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Novel chemical modalities 4

Blanco, et al. ACS Med. Chem. Lett. 2022, 13, 1691–1698.

Peptides therapeutics

・the easily designed structure

・the appropriate molecular size

・a good cell penetrability

・a high binding affinity 
with the PPI interface

Drug discovery and development has 
experienced an incredible paradigm shift 

“once” small molecules
→ “now” a variety of modalities



Strategies of peptide stabilization

Linear peptide

low helicity
poor stability

uncontrollable hydrophobicity

The critical problem with peptide drugs 5

Zhang, et al. Explor Drug Sci. 2024, 2, 154–89. 

Cyclic peptide    Bicyclic peptide Staple peptide

more stable structure

unique bioactive properties

more resistance to proteolysis

cannot maintain structure and function    
due to lacking the structural support 
available from the other parts of protein



Linear peptide

low helicity
poor stability

uncontrollable hydrophobicity

6

Stapled peptide

high helicity
enhanced stability

programmable hydrophobicity

longer serum half-time

higher levels of cell permeability

stabilize the α-helix conformation 
→ restore binding affinity 

←Staple

Advantages of stapled peptides

Zhang, et al. Explor Drug Sci. 2024, 2, 154–89. 



What kind of 
reaction？

Reaction type of the staple 7
The recent advances of the stapled peptides

Olefin RCM

Nucleophilic substation of cysteine

CuAAC “click” reaction

Zhang, et al. Explor Drug Sci. 2024, 2, 154–89. 



8
The recent advances of the stapled peptides

Position of the staple 

Which 
position？

Thurber, et al. J. Med. Chem. 2024, 67, 9991-10004

Wheel diagram 

of the F9170 peptide

The spatial position of i, i+4/7/11 
locating amino acids on a helical peptide

Zhang, et al. Explor Drug Sci. 2024, 2, 154–89. 



Composition of the staple 9

Sipthorp, et al. ChemBioChem 2017, 18, 1066-1071. 

What kind of 
staples？

the 
developme
nt of two-
component 
stapling 

modularized staple functionalization 

The recent advances of the stapled peptides

two-component stapling 



Introduce additional functionality 10

Stability of
structures

Conventional
Purpose

New 
Purpose

Additional
functionality

What kind of 
staples？

Sipthorp, et al. ChemBioChem 2017, 18, 1066-1071. 
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Ⅰ-(1) Fluorogenic stapling 13

Perrin, et al. Chem. Sci. 2025, 16, 584–595 

the 
developme
nt of two-
component 
stapling 

Reaction mechanism

Li, et al. J. Am. Chem. Soc. 2019, 141, 12274−12279 

Fluorescent Isoindole Crosslink (FlICk)



Ⅰ-(1) Fluorogenic stapling 14

(20a)all-hydrocarbon stapled
(20b)FlICk-stapled

・very similar stapling scaffold and helicity
・equipotent to bioactivity of (20a)
・comparable to helicity to (20a)

20b FlICk-stapled

Perrin, et al. Chem. Sci. 2025, 16, 584–595 



Ⅰ-(1) Fluorogenic stapling 15

(21a)FITC-labeled peptide
(21b)FlICked-peptide

・intracellular fluorescence.  
was observed (405nm).

・good cell permeability
・good stability

20b FlICk-stapled

・structuring native a-helices to improve their bioactivity 
・positional selectivity favoring i, i+4 helical staples (Lys & Cys)
・obviating the need  to append a fluorophore

Perrin, et al. Chem. Sci. 2025, 16, 584–595 



16

Su, et al. ChemBioChem 2024, 25, 2-8 

Ⅰ-(2)Anchoring a luminescent tag in a Protein

site-specific labeling of a protein with
non-emissive iridium(III) complex 

・high cell permeability
・low cytotoxicity
・long emission lifetimes
・superior photostability

Iridium(Ⅲ) Complex



Ⅰ-(2)Anchoring a luminescent tag in a Protein 17

・coordinating to His/His that are separated by i and i+4 in α-helix
・demonstrated in a specific and efficient manner in many proteins

Su, et al. ChemBioChem 2024, 25, 2-8 
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・the use of oxidative decarboxylative    
condensation of glyoxylic acid 

・the formamidine linkage is stable under 
pH- neutral buffers and acidic conditions 

・it can be readily cleaved with ethylenediamine 
or hydrazine under mild conditions 

・two native amines(Lys) in peptide stapling 

・easy-ON and easy-OFF linker

Ⅱ-(1)Reversible Lys-Lys linker

Chen, et al. Angew. Chem. Int. Ed. 2025, e202422844 

19



20
ling Reaction mechanism

Ⅱ-(1)Reversible Lys-Lys linker

Chen, et al. Angew. Chem. Int. Ed. 2025, e202422844 



21
ling 

Scope

Reversible
crosslinking system

Ⅱ-(1)Reversible Lys-Lys linker

ling 

ling 

Chen, et al. Angew. Chem. Int. Ed. 2025, e202422844 



Ⅱ-(2) Photoswitch peptide stapling

Spring, et al. RSC Chem. Biol. 2024, 5, 49–54 

22

・use of red light

・cysteine-selective peptide stapling

・light induced changes in peptide conformation

・>240-fold difference in binding 
affinity for MDM2

・can rescue p53 from degradation？

ling 



23

SP1 showed markedly improved stability compared P1 and PMI
→ can be attributed to the conformational rigidity 

PMI (p53/MDM2 inhibitor; TSFAEYWNNLSP) 

Ⅱ-(2) Photoswitch peptide stapling

Spring, et al. RSC Chem. Biol. 2024, 5, 49–54 



24Ⅱ-(2) Photoswitch peptide stapling

the trans and cis isomers of SP1 displayed 
significantly different binding affinities for MDM2

a photoswitchable therapeutic stapled peptide 
between its different isomers 

Spring, et al. RSC Chem. Biol. 2024, 5, 49–54 
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Ⅲ-(1) Retaining a modification handle 26

Xu, et al. J. Am. Chem. Soc. 2024, 146, 6675−6685. 

・the unreacted −OH to serve 
as a reactive handle 

・unsymmetric stapling of 
unprotected peptides 



27

・site-selective perfluoroarylation of Ser β−C−H in peptide
・perfluoroarylated modification of unprotected peptides
・limited to smaller peptides

Ⅲ-(1) Retaining a modification handle

Xu, et al. J. Am. Chem. Soc. 2024, 146, 6675−6685. 



28

unsymmetric perfluoroaryl stapling of unprotected peptides based on Ser and Cys

Ⅲ-(1) Retaining a modification handle

Xu, et al. J. Am. Chem. Soc. 2024, 146, 6675−6685. 



29Ⅲ-(1) Retaining a modification handle

Xu, et al. J. Am. Chem. Soc. 2024, 146, 6675−6685. 



30

stapled peptides (15b, 16b) 
linear precursor (15a, 16a)

(B)→enhanced stability
(C)→different localization

stapled peptide

late-stage functionalizations
→various applications ( intracellular tracking)

Ⅲ-(1) Retaining a modification handle

Xu, et al. J. Am. Chem. Soc. 2024, 146, 6675−6685. 



Ⅲ-(2) Tryptophan stapling & late-stage functionalization 31

Krajcovicova, et al. Angew. Chem. Int. Ed. 2023, 62, e202307782 

Reagents and conditions: 
i) 2 % DBU in CH2Cl2, 20 min, r.t., then acetic anhydride, DMAP, CH2Cl2, r.t., 16 h
ii) Pd(PPh3)4, PhSiH3, CH2Cl2, r.t., 3 h, then 4-(2-carboxyethyl)benzeneboronic acid, HATU, DIPEA, r.t., 16 h 
iii) CH2Cl2/HFIP 4 : 1, r.t.; 
iv) para-methoxybenzyl amine, HOBt, DIC, DMF, r.t., 16 h
v) glyoxylic acid, 80 ℃, 16 h
vi) N-hydroxysuccinimide, DIC, DMF, r.t., 5–8 h then corresponding amine, DIPEA, DMF, r.t., 16 h
vii) TFA/DMSO/TIPS 9 : 1:0.1, 80 °C, 16 h

peptide stapling using the tryptophan-mediated Petasis reaction 



32
Petasis reaction

better stability in human serum

Ⅲ-(2) Tryptophan stapling & late-stage functionalization

Krajcovicova, et al. Angew. Chem. Int. Ed. 2023, 62, e202307782 



33

efficient and diverse late-stage peptide modifications

Ⅲ-(2) Tryptophan stapling & late-stage functionalization

Krajcovicova, et al. Angew. Chem. Int. Ed. 2023, 62, e202307782 
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Summary 35

Emergence of Peptide Drugs

Problems with the structure → Strategy：Peptide Stapling

Advances in staple technology are not only stabilizing the structure, 
but also providing additional functionality.

① Intracellular tracking
② On/Off chemical reaction or Light irradiation switching
③ Additional functional group

Stapled peptide has a wide range of applications.
☞ The future is bright for stapling technology !



Thank you
for your kind attention!



[ Appendix ]



Peptide drug’s advantages 38

Zhang, et al. Explor Drug Sci. 2024, 2, 154–89. 



39Ⅰ-(1) Fluorogenic stapling



40Ⅰ-(1) Fluorogenic stapling



41Ⅰ-(2)Anchoring a luminescent tag in a Protein



42Ⅰ-(2)Anchoring a luminescent tag in a Protein



43Ⅱ-(2) Photoswitch peptide stapling



44Ⅲ-(1) Retaining a modification handle



45Ⅲ-(1) Retaining a modification handle



46Ⅲ-(2) Tryptophan stapling & late-stage functionalization



47

Pasco, et al. Angew. Chem. Int. Ed. 2025, 64, e202416348 

Ⅲ-(3)Guanidinium-staple helical peptides 
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