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研究成果の概要（和文）：P=C二重結合を有するホスファアルケンは，極めてエネルギー準位の低いπ*軌道をも
ち，遷移金属に対して強いπ受容性を発揮する．我々は，この特異な配位子特性を用いて，(1)低酸化状態にあ
る鉄，ニッケル，銅などの配位不飽和錯体を効果的に安定化できることを見出した．(2)前例のない平面四角形
構造をもつ白金(0)錯体の合成単離に成功した．(3)ノンイノセントな PNP ピンサー型ホスファアルケン配位子
を開発し，金属－配位子協同作用によるアンモニアのN-H結合やアセトニトリルのC-H結合の活性化に成功した．
また，(4)常温常圧で二酸化炭素のヒドロシリル化を触媒する高活性錯体を開発した．

研究成果の概要（英文）：Phosphaalkenes with a P=C double bond possesses an extremely low-lying π* 
orbital, thereby serving as strong π-acceptors towards transition metals. We have found that this 
particular ligand property is useful in organometallic chemistry, leading to the following results. 
(1) PNP-pincer type phosphaalkene ligands effectively stabilize coordinatively unsaturated complexes
 of iron, nickel, and copper in low oxidation states. (2) A bis(phosphaethenyl)pyridine ligand forms
 very unusual platinum(0) complexes with a square planar configuration. (3) Noninnocent PNP-pincer 
type phosphaalkene complexes of iridium(I) rapidly cleave the N-H of ammonia and the C-H bond of 
acetonitrile at room temperature via metal-ligand cooperation. (4) The same iridium(I) complexes 
effectively catalyze hydrosilylation of carbon dioxide at room temperature under normal pressure.

研究分野：有機金属化学

キーワード： 感応性金属錯体　低配位リン化合物　配位子制御　結合活性化　触媒機能
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 1 0.1  0 RT  7  990 

 2 0.01  0 RT 24 1500 

 3 0.01 0.1 RT 24 3100 

 4 0.01 0.1 40 24 5100 
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entry complex (L)  conv. (%) amine (%) imine (%) 
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 1 K[11] (Cl–)  99 60 30 

 2 12a (CO) 100 92  8 

 3 12b (tBuNC) 100 92  8 

 4 12c (PMe3)  85 45 39 

 5 12d (PPh3)  74 13 60 

 6a 12d (PPh3)  99  6 93 
––––––––––––––––––––––––––––––––––––––––––––––––––––––– 
aThe reaction was examined under a nitrogen-gas flow. 



 
14  

 K. Takeuchi, H. Taguchi, I. Tanigawa, S. 
Tsujimoto, T. Matsuo, H. Tanaka, K. 
Yoshizawa, F. Ozawa, A Square Planar 
Complex of Platinum(0), Angew. Chem. Int. 
Ed. 2016, 55, 15347-15350, . 

 DOI: 10.1002/anie.201609515s 
 F. Ozawa, Y. Nakajima, PNP-Pincer Type 

Phosphaalkene Complexes of Late Transition 
Metals, Chem. Rec. 2016, 16, 2314-2323, 

. 
 DOI: 10.1002/tcr.201600054 

 H. Taguchi, D. Sasaki, K. Takeuchi, S. 
Tsujimoto, T. Matsuo, H. Tanaka, K. 
Yoshizawa, F. Ozawa, Unsymmetrical PNP- 
Pincer Type Phosphaalkene Ligands Pro- 
tected by a Fused-Ring Bulky Eind Group: 
Synthesis and Applications to Rh(I) and Ir(I) 
Complexes, Organometallics 2016, 35, 1526- 
1533, . 

 DOI: 10.1021/acs.organomet.6b00113 
 Y. Nakajima, T. Tsuchimoto, Y. Chang, K. 

Takeuchi, F. Ozawa, Reactions of [Cu(X)- 
(BPEP-Ph)] (X = PF6, SbF6) with Silyl 
Compounds. Cooperative Bond Activation 
Involving Non-coordinating Anions, Dalton 
Trans. 2016, 45, 2079-2084, . 

 DOI: 10.1039/c5dt03166d 
 Y. Chang, I. Tanigawa, H. Taguchi, K. 

Takeuchi, F. Ozawa, Iridium(I) Complexes 
Bearing a Noninnocent PNP-Pincer Type 
Phosphaalkene Ligand: Catalytic Applica- 
tion to Base-Free N-Alkylation of Amines 
with Alcohols, Eur. J. Inorg. Chem. 2016, 
754-760, . 

 DOI: 10.1002/ejic.201500900 
 Y. Chang, K. Takeuchi, M. Wakioa, F. 

Ozawa, C–H Bond Cleavage of Acetonitrile 
by Iridium Complexes Bearing PNP-Pincer 
Type Phosphaalkene Ligands, Organo- 
metallics 2015, 34, 1957-1962, . 

 DOI: 10.1021/acs.organomet.5b00207 
 H. Taguchi, Y. Chang, K. Takeuchi, F. 

Ozawa, Catalytic Synthesis of an Unsym- 
metrical PNP-Pincer Type Phosphaalkene 
Ligand, Organometallics 2015, 34, 1589- 
1596, . 

 DOI: 10.1021/acs.organomet.5b00195 
 Y. Lin, N. Ichikawa, Y. Nakajima, F. Ozawa, 

Disproportionation of Bis(phospha- 
ethenyl)pyridine Iron(I) Bromide Induced by 
tBuNC, Organometallics 2014, 33, 6700- 
6703, . 

 DOI: 10.1021/om500901a 
 K. Takeuchi, A. Minami, Y. Nakajima, F. 

Ozawa, Synthesis and Structures of Nickel 
Complexes with a PN-Chelate Phospha- 
alkene Ligand, Organometallics 2014, 33, 

5365-5370, . 
 DOI: 10.1021/om500685x 

 Y. Lin, Y. Nakajima, F. Ozawa, Reduction of 
an Fe(I) Mesityl Complex Induced by π-Acid 
Ligands, Dalton Trans. 2014, 43, 9032-9037, 

. 
 DOI: 10.1039/c4dt00170b 

 Y. Chang, Y. Nakajima, H. Tanaka, K. 
Yoshizawa, F. Ozawa, Mechanism of N–H 
Bond Cleavage of Aniline by a Dearomat- 
ized PNP-Pincer Type Phosphaalkene Com- 
plex of Iridium(I), Organometallics 2014, 33, 
715-721, . 

 DOI: 10.1021/om401053j 
 Y. Chang, Y. Nakajiam, H. Tanaka, K. 

Yoshizawa, F. Ozawa, Facile N–H Bond 
Cleavage of Ammonia by an Iridium Com- 
plex Bearing a Non-innocent PNP-Pincer 
Type Phosphaalkene Ligand, J. Am. Chem. 
Soc. 2013, 135, 11791-11794, . 

 DOI: 10.1021/ja407163z 
 Y. Nakajima, Y. Okamoto, Y. Chang, F. 

Ozawa, Synthesis, Structures, and Reactivity 
of Ruthenium Complexes with PNP-pincer 
Type Phosphaalkene Ligands, Organo- 
metallics 2013, 32, 2918-2925, . 

 DOI: 10.1021/om400126v 
 Y. Chang, Y. Nakajima, F. Ozawa, A Bis- 

(phosphaethenyl)pyridine Complex of 
Iridium(I): Synthesis and Catalytic Appli- 
cation to N-Alkylation of Amines with 
Alcohols, Organometallics 2013, 32, 2210- 
2215, . 

 DOI: 10.1021/om4000743 

48  
 H. Taguchi, K. Takeuchi, D. Sasaki, S. 

Tsujimoto, T. Matsuo, F. Ozawa, Synthesis 
of Ir(I) and Rh(I) Complexes Bearing a 
Noninnocent PNP-Pincer Type Phospha- 
alkene Ligand (Eind-PPEP) and Their 
Application for Catalytic Hydrosilylation of 
CO2, 20th International Symposium on 
Homogeneous Catalysis (ISHC20), 2016/7/ 
10-16, Kyoto. (Poster Prize ISHC20) 

 , , , 
, , PNP

I
CO2

, 5 JACI/GSC , 
2016/6/2-3, ANA , 

. ( ) 
 F. Ozawa, Non-innocent PNP-Pincer Type 

Phosphaalkene Ligands: A Powerful Tool for 
Metal–Ligand Cooperative Activation of 
Inert Molecules, Pacifichem2015, 2015/12/ 
15-20, Honolulu, Hawaii, USA. (Invited 
Lecture) 

 Y. Nakajima, Y. Lin, N. Ichihara, F. Ozawa, 
Reduction Behavior of Fe(I) Complexes 



Bearing a PNP-Pincer Type Phosphaalkene 
Ligand, Pacifichem2015, 2015/12/15-20, 
Honolulu, Hawaii, USA. (Invited Lecture) 

 Y. Chang, K. Takeuchi, F. Ozawa, Catalytic 
Hydrosilylation of CO2 Using an Iridium(I) 
Complex Bearing Unsymmetrical PNP- 
Pincer Type Phosphaalkene Ligands, 
Pacifichem2015, 2015/12/15-20, Honolulu, 
Hawaii, USA. (Oral Presentation) 

 H. Taguchi, D. Sasaki, Y. Chang, K. 
Takeuchi, S. Tsujimoto, T. Matsuo, F. 
Ozawa, Unsymmetrical PNP-Pincer Type 
Phosphaalkene Ligands with Rind Groups: 
Synthesis and Application to Rhodium(I) and 
Iridium(I) complexes, Pacifichem2015, 2015/ 
12/15-20, Honolulu, Hawaii, USA. (Poster 
Presentation) 

 F. Ozawa, Synthesis and Reactions of 
PNP-Pincer Type Phosphaalkene Complexes 
of Iridium(I): A Remarkable Enhancement of 
Reactivity by a P=C Double Bond, The 16th 
Korea-Japan Joint Symposium on Organo- 
metallic and Coordination Chemistry, 2014/ 
10/23-24, Sendai. (Invited Lecture) 

 F. Ozawa, Y. Chang, Y. Nakajima, H. 
Tanaka, K. Yoshizawa, PNP-Pincer Type 
Phosphaalkene Complexes of Iridium: A 
Remarkable Enhancement of Reactivity by a 
P=C Double Bond, The 26th International 
Conference on Organometallic Chemistry 
(ICOMC2014), 2014/7/13-18, Sapporo. (Oral 
Presentation) 

 K. Takeuchi, A. Minami, Y. Nakajima, F. 
Ozawa, Synthesis, Structures, and Reactions 
of Nickel Complexes with a PN-Chelate 
Phosphaalkene Ligand, The 26th Internation- 
al Conference on Organometallic Chemistry 
(ICOMC2014), 2014/7/13-18, Sapporo. 
(Poster Presentation) 

 Y. Chang, F. Ozawa, C–H Bond Cleavage of 
Acetonitrile by Iridium Complexes Bearing a 
Noninnocent PNP-Pincer Type Phospha- 
alkene Ligand, The 26th International 
Conference on Organometallic Chemistry 
(ICOMC2014), 2014/7/13-18, Sapporo. 
(Poster Presentation) 

 H. Taguchi, K. Takeuchi, F. Ozawa, 
Catalytic Synthesis of an Unsymmetrical 
PNP-Pincer Type Phosphaalkene Ligand, 
The 26th International Conference on 
Organometallic Chemistry (ICOMC2014), 
2014/7/13-18, Sapporo. (Poster Presentation) 

 F. Ozawa, PNP-Pincer Type Phosphaalkene 
Complexes of Ir(I): A Remarkable 
Enhancement of Reactivity by a P=C Bond, 
The 20th International Congress on 
Phosphorus Chemistry (ICPC2014), 2014/6/ 
28-7/2, Dublin, Ireland. (Invited Lecture) 

 K. Takeuchi, A. Minami, Y. Nakajima, F. 
Ozawa, Synthesis, Structures and Reactions 

of Nickel Complexes with a PN-Chelate 
Phosphaalkene Ligand, The 20th Interna- 
tional Congress on Phosphorus Chemistry 
(ICPC2014), 2014/6/28-7/2, Dublin, Ireland. 
(Oral Presentation) 

 Y. Chang, Y. Nakajima, F. Ozawa, N–H 
Bond Cleavage of Amines by Iridium(I) 
Complexes with Non-innocent PNP Pincer- 
Type Phosphaalkene Ligands, The Sixteenth 
International Symposium on Relations 
between Homogeneous and Heterogeneous 
Catalysis (ISHHC-16), 2013/8/4-9, Sapporo. 
(Poster Presentation) 

 , 
, , 

2013/3/13, , . (
) 

 Y. Nakajima, Y. Chang, Y. Shiraishi, T. 
Tsuchimoto, F. Ozawa, Highly Electrophilic 
Cu(I) Complexes Supported by a Bis- 
(phosphaethenyl)pyridine Ligand, The 25th 
International Conference on Organometallic 
Chemistry (ICOMC2012), 2012/9/2-7, Lisbon, 
Portugal. (Oral Presentation). 

 Y. Chang, Y. Nakajima, F. Ozawa, 
N-Alkylation of Primary and Secondary 
Amines with Alcohols Catalyzed by 
Bis(phosphaethenyl)pyridine Iridium(I) 
Complexes, The 25th International 
Conference on Organometallic Chemistry 
(ICOMC2012), 2012/9/2-7, Lisbon, Portugal. 
(Poster Presentation) 

 Y. Lin, Y. Nakajima, F. Ozawa, Synthesis 
and Properties of Organoiron(I) Complexes 
Bearing a Bis(phosphaethenyl)pyridine 

Ligand, The 25th International Conference 
on Organometallic Chemistry (ICOMC- 
2012), 2012/9/2-7, Lisbon, Portugal. (Poster 
Presentation) 

 
 

http://om.kuicr.kyoto-u.ac.jp 

 
1  

OZAWA, Fumiyuki  
 

40134837 
 

3 H25 3 31  
NAKAJIMA, Yumiko  

 
80462711 


