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The sustainable synthesis of small molecules as intermediates for APIs remains a challenge in
the pharmaceutical industry. Traditional chemical synthesis often relies on harsh conditions and
toxic reagents, generating significant waste and leading to environmental and economic
concerns. Biocatalysis, which employs enzymes as catalysts, offers a green alternative for the
synthesis of small molecules.! Enzymes are highly regio- and stereoselective, operate under
mild conditions, and produce fewer, if any, by-products. This lecture will illustrate emerging
trends and methodologies in biocatalysis and its application in the synthesis of small molecule
intermediates for APIs. Various enzymatic transformations will be covered for the synthesis of
e.g., (chiral) alcohols, amines, amides, carboxylic acids, nitriles and epoxides using
oxidoreductases, transaminases, and hydrolases. Examples from my research group will be
provided, such as the development of a new family of enzymes, called amine dehydrogenases
(AmDHs), for the synthesis of chiral amines from ketones using only ammonia and generating
water as the sole by-product.’l Other examples include the engineering of a styrene
monooxygenase to catalyze the asymmetric epoxidation of styrene,’l and the enzymatic
conversion of alcohols into nitriles.”l These enzymes, along with others studied in my group,
have been incorporated into biocatalytic cascade reactions for the synthesis of compounds such
as chiral amines, amino alcohols, diols, and a-substituted chiral carboxylic acids with up to two
stereogenic centers, starting from inexpensive and readily available materials (e.g., alcohols and
alkenes). These biocatalytic cascades involve the use of multiple enzymes operating in one-pot,
without the need to isolate intermediates. This approach leads to higher yields and purity of
products, better selectivity and atom economy, reduced solvent and energy consumption,
simplified process development, and lower costs.
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