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Organocatalytic Stereoselective Cyanosilylation of Small Ketones

Nature 2022, 605, 84-89

The asymmetric cyanosilylation of carbonyl compounds is a
highly versatile approach to build C-C bonds, enabling access
to silyl-cyanohydrins, which are important building blocks
with wide applications in the pharmaceutical and chemical
industry. In past decades, the enantioselective cyanosilyla-
tion reaction has been thoroughly studied and many fascin-
ating methodologies have been established.! Nevertheless,
the enantiofacial discrimination of dialkyl ketones is difficult

to control with chiral catalysts, due to the limited steric and
electronic differences of the two substituents, and constitutes
a long-standing challenge in organic synthesis. In particular,
asymmetric reactions involving 2-butanone, which carries a
methyl and an ethyl group on the carbonyl group, typically
can only be catalyzed by enzymes following the ‘lock-and-key
principle’. Recently, the research group of Professor Benjamin
List at the Max-Planck-Institute fiir Kohlenforschung (Germa-
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Scheme 1 Organic acid-catalyzed asymmetric cyanosilylation of ketones
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ny) has designed and employed a sterically confined organic
superacidic imidodiphosphorimidate (IDPi) catalyst to suc-
cessfully accomplish the asymmetric cyanosilylation of 2-bu-
tanone with an enantiomeric ratio of 98:2 (Scheme 1). “This
particular reaction has already been studied with various ca-
talysts, including engineered enzymes, metal complexes, and
organocatalysts, which all proved to be competent catalysts,
albeit furnishing the desired product with insufficient selecti-
vity,” said Professor List.

“In the past five years, IDPi-based catalysis has been em-
ployed to solve challenging problems in the field of asym-
metric catalysis, such as activation of inert olefins,?> single
aldolizations of acetaldehyde enolates,® transformation of
a non-classical carbocation,* and organocatalytic reactions
with (sub)ppm-level catalyst loading.> While addressing these
synthetic challenges, we are also keen to seek better ways to
differentiate extremely challenging enantiofaces, including
those of 2-butanone. Here we were encouraged from previous
results on Diels-Alder reaction and intramolecular Friedel-
Crafts reaction involving the differentiation of methyl and
ethyl groups,®”” said Professor List.

To probe the mechanism of this new synthetic application
of IDPi catalysis, the authors of the title Nature article first
performed the reaction under the catalysis of a less acidic
chiral disulfonimide (DSI) catalyst. The reaction exclusive-
ly provided the corresponding silyl enol ether, and no silyl-
cyanohydrin was detected. “This result suggests the decisive
role of strong acidity in the chemoselectivity of this reaction,”
explained the first author Dr. Hui Zhou, who continued: “We
performed NMR studies and captured the formation of silyl
enol ethers in the initial stage of the reaction. Subsequently,
a key control experiment between the silyl enol ether and in
situ generated (iso)hydrocyanic acid further confirmed the
surprising existence of the enol silane under the reaction con-
ditions.”

Professor Gui-Juan Cheng and co-workers at the Chinese
University of Hong Kong (China) performed DFT calculations
to support the experimental observations. “Results of struc-
tural analysis showed that the IDPi catalyst has a confined
structure with a buried volume of up to 73.4%, and its central
skeleton and substituents form a narrow chiral pocket, which
efficiently differentiates the transition state structures. Our
calculations suggest that varying the substituents of the catal-
yst can influence the shape, size, embedded volume and steric
hindrance, thereby providing enzyme-like pockets to specific-
ally recognize different types of substrates such as aliphatic
ketones and aromatic ketones,” explained Professor Cheng.

Based on the experimental, NMR and theoretical results,
the authors proposed a plausible mechanism as follows: 1.
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a silylium-based active catalyst is generated from the reac-
tion of the pre-catalyst IDPi and TMSCN with the release of
isohydrocyanic acid; 2. activation of the ketone leads to the
formation of an oxycarbonium ion pair intermediate; 3. ad-
dition of isohydrocyanic acid furnishes the target product
and regenerates the catalyst. “We hope that our research will
stimulate further research on confinement control in selective
catalysis,” concluded Professor List.
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