
Benzene and Aromaticity
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Molecular Orbital of Benzene
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Aromaticity and Hückel 4n+2 Rule
• Benzene is unusually stable 
• All carbon–carbon bond lengths of 139 pm
• Resonance hybrid with structure between two Kekulé structures
• Undergoes substitution rather than electrophilic addition

Hückel’s rule: a planar cyclic molecule with alternating double and single 
b d h ti t bilit if it h 4 2 l t ( i 0 1 2 3 4)bonds has aromatic stability if it has 4n+ 2  electrons (n is 0,1,2,3,4)
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Aromatic Ions

pK = 16pKa  16
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Other Aromatic Ions
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hexatriene

Why 4n + 2?

What about the MOs for 
cycloheptatrienyl cationcycloheptatrienyl cation, 

anion and radical?

Polycyclic Aromatic CompoundsPolycyclic Aromatic Compounds
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Naming Benzene Derivatives
Benzene as the parent name:Benzene as the parent name:

“Ph” or “C6H5” for phenyl;
“benzyl” or “Bn” for “C6H5CH2―”

Benzene ring as substituent 
(when the alkyl group has 7 

b )

benzyl  or Bn  for C6H5CH2

or more carbons):

( )(o)
(m)

(p)
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Spectroscopic Characteristics of Aromatic 
CompoundsCompounds

IR • Aromatic ring C–H stretching at ca. 3030 cm1;
Peaks at 1450 to 1600 cm 1 (complex molecular motion of the ring);• Peaks at 1450 to 1600 cm1 (complex molecular motion of the ring);

• Strong absorption from C-H out of plane bending at 690 to 900 cm1.

monosubstited: 690 710 cm 1 m disubstituted: 690 710 cm 1monosubstited:         690-710 cm1 m-disubstituted:       690-710 cm1

730-770 cm1 750-850 cm1

o-disubstituted:         735-770 cm1 p-disubstituted:        790-840 cm1
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NMR Characteristics of Aromatic Compounds

NMR

012345678910 012345678910
(ppm)

circulating -electrons (ring current)

protons deshielded by induced field
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induced magnetic field because of ring current

NMR Characteristics of Aromatic Compounds
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Reactions of Benzene: Electrophilic Aromatic Substitution

This class of reactions is called 
___________________________.electrophilic aromatic substitution

Benzene as a nucleophileBenzene as a nucleophile
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Energetics of Electrophilic Aromatic Substitutions
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Halogenation of Benzene

(H2O2, HNO3, or HIO3)
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NBS NIS

Aromatic Nitration and Sulfonation

(or SOCl )
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reverse 
sulfonation

(or SOCl2)

Friedel-Crafts Alkylation
Reactivity of the haloalkane :

RI < RBr < RCl < RF
(increasing bond polarity)(increasing bond polarity)

Typical Lewis acids:
BF3, SbCl5, FeCl3, AlCl3 & AlBr3

+
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Limitations of Friedel-Crafts Alkylation
EWG

Multi-alkylation:u t a y at o

Isomerization of alkylation:

H ti f th thHeating any of the three 
isomeric xylenes with HF/BF3
leads to the equilibrium 
mixture of 18%, 58%, and
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mixture of 18%, 58%, and 
24% of o-, m-, and p-xylenes, 
respectively.  Explain why.



Friedel –Crafts Acylation

84%
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Substituent Effects on the Electrophilic 
Aromatic SubstitutionsAromatic Substitutions

Decrease the 
electron density

EWG EDG
electron density 

of the ring

Increase the 
electron density 

of the ring

Destabilize theDestabilize the 
carbocation 
intermediate

Stabilize the 
carbocation 
intermediate
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Deactivating Activating

Substituent Effects on the Electrophilic 
Aromatic SubstitutionsAromatic Substitutions

RDSRDS
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Inductive and Resonance Effects
Substituents that 
interact through
sigma bonds 


 


sigma bonds —

inductive effects.


 



Substituents influence 
reactivity through
p-orbital overlap

— resonance effects.

EDG

EWG
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Alkyl Groups: ortho- and para-Directing Activators

ortho meta para
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-OH, OR, and –NH/R2: ortho- and para-
Directing ActivatorsDirecting Activators
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Halogens: ortho- and para-Directing Deactivators
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Meta-Directing Deactivators

15-24



Summary on Substituent Effects
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Ortho and para attack haveOrtho and para attack have 
similar electronic considerations.

Ortho / para
directing

Steric factors can have anSteric factors can have an 
influence on the ortho / para ratio.
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Electrophilic Attack on Disubstituted Benzenes
 When the effects of the directing groups 

reinforces each other, the situation is 
straightforward.straightforward.

 When the effects of the directing groups 
oppose each other, the more powerful 
activating group will dominateactivating group will dominate.

 Mixtures of products often results when 
the directing groups are similar in their g g p
directing strength.

 Further substitution rarely occurs 
between two groups in a meta-between two groups in a meta
disubstituted compound due to 
steric hindrance.
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Synthetic Strategies toward Substituted Benzenes
1 Chemical interconversions of ortho para with meta directors (nitro amino or1. Chemical interconversions of ortho, para with meta directors (nitro  amino or 

carbonyl  methylene);
2. Employment of reversible blocking strategies with sulfonic acid groups (-SO3H);
3. Additional knowledge about practicality of certain electrophilic substitutions.

Interconversion of Acyl to Alkyl Group
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Synthetic Strategies toward Substituted Benzenes

A Synthesis of Margin
O O O O

H2N
OCH3

Br NO2

H2N
OCH3

NO2

H2N
OCH3

NO2

H2N
OCH3

O

OCH3

O
H2SO4

HNO3

H2

Ni

H2N
OCH3

O
CH3COCl

pyridine

H
N

OCH3

O

O

H2SO4

HNO3
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H
N

OCH3

O

O
NO2

H2SO4

CH3OH

H2N
OCH3

O

NO2

Br2, FeBr3
H2N

OCH3

O

Br NO2

Reactivity of Polycyclic Benzenoid Hydrocarbons

- H+

15-30major                   minor

Reactivity of Polycyclic Benzenoid Hydrocarbons

H Br
H Br H

addition vs. substitution:

Br2
H
Br Br2

H Br

Benzene as an electrophile:
Substrate 

RequirementsRequirements
Na2CO3

• EWG to activate the ring
• Good leaving groupThe EWG must be located ortho or para
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(–F best in these reactions)positions.  A variety of nucleophiles can be 
used.  The incoming group must be a stronger 
base than the outgoing leaving group.

Benzene as an Electrophile:
Nucleophilic Aromatic SubstitutionNucleophilic Aromatic Substitution

This reaction goes by an addition/elimination mechanism
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Benzyne: Preparation and Reactions
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Bromination at the Benzylic Carbon
Similar with bromination 

at the allylic carbon:
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Oxidation of Alkyl Benzene and Polycyclic Aromatics

fresh MnO2
CHO

MnO acetone

selective oxidation of benylic alcohol

MnO2, acetone
25 oC, 5 h

O

V2O5 / O2

400 500 oC

CrO3-HOAc

25 oC

O

O

O

HNO3

CrO3 / HOAc

O
400-500 C 25 C

OO

CrO3-HOAc

O
CH3

KMnO4

K2Cr2O7 / H2SO4

CO2HHO2C

3

10-15 oC

O

NH NO NO2

CrO3 / HOAc

K2Cr2O7 / H2SO4

O O
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CO2H

CO2HCO2H

CO2H

NH2 NO2 NO2

[O] [O]

Reduction of Benzene and Derivatives
Birch Reduction

Na (K, Li), NH3 (liq.)

C2H5OH

Na ORH

ORH
H H

Na
H H

-
-

-

Catalytic hydrogenationy y g

Na, NH3 (liq.)

ROH

Na, NH3 (liq.)

ROH
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Na, NH3 (liq.)

ROH

CO2H
Na, NH3 (liq.)

ROH

CO2H


