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Bioorthogonal Chemistry

Bioorthogonal Reactions: highly selective chemical processes taking place in biological
systems by non-biological reagents without interfering with the biotic components of the
system. Exemplified by Bertozzi and others using metal-free ligation chemistry.
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Conditions: non-biotic chemical species that efficiently and swiftly react in water at 37° C
and that are chemically orthogonal to native cellular components.

= N Cu(l)-Catalised Azide-Alkyne
O A [3 + 2] Cycloaddition
3 — - _
~
CLICK Chemistry
— t R-NoN Copper-Free Azide-Alkyne

r.t. — iy
RN, + O [3 + 2] Cycloaddition

R N SAFE

Rl

Prescher & Bertozzi, Nat. Chem. Biol. 2005, 1, 13



Advantages of using metals in vivo
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Artificial chemistry and biological chemistry can take place within the same physical space
while proceeding independently.

Chemical scope: Many transition metals are able to catalyze highly-specific reactions in

water and 37 °C. E.g. cross-coupling reactions, bond cleavage, bond rearrangement, etc.
Main problem: cytotoxicity.



Non-natural metal catalysis in cells

Antecedents: Meggers developed a water-soluble
ruthenium complex that rapidly entered cells and
performed an allylcarbamate cleavage, while
proving to be non-toxic to cells during the short
duration of the experiment (minutes).

Streu & Meggers, Angew. Chemie 2006, 45, 5645

CHALLENGE: Reactions mediated by non-biological transition metals in living systems. REQUIREMENT:
Elimination / control of the inherent toxicity of the metal.

Toxicity & Mechanism:
Metals from the platinum group trigger cell death
by cross-linking of DNA >>
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Palladium chemistry in cells
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Suzuki reaction inside cells
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2011-2012 (Pd catalysis)
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2014-2015 (uncaging chemistries)
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2016 (metalloenzymes)
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2017 (in vivo PoC)
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2016 & 2018 (Cu catalysis)
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2017 & 2018 (Au catalysis)
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2019 (last ‘new’ strategies)
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