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he Gair group is focused on the invention
and application of synthetic methods
that fine-tune structural motifs preva-
lent in drug discovery and catalyst design.
Tools to tailor the cores of these scaffolds will
streamline access to highly valued analogs
and ultimately accelerate the discovery of
new function across the molecular sciences.

Tailoring Molecules — Subtle alterations to
a molecule’s structure often yield profound
changes in function. A striking illustration of
this phenomenon can be seen in what has been
dubbed the “magic methyl effect”, whereby
replacing a hydrogen with a methyl group in
a complex molecule can dramatically improve
the potency of drugs. Given this sensitive
balance between structure and function, the
discovery of new medicines relies on access
to fine-tuned analogs of lead scaffolds. The
most important of these analogs are those
that preserve the functional groups of the
parent molecule while subtly adjusting the
shape of the core scaffold. At present, these
analogs are prepared via lengthy synthesis
from modified starting materials or entirely
redesigned routes.

Inspired by the imagery of a tailor altering
a garment to achieve a perfect fit, the Gair
group aims to develop synthetic tools to tailor
molecules. We are targeting transformations
that fine-tune the shape of lead scaffolds
without perturbing the functional groups that
engender function. Our strategy is to develop
new reactions that engage heterocycles and
amines because these motifs are abundant

across several important classes of functional
molecules including medicines, biological
probes, organocatalysts, and ligands. With
these tools we aim to streamline access to
custom-fit analogs and thereby accelerate
discovery of new function across the molecular
sciences.

Selective Catalysis — In addition to the
practical applications outlined above, reaction
development in the Gair group is centered
on designing catalysts that engage in
attractive interactions with transition states
featuring unpaired electrons (open-shell)
to achieve novel reactivity and selectivity
(chemo, site, and stereo selectivity). One
project area is focused on electronic tuning
of organometallic radicals to achieve diverse
CH, insertion reactions with chemoselectivity
dictated by the electronic structure of the
catalyst. A second project area involves
designing organocatalysts that complement
the electrostatic topology of proton-transfer
transition states to control site selectivity in
radical alkylation of heteroarenes. The final
project area aims to engineer hydrogen-
bond acceptors on ligands of hydrogen-atom
transfer catalysts to achieve enantioselective
C-H functionalization. By studying the
relationship between catalyst structure, rate,
and selectivity in these transformations,
we aim to decode the nature of attractive
interactions between catalysts and open-
shell transition states. Ultimately, we will
apply these insights to design new catalysts
for tailoring molecules.and optimization of
molecular function at large. @
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