
HETEROCYCLIC AROMATIC 

COMPOUNDS; 
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PYRROLE is : 
  a heterocyclic aromatic organic compound, 

  a five-membered ring with the formula ( C4H4NH ).  

 It is a colourless volatile liquid that darkens readily upon 

exposure to air.  

 Substituted derivatives are also called pyrroles. 

 Pyrrole has a relatively high boiling point as 
compared to furan and thiophene, this is due to the 
presence of intermolecular hydrogen bonding in 
pyrrole. 
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For a molecule to be aromatic it must: 
1. Be cyclic 

2. Have a p-orbital on every atom in ring 

3. Posses 4n+2 p electrons (n = any integer i.e 0,1,2....) 

 

4. Be planar 

 

 Pyrrole  : Aromatic; Thus, 6 electrons 

Sp2 hybridised and planar 

Lone pair tied up in aromatic ring 

Pyrrole is -electron excessive 

Thus, Electrophilic Aromatic Substitution is 

Easy 

Nucleophilic Substitution is Difficult 

Structure  and Aromaticity 

Hückel’s rule 
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Pyrrole is an aromatic 

 it is fulfill the criteria for aromaticity, the extent of 

delocalization of the nonbonding electron pair is 

decisive for the aromaticity, thus the grading of 

aromaticity is in the order of: furan< pyrrole < 

thiophene< benzene 

this order is consistent with the order of  

electronegativity values for oxygen (3.44), nitrogen 

(3.04) and thiophene (2.56). 

because: 
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Resonance structure : 

 

Hence pyrrole is not very nucleophilic and 

is only weakly basic at nitrogen.  

Because of the lobes are much bigger at 

the 2- and 5- positions, this indicates that 

the reactions  of pyrrole are most likely to 

take place at these positions . 

The lone pair on nitrogen is in 

the p orbital so it is involved in the 

6 pi-electron aromatic system.  
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 The resonance contributors of pyrrole provide insight to the 

reactivity of the compound. Like furan and thiophene,  

 pyrrole is more reactive than benzene towards electrophilic 

aromatic substitution because it is able to stabilize the 

positive charge of the intermediate carbocation. 
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        The resonance hybrid of pyrrole indicates that there is a 

         partial positive charge on the nitrogen: 

The resonance hybrid of pyrrole indicates that there 

is a partial positive charge on the nitrogen. 

 Pyrrole is unstable in strongly acid solution because 

the protonated pyrrole polymerizes. 

  Pyrrole’s acidity is increased due to its conjugated 

base  being stabilized by resonance. 

8 



    1) All ring bonds are intermediates between single &double bonds. 

     2) It tends to react by  electrophilic substitution 

    3) Its exceptional lack of basicity and strong acidity as a secondary 

amine compared to the aliphatic analog (pyrrolidine). This can be 

explained on the basis of  participation of N lone pair in aromatic 

sextet  thus the dipole moment of 

Evidences of aromatic character in pyrrole 

                pyrrole compared with pyrolidine is reverted and       

                   thus  protonation occurs at carbons not at N 

N
H

N
H

PyrrolidinePyrrole

Dipole monent of

 pyrrole and its saturated analog

N
H

Pyrrole

aroamtic 2 amine

N
H

Pyrrolidin

Aliphatic 2 amine

<

Basicity of pyrrole and its saturated analog

°°
9 



          Pyrrole is more acidic than pyrrolidine because of                      

           stabilization of its conjugated base by resonance 
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Acidic property of pyrrole: 
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Sensitivity towards strong acids: 
 Pyrrole is sensitive (unstable) towards strong 

acids.This is due to protonation occur at one of 

the carbon & the resulting protonated molecule 

will add to another unprotonated pyrrole 

molecule this continues until a pyrrole trimer is 

formed.   ( pyrrole polymerizes) 

 The reaction is considered as electrophilic 

addition of pyrrole. 
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The mechanism for the synthesis of the pyrrole suggests that: The 

protonated carbonyl is attacked by the amine to form the hemiaminal. 

The amine attacks the other carbonyl to form a 2,5-dihydroxy-

tetrahydropyrrole derivative which undergoes dehydration to give the 

corresponding substituted pyrrole.. 

Note: by this method we can prepare different pyrrole derivatives as:1,2,5 

substituted pyrrole or 2,5 substituted pyrrole or 1,2,3,4,5 substituted pyrrole  
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5) Knorr-pyrrole synthesis: 
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Another one : 
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 Pyrrole is reactive towards electrophilic substitution 

reaction. 

 It is more reactive than benzene because of the resonances 

that pushes away the electron density from nitrogen towards 

carbons ,thus making the ring electron rich. 

 The substitution is easier and mild reagents can be used.  

ELECTROPHILIC SUBSITUTION IN PYRROLE: 
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 Electrophilic substitution normally occurs at C2, the position 

next to the heteroatom, giving more stable intermediate 
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The position of second substitution in а monosubstituted furan, pyrrole, 

or lhiophene is governed by а combination оf the directing effect of the 

group present and the inherent -directing effect of the heteroatom.  

Substitution on 3-substituted compounds occurs exclusively at an -

position. When the substituent present is electron attracting (meta 

directing), reaction occurs at the nonadjacent -position (that is, meta 

to the group present).  
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