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Institute for Chemical Research (ICR) dates back to 1915
with the founding of the Specialized Center for Chemical
Research at the Faculty of Science, Kyoto Imperial University.
The formation of the Specialized Center was greatly influenced
by historical events. In 1910, Dr. Sahachiro Hata developed
salvarsan, a highly effective drug for syphilis, while conduct-
ing research with Dr. Paul Ehrlich. The effectiveness of this
compound eventually became widely recognized, and its
commercial production began in Germany. Although Japan was
importing this drug, the outbreak of the World War I ceased
the importation, and forced by circumstances the Japanese
government requested that the University of Tokyo and Kyoto
University produce salvarsan. The fourth Chancellor of Kyoto
University, Professor Mitsuru Kuhara, who also happened to
be a chemist, received this request. Facilities for salvarsan
production were built with an investment of 20,000 yen, which
is equivalent to about 200 million yen in today’s market.
Production went well, and as income was generated, faculty
members, who had a passion for research in chemistry, gathered
from across the University to form the Specialized Center for
Chemical Research, which was later expanded and renamed as
the Institute for Chemical Research (ICR) in 1926.

The newly established ICR soon began to produce
outstanding research achievements: research on accelerators by
Professor Bunsaku Arakatsu, research on synthesized petroleum
oil production, and the development of vinylon, which is
Japan’s first synthetic fiber. Almost all the professors at the
Institute, including the aforementioned, were also professors
at the Faculty of Engineering or Science. However, over time,
people began to recognize the importance of having professors
dedicated solely to ICR in order to operate ICR with a clear
responsibility, as well as the importance of the Institute’s
contribution in training researchers by providing guidance to
graduate students. Thus, ICR began accepting graduate students
in 1962, and reorganization in 1964 saw the installation of the
research division system where each division was led by one of
our dedicated professors.

Since the founding of ICR in 1926, our basic principle
has been to excel in the investigation of the basic principles
of chemistry and chemical applications. Through several re-
organizations, ICR currently consists of the following five
research divisions: Division of Synthetic Chemistry, Division
of Materials Chemistry, Division of Biochemistry, Division of
Environmental Chemistry, and Division of Multidisciplinary
Chemistry as well as the following three research centers:
Advanced Research Center for Beam Science, International
Research Center for Elements Science (IRCELS), and Bio-
informatics Center.

Today, ICR spans 31 research fields (laboratories) with

Preface

104 faculty members and about 240 graduate students. Each
laboratory belongs to one of the seven graduate schools, which
encompass science, engineering, pharmaceutical sciences,
agriculture, medicine, informatics, human and environmental
studies. Our laboratories and the graduate schools work together
to provide excellent graduate education.

ICR strives to be the “central research center in chemistry”
by achieving outstanding results in chemistry and related fields,
and attracting motivated researchers in these fields. Chemistry
is a fundamental science, which deals with materials, and its
importance, including its contribution to physics and biology,
cannot be overemphasized. One of our major strengths is our
breadth and depth. In other words, ICR is multidimensional, and
is constantly widening and deepening our research activities. We
intend to use our strengths to contribute to pioneering research
as well as to expand the boundaries of chemical related fields
and to promote research collaborations, which are difficult using
conventional graduate schools. Moreover, we aim to utilize
our strengths as an outstanding research center in education in
order to produce excellent scientists and engineers who possess
a broad perspective and can positively contribute to our global
society.

ICR is currently working towards establishing Global
COE Programs in collaboration with the Graduate School of
Engineering and the Graduate School of Science. In 2007, two
programs have been selected from Kyoto University as Global
COE Programs: International Center for Integrated Research and
Advanced Education in Materials Science, which encompasses
chemistry and materials science fields, and Center of Excellence
for Education and Research on Photonics and Electronic Science
and Engineering, which includes information science, electrical
engineering, and electronics, and another Global COE: the Next
Generation of Physics, Spun from Universality & Emergence,
have started in 2008. In addition, ICR is making enthusiastic
contribution to the “Joint Project of Chemical Synthesis Core
Research Institutions (2005-2010)”, developed by IRCELS (ICR)
at Kyoto University in collaboration with the Research Center
for Materials Science at Nagoya University and the Institute for
Materials Chemistry and Engineering at Kyushu University.
This project is supported by MEXT through the Research and
Education Funding for Inter-University Research Project. We,
at the Institute for Chemical Research, would like to be a focal
point in the Centers of Excellence by gathering chemists in our
three campuses at Yoshida, Uji, and Katsura, and by serving as
a bridge between science and engineering. Thus, we respectfully
request your continued support and encouragement.

January 2009

Y 1is

TOKITOH, Norihiro
Director
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ICR News 2008

Activity Report of the Global COE Programs

“International Center for Integrated Research
and Advanced Education in Materials Science”

The Project, granted in the area “Chemistry and
Materials Science” for fiscal 2007-2011, is intended
to consolidate the over 100 chemistry-related research
groups of Kyoto University in Graduate School of
Engineering, Graduate School of Science, and Institute
for Chemical Research (ICR), covering virtually all the
arenas of chemistry from basic to engineering and from
molecules to materials, for the ultimate goal of “Inte-
grated Materials Science.”

The main two objectives of this Project are (1) Pro-
gram in Research: International Center for Integrated
Materials Science and (2) Program in Education: A New
Breed of Internationally Competent Young Scientists, and
we are now fowarding with a variety of sub-projects as
follows (the numbers are those for ICR).

1) Inter-Field Joint Research Projects (Integration beyond
Core Fields)

Interfaculty Integrated Course Program

Embryonic Research Project Support (FY2007: 10
Assistant Professors and 9 Students, FY2008: 10
Assistant Professors and 9 Students)

International Academic Exchange Program: On-the-
research Training beyond Borders (FY2007: 3 Assistant
Professors, 1 PD and 9 Students, FY2008: 1 Assistant
Professors and 10 Students)

2)
3)

4)

EYOTO UNIVIRSITY

ke AR P

INTEGRATED

MATERIALS SCIENCE

Representative from ICR:

. Prof TOKITOH, Norihiro (Director of ICR)

Division of Synthetic Chemistry
—Organoelement Chemistry— —P.4

GCOE Post-doctoral fellows and Research Assistants
(FY2007: 1 PD and 33 RAs, FY2008: 4 PDs and 33 RAs)
International Scholarship (FY2007: 7 GCOE-Seminars
and Lectureships, FY2008: 9 GCOE Seminars and
Lectureships)

Foreign Graduate Student Internship (FY2007: 0
persons, FY2008: 1 persons)

International Workshop Initiative (FY2007: 1 events,
FY2008: 2 events)

5)

6)

7)

8)

As for the International Academic Exchange Program,
in particular, many applications have been made from a
variety of research groups in ICR and the qualified young
chemits have enjoyed their flexible, short-stay studies
abroad (varying from two weeks through three months).
Other projects have also been progressed smoothly.

In interdisciplinary collaboration and perhaps in
fusion with physics and biology, chemistry and materi-
als science today are thus expected to make fundamental
contribution to science per se and to the global society
beyond tomorrow. All the members of the COE Project
are sincerely determined to create the new paradigm of
“Integrated Materials Science” and thereby to cultivate
new breeds of young scientists, truly competent, creative,
and energetic, who will soon take off from Kyoto Univer-
sity towards international arenas of science and beyond.



“Center of Excellence for Education and Research
on Photonics and Electronics Science and Engineering”

In this program, we aim at establishing the COE for
“photonics and electronics science and engineering”,
to investigate and develop innovative technologies, by
which an arbitrary manipulation of photons (light) and an
ultimate control of electrons will be achieved, as we hold
the motto of “challenge the limitations of current technol-
ogy and create new functionalities”. In this year, we organ-
ized the international conference for young researchers
and students and the seminar school for students “dojyo”.
Two ICR students visited several Universities and
Research Institutes in Europe in this summer.

“The Next Generation of
Physics, Spun from
Universality & Emergence
—Developing Independent
Researchers to Explore New
Frontiers—”

The program of the Global Centers of Excellence
(GCOE), funded by the Ministry of Education, Culture,
Sports, Science and Technology of Japan (MEXT), is
organized by the members of the Division of Physics
and Astronomy and its joint courses (the Kwasan and
Hida Observatories, the Yukawa Institute for Theoreti-
cal Physics, the Institute for Chemical Research, and the
Research Center for Low Temperature and Materials
Sciences). From the ICR, the courses of Particle Beam
Science, Laser Matter Interaction Science, and Atomic
and Molecular Physics in the Advanced Research Center
for Beam Science join this program.

The natural world to whose investigation we are
dedicated consists of phenomena on unfathomably vary-
ing scales from elementary particles and atomic nuclei to

Representative from ICR:

M Prof KANEMITSU, Yoshihiko

International Research Center for Elements Science
—Photonic Elements Science— —P.56

the macroscopic world of living organisms and our earth
to the great variety of phenomena and physical laws that
appear as qualitatively differing strata of nature. Cor-
responding to these individual strata there are separate
fields of research, each possessing its own sets of con-
cepts and theories.

In this Global COE, we seek to unite these seem-
ingly independent realms by uncovering the fundamental
universality extending across their boundaries, while
searching for novel and diverse emergent phenomena that
could not be predicted by deduction from such laws alone.
The objective of the proposed GCOE is to make progress
toward the construction of the next generation of physics,
spun from universality and emergence, while developing
independent-minded researchers who will be capable of
opening new frontiers in the study of natural phenomena.

http://www.scphys.kyoto-u.ac.jp/gcoe/index _e.html

Representative from ICR:

M Prof SAKABE, Shuji

Advanced Research Center for Beam Science
—Laser Matter Interaction Science— —P.44
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ORGANIZATION

Divisions

5 Divisions and 3 Centers

Division of Synthetic Chemistry

Division of Materials Chemistry

Division of Biochemistry

Laboratories

— Organoelement Chemistry

— Structural Organic Chemistry
— Synthetic Organic Chemistry
— Advanced Inorganic Synthesis

— Chemistry of Polymer Materials
— Polymer Controlled Synthesis

— Inorganic Photonics Materials
— Nanospintronics

— Biofunctional Design-Chemistry
— Chemistry of Molecular Biocatalysts
— Molecular Biology

Division of Environmental Chemistry

Division of Multidisciplinary Chemistry

— Chemical Biology

— Molecular Materials Chemistry

— Hydrospheric Environment Analytical Chemistry
— Solution and Interface Chemistry

— Molecular Microbial Science

— Polymer Materials Science
— Molecular Rheology
— Molecular Aggregation Analysis

Advanced Research Center for Beam Science

International Research Center for Elements Science

— Supramolecular Biology

— Particle Beam Science

— Laser Matter Interaction Science

— Electron Microscopy and Crystal Chemistry
— Structural Molecular Biology

— Organic Main Group Chemisry
— Advanced Solid State Chemistry
— Organotransition Metal Chemistry

Bioinformatics Center

— Photonic Elements Science

— Bioknowledge Systems
— Biological Information Networks

— Visiting Divisions

— Supercomputer Laboratory
L— Low Temperature Laboratory

L Pathway Engineering
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Division of Synthetic Chemistry

- Organoelement Chemistry -

http://boc.kuicr.kyoto-u.ac.jp/www/index-e.html

%9

-,

A A

Prof Assoc Prof Assist Prof Assist Prof Techn
TOKITOH, Norihiro NAKAMURA, Kaoru SASAMORI, Takahiro MIZUHATA, Yoshiyuki =~ HIRANO, Toshiko
(D Sc) (D Sc) (D Sc) (D Sc)
*Assist Prof
(SER) of
Institute of
Sustainability
Science
** Assist Prof of
Pioneering
Proj Res* Proj Res** PD Research Unit for
. . . . . Next Generation
NAGAHORA, Noriyoshi TAJIMA, Tomoyuki ~OPPERMANN, Gerrit MORIKAWA, Satoshi
(D Eng) (D Sc) (PhD) (D Eng)
Students INAMURA, Koji (D2) KANEKO, Yoshikazu (M2)

KAWAI, Masahiro (D3)
OZAKI, Shuhei (D3)
TANABE, Taro (D3)
YUASA, Akihiro (D3)

MATSUMOTO, Teruyuki (D2)
TANABE, Yusuke (D2)
TSURUSAKI, Akihiro (D2)
MIEDA, Eiko (D1)

Scope of Research

Organic chemistry has been developed as that of second-row elements such as carbon, oxygen, and nitrogen so far,
while the synthesis and isolation of the heavier congeners of typical organic molecules as stable compounds have been
one of “dreams” for organic chemists. Our main research interest is the elucidation of the similarities and differences in
structures and reactivity between organic compounds and the corresponding heavier congeners. These studies are inter-
esting and important from the standpoints of not only fundamental chemistry but also opening the way to more exten-
sive application of main group chemistry. Organic synthesis mediated by biocatalysts is also studied.

SATO, Takahiro (M2)
YAMAMOTO, Osami (M2)
SAKALI Kiyomichi (M1)
NIWA, Masatoshi (M1)

Research Activities (Year 2008)

Publications Silicon to Platinum through the Si—O-Pt Linkages,

Sasamori T, Hironaka K, Sugiyama Y, Takagi N,
Nagase S, Hosoi Y, Furukawa Y, Tokitoh N: Synthesis and
Reactions of a Stable 1,2-Diaryl-1,2-dibromodisilene: A
Precursor for Substituted Disilenes and a 1,2-Diaryldisilyne,
J. Am. Chem. Soc., 130, 13856-13857 (2008).

Sasamori T, Yuasa A, Hosoi Y, Furukawa Y, Tokitoh N:
1,2-Bisferrocenyldisilene: A Multi-step Redox System
with an Si=Si Double Bond, Organometallics, 27, 3325-
3327 (2008).

Tanabe T, Mizuhata Y, Takeda N, Tokitoh N: Syntheses
and Structures of Platinum Siloxides Bridged by a Sulfur
or Selenium Atom and a Unique 1,3-Aryl Migration from

Organometallics, 27, 2156-2158 (2008).

Presentations

Synthesis and Properties of Stable 2-Metallanaphthalenes
of Heavier Group 14 Elements, Mizuhata Y, Sasamori T,
Nagahora N, Watanabe Y, Furukawa Y, Tokitoh N, Dalton
Discussion 11: The Renaissance of Main Group Chemis-
try, University of California, Berkeley, USA, 24 June
2008 (invited).

Redox Behavior and Coordination Chemistry of Kineti-
cally Stabilized Silaaromatics and Related Compounds,
Matsumoto Ta, Tanabe Y, Mizuhata Y, Sasamori S,

4 TOPICS AND INTRODUCTORY COLUMNS OF LABORATORIES



Topics

Synthesis of a Novel Silicon—Silicon Triple-

Bond Compound

There has been much inter-
est in the chemistry of multi-
ply bonded organosilicon com-
pounds, i.e., disilenes (>Si=Si<)
and disilynes (-Si=Si—). While
a lot of kinetically stabilized
disilenes have been synthesized
and characterized, only two
examples of stable disilynes bearing bulky silyl groups
have been known up to now. We have reported the synthe-
sis and structure of the first stable 1,2-diaryldisilyne by

Tbt: R=H
Bbt: R = SiMe,

Figure 1. Synthesis and Structure of Disilyne (—Si=Si-).

taking advantage of Bbt groups. The diaryldisilyne has a
crystallographic C2 axis through the central Si=Si bond
(Figure 1). Its Si=Si bond length [2.108(5) A] is reason-
ably shorter than the typical Si—Si and Si=Si bond lengths,
featuring its triple-bond character.

1,3-Aryl Migration from Silicon to Platinum

We have found that platinum siloxides 1 underwent a
unique 1,3-migration of the Mes (2,4,6-trimethylphenyl)
group from the silicon atom to the platinum center on
treatment with chloride ion in the presence of a Brensted
acid, affording the corresponding complexes 2 in moder-
ate yields (Figure 2). It should be noted that the 1,3-
migration reactions described here are very important, as
they provide the first experimental demonstration of the
transmetalation of a carbon substituent from a silicon
atom to a transition metal center in a metal siloxide, the
process of which is postulated as a plausible mechanism
for some silicon-containing catalytic systems, such as the
palladium(0) catalyzed cross-coupling reaction of aryl- or
alkenylsilanols with aryl or vinyl iodides in the presence
of tetrabutylammonium fluoride.

Ht  ©oF
\SI/O\H/PPh3 _>i> Cl P(PPha
Tot” “E7 “PPh, HO—sI—E”~ “PPh,
1(E=SorSe) Tht 2

Figure 2. 1,3-Mesityl Migration Reaction.

Tokitoh N, The 15th International Symposium on Organo-
silicon Chemistry, Jeju, Korea, 2 June 2008 (invited).

New Aspects in the Chemistry of Doubly Bonded Sys-
tems between Heavier Group 15 Elements, Tokitoh N,
Heterocyclic and Heteroatom Chemistry Conference
2008, Cancun, Mexico, 25 Feburary 2008 (invited).

Grants
Tokitoh N, Sasamori T, Nagahora N, Mizuhata Y, The

Chemistry of Unsaturated Compounds of Heavier Main
Group Elements: Pursuit of Novel Properties and Func-
tions, Grant-in-Aid for Creative Scientific Research, 1
April 2005-31 March 2010.

Sasamori T, Construction of Novel Extended n-Electron
Conjugated Systems Containing Heavier Main Group Ele-
ments, Grant-in-Aid for Young Scientists (B), 1 April

2006-31 March 2008.

Sasamori T, Construction of Novel d-r Electron Conju-
gated Systems Containing Heavier Main Group Elements
and Transition Metals and Elucidation of Their Properties.
Grant-in-Aid for Science Research on Priority Areas
“Synergy of Elements”, 1 April 2007-31 March 2010.

Nagahora N, Study on Development of Novel Molecu-
lar Devices Bearing Metallocene and Double Bonds
between Heavier Group 15 Elements, Kinki Invention
Center, 1 April 2007-31 March 2008.

Awards
Tanabe T, The Best Poster Award, The 2nd Asian

Silicon Symposium, 6 June 2008.
Mizuhata Y, Mitsubishi Kagaku Award in Synthetic
Organic Chemistry, Japan, 20 February 2008.

ICR ANNUAL REPORT, 2008 5



Division of Synthetic Chemistry

- Structural Organic Chemistry -

http://hydrogen.kuicr.kyoto-u.ac.jp/K_eHP_ F/main.html

Assoc Prof
MURATA, Yasujiro =~ MURATA, Michihisa
(D Eng) (D Eng)
Students

Assist Prof

KATO, Keisuke (M2)
MORINAKA, Yuta (M1)
HIROSE, Yuya (UG)

Visitor
Mr JOHNSON, Jeremiah

KUROTOBI, Kei
(D Sc)

Columbia University, USA, 6 June—22 July 2008

Scope of Research

Fundamental studies are being conducted for creation of new functional r-systems with novel structures and proper-
ties. The major subjects are: organo-chemical transformation of fullerenes C, and C,,, specifically organic synthesis of
endohedral fullerenes by the technique of molecular surgery; generation of ionic fullerene species and their application
for the synthesis of functional material; synthesis of new m-systems with curved structure.

Research Activities (Year 2008)

Publications
Murata M, Ochi Y, Tanabe F, Komatsu K, Murata Y:

Internal Magnetic Fields of Dianions of Fullerene C, and
Its Cage-Opened Derivatives Studied by Encapsulated H,
as an NMR Probe, Angew. Chem. Int. Ed., 47, 2039-2041
(2008).

Murata Y, Maeda S, Murata M, Komatsu K: Encapsula-
tion and Dynamic Behavior of Two H, Molecules in an
Open-Cage C,, J. Am. Chem. Soc., 130, 6702-6703 (2008).

Murata M, Maeda S, Morinaka Y, Murata Y, Komatsu
K: Synthesis and Reaction of Fullerene C,, Encapsulating
Two Molecules of H,, J. Am. Chem. Soc., 130, 15800-
15801 (2008).

Presentations
Synthesis of Endohedral Open-Cage Fullerenes and

Studies on Non-Covalent Interaction between Encapsulated
Species and Fullerene Cage, Murata Y, Cuang S-C, Murata
M, Komatsu K, 213th ECS Meeting, 19 May 2008,
Phoenix, USA (invited).

Organic Synthesis of Endohedral Fullerenes, Murata Y,
Symposium on H,@C,, 15 August 2008, New York, USA

(invited).

Synthesis and Properties of Novel Open-Cage Fullerene
Derivatives, Kurotobi K, Murata M, Murata Y, PRIME
2008, 12 October 2008, Honolulu, USA.

Generation of Ionic [60] Fullerene Derivatives Encap-
sulating Molecular Hydrogen, Murata M, Ochi Y, Tanabe
F, Murata Y, Komatsu K, PRIME 2008, 13 October 2008,
Honolulu, USA.

Grants
Murata Y, PRESTO, Japan Science and Technology

Agency, October 2005-March 2009.

Murata Y, Grant-in-Aid for Scientific Research on Pri-
ority Areas, “Molecular Theory for Real Systems”, April
2007-March 2009.

Murata M, Grant-in-Aid for Young Scientists (B), April
2007-March 2009.

Murata Y, Grant-in-Aid for Young Scientists (A), April
2008-March 2011.

Murata Y, Grant-in-Aid for Scientific Research on
Innovative Areas, December 2009—March 2014.
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Topics

Encapsulated H, Molecule as an NMR Probe

Magnetic properties of inside of fullerenes are very
interesting because ring current effects of three-dimensional
n-system of fullerenes are reflected critically. We measured
'H NMR chemical shifts of molecular hydrogen encapsu-
lated in dichloromethyl-C,, cation and (1-octynyl)-C,
anion in order to clarify the difference in magnetic shield-
ing effects inside the fullerene cages. The signals of the H,
molecule inside both cationic and anionic Cg, cages ap-
peared in lower fields as compared to those of neutral
counterparts. In contrast, upon 'H NMR measurement of
H,@C,, , a signal of the encapsulated H, appeared at
extraordinarily low magnetic field such as & = +26.36 ppm
in acetonitrile-d;. According to the results of NICS calcu-
lations for H,@C,, , magnetic properties of hexagons and
pentagons on C,, were shown to be totally reversed as
compared to those of neutral C,.

12—
.
6 =26.36 ppm (
<t J
Q\\fi_:%/"
2_
Ho@Cgg
2 30 28 26 24 22 é/ppﬁq

Figure 1. 'H NMR spectrum (300 MHz, CD,CN) of H,@Cy,” .

Encapsulation and Dynamic Behavior of Two
H, Molecules in an Open-Cage C,,

Encapsulation of small molecules in a small space with
sub-nanometer size are currently attracting wide interests
from the view point of basic science as well as storage
purpose. Open-cage fullerenes are one of the ideal systems
with a hollow space inside the carbon cage. In contrast
with open-cage C,,, examples of open-cage C,, are quite
limited. Recently, we synthesized an open-cage C,, deriv-
ative, which has an opening large enough for hydrogen
molecule to pass through. Under the high pressure of
hydrogen, this open-cage C,, encapsulated not only one
H, molecule but also two H, molecules reflecting the larger
inner space than Cg,. The two H, molecules trapped inside
the open-cage C,, showed a rapid exchange of their rela-
tive positions as observed by the 'H NMR measurement at
room temperature. This exchange slowed down at low
temperature. The 'H NMR at —100 °C clearly showed two

sharp signals corresponding to two individual H, mole-
cules encapsulated in the open-cage C,,. This is the first
example of observing the dynamic behavior of two hydro-
gen molecules in a tightly confined space.

Figure 2. Cut-out view of open-cage C,, derivative encapsulating two
molecules of hydrogen.

Synthesis and Reaction of H,@C,, and
(HZ)Z@C70

We have previously established a methodology to realize
endohedral fullerene Cg4, containing one molecule of H, by
organic synthesis, so-called “molecular surgery”. In the
present research, the scope of the molecular surgery meth-
od is extended to the representative higher fullerene, C,,,
to provide a novel endohedral fullerene C,, encapsulating
one and two molecules of H, from their open-cage deriva-
tives. Actually, H,@C,, and (H,),@C,, were synthesized
and characterized. For the clarification of difference in re-
activity between H,@C,;, and (H,),@C,,, the equilibrium
constants for the Diels-Alder reaction of H,@C,, and
(H,),@C,, with 9,10-dimethylanthracene (DMA) have
been determined at 30, 40, and 50 °C. The decreased equi-
librium constants of (H,),@C,, to the addition of DMA as
compared to that of H,@C,, has been demonstrated.

H.@Cro
<+ _._.-.': =

B, T -

(Hz)i@Cm‘__» ..fjr m—l ) !:.f- mv—
oo Y @

Figure 3. Reaction of H,@C,, and (H,),@C,, with 9,10-Dimethylan-
thracene.

_:JT"
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Division of Synthetic Chemistry
- Synthetic Organic Chemistry -

http://fos.kuicr.kyoto-u.ac.jp/

Prof Assoc Prof

Assist Prof

Techn

KAWABATA, Takeo FURUTA, Takumi  YOSHIMURA, Tomoyuki TERADA, Tomoko SOKEIRIK, Yasser Samir
(D Pharm Sc) (D Pharm Sc) (D Pharm Sc) Abdel-khalek
(D Pharm Sc)
Students HAYASHI, Kazuhiro (D1) TOMOHARA, Keisuke (M2)
KAN, Keizo (D3) SUE, Daisuke (D1) MISHIRO, Kenji (M1)

WATANABE, Toshihide (D3)
IRIE, Kazuyuki (D2)
URUNO, Yoshiharu (D2)

Visitors
Prof ZIPSE, Hendrik
Prof WORTH, Thomas

YOSHIDA, Keisuke (D1)
YAMAMOTO, Junya (D1)
IMAMURA, Yoko (M2)

SAKALI Hiroki (M1)
TAKUWA, Masatoshi (M1)
UEDA, Yoshihiro (M1)

Ludwig-Maximilians-Universitét in Miinchen, Germany, 9 September 2008
Cardiff University, UK, 26 September 2008

Scope of Research

The research interests of the laboratory include the development of advanced molecular transformation, total
synthesis of biologically active products, and molecular recognition. Programs are active in the areas of asymmetric
alkylation of carbonyl compounds based on “memory of chirality", nucleophilic catalysis for fine organic syntheses,
synthesis of unusual amino acids and nitrogen heterocycles, regioselective functionalization of carbohydrates, visualiza-
tion of molecular information by functional phenolphthaleins, synthesis and properties of homochiral oligonaphthalenes,
and the structural and functional investigation of heterochiral oligomers.

Research Activities (Year 2008)

Publication
Kawabata T, Moriyama K, Kawakami S, Tsubaki K:

Powdered KOH in DMSO: An Efficient Base for Asym-
metric Cyclization via Memory of Chirality at Ambient
Temperature, J. Am. Chem. Soc., 130, 4153-4157 (2008).

Presentations
Asymmetric Reactions with Axially Chiral Compounds,

Symposium on Molecular Chirality 2008, Kawabata T, 23
May 2008.

Asymmetric Synthesis via Planar Chiral Enolates, Third
International Conference on Advanced Organic Synthesis
Directed toward the Ultimate Efficiency and Practicability,
Yoshimura T, 27 May 2008.

Convenient Synthesis of Axially Chiral Biaryls via a
Pd-Catalyzed Domino Coupling Reaction, 17th Interna-
tional Conference on Organic Synthesis (ICOS-17), Furuta
T, 24 June 2008.

Toward the Development of Intelligent Catalysts: Cata-

lyst Design Based on Dynamic Molecular Recognition,
Seminar of The Society of Synthetic Organic Chemistry,
Japan, Tokai-Branch, Kawabata T, 12 July 2008.

Selective Acylation by Intelligent Nucleophilic Catalysis,
UK/Japan Symposium on Asymmetric Catalysis, Kawabata
T, 9 December 2008.

Acylation Catalysis via Fine Molecular Recognition,
The Forth Symposium on Functional Molecules, Kawabata
T, 20 December 2008.

Grants

Kawabata T, Fine Organic Synthesis by Nucleophilic
Catalysis, Grant-in Aid for Scientific Research (A), 1
April 2006-31 March 2009.

Kawabata T, Advanced Molecular Transformation with
Functional Carbanions, Grant-in Aid for Scientific Research
on Priority Areas, 1 October 2005-31 March 2009.

Kawabata T, Creation of Novel Binaphthyls with Inner
Hydrogen Bonding, Grant-in-Aid for Exploratory Research,
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Topics

Asymmetric Synthesis via
C-0O Axially Chiral Enolates

Enantioselective construction of tetrasubstituted carbon
has been the focus of current synthetic attention. We have
developed a method for enantioselective construction of
cyclic ethers with tetrasubstituted carbon via C-O axially
chiral enolates for the first time. Treatment of chiral aryl
alkyl ethers 1 derived from readily available cheap lactic
acid with a base gave chiral dihydrobenzofurans 2. Effects
of substituent R in 1 were critical on asymmetric induction.
Treatment of 1 (R=H) with sodium hexamethyldisilazide
(NaHMDS) at —78 °C gave cyclization product 2 (R=H)
as a racemate, while that of 1 (R=Me) or 1 (R="Pr) gave 2
(R=Me) or 2 (R="Pr) in 84% ee or 99% ee, respectively.
Racemization barrier of the planar chiral enolate (R='Pr)
was estimated to be ~11.5 kcal/mol by variable-temperature
NMR measurement of the corresponding ferz-butyldimeth-
ylsilyl ether. Based on the barrier, the half-life of racemi-
zation of the planar chiral enolate was roughly calculated
to be ~1 second at =78 °C. Thus, asymmetric synthesis via
intrinsically chiral enolates with very short half-lives of
racemization has been achieved.

a [&]
R R
lactic acid 1 2

AG* racemization ~ 11.5 kcalimol  Up 10 99% ee

tin (-78 °C) ~ 1 sec

Figure 1.

Powdered KOH in DMSO: An Efficient Base
for Asymmetric Cyclization at Ambient
Temperature

Enolate chemistry has been extensively used for stere-
oselective C-C bond formation, in which metal amide
bases are frequently employed in strictly anhydrous sol-
vents at low temperatures. However, we found that asym-
metric intramolecular C-C bond formation via axially
chiral enolate intermediates proceeded in up to 99% ee at
20 °C by using powdered KOH in dry or wet DMSO as a
base. The enantioselectivity was even higher than that of
the corresponding reactions with potassium hexamethyld-
isilazide in DMF at =60 °C. The racemization barrier of

the axially chiral enolate intermediate was experimentally
estimated to be ~15.5 kcal/mol. Based on the barrier, the
chiral enolate intermediate was supposed to undergo cy-
clization within ~10"° sec at 20 °C after it is generated to
give the product in >99% ee. The rate-determining step
for the cyclization must be the enolate-formation step
because the half-lives of racemization of the chiral enolate
intermediates generated from 3 are supposed to be much
shorter (< 0.1 sec) than the time required for the reactions
to be complete (2~12 h). Thus, C-N axially chiral enolates
would form gradually, and once formed, would immedi-
ately undergo asymmetric cyclization due to their ex-
tremely high reactivity.

slow g very fast
A, ©ruH A, on.p powdered <10° sec COLEL
- 8 KO

| B o ] s — F"‘b’@wn
% Boo”™ N(CHglyx DUSO Boc~ N
4

amino acid 3
X=Br,1

AG* racemization ~ 15.5 kcal/mol up to 99% ee

t2 (20 °C) < 0.1 sec

Figure 2.

Construction of Axially Chiral Amino Acids
via Pd-Mediated Synthesis of Azahelicenes

Unnatural amino acids have attracted considerable at-
tention in the field of asymmetric synthesis as well as
medicinal chemistry. Although unnatural amino acids with
central chirality have been well developed, axially chiral
amino acids have not yet been well exploited. We have
developed a straightforward method for the construction
of axially chiral amino acids via Pd-mediated synthesis of
azahelicenes. Domino coupling reactions of 4 proceeded
in the presence of catalytic amount of Pd,(dba), without
additional ligands to afford azahelicenes 5 via successive
C—C (red colored) and C-N (green colored) bond forma-
tions. The amide bond of 5 was cleaved under basic con-
ditions to afford novel axially chiral amino acids 6, which
possesses amino and carboxyl groups at C-2 and C-2’
positions, respectively.

0
=~ \-R
OO H  Pdydbaly S 1
N‘R—> O
KoCOs >
5

Br O DMF
4

axially chiral amino-

aza[5]helicene

Figure 3.

1 April 2007-31 March 2009.

Furuta T, Synthesis of Functionalized Artificial Phos-
pholipids for Investigation of Membrane Related Biosys-
tems, Grant-in-Aid for Scientific Research (C), 1 April

2008-31 March 2011.

Yoshimura T, Syntheses of Natural Products via Memory
of Chirality, Grant-in-aid for Young Scientists (B), 1 April
2007-31 March 2009.
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Division of Materials Chemistry
- Chemistry of Polymer Materials -

http://www.cpm.kuicr.kyoto-u.ac.jp/

°
Prof Assist Prof Assist Prof PD Proj Res
TSUIJII, Yoshinobu OHNO, Kohji GOTO, Atsushi KIM, Jeong Sik SHINJO, Ayaka
(D Eng) (D Eng) (D Eng) (D Eng)
Students
OKAYASU, Kenji (D3) HSU, Sho Yao (M1)
NOMURA, Akihiro (D1) HUANG, Yun (RS)

KAYAMA, Yuzo (M2)
NAGASAWA, Koji (M2)
YOSHIOKA, Yuu (M2)
AKASHI, Tatsuki (M1)

TAKATA, Akisato (UG)

Visitors

Prof WATANABE, Junji
Mr BOMPART, Mark
Prof HAUPT, Karsten
Prof KITAOKA, Takuya
Prof FUJIKAWA, Seizo

NAKAHARA, Ryo (UG)

SHINMURA, Masahito (UG)

Tokyo Institute of Technology, 4 April 2008

Compiegne University of Technology, France, 24 June—19 August 2008
Compiegne University of Technology, France, 6 September 2008
Kyushu University, 18 December 2008

Hokkaido Univesity, 19 December 2008

Scope of Research

Kinetic and mechanistic analyses are made for better understandings of the chemical and physicochemical reactions
occurring in polymerization systems and for better routes to the synthesis of well-defined polymers. By various poly-
merization techniques, in particular, living polymerizations, new well-defined polymers or polymer assemblies are pre-
pared, and their structure/properties relationships are precisely analyzed. Projects in progress include: (1) kinetics and
mechanisms of living radical polymerization (LRP). (2) Synthesis of new polymeric materials by living polymerizations
and their structure/properties studies. (3) Synthesis, properties, and applications of concentrated polymer brushes (CPB).

Research Activities (Year 2008)

Publications

Arita T, Kayama Y, Ohno K, Tsujii Y, Fukuda T: High-
Pressure Atom Transfer Radical Polymerization of Methyl
Methacrylate for Well-Defined Ultrahigh Molecular-
Weight Polymers, Polymer, 49, 2426-2429 (2008).

Morinaga T, Ohno K, Tsujii Y, Fukuda T: Structural
Analysis of Semisoft Colloidal Crystal by Confocal Laser
Scanning Microscopy, Macromolecules, 41, 3620-3626
(2008).

Goto A, Tsujii Y, Fukuda T: Reversible Chain Transfer
Catalyzed Polymerization (RTCP): A New Class of Living
Radical Polymerization, Polymer, 49, 5177-5184 (2008)
(Feature Article).

Presentations
Tsujii Y, Novel Properties of CPBs. Int. Conf. Adv.

Func. Polym. Self-Org. Mater. (IC-PSM 2008), Busan,
Korea, 22-26 September 2008.

8 Presentations, 57th Spring Meeting, Soc. Polym. Sci.,
Jpn., Yokohama, 28-30 May 2008.

5 Presentations, 57th Autumn Meeting, Soc. Polym.
Sci., Jpn., Osaka, 24-26 September 2008.

Grants
Fukuda T, Science and Technology of CPB, Grant-in-

Aid for Specially Promoted Research, 1 April 2005-31
March 2009.

Tsujii Y, Creation of New Bio-Interfaces Based on
CPB, Grant-in-Aid for Science Research (A), 1 April
2005-31 March 2008.

Tsujii Y, Development of Novel Lithium lon Battery
with Network Channel of High Ionic-Conductivity,
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Topics

High-Pressure Atom Transfer Radical
Polymerization of Methyl Methacrylate for
Well-Defined Ultrahigh Molecular-Weight
Polymers

The feasibility of high-pressure atom transfer radical
polymerization (ATRP) for synthesizing well-defined
polymers of extraordinarily high molecular weights was
demonstrated. ATRP of methyl methacrylate (MMA)
under pressures up to 500 MPa was investigated at 60°C.
The addition of a small amount of a Cu(II)Cl,/ligand com-
plex along with the general benefits of high pressure of
enhancing propagation and suppressing termination
brought about an excellent control of polymerization
even with an extremely low concentration of ATRP initi-
ator. For example, there was produced PMMA with a
number-average molecular weight M, of 3.6 x 10° and a
polydispersity index (M, /M,) of 1.24, which has never
been achieved by conventional ATRP.

Low Polydispersity, *

s * » .

13 &

A Z 1
High Molecular Weight | =

Lt >3 million &
L

w
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1F ATRP at 500 MPa -

0 i i 1 i
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Conversion / %

Figure 1. Plot of M, and M, /M, vs monomer conversion for the ATRP of
MMA at 500 MPa.

Alcohols as a Novel Class of Catalysts for a
Living Radical Polymerization

Alcohols (phenols and a vinyl alcohol) were success-
fully used as a novel class of catalysts for a living radical
polymerization (RTCP). Low-polydispersity polystyrenes
and polymethacrylates with predicted molecular weight
were obtained with a fairly high conversion in a fairly
short time. Notably, the alcohols include common antioxi-
dants for foods and resins (e.g., BHT), phenol itself, and
even natural compounds (e.g., vitamins). Their common-
ness and environmental safety may be attractive for prac-

tical applications.
R

Q

14.6-Me BHT
@ Vitamin E @ Vitamin C

1,4t Low polydispersity
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Figure 2. Plots of molecular weight (M,) and molecular weight distribu-
tion (M,/M,) vs monomer conversion for the polymerizations of styrene
with alcohols (catalysts).

Development of High-Performance Battery System for
Next-Generation Vehicles by NEDO, 1 July 2007-20
March 2008.

Tsujii Y, R&D of High-Efficient Organic Thin-Film
Solar Cell with Supra-Hierarchical Nano-Structure, R&D
for Next Generation PV System Technologies by NEDO,
1 September 2006—20 March 2010.

Ohno K, Science of Semi-Soft Colloidal Crystals,
Grant-in-Aid for Young Scientists (A), 1 April 2005-31
March 2008.

Goto A, Non-Transition-Metal Catalyzed and Photo-
Induced LRPs, Grant-in-Aid for Young Scientists (B), 1
April 2007-31 March 2009.

Goto A, Development of Green LRP with Low Cost,
Industrial Technology Research Grant Program by NEDO,
10 September 2007-31 August 2011.

Goto A, Fundamentals and Applications of Non-
Transition-Metal Catalyzed LRP, Mitsubishi Chemical
Corporation Fund, 1 November 2007-31 August 2008.

Goto A, Development of New LRP, JST Promotion of
Technology Research Partnership, 10 August 2008-31
July 2009.

Award
Goto A, Young Scientist Presentation Award, 54th

Annual Kobe Polymer Research Symposium, 18 July 2008.
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Prof Assoc Prof Assist Prof Assist Prof
YAMAGO, Shigeru TSUJI, Masaki TOSAKA, Masatoshi NAKAMURA, Yasuyuki KOTAL, Atanu
(D Sc) (D Eng) (D Eng) (D Sc) (Ph D)
Students
KAYAHARA, Eiichi (D1) YAMADA, Hiroto (M1) OKUMURA, Yusuke (UG)
UKALI Yu (M2) YANG, Junyue (M1) KONISHI, Shota (UG)

YAMAGUCH]I, Katsuya (M2)
UEKI, Kazuya (M1) UEDA, Tokiko (UG)

Visitors

Prof LEE, Jae-Suk

Prof HANDA, Sandeep
Prof CRUDDEN, Cathleen
Prof NOZAKI, Kyoko
Prof HVILSTED, Seren
Prof KIM, Byeang Hyean
Prof LOH, Tech Peng

Scope of Research

WATANABE, Yoshiki (M1)

FUJITA, Takehiro (UG)

Gwangju Institute of Science and Technology, Korea, 31 January 2008
University of Leicester, UK, 11 March 2008

Queen’s University, Canada, 20 May 2008

The University of Tokyo, Japan, 16—17 September 2008

Technical University of Denmark, Denmark, 10 November 2008

Pohang University of Science and Technology, Korea, 10 November 2008
Nanyang Technological University, Singapore, 11 December 2008

Our research program focuses on development of new synthetic methods, which enable precise control of polymers in
terms of their size and structure. Our attention is especially directed to control of reactive carbon species, such as carbon
centered radicals and carbocations, with the aid of synthetic organic chemistry, element chemistry, computational chem-
istry, and so on. We also study various polymer condensed states by both static and dynamic methods to understand the

relation of physical properties and structures.

Research Activities (Year 2008)

Publications
Kayahara E, Yamago S, Kwak Y, Goto A, Fukuda T:

Optimization of Organotellurium Transfer Agents for
Highly Controlled Living Radical Polymerization, Macro-
molecules, 41, 527-529 (2008).

Yamada T, Mishima E, Ueki K, Yamago S: Phenyltellanyl
Triflate (PhTeOTY) as a Powerful Tellurophilic Activator
in the Friedel-Crafts Reaction, Chem. Lett., 650-651
(2008).

Yamago S, Matsumoto A: Arylthiols as Highly Chemo-
selective and Environmentally Benign Radical Reducing
Agents, J. Org. Chem., 73, 7300-7304 (2008).

Yamago S, Yamada T, Togai M, Ukai Y, Kayahara E,
Pan N: Synthesis of Structurally Well-Defined Telechelic

Polymers by Organostibine-Mediated Living Radical
Polymerization. /n Situ Generation of Functionalized
Transfer Agents and Selective w-End Group Transforma-
tions, Chem. Eur. J. (in press).

Presentations
“A New Thiobismuthine Cocatalyst in Organobismuthine-

Mediated Living Radical Polymerization”, Yamago S,
Kayahara E, American Chemical Society National Meet-
ing, 5th Controlled/Living Radical Polymerization Sym-
posium, Philadelphia, USA, 17-21 August 2008 (invited).

“Reinforcing Effect of Strain-Induced Crystallization in
Natural Rubber”, Tosaka M, The 144th Symposium on
Rubber Technology, Tokyo, Japan, 20 August 2008 (invited).
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Topics

Synthesis of Structurally Well-Defined
Telechelic Polymers by Organobismuthine-
Mediated Living Radical Polymerization

There has been growing interest in new synthetic meth-
ods for the preparation of well-defined polymers with con-
trolled chain-end functional groups. These end-functional
polymers, as exemplified by telechelic polymers, serve as
precursors not only for block and graft copolymers, but
also for cyclic, branched, and cross-linked polymers. We
have recently reported organostibine compounds mediate
living radical polymerization with varieties of vinyl

monomers. While introduction of functionality into the
chain transfer agents would enhance the abilities for the
synthesis of telechelic polymers, strong basic conditions
required for preparation of the transfer agents have limited
this possibility. We report here a new synthetic route to
organostibine chain transfer agents from diazo-initiators
and distibines. As the synthesis proceeds under neutral
conditions, a variety of polar functional groups can be
introduced into the chain transfer agent and, thus, the
a-polymer ends. Subsequent transformation of the
organostibine w-polymer ends provids structurally well-
defined telechelic polymers.

R1
112 (MeSby, oy S cN R
12 CNN N N (2) n %RZ M 1 (excess)
= > —_—
R heat R7™SbMe, ™ peat R R2/nSbMez — peat R R2/n R
1 3 5 6 CN
air (03) '\ H,C=C(CO,Et)CH,SnBus
heat ¢N 2 CN R CN R' CO,Et
- NJ R# [-*SbMe,) RMOH RW
4 R2'n R2'n
8 7

a: R = Me, b: R = CH,C(OMe)Mey, ¢: R = (CHy),CO,CH,CH=CHy,
d: R = (CH),CO,(C,H,0)3Me, €: R = (CH,),CO,CH,C(CH,OH),Et

Figure 1. Synthesis of telechelic polymers by organostibine-mediated living radical polymerization.

“Synthesis of Structurally Well-Defined Telechelic
Polymers by Organostibine-Mediated Living Radical
Polymerization. /n Situ Generation of Functionalized
Chain Transfer Agents and Selective End Group Transfor-
mations”, Yamago S, 18th International Symposium on
Fine Chemistry and Functional Polymers & IUPAC 4th
International Symposium on Novel Materials and Synthe-
sis, Zhenjiang, China, 15—18 October 2008 (invited).

“Synthesis of Structurally Well-Defined Telechelic
Polymers by Organostibine-Mediated Living Radical
Polymerization”, Yamago S, The 2nd Japan-Korea Joint
Seminar 2008 and International Symposium. Synthetic
Application of Advanced Functional Materials, Tokyo,
Japan, 67 November 2008 (invited).

“Taming Radical Species. Development of Living Radi-
cal Polymerization Mediated by Heavier Organoheteroatom
Compounds”, Yamago S, The 4th RIKEN Symposium on
Frontier of Organometallic Chemistry, Wako, Japan, 14
November 2008 (invited).

“Organotellurium Mediated Living Radical Polymeriza-
tion Initiated by Direct C-Te Bond Photolysis”, Yamago S,
International Symposium on Advanced Green Catalysis
and Materials, Taipei, Taiwan, 18—19 November 2008
(invited).

“Synthesis of Structurally Well-Defined Telechelic
Polymers by Organostibine-Mediated Living Radical Po-
lymerization”, Yamago S, Post-ISOR Symposium, Taipei,
Taiwan, 24 November 2008 (invited).

Grants
Yamago S, Precise Control of Radical Reactions Using

Synergetic Effects of “Heavy” Heteroatom Compounds,
Grant-in Aid on Priority Areas, 1 October 2006-31 March
2010.

Yamago S, Torey Science Foundation, Torey Science
and Technology Grant, 1 April 2008-31 March 2010.

Yamago S, Nagase Science and Technology Foundation
Grant, 1 April 2008-31 March 2009.

Tsuji M, Structure Analysis of Poly(dioxanone) Nanofi-
bers Prepared by Electro-Spinning Method, Grant-in Aid
for Scientific Research, (C), 1 April 2007-31 March 2009.

Tosaka M, Near-Field Optical Effects of Self-Assem-
bled Nanoparticle Chains on Oriented Polymer Layers,
The Ogasawara Foundation for the Promotion of Science
& Engineering Grant, 1 April 2007-31 March 2008.

Tosaka M, Formation of Nanoparticle Arrays Using
Alignment of Polymer Molecules, Grant-in Aid for Scien-
tific Research, (C), 1 April 2008-31 March 2011.
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- Inorganic Photonics Materials -

http://noncry.kuicr.kyoto-u.ac.jp/English/Welcome.html

L2

Assist Prof

Q

Prof Assoc Prof PD (JSPS) Guest Res Assoc
YOKO, Toshinobu TAKAHASHI, Masahide @TOKUDA, Yomei IHARA, Rie FIGUS, Cristiana
(D Eng) (D Sc) (D Eng) (D Eng)
Researcher Students

FUKUDA, Masaaki OKA, Takanori (M2)
OKU, Satoshi (M2)
MIYAGAWA, Yuya (M2)

OHTA, Masayuki (M1)

Visitors

Prof INNOCENZI, Plinio
Prof QIU, Jianrong

Scope of Research

INOUE, Masafumi (M1)
SHINAGAWA, Masashi (M1)
MORITA, Masanori (UG)
NISHIOKA, Satoshi (UG)

University of Sassari, Italy, 15 July 2008—1 August 2008
Zhejiang University, China, 12 June 2008

In this laboratory, amorphous and polycrystalline inorganic materials and organic-inorganic hybrid materials with
various optical functions such as photorefractivity, optical nonlinearity, phptolumionescence and photocatalysis are the
target materials, which are synthesized by sol-gel, melt-quenching and sintering methods and so on. Aiming at highly
functional materials the structure-property relationship is investigated by X-ray diffraction techniques, high-resoluction
NMR, thermal analysis, various laser spectroscopies and quantum chemical calculations.

Research Activities (Year 2008)

Publications
Takahashi M, Uemura K, Maeda T, Yao J, Tokuda Y,

Yoko T, Costacurta S, Malfatti L, Innocenzi P: Bottom-up
and Top-down Approach for Periodic Microstructures on
Thin Oxide Films by Controlled Photo-activated Chemical
Processes, J. Sol-Gel Sci. Tech., 48, 182-186 (2008).
(invited paper)

Falcaro P, Costacurta S, Malfatti L, Takahashi M,
Kidchob T, Casula M F, Piccinini M, Marcelli A, Marmiroli
B, Amenitsch H, Schiavuta P, Innocenzi P: Fabrication of
Mesoporous Functionalized Arrays by Integrating Deep
X-ray Lithography with Dip-pen Writing, Adv. Mat.,
20(10), 1864-1869 (2008). (Featured on “Advances in
Advance”)

Presentations
Takahashi M, “Patterning Technology for Sol-Gel

Films”, ISGS Sol-Gel School “Sol-Gel in Small Dimen-
sions”, Italy, 24-27 August 2008 (invited).

Takahashi M, “Self-oraganized Fabrication of Micro-
structures on Sol-Gel Derived Films”, Deajion, Korea, 3—6
December 2008 (invited).

Tanaka Y, Tokuda Y, Takahashi M, Yoko T, “Prepa-
ration of the Durable Organic-inorganic Hybrid Silico-
phosphate Glasses”, Annual Meeting of The Ceramic So-
ciety of Japan, 20-22 March 2008.

Grants
Yoko T, Grants-in-Aid for the Scientific Research

from Japan Society for the Promotion of Science, No.
20613007.
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Topics

Development of Alternating Copolymers of
Organically-Modified Oxides Prepared by
Nonsolvent Condensation

Organic-inorganic hybrid materials are potential candi-
dates for use in the fabrication of electronic and photonic
devices with high functionality because these materials
can be processed easily and have a high solubility of func-
tional molecules. Recently, an organic-inorganic silico-
phosphate hybrid has been obtained under a nonsolvent,
catalyst-free, low-temperature, one-pot condition by using
orthophosphoric acid and organically modified chlorosi-
lane. The following acid-base reaction (metathesis) took
place: Si-Cl + P-OH — Si-O-P + HCIT. The starting
materials were mixed and heat-treated at low temperature.
The resultant viscous liquid was cooled down to an ambient
temperature, producing a transparent bulk hybrid material
that provided an alternating polymerized silicophosphate
structure with a high homogeneity at the atomic level. The
crack-free bulk hybrid material was easily obtained
because of the absence of solvent evaporation. However,
this reaction produces HCI gas, which is both toxic and
caustic. Additionally, the residual HCI gas in the hybrid
material may act as a catalyst for the hydrolysis of Si—O—
P bonding, resulting in low durability. Thus, the silico-
phosphate hybrid prepared by the acid-base reaction is not
durable.

In this study, we will develop another class of low-

Figure 1. A transition state structure of the hydrolysis of the silico-
phophate hybrid. The geometry optimization was performed at B3LYP/
6-31G* level. It has been found that the oxonium ion promotes the hy-
drolysis of this model cluster.

melting silicophosphate hybrid formation reaction that is
based on nonsolvent alcohol condensation without HCI
production: Si-OEt + P-OH — Si-O-P + EtOHT. The
chemical durability of the hybrid was higher than that of
the hybrid prepared by using the acid-base reaction. We
also investigated the transition state structure of the hy-
drolysis. It was found that the residual acid assisted the
hydrolysis of the hybrids. On the basis of this result we
concluded that the durability improvement was performed
because of no residual acid in the hybrids prepared by
alcohol condensation.

Self-Organized Nanocrystalline Organosilicates
in Organic-Inorganic Hybrid Films

Organic-inorganic hybrid films containing organosilica
nanocrystals have been obtained by an aqueous process
from an organically modified mono-functional alkoxide.
Kinetically controlled self-organization was used to design
the hybrid nanocomposite films; nanocrystals of around
100 nm in diameter and 4 nm in thickness formed in trans-
parent hybrid films. The layered nanocrystals was found
to be oriented within the films which exhibited an optical
anisotropy (An>10"). Therefore, the hybrid nanocompos-
ite material is thought to be suitable for micro/nanofabri-
cation by soft lithography. In fact the hybrid nanocompos-
ite films with different patterned microstructures have
been obtained.

TR ERE

Figure 2. Optical microscope image of the patterned hybrid film contain-
ing the layered organosilica nanocrystals micro-fabricated by a soft-
lithography. Inset shows TEM image of the corresponding patterned
film, in which nanocrystallites are indicated by arrows.

Tokuda Y, CASIO Science Promotion Foundation,
December 2007-November 2008.

Tokuda Y, Murata Science Foundation, July 2008—
March 2009.

Award

Takahashi M, Award for Promising Young Researchers,
The Ceramics Society of Japan, Kansai Branch, 24 July
2008.
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Division of Materials Chemistry
- Nanospintronics -

http://sscl.kuicr.kyoto-u.ac.jp/english/index_e.html

-l

ol thn

Program-Specific Assist Prof

Prof Assoc Prof Assist Prof Techn
ONO, Teruo KOBAYASHI, Kensuke KASALI Shinya CHIBA, Daichi KUSUDA, Toshiyuki
(D Sc) (D Sc) (D Sc) (D Eng)
Students

TANIGAWA, Hironobu (D3)
HASHISAKA, Masayuki (D3)
DELMO, Michael Picazo (D2)
TAMADA, Yoshinori (D2)
YAMAUCHI, Yoshiaki (D2)

Program-Specific Res
SEKIGUCHI, Koji
(D Sc)

KONDOU, Kouta (D1)

NAKAMURA, Shuji (D1)

YAMADA, Keisuke (D1)
KOYAMA, Tomohiro (M2)
NAKANO, Kunihiro (M2)
TANABE, Kenji (M1)
CHIDA, Kensaku (M1)
YAMADA, Gen (M1)
BARTKOWIAK, Maciej (M1)

Scope of Research

The conventional electronics utilizes only the “charge” of electrons, while the traditional magnetic devices use only
“spin” degree of freedom of electrons. Aiming at the complete control of both charge and spin in single solid-state
devices, a new field called spintronics is rapidly developing and impacting on information technology. By combining
the atomic-layer deposition with nanofabrication, we focus on the development of spin properties of various materials
and the control of quantum effects in mesoscopic systems for novel spintronics devices.

Research Activities (Year 2008)

Publication
Tanigawa H, Koyama T, Bartkowiak M, Kasai S,

Kobayashi K, Nakatani Y, Ono T: Dynamical Pinning of
a Domain Wall in a Magnetic Nanowire Induced by Walker
Breakdown, Physical Review Letters, 101, 207-203 (2008).

Presentations
Current-induced Spin Dynamics in Nanomagnet, Ono

T, International Workshop on “SPIN CURRENT 2008”,
18—19 February 2008, Sendai, Japan.

Detection of Shot Noise in Coupled Mesoscopic Sys-
tems, Kobayashi K, International Workshop “Interaction and
Interference in Nanoscopic Transport”,18-23 February
2008, Dresden, Germany.

Coherence and Correlation of Electrons in Quantum
Hybrid Systems, Kobayashi K, Moriond 2008, “Quantum
Transport and Nanophysics”, 8—15 March 2008, La
Thuile, Italy.

Current-induced Resonant Motion of the Magnetic
Vortex Core in a Ferromagnetic Circular Disk, Kasai S,

International Magnetic Conference “Intermag Europe
20087, 4-8 May 2008, Madrid, Spain.

Current-induced Vortex Core Motion in Magnetic Disk,
Ono T, Moscow International Symposium on Magnetism,
20-25 June 2008, Moscow, Russia.

Current-induced Magnetization Dynamics in Nano-
magnet, Ono T, The 5th Asia Forum on Magnetics, 16—19
October 2008, Beijing, China.

Grants
Ono T, Invention of Anomalous Quantum Materials,

Grant-in-Aid for Scientific Research in Priority Areas, 1
April 2004-31 March 2010.

Ono T, Magneto-transport Engineering by Spin-
polarized Current, The Asahi Glass Foundation, 1 April
2005-31 March 2008.

Ono T, Current-induced Spin Dynamics and its Appli-
cation to Spintronic Devices, Grant-in-Aid for Young
Scientists (S), 1 October 2007-31 March 2012.

Kobayashi K, Generation and Detection of Quantum
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Topics

Real-time Imaging of the Current-driven
Vortex-core Motion

Manipulating magnetization by spin currents is attracting
scientific interest both due to the intricate physics involved
in the interaction between the flowing spins and the local-
ized spins that constitute magnetization and the techno-
logical potential to control future nanoscale spintronics
devices. Since the efficiency of this spin torque effect is
proportional to the spin-polarization of the current flowing
in the ferromagnetic material an experimental quantifica-
tion of the spin-polarization is of paramount importance.
So far, the indirect methods used, i.e. transport measure-
ments, such as tunneling spectroscopy, Andreev reflection,
and giant magnetoresistance measurements have not
shown conclusive results. Recently by using the at beam-
line 6.1.2 at the Advanced Light Source (ALS) in Berkeley
we succeeded in a direct determination of the spin-
polarization of the currents from quantitative high resolu-
tion X-ray imaging of the current-induced circular motion
of a vortex core in a ferromagnetic disk (Figure 1). We are
able to watch the motion of the core position with better
than 25 nm spatial resolution with a 70 ps time resolution
over a period of several nano-seconds. The spin-polarization
of the current is determined to be 0.67 for Permalloy
(Fe4Nig,), which is in excellent agreement with an analyt-
ical model in the framework of the spin transfer torque.

Image of vortex core
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Figure 1. Schematic illustration of the experimental setup for imaging
the spin dynamics by time- and space-resolved magnetic soft X-ray
microscopy of the vortex core motion in a Permalloy disk (diameter:
1.5 um; thickness: 40 nm).

New Scheme for the Quantum
Noise Detection: Mesoscopic Bolometry

Coupled mesoscopic systems offer exciting opportuni-
ties to generate and control quantum correlations between
electrons, which constitute an important step towards the
integration of quantum optics and electronics. To explorer
the interaction mediated by photons is one of the most
imperative issues because well-prepared photons can link
separate systems quantum-mechanically and, otherwise,
they undesirably disturb the quantum state. We present a
new scheme to detect the photon exchange between the
systems by means of the precise noise thermometry; in the
coupled quantum point contacts (QPC) we prove that the
temperature of one QPC, where the single quantized
conducting channel works as a photon detector, is in
perfect proportion to that of the other QPC which is driven
to non-equilibrium to emit photons (Figure 2). The present
on-chip bolometry opens up a new way for the detection
of the quantum correlation created by photons and for the
attractive ultra-precise measurements such as the bolo-
metric photon counting and the advanced metrology.

Bolometer Temperature

Figure 2. The experimental result of the bolometric detection of the
quantum noise is shown in 3D image plot.

Correlation in Semiconductor Nanostructures, Grant-in-Aid
for Young Scientists (S), 1 October 2007-31 March 2012.

Awards
Ono T, FFIT Prize, Development of the Magnetization

Control Technology by Electric Currents, Funai Founda-
tion for Information Technology, 19 April 2008.

Ono T, The 10th Sir Martin Wood Prize, Magnetization
Control in Nano-Magnets by Electric Currents, Millennium
Science Forum, 12 November 2008.

Ono T, Japan IBM Prize, Research on the Magnetization
Control by Spin-polarized Currents, 26 November 2008.

Kasai S, Young Author Presentation Awards, Time-
resolved Measurement of the Current-induced Vortex
Core Dynamics in a Ferromagnetic Circular Disk, The
Japan Society of Applied Physics, 29 March 2008.

Hashisaka M, IUPAP Young Author Best Paper Awards,
Bolometric Shot Noise Detection in Coupled Quantum
Point Contacts, The 29th International Conference on the
Physics of Semiconductors, 1 August 2008.

ICR ANNUAL REPORT, 2008 17



Division of Biochemistry

- Biofunctional Design-Chemistry -
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o Vot
Assist Prof Assist Prof
FUTAKI, Shiroh IMANISHI, Miki NAKASE, Ikuhiko TANAKA, Gen
(D Pharm Sc) (D Pharm Sc) (D Pharm Sc) (D Eng)
Students

MORISAKI, Tatsuya (D2)
NAKAMURA, Atsushi (D1)
TAKAYAMA, Kentaro (D1)
AZUMA, Yusuke (M2)
HIROSE, Hisaaki (M2)
KOBAYASHI, Sachiko (M2)

Visitors

Prof PROCHIANTZ, Alain Louis
Prof GRASLUND, Astrid

NAKAMURA, Yasunori (M2)
NOSHIRO, Daisuke (M2)
IMAMURA, Chika (M1)
KATAYAMA, Sayaka (M1)
KONISHI, Yusuke (M1)
TATSUTANI, Kazuya (M1)

TSUDA, Nami (M1)

YU, Hao-Hsin (RS)
HIROSE, Yuka (UG)
KOGA, Makito (UG)
MIYAMAE, Hiroki (UG)
NOGUCH]I, Haruka (UG)

Ecole Normale Supérieure, France, 24 September 2008
Stockholm University, Sweden, 14 October 2008

Scope of Research

The ultimate goal of our research is the regulation of cellular functions by designed peptides and proteins. Current
research subjects include (1) development of novel intracellular delivery systems aiming at elucidation and control of
cellular functions using designed membrane permeable peptide vectors, (2) elucidation of the DNA binding and recogni-
tion modes of C2H2-type zinc finger proteins and design of artificial transcription factors with various DNA binding
specificities, and (3) design of stimulation-responsible artificial peptides and proteins.

Research Activities (Year 2008)

Presentations
“Cellular Dynamics of Cell Penetrating Peptides”,

Futaki S, 2nd International Symposium “Cellular Delivery
of Therapeutic Macromolecules 2008, Cardiff, UK, 24
June 2008.

“Effective Macropinocytosis Induction and Membrane
Penetration by FHV Peptide”, Nakase I, Hirose H,
Takeuchi T, Futaki S, Cell-Penetrating Peptides (CPP)
Satellite Symposium of 30th European Peptide Sympo-
sium, Helsinki, Finland, 31 August 2008.

“Novel Intracellular Delivery System using pH-Depen-
dent Fusiogenic Peptide”, Nakase I, Kobayashi S, Kawabata
N, Futaki S, 30th European Peptide Symposium, Helsinki,
Finland, 5 September 2008.

“Arginine-Rich Peptides as a Vector of Intracellular
Delivery” Futaki S, 3rd International Workshop on Ap-

proaches to Single-Cell Analysis, Zurich, Switzerland, 12
September 2008.

“Internalization of Arginine-Rich Peptides into Cells”,
Futaki S, The 6th China-Japan-Korea Foresight Joint
Symposium on Gene Delivery and International Sympo-
sium on Biomaterials, Sanya, China, 26 November 2008.

Grants
Futaki S, Chemical Biology in Translocation of Mem-

brane Permeable Peptides into Cells, Grant-in-Aid for
Scientific Research (A), 1 April 2007-31 March 2010.
Futaki S, Developing Methodologies of Efficient Intra-
cellular Delivery for Cell Imaging and High-Throughput
Analysis, Grant-in-Aid for Scientific Research on Priority
Areas, 1 April 2007-31 March 2009.
Imanishi M, Screening and Evaluation of Novel Clock-
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Topics

Efficient Cellular Uptake of Flock House
Virus Derived Arginine-Rich Peptide

Arginine-rich cell penetrating peptides (CPPs), includ-
ing HIV-1 Tat (48-60) and oligoarginine peptides, have
been applied for intracellular delivery of various mole-
cules (e.g., bioactive proteins, peptides, nucleic acids).
Macropinocytosis has been shown to be one of the major
pathways in the CPP internalization, and we have already
reported that interaction of CPPs with membrane-associ-
ated proteoglycans leads actin organization and the even-
tual induction of macropinocytosis.

From the study on cellular uptake efficiency of various
DNA/RNA binding peptides rich in arginines, we have
found that a peptide derived from flock house virus coat
protein [FHV coat (35-49): RRRRNRTRRNRRRVR]
internalized ~20 times more efficiently than Tat peptide
into Chinese hamster ovary (CHO-K1) cells. The FHV
peptide (1 uM) was able to induce similar extent of macro-
pinocytosis to that of the Tat peptide (10 uM), and extent
of cell surface adsorption of the FHV peptide was also
considerably higher than that of the Tat peptide. Addition-
ally, when the cells were treated with Alexa-labeled FHV
peptide (10 uM) for 10 min, the peptide could translocate
into cytosol and nucleus efficiently. On the other hand,
only endosome-like signals were observed in the case of
the Tat peptide by a confocal microscopy. These results
suggest that effective macropinocytosis induction by the
FHV peptide would lead its efficient internalization.

DIC FHV-Alexa
(4 mi) 4 min 6 min 8 min 10 min

Figure 1. Confocal microscopic observation of CHO-K1 cells treated
with Alexa-labeled FHV peptide (10 uM) at 37 °C. Times show incuba-
tion periods of the peptide on cells.

Rapid Transcriptional Activity
in Cellulo and Slow DNA Binding in Vitro
by Artificial Multi-Zinc Finger Protein

Artificial transcription factors targeting any desired
genes are very attractive, but require specific DNA bind-
ing domains in order to address a single site for each gene
promoter. By connecting various zinc fingers recognizing
the corresponding 3- to 4-bp DNA, DNA binding domains
for the desired and long sequences can be created. Though
such a long sequence recognition is a marvelous property,
we have found as the number of finger motifs increases,
the equilibrium time with the target sequence is signifi-
cantly longer as detected by in vitro EMSA experiments.
In this study, we created 3- and 9-finger type artificial
transcription factors, and compared the kinetics of the
transcriptional activation in vivo as to whether or not a sig-
nificant delay in the activation is observed for the 9-finger
type. By using a ligand-inducing system, we demonstrated
for the first time that finger multimerization does not
affect the kinetics of the transcriptional activity; the
9-finger type artificial transcription factor activated the
reporter gene as quickly as the 3-figner type. Our results
suggest that the drawback of finger multimerization, i.e.,
the equilibrium time is prolonged depending on the num-
ber of finger motifs, can be surmounted in terms of its use
for transcription factors in vivo. There is much interest in
creating therapeutic molecules, and these findings suggest
the significant potential of multi-zinc finger proteins as a
tool for an artificial gene regulator.
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Figure 2. Rapid Transcriptional Activation by an Artificial Multi-Zinc
Finger Protein.

Related Proteins Using Zinc-Finger Technology, PRESTO
Program, Japan Science and Technology Agency, 1 Octo-
ber 2005-31 March 2009.

Nakase I, Development of New Cell-Targeting Peptides
Having Functional Activities for Recognition of Various
Proteoglycans on Cell Membrane, Grant-in-Aid for Young

Scientist (B), 1 April 2007-31 March 2009.

Award
Imanishi, M, The Best Poster Prize, Chemistry in the New

World of Bioengineering and Synthetic Biology (Royal
Society of Chemistry), Oxford, UK, 24 September 2008.
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Prof

Assist Prof Assist Prof
HIRATAKE, Jun MIZUTANI, Masaharu  SHIMIZU, Bun-ichi
(D Agr) (D Agr) (D Agr)
Students
IKEUCHI, Hideyuki (M2) NAKAJIMA, Mado (M2) ASAI, Tomoki (M1)

KAWABE, Ayami (M2)
NAITO, Yoshiyuki (M2)

MATSUMOTO, Seitaro (M2)

YANG, Qing-Hua (RS)

Scope of Research

Our research covers the comprehensive understanding of the physiological roles of biocatalysts (enzymes) as well as
the reaction mechanism, the structure and properties of each enzyme. 1) Development of intermediate analogue
inhibitors of acyl-activating enzyme superfamily that plays pivotal roles in plant hormone homeostasis and secondary
metabolite biosynthesis of plants. 2) Design and synthesis of transition-state analogue and mechanism-based inhibitors
of y- glultamylcysteiene synthetase and y-glutamyl transpeptidase, the key enzymes in glutathione biosynthesis and its
metabolism, respectively. 3) Studies on structural basis for bioluminescence change of firefly luciferase. 4) Studies on
the activation/inactivation process of plant hormones. 5) Molecular mechanism of regulation of coumarin biosynthesis

in plants.

Research Activities (Year 2008)

Publications

Wada K, Hiratake J, Irie M, Okada T, Yamada C,
Kumagai H, Suzuki H, Fukuyama K: Crystal Structures of
Escherichia coli y-Glutamyltranspeptidase in Complex
with Azaserine and Acivicin: Novel Mechanistic Implica-
tion for Inhibition by Glutamine Antagonists, J. Mol. Biol.,
380, 361-372 (2008).

Saino H, Mizutani M, Hiratake J, Sakata K: Biochemi-
cal Characterization of B-Primeverosidase—Expression
with a Baculovirus Insect Cell System and Affinity Purifi-
cation with a Primeverosylamidine as a Ligand—, Biosci.
Biotechnol. Biochem., 72, 376-383 (2008).

Kai K, Mizutani M, Kawamura N, Yamamoto R, Tamai
M, Yamaguchi H, Sakata K, Shimizu, B: Scopoletin is Bio-
synthesized via ortho-Hydroxylation of Feruloyl-CoA by
an 2-Oxoglutarate Dependent Dioxygenase in Arabidopsis
thaliana, Plant J., 55, 989-999 (2008).

Seki H, Ohyama K, Sawai S, Mizutani M, Ohnishi T,
Sudo H, Akashi T, Aoki T, Saito K, Muranaka T: Licorice
B-Amyrin 11-Oxidase, a Cytochrome P450 with a Key

Role in the Biosynthesis of the Triterpene Sweetener
Glycyrrhizin, Proc Natl Acad Sci USA., 105, 14204- 14209
(2008).

Presentations
Rational Design of Specific Inhibitors of y-Glutamyl

Transpeptidase (GGT) and y-Glutamylcysteine Synthetase
for Modulating Cellular Glutathione Redox Status,
Hiratake J, 2nd World Conference on Magic Bullets
(Ehrlich II), Nuernberg, Germany, 4 October 2008.

Biochemical Characterization of Cytochrome P450
Monooxygenases in Plant Steroid Metabolism, Mizutani
M, 7th Japan-US Seminar, Biosynthesis of Natural Pro-
ducts, “Enzymology, Structural Biology, and Drug Dis-
covery”, San Diego, USA, 24 June 2008.

New Functions of P450s in Brassinosteroid Biosynthe-
sis and Catabolism, Mizutani M, 9th International Sympo-
sium on Cytochrome P450 Biodiversity and Biotechnolo-
gy, Nice, France, 10 June 2008.
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Topics

Molecular Design and Synthesis of
v-Glutamylcysteine Synthetase Inhibitors

y-Glutamylcysteine synthetase (GCS) catalyzes the
ATP-dependent coupling of L-Glu and L-Cys to make
v-Glu-Cys, the first and the rate-limiting step in glutathi-
one biosynthesis. Therefore GCS is an extremely impor-
tant enzyme that controls the cellular redox status and
detoxification potential through affecting the glutathione
level and confers the cells with resistance against toxic
xenobiotics such as reactive oxygen species and antican-
cer drugs. We designed and synthesized the sulfoximine-
based transition-state analogue inhibitors 1a and b with an
emphasis on the recognition of the side chain of Cys by
the enzyme [Figure 1. (a)]. The X-ray crystallographic
studies on E. coli GCS indicated that the side chain of Cys
was recognized by Argl32 [Figure 1. (b)]. The inhibitor
1b with a cyano group at the side chain of Cys moiety was
ca. 5 times more potent than the inhibitor 1a with a methyl
group, suggesting that the cyano group mimicked the SH
of Cys to interact with the guanidino group of Argl32.
The cyano sulfoximine 1b was more than 6000 times as
potent as buthionine sulfoximine (BSO), a most frequently
used GCS inhibitor, thus serving as a new lead for effec-
tive drug for controlling the cellular glutathione biosyn-
thesis.
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Figure 1. (a) The reaction mechanism of GCS and the sulfoximine-based
transition-state analogue inhibitors 1a and 1b. (b) The X-ray structure
showing the interaction with the side chain of Cys and Arg132.

Cytochrome P450s in Brassinosteroid
Biosynthesis

Brassinosteroids (BRs) are plant steroid hormones that
are essential for normal growth and development in
plants. Cytochrome P450 monooxygenases (P450s) play
crucial roles in BR biosynthesis, in which many oxygen-
ations at steroidal skeleton and side-chain structure occur.
Recent molecular genetic studies for BR-deficient mutants
of Arabidopsis, rice, tomato, and garden pea have identi-
fied several P450 genes (CYP85A4, 904, 90B, 90C, 90D,
and 724B) so far. However, the catalytic functions of them
remained ambiguous due to lack of biochemical study.
Recently, we succeeded in functional expression of these
P450s in a baculovirus-insect cell system as well as in a
bacterial expression system, and their catalytic activities
were determined in an in vitro assay. We found that
CYP90B and CYP724B are redundant C-22 hydroxylases
and also that CYP90C and CYP90D are redundant C-23
hydroxylases. CYP90A was found to catalyze C-3 oxida-
tion and isomerization of 22-hydroxycampesterol and
22,23-dihydroxycampesterol to produce their correspond-
ing 4-en-3-one. In contrast, campesterol is not metabo-
lized by CYP90A at all. Taken together, we have proposed
the campestanol-independent pathway of BR biosynthesis,
which predominantly converts campesterol to 22-hydro-
xycampesterol and (22S,24R)-22-hydroxyergost-4-en-3-
one to form bioactive BRs, without going through campes-
tanol.
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Figure 2. Cytochrome P450s in Brassinosteroid Biosynthesis CYP90A,
C3-oxidase; CYP90B and CYP724B, C22-hydroxylase; CYP90C and
CYP90D, C23-hydroxylase; CYP85A, C6-oxidase.

Grants
Hiratake J, Development of Chemicals to Control Glu-

tathione Metabolism and Oxidative Stress for Use in
Chemical Biology, Grant-in-Aid for Scientific Research

(B) (2), 1 April 2007-31 March 2010.

Mizutani M, Construction of Plant Oxygenase Library
and Its Functional Characterization, Grant-in-Aid for Sci-
entific Research (C) (2), 1 April 2006-31 March 2008.
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Assoc Prof Assoc Prof Assist Prof Techn PD
SUGISAKI, Hiroyuki ~ AOYAMA, Takashi TSUGE, Tomohiko YASUDA, Keiko TANIGUCHI, Masatoshi
(D Sc) (D Sc) (D Sc) (D Sc)
Students

Guest Res Assoc Guest Res Assoc
WU, Zhe ZHU, Danling
Visitors

Dr MENON, Suchithra
Prof QU, Li-Jia
Prof GU, Hongya

TANIGUCHI Y, Yukimi (D3)
NAKAMURA, Kinu (D3)
AKI, Shiori (D2)

NAKAL, Hideto (D1)
KATAOKA, Mayuko (M2)
WADA, Yukika (M1)

Harvard School of Public Health, USA, 7-17 January 2008
College of Life Science, Peking University, China, 1-13 August 2008
College of Life Science, Peking University, China, 1-13 August 2008

Prof SERINO, Giovanna
Ms TAFRATE, Silvia

Scope of Research

This laboratory aims at clarifying molecular bases of regulatory mechanisms for plant development, especially plant
morphogenesis, with techniques of forward and reverse genetics, molecular biology, and biochemistry. Current major
subjects are phospholipid signalings in cell morphogenesis, the transcriptional network for cytokinin responses, COP9

University of Rome La Sapienza, Italy, 4—18 November 2008
National Research Council of Italy, Italy, 4-18 November 2008

signalosome modulating signal transduction in the nuclei, and the endoreduplication cell cycle in cell differentiation.

Research Activities (Year 2008)

Publications
Kusano H, Testerink C, Vermeer JEM, Tsuge T, Shimada

H, Oka A, Munnik T, Aoyama T: The Arabidopsis Phosphati-
dylinositol Phosphate 5-kinase PIPSK3 is a Key Regulator of
Root Hair Tip Growth. Plant Cell, 20, 367-380 (2008).

Menon S, Tsuge T, Dohmae N, Takio K, Wei N: Associ-
ation of SAP130/SF3b-3 with Cullin-RING Ubiquitin
Ligase Complexes and its Regulation by COP9 Signalo-
some. BMC Biochem., 9, 1 (2008).

Presentations
Phospholipid Signaling in Root Hair Development,

Aoyama T, Kusano H, Testerink C, Vermeer JEM, Tsuge T,

Shimada H, Oka A, Munnik T, The 9th International

Congress on Cell Biology, 7-10 October 2008 (Seoul).
Identification and Characterization of Novel Proteins

Interacting with COP9 Signalosome Subunitl, Kataoka M,
Nakai H, Taniguchi M, Aki S, Dohmae N, Heyl A, Oka A,
Tsuge T, Zomes-V, 11-14 November 2008 (Yokohama).

COP9 Signalosome Interacts with RNA Processing
Factors in Arabidopsis, Aki S, Oka A, Tsuge T, Zomes-V, 11—
14 November 2008 (Yokohama).

Grants
Aoyama T, Development of Light Molecular Switch for

Analyzing Intracellular Information Network, Grant-in-Aid
for Exploratory Research, 1 April 2007-31 March 2009.
Aoyama T, Signal Transduction from Nutrient Conditions
to Root Hair Morphogenesis, Grant-in-Aid for Scientific
Research on Priority Areas, 1 April 2008-31 March 2010.
Tsuge T, Qu LJ, Molecular Mechanism Involved in
Maintaining the Flatness of the Leaf Blade, Japan-China
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Roles of Phospholipid Signalings
in Plant Cell Morphogenesis

Phospholipids are not only major components of the
eukaryotic plasma membrane but also signaling molecules
leading to a wide variety of cellular responses. Because
phospholipids function as site-specific signals on mem-
branes, they likely play pivotal roles in localizing exocy-
tosis and the fine F-actin configuration to regions of cell
expansion, such as the tips of growing root hairs. Root
hairs are cellular protuberances resulting from highly
polarized cell growth of specific root epidermal cells. The
process of root hair growth is called tip growth, because
all of the growth events including cell wall deposition and
plasma membrane expansion are limited to the tip. Root
hairs have been intensively studied as a model system
for the molecular processes involved in plant cell morpho-
genesis, owing to the dispensability under laboratory
conditions and accessibility for experimental observation
of root hairs.

Among phospholipid signaling factors involved in plant
cell morphogenesis, we focused on phosphatidylinositol
4,5-bisphosphate [PtdIns(4,5)P,] and its producing enzyme
phosphatidylinositol 4-phosphate 5-kinase (PIP5K). The
localization of PtdIns(4,5)P, to apices of growing root
hairs suggests that it is involved in tip growth. However, it
is unclear how the spatiotemporal pattern of PtdIns(4,5)P,
is established at the tip and which aspect of tip growth it
regulates. We found that the Arabidopsis thaliana PIP5K3
gene encodes PIPSK, and is expressed preferentially in
root hair cells. All the T-DNA insertion mutations that we
examined exhibited significantly shorter root hairs than
in the wild type. Reciprocally, its overexpression caused
longer root hairs in addition to multiple protruding sites
on a single root hair cell. A yellow fluorescence protein
fusion of PIPSK3 (PIPSK3-YFP), directed by the PIP5K3

promoter, complemented the short root hair phenotype of
the mutants, and localized intensively at the plasma
membrane of elongating root hair apices, at growing root
hair bulges, and notably, at sites expected to form root
hair bulges. PIP5K3-YFP accumulated most in apices of
root hairs elongating rapidly. These results provide evidence
that PIP5K3 is involved in the localization of PtdIns(4,5)P,
to the elongating root hair apex and acts as a key regulatory
component of the machinery initiating and promoting root
hair tip growth.

Figure 1. Localization pattern of PIP5SK3-YFP in root hairs. Left:
PIP5K3-YFP (green color) localized at elongating root hair apices.
Right: The intensity of the PIPSK3-YFP fluorescence (index colors) is
tightly correlated with the rate of root hair elongation.

Scientific Cooperation Program (JSPS), 1 April 2007-31
December 2009.

Tsuge T, Mele G, Transcriptional Regulations on Higher
Plants by COP9 Signalosome, Japan-Italy Scientific Cooper-
ation Program (JSPS), 1 April 2008-31 March 2010.

Tsuge T, Stress-response Regulator, COP9 Signalosome,
is Involved in Regulation of both Human Carcinogenesis
and Plant Photomorphogenesis, Research Grant (The Nai-
to Foundation), 1 December 2006-30 September 2008.

Tsuge T, Novel Functions of COP9 Signalosome, the
Key Signaling Component is Conserved in both Human
Carcinogenesis and Plant Photomorphogenesis, Research

Grant (Research Foundation for Opto-Science and Tech-
nology), 1 April 2007-3 March 2009.

Aki S, Functional Analyses on the Interaction of
SAP130 and COP9 Signalosome, Plant Protein Analysis
Research Project Graduate-Student-Grant (NAIST Science
Research and Education Promotion Unit), 1 April 2008—
31 March 2009.

Award

Aki S, Best Poster Award, ZOMES-V, “COP9 Sig-
nalosome Interacts with RNA Processing Factors in
Arabidopsis ”, 14 November 2008.
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Prof Assist Prof Assist Prof Proj Res PD (iCeMS)
UESUGI, Motonari KAWAZOE, Yoshinori SHIMOGAWA, Hiroki MURATA, Asako SATO, Ayato
(D Pharm Sc) (D Med Sc) (D Sc) (D Sc) (D Sc)

Res Associates (pt)

NAKASHIMA, Mitsue (iCeMS)
ORIHARA, Tsubasa (iCeMS)

Students

SHIRAKAWA, Takashi (D2)
YAMAZOE, Sayumi (D2) (iCeMS)
KHAMBU, Bilon (D1)

SUMIYA, Eriko (D1)

TSUJIKAWA, Tomoko (M2)

PD (iCeMS) PD (JSPS) (iCeMS)
SATO, Shinichi KAMISUKI, Shinji
(D Eng) (D Sc)
Visitors

Instructor JUNG, Dongju
Assoc Prof TSAI, Francis TF

Baylor College of Medicine, USA, 26 March—5 April 2008
Baylor College of Medicine, USA, 11 November 2008

Scope of Research

In human history, small organic molecules have been utilized for improving human health and for revealing secrets of
life. Discovery or design of small organic molecules with unique biological activity permits small-molecule-initiated
exploration of biology and further understanding of human diseases. Our laboratory has been discovering small organic
molecules that modulate transcription or differentiation to use them as tools to explore biology. Such chemistry-initiated
biology is recently called chemical biology, an emerging field of biology and medical sciences. Although our chemical
biology is a basic one, it may “catalyze” future drug discovery.

Research Activities (Year 2008)

Presentations

Special Lecture: Organic Chemistry of Life, Uesugi M,
Ewha Womans University, Korea, 7-11 January 2008.

Target Identification of Bioactive Small Molecules,
Uesugi M, Medical Chemistry Symposium, Singapore, 23
January 2008.

Chemical Biology of Synthetic Small Molecules, Uesugi
M, International Symposium on Hierarchy and Holism
(ISHH): Bridging across Different Hierarchies in Natural
Sciences, Okazaki, 23 February 2008.

Small-Molecule-Initiated Biology and Beyond in iCeMS,
Uesugi M, AICT First International Conference on Con-
vergence Technologies, Korea, 21 May 2008.

Chemical Biology of Synthetic Small Molecules, Uesugi M,
SSE/JST-PRESTO Joint Symposium, Sweden, 27 May 2008.

Isolating and Identifying the Targets of Bioactive Small
Molecules, Uesugi M, 10th Chinese International Peptide
Symposium (CPS-2008), China, 2 July 2008.

Isolating and Identifying the Targets of Bioactive Small
Molecules, Uesugi M, 22nd Naito Conference on Chemical
Biology, Sapporo, 11 September 2008.

Small Molecule Activators of Transcription, Uesugi M,
2008 Riken Conference, Narita, 13 November 2008.

Grants
Uesugi M, Small-molecule Initiated Analysis of Cellular

Signaling, Grant-in-Aid for Scientific Research (B), 1
April 2006-31 March 2008.

Uesugi M, Methods for Isolating Target Proteins of
Small Molecules, Grant-in-Aid for Scientific Research on
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Small-molecule-initiated Biology

Knowledge about bioactive small molecules is a trea-
sure of the humankind. Small organic compounds that the
human being have discovered or synthesized from natural
resources have been utilized for improving human health
and for revealing secrets of life. The major goal of our
research programs has been to expand the treasure by
discovering and analyzing novel organic compounds with
unique biological activities and to use them as tools to ex-
plore biology.

Our current research programs focus on discovering
and using small organic molecules that modulate gene
transcription or cell signaling. Regulation of gene tran-
scription and cell signaling often induces drastic pheno-
typic changes in living organisms. Precise, external con-
trol over these endogenous processes through small
organic molecules represents a challenge of chemistry to
nature. The latest achievements are summarized below.

Discovery of synthetic small molecules that modulate
transcription. Our group has discovered by screening
chemical libraries a unique small-molecule modulator of
transcription. The synthetic molecule we named “adamanolol”
represents the first small molecules that modulate gene
transcription by targeting transcription factor-coactivator
interaction. Our group, as a collaboration with another
laboratory, synthesized adamanolol and its derivatives
and obtained structure-activity relationship, which enabled
the design of the second-generation compound named
“wrenchnolol.” The wrench-shaped compound is now
recognized in the field as a highly unique synthetic mole-
cule that controls gene expression.

Wrenchnolol mimics an alpha-helical activation domain
of transcription factor ESX: it may serves as a small-
molecule activation module when coupled with a DNA
binding molecule. Our group, as a collaboration with
Prof. Dervan in Caltech, has recently succeeded in design-
ing a completely organic, synthetic transcription factor
that activates transcription. This work demonstrates that it

is possible to generate a transcription factor out of organic
compounds.

Discovery of small molecules that modulate cell sig-
naling. Our group has developed an interesting method
of screening chemical libararies for the discovery of bio-
active molecules. In this unique method, synthetic small
molecules were first profiled by their effects on phenotypic
fat cell differentiation and pre-selected for more focused
secondary assays. This approach enabled us to discover a
number of bioactive compounds with a range of biological
activities, including anti-proliferation of selective cell
types and inhibition of lipogenesis. These molecules are
now used for elucidation of new biological pathways in
our group. For example, we recently discovered a new
signaling pathway to control insulin/IGF pathways by uti-
lizing the compound we call chromeceptin.

Our group also discovered small organic molecules that
differentiate mouse embryonic stem (ES) cells into dopa-
minergic neurons. Our approach to discovering such mol-
ecules is rooted in the logic of asymmetric catalysts in
chemistry. This work might be a good demonstration of
applying the logic in chemistry to the biological field.

A

Priority Areas, 1 April 2006-31 March 2008.

Uesugi M, Intracellular Imaging of Small Molecules,
Industrial Technology Research Grant Program by NEDO,
1 June 2006-31 May 2008.

Uesugi M, Small Molecule Transcription Factors for
Biological Investigations, PRESTO, Japan Science and
Technology Agency, 1 October 2005-31 March 2009.

Uesugi M, Small Molecules that Promote the Production
of iPS cells, The Project for Realization of Regenerative

Medicine, Japan Science and Technology Agency, 1 April
2008-31 March 2013.

Kawazoe Y, Small Molecules that Modulate Cell Differ-
entiation, Grant-in-Aid for Young Scientists (B), 1 April
2006-31 March 2008.

Kawazoe Y, Chemical Genetic Analysis of Vacuole
Formation, Grant-in-Aid for Scientific Research (C), 1
April 2008-31 March 2011.
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- Molecular Materials Chemistry -

http://www.molmat.kuicr.kyoto-u.ac.jp/index-e.html

Assoc Prof Assist Prof Techn
KAIJI, Hironori HIRALI, Asako OHMINE, Kyoko
(D Eng) (D Eng)
Students

SUZUKI, Shinji (D3)
YAMADA, Tomonori (D3)
FUKUSHIMA, Tatsuya (D2)
SUZUKI, Furitsu (D1)

KIUCHI, Yohei (M2)

IGARASHI, Yuki (M2)

YAMANE, Hiroaki (M2)
KOUMURA, Kentaro (M1)

SHIMAHARA, Yurie (M1)
TAKAMI, Kousuke (M1)
KIMURA, Hironobu (UG)

Scope of Research

The research activities in this subdivision cover structural studies and molecular motion analyses of highly organized
polymer materials in the different states by high-resolution solid-state NMR, electron microscopy, X-ray diffractometry,
and so on, in order to develop high-performance and high-functionality polymer materials such as organic electron
luminiscence devices and different molecular hybrid materials. The structure formation process of bacterial cellulose is
also characterized in detail and environmentally friendly cellulosic nanohybrid materials are examined to develop in

different stages of the biosynthesis.

Research Activities (Year 2008)

Presentations
Structure of Materials in Organic Light-Emitting Diodes

Studied by Solid State NMR, Kaji H, 235th ACS National
Meeting, New Orleans, LA, 9 April 2008 (Invited).

Geometric and Electronic Structures of a Hole-Trans-
port Material, TPD, Studied by DFT Calculations and
Solid-State NMR, Kaji H, Yamada T, SPIE Symposium
on Photonic Devices + Applications, "Organic Light-
Emitting Materials and Devices XII", San Diego, CA, 10
August 2008 (Invited).

Organic Light-Emitting Diodes Fabricated from Alg;, in
Different Crystalline Polymorphs, Kaji H, Fukushima T,
The 8th International Meeting on Information Display/
International Display Manufacturing Conference 2008/
Asia Display 2008 (IMID/IDMC/ASIA DISPLAY 2008),
Gyeonggi, Korea, 15 October 2008 (Invited).

Effects of Added Electrolytes on the Phase Separation
Behavior in Aqueous Suspensions of Bacterial Cellulose
Microfibrils and on the Magnetic Alignment of the Chiral
Nematic Phase, Hirai A, Inui O, Horii F, Yamamoto S,
Tsuji M, 235th ACS National Meeting, New Orleans, LA,
7 April 2008 (Invited).

Future Vision and Roadmap of Organic and Molecular

Electronics/Bioelectronics, KAJI H et al., Special Pro-
gram Symposium, “Future Vision of the Japan Society of
Applied Physics—Academic Roadmap toward 2040, The
55th Annual Meeting of the Japan Society of Applied
Physics, Chiba, Japan, 28 March 2008.

Phase Separation Behavior of Aqueous Suspensions of
Tunicate Cellulose Nanofibers Prepared by HCI Hydroly-
sis and TEMPO-Mediated Oxidation, Hirai A, Iwata D,
Horii F, Nomura A, Tsujii Y, Tsuji M, 15th Annual Meet-
ing, Cellulose Soc., Japan, Kyoto, 10 July 2008.

Grants
Kaji H, Synthesis of Novel Organic Electrolumines-

cence Materials and the Application for Organic Devices,
Research for Promoting Technological Seeds, Japan Sci-
ence and Technology Agency (JST), 9 July 2008-13
March 2009.

Kaji H, Science and Functions of Organic Amorphous
Materials, Grant-in-Aid for Scientific Research (A), 1
April 2005-31 March 2008.

Kaji H, Electronic State Analysis of Organic Photoelec-
tric Conversion Systems by Quantum Chemical Calcula-
tion and Nuclear Magnetic Resonance, Grant-in-Aid for
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Organic Light-Emitting Diodes
Fabricated from Tris(8-hydroxyquinoline)
Aluminum(III) (Alq;) in

Different Crystalline Polymorphs

Tris(8-hydroxyquinoline) aluminum(IIl) (Alq,;) has
been one of the most widely used light-emitting electron-
transport materials in organic lights emitting diodes
(OLEDs). It is known that there are four polymorphs, o,
B, v, and § forms, in crystalline Alq; and that they show
green or blue luminescence under UV-irradiation depend-
ing on their isomeric states (see Figure 1). However, their
relationships with the performance of OLEDs have not
been investigated.

We prepared three kinds of Alq, crystals, a-Alqgs,
8-Alq;, and mixture of a, v, 8-Alq;, by temperature gradi-
ent sublimation and thermal annealing. The crystals show
different colors under UV-irradiation as shown in Figure
1. By evaporating each crystal under vacuum, three
OLEDs with the configuration of ITO / NPD 40nm / Alg;
60 nm / Cs,CO,/ Al were fabricated. All the devices
exhibit yellowish-green electroluminescence (EL) emis-
sions, irrespective of the polymorphs before the vacuum
evaporation. However, the three devices show different
EL performances as shown in Figure 1. The current effi-
ciency of the device fabricated from the mixture of a, v,
5-Alq, is larger than the other two devices fabricated from
o-Alg; and 8-Alq;. We carried out the same experiments
several times to confirm the reproducibility. The enhance-
ment factors slightly change, but the current efficiencies
of the three devices are always in the order of «, v, 5-Alq,
>5-Alg; = o-Algs.

current effciency / cd+ &'

Faria
-, AL |-r.-.ﬁ._.5.j|;:_|
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Figure 1. Current efficiency-current density characteristics for the
OLEDs fabricated from three kinds of Alg;, crystals; a-Alqs, 8-Algs, and
the mixture of a, y, 8-Alq;.

Charge Transport Paths in Organic Solids,
N,N’-diphenyl-N,N’-di(m-tolyl)
Benzidine (TPD)

Charge transports in organic materials are of immense
interest for device applications such as OLEDs. For
OLEDs, N,N’-diphenyl-N,N -di(m-tolyl)benzidine (TPD)
is widely used as a hole-transport material. We investigat-
ed the paths for charge transports in the orthorhombic and
monoclinic polymorphs of TPD. Based on Marcus theory,
we calculated charge transfer rate constants for all the
neighboring molecular pairs in both polymorphs by den-
sity functional theory (DFT) method. The electron transfer
rate constants were less than 3 x 10" s™ for any pairs in
both polymorphs, due to its large reorganization energy
for electron transfer. In contrast, the small reorganization
energy for hole transfer resulted in large hole transfer rate
constants. Moreover, percolation paths were found for
hole transfer with large rate constants in both polymorphs.
In the orthorhombic polymorph, the paths are along the ¢
axis with the hole transfer rate constant of 5 x 10" s
(Figure 2). In the monoclinic polymorph, holes can be
transported in various directions with the rate constants of
2 x 10”-4 x 10" s (Figure 3). In addition to the small re-
organization energy and the large charge transfer integrals,
the existence of percolation paths is found to be a crucial
factor for high carrier-transport property.

orthorhombic

Figure 3. Hole transport paths in the monoclinic polymorph of TPD.

Scientific Research on Priority Areas, 1 April 2007-31
March 2008.
Hirai A, Structure Control of Native Polymer Nano-

Assemblies by Magnetic Field, Grant-in-Aid for Scientific
Research, 1 April 2007-31 March 2010.
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Prof Assoc Prof Assist Prof Assist Prof * Techn
SOHRIN, Yoshiki UMETANI, Shigeo NORISUYE, Kazuhiro FIRDAUS, Mochamad Lutfi MINAMI, Tomoharu
(D Sc) (D Sc) (D Sc) (D Sc) (D Eng)
* Division of Environmental
Chemistry, Laboratory of Trace
Lecturer (pt) Elemental Tomography

NORIKI, Shinichiro (D Fish Sc)

Graduate School of Environmental Science, Hokkaido University

Students

NAKAGAWA, Yusuke (D2)
ABIGAIL, Parcasio Cid (D1)
HIGO, Eri (M2)

OKABE, Taro (M2)

Visitor
Prof LI, Yuan-Hui

NISHIDA, Shinsuke (M2)

SATO, Kengo (M1)
TANIGAWA, Masahito (M1)

University of Hawaii, USA, 24-29 April 2008

Scope of Research

(i) Biogeochemistry of trace elements in the hydrosphere: Novel analytical methods are developed for trace metals
and isotopes. Distribution of trace elements in the hydrosphere and its effects on ecosystem are investigated. The study
also covers hydrothermal activity, deep biosphere and paleoocean.

(i1) Ton recognition: Novel ligands and ion recognition systems are designed, synthesized and characterized.

Research Activities (Year 2008)

Publications
Sohrin Y, Urushihara S, Nakatsuka S, Kono T, Higo E,

Minami T, Norisuye K, Umetani S: Multiclemental Deter-
mination of GEOTRACES Key Trace Metals in Seawater
by ICPMS after Preconcentration Using an Ethylenedi-
aminetriacetic Acid Chelating Resin, 4Anal. Chem., 80,
6267-6273 (2008).

Lai X, Norisuye K, Mikata M, Minami T, Bowie AR,
Sohrin Y: Spatial and Temporal Distribution of Fe, Ni, Cu
and Pb along 140°E in the Southern Ocean during Austral
Summer 2001/02, Mar. Chem., 111, 171-183 (2008).

Kurahashi K, Umetani S, Sohrin Y: Solvent Extraction
of Divalent Metal Ions with Azacrown Ether Substituted
Acylpyrazolones, Anal. Sci., 24, 225-229 (2008).

Presentations
Multielemental Determination of GEOTRACES Key

Trace Metals by Column Concentration and ICP-MS,
Norisuye K, Urushihara S, Nakatsuka S, Kono T, Higo E,
Minami T, Sohrin Y, 18th Annual V.M. Goldschmidt Con-
ference, 14 July 2008.

Precise Mo Isotopic Analysis on Pacific and Antarctic
Seawater, Nakagawa Y, Firdaus ML, Norisuye K, Sohrin
Y, Irisawa K (Tokyo Institute of Technology), Hirata T
(Tokyo Institute of Technology), 18th Annual V.M. Gold-
schmidt Conference, 14 July 2008.

Behaviors of Incompatible Elements in the Western
North Pacific Ocean, Firdaus ML, Nakagawa Y, Norisuye
K, Sohrin Y, 18th Annual V.M. Goldschmidt Conference,
15 July 2008.

Design of Extraction Reagents of High Selectivity Based
on Steric Factors, Umetani S, Fukui Y, Uezu K (University
of Kitakyushu), International Solvent Extraction Confer-
ence, 16 September 2008.
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Multielemental Determination of the Bioactive
Trace Metals in Seawater by Solid Phase
Extraction-ICPMS and Its Application to the
Bering Sea

70°N |
L
65°N o~
{L=3
- "B
|
BROI0 &
=
60°N BROOO®
f_ i &
BROO7 w ; ’
T ® BROO 5 .o
e : - BROO3®
55°N e = ™
50°N c
160°E 170°E 180°E 176°w 160°W 150°W 140°w

Figure 1. Location of stations.

The temporal and spatial distributions of trace metals in
seawater are controlled by biological, chemical and
physical processes. Al, Mn, Fe, Co, Ni, Cu, Zn, Cd and
Pb, which are referred to as bioactive trace metals, strongly
influence marine organisms. Since direct determination of
these metals is not possible due to the very low concentra-
tions and the interference from major ions, it is necessary
to separate and concentrate them. Solid phase extraction
with chelating absorbents, such as iminodiacetic acid
chelating resin (Chelex 100), vinyl polymer resin-
immobilized 8-hydroxyquinoline (TSK-8HQ), fluorinated
metal alkoxyde glass-immobilized 8-hydroxyqunoline
(MAF-8HQ), have been widely used for the preconcentra-
tion. However, it is difficult for these adsorbents to collect
Mn quantitatively and to remove alkali and alkaline earth
metals. We have developed a preconcentration method of
Al, Mn, Fe, Co, Ni, Cu, Zn, Cd and Pb from seawater
using a novel chelating resin with ethylendiaminetriacetic
acid group, NOBIAS CHELATE-PA1 (Hitachi High-
Technologies Co. Ltd.), packed in PFA tubes."” This is the
unique method that realize the quantitative collection of
these metals without contamination and the removal of
alkali and alkaline earth metals. We applied this method to

clucidate the spatial distribution of trace metals in the
Bering Sea.

The Bering Sea, which is located between the Aleutian
Islands and the Bering Strait, has continental shelf in the
eastern area and a deep basin in the western area. The
eastern area shows the highest biological productivity in
the world, whereas the western area is characterized by
high-nutrient low-chlorophyll. Seawater samples were
collected from 8 stations in the eastern Bering Sea during
the MR00-KO06 cruse of R/V Mirai using a CTD carousel
on which Niskin-X samplers were mounted (Figure 1).
Filtered and unfiltered seawater samples were acidified to
pH 2.2 with HCI. These were used for the determination
of dissolved (D) and acid-dissolvable (AD) metals, re-
spectively.

AD Al (nmolig)

AD Co (pmoltig)

Figure 2. Sectional distributions of acid dissolvable trace metals in the
Bering Sea.

Figure 2 shows the sectional distribution of AD species.
The AD species include D and labile particulate species
(such as those adsorbed onto iron oxyhydroxides and clay
minerals, and those incorporated into organisms) which
dissolve during storage. The concentrations of the AD
species are high at BRO11 and 012. These stations are
located near the estuary of the Yukon River, where salinity
was low because of the inflow of the river water. There-
fore, the AD species should be supplied by the river. AD-
Cd showed maximum above the bottom of BR003 and
005. The concentration of chlorophyll @ was highest in
surface water at BROOS among all stations. Therefore, it is
likely that Cd was taken up by phytoplankton, precipitated
with sinking particles, and remineralized in the depth.

[11Y. Sohrin et al., Anal. Chem., 80, 6267 (2008).

Grants
Sohrin Y, Development of Redox Proxy Using Molyb-

denum and Tungsten and Reconstruction of Environmental
Changes in the Japan Sea, Challenging Exploratory
Research, 1 April 2008-31 March 2010.

Norisuye K, Development of a Method for Determination
of Divalent Iron and Elucidation of the Behavior in the
Ocean, Steel Industry Foundation for the Advancement of
Environmental Protection Technology, 1 November 2007—
31 October 2009.
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Prof Assoc Prof Assist Prof PD
NAKAHARA, Masaru  MATUBAYASI, Nobuyuki WAKAI, Chihiro PURQON, Acep WANG, Jianyi
(D Sc) (Ph D) (D Sc) (D Sc) (Ph D)
Students

YASAKA, Yoshiro (D2)
KIMURA, Hiroshi (M2)
SHINTANI, Megumi (M2)

IYUKU, Hiroomi (M1)
MIYA, Shingo (M1)

Visitor
VACHA, Robert

Czech Academy of Science, Czech Republic, 9 November—20 December 2008

Scope of Research

The structure, dynamics, and reaction of solutions with fine tunability and/or with nano-scale inhomogeneity are
investigated by NMR spectroscopy, computer simulation, and statistical-mechanical theory of solutions. Solvation is
systematically elucidated for ionic liquids and supercritical fluids from both the static and dynamic viewpoints, and non-
catalytic reactions of environmental importance are developed. The structural organization and fluctuation and the
molecular binding are investigated for soft, self-organizing systems such as micelle, protein, and lipid membrane.

Research Activities (Year 2008)

Publications
Giordani C, Wakai C, Yoshida K, Okamura E,

Matubayasi N, Nakahara M: Cholesterol Location and
Orientation in Aqueous Suspension of Large Unilamellar
Vesicles of Phospholipid Revealed by Intermolecular
Nuclear Overhauser Effect, J. Phys. Chem. B, 112, 2622-
2628 (2008).

Matubayasi N, Shinoda W, Nakahara M: Free-energy
Analysis of the Molecular Binding into Lipid Membrane
with the Method of Energy Representation, J. Chem. Phys.,
128, 195107 (13 pages) (2008).

Presentations
Free-Energy Analysis of Nano-Organized Systems in

Solution, Matubayasi N, The 2nd International Sympo-
sium on “Molecular Theory for Real Systems”, Okazaki,
Japan, 4-6 August 2008.

High-Temperature Multinuclear-Magnetic-Resonance
Probe for the Analysis of Structure, Dynamics, and Chem-
ical Reactions in Supercritical Water, Nakahara M, The
15th International Conference on the Properties of Water
and Steam, Berlin, Germany, 7-11 September 2008.

Grants
Nakahara M, Free-Energy Analysis of Nanoscale,

Molecular Aggregates with the Method of Energy Repre-
sentation, Next-Generation Integrated Nanoscience Simu-
lation Software Project, 1 April 2008-31 March 2013.

Matubayasi N, Informational Coarse-Graining Models
of Biomolecules and their Interactions, Japan Science and
Technology Agency, 1 October 2007-31 March 2012.

Matubayasi N, Free-Energy Analysis of Molecular
Binding into Membrane in the Method of Energy Repre-
sentation, Grant-in-Aid for Scientific Research on Priority
Areas, 1 April 2008-31 March 2010.

Wakai C, NMR Study on Dynamics of Water Molecule,
Organic Molecules, and Ions in lonic Liquids, Grant-in-
Aid for Scientific Research on Priority Areas, 1 April
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Topics

Free-Energy Analysis of Molecular Binding
into Lipid Membrane

The lipid membrane distinguishes one side of the solu-
tion from the other, and plays important roles in distribu-
tion and transport of a molecule. A key quantity to govern
the membrane function is the free energy of molecular
binding. We have established a new and fast scheme of
free-energy calculation for the molecular binding in mem-
brane by combining a new theory of solutions with
molecular simulation. The new theory is called the method
of energy representation, and expresses the free energy in
solution in terms of the information of the intermolecular
interaction energy. It accelerates the free-energy calcula-
tion by several tens time faster than the conventional
methods, and nano-inhomogeneous solutions such as
micelle and membrane is now well within the scope of all-
atom calculation.

Figure 1 shows the free energy A u of binding of hydro-
phobic solute into DMPC (1,2-dimyristoyl-sn-glycero-
3-phosphatidylcholine) bilayer. A hydrophobic solute is
free-energetically stabilized within the membrane inside
compared to bulk water. The stability is quite high even in
the polar and hydrophilic headgroup region. This is due to
the interaction with water present outside the membrane;
the effect of excluded volume, which is the source of
hydrophobicity, reduces drastically in the interfacial
region, while the medium-range attraction by dispersion
interaction persists. Corresponding experimental informa-
tion, especially in the headgroup region, is now being
obtained. It is also possible to calculate the membrane-
water partition coefficient from Figure 1. This is a good
step toward material design using soft, lipid membranes.
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Figure 1. The free-energy change Au of inserting a hydrophobic solute
into DMPC membrane. Six regions are introduced with an interval of 5
A and are numbered I....VI from the membrane inside to outside.

Water as an In-Situ NMR Indicator for
Impurity Acids in Ionic Liquids

Molten salts which have relatively low melting points
are called ionic liquids (ILs). ILs are attracting much
interest as environmentally-friendly, new and unique reac-
tion medium. In investigating the solvent effect of ILs, it
is important to establish an analytical method to certify
the purity of ILs studied. Acids can be the most detrimen-
tal impurity to the reaction study due to its catalytic activ-
ity. Although titration and electrochemical methods are
popular in aqueous systems, they are not sufficiently sen-
sitive when applied to ILs.

In the present work, we have developed a sensitive
in-situ NMR spectroscopic analysis method for the detec-
tion of impurity acids contained in ionic liquids (ILs). The
chemical shift of water dissolved into the tested IL was
used to measure the impurity level. Water was adopted as
the impurity indicator, and its chemical shift changes with
the concentration of the coexisting acid through proton
exchange. Owing to the high resolution power of NMR,
the detection limit is below the level of 10~ mol kg™'. A
new method is applicable to a number of commonly used
ILs such as the imidazolium- and ammonium-based ILs
except for those composed of acidic cations or anions.

The method was utilized to monitor the purification
efficiency in the recrystallization of a typical hydrophilic
IL, 1-butyl-3-methylimidazolium methanesulfonate from
acetone. As seen in Figure 2, the chemical shift of water
was drastically changed before and after the recrystallization.
It was demonstrated that impurity acids can be almost
perfectly removed by single or double recrystallization.
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Figure 2. Plots of the chemical shift (J-dy,0,) against [H,O] for
[bmim] [