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Hydrogenation of Sa-cholestan-3-one with palladium gives an equa-
torial 38-0l while hydrogenation of 58-cholestan-3-one under the same
condition affords an axial 3B8-o0l with high stereoselectivities in alco-
hols and tetrahydrofuran. This unusual hydrogenation stereochemistry
is also seen with platinum in alcohols, but not with platinum in tetra-
hydrofuran nor with ruthenium, osmium and iridium in t-butyl alcohol.
With rhodium in ethanol, the both ketones afford the axial alcohols in

high selectivities.

During our studies on the stereochemistry of hydrogenation of cycloalkanones
over transition metals, we have found an unusual aspect in the stereochemistry of
hydrogenation of 5a- and 58-cholestan-3-ones (1 and 2) over palladium and platinum.
Hydrogenation of 1 with palladium in t-butyl alcohol at 26°C and atmospheric pres-
sure gave an equatorial 3g-ol in a selectivity of 98%, while hydrogenation of 2
under the same conditions resulted in the formation of an axial 38-0l in a selec-
tivity of 95%. The high selectivities to the equatorial and axial alcohols were
also obtained with isopropyl alcohol and tetrahydrofuran as solvents. Basing simply
on the chair conformations of steroids, the stereochemistry of hydrogenation is
expected to be similar for 1 and 2 whether the medium is neutral or acidic.l’z) It
is, therefore, not usual that the equatorial alcohol is produced predominantly from
1 and the axial alcohol from 2 under the same conditions. This unusual hydrogena-
tion stereochemistry has also been observed with platinum in alcohols, with less

stereoselectivities than with palladium. But in contrast to palladium, it was not

observed with platinum in tetrahydrofuran, nor with ruthenium, osmium and iridium
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in t-butyl alcohol. 1In these cases the equatorial alcohols were formed in excess
from the both ketones. The unusual aspect has also become not prominent with cyclo-
hexane as solvent. The results with rhodium were greatly dependent on the solvents
used. Thus in ethanol both 1 and 2 gave the corresponding axial alcohols in high
selectivities (95 and 93%, respectively), while in t-butyl alcohol the selectivities
to the axial alcohols were only 17 and 42%, respectively. The results are summarized
in Table 1, together with those obtained with 4-t-butylcyclohexanone (3) for compari-
son.

In contrast to the results with the steroid ketones, hydrogenation of 3 with
palladium in isopropyl or t-butyl alcohol is not stereoselective, the cis- and trans-
alcohols being formed in almost equal amounts. Although hydrogenation of 3 was car-
ried out in a considerably higher concentration than in the case of the steroid
ketones, decreasing the concentration to one-tenth has been found not to affect the
stereochemical composition of the resulting alcohols in an experiment with palladium
and isopropyl alcohol (see footnote b, Table 1). The formation of the equatorial
alcohols in larger amounts with 1 and 2 than with 3 over ruthenium, osmium and iridi-
um is plausible if we consider that the g-methyl at C-10 in 1 and the C-9 group in 2
oriented axially with respect ring A may interfere with the adsorption on the equa-
torial side of the 3-keto groups. With rhodium in ethanol, 3 gave rise to the cis-
alcohol in a high selectivity of 97%3) in line with the results on the steroid ketones.

Major formation of 3B-methoxycholestanes has previously been observed in the
hydrogenation of both 1 and 2 with palladium in methanol4) and with platinum in

5) 19-Nor-50-cholestan-3-one also afforded a 3g-methoxy

6)

methanol and hydrobromic acid.

It has also been reported that biohydrogena-
7)

derivative with palladium in methanol.
tion of 1 and 2 with a bacterium gave the corresponding 38-ols.
The mechanism of the unusual hydrogenation stereochemistry remains uncertain.
Since 1 and 2, both unhindered ketones, were hydrogenated under the same conditions,
it would not be probable that the unusual results are accompanied by a drastic change
in the mechanism or product-controlling step between 1 and 2. The fact that the un-
usual aspect was observed with an alcohol or ether (in the case of palladium) as
solvent and was not prominent in cyclohexane suggests that the solvents which can
function as Lewis bases play an important role, probably coupled with the ionized
hydrogen on the catalyst surface.4’8) This consideration comes from the fact that
the unusual results were obtained over the metals which can catalyze an acetal for-

mation in hydrogenation of a ketone or enol ether in alcohols such as palladium and
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Table 1. % Unstable Isomer in Alcohol Products from Hydrogenation of
5a- and 5B-Cholestan-3-ones (1 and 2) and 4-t-Butylcyclohexanone (g)a)

Ketone hydrogenated

Catalyst Solvent

1 2 3
pd t - BuOH 2.0 95 47
Pd i-PrOH 1.1 98.5 55b)
Pd Tetrahydrofuran 1.3 92 80
Pd Cyclohexane 48 80 49
Pt t - BuOH 15) 779 80¢)
Pt i-PrOH 175 788) 76M)
Pt Tetrahydrofuran 28i) 33j) 62k)
Pt Cyclohexane 541) 43™ 587
Ru t-BuOH 44 44 62
0s t-BuOH 33 37 60
Ir t -BuOH 26 24 34
Rh t-BuOH 17 42 41
Rh EtOH 95°) 93P) 979)

a) Cholestan-3-one (10 mg) or 4-t-butylcyclohexanone (100 mg) was hydrogenated
with 3-5 mg of the catalyst in 2-3 ml of the solvent at 25 or 26°C (for t-BuOH) and
atmospheric pressure. The products were analyzed, with a few exceptions, after
complete hydrogenation by glpc using the columns of OV-17 for 1 and 2 with trimethyl-
silylation and PEG 20M for 3. It was confirmed that the isomerization of the axial
to equatorial alcohols does not occur under the conditions employed and that the
composition of the products does not change to any appreciable extents during the
course of hydrogenation. The products other than alcohols are given below in percent.

b) 4-t-Buty1-1-isopropdxycyclohexanes, 55. With 10 mg of 3 in 2 ml of the solvent,
the selectivity to the cis-alcohol was 54%. c¢) 5a-Cholestane, 5. d) 58-Cholestane,
15. e) t-Butylcyclohexane, 24. f) 5o-Cholestane, 9. g) 58-Cholestane, 24. h) t-
Butylcyclohexane, 36. i) 50-Cholestane, 10. j) 58-Cholestane, 8. k) t-Butylcyclo-
hexane, 19. 1) 5a-Cholestane, 6. m) 58-Cholestane, 3. n) t-Butylcyclohexane, 27.
0) 3-Ethoxy-5a-cholestanes, 16. p) 3-Ethoxy-58-cholestanes, 9. q) 1-Ethoxy-4-t-
butylcyclohexanes, 7.

platinumg) and not with the metals which are not active in the acetal formation such
as ruthenium, osmium and iridium.4’8) The different results with platinum between
in alcohols and in tetrahydrofuran suggest that a change in the product-controlling
step has occurred with the change of the solvents.

The stereochemistry of hydrogenation of alicyclic ketones in neutral solvents
has been found very sensitive to the methods of preparation of the catalysts. The

unsupported metals used in this study were prepared by hydrogen reduction of the
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corresponding hydroxides (Pd, Pt, Rh, Ru, Ir) or oxide (Os) in water at atmospheric
or high pressure. The water usually became acidic or slightly acidic after the
reduction. After decanting off the water and washing the precipitates with water,
the reduction process was repeated further with addition of new portions of water,
until the water became no more acidic after the reduction. The metals were dried
over silica gel and, before adding the ketones, were shaken with hydrogen in the

solvent.

REFERENCES AND NOTE

1) L. Ruzicka, H. Briingger, E. Eichenberger, and J. Meyer, Helv. Chim. Acta, 17,
1407 (1934).

2) J. H. Brewster, J. Am. Chem. Soc., 76, 6361 (1954).

3) C£f. S. Mitsui, H. Saito, Y. Yamashita, K. Kaminaga, and Y. Senda, Tetrahedron,
29, 1531 (1973).

4) S. Nishimura, T. Itaya, and M. Shiota, J. C. S. Chem. Comm., 1967, 422.

5) J. C. Babcock and L. F. Fieser, J. Am. Chem. Soc., 74, 5472 (1952).

6) M. Shiota, K. Yamada, and S. Nishimura, unpublished observation.

7) H. J. Eyssen, G. G. Parmentier, F. C. Compernolle, G. De Pauw, and M. Piessens-
Denef, Eur. J. Biochem., 36, 411 (1973).

8) S. Nishimura, M. Katagiri, T. Watanabe, and M. Uramoto, Bull. Chem. Soc. Jpn.,
44, 166 (1971) and references cited therein.

9) Rhodium is one of the metals which can catalyze the acetal formation.4’8)

Al-
though in ethanol the stereochemistry of hydrogenation with this metal is quite
different from those with palladium and platinum, the favorable formation of
the equatorial alcohol from 1 over from 2 is seen with the metal in t-butyl

alcohol (see Table 1).
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