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Cycloaddition reaction 

In this type of reaction, two new σ bonds are 

formed when two π systems interact. It usually 

leads to the formation of a cyclic compound. 
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The two most important types of cycloaddition 

reactions in organic chemistry are:  

 

• Diels-Alder reaction 

 

• 1,3-Dipolar cycloaddition (1,3-DC) reaction 

Cycloaddition reaction 
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Diels-Alder reaction 

diene dienophile 

Kurt Alder 

Otto Diels 
http://www.nobelprize.org/nobel_prizes/chemistry/laureates/1950/ 

The Nobel Prize in Chemistry 

1950 was awarded jointly to 

Otto Diels and Kurt Alder “for 

their discovery and 

development of the diene 

synthesis” 

The Diels-Alder reaction is the reaction between a 

diene and a dienophile leading to the formation of a six-

membered ring. 
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1,3-Dipolar cycloaddition reaction 

1,3-dipole 

dipolarophile 

a
b

c

d e

a
b

c

d e

Rolf Huisgen 
http://en.wikipedia.org/wiki/Rolf_Huisgen 

The 1,3-DC, also known as the Huisgen reaction, is the 

union of a 1,3-dipole with a dipolarophile to form a 

five-membered ring. This is reaction is important in the 

synthesis of heterocyclic compounds. 



8 

Fundamental to applied cycloaddition 

Studies related to cycloaddition reactions have 

evolved from a fundamental basis to more applied 

systems. 
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Nature, 473, 2011, 109 

Fundamental to applied cycloaddition 
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Diene Dienophile 

Fundamental to applied cycloaddition 
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Fundamental to applied cycloaddition 

Over the years, the trend has changed. 

Cycloaddition reactions are being theoretically 

studied in complex systems as they are effective 

tools for the synthesis of pharmaceuticals and 

natural products. 
 

“Today the computer is just as important a tool 

for chemists as the test tube. Simulations are so 

realistic that they predict the outcome of 

traditional experiments.” 
(http://www.nobelprize.org/nobel_prizes/chemistry/laureates/2013/press.html) 
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http://www.nobelprize.org/nobel_prizes/chemistry/laureates/2013/ 

Nobel Prize in Chemistry 2013 Awarded to 

Computational Chemists 
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Interplay between experimental and 

theoretical 

• Synthesis of the cycloadducts 

 

• Characterisation by standard methods such as 

IR, NMR and X-ray 

 

• Based on these parameters, the feasibility of a 

reaction is predicted 
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http://www.nobelprize.org/nobel_prizes/chemistry/laureates/2013/popular-chemistryprize2013.pdf 

Interplay between experimental and 

theoretical 
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Interplay between experimental and 

theoretical 

Transition state 

In order to gain a better insight into 

the mechanism, more details are 

required.  

 

• Transition states 

• Energy of reactants and products; 

thermodynamic and kinetic 

parameters  

• Types of mechanism; one-step or 

stepwise 

 

This is where theory plays a vital 

role. 
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1,3-DC of pyridinium-3-olates with methyl acrylate 

Our theoretical results indicate that CA6ex-R is both 

kinetically and thermodynamically the most stable and this is 

in agreement with the experimental findings. 

Tetrahedron 66 (2010) 9187-9193 
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1,3-DC of pyrazinium-3-olates with methyl acrylate 

Similarly, the 1,3-DC of pyrazinium-3-olates with methyl 

acrylate has also been studied theoretically as the resulting 

cycloadducts are key structural components of biologically 

active natural products. 
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1,3-DC of pyrazinium-3-olates with methyl acrylate 

It is generally found that the exo pathway is preferred and the 

formation of the 6-esters is dominant over the 7-esters.  

 

On comparing the 1,3-DC of pyridinium-3-olates and 

pyrazinium-3-olates with methyl acrylate, it is found that 

lower activation energies and more stable cycloadducts are 

formed with the inclusion of a second nitrogen in the 1,3-

dipole. 

Tetrahedron 67 (2011) 8383-8391 
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Effect of adding a methyl onto the 1,3-dipole 
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Two C-methyl groups  

We extended our studies by investigating the effect if adding 

methyl groups on the pyrazinium-3-olates and compare our 

results with available experimental data. In general, the 6-exo 

cycloadduct is predicted to be the major product. 
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The thermodynamic and kinetic preferences for the 

reactions of the pyridinium-3-olates and pyrazinium-3-

olates with methyl methacrylate decrease in the order 6-

exo > 7-exo > 6-endo > 7-endo. 
 

Effect of adding methyl on the dipolarophile 

Curr. Org. Chem. 16 (2012) 1711-1722 
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When methyl methacrylate was added to a hindered 

pyrazinium-3-olate, a different mechanism was proposed 

to explain the formation of an unexpected product. The 

proposed mechanism is showed in the scheme below. 
 

Effect of adding methyl on the dipolarophile 

1,3-Dipolar Cycloaddition versus Diels-Alder 

Experimental observation 
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1,3-Dipolar cycloaddition reaction versus Diels-Alder 

• This called into question all the 1,3-DC of the 

pyrazinium-3-olates which were previously 

investigated.  

 

• We questioned whether the reaction may proceed 

either via a 1,3-DC or via a Diels-Alder reaction.  

 

• This was a challenging problem which we had to 

solve theoretically.  
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1,3-Dipolar cycloaddition reaction versus Diels-Alder 

Pyrazinium-3-olates  
+ 

Methyl methacrylate 

1,3-Dipolar Cycloaddition 

Diels-Alder 

1,3-DC Cycloadduct 

DA Cycloadduct 

Rearrange 

Final product 

Rearrange 

The results of our theoretical studies are illustrated 

below.  
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Domino process 

1,3-DC cycloadduct 

DA cycloadduct 

SN2 

Formation of the final product is 

a domino process involving three 

consecutive steps: 

1.1,3-DC  

2.Skeletal rearrangement of the 

1,3-DC cycloadduct to the Diels-

Alder [4 + 2] cycloadduct  

3.SN2 reaction 

J. Org. Chem. 78 (2013) 1621-1629 



25 

Competitive hetero-DA and 1,3-DCs 
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It is well-known that when cyclopentadiene (Cp) reacts 

with an oxime, a Diels-Alder reaction occurs, the C=N of 

the oxime being the dienophile.  
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Competitive hetero-DA and 1,3-DCs 

However, when Cp reacts with the oxime of methyl 

glyoxylate (MGO), an unexpected product was observed 

as major product. 

 

In order to rationalise the formation of these products, we 

carried out a theoretical study where we reported that the 

formation of the major product occurs via a 1,3-DC of 

one double bond of Cp with the nitrone tautomer of the 

oxime.  
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Competitive hetero-DA and 1,3-DCs 
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We have also considered the effect of adding a Lewis-

acid catalyst. We found that the catalyst converts the 

nitrone into a more reactive species and therefore favours 

the formation of the 1,3-DC cycloadducts over the Diels-

Alder cycloadducts. 
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Competitive hetero-DA and 1,3-DCs 
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1,3-DCs of C60 with substituted nitrile oxides  

The 1,3-DCs of ethene and 

C60 with substituted nitrile 

oxides have been studied 

theoretically at the 

B3LYP/6-31G(d) level of 

theory. 

 

An atypical behaviour was 

observed with FCNO as it 

has some pseudodiradical 

character. 
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1,3-DCs of C60 with substituted nitrile oxides  
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Overall conclusions 

 

• The theoretical results are in good accord with 

available experimental findings 

 

• Provide incentive to study cycloaddition reactions 

which are chemically untried 

 

• Theoretical results are important for 

experimentalists  

 

• Still more parameters need to be investigated 

such as rate of reactions and  percentage yield 
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