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Abstract

Supported metal atoms and nanoparticles are found ubiquitously as heterogeneous catalysts for a wide
variety of industrial, organic, and energy catalytic processes. The electronic and steric environment at the
nanomaterial surface has a huge impact on the reactivity and selectivity of catalytic transformations
occurring at surface active sites, but these properties are difficult to independently control through
conventional materials synthetic methods. In this work, we develop molecularly-precise surface
functionalization strategies in order to precisely tune both the ensemble geometry and redox properties of
active site metal atoms. These strategies include 1) the adsorption of inorganic ligands on colloidal
nanoparticle surfaces in order to synthesize monolayer and sub-monolayer core-shell catalysts, 2) control
of bimetallic surface ensemble geometry to catalyze diastereoselective organic reactions, and 3) tuning
the metal-sulfur coordination environment of single atoms supported on metal chalcogenide nanosheets
for electrochemical catalysis. All of these strategies develop new structural frameworks for modulating
the surface active site environment in order to access more reactive and selective nanomaterial catalysts.
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Abstract

Carbenes are versatile reactive intermediates that display orthogonal reactivity to
common nucleophilic and electrophilic functional groups. Catalytic carbene transfer reactions
were first discovered over a century ago, and numerous examples of [n + 1]-cycloaddition
reactions have since been developed, often with control over diastereo- and enanatioselectivity.
Most of these reactions rely on the controlled decomposition of diazoalkanes as a central
strategy to access reactive carbene equivalents.

Despite the utility of diazoalkanes in organic synthesis, they are inherently limited by the
need for stabilizing substituents such as aryl or carbonyl groups. In order to develop transfer
reactions of nonstabilized carbenes, it is necessary to consider an alternative set of precursors.
Our group has shown that nickel and cobalt catalysts can promote reductive [n + 1]-
cycloaddition reactions using readily available and indefinitely stable 1,1-dichloroalkanes and
1,1-dichloroalkenes as precusors for carbenes and vinylidenes, respectively. In this seminar, |
will describe our development of new cycloaddition methods and our current hypotheses about
the mechanisms of these reactions.
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