2852

BULLETIN OF THE CHEMICAL SOCIETY OF JAPAN, VOL. 48(10), 2852—2854 (1975)

[Vol. 48, No. 10

Selective Homogeneous Hydrogenation of 3-Oxo-1,4-diene Steroids.

II1.»

On the Formation of Saturated 5a-Ketone in the Hydro-

genation Catalyzed by Dichlorotris(triphenylphosphine)ruthenium

Shigeo NisumMmura, Tomio IcHiNno, Akira Axmmorto, Kiyoshi Tsunepa,* and Hiromu Morr*
Department of Industrial Chemistry, Tokyec University of Agriculture and Technology, Koganei, Tokyo 184
*Chemical Research Laboratory, Teikoku Hormone Manufacturing Co., Ltd., Shimosakunobe, Kawasaki 213

(Received December 5, 1974)

Hydrogenation of 1,4-androstadiene-2,17-dione (1) with RuCl,(Ph,P), gives some saturated 5a-ketone together

with 4-androstene-3,17-dione (2).
to hydrogen pressure.

tion of 2 and zero-order for formation of the saturated ketone.

The ratio of 2 to the saturated ketone formed increases almost in proportion
The rate dependence upon hydrogen pressure has been shown to be first-order for forma-

A mechanism which involves a 1,5-hydride shift

at an intermediate species is proposed for the stereoselective formation of the 5x-ketone.

In previous papers,1'2 it was shown that 1,4-
androstadiene-3,17-dione (1) is hydrogenated selec-
tively to 4-androstene-3,17-dione (2) with dichloro-
tris(triarylphosphine)rutheniums  as  catalysts. Al-
though hydrogenation of 2 to saturated ketones (3a
and 3b) was very slow with the ruthenium complex
some saturated Sa-ketone was found to arise directly
from 1.2 This was in contrast to the hydrogenation
catalyzed by chlorotris(triphenylphosphine)rhodium3-4)
where saturated ketones were all produced consecutive-

ly through 2.2
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Scheme 1. Hydrogenation pathways of 1,4-androstadiene-

3,17-dione (1).

This paper describes further studies which were
undertaken to get an insight into the mechanism of
formation of the saturated Soa-ketone in the ruthenium
complex catalyzed hydrogenation.

Experimental

Material. 1,4-Androstadiene-3,17-dione (1) was ob-
tained from the Kikkoman Shoyu Co. and used without
further purification, mp 138—139 °C.

Catalyst. Dichlorotris(triphenylphosphine)ruthenium
was prepared as described previously.V

Hydrogenation and Analysis of the Products. The hydro-
genation apparatus and the method of analysis of the products
were the same as those described previously.V 1 (500 mg)
was hydrogenated with 50 mg of the ruthenium complex in
10 ml benzene at 50 °C under various hydrogen pressures.
During each hydrogenation the hydrogen pressure was kept
almost constant. The reaction time was varied from 505 min
for the hydrogenation at the lowest pressure (2.2 kg/cm?)

to 60 min for that at the highest pressure (101 kg/cm?). The
conversion of 1 ranged from 169, to 429, by hydrogenations.
The pseudo-first-order rate constants were calculated from
the compositions of reaction mixtures employing the integrated
form of Eq. (1).

Results

Figure 1 shows the effect of hydrogen pressure on
the ratio of 2 to saturated ketone formed in the hydro-
genation of 1 in benzene at 50 °C. Hydrogenation
of 2 to saturated ketones 3a and 3b was extremely
slow under these conditions and this ratio was, there-
fore, practically independent of the conversion of 1
at a given hydrogen pressure. As described pre-
viously,? the saturated ketone formed here is pre-
dominantly 5a«-androstane-3,17-dione (3a) and this
is also indicative that the saturated ketone was not
formed through 2, because hydrogenation of 2 gave
an about 2 : 1 mixture of 3a and 3b. As is seen from
Fig. 1, the ratio of 2 to the saturated ketone increases
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Fig. 1. Effect of hydrogen pressure on the ratio of
4-androstene-3,17-dione (2) to the saturated ketone
formed in the hydrogenation of 1. 1 (500 mg) was
hydrogenated with 50 mg of RuCl,(Ph;P); in 10 ml
benzene at 50°C. Each hydrogenation was performed
at nearly constant pressure,
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Fig. 2. Effects of hydrogen pressure on the conversion
of 1, the formation of 2 and the formation of saturated
ketone. %, k;, and £k, are pseudo-first-order rate
constants defined by Eq. (1). For experimental

conditions, see the footnote of Fig. 1.

almost in proportion to the hydrogen pressure in a
wide range of 2 to more than 100 kg/cm?.

Figure 2 shows the effect of hydrogen pressure on
a pseudo-first-order rate constant £ defined by Eq.

1).5 The rate constant £ can be separated into the
1%
d[1
- L ok = k) M)

two rate constants k£, and k, for formation of 2 and
the saturated ketone, respectively, from the results
shown in Fig. 1. From the effects of hydrogen
pressure on k; and £, thus obtained (Fig. 2), it is
concluded that the rate of formation of 2 is first-order
in hydrogen pressure while that of the saturated ketone
is independent of hydrogen pressure. At low pres-
sures, however, £, appears to decrease with decreas-
ing hydrogen pressure.

From the plots of the log of the ratio 2:
ketone wvs.

saturated
the reciprocal of reaction temperature
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Fig. 3. Effect of reaction temperature on the ratio of
2 to the saturated ketone formed in the hydrogenation
of 1. 1 (500 mg) was hydrogenated with 50 mg of
RuCl,(PhgP); in  10ml benzene at 100kg/cm?
hydrogen pressure,
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(Fig. 3), we know that the apparent activation energy
for formation of saturated ketone is 3.8 kcal/mol higher
than for formation of 2. Thus a better selectivity for
2 is obtained in the hydrogenation at a low temperature.

Discussion

The active species in the hydrogenation catalyzed
by dichlorotris(triphenylphosphine)ruthenium is con-
sidered to be the hydrido complex RuCIH(PhgP),
formed by the hydrogenolysis of the dichloro com-
plex.®” The first step of the hydrogenation of 1,
therefore, will be the addition of the hydrido complex
(abbreviated as RuH) to 1, probably from the a-face.
Although the mode of addition of RuH to an «,f-
unsaturated ketone is not certain, it might be presumed
to occur in the following ways: 1,2 to the C—C,
double bond to give A or 1,4 to give B as shown in
Scheme 2.8 If we assume that isomerization of B
to C by a 1,5-hydride shift at the cyclic conjugated
diene system would occur during the hydrogenation
of A or B, the stereoselective formation of saturated
5a-ketone 3a could be accounted for because such
hydride shifts would be expected to occur without
difficulty between quasi-axial 1« and axial 5« positions,
assisted by the cyclic conjugated system.1® The
observed zero-order dependence of the rate of forma-
tion of 3a upon hydrogen pressure will not be in con-
flict with this mechanism if we assume that the hy-
dride shift is rate-controlling in the course of hydro-
genation leading to the formation of 3a. The driving
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Scheme 2. A mechanism for formation of 4-androstene-
3,17-dione (2) and saturated 5a-ketone (3a) in the
ruthenium complex catalyzed hydrogenation of 1,4-
androstadiene-3,17-dione (1).
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force for the isomerization of B is presumed to be the
decrease of electron density at the C-5 carbon atom,
which would be caused by the coordination of the
enolate anion to ruthenium.! The hydrogen chloride
liberated by the hydrogenolysis of the dichloro ruthe-
nium complex may contribute to this decrease of
electron density by interacting with the triphenyl-
phosphine ligand. The effect of the addition of
triethylamine to depress the formation of the saturated
ketone!) may give a support for this consideration,
because the degree of the depression caused by the
addition of triethylamine was so great (from 10.59%,
to 1.79), and such a great effect would be difficult
to explain by an only twofold increase in the rate of
hydrogenation with addition of the amine alone.

From the observed dependencies of the rates on
hydrogen pressure, it seems that C and 4 are hydro-
genated faster than those species which afford 2 on
hydrogenation. It is suggested that C and 4, which
both have the 5« configuration, will be less hindered
than A and B for the hydrogenation from the «-face,
because the 5a species are in a flatter conformation
regarding the rings A and B than the A% species such
as A and B. This is supported by the fact that 5x-1-
androstene-3,17-dione (4) is hydrogenated more easily
than 1 with the ruthenium complex under comparable
conditions.1?

The authors are grateful to Professor J. A. Marshall
of Northwestern University for his valuable suggestion
concerning the 1,5-hydride shift.
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