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Shū Kobayashi
2.16.1 Introduction 335

2.16.2 Lewis Acid Catalysis in Aqueous Media 335

2.16.2.1 Aldol Reactions 336

2.16.2.2 Allylation Reactions 337

2.16.2.3 Diels–Alder Reactions 338

2.16.2.4 Micellar Systems 338

2.16.2.5 Recovery and Reuse of the Catalyst 340

2.16.3 Activation of Nitrogen-containing Compounds 340

2.16.3.1 Mannich-type Reaction 341

2.16.3.2 Aza Diels–Alder Reactions 344

2.16.3.3 1,3-Dipolar Cycloaddition 347

2.16.3.4 Reactions of Imines with Alkynyl Sulfides 348

2.16.4 Asymmetric Catalysis 348

2.16.4.1 Asymmetric Diels–Alder Reaction 348

2.16.4.2 Asymmetric [2 + 2]-Cycloaddition 353

2.16.4.3 Asymmetric Aza Diels–Alder Reaction 354

2.16.4.4 Asymmetric 1,3-Dipolar Cycloaddition 355

2.16.5 Miscellaneous 356

2.16.6 References 358

ContentsXII



2.17 Lanthanide Complexes in Asymmetric Two-Center Catalysis 363

Masakatsu Shibasaki, Hiroaki Sasai, and Naoki Yoshikawa
2.17.1 Heterobimetallic Lanthanide Complexes in Asymmetric

Two-Center Catalysis 363

2.17.1.1 Introduction 363

2.17.1.2 Catalytic Enantioselective Nitroaldol Reactions Promoted
by LnLB Catalysts 364

2.17.1.3 Second-Generation LLB Catalyst 365

2.17.1.4 Catalytic Asymmetric Conjugate Additions by LnSB 366

2.17.1.5 Catalytic Enantioselective Hydrophosphonylations 367

2.17.1.6 Enantioselective Direct Aldol Reactions 369

2.17.2 Alkali Metal-Free Lanthanide Complexes in Asymmetric
Two-Center Catalysis 371

2.17.2.1 Catalytic Enantioselective Epoxidations 371

2.17.3 La-Linked-BINOL Complex 374

2.17.4 Enantioselective Cyanosilylation of Aldehydes Catalyzed
by Ln-Ln Homobimetallic Complexes 375

2.17.5 Conclusions 377

2.17.6 References 377

2.18 Bismuth Reagents and Catalysts in Organic Synthesis 379

Axel Jacobi von Wangelin
2.18.1 Introduction 379

2.18.2 Carbon-Carbon Bond-Forming Reactions 380

2.18.2.1 Bismuth(0) 380

2.18.2.2 Bismuth(III) 381

2.18.2.3 Organobismuth Compounds 385

2.18.3 Carbon-Heteroatom Bond-Forming Reactions 388

2.18.4 Outlook 392

2.18.5 References 392

3 Transition Metal-Mediated Reactions 395

3.1 Fischer-Type Carbene Complexes 397

Karl Heinz Dötz and Ana Minatti
3.1.1 Synthesis and Reactivity 397

3.1.2 Carbene-Ligand Centered Reactions 398

3.1.2.1 Carbon-Carbon Bond Formation via Metal Carbene Anions 398

3.1.2.2 Carbon Nucleophile Addition to �,�-Unsaturated Carbene
Complexes 400

3.1.3 Metal-Centered Reactions 402

3.1.3.1 [3+2+1] Benzannulation 402

3.1.3.2 Cyclopropanation Reactions 409

3.1.3.3 Photoinduced Reactions of Carbene Complexes 412

3.1.4 Synthesis of Five-Membered Carbocycles 414

Contents XIII



3.1.5 Group 6 Metal Carbenes in Catalytic Carbene Transfer Reactions 418

3.1.6 References 421

3.2 Titanium–Carbene Mediated Reactions 427

Nicos A. Petasis
3.2.1 Introduction 427

3.2.1.1 Precursors to Titanium Carbenes 427

3.2.1.2 Geminal Bimetallic Derivatives 429

3.2.2 Carbonyl Olefinations 430

3.2.2.1 Carbonyl Methylenations with the Tebbe Reagent 431

3.2.2.2 Carbonyl Olefinations with Dimethyl Titanocene
and Related Derivatives 433

3.2.2.3 Carbonyl Methylenations with CH2Br2–Zn–TiCl4
and Related Systems 437

3.2.2.4 Carbonyl Alienations 439

3.2.3 Alkyne Reactions 440

3.2.4 Nitrile Reactions 440

3.2.5 Olefin Metathesis Reactions 442

3.2.6 Ring-opening Metathesis Polymerizations (ROMP) 443

3.2.7 References 444

3.3 The McMurry Reaction and Related Transformations 449

Alois Fürstner
3.3.1 Introduction 449

3.3.2 Some Lessons from Inorganic Chemistry:
The Family of McMurry Reagents 450

3.3.3 Recommended Procedures 452

3.3.3.1 Titanium–Graphite and Other Supported Titanium Reagents 452

3.3.3.2 The TiCl3/Zn Reagent Combinations 453

3.3.3.3 Activation of Commercial Titanium 455

3.3.4 McMurry Coupling Reactions in Natural Product Synthesis 456

3.3.5 Nonnatural Products 458

3.3.6 Titanium-induced Cross-Coupling Reactions 461

3.3.6.1 Mixed Couplings of Aldehydes and Ketones 461

3.3.6.2 Keto-Ester Cyclizations 462

3.3.6.3 Synthesis of Aromatic Heterocycles 463

3.3.7 References 466

3.4 Chromium(II)-Mediated and -Catalyzed C-C Coupling Reactions 469

David M. Hodgson and Paul J. Comina
3.4.1 Introduction 469

3.4.2 Allylic Halides 470

3.4.3 1,1-Di- and 1,1,1-Trihalides 472

3.4.4 Alkenyl and Aryl Halides (and Enol Triflates) 474

3.4.5 Alkynyl Halides 476

ContentsXIV



3.4.6 Alkyl Halides 476

3.4.7 Transformations Involving C=O and C=C Reduction 477

3.4.8 References 479

3.5 Manganese(III)-Based Oxidative Free-Radical Cyclizations 483

Barry B. Snider
3.5.1 Introduction 483

3.5.2 Oxidizable Functionality 484

3.5.3 Oxidants and Solvents 485

3.5.4 Common Side Reactions 486

3.5.5 Cyclization Substrates 487

3.5.6 References 489

3.6 Titanium-Mediated Reactions 491

Rudolf O. Duthaler, Frank Bienewald, and Andreas Hafner
3.6.1 Introduction – Preparation of Titanium Reagents 491

3.6.2 Addition of Allyl Nucleophiles to Aldehydes and “Ene” Reactions 493

3.6.3 Aldol-Type Addition of Enolates to Aldehydes 499

3.6.4 Addition of Alkyl-Nucleophiles to Aldehydes 503

3.6.5 Cycloadditions and Miscellaneous Reactions 508

3.6.6 References 513

3.7 Zinc-Mediated Reactions 519

Axel Jacobi von Wangelin and Mathias U. Frederiksen
3.7.1 Introduction 519

3.7.2 Preparations and Coupling Reactions 519

3.7.2.1 Zinc Insertion into C-X Bonds 520

3.7.2.2 Transmetalations 521

3.7.3 Cross-Coupling Reactions 525

3.7.3.1 Unsaturated Coupling Partners 525

3.7.3.2 Saturated Coupling Partners 528

3.7.3.3 Carbometalations 529

3.7.4 Organozinc Additions to C=X 530

3.7.4.1 Alkylzinc Nucleophiles 530

3.7.4.2 Arylzinc and Vinylzinc Nucleophiles 531

3.7.4.3 Alkynylzinc Nucleophiles 533

3.7.5 Asymmetric Conjugate Additions 536

3.7.5.1 Copper Catalysis 536

3.7.5.2 Nickel Catalysis 538

3.7.5.3 Oxa- and Phospha-Conjugate Additions 538

3.7.6 Aldol Reactions 539

3.7.7 Cyclopropanation 541

3.7.8 Reactions of Zinc Enolates 543

3.7.8.1 Reformatsky-type Reactions 543

3.7.8.2 Amino Acid Syntheses 544

Contents XV



3.7.8.3 Palladium-Catalyzed Reactions 545

3.7.8.4 Miscellaneous Reactions 546

3.7.9 Summary and Outlook 547

3.7.10 References 547

3.8 The Conjugate Addition Reaction 553

A. Alexakis
3.8.1 Introduction 553

3.8.2 General Aspects of Reactivity 553

3.8.3 Enantioselectivity 556

3.8.4 References and Notes 560

3.9 Carbometalation Reactions of Zinc Enolate Derivatives 563

Daniella Banon-Tenne and Ilan Marek
3.9.1 Introduction 563

3.9.2 Intramolecular Carbometalation 563

3.9.3 Intermolecular Carbometalation 569

3.9.4 Conclusions 571

3.9.5 Acknowledgements 572

3.9.6 References 572

3.10 Iron Acyl Complexes 575

Karola Rück-Braun
3.10.1 Introduction 575

3.10.2 Acyl Complexes Derived from Pentacarbonyl Iron 575

3.10.3 Phosphine-Substituted Chiral-at-Iron Derivatives and Analogs 576

3.10.4 Diiron Enoyl Acyl Complexes 578

3.10.5 Iron-Substituted Enones and Enals 580

3.10.6 References 582

3.11 Iron–Diene Complexes 585

Hans-Joachim Knölker
3.11.1 Introduction 585

3.11.2 Preparation of Iron–Diene Complexes 585

3.11.3 Iron-Mediated Synthesis of Cyclopentadienones 588

3.11.4 Synthetic Applications of Iron–Butadiene Complexes 591

3.11.5 Synthetic Applications of Iron–Cyclohexadiene Complexes 594

3.11.5.1 Iron-Mediated Total Synthesis of Carbazole Alkaloids 595

3.11.5.2 Iron-Mediated Diastereoselective Spiroannulations 596

3.11.6 References 598

3.12 Chromium-Arene Complexes 601

Hans-Günther Schmalz and Florian Dehmel
3.12.1 Introduction 601

3.12.2 Preparation 602

ContentsXVI



3.12.3 Nucleophilic Addition to the Arene Ring 602

3.12.4 Ring Lithiation 604

3.12.5 General Aspects of Side Chain Activation 605

3.12.6 Side Chain Activation via Stabilization of Negative Charge 606

3.12.7 Side Chain Activation via Stabilization of Positive Charge 607

3.12.8 Stabilization of Radicals in the Benzylic Position 608

3.12.9 Additions to Complexed Benzaldehydes and Related Substrates 609

3.12.10 Cross-Coupling Reactions 610

3.12.11 Solid Phase Chemistry 611

3.12.12 Arene-Cr(CO)3 Complexes as Catalysts 612

3.12.13 References 613

3.13 Pauson-Khand Reactions 619

D. Strübing and M. Beller
3.13.1 Introduction 619

3.13.2 Stoichiometric Pauson-Khand Reactions 620

3.13.3 Catalytic Pauson-Khand Reactions 622

3.13.4 Stereoselective Pauson-Khand Reactions 624

3.13.5 Synthetic Applications 627

3.13.6 Transfer Carbonylations in Pauson-Khand Reactions 629

3.13.7 Conclusions and Outlook 630

3.13.8 References 631

Subject Index 633

Contents XVII




