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=~ Chapter 4. Aromatic Compounds

Bitter almonds are the source of the aromatic
compound benzaldehyde



Sources of Benzene
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Some Facts About Benzene

Reacts mainly by substitution

FeB
C.H, + Br, Cafal;; CH.Br + HBr
benzene bromobenzene

FeCl
CH, + Cl, Cafaly-’;t C.H.Cl + HCI

benzene chlorobenzene
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the Kekulé structures for benzene

£
&

Friedrich August Kekule’

H

H
H H H H
H H H H
H H

Benzene is a resonance hybrid of
these two contributing structures.




The Orbital Model for Benzene

Symbols for Benzene }/V/
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Kekulé elocahzed pi cloud
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Monosubstituted benzenes that do not have common names
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bromobenzene hlorobenzene nitrobenzene ethy benzene
AN — f Z OO{]/ MM‘@/
e == Py [«
~ “ T -
= -
G1 G, 91
il 1 ‘
G1 6 N2 02 &
G2 Ny
[J 4@ |
4 N G,
' 12 13
' O- (ortho) m (meta0

/ M fSDW

CH,CH,CH,

®

v1 =propylbenzene

G,
14 P P (para)




4

When two substituents are present, we use prefixes ortho-, meta
-, and para-, usually abbreviated as o-, m-, and p-, respectively.
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For more than two substituents, their positions are designated by
numbering the ring.
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Aromatic hydrocarbons, as a class called Arenes (Ar) the aryl
groups are therefore aromatic substituents.
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The symbol Ph is sometimes used as an abbreviation for phenyl
group

CH,CHCH,CH,CH,
,%)‘ / @'/ v2-phenylpentane phenylcyclopropane 1,3,5—tr1phenylbenzene Q
(or 2-pentylbenzene) (or cyclopropylbenzene)
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biphenyl benzyl chloride m-nitrobenzyl alcohol



Name the following structures
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The Mechanisms of Electrophilic Substitutions

Cl Cl
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Cl Cl

weak strong electrophile
electrophile
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The Mechanisms of Electrophilic Substitutions
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This carbon is sp>-hybridized;
it is bonded to four other
atoms, and has no double
bond to it.

TN\t 8- JH
+ Cl—<Cl---FeCl, — + FeCl,”
NS ’ \Cl *

a benzenonium ion

@ (a carbocation)
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Energy

Transition State 1

Transition State 2
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Benzenonium ion
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benzene

+ +NOZ -

nitrobenzene



sulfonation
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Alkylation and Acylation (Friedel-Crafts reaction)
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Ortho, Para-Directing and Meta-Directing Groups
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Ortho, Para-Directing Groups

Ortho,para attack
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Meta attack
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Ortho,para attack
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Meta attack
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Y is an electron-withdrawing
atom such as oxygen or nitrogen;
atom X carries a positive charge
in one of the resonance
contributors.



Importance of Directing Effects in Synthesis

Br Br
NO,
Br 7 HONO”) +
FCBI'3 HzSO4

ortho
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Polycyclic Aromatic Hydrocarbons
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alene 2-nitronaphthalene
(ratio 10:1)
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Fused polycyclic hydrocarbons

anthracene
mp 217°C

10 1
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pyrene
mp 156°C
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Carbon nanotube



