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Introduction
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Introduction

Nucleophilic C-H addition to aldehyde by C-H activation
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Introduction
Addition of external silanes
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Introduction

Directing groups as intramolecular traps for the metal alkoxides
to form cyclic products
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Rh-catalyzed C-H addition to aldehydes
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Rh-catalyzed C-H addition to aldehydes
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Rh-catalyzed C-H addition to aldehydes
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Rh-catalyzed C-H addition to aldehydes
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Mn-catalyzed C-H addition to aldehydes

DG RCHO DG OH

Lewis acid
™ H > NN R

O “Dual activation” strategy
O Mild reaction conditions

O Broad substrate scopes

\ O Excellent selectivities /

Wang, C.-Y. et al. Angew. Chem. Int. Ed. 2015, 54, 13659.



- Scope with respect to the arene
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Scope with respect to the aldehyde
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Olefinic C-H addition to aldehydes
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Mechanistic experiments
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Deuterium-labeling experiments
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Proposed catalytic pathway
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Summary

» Rh-catalyzed C-H addition to aldehydes to access alcohols:

DG DG OH
H RCHO

> R

» Mn-catalyzed C-H addition to aldehydes to access alcohols:

DG RCHO DG OH
Lewis acid



Transition-metal-catalyzed functionalization of inert C-H bonds, which are
ubiquitous in organic molecules, has witnessed an explosive advance in the
past three decades. The redox reactivity of transition metals (e.g. Pd'/Pd",
Pd!/Pd% Rh!/Rh!) contributes significantly to the diversity of C-H transfor-
mations. In contrast, the redox-neutral reactivity of the organometallic inter-
mediate formed by C-H activation with electrophiles has been less explored,
in particular for aryl-Pd species, until the recent achievements by Yu et al.
Meanwhile, the redox-neutral direct nucleophilic addition of inert C-H bonds
to polar multiple bonds has recently attracted more attention since
substrates bearing such polar unsaturated bonds often contain various
heteroatoms and are essential building blocks for the synthesis of highly

functionalized complex molecules.



In this context, the transition-metal-catalyzed direct nucleophilic C-H addition to
aldehydes is highly desirable for alcohol synthesis. However, there are a few
challenges to achieving efficient catalytic turnovers for such a process: 1) low
nucleophilicity of the C-M (M = transition metal) bond formed by C-H activation,
2) insertion of aldehydes into the C-M bond is reversible and 3) the transition-
metal alkoxide species resulting from insertion is recalcitrant to release of the
transition metal for the next catalytic cycle, but undergoes side reactions such

as [B-hydride elimination. To circumvent these pitfalls, the groups of Miura,

Takai, and Shi successfully shifted the equilibrium of the C-H addition to

aldehydes forward by addition of external silanes, thus affording the
corresponding silylethers as final products. Alternatively, directing groups were
employed as intramolecular traps for the metal alkoxides to form stable cyclic

products.



In conclusion, the manganese-catalyzed Grignard-type nucleophilic addition
of C(sp?)-H bonds to aldehydes to access alcohols/ketones was developed
by using a strategy of dual activation, which circumvents the limitations of
previous rhodium and palladium catalytic systems. It also features mild
reaction conditions, broad substrate scope, and excellent regio- and
stereoselectivity. Further explorations on the direct C-H transformations

using this manganese catalyst system are underway in our laboratory.



