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Nickelacyclopentane Derivatives as Intermediates in the Nickel(0) -catalysed 
Cyclodimerisation of Strained -ring Olefins 

By MICHAEL J. DOYLE, JOHN MCMEEKING, and PAUL BINGER 
(Max-Planck-Institut fur Kohlenforschung, 0-4330 Mii lhe im a. d .  Ruhr, Kaiser- Wilhelm-Platz 1) 

Summary The syntheses of the bipyridylnickelacyclo- 
pentane derivatives (9)-( 11) and their displacement 
reactions with activated olefins, e.g. maleic anhydride or 
the strained-ring olefins (1)-(3), are reported. 

COMPLEXES of zerovalent nickel have been shown to 
catalyse the [ZT + 2771 cycloaddition of strained-ring 
olefins to give cyclobutane derivatives : e.g. 3,3-dimethyl- 
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cyclopropene (1) , methylenecyclopropane (2), and nor- 
bornadiene (3)3 react to give (4),  (5) ,  and (6)  (a mixture of 
isomers) respectively. Furthermore, (2) and (3) undergo 
catalytic [ 2 r  + 201 cycloaddition to yield (7)294 and (8).3 

Five- and six-membered metallo-carbocycles have been 
postulated as intermediates in the cyclodimerisation of (1) 
and (2) .295 Evidence for the formation of such species from 
olefins has been provided recently by the isolation of iridia- 
and rhodia-cyclopentane complexes derived from (3)s and 
allene. 

We now report the isolation and characterisation of the 
nickelacyclopentane derivatives (9) (trans-isomer), (lo), 
(1 1) (exo-trans-endo-isomer), and (12). Complexes (9)-( 11) 
are obtained in > 90% yield by the reaction of 2,2'-bi- 
pyridyl(cyclo-octa-1,5-diene)nickel [(bipy) (cod)Ni] with (l), 
(2), or (3) a t  25 "C [equation (l)]. 

(1) (3) 
(9) c [(bipy)(cod)Ni] + (11) (1)  

3. (2) 
(10) [+ (13) 11 

Attempts to obtain the unsubstituted nickelacyclopen- 
tane complex (12) from an analogous reaction with ethylene 
have been unsuccessfu1.t We have, however, isolated (12) 
from [(bipy) (cod)Ni] and 1,4-dibromobutane.* Recently a 

?.Evidence for the formation of a titanacyclopentane complex has been presented by a similar method: J. X. McDermott and G. M. 
Whitesides, J. Amer. Chem. SOC., 1974, 96, 947. 
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series of di-tertiary-phosphine-nickelacyclopentanes has the presence of (11) a t  90 "C for 100 h was cyclodimerised in 
been prepared from 1,4-dilithiobutane and di-tertiary-phos- a yield representing ca. 50 catalytic turnovers per Ni atom. 
phine-nickeldihalides .s 

The complexes (9)-( 12) are air-sensitive, dark-green, 

their n.m.r. spectra are in agreement with the proposed (bipy)Ni 4 ( b i p y I N 3  ( b i 3 py)Ni 

crystalline compounds, which are thermally stable up to 
ca. 90 "C. They give satisfactory elemental analyses and 

structures. Subsequent X-ray crystallographic analyseslO 
of (9) and (12) have confirmed these structural assignments 
and will be reported elsewhere. 

Treatment of (9)-(11) with activated olefins, e.g. maleic 
anhydride,ll or with (l), (2), or (3) results in displacement of 
the hydrocarbon ligands to yield the respective cyclodimers 
[equations (2) and (3)I. 

activated 

olefins 

(9) (10) (11) 

(bi p y)Ni (9) or (11) -----+- (4) or (6) (2) 

activated 
(10) [+ (13) ?I - (5)  + (7) (3) 

olefin (92%) (8%) 

These displacements occur a t  25 "C with maleic anhydride 
to give (4) from (9), and (6) (predominately exo-trans-endo 
with traces of other isomers) from (11) in > 90% yields. 
A mixture of the two cyclodimers (5) and (7) [ca. 8% of (7)] 
was obtained from (10). This suggests that (10) may be 
contaminated by the nickelacyclohexane derivative (13). 

Displacement of the hydrocarbon ligands from (9) or (11) 
with (1) or (3) proceeds a t  > 90 "C. Since in this process 
the complexes (9) or (11) are regenerated, they are catalysts 
for the cyclodimerisation of (1) or (3). For example, (3) in 

(12) (13) 

bipy = 2,2'- bipyridyl 

The relevance of these metallo-cyclopentane complexes 
to the catalytic cyclodimerisation of (1)-(3) is indicated by 
their formation from a nickel(0)-compound and (l), (2), or 
(3) according to equation (1) and by their displacement 
reactions with activated olefins, e.g. maleic anhydride, 
or more significantly with (l), (2), or (3), to yield the 
cyclodimers (4)-(7) which are also produced in the catalytic 
reactions.l-* 
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