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It was previously shown that a copper chromium oxide
catalyst (Cu/Cr=1) presents a good monohydrogenation
selectivity towards conjugated dienes and a poor se-
lectivity with a~unsaturated carbonyls. A study with
a mixture citral-nerocl at various hydrogen pressures
allows to confirm that this is due to the reactivity of
the intermediate allylic alcohol. At high pressuré,
the unsaturated alcohol competes with the initial
reagent on the hydrogenation site; at low pressure,
this competition decreases, but the allylic alcohcol

is isomerized on another active site.

Kak yxe paunee Obuio yCTaHOBneHo, kaTanusaTop OKUCHOB
menu# u xpoma (Cu/Cr = 1) obnapmaeT Xopomwel MOHOTUOPHUDPY-
willell CeJIeKTHBHOCTBI IO OTHOWEHHKW K CONPSUKEHHBIM THEeHaM
U IJI0OXOH CeNeKTHBHOCTBIO 0 OTHOWEHMK K O-HEHACHleHHbIM
xapBonunam. Ha OCHOBE HUCCIENOBaHMH CO CMEChHI Citral-
Nerol mpd pPasAMYHLIX OaBIEHUHsX BOAOPONA BLISIBMIIM BAKHYI
pPOJIb PEaKTHBHOCTH OPOMEXYTOUHOIO alJWJIBHOIO CHOHDTA.
[ipY BLICOKMX HaBACHUSX HEHACHUEHHB COUPT KOHKYPUDPYET

C UCXOAHBIM pPEAreHTOM Ha NEHTpax T'UAPUPOBEHMI; OPU HU3-
KMX OaBAEeHHsIX 3Ta KOHKYPEHIMs YMEHblaeTcs, OJHAKO, ali-

AUABHBIM CHUPT H3OMEPHU3YeTCH HA LOPYIruX AKTUBHBIX NEeHTpaX.
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INTRODUCTION

The selective hydrogenation of polYunsaturated organic com-
pounds attracts great interest from both industrial and academic
point of view. In fine chemicals industry, we often need a semi-
hydrogenation, for example with industrial foodstuffs and partial
hydrogenation of vegetable oils and fatty acids [1,2], or per-
fumery and synthesis of fragrances which require the selective
formation of allylic alcohols [ 3]. The improvement of catalysts
requires knowledge of their mode of operation. The mixed copper
chromium oxides have been largely investigated in our labora-
tory [4-~71]. Many mechanistic investigations have been performed
on these solids with conjugated dienes [8], ac-8-ethylenic car-
bonyl compounds [9,101], allylic alcohols [111. allylic ethers
[12] and all the results have led us to propose cu™-H and Cr3+—H_as=ccia—
tions as being, respectively, hydrogenation and isomerization
active sites. These catalysts show an excellent monchydrogena-~
tion selectivity towards conjugated dienes [ 8], but unfortunate-
ly,a low selectivity to a-f-ethylenic carbonyl compounds [9].
This discrepancy has been explained by the large difference
between the nucleophilic character of each reagent and their
primary products. In the case of conjugated dienes, the only
primary products are the monoenes whose attraction for the elec-
trophilic active sites is less strpng than that of the initial
reagent. So, we observe a perfect selectivity. No monoenes react
before the total disappearance of dienes [8 . On the contrary,
the allylic alcohols and the saturated carbonyls, the primary
products of o-B-ethylenic carbonyls hydrogenation, are able to
compete on the active sites with the initial reagent. That gives
rise to a poor selectivity, as opposed to scme metals which lead
to a surprising selectivity [13,141.

The aim of this work is to study the catalytic behavior of
a mixture of an a—f-unsaturated carbonyl and an allylic alcohol
to confirm the competition and to try to find some working con-

ditions leading to a best mono-hydrogenation selectivity.
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EXPERIMENTAL

Copper chromium oxide (Cu/Cr=1) was obtained by coprecipita-
rion of copper and chromium hydroxides with an ammonia solution
followed by thermal decomposition at 370°C as previously de-
_seribed [15]. The catalyst was obtained by reduction in a flow
of hydrogen at 150°C overnight.

The atmospheric and subatmospheric catalytic reactions were
carried out in a thermostated all-glass reactor with a side
entrance to remove the samples. The tests were performed with
300 mg of catalyst, 0.5 mL of organic substrate {Fluka purum
grade) in 5 mL of decalin at 140 °C. The high pressure cata-
lytic reactlons were carried out in an Engineers autoclave
equipped with a magnetic strirring system; all the amounts are
then multiplied by ten. The products were analyzed by gas choma-
tography with a FID and a Carbowax 20 M capillary column.

RESULTS AND DISCUSSION

|
S

During citral{I} hydrogenation at atmospheric pressure;
citronellal (II) nerol(III) appear simultaneously at the initial
stage of the reaction (Fig. 1}. The ratic of the amounts of
these two primary products is about 5 in favor of the satu-
rated aldehyde(II). Citronellol(IV), the saturated alcohol*

appears before complete consumption of the starting material

The isolated C6~H double bond, never hydrogenated in our
working ‘conditions, will not be considered.
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Fig. 1. Hydrogenation of citral on copper chromite
catalyst. Liquid phase, ‘atmospheric pressure,
140°C

but remains a secondary product [10]. The higher amounts of
both primary products (II) and (III) are reached for the same
conversion value which roughly corresponds almost to the total
disappearance of citral. Clearly, citronellal and nerol react
at the same time as citral but it seems that the ad;orption of
the unsaturated alcohol and the saturated aldehyde on the cata-
lyst surface is weaker than that of the unsaturated aldehyde.
Figure 2 shows a typical time course of the reaction of the
allylic alcohol, nerol(III), alone. Two main primary products
are observed: citronellol(IV) from the direct hydrogenation,
and citronellal(II) from the double bond isomerization and
rapid keto-enol equilibrium. The initial formation rate of the
latter product (II) is faster that that of the former {IV), but
citronellal itself undergoes hydrogenation and the trends are
soon reversed. We have to note that in our working conditions,

only citronellol is obtained from direct citronellal hydrogena-
tion.
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Fig. 2. Hydrogenation of nercl on copper chromite cata-

lyst. Liquid phase, atmospheric pressure, 140°C

The competitive reactions between citral and nerol have
been performed with an equimolecular mixture at various hydro-
gen pressures (Figs 3a-3e). At atmospheric pressure we notice
a simultaneous disappearance of both reagents. Comparison of
the initial rates confirms that the unsaturated aldehyde is
more reactive than the allylic alcohol, even if it is partly
regenerated from the citral. As a matter of fact, if we assume
that the citronellal to citronellol ratio is still 5 (Fig. 1),
we can deduce from Fig. 3c that 50% of the initial amocunt of
citral is transformed into 8% of nerocl ("Nerol product") and
42% of citronellal, respectively, after 20 min of reaction; now,
there is 80% of the initial nerol remaining at this time, which
is more even without the "Nerol product" than the remaining
citral. This situation increases with the H2 pressure. For ex-
ample, at 2 atm the amount of nerol which disappears, is just
replaced by the "Nerol product"; at 10 atm the production of
nerol becomes more important than its disappearance. Obviously,
high pressure favors unsaturated aldehyde hydrogenation rela-

tive to the hydrogenation of the allylic alcohol. However, the
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monohydrogenation selectivity is not improved because high pres-
sure also favors citronellal hydrogenation. Hence, even if the
saturated alcochol is always a secondary product, the higher the
pressure, the sooner citronellol appears. Nevertheless, what-
ever the hydrogenation reaction considered, the one that takes
place on a cuprous site [9] depends on the hydrogen pressure.
When this pressure is very low (Fig. 3e}, hydrogenation is

very weak and the unsaturated aldehyde does not react. The
allylic alcohol is no more hydrogenated but can undergo iso-
merization, which takes place on a chromium site [11] and gives

rise to citronellal.
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Fig. 3. Competitive hydrogenation citral-nerol at various

hydrogen pressures {(atm). Liquid phase, 140°C
At a medium pressure (Fig. 3d), the unsaturated aldehyde can

be monchydrogenated, unlike the saturated carbonyl or the allylic

alcohol, and the saturated alcohol does not appear. Unfortun-~

30



HUBAUT: COPPER CHROMITE

ately, the allylic alcohol is isomerized and in this case the
only primary product from citral seems to be citronellal. So,
the hydrogenation is a function of the hydrogen pressure. The
allylic alcohols can undergo various changes depending on the
pressure: lsomerization (ISOM) predominates at low pressure,
whereas hydrogenation (HYVT) becomes important at high pressure.
Moreover, we can see (Fig. 3a) the hydrogenolysis (HYLf of the
c—~uU bond to appeﬁr beyond 10 atm. The relative rates of ISOM

and HYT are reversed at about 0.5 atm.

CONCLUSION

The poor monohydrogenation selectivity from a-B-unsatura-
ted carbonyls obtained on a mixed copper chromium oxide is as-
sumed to be due to the reactivity of one of the primary pro-
ducts, namely the allylic alcohol. The study of the pressure
effect shows that at low hydrogen pressure the unsaturated
carbonyl does not react but the allylic alcohol slowly disap-
pears through an isomerization reaction. At higher pressure,
the a-f-ethylenic carbonyl is hydrogenated but, unfortunately,
if the isomerization of the allylic alcohol decreases, this
product competes with the starting carbonyl to undergo a hydro-

genation reaction.
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