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In a series of papers1,2) it has been shown 
that (3: 1) or (7:3) rhodium-platinum oxide 
of Adams' type is a very effective catalyst for 
selective hydrogenation where one desires to 
avoid the hydrogenolysis of the C-O linkage. 
Similar results have also been reported in 
hydrogenation with 5% rhodium-on-alumina 
as the catalyst.3-6) 

Only a few examples of the use of ruthenium 
catalysts in the selective hydrogenation of this 
kind seem to have been described in the 
literature. Fairly good yields have been obtain-
ed in the hydrogenation of some phenyl-sub-
stituted α, ω-glycols,7)F-aminoacetophenone8)

and benzaldehyde9) to the corresponding satu-
rated glycols or alcohols. 

This paper will describe the general appli-
cability of ruthenium dioxide catalyst to the 
selective hydrogenation of aromatic compounds 
containing C-O linkage to be easily hydro-

genolyzed. This catalyst was also compared 
with rhodium or (7: 3)rhodium-platinum oxide 
in some hydrogenations. 

The ruthenium-catalyzed hydrogenation of 
the aromatic compounds listed in Table I was
carried out at 95 to 100℃ and under 80 to

100 kg./cm2 of hydrogen pressure. Usually the 
use of a solvent was unnecessary, although a 
small amount of acetic acid was added to 
neutralize a trace of alkaline substances re-
maining in the catalyst. Under these condi-
tions most hydrogenations proceed rather 
rapidly, and good yields of the corresponding 
saturated alcohols or ethers are obtained. For 
the successful hydrogenation of benzyl alcohol

and benzaldehyde, it was necessary to use 
ethanol or water as the solvent; otherwise the 
rate decreased markedly during the hydrogena-
tion. It should be noted that the hydrogena-
tion of these compounds with rhodium or 
(7:3) rhodium-platinum oxide was unsuccessful, 
even in the presence of alcohol or water.10) 
Platinum oxide gives a good yield of cyclo-
hexylcarbinol in the hydrogenation of benzyl 
alcohol in ethanol containing a small amount 
of acetic acid,11) but the rate of the hydro-
genation is slow, even under high pressure. 

The proporition of hydrogenolysis was some-
what greater with ruthenium dioxide than with 
rhodium or (7:3)rhodium-platinum oxide in 
the hydrogenation of phenyl ether, hydro-
quinone dimethyl ether and ethyl p-hydroxy-
benzoate. The probable cause of the higher 
selectivity of rhodium and (7: 3)rhodium-
platinum oxides over ruthenium dioxide is their 
use at lower temperature, the former catalysts 
being sufficiently active at that temperature. 
It may be explained on the basis of the same 
reasons that a somewhat larger quantity of 
trans-1, 4-dimethoxycyclohexane and ethyl trans-
4-hydroxycyclohexane-l-carboxylate was ob-
tained with ruthenium dioxide than with rho-
dium or (7:3)rhodium-platinum oxide. 

Benzyl acetate, where the most extensive 
hydrogenolysis occurred among the compounds 
investigated, gave a 30% yield of hexahydro-
benzyl acetate with ruthenium dioxide. This 
yield was better than those obtained with 
rhodium or (7:3)rhodium-platinum oxide, 
though the reaction temperature was higher 
for the ruthenium catalyst. 

Experimental 

Catalysts-Ruthenium dioxide was prepared 
according to the method of Pichler and Buf-
fleb.12) 

Rhodium oxide and (7:3)rhodium-platinum
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TABLE 1. HYDROGENATION OF AROMATIC COMPOUNDS CONTAINING C-O 
LINKAGE TO BE EASILY HYDROGENOLYZED WITH RUTHENIUM, 

RHODIUM, AND (7: 3) RHODIUM-PLATINUM CATALYSTS*

* The substrate (0.1 mol.) was hydrogenated with 0.1 g. (as oxide) of the catalyst at 80 to 
100 kg./cm2 pressure of hydrogen.

** The oxide was pre-reduced for about one and a half hours in acetic acid at  40 to 45℃

under the atmospheric pressure of hydrogen.

a)B.p.131℃;n20D 1.4342 b)B. p.76～80℃/23 mmHg c)Analyzed by gas chromatography

d)B.p.122～123℃/23 mmHg;n20D 1.4691 e)B. p.73～74℃/23 mmHg;n22D 1.4632 f)The

yields obtained by distillation. Gas chromatography shows 90% of cyclohexyl ether and 9%
of cyclohexanol. g) Ethyl 4-hydroxycyclohexane-l-carboxylate, b. p. 152-153℃/23mmHg,
n25D 1.4645, was obtained in 91%yield by distillation. h)B. p.9595.5ｰC/28 mmHg;n25D

1.4615 i)B.p.89℃/22mmHg;np 1.4428 j)B.p.153～154℃/23 mmHg;nD 1.4693 k)

B.p.96～97℃/30 mmHg;n25D 1,4637 1)B. p.167～168℃/30 mmHg;m-p.62～63℃.
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oxide were prepared according to the procedure 

described previously.13)

Hydrogenations. - All the hydrogenations 

were carried out in a 100 ml. bomb of an 

electro-magnetically-stirring type.

 The authors are indebted to the Mitsubishi 
Chemical Industries Co. for its support of this 
work. 
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