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Research on creation of two-dimensional and three-dimensional
n-conjugated systems having novel structures

Koichi Komatsu

Born in 1942. He received his Ph.D. degree from Kyoto University. He was a postdoctoral fellow in USA (1975-1976), a
research associate (1971-1984), a lecturor (1984-1989), and an associate professor at the Department of Hydrocarbon
Chemistry, Faculty of Engineering, and at the Institute for Chemical Research, both in Kyoto University (1989-1995), and a
Professor at the same Institute (1995-). He was also a visiting professor at University of Heidelberg (2003). He is a Fellow of



Royal Society of Chemistry (1997-). He received The Divisional Award of the Chemical Society of Japan and Alexander von
Humboldt Research Award. He has been working in the filed of structural organic chemistry to create novel 7-conjugated
systems having o- 7z conjugation or three-dimensional 7 -conjugation.

(1) First organic synthesis of endohedral fullerenes encapsulating molecular hydrogen: Using the
concept of molecular surgery, i.e., opening an orifice on the surface of fullerene Cg, introduction of
molecular hydrogen, and closure of the orifice, the organic synthesis of endohedral fullerene, H,@Csg
is being conducted. This method is expected to supply a macroscopic amount of the endohedra
fullerenes. The same methodology can be applicable to Cy, giving rise to an open-cage Cyo derivative
containing one to two molecule(s) of hydrogen.

(2) Synthesis of thefirst alkyl-Co cation: Under the strictly controlled conditions, fullerene C;o was
found to undergo Friedel-Crafts reaction with dichloromethane and AICl; to give CH,Cl-Cy,-Cl having
the two addends selectively attached at 7- and 23-positions. The chloride was converted to the
corresponding alcohol, which quantitatively afforded the 7-CH,CI-Cy," cation in triflic acid. The
cation was trapped by anisole to give 7-CH,CI-Cy-23-p-CsH,OMe. The present result indicates that
the formation of the cationic center at the relatively flat "belt" position of Cy is thermodynamically
more favorable than the release of pyramidalization at the "pole" position of the same molecule.

(3) Synthesis of the first spin-localized cyclopentadienyl (Cp) radical: A new cyclopentadiene
fused with two homoadamantene units and substituted with a t-butyl group was synthesized, and was
converted to the Cp anion. One-electron oxidation of this anion with Ag'SbFs  afforded the
corresponding Cp radical as yellow crystals. The X-ray crystallography on this crystal indicated that a
spinin the Cp ring is localized with a clear bond alternation in the Cp ring. In solution, this Cp radical
was found to bein afast degenerate equilibrium with its alylic conformer.

(4) Synthesis of a new n-conjugated silyl cation, the 2-silaimidazolium ion: As a silicon analogue
to a stable organic cation, imidazolium ion, 2-silaimidazolium ion was generated in solution at low
temperature. The *H, *C, and ®Si NMR data demonstrated that the cation is free from coordination by
solvent or counter-anion, and is stabilized by Hickel aromaticity with 6 n-electron and by o(C-Si)-n
conjugation effects.
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Development of Conformation Control of 6-Conjugated System and New

Carbon-Carbon Bond Formation
Kohe Tamao

Born in 1942. He received his B. Eng., M. Eng., and Ph.D. of Eng. from Kyoto University under the direction of Professor
Makoto Kumada in 1961, 1967, and 1971, respectively. He became an Assistant Professor of Kumada lab. at Kyoto
University in 1970, an Associate Professor at Kyoto University in 1987, and a Full Professor in 1993 at Institute for
Chemical Research, Kyoto University. He is now the Director of the International Research Center for Elements Science,
Ingtitute for Chemical Research. He worked with J. J. Eisch, Sate University of New York at Binghanton, for one year from
1973 as a postdoctoral fellow. Professor Tamao received the Chemical Society of Japan Award for Distinguished Young
Chemists in 1977, the Chemical Society of Japan Award in 1999, and the Asahi Award and the F. S. Kipping Award in 2002.
He also received The Medal of Honor with Purple Ribbon on 29 April, 2004.

He served a head of roughly 100 research members of the research project entitled "The Chemistry of Inter-element Linkage",
Grant-in-Aid for Scientific Research on Priority Areas, supported by Ministry of Education, Culture, Sports, Science and
Technology, Japan (1997-1999). He is currently a research leader of the Kyoto University COE (Center of Excellence)
"Elements Science" project (10 members), supported by Ministry of Education, Science, Sports and Culture, Japan
(2000-2004). He is serving as the Chairman of The Society of Slicon Chemistry, Japan.

His current research interests are elemento-organic chemistry, especially organosilicon chemistry, transition metal catalysis,
and o-conjugated electronic materials. He has published more than 220 original papers and 50 accounts and review articles.

(1) The All-Anti Pentasilane Recent studies have been unveiling the conformation dependence of the
oligosilane o conjugation: the anti conformation (SiSISISI dihedral angle o = 180°) effectively
extends the conjugation. For the highly conjugated system, it is desirable to control the silicon
backbone precisely to anti. However, the peralkylated poly- and oligosilanes possess many kinds of
conformers with smaller dihedral angles as energy minima, while the anti conformation corresponds to
a loca maximum on the energy surface. To overcome this problem, we have designed a
bis(tetramethylene)-tethered bicyclic trisilane and prepared a pentasilane 6 with all-anti conformation.

The X-ray crystalography was performed on the diphenyl-substituted pentasilane 5 as shown in
Fig 1. The dihedra angles in the silicon backbone are 179.00(5)° and 179.11(5)°. The
conformation of this compound is the closest to the ideal all-anti among the synthesized oligosilanes
so far. As shown in Fig. 2, the UV absorption band of 6 corresponding to the lowest-energy co*
transition is much narrower even at room temperature as compared with n-SisMe;,. The MCD
spectrum of the pentasilane 6 shows the characteristic signal pattern to the all-anti conformation as
well.  These results demonstrate the effectiveness of the bicyclic trisilane unit for the conformation
control in the silicon backbone.



(2) Cross-Coupling Reaction of 1-Aryltriazenes with Organotrifluorosilanes: We have recently
reported that the cross-coupling reaction of 1-aryltriazenes with areneboronic acids readily proceedsin
the presence of a palladium catalyst, a phosphine ligand, and a Lewis acid such as boron trifluoride
(Scheme 2). The Lewis acid—base interaction between the boron trifluoride and the terminal nitrogen
atom of the triazene might be essential to enhance the oxidative addition of the carbon-nitrogen bond
to zero-valent palladium complex.

We next examined a similar cross-coupling reaction with organosilicon compounds, instead of the
boronic acids. Among the organosilicon compounds examined, only the most Lewis acidic
trifluorosilane afforded the desired biaryl product. In this reaction, the addition of the external Lewis
acid turned out not to be necessary, and finally the biaryl product was obtained in 76% yield (Scheme
3).

The reaction system was extended to the cross-coupling reaction with alkenyl-trifluorosilanes. As
atypica example, the reaction of 1-(p-tolyl)triazene with (E)-styryltrifluorosilane readily proceeds at
room temperature to afford the corresponding stilbenein 92% yield (Scheme 4).

It is notable that the addition of methanol accelerates the coupling reaction in some cases. This
effect is most remarkable for sterically hindered alkenyl silanes.
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Figure 2. Tadpole-shaped hybrid polymer with an “inorganic head” of POSS
and an “organic tail” of well-defined polymer.
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initiator.

Creation of New Functional Materials by Use of Living Radical

Polymerization
Takeshi Fukuda

Born in 1943. Graduated from Department of Polymer Chemistry, Faculty of Engineering, Kyoto University in 1967, and
received a Ph. D. from Kyoto University in 1973. Postdoctoral fellow at Manchester University, UK (1973-1975). Has
been, since 1973, instructor, assistant professor, associate professor and full professor at the Institute for Chemical Research,
Kyoto University. Received the Award of the Society of Polymer Science, Japan (1993). Major field: polymer chemistry, in
particular, fundamentals and applications of conventional and living radical polymerizations and physicochemical studies of
polymer materials. Extensively developing new functional surfaces on the basis of surface-initiated living radical



polymerization.

(1) Kinetic Studies on Activation Processes for Organotellurium- and Organostibine-M ediated
Living Radical Polymerizations:

Organotellurium- and organostibine-mediated LRP (TERP and SBRP, respectively) are new
classes of LRP that can provide low-polydispersity polymers in a robust way. The basic concept of
LRP is reversible capping of the propagating radical (P*) with a capping agent (X) to form a dormant
species (P-X), and a prerequisite for achieving low polydispersity is a sufficiently high frequency of
activation (decapping of X). In this regard, we determined the activation rate constants for TERP (X
= TeMe) and SBRP (X = SbMe,) by the gel permeation chromatography (GPC) method (Figure 1) and
established their activation mechanisms. The activation for the TERP of styrene mainly occurred by
the degenerative chain transfer (DT) between P-X and P® with a small contribution of the thermal
homolysis of P-X. TERP had been believed to be driven by thermal homolysis and thus conducted at
high temperatures, but the kinetic result suggested that, with the addition of conventional radical
initiator to supply P°, TERP can be controlled at lower temperatures with a sufficiently high
polymerization rate. This new protocol was confirmed to be effective. The C. significantly
depended on polymers, increasing in the order of methyl methacrylate < styrene < methyl acrylate.
For the SBRP of styrene, DT was the only important activation mechanism. The C,, was about twice
as large as that for the TERP of styrene, explaining why the SBRP has a better polydispersity
controllability than the TERP.

(2) Living Radical Polymerization by Polyhedral Oligomeric Silsesquioxane-Holding Initiators:
Precision Synthesis of Tadpole-Shaped Organic/l norganic Hybrid Polymers:

Incompletely condensed polyhedral oligomeric silsesquioxane with the highly reactive group of
trisodium silanolate was used for the synthesis of two initiators for atom transfer radical
polymerization, one with a 2-bromoisobutyl group (7Ph-Ts-BIE), and the other with a chlorosulfonyl
group (7Ph-Ts-CSPE). These initiators were applied to solution polymerizations of styrene and
methyl methacrylate (MMA) in the presence of a copper-complex. In both systems, polymerization
proceeded in a living fashion, as indicated by the first-order kinetics of monomer consumption, the
evolution of molecular weight in direct proportion to monomer conversion, the good agreement of
molecular weight with the theoretical one, and the low polydispersity, thus providing tadpole-shaped
polymers with an “inorganic head” of polyhedral oligomeric silsesquioxane (POSS) and an “organic
tail” of well-defined polymer (Figures 2 and 3). Thermogravimetric and differential scanning
calorimetric studies showed that both thermal degradation and glass transition temperatures of the
organic/inorganic hybrid polymers with molecular weights up to about 20,000 were enhanced as
compared to those of model polymers without the POSS moiety.
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Development of New Catalytic Asymmetric Reactions Catalyzed by
Transition Metals
Tamio Hayashi

Born in 1948. He received his Ph.D. degree in 1975 from Kyoto University under the direction of Professor Makoto
Kumada. Then he was appointed as a Research Associate in Faculty of Engineering, Kyoto University. He spent the year
1976-1977 as a postdoctoral fellow at Colorado Sate University with Professor Louis S Hegedus. He was promoted to
Full Professor in 1989 in the Catalysis Research Center, Hokkaido University. Since 1994, he has been Full Professor in
the Faculty of Science, Kyoto University. His awards include the Award for Young Chemists of the Society of Synthetic
Organic Chemistry, Japan in 1983, the IBM (Japan) Prize in 1991, The Chemical Society of Japan Award in 2003, and
Thomson Scientific Research Front Award in 2004. He has been interested in the devel opment of new reactions catalyzed by
transition metal complexes, especially in catalytic asymmetric reactions.

One of the significant subjects for developing catalytic asymmetric reactions is the design and



preparation of a chiral ligand which will fit in with a given reaction efficiently in catalytic activity and
enantioselectivity. A number of chiral molecules containing phosphorus and/or nitrogen atoms have
been prepared and used for transition metal-catalyzed asymmetric reactions. Recently we have been
developing chira dienes as chiral ligands for the asymmetric catalysis. The C,-symmetric chiral
dienes, whose backbone is based on bicyclo[2.2.1]hepta-2,5-diene  (nbd*)  or
bicyclo[2.2.2]octa-2,5-diene (bod*) skeleton, are prepared and used successfully for the
rhodium-catalyzed asymmetric carbon-carbon bond forming reactions. High enantioselectivity as
well as high catalytic activity was observed in the asymmetric addition of organoboron reagents to
a,B-unsaturated ketones, esters, and N-sulfonylimines.
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Development of Catalytic Asymmetric Reactions
with Fine Acid Base Catalysts
Keiji Maruoka

Keiji Maruoka was born in 1953 in Mie, Japan. He graduated from Kyoto University (1976) and received his Ph.D. (1980)
from University of Hawaii. He became an assistant professor of Nagoya University (1980) and promoted to a lecturer
(1985) and an associate professor (1990) there. He moved to Hokkaido University as a full professor (1995-2001), and
currently is a professor of chemistry in Kyoto University since 2000. He was awarded the Japan Chemical Society Award
for Young Chemist (1985), the Inoue Prize for Science (2000), the Ichimura Prize for Science (2001), the Japan Synthetic
Organic Chemistry Award (2003) and Nagoya Medal (2004). He is an associate editor of Chemistry Letters, and is a
member of the international advisory editorial board of Organic & Biomolecular Chemistry. He has a wide range of
research interests in synthetic organic chemistry. His current research interests include bidentate Lewis acids in organic
synthesis, molecular recognition with bowl-shaped molecules, and practical asymmetric synthesis with chiral C,-symmetric



spiro-type phase-transfer catalysts.

Apart from enzymes as biocatalysts, a broad repertoire of chiral reagents, auxiliaries, and catalysts
can be developed in recent years.  In this respect, the design of new catalysts and new reactionsin an
environmentally benign manner is increasingly important in the 21% century for the construction of
new and useful molecules. Accordingly, we have developed new catalytic asymmetric reactions
based on (1) the rational design of conceptually new, chiral bidentate Lewis acids in catalytic
asymmetric synthesis; (2) the design of environmentally benign chiral phase-transfer catalysts as
chiral organocatalysts.

(1) Design of Chiral Bidentate LewisAcidsin Catalytic Asymmetric Synthesis

Enantioselective activation of carbonyl groups with certain chiral Lewis acids is a well-established
method for enhancing their reactivity and selectivity toward asymmetric nucleophilic addition.
Previous asymmetric strategies with such chiral Lewis acids utilize a single coordination complex
between aldehyde and chiral monodentate Lewis acids which inevitably causes free rotation at the
M-O bond, lowering the enantioselectivity of the asymmetric reactions, and it seems difficult to
overcome this intrinsic problem by the approaches currently known, in order to attain uniformly high
asymmetric induction. In this context, we are interested in thepossiblity of forming double
coordination complex with chiral bidentate Lewis acids, thereby alowing more precise enantioface
discrimination as well as more effective activation of aldehyde carbonyl. Accordingly, we have
developed a new catalytic, practical enantioselective alylation of aldehydes with alyltributyltin using
anewly designed, chiral bidentate Ti(1V) complex. Severa characteristic features and further scope
of the present asymmetric alylation including the catalyst design was elucidated in this research.

(2) Design of Environmentally Benign Chiral Phase-Transfer Catalysts

Phase-transfer catalysis is a very useful approach that typically involves simple experimental
operations, mild reaction conditions, inexpensive and environmentally benign reagents and solvents,
and the large-scale reactions.  Since the pioneering work of O'Donnell et al. in 1989, asymmetric
synthesis of O-amino acids by enantioselective alkylation of a prochiral protected glycine derivative
using a chiral phase transfer catalyst has provided an attractive method for the preparation of both
natural and unnatural amino acids. Recently, the Corey and Lygo groups independently reported an
impressive departure from the previous results in terms of enantioselectivity and general applicability.
However, amost all the elaborated chiral phase transfer catalysts reported so far have been restricted
to cinchona akaloid derivatives, which unfortunately constitutes a major difficulty in rationally
designing and fine-tuning of catalysts to attain sufficient reactivity and selectivity for various
chemical transformations under phase transfer catalyzed conditions. Accordingly, structurally rigid,
chiral spiro ammonium salts of type 3 derived from commercialy available (S)- or (R)-binaphthol
have been designed as a new C,-symmetric chiral phase transfer catalyst and successfully applied to
the highly efficient, catalytic enantioselective synthesis under mild phase transfer conditions.
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Figure 4. Doubly-Fused Hexaphyrin Figure 5. Double-decker Hexaphyrin.

Design and Synthesis of Excellent Functional Materials Based on Expanded

Porphyrin Metal Complexes
Atsuhiro Osuka

Atsuhiro Osuka was born in Gamagori, Aichi in 1954. He received his PhD degree from Kyoto University in 1982 on the
photochemistry of epoxyquinones. In 1979, he started an academic career at the Department of Chemistry of Ehime
University as an assistant professor. In 1984, he moved to the Department of Chemistry of Kyoto University, where he
became a professor of chemistry in 1996. He was awarded the CSJS Award for Young Chemists in 1988 and the Japanese
Photochemistry Association Award in 1999. His research interests cover many aspects of synthetic approaches toward the
artificial photosynthesis and development of porphyrin-related compounds with novel structures and functions. He was
selected as a project leader of Core Research for Evolutional Science and Technology (CREST) of JST in 2001.

meso-Aryl expanded porphyrins that can be regarded as real homologues of meso-tetraaryl porphyrins
were prepared by our synthetic protocol under the modified Rothemund-Lindsey conditions. This
new class of molecules exhibits interesting spectral, electrochemical, and coordination properties.

(1) Synthesis of meso-Aryl Expanded Porphyrins A series of meso-aryl expanded porphyrins were
prepared from the acid catalyzed one-pot synthesis of pyrrole and pentafluorobenzaldehyde under the
modified Rothemund-Lindsey conditions (Figure 1). 3,4-Difluoropyrrole was also employed in the
synthesis of perfluorinated meso-aryl expanded porphyrins. Although these 1:1 condensation
reactions of pyrrole and aryl aldehyde are simple and convenient, the simultaneous formation of every
size of expanded porphyrins inevitably caused serious separation difficulties, which can be
circumvented by improved synthesis using dipyrromethane or tripyrromethane as a starting material.
Furthermore, a series of meso-porphyrinyl-substituted expanded porphyrins were prepared from the
1:1 acid-catalyzed condensation reaction of 4-porphyrinyl-2,3,5,6-tetrafluorobenzaldehyde and
pyrrole.

(2) Expanded Porphyrin Metal Complexes: The Cu(ll) metalation of octaphyrin-(1.1.1.1.1.1.1.1)
gave rise to the facile splitting reaction triggered by increased distortion in the bis-metal complex,
which provided a rare example of “molecular mitosis’ for expanded porphyrins. The hexaphyrins can
serve as an effective ligand for two copper ions with unexpected but rather common large structural
changes to provide gable biscopper complexes that exhibit varying antiferromagnetic couplings.
meso-Aryl substituted pentaphyrins were isolated in the modified Rothemund Lindsey porphyrin
synthesis as [22]N-fused pentaphyrin ([22]NFPs) and [24]N-fused pentaphyrin ([24]NFPs), which
were reversibly interconvertible via two-electron reduction with NaBH, or two-electron oxidation with
DDQ. Metaation of [22]NFPs with a rhodium(l) salt led to isolation of two rhodium complexes,
whose structures were unambiguously characterized by X-ray diffraction analyses and were assigned
as conjugated 24-n and 22-nt electronic systems, respectively. Upon treatment with DDQ, 24-n
complex was oxidized to 22-r complex with an unprecedented pivot walk of the rhodium atom.



(3) Modified Hexaphyrins:

(1) Doubly N-fused hexaphyrins were synthesized from meso-aryl substituted hexaphyrins and X-ray
crystallography revealed that syn- or anti-doubly N-fusion occured, depending on the positions of
meso-substituents. Doubly N-fused hexaphyrins thus formed take variable conformations depending
upon the degree of protonation and the arrangement of N-fusion sites.

(2) The Diels-Alder reaction of hexaphyrin with o-xylylene occurs selectively at the inner C=C bond
to provide novel aromatic ring-fused hexaphyrins. Furthermore, the use of benzodisultine as a
bis-0-xylylene equivalent furnished the anthracene-bridged double-decker hexaphyrin.
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Synthesis of Novel Species Containing Heavier Main Group Elements
Norihiro Tokitoh

Norihiro Tokitoh, born in 1957, received his Ph. D. at The University of Tokyo in 1985. He became Research Associate (1986)
and Assistant Professor (1987) at Tsukuba Univ., and then Assistant Professor (1989) and Associate Professor (1994) at The
University of Tokyo. He was promoted to Professor of Chemistry at the Institute for Fundamental Research of Organic Chem-
istry, Kyushu University in 1998, and moved to Kyoto University as Professor of Organoelement Chemistry Laboratory at the
Institute for Chemical Research in 2000. He was Visiting Professor of Coordination Chemistry Laboratories at the Institute
for Molecular Sciences during the period of 2001-2003. He received the Progress Award in Synthetic Organic Chemistry of
Japan in 1992, the Japan IBM Science Award in 1998, the CSJ (Chemical Society of Japan) Award for Creative Work in 2003,
Humboldt Research Award in 2003 and so on. His main research fields are organoheteroatom and organometallic chemistry,
and his current research interests are focused on the kinetic stabilization of highly reactive, low-coordinate compounds of
heavier main group elements.

It is very important to synthesize compounds having novel structures and elucidate their properties,



since such studies may lead to the developments of novel reactions and novel functional materials.
We are studying the synthesis and isolation of highly reactive species as stable compounds by intro-
ducing bulky substituents to protect the reactive cites (steric protection) and the elucidation of their
properties. We have aready developed effective protection groups, 2,4,6-trigbis(trimethylsilyl)-
methyl]phenyl (Tht) and 2,6-big[bis(trimethylsilyl)methyl]-4-[tris(trimethylsilyl)methyl]pheny! (Bbt),
which are successfully applied to the synthesis of a variety of novel compounds containing heavier
main group elements. In this project, we examined the syntheses of novel metallaaromatic com-
pounds containing a heavier group 14 element (1-silanaphthal ene and germabenzene) and platinum di-
chalcogenido complexes having novel three-membered ring and the elucidation of their properties.

(1) Photochemical and Thermal Reactions of a Kinetically Sabilized 9-Silaanthracene: In recent
decades, there has been much interests in the chemistry of [4n+2] z~€lectron ring systems containing
heavier group 14 elements from the viewpoint of fundamental chemistry but also applied chemistry.
Recently, we have succeeded in the synthesis and characterization of the first stable neutral silaaromat-
ics, i.e., Silabenzene, 1- and 2-silanaphthalenes, and 9-silaanthracene 1, utilizing an efficient steric
protection group, Tbt group. Now, we examined photochemical reaction of 9-silaanthracene 1.

When a C¢Dg solution of 4 in a sealed tube was irradiated with light of A = 300-500 nm through a UV
cut filter at room temperature, the orange color of 1 disappeared and a new species, 9,10-Dewar-9-sila-
anthracene 2 was formed. 2 was found to undergo gradual thermal tautomerization into 1 even at
—180 °Cin hexane. On the other hand, heating of a CsDg solution of 1 at 110 °C in a sealed tube for
15 d or thermolysis of 1 in the solid state at 180 °C for 1 h afforded the corresponding [4+4]dimer 3.
(2) Synthesis of the First Stable Ferrocenyldiphosphene and Elucidation of its Redox Behavior:
In recent decades, avariety of doubly bonded compounds between heavier group 15 elements has been
synthesized by taking advantage of kinetic stabilization using bulky substituents. Recently, much
attention has been paid to redox-active species containing a diphosphene unit (RP=PR), which allow
electric communication between the two redox centers, in the field of molecular electronics and
switches. Although generation of a ferrocenyl diphosphene, Mes* P=PFc (Fc = ferrocenyl), has been
reported by Pietschnig and Niecke, its structural characterization and detailed studies on the
electrochemical properties have not been fully accomplished due to its instability in solution.  On the
other hand, we have reported the synthesis of novel doubly bonded systems between heavier group 15
elements, i.e., distibene (RSb=SbR), dibismuthene (RBi=BiR), phosphabismuthene (RP=BiR), and
stibabismuthene (RSb=BiR), by taking advantage of the efficient steric protection groups, Tht and Bbt
groups. Now, we present the synthesis and structure of a new ferrocenyl diphosphene TbtP=PFc and
its unigue multi-switchabl e electrochemical properties.

Diphosphene 4 was efficiently synthesized by the dehydrochlorination reaction of Tht—P(H)-P(Cl)—Fc
with 1,8-diazabicyclo[5.4.0]undec-7-ene. In sharp contrast to Mes* P=PFc, 4 is very stable in the solid
state and even in solution. The molecular structure of 4 was confirmed by NMR spectra and X-ray
crystallographic analysis, which evidenced the P=P double-bond character of 7 in the solution and the
solid state.  The cyclic voltammograms of 4 showed the reversible reduction and oxidation couples at
—1.91 and +0.34 V vs. SCE, respectively. The electrochemical results for 4 were reasonably supported
by the DFT calculations, which suggested that the LUMO and HOMO orbitals should be mainly =*
orbital of the diphosphene moiety and 4 orbitals of theiron(l1) atom, respectively.
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Creation of Nanostructured Artificial Photosynthesis
Hiroshi Imahori

Born in 1961. He received his Ph.D. degree from Kyoto University (1990). He was a postdoctoral fellow in the Salk Institute
for Biological Sudies, USA (1990-1992), a research associate in the Institute of Scientific and Industrial Research, Osaka
University (1992-1999), and an associate professor in Graduate School of Engineering, Osaka University (1999-2002).
Now he has been a professor in the Department of Molecular Engineering, Graduate School of Engineering, Kyoto
University (2002-). He got the Young Investigator Award from The Society of Porphyrins and Phthal ocyanines (2002) and
the Japanese Photochemistry Association Prize (2004). He has been devoted in the development of artificial photosynthetic

systems based on porphyrins, fullerenes, and nanomaterials.

(1) Photocurrent Generation at 1TO Electrodes Maodified with Self-Assembled Monolayers of
Por phyrin-Fullerene Linked Systems for Molecular Photovoltaic Devices A systematic series of
indium tin oxide (ITO) electrodes modified covalently with self-assembled monolayers (SAMs) of
ferrocene-porphyrin-fullerene triads and porphyrin-fullerene dyads have been designed to gain
valuable insight into the devel opment of molecular photovoltaic devices. The structures of SAMs on
ITO have been investigated by using UV-visible absorption spectroscopy, atomic force microscopy,
and cyclic voltammetry. The photoelectrochemical and photophysical properties have also been
examined by the photoel ectrochemical measurements together with the fluorescence lifetimes and by
time-resolved transient absorption studies. The highest quantum yield of photocurrent generation
(11%) has been achieved using SAMs of ferrocene-zinc porphyrin-fullerene linked triad on ITO
electrodes among the donor-acceptor linked systems, which are covaently attached to the surface of
ITO electrodes. The quantum yields of photocurrent generation are well correlated with the
charge-separation efficiency as well as the lifetime of the charge-separated state for the



porphyrin-fullerene linked systems in solutions. These results provide vauable information on the
construction of photonic molecular devices and artificial photosynthetic systems on ITO e ectrodes.

(2) Photovoltaic Cells Based Composite Nanoclusters of Porphyrins and Fullerenes with Gold
Nanoparticles and Dendritic Sructures. Novel organic solar cells have been prepared using
quaternary self-organization of porphyrin and fullerene moieties units by clusterization with gold
nanoparticles or dendritic structures on nanostructured SnO, electrodes. In particular, porphyrin
akanethiolate monolayer-protected gold nanoparticles (H,PCnMPC: n is the number of methylene
groups in the spacer) are prepared (primary organization) starting from the porphyrin-alkanethiol.
These porphyrin-modified gold nanoparticles form complexes with fullerene molecules (secondary
organization) and they are clusterized in acetonitrile/toluene mixed solvent (tertiary organization).
Then, the highly colored composite clusters can be assembled as three-dimensional arrays onto
nanostructured SnO, films to afford the OTE/SnO,/(H,PCnMPC+Cq), e€lectrode using an
electrophoretic deposition method (quaternary organization). The film of the composite clusters with
gold nanoparticle exhibits an incident photon-to-photocurrent efficiency (IPCE) as high as 54% and
broad photocurrent action spectra  The power conversion efficiency of the OTE/SnO./
(H,PC15MPC+Cg)m composite electrode reaches as high as 1.5%, which is 45 times higher than that
of the reference system consisting of the single components of porphyrin and fullerene.
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