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Synthesis of 2-oxazolines via aziridine ring expansion 

contributions to diverse fields ranging from synthetic 
organic chemistry to materials chemistry,12 providing an 
efficient, green, and sustainable approach to the synthesis 
of valuable compounds. Of particular note is the cyclo-
addition of strained aza rings, a powerful strategy for the 
construction of nitrogen-containing heterocycles such as 
five- and six-membered azacycles, medium-sized rings, 
and macrocycles.13 In this microreview, we provide an 
overview of recent reports on the catalytic and noncatalytic 
ring expansion strategy for the access to various 
synthetically valuable oxazolines. These achievements are 
categorized according to the size of the azacycle. 

Introduction 

The development of innovative methods for the construction of heterocycles is an important topic in synthetic 
and medicinal chemistry. Ring expansion strategies, involving the cyclization of strained aza rings, have been 
well developed in the synthesis of diverse heterocyclic compounds. This microreview summarizes recent 
advances in the ring expansion reactions of aziridines, oxetanes, and azetidines to access a series of 
functionalized 2-oxazolines, which are versatile structural motifs in drugs and bioactive molecules. 
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Oxazolines are among the most important units in 
medicinal chemistry, being widely found in biologically 
active compounds and pharmaceuticals.1 They have also 
been used as the central structures in various other 
capacities, such as auxiliaries, ligands, and organocatalysts 
in asymmetric synthesis,2 and as monomers for the pre-
paration of polymers.3 Considering the wide applications of 
oxazolines and their derivatives, remarkable progress has 
been achieved in the direct construction of these com-
pounds.4 One of the most attractive strategies for their 
synthesis is the ring expansion of strained rings.5–11 

Recently, ring expansion strategies have made a significant 

Aziridines are important building blocks in organic chemistry 
that readily undergo ring expansion reactions.14 The rearrange-
ment of N-acylaziridines, known as the Heine reaction, has 
been well developed for the synthesis of oxazolines under 
various catalytic systems.15 In 2016, Morgan and coworkers 
reported the first enantioselective Heine reaction of meso-
N-acylaziridines 1 for the synthesis of isoxazole-containing 
2-oxazolines 2 using a cationic palladium(II)-diphosphine 
catalyst.5 In this reaction, the 3-acylisoxazole was required 
as a novel directing group for the effective transformation 
of the substrates 1. In addition, the R1 and R2 groups at the 
C-5 and C-4 positions of the isoxazole structure enabled 
tuning of the reaction yield and enantioselectivity. 
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Synthesis of 2-oxazolines via aziridine ring expansion (continued) 
Chiral pyridine-oxazoline ligands have been widely 
employed in catalytic asymmetric reactions in recent years. 
In 2022, an asymmetric Heine reaction of meso-N-(2-
picolinoyl)aziridines 3 was established by the group of 
Feng.6 Using chiral ytterbium(III)-N,N'-dioxide complex as 
a catalyst, a variety of pyridine-containing oxazolines 4 
were obtained in 43–94% yields with good enantio-
selectivities. Notably, the pyridine-oxazoline products also 
showed potential applications as both Lewis base catalysts 
and ligands in asymmetric reactions. 

Ring expansion of aziridines by intermolecular cyclo-
addition serves to introduce new heterocycles. In 2022, Xu 
and coworkers disclosed an efficient strategy for the 
synthesis of oxazoline derivatives 7 from aziridines 5 and 
diazo esters 6.7a This microwave-assisted reaction per-
formed by ethoxycarbonylketene-induced electrophilic ring 
expansion of aziridines, afforded the target products in 
good to excellent yields under catalyst-free conditions. 
Meanwhile, the same group reported a similar work using 
2-diazo-1,3-diketones 8 as the substrates and THF as a 
solvent, which produced 1,3-oxazolidine derivatives 9 in 
65–97% yields.7b 

Synthesis of 2-oxazolines via oxetane ring expansion 
Oxetanes as synthetic building blocks have played an 
important role in organic synthesis. In 2019, an In(OTf)3-
catalyzed synthesis of oxazolines 11 from 3-amidooxetanes 
10 was developed by the group of Sun,8a complementing 
the conventional oxazoline synthesis. A wide range of 
readily available 3-amidooxetanes could be subjected to a 
facile intramolecular cyclization to generate the cor-
responding 2-oxazolines in good to excellent yields. 
Additionally, this strategy has also been employed to 
rapidly synthesize several valuable oxazoline-based 
bidentate ligands, natural products, and antibacterial com-
pounds. In 2021, the same group studied the desym-
metrization reaction of naphthol-containing oxetane 12 by 
intramolecular cyclization using chiral phosphoric acid 
(CPA) as catalyst, resulting in the formation of chiral 
oxazoline 13.8b 

In the same year, Banerjee and coworkers described a very 
facile method for the synthesis of congested oxazoline 
amide ethers 16 from 3-amidooxetanes 14 and α-bromo-
amide 15 under transition-metal- and oxidant-free condi-
tions.9 In this reaction, the aza-oxyallyl cation in situ 
formed from compound 15, which was used as a transient 
electrophilic activating and an alkylating agent, conducted 
the 3-amido oxetanes rearrangement to access the desired 
2-oxazolines in mediate to good yields. In addition, this 
novel protocol had the characteristics of being mild and 
simple and exhibited a wide substrate scope. 
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Synthesis of 2-oxazolines via azetidine ring expansion 
As is well known, the ring expansion of azetidines has been 
reported for the construction of N-heterocycles.16 In 2020, 
Baxendale and coworkers developed a novel condensation 
of 3-hydroxyazetidine 17 and nitriles 18 to give highly 
substituted 2-oxazolines 19 in moderate to excellent 
yields.10 The reaction involved a cascade sequence initiated 
by a standard Ritter reaction followed by ring-opening 
rearrangement to give the target products. Further intra-
molecular cyclization of the derived products was also 
carried out, providing a new class of macrocycles. 
Subsequently, in 2021, Zhang and coworkers reported an 
efficient method for the generation of 2-oxazolines 21 in 
excellent yields by the stereospecific isomerization of 
3-amido-2-phenylazetidines 20.11 Using Cu(OTf)2 as a 
promoter and DCE as a solvent, the desired products were 
obtained in a completely highly regio- and stereoselective 
isomerization manner. 

Conclusions 
Ring expansion strategies have been in constant evolution in 
the last few years. Their ability to increase molecular comple-
xity has placed these methods in an important position among 
the tools for the synthesis of valuable heterocyclic compounds. 
As presented here, several ring expansion reactions of 

strained aza rings have been developed to prepare functio-
nalized 2-oxazolines using catalytic and noncatalytic systems. 
We believe that the future development and application of ring 
expansion strategies will focus on the use of more environ-
mentally friendly and sustainable reaction conditions. 
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