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Recently, an excellent example of selective
homogeneous hydrogenation has been described
in the reduction of 3-oxo-1,4-diene steroids to the
corresponding 3-oxo-4-enes using chlorotris(tri-
phenylphosphine)rhodium as catalyst.1»® Although
the hydrogenation with this catalyst seems to proceed
quite selectively, it usually does not stop at 3-oxo-
4-enes and further hydrogenation to saturated
ketones may occur with prolonged reaction
period.1—3)

We have investigated the hydrogenation of 1,4-
androstadiene-3,17-dione (I) with a ruthenium
complex prepared from hydrated ruthenium chloride
and triphenylphosphine,¥ and found that the
hydrogenation with this complex is also applicable
to the selective reduction of I to 4-androstene-3,17-
dione (II). The hydrogenation proceeds rather
readily at below 50°C under a high pressure of
hydrogen. In contrast to the hydrogenation with
the rhodium complex, II was practically not
hydrogenated further with this ruthenium complex.
A small amount of androstane-3,17-dione (III),
the most part of which was the 5a isomer, was
produced along with II. The yield of II decreased
with elevation of the reaction temperature, although
the rate of hydrogenation increased greatly. A
noteworthy feature of this hydrogenation is that
the selectivity for the formation of II varies con-
siderably with the pressure of hydrogen, as shown
in Table 1. Thus, a high yield of II may be
obtained by hydrogenating at a relatively low
temperature and under a high hydrogen pressure.
In a typical run, 750 mg of I was hydrogenated with
150 mg of the catalyst in 15 m! of benzene at 40°C
under the hydrogen pressure of 125 kg/cm? for 10 hr.
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TaBLE 1. ErrFeCcT OF HYDROGEN PRESSURE ON THE
SELECTIVITY OF HYDROGENATION OF |,4-ANDROSTA-
DIENE-3,17-DIONE (I)®

Composition of

Hydrogen Reta_\cr.ion 9% of I hy:):l;ogelg/t?z)
pressure mme product
(kg/cm?) (hr) converted Pt AL
II I1I
10 1.5 12.3  66.4  33.6
30 1.5 19.4 78.9 21.1
50 1.5 26.2 85.8 14.2
100 1.5 45.1 89.5 10.5
162 1.5 64.8 92.5 7.5

a) I (300 mg) was hydrogenated with 300 mg of
the ruthenium complex in 60 m/ of benzene at
50°C.

b) II: 4-androstene-3,17-dione.

III: androstane-3,17-dione, the most part of
which was the 5a isomer. The product was
analyzed by gas chromatography after evapora-
tion of the solvent followed by extraction with
methylcyclohexane.

The product was 949, of II and 69, of III, and
contained no starting material, as analyzed by
gas chromatography. After the solution was passed
through alumina and the solvent removed, recrystal-
lization of the solid residue from acetone - hexane
gave 640 mg of almost pure II, mp 165—169°C,
[e]% + 189 (chloroform). Its infrared spectrum was
identical in all respects with that of an authentic
sample of II. Under similar conditions, 178-
hydroxy, 17f-acetoxy and 17f-acetyl derivatives
of 1,4-androstadien-3-one were also hydrogenated
to the corresponding 4-en-3-ones with high selectivity
as in the case of I.

Analysis of the product during the course of
hydrogenation of I showed that the ratio of the
IT to III formed was nearly constant throughout
the reaction. This indicates that III was produced
from I simultaneously with II. A further evidence
for this is that a very prolonged hydrogenation of
IT gave a small amount of III which was a mixture
of 58 and S« isomers. A probable course of the
formation of III seems to be the one via Sa-androst-
I-ene-3,17-dione, which was found to be hydro-
genated readily to III under the conditions in
which II did not hydrogenate.

Further studies on this hydrogenation are in
progress.



