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Preface

In 2003, the first edition of the Handbook of Metathesis comprehensively covered

the origins of the olefin metathesis reaction and the myriad of applications blos-

soming from the development of robust, homogeneous transition-metal catalysts.

In the intervening 10 years, applications and advances in this field have continued

to exponentially increase. To date, 3732 publications regarding olefin metathesis

have been reported; of these, 2292 have been reported since 2003!1) By 2005, olefin

metathesis had become so integral to the field of organic synthesis that the Nobel

Prize in Chemistry was awarded to the field (Yves Chauvin, Robert H. Grubbs,

and Richard R. Schrock) [1, 2].

In light of these many advancements, a second edition of the Handbook is

quite timely. Early on in the planning, it was decided that rather than simply

updating the 2003 edition, the second edition would instead emphasize important

advancements (e.g., new ligands, diastereoselective metathesis, alkyne metathe-

sis, industrial applications, self-healing polymers) that have occurred during the

past decade. In addition, the past 10 years have seen important developments in

our understanding of the metathesis mechanism utilizing both computational

and mechanistic studies. A greater knowledge of catalyst decomposition, product

purification, and the use of supported catalysts and nontraditional reaction

media have further enhanced the utility of metathesis systems. A number of

new applications are now becoming commercialized based on these new catalyst

systems. For example, the first pharmaceutical that uses olefin metathesis in a key

step is now commercially available, and a biorefinery that utilizes a homogeneous

catalyst is now in production.

Similar to the first edition of this Handbook, contributions have been arranged

into three volumes. Volume I (AnnaWenzel, coeditor) emphasizes recent catalyst

developments and mechanism and is intended to provide a foundation for the

applications discussed throughout the rest of the Handbook. Volume II (Dan

O’Leary, coeditor) covers synthetic applications of the olefin metathesis reaction,

and polymer chemistry is the topic of Volume III (Ezat Khosravi, coeditor).

Chapter topics have been selected to provide comprehensive coverage of these

1) Data obtained from keyword searches conducted within the ISI Web of Science (accessed

1/18/2014).
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areas of olefin metathesis. Contributors, many of whom are pioneers in the field,

were chosen based on their firsthand experience with the topics discussed.

We wish to sincerely thank all the contributors for their diligence in writing

and editing their chapters. Our goal was to comprehensively cover the complete

breadth of the olefin metathesis reaction – this Handbook would not have been

possible without all their time and effort! It was truly a pleasure and an honor to

work with everyone!

Claremont, CA Anna G. Wenzel, Daniel J. O’Leary

Durham, UK Ezat Khosravi, and

Pasadena, CA Robert H. Grubbs

November 20th, 2014
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Poland

Alan Rolfe

H3 Biomedicine Inc.

300 Technology Square

Cambridge, MA 02139

USA

Marc L. Snapper

Boston College

Department of Chemistry

Merkert Chemistry Center

Chestnut Hill, MA 02467-3860

USA

Diana Stoianova

Materia Inc

60 N. San Gabriel Blvd

Pasadena, CA 91107

USA

Sebastian Torker

Boston College

Department of Chemistry

Merkert Chemistry Center

Chestnut Hill

MA 02467, USA

Christopher D. Vanderwal

University of California

Department of Chemistry

1102 Natural Sciences II

Irvine, CA 92697-2025

USA

Maciej A. Walczak

Columbia University

Department of Chemistry

Havemeyer Hall

MC 3106

3000 Broadway

New York, NY 10027

USA





XXI

List of Abbreviations

3-CR three-component reaction

4CC four-component condensation

Ac acetyl

ACM alkyne cross metathesis

ADMAC acyclic diene metathesis macrocyclization

ADMET acyclic diene metathesis

ADIMET acyclic diyne metathesis

Agl allyl glycine

AIBN azobisisobutyronitrile

Alloc allyl carbamate

API active pharmaceutical ingredient

ARCM asymmetric ring-closing metathesis

ATRA atom transfer radical addition

AVM arylenevinylene macrocycles

B/C/P build/couple/pair

BBN borabicyclo[3.3.1]nonane

BHT 2,6-di-tert-butyl-4-methylphenol

BINAP 2,2’-bis(diphenylphosphino)-1,1’-binaphthyl

BINOL 1,1′-bi(2-naphthol)

Bn benzyl

Boc tert-butyoxycarbonyl

BODIPY boron-dipyrromethene

BOM benzyloxymethyl

BOP benzotriazol-1-yloxytris(dimethylamino)-phosphonium

hexafluorophosphate

BPS, TBDPS tert–butyldiphenylsilyl

BRSM, brsm based on recovered starting material

Bs brosyl, p-bromobenzenesulfonyl

BTIB bis(trifluoroacetoxy)iodobenzene

Bz benzoyl

CAN ceric ammonium nitrate

CBS Corey–Bakshi–Shibata

Cbz benzyloxycarbonyl
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CLPCS cyclolinear polycarbosilanes
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CNS central nervous system

COD 1,5-cyclooctadiene

COGs cost-of-goods

Cp* pentamethylcyclopentadienyl

CPA chiral phosphoric acid

CSA camphorsulfonic acid

CSI chlorosulfonyl isocyanate

Cy cyclohexyl

DA Diels-Alder

DABCO 1,4-diazabicyclo[2.2.2]octane

Das diaminosuberic acid

dba dibenzylideneacetone

dbcot dibenzo[a,e]cyclooctatetraene

DBU 1,8-diazabicyclo[5.4.0]undec-7-ene

DCC dicyclohexylcarbodiimide

DCE 1,2-dichloroethane

DCM dichloromethane

DDA dodecenoate

DDE dimethyl dodecanedioate

DDQ 2,3-dichloro-5,6-dicyano-1,4-benzoquinone

DEAD diethyl azodicarboxylate

DFT density functional theory

Dha dehydroalanine

DIAD diisopropyl acetylenedicarboxylate

DIBAL-H diisobutylaluminium hydride

DIEA, DIPEA N ,N-diisopropylethylamine; Hünig’s base

DMAD dimethyl acetylenedicarboxylate

DMAP 4-dimethylaminopyridine

DMB 2,4-dimethoxybenzyl

DMBM 3,4-dimethoxybenzyloxymethyl

DMDA dimethyldiacetylene

DME 1,2-dimethoxyethane

DMF dimethylformamide

DMP Dess-Martin periodinane

DMPU N ,N′-dimethylpropylene urea

DMSO dimethylsulfoxide

DOS diversity-oriented synthesis

DOSP N-(dodecylbenzenesulfonyl)prolinate)
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EDG electron donor group

ELT end-of-life tire

EM effective molarity

ERCM enantioselective ring-closing metathesis

EROCM enantioselective ring-opening/cross-metathesis
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Ery erythromycin

EWB electron withdrawing group
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FGP functional group pairing
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F-SPE fluorous-solid-phase extraction

FTO freedom to operate

GFP green fluorescent protein

GHRH growth-hormone-releasing hormone

GSK GlaxoSmithKline
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HCV hepatitis C virus

HDAC histone deacetylase
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HH head-to-head

HMPA hexamethylphosphoramide

HMSBO hydrogenated metathesized soybean oil
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HPLC high-performance liquid chromatography
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IP intellectual property

Ipc isopinocampheyl
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TADA transannular Diels-Alder
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TOF turnover frequency
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1.1

Introduction

Olefin metathesis catalyzed by transition-metal–carbene complexes is among

the most powerful and important carbon–carbon bond-forming reactions in

modern synthetic organic chemistry [1]. Metathesis transformations, including

cross-metathesis (CM), ring-closing metathesis (RCM), enyne metathesis, alkyne

metathesis, and ring-opening metathesis polymerization (ROMP), have gained

prominence due to the high activity, high thermal stability, and excellent func-

tional group compatibility of well-defined transition-metal alkylidene catalysts

which have become available over the last two decades (Figure 1.1).

In 1980, the Villemin [2] and Tsuji andHashiguchi [3] research groups individu-

ally reported the first RCMof a diene with tungstenmetal complexes (Scheme 1.1,

Eq. 1–2). In 1990, Schrock discovered the molybdenum metathesis complex

[Mo]-I [4]. In 1992, Grubbs and coworkers employed [Mo]-I in the first transition-
metal–carbine-catalyzed RCM of a diene for the synthesis of a cyclic ether (Eq. 3;

Scheme 1.1) [5]. In 1995, Grubbs and coworkers developed the more active, ther-

mal, and air-stable, moisture-tolerant ruthenium–carbene complexes termed

the Grubbs first-generation catalyst G-I [6] and the Grubbs second-generation

catalyst G-II [7]. Additional metathesis catalysts such as the Hoveyda–Grubbs

catalyst HG-II [8] followed, with many commercially available at present.

Since its inception, RCM has continued to be a widely utilized metathe-

sis reaction in a variety of settings including materials, small-molecule, and

natural-product synthesis [1]. As illustrated in Scheme 1.2, the primary RCM

reactions are divided into three general types: (i) ring-closing diene metathesis

(RCM); (ii) ring-closing enyne metathesis (RCEM); and (iii) ring-closing alkyne

metathesis (RCAM). In 1971, Chauvin and coworkers proposed a mechanism

of the general alkene metathesis which involves the initial formation of the

metal carbene species III as a key propagating intermediate [9]. Subsequent

intramolecular [2 + 2] cycloaddition of III with a distal olefin forms the metalla-

cyclobutane intermediate IV, while retro [2 + 2] reaction affords the final cyclized

product (Scheme 1.2). Casey and Burkhardt [10], Katz and McGinnis [11], and

Handbook of Metathesis Vol. 2: Applications in Organic Synthesis, Second Edition.
Edited by Robert H. Grubbs and Daniel J. O’Leary.
© 2015 Wiley-VCH Verlag GmbH & Co. KGaA. Published 2015 by Wiley-VCH Verlag GmbH & Co. KGaA.
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Scheme 1.1 Early RCM examples.


