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REVIEW

Synthetic oxetanes in drug discovery: where are we in 2025?
Hikaru Ishikura and James A. Bull

Department of Chemistry, Imperial College London, London, UK

ABSTRACT
Introduction: Oxetanes are increasingly prevalent motifs in medicinal chemistry. While oxetanes 
feature famously in the taxol family, it was not until the recent approval of rilzabrutinib that they 
have been validated in a fully synthetic drug. These four-membered oxygen-containing rings are valued 
for their ability to modulate key physicochemical properties such as polarity, lipophilicity, and metabolic 
stability. Their incorporation can improve aqueous solubility, reduce metabolic liability, reduce basicity 
of adjacent amines, and redirect metabolic clearance away from cytochrome P450 enzymes.
Areas covered: This review examines the role of the oxetane in nine clinical candidates, one very 
recently approved, two recently discontinued clinical candidates, two tool compounds, and three lead 
compounds disclosed in 2024. Recent advances indexed in SciFinder-n (2017–2024) in the process-scale 
and laboratory-scale synthetic routes are discussed, highlighting ongoing innovation required to access 
these motifs efficiently and sustainably.
Expert opinion: The regulatory approval of rilzabrutinib and likely approval of ziresovir provide 
confidence in using oxetanes as important elements in drug design. While oxetanes have so far been 
incorporated primarily as pendant groups to optimize physicochemical properties, their use as scaffold
ing and binding elements presents an exciting opportunity. Enhanced synthetic accessibility to oxetane 
derivatives will expedite their inclusion in drug discovery campaigns.
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1. Introduction

Oxetanes are four-membered oxygen-containing heterocycles 
that have gained increasing attention in drug discovery. Their 
features of low molecular weight, high polarity, and three- 
dimensionality, as well as their effect on molecular properties, 
have been identified as commonly beneficial in drug design. 
Their incorporation can lead to improvements in aqueous solu
bility, target affinity, and overall pharmacokinetic profiles [1,2]. 
However, the validation in approved drugs, until very recently, 
has been lacking, which has changed with the approval of 
Sanofi’s rilzabrutinib in September 2025. The beneficial attributes 
of the oxetane ring have also prompted their exploration as 
potential isosteric replacements for a variety of functional 
groups. Early work by Stepan and coworkers at Pfizer investi
gated 2- and 3-substituted oxetanes as metabolically stable 
alternatives to tetrahydrofuran scaffolds [3,4].

3,3-Disubstituted oxetanes are particularly well-studied as 
isosteric replacements and do not introduce a chiral center. 
Seminal reports from Carreira in collaboration with Rogers- 
Evans (Roche), demonstrated the utility of oxetanes as repla
cement groups for gem-dimethyl groups, effectively blocking 
metabolically labile methylene positions without an adverse 
increase in lipophilicity [5]. Subsequent reports proposed oxe
tanes as carbonyl replacements, specifically in the case of 
ketones and cyclic amides, where they maintained similar 
dipole moment, geometry, hydrogen-bonding capacity, and 
lipophilicity, while enhancing metabolic stability [6,7]. 

Aminooxetanes have been examined as peptide bond mimics, 
offering improved metabolic stability and promoting macro
cyclisation [8–14]. In addition, oxetanes have also been eval
uated as carbonyl isosteres in diarylketones [15], benzamides 
[16], thioesters [17–20], carboxylic acids [21], and 
N-acylsulfonamides [22] imparting benefits including 
improved chemical and metabolic stability, increase in perme
ability, and decrease in local acidity. Oxetanes have also been 
proposed as replacements for tert-butyl groups, resulting in 
reduced lipophilicity (LogD) and improved metabolic stability 
compared to the parent compound [23,24].

Duncton demonstrated the metabolic stability of oxetane 
motifs with more than half of a library of 3-aryloxetanes 
unreactive with glutathione on incubation with human liver 
microsomes (HLM) and nicotinamide adenine dinucleotide 
phosphate (NADPH) cofactor [25]. Further investigations into 
the metabolic clearance pathway of oxetanes revealed the 
crucial role of human microsomal epoxide hydrolase (mEH). 
Ring-opening of the oxetane ring by mEH was identified as 
a major metabolic pathway for oxetane-containing drug can
didate AZD1979 [26,27]. Subsequent studies revealed oxetane 
metabolism by mEH is not unique to AZD1979, and that 
oxetanes can be strategically employed to redirect metabo
lism away from cytochrome P450 enzymes [28,29].

Despite their favorable physicochemical properties, syn
thetic oxetanes remain underrepresented in approved thera
peutics. Importantly, however, oxetanes feature in eight 
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further small-molecule clinical candidates, indicative of the 
improved confidence in use of this ring system. In this review, 
we examine the role of the oxetane in United States Food and 
Drug Administration (FDA) approved rilzabrutinib and clinical 
candidates (fenebrutinib, BIIB091, docirbrutinib, ziresovir, mev
rometostat, crenolanib, ALG-000184, and GDC-0349) as well as 
the recently discontinued lanraplenib and danuglipron (Figure 
1). We also highlight selected oxetane-containing tool com
pounds and newly disclosed lead structures reported in 2024. 
In addition, we explore modern synthetic strategies that have 
enabled access to this increasingly valuable motif. Prior appli
cations in drug discovery up to 2016 and earlier synthetic 
methods have been comprehensively reviewed elsewhere 
[1,2,6,7,30–33]. Taxane derivatives, including paclitaxel and 
docetaxel, are not discussed here, but have been reviewed 
recently [34]. Readers are further directed to complementary 
reviews which may be of interest [35–37]. 

2. Oxetanes in drug discovery

Oxetane-containing clinical candidates were identified using 
Inxight Drugs [38], with a substructure query filtered for inves
tigational drugs. The results were manually triaged to exclude 
taxane derivatives and heteroatomic substitution at the 
2-position (e.g. β-lactones) and to ensure active development 
of the clinical candidate. The resulting compounds span 
a range of therapeutic areas including oncology, neurology, 
and respiratory diseases. In this section, we classify these 
candidates based on their protein targets and examine the 
impact of the introduction of the oxetane moiety on pharma
cokinetic properties. Additionally, we highlight key considera
tions related to process development and successful scale-up 
associated with these compounds focusing on the require
ments of the 4-membered rings.

2.1. Bruton’s tyrosine kinase (BTK) inhibitors

The approved drug rilzabrutinib and three of the other oxe
tane-containing clinical candidates are Bruton’s tyrosine kinase 
(BTK) inhibitors; rilzabrutinib, fenebrutinib, BIIB091, and 
docirbrutinib.

Rilzabrutinib is a covalent, reversible BTK inhibitor developed 
by Sanofi, and is a landmark FDA drug approval as the first 
compound containing the cyanoacrylamide warhead, as well as 
the first synthetic-oxetane-containing compound [39]. It was 
approved by the FDA following successful completion of 
Phase III clinical trials for persistent or chronic immune throm
bocytopenia (ClinicalTrials.gov ID: NCT04562766) [40–43]. 
Rilzabrutinib has also been granted orphan drug designation 
in the United States for two rare diseases after demonstrating 
efficacy in Phase II clinical trials for warm autoimmune hemo
lytic anemia (ClinicalTrials.gov ID: NCT05002777) and IgG4- 
related disease (ClinicalTrials.gov ID: NCT04520451) [44–46]. In 
addition, it advanced to Phase III clinical trials for chronic spon
taneous urticaria following successful Phase II clinical trials 
(ClinicalTrials.gov ID: NCT05107115) [47] and met primary and 
secondary endpoints for Phase II clinical trials in moderate-to- 
severe asthma (ClinicalTrials.gov ID: NCT05104892). Although 
rilzabrutinib did not meet primary efficacy endpoints in Phase 
III trials for pemphigus (NCT05018806) and Phase II trials for 
atopic dermatitis (NCT05018806), it was well tolerated and 
demonstrated an acceptable safety profile.

The oxetane moiety was introduced during lead optimiza
tion to modulate basicity of a piperazine substituent, while 
maintaining high solubility and permeability and minimizing 
efflux [48]. Co-crystallization of rilzabrutinib with BTK revealed 
distinct roles for the oxetanylpiperazine ring in different bind
ing modes (PDB: 7L5P). In the non-covalent complex, the 
oxetanylpiperazine ring is solvent exposed, whereas in the 
covalent complex, it engages in key van der Waals interactions 
with the glycine-rich loop following binding with Cys481 [48]. 
These findings highlight the critical contribution of both the 
piperazine and oxetane moieties to the binding conformation 
and stability of the covalent complex, as modifications to this 
region were shown to significantly disrupt binding interac
tions and resulted in off-target activity.

Fenebrutinib is an orally bioavailable, non-covalent inhibitor 
of BTK, developed by Genentech. It is currently in Phase III 
clinical trials for relapsing-remitting (ClinicalTrials.gov ID: 
NCT04586023, NCT04586010) and primary progressive 
(ClinicalTrials.gov ID: NCT04544449) multiple sclerosis (MS). In 
addition, fenebrutinib successfully met the primary endpoint in 
a Phase II clinical trial for chronic spontaneous urticaria 
(ClinicalTrials.gov ID: NCT03137069) [49]. It was evaluated in 
a Phase II clinical trial for systemic lupus erythematosus, how
ever, did not meet the primary end point despite an acceptable 
safety profile (ClinicalTrials.gov ID: NCT02908100) [50]. The 
structure of fenebrutinib was first disclosed in 2018, following 
optimization of a series of BTK inhibitors bearing a tricyclic core 
[51–53]. A previous generation BTK inhibitor, GDC-0834, suf
fered from rapid amide bond hydrolysis in vivo [54–56], which 
was mitigated by introduction of the tricyclic core, however, 
this resulted in low kinetic solubility [51]. During subsequent 
structure activity relationship (SAR) studies, an oxetane moiety 
was introduced on a piperazine substituent, located in 
a partially solvent exposed region of the protein, to reduce 
the calculated pKaH from 7.8 to 6.3 [51]. Despite achieving 
high potency, good selectivity, and an acceptable pharmacoki
netic profile, the resulting compound, G-278, exhibited dose- 
limiting hepatotoxicity in rat and dog tolerability studies [52]. 

Article highlights

● Oxetanes are becoming increasingly prevalent motifs in medicinal 
chemistry.

● Oxetanes confer beneficial physicochemical properties due to their 
low molecular weight, high polarity, and three dimensionality.

● Oxetane has been included as a pendant motif in several oxetane 
clinical candidates, where the role of the oxetane is known, as well as 
the recently FDA-approved drug rilzabrutinib to modulate physico
chemical properties such as lipophilicity and the basicity of adjacent 
amines.

● New oxetane-containing lead compounds disclosed in 2024 highlight 
the potential to use oxetanes to engage residues in hydrophobic 
pockets.

● While laboratory-scale synthetic access to oxetanes has advanced, 
further innovation is needed to enable scalable and sustainable 
routes for commercial manufacturing.
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Figure 1. Oxetane-containing FDA approved rilzabrutinib, clinical candidates, danuglipron, and oxetane-containing leads disclosed in 2024.
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Following computational modeling, incorporation of an (S)- 
methyl group adjacent to the piperazine nitrogen enhanced 
van der Waals interactions with the protein surface and 
imparted conformational rigidity, conferring improved cellular 
potency and overall pharmacokinetic profile [52,53].

BIIB091 is a non-covalent, reversible BTK inhibitor devel
oped by Biogen. It is currently undergoing Phase II clinical 
trials for relapsing MS (ClinicalTrials.gov identifier: 
NCT05798520) [57]. As in rilzabrutinib and fenebrutinib, the 
oxetane moiety was strategically introduced to modulate 
amine basicity to prevent off-target effects such as hERG 
inhibition. The introduction of the oxetane on the benzoaze
pine core in place of a methyl group led to a decrease in pKa 

from 4.0 to 2.8 (c.f. ethylmethoxy, pKa 3.1; trifluoroethylamine, 
pKa 2.7). The oxetane uniquely reduced basicity and conferred 
improved cell potency, while retaining favorable physico
chemical properties including solubility, lipophilicity, and 
metabolic stability [58]. Co-crystal structures with BTK revealed 
the oxetane substituent was oriented toward the solvent front, 
while the benzoazepine core was aligned with the P-loop 
(PDB: 7LTZ). The 2-aminopyrimidine moiety formed two key 
hydrogen bonds with Tyr-476 and Met-477 residues in the 
hinge region, while the amide linker formed a hydrogen 
bond with Lys-430, enabling the tert-butyl-triazole group to 
sequester Tyr-551 into an inactive conformation, resulting in 
the observed kinome selectivity for BTK [58].

Docirbrutinib is an orally bioavailable, non-covalent BTK 
inhibitor developed by Carna Biosciences. It is currently under
going Phase I clinical trials for chronic lymphocytic leukemia 
(CLL), small lymphocytic lymphoma (SLL), or non-Hodgkin’s 
lymphoma (ClinicalTrials.gov identifier: NCT05602363). In this 
case, introduction of the oxetane moiety on 
a tetrahydropyridine substituent led improved Caco-2 perme
ability and an over two-fold increase in potency over the next 
most active compound of the campaign. Computational mod
eling studies suggested that the oxetanyltetrahydropyridine 
ring sits in solvent-exposed region and does not directly par
ticipate in binding [59].

2.2. Respiratory syncytial virus fusion protein (RSV F) 
inhibitor

Ziresovir is an orally bioavailable respiratory syncytial virus 
(RSV) fusion (F) protein inhibitor originally disclosed by 
Roche and further developed by Shanghai Ark 
Biopharmaceuticals. It is currently under priority review by 
the National Medical Products Administration (NMPA) of 
China with Breakthrough Therapy designation following suc
cessful completion of Phase III clinical trials (ClinicalTrials.gov 
identifier: NCT04231968) [60]. Ziresovir is notable as the first 
oral anti-RSV therapy to complete Phase III clinical trials with 
positive results and the first non-oncology investigational drug 
to receive Breakthrough Therapy designation by the NMPA.

In 2018, Roche disclosed a series of benzoazepinequnoline 
derivatives as novel RSV F inhibitors [61]. However, the high 
lipophilicity and basicity of the amine head group in these 
compounds led to elevated volumes of distribution (Vss), con
tributing to undesired bioaccumulation [61]. Introduction of 
the oxetane ring was described as the ‘highlight of the 

discovery,’ reducing the basicity of the adjacent terminal 
amine from pKaH 10.4 to 8.0 [61,62]. This modification effec
tively lowered Vss while maintaining high potency [61,62]. 
Computational docking studies revealed that while the oxe
tane itself does not directly participate in target binding, the 
primary amine and secondary amine within the oxetane- 
containing head group form H-bond interactions with 
Asp486. The oxetane was found to play a key role in confor
mational and basicity control. Notably, the oxetane linker was 
uniquely effective, with alternative alkyl linkers demonstrating 
lower potency and therapeutic indexes [62].

2.3. Enhancer of zeste homolog 2 (EZH2) inhibitor

Mevrometostat is an orally bioavailable enhancer of zeste 
homolog 2 (EZH2) inhibitor, developed by Pfizer. It is currently 
undergoing Phase III clinical trials in combination with enzalu
tamide for metastatic castrate-resistant prostate cancer that has 
become resistant to hormone therapy (ClinicalTrials.gov identi
fier: NCT06551324) and in androgen receptor pathway inhibi
tor-naïve patients (ClinicalTrials.gov identifier: NCT06629779). In 
addition, mevrometostat is undergoing Phase I clinical trials for 
relapsed/refractory small cell lung cancer, castration-resistant 
prostate cancer, and follicular lymphoma (ClinicalTrials.gov 
identifier: NCT03460977).

In 2016, Pfizer disclosed a series of pyridone-containing 
3,4-dihydroisoquinoline-1(2H)-ones as novel enhancers of 
EZH2 inhibitors [63]. Although the lead compounds from this 
series displayed exceptionally high potency (IC50: 1.15 nM), 
they were limited by low metabolic stability in HLM clearance 
assays and poor thermodynamic solubility. A methoxymethyl- 
oxetane pendant motif was introduced during SAR optimiza
tion as a less lipophilic analog of tetrahydrofuran rings to 
maximize lipophilic ligand efficiency (LipE) and enhance meta
bolic stability by reducing LogD and increasing three- 
dimensional character [64]. This modification afforded 
a compound with an optimal LogD of 1.9, as well as improved 
metabolic stability and solubility. Control of the α-stereocenter 
was crucial, as the (+)-(R) enantiomer exhibited a 16-fold 
increase in potency compared to the (–)-(S) enantiomer. Co- 
crystal structures with EZH2 revealed potential donor−π inter
actions between the oxetane ring hydrogens and the Tyr111 
side chain, contributing to the increased potency of the oxe
tane-containing series over other analogues (PDB: 4W2R) [64].

The initial discovery route to protected-mevrometostat (4) 
involved Grignard addition, formed from aryl bromide 5, to 
oxetane-3-carboxaldehyde (6) followed by resolution by chiral 
chromatography (Figure 2) [63,64]. In later campaigns, an 
alternative approach involving oxidation of the alcohol to 
ketone 7, followed by enzymatic reduction and methylation 
was employed. However, the use of oxetane aldehyde 6 posed 
several challenges for scalability, including high cost, water 
solubility, and difficulties in distillation due to the high energy 
and low thermal onset of the fragment. To address these 
issues, key intermediate 8 was identified to circumvent the 
use of oxetane aldehyde 6, while leveraging the selectivity of 
the ketoreductase to induce enantioselectivity. Ashcroft et al. 
at Pfizer recently reported a robust strategy to access key 
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intermediate 8 on a 50 kg scale, achieving an overall yield of 
28% over seven steps from widely available raw materials [65]. 

Ultimately, oxidative decyanation was identified as a cost- 
effective, site-selective, and scalable approach to access oxe
tane-ketone 9 as a precursor for 8. Alkylation of arylacetoni
trile 11 with 3-iodooxetane afforded oxetane-containing 
intermediate 12. It is notable that though significantly less 
expensive than aldehyde 6, 3-iodooxetane remained the 
most expensive reagent in the process. Oxidative decyanation 
using oxygen gas gave ketone 9, which was selectively 
reduced to the (+)-(R) enantiomer in 91% yield and 99% purity 
by an in-house engineered variant of S. salmonicolor aldehyde 
reductase, KRED KR051-754. Methylation, followed by halo
gen-magnesium exchange and addition into CO2 gave 8 in 
95% yield and 98.5% purity on a 50 kg scale. Notably, during 
workup, pH was carefully maintained above 2.0 to prevent 
ring-opening of the oxetane moiety into the corresponding 
1,3-diol or 1,3-chloropropanol [65].

2.4. Platelet-derived growth factor receptor (PDGFR) and 
FMS-like tyrosine kinase 3 (FLT3) inhibitor

Crenolanib is a platelet-derived growth factor receptor 
(PDGFR) and a type I pan-FMS-like tyrosine kinase 3 (pan- 
FLT3) inhibitor, discovered by Pfizer and developed by Arog 
Pharmaceuticals. It is currently undergoing Phase III clinical 

trials for advanced or metastatic gastrointestinal stromal 
tumors (GIST) with a D842V mutation in the PDGFR-A gene 
(ClinicalTrials.gov identifier: NCT02847429) and acute relapsed 
or refractory acute myeloid leukemia with FLT3 mutations 
(ClinicalTrials.gov identifier: NCT03250338, NCT03258931) 
[66–70]. Crenolanib was granted Fast Track designation by 
the FDA for treatment of GIST and Orphan Drug designation 
by the European Medicines Agency (EMA) for the treatment of 
acute myeloid leukemia and soft tissue sarcoma. No further 
information is currently available on the specific role of the 
oxetane moiety in crenolanib.

2.5. Capsid assembly modulator

ALG-000184 is an orally bioavailable prodrug of ALG-001075, 
a potent hepatitis B virus capsid assembly modulator-empty 
(CAM-E), developed by Aligos Therapeutics. It successfully 
completed Phase I clinical trials for the treatment of chronic 
hepatitis B (ClinicalTrials.gov identifier: NCT04536337), with 
Phase II clinical trials currently planned (ClinicalTrials.gov iden
tifier: NCT06963710). In addition, ALG-000184 is undergoing 
Phase I clinical trials to probe drug–drug interactions with 
itraconazole and carbamazepine (ClinicalTrials.gov identifier: 
NCT06672900).

The oxetane group was introduced during lead optimiza
tion studies to prevent glutathione (GSH) adduct formation, 

Figure 2. Discovery and process routes to access protected mevrometostat and key intermediate 8.
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a key metabolic liability observed in previous generations of 
CAM-Es [71]. Among various strained saturated (hetero)cycles, 
only the oxetane effectively blocked GSH addition to the 
neighboring acetylene group, providing the optimal balance 
of steric and electronic properties. To further improve aqueous 
solubility, a methylene phosphate ester was appended to the 
amino-oxetane during the final stages of lead optimization. 
Computational docking studies suggest the terminal oxetane 
and propargyl groups are solvent exposed and do not partici
pate in target binding [71]. The favorable pre-clinical profile 
and success in phase I clinical trials of ALG-000184 has since 
prompted the development of a related oxetane-containing 
CAM-E, AIC263282 [72].

2.6. Mammalian target of rapamycin (mTOR) inhibitor

GDC-0349 is an orally bioavailable, selective mammalian target 
of rapamycin (mTOR) inhibitor, developed by Genentech. It com
pleted phase I clinical trials for locally advanced or metastatic 
solid tumors or non-Hodgkin’s lymphoma; however, no results 
have been posted (ClinicalTrials.gov identifier: NCT01356173). 
Subsequent preclinical studies have shown that GDC-0349 also 
inhibits the proliferation of non-small cell lung cancer cells [73]. 
The oxetane moiety was introduced during SAR optimization 
studies to modulate the basicity of a neighboring amine, low
ering the pKaH from 7.6 to 5.0, as well as lowering hERG inhibition 
from IC50 of 8.5 nM to > 100 nM [74].

2.7. Recently discontinued clinical candidates

Lanraplenib and danuglipron have recently been discontinued 
from clinical development, however, offer useful insights into 
the role of the oxetane motif, and scalable synthesis of oxe
tane-containing molecules. Lanraplenib was an orally bioavail
able spleen tyrosine kinase (SYK) inhibitor, discovered by 
Gilead Sciences and further developed by Kronos Bio. It was 
evaluated in Phase I clinical trials for impaired renal function 
(ClinicalTrials.gov identifier: NCT02959138), and Phase II clin
ical trials for moderately-to-severely active cutaneous Lupus 
erythematosus (ClinicalTrials.gov identifier: NCT03134222) and 
active Sjogren’s syndrome (ClinicalTrials.gov identifier: 
NCT03100942); however, it failed to meet the primary end
points in these studies [75,76]. Following low enrollment in 
Phase II clinical trials for lupus membranous nephropathy 
(ClinicalTrials.gov identifier: NCT03285711) and disappointing 
results in Phase Ib clinical trials for acute relapsed or refractory 
acute myeloid leukemia with FLT3 mutations (ClinicalTrials.gov 
identifier: NCT05028751) lanraplenib was discontinued [77,78].

The oxetane group was introduced as a pendant motif to 
modulate the basicity of an adjacent piperazine moiety, suc
cessfully reducing the calculated pKaH from 8.0 to 6.4 [79]. This 
modification also enhanced solubility at pH 2.0 and increased 
Caco-2 permeability, while maintaining the improved meta
bolic stability and oral bioavailability over the first generation 
SYK inhibitor Entospletinib.

Danuglipron was an orally bioavailable glucagon-like pep
tide-1 receptor (GLP-1 R) agonist, developed by Pfizer. It was 
evaluated in Phase II clinical trials for type 2 diabetes 
(ClinicalTrials.gov identifier: NCT03985293, NCT04617275, 

NCT04707313) as a twice daily formulation and in Phase 
I clinical trials as a once daily formulation (ClinicalTrials.gov iden
tifier: NCT06568731, NCT06567327) [80,81]. Despite meeting key 
pharmacokinetic objectives, and displaying a safety profile in- 
line with FDA-approved GLP-1 R agents, Pfizer decided to dis
continue danuglipron following a single potential drug-induced 
liver injury and resulting review of clinical data and input from 
regulators [82]. This follows the discontinuation of Pfizer’s first 
generation oxetane-containing GLP-1 R inhibitor, lotiglipron, due 
to elevated levels of liver transaminases (ClinicalTrials.gov identi
fier: NCT05671653, NCT05788328, NCT05579977) [83].

A methylene-linked oxetane group was introduced during 
the final stages of SAR optimization as a small, polar head 
group to increase potency, conferring a ~ 100-fold increase in 
potency compared to a simple methyl group [84]. To over
come limitations such as potential hERG inhibition and sub
optimal activity relative to native GLP-1, several derivatives of 
danuglipron have since been disclosed (Figure 3(a)). In 2024, 
Huadong Medicine reported that replacement of 
a benzonitrile group with a 3-phenyloxetane group resulted 
in improved potency (EC50: 0.12 to 0.03 nM) and reduced hERG 
inhibition (hERG IC50: 5.8 to 15.9 µM) relative to danuglipron, 
ultimately yielding lead compound DD202-114 [85]. Similarly, 
researchers at Zhejiang University found that substitution with 
a 3-phenyldifluorocyclobutane in the same position enhanced 
potency (EC50: 0.12 to 0.05 nM), oral bioavailability, and 
reduced hERG inhibition [86]. Computational docking studies 
indicated that 14 maintained key polar interactions with 
LYS197 and ARG380, while the fluorobenzene group reduced 
steric clash with the protein compared to danuglipron. The 
oxetane group was also proposed to form hydrophobic inter
actions with adjacent residues [86]. Alternative optimization 
efforts have focused on eliminating the terminal carboxylic 
acid group to mitigate hepatotoxicity, resulting in compound 
15 with an EC50 of 0.07 nM [87]. Most recently, Chengdu DIAO 
Pharmaceutical disclosed DA-302168S, featuring combined 
modification of the terminal benzonitrile group and bridging 
pyridine group, and replacement of the piperidine group with 
a fluorobenzene. This candidate demonstrated improved 
potency (cAMP EC50: 0.12 to 0.03 nM) and significantly 
reduced hERG inhibition (hERG IC50: > 30 µM) [88]. DA- 
302168S has successfully completed Phase I clinical trials 
(ClinicalTrials.gov identifier: NCT06534320, NCT06534346, 
NCT06541730), with Phase II clinical trials planned 
(ClinicalTrials.gov identifier: NCT06953063).

The development of danuglipron and structurally related GLP- 
1 R agonists has prompted significant investment by Pfizer into 
optimizing the synthesis of PF-06878031, a key oxetane- 
containing structural fragment of this compound class. (S)- 
Oxetan-2-ylmethyl tosylate (S)-16, which could be accessed by 
tosylation of oxetane alcohol (S)-17, was initially identified as a key 
fragment for installation of the oxetane functionality [89,90]. 
Following a systematic retrosynthetic evaluation guided by 
SELECT criteria (Safety, Environmental, Legal, Economics, Control, 
and Throughput), five potential synthetic routes were identified: 
three involved intramolecular cyclization, one involved ring con
traction of a bromo-furanone, and one a ring expansion of a chiral 
epoxide. Only one of the cyclization routes was successful, react
ing (S)-18 with KHMDS afforded the benzyl-protected oxetane (S)- 
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19 in 36% yield, which was subsequently deprotected under 
standard hydrogenation conditions to afford oxetane alcohol 
(S)-17 (Figure 3(b)). While feasible, the overall modest yield ren
dered it suboptimal for further development [90].

Another viable route was achieved from oxetane ester rac-21, 
formed by ring contraction, and then selective enzymatic hydro
lysis to provide the required enantiomer (Figure 3(b)) [90]. From 
a screen of 230 hydrolases, CES-P1 was identified for further devel
opment, with the use of 2-MeTHF as a cosolvent enhancing selec
tivity and reducing overhydrolysis. Reduction of ester (S)-21 to the 
corresponding alcohol using NaBH4 in the presence of metal salt 
additives enabled clean conversion and minimal ring-opening of 
the oxetane functionality. Purification by distillation afforded the 
oxetane alcohol (S)-17 in 18% overall yield over three steps.

The final route, progressed on multi kg scales, employed 
the Corey–Chaykovsky sulfur ylide for ring-expansion of read
ily available chiral epoxide (S)-benzyl glycidyl ether (S)-22 [90]. 
Post-reaction purification by column chromatography was 
necessary to remove catalyst poisoning sulfur residues before 
hydrogenation to afford oxetane alcohol (S)-17 in two steps 
from commercial epoxide (S)-22 in 49% overall yield.

With the oxetane tosylate (S)-16 in hand, the Pfizer R&D team 
developed an improved route to key fragment PF-06878031 to 
improve yield, safety, step count, and sustainability. Key improve
ments were in reducing process mass intensity (reducing 
amounts of solvent and excess reagents), eliminating the use of 
DMF and nitro-functionalized intermediates, and minimizing the 
number of hydrogenation steps [89]. An initial alkylation of the 

Figure 3. (a) Danuglipron derivatives to improve potency (EC50 of cyclic adenosine monophosphate accumulation assay with cells expressing human GLP-1R) and 
reduce hERG inhibition. (b) Proposed and realized routes to (S)-oxetan-2-ylmethyl tosylate 16. (c) Process scale synthetic routes to PF-06878031.
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benzimidazole core, which gave modest regioselectivity, was 
eventually adapted to an alternative route involving selective 
amidation [91]. Regioselective mono-amidation of di-aniline 23 
was achieved by careful control of the reaction temperature 
(10°C) using T3P in EtOAc to afford the (S)-amide (S)-24 in 61% 
yield (Figure 3(c)). Conditions for the resolution of oxetane ester 
(S)-21 were also improved from 34% yield with 93% ee using 
CES-P1 to 41% yield with 99% ee using an in-house Pnb esterase 
enzyme MC050-947. Alternatively, resolution of racemic amide 
rac-24, synthesized under the same conditions from rac-21, 
using esterase ECS-ES10 gave the (S)-amide (S)-24 in 98% ee 
and 39% yield. Chemoselective reduction of the amide in the 
presence of both the ester and oxetane functionalities proved 
difficult, with a combined borohydride/borate system effective in 
minimizing reduction of the oxetane. Final cyclization with 
2-chloro-1,1,1-trimethoxyethane and citric acid as a catalyst 
afforded PF-06878031 in 40% overall yield over three steps in 
99.9% purity. This selective amidation route offered a significant 
reduction in cost, as well as removing a hydrogenation step and 
chromatographic purification, to provide an attractive route for 
the manufacture of clinical supplies and has been used to gen
erate >1.5 MT of >99% purity of PF-06878031 [91].

2.8. Oxetane-containing tool compounds

Oxetane-containing tool compounds have been suitable for 
in vivo testing of protein arginine methyltransferase 5 (PRMT5) 
and indole-amine 2,3-dioxygenase (IDO1) inhibition mechan
isms. EPZ015866 (GSK3203591) is an orally bioavailable PRMT5 
inhibitor, developed by Epizyme. It exhibits high selectivity for 
PRMT5 over an array of other histone methyltransferases and 
demonstrated potent antiproliferative effects in both in vitro 
and in vivo models mantle cell lymphoma (MCL) [92]. Further 
metabolic profiling and identification studies revealed low 
intrinsic clearance in human, mouse, and rat liver microsomes, 
but higher clearance in dog liver microsomes [93]. The major 
metabolic pathway was determined to be CYP2D15-mediated 
oxetane ring scission. The inclusion of the oxetane function
ality maintained antiproliferative activity while sufficiently 
reducing cLogD to mitigate clearance by liver microsomes 
[94]. Taken together, EPZ015866 (GSK3203591) presents 
a validated chemical probe with favorable human metabolic 
stability, enabling further investigation into the mechanism of 
PRMT5 inhibition in cancer and other diseases.

Compound 1 (Figure 3) is a potent indole-amine 2,3-dioxy
genase (IDO1) inhibitor suitable for once every 3 weeks oral or 
parenteral dosing, developed by Merck [95]. Replacement of 
a cyclobutyl ring in the lead compound, identified in an auto
mated ligand identification screen, with an oxetane signifi
cantly improved unbound whole blood potency to 0.09 nM. 
The oxetane analog also exhibited the lower AlogP 98 and 
higher selectivity compared to other substituents, such as 
a gem-difluorocyclobutane. To enable scale-up, scientists at 
Merck developed kilogram-scale syntheses of key intermediate 
3-(4-bromophenyl)oxetane-3-carboxylic acid, which involved 
either a tosylation and cyclization approach or a direct 
Mitsunobu reaction to form the oxetane ring. These optimized 
synthetic routes enabled access to the 3-aryl oxetane- 

3-carboxylic acid on a multi-kilogram scale in 19% overall 
yield over six steps for the tosylate displacement route or 
18% overall yield over three steps for the Mitsunobu route, 
representing a significant improvement over the previously 
reported 3% overall yield [95].

2.9. Oxetane-containing lead compounds from 2024

Oxetanes are now routinely screened in drug discovery cam
paigns during SAR optimization. To examine the recent applica
tions, the medicinal chemistry literature was surveyed for 
relevant reports in 2024 featuring oxetanes as a substructure 
using SciFinder-n, excluding taxane derivatives and heteroa
tomic substitution at the 2-position (e.g. β-lactones). For the 
purposes of this study, the literature was limited to journal 
articles published in the following journals: ACS Medicinal 
Chemistry Letters, Bioorganic and Medicinal Chemistry, Bioorganic 
and Medicinal Chemistry Letters, ChemMedChem, European 
Journal of Medicinal Chemistry, Journal of Medicinal Chemistry, 
Medicinal Chemistry Research, MedChemComm, and RSC 
Medicinal Chemistry. The search was further filtered to include 
only cases where the substance role was biological study, ther
apeutic use, pharmacological activity, biological study (unclassi
fied), pharmacokinetics, and biological use (unclassified). The 
resulting publications were then manually triaged to ensure 
only synthetic oxetane compounds meeting the above criteria 
were included. Among the 46 medicinal chemistry publications 
in 2024 that included oxetanes in screening, three ultimately 
selected an oxetane-containing compound as their final lead. 
Notably, in two of these cases, the oxetane moiety was employed 
to directly engage residues in a hydrophobic pocket; represent
ing a novel application distinct from that observed in the clinical 
candidates discussed earlier, where oxetanes were primarily used 
as a pendant motif to modulate physicochemical properties.

LHQ490 is a fibroblast growth factor receptor 2 (FGFR2) 
inhibitor developed by Kinoteck Therapeutics. A co-crystal of 
an earlier lead compound with FGFR2 revealed that 
a 4-methylpyrimidine moiety extended into a hydrophobic 
back pocket defined by Met538 and Phe645 residues (PDB: 
8STG) [96]. To optimize interactions with this pocket, the 
4-methylpyrimidine was replaced with an oxetane functional
ity. This modification significant improved potency against IL-3 
independent BaF3 cells expressing FGFR2 (BaF3-FGFR2), while 
enhancing selectivity over both parental BaF3 and BaF3-FGFR1 
cell lines. Computational modeling further confirmed that 
LHQ490 retains a key hydrogen bond with FGFR2 hinge resi
due Glu565 and that the oxetane moiety engages the hydro
phobic back pocket as intended [96].

Compound 2 (Figure 1) is a type-II receptor-interacting 
serine/threonine-protein kinase 1 (RIPK1) inhibitor developed 
by Chengdu Zenitar Biomedical Technology. An oxetane sub
stituent was introduced on the N1 position to engage a polar 
Asn99 residue near the hydrophobic pocket, which main
tained the RIPK1 potency and increased the partial antinecrop
totic cellular efficacy [97].

Compound 3 (Figure 1) is a hematopoietic progenitor 
kinase 1 (HPK1) inhibitor developed by Insilico Medicine 
Shanghai. During SAR optimization of a spirocyclic ring 
located in the solvent-exposed region, replacement with 
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a pendant oxetane moiety yielded a compound with compar
able enzymatic inhibition, cellular potency, and germinal cen
ter kinase-like kinase selectivity [98]. Importantly, this 
modification also led to improved metabolic stability and 
enhanced oral bioavailability relative to other spirocyclic ana
logues tested.

3. Modern synthetic strategies to access oxetanes

The attractive nature of oxetanes for medicinal chemistry has 
driven the development of synthetic methodologies toward 
a wider range of oxetane scaffolds. Approaches that can stra
tegically introduce oxetanes at different synthetic stages, as 
well as an understanding of the stability of the ring to the 
synthetic conditions is important to accelerate discovery.

Expanding the scope of the literature search carried out in 
Section 2.9 to encompass the period of 2017–2024 identified 
273 relevant reports featuring oxetanes as a substructure. 
Mono-3-substituted oxetanes and spiro-oxetanes were the 
most frequently encountered, followed by 3,3-disubstituted 
and mono-2-substituted variants. In most cases, the oxetane 
motifs were derived directly from simple, commercially avail
able reagents. Among the 155 publications that described syn
thetic procedures, the most commonly used building block was 
3-amino-oxetane (41 instances), introduced via amide coupling, 
Buchwald–Hartwig cross-coupling, reductive amination, SNAr, 
and related transformations (Figure 4). This was followed by 
oxetanone (25 instances), employed primarily in reductive ami
nations and organometallic additions to yield 3,3-disubstituted 
oxetanols. Oxetanes bearing a leaving group at the 3-position 
(23 instances) were typically introduced via transition-metal- 
catalyzed cross-coupling reactions. Oxetan-3-ol (11 instances) 
was also utilized as a nucleophile. For spirocyclic systems, 
2-oxa-6-azaspiro[3.3]heptane (22 instances) was frequently 
employed to install spiro-oxetane units, using similar chemistry 
to that of 3-amino-oxetane, starting from either the free amine 
or its (hemi)oxalate salt.

The stability of oxetane rings toward ring-opening is often 
a subject of scrutiny. While 3,3-disubstituted oxetanes are gen
erally considered more robust, their stability remains difficult to 
predict and can be context-dependent. The successful incorpora
tion of oxetanes into multiple clinical candidates suggests that 
ring instability is not an intrinsic liability; however, reactivity has 
only been studied on a case-by-case basis. Reports of ring- 
opening events are typically influenced by the nature of adjacent 
substituents, the presence or absence of peripheral basic sites, 
and, notably, the proximity of internal nucleophiles [99]. For 
instance, β-oxetane carboxylic acids have been shown to 
undergo isomerization into lactones via intramolecular ring- 
opening and subsequent cyclization [100]. Likewise, under 
strongly acidic conditions, internal nucleophiles such as hydroxyl 
or amine groups can trigger ring-opening and further intramo
lecular cyclization, leading to structural rearrangements or 
degradation [101–104].

Recently, scientists at Enamine released a comprehensive 
analysis of the chemical stability of the oxetane core to 
common transformation in medicinal chemistry on 
a kilogram-scale (Figure 4) [105]. Transformations were cate
gorized into eight distinct classes: C–C/C = C/C ; C bond 

formation, reactions with electrophiles, reactions with 
nucleophiles, reactions with acidic catalyst, reactions in alka
line media, reduction, oxidation, and hydrogenation. They 
found C–C/C = C/C ; C bond formation, reactions with elec
trophiles, reactions in alkaline media, and oxidation reactions 
proceeded smoothly with no extra precautions necessary to 
accommodate the oxetane core. Reactions with nucleophiles, 
reactions with acidic catalyst, and hydrogenation required 
some optimization to suppress ring-opening of the oxetane 
and ensure high yields. Notably, significant difficulties were 
encountered in the use of aluminum and boron hydride 
reagents to reduce neighboring functionalities due to con
current reduction of the oxetane ring. For examples, tem
peratures between −10 and −30°C were found to be 
necessary with LiAlH4 for the reduction of an ester to an 
alcohol, although NaBH4 could be employed at 0°C as 
a milder alternative. Nonetheless, the oxetane ring was 
found to be broadly stable across a range of reaction condi
tions, enabling the successful synthesis of over 100 novel 
oxetane-containing fragments.

To capture the synthetic efforts of the wider community, 
the scope of the literature search was further broadened to 
include journal articles published in English in all MEDLINE- 
indexed journals. This section highlights selected recent inno
vations in oxetane synthesis from the above search, while 
referring readers to comprehensive reviews for in-depth cover
age of earlier methods [30–33].

3.1. Synthesis of mono-substituted oxetanes

Mono-substituted oxetanes are most commonly synthesized 
by displacement of a leaving group in the 3-position. 
Alternative functionality can be installed through transition- 
metal catalyzed cross-coupling reactions or radical coupling 
reactions, such as the Minisci or Giese-type reactions, from 
3-halo-oxetanes [25,106]. 3-Amino-oxetanes can be accessed 
either from the 3-amino-oxetane through amide-coupling, 
Buchwald-Hartwig, or SNAr reactions or alternatively from 
reductive amination of oxetan-3-one. Recently, Grygorenko 
disclosed an SNAr-based approach beginning from 3-cyano- 
oxetane [107]. In this method, deprotonation at the 3-position 
followed by nucleophilic attack into electron-deficient hetero
arenes and subsequent hydrolysis and decarboxylation 
enabled the multi-gram synthesis of 3-heteroaryl-substituted 
oxetanes.

3.2. Synthesis of disubstituted oxetanes

Disubstituted oxetanes have traditionally been synthesized via 
cyclization strategies, including Williamson etherification and 
Paternò–Büchi cyclization [30,108]. Recent advances have 
improved access to the required 1,3-diol precursors for the 
former method [109,110], while significant progress in visible- 
light-mediated Paternò–Büchi reactions has been made by 
Ouyang [111], Dell’Amico [112], Schindler [113], and Yoon [114].

In their seminal reports, Carreira and coworkers at Roche 
described the synthesis of various 3,3-disubstituted oxetanes 
through nucleophilic attack on oxetane Michael acceptors, 
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which are conveniently prepared in a single step from oxetan- 
3-one [5–7]. This strategy was employed in peptidomimetics 
for the synthesis of oxetane-containing amino acid building 
blocks [8–11], which can offer benefits such as enhanced 
macrocyclization efficiency and increased stability to enzy
matic degradation [12,13]. This approach is also routinely 
found in small molecule drug discovery campaigns to access 
amino-oxetanes, including in the preparation of amino- 
oxetane containing N6-methyladenosine demethylase fat 
mass- and obesity-associated protein inhibitor [115]. More 
recent developments have focused on the catalytic enantio
selective addition to oxetane Michael acceptors using chiral 
organocatalysts such as thioureas [116], N-sulfinylureas [117], 
squaramides [118], and peptides [119]. The resulting products 
can undergo cyclization to yield enantioenriched oxetane 
spirocycles, an emerging and synthetically valuable motif.

The growing interest in amino-oxetane motifs, both as 
potential amide isosteres and as valuable motifs in their own 
right, has driven significant synthetic innovation (Figure 5(a)). 
Brubaker and Ellman independently developed methods for 
the arylation of oxetane imines to access primary amino- 
oxetanes, through the use of organometallic reagents or Rh 
catalysis [120,121]. Huestis and Terret developed 
a complementary approach using a dual photoredox/nickel- 
catalyzed system for the decarboxylative arylation of 3-amino- 
oxetane 3-carboxylic acids [122]. Further functionalization of 
these primary amino-oxetanes was demonstrated by Fessard 
and Salomé [123]. More recently, Bull reported 
a defluorosulfonylation reaction of oxetane sulfonyl fluorides 
to reveal an oxetane carbocation, which was efficiently 
trapped by a range of nucleophiles including amines, hetero
cycles, sulfoximines, and phosphonates [124,125]. This metho
dology was exploited by Leeper in the synthesis of pyruvate 
dehydrogenase inhibitors, wherein the oxetane coordinates 
the Mg2+ ion, affording improved inhibition and enhanced 
esterase stability relative to traditional amide linkers [126]. 
Zhang published a complementary methodology, exploiting 
oxetanyl trichloroacetimidates to access oxetane carbocations 

in a transformation reminiscent of the Schmidt glycosylation, 
suitable for reaction with aniline, alcohol, and phenol nucleo
philes [127]. Alternatively, Soós employed Katritzky’s benzo
triazole chemistry for the strain-release functionalization of 
spring-loaded oxetane Mannich adducts with secondary 
amines [128]. Similarly, Koh and Gaunt have independently 
shown single-electron reduction of oxetane iminium ions and 
subsequent trapping can yield amino-oxetanes in a single step 
from oxetan-3-one [129,130]. 

3,3-Diaryloxetanes have been studied as attractive isosteres 
for diaryl ketones, offering mitigation of electrophilic and 
photochemical liabilities, and have also shown promise as alter
natives to diaryl methylene, gem-dimethyl, and cyclobutanes 
[15]. Bull developed a lithium-catalyzed Friedel–Crafts alkylation 
of oxetanols, generating the oxetane carbocation via selective 
C–OH bond cleavage to enable access to electron-rich diarylox
etanes (Figure 5(b)) [131]. In a complementary strategy, Baran 
recently reported the bidirectional functionalization of oxetane 
α-bromo acids, allowing for the synthesis of electron-deficient 
and diheteroaryl oxetanes [132].

Recent efforts have focused on merging the advantageous 
features of the oxetane ring with fluorine, a key element in 
drug design. Grygorenko developed 2-substituted 3,3-difluor
oxetanes as a promising fluorinated motifs and non-classical 
isostere of numerous functional groups, including the tert- 
butyl group [133]. Intramolecular nucleophilic substitution of 
2,2-difluoro-3-haloalcohols afforded 2-substituted 3,3-difluor
ooxetane building blocks on multi-gram scales. Chan, Liu, and 
Koh have reported the synthesis of an alternative regioisomer 
of this interesting building block, a 3-substituted 2,2-difluor
ooxetane, via difluorocarbene insertion into epoxides [134].

The renaissance of single-electron transformations in syn
thetic chemistry has significantly expanded the retrosynthetic 
disconnections available for incorporating oxetanes into com
plex scaffolds. The commercial availability of 3-methyloxetane- 
3-carboxylic acid has led to its use as a substrate in broader 
reaction scopes [135–138]. Notably, scientists at Janssen have 
showcased the utility of MacMillan’s metallaphotoredox 

Figure 4. (a) Building blocks utilized to access oxetane scaffolds in medicinal chemistry. (b) Tolerance of the oxetane core towards common synthetic transformation 
in medicinal chemistry.
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deoxygenative coupling chemistry in an automated high- 
throughput workflow, underscoring its potential for rapid oxe
tane-based library synthesis [139,140].

Shenvi developed a strategy involving hydrogen atom 
transfer from an iron species to an oxetane alkylidene species 
to generate the tertiary radical, which is then trapped by 
a nickel species for arylation [141]. Another approach by 
Ackermann and Johansson demonstrated Ru-catalyzed late- 
stage meta-C–H functionalization of complex drug molecules 
with oxetanes [142]. Furthermore, Bull conducted in-depth 
studies on the reactivity of tertiary benzylic oxetane radicals, 
concluding that these benzylic radicals occupy a unique zone 
of stability that promotes reactivity while minimizing decom
position [143]. Additionally, analogous decarboxylative func
tionalization has been demonstrated at the 2-position of the 
oxetane ring [144].

Although these 2,2-disubstitued systems are less studied, 
several robust methodologies have been developed for their 
synthesis. Bull demonstrated cyclization strategies to access 
a diverse array of 2,2-disubstituted oxetanes Rh-catalyzed car
bene O–H insertion followed by C–C bond formation [145– 
147]. Alternatively, Silvi reported the radical addition of an α- 
hydroxyl radical to an activated alkene, followed by in situ 
cyclization to furnish the 2,2-disubstituted oxetane [148].

Spirocyclic oxetanes can be accessed through similar stra
tegies to other disubstituted oxetanes, such as the Paternó- 
Büchi reaction or Michael addition followed by cyclization 
[116–119,149]. Alternative approaches involve [2 + 2] or [3 +  
2] cycloadditions from suitable oxetane alkylidene precursors 
[150–156]. In medicinal chemistry, however, spirocyclic oxe
tanes are most frequently introduced using the commercially 
available 2-oxa-6-azaspiro[3.3]heptane amine-building block 

Figure 5. Selected recent advances in the synthesis of disubstituted oxetane derivatives. (a) Amino-oxetanes. (b) Diaryloxetanes. c) 2,2-Disubstituted oxetanes.
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[1,6,157–159]. Recent improvements in its synthesis, such as 
isolating the compound as the sulfonate salt instead of the 
oxalate salt [160], as well as reports of scalable, cost-efficient 
procedures have further enhanced the utility of this spirocyclic 
oxetane motif [161–163].

4. Conclusion

Oxetanes have emerged as versatile and increasingly valuable 
motifs in drug discovery and development due to their poten
tial to modulate physicochemical properties. Initial studies 
highlighted oxetanes as isosteric replacements for gem- 
dimethyl and carbonyl groups, owing to their polarity and 
favorable metabolic stability. More recently, oxetanes have 
been widely employed in drug discovery as pendant groups 
to fine-tune physicochemical properties; improving solubility 
(as exemplified by mevrometostat) or reducing amine basicity 
(as seen in BTK inhibitors like rilzabrutinib, ziresovir, and GDC- 
0349) without compromising lipophilicity or metabolic clear
ance. The recent FDA approval of oxetane containing rilzab
rutinib and the presence of oxetanes in eight other small 
molecule clinical candidates is a testament to their utility in 
modern drug discovery. The successful process-scale synthesis 
of several oxetane-containing clinical candidates reinforces 
their practical viability, with interest and application of this 
motif expected to grow. Furthermore, the synthetic accessi
bility of oxetane scaffolds has significantly improved, enabling 
broader exploration in SAR studies.

5. Expert opinion

FDA approval of the first fully synthetic oxetane-containing 
drug, Rilzabrutinib, was granted while we were writing this 
review, and further approvals appear imminent. Rilzabrutinib 
remains under regulatory review in the EU [43]. Ziresovir is 
also under regulatory review in China, with Shanghai Ark 
Biopharmaceuticals partnering with WuXi STA for commercial 
supply [164]. In parallel, data from the Phase III clinical trials 
for fenebrutinib and mevrometostat are expected by the end 
of 2025 [165–167]. These crucial developments will further 
bolster confidence in the broader adoption of oxetanes as 
a viable motif in drug development.

Among the clinical candidates outlined in this review, 
the oxetane was introduced to modulate neighboring 
amine basicity in five compounds, influence neighboring 
acetylene reactivity in one compound, and to adjust lipo
philicity and permeability in the other two compounds. The 
inductive electron-withdrawing nature of the oxetane sig
nificantly lowers the pKaH of nearby basic groups (by 
approximately 2.7 units when positioned α, 1.9 units when 
β, 0.7 units when γ, and 0.3 units when δ) allowing for 
modulation or elimination of basicity-related liabilities. 
Structurally, the three sp3 -hybridized tetrahedral carbon 
atoms contribute to enhanced molecular three- 
dimensionality, which can improve aqueous solubility, 
while their small size and high polarity, can shield metabo
lically vulnerable positions without substantially increasing 
molecular weight or lipophilicity. Moreover, the moderate 
ring strain of oxetanes may be harnessed to steer metabolic 

clearance toward mEH rather than cytochrome P450 
enzymes, reducing the risk of drug–drug interactions and 
associated hepatotoxicity.

This use as a pendant motif contrasts with the earlier 
literature [5–7], where oxetanes were primarily investigated 
as isosteric replacements. Nonetheless, their hydrogen- 
bonding resemblance to carbonyl groups positions oxetanes 
still as promising carbonyl bioisosteres, offering potential ben
efits such as improved solubility, avoidance of carbonyl- 
specific metabolic degradation, and novel IP opportunities. 
However, the geometrical differences, notably in carboxylic 
acid derivatives, based on different preferred dihedral angles 
suggest applications as different design elements may be 
more productive. Two lead compounds disclosed in 
2024 have demonstrated the potential for oxetanes to engage 
polar residues in hydrophobic pockets [96,97]. Taken together, 
these findings underscore the untapped versatility of the oxe
tane scaffold to fulfill multiple roles in drug design.

While significant advances have been made in developing 
synthetic methodology for accessing oxetane derivatives on 
a laboratory-scale, scaling up remains a significant challenge, 
as demonstrated by work from Pfizer and Merck on PF- 
06821497 [65], PF-06878031 [89–91], and the IDO1 inhibitors 
[95]. The current availability of oxetane building blocks suita
ble for process-scale transformations is limited, with many 
being cost-prohibitive or requiring bespoke in-house synth
esis. More cost-effective and scalable routes to access complex 
oxetane intermediates are still required.

Furthermore, despite significant methodological progress, 
achieving specific substitution patterns on oxetanes remains 
synthetically challenging. While late stage oxetane ring con
struction can be effective, it typically results in linear synthetic 
routes that limit the rapid generation of analogues. Thus, the 
continued innovation in synthetic methodology is essential to 
enable broader exploration of diverse oxetane scaffolds during 
hit-to-lead and lead optimization efforts. This includes new 
reagents for the introduction of different oxetane classes, 
with varied and different substitution patterns, and to facil
itate facile late stage diversification.

Finally, oxetane rings can be susceptible to ring-opening, 
particularly under acidic or high-temperature conditions. 
While 3,3-disubstituted oxetanes are generally more robust, 
even these can undergo ring-opening in the presence of 
properly located internal nucleophiles (e.g. alcohols or 
amines to form 5 or 6 membered rings) under acidic con
ditions. Instability under harsh conditions may also compli
cate multistep, large-scale synthesis. Consequently, oxetanes 
are often installed in the later stages of synthesis to avoid 
subjecting the oxetane functionality to various reaction and 
work-up conditions. In this context, systematic evaluations 
of oxetane core stability under common synthetic condi
tions, such as those recently undertaken by Enamine, 
along with more data on different oxetane classes are valu
able for expanding their reliable use in synthetic workflows 
[105]. More comprehensive and systematic data on the 
pharmacological and ADME profiles of oxetane-containing 
compounds are also needed to inform structure–property 
relationships and improve predictive accuracy in medicinal 
chemistry.
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Moreover, despite the growing popularity in small molecu
lar drug discovery, with 273 publications reporting oxetanes as 
a substructure since 2017, their applications in drug discovery 
platforms such monoclonal antibodies (mAbs) and RNA- 
targeted drugs remain underexplored. Encouragingly, proof- 
of-concept studies have demonstrated the site-selective incor
poration of oxetanes into proteins and antibodies, with early 
data suggesting enhanced immunogenic activity and 
increased resistance to proteolytic degradation [19,20]. 
Similarly, oxetane-modified antisense oligodeoxyribonucleo
tides have shown potential as gene-silencing agents [168]. 
These findings indicate that there is untapped utility of oxe
tanes in biologics and nucleic acid therapeutics representing 
a promising frontier for future research and development.
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