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Reactions of Four-Membered Heterocycles
Prelude 

2

• The reactions of four-membered heterocycles are

influenced by ring strain in these systems and the bond

polarity at the carbon-heteroatom bond.

• Although, the ring strain in four-membered ring systems

is less than those of three membered heterocycles,

nevertheless, ring-opening reactions forming acyclic

products still predominate.

• For example, the reactivity of thietanes towards

nucleophiles is much less than that of thiiranes. For

instance, thietane does not react with ammonia or

amines at room temperature, while thiiranes do.



Reactions of Oxetanes
Acid-catalysed ring-opening by nucleophiles
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• In contrast to oxirane ring, the oxetane ring is cleaved

under vigorous conditions.

• It requires heating the mixture to effect reasonable

yields of the products.

• Whereas hydrogen halides react with oxetanes to give

3-halo alcohols, the acid-catalyzed hydrolysis provides

1,3-diols.



Reactions of Oxetanes
Cyclooligomerization and Polymerization
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• Lewis acids, e.g. boron trifluoride, coordinate to the

lone pair of electrons on the O-atom of oxetanes to

induce cyclooligomerization. The main product is the

cyclotrimer 1,5,9-trioxacyclododecane.

• Suggest a reasonable and stepwise reaction mechanism

for the above reaction.

• Under different conditions, especially in the presence of

water, linear polymers are formed.



Reactions of Thietanes
Oxidation of Thietanes
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• Hydrogen peroxide or peroxy acids oxidize thietanes to

cyclic sulfones via sulphoxides:

• Controlled oxidation of thietanes to sulphoxides is

possible using dimethyldioxirane.



Reactions of Azetidines
Reaction as Bases
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• Azetidines are thermally stable and less reactive than

aziridines.

• They react through the lone pair of electron on nitrogen

as either bases or nucleophiles.

• As bases, they behave almost like secondary

alkylamines. The pKa value of azetidine is 11.29 and so

it is more basic than aziridine (pKa = 7.98) and even

dimethylamine (pKa = 10.73).



Reactions of Azetidines
Amidation and Sulphonamidation
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• The nucleophilic activity of azetidine to various

electrophiles is comparable to those of secondary

amines.

• The most significant reactions of azetidines with

electrophiles are the amidation and sulphonamidation

reaction illustrated below.



Practice Questions
Reactions of Four Membered Heterocycles
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• Explain why four membered heterocycles undergo

fewer ring opening reactions than their three-membered

counterparts

• Propose a reasonable and stepwise reaction mechanism

for the transformation below:


