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（1）イオン交換反応法による二次元磁性体合成

Dion-Jacobson
AA n-1BnO3n+1 A

A
B

Ti Ta Nb
n

A
Rb A La B Nb n 2

RbLaNb2O7

RbLaNb2O7

MX2 M Cu Fe Co
Ni... X Cl Br I

300K
500 A+ MX +

MX A'n-1BnO3n+1

AX RbCl

1    RbLaNb2O7 (CuCl)LaNb2O7

Cu2+(S=1/2)

トポタクティック反応を用いた
新規低次元磁性体の開発
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AX MX
A n-1BnO3n+1

RbLaNb2O7 CuCl2

CuCl LaNb2O7 RbCl
S 1/2 Cu2+

A B n
M X CuBr LaTa2O7

CuCl Ca2Ta3O10 FeCl Ca2Ta3O10 CuCl
Sr2Ta3O10 10

M
A B

n

M
M Cu M Fe

（2）構造解析と物性測定
M Cu SQUID

0.1T
CuCl1-xBrx

LaNb2O7 2 CuCl
LaNb2O7 15K

3 2.3meV

CuBr LaNb2O7 31K 3    (CuCl)LaNb2O7

2    (CuCl1-xBrx)LaNb2O7 Cl
Br
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2
CuCl1-xBrx LaNb2O7

CuCl LaNb2O7

A B n M X

SR Spring8

主な研究成果外部報告
・招待講演

1  , , 
, 2004.Jan.9, 

2  H. Kageyama, Spin-Liquid State in Two-Dimensional Frustrated Square Lattice System CuCl LaNb2O7 , 
RIKEN seminar, 2005. Jul.21, Saitama.

3  , CuCl LaNb2O7 , 
, , 2005, Jul.22

4  H. Kageyama, Quantum Phase Transitions in the Low-Dimensional Spin Systems , International 
Symposium on Quantum Spin Systems, 2004.Nov.30-Dec.3, Hayama.

5  , , 21 COE
,2005. Sep. 15-16,  

6  H. Kageyama, Spin-Liquid State in Two-Dimensional Frustrated Spin Systems , TRIUMF UBC  
seminar, 2005. Jun. 24, Vancouver.

・論文発表等
1  New Magnetic Materials Obtained by Ion-Exchange Reactions from Non-Magnetic Layered 

Perovskites , H. Kageyama, L. Viciu, G. Caruntu, Y Ueda, and J.B. Wiley, J. Phys.: Condens. Matter, 
2004, 16, S585-S590.

2  Spin-Singlet Ground State in Two-Dimensional S = 1/2 Frustrated Square Lattice: CuCl LaNb2O7 , H. 
Kageyama, T. Kitano, N. Oba, M. Nishi, S. Nagai, K. Hirota, L. Viciu, J.B. Wiley, J. Yasuda, Y. Ajiro, K. 
Yoshimura, J. Phys. Soc. Jpn., 2005, 74, 1702-1705.

3  S = 1/2 Square Lattice Antiferromagnets: CuX LaB2O7 and CuCl A2B3O10 X = Cl, Br; A = Ca, Sr; B 
= Nb, Ta , H. Kageyama, T. Kitano, R. Nakanishi, J. Yasuda, N. Oba, Y. Baba, M. Nishi, Y. Ueda, Y. 
Ajiro, and K. Yoshimura, Prog. Theo. Phys. Suppl., 2005, 159, 39-47.

4  Anomalous Magnetization of Two-Dimensional S = 1/2 Frustrated Square-Lattice Antiferromagnet 
CuCl LaNb2O7 , H. Kageyama, J. Yasuda, T. Kitano, K. Totsuka, Y. Narumi, M. Hagiwara, K. Kindo, 

Y.Baba, N. Oba, Y. Ajiro, and K. Yoshimura, J. Phys. Soc. Jpn. 2005, 74, 3155-3158.
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SrCo6O11

1/3 1
P63/mmc 3 Co Co 1 O6

Co 2 O6 Co 3 O5

+3 Co 3

SrCo6O11 AB6O11

（1）（Sr1-xBax）Co6O11

SrCo6O11 Sr
2 Co

Ba2+ Ca2+

Ba SrCo6O11

BaCo6O11 Sr1-xBax Co6O11

Ca
Ba x 0 1

Sr1-xBax Co6O11

NaxCoO2
 + SrCl2 + BaCl2 + KClO4 Sr, Ba Co6O11 + SrCl2, BaCl2, KCl, etc.  

NaxCoO2 Na+ Cl NaCl
Sr2+/Ba2+ Sr2+/Ba2+ Sr, Ba Co6O11

KClO4 Co2+

Co3O4 x 0.3 Co3O4

x 0.1 X
Ba P63/mmc Ba Sr

Ba x a/a0, c/c0 a0, c0

  

1    SrCo6O11

高圧合成法を用いた ACo6O11型
層状コバルト酸化物の探索
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SrCo6O11 2
a, c Sr2+

Ba2+ Co-O

Sr1-xBax

Co6O11 X
X

Sr3Co2O6 + Ba OH 2 8H2O + CoO + KClO4

Sr, Ba Co6O11 + SrO, BaO, KCl, H2O etc.
2GPa 850

x = 0, 0.03, 0.05, 0.1
0.4 0.4 0.1mm3

BaO Ba OH 2 8H2O

SrCo6O11

5K c SrCo6O11

2.5T x
x = 0.1

SrCo6O11 Co 3 ab c 3
c

Ba
c

c

Sr +3 La Y Co

2     Sr1-xBax Co6O11

Ba
x

3   SrCo6O11 4   Sr1-xBax Co6O11 χc
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（1）AMnxFe6-xO11（A = Ba, Sr）
SrCo6O11 Co

AFe6O11 AMn6O11

AMn3Fe3O11 A = Ba, Sr

SrCo6O11 c
3

主な研究成果外部報告
・学会報告等

1  Takashi Saito, Yuhki Takeda, Shintaro Ishiwata, Yuichi Shimakawa and Mikio Takano, Spin-Charge 
Coupling in Novel Cobalt Oxides ACo6O11 , The 4th International Symposium of the Kyoto COE 
Project Elements Science , 2005.1.6-7, Kyoto.

2  SrCo6O11 A
60 2005.3.24-27

3  Sr, Ba Co6O11

46 2005.10.29-31
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14 15

Tbt Bbt
P = P

1 2 d-
3 4

5 9- 6
5 6 DBU

  

   
   

高周期元素の特性を活かした新規な
拡張π電子系の創製
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1 1 C6D6
31P NMR 584 526 

ppm  AB quartet 1
1 P = P 2.0352 16

Å P = P ca. 
2.02-2.06 Å 1

3.5-3.6 Å -
1 2

5 6
3 6

1, 1 - 10
ArPHLi 1, 1 - 4

3 4 X
3 4

3 4a
- * d

P = P * MLCT Figure 1

4a 4b
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∆E1/2 4a, 4b 0.35 V
4a 4b d

3, 4a 4b

主な研究成果外部報告
・学会報告等

1  N. Nagahora, T. Sasamori, N. Takeda, N. Tokitoh, The First Stable 1,3-Dihydrotriphosphane: 
Synthesis, Structure, and Thermolysis , The 4th International Symposium of the Kyoto COE Project 

Elements Science , 2005.1.6-7, Uji.
2  1,1'-

 85 2005.3.26-29 .
3  , 15

85 2005.3.26-29 .
4  N. Nagahora, T. Sasamori, N. Tokitoh, Synthesis of an Overcrowded 1,3-Dihydrotriphosphane and 

Its Thermolysis Leading to the Formation of the Corresponding Diphophene , The 11th Kyushu 
International Symposium on Physical Organic Chemistry, 2005.9.12-15, Fukuoka.

5  , 1,3-
55 2005.9.21-23 .

6  T. Sasamori, E. Mieda, N. Nagahora, N. Takeda, N. Tokitoh, Reactions of Kinetically Stabilized 
Doubly-bonded Systems between Heavier Group 15 Elements , 2005 International Chemical Congress 
of Pacifi c Basin Societies (Pacifi chem 2005), 2005.12.15-20, Honolulu. 

7  N. Tokitoh, E. Mieda, N. Nagahora, T. Sasamori, N. Takeda, N. Takagi, S. Nagase, New Aspects in 
the Chemistry of Kinetically Stabilized Dipnictenes , 2005 International Chemical Congress of Pacifi c 
Basin Societies (Pacifi chem 2005), 2005.12.15-20, Honolulu.

8  N. Nagahora, T. Sasamori, N. Takeda, N. Tokitoh, Synthesis and Structure of a Stable 1,3-Dihydro-
2-Ferrocenyltriphosphane and its Thermal Decomposition Giving a Ferrocenyl Diphosphene , 2005 
International Chemical Congress of Pacifi c Basin Societies (Pacifi chem 2005), 2005.12.15-20, Honolulu.

・論文発表等
1  A Kinetically Stabilized Ferrocenyl Diphosphene: Synthesis, Structure, Properties, and Redox 

Behavior , N. Nagahora, T. Sasamori, N. Takeda, and N. Tokitoh, Chem. Eur. J., 10, 6146 (2004).
2  Systematic Studies on Redox Behavior of Homonuclear Double-bond Compounds of Heavier Group 

15 Elements , T. Sasamori, E. Mieda, N. Nagahora, N. Takeda, N. Takagi, S. Nagase, and N. Tokitoh, 
Chem. Lett., 34, 166 (2005).

3  Telluradistibirane and Telluradibismirane: Three-Membered Heterocycles of Heavier Main Group 
Elements T. Sasamori, E. Mieda, N. Takeda, and N. Tokitoh, Angew. Chem. Int. Ed., 44, 3717 (2005).

4  Synthesis and Structure of a Stable 1,3-Dihydrotriphosphane and Its Thermal Decomposition Leading 
to the Formation of the Corresponding Phosphine and Diphosphene , N. Nagahora, T. Sasamori, N. 
Takeda, and N. Tokitoh, Organometallics, 24, 3074 (2005).

Figure 1   UV-vis spectra of 3 and 4a in benzene. Figure 2   Cyclic voltammograms of 4b in THF at room temperature.
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[2.2.2]
1, 2

3

（1） 完全縮環体１の合成と性質
[2.2.2] 1 n = 2,3,4,6 2

3 4 6 X

  
    

  レドックス応答型スイッチング機能をもつ
π共役オリゴマーの開発
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6

[2.2.2]

8 10

（2）ターチオフェン 2の合成と性質
[2.2.2] 2

2 2 + SbF6
-

 
ESR

13
g 2.00236  C 

-173
 X 

BCO

C-C 2.975

（3）チエニルフランの合成・性質・FET特性
S O SOSO, SOSOS, SOSOSO, 

SOSOSOS CV
SOSOS

FET
FET

SOSOS
10-2

FET
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主な研究成果外部報告
・学会報告等

1  T. Nishinaga, D. Yamazaki, A. Wakamiya, K. Komatsu, "Sterically Segregated Cationic 
Oligothiophenes", 6th International Symposium on  Functional -Electron Systems (F -6),  
2004.6.14-18, Ithaca, NY, USA

2  , , 
, 2004.11.17-18, 

3  , , , 
, 85 , 2005.3.26-29, 

4  , , , , 
, 85 , 2005.3.26-29, 

5  , , , , , , , 
FET , 85 , 2005.3.26-29, 

6  T. Nishinaga, D. Yamazaki, N. Tanino, K. Komatsu, "Properties of Radical Cation Salt of Terthiophene 
End-Capped with Bicyclo[2.2.2]octene Units" 11th International Symposium on Novel Aromatic 
Compounds (ISNA-11), 2005.8.14-18, St. Jones, Canada

7  , , , , 
, 35 , 2005.9.9-10, 

8  , , , , , , , 
FET , 66 , 2005.9.7-11, 

・論文発表等
1  Crystal Structures and Spectroscopic Characterization of Radical Cations and Dications of 

Oligothiophenes Stabilized by Annelation with Bicyclo [2.2.2] octene Units: Sterically Segregated 
Cationic Oligothiophenes ,  T. Nishinaga, A. Wakamiya, D. Yamazaki, and K. Komatsu, J. Am. Chem. 
Soc., 126, 3163–3174 (2004).

2  "Synthesis and Properties of Cationic -Conjugated Systems Stabilized by Bicyclo [2.2.2] octene 
Units", K. Komatsu and T. Nishinaga, Synlett, 187–202 (2005). (Account)

3  "Synthesis and Structural, Electronic, and Optical Properties of Oligo(thienylfuran)s in Comparison 
with Oligothiophenes and Oligofurans", Y. Miyata, T. Nishinaga, and K. Komatsu, J. Org. Chem., 70, 
1147-1153 (2005).

4  "Persistent  radical cations: self-association and its steric control in condensed phase", T. Nishinaga 
and K. Komatsu, Org. Biomol. Chem., 3, 561–569 (2005). (Perspective)

5  "A Naphthalene with Unusual Bond Alternation Made by Annelation with Bicyclo [2.1.1] hexene 
Units: Aromaticity and Reactivity", T. Uto, T. Nishinaga, A. Matsuura, R. Inoue, and K. Komatsu, J. 
Am. Chem. Soc., 127, 10162–10163 (2005).
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IAA
IAA 

(aa) IAA-aa
IAA 

IAA IAA-aa
20 IAA

IAA-aa 
IAA

IAA-aa 
N-

IAA-aa 

（1）IAA-aa合成酵素の中間体アナログ阻害剤の合成と阻害活性
GH3  IAA-aa

GH3 IAA GH3
GH3 IAA 

N- SA 1a-d Scheme 1
1a-d  IAA, PA, NAA, 2,4-D SA

AMP

1a-d Scheme 2 2 , 3
2 3 IAA, PA, 

NAA 2, 4-D 4a-d Cs2CO3

N- 5a-d
DBU DBU 4a-d 

  

植物ホルモン IAAの複合体合成および加水分解酵素の
阻害剤合成と IAAホメオスタシスの化学的ノックアウト
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Scheme 1

Cs2CO3

5a-d

NH-silica 5a-d
5a-d

5a-d 5a-d
1a-d

 NaHCO3

1a-d Diaion HP20SS
1a-d 1a-d NaHCO3

1a-d IAA-aa GH-3-5  
6 GH-3-5 6 100 mM Tris-
HCl pH 8.0 5 mM MgCl2, 5 mM ATP, 2 mM IAA 2 mM Asp 25

Scheme 2
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IAA-Asp HPLC
1 mM 1a

IAA-Asp 1 mM 1a
GH-3-5 GH-3-6 IAA-Asp

1a GH3

（2）IAA-aa 加水分解酵素の遷移状態アナログ阻害剤の合成と阻害活性
IAA-aa IAA-aa IAA

ILR1, IAR3
ILL1, ILL2, ILL3, ILL5, ILL6

ILR1, IAR3, ILL1, ILL2 in vitro IAA-aa IAA
IAA-aa

6a-e Scheme 3
6a-e

 Phe, Ile, Glu, Asp  Ala
IAA IAA-aa

6a-e Scheme 4 TMS
3  in situ 

C-P H3PO2 bis
trimethylsilyl phosphonite , - 7a-e

8a-e , - 7a-c
8a-e

TMS gramine methiodide
9a-e

Gramine methiodide gramine
3- 8a-e

C-P 9a-e
6a-e ODS

6a-e ILR1 Glutathione-

 

   
   
   

   
   

Scheme 3
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S-transferase (GST)  C ILR1  GST-ILR1
50 

mM Tris-HCl pH 7.5 1 mM IAA-Phe , 1 mM MnCl2, 1 mM DTT 25
22  (IAA) TLC 2-butanone:

AcOEt:EtOH:H2O=3:5:1:1, van Urk-Salkowski 0.1 1 mM
6a IAA TLC 6a

6a
6a ILR1 6b-e

主な研究成果外部報告
・学会報告等

1  , , , , , IAA 
IAA-amino acid synthetase ,  46 , 

2005.3.26, 
2  , , IAA 

IAA  amidohydrolase 
,  46 , 2005.3.26, 

3  , , , , ,
IAA-amino acid synthetase ,  2005 

 17 , 2005.3.29, 
4  , , , , ,

IAA-  amidohydrolase , 
 2005  17 , 2005.3.29, 

    

  

 

 

  

 
    

 

Scheme 4
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C = C C = N

100

（1）2-クロロアクリル酸の不斉還元による (S)-2-クロロプロピオン酸 ((S)-2-CPA)合成
(S)-2-CPA

(S)-2-CPA
 50% 
2-CAA

 (S)-2-CPA
NADPH 

Bacillus subtilis
Burkholderia sp. WS 

2-
E. coli (S)-2-CPA

E. coli  (3.6 
mg-protein/ml) 2-CAA (90 mM)

 (90 mM) NADP+ (1 mM) 
(S)-2-CPA 30 pH 

7.6-8.0 2-CAA
13 34 g/l

 (S)-2-CPA 1
2-CAA  (S)-2-CPA

99.99%

  

1    2-  
(S)-2-CPA

2-CAA (S)-2-CPA

 

 
 

生体触媒による C=C, C=N不斉還元反応の
解析と物質生産への応用
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（2）∆1-ピペリデイン-2-カルボン酸の不斉還
元による L-ピペコリン酸合成

L-

Pseudomonas putida DpkA
∆1- -2- Pip2C

∆1- -2- Pyr2C
L- L-

Pip2C/Pyr2C
Bacillus 

subtilis

 (150 g-protein/ml)
L-  (55 mM)  (100 mM)
NADP+ (0.2 mM) FAD (1 mM) L-

 (1.5 U/ml)  (14 
U/ml) Tris-HCl (100 mM) (pH 7.5) 

L-

5 L-  (27 
mM)  (7 U/ml)  (50 mM) 30 15 130 mM (17 
g/l) L- 2 L-  98% 97% 

（3）2-オキソカルボン酸の還元的メチルアミノ化を利用した N-メチル -L-アミノ酸合成
N-

P. putida DpkA
2- NADPH N-

-L- 2 100 mM
700 mM 100 mM 0.2 mM NADP+

N- -L- 30 pH 8.0-9.0 7 91 mM (16 
g/l) N- -L- 98% 

99%

2    DpkA L-

L- L-

3   DpkA N- -L-



241

主な研究成果外部報告
・学会報告等

1  An enzyme usuful for the synthesis of optically active N-alkyl amino acids and cyclic imino acids, 
Mihara H, Muramatsu H, Kakutani R, Yasuda M, Ueda M, Kurihara T, Esaki N, The 57th Annual 
Meeting, Vitamin Soc. Jpn., 27 May.

2  Iron-sulfur cluster assembly by Suf proteins of Escherichia coli, Kazuoka T, Mihara H, Kurihara T, 
Esaki N, 2005 Annual Meeting, Jpn. Soc. Biosci. Biotech. Agrochem., 30 March.

3  Reconstruction of protein network in the lysine degradation pathway based on genomic information, 
Osaki M, Muramatsu H, Yamanishi Y, Hizukuri Y, Mihara H, Goto S, Kanehisa M, Kurihara T, Esaki N, 
2005 Annual Meeting, Jpn. Soc. Biosci. Biotech. Agrochem., 30 March.

4  Identification of enzymes involved in the metabolism of 2-chloroacrylate in Pseudomonas sp. YL, 
Uemura T, Kurata A, Kurihara T, Esaki N, 2005 Annual Meeting, Jpn. Soc. Biosci. Biotech. Agrochem., 
30 March.

5  Identification of missing genes  for lysine degradation pathway in Pseudomonas putida, Osaki M, 
Mihara H, Kurihara T, Esaki N, 2005 Annual Meeting, Jpn. Biochem. Soc., 20 October.

・論文発表等
1  Crystal structures of ∆1-piperideine-2-carboxylate/ ∆1-pyrroline-2-carboxylate reductase belonging to 

a new family of NAD (P) H-dependent oxidoreductases conformational change, substrate recognition, 
and stereochemistry of the reaction , Goto M, Muramatsu H, Mihara H, Kurihara T, Esaki N, Omi R, 
Miyahara I, Hirotsu K, J Biol Chem, 2005, 280, 40875-40884.

2  A new family of NAD (P) H-dependent oxidoreductases distinct from conventional Rossmann-fold 
proteins , Muramatsu H, Mihara H, Goto M, Miyahara I, Hirotsu K, Kurihara T, Esaki N, J Biosci 
Bioeng, 2005, 99, 541-547.

3  2-Haloacrylate reductase, a novel enzyme of the medium chain dehydrogenase/reductase superfamily 
that catalyzes the reduction of a carbon-carbon double bond of unsaturated organohalogen compounds , 
Kurata A, Kurihara T, Kamachi H, Esaki N, J Biol Chem, 2005, 280, 20286-20291.

4  N-Methyl-L-amino acid dehydrogenase from Pseudomonas putida. A novel member of an unusual 
NAD(P)-dependent oxidoreductase superfamily , Mihara H, Muramatsu H, Kakutani R, Yasuda M, 
Ueda M, Kurihara T, Esaki N, FEBS J, 2005, 272, 1117-1123.

5  The putative malate/lactate dehydrogenase from Pseudomonas putida is an NADPH-dependent ∆1 

-piperideine-2-carboxylate/ ∆1-pyrroline-2-carboxylate reductase involved in the catabolism of D-lysine 
and D-proline , Muramatsu H, Mihara H, Kakutani R, Yasuda M, Ueda M, Kurihara T, Esaki N, J Biol 
Chem, 2004, 280, 5329-5335.
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1 2
3

（1）効率的置換へテロ環合成

Bu3SnSnBu3

N-
Bu3SnSnBu3

1 1

 
 

 

1    

高効率的分子変換手法の開発
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（2）効率的キラル反応剤合成

– –

3 R）-2
-1

Si 2
-1/ R -2

-1/ S -2

 

（3）効率的環状ケトン合成

4

1 0
7

C–C

2   
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2 o-
7 - 2

(i)
(ii)
(iii) (iv) 3-

(v)

3

主な研究成果外部報告
・学会報告等

1  , ,  , EOC , 
2005.3.15-16, 

2  , , , 
, 85 , 2005.3.26-29, 

3  , , , , 
85 , 2005.3.26-29, 

4  T. Ohmura, H. Taniguchi, M. Suginome, Palladium-Catalyzed Asymmetric Silaboration of Allenes , 
OMCOS13, 2005.7.17-21, Geneva

5  , , , , 52
, 2005.9.15-16, 

6  
86 , 2005.3.26-29, 

7  7
86 , 2005.3.26-29, 

8  
52 2005.9.15-16

・論文発表等
1  Radical Addition to Cation Pool . Reverse Process of Radical Cation Fragmentation,  T. Maruyama, 

S. Suga, J. Yoshida, J. Am. Chem. Soc., 127, 7324-7325 (2005).
2  Nickel-Catalyzed Intermolecular Alkyne Insertion into Cyclobutanones,  M. Murakami, S. Ashida, T. 

Matsuda, J. Am. Chem. Soc., 127, 6932-6933 (2005).
3  Synthesis of Seven-Membered Ring Ketones by Arylative Ring-Expansion of Alkyne- Substituted 

Cyclobutanones,  T. Matsuda, M. Makino, M. Murakami, Angew. Chem. Int. Ed., 44, 4608-4611 (2005).
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Si-O-Si

3mg/cm3

界面活性剤を用いた相分離の抑制と均一なナノ細孔の構築
3

60

 

メチルシロキサン組成低密度ゲルに基づく
透光性断熱材料
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1    

2    1    2
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