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Abstract: Electroenzymatic systems offer a versatile route to couple selective
catalysis with precise electrochemical control, enabling sustainable synthesis
and sensing under mild conditions. By integrating enzymatic transformations
within electrochemical architectures, it becomes possible to synchronize
oxidation and reduction processes through controlled electron flow. This
approach has been applied to catalytic hydrogenation reactions in continuous-
flow reactors, where paired electrochemical design allows efficient cofactor
recycling and enhanced reaction rates. Redox polymer networks have further
been designed to couple glucose oxidation and oxygen reduction, improving
both signal stability and sensitivity in bioelectrocatalytic sensors. Extending
these concepts to isotopic chemistry, electroenzymatic tools now allow
stereoselective deuteration of pharmaceutical precursors through in-situ
NAD(P)H regeneration and enzymatic hydrogen transfer. Together, these
examples demonstrate how tuning interfacial electron dynamics and cofactor
cycling can drive complex biotransformations while minimizing energy loss,
establishing a foundation for the next generation of sustainable and
programmable bioelectrocatalvtic platforms.
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