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ORGANOMETALLIC STUDIES, XXIV. (l). SELECTIVE
HYDROGENATION OF CONJUGATED OLEFINS CATALYZED
BY ARENE CHROMIUM TRICARBONYL COMPLEXES,
Michael Cais, E.N. Frankel (2) and A. Rejoan
Department of Chemistry, Technion - Israel Institute of

Technology, Haifa, Israel.

(Received in UK 2 January 1968)

The current interest in homogeneous catalysis (3) prompts us to
report some preliminary results on the remarkable effectiveness of arenechromium
triéarbonyl complexes as catalysts in the gelective hydrogenation of conjugated
olefins.

Methyl sorbate (methyl 2,4-hexadiencate) was chosen as substrate in
the reduction studies because the resulting hydrogenation products can be
readily determined by gas chromatography (4). The data collected in Table 1
show that methyl 3-hexenoate is the major reduction product (5) and it is
obtained in conversion yields as high as 99%. It is of interest to note that
the reduction of sorbic acid with Co(CN);3 has been reported (6) to yield mainly
2-hexenoic acid and the reduction of methyl sorbate catalyzed by iron carbonyl
complexes (4) yields a mixture of methyl 2-, 3- and 4- hexenoate as well as
methyl hexanoate.

The high selectivity of the arenechromium tricarbonyl eomplexes in
these hydrogenation reactions does not appear to be greatly affected by
variation of the arene moiety, On the other hand, as shown in Table 1, the
rate of hydrogenation is enhanced by the presence of electron withdrawing

substituents in the benzene moiety of the complexes. Similarly the cyclohepta-
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triene ligand (7) appears to be more effective than the benzene ligand.

Polarity of the solvent (8) seems to have a strong effect on the
efficacity of the catalyst; as shown for the pairs of experiments 1, la and
4, 4a in Table 1.

Rate curves for the hydrogenation reaction, using the more active
catalysts such as chlorobenzenechromium tricarbonyl, show that the disappearance
of methylsorbate and the appearance of methyl 3-hexenoate approach a reciprocal
relationship. The relatively less active catalysts, such as benzenechromium
tricarbonyl, in cyclohexane as solvent, show an induction period after which
the rate curves exhibit the same type of reciprocal relationship as mentioned
above.

It is important to note that hydrogenation takes place without
decomposition of the arenechromium tricarbonyl complexes. Infrared analyses
showed that the concentration of these complexes remained essentially constant
during the reaction.(7)

Of particular interest is the result that the presence of two
Cr(co)3 moieties per molecule of complex greatly improves the efficiency of
the catalyst. Thus, with catalytic amounts (0.25 mmoles) of complexes such as
I (9) and II (10) we obtained methyl 3-hexenoate in conversion yields of 99%,
and better, in about 15 min., the time needed to bring the autoclave conditions
to 160° and 700 psi. wWith compound II as catalyst and much milder reaction
conditions (115o and 70 psi) it took less than 30 minutes to obtain methyl

3-hexenocate in a conversion yield of 99%.
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The catalytic activity of arene Cr(CC)3 comzlexes was also tested on
dienoic and triencic fatty acid esters. With a mixture of diencic fatty acid
esters derived from dehydrated methyl ricinolate (11) the conjucated dienes (12)
(71%) were completely reduced (13) to monoene (14). The non-conjugated dienes
(24%) in the mixture were unaffected.

The major product (71%) from the catalvytic hydrogenation [methyl
henzoate—Cr(CO)3 catalyst] of methyl f-eleostearate (methyvl 9 trans, 11 trans,
13 trans - octadecatrienoate) consisted of unconjucated dienes (approximately
equal amounts of the 9,12 - and 10,13 - isomers),(17). The same catalytic
reduction, with similar results, has been carried out directlv on tung oil.
This may nrovide a method for changing the structure of what is principally a
naint o0il into a mixture of the constituents normallv found in edille oils,

“e believe that the hiah selectivity of arenemetal carbonvl comrlexes
in honogeneous catalvsis should nrove useful in the reduction of various tvres
of conjugated olefins. The further scope of this reaction and its mechanism is
currentlv under investigation.

This work has “een surported in vart by a P.L. 480 grant, U.S5.D.A.
Project UR-AlO0-(40)-34.
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