Ene-Reductases for Hydride Delivery
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Ene-Reductases (EREDs) catalyze the asymmetric reduction of ¢,f-unsaturated carbonyl compounds

B One of the most broadly substrate permissive enzyme classes across the family
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Ene-Reductases for Hydride Delivery

| ‘Ene’-Reductase

B Reliant on one of three flavin analogues for reactivity
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Riboflavin: FMN: essential for enzymes such as rg —_— "
also known as pyridoxamine-5-phosphate oxidase o o \=n
vitamin B, and dihydroorotate dehydrogenase o A

FAD: essential for enzymes
such as glutathione reductase
and thioredoxin reductase
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Flavokmase FAD Synthetase

FMN = Flavin Mononucleotide FAD = Flavin Adenine Dinucleotide



Ene-Reductases for Hydride Delivery

| ‘Ene’-Reductase
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B EREDs primarily toggle between hydroquinone and quinone states in the ERED mechanism

B Flavin is reduced by the NAD(P)/NAD(P)H redox couple
B For most cases, NAD(P)/NAD(P)H binds to the ERED and performs reduction of flavin

B Flavin turnover systems based on single electron transfer are also very common (e-chem, photoredox)



Flavin: A Mechanistically Versatile Catalyst

FMN Redox Couples
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Flavin: A Mechanistically Versatile Catalyst

FMN Redox Couples
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Flavin: A Mechanistically Versatile Catalyst

FMN Redox Couples
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How do we expand the redox window of flavin to access substrates
that are more challenging to reduce?



Flavin: A Mechanistically Versatile Catalyst

Expanded Redox Versatility
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Classification of EREDs

[Enoate Reducuﬂ Medium-chain Old Yellow Enzyme Short-chain NADPH-dependent

quinone reductase-

like ene-reductase
(SDR)

classical OYEs thermophilic-like OYEs fungal enzymes

J. Agric. Food Chem 2024, 72, 18305-18320.



EREDs in Flavors and Frangrances
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EREDs in Flavors and Frangrances

J. Agric. Food Chem 2024, 72, 18305-18320.



ERED Applications in Industry: Toward Pregabalin (Lyrica: Nerve Pain Medication)
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Almac Industrial Perspective 2024



ERED Applications in Industry: Gluconic Acid to CNS Drugs
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ERED Applications in Industry: Cascade Reactions with ATAs
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ERED Applications in Industry: Tandem S, 2" and Stereocenter Formation
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ERED Applications in Industry: Diazo Coupling and ERED Reduction
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Turnover Systems for EREDs on Industrial Scale
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Common Turnover Systems to Avoid Nicotinamide: Biomimetics
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Common Turnover Systems to Avoid Nicotinamide: Reduction Through Photoredox
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Emerging Applications of EREDs: Oxime Reduction

ene reductase (ERED) - promiscous activity
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Emerging Applications of EREDs: ERED Becomes a KRED
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Emerging Applications of EREDs: Run it In Reverse for Desaturation

a Carbonyl Desaturation
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Classic Synthetic Methods

Enzymatic Methods
underexplored

high loadings of metal catalysts/strong oxidizing conditions ® complementary reactivity
m stereoselective methods are rare

® precise stereochemical control

b Repurposing ‘Ene’-Reductases for Desaturation

= well studied
o) ® widespread applications 0
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Emerging Applications of EREDs: Run it In Reverse for Desaturation

a Chemoselectivity between aldehyde, ketone, ester, and amide.
relative reactivity
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Other Synthetic Applications of EREDs
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