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8.12: Nucleophilic Substitutions on Aromatic Systems- Expanding the range of
potential substitution products

All of the reactions on the aromatic ring so far have proceeded by one mechanism: electrophilic aromatic substitution. Up to now,
we have not solved the problem of introducing substituents that usually react as nucleophiles onto an aromatic ring. There are a
number of ways to accomplish this and we will consider three of these mechanisms.

The first, Nucleophilic Aromatic Substitution ( ), is somewhat analogous to an  reaction. It will occur if two conditions
are met: the first is there must be a leaving group present on the ring, typically a halide; the second is that that the electron density
of the ring must be reduced. This is typically accomplished by having electron-withdrawing groups such as nitro groups on the
ring. We can observe the effect of adding electron-withdrawing groups by looking at the  spectra of 2-chloro-1,3,5-
trinitrobenzene. The only peak in the  spectrum is a  singlet at . This is considerably downfield of the 

 of benzene because the of the effect of the electron withdrawing nitro groups. This effect explains why the ring is
susceptible to nucleophilic attack.

The reaction proceeds by an initial attack by a nucleophile such as , , followed by loss of the leaving group which takes the
pair of electrons with it.

The intermediate anion can be directly stabilized by the nitro group, but only if that group is in the ortho or para position. If the
nitro group is meta to the leaving group the reaction will not occur, because such stabilization is not possible (try to draw resonance
forms for it).

A second mechanism involves elimination of  from the ring, followed by a rapid addition of ; it can be considered
analogous to elimination and addition reactions of alkenes and alkynes. The first step is the elimination of  from benzene,
which produces a highly reactive, strained species which is called a benzyne. This intermediate undergoes very rapid reaction to
add  and  across the double bond.

Evidence for this mechanism, rather than , comes from isotope labeling studies. If the original site is isotopically labeled
(e.g. with , the final product has only 50% of the nucleophile at the labeled site and 50% at the adjacent carbon. If this were
a straight nucleophilic substitution, all of the substitution would take place at the labeled carbon.
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Diazonium ions: 

Another approach that allows access to multiple products involves the reaction of aniline ( ) with the nitronium ion
(produced in the reaction mixture) to what is known as a diazonium ion.

The diazonium ion is highly unstable: it must be prepared at temperatures around ; if the solution is warmed above this
temperature, it will decompose by losing a molecule of nitrogen ( ) to produce a carbocation. It is this decomposition that can be
captured by a range of nucleophiles. In some ways this reaction is akin to an  reaction in which a carbocation is produced,
which then undergoes rapid nucleophilic attack.

The intermediate carbocation can be captured in the presence of a nucleophile: for example water, alcohol, halide, or cyanide ions.
Note that all these reactions typically require a raised temperature or the presence of a metal ion catalyst. This is to enhance the rate
of decomposition of the diazonium ion, so that the resulting carbocation can be captured by the nucleophile. It is important to note
that this carbocation is NOT resonance-stabilized (you cannot draw resonance forms to stabilize—try it).

Diazo coupling reactions: 

Besides being a way to introduce some nucleophiles into aromatic rings, diazonium salts also undergo what is known as a coupling
reaction. The diazonium ion itself is susceptible to nucleophilic attack if it is not decomposed too rapidly—usually by another
aromatic system. This reaction has been used to produce a wide range of dyes and indicators.

These azo compounds have a long-conjugated chromophore that typically results in absorption of visible light, making the
compounds highly colored (as a result of the light that is reflected and not absorbed). Manipulation of groups on either benzene
ring can extend the conjugation even further. About 50% of dyes belong to this family of compounds.
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