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CONCEPT: ELECTROPHILIC AROMATIC SUBSTITUTION — GENERAL MECHANISM

Benzene reacts with very few reagents. It DOES NOT undergo typical addition reactions. Why?
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If we can get benzene to react in a substitution reaction, this preserves aromaticity.
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Very strong electrophiles can temporarily disrupt aromaticity of benzene to create a substitution product.

e We call this electrophilic aromatic substitution or . This is the most important mechanism of benzene.

EAS: General Mechanism
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CONCEPT: ELECTROPHILIC AROMATIC SUBSTITUTION — REACTIONS

EAS reactions require strong electrophiles to take place. Some of these will require catalysts.

EAS Halogenation

EAS lodonation

EAS Nitration

EAS Sulfonation SO;H

Friedel-Crafts Akylation

Q0QQQ

Friedel-Crafts Acylation

3

Any Carbocation

Q
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CONCEPT: GENERATING ELECTROPHILES — EAS HALOGENATION

EAS Bromination and Chlorination both require complexing with a Lewis Acid Catalyst before the reaction can begin.

General Reaction:

e R
X
X2
— =
FeX3
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Mechanism:
Br

Br—Br + Fe—Br

Br
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CONCEPT: GENERATING ELECTROPHILES — EAS NITRATION

EAS Nitration requires nitric acid to react with a catalytic acid to generate a strong nitronium ion electrophile.

General Reaction:

NO, NO,
Conc. HNO3 HNO3
—_— or S ——
A HoSO04
Mechanism:
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Reduction of Nitro Groups:

Nitro groups can be reduced in the presence of many reducing agents to aniline. More on this in your amines chapter.

s )
NO, LiAIH, NH,
or H, Pd-C
OF  SnCl,, H,0
Or  Fe, HCI
\ J

Page 5



ORGANIC - CLUTCH @ CL“TGH
CH. 18 - REACTIONS OF AROMATICS: EAS AND BEYOND

CONCEPT: GENERATING ELECTROPHILES - FRIEDEL-CRAFTS ALKYATION

Friedel-Crafts Alkyation requires an alkyl halide to complex with a Lewis Acid Catalyst before the reaction can begin.

e Active electrophile is a carbocation

O Watch out for

General Reaction:

R
RX
—_—
AlX3
Mechanism:
(|3I
R—CI + Al—Cl
> |
Cl
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CONCEPT: GENERATING ELECTROPHILES - FRIEDEL-CRAFTS ACYLATION

Friedel-Crafts Acylation requires an acyl halide to complex with a Lewis Acid Catalyst before the reaction can begin.

e Active electrophile is an acylium ion

General Reaction:

9 @)
AN -
AlX3
Mechanism:
@) (|3I
R)]\CI + Al—Cl
:
Cl
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CONCEPT: GENERATING ELECTROPHILES — ANY CARBOCATION

Popular carbocations include those catalyzed by hydrofluoric acid and promoted by boron trifluoride.

e Watch out for

General Reaction:

R

| - e
_—
or ROH + BFj

Mechanisms:

OH

BF3
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CONCEPT: EAS — MONOSUBSTITUTED BENZENE

Substituents alter the electron density of benzene rings, affecting reactivity toward subsequent EAS in two ways:

1. Activity Effects

e Electron Donating Groups EDG'’s the ring toward reactions

e Electron Withdrawing Groups EWG's the ring toward reactions

2. Directing Effects

e Electron Donating Groups EDG’s tend to be : directors
e Electron Withdrawing Groups EWG'’s tend to be directors
EDG EWG
o,p-director m-director
Badass EAS Activity Chart
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CJCLUTCH

PRACTICE: Predict the major products of the following EAS reaction.
o)

cl
NH 2

Y

cat. FeCl;
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CJCLUTCH

PRACTICE: Predict the product of the following multi-step synthesis.

0 PBr; Benzene

| — _—

N\ Vo AICI

H,C

Zn . Hg

HCl
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CONCEPT: EAS-O,P-MAJOR PRODUCTS

In general, we refer to the products of an EAS o,p-director as a mixture — but there are some patterns we can learn.

e The positions compete with number vs. steric hindrance

e |n most cases, steric hindrance wins.

ortho 3
: 1
L]

, more positions .
If asked to supply only one major product, assume the para-product predominates }

L) £

SOzH pV
‘\ less hindered ,"

S04 L
e /2 \ N / N \ N TS
HoS04 +

ortho para

SO4H

There is only one major exception to this assumption, and that is if the final product can - with itself.

EXAMPLE: EAS Nitration of Phenol

ortho para
O—H O—H <|3| O—H
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N
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CONCEPT: EAS — PROTECTION OF ANILINE DERIVATIVES

Strongly activated rings like aniline can open the ring up to unwanted reactions.

NH,
2
HON02
2504

too activated

To avoid this, we can reversibly acetylate (protect) the amino group to make it moderately activating.

O

O
React NaOH

Pyrndme moderately activated

EXAMPLE: Synthesize the target molecule from nitrobenzene and any other reagents.

NO, 1. NH,
2.
—_—
3.
4 Cl
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