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The olefin-olefin metathesis reaction is a revolutionary industrial process that utilizes precious metal complexes
to enable direct carbon-carbon bond formation from simple olefin starting materials. The carbonyl-olefin
metathesis reaction similarly enables the construction of carbon-carbon bonds and has the potential to have an
analogous impact on synthetic strategy. However, currently available synthetic procedures are significantly less
advanced. My research laboratory has developed a Lewis acid-catalyzed carbonyl-olefin metathesis that
represents a new reactivity mode between carbonyl and olefin functionalities. Our design principle
fundamentally differs from stoichiometric carbonyl-olefin metathesis protocols proceeding via intermediate
oxametallacycles. It is instead based on the in situ formation of oxetanes as reactive intermediates via an
asynchronous, concerted [2+2]-cycloaddition of a carbonyl and an olefin upon activation with FeCl3 as Lewis
acid catalyst. This distinct reactive intermediate no longer limits the process to precious metals, enables
catalytic turnover, and prevents the formation of stoichiometric waste. A first report of our work was
published in Nature and we have since been able to demonstrate the generality of our approach in the
synthesis of a variety of challenging structural motifs. We have since been able to develop a fourth reactivity
mode between carbonyls and olefins that proceeds under Brønsted acid catalysis but also relies on oxetanes as
reactive intermediates. Under protic conditions oxetanes undergo distinct fragmentation via oxygen-atom-
transfer from the carbonyl to the olefin component to result in the formation of carbocation intermediates.
This enables a new strategy for facile carbon-carbon bond formation between two ubiquitous functional
groups, carbonyls and olefins.
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