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Bioorthogonal Bond Cleavage Reaction

ɒClickɓ Reactions γɒFleavageɓ Uhdfwlrqv

É Insensitive to water

É Available starting materials and reagents

É Simple, broad in scope yield 

É Stable products

The other side of high stability of the Click reaction product 

is that ---- the ñCleavageò reaction is a great challenge.

Bioorthogonal chemistry has been viewed as two-

component ñligationòreactions. 
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Bioorthogonal Cleavage Reaction
Milestones

2002

The Cu(I)-catalyzed 

azidealkyne 

cycloaddition (CuAAC)

2000

Staudinger 

Ligation

2003

ɒEioorthogonal

chemistry ɓwas first 

proposed .

2004

Strain -Promoted Azide -

Alkyne Cycloaddition

εSPAACζ

2008

The inverse electron -

demand Diels -Alder 

(IED-DA) reaction

2013

First Report Click 

to Release

2014

Bioorthogonal Cleavage 

Reaction ɏzdv iluvw 

proposed by Prof. Chen P.

2016

In situ Drug 

Assembly

2024

Bioorthogonal prodrugs 

started phase II clinical 

applications

2023

Bioorthogonal 

prodrug completed 

Phase I clinical trial

Hermann ¶Staudinger

Carolyn R. Bertozzi

[1]: Proc. Natl. Acad. Sci. 2003, 100, 14846ï14851.

[2]: J. Am. Chem. Soc. 2008, 130, 13518ï13519.

[3]: Nat. Chem. Biol. 2014, 10, 1003ï1005.

[4]: Angew. Chem., Int. Ed.2016, 55 (45), 14046ī14050.

[5]: J. Med. Chem. 2023, 66, 16546ī16567

Sharpless, K.B

Carolyn R. Bertozzi

Joseph. M. Fox

Robillard, M.S.

José M. Mejía Oneto

José M. Mejía Oneto
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Bioorthogonal Cleavage Reaction
Data Statistics
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Bioorthogonal Bond Cleavage Reaction
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Introduction of Prodrug Delivery

[1] Mini Rev Med Chem.2010 Dec; 10 (14):1316-30.

Å Improve the physical and chemical 
properties of the original drug

ÅOvercoming absorption, 
distribution, metabolism, 
excretion and toxicity reactions

01 Finding Drug Targets 
for Disease

02 Screening of lead compounds 
and pharmacophores

03 Optimizing drug lead 
molecule -target interactions
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¸ Pharmacokinetics of the molecules PK
¸ Absorption, Distribution, Metabolism and Excretion (ADME)

Introduction of Prodrug Delivery

Poor water solubility
Low cell entry
Too fast or too slow metabolism
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Aspirin

Low spatiotemporal resolution
Premature leakage of the drug
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Organic small moleculeïinduced 
Bioorthogonal Bond Cleavage Chemistry between TCO and Tetrazine.

Antibodyï

drug-conjugate 

(ADC) release

Developed a new bioorthogonal elimination reaction that enables instantaneous, 

self-immolative, and traceless releaseof a substance from trans-cyclooctene 

following tetrazine ligation.

Reduction of the toxicity of doxorubicin to 1/1000 by eliminable modifications.

In 25% MeCN in PBS, the inv-DA pyridazine elimination reached 79% yield 

within minutes under ambient conditions at micromolar concentrations.

[1]: Angew. Chem. Int. Ed. 2013, 52, 14112 ï14116

Marc S. Robillard
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Organic small moleculeïinduced 
Bioorthogonal Bond Cleavage Chemistry between TCO and Tetrazine.

[1]: Angew. Chem. Int. Ed. 2013, 52, 14112 ï14116 12



Organic small moleculeïinduced 
Bioorthogonal Bond Cleavage Chemistry between TCO and Tetrazine.

[1]: Angew. Chem. Int. Ed. 2013, 52, 14112 ï14116 13



Organic small moleculeïinduced 
Click Activated Protodrugs Against Cancer (CAPAC)

[1]: ACS Cent. Sci. 2023, 9, 1400ī1408.

SQP33

Dox

DoxDox
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Organic small moleculeïinduced 
Click Activated Protodrugs Against Cancer (CAPAC)

[1]: ACS Cent. Sci. 2023, 9, 1400ī1408.

AN = advanced-stage necrosis; 

EN = early-stage necrosis; 

N = necrosis;

S = stroma; 

T = tumor.
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Organic small moleculeïinduced 
Click Activated Protodrugs Against Cancer (CAPAC)

[1]: ACS Cent. Sci. 2023, 9, 1400ī1408.

Beagle dogs
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Organic small moleculeïinduced 
Click Activated Protodrugs Against Cancer (CAPAC)

[1]: ACS Cent. Sci. 2023, 9, 1400ī1408.

Phase 1: Safety and tolerability

Phase 2a: Safety, tolerability, and efficacy in 

Dox-sensitive tumors.
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Photo-induced  
Photoclick and Release with Fast Kinetics

ṩᶽḙḗԌ

[1]: ChemBioChem. 2023, 24, e202200506

Å Established a novel photoclick-andrelease platform for 

bioorthogonal prodrug design that possesses fast click 

kinetics (k2 = 1.3~22.6 M-1·s -1 ) and multiple outputs 

(drug payloadsor fluorescent reporter).

Å Successfully applied in live cells to deliver CO and 

a fluorescent self-reporter , both of which exhibited 

pronounced antiproliferative activity against 4T1 

cancer cells.
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Photo-induced  
Photoclick and Release with Fast Kinetics

[1]: ChemBioChem. 2023, 24, e202200506
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Photo-induced  
Photoclick and Release with Fast Kinetics

[1]: ChemBioChem. 2023, 24, e202200506
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Photo-induced  
ɎClick, cyclize, and releaseɏ strategy.

[1]: Org. Lett. 2019, 21, 3649ī3652

Å To address the challenging issues associated with the 

delivery of a gaseous molecule (e.g. CO).

Å Develop a general strategy of prodrugs with multiple 

outputs.

Å The fluorescent natureof the byproduct after prodrug 

activation can be used as a reporter molecule for real-

time monitoring of payload release.
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[1]: Org. Lett. 2019, 21, 3649ī3652

Photo-induced  
ɎClick, cyclize, and releaseɏ strategy.
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[1]: J. Am. Chem. Soc. 2023, 145, 6067ī6078

Photo-induced  
Subcellular level localization, regulation and release.
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[1]: J. Am. Chem. Soc. 2023, 145, 6067ī6078

Photo-induced  
Subcellular level localization, regulation and release.
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[1]: J. Am. Chem. Soc. 2023, 145, 6067ī6078

Photo-induced  
Subcellular level localization, regulation and release.
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[1]: J. Am. Chem. Soc. 2023, 145, 6067ī6078

Photo-induced  
Subcellular level localization, regulation and release.
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Metal-induced  
Au(I)Subcellular level localization, regulation and release.

[1]: J. Am. Chem. Soc.2020, 142, 8203ī8210 29



* in 6 M Gn·HCl buffer, 200 mM Na2HPO4buffer, pH 6ī7; 

** in 20 mM Tris buffer, 150 mM NaCl, pH 6ī7.

Metal-induced  
Au(I)Subcellular level localization, regulation and release.

[1]: J. Am. Chem. Soc.2020, 142, 8203ī8210 30



[1]: J. Am. Chem. Soc.2020, 142, 8203ī8210

Metal-induced  
Au(I)Subcellular level localization, regulation and release.
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Metal-induced  
Gold(III)-Induced Amide Bond Cleavage In Vivo

[1]: J. Am. Chem. Soc. 2024, 146, 23240ī23251.

Here, we report a novel amide bond-cleavage reaction 

triggered by Na[AuCl4] in mild aqueous conditions, where 

a crucial cyclization step leads to the formation of a 5-

membered ring intermediate that rapidly hydrolyses to 

release the free amine in high yields. 
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Metal-induced  
Gold(III)-Induced Amide Bond Cleavage In Vivo

[1]: J. Am. Chem. Soc. 2024, 146, 23240ī23251. 33



Metal-induced  
Gold(III)-Induced Amide Bond Cleavage In Vivo

[1]: J. Am. Chem. Soc. 2024, 146, 23240ī23251. 34



Metal-induced  
Gold(III)-Induced Amide Bond Cleavage In Vivo

[1]: J. Am. Chem. Soc. 2024, 146, 23240ī23251. 35



Metal-induced  
Pt-Induced Amide Bond Cleavage In Vivo

[1]: J. Am. Chem. Soc. 2024, 146, 23240ī23251.

Use platinum complexes (K2PtCl4 or CisPt) for drug activation.

Expand the application of platinum complexes beyond those in 

catalysis and cancer therapy.

Under nontoxic amounts of platinum salts, the decaging of 

pentynoyl tertiary amides and N-propargyls occurs rapidly in 

aqueous systems.
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Metal-induced  
Pt-Induced Amide Bond Cleavage In Vivo

[1]: J. Am. Chem. Soc. 2024, 146, 23240ī23251. 37



Metal-induced  
Pt-Induced Amide Bond Cleavage In Vivo

[1]: J. Am. Chem. Soc. 2024, 146, 23240ī23251. 38


