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Low-dimensional magnets. Magnetic properties of different transition metal phosphates and
vanadates were studied by dc and ac magnetization and specific heat measurements. M,Cu(POy,)>
(M = Sr and Ba) and BaCuP,O; were shown to be excellent quasi-one-dimensional (1D) systems
with kgTn/J < 1%. MCuP,0O; (M = Ca, Sr, and Pb) can be described as 1D zig-zag chains with
amost negligible NNN interactions. Structures of new compounds M Cux(POg4), (M = Sr and Pb)
were solved ab initio from synchrotron X-ray powder diffraction (XRD) data. Magnetic properties
of MCu,(PO,), can be described by the four-spin cluster model. MCu,(PO,), shows spin-gap
behavior and no long-range magnetic ordering down to 0.45 K. M3Cus(POg)4 (M = Ca, Sr, Pb, and
SrosBags) have linear trimer Cu2—Cul-Cu2 clusters in their structures; they were shown to be an
ideal model of Heisenberg antiferromagnetic linear trimer cluster. MCuV,0; (M = Sr and Ba)
demonstrates properties characteristic of the 1D chains with ferromagnetic interaction. Such
systems are observed much rarely in comparison with 1D Heisenberg antiferromagnets. Structure
of SrFex(POy), was solved ab initio from laboratory XRD data. This compound shows interesting
and unusua magnetic properties including spin-flop and metamagnetic regimes and competition
between magnetic and structural phase transitions. SrFe;(PO,);0 is the first example of ordered
phosphates with ferromagnetic-cluster glass behavior. BaCoP,0O; with 1D Co-chains demonstrates
metamagnetic phase transitions.

(Ant)ferroelectric materials. SroR(PO,); (R = Sc, Cr, Fe, Ga, In, Y, and Gd-Lu), SrgNiLi(PO,)7,
and SroR(VOy)7 (R = In, Tm, Yb, and Lu) were prepared and characterized structurally and by
other methods. High-temperature (HT) modifications of these compounds are isotypic with each
other. At RT, they exhibited different superstructures and distortions of the prototype HT phase.
They aso show different types of phase transitions (PTs): SroR(VO,); undergo
ferroelectric(F)-paraelectric(P) PTs of the first order. SrgR(PO,); demonstrate
antiferroelectric(AF)-P PTs of the second order whereas SrgNiLi(PO,); shows an AF-P PT of the
first order.

Pb / 3d-transition metal perovskites. PbVO; and PoMnO; were prepared using high-pressure
high-temperature technique. PbVO; was shown to be isostructural with PbTiOs;. However the
calculated polarization of PbVOs is about two times larger than that in PoTiOs. In addition, PbV O3
isin antiferromagnetically ordered state at RT. Therefore, PbVOs is a new example of multiferroic
materials. The tetragonal-cubic PT was observed in PbV Oz under high pressure.

Publications
"Short-range and Long-range Magnetic Ordering in SrCuP,O; and PbCuP,0O;" A.A. Belik, M. Azuma, M.

Takano, Inorg. Chem., 2003, 42, 8572—8578.

"Characterization of Quasi-one-dimensional S = 1/2 Heisenberg Antiferromagnets Sr,Cu(PO,), and

Ba,Cu(PO,), with Magnetic Susceptibility, Specific Heat, and Thermal Analysis’ A.A. Belik, M. Azuma, M.
Takano, J. Solid Sate Chem. 2004, 177, 883-888.

Others: 2 articlesin press (J. Magn. Magn. Mater. and Solid Sate lonics).
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Summary

I have examined the influence of the uniaxial
strain on the novel metal-insulator transition of
(EDO-TTF)PFs by means of the transport
measurement. In the small strain region, the metal-
insulator transition temperature (7m1) was
modulated in different way according to the
direction of strain. The strain along the intralayer
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Fig. 2 Schematic representation of the
applied directions of uniaxial strain. &',
b axis are in the intralayer direction and
c* axis is pardld to the interlayer
direction.

direction slightly suppressed the transition, while that along the interlayer direction
assisted distinctly. The present results suggest that the electrostatic interaction between
the positive charge on the donor molecule and the negative charge on the anion plays an
important role in the transition. I have also found that the first-order transition was
suppressed by the large strain along each direction. In these cases, a small temperature
dependence of resistivity was observed at around room temperature and the transition to
insulating phase occurred with the feature of second-order transition. The insulating
phase and the transition observed under the large strains are probably different from

those observed at the ambient pressure.
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1 Scheme 1. Proposed mechanism for the generation of chiral ammonium enolate.

4 Table 1. Asymmetric Alkylation of Glycine Derivative
Ph o Ph o

chiral PTC
>:N\)]\OIBU FRX —/————————> Ph>:N?%J\OtBu

- 0 Ph 50% ag. KOH
0.05-0.01 mol% 4 tOIU&)en& 0°C H R

entry catalyst (mol %) R—X time  yield (%) % ee
1 0.05 Ph” > Br 2 98 99

2 0.01 9 92 98

3 0.05 xgy 3 87 98

B Dramatic Rate Enhancement of Asymmetric Phase-Transfer Alkylations by the Intervention of
Achiral Phase-Transfer Catalyst to the Chiral Phase-Transfer Catalyst System
Angew. Chem. , Angew. Chem. Int. Ed. in press.

B Unusualy Powerful Chiral Phase Transfer Catalysts for Practical Asymmetric Synthesis of a-
Alkyl- and a,a-Diakyl-o-amino Acids
Angew. Chem. , Angew. Chem. Int. Ed. in press.
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“Unconventional Superconductivity and Nearly Ferromagnetic Spin Fluctuations in Na,CoO, yH,0O", K. Ishida, Y. Ihara,
Y. Maeno, C. Michioka, M. Kato, K. Yoshimura, K. Takada, T. Sasaki, H. Sekurai and E. Takayama-Muromachi, J. Phys.

Soc. Jpn., 2003, 72, 3041-3044

"Correlation between Superconducting Transition Temperature T, and Increase of Nuclear Spin-Lattice Relaxation Rate
Devided by Temperature LT, T at T. in the Hydrate Cobaltate Na,CoO,-yH,O ", Y. lhara, K. Ishida, C. Michioka, M. Kato,
K. Yoshimura, K. Takada, T. Sasaki, H. Sakurai and E. Takayama-Muromachi, J. Phys. Soc. Jpn., 2004, 73, 2069-2072

"Magnetic Fluctuations in the Metallic State of Na,7C00, Revealed by 2Na Nuclear Magnetic Resonance *, Y. lhara, K.
Ishida, C. Michioka, M. Kato, K. Yoshimura, K. Takada, T. Sasaki, H. Sakurai and E. Takayama-Muromachi, J. Phys. Soc.

Jon., 2004, 73, 2963-2966
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“Helicity induction and two-photon absorbance enhancement in zinc(ll) meso,meso-linked porphyrin
oligomers via intermolecular hydrogen bonding interaction”, C. Ikeda, Z. S. Yoon, M. Park, H. Inoue,
D. Kim, and A. Osuka, J. Am. Chem. Soc., in press.
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“On the efficient path integral evaluation of therma rate constants within the quantum instanton
approximation”, T. Yamamoto and W. H. Miller, J.Chem. Phys., 120, 3086—3099 (2004).

“Path integral calculation of thermal rate constants within the quantum instanton
approximation: Application totheH + CH; — H, + CH3 hydrogen abstraction reaction in
full Cartesian space’, Y. Zhao, T. Yamamoto, and W. H. Miller, J. Chem. Phys., 120,
3100—3107 (2004).

“Path integral evaluation of the quantum instanton rate constant for proton transfer in a
polar solvent”, T. Yamamoto and W. H. Miller, J. Chem. Phys., (2005), in press.
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B

A) Optical and EPR spectral studies of transition metal bearing minerals and transition metal doped

glasses have been studying. Natural mineral sodalite, microcline, perthite and several TM

doped phosphate and borate glasses characterized by EPR (CW-ESR, X-Band, Q-band, Pulsed ESR)

investigations at various temperatures (from room temperature to 4K) and optical absorption studies.

Severa interesting results have been presented national and international conferences and research papers

communicated in journals listed below.

1) Octahedral and tetrahedral sites of different iron bearing natural minerals spectra studies:
R.V.S.S.N.Ravikumar & Jun Yamauchi presented as oral talk at 8" ESR Niigata University, Niigata
(Japan) June 11-12, 2004.

2) EPR of Cr** doped zinc phosphate glass:R.V.S.S.N.Ravikumar,J.Yamauchi,A.V.Chandrasekhar,
PS.Rao & Y.PReddy presented as poster at APES O4 international school held at Mumbai (India)
during Nov. 17 to 20, 2004.

3) Tetrahedral site of Fe(lll) ions in natural sodalite from Brazil: A.V.Chandrasekhar, Y.PReddy,
B.J.Reddy, PS.Rao, R.V.S.S.N.Ravikumar & J.Yamauchi

4) Bonding nature of Cr** and Ni** doped zinc phosphate glasses. Y.PReddy,R.V.S.S.N.Ravi
kumar ,A.V.Chandrasekhar, PS.Rao & J.Yamauchi,

5) EPR and optical studies on VO?* doped ARbB,O; (A=Li, Na, K) glasses: R.V.S.S.N. Ravikumar,
A.V.Chandrasekhar, Y.P.Reddy, R.Komatsu, K.lkeda, P.S.Rao & J.Yamauchi.

6) Spectral studies of natural incrustation material grown in wells. Rayalaseema region of Andhara
Pradesh, India:Y.Srinivasa Rao, A.V.Chandrasekhar, Y.P.Reddy, PS.Rao, R.V.S.S.N.Ravi kumar
& J.Yamauchi:

Above (3-6 Papers) Presented as Oral talks at 4" Asia-Pacific EPR/ESR symposium (APES 04), Indian
Institute of Sciences (11Sc.) Bangalore (India), Nov. 22-25 (2004).

7) ldentification of chromium and nickel sites in zinc phosphate glasses: R.V.S.S.N.Ravikumar,
J.Yamauchi, A.V.Chandrasekhar,Y.P.Reddy & P.S.Rao: Journal of Molecular Structure (UK) revised
version submitted online (2004)

B) In addition that currently intense research is being carried out on nano forms of semiconductors
materials such as nanoparticles, nanowires and nanotubes to find suitable components for future miniature
electronic devices. Much effort has been made to the syntheses of nanomaterials with different shapes,
such as nanowires, nanobelts, nanocubes and nanotubes. Nanowires and nanotubes could be important
congtituents of such devices as interconnects, or the devices could be integrated on nanowires and
nanotubes. In corporation of guest atoms in such quasi one dimensional system during the growth process
could make it possible to produce nanowires and nanotubes with novel structures and wide ranging
electric and magnetic properties. Several methods to prepared proposed nan0 materials one of the method
namely Large-scale syntheses of hano materials by low temperature molten salt synthesis (MSS) is easier
to prepare nano rods of transition metal bearing oxide materials. TM doped nano materials has been
prepared and characterized by X-ray, SEM, EPR and Magnetic studies new interesting results found.
Interesting results of the prepared nano materials have been yet to communicate.



Zhang Wen (Lab of Chemical Biology, Division of Chemistry, Graduate
School of Science, Kyoto University

Period:
10 December, 2003 — 31 March, 2005

Research
1. The examination of binding of new synthetic polyamides to predetermined hairpin DNA by BIRCORE
Technology

Polyamides composed of N-methylpyrrole (Py), N-methylimidazole (Im), other specific hetero-
cyclic rings and aliphatic monomers are currently the most promising synthetic compounds for the
recognition of sequence-specific DNA and for use in chemotherapy and biosensing. The main objective of
my research is to search and screen T-specific recognition elements as substitutes of N-methyl- pyrrole
(Py), 3-hydroxyl-N-methylpyrrol (Hp) and hydroxybenzimidazole (Hz) by using Biacore SPR Technology.
And then bioactivities will be further studied for the conjugates of the polyamides with segment A of
Du86 or other bioactive agents to DNA bases in biological gene regulation. To date, severa new
polyamides have been synthesized and their binding properties, such as binding affinity, specificity,
stoichiometry and kinetics studied through the equilibrium analysis [KA (association equilibrium constant)
or KD (dissociation equilibrium constant)] and kinetic analysis [k, (association rate constant) or kg
(dissociation rate constant)], to selected hairpin DNA were investigated (Fig. 1).

@ | 5'-Biotin-GGCCGATGTGCATGCTATAGCATGCACATCGGCC-S‘| (b) Y
—— Ac@B@® AcOOOP® F|T%BOBQ$
B 8| lasie OROiGe)  DPF@OeEoe)  DRCHO
R 2 Sample 1 (Fig. 2a) Sample 3 Sample 4
5-B|ot|n-GGCCGAA'Igs'>I<'GCATGCTA Kp 2.6468M  Kp 3.536-6 M Kp 9.54e-6 M
DpAO YO s )
3'-CCGGCTpAﬂLQAQGTACGAT DAO(.) A“f‘(.) 2Wsp-2 D’?)ggsﬁmgg) zwsp-3 (Fig. 2b)
the core binding site pPO P Kn 4.38e-8 M
XIY : BIB, Acp/B, B, “Cp/B, "CplB, Aurlb, Ay Kp 9.96e-8M o™ 1l
. NH; NH, 95 = 32236 M hemt €206 = 32532 MM
Ac®™Cr@® AC®"Cr@ -
/\i A ﬁzN/YKOH Rep= Q/:'§ RSCp= é DpBO B Og) 2Wsp-4 DpRO B Og) WS
PN T NH P 0 Ty O Kp =1.89e-6 M Kp =1.06e-6 M
1 3 4
1:p-danine  2:S-2, 3-diaminopropionic acid Kp (zwsp-2) =23 M =178
3: (+)-(1S, 3R)-3-aminocyclopentanecarboxylic acid 4: (-)-(1R, 39)-3-aminocyclopentanecarboxylic acid KD (ZW q)_3) ) KD (ZWSp_S)

Figure 1. @ The structure of the hairpin selected and the binding mode of new designed polyamides to the
sequence-specific DNA; b) the binding data of polyamides examined to the hairpin DNA from Bicore Fitting.

€) _ (b)

Figure 2. @ The sensorgram of interaction of polyamide, sample 1, with the hairpin obtained by Biacore Fitting; b)



for polyamide, zwsp-3.

Data processing and analysis obtained by Biacore technology shows the KD value (4.38e-8 M) of the
binding of zwsp-3 with a B/*A.s pair to hairpin is smallest in the examined polyamides with a new
monomer, suggesting the polyamide has a strongest affinity to the hairpin. Although zwsp-2 with a°A .4/
pair and zwsp-3 with a B/°A.s pair have the same subunits, there is a 2.3-fold binding difference in affinity
due to reverse pairs of new T-recognition element A, and B. Polyamides, zwsp-4 and zwsp-5 with a
five-member cyclic subunit both have a weaker affinity to this hairpin, indicative of the *Cp or FCp is
not suitable as a T-recognition element. In addition, we examined the binding of reference polyamides
with a /B pair, Sample 1, 3 and 4, to the hairpin DNA by Biacore. The Sample 1 gave rise to a highest
affinity relative to Samples 3 and 4 based on their KD values. It is worth noting that the polyamide with a
mismatched pair marked by red arrow to DNA base pair according to polyamide recognition ruler has
very weak binding to target DNA. And weaker affinity for Sample 4 with a bulk FITC group possibly
results from a steric hindrance of this large fluorophore to seriously affect the polyamide binding to the
hairpin in this case.

By further analysis to Sensorgrams of these examined polyamides, as shown in Fig. 2, the maximum
instrument response (RUmax) obtained in the steady-state region approximately corresponds to the
predicted response for binding of one molecule of the polyamides, indicating a 1:1 stoichiometry (1 mol of
polyamide/mol of hairpin DNA) and other binding modes have not been found.

Finally kinetic analysis to Sensorgrams has shown that there is a bigger binding rate constant (ka) for
zwsp-3 to the hairpin than that for zwsp-2, which is one cause increasing the binding equilibrium constant
(KA) of zwsp-3 relative to that of zwsp-2. In addition to this, binding rate constants (ka) for zwsp-4 and 5
are much smaller than those of zwsp-2 and 3, resulting in poorer binding affinity of zwsp-4 and 5 to the
hairpin.

In summary, the polyamides with new T-recognition units were synthesized and their binding
strength, selectivity, stoichiometry and kinetic properties to the predetermined hairpin DNA may be
evaluated completely by BIACORE Technology.

2. Synthesis of new T-recognition elements
Recently, a novel monomer as a T-recognition unit has been synthesized by two different routes
(Scheme 1). It will be used in the construction of new polyamides.

Scheme 1;
o}

FmocHN d
\e
OtBu 0
\/\Rk / Intermediate (1)
OH

\ FmocHN /{/ CZ)-t-BU

O-t-Bu Yields: 34.2 % from intermediate (1) and 83.6 % from
O-t-Bu intermediate (2)
Intermediate (2)

Publications: in preparation.
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Research
Cryptochrome is a flavoprotein and acts as a photoreceptor for the insect circadian rhythm.  The
purpose of this study is to carry out X-ray crystallography of Drosophila Cryptochrome (dCRY).
The expression, purification and crystallization of the dCRY protein were performed.

(1) Expression and purification of the recombinant dCRY protein.

The recombinant dCRY protein with an N-terminal hexahistidine tag was produced by E.coli
expression system.  Since the primary purification using Ni affinity column was impurity, the
expression and chromatographic conditions were tuned optimally to improve purity of the recombinant
protein.  About 20 mg amounts of hexahistidine tagged recombinant protein were obtained from
approximately 12 g of E.coli cells.  In order to remove contaminants proteins, an anion exchange
column was employed.  The recombinant protein was eluted with stepwise concentration of NaCl
range from 250 mM to 300 mM, but some contaminants remained in these fractions (Fig. 1A).

(2) Measurement of absorption spectrum.

Cryptochrome belonging to the photolyase family contains two light harvesting cofactors.  One of
the cofactors is aways flavin adenine dinucleotide (FAD), and the second one is either
methenyltetrahydrofolate (MTHF) or 8-hydroxy-7,8,didemethyl-5-deazariboflavin (8-HDF).  To
assess whether the recombinant protein contains cofactors, absorption spectra of the recombinant
protein purified on an anion exchange column were measured (Fig. 1).  Spectral analysis indicated
that the absorption peak of the recombinant protein was shown to 370 nm and some weak peaks were
observed from 400 to 500 nm.  The absorption maxima of folate class photolyases range from 370
to420nm.  These results suggest that the recombinant dCRY might have both cofactors.

Anion axchange colurmn

A | | B
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A25 T T
- Absorption spectra of dCRY protain

Fig. 1. Electrophoretograms and absorption spectra of the recombinant dCRY protein.
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Research
(1) Various interesting geometries have been reported in silyl-, silylene-, and silane-bridged dinuclear
transition metal complexes.  For instance, dinuclear Rh(I1) complex takes silyl-bridged form 1 when
chelate phosphine coordinates with Rh, while it takes symmetrica form 2 when monodentate
phosphine coordinates with Rh. We theoretically investigated [RhL(u-SiH2)(H)2]2 (L = PHs,
PH,CH,CH,PH,) with the DFT method to clarify geometry, bonding nature, and electronic structure.
In the monodentate phosphine complex, the silyl-bridged form and the silylene-bridged form exist as
stable species. There is one transition state connecting these two structures. In the silyl-bridged
form, the dihedral angle between the two Rh-Si-Rh planesis 113°. In the silylene-bridged form, two
Rh atoms and two Si atoms are on the same planes and four Rh-Si bonds are almost equivalent.
DFT/B3LYP and CCSD(T) calculation show that both the silyl-bridged form and silylene-bridged
form are very close in energy and the interconversion between two structures easily occur with a small
activation barrier.  On the other hand, in the chelate phosphine dinuclear Rh complex, the
silyl-bridged form exists as stable species. The silylene-bridged form in the chelate phosphine
complex becomes a transition state. In the silylene-bridged form, the difference between the
monaodentate phosphine complex and the chelate phosphine complex can understand from molecular
orbital. In the chelate phosphine complex, lone pair orbital of P atom and d orbital of Rh atom form
the antibonding orbital. From these results, the silylene-bridged form in the chelate phosphine
complex is not stable and becomes a transition state.

" :
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Figure. DFT-optimized structures of [Rh(PH3)(u—SiH2)(H)2]».

Publications

“Electronic structures of unoccupied states in lithium phthalocyanine thin films of different polymorphs
studied by IPES’ K. Tsutsumi, H. Yoshida, N. Sato, M. Sumimoto, H. Fujimoto and S. Sakaki, Appl.
Surf. Sci., 2003, 212-213, 438-440.

“Theoretical Study of the Cp2Zr-Catalyzed Hydrosilylation of Ethylene Reaction Mechanism Including
New c-Bond Activation” S. Sakaki, T. Takayama, M. Sumimoto and M. Sugimoto, J. Am. Chem. Soc.,
2004, 126, 3332-3348.

“Theoretical Study of Trans-metalation Process in Palladium-Catalyzed Borylation of lodobenzene with
Diboron” M. Sumimoto, N. Iwane, T. Takahama and S. Sakaki., J. Am. Chem. Soc., 2004, 126,
10457-10471.

Others: 1 articlesin preparation.
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“Electronic structures of unoccupied states in lithium phthalocyanine thin films of different
polymorphs studied by IPES’, K. Tsutsumi, H. Yoshida, N. Sato, M. Sumimoto, H. Fujimoto and S.
Sakaki, Appl. Surf. ci., 2003, 212-213, 438-440.

“Theoretical Study of the Cp,Zr-Catalyzed Hydrosilylation of Ethylene. Reaction Mechanism
Including New o-Bond Activation”, S. Sakaki, T. Takayama, M. Sumimoto and M. Sugimoto, J. Am.
Chem. Soc., 2004, 126, 3332-3348.

“Theoretical Study of Trans-metalation Process in Palladium-Catalyzed Borylation of lodobenzene
with Diboron”, M. Sumimoto, N. Iwane, T. Takahama and S. Sakaki., J. Am. Chem. Soc., 2004, 126,
10457-10471.
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Research

Porphyrins possess characteristic  photo-
activities and hence are attractive as bioprobes
as well as photo-therapeutic agents.  Sugars,
on theother hand, play important roles in
various cellular recognition events.  Here in
this study was investigated the self-aggregation
behavior and DNA-binding property of highly
saccharide-substituted porphyrin derivatives.

In Fig. 1 are shown the structures of
tetraphenylporpyrin compounds 1 and 2 having
saccharide moieties on the meta-positions of the
benzene rings.  These compounds are highly
water-soluble and form 30-50 nm sized
aggregates, as shown by TEM (Fig. 2).
Particularly, compound 1 gives rise to a
doughnut-like vesicular architecture and, coupled with the concentration-dependent uv-vis spectra,
indicates that the aggregation is driven by hydrogen-bonding and porphyrin-stacking.

Compound 1, but not 2, readily interacts with a 7040 base-pair plasmid DNA, as reveaed by
electrophoresis.  The size of the 1-DNA conjugate has a constant DL S size of ~70 nm at /P < 3.5
(Fig. 3) (P stands for the phosphate moiety of DNA), in consistent with the TEM result (Fig. 4). A
big difference in the behaviors of compounds 1 and 2 shows that a subtle difference in the structure of
saccharides can have a huge effect in the interaction modes thereof.

Fig. 2 TEM images of compounds 1 (b) and 2 (a)
in water.
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Fig. 3 DLS sizes of the 1-DNA (red) and 2-DNA (black) Fig. 4 TEM image of the 1-DNA conjugate.
conjugates as a function of porphyrin/P.
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Ryoichi Fukuda (Department of Synthetic Chemistry and Biological
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1 April 2003 — 31 March 2005

Research
(1) Theoretical study of W NMR chemica shifts:

electronic mechanism and relativistic effects 5000

The electronic mechanism and relativistic effect of the g 4000 ws 2
tungsten-183NMR chemical shiftswas studied withthe QR- = ye—u
GUHF method, which is a relativistic molecular orbital EBOOO— WO0S? — o
theory developed by our group. Figure 1 shows the 2

importance of the relativistic effect on ***w NMR chemical ézooo I o
shifts and our relativistic calculation well reproduces the T 1000} WO.S,
experimental findings. Two major electronic origins of the g WOSSZ'
chemical shift were clarified. The first oneis low field shift ;a O Wo 2

by the paramagnetic shielding term originated in the d-d* -1000 Y ‘ ‘ ‘
transition of W atom. The second mechanism is high field -1000 0 1000 2000 3000 4000 5000
shift of the Fermi contact term which is induced by the Theoretical chemical shift (ppm)

Fig. L W NMR theory and

ligand field and spin-orbit interaction. experiment
(2) Direct algorithm SAC/SAC-CI method
The SAC/SAC-CI method is the electron correlation theory 25000

for the various electronic states. Its accuracy and Direct
applicability has been shown by many studies. Recently, the _ 20000f | — No-directj
SAC/SAC-CI method was presented to wide researchers on g

the Gaussian 03 program suit. In this study, | developed the g150007

theory of direct algorithm SAC/SAC-CI method and wrote 2

the new SAC/SAC-CI program. The direct algorithm isa = 1000}

modern method for electron correlation theory, with this %

method the intermediate Hamiltonian matrix is not 5000

constructed. The iteration vector is directly constructed with L e e |
molecular integrals. In this study, | developed the new Level-1 Level-2 Level-3 Full

agorithm based on the sparse matrix-vector algebrain order
to combine the direct algorithm and perturbation selection
technique. Figure 2 shows the timing of SAC-CI calculation of pyrrole molecule. The efficiency of
direct algorithm is obvious especially in the large dimensional calculation (Level-3, full). Based on
this new algorithm, further theoretical devel opment and application research will be carried out.

Fig. 2. SAC-CI CPU time of pyrrole

Publication
“Generalized-UHF theory for the magnetic properties with quasi-relativistic Hamiltonian”, R. Fukuda, M.
Hada, and H. Nakatsuji, RECENT ADVANCES IN RELATIVISTIC MOLECULAR THEORY, Recent
advances in computational chemistry Vol.5, 191-220 (2004).
“Relativistic Configuration interaction and Coupled Cluster Methods Using Four-component Spinors:
Magnetic shielding constant of HX and CH3X (X=F, Cl, Br, )", M. Kato, M. Hada, R. Fukuda, and H.
Nakatsuji, submitted.
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“Generalized-UHF theory for the magnetic properties with quasi-relativistic Hamiltonian”, R. Fukuda,
M. Hada, and H. Nakatsuji, RECENT ADVANCES IN RELATIVISTIC MOLECULAR THEORY,
Recent advances in computational chemistry Vol.5, 191-220 (2004).

“Relativistic Configuration interaction and Coupled Cluster Methods Using Four-component Spinors:
Magnetic shielding constant of HX and CHsX (X=F, Cl, Br, 1), M. Kato, M. Hada, R. Fukuda, and H.
Nakatsuji, submitted.
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“Hydrolytic Reaction by Zinc Finger Mutant Peptides: Successful Redesign of Structural
Zinc Sites into Catalytic Zinc Sites” A. Nomura, Y. Sugiura, Inorg. Chem., 2004,43, 1708-1713.
“An artificial nuclease based on zinc finger motif” A. Nomura, Y. Sugiura,
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“Kinetics of phase separation and crystalization in  poly(ethylene-ran-hexene) and
poly(ethylene-ran-octene)” G. Matsuba, K. Shimizu, H. Wang, Z. Wang, C.C. Han, Polymer, 2003, 44,
7459-7465.

“Details of structure formation during the induction period of spinodal-like polymer crystallization” K.
Kagji, K. Nishida, G. Matsuba, T. Kanaya, M. Imai, J. Macromol. Sci.-Phys., 2003, B42, 709-715.
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[1] “Theory of the Inelastic Impact of Elastic Materials’, H. Hayakawa and H. Kuninaka, Phase Transit.,
2004, 77, 889-909

[2] “Anomalous Behavior of Coefficient of Restitution in Oblique Impact”, H. Kuninaka and H.
Hayakawa, Phys. Rev. Lett., 2004, 93, 154301-1-4; see also Physical Review Focus, Oct.8, 2004, 14
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Gang Chen (Department of Chemistry, Faculty of Science)

Period
19 May, 2004 — 31 March, 2005

Research

Coumarin (2H-1-benzopyran-2-one) and coumarin derivatives are naturally and synthetically
important compounds. Asymmetric conjugate addition to coumarinsis rarely explored. In our work,
rhodium-catalyzedasymmetric addition of arylboronic acids to coumarins (Fig. 1) was investigated
intensively. Three chira diphosphine ligands (R)-Binap, (R)-P-Phos, and (R)-Segphos were tested in
this reaction. (R)-Segphos was proved to be the best in enantioselectivity, while (R)-P-Phos
performed better in activity. Influence of solvent, temperature and additives was investigated to
optimize the reaction conditions. Several coumarin derivatives and a variety of arylboronic acids
were synthesized and examined in thisreaction.  In most cases, good to excellent chemical yield and
excellent enantioselectivity (up to 99% ee) were achieved under proper conditions. For example, in
the presence of (R)-Segphos and Rh(acac)(C.H,)2 (3 mol %), the reaction of 6-methylcoumarin 1 with
phenylboronic acid at 60 °C for 12 h gave 90% yield of
(R)-3,4-dihydro-6-methyl-4-phenyl-2H-benzopyran-2-one 2 with 99.6% ee, which is a key
intermediate in the synthesis of an important urological drug, (+)-(R)-Tolterodine 4 (Fig. 1).

Urinary incontinence is a
Rh(acac)(C,Hy), 3% Ph

condition affecting more than N (R)-Segphos 3.3%
10% of the adult population. mo + PhB(OH), 5

] Diog(ane / H,0 (10/1) o)

(+)-(R)-Tolterodine 4 as a potent 1 60°C, 12h , 90% yield
- . 99% ee
muscarinic receptor antagonist
was hence marketed worldwide J DIBAL / Toluene
. -20°C,12h

for treatment of urinary urge. ‘
Based on our results on Ph J\ Pd-C10% Ph
rhodium-catalyzed asymmetric \@\/kAN B Diisopropylamine \©\/5\
addition of arylboronic acids to on N Sppoh fla S0P 0" “OH
coumarins, (+)-(R)-Tolterodine 4 80%yield 3 90% Yield

4 can be synthesized  Fig.1. Rhodium-catalyzed asymmetric addition of arylboronic acids to
asymmetrically. coumarins and synthesis of (+) (R)-Tolterodine

Thus, treatment of 2 with

diisobutylaluminumhydride (DIBAL) in toluene a -20 °C afforded 90% vyield of
(R)-3,4-dihydro-6-methyl-4-phenyl-2H-benzopyran-2-ol 3, which was consequently hydrogenated in
the presence of 10% Pd-C in a mixture of methanol and diisopropylamine at 50 psi and 50 °C to give
80% yield of (+)-(R)-Tolterodine 4.

Publications
Rhodium-Catalyzed Asymmetric Addition of Arylboronic Acidsto Coumarins: Asymmetric Synthesis of
(+)-(R)-Tolterodine, in preparation.



Partha Hazra (Division of Chemistry, Graduate school of Science)
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5™ August, 2004 - 22" November, 2004.

e

Resear ch: '
The AppA protein in the purple bacterium Rhodobacter Sphaeroides interacts with photosynthesis
repressor PpsR to form a stable AppA-(PpsR), complex in the dark and in low light condition [1]. Blue
light activated AppA can not associate with PpsR and therefore enable PpsR to bind to various promoters
of the photosynthetic genes and inhibit the transcription [1]. Although AppA-mediated signal transduction
iswell understood, itsinitial photochemistry and structural transition leading to signaling state formation
still remain to be solved. We are studying the conformational dynamics of AppA by the time resolved
transient grating (TG) [2]. We have observed a faster dynamics (~2.3 ps) in the TG spectra and this
dynamics is not dependent on grating wavenumber (). Hence, this kinetics is attributed to the relaxation
from the excited triplet state. In the slower time scale of the TG spectra, we have observed slow rise-
decay component (Fig.1). The rate constant of both the rising and decay component depends on of.

T T T T T T T T
0.0 0.2 0.4 0.6 08 1.0 0 0.02 004 006 0.08 010 0.12
Time (sec) Time (sec)

3x10°

o’=1.437+10"
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T
0 2 4 6 8x10°
Time (sec)

Fig.1: The TG spectra of AppA in slower time scale at different grating wavenumbers (cf).

Initially, we assumed that diffusion of the parent and product may be responsible for the rising and decay
component respectively. But the diffusion constant varies significantly with the g°. Another interesting
point is that the spectral feature is not same for al g With the increase in ¢f, the spectral become
unsymmetrical, that is the amplitude of the rising component decreases. So, by observing these facts we
are not sure that only diffusion part is responsible in this timescale. It may happen that conformational
change aso occuring together with the change in diffusion. To get a complete idea of diffusion and/or
other kinetics in slower time-scale we have to done more TG experiments in high g condition and also we
have to apply different model (continuous model or two state kinetic model) to fit the data in this
timescale. Hope, in near future we may able to explain the kinetics and conformational change of this
protein occur after blue light activation.

References:

[1] M. A. Van Der Horst, K. J. Hellingwerf, Acc. Chem. Res. 2004, 37, 13.

[2] K. Takeshita, N. Hirota, Y. Imamoto, M. Kataoka, F. Tokunaga, M. Terazima, J. Am. Chem. Soc., 2000, 122,
8524.. M. Sakakura, S. Yamaguchi, N. Hirota, M. Terazima, J. Am. Chem. Soc., 2001, 123, 4286.: K. Inoue, J.
Saski, M. Morisaki, F. Tokunaga, M. Terazima, Biophys. J., 2004, 87, 2587.



(Dr.) Atsushi Seki (Department of Synthetic Chemistry and Biological
Chemistry, Graduate School of Engineering)

Period
May 17 2004 - 31 March 2005

Research ‘ t -

(1) Creation of 3-dimentional space asligand for transition metal complex
Metal enzymes utilize the flexible and dynamic 3-dimensional conformational space and
perform chemical alteration accompanied by molecular recognition. In order to develop new

chemical conversions using transition 5 ]
metals with molecular recognition o NJTHh
similar to enzymes, we have been P, H O NH
examined the complexation between [R—His—Ala—Ala—Ala—His-R ;—zoio " ?
peptides and platinate complexes. 1 X A N
Peptides 1 containing histidines . HNvN\Pt,Nw )
tethered by alanines were treated with X=ClorOH X" X
KoPICls. The mass spectra of the Complexation of peptides 1 and K PtCl,
mixtures by an electrospray ionization

indicated the formation of the bidentate complexes 2.
(2) Development of synthesis of polysubstituted imidazole derivatives and their
conversionsinto ionic liquids and carbene ligands

Imidazolium salts have been extensively investigated as solvents for synthesis and
electrochemical devices. The treatment of imidazolium salts with base affords the
corresponding carbenes as useful ligands for transition metals. We have attempted to prepare
polysubstituted imidazoles because few examples of 1,3,4,5-tetrasubstituted imidazole
derivatives have been known as ionic liquids and carbenes. The double insertion of aryl
isocyanide into an akyl bromide and the subsequent treatment with water and EtOCHCI
afforded trisubstituted imidazolium chloride. Encouraged by the result, we are examining the
preparation on solid phase.

2
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Synthesis of diimines by Sml,-mediated double insertion of isocyanides and its application
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“Preferential Binding of Neutral Neuropeptide to Negative Lipids: Natural-Abundance **C and P NMR
Study on the Binding States of Met-Enkephalin in Phosphatidylserine and in Phosphatidylcholine
Bilayers’, T. Kimura, E. Okamura, N. Matubayasi, and M. Nakahara, to be submitted.

“Real-Time In-Cell F NMR Study on Uptake of Fluorescent and Non-Fuorescent °F-Octaarginines
into Human Jurkat Cells’, E. Okamura, K. Ninomiya, S. Futaki, Y. Nagai, T. Kimura, N. Matubayasi, V.
Sugiura, and M. Nakahara, submitted to J. Am. Chem. Soc.
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Bouzid Menaa (Solid State Division, Institute for Chemical Resear ch-Kyoto University)
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i
Research

Phosphate glasses with high chemical durability, especially high water durability are desirable
for many applications in severa fields of material sciences such as ionic conductors, semi-
conductors, photonic materials, hermetic seals, rare-earth ion solid-state lasers and biomedical
materials. We investigated the improvement of the chemical durability of organicaly
modified silica-tin-phosphate low-melting glasses, Me,SiO-SnO-P,0s, prepared via a non-
hydrolytic route based on the acid-base pair concept established in our laboratory and
involving the reaction of metal chloride mixture with phosphoric acid. In our present study,
we found that the incorporation of polycarboxylic acid in the low-melting glass synthesis
process increase the chemical durability of the resulted materials and constitutes therefore an
interesting outcome. Specificaly, salicylic acid (SA), tartaric acid (TA), citric acid (CA) and
1,2,3,4 butane tetracarboxylic acid (BTCA) were chosen as function of their pKa and number
of carboxylic groups. The glasses doped with polycarboxylic acids were characterised by a
series of techniques: Thermal analysis (DSC, TMA), Density, *°Si and *'P MAS NMR and
Infrared spectroscopy. Different amount of polycarboxylic acid was incorporated in the
hybrid glass of composition H3PO,4: M&SICl,: SnCl,: RCOOH =2:3-x:x:y; (x=1andy
=0, 0.1; 0.2; 0.3).
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Fig. 1 glass transition temperature as
function of the polycarboxylic acid and
its content in the glass

Fig. 2 Chemical durability for the glass doped with and
without polycarboxylic acid (y=0.1) measured via the weight
gain of the glass occuring during its dissolution (at 25°C)

Thermal analysis (Fig. 1) showed an increase of glass transition temperature of about 10°C
with the polyacid content y = 0 to y = 0.3 and the CTE (coefficient of thermal expansion was
found to decrease from ~10°/°C to ~10%°C when the different polyacid were added, which
is very interesting for various applications. The densification of the glass matrix illustrated by
-O-Si-0O-P-O- connections characterised by #*Si and 3P MAS NMR and the electronic
del ocalisation around the phosphorus due to the presence of carboxylic group and to hydrogen
bondings to a certain extent contribute to the improvement of the chemical durability when
polyacidic groups were added (TBCA>CA>TA>SA) (Fig. 2).

Publications
“Effect of polycarboxylic acid incorporation on the chemical durability of organic-inorganic
hybrid low-melting glasses, Me,SIO-SnO-P,0Os", to be submitted.
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Research report:
Precise Analyses of the Structure and Dynamics of Organic Thin Films by Super-High
Field Solid-Sate NMR

Though high-resolution solid-state NMR spectroscopy is an enormously powerful
technigue, especialy for amorphous or semi-crystalline materials, because of its superiority of
high sensitivity to the local environments, few studies of thin polymer films by solid-state
NMR were reported, which may due to the difficulty of application of a magic angle spinning
method to thin films and poor S/N and resolution of NMR spectra. We devel op advanced two-
dimensional NMR methods including double quantum spectroscopy (DOQSY) under super-
high magnetic field to investigate the structure and dynamics of thin polymer films such as
poly(ethylene 2,6-naphthalate) (PEN). With advanced NMR techniques, more detailed
knowledge of the local structure, i.e. relative orientation and dispersion, of the surface and
interface of thin polymer films will be clarified, which is greatly helpful to more intrinsic
understanding of the chemical/physical properties of thin films, and then the further
development of high performance thin films such as organic molecular devices.

1) Sample preparation

For 2D DOQSY experiments, ethylene glycol containing 5% doubly *3C labeled ethylene
glycol and dimethyl 2,6-naphthal enedicarboxylate were polymerized at 220-280 °C for 4.5 h
under reduced pressure by an ester exchange reaction. Commercially produced PEN samples
were also provided from some company. These samples were purified by dissolution and re-
precipitation.

Glass wafers are first utilized as substrate. We prepare thin films by a dip coating or spin
coating method.

2) Development of pulse sequences

Solid-state NMR experiments are performed in the newly developed JEOL ECA system
operating at 600 MHz and 930 MHz. We have aready prepared and tested INADEQUATE-
CR and refocused INADEQUATE pulse sequences in that system. The preparation of other
pulse sequences including 2D DOQSY and the development of faster 2D NMR are in process.

Publication:
To be presented at the annual meeting of the Society of Polymer Science, Japan, which will be
held in Yokohama on May 25-27, 2005.
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