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Summary 

The products of the nickel-catalyzed allylation of norbornene are mainly 
those derived from double insertion and ring-opening processes, leading to the 
most favourable intermediates for reductive elimination. 

During the past years we described several transition metal-catalyzed pro- 
cesses involving relatively easy reductive eliminatïon steps [l-3]. We now report 
that the nickel-catalyzed reaction of strained olefins like 2-norbornene with allyl 
esters like allyl acetate differs remarkably from those previously reported. The 
expected reductive elimination step is difficult and alternative routes are fol- 
lowed. 

Allylation of norbomene takes place in the presence of tetrakis(triisopropy1 
phosphite)nickel(O) under the mild conditions previously described for the allyla- 
tion of triple [2] and double [3 J bonds. These processes involve hydrogen elim- 
ination after insertion of the substrate. With norbomene an intermediate is 
formed (1) which has been shown to be cis,exo [4]. Sïnce an anti elimination 
does not occur easily [5 J, an alternative route is followed by the complex involv- 
ing a mdre favourable reductive elimination process. The result is a second 
double bond insertion, leading to a fou.r-membered ring, foilowed in part by 
hydrogen elimination (path a) to give compound II (cis,exo). However, this reduc- 
tive elimination step, apparently competes with a four-membered ring opening re- 
action, followed by hydrogen elimination (path b) to give compound III (e;ro), as 
shown in Scheme 1 (non reactive ligands are omitted)_ Other minor products are 
present, which have not been investigated further. 

Evidence for structures II and III is based on ‘H and 13C NMR spectra and on 
isolation of the products of KMnO,/NaIO, oxidation [6] and of ozonolysis 171 
IV-VIII. 

The 13C NMR data (taken qt 25.2 MHz .in CDCl,. ppm from TMS), are in full 
agreement with the proposed structures. For compound II, in addition to the 
peaks at 120 (=CH2) and 170 (quatemary unsaturated carbon) the spectrum 
shows.a triplet at 38-5 ppm consistent with the cyclobutane CH,. The shifts for 
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cis,e.~o-V [ 101 by KMnO, /NaI04 [6 7 and to VI [ll] by ozonolysis in 
rnethanol [ 71. Compound III was oxidized to &-VII [ 121 by KMn04 /NaI03 
and to VIII [ 131 by ozonolysis in methanol. The oxidation products were com- 
pared with authentical samples and literature data. 

The results of our study show that the feasibility of the reductive elimination 
step cari determine the type of products. This may be useful from the synthetic 
point of view. A reaction cari be made to proceed further by rendering more dif- 
ficult the first reductive elimination and at the same time by providing ap- 
propriate groups (such as the allyl double bond, in our case) to induce further 
reaction. 

Esperimental 

Ni[P(OPr-i),], (0.89 g, 1 mmol), aIly acetate (5.0 g, 50 mmol), and 
2-norbornene (4.7 g, 50 mmol), in tetrahydrofuran (20 ml) were heated at 80°C 
(bath temperature) for 2.5 h. Conventional work-up and distillation at 
62-64”C/40 mmHg gave II + III (5.36 g, 80% yield) in ca. 3/7 ratio. At 20°C 
this ratio was ca. 1/1. The two compounds (ca. 90% of the total GLC area) were 
separated by preparative GLC on a SE 30 (5% silicone) column. Both gave M’ 
134. 
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