
trans-Cyclooctenes (TCOs) and tetrazines (Tzs) react selectively and extremely rapidly 
without a catalyst via an inverse electron-demand Diels–Alder reaction (IEDDA). This 
conjugation reaction is used for both low- and high-molecular compounds, including 
proteins and nucleic acids. It is also used for the selective delivery and release of drugs 
via the click-to-release strategy.

Metal Catalyst Free
The reaction proceeds without using cytotoxic 
metal  cata lysts,  making i t  su i table for 
biocompatible reactions in cells and living 
organisms.

Mild Reaction
Conditions

The reaction proceeds at room temperature or 
relatively low temperatures, requires no 
special conditions, and is easy to handle.

Fast Reaction The reaction is very fast even using low 
concentrations of coupling partners.

High Reaction
Specificity

This reaction can be combined with CuAAC or 
SPAAC to enable a series of click reactions. 
This is an effect ive strategy for double 
labeling and multi-component condensation.

Third Generation Click Chemistry Reagents
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Key Advantages of The Products 

We provide axial and equatorial isomers separately.
We have successfully isolated and structurally characterized the axial and equatorial isomers of TCO 
and TCO*, developing them into our products.  Because these isomers differ in reactivity and stability, 
we provide the most suitable reagents for each application with reliable quality assurance.

We offer various derivatives of H-Tz and Me-Tz.
We offer various H-Tz and Me-Tz derivatives, considering their different chemical properties and 
applications.

We offer a wide range of functional group introduction options.
We offer hetero-bifunctional crosslinkers that incorporate azides, alkynes, and DBCO, which can be 
used in combination with CuAAC and SPAAC click reactions, as well as frequently used maleimides 
and biotin derivatives, We also offer crosslinkers incorporating N-hydroxysuccinimide esters (NHS 
esters) and p-nitrophenyl esters (pNP esters), which readily react with amino groups.

We offer a variety of products that incorporate PEG linkers.
We offer a variety of TCO and Tz derivatives with PEG linkers. These derivatives have good 
biocompatibility, improved water solubility, and reduced non-specific binding to proteins and other 
substances.

equatrial isomer
[T4212]

axial isomer
[T4213]
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Characteristics of IEDDA

Substrate Selection

Reactivity and stability

CuAAC, SPAAC, and IEDDA are well-known click reactions. Among these, IEDDA does not require a 
metal catalyst, exhibits faster reaction kinetics, and can serve as a biocompatible reaction. IEDDA can 
also be used for complementary and sequential click reactions in conjunction with CuAAC and SPAAC 
because the TCO and Tz reactions are fast and selective.

TCO (= 4-TCO) reacts faster than TCO* (= 2-TCO) substituted at the allyl position. In addition, the axial 
isomer is more reactive than the corresponding equatorial isomer. The electron-rich and low steric 
hindrance H-Tz reacts faster than Me-Tz. These reaction rates are related to stability. In other words, 
substrates with lower reactivity exhibit higher stability under physiological conditions.

Third generation: 
IEDDA

Not required (catalyst-free)Not required (catalyst-free)Required (Cu(I) cat.)Catalysts

NoNoNo (Copper removal
required)By-products

Very fast (100–106 M-1s-1)Medium (10-2–100 M-1s-1)Fast (101–102 M-1s-1)Reaction rate

Excellent (very non-toxic)Good (non-toxic)Low (the Cu cat. toxicity)Biocompatibility

Second-generation:
SPAAC

First-generation:
CuAAC

Electron-poor diene (Tz) +
Electron-rich dienophile 

(TCO, etc.)
Azide + Stained alkyneAzide + Terminal alkyneReactive

substrates

PossiblePossibleReaction
in water

Possible (Ligand and
reducingagent required)

Reactivity: high Stability: high
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Application 1

Application to Bioconjugation (Click)

The combination of TCO (= 4-TCO) and various Tz promotes the IEDDA reaction with remarkable 
speed and high selectivity. This efficient process can be applied to biological systems, making it 
useful in many fields.

For bioimaging
　　Fluorescent labeling of cells and tissues
　　Radioactive labeling
Visualization, Real-time detection, Rapid and efficient labeling of short-lived radioisotopes, and 
application in PET (positron emission tomography) probes.

[Practical Example] Pretargeting based on IEDDA

For highly selective bioconjugation
　　Site-specific modification of antibodies, proteins, peptides, and nucleic acids
　　Protein and peptide cross-linking

TCO（= 4-TCO） Tz

Click

1

2

　　A targeting antibody bearing a TCO (or Tz) is administered and allowed to accumulate 
　　in the target tissue.
　　A labeled Tz (or TCO) probe is administered and rapidly and selectively labels the target.
　　Used for target imaging and therapy.3
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Application 2

Application to molecule release using "Click-to-Release" strategy

Click

Payload TCO*-Payload

Me-Tz compound BioMolecule

Release

Payload

+
- CO2

+

+

Me-Tz-BioMolecule

+

- N2

The "Click-to-Release" strategy is one method of using TCO and Tz. The strategy uses the axial 
isomer of TCO* (2-TCO). The axial isomer has been reported to exhibit an approximately 150-fold 
higher IEDDA reactivity than the equatorial isomer, making the axial isomer suitable for this reac-
tion. Me-Tz derivatives are used as coupling partners for Click-to-Release.

The prodrug strategy using IEDDA

 Targeted drug release
 Designing the trigger for the release of a drug
  Improving stability under biological conditions
A fast and selective click reaction is used to achieve localized drug release.

[T4218]
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• Chemicals itemized in this brochure are for research and testing use only. Please avoid use other than by chemically knowledgeable professionals. • Information such as listed products and its specifications and so on are subject to 
change without prior notice. • The contents may not be reproduced or duplicated in whole or in part without permission of Tokyo Chemical Industry Co., Ltd.
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Ordering and
Customer Service

Tel : 800-988-0390 / 021-67121386
: 
: 

Fax 021-6712-1385
E-mail Sales-CN@TCIchemicals.com

Tel : +81 (0)3-5640-8878 
E-mail : globalbusiness@TCIchemicals.com

Tel : +44 (0)1865 78 45 60
E-mail : Sales-UK@TCIchemicals.com

Tel : +49 (0)6196 64053-00
Fax : +49 (0)6196 64053-01
E-mail : Sales-DE@TCIchemicals.com

Tel : +32 (0)3 735 07 00
Fax : +32 (0)3 735 07 01
E-mail : Sales-EU@TCIchemicals.com

800-423-8616 / 503-283-1681
888-520-1075 / 503-283-1987

Tel : 
Fax : 

Sales-US@TCIchemicals.comE-mail : 

Tel : 1800 425 7889 / 044-2262 0909
: E-mail Sales-IN@TCIchemicals.com

Selection Guide of Reagents
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Product Number

pNP ester [T4212] [T4213] [T4257]
[T3949] [T4455] [T4456]
[T4233] [T4234]
[T4238] [T4239]

[T3948]
[T4236] [T4237]
[T4340]
[T4126]

[T4218] [T4219]
[T4262] [T4457] [T4458]
[T4258]

[T4260]
[T4261]
[T4259]
[D6331] [M3494] [M3468]

[A3721] [M3558]
[M3769]
[M3767]
[A3697]

[M3768]
[M3469]
[B6382]
[T4125] [D6332]

[T4123] [T4298]
[T4279]
[T4277]
[T4276]

[T4280]

NHS ester
Amino group

DBCO
Maleimido group

Biotin

pNP ester

NHS ester
Amino group

DBCO

NHS ester
Amino group

NHS ester

Amino group

DBCO
Alkynyl group

Alkynyl group
Maleimido group

Azido group

Azido group

Biotin

Biotin

Hydroxy group
Bromo group

Maleimido group

Biotin

NODAGA

Amino acid

TCO

TCO*

Me-Tz

H-Tz

Click-to-
Release

Carboxy group
Azido group
Thiol group

Avidin
Metal ion

Other
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Following the IEDDA, TCO* can also be used as a click reaction substrate without release when combined with Tz which forms
1,4-dihydropyridazine with lower release efficiency.
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