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3B Development of Efficient Carbon-Carbon Bond Forming Reactions Using a
ppb to ppm Loading Amount of a Palladium NNC-Pincer Complex

Transition-metal-catalyzed organic transformations are indispensable means of
chemical syntheses today, among which palladium-catalyzed reactions have been
recognized as the most powerful methods in modern organic synthesis. Palladium-
catalyzed reactions have been extensively studied since 1970s, and a variety of unique
and useful carbon-carbon bond forming reactions have been developed so far. With the
advent of “cross-coupling”, the chemistry of sp? carbon-sp? carbon bond formation with
haloarenes has seen an increase in interest and importance over the past several decades.
Indeed, a wide variety of pharmaceuticals, bioactive compounds, functional materials,
etc. have been efficiently synthesized by utilizing the cross-coupling reactions.

However, despite the high synthetic utility, problems associated with the practical use
of palladium lies in its toxicity and low-earth abundance. In general, a mol percent
(parts-per-hundred)-level loading of a palladium complex is often required to promote
the intended reactions with high efficiency under homogeneous conditions, where,
especially for preparing pharmaceuticals as well as functional (electronic, optical, etc.)
materials, palladium metal contaminants have to be removed from the products resulting
in complicated and costly manipulations. Reducing the loading of palladium catalysts
would solve these difficulties.

In this context, this author focused on the development of efficient catalyst systems
which work at mol ppb (parts-per-billion) to mol ppm (parts-per-million) levels of
palladium, i.e. 10*~107 higher catalytic performance compared to the conventional mol
percent catalysis. Thus, this author describes the Mizoroki-Heck reaction (Chapter 1)
and the Hiyama coupling reaction (Chapter 2) catalyzed by a ppb to ppm loading amount
of a palladium NNC-pincer complex. Detailed mechanistic studies on the Hiyama
coupling reaction (Chapter 3) were also demonstrated.

In Chapter 1, this author has developed an efficient Mizoroki-Heck reaction using
a palladium NNC-pincer complex. The Mizoroki-Heck reaction of various aryl
halides with alkenes proceeded in the presence of an NNC-pincer palladium
complex at 1 to 10 mol ppm loadings in N-methylpyrrolidone at 140 °C to give
the corresponding internal alkenes in excellent yields. A mol ppb loading
amount of the catalyst was found to promote the reaction of iodobenzene with
n-butyl acrylate at 160 °C for 72 h under the neat conditions to afford n-butyl



cinnamate in 87% yield, where total turnover number and turnover frequency
reached up to 870,000,000 and 3,356 s°!, respectively. Reaction rate analyses,
transmission electron microscopic measurement of the reaction mixture, and
catalyst poisoning tests suggested that the NNC-pincer complex served as a
precursor for the generation of a monomeric (single atomic) palladium species.
The catalyst was applied in a ten-gram-scale synthesis of the UV-B sunscreen
agent octinoxate (2-ethylhexyl 4-methoxycinnamate).

In Chapter 2, the Hiyama cross-coupling reaction using a ppm loading mount
of a palladium NNC-pincer complex has been developed. A palladium NNC-
pincer complex at a 5 mol ppm loading efficiently catalyzed the Hiyama
coupling reaction of aromatic bromides with aryltrialkoxysilanes in the
presence of potassium fluoride in propylene glycol at 100 °C to furnish the
corresponding biaryls in up to 99% yield with wide functional group tolerance
) including a variety of heteroaromatics. To demonstrate the further utility of
the reaction system, this method was applied to a multi-gram scale synthesis
of adapalene and a synthesis of a liquid-crystalline compound, as well as to the
derivatization of triethoxysil};lated dextromethorphan and an aryl bromide-
tethered norfloxacin.

In Chapter 3, to gain insight into the reason for the high efficiency of the
Hiyama cross-coupling reaction, detailed mechanistic studies were conducted.
ESI-MS and 2°Si NMR analyses of the reaction mixture suggested that
aryltrialkoxysilanes reacted with glycol solvents in the presence of potassium
fluoride as a base to afford glycol-derived pentacoordinate spirosilicate
intermediates in situ. A single-crystal x-ray analysis of the spirosilicate clearly
confirmed its structural nature. Preliminary theoretical studies revealed that
the silicate intermediates are quite reactive silicon reagents in the
transmetalation step. This result was in good agreement with that obtained by
stoichiométric reactions of an arylpalladium fluoride complex with the silicate
intermediate and with a simple aryltrialkoxysilane.
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