M LCAT

Welcome to the Molecular Catalysis Research Team
WEB Site

The Laboratory

Academic Staff:

Dr. Masafumi Hirano

PhD

Professor

Office: New 1 bldg. N514A

Phone & Fax: +81 423 887 044 Department of Applied Chemistry,
Email: hrc@cc.tuatacjp Graduate School of Engineering,

Tokyo University of Agriculture
and Technology, 2-24-16
Nakacho, Koganei, Tokyo 184-
8588, JAPAN

- Dr. Nobuyuki Komine
D.Eng.

Research Associate

Office: New 1 bldg. N513
Email: komine@cc.tuat.ac.jp

Ms. Sayori Kiyota
MSc
Technical Staff

Office: New 1 bldg. N513 MOL‘)C‘ﬂT

Email: sayo@cc.tuat.ac.jp II:\tAoIecuIﬁ[r Catalysis
esearch Team




1. Cross-Dimerization of Alkenes: One of the major focuses in our lab is
the selective cross-dimerization of substituted alkenes by zero-valent
ruthenium complex. We have developed the first enantioselecive cross-
dimerization between substituted alkenes, that goes through an
oxidative coupling mechanism. (Org. Lett.,, 2013, 15, 2486)

2. Bond Activation by Internal Electrophilic Substitution Mechanism:
Interal Electrophilic Substitution (IES) mechanism, which is also named as
Concerted Metallation Deprotonation (CMD) or Ambiphilic Metal-Ligand
Activation (AMLA), is one of the current topics in bond activation
processes. However, the understanding in the molecular level and the
application is still limited. We have shown multiple C-H bond activation
processes of alkyl group in the ortho position of the aryloxo group.
(Organometallics, 2014, 33, 1235)




3. Successive C-O/C-H Bond Activation of Esters: The C-H bond

activation by the Internal Electrophilic Substitution (IES) mechanism
normally starts from the oxidative addition of organic halide to the low
valent metal compound followed by the anion exchange between the
resulting halido and carboxylato (or carbonato) to give
(carboxylate)(organo)metal species. If we can make this species directly
from esters by the C-O bond activation, this process must be very
attractive from the atom and step economy point of view. We have
succeeded direct formation of fluorene by the C-O/C-H bond activation
process by a Pd catalyst. (Organometallics, 2014, 33, 1921)

4. Highly Active Catalyst for Hydrometallation: We recently found
the mono-phosphine Pd(0) compounds to be a highly active
hydrometallation catalyst under mild conditions. Hydrometallations,
particularly those using main group elements, are highly attractive for
the synthetic point of view.
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@ Nobuyuki Komine,* Tatsuo Mitsui, Shu Kikuchi, Masafumi Hirano, Ligand-Controlled
Rgiodivergent Hydrosilylation of Conjugated Dienes Catalyzed by Mono(phosphine)palladium(0)
Complexes, Organometallics, 2020, 39, 4510-4524.
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Dehydrogenative Coupling of Dimethyl Phthalate: Synchrotron Radiation Sheds Light on the Cu
Cycle Mechanism, ACS Catalysis, 10, 5909-5919 (2020).
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@ Sayori Kiyota, Masafumi Hirano,* An Insight into Regioselectivity in the Transformation through
Ruthenacycle , New Journal of Chemistry, 44, 2129-2145 (2020).
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Westcott, Catalytic Cross-Dimerisation Giving Reactive Borylated Polyenes toward Cross-Coupling,
Chemical Communications, 55, 10527-10530 (2019).
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Kohei Kamakura, Ayumi Kuramochi, Shinnosuke Kurita, Shuhei Machida, Harumi Okada, Asami
Sawasaki, Takumi Uchino, Recent Advances of Achiral and Chiral Diene Ligands in
Transition-Metal Catalyses, Tetrahedron Letters, Digest, in press (2019).
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@ Masafumi Hirano,* Recent Advances in the Catalytic Linear Cross-Dimerizations, ACS Catalysis,
9, 1408-1430 (2019).
DOI: 10.1021/acscatal.8b04676
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@ Masafumi Hirano,* Yukino Tanaka, Nobuyuki Komine, Synthesis of and Catalytic Linear
Cross-Dimerizations by an Electron-Deficient Cyclic Diene Complex of Ruthenium(0),
Organometallics, 37,4173-4176 (2018).

DOI: 10.1021/acs.organomet.8b00645
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@ Masafumi Hirano,* Kosuke Sano, Yuki Kanazawa, Nobuyuki Komine, Zen Maeno, Takato
Mitsudome,* Hikaru Takaya,* Mechanistic Insights on Pd/Cu-Catalyzed Dehydrogenative Coupling

of Dimethyl Phthalate,
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@ Masafumi Hirano,* Hideyuki Kobayashi, Takao Ueda, Yuki Hiroi, Ryota Abe, Nobuyuki Koine,
Annie L. Colebatch, Martin A. Bennett,* In site Routes to Catalytically Active Ru(0) Species by
Reduction of Readily Available, Air-stable Precursors, Organometallics, 37, 1092-1102 (2018).

DOI: 10.1021/acs.organomet.7b00882
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@ Sayori Kiyota, Masafumi Hirano,* Ru(0)-Catalyzed Straightforward Synthesis of Conjugated
Tetraenes: An Approach using Two Internal Alkynes with 1,3-Butadiene, Organometallics, 37,
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@ Nobuyuki Komine,* Ryo Ito, Hiromi Suda, Masafumi Hirano, Sanshiro Komiya, Selective Alkene
Insertion into Inert Hydrogen-Metal Bond Catalyzed by Mono(phosphorus ligand)palladium(0)
Complexes, Organometallics, 36, 36,4160-4168 (2017).

DOI: 10.1021/acs.organomet.7b00593
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@ Masafumi Hirano, Masahiro Moritake, Tasuku Murakami, Nobuyuki Komine, Ru(0)-Catalyzed
C3-Selective Coupling Reactions of Unsaturated 5-Membered Heterocycles with Methyl
Methacrylate and Methacryl Amide, Chemistry Letters, 46, 1522-1524 (2017). (Editor’s Choice)
DOI: 10.1246/c1.170683

Present method

/I\CONHZ

o o)
3b Hp (2 MPa)
@ 1b (5 mol%) OW NH, Pd/C o NH,
0~ THFrt,24h MeOH, rt,3d
2a 75% 5ab 82% 6ab

62% total yield

Conventional method

o o
cl EtOMOEt EQ "o
° 1. KOHqq °
° o ° 0
2. H;0*
0" NaOEt, EtOH o] < Hg

(@)

o
NH.
A

@ Sayori Kiyota, Seonyoung In, Nobuyuki Komine, and Masafumi Hirano*



Regioselectivity Control by Added MeCN in Ru(0)-Catalyzed Cross-Dimerization of Internal
Alkynes with Methyl Methacrylate, Chemistry Letters, 46, 1040-1043 (2017).

DOI: 10.1246/cl.170224

@ Sayori Kiyota, Hirofumi Soeta, Nobuyuki Komine, Sanshiro Komiya, Masafumi Hirano,* E-Selective
Dimerization of Phenylacetylene Catalyzed by Cationic Tris(u-hydroxo)diruthenium(II) Complex
and the Mechanistic Insight: The Role of Two Ruthenium Centers in Catalysis, J. Mol. Catal. A.
(Editor’s choice paper), 426, 419-428 (2017).
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@Masafumi Hirano* and Sanshiro Komiya, Oxidative Coupling Reactions at Ruthenium(0) and
Their Applications to Catalytic Homo- and Cross-Dimerizations, Coord. Chem. Rev. 314, 182-200
(2016).
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Direct Coupling of Internal Alkynes with Conjugated Dienes: An Efficient Access to Conjugated
Trienes, Organometallics, 35, 4033-4043 (2016).
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@ Sayori Kiyota, Takako Kobori, Hirofumi Soeta, You-ichi Ichikawa, Nobuyuki Komine, Sanshiro
Komiya, Masafumi Hirano,* Synthesis of and Catalytic Nitrile Hydration by a Cationic

Tris(u-hydroxo)diruthenium(II) Complex Having PMe.Ligands, Polyhedron, 120, 3-10 (2016).

DOI: 10.1016/j.poly.2016.04.006
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Komine, and Sanshiro Komiya, Ru(0)-Catalyzed C3-Selective Cross-Dimerization of
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@Masafumi Hirano,* Takao Ueda, Nobuyuki Komine, Sanshiro Komiya, Saki Nakamura, Hikaru
Deguchi, and Susumu Kawauchi,* Mechanistic Insights into Catalytic Linear Cross-Dimerization
between Conjugated Dienes and Styrenes by a Ruthenium(0) Complex, Journal of Organometallic
Chemistry, 797, 174-184 (2015).
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194-205 (2015).

DOI: 10.1016/j.jorganchem.2015.04.048

Ph;
P ML —
- [ ¥ ¢ Ph
Pt
~p" H
Ph,
_Pre _pn ML, = MoCp{CO)s (3a): 92%
[ ‘p[_[ + MHL, WCp(CO); (3b): 88%
—~p"
Ph,
Ph, O
1 _P,
e [P M+ TN
ML, * MoCp(CO)s (28) ~F H Ph
WCp(CO)s (2b) Phy
Mn(CO)y (2¢)
FoCp(CO),; (2d) ML, = Mn(CO), (3c): 93%

FeCp{CO) (3d): 52%

MoHs(dppe); (2e)

RuCp(dppe) (2h)
RuMH(PPhg), (2i)
RuH(CO)PPh1); (2))

@ Nobuyuki Komine,* Makoto Abe, Ryoko Suda, Masafumi Hirano , Markovnikov-Selective
Hydrosilylation of Electron-Deficient Alkenes with Arylsilanes Catalyzed by
Mono(phosphine)palladium(0), Organometallics, 34,432-437 (2015).
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@ Yuki Hiroi, Nobuyuki Komine, Sanshiro Komiya, Masafumi Hirano,* , Regio- and Enantioselective
Linear Cross-Dimerization between Conjugated Dienes and Acrylates Catalyzed by New Ru(0)
Complexes, Organometallics, 33, 6604-6613 (2014).
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New J. Chem., 38, 5052-5057 (2014).
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@ Masafumi Hirano,* Yasuto Yanagisawa, Endin Mulyadi, Nobuyuki Komine, Sanshiro Komiya,

Multiple C-H Bond Cleavage of Alkyl Group in (2,6-Dialkylphenoxo)ruthenium(IT) Complex,

Organometallics, 33, 1235-1244 (2014).

DOI: 10.1021/0m5000248
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@ Yuki Hiroi, Nobuyuki Komine, Sanshiro Komiya, and Masafumi Hirano,* Asymmetric
Cross-dimerization between Methyl Methacrylate and Substituted Alkenes by
Ru(0)-Bicyclononadiene Complex, Org. Lett. 15,2486-2489 (2013).
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Stoichiometric Carbon-Hydrogen Bond Cleavage Reaction in a Bis(carboxylato)ruthenium(II)



Complex and Its Application to Catalytic H/D Exchange Reaction of Carboxylic Acids,
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@ Masafumi Hirano,* Takuya Okamoto, Nobuyuki Komine, and Sanshiro Komiya
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Orientational Control of Coordinated Olefins at Ru(0) in Oxidative Coupling Reaction between
Methyl Methacrylate and 2,5-Dihydrofuran, Organometallics, 30, 1307-1310 (2011).

DOI: 10.1021/0m20009 1n

)\ Ru(naphthalene)(1,5-COD
N COMe (o r(nolg':) " )

/\/\l/COQMe
o_:

— 0 1€, 24 h, neat =
Z ) rac-(25,3'Rj-2a
0 81% (>98% de)

@ Nobuyuki Komine, Kohtaro Ishiguro, Sachiyo Kanai, Masafumi Hirano, and Sanshiro Komiya,*
Branch Selective Allylation of Acetylacetone Catalyzed by Water-soluble Rhodium Complex
Catalyst, J. Organomet. Chem. 696, 1927-1930 (2011).

DOI:10.1016/j.jorganchem.2010.10.037

[RhCI(1,5-cod)]o/6 L
@) O (5 mol%) +

OCOMe  +
NN M H,O/ACOE, 40 °C




@ Masafumi Hirano, Yumiko Sakate, Nobuyuki Komine, Sanshiro Komiya, Xian-qi Wang, Martin A.
Bennett, Stoichiometric Regio- and Stereoselective Oxidative Coupling Reaction of Conjugated
Dienes with Ruthenium(0). A Mechanistic Insight into the Origin of Selectivity. Organometallics,
30,768-777 (2011) .

DOI: 10.1021/0m100956f

1 anti-supine,
syn-prone-4
+ NN . 3
- naphthalene - ’
isomerization

\

T

Ru
oxidative W J\
coupling

E/Z equilibration
by rotation of
a C=C bond
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B Papers before 2009
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