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Foreword

In the last few decades, metathesis has been among the key reactions that have
revolutionized the synthesis of complex molecules. Many organic chemists in
academic and industrial laboratories, in the field of natural products, have used this
reaction as a very practical, versatile, and selective synthetic tool. Olefin metathesis
has helped to elevate the art and science of chemical synthesis to its present high
level.

The examples in this book will demonstrate that organic chemists, with the
metathesis reaction in hand, have a new way to consider the connections that
are required for efficient access to natural products. This book assembles the
most important and interesting examples in the synthesis of natural products
using metathesis. Owing to the possibilities opened by olefin and acetylenic
metathesis, a great variety of carbocyclic — nitrogen-, oxygen-, sulfur-containing
heterocycles — natural products with small-, medium-, and macrocyclic size can
be obtained rapidly. The synthetic transformations that couple metathesis steps in
cascade reactions are particularly elegant. Emphasis has been put on the metathesis
step showing the importance of the catalysts that are tolerant of a large variety
of functional groups, very regio-, stereoselective, and even enantioselective. The
power of the catalysts and of the metathesis reaction can be appreciated when
alternative pathways are considered.

Every reaction and catalyst can always be improved. In the area of metathesis,
the development of more active and robust catalysts, catalysts that can control the
E and Z stereoselectivity of the formed olefins, particularly the stereoselectivity of
trisubstituted olefins, or catalysts that can control the enantioselectivity remains
a challenge. As has been demonstrated in the past, improvements of the catalyts
give rise to increasingly exciting applications in the field of complex molecules
and particularly in the field of natural products synthesis. This book will be a
good source of inspiration for those planning future developments of metathesis
reactions in the field of natural and non-natural products.

Robert H. Grubbs

Metathesis in Natural Product Synthesis: Strategies, Substrates and Catalysts. Edited by Janine Cossy,
Stellios Arseniyadis, and Christophe Meyer

Copyright © 2010 WILEY-VCH Verlag GmbH & Co. KGaA, Weinheim

ISBN: 978-3-527-32440-8



Preface

In the 1960s, the ring-opening polymerization of cycloalkenes and the dispropor-
tionation of linear alkenes, both used by the polymer and the petroleum industry,
were the first reported examples of “olefin metathesis reactions.” Whereas those
transformations were generally carried out with ill-defined catalysts, the mecha-
nism of olefin metathesis proposed by Chauvin and Hérisson in 1971 identified
metal carbenes as catalytically active species with reactions proceeding through
metallacyclobutane intermediates. The mid-1970s saw the emergence of the first
well-defined alkylidene—metal complexes for olefin metathesis initially based on
tantalum and tungsten. However, in the late 1980s, the quest for higher functional
group tolerance resulted in the development of the molybdenum complex, also
known as Schrock’s catalyst, which was later used by Grubbs and Fu in ring-closing
metathesis (RCM) to access oxygen and nitrogen heterocycles. Up to now, several
applications of RCM to natural products synthesis have been reported using
Schrock’s catalyst as the initiator; however, its air- and moisture sensitivity, which
implies the use of a glove box or Schlenk techniques, has certainly hampered its
more widespread use by organic chemists. In 1992, Grubbs and coworkers reported
the first stable vinylidene ruthenium catalyst to be active in both ring-opening
metathesis (ROM) and RCM. In 1995, further refinements led to the development
of an air- and moisture-stable as well as highly functional group-tolerant
benzylidene ruthenium complex also known as Grubbs first-generation catalyst. The
latter became the first user-friendly metathesis catalyst and has allowed numerous
synthetic applications. The replacement of one phosphine by a strongly o'-donating
N-heterocyclic carbene ligand to further improve the stability of the active species
and accelerate the initiation phase stimulated the discovery of the second-generation
catalysts. To date, many catalysts have been devised with the goal of improving
the rate of initiation and the stability of the catalytic propagating species to enable
the metathesis of sterically hindered substrates. This was attained by fine-tuning
the steric and/or electronic properties of the benzylidene part or the N-heterocyclic
carbene of the ruthenium complexes, and/or other subtle ligand exchange. For
the tremendous impact of metathesis in the science of organic synthesis, Chauvin,
Grubbs, and Schrock received the Nobel Prize in Chemistry in 2005.

The aim of the book is to emphasize the impact of metathesis on the synthesis
of natural products and/or biologically active compounds, and highlight how they
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have provided new and elegant solutions to many synthetic puzzles. As RCM has
been the first class of metathesis reactions routinely used in natural products
chemistry, the first three chapters of the book will highlight its applications to
the synthesis of small- to medium-size carbocycles (Chapter 1, N. Blanchard and
J. Eustache), nitrogen heterocycles (Chapter 2, L.van Delft and Floris P. J. T.
Rutjes), and oxygen heterocyles (Chapter 3, J. D. Rainier). Phosphorus and sulfur
heterocycles synthesized via RCM also deserved a section since they have found
useful applications in the stereoselective synthesis of acyclic subunits found in
various natural products (Chapter 4, C.D. Thomas and P.R. Hanson). The use of
RCM for the synthesis of macrocyclic compounds has also been covered (Chapter 5,
A. Gradillas and J. Pérez-Castells) since it constitutes an attractive alternative to
traditional routes such as macrolactonization or macrolactamization. Alkynes can
also be used as reacting partners in metathesis reactions as illustrated in the
two following chapters of the book. Indeed, while ene—yne metathesis catalyzed
by alkylidene ruthenium complexes allows a convenient access to conjugated
dienes (Chapter 6, M. Mori), ring-closing alkyne metathesis using a well-defined
tungsten-alkylidyne complex or molybdenum precatalysts activated in situ offers
a convenient route toward cycloalkynes (Chapter 7, P. Davies). As for many
reactions, there are situations where a planned metathesis event was found to
be either unsuccessful or did not operate with high efficiency, stereoselectivity,
and/or chemoselectivity. Silicon-tethered metathesis (Chapter 8, P. A. Evans) and
the use of an unsaturated relay allowing initiation of metathesis at an appropriate
reactive site (Chapter 9, T. R. Hoye and J. Jeon) are two strategies that have been
used to circumvent some of these problems. More recently, cross-metathesis (CM)
has emerged as a useful catalytic and chemoselective alternative to traditional
olefination methods. Applications in the context of natural product synthesis have
therefore been covered (Chapter 10, J. Prunet and L. Grimaud). After disclosing
the synthetic potential of each of the different metathesis reactions, it appeared
important to illustrate how their combination in cleverly designed cascades has led
to some impressive and elegant synthesis of structurally complex natural products
(Chapter 11, M. Porta and S. Blechert). The development of chiral molybdenum or
ruthenium catalyst has also enabled the achievement of enantioselective metathesis
reactions whose applications yet reported to the synthesis of natural products have
been listed in one chapter (Chapter 12, A. H. Hoveyda, S. J. Malcolmson, S. J. Meek,
and A. R. Zhugralin). Finally, the last section of the book is devoted to solid-phase
metathesis, which constitutes a useful tool in diversity-oriented synthesis for
chemical biology while also simplifying the purification stages (Chapter 13, S.
Barluenga, P.-Y. Dakas, R. Jogireddy, G. Valot, and N. Winssinger).

We would like to warmly thank all the authors for contributing to this book
and acknowledge their expertise on the different topics that have been covered.
We also thank the team at Wiley-VCH and especially Stefanie Volk for her helpful
assistance during the preparation of this book.

We sincerely hope that this book will be a valuable source of information for
researchers working in both academic and industrial laboratories and that it will
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stimulate new applications and developments of metathesis in the field of natural
product synthesis.

Janine Cossy, Stellios Arseniyadis, and Christophe Meyer.
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Ac acetyl

acac acetylacetonato

AIBN azobisiisobutyronitrile

Ar aryl

AROM asymmetric ring-closing metathesis
BBN 9-borabicyclononane

9-BBN 9-borabicyclo[3.3.0Jnonan-9-yl

Bn benzyl

Boc tert-butyloxycarbonyl

BOM benzyloxymethyl

BQ 1,4-benzoquinone

Bz benzoyl

CAN ceric ammonium nitrate

Cat. catalytic

Cbz benzyloxycarbonyl

CM cross-metathesis

COD cycloocta-1,5-diene

Cp cyclopentadienyl

Cp’ 1,2,3,4,5-pentamethylcyclopentadienyl
CSA 10-camphorsulfonic acid

Cy cyclohexyl

dba dibenzylideneacetone

DBU 1,8-diazabicyclo[5.4.0Jundec-7-ene
DCC N,N'-dicyclohexylcarbodiimide
DCE 1,2-dichloroethane

DDQ 2,3-dichloro-5,6-dicyanobenzoquinone
DIAD diisopropyl azodicarboxylate

DIPEA diisopropylethylamine

DMAP N,N-dimethylaminopyridine

DMB 3',5'-dimethoxybenzoin

dmdba bis(3,5-dimethoxybenzylidene)acetone
DMDO dimethyldioxirane

DMF N,N-dimethylformamide
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