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8.10: Reactions of Aromatic Compounds- Introduction of one group onto the ring

As we have seen, aromatic compounds are considerably more stable than one might predict. Consequently, it takes more energy to
make aromatic compounds undergo reactions since, in order to react the aromatic overlap of orbitals in the ring, it must be
destroyed at some point during the reaction. Since the aromatic ring is so electron-rich we might predict that it would undergo
electrophilic attack but, rather than undergoing electrophilic addition like alkenes and conjugated alkenes do, aromatic compounds
typically undergo electrophilic substitution. For example, benzene will react with bromine in the presence of a catalyst such as iron
(I1I) bromide (FeBrs) to give bromobenzene.
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Let us now take a closer look at the steps involved in this reaction to see how this substitution (Br for Hivc) is accomplished. Since
benzene is so stable, a more reactive electrophile is needed to react with the ring. This is accomplished by adding a Lewis acid
catalyst FeBrs, which forms a complex with the bromine to produce Br ™" (stabilized by the FeBr; ™). The Br™ electrophile now
reacts with the electron-rich benzene ring to produce a resonance-stabilized intermediate called a sigma complex.
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Now, instead of a nucleophile attacking, the aromatic ring is regenerated by loss of a proton.

# " :
@_—1 /_;lh-nr. - ©/ + Hbr 4 FeBr,
"-.\ L]

The resulting bromobenzene is much more stable than the corresponding addition product.
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This electrophilic substitution reaction is the primary mechanism by which most aromatic compounds react. A very reactive
electrophile must be generated; it then adds to one of the ring carbons followed by loss of a proton from the same carbon.
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There are a number of substituents that can be introduced onto the ring in this way, including nitro, alkyl, acyl, and sulfonyl groups.
Each proceeds via a similar mechanism (via a reactive electrophile that is generated in the reaction) either by using a catalyst or by
using very reactive reagents.
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reactive clectrophile

Alkylation and acylation can be accomplished by treatment of an alkyl halide or acyl halide with a Lewis acid catalyst such as
aluminum trichloride (A1Cl3). In this case, the reactive electrophile is generated when the alkyl (or acyl) halide interacts with the
catalyst to produce an intermediate that is carbocation-like. It is this very reactive species that reacts with the benzene ring to
produce the substituted benzene. This reaction is called a Friedel-Crafts alkylation (or acylation). The acylation reaction is usually
preferred because it is difficult to stop an alkylation reaction at just one substitution since the product is more reactive than the
starting material (see below).

Nitration is accomplished by treating benzene with a mixture of concentrated nitric and sulfuric acids. This mixture generates a
nitronium ion (NOs 1), which is the reactive electrophile.
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Sulfonation is accomplished by using fuming sulfuric acid, which actually contains sulfur trioxide (SO3) dissolved in the sulfuric
acid. It is the actually the SOj that is the electrophile in this case.

Some groups cannot be introduced directly onto the ring: for example, groups that we might normally consider as nucleophiles
(such as NH, or OH) have to be introduced indirectly. For example, aniline (aminobenzene) can be produced from nitrobenzene
by reduction.
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As we will see later, other nucleophilic groups have to be introduced by a different approach.
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