5,6 (barium formate) 500 
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A convenient new synthesis of pregnenolone-4-Cx4 from progesterone-4-Cx4 is described. 

Although progesterone-4-C14 has been widely 
used as a substrate for the study of steroid bio- 
synthesis, the A4-3-keto moiety in ring A of pro- 
gesterone (I), in fact, already represents an advanced 
step in the biosynthetic pathway from pregnenolone 
(IV) which contains a A5-3P-ol system. The various 
metabolic pathways concerned with the A5- 
double bond and the 3phydroxyl group could iiot 
be elucidated with proge~terone-4-C~~~ and for a 
better understanding of these metabolic processes, 
pregnenolone-4-C14 would be the logical substrate. 

The previously published method for the syn- 
thesis of pregnenolone-4-C14 by Milan Uskokovic, 
et al.' was rather involved and the over-all yield 
was very low. Since progesterone-4-C14 is readily 
available, it was decided to transform it to preg- 
nenolone-4-C14 by a suitable synthesis which forms 
the subject of the present paper. The various 
stages involved in the synthesis were first carried 
out with nonradioactive material, and when 
optimum conditions were established the synthesis 
was repeated with the radioactive steroid. 

Progesterone (I) mas converted to its 3-enol 
acetate (11) in 67y0 yield by trsating with acetic 
anhydride and acetyl chloride as described by 
WestphaL2 It has been shown previously by 
Wendler, et aL3 that, where the reduction of a 
particular ketonic group was not desirable it could 
be effectively protected as its semicarbazone deriva- 
tive, and that the subsequent reduction of the 
semicarbazone derivative with lithium borohydride 

(1) M. Uskokovic, R. I. Dorfman, and R I .  Gut, J .  Org. 

(2 )  U. Westphal, Ber., 70B, 2128 (1937); Chem. Abstr., 
Chem., 23, 1947 (1958). 

32, 21413 (1038). 
(3) N. I,. Wendler, Huang-Minlon, and %I. Tishler, 

J .  Am. Chem. SOC., 73, 3818 (1957). 

does not reduce the semicarbazone linkage whereas 
it reduces other carbonyl functions. Consequently, 
the protected ketonic function could readily be 
regenerated by removing the semicarbazone group 
with pyruvic acid. Accordingly, the 20-keto group 
in I1 was then protected as the 20-semicarbaaone 
by treating I1 in pyridine solution with semi- 
carbazide hydrochloride dissolved in aqueous 
methanol to give 3-a~etoxy-A~.~-pregnadiene-20- 
one-20-semicarbazone (111) in 85% yield. The enol 
acetate function in I11 was then reduced with 
lithium borohydride4 in tetrahydrofuran-dimethyl- 
formamide solution to give a mixture of 3a- and 
3P-hydroxy - A6 - pregnen- 20 - ones as their semi- 
carbazones. Without further purification the semi- 
carbazone group was removed with pyruvic acid 
to give a mixture of 3a- and 3P-hydroxy-As- 
pregnene-20-ones. The 3P-hydroxy-A5-pregnene-20- 
one (IV) was selectively isolated in 5570 yield 
through a digitonide formation and subsequent 
split of the digitonide with pyridine. The over-all 

(4) See L. F. Fieser and hl. Fieser, Steroids, Reinhold, 
New York, 1959, p. 439. 
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yield of pregnenolone from progesterone was 
30-32%. Starting with progesterone-4-CY4 preg- 
nen0lone-4-C~~ was prepared following the above 
sequence of reactions and all the radioactive inter- 
mediates and h a 1  product were found to be iden- 
tical (melting points and infrared spectra) with the 
nonradioactive authentic samples. 

EXPERIMENTAL' 

Melting points. All melting points, werc determined on 
samplea dried under high vacuum a t  60' for 24 hr. and were 
uncorrected. 

Absorption spectra. The ultraviolet absorption spectra 
were determined in methanol with a Cary Recording 
Spectrophotometer (Model 11 XIS). The infrared absorp- 
tion spectra were determined in potassium bromide disk 
on a Perkin-Elmer (Model 21) Infrared Spectrometer. 
3-Acetoxy-A~~6-Pregnadiene-2O-one (11). This compound 

was prepared in 67% yield as described by Westphd2 
The crude product was crystalliied once from methanol 
containing a trace of pyridine to give 2-acetoxy-Aap6- 
pregnadiene2O-one (11), m.p. 132-133", (a):=,- 24' 
(CHCb), AzFE 235 mp, ( e  = 19,535), ymy 1757, 
1705, and 1220 cm.-l (Lit.* m.p. 138', (CY)? - 41.9'). 
S-Acetozy-Aat6-pregnadiene-2O-one-2O-serntcarbazone (111). 

To a solution of 1.3 g. of enol acetate I1 in 5 ml. of pyridine, 
a solution of 3.5 g. of semicarbazide hydrochloride in 15 ml. 
of methanol and 5 ml. of water was added and the mix- 
ture was warmed a t  70-75" for 15 min. The precipitated 
semicarbazone 1.3 g. (85% yield) was filtered and was 
crystallized from dimethylformamide to give analytically 
pure 3 - a~e toxyA*~~-  pregnadiene - 20 -one - 20 - scmicarbazone 
(1111, m.p. 255-257' (dec.), (a)y  - 47.7' (dioxane), e:@" 232 mp, (E = 29,650), 72;  3565, 3347, 3280, 3220, 
1760, 1695, 1670, 1430, and 1220 cm.-l 

Anal. Calcd for C2dHa60aNa: N, 10.1. Found: N, 9.98. 
&3-Hydrozy-A6-pregnene-20-onc (pregnenolone) (IV). Lith- 

ium borohydridereductions. A solution of 1 g. of semicarbazone 
111 in 80 ml. of tetrahydrofuran and 10 ml. of dimethylform- 
amide was added dropwise at  room temperature to a stirred 
solution of 940 mg. of lithium borohydride in 60 ml. of tet- 
rahydrofuran. The stirring was continued a t  25' for 2 hr. 
and then an additional quantity of 470 mg. of lithium 
borohydride was added and stirring continued for two more 
hours. At the end of this period the excess lithium borohy- 
dride was decomposed with dilute acetic acid and the 801~- 
tion was concentrated under vacuum a t  40" almost to dry- 
ness. The residue was then triturated with water and the 
precipitated reduction product was filtered, washed with 
water and then dried in a vacuum desiccator overnight. 

(5) Analyses were performed by Micro-Tech Labora- 
tories, Skokie, Ill. 

Removal of the semicarbazone group. The above dried re- 
duction product was dissolved in 15 ml. of glacial acetic 
acid and 4 ml. of water. To this solution 2.6 g. of anhydrous 
sodium acetate and 2.4 ml. of 90% pyruvic acid were added 
and the mixture was heated under nitrogen atmosphere a t  
80' for 4 hr. At the end of this period the mixture was con- 
centrated under vacuum to a small volume and then diluted 
with water and extracted with ether. The ether extract was 
washed with saturated sodium bicarbonate solution, and 
with water until neutral and then dried over anhydrous 
sodium sulphate. Evaporation of the dried ether solution 
gave 0.641 g. of a mixture of 3 ~ -  and 3,9-hyd~oxy-A~-preg- 
nene-20-ones. 

Separation of 3,9-hydrozy-As-pregnene-$O-one thrmgh digi- 
tonin precipitation. To a SOlUtiOn of the aforementioned mix- 
ture of pregnene compounds in 30 ml. of 80% ethanol, a 
solution of 2.8 g. of digitonin in 160 ml. of 80% ethanol was 
added and set aside at room temperature for 20 hr. The 
resulting digitonide was centrifuged, washed with 80% 
ethanol and with ether to remove free steroid. The digito- 
nide was dissolved in 50 ml. of pyridine and allowed to stand 
for 15 hr. Moat of the pyridine was then removed under 
vacuum a t  40' and the residue was diluted with 200 ml. of 
ether. The precipitated digitonin was centrifuged and washed 
twice with ether. The combined ether washings and the 
first supernatant were washed w:th 5% hydrochloric acid, 
water, saturated sodium bicarbonate solution, and finalIy 
with water until neutral. The ether solution was dried over 
anhydrous sodium sulfate and evaporated to dryness to 
give 0.355 g. (55%) of 38-hydroxy-As-pregnen-20-one (IV) 
(pregnenolone). The analytical sample melted a t  190-191 ", 
( c c ) ~  + 25.7' (CHCla), 7::; 3500, and 1695 cm.-l 

Anal. Calcd. for C21H3202: C, 79.69; H, 10.19. Found. 
C, 79.63; H, 10.21. Further identity was established through 
a mixture melting point determination and the comparison of 
the infrared spectrum with that of an authentic sample. 

Radio-pure pr~gnenolone4-C1~ (m.p. 189-190'), was 
synthesized in 32.5% over-all yield, essentially by the same 
procedure worked orit above by starting with 108.7 mg. of 
progesterone-4-Cl' with R specific activity of 4.51 micro- 
curies per milligram. The specific activity of the final 
product was 4.4 microcurie4 per milligram as determined on a 
constant recording Packard Tri-Carb Scintillation Counter. 
All the intermediates and the final product in the radio- 
synthesis were identical with those of the nonradioactive 
intermediates and final product described above as shown by 
mixed melting point determinations and infrared spectra 
comparisons. 
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