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AREAS OF INTEREST

My lab is active in ligand design and ascertaining the resulting metal-based properties to elucidate both
structure/function and electronic structure/function relationships. We have developed base-metal catalyzed
C-H bond functionalization through our understanding of the electronic structure underpinnings to
developing reactive metal-ligand multiple bonds. The desirable function of these complexes to undergo
atom- or functional group transfer into unactivated C—H bonds is driven by destabilizing the catalyst by
targeting high-spin or open-shell formulations. Population of metal-ligand antibonding orbitals diminishes
metal-ligand covalency, leading to greater ligand lability. Furthermore, high-spin metal centers can stabilize
ligand-based radicals, giving rise to highly reactive ligand functionalities primed to active C—H bonds.
Targeting high-spin metal complexes has allowed us to achieve catalytic intermolecular and intramolecular
C-N, C-C, and C-O bond formation. We have developed reaction site design protocols to synthesize
reactive polynuclear complexes that can functionally, and electronically, model cluster cofactors from
nature. We have developed synthetic methodology permitting the isolation of substitutionally
homogeneous, homo- and hetero-trinuclear clusters. We characterize these materials by a suite of



Theodore A. Betley, Ph.D.

spectroscopic techniques to make detailed connections between cluster composition, its resulting electronic
structures, and ensuing reactivity. We have developed a new class of materials that we propose are, from
an electronic structure standpoint, representative of the critical design features of clusters found in
metalloenzymes. Given this connection we are applying a variety of spectroscopic techniques to understand
the influence of M—M interactions within cluster aggregates to perform redox, delocalize oxidative stress,
and perform small molecule activation processes. This combination of synthesis, spectroscopy, and
electronic structure determination allows us to demonstrate how synthetic clusters, and by extension,
propose how clusters in biology perform a variety of functions. My contributions to the community beyond
science include: serving on the Editorial Advisory Boards of Chemical Society Reviews, Chem; Co-PI at
NSF’s ChemMatCARS at the Advanced Photon Source, Argonne National Lab.
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