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Scheme 1 Synthesis of -carbonyl-azetidines by ring expansion of 2-

pyrrolidinones by Blanc.  

application of azetidines that have been published in the last 

years with a focus on the most recent advances, trends and 

future directions. The review is organized by the methods of 

synthesis of azetidines and the reaction type used for 

functionalization of azetidines. Finally, recent examples of using 

azetidines as motifs in drug discovery, polymerization and chiral 

templates are discussed.  

We hope that this review will serve as a useful reference for 

the organic chemistry audience involved in the synthesis and 

application of azetidines as well as those interested in 

expanding their portfolio of nitrogen-containing motifs. Finally, 

it is our hope that the review will stimulate additional interest 

in applications of this important four-membered heterocycle by 

a range of interested chemists.  

2. Synthesis 

Several important advances have been reported in the synthesis 

of azetidines, including ring expansion, cycloaddition reactions, 

C–H activation, coupling with Grignard reagents and strain-

release homologation.  

In 2014, the Blanc group reported the synthesis of N-

sulfonylazetidines via ring contraction of -bromo-N-

sulfonylpyrrolidinones (Scheme 1).7 The proposed mechanism 

involves nucleophilic addition to the N-activated amide 

carbonyl group by N–C(O) cleavage8 to give an 𝛼-

bromocarbonyl derivative featuring a -positioned amide anion. 

This intermediate undergoes an intermolecular cyclization via 

an SN2 mechanism resulting in a formal ring contraction. The 

authors found that the use of 3 equiv of K2CO3 as a base at 60 

˚C for 3 hours in MeCN/MeOH solvent system (9:1 ratio) 
provided the best yield of the product N-sulfonylazetidine using 

methanol as nucleophile. It is important to note that the 

method is quite versatile as the starting material could be 

synthesized via a two-step sequence involving in situ enol ether 

formation and bromination with NBS, thus providing an 

efficient entry to α-acylated azetidines using various alcohols 

and amines as nucleophiles. Subsequently, the same group 

reported an expanded protocol9 and an intriguing ring reverse 

expansion of 2-azetidinyl ynones to pyrrolin-4-ones (see section 

3, Scheme 18).10 

 

  

Scheme 2 Synthesis of azetidines by aza-Paterno-Büchi reaction of 2-

isoxazoline-3-carboxylates by Schindler.  

It should also be noted that important methods for the 

synthesis of 2-azetidinones have been published, such as Lee’s 
Rh(I)-catalyzed oxygenative [2+2] cycloaddition of terminal 

alkynes and imines;11 however, the preparation of lactam 

heterocycles is beyond the context of azetidine synthesis.  

In 2020, Schindler’s laboratory reported an intermolecular 
[2+2] photocycloaddition of 2-isoxazoline-3-carboxylates with 

alkenes to synthesize azetidines (Scheme 2).12 In this impressive 

[2+2] cycloaddition reaction, visible light (blue light) is used to 

promote an aza-Paterno-Büchi reaction using 2-isoxazoline-3-

carboxylates as key oxime precursors. The reaction relies on 

Ir(III) photocatalyst, fac-[Ir(dFppy)3], to activate 2-isoxazoline-3-

carboxylates via triplet energy transfer. Mechanistic studies 

suggested that the singlet excited state is not reactive towards 

this [2+2] cycloaddition. Alkenes used for this reaction can be 

activated or unactivated, including hydrogen, alkyl, carbonyl, or 

aromatic substituents. 

  

Scheme 3 Synthesis of azetidines by intramolecular Pd(II)-catalyzed 

C(sp3)–H amination by Gaunt.  











 Organic & Biomolecular Chemistry REVIEW 

This journal is © The Royal Society of Chemistry 20xx Org. Biomol. Chem. , 2018, 00, 1-3 | 7 

Please do not adjust margins 

  

Scheme 13 Chemoselective ring opening of azetidines with 

organotrifluoroborates by May.  

 

Scheme 14 Regioselective ring opening of azetidines with arenes by 

Ghorai.  

 

  

Scheme 15 Regioselective ring opening of azetidines with HF by 

Jiang.  

In 2019, Lu and co-workers reported an impressive method 

for the ring expansion of 3-methyleneazetidines with diazo 

compounds in the presence of Rh2(OAc)2 as a catalyst (Scheme 

16).39 This formal [4+1] cycloaddition represents another 

attractive mode of the ring opening of azetidines, wherein the 

azetidine nitrogen atom is activated by the nucleophilic addition 

to Rh-carbene, followed by concerted 1,2-migration or stepwise 

N–C ring opening/closure via a zwitterionic intermediate. The 

scope of the reaction is very broad, encompassing various diazo 

compounds, while the azetidine is activated by an easily 

removable N-PMP group (PMP = p-methoxyphenyl), benzyl or 

N-aromatic substituents. The authors demonstrated the utility  

   

Scheme 16 Ring expansion of 3-methyleneazetidines to 

4‑methyleneprolines by N–C bond cleavage by Lu.  

   

Scheme 17 Regioselective ring expansion of azetidines to 1,3-

oxazinan-2-ones by N–C bond cleavage by Bull.  

of the method in the gram scale synthesis at 0.10 mol% catalyst 

loading and late-stage functionalization of complex molecules, 

such as estrone or carbapenem, showcasing the mild conditions 

of this ring expansion. 

In 2019, the Bull group outlined acid-promoted ring 

expansion of 2,2-disubstituted azetidines to 6,6-disubstituted 

1,3-oxazinan-2-ones (Scheme 17).40 The proposed mechanism 

involves activation of the azetidine ring by N-protonation, 

followed by N–C cleavage to give a carbocation intermediate, 

which is then intercepted by the carbamate oxygen. The 

reaction occurs very rapidly (around 1 hour) with good yields 

(up to 96%) at room temperature. The group nicely  
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