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This thesis explores the catalytic capabilities of myoglobin (Mb), an iron-containing oxygen
binding protein, in facilitating new-to-nature reactions. The study investigates Atom Transfer
Radical Addition (ATRA) reactions, Atom Transfer Radical Polymerization (ATRP), Atom Transfer
Radical Cyclization (ATRC), radical-initiated C-H activation, and dehalogenation using engineered
myoglobin variants.

First, the Wild type (WT) Mb was screened against a series of radical initiators and alkenes for
ATRA and ATRP activity. Myoglobin could catalyze polymerization, but not Atom Transfer Radical
Addition. Adding a photocatalyst to a mixture and adjusting the amount of reducing agent and
monomer allows for activating different polymerization modes — from ATRP to free radical
polymerization.

Afterward, a library of Mb mutants produced in E. coli was created to screen for intramolecular
Atom Transfer Radical Cyclization (ATRC) reactions. The engineered H93S myoglobin variant
demonstrated the ability to catalyze bromine and chlorine transfer with a total turnover number
up to 60, opening new possibilities for the synthesis of cyclic halogenated compounds. A radical
mechanism of the reaction was confirmed through an experiment with a cyclobutyl ring opening.

Lastly, the study reveals how engineered myoglobin catalyzes radical-initiated C-H activation,
with some mutants able to catalyze intramolecular cyclization with the formation of oxindole
derivatives. The last chapter concludes with early investigations into dehalogenation with
myoglobin that reveal the potential of the Myoglobin H93S variant in reductive dehalogenations.

These findings provide valuable insights into the catalytic properties of myoglobin and the
complexities of new-to-nature radical enzymatic reactions. Overall, this research contributes to
understanding myoglobin's potential as a catalyst and lays the groundwork for further
investigations into unnatural radical mechanisms of metalloenzymes and their applications in the
synthesis of value-added chemicals.
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