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oReport summary (English)

Principal investigator: Kyushu University, Professor Takuya Kitaoka
R & D title: Interfacial asymmetric organocatalysis stereoregulated by nanocellulose

1. Purpose of R & D

Green catalysis to produce energy and materials is a key technology for forthcoming sustainable low-
carbon society. In this project, we discovered that unanticipated combination of wood-derived
cellulose nanofibers (nanocellulose) and proline organocatalysts enables to enhance both of catalytic
activity and enantioselectivity in direct aldol reactions, and then have investigated new-concept
organocatalysis stereoregulated by natural polysaccharides with inherent chiral nanoarchitectures.
Pioneering of new applications of nanocellulose allows us to signal a new trend of materials streams
in forest products industries. Our project is expected to make possible contribution to establishment
of sustainable low-carbon society, based on (1) energy-saving, low environmental impact, and low
CO; emissions in chemical industries via efficient organocatalysis with nanocellulose, and (2) future
forest products industries to activate carbon capture and storage in green sustainable society.

2. Outline of R & D

(1) Contents:

Sustainable developments in our low-carbon society eagerly require environmentally-benign aspects
both for utilization of bioresources and materials conversion. In our project, we have focused on the
unique nanoarchitectures and novel functions of nanocellulose in heterogeneous organocatalysis. To
be specific, we have successfully explored novel catalytic functions occurring at the interfaces of
nanocellulose and natural polysaccharides: (1) asymmetric direct aldol reactions stereoregulated by
nanocellulose, (2) interfacial hydrolysis of acetals on surface-carboxylated nanocellulose, and (3)
highly-selective Knoevenagel condensation via chitosan nanofibers as a nanocellulose analogue.
Interfacial nanoarchitectures of natural polysaccharides are expected to hold the key to unlock the
doors to practical green organocatalysis, and the breakthrough will make contribution to establishing
low-carbon society, based on utilization of natural resources and efficient molecular transformation.

(2) Achievements:

Interfacial nanoarchitectures of natural polysaccharides, which cannot be artificially reconstructed,
were found out to work in heterogeneous organocatalysis to enhance catalytic activity and regulate
stereochemistry. (1) Combination of TEMPO-oxidized nanocellulose and (S)-proline made it possible
to afford more than 99% yield and 90%/(R,R) of enantiomer excess in direct aldol reactions of 4-
nitrobenzaldehyde and cyclopentanone. Computational analysis revealed that aromatic substrate was
adsorbed in a specific manner on the hydrophobic plane of nanocellulose to restrict the direction of
nucleophilic attacks. This reaction system was applicable for catalytic enhancement of Michael
additions. (2) Interfacial acid hydrolysis of acetals on TEMPO-oxidized nanocellulose proceeded
efficiently, and could be applied for various substrates. Kinetic study suggested that increasing surface
concentration of hydrophobic substrates on nanocellulose was a key factor to promote such catalytic
enhancement. (3) Chitosan nanofibers catalyzed highly-chemoselective Knoevenagel condensation in
green aqueous methanol, without any solvolysis and transesterification. These findings are expected
to provide new insights into green organocatalysis, which would be regulated by distinctive structures
of natural polysaccharides, and will expand the possibility for further advances in green sustainable
chemistry and engineering.

(3) Future developments:

Nanocellulose and natural polysaccharides perform as a CO; reservoir during materials circulation in
geosphere. Not only huge abundance but also their specific nanoarchitectures of polysaccharides must
have potentials for further materials applications. Beyond conventional developments of alternative
products from natural resources, pioneering of completely new functions of nanocellulose and natural
polysaccharides will open up a new avenue of design concept for heterogeneous organocatalysis and
other promising applications toward sustainable development goals.



