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Development of multinuclear metal catalysts for dehydrogenative coupling reaction
using nanospace of structurally-ordered materials

Maeno, Zen
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Immobilized multinuclear metal complex catalysts are successfully developed by
using the nanospaces of structurally-ordered materials, such as inorganic layered silicate and polyamine
dendrimer. The regularly-arranged coordination sites of these nanospaces play important roles to
synthesize multinuclear metal species and retain the structures during the catalytic reactions, which
enables selective molecular transformations including aerobic regioselective coupling reaction of phenols
and chemoselective reduction of aromatic nitro compounds.



R-H R

O,

R-H

O,

O,

SO,
Na*

(SO)
(SiOH)
Sio”

(magadiite:H,Na,Si;40,9xH,0)

Na-magadiite

Cu-magadiite

2,6-dimethylphenol
(DMP)
DMP

c-C
(mushroom tyrosinase)
Cu-magadiite
97% C-C
3,3’,5,5’-tetramethyldiphenoquinone
(DPQ) 97%
Si0™
stevensite c-C
70%
magadiite
Si0™

Cu-magadiite

Cu

0,



3,3’5,5’-tetramethylbiphenol (TMBP)

TMBP (i) DMP
DPQ
(i) DPQ TMBP
DPQ
TMBP
magadiite  Ru
(Ru-magadiite) 0O,
(Ho)
DMP TMBP
RuC13
magadiite
Ru-magadiite DMP TMBP
t-BuOH
0, (1 atm) DMP
0,
H, (1 atm)
TMBP 99%
Pd Cu Co magadiite
TMBP

Ru-magadiite

[Rhs(CO)ys] ([Rhs(CO)15])
[PPN]'[Rhs(CO);s] (PPN =
(PPh;),N)
[Rhs(CO)is]
CO H,O
Rh¢(CO),s  toluene
[Rhs(CO)is]
[Rhs(CO)is]
CO H,O

p-nitrostyrene
O-nitrobenzaldehyde

0,

10
7
10
Tomoo Mizugaki, Keito Togo, Zen Maeno,
Takato  Mitsudome, Koichiro  Jitsukawa,

Kiyotomi Kaneda, One-Pot Transformation of
Levulinic Acid to 2-Methyltetrahydrofuran
Catalyzed by Pt-Mo/H-fp in Water, ACS
Sustainable Chemistry & Engineering, 2016, 4(3),
682-685, ,
DOI:10.1021/acssuschemeng.6b00181

Takato Mitsudome, Teppei Urayama, Kenji
Yamazaki, Yosuke Maehara, Jun Yamasaki,
Kazutoshi Gohara, Zen Maeno, Tomoo Mizugaki,
Koichiro Jitsukawa, Kiyotomi Kaneda, Design of
Core-Pd/Shell-Ag Nanocomposite Catalyst for
Selective Semihydrogenation of Alkynes. ACS
Catalysis 2016, 6(2), 666-670, ,

DOI: 10.1021/acscatal.5b02518

Zen Maeno, Shota Yamada, Takato Mitsudome,
Tomoo Mizugaki, Koichiro Jitsukawa,
Depolymerization of Polyethers to Chloroesters
Using Heterogeneous Proton—exchanged
Montmorillonite Catalyst. Chemistry Select,
2016, 1 (2), 201-204, , DOI:
10.1002/s1ct.201600052

Teppei Urayama, Takato Mitsudome, Zen Maeno,
Tomoo Mizugaki, Koichiro Jitsukawa, Kiyotomi
Kaneda, O,-enhanced Catalytic Activity of Gold
Nanoparticles in Selective Oxidation of
Hydrosilanes to Silanols, Chem.Lett., 2015,44(8),
1062-1064, ,
DOI:doi.org/10.1246/c1.150379

Tomoo Mizugaki, Yuki Nagatsu, Keito Togo,
Zen Maeno, Takato Mitsudome, Koichiro

Jitsukawa,  Kiyoromi  Kaneda, Selective
Hydrogenation  of  Levulinic  Acid to
1,4-Pentanediol in Water Using a
Hydroxyapatite-supported  Pt-Mo  Bimetallic

Catalyst, Green Chem., 2015, 17(12), 5136 —
5139, , DOI: 10.1039/c5gc01878a

Takato Mitsudome, Masaaki Yamamoto, Zen



Maeno, Tomoo Mizugaki, Koichiro Jitsukawa,

Kiyotomi Kaneda, One-step Synthesis of
Core-Gold/Shell-Ceria Nanomaterial —and Its
Catalysis for Highly Selective

Semihydrogenation of Alkynes, J. Am. Chem.
Soc., 2015, 137(42), 13452-13455, ,
DOI:10.1021/jacs.5b07521

Takato Mitsudome, Teppei Urayama, Zen Maeno,
Tomoo Mizugaki, Koichiro Jitsukawa, Kiyotomi
Kaneda, Highly Efficient Dehydrogenative
Coupling of Hydrosilanes with Amines or
Amides Using Supported Gold Nanoparticles,
Chem. Eur. J., 2015, 21(8), 3202-3205, ,
DOI: 10.1002/chem.201405601

Zen Maeno, Takato Mitsudome, Tomoo
Mizugaki, Koichiro Jitsukawa, Kiyotomi Kaneda,
Selective ~ C-C  Coupling  Reaction  of
Dimethylphenol to Tetramethyldiphenoquinone
Using Molecular Oxygen Catalyzed by Cu

Complexes immobilized in Nanospaces of
Structurally-ordered Materials, Molecules,
2015, 20 (2), 3089-3106, , DOL:

10.3390/molecules20023089

Tomoo Mizugaki, Takayuki. Yamakawa, Yuki.
Nagatsu, Zen Maeno, Takato Mitsudome,
Koichiro Jitsukawa, Kiyotomi Kaneda, Direct
Transformation of Furfural to 1,2-Pentandiol

Using a Hydrotalcite-Supported  Platinum
Nanoparticle  Catalyst, ACS  Sustainable
Chemistry &  Engineering, 2014, 2(10),
2243-2247, ,
DOI:10.1021/sc500325¢g

Zen Maeno, Takato Mitsudome, Tomoo
Mizugaki, Koichiro Jitsukawa, Kiyotomi

Kaneda, Selective Synthesis of Rh5 Carbonyl
Clusters within a Polyamine Dendrimer for
Chemoselective Reduction of Nitro Aromatics,
Chem. Commun., 2014, 50(49),6526-6529,

, DOI:10.1039/C4CC00976B

42

, 2016.3.26

, 2016.3.26, (

, 96
, 2016.3.26, (
, , H-beta
Pt-Mo 2-
s 96 ,2016.3.25,
(
, 96 , 2016.3.25,
(
-Pd/
-Ag ;
96 , 2016.3.25,
, /
, 96
, 2016.3.24,
, 117
,2016.3.22, ( )
1,4-
, 117
,2016.3.21,

Tomoo Mizugaki, Yuki Nagatsu, Zen Maeno,
Takato  Mitsudome, Koichiro  Jitsukawa,
Kiyoromi Kaneda, Selective Hydrogenolysis of
Furfural to 1,2-Pentanediol Catalyzed by
Hydrotalcite-supported Platinum Nanoparticles,
Pacifichem2015, 2015.12.20,
Honolulu(Hawaii,U.S.A.),

Keito Togo, Zen Maeno, Takato Mitsudome,
Tomoo Mizugaki, Koichiro Jitsukawa,
Kiyoromi Kaneda, Selective synthesis of



2-methyltetrahydrofuran from levulinic acid
using solid acid-supported Pt-Mo bimetallic
catalyst, Pacifichem2015, 2015.12.19,
Honolulu(Hawaii,U.S.A.)

Takamasa  Morita, Zen Maeno, Takato
Mitsudome, Tomoo Mizugaki, Koichiro
Jitsukawa, Kiyoromi Kaneda, Highly selective
transesterification of glycerol to
monoacetylglycerol using heterogeneous base
catalysts, Pacifichem2015, 2015.12.19,
Honolulu(Hawaii,U.S.A.),

Tomoo Mizugaki, Zen Maeno, Takato
Mitsudome, Koichiro Jitsukawa, Kiyoromi
Kaneda, Development of precisely designed
heterogeneous catalysts for valorization of
biomass-derived feedstock, Pacifichem2015,
2015.12.19, Honolulu(Hawaii,U.S.A.)

Kazuya Miyagawa, Zen Maeno, Takato
Mitsudome, Tomoo Mizugaki, Koichiro
Jitsukawa, Kiyoromi Kaneda, Development of
hydroxyapatite-supported  ruthenium-vanadium
bimetallic catalyst for highly selective reduction
of amides to amines, Pacifichem2015,
2015.12.19 Honolulu(Hawaii,U.S.A.)

Zen Maeno, Takato Mitsudome, Tomoo
Mizugaki, Koichiro Jitsukawa, Kiyoromi Kaneda,
Precise synthesis of polyamine
dendrimer-encapsulated Rhs carbonyl cluster for
chemoselective reduction of aromatic nitro
compounds, Pacifichem2015,2015.12.17
Honolulu(Hawaii,U.S.A.)

Hiroshi Hayashi, Zen Maeno, Tomoo Mizugaki,
Koichiro Jitsukawa, Kiyotomi  Kaneda,
Size-Selective synthesis of Pd nanoparticles
stabilized by dendrimers through stepwise
growth method, Pacifichem2015,2015.12.17
Honolulu(Hawaii,U.S.A.)

Masaaki  Yamamoto, Zen Maeno, Takato
Mitsudome, Tomoo Mizugaki, Koichiro
Jitsukawa, Kiyoromi Kaneda, Core-shell

nanostructured Au@CeO, catalyst for the highly
selective semihydrogenation of alkynes to
alkenes, Pacifichem2015, 2015.12.16,
Honolulu(Hawaii,U.S.A.)

Shota Yamada, Zen Maeno, Takato Mitsudome,
Tomo Mizugaki, Koichiro Jitsukawa, Kiyoromi
Kaneda, Development of gallium
cation-exchanged montmorillonite catalyst for
depolymerization of polyethers, Pacifichem2015,
2015.12.16, Honolulu(Hawaii,U.S.A.)

Teppei Urayama, Zen Maeno, Takato Mitsudome,
Tomoo Mizugaki, Koichiro Jitsukawa,

Kiyoromi Kaneda, Complementary Catalysis of
Core-Pd  and  Shell-Ag  for  Selective
Semihydrogenation of Alkynes Pacifichem2015,
2015.12.16, Honolulu(Hawaii,U.S.A.)

Zen Maeno, Takato Mitsudome, Tomoo
Mizugaki, Koichiro Jitsukawa, Kiyoromi
Kaneda., Development of dinuclear copper
complex catalyst using interlayer nanospace of
magadiite for efficient bond formation reactions,

Pacifichem2015, 2015.12.16,
Honolulu(Hawaii,U.S.A.)
, 2015.10.30 (
.4 ,
2015.10.23, ( )
Tomoo  Mizugaki, Zen Maeno, Takato
Mitsudome, Koichiro Jitsukawa, Kiyoromi
Kaneda, Development of multifunctional
heterogeneous catalysts for utilization of

biogenic chemicals, 11th IUPAC International
Conference on Novel Materials and their

Synthesis (NMS-XTI) , 2015.10.13,
Qinhuangdao(China)
2-
, 116 ,
2015.9.18,
1,4-
, 116 ,
2015.9.18,
116 ,2015.9.16,
-Pd/ -Ag
, 116



,2015.9.16

> > >

R , Ru-V
, 116 ,
2015.9.16
R S Pt-Mo
2-
,2015.9.2
, , 2015.9.2,
Ru-V
s , 2015.9.2
-Pd/ -Ag
,2015.9.2
Zen Maeno, Takato Mitsudome, Tomoo

Mizugaki, Koichiro Jitsukawa, Kiyoromi Kaneda,
Development of Dinuclear Cu Complex Catalysts
Using Nanospaces of Dendrimer and Magadiite
for C-C Coupling of 2,6-Dimethylphenol,
International Synposium on Relation between
Homogeneous and Heterogeneous Catalysis
(SHHC-17), 2015.7.13, Utrecht( Netherland)

115 , 2015.3.23

115
,2015.3.23,

47 2014.11.14
2014.11.15
114 ,
2014.9.25
Zen Maeno, Takato Mitsudome, Tomoo

Mizugaki, Koichiro Jitsukawa, Kiyotomi Kaneda,
Regioselective Oxidative Coupling Reaction of
Dimethylphenol  Catalyzed by Polyamine
Dendrimer - Encapsulated Copper Complex
Using Molecular Oxygen = TOCAT7, 2014.6.4

Masaaki Yamamoto, Zen Maeno, Takato
Mitsudome, Tomoo  Mizugaki, Koichiro
Jitsukawa, Kiyotomi Kaneda Synthesis of Core
- shell Au@CeO, Nanocomposite and Its
Catalytic Application for Selective

Deoxygenation of Epoxides TOCAT7, 2014.6.3

Teppei Urayama, Zen Maeno, Takato Mitsudome,
Tomoo Mizugaki, Koichiro Jitsukawa, Kiyotomi

Kaneda Hydroxyapatite - supported Gold
Nanoparticle Catalyst for Dehydrogenative
Coupling of Hydrosilanes with Amines,
TOCAT7, 2014.6.3,

Tomoo Mizugaki, Yuki Nagatsu, Zen Maeno,
Takato Mitsudome, Tomoo Mizugaki, Koichiro
Jitsukawa, Kiyotomi Kaneda Development of
Pt-W-Al Catalysts for Selective Hydrogenolysis
of Glyserol, TOCAT7, 2014.6.2,

Takato Mitsudome, Zen Maeno, Tomoo
Mizugaki, Koichiro Jitsukawa, Kiyotomi kaneda,
Conceptual Design of Ag@CeO, Core- Shell

Nanocomposite Catalyst for Highly
Chemoselective Hydrogenations , TOCAT7,
2014.6.2,

http://www.cheng.es.osaka-u.ac.jp/jitsukawalabo/
home.html

(D
MAENO, Zen



