Carbene Catalysis and the Breslow Intermediate
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Both in Bs-enzymes and in organocatalytic Umpolung, catalysis by N-heterocyclic
carbenes hinges on the formation of the so-called Breslow-intermediates [(di)amino
enols] | (Scheme, reaction a), in which the innate polarity of e.g. an aldehyde
substrate is inverted from electrophilic to nucleophilic. In the related a3-d®> Umpolung
("conjugate Umpolung"; Scheme, reaction b), the diamino dienol Il, a homoenolate
equivalent, is assumed to be pivotal. OH-CJJj proton shift in the diamino dienol Il leads
to the azolium enolate lll, an enolate equivalent. The lecture will report the generation
and characterization, by NMR and X-ray crystal structures, of intermediates I-lll and
their transformations which support the reactivity patterns shown in the Scheme.

f. o
ot
H <R CN HJ’@L\/\RV
(a) N (b)
a'-d" Umpolung R a®-d® Umpolung
of simple aldehydes of a,p-enals
R R
) | o R
N . OH OH-Cy |
( >:(b (el g e & proton N a-OH/'E
N (R % B shift a [
é k ) 5 ) - 'Tl — 9
& R (\E R R PYR

diamino enol | A "
diamino dienol Il

Breslow intermediate azolium enolate llI
acyl anion enolate homoenolate
chemistry chemistry chemistry
e.g. benzoin condensa- e.g. chiral p-lactones, e.g. chiral y-lactones,
tion, Stetter reaction y,0-unsaturated d-lactones, y-lactams, spiro-lactones,

y,9-unsaturated d-lactams cyclopentenes,
saturated esters

Berkessel, A.; Elfert, S.; Yatham, V. R.; Neudorfl, J.-M.; Schlorer, N. E.; Teles,

J. H. Angew. Chem. Int. Ed. 2012, 51, 12370-12374.

Berkessel, A.; Yatham, V. R.; Elfert, S.; Neudorfl, J.-M. Angew. Chem. Int. Ed.
2013, 52, 11158-11162.

Yatham, V. R.; Schlérer, N. E.; Neudorfl, J.-M.; Berkessel, A. Chem. Sci. 2015,
DOI: 10.1039/C5SC01027F



