e develop environmentally friendly

new methods for organic synthesis

through ubiquitous C-H bonds, ex-
plore the interconversion of nitrogen and am-
monia as carbon-free fuels, and decode ways
that biology communicates using nitric oxide
as a molecular messenger. Our laboratory
studies how chemical reactions work that are
catalyzed by metal ions such as iron, copper,
and zinc to better enable new insights into the
development of useful catalysts for synthesis
and energy applications as well as to lay the
groundwork for therapeutic interventions
connected with nitric oxide misregulation.

Guided and enabled by synthetic inorganic
chemistry, we seek to understand
key intermediates that control C-H
functionalization, ammonia/nitrogen
interconversion, and bioinorganic nitric oxide
processing. We employ a diverse range of
synthesis and characterization techniques to
reveal insights into chemical structure and
reactivity. Beyond more traditional inorganic
and organic synthesis techniques, students
regularly perform X-ray crystallography,
EPR spectroscopy, low temperature UV-vis
spectroscopy, and DFT calculations. We also
collaborate extensively with scientists from
other institutions to study new molecules
we make by resonance Raman spectroscopy
as well as X-ray absorption and emission
spectroscopy.

C-H Functionalization

Through mechanistic understanding of
reactive copper intermediates, we develop
new reactions to directly convert sp® C-H to
C-C, C-N, C-0, and C-S bonds. These methods
offer unique synthetic opportunities for
the late stage functionalization of organic
molecules. A key aspect of our approach
involves the rational design of low coordinate
copper(ll) complexes [Cu(ll)]-FG such as
amides, phenoxides, aryls, and acetylides that
efficiently capture carbon based radicals R+ to
provide functionalized products R-FG.
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Cu catalyzed sp® C-H functionalization

Ammonia - A Carbon-Free Fuel

Ammonia is a carbon-free fuel produced on a
scale of over 150 M tons / year. We examine
the fundamental chemistry of N-H and N-N
bond cleavage and formation to enable the
development molecular electrocatalysts
based on iron and copper to cleanly generate
energy from NH; and ultimately, to sustainably
produce NH,; from N,. Using specially
designed molecular scaffolds, we examine
H-bonding to metal bound diazene (N,H,)
ligands in metal complexes [M]-N,H,-[M] to
uncover low barrier pathways for N-H bond
formation and cleavage. Mechanistically
considering pathways for N-H cleavage and
N-N bond formation, we have also developed
families of iron and copper based molecular
electrocatalysts for ammonia oxidation.
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electrochemical oxidation of ammonia

Modeling NO Signaling Chemistry
Nitric oxide

NO) is a pow- 2e
(NO)isap NO-2%N,0
|

erful signaling
Cu I
LA /e
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molecule with
far reach-
chemical species in NO signaling

ing effects.
Inspired by RSNO
Cu and Zn
environments
in biology, we employ synthetic models that
outline pathways to interconvert molecules
in NO signaling such as nitrate, nitrite, and
S-nitrosothiols (RSNO).

For instance, a copper(ll) thiolate [Cu(ll)]-SR
that serves as a model for a type 1 copper
electron transfer site reversibly binds NO by
insertion into the Cu-S bond to give the cor-
responding copper(l) S-nitrosothiol adduct
[Cu()J(RSNO). Not only does this pathway
interconnect NO and S-nitrosothiol signals,
but the inability of the copper(l) S-nitrosothiol
adduct to undergo reduction reveals that NO
binding to the copper(ll) thiolate serves as
a reversible switch that controls electron-
transfer. @
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