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|. Benzene Our starting poirWhere we see further consequences
of conjugation

A. Historical Perspective. In the mid"18entury Benzene was a well
known compound. Natural sources of benzene include vaésaand forest
fires. Benzene is aldound incrude oil, gasoline, and cigarette smoke. It
was recognized even then that there is something very unusual about
benzene.

1. Its formula was known to beEgindicating a high degree of
unsaturation. But itlid not behave like an alkene or an alkyne at all. For one
thing it was observed to be much less reactive.

2. The details of its reactions were even more puzzling. For
example when hexene reacts with bromine, the bromine readily adds.

C6H12+ Brz —> CeleBrz
But when benzene reacts with,Brrequires a Lewis acid catalyst such as
FeCk for the reaction to occur. Only one product is obtained, but the product
IS a substitution product:

C6H6+ BI‘2 —> C6H5Br + HBr

The product is called bromobenzemdich has many of the same properties
as benzene itself.

3. Equally puzzling was the behavior of bromobenzene. When
treated with Byand Fe(d it also undergoes a substitution reaction:

C6H5Br + Brz —> C6H4Br2 + HBr

Just hree isomeric products apbtained from this reaction.
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4. The term aromatic was used to characterize benzene and its
derivatives because they often had characteristic smells and to emphasize
their differences from aliphatic compounds such as alkanes, alkenes etc.

5. First goproach to &orrectstructure for benzene was made by
Kekuléin 1865 as th result of an opium dream: aake with its tail in its
mouth etc. It was further refined in 1872 by the addition of rapidly moving
double bonds.

6. What Kekulé and other Y@entury scientists were trying to
explain was the equivalence of all six carbon atoms (and as we now know all
6 carboncarbon bonds. A modern description usingtsgorid orbitals and
unhybridized porbitals very simply explains the equivalence.

Benzene m bond

Notice that 6 atomic orbitals are overlapping. Therefore there are six
mol ecul ar orbitals spread over the si)>
are bonding and three are antibonding.
accommodatedll six reside in bonding molecular orbitals.

Similarly, a valence bond description, where benzene is described as a
blend of two equivalent contributing structures also explains the equivalence
of the bonds and atoms. These two contributing strucaueesften written
as one structure with a circle instead of three double bonds
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B. Nomenclature

1. Monosubstituted benzenes are often encountered. They can
benamed by adding a substituent prefix to the name benzentamdames
are easy to remember. Examples are chlorobenzene (or fluoro, bromo, or
lodo), nitrobenzen¢-NO,), and ethylbenzene etc. But many compounds of
benzene were known in the"™@entury andheyhave common names that
must be memorized. You shoulddw: phenol, aniline, toluene, anisole,
styrene, benzaldehyde, acetophenone, and benzoic acid. (See page 668)

2. If there is more than one substituent on the benzene ring,
each substituent is named separately in alphabetical order. Identical
substituentsake multiplying prefixes For examplea
dibromochlorobenzenand atrinitrobenzene
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3. The location of substituents on the ring can be indicated in
one of two ways.

a. By number following the usual rules of giving the
lowest possible numberk-chloro-3-nitrobenzeneaot 1-chloro-5-nitro

Cl

o

/

+

N\

O

b. For Disubstituted benzenes we use a special system.

There are three possibilitie21,1,3; and 1,4Each has a name: 1,2 is
called ortho @); 1.3 is metarf); and 1,4 is pargp. These names just
replace the numberkeeping substituents in the same alphabetical order.
Thethree chloronitrobenzenese

\ . _O\N+ Cl4©iN{/ g
/ / \

o-chloronitrobenzene m-chloronitrobenzene p-chloronitrobenzene

c. If one of the substituents is usually designated by a
common name (e.g. amino = aniline, methyl = toluene, aldehydic =
benzaldehyde etc),

I. the substituent is not identified septely but rather is
identified by the common name and the compound is named as a
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substituted common name. The common naming substituent gets the
number 1. 2,4,6trinitrotoluene and ydroxy-3-methoxy
benzaldehyde (vanillin)

O—N
HO
N+
~ ~°
(@)

O—N+ 4-hydroxy-3-methoxy-benzal dehyde

o-
2.4 6-trinitrotoluene

ii. In the case of a disubstituted benzene, the o, m, p
designations can be uspebromophenol andh-ethylaniline

O~ L,

p-bromophenol
m-ethylaniline

d. There are someocnmon names on pagé® Know the

xylenes mesitylene andcresolgnotlisted, but they are methyl phenols, o,
m, and p)

Dol g

0-Cresol m-cresol p-cresol
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e. We can also name radicals derived from benzene and
substituted benzenesThe one from benzene itself is called phenyH£)
analogous to methyl or ethyl and isbaeviated Pho r -. Ainy radical that
has a benzene ring as part of its structure is called an aryl radical abbreviated
Ar-(note anal ogy to al  KXKCH)IR)i.s Troes tc o mp o
conveniently named,3-diphenylpropangRule of maximum substituents
on a single unit)

Anot her common acaledtherbandyl radedland s G CH
t he ¢ o mp @H is dominddliy called benzyl alcohol.

C. Aromaticity

1. The unusual stability of benzene and its derivatives (aromatic
compounds) has led to the teammaticityto designate suamnusual or
extrastability, which reslis from cyclic delocalizationt is much more
stability than what we expect fromsimpleresonanceicture

This extra stability can be determined by measuring heats of reactions
involving benzene and comparing the experimental values to values that we
calculate based on simple conjugatias shown in Figure 15.8 which the
reaction is hydrogenatioN ot e t h a {Cyclohexatrigndis ah, 5
imaginary compound; it does not existdause it has no conjugation,
although we can still calculate its heat of hydrogenation using bond
energies. The comparisons of these oH
because in all cases the product is the same, cyclohexane. Thus the
differences refleatlifferences in the reactants.



