
Chiral Amines: A Billion Dollar (Pharmaceutical) Industry
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Chiral Amines Preparation: A Tale of Poor Atom Economy

Chem. Soc. Rev. 2020, 49, 6141-6153.



The Reductive Aminase Family: AmDHs, IREDs, and RedAms

Reductive Aminases catalyze selective reductions of imines 
(pre-formed or generated in situ)
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■ Catalyzes both imine reduction or amine oxidation, depending on conditions

■ In synthetic applications, often run in reductive direction to generate stereocenters

■ Dependent on NAD(P)H cofactor

■ Some reductive aminases use NADH, some use NADPH (difference is 2’ ribose phosphate group)

■ An oxidoreductase divided formally into three classes

■ Amine Dehydrogenases (AmDHs) -reductive amination with ammonia (NH3)
■ Imine Reductases (IREDs) - reductive amination with pre-formed imines or ketone + excess amine

■ In analogy to KRED/ADH redox couple, referred to as amine dehydrogenases (AmDHs) in reverse direction
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■ Reductive Amines (RedAms) - reductive amination with near 1:1 stoichiometry ketone + amine
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AmDHs: A Small Family (25 Members) of Reductive Aminases

Chem Catal. 2022, 2, 1288-1314.



Representative Mechanism for Amine Dehydrogenase: Leucine Dehydrogease (LeuDH)
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Turnover Strategies for AmDHs

Chem Catal. 2022, 2, 1288-1314.

NOX = NADH Oxidase



Select Synthetic Applications of AmDHs
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Distinguishing AmDHs from Other Reductive Aminases
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Distinguishing AmDHs from Other Reductive Aminases Schematic Overview
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Mechanism for Imine Reductases (IREDs) and Reductive Aminases (RedAms)
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Characterized Imine Reductase (IREDs) Panels
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IRED Catalyzed Reduction of Cyclic Amines: All Carbon
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A Peak Inside an IRED Reduction
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IRED Catalyzed Reduction of Benzofused/Bicyclic Imines
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IRED Catalyzed Reduction of Sulfur and Oxygen-Containing Monocylic Amines
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IRED Catalyzed Reduction of Tricyclic/Polycyclic Amines
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IRED Catalyzed Reduction of Exocyclic Aromatic Amines
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Cofactor Recovery Strategies for IREDs
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Cofactor Recovery Strategies for IREDs
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Ergot Alkaloid Synthesis with IREDs
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Nicotine Synthesis with IREDs
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Nicotine Synthesis with IREDs
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Synthesis of 1,4-Diazapanes with IREDs
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Synthesis of 1,4-Diazapanes with IREDs
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Synthesis of 1,2-Amino Alcohols IREDs
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Pyrazine Synthesis with IREDs
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DKR of Aldehydes with IREDs
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Noncanonical Amino Acid Synthesis with IREDs
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RedAm Catalyzed Equimolar Reductive Amination
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RedAm Catalyzed Equimolar Reductive Amination
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Industrial-Scale Applications of RedAms
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Industrial-Scale Applications of RedAms
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RedAms: Amine Nucleophile Tolerance
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RedAms: Carbonyl Acceptor Tolerance
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IRED Catalyzed Four Electron Reduction: eneIREDs
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Piperdine Synthesis with eneIREDs
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Deracemization with RedAms
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Select Engineering Campaigns with IREDs and RedAms
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Select Engineering Campaigns with IREDs and RedAms

ACS Catal. 2024, 14, 14308-14329.



Reversible C-N Bond Formation with Ammonia Lyases (ALs)
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Representative Mechanism for ALs: Aspartate Ammonia Lyase (DAL)
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Representative Mechanism for ALs: Methylaspartate Ammonia Lyase (MAL)
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Biosynthesis of Methylideneimidazole-5-one (MIO) Cofactor
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Active Site Contact Points for MIO-Dependent Lyases
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Proposed Mechanisms for Deamination by ALs
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Ammonia Lyase (AL) Catalyzed Synthesis of Phenylalanine Derivatives
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Conjugate Addition of Ammonia with ALs
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One-Pot Olefination/Ammonia Addition
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Reversible C-N Bond Formation with Aminomutases (AMs)
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(S) and (R)-Selective Mechanisms for AMs
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