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Catalytic Cleavage of Unreactive Bonds: Design, Development, and Application

Fumitoshi Kakiuchi

Transition metal-catalyzed reactions are cssential in modern organic synthesis. In these
reactions, reactive functional groups such as halides and pseudohalides are usually used for
making carbon-carbon bonds and for introducing other functional groups. To date, a variety of
catalytic rcactions have been developed. On the contrary, usually, carbon-hydrogen bonds
cannot bc employed as a functional group duc to their high bond dissociation energies. If
carbon-hydrogen bonds can be used as a functional group as like as carbon-halogen and
—pscudohalogen bonds, it would become one of the most powerful, valuable, straightforward
methods for synthesizing complex molecules and introducing functional groups. This project
aims at designing and developing novel catalytic rcactions involving cleavage of unreactive
carbon bonds such as carbon-hydrogen and -oxygen bonds by means chelation-assistance.

This rescarcher has alrcady developed catalytic coupling reaction of aromatic compounds
having a directing group such as carbonyl, imino, and pyridyl groups with olefins to give the
corrcsponding alkylation products in high yields. This reaction provides a new synthetic
protocol for introducing alkyl group to aromatic rings. To understand the dctail of this
alkylation reaction, the rcaction mechanism of the RuHy(CO)(PPh;);-catalyzed coupling
rcaction of aromatic kctoncs with olefins was studied by mecans of NMR spectroscopy and
kinctics.  Structurcs of two key intcrmediates in the catalyst resting states were elucidated by
NMR spectroscopy. The reaction of RuHx(CO)(PPh;); with trimethylvinylsilane gave highly
active ruthcnium complex, Ru(H)(o-CgHyPPh,}(PPh3),(CO). When the reactions of aromatic
ketoncs with vinylsilanes were carricd out using Ru(H)(0-CsH,PPh;){(PPh;),(CO) as a catalyst,
the alkylation reaction took

placc at room temperaturc in Q ;cmt(ed ga:'a'glglh {PPha(CO) 2
. . . U Q-
quantitative yicld.  And, + P siMey A
this coupling reaction toluene, room temperature, 48 h SiMes

- \ 29%
proceeded quantitatively in
refluxing toluene cven at 0.1 mol% catalyst loading conditions.
A new entry of the arylation of aromatic compounds has been developed. Reactions of
aromatic ketones, csters, and nitriles with arylboronates using RuH,(CO)(PPhs);-catalyst
afforded the corresponding ortho

arylation products in high yields. In . %m%o)(ppha)a " . iﬂ
addition of arylboronates, alkeny! and Ph'{:x (ﬁ\ ot A1 '8’
alkyl boronates can aiso be used in 'B ' 98%

this coupling reaction.
Catalytic silylation of carbon-hydrogen bonds

with trialkylsilane using Rub(CO)PPhy); or (Il aor I g,
Ru3(CO)y» catalyst provided silylation products in [ HSE — §
high yields. A variety of aromatic compounds | /N %u:na. reflux I /N 729

such as aryl imines and aryl pyridines can be used
in this coupling reaction. Carbon-hydrogen bonds in benzylic methyl group were also silylated
under the same reaction conditions.

Carbon-oxygen bonds in aryl ethers can OMeQ 4 mol% Ph ©
14
also be converted to carbon-carbon bonds by . Ph-BP:>< RuH(CO}PPha)s | dl\
using organoboron compounds as a coupling OMe o toluene, reflux, 1 Ph

partner. 96%

In this project, this researcher has developed several types of new reactions involving
cleavage of unreactive bonds. The findings in this project will open new research areas of
synthetic organic chemistry and will provide new protocols for synthesizing complex molecules.
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