
Heterocyclic compounds



Heterocyclic Compounds

• are characterized by rings containing at least one atom other than 
carbon 

• rich diversity of physical and biological properties 

• a wide range of application:

pharmaceuticals, as agrochemicals and as veterinary products,

sanitizers, developers, antioxidants, as corrosion inhibitors, as 
copolymers, dye stuff. 

as vehicles in the synthesis of other organic compounds,

they play a vital role in the metabolism of all living cells



Classification

• according to the nature of a heteroatom:



Classification
• according to the number of atoms in the cycle:



Classification
• according to the number of heteroatoms contained in a cycle:



Classification
• According to the number of cycles

Fused rings:



Classification
• According to the saturation of structure: 

• saturated,.

• Unsaturated 

• Aromatic
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Criteria for Aromaticity

• The molecule is cyclic (a ring of atoms).

• The molecule is planar (all atoms in the molecule lie in the same 
plane).

• The molecule is fully conjugated (p orbitals at every atom in the ring).

• The molecule has 4n+2 pi electrons (n=0 or any positive integer).

If a molecule does not satisfy any of the rules 1-3, it is considered 
nonaromatic. Huckel’s rule does not apply to nonaromatic molecules.
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Nomenclature of heterocycles
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Five – membered heterocycles with 
one heteroatom
• Pyrrole, furan, and thiophene are common five-membered aromatic 

heterocycles

• Each has two double bonds and N, O, or S



Aromaticity 
• Pyrrole, furan, and thiophene are aromatic (Six  electrons in a cyclic 

conjugated system of overlapping p orbitals)

• In pyrrole  electrons come from C atoms and lone pair on sp2-N



Aromaticity 
• Furan, and thiophene are aromatic 

(Six  electrons in a cyclic conjugated

system of overlapping p orbitals)



Preparation of five – membered 
heterocycles



Chemical reactions of five-membered 
heterocycles

•Acid-base properties

•Electrophilic substitution reaction – Se

•Nucleophilic substitution reaction – Sn

•Reactions of heteroatom exchange

•Oxidation and reduction reactions

•Specific reactions 



Pyrrole – methods of preparation

From bone oil: Bone oil is rich of pyrrole. The basic and acidic impurities of Bone oil 
are removed by sequential treatment of it with dilute acidic and dilute basic 
solutions. The treated Bone oil is then subjected for fractional distillation, the fraction 
obtained between 373K and 423K is collected. The collected fraction is then purified 
with KOH to obtained potassiopyrrole. Steam distillation of potassiopyrrole gives pure 
pyrrole.



Pyrrole – methods of preparation

From succinimide: Succinimide when is distilled with Zn dust it reduces the 
succinimide to pyrrole. 

From Furan: Industrially pyrrole is 
prepared by passing a mixture of 
furan and ammonia over alumina 
over 400° C.



Furan – methods of preparation

• From Mucic acid: Dry distillation of mucic acid first gives Furoic acid 
which on decarboxylation by heating gives Furan.

• From Furfural: Furan is synthesized from furfural which is obtained by 
acid-hydrolysis of pentose sugars. 



Furan – methods of preparation

• Paal-Knorr Synthesis: Dehydration of 1,4-diketone with P2O5 
(phosphorous Pentaoxide) gives derivatives of Furan. 



Thiophene – methods of preparation

• From n-Butane: Thiophene is obtained when n-butane is heated with 
elemental sulphur at very high temperature (923K). 

• Laboratory Method: When sodium succinate is heated with 
phosphorous sulphide, thiophene is obtained.



Thiophene – methods of preparation

• Industrial Method: Industrially, thiophene is prepared by passing a mixture 
of acetylene and hydrogen sulphide through a tube containing alumina 
(Al2O3) at 673K.

• Pall-Knorr synthesis of thiophene derivatives: In this method, dehydration 
of 1,4- diketone

with (phosphorous Pentasulphide) 
gives derivatives of thiophene. 



Physical Properties

• Physical Properties of Pyrrole: Pyrrole is a colorless liquid with boiling 
point 131° C. It is highly sensitive to air, when pyrrole is exposed to air 
it turns brown and gradually resinifies. Pyrrole is slightly soluble in 
water but completely miscible in ether and ethanol. 

• Physical Properties of Furan: Furan is colorless liquid. Its boiling point 
is 31.4° C. It has an odor similar to Chloroform. It is insoluble in ether 
but soluble in most of the organic solvents.

• Physical Properties of Thiophene: Thiophene is colorless liquid. 
Boiling point of thiophene is 357 K. It smells like benzene. It is soluble 
in alcohol and ether but insoluble in water.



Chemical reactions of five-membered 
heterocycles
• Acid-base properties



Chemical reactions of five-membered 
heterocycles
• Acid-base properties

• Acidic Character of Pyrrole



Chemical reactions of five-membered 
heterocycles
• Electrophilic substitution reactions

• Pyrrole, furan, and thiophene undergo electrophilic

• substitution preferentially at C-2



Chemical reactions of five-membered heterocycles





Chemical reactions of five-membered 
heterocycles
• Electrophilic substitution reactions for Pyrrole

• 1. Halogenation: Pyrrole reacts with halogens (X2 = Cl2, Br2 and I2)] to 
give tetrahalopyrrole. For example, Reaction of bromine with pyrrole 
gives tetrabromopyrrole.



Chemical reactions of five-membered 
heterocycles
• Electrophilic substitution reactions for Pyrrole

• 2. Nitration: Nitration of pyrrole is achieved by reacting it with HNO3

in acetic anhydride. The reaction of HNO3 and acetic anhydride 
resulted acetyl nitrate in which –NO2 acts as an electrophile



Chemical reactions of five-membered 
heterocycles
• Electrophilic substitution reactions for Pyrrole

• 3. Sulphonation: Sulphonation of pyrrole is achieved by reacting it 
with sulfur trioxide (SO3) – pyridine mixture in ethylene chloride. 



Chemical reactions of five-membered 
heterocycles
• Electrophilic substitution reactions for Pyrrole

• 4. Friedel-Crafts Acylation: Reaction of pyrrole with acetic anhydride 
under heating condition gives 2-acetylpyrrole



Chemical reactions of five-membered 
heterocycles
• Electrophilic substitution reactions for Pyrrole

• 5. Diazotization: Pyrrole reacts with benzenediazonium chloride in 
acidic medium to give 2-phenylazopyrrole.



Chemical reactions of five-membered 
heterocycles
• Electrophilic substitution reactions for Pyrrole

• 6. Reimer-Tiemann Reaction: Pyrrole reacts with Chloroform in 
presence of KOH to give 2-Formylpyrrole. This reaction is known as 
Reimer-Tiemann reaction. It also takes place through electrophilic 
substitution reaction mechanism



Chemical reactions of five-membered 
heterocycles
• Electrophilic substitution reactions for Pyrrole



Chemical reactions of five-membered 
heterocycles
• Electrophilic substitution reactions for Furan

• 1.Halogenation: Furan reacts with halogens [X2 (X2 = Cl2, Br2 and I2)] 
to give 2- halofuran. For example, reaction of bromine with Furan 
gives 2-bromofuran. 



Chemical reactions of five-membered 
heterocycles
• Electrophilic substitution reactions for Furan

• 2.Nitration: Nitration of furan is achieved by reacting it with HNO3 in 
acetic anhydride. The reaction of HNO3 and acetic anhydride resulted 
acetyl nitrate in which –NO2 acts as an electrophile. 



Chemical reactions of five-membered 
heterocycles
• Electrophilic substitution reactions for Furan

• 3.Sulphonation: Sulphonation of Furan is achieved by reacting it with 
sulfur trioxide (SO3) – pyridine mixture in ethylene chloride at 100° C. 



Chemical reactions of five-membered 
heterocycles
• Electrophilic substitution reactions for Furan

• 4.Friedel-Crafts Acylation: Reaction of furan with acetic anhydride in 
presence of BF3 gives 2-acetylfuran. 



Chemical reactions of five-membered 
heterocycles
• Electrophilic substitution reactions for Furan

• 5.Gattermann Koch Synthesis: When furan is treated with a mixture 
of HCN and HCl in the presence of Lewis acid catalyst AlCl3, furfural is 
obtained as final product. 



Chemical reactions of five-membered 
heterocycles



Chemical reactions of five-membered 
heterocycles
• Electrophilic substitution reactions for Thiophene

• 1. Halogenation: Thiophene reacts with halogens (X2 = Cl2, Br2 and 
I2)] to give 2-halothiophene. For example, Reaction of bromine

• However, Iodination of thiophene in presence of yellow mercuric 
oxide gives 2-iodothiophene. 



Chemical reactions of five-membered 
heterocycles
• Electrophilic substitution reactions for Thiophene

• 3. Sulphonation: Sulphonation of thiophene is achieved by reacting it 
with cold concentrated H2SO4. Thiophene-2-sulphonic acid is 
obtained as product. 



Chemical reactions of five-membered 
heterocycles
• Electrophilic substitution reactions for Thiophene

• 4. Friedel-Crafts Acylation: Reaction of thiophene with acetic 
anhydride in presence of H3PO4 gives 2-acetylthiophene. 



Chemical reactions of five-membered 
heterocycles
• Electrophilic substitution reactions for Thiophene



Reactivity 



Chemical reactions of five-membered 
heterocycles

• Reduction reactions

• Pyrrole can be reduced to pyrrolidine

(tetrahydropyrrole) 

by H2 gas in Raney Ni at very high temperature (473K). 

• On catalytic hydrogenation of furan, the 

tetrаhydrofuran (THF) is obtained. 

THF is used as a solvent in place of ether 

in the Grignard reactions. 

• On catalytic hydrogenation of thiophene, 

the tetrаhydrothiophene (Thiophane) is obtained. 



Chemical reactions of five-membered 
heterocycles

• Oxidation reaction

• Oxidation: Pyrrole when oxidized with Chromium trioxide in H2SO4, it 
gives Malecimide. 



Chemical reactions of five-membered 
heterocycles

•Reactions of heteroatom exchange (Yuriev’s reaction): catalyst 

Al2O3, t = 400-4500C
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Chemical reactions of five-membered 
heterocycles

Diels-Elder Reaction: Furan is the only heterocyclic compound 

which undergoes Diels-Elder reaction. Diels-Elder reaction is a 

cycloaddtion reaction of 4π-system to 2π- system. 



Derivatives of five-membered cycles of 
pyrrole
Porhyrin ring system:

Chlorophyll

Haemoglobin

Vitamin B12



Derivatives of five-membered cycles of 
pyrrole



Derivatives of five-membered cycles of 
pyrrole



Derivatives of five-membered cycles of 
pyrrole

• Vitamin B 12



Derivatives of five-membered cycles of 
furan

OO2N CH N NH C NH2

O

OO2N CH N

O

N O

          furacin  (nitrofural )                                        furazolidone



Derivatives of five-membered 
cycles of thiofene
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