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14.12: The Diels—Alder Reaction

The unique character of conjugated dienes manifests itself dramatically in the Diels-Alder Cycloaddition Reaction. A
cycloaddition reaction is the concerted bonding together of two independent pi-electron systems to form a new ring of atoms. When
this occurs, two pi-bonds are converted to two sigma-bonds, the simplest example being the hypothetical combination of two
ethene molecules to give cyclobutane. This does not occur under normal conditions, but the cycloaddition of 1,3-butadiene to
cyanoethene (acrylonitrile) does, and this is an example of the Diels-Alder reaction. The following diagram illustrates two
cycloadditions, and introduces several terms that are useful in discussing reactions of this kind.
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In the hypothetical ethylene dimerization on the left, each reactant molecule has a pi-bond (colored orange) occupied by two
electrons. The cycloaddition converts these pi-bonds into new sigma-bonds (colored green), and this transformation is then
designated a [2+2] cycloaddition, to enumerate the reactant pi-electrons that change their bonding location.

The Diels-Alder reaction is an important and widely used method for making six-membered rings, as shown on the right. The
reactants used in such reactions are a conjugated diene, simply referred to as the diene, and a double or triple bond coreactant
called the dienophile, because it combines with (has an affinity for) the diene. The Diels-Alder cycloaddition is classified as a
[4+2] process because the diene has four pi-electrons that shift position in the reaction and the dienophile has two.

The Diels-Alder reaction is a single step process, so the diene component must adopt an s-cisconformation in order for the end
carbon atoms (#1 & #4) to bond simultaneously to the dienophile. For many acyclic dienes the s-trans conformer is more stable
than the s-cis conformer (due to steric crowding of the end groups), but the two are generally in rapid equilibrium, permitting the
use of all but the most hindered dienes as reactants in Diels-Alder reactions. In its usual form, the diene component is electron rich,
and the best dienophiles are electron poor due to electron withdrawing substituents such as CN, C=0O & NO,. The initial bonding
interaction reflects this electron imbalance, with the two new sigma-bonds being formed simultaneously, but not necessarily at
equal rates.

Mechanism

We end this chapter with a discussion of a type of reaction that is different from anything we have seen before. In the Diels-Alder
cycloaddition reaction, a conjugated diene reacts with an alkene to form a ring structure.
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In a Diels-Alder reaction, the alkene reacting partner is referred to as the dienophile. Essentially, this process involves overlap of
the 2p orbitals on carbons 1 and 4 of the diene with 2p orbitals on the two sp?-hybridized carbons of the dienophile. Both of these
new overlaps end up forming new sigma bonds, and a new pi bond is formed between carbon 2 and 3 of the diene.

One of the most important things to understand about this process is that it is concerted — all of the electron rearrangement takes
place at once, with no carbocation intermediates.
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