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Electrophilic aromatic substitutions include:

Nitration
Sulfonation
Halogenation
Friedel-Crafts Alkylation
Friedel-Crafts Acylation
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Free Br
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Reaction Coordinate
Nitration of Benzene
H H,SO, NO,
+HONO
2 + H,0
Nitrobenzene

(95%)

Sulfonation of Benzene
H heat SO,OH
+ HOSO,0H + H,0
Benzenesulfonic acid
(100%)




Halogenation of Benzene |

H FeBr, B
* Br, I’l+ HBr

Bromobenzene
(65-75%)

Friedel-Cratfts Alkylation of Benzene |

H A, C(CHy)
+(CH3)3CCI - + Hal

tert-Butylbenzene
(60%)

Friedel-Crafts Acylation of Benzene |

H ﬁ AlCl, CCH,CH,
+ CHyCH,CCl —— + Hal

1-Phenyl-1-propanone
(88%)

Mechanistic Principles
of
Electrophilic Aromatic Substitution

Step 1. attack of electrophile
on n-electron system of aromatic ring

highly endothermic
carbocation is allylic, but not aromatic

Step 2: loss of a proton from the carbocation

intermediate
H H H HE
E — H +
H H H* H HH
highly exothermic

this step restores aromaticity of ring




Nitration of Benzene

H H
H+ E* H E+ H*
H H H H
Nitration of Benzene
H H,SO, NO,
+HONO, + H,0
o +
Electrophile is tO=N=O0:
nitronium ion - -

H nitronium ion

Step 1. attack of nitronium cation
on a-electron system of aromatic ring

Step 2: loss of a proton from the carbocation
intermediate

H H H H NO,
H NO, —— H +

©4 -NO; FeorZn = | NH
_—
X HCI X

Sulfonation of Benzene




Step 1: attack of sulfur trioxide
on n-electron system of aromatic ring

Sulfonation of Benzene ’
o> L 11:
\ y
H heat SO,0H
+ HOSO,0H + H,0
:6 NG 6:_
Several electrophiles present: N ﬁ -
a major one is sulfur trioxide:
“fuming” sulfuric acid is rich in SO, 0
Step 2: loss of a proton from the carbocation
intermediate
H H H H S04~
H SOy —— H R
H H H* H H

Step 3: protonation of benzenesulfonate ion

H H H,S0, H H
H SO, H SOH

rate-determining step in the reverse direction
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transition state for the rate-determining step
in the forward direction and for the

Free energy

_— >
Progress of the reaction

Halogenation of Benzene




Halogenation of Benzene

H FeBr, Br,

* Br, + HBr

Electrophile is a Lewis acid-Lewis base
complex between FeBry and Br,.

The Br,-FeBry Complex

+
::B:r—ér: + FeBry —— r—Br— FeBry
Lewis base Lewis acid Complex

The Br,-FeBr; complex is more electrophilic
than Br, alone.

Step 1: attack of Br,-FeBry complex
on m-electron system of aromatic ring

+ -
Br—Br— FeBr,

H H H Br
H H H +
H H H W
+ FeBr,~

Step 2: loss of a proton from the carbocation
intermediate

Question

» Which set of reagents is best to
chlorinate benzene?

. A) HCI, peroxides

- B) Clyhv
- C) Cl,cCcl,
- D) Cl,FeCl,

Friedel-Crafts Alkylation of Benzene




Friedel-Crafts Alkylation of Benzene |

H AIC), C(CH3),
+(CH3),CCl + Hal
HyC
Electrophile is \ C+— CH
tert-butyl cation 3
HyC

Role of AICl,

acts as a Lewis acid to promote ionization
of the alkyl halide

+
(CHC—Cl: +  AICl,—— (CHy),C—CI—AIC,

/

+ . -
(CHy),C + :CI—AICly

Rearrangements in Friedel-Crafts Alkylation |

Carbocations are intermediates.
Therefore, rearrangements can occur

H AC, C(CHy),
+ (CH,),CHCH,CI

Isobutyl chloride tert-Butylbenzene
(66%)

Rearrangements in Friedel-Crafts Alkylation |

H
I -
H3C—C|:—CH2—CI—AICI3
CH,
H
+

Rearrangements in Friedel-Crafts Alkylation |

Isobutyl chloride is the alkyl halide.

But tert-butyl cation is the
electrophile.

H AlCl, C(CHy)s
+ (CH,),CHCH,CI

Isobutyl chloride tert-Butylbenzene
(66%)

Reactions Related to Friedel-Crafts Alkylation |

H

+

Cyclohexylbenzene
(65-68%)
Cyclohexene is protonated by sulfuric acid,

giving cyclohexyl cation which attacks the
benzene ring




Alkylation of benzene by an alkene

i
__~_CHCH,CH;

A

HF
>

2
K + CHyCH—CHCH,3
Z

alkylation of benzene by an alcohol

i

CHCH,
| b + CH,CHCH, "55%, b »
- T A ~

OH isopropylbenzene
cumene

Friedel-Crafts Acylation of Benzene

Friedel-Crafts Acylation of Benzene |

H ﬁ AlCl, CCH,CH,
+ HCl

+ CHyCH,CCl ——

Electrophile is an acyl cation

@ y/;\"_ ©]
R-C=0, —=—> R-C=0:

resonance-stabilized

| Acid Anhydrides |

can be used instead of acyl chlorides

W 99 me b

+ CH,COCCH,

Acetophenone
(76-83%)

+ CH,COH

Question

» Which set of reagents would convert benzene
into acetophenone {shovovn) in the highest

yield? i
Orton
O

o
. A) B) and AICl,
H)I\and AICl; c|/LK

o}

+ C) o) D)
)I\and AICI HOJ\and Alct

Acylation-Reduction




Acylation-Reduction

Permits primary alkyl groups to be attached
to an aromatic ring.

W !

RCC CR
AICl, \Zn(Hg), HCI
Reduction of aldehyde and ketone CH,R

carbony! groups using Zn(Hg) and HCl is
called the Clemmensen reduction.

| Acylation-Reduction

+ (CH,),CHCCI

AICl4 Zn(Hg) CH,CH(CHjy)s
5
CCH(CHy), Why is it
important and
useful?

Acylation-Reduction

Permits primary alkyl groups to be attached
to an aromatic ring.

W !

Example: Prepare Isobutylbenzene |

(CH,),CHCH,CI CH,CH(CHy)y
AICl,

No! Friedel-Crafts alkylation of benzene using
isobutyl chloride fails because of

RCCI CR
ACI H,NNH,, KOH,
3 \ triethylene glycol,
! heat
Reduction of aldehyde and ketone
o CH,R
carbonyl groups by heating with H,NNH,
and KOH is called the
Wolff-Kishner reduction.
CHy CH;
CH |
T CCH,CH; CH,CCH;
1. OCH.Cl AlCly | |
O + LH;L‘LHQCI - ©/C"’ + O/ CHy
CH;
1-chloro-2,2-di 2-methyl-2 2,2-dimethyl-1-phenylpropane
rearranged alkyl unrearranged alkyl

substituent substituent
o

rearrangement.
CH, oty
3 1,2-methyl shift
CH;(‘ZSHZ —A-methy’ SR, CH3CCH,CH;

CHj;
S - a tertiary carbocation
a primary carbocation




It is not possible to obtain good yields of desired
certain alkylbenzenes if rearrangements can occur
(o]
CHy 0 I
| . | CCH,CH,CHy i CH,CH,CH;CH;
© + CHCHCHCH,Cl 2% ©/CI-K‘HJCHz . OCH:CHZLH’CH" @ + CHCHCH,CC 335" O/ —teduction , Q/
P acyl-substituted benzene alkyl-substituted benzene
major product minor product
Question

» Which combination of reactants will yield n
-propylbenzene as the major product when

. reacted with benzene?

. A)  CH,CH,C(=O)H, AICI,

. B) CH,CH,CH,CI, AICI,

. C) CH,CH,C(=0)CI, AICI; followed by

Zn(Hg), HCI
. D) CH,CH,CH,, AICI,




