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8.2: Pericyclic reactions

Diels-Alder Reactions: 

The best-known of these reactions is a cycloaddition reaction known as the Diels-Alder reaction. It typically occurs between a
conjugated diene and another alkene known as the dienophile. This reaction is very useful in synthesis because it forms two new 

 bonds at the same time. It is also stereospecific and regiospecific. The simplest diene that can participate in a Diels-Alder is
butadiene. Typically, butadiene tends to exist in the more stable s-trans  conformation—however, there is an equilibrium
concentration of the s-cis conformation through which the reaction can occur. In fact, cyclopentadiene, in which the diene is
permanently fused in the s-trans conformation, reacts rapidly with itself (it can be both diene and dienophile) in a reversible
reaction.

The “dienophile” can be a simple alkene, but the presence of an electron-withdrawing group (such as a carbonyl group) on the
double bond improves yields. We can envision the reaction as taking place in a concerted fashion. Again, the reaction is reversible,
and the reverse reaction is known as a retro Diels-Alder. We can use our knowledge of thermodynamics to predict the most
appropriate conditions for the reaction. Recall that the extent of any reaction can be predicted from the Gibbs free-energy change 

. Since the reaction produces two new  single bonds and one new  pi bond while breaking two
 pi bonds, we can assume that the enthalpy change for this reaction is negative (bond formation releases energy and bond-

breaking uses energy). Therefore, the  term is always favorable. We can also predict the sign of the entropy change for the
system; since we are producing one molecule from two, we would expect  to be negative also. The entropy term is unfavorable.
From this analysis, we can see that the temperature at which the reaction is carried out is crucial. High temperatures would favor
the reverse reaction. Therefore Diels-Alder reactions are typically run at fairly moderate temperatures that are between room
temperature and ).

The possibilities for Diels-Alder reactions are quite extensive and since this is a concerted reaction, any stereochemistry in the
starting materials is conserved in the products. For example, if the dienophile has cis or trans stereochemistry, this is conserved in
the product. The cis dienophile gives the cis product (and vice versa for the trans).

Some examples of Diels-Alder reactions are given here.

While we can draw mechanistic arrows for pericyclic reactions such as Diels-Alder, they are best understood by using molecular
orbital theory. In this treatment, we can consider the reaction as taking place between the highest occupied molecular orbital
(HOMO) of the diene and the lowest unoccupied molecular orbital (LUMO) of the dienophile.
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For our purposes, this treatment is too complex, but if you go on to further studies of pericyclic reactions, MO theory will be the
approach that will allow you to predict the outcome of many different reactions.

If a fused ring is formed during the reaction, there are two possibilities for the orientation of the substituents on the diene as shown
below: exo and endo.

Because of the possibility of a stabilizing interaction in the endo position, (the pi system of the carboxylic acid can interact with the
pi system of the diene), the endo product is usually produced.

As noted earlier, there are other types of pericyclic reactions. All of the common reactions that occur simply by heating up the
starting materials involve the cyclic movement of six electrons. The transition states for these reactions all involve molecular
orbitals that extend throughout the system; these orbitals have considerably lower energy than one might expect. In some ways, this
is analogous to the 6 pi electrons of aromatic systems, which are also stabilized in lower energy molecular orbitals.

Interestingly, these reactions do not occur in the same way if they are initiated by electromagnetic radiation (that is, if we shine
light on them rather than heat them up). In this case the electrons that participate in the reaction are actually in higher energy
orbitals (the electron absorbs a photon and is promoted to a higher energy level). Absorbing light leads to a completely different set
of reactions and outcomes, something that is explored in subsequent organic chemistry courses. There is, however, one particularly
interesting (and biologically relevant) photochemically induced reaction, namely the reaction of adjacent thymine bases within a
DNA molecule. Upon the absorption of a UV photon, such adjacent thymines can undergo an electrocyclic reaction that results in
dimer formation.

The presence of a thymine dimer results in conformational changes in the DNA that, unrepaired, can lead to mutations. Thymine
dimers are recognized and repaired via two distinct cellular-repair mechanisms. Unrepaired damage can lead to skin cancer (a range
of carcinomas and melanomas).

This is one reason to limit skin exposure to the sun.

https://libretexts.org/
https://chem.libretexts.org/@go/page/359150?pdf


8.2.3 https://chem.libretexts.org/@go/page/359150

8.2: Pericyclic reactions is shared under a not declared license and was authored, remixed, and/or curated by LibreTexts.

https://libretexts.org/
https://chem.libretexts.org/@go/page/359150?pdf
https://chem.libretexts.org/Bookshelves/Organic_Chemistry/OCLUE%3A_Organic_Chemistry_Life_the_Universe_and_Everything_(Copper_and_Klymkowsky)/08%3A_Conjugated_compounds_and_aromaticity/8.02%3A_Pericyclic_reactions
https://chem.libretexts.org/Bookshelves/Organic_Chemistry/OCLUE%3A_Organic_Chemistry_Life_the_Universe_and_Everything_(Copper_and_Klymkowsky)/08%3A_Conjugated_compounds_and_aromaticity/8.02%3A_Pericyclic_reactions?no-cache

