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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!" 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 (Anna Wenzel, 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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Preface

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 ]. O’Leary
Durham, UK Ezat Khosravi, and
Pasadena, CA Robert H. Grubbs

November 20th, 2014
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1
General Ring-Closing Metathesis
Paul R. Hanson, Soma Maitra, Rambabu Chegondi, and Jana L. Markley

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 and Hashiguchi [3] research groups individu-
ally reported the first RCM of a diene with tungsten metal 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
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