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Heterocyclic Chemistry 

Heterocycles, as the name suggests, are cyclic compounds containing one or more 

heteroatoms such as N, O, S, P, Si, B, and Se. They may be further divided into 

aromatic heterocycles and saturated heterocycles. Heterocycles can be named by the 

size of their rings. Therefore, they may be classified as three-, four-, five-, six-, and 

seven-membered heterocycles, and so on. The most frequently encountered three-

membered heterocycles are oxirane, thiirane, aziridine, and azirine.  

 

 

 

Four-membered heterocycles include oxetane, 2H-oxete, thietane, 2H-thiete, 

azetidine, and azetine. In drug discovery, oxetanes and azetidines are increasingly 

incorporated into drugs to modulate biological and physical properties and expand 

intellectual property space. 

 

Five- and six-membered heterocycles are of utmost importance to both life and drug 

discovery. The most common five-membered heterocycles with one heteroatom are 

pyrrole, furan, and thiophene. 
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Popular five-membered heterocycles with two heteroatoms include pyrazole, 

imidazole, oxazole, isoxazole, thiazole, and isothiazole. 

 

 

 

All these aromatic heterocycles have corresponding saturated heterocycles. Among 

those, pyrrolidines, tetrahydrofurans, and oxazolidines are more frequently 

encountered in drug discovery. 

 

 

 

 

 

 

 

 

Some of the important benzene-fused five-membered heterocycles are indole, 

benzofuran, benzothiophene, benzimidazole, benzoxazole, and benzothiazole. The 

numbering of these heterocycles is shown below: 
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Chief among the six-membered heterocycles, pyridine and its benzene-fused 

derivative quinoline are most ubiquitous. Pyrazine and its benzene-fused analogue, 

quinoxaline, also play an important role in heterocyclic chemistry. 

 

 

 

 

 

 

 

Their corresponding saturated derivatives, often encountered in drug discovery, are 

piperidine and piperazine. 
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According to Hückel's rule of aromaticity, a cyclic ring molecule is aromatic when 

the number of its π-electrons equals 4n + 2, where n is zero or any positive integer. 

The most common aromatic compound is benzene, which has 4 + 2 = 6 π electrons. 

Pyridine, an electron-deficient aromatic heterocycle, also has 6 π-electrons. 

Compared with benzene, pyridine has an additional lone pair of electrons on the 

nitrogen atom after it contributes a pair of electrons to the 6 π-electrons that give it 

aromaticity. These lone pair electrons are responsible for much of pyridine's unique 

physical and chemical properties. In contrast, furan, an electron-excessive aromatic 

heterocycle with 6 π-electrons, differs from both benzene and pyridine. The oxygen 

atom has two lone pairs of electrons, one of which contributes to the 6 π-electrons 

to achieve aromaticity. The second pair of electrons is located in an sp2 hybrid orbital 

in the plane of the furan ring. Thiophene is similar to furan in its aromaticity, 

although thiophene is more "aromatic" because the S atom is larger than the O atom. 
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Pyrrole, also an aromatic heterocycle with 6 π-electrons, is probably the most unique 

of all among the aromatic heterocycles. Different from furan and thiophene, the 

nitrogen atom on the pyrrole ring has only one lone pair of electrons, which 

contributes to the 6 π-electrons to achieve aromaticity. As a consequence, although 

pyrrole is also an electron-excessive aromatic heterocycle like furan and thiophene, 

it has many characteristics of its own. For instance, it is probably the most reactive 

as a nucleophile among all aromatic heterocycles. In addition, pyrrole's conjugation 

effect outweighs the nitrogen's inductive effect in the contributing dipole moment, 

with the partial positive charge resting at the nitrogen atom. 

Reactivity of the Pyrrole Ring 

Protonation 

The pyrrole nitrogen atom (pKa = -3.80)1 is only weakly basic; pyrrole loses its 

aromaticity when protonated because the lone pair electrons are involved in the 

aromatic sextet. When treated with a strong acid such as sulfuric acid, the 

protonation does not occur at the nitrogen atom, but most of the protonation takes 

place at C2 (80%), and 20% of the protonation takes place at C3 (20%). 
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Structure and Aromaticity 
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Evidence of aromatic character in pyrrole 
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Synthesis of Pyrrole, Furan and Thiophene 
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Reactions 
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Second Electrophilic Substitution 
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Resonance Structure of Imidazole 

 

 

Physical properties of imidazole and pyrazole  
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Synthesis of pyrazole and imidazole 

 

 

 

 

 

 

 

 

 



26 
 

Reactions 
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Electrophilic Substitution Reactions 
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Pyridine      important solvent & base (~ 3
o
 amine) 

Reactions: 

1)  EAS (much less reactive than benzene ~ nitro) 
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NaNH2

N NH2

phenyl lithium H2O

NN

Pyridine undergoes nucleophilic aromatic substitution at 

C-2 and C-4 
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