
SYNTHESIS OF HETEROCYCLIC
SYSTEMS BY CYCLOADDITION

REACTIONS



5.1. THE DIELS–ALDER REACTION

• In its simplest form, it consists of the

reaction of a diene with an an alkene or an 
alkyne, generally those that are activated by 
the attachment of an electron withdrawing 
group.



• The Diels–Alder reaction is the reaction between 
a conjugated diene and an alkene (dienophile) to 
form unsaturated six-membered rings. 

• the reaction involves the formation of a cyclic 
product via a cyclic transition state, it is also 
referred to as a "cycloaddition".

• The Diels–Alder reaction is an electrocyclic
reaction, which involves [4+2]-cycloaddition of 4 
π-electrons of the conjugated diene and 2 π-
electrons of the dienophile (an alkene or alkyne). 
The reaction involves the formation of new σ-
bonds, which are energetically more stable than 
the π-bonds.



Synthesis of Pyridine Derivatives.

The use of a nitrile group as the dienophile is illustrated in Scheme 5.7, where 
cyanogen, CN-CN, cycloadds to a simple diene.
Normally, simple nitriles are unreactive to dienes.









5.2. DIPOLAR CYCLOADDITIONS
5.2.1. Definitions and Examples of 1,3-Dipoles

• Many compounds, while neutral overall, have a positive and a 
negative atom and for which no resonance structure can be written 
that has no charges.∗

• In cycloaddition chemistry, we are dealing with the case where the
charged atoms are separated by a single atom and are called 1,3-

dipoles.
• These compounds are reactive to alkenes and alkynes, as well as to

heteroatom derivatives of these, in a cycloaddition process that 
forms 5-membered heterocycles. 

• These unsaturated participants are called dipolarophiles.
• Dipolar cycloadditions are perhaps the most versatile of all 

syntheses of 5-membered heterocycles.



• 1,3-Dipoles have another characteristic 
feature: 

• The central atom must have an electron pair 
to stabilize the species by dispersal of the

positive charge. 

• The central atom therefore cannot be carbon; 
it is in fact usually nitrogen, although oxygen 
and sulfur are other possibilities.



5.2.2. Cycloadditions of Alkenes and Alkynes 
with 1,3-Dipoles

• 5.2.2.1. 1,2,3-Triazole Derivatives from Azides.




