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Abstract: Ni(COD)z/Ph3P or Ni(acac)2/Et3Al/PhsP have been shown to be effective catalysts for the 
stereoselective homo Diels-Alder reaction between norbomadiene and electron deficient olefins. High and 
opposite stereoselectivity was observed for cyclic and acyclic enones. Vinyl sulfoxides gave predominantly one 
isomer, whereas vinyl sulfones were non-selective. 

The homo Diels Alder reaction has been known for more than 25 years and yet it has not found its way 

into the mainstream of synthetic organic chemistry.3 In the reaction, a [2+2+2] cycloaddition occurs between a 

homoconjugated diene such norbornadiene and an olefin bearing an electron-withdrawing group (EWG). Two 

new rings, a substantial degree of strain and a new stereocentre (*) are created in the tetracyclic product 1 (eq. 

1). 

_EWG 1 EWG 

Our interest is in the development of approaches to the synthesis of linearly and angularly fused 

polycyclic compounds through a sequence of cycloaddition4 and fragmentation. This report is concerned with 

the cycloaddition process; subsequent work will focus on fragmentation reactions. We demonstrate that in the 

presence of suitable nickel catalysts, stereoselective cycloaddition occurs at room temperature. Furthermore, the 

substituents on the olefin are shown to have a dramatic effect on the selectivity of the reaction. 

Previous workers have reported that norbomadiene reacts with acrylonitrile, methyl acrylate or acrolein 

at 180 “C to give the cycloadduct in moderate yield. In the presence of Ni(CO)d, (Ph3P)zNi(CO)2 or Ni(AN)fl 

eq. Ph3P, (AN=acrylonitrile), the reactions proceed at 80-100 “C with improved yields. An increase in 

selectivity for the [2+2+2] vs. [2+2] reaction is also observed. 5 However, the reported stereoselectivities are 

poor (exo/endo ratios of 1.5:1 to 4: 1 commonly observed), and substituted norbomadienes are not reactive.6 

The temperature, the specific electron withdrawing group and the steric bulk of the phosphine have been shown 

to influence the stereoselectivity although no clear pattern has emerged.‘,8 

We investigated the cycloaddition between methyl vinyl ketone (MVK) and norbomadiene in the 

presence of 3 mol% (Ph3P)2Ni(CO)z at 80 “C. Cycloadduct 2 was isolated in 90% yield as a 2:l mixture of 

exo:endo isomers (Table 1, entry 19). Previous reports had indicated that with MVK polymerization rather than 

cycloaddition occ~rred.~ We determined the ratio of isomers by integration of peaks in the IH NMR spectrum at 
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yield (77-83%). The stereoselectivity was poor, (i.e. 1-1.5: 1) in this instance and it was not influenced by 

changes in the temperature or catalyst. Nevertheless, it was possible to increase the amount of the exo isomer to 

9:l exo:endo by epimerization under basic conditions (KOBut in THF at rt). The assignment of stereochemistry 

was based on a comparison of the ‘H NMR spectra of 3 and t-exo. On the other hand, phenyl vinyl sulfoxide 

was far more stereoselective (exo:endo=7:1, unknown configuration at sulfur; 10 mol% Ni(COD)flO mol% 

Php, r.t. 2 days, 62% yield, ratio measured after oxidation of the crude sulfoxide 4 to 3 with MCPBA). 
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Cyclic enones have not been previously examined in the homo Diels-Alder reaction. We found that this 

class of compounds was moderately reactive in the presence of Ni(COD)z/Ph3P. One feature of this 

cycloaddition is that pentacyclic compounds are created with high stereoselectivity in a single step (>20:1 ratio of 

stereoisomers). P-substitution does slow the reaction, but this was simply overcome by the use of higher 

temperatures with no loss of selectivity. For example, with 15-20 mol% Ni(COD)flPh3P, cyclohexenone gave 

5b in 23% yield at 80°C while cyclopentenone gave 5a in 56% yield. In contrast to acyclic enones, the 

stereochemistry of the newly formed ring in 5a was shown to be endo! l3 

Ni(COD)2, Ph3P 

80 ‘C, 24 h 

5a n=1,56% 
b n=2, 23% 

It is premature to offer an explanation for the observed changes in stereoselectivity that have been 

observed. In general, enones that are unable to adopt an s-cis geometry seem to give the opposite isomer to 

those that can. It may be that complexation of the oxygen in the ketone or sulfoxide locks in one conformation 

and thereby promotes the fomration of one isomer. Further studies are required to test these proposals. 

In conclusion, we have shown that Ni(COD)2 or Ni(acac)#tJAl in the presence of triphenylphosphine 

effectively promote the homo Diels Alder reaction. Reaction occurs at room temperature for several dienophiles 

or at 80 ‘C for more highly substituted and therefore less reactive substrates. High stereoselectivity has been 

observed in the cycloadditon reaction with methyl vinyl ketone, cyclic enones, and phenyl vinyl sulfoxide. 

With more active catalysts in hand, opportunities emerge for studies of the regioselectivity of couplings between 
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unsymmetrical norbomadienes and dienophiles. Such investigations represent one direction of our present 

research in this area. 
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