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Reactions of Benzene and Its Derivatives

* Benzene does not undergo electrophilic addition

* It undergoes electrophilic aromatic substitution maintaining the

aromatic core

 Electrophilic aromatic substitution replaces a proton on benzene with

another Nucleophile



Electrophilic Aromatic Substitution
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Reactions of Benzene

The most characteristic reaction of

aromatic compounds is substitution at
a ring carbon:

Halogenation:
FeCl
@H + Cl, ———3» ©—m+ HCI
Chlorobenzene
Nitration:

H, SO
@H + HNO;—= 4>-©7N02+ H, O

Nitrobenzene




Sulfonation:

H, SO,
H + SOj - SO3 H

Benzenesulfonic acid

Alkylation:

AlX4
Q—H + RX - R + H X

An alkylbenzene

Acylation:
@

O
i A [ 1]
@—H + RCX X5 ,...Q—CR + HX

An acylbenzene
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Electrophilic Aromatic Substitution

Electrophilic aromatic substitution: a
reaction in which a hydrogen atom of an

aromatic ring is replaced by an
electrophile

H E
LU e ——= T =

INn this section:
— several common types of electrophiles
— how each is generated

— the mechanism by which each replaces
hydrogen




ORGANIC LECTURE SERIES

EAS: General Mechanism

* A general mechanism

slow, rate +

Step 1: @CI/-I_T\EF determmmgh QH
‘ E

Elt;]c.tlm- Res onance-s tabilized

s cation intermediate

+
Step 2: QH T QE + H
E




Electrophilic Aromatic Substitution (EAS)




Chlorination

Step 1: formation of a chloronium ion

Cl + CI -
- - ‘,/’"'___"“ - - - — - _
Cl—Ci + "Fe—Cl —<—:IClCl— I|=e—CI ——>— :Cl FeCl,
| —— Cl
Chlorine Ferric chloride A molecular comp lex Ao i{{l-‘l P air
(a Lewis (a Lewis with a positive charge co Htall_l ing =a
base) acid) on chlorine chloronium ion

Step 2: attack of the chloronium ion on the ring

slow , Tate
T+ deternminin
Cil: 7 C

I - 0
Resonance-stabilized cation intermediate; th e positive

charge is delocalized onto three atoms of the ring

Step 3: proton transfer regenerates
the aromatic character of the ring

-
Hr\-- — - L

Q. . * :CiFec, — 2= @—91 : +HCI: + FecClL
[

Cation =~ °

Chlorobenzene
interrmed iate




Nitration:

HNO @ o
H,SO, be:

Generation of the nitronium ion, NO_,+ :
- Step 1: proton transfer to nitric acid.

s 7 AN O - H_ + ..'C)':
HSO,—OsH + H—O—N+  ——= HSO; =+ CO— N+
- O H . O
Sulfuric Nitric Conjugate acid
acid acid of nitric acid

- Step 2: loss of H,O gives the nitronium ion, a very
strong electrophile.

O H
H_ + Z e Covp s
SOINE _ ——= O+ O=N=0
H o~

The nitronium
ion



Step : attack of the nitronium ion (an electrophile)
on the aromatic ring (a nucleophile).

SR - o

-+
Resonance-stabilized cation intermediate

Step : proton transfer regenerates the aromatic

ring.
H_ /—- H NO 2 H_
ot -3

H H

HSO4 - +H H2504



Sulphonation of benzene

Benzene Benzenesulfonic acid
(1 2H,50, <= H,;0* + HSO,~ + SO,
o H
(2) SO3 + C6H6 2 C6 k Slow
SO;3”
@/H
3) CgH{ + HSO4~ :(:_.._) CsHsSO;3™ + H,S0, Fast
SO,-

(4) Ce¢HsSO;- + H,0* C¢HsSO;H + H,0 Equilibrium far to the left

Ty






C. Friedel-Crafts A Alkylatlon of Benzene

‘-—

¢ Friedel-Crafts alkylation forms a new C-C bond
between an aromatic ring and an alkyl group.

Al
O v ol Ao O e

Benzene 2-Chloropropane Cumene
(Isopropyl chloride) (Isopropylbenzene)




.+ —— —

Friedel-Crafts Alkylatlon

— — —
_" J ——————— B

Step 1: formation of an alkyl cation as an ion pair.

Cl + Cl
R-Q /—\AI Cli== ‘RQE:.I AICI —— R™AICI,
CI CI
A molecular Anion pair containing
complex a carbocation

Step 2: attack of the alkyl cation on the ring.

©+R* - >+ =
R R / R

A resonance-stabilized cation

Step 3: proton transfer regenerates aromaticity.

Q ,xmcs — @—n + AICL + HA:

29 _1A



Limitations on Friedel-Crafts Alkylatlon

T— e —— —
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¢ There are three major limitations on Friedel-
Crafts alkylations.

1. carbocation rearrangements are common.

@ /|\/ AICI5 m . HeI

Benzene Isobutyl tert-Butylbenzene
chloride
Cl-l3 CH; Cl-l
CH,CHCH,-G¢ + AlQ; — CH, & CI-AICls — cn-|3c+ AICI,"
C:H3
| sobutyl chloride amolecular an ion pair
complex
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Limitations on Frledel Crafts Alkylatlon

 —
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2. F-C alkylation fails on benzene rings bearing one
or more of these strongly electron-withdrawing

groups. .

AICI
© + RX 3 No reaction

When Y Equals Any of These Groups, the Benzene
Ring Does Not Undergo Friedel-Crafts Alkylation

Q Q Q Q Q
—CH —CR —COH —COR —CNH,
—SO;H —C=N —NO> —NRg"

—CF3 —CCl;

| — T e S _————— -
- R — —— ——— I



Limitations on Friedel-Crafts Kllgylaii@;
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¢ 3. Polyalkylation: An alkyl group added to the
ring activates the ring and further alkylation
OocCcCurs.

Hs
@ + xcHsac A% Hs , HCI

Benzene CHs

¢ Limitations 1 & 3 do not apply to Friedel-
Crafts Acylation reactions.




Friedel-Crafts Acylatlon of Benzene

e ——
—— =

¢ Friedel-Crafts acylation forms a new C- C bond
between a benzene ring and an acyl group.

. @ AICI;
CH CClI + HCI

—

Benzene Acetyl Acetophenone
chlorlde
cli__o ?
4-Phenylbutanoyl a-Tetralone
chloride
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Friedel-Crafts Acylation

< The electrophile is an acylium ion.

1% ¢l (1)
oo /"\
R-C-CF -+ Al-ClI
Cl
An acyl Aluminum
chloride chloride
? . ¢! . R
R-CC}J—ﬁl-CI —— R-C™* AICI,;
Cli
A molecular complex A n ion pair
with a positive charge containing an
charge on chlorine acylium ion




Friedel-Crafts Acylatlon

—-‘

- an acylium ion is a resonance hybrld of two major
contributing structures.

—

complete valence
shells
e
R-é=9: - = R-C=0:

The more important
contributing structure

¢ F-C acylations are free of two major limitation of
F-C alkylations; acylium ions do not rearrange
nor do they polyacylate.

<2-20
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