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SUMMARY

The facile and quantitative conversion of 17e«~hydroxypregnenolone
into dehydroepiandrosterone by oxidation with leadtetraacetate in an
aprotic medium is described. Thus, a model for the non-enzymic degradation
of €1 to Cig steroids is presented involving a radical, rather than an
ionic mechanism.
INTRODUCTION

The major metabolic pathway leading from cholesterol into the androst-
enes is generally recognized to proceed at some stage via pregnenolome as
an obligatory intermediate (1-4). We have previously shown (5) that in
certain microbial systems the Cy-side chain of progestercne is cleaved by
a Baeyer-Villiger type enzymic oxidation to yield directly a 17(3-acetoxy
derivative. In mammalian systems (6-10), pregnenolone must undergo further
transformation at C-17 and possibly C-20, prior to side chain scission, as

shown in the following simplified scheme.

The key step in the above sequence is the formation of a 17«-hydroxy

derivative. The o~ketol side chain can subsequently be oxidized directly
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to the 17-ketone, or alternatively, via a C-17,C-20 glycol intermediate.
All of the above reactions are assumed to be enzymatic and, because they
occur in biological and therefore polar media, to be ionic in nature.

It is the purpose of the present study to demonstrate the easy and
quantitative conversion of 3f3,17X-dihydroxy-5-pregnen-20-one (17&-hydroxy-
pregnenolone) into Sﬂ—hydroxy—s-androsten—17-one (DHEA) by a non-enzymic,
non-ionic reaction mechanism.

MATERTALS AND METHODS
17a~Hydroxypregnenolone and DHEA were purchased from Steraloids, Inc.,

Pawling, N.J. Leadtetraacetate (Fisher Scientific Co.) was recrystallized
several times from glacial acetic acid and stored under anhydrous benzene,
prior to use. Determination of melting points, infrared spectroscopy and
thin-layer chromatography (TLC) was performed as described earlier (il).
Gas liquid chromatography (GLC) was conducted with a F & M 402, high
efficiency instrument, equipped with a hydrogen flame ionization detector
under the following parameters: 180 x 0.3 cm glass column, packed with

3% 0V-1 on 100-120 mesh Gaschrom Q (Applied Science Labs., State College,
Pa.), injection port temperature 2750, oven 2350, detector 2850, He carrier
gas flow 33 ml/min at 40 p.s.i., attenuation 10 x 16.

Preparation of 3f-Acetoxy-5-androsten-17-one (DHEA-acetate)

A solution of 400 mg of l7«~hydroxypregnenolone-3B-acetate (prepared
by selective acetylation of 17d-~hydroxypregnenolone) was dissolved in 40 ml
of freshly distilled anhydrous benzene. Under nitrogen atmosphere was then
introduced 200 mg of CaCO3 and 800 mg of Pb(OAc)A. The heterogenous mixture
was refluxed under nitrogen by heating with a 500 Watt lamp. After 16 hours,
the yellow coloured reaction mixture was cooled to room temperature and
diluted with 200 ml of ethylacetate. The organic extract was filtered and
washed successively with 5N HZSOA’ IN Na25203 and HZO' After drying over
anhydrous Na2804 and evaporation of the solvent there was obtained 440 mg
of a yellow viscous oil. TLC of the crude product gave a single spot with
Re 0.70 (chloroform/methanol 9:1) and 0.63 (ethylacetate), and GLC a single
peak with retention time of 0.57 (relative to 5«-cholestane), which gave
peak enhancement upon coinjection of the same amount of sample with authen-
tic DHEA-acetate. Recrystallization of the yellow oil from acetone/hexane
gave 392 mg of colourless crystalls, m.p. 168-171° (a mixture melting
point with authentic DHEA-acetate gave no depression).)}iﬁi: 1728 em-1
(acetate) and 1710 cm-1 (5-membered ring ketone).

RESULTS AND DISCUSSION
Although various corticosteroids with a Aﬁ—3-ketone moiety have been

subjected to oxidation with leadtetraacetate in polar media (12), the

66



Vol. 39, No. 1, 1970 BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS

specific interaction of 17e-hydroxypregnenolone with this reagent has not
been investigated previously. On the other hand, the direct emzymatic
conversion of cholesterol into DHEA in calf testis has been reported (13),

thus suggesting a new pathway of the degradation of C2 to C19 steroids in

mammals, bypassing pregnenolone. Recently, Lieberman. Zt al. (14) described
the synthesis of pregnenolone by leadtetraacetate oxidation of 20e~hydroxy-
cholesterol. It is of interest to note that of the other known properties
of leadtetraacetate as an acetoxylating and methylating reagent (15), none
of these reactions were observed with the above sterol and also with 17e¢{~
hydroxypregnenclone. The slightly acidic hydrogen of the OH-group suffices
to direct a homolytic cleavage in aprotic media, leading in the case of
17o~hydroxypregnenolone to the smooth and quantitative formation of DHEA.
The latter compound has recently (16) also been recognized among the various
light induced autoxidation products of cholestercl, no doubt generated in

a similar way by a radical reaction mechanism. Thus, the driving force of
the degradation reaction must be sought in the formation of an oxy- or
peroxy radical at C-17, which then stabilizes by expulsion of the acetyl
side chain. In view of the facile generation of such a tertiairy oxygen
radical, it may be reasonable to postulate that not all of the DHEA,

found in biological material is necessarily of enzymatic origin, particu-
larly, since none of the C-17(20)-lyases has been adequately purified and

characterized thus far (17).

ACKNOWLEDGEMENT

The author is indebted to the National Research Council of Canada for
a grant (A5023).

REFERENCES

1. Staple, E., Lynn Jr., W.S., and Gurin, S., J. Biol. Chem., 219,
845 (1956).
2. Koritz, S§. B., and Hall, P. F., Biochemistry, 3, 1298 (1964).
3. Hall, P.F., and Koritz, S. B., Biochim. Biophys. Acta, 93, 441 (1964).
4. Dorfman, R. I., and Ungar, F., Metabolism of Steroid Hormones,
Academiec Press, New York, 1965, pp. 150-158 and 194-200.
5. Tan, L., and Smith, L. L., Biochim. Biophys. Acta, 152, 758 (1968).
6. Solomon, S., Carter, A. C., and Lieberman, S., J. Biol. Chem., 235,
351 (1960).
7. Lanthier, A., and Sandor, T., Metabolism Clin. Exptl., 9, 861 (1960).
8. KXahnt, F. W., Neher, R., Schmid, K., and Wettstein, A., Experientia,
17, 19 (1961).
9. Weliky, I., and Engel, L. L., Federation Proc., 20, 179 (1961).
10. Kase, N., Forchielli, E., and Dorfman, R. I., Acta Endocrinol., 37,
19 (1961).
11. Tan, L., J. Chromatog., 45, 68 (1969).

67



Vol. 39, No. 1, 1970 BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS

12.
13.
14,
15.
16.

17.

Caspi, E., Schmid, W., and Wittstruek, T. A., Tetrahedron, 16, 271
(1961) .

Jungmann, R. A., Steroids, 12, 205 (1968) and Biochim. Biophys. Acta,
164, 110 (1968).

Lieberman, S., Bandy, L., Lippman, V., and Roberts, K. D., Biochem.
Biophys. Res., Comm., 34, 367 (1969).

Preuss, F. R., and Tan, L., Arch. Pharmaz., 293, 505 (1960); ibid.,
293, 517 (1960), and the references cited therein.

Van Lier, J. E., Cholesterol Autoxidation: New Aspects of Steroid
Biogenesis, Ph.D. thesis, Galveston, Texas (1969).

Machino, A., Inano, H., and Tamaoki, B., J. Steroid Biochem., 1, 9
(1969).

68



