156

ARG 2RI FIRBEE DO RN B LU= Rt n H£RZROBIH
(LR EAr MR Ah—

ML fE— (2D ZH50BH)

WA 17 F4, PR 41 FE sl R T e b aE Rl 453 (FEF 38 42K [ DavidsonCollege
F#) o R 46 FR R RS R bt TR RHE L3RR 7. RS Bh T, G, BB & 42 C.
TR TR AR, BEICES, oM. BRIST ~ 524, kEY A A
Ay REELMER, 20E—BL T, o —aMHAEERICEIVLELL RENT
TUROERE MRS IZ 7 T —L v OEBILFHITHEE, R 10 FEHARLE S
i, THL 14 £ A.v.Humboldt % %¥, Fi{L¥s7 zu—,

AWFFE T, L WKEEEZ G T 2 6B OB E HIEL T, RS EE, YEse b O i
REBILEMORETEERET> TS, BRIz, (D) WO TOKREBIUVEKESTEN
L7 —L > OEBILENER. Q) HARARBETREZLDF 7RLVOEM, Q) 7T
Ry HERERET RS T OEREMEEEY TIROER, LU0 @ AV T (o)
75) D& E FET Bt oWat #1575 72,

(1) kERD 75— L > OFHELENER
AEEOREICEDE, KEDTE 1002NEL 8 BRI EZ © D Co FHEIE Ho@1 7 5.,
BRINIZE > T, OMOEBRES L UORSORKZLEEREMPSEL&I12L>T, TNET
RHTHoTKZNAL T 7—L v, Ho@Coo ZEEH mg A7 — IV TEHEMT S Z LTI 7z, &
SIZZOEBERTEEZBEHAL, BEKENT 7 I7—L ¥ Di@Co &L 72, BEINS DFEAK
WEZ DOV THETHRTH L, COFEE IV REBRATEMED D ColZB@HAL, 1 2T OMIZ
2RFDKEZENNEALINDZ & Fo, TNEDKZESFHBE Cro 2 T IEEET 2L F — 8.0
kecal/mol THWIZHIWELHZEIL TS I EAERL -, SHIZBIEZEEH U T H.@Cho
BILU H)@Cro &L, TNEFNEZHEEL -, TNSOMBEINE 7 7 —L > OREIZHL
WEBZ 5T EL THHEZED TV 5,

Ha@2 (Hz):@2 Ho@Crg (Hz)2@Cxzq

Q) EEHoBIROWRICLIBELT74L > DEK

EBAR ofEEIZE OV p- 2Oy 70 2.1.1]AFt> (BCH) OffiFRL 7z ¥ 3 D—&
FREALRIGIZ X > T, 2N%E BCHEROMER LT 7 AL v 4IZB LT, 2DF 7 RL > T,
3EFHI, BEREIEIBCH HBOMERLIZ6 BBRA TNEL, $H9—FHD6 BRTIIAREL
Y, FHEBEED INERKBL, CNFTIIHOBVWEFELSE#EEELD DO & &, X HE R
Wb LU EIC L 0EREL., 6 BBAIXBCHZ=Y hOEADLEOIZ, —HIEMRZIIN
LTERALVSEORIGEERL, REBIEEMS 25 AT,



HOM A (1.843, 0,582 x
MICS: -11.B, =75 P -

B)TET LA EATETH=ZHE N FFH—ILDERK EHBEMEDY FREDIER

TREAI R DIEADFEHEMRKRRIZATFL > FA—INEEFEESE, B4 OBHEMKERIZNY
PUrBEEZEBEGENL T 70ty 2@l HEEHES T2 EML. 2048 (1) @D
3EREIZ X VRS FREEAERL -, EXUEEMNBEREFMIc X0, 7xatbr 07 0BES T
MMHEERH O R OWANREZRE NS HOHEE CREL TOAEINRIN, By TFEFTN
A A&BEEICEMEET 5 FEEL T ZHES TFOEMMEN RSN,

@WAVIT(FIZNTS2) DEREFRERDE b F Y X4 (OFET) F4 D5t
FVIFA7 2 ZEBEEEDTOETNTHY, FLEWFETHRHMEERTZENH SN T
WBHH, AR EMTHICIMEL DS, CNSORREREEL C, FA 72 ET7TUHK
HIZFEE LU EELEW 6 2 HIICAERL., TOEBTHS I OBENMEEEZBRETL L, TOk
BOIN60F VIR —3A ) TFA4 7 2 s, —EKERIC 107 8 0WERE, 50
HOMO O = )L F —#E(, BIXUEBEP TI0ELREMEEE /R, FET OGHEE L Toll
THBXOEBFHEEEICENTOLIENHONE RS, BEEEBLIUVALY Y a—MIXD
FET 7 NA Z&{ERL THIEZIT272& 25, 6 =2, R=E0) ZFV IFF+ 7 > 6 ERDFE
(0.03cm*/Vs) (ZVEi#Ed % FET B8)1/E 0.036cm*/Vs 7~ L 7z,

Vg =-100V

6(n=23 R=H,Et Hex)

Vi = =40 V/

u] T T * T o
0 =20 =40 =80 =80 =100
Vi (V)

Figure Current-voltage characteristics.

157



158

Research on creation of two-dimensional and three-dimensional
ri-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 7r-conjugated
systems having 0 -7t conjugation or three-dimensional Tt-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 Ceo, introduction of a
small molecule, and closure of the orifice, the organic synthesis of endohedral fullerene, H2@Cso has
been accomplished. This method has been applied to the synthesis of D2@Cs. When applied to Cr
this method can give endohedral C7 containing one or two molecule(s) of hydrogen.

(2) Synthesis of naphthalene with unusual electronic structure by annelation with strained
bicycloalkene: By the use of one-electron oxidation of benzene annelated with three bicyclo[2.1.1]hexene
(BCH) units, an entirely new naphthalene was realized, which has two BCH units in one of the 6-membered
rings. The X-ray crystallography and theoretical calculations indicated that the bond-alternation is
minimized in the BCH-annelated ring and maximized in the other ring. The accordingly increased and
decreased degrees of aromaticity were also verified by comparison of the HOMA and NICS values.

(3) Synthesis of a new tripod molecule with an adamantane core and preparation of its SAM: A
new tripod molecule was synthesized by joining methylenethiol groups to three bridgehead carbons of
an adamantane core and by connecting ferrocene to the fourth bridgehead through a benzene ring and a
C-C triple bond. Its monolayer was prepared on Au(111) surface. Electrochemical analysis indicated
a lateral packing of the molecule at a high surface density with negligible intramolecular interaction.
Thus, a tight junction of a functional molecule with a metal electrode was attained.

(4) Synthesis of oligo(thienylfuran)s and their application to an FET component: In order to
improve the electronic properties as well as the solubility and processability of oligothiophenes, a
series of oligomers having alternately connected thiophene and furan rings have been synthesized. As
expected, the elevation of the HOMO was proven by electrochemistry, and the increased solubility
as well as dense packing in the solid structure was attained. The FET properties were found to be
comparable to those of oligothiophenes.
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Synthesis of o- and rT-Conjugation Molecules with Unique Structure
and Development of Novel C-C Bond Formation Reaction

Kohei 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 worked with J. J. Eisch, State University of New York at Binghamton, 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 also served 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 retired from Kyoto University in March 2005 and has been serving a President of Frontier Research System
at RIKEN since April 2005.

(1) Perfect all-anti Oligosilanes: Recent studies on a discrete conformer of oligosilanes have
revealed that the anti conformation (SiSiSiSi dihedral angle w = 180°) is most effective for the
extension of o -conjugation. We have synthesized the perfect all-anti oligosilanes comprising the
bis(tetramethylene)-tethered bicyclic trisilane unit and studied their properties. X-ray crystallography
of the dimer reveals that both intra- and inter-unit conformations are controlled precisely to anti
with @ = 180°. The absorption spectra of these all-anti oligosilanes show stronger and red-shifted
absorption band assignable to the o- o* transition, as compared to the corresponding permethylated
oligosilanes #-SinMean+2. These observation supports their rigid all-anti conformation even in solution
at room temperature and suggest that the bis(tetramethylene)-tethered bicyclic trisilane is an excellent
construction unit to prepare all-anti polysilane which is supposed to be the ideal o-conjugated system.



(2) Synthesis, Structure, and Properties of 9,10-Disilatriptycene Oligomers: 9,10- Disilatriptycenes
have a rigid framework with short interatomic distance between their two bridgehead silicon atoms (2.98
A). Oligomerization of such a unit is expected to afford a 1-D silicon array. Since such a main group
element array is unprecedented to the best of our knowledge, we tried to prepare disilatriptycene oligomers.
The oligomers were successively obtained by the reductive coupling reaction of 9,10-dibromo-9,10-
disilatriptycene with LiNaph and isolated in a pure form by preparative GPC. X-ray crystallography of the
dimer demonstrates that the six silicon atoms align, where the Si—Si sigma bonds and the through space
Si « « « Si contacts occur alternately. Although UV absorption maximum wavelength of the oligomers
were constant regardless of the length of the arrays, MCD and emission spectra show the array length
dependence, suggesting the electron delocalization over the array.

(3) Development of Concise Functionalization of Aromatic Ring and Oxidative C-C Bond
Formation Based on Double ortho-Lithiation: Direct metalation on the aromatic ring is a versatile
method for the preparation of functionalized aromatic compounds from the viewpoint of synthetic
efficiency. Most of the preceding reports are on single-metalation, by which one aromatic ring is metalated
with the assistance of the directing group. In contrast, there are a few examples regarding double ortho-
metalation, where two aromatic rings are metalated simultaneously by the assistance of two directing
groups. We have recently developed the methods for double ortho-lithiation of a diphenylphosphorylamide
and benzophenone.

Quantitative double ortho-lithiation of phosphorylamides was accomplished through treatment with
3 equivalent of ferz-butyllithium. In this reaction, the amino moiety as well as the oxygen of phosphoryl
group is considered to act properly as directing group, allowing the efficient double ortho-lithiation. For
double ortho-lithiation of benzophenone, it is essential to introduce a trimethylethylenediamino moiety as
an auxiliary directing group. Subsequent treatment of the resulting aminal with tert-butyllithium afforded
the double ortho-lithiated species. These double ortho-lithiated species underwent the reaction with
electrophiles, the intramolecular oxidative coupling to afford the five-membered ring compounds, and the
intramolecular cyclization with the difunctional electrophiles to give the six-membered ring compounds.

Publications

1. Conformation Dependence of Photophysical Properties of o-7 Conjugation as Demonstrated by cis-
and frans-1,2-Diaryl-1,2-disilacyclohexane Cyclic Systems, H. Tsuji, Y. Shibano, T. Takahashi, M.
Kumada, K. Tamao, Bull. Chem. Soc. Jpn., 78, 1334-1344 (2005).

2. Substituent-control of Two Modes of Intramolecular Reactions of Allyloxy-silyllithiums and
Propargyloxy-silyllithiums, A. Kawachi, H. Maeda, K. Tamao, Bull. Chem. Soc. Jpn., 78, 1520-1527
(2005).

3. 2-Methoxy-4-nitrobenzenediazonium Salt as a Practical Diazonium-transfer Agent for Primary
Arylamines via Tautomerism of 1,3-Diaryltriazenes: Deaminative lodination and Arylation of
Arylamines without Direct Diazotization, T. Saeki, E.-C. Son, K. Tamao, Bull. Chem. Soc. Jpn., 78,
1654-1658 (2005).

4. A Key Role of Orbital Interaction in the Main Group Element-containing pi-Electron Systems, S.
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Grignard Reagents, T. Saeki, Y. Takashima, K. Tamao, Synlett, 1771-1774 (2005).

6. Functional Group Compatible Palladium-Catalyzed Cross-Coupling Reactions between Aryllithium
and Aryl Halide Mediated by a Five-Membered Cyclic Silyl Ether, E.-C. Son, H. Tsuji, T. Saeki, K.
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Creation and Catalytic Applications of
Reactive Organotransition Metal Complexes

Fumiyuki Ozawa

Born in 1954. Fumiyuki Ozawa did his graduate studies at Tokyo Instituted of Technology under the supervision of Professor
Akio Yamamoto and received Ph.D. of Engineering in 1984. He was appointed in 1980 as an Assistant Professor at Research
Laboratory of Resources Utilization, Tokyo Institute of Technology. He spent the year 1987—-1988 as a postdoctoral fellow
at California Institute of Technology with Professor Robert H. Grubbs, and moved in 1989 to Hokkaido University as an
Associate Professor to study with Professor Tamio Hayashi. He was promoted to a full Professor in Osaka City University
in 1995, and joined the International Research Center for Elements Science, which was established in 2003 as a division of
Institute for Chemical Research, Kyoto University. He received the Promotion Award from the Catalysis Society of Japan in
1992 and the BCSJ award from the Chemical Society of Japan in 2004. His research is focused on fundamental aspects of
organometallic catalysis and development of new catalytic reactions for organic and polymer syntheses.

(1) Development of sp’-hybridized phosphorus ligands and their applications to homogeneous
catalysis: Chemical properties of organotransition metal complexes may be finely tuned by supporting
ligands both from electronic and steric points of view. In this context, diversity of ligand choice is
a highly desirable situation for designing the most appropriate catalysts for individual reactions.
From the electronic point of view, ligands are roughly classified into two categories, o -donors and
7t -acceptors. The former type has a wide variety of selections. On the other hand, the supporting
ligands that possess strong 7 -accepting ability are still limited. We have found that 1,2-diaryl-3.,4-
diphosphinidenecyclobutenes (DPCB-Y) bearing sp’-hybridized phosphorus atoms serve as extremely
strong 7 -acceptors toward transition metals. Several organopalladium and -platinum complexes
bearing DPCB-Y ligands are prepared and their catalytic properties are examined. The DPCB-
Y-coordinated complexes cause highly efficient organic transformations with hitherto unknown
reactivities and selectivities. Detailed catalytic mechanisms are examined for dehydrogenative
silylation of ketones and direct conversion of allylic alcohols into N- and C-allylation products.

(2) Highly (£)-selective hydrosilylation of terminal alkynes. Application to the synthesis of all-
cis PPVs: Dichlororuthenium complex bearing a diphosphinidenecyclobutene ligand (DPCB-OMe)
catalyzes highly stereoselective hydrosilylation of diethynylarenes with HSiMe.Ph to give (Z,2)-bis
(2-silylethenyl)arenes. Treatment of the hydrosilylation products with NBS causes bromodesilylation
in a stereospecific manner, giving (Z Z)-bis(2-bromoethenyl)arenes in high geometrical purity (>98%).
(Z,Z)-Bis(2-bromoethenyl)benzenes thus obtained are applied to the synthesis of geometrically
pure all-cis poly (phenylene vinylene)s (PPVs), which are synthesized by Suzuki—Miyaura-type
polycondensation with 2,5-dioctyloxy-1,4-benzenediboronic acid. The all-cis PPVs undergo one-



way photoisomerization to the corresponding trans-PPVs both in solution and in the solid. This

phenomenon is applied to direct microscale patterning of PPVs onto a quartz substrate.

(3) Cross-dimerization of alkynes catalyzed by vinylideneruthenium complexes: The

vinylideneruthenium (II) complexes bearing bulky and basic tertiary phosphine ligands, RuCla
(=C=CHPh) L, (L = PPr;, PCys3), serve as good catalyst precursors for (Z)-selective cross-dimerization
between arylacetylenes and silylacetylenes in the presence of N-methylpyrrolidine.

Publications

1.

10.

11.

12.

13.

14.

15.

16.

Polyaddition of 2,7-Diethynyl-9,9-dioctylfluorene Using Regio- and Stercoselective Alkyne
Dimerization Catalysts: H. Katayama, M. Nakayama, T. Nakano, C. Wada, K. Akamatsu, and F.
Ozawa, Macromolecules, 37, 13-17 (2004).

Synthesis, Structures, and Reactions of Methylplatinum(II) and -palladium(Il) Complexes Bearing Dip-
hosphinidenecyclobutene Ligands (DPCB-Y): F. Ozawa, S. Kawagishi, T. Ishiyama, and M. Yoshifuji,
Organometallics, 23, 1325-1332 (2004).

Catalytic C—O Bond Cleavage of Allylic Alcohols using Diphosphinidenecyclobutene-coordinated
Palladium Complexes. Mechanistic Study: F. Ozawa, T. Ishiyama, S. Yamamoto, S. Kawagishi, H.
Murakami, and M. Yoshifuji, Organometallics, 23, 1698-1707 (2004).

Facile and Selective Deallylation of Allylic Compounds using Diphosphinidenecyclobutene-
coordinated Palladium Catalysts: H. Murakami, T. Minami, and F. Ozawa, J. Org. Chem., 69,
4482-4486 (2004).

Insertion of Phenylacetylene into Pt(GeMes)(SnMes)(PMe:Ph).: T. Sagawa, R. Tanaka, and F. Ozawa,
Bull. Chem. Soc. Jpn., 77, 1287-1295 (2004).

Synthesis and Catalytic Properties of Diphosphinidenecyclobutene-coordinated Palladium and
Platinum Complexes: F. Ozawa and M. Yoshifuji, C. R. Chimie, 7, 747-754 (2004).
Vinylideneruthenium complexes in catalysis: H. Katayama and F. Ozawa, Coord. Chem. Rev., 248,
1703-1715 (2004).

Application of a Diphosphinidenecyclobutene Ligand in the Solvent Free Copper-catalysed Amination
Reactions of Aryl Halides: A. S. Gajare, K. Toyota, M. Yoshifuji, and F. Ozawa, Chem. Commun.,
2004, 1994-1995.

Solvent Free Amination Reactions of Aryl Bromides at Room Temperature Catalyzed by a (7T-Allyl)
palladium Complex Bearing a Diphosphinidenecyclobutene Ligand: A. S. Gajare, K. Toyota, M.
Yoshifuji, and F. Ozawa, J. Org. Chem., 69, 6504-6506 (2004).

Low-Coordinated Diphosphinidenecyclobutene Ligands: A New Entry for Stille Cross-Coupling of Aryl
Bromides: A. S. Gajare, R. S. Jensen, K. Toyota, M. Yoshifuji, and F. Ozawa, Synlett, 2005, 144-148.
Stereocontrolled Synthesis and Optical Properties of All-cis Poly(phenylene vinylene)s (PPVs): A
Method for Direct Patterning of PPVs: H. Katayama, M. Nagao, T. Nishimura, Y. Matsui, K. Umeda, K.
Akamatsu, T. Tsuruoka, H. Nawafune, and F. Ozawa, J. Am. Chem. Soc., 127, 4350-4353 (2005).
Insertion of Phenylacetylene into Pt(SnMes)2(PMe2Ph).: T. Sagawa, K. Ohtsuki, T. Ishiyama, and F.
Ozawa, Organometallics, 24, 1670-1677 (2005).

C=Si Reductive Elimination from cis-Vinyl(silyl)platinum (II) Complexes: F. Ozawa, T. Tani, and H.
Katayama, Organometallics, 24, 2511-2515 (2005).

(Z£)-Selective Cross-dimerization of Arylacetylenes with Silylacetylenes Catalyzed by Vinylidene-ruthenium
Complexes, H. Katayama, H. Yari, M. Tanaka, and F. Ozawa, Chem. Commun., 2005, 4336-4338.
Low-Coordinated Diphosphinidenecyclobutene Ligands: A New Entry for Palladium-Catalyzed
Cyanation of Aryl Bromides, R. S. Jensen, A. S. Gajare, K. Toyota, M. Yoshifuji, and F. Ozawa,
Tetrahedron Lett., 46, 8645-8647 (2005).

Highly (Z)-Selective Hydrosilylation of Terminal Alkynes Catalyzed by a Diphosphinidenecyclobutene-
coordinated Ruthenium Complex: Application to the Synthesis of (Z,2)-Bis(2-bromoethenyl)arenes, M.
Nagao, K. Asano, K. Umeda, H. Katayama, and F. Ozawa, J. Org. Chem., 70, 10511-10514.

167



168

G EGIE Y VE TSV AINERICEDH U WM ORISR
LW e EE &

w\H M (5L L)

(1) BRF7 A IVLRENDEEERIY—-T5>
OftE: R —75 0bHERZX S ET. il
RS M T E &S FHRREANOEHE 7 5
YOMBIREELHEETH L, AWK T, (HhE
EHlz0) R) (F I 7NV AOZFL Y —co—
ANFHY 7)Ao salL ) (FEP) 74 )V ADFEM
MHERY XZZV)VEEL RuoF> =5 )L (PHEMA)
DEEET IV ERESESZ EITEIIL 72,

ME 77 A<Mz XY, Y NVESRHKREE
L CTIEHT %@ b5+ 5372 % & CTFEP 7 1 )L
LT AL, KWW, FEP OFFEHFIF, HlgrEn
I (40°C) Cn] 3 (AN — i B E S5 A2 &) (RAFT)
BRI X AERBEBY L 7S5V NI 57 VES
EiTolz, A3 XU ESCA HIEIZ XY, FEP &
PHEMA DR & E DO JE A A5 10nmt F£JE & 5 0 C
&, D% Y, PHEMA 75 YW FEP 7 4 )L L DIZFIE
KOS MEERINCKEL TWbZ L EEEL 2
(K1), 757 3L, £ 0.3chains/nm”> TH >
oo TOFEEIZ, FOWEREZ D DEEME TR S
NBHMEIFITHFELL, HEIZLBEL O 1THED,
HEEESTOIEBRI TR IEINES TFERALE TEDS
TTIRFRDBRDVDZOEINOETH D E VA S,

FEFN 18 4EE, FARFN 42 R R T8 m 0 L ER AR 2, [RIR2E K22 T 25 9%
BEs T LEERE LS SO LHREE T, R, A 48-50 FHiE < >~
Fx AR —REM LR, TEAHCE A EESN R, FBhTF, Bigdg = & 3.
FZH, EMEES TS, 2oV NIVES DK GEER & &S T E oL
WL, AR ERBIRY Uy 759 HIVEEID X B HiERER T O BIFEIIFE & B,
R S FEEE D THEEE, SER17-20 R SGHR R AR IHEERT T TEER ) < — 7
7 > DR & i) OWFFEREE,

PHEMA

FEP

300

285 290 285
Binding Energy / eV

05}
0.4}
0.3F

lVFEI’

0.2}
0D1F

\

N

0.0
0

10 20 30 40
L/ nm

50 &0

Figure 1 (a) Cis XPS spectrum of PHEMA-
grafted FEP film. The apparent
thickness of the PHEMA graft
layer L was 10 nm; (b) Plot of
FEP volume fraction Veer against
apparent thickness L of the
PHEMA graft layer.
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Figure 3 Photographs of PMMA-SiP suspensions in the mixed solvent (1,2-dichloroethane /
chlorobenzene/o-dichlorobenzene = 53/20/27 volume ratio) illuminated from behind by white
light; 7 days after sample preparation. The number-average molecular weight of the PMMA
grafts is 158,000, and the diameter of the SiP core is 130 nm. (A) Samples with different
PMMA - SiP volume fractions (¢ ). The ¢ value increases from 0.0785 (leftmost) to 0.111
(rightmost). In samples 2-8, Bragg-diffracting crystalline and (random) fluid phases coexist
with the volume fraction of crystalline phase increasing with increasing ¢ . Sample 9 (¢
= (.111) crystallizes heterogeneously and sample 1 (¢ = 0.0785) remained unchanged (fluid
phase). (B) Close-up of sample 8. The crystals are 0.1 to 1 mm in size, and show different
colors depending on their orientation.

169



170

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. 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. Received the Award of the Society of Polymer Science, Japan (1993).
Research leader of Specially Promoted Research™ Science and Technology of Concentrated Polymer Brushes” supported by
Ministry of Education, Science, Sports and Culture, Japan (2005-2009).

(1) Fabrication of high-density polymer brushes on polymer substrates: A well-defined, high-
density poly(2-hydroxyethyl methacrylate) (PHEMA) brush was fabricated on the surface of
poly(tetrafluoroethylene-co-hexafluoropropylene) (FEP) film by surface-initiated living radical
polymerization (LRP). First, a sufficient amount of peroxides as initiating moieties were successfully
introduced on the film surface without causing etching by the Oz-olasma treatment. Subsequently, the
polymerization mediated by reversible addition-fragmentation chain transfer (RAFT) was carried out
at a mild temperature in a nonsolvent for FEP to minimize the swelling of the FEP film surface and
avoid the growth of chains from deep inside of the film. The contact angle and ESCA measurements
indicated the boundary intermixing layer between FEP and PHEMA layers was reasonably thin ( < 10
nm), meaning that the PHEMA brush was grown nearly regioselectively from the film surface (Fig.
1). The graft density was estimated to be about 0.3 chains/nm’, which is nearly the same as the one
achievable by the RAFT technique on inorganic substrates with a hard surface and about an order of
magnitude higher than the one achievable by conventional techniques.

(2) Protein repellency of well-defined, concentrated poly(2-hydroxyethyl methacrylate)
brushes by size-exclusion effect: The adsorption of proteins on poly(2-hydroxyethyl methacrylate)
(PHEMA) brushes was systematically studied by quartz crystal microbalance (QCM) and fluorescence
microscopy as a function of graft density and protein size (cf. Fig. 2). The graft density o (chains/nm?)
ranged from 0.007 (dilute or semi-dilute brush regime) to 0.7 (concentrated brush regime), and the
protein size ranged from 2 to 13 nm in an effective diameter. The lowest-density brush (o = 0.007)
adsorbed all the tested four proteins, while the highest-density brush (o = 0.7) adsorbed none of them.
The middle-density brush (o = 0.06) showed an intermediate behavior, adsorbing the smallest two
proteins but effectively repelling the largest two. PHEMA cast films adsorbed a probe protein with
the adsorbed amount increasing approximately proportionally to the film thickness, indicating that the
adsorption mainly occurred in the bulk of the film. The noted results for the brushes support the idea
of size-exclusion effect, an effect characteristic of concentrated polymer brushes, in which the graft
chains are highly extended and highly oriented so that large molecules, sufficiently large compared
with the distance between the nearest-neighbor graft points, are physically excluded from the entire
brush layer. In this regard, the behavior of the lowest-density brush should be essentially similar to
that of the cast film, as was in fact observed.

(3) A new family of colloidal crystals formed by suspensions of silica particles coated with a
concentrated polymer brush: A colloidal crystal was newly identified for a liquid suspension of the
hybrid particles having a spherical silica core and a shell of well-defined poly (methyl methacrylate)
concentrated brush. With increasing particle concentration, the suspension progressed from a



(disordered) fluid to a fully crystallized system, going through a narrow crystal/fluid coexisting regime
(Fig. 3). The crystal had a face-centered-cubic structure with a surprisingly large nearest-neighbor
interparticle distance, suggesting that the graft chains, highly extended due to the concentrated brush
effect, exerted an interparticle steric potential of that long range. This type of colloidal crystal is new
with respect to the origin of long-range interparticle potential and the controllability of many of the
system parameters.
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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 State 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, Thomson Scientific Research
Front Award in 2004, and Molecular Chirality Award in 2005. He has been interested in the development 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 chiral 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 «, 3-unsaturated ketones, esters, and
N-sulfonylimines.
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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 reactions in an
environmentally benign manner is increasingly important in the 21st 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 and chiral
binephthyl-modified amine catalysts as chiral organocatalysts.

(1) Design of Chiral Bidentate Lewis Acids in 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 the possiblity of forming double
coordination complex with chiral bidentate Lewis acids, thereby allowing more precise enantioface
discrimination as well as more effective activation of aldehyde carbonyl. Accordingly, we have
developed a new catalytic, practical enantioselective 1,3-dipolar cycloaddition reaction of nitrones and
acrolein using a newly designed, chiral bidentate Ti (IV) complex. Several characteristic features and
further scope of the asymmetric 1,3-dipolar cycloaddition reaction including the catalyst design was
elucidated in this research.

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

Phase transfer catalysis (PTC) has been recognized as a convenient and highly useful synthetic
tool in both academia and industry because of several advantages of PTC (operational simplicity,
mild reaction conditions with aqueous media, environmental consciousness, suitability for large-
scale reactions, etc.), which meet the current requirement for practical organic synthesis. For example,
exploitation of efficient methods for the preparation of both natural and unnatural «-alkyl- and «, -
dialkyl- & -amino acids, especially in enantiomerically pure form by asymmetric PTC, has become
of great importance due to the high synthetic utility. Accordingly, several phase transfer catalysts
have been developed that lead to products with excellent enantioselectivity in high yields. However,
despite numerous studies, truly efficient catalytic systems with high enantioselection at very low
catalyst loading (e.g., <0.1 mol%) are still rare in asymmetric carbon-carbon bond formation, and
major progress in terms of catalyst loading is still most desirable for practical asymmetric synthesis.
Since our recently developed, chiral spiro-type (R,R)- or (S,5)-3,4,5-trifluorophenyl-NAS bromide
shows exceedingly high enantioselectivity in asymmetric alkylation of @-amino acid derivatives, our
next target is focused on the design of a very active phase transfer catalyst. Considering the highly
lipophilic nature of 3,4,5-trifluorophenyl-NAS bromide and generation of a metal enolate in an
interfacial layer, such lipophilic 3,4,5-trifluorophenyl-NAS bromide must move to the interfacial layer
to induce a facile exchange reaction with a metal enolate. Based on this assumption, our strategy is to
replace a rigid binaphthyl moiety in 3,4,5-trifluorophenyl-NAS bromide by flexible straight-chain alkyl
groups to furnish a new catalyst of type 3, which substantially accelerates the enolate exchange with 3
due to the increasing polarity of dialkylammonium moiety. We have found that such a designer chiral
quaternary ammonium salt 3 behaves as a very powerful chiral phase transfer catalyst for the highly



practical, enantioselective alkylation of protected glycine and «-alkyl-®-amino acid derivatives.
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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.

In recent years, increasing attention has been focused on the study of so-called expanded
porphyrins that consist of five or more conjugated pyrrolic subunits. Our own activity in this area has
been triggered by our unexpected finding that a series of meso-aryl-substituted expanded porphyrins
can be prepared in a simple one-pot reaction of a 2,6-substituted aryl aldehyde with pyrrole under
modified Rothemund-Lindsey conditions. meso-Aryl-substituted expanded porphyrins can be regarded
as real homologues of meso-tetraaryl porphyrins. This new class of molecules exhibits interesting
spectral, electrochemical, and coordination properties.

(1) meso-Aryl Expanded Porphyrins: A series of meso-aryl expanded porphyrins were prepared from
the acid catalyzed one-pot synthesis of pyrrole and pentafluorobenzaldehyde (Figure 1). Expanded
porphyrins are interesting from the viewpoint of the annulene chemistry, since the number of &
electrons in the conjugated circuit usually determines the aromaticity of the macrocycles.

(2) Metal Complexes of meso-Pentafluorophenyl Hexaphyrin: meso-Hexakis (pentafluorophenyl)-
substituted [26]hexaphyrin(1.1.1.1.1.1) is an attractive aromatic molecule in light of its planar and
rectangular shape and strong aromaticity with a 26m conjugated circuit. Nickel(II), palladium(II),
and platinum(Il) complexes of [26]hexaphyrin have been prepared and structurally characterized. In
mono-metalated complexes, the metal ion is commonly bound with three pyrrolic nitrogen atoms and
one pyrrolic f-carbon. These results reveal novel coordination abilities of the hexaphyrin that lead to a
metal-carbon bond at either pyrrolic Cg position.

Hexaphyrins can also 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.

Furthermore, Au(Ill) metalation of hexaphyrin led to the formation of all in-plane Au(III)
complexes 1 and 2 via the C-H bond activation of the inner S-protons. Two-electron reduction of the
aromatic complexes 1 and 2 provided the antiaromatic complexes that exhibit distinct paratropic ring
currents. The complex 1 serves as a nice platform for construction of a mixed bis-metal complex.

The two-photon absorption cross-section values at 1200 nm for [26]hexaphyrins show ca. 9890
GM which is >10” larger than those of porphyrins.

(3) Metal Complexes of meso-Aryl Octaphyrin: The Cu(Il) metalation of [36]octaphyrin
(1.1.1.1.1.1.1.1) gave rise to the facile splitting reaction into two porphyrin copper complexes
triggered by increased distortion in the bis-metal complex, which provided a rare example of “molecular
mitosis~ for expanded porphyrins.

The dimetalation of perfluorinated [36]octaphyrin(1.1.1.1.1.1.1.1) with copper(Il) ions leads to
unusual hydrolytic ring opening of one pyrrole ring to give the keto—imine form.



(4) Metal Complexes of meso-Aryl Decaphyrin: The facile metalations of [46]decaphyrin with
copper acetate quantitatively provide two kinds of twisted tricopper complexes, meso- and d/-forms.
Complexes exhibit different magnetic behaviors in the solid state despite the similar coordination
environments and Cu-Cu distances. The central copper ion is, to the best of our knowledge, the first
example of bidentate copper(Il).

The structures and properties of multi-metal complexes of expanded porphyrins are diverse and
depend on the individual properties of the metal ion and the ligand, and they hail great potential for
expanded porphyrins, which are actively pursued in our laboratory.
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Chemistry, 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 is now Vice-Director of Institute for Chemical Research,
Kyoto University from April 2005. He received the Progress Award in Synthetic Organic Chemistry of Japan in 1992, the
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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 introducing bulky substituents to protect the reactive cites (steric protection) and the elucidation of
their properties. We have already developed effective protection groups, 2,4,6-tris[bis(trimethylsilyl)-
methyl]phenyl (Tbt) and 2,6-bis[bis(trimethylsilyl)methyl]-4-[tris(trimethylsilyl)methyl|phenyl (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 compounds
containing a tin atom (2-stannanaphthalene) and palladium complexes with new polythioether ligands
tethered with two Tbt groups.

(1) Synthesis of the First Stable Stannaaromatic Compounds, 2-Stannanaphthalene: The
chemistry of aromatic compounds containing a heavier group 14 element is important to understand
the concept of “aromaticity”, which has been one of the fascinating topics in organic chemistry.
We have succeeded in the synthesis and isolation of kinetically stabilized sila- and germaaromatic
compounds by taking advantage of an efficient steric protection group, Tbt group, and revealed their
considerable aromaticity based on their molecular structures, spectroscopic properties, and reactivities.
In this project, we succeeded in the synthesis of the first stable neutral stannaaromatic compound,
2-stannanaphthalene 1, which is kinetically stabilized by the combination of a Tbt group on the tin
atom and a 7-Bu group on the adjacent carbon atom. 2-Stannanaphthalene 1 was synthesized by the
dehydrobromination of the corresponding bromostannane 2 with LDA in hexane at —40 °C. The 'H
and "C NMR chemical shifts indicate the ring current effect on the 2-stannanaphthalene ring of 1.
The X-ray crystallographic analysis of 1 revealed the planar geometry of the 2-stannanaphthalene ring.
All experimental results supported the aromatic character of 1. In addition, 2-stannanaphthalene 1 was
found to behave as an 7°-arene ligand in the ligand exchange reaction with [Cr(CH:;CN);(CO)s] giving
the first stable 7)°-2-stannanaphthalene chromium complex 3.

(2) Synthesis and Applications of New Polythioether Ligands Tethered with Bulky Substituents:
The chemistry of cyclic polythioether ligands has been extensively studied, and it has been revealed
that they can stabilize the metals with unusual valency, such as a trivalent palladium. Acyclic
polythioether ligands are also expected to show similar properties, however, the chemistry of
acyclic polythioether ligands has been less explored. In this project, new polythioether ligands 4



and 5 tethered with two Tbt groups were synthesized. Reactions of 4 with Na,PdCls gave distorted

octahedral palladium complex 6. The X-ray structural analysis of 6 showed weak interactions between
the terminal sulfur atoms and the central palladium atom (S---Pd distances: 3.1755 (8) A). In addition,
ligand 5 reacted with 3 molar amounts of [Pd(PPhs)4] to give trinuclear complex 6 in 58% yield. Since
treatment of 5 with an equimolar amount of [Pd(PPh;).] afforded complex 7 in quantitative yield, the
formation of 6 can be explained in terms of the initial insertion of the Pd (0) atom to the S—S bond of 5

and the successive insertion of the two Pd (0) atoms to the C—S bonds.
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Creation of Nanostructured Artificial Photosynthesis
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(1) Host-Guest Interaction in Supramolecular Incorporation of Fullerenes into Tailored Holes on
Porphyrin-Modified Gold Nanoparticles for Molecular Photovoltaics: Novel gold nanoparticles
modified with a mixed self-assembled monolayer of porphyrin alkanethiol and short alkanethiol
were prepared (1% step) to examine the size and shape effects of surface holes (host) on the surface
of the porphyrin-modified gold nanoparticles. The porphyrin-modified gold nanoparticles with a
size of ~10 nm incorporated Cso molecules (guest) into the large, bucket-shaped holes, leading to the
formation of a supramolecular complex of porphyrin-Cs composites (2™ step). The large composite
clusters with a size of 200-400 nm were grown from the supramolecular complex of porphyrin-Ceo
composites in mixed solvents (3 step) and deposited electrophoretically onto nanostructured SnO
electrodes (4" step). The difference in the porphyrin—Ceo ratio was found to affect the structures and
photoelectrochemical properties of the composite clusters in the mixed solvents as well as on the SnO»
electrodes. A photoelectrochemical device with the SnO: electrodes modified with the porphyrin-Ceo
composites exhibited an enhancement in the photoelectrochemical performance relative to the
reference system with the small, wedged-shaped surface holes on the gold nanoparticle. Time-resolved
transient absorption spectroscopy with fluorescence lifetime measurements suggested the occurrence
of ultrafast electron transfer from the porphyrin excited singlet states to Ceo or the formation of a
partial charge-transfer state in the composite clusters of supramolecular complexes between porphyrin
and Ceo, leading to the efficient photocurrent generation in the system. The elucidation of the
relationship between the host-guest interaction and the photoelectrochemical function in the present
system will provide valuable information on the design of molecular devices and machines including
molecular photovoltaics.

(2) Photoinduced Electron Transfer in Zinc Poprhyrin-Free Base Porphyrin-Fullerene Triad and
Self-Assembled Monolayers of Porphyrin-Fullerene Dyads on ITO: Photoinduced primary charge-
separation and charge-recombination are characterized by a combination of time-resolved optical
and EPR measurements of a fullerene—porphyrin-linked triad that undergoes fast, stepwise charge-
separation processes. The electronic coupling for the energy-wasting charge recombination is evaluated
from the singlet—triplet electronic energy gap in the short-lived, primary charge-separated state. The
electronic coupling is found to be smaller by 40% than that for the primary charge-separation. This
inhibition of the electronic interaction for the charge-recombination to excited triplet state largely
results from a symmetry-broken electronic structure modulated by con-figuration interaction between
*(blu, bsg) and *(au, bs,) electronic states of the free-base porphyrin. Two porphyrin-fullerene dyads
were synthesized to form self-assembled monolayers (SAMs) on indium tin oxide (ITO) electrode,
with either ITO-porphyrin-fullerene or ITO-fullerene-porphyrin orientations. The dyads contain two
linkers for connecting the porphyrin and fullerene moieties and enforcing them essentially to similar
geometries of the donor-acceptor pair, and two linkers to ensure the attachment of the dyads to the
ITO surface with two favorable opposite orientations. The transient photovoltage responses (Maxwell
displacement charge) were measured for the dyad films covered by insulating LB films, thus ensuring
that the dyads interact only with the ITO electrode. The direction of the electron transfer was from the
photoexcited dyad to ITO independent of the dyad orientation. The response amplitude for the ITO-
fullerene-porphyrin structure, where the primary intramolecular electron-transfer direction coincides
with the direction of the final electron transfer from the dyad to ITO, was 25 times as large as that
for the opposite ITO-porphyrin-fullerene orientation of the dyad. Static photocurrent measurements
in a liquid electrochemical cell, however, show only a minor orientation effect, indicating that the
photocurrent generation is controlled by the processes at the SAM-liquid interface.
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