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Five-Membered Heterocycles
Structures
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• The five membered heterocycles can either be aromatic

or non-aromatic.

• The structures of the simplest saturated five membered

heterocycles and their aromatic counterparts are shown

below:

• The majority of the five membered heterocycles are

aromatic with one or more heteroatoms in the ring.



Five-Membered Heterocycles
Structures of Aromatic Heterocycles
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• Some of the common aromatic five membered

heterocycles with multiple heteroatoms are shown

below:

• As a requirement for aromaticity, aromatic heterocycles

are planar.



Five-Membered Heterocycles
Structure of Saturated Heterocycles 
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• The structures of saturated non-aromatic heterocycles

are similar to cyclopentane with the envelope

conformation being the preferred conformer.

• The bond angles in these ring systems are closer to the

tetrahedral bond angle and therefore have minimal angle

strain associated with them.



Synthesis of Saturated Five-Membered 
Heterocycles
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• The common strategies to the synthesis of five

membered saturated heterocycles can be summarized as

follows:

1) Intramolecular cyclization.

2) Ring closing metathesis.

3) Hydrogenation of aromatic heterocycles.



Synthesis of Oxolanes
Intramolecular Cyclization

6

• Intramolecular cyclization in the presence of a base or

under acid-catalyzed conditions provide access to

oxolanes.

• These intramolecular cyclizations are feasible because

the five-membered ring that is formed is

thermodynamically stable.

• Intramolecular cyclization in various forms thus forms a

dependable strategy to five membered ring heterocycles.



Synthesis of Substituted Oxolanes
Intramolecular Cyclization
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• Intramolecular cyclization of 4-hydroxyaldehydes or

ketones in the presence of an acid-catalyst also provides

access to oxolane acetals or ketals.

• This is the method of choice in accessing five and six

membered spirocycles with two heteroatoms connected

to the spirocyclic carbon.



Mechanism of Spiroyclization
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• The acid-catalyzed intramolecular spirocyclization

occurs as outlined below.



Synthesis of Thiolanes and Pyrrolidines
Intramolecular Cyclization
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• Intramolecular cyclization can also be used to access

pyrrolidines but most feasibly through a two step

sequence from a gamma amino acid.

• However, this latter approach can not be used for

oxolanes and thiolanes.

• Thiolanes can be accessed by intramolecular cyclization

of appropriate dihalides using sodium sulphide.



Synthesis of Five Membered Heterocycles
Ring Closing Metathesis (RCM)
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• Ring closing metathesis is a metal-catalyzed

intramolecular exchange of unsaturated carbon-carbon

bonds providing either carbocycles or heterocycles.

• The most widely used catalyst for RCM is the Grubb’s

ruthenium alkylidene catalyst shown below.



Synthesis of Five Membered Heterocycles
Ring Closing Metathesis (RCM)
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• Oxolane can be synthesized through a two-step process

involving ring closing metathesis followed by

hydrogenation.

• Pyrrolidine and thiolane can also be assessed through a

similar approach using appropriate starting materials.



Synthesis of Five Membered Heterocycles
Ring Closing Metathesis (RCM)
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• Mechanism



Synthesis of Saturated Five Membered 
Heterocycles
Hydrogenation
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• Hydrogenation of aromatic heterocycles is a direct

strategy to saturated five membered heterocycles.

• Using different metal catalysts (Pd, Ni, Pt or PtO2),

diverse saturated heterocycles can be accessed.



Synthesis of 5-Membered Unsaturated 
Heterocycles
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• The common strategies to five membered unsaturated

and aromatic heterocycles can be summarized as

follows:

1) Condensation reactions

2) Cycloaddition reactions

3) Aromatic substitution reactions



Synthesis of Furans
Condensation Reactions
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• One of the simplest strategies to furans involve the

intramolecular cyclization and dehydration of 1,4-

diketones with phosphorus pentoxide (P2O5). Equally

effective is the acid catalyzed reaction illustrated below:

• Furan, commercially important for its role as the

precursor of tetrahydrofuran (THF), a common

laboratory solvent, can be obtained as shown below:



Synthesis of Furan
Condensation Reactions
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• The mechanism of the condensation leading to the

formation of furans is as follows:

• The reversibility of the reaction also accounts for the

observed ring opening hydrolysis of furans to 1,4-

diketones.



Synthesis of Pyrroles
Condensation Reactions
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• Pyrroles can also be synthesized by condensation

between a 1,4-diketone and ammonia or a primary

amine.

• For example, pyrrole is synthesized by condensation

between succinaldehyde (butanedial) and ammonia.



Synthesis of Pyrroles
Condensation Reactions
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• The mechanism of the formation of pyrrole from the

condensation between butanedial and ammonia is

illustrated below:



Synthesis of Thiophenes
Condensation Reactions
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• Thiophenes can be synthesized by condensation

between a 1,4-diketone and phosphorus pentasulphide

(P2S5) or Lawesson’s reagent.

• Thiophene can thus be synthesized by condensing

succinaldehyde (butanedial) with phosphorus

pentasulphide.



Synthesis of Thiophene
Condensation Reactions
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• The mechanism of the condensation leading to the

formation of thiophene is as follows:

• The reaction probably takes place through a thioketone.



Synthesis of Pyrazoles
Condensation Reactions
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• Another variation of the condensation strategy to five

membered nitrogen heterocycles such as 1,2-diazoles

involves the use of a 1,3-diketone and hydrazine or

hydrazine derivatives.

• Pyrazole can be synthesized by condensing

malondialdehyde (propanedial) and hydrazine.



Synthesis of Azoles
1,3-Dipolar Cycloadditions
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• 1,3-Dipolar [3+2] cycloaddition of 1,3-dipoles with

alkenes and alkynes lends access to diverse five-

membered heterocycles.

• For example, a 1,3-dipole such as diazomethane reacts

readily with alkenes to provide diazoles.



Synthesis of Azoles
1,3-Dipolar Cycloadditions
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• Azides react readily with alkenes and alkynes to

generate triazoles.

• Nitrile oxides also react readily with alkynes to provide

isoxazoles.



Synthesis of Oxazoles
Nitrile Oxides for Cycloaddition
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• The nitrile oxides for the cycloaddition are obtained

from oximes derived from aldehydes followed by

halogenation using N-chlorosuccinamide (NCS).

Treatment with trimethylamine (Et3N) provides the

nitrile oxide.



Practice Questions
Synthesis of  Five Membered Heterocycles
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Propose a reasonable reaction mechanism for the reaction

shown below:

Propose a reasonable reaction mechanism for the acid-

catalyzed synthesis of the pheromone of the common wasp

(Vespula vulgaris) based on the reaction shown below:


