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General Properties

Benzene:
± C-C bond length: 1.39 Å

� Intermediate to C-C (1.54 Å) and C=C (1.34 Å)
� All C-C bond lengths are the same Î resonance!



General Properties
Why the difference between benzene and an alkene?

Aromaticity: the extra stability associated with aromatic 
compounds. 

Aromatic compounds are: 
± Cyclic
± planar 
± fully conjugated
± contain 4n + 2 S ĞůĞĐƚƌŽŶƐ�;Ŷсϭ͕Ϯ͕ϯ͙Ϳ�;,ƵĐŬĞů Ɛ͛ rule: 

equivalent to an odd number of S electrons pairs in the 
ring system).







The difference between Benzene and 
Alkene ĐŽŶƚ͛Ě

� What is ,ƵĐŬĞů Ɛ͛ rule?
the structure must contain 4n+2 ʋ electrons 
;Ŷсϭ͕Ϯ͕ϯ͙Ϳ�
� In benzene => 6 ʋ electrons = applies to ŚƵĐŬĞů Ɛ͛ rule: 

4*1+2 = 6
� Another i.e.           Cyclobutdiene => not aromatic 

ĞǀĞŶ�ƚŚŽƵŐŚ�ŝƚ Ɛ͛�Ă�cyclic fully conjugated planar 
ƐŝŶĐĞ�ŝƚ�ĚŽĞƐŶ͛ƚ�ĂƉƉůǇ�ŚƵĐŬĞů͛Ɛ rule 

In the above structure we have 4 ʋ ĞůĞĐƚƌŽŶƐ�сх�ĚŽĞƐŶ͛ƚ�
apply to ,ƵĐŬĞů Ɛ͛ rule : 4n+2= 4 => (nבϭ͕Ϯ͕ϯ͙Ϳ



General Properties
Benzene:

± formula: C6H6

± IHD: 4 (highly unsaturated)
± chemical reactivity: substitution, but only 1 

product ? all H atoms must be equivalent
± structure: cyclic, planar, sp2 hybridized

� Benzene is cyclic, is planar, 
� has an interrupted cloud of ʋ electrons,

� and has three pairs of electrons in the ʋ cloud.

K e k u le  s tru c tu re R o b in s o n  s tru c tu re





General Properties

Benzene:
Chemical reactivity: electrophilic substitution

as opposed to electrophilic addition
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Naming monosubsubstituted benenzes

� 2 ways :
ϭ͘��ĚĚŝŶŐ�ƚŚĞ�ŶĂŵĞ�ŽĨ�ƐƵďƐƚŝƚƵĞŶƚ�ƚŽ�͚ďĞŶǌĞŶĞ͛�



Naming monosubsubstituted benenzes
ĐŽŶƚ͛Ě

2. Names that incorporate the substituent 
(parent functional group):

vinyl



Alkyl-substituent benzenes

� 2 ways to name them :
1. If the alkyl group has a name : 
Alkyl-substituted benzene



Alkyl-ƐƵďƐƚŝƚƵĞŶƚ�ďĞŶǌĞŶĞƐ�ĐŽŶƚ͛Ě

2. If the alkyl group ĚŽĞƐŶ͛ƚ�ŚĂǀĞ�Ă�ŶĂŵĞ�:
Phenyl-substituted alkane

� Note: toluene (methyl substituted benzene) is 
an exception.







Naming 2 substituents in benzene 
compounds 

� First, find if we have a parent functional group 
and prioritize it on C1.

� We have 3 structures possible : 
ortho => substituents are on 1,2
meta=> substituents are on 1,3
para=> substituents are on 1,4 

� EŽƚĞ�͗�K͕D͕W�ĂůǁĂǇƐ�ĐŽŵĞƐ�ĨŝƌƐƚ�ĂŶĚ�ĚŽĞƐŶ͛ƚ�
apply alphabet order 



Examples on 2 substituents naming 

Note: if u have CH3 and another parent u prioritize 
the other parent naming CH3 as methyl 
substituent not toluene compound 



Naming 3+ substituent benzenes 

� If we have parent group => prioritize it on C1 
� If all are Non-parent groups =>prioritize by 

giving the lesser # to the substituents 







Resonance Energy

The resonance energy is a measure of the extra stability of the 
cyclic conjugated system compared to the corresponding 
number of isolated double bonds, i.e.

E

208  kJ/mol
120  kJ/mol

231  kJ/mol

3  x  120 = 
360  kJ/mol

hypothetical molecule with no
 resonance, cyclohexatriene

Resonance Energy
     152 kJ/mol





Resonance Energy

The large resonance stabilization energy seen in aromatic 
compounds results in two effects on their chemical reactivity:

1) Since the resonance stabilization energy is lost when an 
electrophile adds to the ring you need to use much stronger 
electrophiles than for alkenes/alkynes, generally this means 
using a catalyst.

2) The resonance energy can be regained if the intermediate 
carbocation loses a H+, this results in a substitution rather than 
the addition seen in alkenes/alkynes. The H+ is lost to a base, 
even weak ones suffice here.







Mechanism of Electrophilic Aromatic 
Substitution (EArS)

In general all EArS reactions proceed by the 
same mechanism:
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Mechanism of Electrophilic Aromatic 
Substitution (EArS)

As with allenes and alkynes, the carbocation generated by the addition 
of the electrophilic is a stable intermediate, i.e.

The formation of the carbocation is the rate determining step as it 
takes energy to break the aromaticity.



EArS - Halogenation

� Cl2 and Br2 are weak electrophiles on their own so 
ŶĞĞĚ�ƚŽ�ďĞ�͞ĂĐƚŝǀĂƚĞĚ͟�ďǇ�ƵƐŝŶŐ�Ă�>ĞǁŝƐ�ĂĐŝĚ�ĐĂƚĂůǇƐƚ͘

� Commonly the corresponding iron trihalide is used, 
FeCl3 or FeBr3



EArS - Halogenation

The rate determining step is:

The base in this case is the chloride ion:


