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Figure 1 Scheme of the IEDDA reaction (color online).

EDG EWG

= EWG ﬁ EDG

c oo i

N -— LUMO Lumo _;‘\“*\IHOMO
nomo-" n 4

4 4
EEBITROWRETOE/RRE || BB HRKEOPRETIE/RR

Bl 2 IEHETFEKRDARN 5T 7 KDAEDDA) X M
BT 22 T8 7~ = B (P 488 B v 1))

Figure 2 Frontier molecular orbitals of normal electron demand
Diels-Alder reaction and inverse electron demand Diels-Alder reaction
(color online).
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Figure 3 General synthesis routines of tetrazine derivatives. (a) Imidoesters-hydrazine synthetic strategy [9]; (b) nitrile-hydrazine hydrate synthetic
strategy [10]; (c) synthesis of asymmetric tetrazine derivatives via aromatic nucleophilic substitution [12]; (d) one-pot synthesis of tetrazine derivatives

by metal-catalysis [13]; (e) Heck ligation strategy [15].
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Figure 4 General synthesis routines of dienophiles. (a) Preparation of
norbornene derivatives via Diels-Alder reaction [12]; (b) preparation of
TCO via photochemistry strategy [16]; (c) preparation of cyclopropene
derivatives [17].
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Figure 5 Scheme of IEDDA coupling (a) and cleavage (b) reactions
(color online).
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Figure 6 Conformations of substituent group influence reaction rates. (a) TCO ring strain influences reaction rates of IEDDA reactions [19]; (b)
conformations of substituent groups on TCO influence IEDDA reaction rates [20] (color online).
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Figure 7 The intramolecular cyclization of TCO (a) and corresponding prevention strategy (b) (color online).
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Figure 8 Reactivity and stability of different tetrazine derivatives (color online).
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Figure 9 Designs of different tetrazine derivatives.
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online).
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Figure 12 Protein imaging strategies of IEDDA reaction (color
online).
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Figure 13 Imaging of cell membrane for cell signal transduction
study via IEDDA reaction (color online).
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Figure 14 Application of IEDDA on metabolic oligosaccharide
engineering (color online).
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online).
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Figure 16 Organelle imaging by IEDDA coupling reactions (color
online).
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Figure 17 IEDDA-based PET probe for living imaging (color online).
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Figure 18 Different strategies of drug delivery via IEDDA reactions. (a) Drug delivery via direct ligation; (b) drug delivery via nano-carrier release

(color online).
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Figure 19 Applications of IEDDA coupling in pharmacokinetics (color online).
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Figure 20 Incorporation of unnatural amino acid realizes protein manipulation (color online).
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Figure 22 Applications on protein activation via IEDDA cleavage reactions (color online).
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Figure 23  Applications on siRNA nanodrugs releasing via IEDDA cleavage reaction (color online).
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Figure 24 IEDDA cleavage reaction applied on solid phase RNA
synthesis and purification (color online).
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Abstract: Inverse-electron-demand Diels-Alder (IEDDA) reaction has become the most attractive bioorthogonal
reaction due to its advantages of good biocompatibility, high reaction specificity and fast reaction kinetics. Therefore,
extensive studies have been conducted in terms of reaction mechanism, reactants synthesis, chemistry optimization,
biological applications, etc., for IEDDA ligation and cleavage reactions respectively. In this review, first of all, we
introduce the development and optimizations of the IEDDA reaction, followed by its biological applications including
biomolecules labeling, protein manipulation, activation, drug delivery, pharmacokinetics study, prodrug releasing,
siRNA activation and solid phase RNA purification. At last, we envision that further studies and applications of the
IEDDA reaction are in demand, and expect that by exploring more optimized reaction pairs and wider biological
applications, the research area of bioorthogonal chemistry would rush into a new era.

Keywords: inverse-electron-demand Diels-Alder reaction, bioorthogonal chemistry, bioorthogonal bond cleavage
reaction, biomolecule labelling, protein activation
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