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The current interest in homogeneous catalysis (3) prompts us to 

report some preliminary results on the remarkable effectiveness of arenechromium 

tricarbonyl complexes as catalysts in the selective hydrogenation of conjugated 

olefins. 

Methyl sorbate (methyl 2,4-hexadienoate) 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)i3 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 complexes 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 
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efficacity of the catalyst; as show for the pairs of experiments 1, la and 

4, 4a in Table 1. 

Pate curves for the hydrogenation reaction, using the more active 

catalysts such as chlorobenzenechromiu 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 relationshi.? 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 

during the reaction.(71 

Of particular interest 

cr(~Zo)~ moieties per molecule of 

these complexes remained essentially constant 

is the result that the presence of two 

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. Vith compound II as catalyst and much milder reaction 

conditions (115' and 70 psi) it took less than 30 minutes to obtain methyl 

3-hexenoate in a conversion yield of 99%. 

Q--o \\ * ! 
i I 

cr (co) 3 Cr (CO) 3 drcca, dr (CO) 3 

II 
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T:lc catalytic activit:, of arene Cr(CC) 
3 

corn-lexes :;as also tested on 

difnoic awl trifnoic fatty acid esters. Yith a mixture of dienoic fatty acid 

esters derived from dehydrated methyl ricinolate (11) tile conjugated Aienes (12) 

(71%) wre conpletely reduced (13) to monoene (14). Tile non-conjugated dienes 

(24R.l in the mixture wore unaffected. 

The major product (71%) from the catal!ytic hydrogenation [mcth~l 

?enzoate-CrfCO)3 catalyst] of methyl B-elcostearate (methyl 9 trans, 11 trans --- _-_--I 

13 tram -- octadecatrienoate) consisted of unconjugated dienes (approximately 

enual mounts of the 9,12 - and lo,13 .. isomers),(l7). T!.e same catalytic 

reduction, with similar results, has been carried out directlv on tunq oil. 

This may orovide a method for changing the structure of c-r!lat is orincipally a 

naint oil into a mixture of the constituents nornall~~ found in edil le oils. 

::e believe that the 'iin:? nclectivitvr of arenemetal carlxxr~l. con,lexes 

in hovogeneous catalwis should nrove useful in the reduction of various tyves 

of conjugated olefins. The further scope of this reaction and its mechanism is 

currently under investigation. 

This vork has ':een surported in nart by a P.L. 480 grant, u.S.D.A. 

Project UR-AlO-(40)-34. 

.REFEP_E1ICBS and FCDTiGOTES ---- ~_. __ .-.--- 

(1) 

(2) 

(3) 

C.4) 

(5) 

For Part XXIII see Ii. :Iaoz, r). Dell, A. Rejoan and :!. Cais, 

Israel J. C?;en 5 3a p (1967). --_--___..._*~ ._) 

Technion J?esearch I'cllor~ (1%6-1967) on leave fron i!orthern Reqional 

Xesearcil i&oratory, G.S. DeFartnent of Agriculture, Peoria, Illinois, 

U.S.A. 

For reviws see: a) 2. ::alpern, Mm. !%I PhYS C'l@lll ---_-'____~-A-" 16, 103 (1965). 

b) ':. Orchin in "Advances in Catalysis", D.D. ~le:~, !:. Pines, 

P.S. '?eisz, Ed., Acadei!!ic Press Inc., iJew York, N.Y., 1966, vol. 16, 2.1. 

E-i:. Frankel, 1:. I:aoz, A. Dejoan and !.I. Cais, ?_kstracts of 3rd International 

S:moosiun on Grganorr.etallic Chemistry, i:unich, Gerxlany, Aug.29 - Sep.1, 1367. 

The analysis of tk poducts :a* carried out by glc [A.;_. i&;rOu!c, 

:i.J. Dutton and J.C. Cowan, J. Xxr. Oil Chem. Sot., 5, 153 (196411, 



No.16 1923 

(6) 

(7) 

(8) 

(3) 

(10) 

(11) 

(12) 

(13) 

(14) 

(15) 

(16) 

(17) 

ir and nmr and a comparison with authentic sami-.les. ',:e ,.rish to 

thank the U.S.D.A., Xorthem Regional Research Laboratory, Teoria, 

Illinois for a supply of authentic methyl Z-,3- and 4- kexenoates. 

B. De Vries, J. Catalxrsis 1 48? (1962). ~-~-'-' 

The concentration of cycloheptatrienechromium tricarbonyl was 

rapidly decreased at 120° and 700 psi. Similarly, the molybdenum 

analoq, which also proved active as a homogeneous catalyst, appeared 

to be even more readily decomposed during reduction. 

In benzene solution only 3% reduction of methyl sorbate occurred with 

5 mole percent C61S6Cr(C0)3 after 4 hi-s at 175' and 790 psi. Raising 
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The conjugated diene in the starting material is mainly methyl cis 9 - - 

trans 11 - octadccadienoate. 

Reaction conditions: 19 mmoles dienes + 1 mmole C6i16Cr(CD)3 

in 90 ml cyclohexane at 175O and 700 psi. 

The products (15) consist mainly of a mixture of methyl 9 - cis - 

and 10 - cis octadecenoate. This result seems to indicate a - 

stereoselective reduction of the 11-12 trans double bond in the 

starting conjugated diene (12). 

The hydrogenated products were fractionated by reverse phase 

chromatography through a rubber colnmn. The diene and monoene 

fractions were then analyzed by qlc, ir and ozonolysis to determine 

location of double bond (16). We thank V.L. Davison and R.L. Hoffman 

(dorthern Regional Research Laboratory) for their assistance with 

these analyses. 

a. E.N. Prankel, E.A. Emken, I-I.M. Peters, V.L. Davison and 

R.O. Butterfield, J. Org. Chem., 3 3292 (19641. 

b. E.X. Frankel, E.A. Emken and V.L. Davison, u, _, 30 2739 (19fi51. 

The other products: 18.5% monoene (princi.pally the lo- and 12- 

isomers), 7.5% conjugated dienes and 3.0% trienes (in which two double 

bonds are conjugated and one is isolated). 


