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Be it the design of a simple or architecturally complex
molecule, carbon—-carbon bond formation processes play a
pivotal role.'¥! One of the most common adopted strategies to
accomplish these tasks is the cross-coupling reaction, where
electrophiles and nucleophiles are coupled with the aid of a
suitable transition-metal catalyst.'") However, a limitation of
cross-coupling methods is the amount of waste being pro-
duced in these processes.'! One solution is the use of less
oxidized substrates like arenes or alkanes which would be
coupled through selective C—H activations.* A significant
amount of work has been done to understand and utilize
C(sp?)—H activation of arenes” In contrast, C(sp’)—H
activation of alkanes is still a challenging problem in
organometallic chemistry.! Not surprisingly, cross-coupling
by activation of both C(sp*)—H and C(sp*)—H bonds is quite
rare.

A handful of isolated examples of C(sp?)-C(sp®) cross
couplings have been reported in recent years. For example,
two mesitylene units can be coupled together through Pd-
catalyzed double C—H activation [Eq. (1); TFA = trifluoro-
acetic acid].’*! Also, Sanford’s group reported an isolated
example, where quinoline acts as a directing group for the
activation of a C(sp*)—H bond followed by coupling with
benzene [Eq. (2); BQ =benzoquinone, DMSO = dimethyl-
sulfoxide].”™® More general approaches in this direction
include a Ru-catalyzed cross-dehydrogenative coupling of 2-
arylpyridines with cycloalkanes [Eq. (3); TBHP = tert-butyl
hydroperoxide]®® and the intramolecular dehydrogenative
coupling of N-pivalylpyrroles [Eq. (4)].°%” However, in both
of these latter cases, products yields were generally only
moderate.

Given the difficulty associated with C(sp*)-C(sp®) cross
couplings, a recent report of Hiyama and co-workers on the
cycloaddition of formamides and alkynes through activation
of both C(sp’)~H and C(sp’)~H bonds is a significant
achievement [Eq. (5)].®) Hiyama et al. originally discovered
a nickel catalyst system that facilitates hydrocarbamoylation
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of unsaturated bonds such as alkynes [Eq. (6); cod =cyclo-
octadiene].”! This study revealed that Lewis acid plays a
critical role in activating the formamides towards C(sp®)—H
activation.'”! With this Lewis-acid assistance, [Ni] oxidatively
adds the C(sp*)—H bond of the formamide. Alkyne insertion
followed by C—C bond-forming reductive elimination pro-
vides highly substituted acrylamides.

Building upon this work, Hiyama and co-workers found
N,N-bis(1-arylalkyl)formamides not only undergo the Lewis-
acid-assisted oxidative addition of the formamide C(sp*)—H
bond, the resultant nickel intermediate inserts an alkyne and
undergoes a second C—H activation (Scheme 1). That is,
intermediate III converts to intermediate I'V through cyclo-
metalation of the alkyl C(sp’)~H bond and extrusion of a
reduced alkyne (i.e., an alkene). Although this type of
cyclometalation is prevalent for platinum metals, cyclometa-
lation on nickel is much less prevalent.!'l In addition,
examples of Ni-based cyclometalation has been mainly
limited to the activation of C(sp?)~H bonds."? In contrast,
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Scheme 1. Proposed mechanism.

this nickelacycle (IV) inserts a second alkyne and reductively
eliminates the dihydropyridone product to complete the
catalytic cycle.

The dehydrogenative cycloaddition chemistry is not only
mechanistically interesting, it is synthetically useful. Sym-
metrical alkyl as well as aryl alkynes reacted with formamides
to afford dihydropyridone in good to excellent yields (Fig-
ure 1). The coupling of both tert-butyl-methyl alkyne and
phenyl-trimethylsilyl alkyne occurred regioselectively. Intri-
guingly, these two alkynes afforded products with the
opposite regioselectivity.
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Figure 1. Selected dihydropiperidones prepared by Ni-catalyzed dehy-
drogenative [4+2] cycloaddition.

Angew. Chem. Int. Ed. 201, 50, 10768 —10769

© 2011 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim

508

The work of Hiyama and co-workers is certainly an
outstanding contribution in the field of cross-dehydrogenative
coupling. Key to their success was an optimal steric environ-
ment around the metal center to promote cyclometalation/
dehydrogenative coupling. These findings marks the entry of
a cheaper, first-row transition metal catalyst (i.e. nickel) in
mediating C—C bond formation through the challenging
C(sp®)—H activation. It will be interesting to see how this
chemistry acts as a springboard for the development of future,
more general dehydrogenative coupling catalysts.
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