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One of the most frequently encountered reactions in chemistry, especially in medicinal chemistry, is
that of amide bond formation. The "traditional” methods to achieve this transformation necessarily
occur with concurrent production of waste materials. This project uncovered a new catalytic method.

We had initially anticipated that the DATB catalyst could be used in tandem
with transition metals to access novel reaction pathways. However. despite countless attempts over
the course of a year, we we never successful in achieving this goal. As such, we changed modified
our plan to exploring how changes to the structure of DATB could alter its reactivity. One of our
ideas was to synthesize, characterize and test the catalytic activity of N(BOH)2-containing
molecules. While this moiety is structurally similar to DATB, no synthetic pathways to produce it
were present in the literature. Fortunately, we were successful in our endevour, producing a
shelf-stable compound that was even more catalytically active than the DATB catalyst. The work was
published in Org. Lett. (2023, 25, 4, 694-697). This novel catalytically-active moiety likely
provides a novel mode of action for amide activation, which warrants further investigation.
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Background at the beginning of the research

Although amide bonds are seen to be ubiquitous in organic chemistry, the main route to this
functional group continues to be stoichiometric activation of a carboxylic acid prior to coupling
with an amine, resulting in a large amount of waste material. Various boron-containing compounds
have been identified as promising catalysts for this transformation, including the recently
discovered heterocycle DATB (1,3-dioxa-5-aza-2,4,6-triborinane) — a powerful catalyst with
unique mode of action. The novel mode of activation of carboxylic acids could perceivably also be
applied to the synthesis of molecules distinct from amides, giving access to a range of otherwise

difficult to synthesize materials.

prgED ity
Purpose of research

1) We were seeking to expand the already broad chemical reactivity of carboxylic acids in order
to provide rapid access to useful building blocks for chemical synthesis. To mediate this
process, we hypothesized that the novel catalyst 'DATB', discovered in our laboratory,
could be re-purposed from amide bond synthesis to be used in C-C bond formation
reactions.

2) We were looking to improve the catalytic activity of the compound ‘DATB’, which was
discovered in our laboratory. Since the compound was discovered recently, there appeared

to be scope to modify its structure to investigate how it would affect its reactivity.

I ROYSRES
Method of research

1) We initially conducted experiments probing whether a combination of carboxylic acids of
varying reactivity, various types of transition metals with an assortment of ligands, and
various coupling partners, in the presence of the catalyst DATB, would provide a synthetic

shortcut to a variety of otherwise difficult to access chemicals. We then conducted similar



experiments with the carboxylic acid reactive partner ideally being transformed to an
activated amide in situ as a reactive partner, and finally attempted the use such reactive
amides, synthesized and purified prior to the reaction, instead of starting with a carboxylic
acid.

2) We designed and attempted the synthesis of DATB derivative compounds, and following
their synthesis, investigated their reactivity compared with the parent compound, as judged

by their ability catalyze a standard dehydrative amide bond formation reaction.

BN
Research results

When it was found that the original DATB catalyst was not sufficiently powerful to activate
carboxylic acids for incorporation into transition metal catalytic pathways, new catalyst designs
were considered. The synthesis of these new compounds was found to be very challenging, with
even simple modifications preventing the formation of the DATB heterocycle. Despite
considerable effort, only a few compounds containing the DATB heterocycle were able to be

synthesized, and they were found to have comparatively poor catalytic properties.

It was then hypothesized that molecules containing a N(BOH)2 moiety, which is structurally
related to DATB, would be able to activate carboxylic acids in a similar manner. This functional
group was not known in the literature, and it took many design iterations and considerable effort
to find a synthetic pathway to a compound containing it. Fortunately, we were successful in our
endeavor, producing a shelf-stable compound that was even more catalytically active than the
DATB catalyst. The work was published in Org. Lett. (2023, 25, 4, 694-697). This novel
catalytically active moiety likely provides a novel mode of action for amide activation, which

warrants further investigation.
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Less Is More: N(BOH)2 Configuration Exhibits Higher Reactivity than the B3NO2 Heterocycle in 2023
Catalytic Dehydrative Amide Formation
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