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Abstract
(&)

The demand for more efficient, cost-effective, and biocompatible
photosensitizers remains pressing. Here, we elucidate the molecular basis
for the activity of readily synthesized mononuclear nickel (Ni)-thiolate
species in visible-light-driven cross-coupling under aqueous conditions.
The in situ-generated mononuclear Ni-thiolate complex adopts a
square-planar geometry with a singlet ground state, absorbs visible light,
and undergoes ligand-to-metal charge transfer upon excitation, generating
an Ni(I) intermediate that enables oxidative addition of aryl halides
followed by carbon-sulfur bond formation. The simplicity, reactivity, and
tunability of this minimal photoreactive metallocofactor further enable
various light-mediated thiol transformations, including the modification of
cysteine residues within proteins. These findings establish a minimal
design principle for inorganic photosensitizers that operate without
exogenous chromophores and are intrinsically compatible with diverse
organic and genetically encoded thiols, providing a foundation for
designing minimal light-responsive metallocofactors effective across
various molecular scales.
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