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to-head dimerization of trans-piperylene is 1 and not 2 as would be expected in 

a concerted process. 

Furthermore a probable intermediate in the dimerization of butadiene has been 

isolated and assigned structure 1 on the basis of NMR evidence lo) (this 

assignement was later confirmed by other workers 'I)). 

We have now investigated the reactions of methyl substituted I,%-dienes 

and report the structure of the product of the reaction with isoprene. 

CDTNiPRg reacts with iscprene (where R = cycle-C6H,, and C6H5), trans- 

piperylene (where R = cvclo-C6H,,) and 2,3-dimethylbutadiene (where R = 

cycle-C6H,,) to give products in which the CDT molecule has been replaced by 

two diene molecules12). 

The structure of the bis-isoprene complex, C,0H,6NiP(cyclo-C6H,,)3, 4, has 

been determined by X-ray diffraction (Fig.). The compound crystallizes from 

ether as yellow plates (a = 16.711, b = 12.942, c = 12.559; 1'3 = 91.34; Z = 4; 

Space group P2,/n). The structure has been determined by conventional means and 

refined to a provisional R factor of 0.12. 



The geometry around the nickel atom is square planar: similar to that found 

in other W-ally1 NiCH3.PR3 complexes 13). The NMR spectrum of 4 (T 4.20 (t, C7-H), 

7.30 (m, allylic-H), 7.59 (m, allylio-H), 8.23 (8, (X3), 8.55 (8, (X3), S-9 

(br, C6H,,) in d-Benzene) indicatee that the molecule has the same da?uCtUre 

in solution as in the solid state (this has also been suggested for the 

corresponding "his-butadiene" complex ")). Noteworthy is the 2,6 position of 

the methyl groups. This arrangement suggests that before coupling the two 

isoprene molecules are not symmetrically bonded to the nickel atom (one 

possibility is 2). Analysis of the products of the oligomerization of two 

molecules of isoprene with one of ethylene, which gives 2.6~dimethyl-cis.trans- 

cyclodeca-1,5-diene (5) as the principal ten membered ring, indioates that this 

arrangement is also preferred in the nickel oatalgsed reactions 9,14) . 

Treatment of 4 in toluene with CO at -30' Causes ring closure to give 

d,l-limonene in over 906 yield. In contrast the reaction with a triphenyl- 

phosphine melt gives isoprene in over 90$ yield. Similar behaviour is observed 

in the reactions of the other bis-1,3-diene nickel complexes and of the 'Ibis- 

butaaiene" complexto). This ready cleavage of the C4-C5 bond has precedent in 

the reaction of &-1,2_divinyLoyclobutane with the nickel ligand system 

which, under favourable conditions, can give up to 3096 butadiene 8) . 

The results described above indicate that the oatalytic dimerization of 

1,3-dienes is almost certainly a multi-step process - at least in the 0888 

where the catalyst is the niokel-ligand system. 
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