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Fu-Xue Chen
Division of Chemistry, Graduate School of Science

Period
1 April, 2006 20 July, 2006

Research
The recent development of chiral diene ligands opened a new research area in transition metal-

catalyzed asymmetric reactions. They have been demonstrated to be highly effective ligands especially 
in rhodium-catalyzed aryl transfer reactions. For example, 0.005 mol % of chiral diene-rhodium 
complex 1 has shown high performance with highest TOF as 1.4x104 h-1 in the asymmetric 1,4-addition 
of aryl organoboron reagents to , -unsaturated ketones with no less than 94% ee and up to 100% 
yield. To probe the mechanism of such highly effective catalysis, a 13C-labelled 1 was prepared from 
purchased 13C1-acetyl chloride (2), following the same route as that in preparing normal complex 1.

 

 

Publications
1  High Performance of a Chiral Diene-Rhodium Catalyst for the Rhodium-Catalyzed Asymmetric 

1,4-Addition of Arylboroxines  F.-X. Chen, A. Kina, T. Hayashi, Org. Lett. 2006, 8, 341-344.
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Alexander Dubrovskiy
Division of Chemistry, Graduate School of Science

Period
10 May, 2006 31 March, 2007

Research
(1) Synthesis and investigation of new radical cation salts with paramagnetic metal-complex 
anions: two radical cation salts based on ET donor molecule with paramagnetic metal complex 
anions [M(NCS)6]4- (M=Mn and Ni) was synthesized. Like most organic conductors the crystals of 
(ET)5M(NCS)6EtOH (M=Mn (1) and Ni (2)) have layered structure: conducting layers including 
radical cation ET and ethyl alcohol molecules are sandwiched by layers formed of [M(NCS)6]4- 
octahedral anions (fig. 1). The radical cation 
layers of salt 1 are constructed of six independent 
ET molecules: four of them located in general 
positions and two in inversion center. Central C=C 
bond length analysis indicates charge separation of 
ET molecules: all ET molecules located in general 
positions have +1 charge, and two ET in special 
positions are neutral. The radical cation layers are 
characterized by so-called -type packing pattern 
and have cavities, which fi lled by EtOH molecules 
and NCS-groups of [Mn(NCS)6]4- anions. It 
should be noted that ethyl alcohol molecules are 
statistically disordered over two positions around 
inversion center. It is found that in conducting 
layer there are many short S S intermolecular 
contacts between adjacent donors and between 
NCS-group of anion and donor molecules. The 
low conductivity of the (ET)5M(NCS)6EtOH (M 
= Mn and Ni) at room temperature (10-3 -1

cm-1) and semiconducting character of its 
temperature dependence should be associated 
with charge separation on ET radical cations. ESR 
and magnetic properties measurement are under 
investigations now.

Fig. 1 Crystal structure of (ET)5Mn(NCS)6EtOH
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Huanyou Wu
Division of Chemistry, Graduate School of Science

Period
1 April, 2006 10 November, 2006

Research
Since the fi rst report from our laboratory in 2003, the chemistry of chiral dienes as novel chelating 

ligands for transition metal catalysts has been undergoing a rapid development. These chiral diene 
ligands showed high catalytic activity and enantioselectivity in rhodium-catalyzed asymmetric aryl 
transfer reactions where conventional chiral phosphine ligands have met much less success.

In the course of this study, we report highly enantioselective 1,4-addition of arylboronic acids 
to -cyanoacrylates catalyzed by a chiral diene/rhodium complex. The reaction of methyl (E)-2-
cyano-3-(4-methoxyphenyl)-2-propenoate with phenylboronic acid in the presence of 3 mol % of 
the catalyst generated from [RhCl(C2H4)2]2 and (R,R)-2,5-diphenylbicyclo[2.2.2]bicycloocta-2,5-
diene ((R,R)-Ph-bod*) in 1,4-dioxane/H2O at 20  for 1 h gave 99% yield of the 1,4-additon product 
as a mixture of diastereomers (1:1). The enantiomeric purity of this product was determined to be 
99% ee by HPLC analysis of 3-(4-methoxyphenyl)-3-phenylpropanenitrile, which was obtained by 
decarbomethoxylation with NaCN and LiI in DMF at 120  for 5 h. Under the same conditions, a 
rhodium catalyst coordinated with binap gave much lower chemical yield and enantiomeric excess 
(33%yield, 46% ee).
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御前　智則
理学研究科　化学専攻　有機合成研究室

期間
18 4 1 19 3 31

研究報告
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Tomonori Misaki
Division of Chemistry, Graduate School of Science

Period
1 April 2006 - 31 March 2007

Research
As one of the research themes in our laboratory, we are developing the biphasic reactions, in 

which the anion species of inorganic salts that solve in aqueous phase are introduced to organic 
compounds as atomic sources by asymmetric phase transfer catalyst with high enantioselectivity. We 
already exploited the highly enantioselective epoxidation of , -unsaturated ketones1 using NaOCl, 
and asymmetric Strecker reaction2 using KCN (Scheme 1).

This time, I tried to develop the asymmetric ring-opening reaction of meso-aziridines using NaN3 
as one part of this research theme. Initially, several sulfoneamides of aziridines were examined as the 
substrates of this reaction. When p-nitrobenzenesulfoneamide was used, the reaction was smoothly 
proceeded to give the desired ring-opened product in excellent yield (>95% isolated yield at rt., 24 
h) with comparatively good enantioselectivity. Addition of NH4Cl promoted this reaction without 
reducing the enantioselectivity. As the next step, several asymmetric phase transfer catalysts were 
synthesized and utilized to this reaction. As the result, I found that when the N-spiro-type ammonium 
catalysts, which possesses diarylhydroxymethyl groups at the 3,3 -position of binaphthyl main unit 
were utilized, the enantioselectivity rose up to 42% ee (Scheme 2).

References
1. Ooi, T.; Ohara, D.; Tamura, M.; Maruoka, K. J. Am. Chem. Soc. 2004, 126, 6844.
2. Ooi, T.; Uematsu, Y.; Maruoka, K. J. Am. Chem. Soc. 2006, 128, 2548.
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岡本　憲二
理学研究科　化学専攻

期間
17 4 1 19 3 31

研究報告
（1）単一分子ダイナミクス計測のための装置および解析法の開
発：

1

（2）cytochrome c (cyt c) の構造変化ダイナミクスの直接観察：
cyt c 

-

cyt c
FRET FRET 

-

cyt c 1

Fig. 1 6
1

cyt c

Fig. 2

Fig. 1   An example of a photon 
counting signal from single 
cyt c molecule. Upper frame 
zooms into a region including 
a resolved transient dark state. 
(blue)photon counting signal. 
(red)state transition trajectory 
recovered from a time stamp 
signal by statistical analysis. 
(green)photons detected by 
time stamp detection.

Fig. 2  Number of resolved states.
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Kenji Okamoto
Division of Chemistry, Graduate School of Science

Period
1 April, 2005 31 March, 2007

Research
(1) Development of apparatus and analysis for single molecule dynamics measurement: A new 
experimental apparatus, which is based on a standard confocal fl uorescence microscope and equipped with a 
piezo scanning stage for sample scanning and avalanche-photodiode photon counting modules as detectors, 
was developed. The system is feasible to obtain information as much as possible from very weak fl uorescence 
of single molecules by the time stamp method, which records the arrival time of every photon to the detector, 
instead of the common photon counting scheme, which counts up number of photons in continuous time bins.  
A new analytical scheme was also developed to effectively use rich information of the time stamp signals. At 
the molecular level, dynamics can often be regarded as sequential transitions between multiple states.  In such 
cases, it is important to determine the times of transitions. The new analytical scheme is focused onto detecting 
the transition times from the time stamp data by statistically inferring the changes of the photon density.

(2) Direct observation of unfolding-refolding dynamics of cytochrome c (cyt c): The 
conformational dynamics of cyt c was investigated using a single molecule technique, which can 
unveil information lost in ensemble averaging. Cyt c molecules can take one of several kinds of structure 
depending on the solvent condition. Especially under the equilibrium condition, cyt c molecules 
fl uctuate between a compact (native or molten-globule) and a unfolded structure, and the intermediate 
states in unfolding-refolding process are expected to be observed. Structure change of dye-labeled cyt 
c can be detected through the fl uorescence intensity change, since cyt c has a heme, which can quench 
fl uorescence emission of a dye in its vicinity with fl uorescence resonance energy transfer (FRET), and 
the FRET effi ciency depends on the heme-dye distance.

The time stamp signals were obtained from single molecules. They were analyzed with the 
new statistical scheme and the state transition trajectory was successfully recovered (Fig. 1). In the 
example, a short dark state with ~ 6ms duration is resolved in the middle of bright state. It represents 
much higher time resolution than the common single molecule measurement methods, typically tens of 
milliseconds. Cyt c signals are also compared among various solvent conditions. The tendency that the 
larger number of states appeared under the equilibrium condition rather than the denatured condition 
can be seen (Fig. 2) as expected.

Publications
1.  Kenji Okamoto, Masayoshi Nishiyama, and Masahide Terazima: "Direct observation of unfolding-

refolding dynamics of single cytochrome c proteins with milliseconds time resolution," 5th East Asian 
Biophysics Symposium & 44th Annual Meeting of the Biophysical Society of Japan (2006).

2.     "cytochrome c ," 
 2006 2006 .

3.      "
" 67 2006 .

4.     " " 
53 2006 .
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高橋　真
理学研究科　化学専攻

期間
16 4 1 18 10 15

研究報告
（1）Ru(0001)表面における酸素分子の解離吸着
　 XPS Ru(0001)

SPring-8
BL23SU

TN 300 K 1400 K
Ar, He

Et 0.5 eV
Fig. 1

Langmuir

1400 K

Potential energy surface

0.5 eV
Ru 3d5/2 Fig. 2 Ru 
3d5/2 Doniach – Sunjic

Bulk S1 S1(2O) S1(3O)
S1 Ru S1(2O) S1(3O)

2 3 Ru

0.6 ML 1 1
0.6 ML 1 1

Ru(0001)

Fig. 1   Sticking probability curves 
obtained using supersonic 
molecular beam (Et = 0.5 eV) 
expanded through the nozzle 
at TN = 300 and 1400 K.

Fig. 2   Ru 3d5/2 spectra of clean and 
oxygen adsorbed Ru(0001) 
surface. S1, S1(1O), S1(2O) 
and S1(3O) are surface Ru 
atoms coordinated by no, 
one, two and three O atoms.
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Shin Takahashi
Division of Chemistry, Graduate School of Science

Period
1 April, 2004 15 October, 2006

Research
(1) Dissociative adsorption of oxygen on Ru(0001)

Supersonic molecular beam combined with high resolution X-ray photoelectron spectroscopy 
using synchrotron radiation was applied to study the dynamics of dissociative adsorption of O2 on 
Ru(0001) surface. Special attention was paid to vibrational excitation effect of oxygen molecules 
to dissociative adsorption. All experiments were performed at surface chemistry end-station in the 
soft X-ray beamline, BL23SU, SPring-8. Supersonic molecular beam was generated by adiabatic 
expansion of oxygen and carrier gas (Ar, He). In order to verify internal energy of O2, nozzle was set 
at temperature (TN) of 300 or 1400 K with keeping translational energy (Et) of 0.5 eV. As a result, we 
found drastic increase in initial sticking probability of oxygen when the nozzle was heated to 1400 
K. Since the vibrational populations are essentially unrelaxed during beam expansion in contrast 
to very high degree of rotational and translational relaxation, we concluded that increase in initial 
sticking probability is mainly caused by vibrational excitation effect. This result clearly indicates that 
dissociation barrier for O2 locates in the exit channel on potential energy hypersurface.

In association with the study described above, we discussed growth process of oxygen adlayer 
by monitoring surface core level shift of Ru 3d5/2 in the coverage region higher than 0.5 ML. We 
assumed that Ru 3d5/2 spectra of oxygen adsorbed Ru(0001) surface in the coverage region between 0.5 
– 0.6 ML as shown in Fig. 2 can be decomposed into a bulk and two surface components S1(2O) and 
S1(3O), where the fi rst layer Ru atoms coordinated to two and three oxygen atoms, respectively. The 
components of second layer Ru atoms and fi rst layer Ru atoms coordinated to one oxygen atom were 
regarded as a part of bulk component due to their very small core level shift. The peak area intensity of 
bulk monotonically decreases, while the S1(3O) showed increases continuously with increasing oxygen 
dosage. Of particular note is the behavior of S1(2O) which initially increases and turn to decreases 
just before oxygen saturation coverage of 0.6 ML. Those behaviors of S1(2O) and S1(3O) suggest 
coexistence of (2 2)-3O and (1 1)-O phases around 0.6 ML. Interestingly, conversion from S1(2O) to 
S1(3O) components was observed even after adsorption saturated at 0.6 ML, implying the replacement 
in sitting site of oxygen adatoms on surface. As to our knowledge, formation of (1 1)-O has not been 
reported in less than 0.75 ML. One possible explanation for the present observation is that collision-
induced migration of adatoms occurs around 0.6 ML. Translational energy of incoming molecules is 
transferred to diffusion energy of oxygen adatoms, which then likely assist adatoms to overcoming 
activation barrier to form (1 1)-O.

Publications
1.  Vibrationally Assisted Dissociative Adsorption of Oxygen on Ru(0001), S. Takahashi, Y. Fujimoto, Y. 

Teraoka, A. Yoshigoe, T. Aruga,, Chem. Phys. Lett., 433 (2006) 58.
2.  Vibrationally Assisted Dissociative Adsorption of Oxygen on Ru(0001)-p(2 1)-O, S. Takahashi, Y. 

Fujimoto, Y. Teraoka, A. Yoshigoe, H. Okuyama, T. Aruga,, Surf. Sci. (Proceedings of ECOSS 24), in press.
3.  Growth of Oxygen Adlayer on Ru(0001) with High Energy Supersonic Molecular Beam, S. Takahashi, 

Y. Fujimoto, Y. Teraoka, A. Yoshigoe, K. Moritani, T. Aruga,, KEK Proceedings 2006-3 Buried 
Interface Science with X-rays and Neutrons, (2006) 80.
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輪島　輝明
工学研究科　合成・生物化学専攻

期間
17 9 1 19 3 31

研究報告
Transient Receptor Potential Melastatin 2 Ca2+ M2

M2
M2

（1）潰瘍性大腸炎におけるM2の役割：

M2
M2

DSS
1 2A DSS

M2 1 2B
M2

（2）心筋梗塞におけるM2の役割： Ca2+

1 M2 Ca2+

Langendorff M2

Fig. 1   Effect of M2-deficient mice on 
colonic leukocytes infi ltration

Fig. 2  Effect of M2-defi cient mice on colonic ulceration
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Teruaki Wajima
Department of Synthetic Chemistry and Biological Chemistry, 

Graduate School of Engineering

Period
1 September, 2005 March 31, 2007

Research
Transient Receptor Potential Melastatin 2 Ca2+ channel (M2 are activated by hydrogen peroxide, 

which lead to intracellular Ca2+ increase and cell death. Purpose of the present study is to elucidate 
roles of M2 on ulcerative colitis and myocardial infarction in M2 knockout mice.

(1) Role of M2 on ulcerative colitis: Ulcerative colitis is chronic inflammatory disorder that is 
characterized by severe mucosa ulceration. Although the underlying mechanisms of this disease 
remain unclear, the lamina propria regions of the colons often exhibited infiltration of leukocytes. 
Infi ltrated leukocytes produce reactive oxygen species and cytokines and consequently lead to mucosa 
ulceration. Dextran sulfate-induced colitis has been recognized as a human model of ulcerative colitis. 
Using this model, effects of M2-defi cient mice on the development of colitis are being examined to 
determine whether M2 plays a role in colitis. Myeloperoxidase activity was measured as a marker 
of leukocytes infi ltrated into the colon. Morphological analysis of colonic ulceration was performed 
by haematoxylin and eosin staining. As a result, DSS treatment of wild type mice showed colonic 
leukocytes infi ltration (Figure 1) and mucosa ulceration (Figure 2A). On the other hand, these fi ndings 
were remarkably attenuated in DSS treatment of M2-deficient mice (Figure 1, 2B). These results 
suggested that M2 plays a key role in ulcerative colitis, and colonic infi ltration of leukocytes may be 
implicated in the development of this disease.

(2) Role of M2 on myocardial infarction: Intracellular Ca2+ overload plays an important role on  
ischemia/reperfusion-induced myocardial infarction (MI). Furthermore, reactive oxygen species (ROS) 
produced by leukocytes are one of deleterious factors for the development of MI. Thus, it can be 
surmised that M2-defi cient mice reduce the infarct size by inhibition of Ca2+ overload. In this study, 
infarct size-limiting effect of M2-deficient mice is examined using a mouse model of myocardial 
ischemia and reperfusion in vivo. Furthermore, Langendorff heart perfusion model is used to examine 
whether M2 plays a role in cardiac injury in vitro.
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Weiping Gao
Laboratory of Chemistry of Polymer Materials,
Division of Materials Chemistry, Institute for Chemical Research

Period
1 April, 2006 31 March, 2007

Research
Surface-initiated living radical polymerizations (LRP) has brought 

about a dramatic increase of graft density, allowing us to synthesize 
concentrated polymer brushes of e.g., poly(methyl methacrylate) 
(PMMA) and poly(styrene), with structure/properties quite different 
and unpredictable from those of the previously known semi-dilute 
brushes. In this work, we focus on thermoresponsive poly(N-
isopropylacrylamide) (PNIPAM) brushes not only from scientific 
interests but also from the viewpoint of technological applications.

(1) Controlled synthesis of concentrated PNIPAM brushes: 
Controlled synthesis of well-defi ned concentrated  PNIPAM brushes 
still remained challenging. For achieving this, a novel surface-
initiator, (2-chloropropionyloxy) hexyltriethoxysilane, was newly 
designed and immobilized on a substrate. The surface-initiated 
atom transfer radical polymerization using a CuCl/CuCl2/tris[2-
(dimethylamino)ethyl]amine catalytic system in DMSO at 25  
enabled a controlled growth of PNIPAM brushes: as shown in Figure 
1, the brush thickness in dry state (Ld) increased proportionally with 
the number-average molecular weight (Mn) of the (low-polydispersity) 
free polymer (as a good measure of the graft polymer). From the slope 
of the line, the graft density was calculated to be ca. 0.8 chains/nm2 
comparable to the value reported for concentrated PMMA brushes.

(2) Phase transition of concentrated PNIPAM brushes: The swollen 
thickness (Ls) of semi-dilute and concentrated brushes and the frictional 
coeffi cient ( ) between concentrated brushes were measured in water as a 
function of temperature by elipsometry and/or atomic force microcsopy. 
With decreasing temperature, the solvent quality of water for PNIPAM 
becomes better, increasing the osmotic pressure and hence the swollen 
thickness of the brush. Figure 2a suggests that even at low temperatures, 
the concentrated brush is more diffi cult to be swollen than the semi-dilute 
one owing to much larger penalty of conformational entropy in the former. 
More interestingly, the concentrated brush showed a sharp transition in  from 10-3 to 2 at around 30 , as 
shown in Figure 2b. This is ascribed to a dramatic change in structure/properties of the outermost surface.

Publications
1.  Phase Transition of Well-Defined Concentrated Poly(N-isopropylacryamide) Brushes in Water, W. 

Gao, K. Ohno, Y. Tsujii, T. Fukuda, Polym. Prepr., Jpn. (Soc. Polym. Sci., Jpn) 55, 4354 (2006).

Fig. 1   Plot of PNIPAM-brush 
thickness (Ld) vs Mn (of 
free polymer).

Fig. 2   Plots of (a) swelling 
rat io (L s/L d)  and (b) 
frictional coeffi cient ( ) 
of PNIPAM brushes as a 
function of temperature.
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Xiuying Qiao
Institute for Chemical Research, Kyoto University

Period
1 April, 2006 31 March, 2007

Research
(1) Viscoelastic relaxation and constraint release mechanism in linear polyisoprene systems: 
Linear viscoelastic behavior was examined for a series of binary blends of linear polyisoprenes (PI). 
These blends contained high molecular weight (M) component chains (probe chains) that were dilute 
and entangled only with the lower-M matrix chains. The PI probe exhibited the Rouse-like constraint 
release (CR) relaxation in the matrix chains much shorter than the probe, but this CR-dominance 
vanished on a moderate increase of the matrix molecular weight because of the competition with other 
mechanisms (such as reptation). The CR-dominance was more easily achieved in the PI/PI blends than 
in the PS/PS blends, which suggests that the entanglement dynamics is not uniquely determined by the 
number of entanglement segments per chain and the relaxation time within this segment but is affected 
by additional molecular factors such as the local CR gate number considered by Graessley.

(2) Viscoelastic relaxation and constraint release mechanism in moderately entangled 
monodisperse star polyisoprene systems: For examination of a constraint release (CR) contribution 
to relaxation in monodisperse systems of moderately entangled 6-arm star polyisoprenes (PI), 
viscoelastic measurements were conducted for blends of the star PI and a high molecular weight (M) 
linear PI. In the blends, the linear PI was dilute and entangled only with the matrix star chains. The 
terminal relaxation of this dilute linear probe occurred through competition of reptation and Rouse-
type CR, as confi rmed from its relaxation mode distribution. The probe relaxation time probe measured 
in the blends was utilized to elucidate the CR relaxation in the star matrices. Through the comparison 
of the probe data of the same linear probe in linear and these star PI matrices and the determination 
of the effective entanglement lifetime life in these star matrices, the CR time CR (= (2Na)2

life with 
Na being the entanglement number per star arm) was thus evaluated. For the monodisperse systems 
of the star PI, the CR was close to the measured relaxation time, indicating that the CR mechanism 
significantly contributes to the star relaxation. This result was in harmony with the validity of the 
molecular picture of partial dynamic-tube-dilation (p-DTD) confi rmed for the star PI.

Publications
1.   Constraint release in moderately entangled monodisperse star polyisoprene systems, X.Y. Qiao, T. 

Sawada, Y. Matsumiya, H. Watanabe, Macromolecules, 39, 7333-7341(2006).
2.  Viscoelastic relaxation of linear polyisoprenes: examination of constraint release mechanism T. 

Sawada, X.Y. Qiao, H. Watanabe, Nihon Reoroji Gakkaishi (in press).
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加藤　恵一
京都大学化学研究所

期間
18 4 1 19 3 31

研究報告
π-d π-d

N,N,N- 1,3-

（1）金属配位型ドナー性分子の合成： 3-8
1,3- 1 2 38%

N,N,N- 2

E1/2

3 4 8
Fig. 1 3 4 1,3-

2 Wittig-Horner
60 3

head-to-tail

（2）金属配位型ドナー－アクセプター複合分子の合成： 9 8
DDQ 57 9

λ = 500 800 nm λ max= 615 
nm 1,3-

9 DPV Eox= +1.13 V Ered = 0.29 V
1,3-

450 nm 530 nm 9

（3）ドナー型配位子を用いた鉄二価錯体の磁気挙動：-SCH3 (3)
Fe(II) [Fe(3)2]X2 (X = PF6 (10), BPh4 (11), ClO4 (12), BF4 (13), NCS (14)) 

SQUID 2 350 10
S = 0 11 mT 3.0 cm3 K mol 1

S = 2

|D| = 4.66 cm 1 g = 2.02

Fig. 1  
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Keiichi Katoh
Institute for Chemical Research, Kyoto University

Period
1 April, 2006 31 March, 2007

Research
Molecular switching materials have recently attracted much attention in the fi eld of electrooptics. In 

order to combine photomagnetic properties and electric conductivity, the authors designed a molecular 
system where optically switchable magnetism is expected to conjugate with electric conduction. As its 
fi rst stage, the authors synthesized a prototype ligand (3-9) to search the coordination function which 
is constructed by N,N,N-tridentate ligand and 1,3-dithiole ring in this work. It could be possible that a 
π-donor equipped with coordination functionality can be used as a ligand for transition metals.

(1) Synthesis of a donor molecule with metal coordination sites: We have synthesized a prototype 
donor-ligand (3-8). The Wittig-Horner reaction generally gives the desired product (3 and 4) in a high 
yield (60%) compared with phosphate mediated cross-coupling reaction of the 1,3-dithiole thione 
derivatives 1 with ketone 2 (3:1%, 4:6%, 5:43%, 6:20%, 7:24%, 8:65%). In the crystal phase, the 
planar 3 molecules stack along the b axis in the head-to-tail  fashion.

(2) Synthesis of a donor-accepter dyad with coordination sites: We have synthesized donor-accepter 
dyad 7 and 9 (57%) having coordination sites. The UV-visible spectra of dyad 9 showed the presence of a broad 
absorption band centered at 615 nm in CHCl3 solution, in the 500–800 nm region, which clearly indicates a 
weak intramolecular charge–transfer (ICT) interaction resulting from the conjugation involving both donor 
and accepter moieties. This compound exhibited solvatochromism of the ICT band depending on the polarity 
of solvents. The differential pulse voltammogram of dyad 9 (TBABF4 0.1 M in CH2Cl2/CH3CN 9/1) showed a 
one-electron irreversible oxidation wave at Eox = +1.13 V (vs. SCE) corresponding to the successive generation 
of the cation of the 1,3-dithiole ring moiety. Two reduction processes were shown for the p-naphthoquinone 
moiety, including the fi rst one-electron reversible reduction wave at Ered = 0.29 V and a poorly resolved second 
reduction wave at approximately 1 V in these experimental conditions. Chemical reduction of the dyad 9 with 
Cu metal in CH2Cl2 containing P(Ph)4Br led to a decrease in the characteristic ICT broad band of the neutral 
derivative and to the appearance and increase with reaction time of the bands at 450 and 530 nm due to the anion-
radical.

(3) Magnetic properties of Fe(II) complexes using π-donor ligands: The complexes [Fe(3)2]X2 
(X = PF6 (10), BPh4 (11), ClO4 (12), BF4 (13), NCS (14)) have been studied. Magnetic susceptibility of the 
10 and 11 were determined over the temperature range 2 to 350 K using SQUID magnetometer. Complex 
10 shows typical diamagnetic behavior (S = 0). On the other hand, complex 11 shows typical paramagnetic 
behavior, mT value (3.0 cm3 K mol-1) is high-spin iron (II) (S = 2) iron in a complex showing octahedral 
geometry. A spin-Hamiltonian simulation of the experimental data yielded a zero-fi eld parameter |D| = 4.66 
cm-1 and g value of 2.02, which is in the usual range for octahedral iron (II) complexes.

Publications
1.  Fe(II) 3P018 2006

2006 9 20 23
2.  2PC039 86

2006 3 27 30
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草野　博彰
化学研究所　生体分子情報領域

期間
18 4 1 19 3 31

研究報告
（1）植物細胞の形態形成制御におけるリン脂質シグナル伝達系：

(4,5)- (PtdIns(4,5)P2)
PtdIns(4,5)P2 4 5 PIP5K

PIP5K G

PIP5K
PtdIns(4,5)P2

PtdIns(4,5)P2

Monteiro et al. 2005 PtdIns(4,5)P2
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Hiroaki Kusano
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Period
1 April, 2006 31 March, 2007

Research
(1) Phospholipid-mediated signal transduction controlling plant cell morphogenesis: The 
phosphatidyl-inositol (4,5)-bisphosphate (PtdIns(4,5)P2) controls enzyme activity and intracellular 
localization of many proteins. The biosynthesis of PtdIns(4,5)P2 is catalyzed by phosphatidyl-
inositol 4-phosphate 5-kinase (PIP5K), and several signaling molecules regulating PIP5K contribute 
to phospholipid-mediated signal transduction in animal, plant, and microbes. Only little about 
plant PIP5K has been known and phospholipid-mediated signal transduction in plant remains 
unclear. Recently it has been reported that the growth polarity of pollen tubes alter with localized 
treatment with PtdIns(4,5)P2 (Monteiro et al. 2005). PtdIns(4,5)P2 is thus suggested to be involved 
in determination of polarity of tip-growth. In this study, to investigate phospholipid-mediated signal 
transduction involved in plant cell tip-growth, plant PIP5Ks were analyzed by using Arabidopsis, a 
model system of plant molecular biology.

(2) AtPIP5K3 controls root-hair growth: The Arabidopsis genome contains eleven PIP5K genes. 
Northern hybridization experiments with these genes revealed that only AtPIP5K3 is specifi cally expressed 
in roots. In the root, root-hairs are elongated by tip-growth mechanism like pollen tube. Two lines of 
AtPIP5K3 mutants were found in SALK T-DNA mutant library and the homozygous lines were established. 
In the mutants, root-hair elongation was signifi cantly reduced, although no other morphological changes 
were observed. Although at least four PIP5Ks were expressed in roots, only the one mutation caused 
reduction of root-hair length but growth of root itself was not affected. These results suggest the great 
contribution to root-hair formation and a limited role of AtPIP5K3 in root growth control.

(3) AtPIP5K3 is involved in determination of tip-growth polarity: To clarify the involvement of 
AtPIP5K3 in determining the tip-growth polarity, transgenic lines carrying estrogen-inducible AtPIP5K3 
gene was constructed. Enhanced elongation of root-hairs, and more than one root-hairs from one cell 
were frequently observed in the presence of estrogen. In the wild type plants, one cell usually generates 
only one root-hair. These results indicate that abnormal elongation points were generated by the exposure 
to estrogen. To reveal the cellular localization of AtPIP5K3, AtPIP5K3-YFP (Yellow Fluorescent 
Protein) fusion protein gene was introduced into the mutants, and YFP fluorescence positives was 
analyzed with root-hairs of the lines in which the root-hair phenotype was complemented. The positive 
complementation indicates the fusion protein is authentically functional. Besides YFP fl uorescence was 
accumulated in the tip of root-hairs, suggesting that AtPIP5K3 enhances root-hair tip growth. These 
results strongly suggest the involvement of AtPIP5K3 in determining the tip-growth polarity.

Publications
1.  H. Kusano, K. Yasuda, A. Shiori, Y. Ohashi, A. Oka and T. Aoyama, Localization and expression analysis of 

Arabidopsis phosphatidylinositol phosphate 5- kinase 3 (AtPIP5K3) gene, 20th IUBMB International Congress 
of Biochemistry and Molecular Biology and 11th FAOBMB Congress, 1P-C-162, Japan, (Jun. 2006)
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水畑　吉行
化学研究所有機元素化学研究領域

期間
18 4 1 18 10 31

研究報告
初めての安定な２-スタンナナフタレンの合成とその性質の解明：

14

2,4,6-
Tbt

–
–

2-
1

1 2 –40 ˚C LDA
1

Scheme 1 X
Figure 1 1

2-
Scheme 1

Figure 1   ORTEP drawing (50% probability) 
of 2-stannanaphthalene 1.

Figure 2   ORTEP drawing (30% probability) of 
complex 3.
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Yoshiyuki Mizuhata
Division of Synthetic Chemistry, Institute for Chemical Research

Period
1 April, 2006 31 October, 2006

Research
(1) Synthesis of the First Stable 2-Stannanaphthalene and Its Properties: 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, 2,4,6-tris[bis(trimethylsilyl)methyl]phenyl (Tbt), 
and revealed their considerable aromaticity based on their molecular structures, spectroscopic 
properties, reactivities, and theoretical calculations. Recently, we have 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 t-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 1H and 13C 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 η6-arene ligand 
in the ligand exchange reaction with [Cr(CH3CN)3(CO)3] giving the fi rst stable η6-2-stannanaphthalene 
chromium complex 3.

Publications
1.  A Stable Neutral Stannaaromatic Compound: Synthesis, Structure and Complexation of a Kinetically 

Stabilized 2-Stannanaphthalene, Mizuhata, Y.; Sasamori, T.; Takeda, N.; Tokitoh, N. J. Am. Chem. Soc., 
2006, 128, 1050-1051.

2.  Synthesis and Characterization of Two Isomers of 14π-electron Germaaromatics: Kinetically Stabilized 
9-Germaanthracene and 9-Germaphenanthrene, Sasamori, T.; Inamura, K.; Hoshino, W.; Nakata, N.; 
Mizuhata, Y.; Watanabe, Y.; Furukawa, Y.; Tokitoh, N. Organometallics, 2006, 25, 3533-3536.

NMR UV/vis Raman
1

1

6

3 Scheme 2, Figure 2

Scheme 2
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長洞　記嘉
化学研究所　有機元素化学研究領域

期間
18 4 1 18 4 30

研究報告
速度論的に安定化された 1,1'-ビス（ジホスフェニル）フェロセン類の合成と性質の解明：

RP=PR 15

RP=AsR RAs=AsR RP=SbR
2,4,6-tris[bis(trimethylsilyl)methyl]

phenyl Tbt 2,6-bis[bis(trimethylsilyl)methyl]-4-[tris(trimethylsilyl)methyl]phenyl Bbt
15 RSb=SbR

RBi=BiR RP=BiR RSb=BiR
15

LUMO
15

Tbt Bbt 1,1'-
1a 1b

1,1' -- Tbt Bbt
DBU 1,1'--

1a 1b 1a 1b 31P 
NMR E - = 497.3, 488.9 (1a), = 496.9, 491.1 
(1b), 1JPP = 550 Hz (1a and 1b) 1a 1b

1a 1b 2.015(3)
2.0386(18) Å

1a 1b

1a 1b 612 611 cm–1 IR
614 615 cm–1

IR

1a 1b

d

Figure 1   ORTEP drawing of 1a (50% probability).
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Noriyoshi Nagahora
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Period
1 April, 2006 30 April, 2006

Research
Syntheses and properties of the fi rst stable 1,1'-bis(diphosphenyl)ferrocenes: Remarkable progress 
has been made in the chemistry of double-bond compounds containing heavier group 15 elements, 
especially in the fi eld of diphosphenes and their heavier congeners. It is well-known that diphosphenes, 
which have relatively low-lying * orbitals, undergo one-electron reduction to give their anion-radical 
species.  We have also reported the synthesis of novel doubly bonded systems between heavier group 
15 elements by taking advantage of efficient steric protection groups, Tbt and Bbt.  Furthermore, 
the redox properties of BbtE=EBbt (E=P, Sb, and Bi) have been systematically elucidated based on 
the measurement of cyclic voltammetry and DFT calculations.  On the other hand, organometallic 
architectures incorporating transition metals in organic -frameworks have given rise to a great deal 
of interest from the viewpoint of the elaboration of molecular materials. As an extension of the studies 
on novel d-  systems containing heavier group 15 elements, we report here the syntheses, structural 
characterization, and properties of the first 1,1' -bis(diphosphenyl)ferrocenes, 1a and 1b, kinetically 
stabilized by the Tbt and Bbt groups. 

Treatment of 1,1'-bis(dichlorophosphino)ferrocene with two molar amounts of LiP(H)Ar (Ar = Tbt 
or Bbt) followed by the double-dehydrochlorination reaction using 1,8-diazabicyclo[5.4.0]undec-
7-ene (DBU) afforded 1,1' -bis(diphosphenyl)ferrocenes 1a and 1b in 68 and 62% isolated yields, 
respectively. The 31P NMR spectra of 1a and 1b in C6D6 showed a diagnostic pair of doublets at 497.3 
and 488.9 ppm (1a) and 496.9 and 491.1 ppm (1b), respectively, with 1JPP = 550 Hz (both 1a and 1b), 
which are characteristic of unsymmetric E-diphosphenes. The molecular structures of 1a and 1b were 
determined by the X-ray crystallographic analyses. Both 1a and 1b show the E-conformations with 
the C–P–P–C torsion angles of 179.3(4) and 176.0(2)°, respectively, and their C–P–P–C planes are 
almost coplanar with the adjacent Cp ring. Their P=P bond lengths [2.015(3) Å for 1a and 2.0386(18) 
Å for 1b] are considerably shorter than the typical P–P single-bond lengths and are within the range 
of those for the previously reported diaryldiphosphenes (1.985–2.049 Å), revealing the concrete P=P 
double-bond character of 1a and 1b in the solid state.  Interestingly, the characteristic P=P vibrational 
frequencies of 1a/1b were found to be active for both Raman ( = 612/611 cm–1) and IR ( = 614/615 
cm–1) spectra in the solid state due to the symmetric and asymmetric stretching modes, the assignment 
of which was supported by the theoretical calculations for the model compound, (DmpP=PC5H4)2Fe 
(Dmp = 2,6-dimethylphenyl).

Publications
1.  Syntheses, Structures, and Properties of Kinetically Stabilized 1,1' -Bis(diphosphenyl)ferrocenes, 

Noriyoshi Nagahora, Takahiro Sasamori, and Norihiro Tokitoh, Chem. Lett., 35, 220–221 (2006).
2.  One-electron Reduction of Kinetically Stabilized Dipnictenes: Synthesis of Dipnictene Anion Radicals, 

Takahiro Sasamori, Eiko Mieda, Noriyoshi Nagahora, Kazunobu Sato, Daisuke Shiomi, Takeji Takui, 
Yoshinobu Hosoi, Yukio Furukawa, Nozomi Takagi, Shigeru Nagase, and Norihiro Tokitoh, J. Am. 
Chem. Soc., 128, 12582–12588 (2006).
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大西　利幸
京都大学化学研究所

期間
18 4 1 19 3 31

研究報告
（1）ブラシノステロイド C-23位水酸化酵素の酵素学的解析： BR
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Figure  BR biosynthesis and catabolism pathway
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Toshiyuki Ohnishi
Institute for Chemical Research, Kyoto University

Period
1 April, 2006 31 March, 2007

Research
(1) Biochemical characterization of brassinosteroid C-23 hydroxylase: Brassinosteroids 
(BRs) are plant steroid hormones that are essential for normal plant growth and development. 
Cytochrome P450 monooxygenases (P450s) play crucial roles in BR biosynthesis from campesterol 
to brassinolide, in which many oxygenations at steroidal skeleton and side-chain structure occur. 
Recent molecular genetic studies for BR-deficient mutants of Arabidopsis, rice, tomato and garden 
pea have identifi ed several P450 genes (CYP85A, 90A, 90B, 90C, 90D, and 724B) so far. Among the 
BR-biosynthetic P450 genes, only CYP85As have been characterized by functional expression in 
yeast cells, revealing that these enzymes catalyze the C-6 oxidations converting 6-deoxoCS to CS 
and CS to BL. Recently, we have characterized CYP90B1 functionally expressed in E. coli and found 
that CYP90B1 predominantly catalyzes the C-22 hydroxylation of campesterol in the early C-22 
hydroxylation pathway. We report the functional characterization of two BR-biosynthetic P450s 
from Arabidopsis: CYP90C1/ROTUNDIFOLIA 3 and CYP90D1. The cyp90c1 cyp90d1 double mutant 
exhibits the characteristic BR-deficient dwarf phenotype, although the individual mutants do not 
display this phenotype.  These data suggest redundant roles for these P450s. In vitro biochemical 
assays using insect cell-expressed proteins revealed that both CYP90C1 and CYP90D1 catalyze C-23 
hydroxylation of various 22-hydroxylated BRs with markedly different catalytic effi ciencies.  Both 
enzymes preferentially convert 3-epi-6-deoxocathasterone, (22S,24R)-22-hydroxy-5 -ergostan-3-one, 
and (22S,24R)-22-hydroxyergost-4-en-3-one to 23-hydroxylated products, whereas they are less active 
on 6-deoxocathasterone. Likewise, cyp90c1 cyp90d1 plants were defi cient in 23-hydroxylated BRs, and 
in feeding experiments using exogenously supplied intermediates, only 23-hydroxylated BRs rescued 
the growth defi ciency of the cyp90c1 cyp90d1 mutant.  Thus, CYP90C1 and CYP90D1 are redundant 
BR C-23 hydroxylases.  Moreover, their preferential substrates are present in the endogenous 
Arabidopsis BR pool.  Based on these results, we propose C-23 hydroxylation shortcuts, which 
bypass campestanol, 6-deoxocathasterone, and 6-deoxoteasterone and lead directly from (22S,24R)-
22-hydroxy-5 -ergostan-3-one and 3-epi-6-deoxocathasterone to 3-dehydro-6- deoxoteasterone and 
6-deoxotyphasterol.

Publications
1.  C-23 Hydroxylation by Arabidopsis CYP90C1 and CYP90D1 Reveals a Novel Shortcut in 

Brassinosteroid Biosynthesis, T. Ohnishi, T., A. M. Szatmari, B. Watanabe, S. Fujita, S. Bancos, C. 
Koncz, M. Lafos, K. Shibata, T. Yokota, S. Sakata, M, Szekeres, M. Mizutani, The Plant Cell, 18, 
3275-3288 (2006)

2.  Tomato cytochrome P450 CYP734A7 functions in brassinosteroid catabolism, T. Ohnishi, B. Watanabe, 
T. Nomura, D. Ohta, T. Yokota, S. Sakata, M. Mizutani, Phytochemistry, 67, 1895-1906 (2006).

3.  Enzymatic Analysis of Tomato Cytochrome P450 CYP724B2 involved in Brassinosteroids Biosynthesis, 
T. Ohnishi, B. Watanabe, S. Sakata, M. Mizutani, Biosci. Biotechnol. Biochem., 70, 2071-2080 (2006).
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山田　幾也
化学研究所附属元素科学国際研究センター

期間
18 4 1 19 3 31

研究報告
（1）カルシウムオキシクロライド高温超伝導体の高圧下単結晶
育成：

Ca2-xCuO2Cl2(TC=38K)
Ca2CuO2Cl2 Ca2-xNaxCuO2Cl2 (TC=28K)

TC TC

Ca2-x 

CuO2Cl2 Ca2-xNaxCuO2Cl2

3 5.5GPa 3 5.5GPa
1250 1050 ºC

1mm 1
X

TC=0 36 K Ca2-xCuO2Cl2

Andrea Damascelli

Ca2-xNaxCuO2Cl2

TC=30 K
Ca2-xNaxCuO2Cl2

EPMA Ca2-xNaxCuO2Cl2

x
2

（2）ミュオンスピン回転 (μSR)によるカルシウムオキシクロ
ライド高温超伝導体の磁気相図の研究： Ca2-xCuO2Cl2

(p=0
0.08) Vancouver

TRIUMF SR p=0.05
5K

3
Ca2-xNaxCuO2Cl2 5K

Figure 1   Image of Ca2-xCuO2Cl2 single 
crystal grown at 5.5 GPa

Figure 2   Superconducting phase 
diagram of Ca2-xNaxCuO2Cl2 
determined using EPMA.

Figure 3   Zero fi eld SR spectra of 
Ca2-x NaxCuO2Cl2(p=0.05)and 
Ca2-x CuO2Cl2(p=0.056).
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Ikuya Yamada
Institute for Chemical Research, Kyoto University

Period
1 April, 2006 31 March, 2007

Research
(1) Single crystal growth of calcium oxychloride superconductors under high pressure: Since an 
oxychloride superconductor Ca2-xCuO2Cl2 with a simple crystal structure and good cleavability, has higher 
TC=38 K than Ca2-xNaxCuO2Cl2, which is derived from the same parent compound insulator Ca2CuO2Cl2, 
it is probably considered as a suitable material for investigations of the factors determining the TC s 
values. Single crystals of Ca2-xCuO2Cl2 were grown at high pressures in order to investigate its electronic 
structure using photoemission spectroscopy and scanning tunneling microscope/spectroscopy (STM/
STS). Single crystals of Ca2-xCuO2Cl2 with the size about 1mm were grown at high pressures from 3 to 5.5 
GPa, slow cooling from 1250 ºC to 1050ºC as in the case of single crystal growth of Ca2-xNaxCuO2Cl2 (Fig. 
1). STM/STS and photoemission spectroscopy studies are now being performed with the crystals by Prof. 
Takagi s group of Univ. Tokyo and Prof. Damascelli s group of Univ. British Columbia, respectively.

Furthermore, single crystal of Ca2-xNaxCuO2Cl2 with the maximum TC=30 K were obtained 
optimizing the synthetic conditions. Superconducting phase diagram of Ca2-xNaxCuO2Cl2 was correctly 
investigated with the crystals using EPMA chemical analysis (Fig. 2). Determining exact values of 
carrier concentration is experimentally and theoretically important for the materials whose ground 
states change with changing the carrier concentration. This study enabled the investigations based on 
the exact superconducting phase diagram for photoemission and STM/STS results.

(2) Magnetic phase diagram of calcium oxychloride superconductors using muon spin rotation 
(μSR): In order to investigate the magnetic ground state of Ca2-xCuO2Cl2 between antiferromagnet and 
superconductor, SR measurements were performed at TRIUMF, Vancouver. Oscillation derived from 
muon precession due to long-range magnetic order was observed below 5K at p=0.056. On the other 
hand, no oscillation was observed for Ca2-xNaxCuO2Cl2 with almost the same carrier content p=0.05. 
These results indicate that there is difference on magnetic ground states between Ca2-xCuO2Cl2 and
Ca2-xNaxCuO2Cl2 and that they are possibly associated with the difference of TC between them.

Presentations
1.  Synthesis, structural and physical properties of A-site cation deficient single layer oxychloride 

superconductor Ca2-xCuO2Cl2, I. Yamada, M. Azuma, A. A. Belik, S. Harjo, T. Kamiyama, 
Y. Shimakawa, M. Takano, 8th international Conference on Materials and Mechanisms of 
Superconductivity – High Temperature superconductor, July (Dresden)

2.  High pressure single crystals growth of calcium oxychloride superconductors, I. Yamada, M. Azuam, Y. 
Shimakawa, M. Takano, Fall Meeting 2006, The Physical Society of Japan, September (Chiba)
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