The Diels-Alder Reaction

· Very useful reaction in organic synthesis

· Diene + dienophile

· Highly stereospecific; configuration retained in diene and dienophile

· Most important type of cycloaddition reaction

The (basic) Diels-Alder reaction involves the cycloaddition of ethene to cis-butadiene to form cyclohexene:
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This basic Diels-Alder reaction is very slow, but substituents on the reactants can increase the rate.  In all cases the basic components are the same: 
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Ring formation is usually favoured because two -bonds on the left are replaced by two -bonds on the right.  

The Diels-Alder reaction is a pericyclic reaction.  Pericyclic reactions are a class of organic reactions, different from ionic or radical reaction mechanisms.  Pericyclic reactions have cyclic transition state structures, and they are concerted reactions, i.e. all the bond-breaking and making takes place at once in a single step.  

The transition state structure for the basic Diels-Alder reaction shows how butadiene and ethene come together to react: 
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Pericyclic reactions, like Diels-Alder reactions, and the cycloaddition of two ethenes to form cyclobutane, can be understood by analysing the molecular orbitals of the reactants and products which are involved in the reaction.  

We now follow the same procedure for the basic Diels-Alder reaction as we did for the cycloaddition of 2 ethene molecules.  We consider the MO diagram of the active MOs in the reactants and in the products and draw a correlation diagram -- with conservation of orbital symmetry.

Molecular orbitals of reactants

Lowest 3 MOs of reactants (butadiene +ethene)
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