
Organometallic Chemistry

Edited by

Hiroshi Nakazawa
Osaka City University, Japan
Email: nakazawa@sci. osaka-cu. ac.jp

and

Julian Koe
International Christian University, Japan 
Email: koe@icu.ac.jp

ROYAL SOCIETY 
w OF CHEMISTRY

mailto:koe%40icu.ac.jp


Contents

Section 1: Basics

Chapter 1 What is Organometallic Chemistry 3
Hiroshi Nakazawa

1.1 Organic Chemistry and Inorganic Chemistry 3
1.2 Coordination Chemistry 4
1.3 Organometallic Chemistry 6
References 7

Chapter 2 Basic Concepts Relating to Organometallic Complexes 9
Hiroshi Nakazawa

2.1 Introduction 9
2.2 EAN Rule 9
2.3 Eighteen Electron Rule (18e Rule) 10
2.4 Electron Counting 11

2.4.1 Transition Metal 12
2.4.2 Ligand 12
2.4.3 Total Charge of the Complex 19
2.4.4 Importance of Electron Counting 19

2.5 Formal Oxidation Number and d Electron Number 20
2.5.1 Formal Oxidation Number 20
2.5.2 How to Determine the Formal Oxidation

Number 21
2.5.3 d Electron Number (d Electron Count) 22

Coordination Chemistiy Fundamentals Series No. 1 
Organometallic Chemistiy
Edited by Hiroshi Nakazawa and Julian Koe 
© Japan Society of Coordination Chemistiy 2021
Published by the Royal Society of Chemistiy, www.rsc.org

http://www.rsc.org


xii Contents

2.6 Bond Order in Metal-Metal Bonds between
Transition Metals 22

2.7 Structures of Organometallic Complexes 25
References 26

Chapter 3 Bonds in Organometallic Complexes 27
Hiroshi Nakazawa

3.1 o-Bonds between Transition Metals and Carbon 27
3.2 n-Bonds between Transition Metals and Carbon 28

3.2.1 K-Bond 28
3.2.2 Metal-carbonyl Bond 29
3.2.3 Metal-olefin Bond 30

3.3 Theoretical Considerations 31
3.3.1 Crystal Field Theory 31
3.3.2 Ligand Field Theory (LFT) 35
3.3.3 Reason for the Establishment of the 18e Rule 39

3.4 Reason Why a Four-coordinate d8 Complex Adopts a
Square-planar Structure 41

Reference 42

Chapter 4 Carbonyl, Olefin and Phosphine Complexes 43
Hiroshi Nakazawa

4.1 Introduction 43
4.2 Carbonyl Complexes 43
4.3 Olefin Complexes 47

4.3.1 Change in Oxidation State of the Metal 49
4.3.2 Substituents on the Olefin 49
4.3.3 Fluxionality: Olefin Rotational Motion 49
4.3.4 C=C Double Bond Length of the Olefin 50
4.3.5 Bent Back Angle of the Olefin 50

4.4 Phosphine Complexes 51
References 57

Chapter 5 Carbene Complexes — Complexes with M=C Double 
Bonds 58
Hiroshi Nakazawa

5.1 History of Carbene Complexes 58
5.2 Properties of Carbene Complexes 60
5.3 Reactivity of Carbene Complexes 63
References 66



Contents xiii

Chapter 6 Basic Reactions of Organometallic Complexes 67
Hiroshi Nakazawa

6.1 Introduction 67
6.2 Oxidative Addition 67

6.2.1 Vaska’s Complex 68
6.2.2 C-H Bond Activation 69
6.2.3 Orthometallation 70
6.2.4 Ease of Oxidative Addition 70

6.3 Reductive Elimination 71
6.3.1 Reductive Elimination in czs-[MR2L2]

(L — Phosphine, M = Ni, Pd, Pt) 72
6.3.2 Ease of Reductive Elimination 73
6.3.3 Effects of Additives on Reductive Elimination 74
6.3.4 Concerted Reductive Elimination 75

6.4 Insertion 76
6.4.1 CO Insertion 76
6.4.2 Olefin Insertion 79
6.4.3 ß Hydride and ß Alkyl Elimination Reactions 82

References 84

Chapter 7 Catalysis by Organometallic Complexes 85
Hiroshi Nakazawa

7.1 Introduction 85
7.2 Olefin Polymerization 86

7.2.1 Ziegler Catalysts 86
7.2.2 Natta Catalysts 87

7.3 Olefin Isomerization 89
7.4 Olefin Hydroformylation 91
7.5 The Wacker Process (Höchst-Wacker Process) 93
7.6 The Monsanto Process for the Synthesis of

Acetic Acid 94
References 96

Section 2: Advanced

Chapter 8 Chemistry of Transition Metal Complexes with Group 14 
Elements: Transition Metal Complexes with Silicon, a
Heavier Carbon Group Element 99
Masaaki Okazaki

8.1 Introduction 99



xiv Contents

References 132

8.2 Transition Metal Silyl Complexes 100
8.2.1 Synthetic Routes to Transition Metal Silyl 

Complexes 100
8.2.2 Bonding in Transition Metal Silyl Complexes 104
8.2.3 Effect of Silyl Ligands on Metal Centers 105
8.2.4 Reactivity of Transition Metal-Silyl Complexes 106

8.3 r|2-Silane Complexes 114
8.3.1 Bonding in r)2-Silane Complexes 115
8.3.2 Reactivity of r]2-Silane Complexes 116

8.4 Silylene Complexes 116
8.4.1 Stoichiometric and Catalytic Reactions

Involving Silylene Complexes as Key 
Intermediates 116

8.4.2 Bonding in Silylene Complexes 117
8.4.3 Synthesis of Silylene Complexes 118
8.4.4 Schrock-type Silylene Complexes 122
8.4.5 Reactivity of Silylene Complexes 123

8.5 Three-membered Silametallacycles 127
8.5.1 Silene Complexes 127
8.5.2 Disilene Complexes 129
8.5.3 Silaimine Complexes 130
8.5.4 Phosphasilametallacyclopropanes 130

8.6 Silicon-bridged Dinuclear Complexes 131

Chapter 9 Chemistry of Transition Metal Complexes with Group 13 
Elements: Transition Metal Complexes with Lewis Acidic
Ligands
Yasuro Kawano and Keiji Ueno

136

9.1 Introduction 136
9.2 Transition Metal Complexes with Boron

Coordination 137
9.2.1 Syntheses of Transition Metal-Boryl

Complexes 137
9.2.2 Properties of Boron-Metal Bonds and

Structures of Boryl Complexes 142
9.2.3 Reactivity of Boiyl Complexes 145
9.2.4 Borylene Complexes 150
9.2.5 Metal-catalyzed Dehydrocoupling Reactions

of Amine-Boranes 155
9.2.6 Summary 158



Contents xv

9.3 Transition Metal Complexes with Aluminum,
Gallium, Indium and Thallium Coordination 158
9.3.1 Brief History of the Synthesis of M-E

Complexes (M = transition metal, E = Al,
Ga, In, and Ta) 158

9.3.2 Typical Structures of Complexes 159
9.3.3 Bonding 161
9.3.4 M-E Bonding in M-ER Complexes 161
9.3.5 Synthetic Methods 165
9.3.6 Reactivity 171
9.3.7 Summary 172

References 173

Chapter 10 Chemistry of Transition Metal Complexes with 
Group 15 Elements: Transition Metal Complexes 
with One Lone Pair of Electrons on the Coordinating 
Atom 176
Hiroyuki Matsuzaka and Tsutomu Mizuta

10.1 Introduction 176
10.2 Transition Metal Complexes with Nitrogen

Coordination 177
10.2.1 M-N Bond in Transition Metal

Amine Complexes 177
10.2.2 M-N Bond in Transition Metal

Amide Complexes 178
10.2.3 Preparation of Transition Metal

Amide Complexes 184
10.2.4 Reactivity of Transition Metal

Amide Complexes 186
10.3 Transition Metal Complexes with Phosphorus

Coordination 191
10.3.1 M-P Bond in Transition Metal

Phosphide Complexes 191
10.3.2 Preparation and Reactivity of

Transition Metal Phosphide
Complexes 193

10.3.3 Other Types of Phosphorus
Ligand 194

10.4 Summary 201
References 201



xvi Contents

Chapter 11 Chemistry of Transition Metal Complexes with 
Group 16 Elements: Transition Metal Complexes with
Two Lone Pairs of Electrons on the Coordinating Atom 203 
Kohtaro Osakada

11.1 Introduction 203
11.2 Synthesis of M-OR and M-SR Complexes 204
11.3 Bonding and Properties of M-OR Complexes 210
11.4 Properties of M-SR Complexes 220
11.5 Summary 224
References 224

Chapter 12 Nobel Prizes Relating to Organometallic Chemistry 228
Kohtaro Osakada

12.1 Introduction 228
12.2 Olefin Polymerization Catalysts, Nobel Prize for

Chemistry 1963, Karl Ziegler and Giulio Natta 229
12.3 Sandwich Compounds, Nobel Prize for Chemistry

1973, Ernst Otto Fischer and Geoffrey Wilkinson 233
12.4 Electrically Conductive Polymers, Nobel Prize for 

Chemistry 2000, Alan J. Heeger,
Alan G. MacDiarmid, and Hideki Shirakawa 236

12.5 Asymmetric Catalysis, Nobel Prize for Chemistry
2001, William S. Knowles, Ryoji Noyori and
K. Barry Sharpless 239

12.6 Olefin Metathesis, Nobel Prize for Chemistry 2005, 
Yves Chauvin, Robert H. Grubbs and
Richard R. Schrock 246

12.7 Cross-coupling Reactions Using Pd Catalysts,
Nobel Prize for Chemistry 2010, Richard F. Heck, 
Eiichi Negishi and Akira Suzuki 250

12.8 Summary 253
References 253

Chapter 13 Problem Solutions 256
Hiroshi Nakazawa

Appendix 271

Subject Index 273


