Catalysed hydrosilylations:
from precious metals to abundant metals and organocatalysts
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Hydrosilylation is a reaction of growing interest for the mild and selective reduction of organic
compounds like alkenes, alkynes, carbonyls and imines using mainly transition-metal catalysts.[1,2] Indeed, the
use of hydrosilanes as reductants, which proceeds without any high-pressure equipment or high temperatures, is
an interesting alternative to hydrogenation. Because the reactivity of such reagents and related reaction
intermediates is modular and depends on the substituents on the silicon atoms, the hydrosilylation reaction can
become a highly chemo- and regioselective reduction method that tolerates various other reducible functional
groups.[2] The known silane activation modes operate through oxidative addition,[3] metal-ligand
cooperation,[4] metal-substrate double activation,[5] heterolytic polar electrophilic activation with
organometallics[6] or through the use of frustrated Lewis pairs.[7] Beside catalysts based on late-transition
metals, attention is gradually turned on catalysts based on abundant and non-precious metals, i.e. first row
transition metals, as well as frustrated Lewis pairs due to economic, environmental and societal reasons.[8]

At first, we have shown iridium(l11) metallacycles[9a] can catalyze the hydrosilylation of alkynes,[9b]
imines,[9c] and various carbonyl and carboxylic acid derivatives.[9d-g] We have specifically highlighted in
details the selective hydrosilylation of esters to aldehydes[9d], the efficient hydrosilylation of amides into
amines[9f] and the controlled hydrosilylation of ene-amides into amides or amines through a tandem
process.[9g] These reactions are fast, selective and performed with low catalyst loadings using mild conditions.
The reaction mechanisms were detailed through studies based on NMR, HRMS, DFT calculations and on the
isolation of key intermediates.

Afterwards, we have shown cobalt(ll) salts combined with NaBHEt; and eventually a base catalyse
efficiently and selectively the reduction of esters to aldehydes or alcohols through hydrosilylation by using
phenylsilane. Catalyst characterisations by XRD, XPS, TEM and STEM analyses indicate the materials were
partially crystalline with the presence of cobalt nanoparticles. Control experiments suggested low valent Co(0)
was the active catalytic species involved. Interestingly, one catalyst was successfully reused up to 4 cycles
without significant loss of selectivity.[10] Moreover, we have shown a half-sandwich nickel NHC-picolyl
complex effectively catalyzed the hydrosilylation of aldehydes and ketones. Studies by DLS, STEM, XPS, ICP-
AES and elemental analyses showed evidence for the involvement of NHC-stabilized Ni(0) nanoparticles when
potassium t-butoxide is used as an activator.[11]

Finally, we have reported a catalytic and transition metal-free reductive deoxygenation of esters to
ethers through the use of a hydrosilane and a fluorinated borate BArF salt as catalyst. Experimental and
theoretical studies support the role of noncovalent interactions between the fluorinated catalyst, the hydrosilane
and the ester substrate in the activation of silane and therefore in the reaction mechanism.[12]
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