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Abstract - Pd(1) complexes of formula I(n-arene)PdXI2 (X = AlC14, A12C17; arene = benzene, 
toluene, p-xylene) are active catalysts for the ethylene dlmerization under mild condo- 
t1ons; a mechanism for the reaction 1s suggested. 

Although palladium(I) complexes have been proposed as intermediates in a 

Ilumber of palladium catalyzed organic reactions (1) , studies on the chemistry of 

rJd(I) oxidation state are not very extensive. In order to get a deeper knowledqe 

of Pd(1) chemistry, with regard to understanding of catalytic processes, we have 

examined the reaction of olefins with some his (n-arene)di-palladium(I) com- 

plexes of formula1 (n-arene)PdXI2 (X=AlC14, A12C17; arene=benzene, toluene, 

I)-xylene), JIJ, 
(2) precedently prepared . 

We found that ethylene dimerlzation with these catalyst systems takesplace 

;Ilmost quantitatively (95%) without any induction period at room temperature, 

lndcr atmospheric pressure. Only a trace amount of hexenes was detected in the 

Jjrotlucts. The results are summarized in Table 1. 

In a typical experiment 40 mg of catalyst were added under nitrogen to 10 ml 

of dry benzene in a 250 ml flask; the nitrogen gas in the flask had been evacuated 

-Ind ethylene (280 ml at STP) introduced at low temperature. The flask was warmetl 

lup to room temperature giving a yellow-orange solution and kept with vigorous 

magnetic stirrrng.Subsequently all volatile materials (ethylene, butenes and 

solvent) were transferred into a 5Q ml flask by means of a liquid nitrogen trap. 

'l'herr amounts were determrned by gas chromatographlc analysis. 

The dimerization of ethylene by means of palladium compounds using palladrum 

(II) complexes as catalyst has been extensively studied: nevertheless details of 

mechanism of these reactions have not been well understood and the effectrve cata- 

lyst itself has been poorly characterized (3) . This work is the first report 

showrng catalytic activity of Pd(1) complexes in the ethylene dimerization. 

These complexes have been found to be much more active than Pd(I1) compounds 

under the same reaction conditions (4) . 

In order to suggest insight on the catalytically active species, it must bc 

taken Into accounts that the Pd(1) systems,I, were found to be stable and 

offectlve catalyst Only at room temperature and in aromatrc solvents. This 
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sllyqests that aromatic molecules promote the stabilization of the Pd-I'd unit, 

which 1s supposed to remain intact during the reaction. Therefore the drmer- 

rLation of ethylene could involve, in a first step, the substitution of only 

one aromatic unit by the ethylene, which is followed by the couplings of two 

ethylene molecules, occurring in a second step. 
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The evolution of III can be supposed to proceed through a hydride transfL:r 

:3rocess,IV, which is often suggested in palladium chemistry (5) , producing butcrrc,: 

and, in the presence of ethylene, again II. 
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Propene is dimerizcd less readily than ethylene under these mild conditrons 

to give with low convertions (15-203) a complex mixture of compounds (6) . It was 

also found that these palladium(I) complexes catalyze the isomerization at room 

temperature of butenes, pentenes and hexenes: the isomerization takes place very 

radiply without any induction period (6) . 

It 1s of interest to observe that a palladium binuclear catalysrs, involving 

as active intermediates Pd(1) species containing Pd-Pd bonds, has also been 

suggested in some olefin isomerization using palladium(I1) compounds as catal- 

ystst7). Our fin~l~ng supports this hypothesis and seems to point out the rele- 

vance of palladium(I) species in some olefin reactions catalyzed by palladrum(II) 

compounds . 
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