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8.6: What is aromaticity and how do we recognize aromatic systems?
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naphthalene anthracene

To recap, benzene is uniquely stable and it is relatively difficult to get it to react, despite the high electron density in the ring. It is
significantly more stable than cyclohexadiene which is conjugated, but only contains two bonds. There is clearly something special
about a conjugated ring system above and beyond simple conjugation properties.

cyelebutadicne cyclooctatetracne

If we examine other systems, we can begin to find the parameters that govern the property of aromaticity. We can begin by looking
at some other cyclic, conjugated systems. Many fused six-membered rings (for example: naphthalene and anthracene) are aromatic.
However, cyclobutadiene and cyclooctatetraene are not aromatic and have quite different properties.

By investigating many cyclic conjugated systems, it has been possible to identify the factors that lead to aromaticity.

These are known as Huckel’sRule: Aromatic compounds are planar, cyclic, conjugated, and have 4n+ 2\ (r electrons in the
7 electron cloud. Benzene is the archetypal aromatic compound: it is planar (all carbons sp? hybridized), cyclic (obviously)
conjugated (apparent alternating single and double bonds), and it has 67 electrons (n =1). If we look at the bonding within
benzene, we see that overlapping p orbitals form a ring of pi electron density above and below the sigma C' — C' framework. More
generally, aromatic compounds must be planar, cyclic, and conjugated so that the p orbitals overlap to form this continuous ring of
electron density. So why do aromatic compounds have 4n+2 m electrons? The answer involves molecular orbital theory.
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As previously noted, a consideration of the number and type of atomic orbitals that contribute to the bonding system enables MO
theory to predict the molecular orbitals that span the whole molecule. In benzene, we have six p atomic orbitals and, therefore,

expect that they combine to give six molecular orbitals as shown here. Note that there are three bonding and three antibonding
MOs and, since there are only six electrons in the system, we get a total of three bonds.
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This type of analysis can be done for any cyclic conjugated system. While it is too complex here to go into the mathematical
underpinnings, there is a relatively simple way to determine the relative energies of the MOs. The approach requires that you
inscribe the cyclic system into a circle, with one corner of the ring at the bottom. The places where the corners meet the ring are

represent the relative energies of the MOs, as shown below. This arrangement is the origin of the 4n + 2 rule as we will see.
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cyclobutadiene elongates the single bonds

So, for example, if we consider cyclobutadiene (which has 4n electrons), we see that there are 4 MOs and 4 electrons. However,
two of those electrons are in non-stabilized orbitals AND are uncoupled because the orbitals are of the same energy. Remember
Hund’s rule: electrons occupy orbitals singly until they have to start doubling up.

This means that if cyclobutadiene were aromatic, it would be highly unstable because it would contain two unpaired electrons—it
would exist as a diradical. The presence of unpaired electrons generally makes compounds very reactive. In fact, cyclobutadiene is
not aromatic and instead exists as two isolated double bonds by lengthening the single bonds. Even so, it is still unstable and does
not exist above —78°C.

cyclooctatetraene bends to reduce conjugation

Cyclooctatetraene also has 4n electrons (where n = 2), and again we see the problem is that there are a pair of degenerate (same
energy) MOs, where the last two 7 electrons are located. Again, this is highly destabilizing and, to avoid this electron
configuration, cyclooctatetraene actually bends so the double bonds are not conjugated with each other. The origin of the n+2
rule, then, has to do with the arrangement of MOs. Any cyclic conjugated compound with 4n electrons will not be able to take up
a stable conjugated arrangement because it will involve the highly unstable diradical.
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