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 Cyclobutane Derivatives in Drug Discovery 

  

 

 

 

 

 

Overview  

Unlike larger and conformationally flexible cycloalkanes, 

cyclobutane and cyclopropane have rigid conformations. 

Due to the ring strain, cyclobutane adopts a rigid puckered 

(~30°) conformation. This unique architecture bestowed 

certain cyclobutane-containing drugs with unique 

properties. When applied appropriately, cyclobutyl 

scaffolds may offer advantages on potency, selectivity 

and pharmacokinetic (PK) profile. 

 

 

 

 

 

 

 

 

 

Key Points 

 Cyclobutane adopts a rigid 

puckered conformation 

 Offering advantages on 

potency, selectivity and 

pharmacokinetic (PK) 

profile. 
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PharmaBlock designs and 

synthesizes over 1846 

cyclobutanes, and 497 

cyclobutane products are 

in stock. CLICK HERE to 

find detailed product 

information on webpage. 

Cyclobutane-containing Drugs 

At least four cyclobutane-containing drugs are currently on the market. 

Chemotherapy carboplatin (Paraplatin, 1) for treating ovarian cancer was 

prepared to lower the strong nephrotoxicity associated with cisplatin. By 

replacing cisplatin’s two chlorine atoms with cyclobutane-1,1-dicarboxylic 

acid, carboplatin (1) has a much lower nephrotoxicity than cisplatin. On 

the other hand, Schering-Plough/Merck’s hepatitis C virus (HCV) NS3/4A 

protease inhibitor boceprevir (Victrelis, 2) also contains a cyclobutane 

group in its P1 region. It is 3- and 19-fold more potent than the 

corresponding cyclopropyl and cyclopentyl analogues, respectively.1  

 

 

Androgen receptor (AR) antagonist apalutamide (Erleada, 4) for treating 

castration-resistant prostate cancer (CRPC) has a spirocyclic cyclobutane 

scaffold. It is in the same series as enzalutamide (Xtandi, 3) discovered by 

Jung’s group at UCLA in the 2000s. The cyclobutyl- (4) and cyclopentyl- 

derivative have activities comparable to the dimethyl analogue although 

the corresponding six-, seven-, and eight-membered rings are slightly less 

active.2 On a separate note, thiohydantoins are known structural alerts to 

cause toxicities. However, in this particular case for the particular 

indication (CRPC), both enzalutamide (3) and apalutamide (4) have 

sufficiently large enough therapeutic windows to pass FDA’s stringent 

requirements on safety and efficacy. Being dogmatic about structural 

alerts would have missed these life-saving medicines! 

 

 

 

https://promotion.pharmablock.com/20190814092106/index.html
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Agios’ ivosidenib (Tibsovo, 16, vide supra), a first-in-class IDH1 inhibitor 

containing a difluorcyclobutylamine substituent, was approved by the FDA 

in July 2018 for the treatment of IDH1-mutant cancers.8  

Unlike the conformationally flexible tetrahydrofuran ring found in natural 

nucleosides, the conformationally more rigid 4-membered cyclobutane 

ring on BMS’s lobucavir (5) favors a single puckered conformation. It is 

active against human immunodeficiency virus-1 (HIV-1), hepatitis B virus 

(HBV), and herpesviruses, suggesting that scaffold conformational 

flexibility is not essential for antiviral activity and that a rigid scaffold can 

be compatible with the inhibition of viral replication.3 Although the phase 

III clinical trials for lobucavir (5) were discontinued in 1999 due to safety 

concerns, it paved the road for the discovery of BMS’s entecavir 

(Baraclude) as an effective treatment for hepatitis B.  

  

 

 

 

Cyclobutanes in Drug Discovery 

Cyclobutane motif has been employed to improve a drug’s potency, 

selectivity, and pharmacokinetic profile. 

Triazole 6 as a tankyrase (TNKS) inhibitor had a poor PK in rats. A 

structure-guided hybridization approach gave a new series combining 

triazole 6 and benzimidazolone 7. Here the trans-cyclobutyl linker 

displayed superior affinity compared to a cyclohexyl and phenyl linker. 

The resulting hybrid cyclobutane 8 showed favorable activity, selectivity 

and in vitro ADME profile. Moreover, it was shown to be efficacious in 

xenograft models.4    
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PBN20120283 

PB05328 

PBN20120148 

PBLJ2811 
Tetrahydronaphthyridine 9 is a novel inverse agonist for retinoic acid-

related receptor γt (RORγt). Changing the flexible n-butanoic acid on 9 

to a rigid cis-cyclobutane acetic acid on 10 led to an improvement of in 

vitro potency through reduction of the entropy loss of the carboxylic 

acid group, which occurs through interaction with amino acid residues 

in the binding site. Indeed, the resultant TAK-828F (10) demonstrated 

potent RORγt inverse agonistic activity, excellent selectivity against 

other ROR isoforms and nuclear receptors, and a good 

pharmacokinetic profile. After testing efficacious in animal models, 

TAK-828F (10) is now in clinical trials for the treatment of Th17-driven 

autoimmune disease.5   
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PBN20121017 

The rigidity offered by the cyclobutane may be useful in improving drug 

selectivity.   

Janus kinases (JAKs) are intracellular tyrosine kinases that mediate the 

signaling of numerous cytokines and growth factors involved in the 

regulation of immunity, inflammation, and hematopoiesis. There are four 

members of the Janus kinase family: JAK1, JAK2, JAK3, and TYK2. 

Marketed as a treatment of rheumatoid arthritis (RA) since 2012, Pfizer’s 

tofacitinib (Xeljanz, 11) is a JAK1/JAK3 inhibitor with moderate activity on 

JAK2. In an pursuit a selective JAK1 inhibitor, Pfizer prepared the 

corresponding sulfonamides bearing a cis-1,3-cyclobutane diamine linker 

that conferred both excellent potency and excellent selectivity within the 

JAK family. In particular, PF-04965842 (12) has a 28-fold selectivity for 

JAK1/JAK2. After demonstrating efficacy in a rat adjuvant-induced 

arthritis (rAIA) model, PF-04965842 (12) was nominated as a clinical 

candidate for the treatment of JAK1-mediated autoimmune diseases.6   

 

 

Indazole 13 with the methylsulfonamide appendage was found to be a 

highly selective β3-adrenergic receptor (β3-AR) agonist, but it was 

metabolically unstable because of high clearance. Exchanging the 

methylsulfonamide to the corresponding cyclobutylsulfonamide and an 

additional of isopropyl/methyl switch at the right portion of the molecules 

provided indazole 14. It was not only highly potent and selective as a 

β3-AR agonist, it also had a desirable metabolic stability and was orally 

available. Cyclobutylsulfonamide 14 showed dose-dependent β3-AR-

mediated responses in marmoset urinary bladder smooth muscle. It 

may serve as a candidate drug for the treatment of overactive bladder 

without off-target-based cardiovascular side effects.7   
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PBN20121317 

PBMY0034 

PBN20120146 

PBN20120145 

Point mutations in isocitrate dehydrogenase (IDH) 1 and 2 are found in 

multiple tumors, including glioma, cholangiocarcinoma, 

chondrosarcoma, and acute myeloid leukemia (AML). FDA’s 2017 

approval of Agios/Celgene’s mIDH2 Inhibitor enasidenib (Idhifa) for 

treating relapsed/refractory AML fueled much enthusiasm for this novel 

cancer target. Agios’s IDH1 inhibitor AGI-5198 (15) inhibited both 

biochemical and cellular production of oncometabolite D-2-

hydroxyglutatrate (2-HG) and was efficacious in vivo in xenograft model. 

But its poor pharmaceutical properties precluded its use in clinical 

studies. The major culprits included metabolic instability of the 

cyclohexane and the imidazole moieties. One key strategy to decrease 

metabolic clearance was replacing cyclohexyl amine with 

difluorocycbutanyl amine, which brought the metabolic stability into the 

medium clearance range. Additional optimizations led to ivosidenib 

(Tibsovo, 16), which is potent, selective, and, more importantly, 

metabolically stable. It is a first-in-class IDH1 inhibitor now approved by 

the FDA in July 2018 for the treatment of IDH1-mutant cancers.8 Agios’ 

enasidenib and ivosidenib represent a novel class of cancer therapy 

based on cellular differentiation. 
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PharmaBlock is recognized 
for its outstanding 
capability in the design, 
synthesis, production and 
commercialization of novel 
building blocks for use 
throughout the drug R&D 
process.  

 80000+ building blocks 

 10000+ in stock in both 
USA and China 

 20000+ supplied within 
two weeks 

 1000+ SAR tool kits  

 Novel building blocks 
designed upon daily 
monitoring on recent 
researches and patents 

 Keep optimizing cost 
effective route for better 
price and sustainable 
supply 

 Fast delivery of custom 
synthesis 

 Enabling technologies of 
flow chemistry, 
biocatalysis, 
photochemistry, 
electrosynthesis, and 
fluorination, etc. 

 Commercial production 
with GMP compliance 

 

 

Synthesis of Some Cyclobutane-containing Drugs 

The cyclobutylmethyl fragment on Schering–Plough/Merck’s boceprevir 

(Victrelis, 2) was incorporated from cyclobutylmethyl bromide. Therefore, 

alkylation of glycine ethyl ester with cyclobutylmethyl bromide was aided 

by KOt-Bu to produce adduct 17. Eight additional steps converted 17 to 

the desired P1 intermediate 18. Amide formation from amine 18 and P2–P3 

intermediate as acid 19 was followed by the Moffatt oxidation of the alcohol 

to ketone to deliver boceprevir (2).1   

 

 

  

 

In a synthesis of apalutamide (Erleada, 4), cyclobutanone was employed 

as the building block to install the spirocyclic cyclobutane motif. A Stecker 

reaction between cyclobutanone and aniline 20 in the presence of TMS-

CN in acetic acid provided cyclobutyl nitrile 21. Cyclization of 21 with 

aniline 22 and thiophosgene followed by acidification afforded apalutamide 

(4).9  
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Contact Us 

PharmaBlock Sciences 

(Nanjing), Inc. 

Tel: +86-400 025 5188 

Email: 

sales@pharmablock.com 

 

PharmaBlock (USA), Inc. 

Tel (PA): 1-877 878 5226  

Tel (CA): 1-267 649 7271 

Email: 

salesusa@pharmablock.c

om 

 

Finally, BMS’ synthesis of lobucavir (5) relied on a key SN2 

displacement of cyclobutyl tosylate 23. Thus, the coupling between 23 

and 2-amino-6-(benzyloxy)purine (24) assembled adduct 25. Global 

removal of the three protective groups revealed the desired lobucavir 

(5).10  

 

 

 

 

In conclusion, the conformational rigidity has bestowed the 

cyclobutane derivatives with unique properties. When applied 

appropriately, cyclobutyl scaffolds may offer advantages on potency, 

selectivity and pharmacokinetic profile.  
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