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It is comparatively difficult to hydrogenate
selectively an a,f-unsaturated aldehyde to an
unsaturated alcohol by heterogeneous catalytic
reaction. This hydrogenation can, however, be
performed over the noble metal catalysts or over
less active catalysts under severe conditions.*~®
Hydrogenation under mild conditions, however,
was not successful over Raney-type catalysts, except
over the Raney zinc and the Raney zinc-copper
catalysts.™®

The present authors have studied the selectivities
of Raney-type catalysts modified with various
compounds. It has been found that no unsaturated
alcohols can be obtained by the hydrogenation
of such unsaturated aldehydes as 2-methyl-2-
pentenal and cinnamaldehyde over the Raney
nickel catalyst, and that the addition of such
modifiers as ferrous chloride, cadmium chloride,
cobalt chloride, and citric acid was not effective
in producing unsaturated alcohols.”

On the other hand, it is interesting that un-
saturated alcohols was obtained over the Raney
cobalt catalyst under the normal hydrogen pressure
at 55°C, and that the addition of ferrous chloride
to the reaction mixture increased the yield of the
unsaturated alcohol.

Experimental

A commercial Raney cobalt-aluminum alloy (Co: 50
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wt9,) was developed with a 159, sodium hydroxide
solution at 50°C, and the resulting catalyst was washed
with water and then with 2-propanol. The catalyst
thus prepared was stirred with ferrous chloride in 2-
propanol under a hydrogen atmosphere, then the sub-
strate was added to the solution and the mixture was
stirred with a magnetic stirrer under the normal pressure
of hydrogen at 55°C. 2-Methyl-2-pentenal, used as
the substrate, was prepared from propionaldehyde; its
purity was indicated to be more than 999, by gas
chromatography. The reaction products were analyzed
by gas chromatography. The amount of hydrogen
adsorbed on the catalyst was estimated by methods de-
scribed previously.10:1)

Results and Discussion

The selectivity of the catalyst, which is defined
as the mole percent of the unsaturated alcohol
in all the products, depended on the temperature
at which the development of the Raney cobalt
alloy was carried out. The best selectivity was
obtained with the catalyst developed at 50°C, so
this catalyst was used for this hydrogenation.

The hydrogenation of 2-methyl-2-pentenal (UD)
is shown in Fig. 2. 2-Methyl-2-pentene-1-0l (UA)
was obtained as the main product. The rate of
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1
CH,
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H,;C,-CH,~-CH-CHO
CH,
SD (CgH,,0)
Fig. 1. Hydrogenation scheme of 2-methyl-2-
pentenal.
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Fig. 2. Hydrogenation of 2-methyl-2-pentenal.
Catalyst: 1.0 g cobalt, solvent: 2-propanol 5 mi,
concentration of substrate: 2.60 mmol/g- Co,
amount of ferrous chloride added : 0.18 mmol/g-
Co.

the production of UA was constant during the first
period of the reaction, and the total rate of the
production of the saturated compounds, 2-methyl-
pentan-1-ol (SA) and 2-methylpentanal (SD),
which were obtained as the by-products, decreased
gradually. A similar situation was observed
when ferrous chloride of less than 0.36 mmol/g-Co
was added. The rate of the production of UA
showed a progressive decrease in the course of
the reaction when more than 0.51 mmol/g-Co of
ferrous chloride was added.

Each hydrogenation step is supposed to be
irreversible, judging from the fact that the de-
hydrogenation of the produced alcohols did not
occur under these conditions. The isomerization
of UA to SD almost did not occur at all and SD
was consumed preferentially on the hydrogenation
of a mixture of UA and SD. Judging from the
facts mentioned above, the produced SD is readily
hydrogenated to SA and the produced UA does
not react further; thus, most of the SA is supposed
to be produced through SD.

The yield of UA increased with an increase in
the amount of ferrous chloride added, as is shown
in Fig. 3. It is also shown in Fig. 3 that the rate
of the hydrogenation of the carbon-carbon double
bond (C=C), k;, decreased remarkably, and that
the rate of the hydrogenation of the aldehyde
group, k,, decreased only slightly, with an increase
in the amount of ferrous chloride added. Thus
the promotion of the selectivity of the catalyst
in the hydrogenation of the unsaturated aldehyde
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Fig. 3. Dependence of selectivity and initial rate
on amount of ferrous chloride added.
Catalyst: 1.0 g cobalt, solvent: 2-propanol 5 ml,
concentration of substrate: 2.60 mmol/g-Co.

seems to be caused by the decrease in the rate of
the hydrogenation of the carbon-carbon double
bond.

It was found that the color of the reaction solution
changed to the blue of the cobalt(II) ion when
it was stirred for about 5 min. This indicates
that the cobalt of the catalyst was substituted
rapidly by the iron when ferrous chloride was
added. A part of the remaining ferrous chloride
might be adsorbed on the catalyst surface and
might react further with the Raney cobalt catalyst,
judging from the fact that the concentration of
ferrous chloride decreased gradually during the
last period of the reaction.

It has been found that there are two types of
hydrogen on the Raney nickel catalyst.’%') One
of these is the hydrogen adsorbed weakly on the
catalyst, and the other is the strongly-adsorbed
hydrogen, the amount of which is termed the
hydrogen content of the catalyst. These two types
of adsorbed hydrogen were also found on the
Raney cobalt cotalyst. The weakly-adsorbed hydro-
gen decreased to 409, of the original value, and
the hydrogen content of the catalyst decreased to
89%,, when 0.18 mmol/g-Co of ferrous chloride was
added.

It seems that the selective hydrogenation could
be carried out because the addition of ferrous
chloride to the reaction mixture decreased the
amount of the strongly-adsorbed hydrogen more
than that of the weakly-adsorbed hydrogen, and
thus the decrease in the rate of hydrogenation
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became much greater for the carbon-carbon
double bond than for the aldehyde group, assuming
that the carbon-carbon double bond reactes more
readily with the strongly-adsorbed hydrogen than
with the weakly-adsorbed hydrogen, as has been
reported by Takeuchi and Asano.'®
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A more detailed discussion will be reserved until
the results of experiments now in progress are
available.
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