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Aromaticity – Resonance Energy
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Benzene does not undergo addition reactions typical of other 
highly unsaturated compounds, including conjugated dienes.

Stability of Benzene - Aromaticity

meccanismo
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Introduction
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Introduction
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Mechanism

intermedio di Wheland
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Halogenation
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Halogenation
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Nitration
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Aromatic nitro groups (NO2) can readily be reduced to amino groups (NH2)
under a variety of conditions.

Nitro Group Reduction
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Sulfonation

SO3, anidride solforica, è un potente elettrofilo, presente in acido solforico fumante

La solfonazione, diversamente dalle altre reazioni, è reversibile alle alte 
temperature.



12

Friedel-Crafts Alkylation

Best with 2ry and 3ry halides

..
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[1] Vinyl halides and aryl halides do not react in Friedel-Crafts alkylation.

Limitations

[2] Disubstituted products are obtained in F.-C. alkylations, but not in
acylations.

More reactive 
than benzene
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Limitations
[3] Rearrangements can occur.

1ry 
less stable

1ry 
less stable

2ry 
more stable

3ry 
more stable
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Friedel-Crafts Alkylation

Other functional groups that form carbocations can also be used as
starting materials.
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Friedel-Crafts Acylation
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Intramolecular Friedel-Crafts reactions.
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Nitration of Substituted Benzenes

6 x 10-8                      0.033                   1                       1000Relative 
rates

Substituents modify the electron density in the benzene ring, and this affects
the course of electrophilic aromatic substitution.
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Substituted Benzenes
Inductive effects (through s bonds):

- I + I

- I
-NH3+
-CF3

-NH2,

-NHR
-NR2

-OH
-OR

-F
-Cl
-Br
-I

-CHO
-COR
-COOH
-COOR

-CN SO3H
SO2R

-NO2

+ I

-CH3

-Alkyl
-SiR3

SiR3
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Resonance effects (through p bonds) are only observed with substituents
containing lone pairs or p bonds.

Substituted Benzenes

• Substituents containing lone pairs are electron donating (+ R)

δ+

δ-

• Substituents –Y = Z (C6H5-Y = Z), where Z is more electronegative than Y are
electron accepting (- R)

δ-

δ+



21

Substituted Benzenes: Activation

• Substituents that increase the electron density on the ring activate the ring
towards electrophiles. Substituents that decrease the electron density on
the ring deactivate the ring towards electrophiles.

• To predict whether a substituted benzene is more or less electron rich than
benzene itself, we must consider the net balance of both the inductive and
resonance effects.

+ R
- R

+R > -I -I >+R

- I
-NR3+
CF3

-NH2,

-NHR
-NR2

-OH
-OR

-F
-Cl
-Br
-I

-CHO
-COR
-COOH
-COOR

CN SO3H
SO2R

-NO2

+ I
-CH3

-Alkyl
-SiR3
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Substituted Benzenes: Orientation

If the reaction takes place in the ortho or para positions a positive 
charge develops on the carbon atom adjacent to the substituent.

ortho

meta 

para 
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Substituted Benzenes: Orientation
+ R

-o, -p intermediates are resonance stabilised
- R

-o, -p intermediates are resonance destabilised

+ I 
-o, -p intermediates are inductively stabilised

- I 
-o, -p intermediates are inductively destabilised



-R

meta
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Substituted Benzenes: Orientation
The new group is located either ortho, meta, or para to the existing 
substituent. The resonance effect of the first substituent determines the 
position of the second incoming substituent

+R

orto
para
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Substituted Benzenes: Orientation

+R > -I (-OR, -NR2 ): activating, o- p- directing

30% traces                            70%

-I > +R (-F, -Cl, -Br, -I ): deactivating, o- p- directing

35% traces                            65%

-I, -R (-NO2, -SO3H, -CN, -COR): deactivating, m- directing.

5%                              90% 5%
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Substituted Benzenes: Orientation

58% 5%                             37%

6%                            91% 3%

+ I: activating, -o -p directing (same as + R)

- I: deactivating, -m directing (same as - R)
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Substituted Benzenes: Activation

More reactive 
than benzene

Less reactive 
than benzene
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Substituent Effects. Summary
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Substituent Effects. Alternative Explanation
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Substituent Effects. Alternative Explanation
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Disubstituted Benzenes

sterically 
hindered
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Further Examples
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Synthesis of Polysubstituted Benzenes
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Synthesis of Polysubstituted Benzenes
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SEAr in Polyciclic Aromatic Compounds

aromatic aromatic

aromatic
not

aromatic
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Benzylic C—H bonds are weaker than most other sp3 hybridized
C—H bonds, because homolysis forms a resonance-stabilized
benzylic radical.

Side Chain Reactivity: Radical Halogenation
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Side Chain Reactivity



38

Side Chain Reactivity: Oxidation
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Side Chain Reactivity: Reduction
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Side Chain Reactivity: Reduction
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Side Chain Reactivity: Reduction


