Burrows et al: Chemistry? Third Edition

Benzene and other aromatic
compounds: electrophilic
substitution reactions

22.1 The structure of benzene and other aromatic compounds

Planar hexagon Cyclic delocalization of e s
with bond lengths 6 m electrons explains (4n + 2)  electrons
n bet\:;egné:—c the unusual stability (where n = 1) and
and C= De .

benzene ofbenzene Kekulé structure itis aromatic

of benzene

® Aromatic compounds are cyclic, planar, and have an uninterrupted ring of 1 electrons.

® According to Hiickel’s rule, the number of & electrons in an aromatic monocyclic compound must be equal to 4n + 2,
wheren=1,2, 3, etc.

® Aromatic compounds can be neutral or charged, and heteroatoms can be part of the ring.
® Antiaromatic compounds are cyclic, planar, and have an uninterrupted ring of 4n © electrons.
® Frost circles provide a convenient way of determining the number of molecular orbitals, and their relative energies, in

aromatic or antiaromatic compounds.

g For a practice question on this topic, see question 1 at the end of this chapter (p.1052).
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22.2 Electrophilic substitution reactions of benzene

® Benzene reacts with electrophiles in electrophilic substitution reactions. Another atom, or group of atoms, replaces a
hydrogen atom on the benzene ring, and the preduct retains the stable aromatic ring.

® There are five important electrophilic substitution reactions of benzene.

Halogenation X X — Bror Cl
Br, or Cl, A Lewis acid converts
1 P E— the halogen into a
Feflr, or AIC, stronger electrophile
Nitration NS
2 HNGy,, H,50, Mitric acid and sulfuric
- acid produce *NO,
SO.H Sulfuric acid and sulfur
Sulfonation 3 trioxide produce HSO;
3 H,50,, §0, Sulfonation is reversible—
’ to remove the SO;H group
requires H,S0, and H,O
Friedel-Crafts Lewis acids and primary
alkylation R halogencalkanes form coordination complexes
Lewis acids and secondary or tertiary
4 RCI, AICI, or halogenoalkanes form carbocations
[z [Falte Polyalkylation and rearrangement of
coordination complexes/carbocations occur
Acyl chlorides and AICI,
F”:gﬁ';f;:m COR form acylium fons (RCO")
¥ Polyacylation and rearrangement
5 RCOCI, AICI, of acylium ions do not occur
The C=0 group can be reduced using

Zn/Hg, HClin the Clemmensen reduction

® These reactions are useful in synthesis as a way of introducing reactive groups onto a benzene ring.

@ For a practice question on this toplc, see question 2 at the end of this chapter (p.1095).

P '
OXTFORD
UNIVERSITY PRESS
© Oxford University Press, 2017 All rights reserved.



Burrows et al: Chemistry? Third Edition

22.3 Reactivity of substituted benzenes in electrophilic substitutions

® Activating groups direct electrophiles to the 2- and 4-positions. The larger the activating group on the ring, the greater the
proportion of attack at the 4-position.

® Deactivating groups direct electrophiles to the 3-position, except for the halogens, which direct electrophiles to the 2- and
4-positions.

Substituents Electronic effects
[-NH,, -NHR, -NR, M>-1 A
—OH, -OR +M > -1 .
Increasingly
2,4-directing | -NHCOR, ~OCOR +M > -1 more reactive
activators ' than benzene
—Ph, —-CH=CH, M. +1 to electrophiles
| -R +I
-H benzene
2,4-directing B
deactivators | —Cl -Br, -l -I>+M
-CHO, -COR -M, -1 Increasingly
less reactive
3-directing —-CO,H, -CO,R -M, -1 than benzene
deactivators _SOH M. 1 to electrophiles
-NO, -M, -1 Y

@ For a practice question on this topic, see question 2 at the end of this chapter (p.1052).

22.4  The synthesis of substituted benzenes

® You need to consider the following factors when planning syntheses of substituted benzenes by electrophilic substitution
reactions.

Acid-base
reactions
are possible

Polysubstitution bl
can occur
idlophils ealy oo
relatively strong

electrophiles

Reacts with
relatively weak
electrophiles

Activating Deactivating
group group
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® The following reactions are used to transform substituents on benzene rings.

R R’ R R! Reagent
Reagent COCH, CH,CH,  Zn/Hg, HCI
= NO, NH, Sn, HCI

CH, CO,H KMnO,
@
NH, N, R
Various
NaNO, reagents
— —
HCI
aryl diazoniumion R =F, Cl, Br, I
(nucleophile) CN, OH, H,
N=NAr -
® Regioselective formation of di- and trisubstituted benzenes is possible.
(0]
A removable NH
HN blocking group E@) z The most
directs the b powerful activating
electrophile to group controls
the required the position of
; positic_m of the attack by t_he
& ring CH, electrophile
E@

@ For practice questions on this topic, see questions 3-5 at the end of this chapter (pp.1052-1053).
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@ Concept review

By the end of this chapter, you should be able to do the following. °
® Know what aromatic, antiaromatic, and nonaromatic
compounds are and give examples of each.
]
® Understand why benzene reacts in electrophilic substitution
reactions.
® Give reagents and write reaction mechanisms to explain how .
benzene undergoes halogenation, nitration, sulfonation, Friedel-
Crafts alkylation, and Friedel-Crafts acylation.
o Classify substituents on benzene rings as 2,4-directing

activators, 2,4-directing deactivators, or 3-directing
deactivators.

Understand how the electronic and steric effects of substituents
on benzene rings influence the rates and regioselectivities of
electrophilic substitution reactions.

Describe how substituents on benzene rings can be converted
into other substituents by redox reactions or by forming
diazonium ions.

Design efficient syntheses of polysubstituted benzenes from
benzene.

The NH, group reacts with HNO, to form a diazonium
ion—this reacts to introduce a halogen, CN, COH, H
or N=NAr substituent onto the ring 2,4-directing
NH, activator
2,4-directing
X =BrorCl deactivator
3-directing
f deactivator
iy Gt Br,, FeBraT or Cl,, FeCl,
NO, SO,H
SO,Hisa
HNO,, H,S0, H,S0,, SO, removable
—-— —_— :
blocking group
CH,CI, AlCI
or Cl-aiaElr, FeEaIV QOCL AICL,
CO,H CH, COR CH,R
KMnO, Zn/Hg, HCI
~— ———
Polysubstitution occurs
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