Unit 6 - Haloalkanes and Haloarenes A
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Haloarenes: Deactivating but
Ortho-Para Directing

Decoding the mechanisms of Electrophilic Substitution.




The Dual Nature of Halogen Substituents &
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Unlike most substituents, halogens present a contradiction in electrophilic
aromatic substitution, acting simultaneously as a resistor and an amplifier.
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"Deactivating” — Reactivity speed is globally ‘Ortho-Para Directing” — Attack orientation is
controlled by the Inductive Effect. locally controlled by the Resonance Effect.



Inductive (-1) Effect: Global Deactivation

Halogens (Cl, Br, I) are highly electronegative. Through the sigma (o) bond,
they withdraw electrons from the ring, destabilizing intermediate carbocations.
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Electrophilic substitution occurs more slowly and requires A
harsher, more drastic conditions than in pure benzene. TopAll
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Resonance (+R) Effect: The Directing Influence A
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Halogen lone pairs conjugate with the ring’s m-electrons, creating localized

nodes of high electron density.
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The resonance effect opposes the inductive effect specifically at the ortho and
para positions, making them the primary targets for incoming electrophiles.



Reaction: Halogenation A
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Anhyd. FeCl
CegHsCl + Clo b Sk NG 1,4-Dichlorobenzene + 1,2-Dichlorobenzene
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A Lewis acid catalyst (FeCl;) is required to generate the CI™ electrophile.
The Para isomer predominates due to spatial symmetry and lower steric hindrance.



Reaction: Nitration
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Conc. H2804 ) .
CeHsCl + HNO, » 1-Chloro-4-nitrobenzene + 1-Chloro-2-nitrobenzene
Cl
CI HN03 + H2804 e N02+
O (Nitronium lon)
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The “Nitrating Mixture” (HNO5 + H,SO,) is necessary to generate the powerful
Nitronium ion (NO,*) electrophile to attack the deactivated ring.



Sulphonation & Friedel-Crafts Reactions A

Sulphonation
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CgHsCl + H,SO,4 (conc.)

1-Chloro-4-benzenesulphonic acid
+ 1-Chloro-2-benzenesulphonic acid

* Reagents: Conc. H,SOy4, Heat

* Electrophile: SO;H*

* Product: 4-Chlorobenzenesulphonic
acid (Major)
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F.C. Alkylation

=[Anhyd. AlCI
CoHsCl + CHaCl Zome 20,

1-Chloro-4-methylbenzene +
1-Chloro-2-methylbenzene

F.C. Acylation

-[Anhyd. AlCI3]

CeHsCl + CH,COCI

1-Chloro-4-acetylbenzene +
1-Chloro-2-acetylbenzene

* Reagents: CH;Cl, Anhyd. AICl,
* Electrophile: CH5* (Methyl)

* Reagents: CH,COCI, Anhyd. AICl;
* Electrophile: CH;CO* (Acyl)
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In all electrophilic substitutions, the para derivative is the major product.




Electrophilic Substitution Map A

A unified view of haloarene reactivity: Catalyst: Anhyd. FeCl; / AICI,
Deactivated by -I, Directed by +R. + Cl E
Catalyst: Anhyd. AICI, (I:I Cl :
cl i +R-Cl/ HgCa> H
© ? + R-COCI A C \"’ T
‘ C Catalyst: Conc. H,SO,
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H” C b cl
s e, . o + HNO3
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Catalyst: Heat + H,S0,
Cl NO,
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SOz;H Unit 6 Reference Map.
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