Why Haloarenes Are Less Reactive

An architectural breakdown of the structural defenses that prevent nucleophilic
substitution in haloarenes.
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The dynamic resonance shield
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In haloarenes, the electron pairs on the halogen atom are in conjugation
with the rt-electrons of the aromatic ring. This delocalization creates a
dynamic electronic shield, stabilizing the molecule.



Mapping the electron flow in chlorobenzene

Electron density increases at ortho and para positions. TopAll
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The C-Cl bond transforms A
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__ Partial Double
9
B Bond Character
:Cl: =

I g e The conjugation transforms
- the single bond into a partial
double bond.

N\ e Bond cleavage becomes

physically more difficult

compared to a standard
N naloalkane.

¢ Result: A drastic drop in
reactivity toward
nucleophilic substitution.



The atomic anchor: Hybridization

sp® Carbon

25% s-character

Holds the electron pair less tightly.
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sp? Carbon

33.5% s-character

More electronegative; holds the C—X
electron pair much more tightly.



Shorter bonds are stronger bonds A
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Because it is significantly more difficult to break a shorter bond

than a longer one, haloarenes naturally resist cleavage.




The reactive intermediate trap A
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A Instability of the Phenyl Cation

Self-ionisation yields an highly unstable
phenyl cation. Lack of resonance

stabilization completely rules out the Syl
mechanism.

~

TopAll

Electronic Repulsion

Spatial repulsion makes 1t highly unlikely
for electron-rich nucleophiles to approach
for electron-rich nucleophiles to approach

the arene.



Blueprint summary: The four defenses A
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Resonance Effect Hybridization
Delocalized electrons create a partial The sp? carbon’s greater s-character
double bond, resisting cleavage. results in a shorter, stronger bond
(169 pm).
Phenyl Cation Instability Electronic Repulsion
Self-ionization produces an unstable The electron-rich arene structurally

intermediate, blocking SN1 pathways. repels incoming nucleophiles.
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