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Enzymatic catalysis continues to inspire synthetic chemists, because of the ease and efficiency with which Nature
facilitates such challenging transformations. In addition to aiding reactions of synthetic utility, the biomimetic strategy can
also guide the design of drugs containing enzymatic structural motifs to catalyze reactions of biological interest. Such an
approach has been taken to further our understanding of oxidative and nitrosative stress. These molecular processes are
caused by reactive oxygen and nitrogen species (ROS and RNS, respectively), which are upregulated under inflammatory
conditions. One of the major RNS believed to be at work is peroxynitrite (ONOO—), itself the product of two such species,
.
superoxide (O2 —) and nitric oxide (NO). Peroxynitrite is believed to be more reactive than either of its precursors, and it is
capable of oxidizing and nitrating proteins, lipids, and DNA. Indeed, peroxynitrite-mediated biological injury has been
documented in animal models of such diseases as diabetes and arthritis; these reports solidify the link between
peroxynitrite and disease, and they clearly demonstrate the need for an effective therapeutic strategy.1, 2
Our group has demonstrated that synthetic metalloporphyrins can catalytically decompose peroxynitrite; in a
peroxidase-like mechanism, peroxynitrite is converted to the benign isomer nitrate.3 The iron porphyrins developed in our
group comprise the most reactive catalysts reported to date, exhibiting rate constants exceeding 106 M-1s-1 in reaction with
peroxynitrite. The high reactivity seen in the laboratory translates into such in vivo effects as amelioration of protein
tyrosine nitration in rodent models of diabetes.4 Particularly effective are the 2-pyridyl porphyrin class of catalysts, in
which meso-tetrakis(2-pyridyl) porphyrin is tetraalkylated and then metallated. The current “world record” catalyst, FP15,
was developed in our group, and it continues to be studied in animal models of numerous diseases.5
Most recently, we have identified a next-generation catalyst which kinetically outcompetes our own FP15 by a
factor of two. The new compound, FP23, was also studied in a laboratory model of protein tyrosine nitration; FP23
significantly reduces the incidence of phenolic nitration, comparing favorably to earlier catalysts. On the synthetic side,
we have studied the alkylation step closely, and we have quantified all of the rotational isomers formed. Furthermore, we
have optimized all steps of the synthesis, which is scalable, affording up to 1.7 g of FP23 at a time. Future work on this
project will include in vivo assessment of catalyst activity. In collaboration with the National Institutes of Health, we plan
to study the effects of FP23 in ischemia/reperfusion injury and heart failure in mice. We also plan to study our synthetic
metalloporphyrins in cell culture, in order to better understand their modes of action in vivo.
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