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Foreword 

In the period between the discovery in the late 1950s that copper catalyzed the 
addition of diazo compounds to olefins to yield cyclopropanes and the recent 
introduction of olefin metathesis into the synthesis of fine chemicals, a wide 
variety of useful organic transformations that involve metal carbene intermediates 
has been discovered. Since most of the reactions of metal carbenes result in the 
formation of carbon-carbon bonds, the reactions have played a major role in the 
organometallic revolution in organic synthetic technology during the past few years. 
Zaragoza-Dorwald has assembled this large array of reactions into a system that 
allows the common feature of the reactions to be recognized. After outlining the 
bonding description of the types of complexes, he uses the simple structure types 
to divide an amazing array of reactions that range from cyclopropanation to the 
olefination of carbonyls into groups that follow a general mechanistic pathway. The 
book follows a consistent outline that efficiently provides the active chemist with the 
information needed to follow up a reaction type. Each section starts with a definition 
of the metal carbene structure along with a general mechanistic scheme for the 
preferred reactions of that type of carbene. A few specific examples are discussed 
to demonstrate the key features, and then a large number of examples are tabulated. 
At the end of each section an experimental procedure is presented that provides the 
details of a representative reaction. I found the progression from general to specific 
examples an extremely efficient presentation of important ideas without excessive 
details. For example, his treatment of the Dotz and related reactions allowed him to 
introduce many of the subtle features of this complex reaction in a concise fashion. 
This approach also allows the book to be read at many levels. The brief introduction 
and the array of tables allow for a rapid overview of the field, while the extensive 
references and experimental procedures provide ample detail for an in-depth study 
of specific reactions. Along a number of reviews have been written on specific 
aspects of metal carbene complex chemistry, this book describes in one place the 
array of reactions involving these intermediates and provides the structural basis 
that ties them together. Although some parts of the book might quickly become out 
of date, this concise presentation of all the aspects of the use of carbene complexes 
in synthesis will help provide the impetus for even more rapid developments in 
this field of research. 

Pasadena, October 1998 Robert H. Grubbs 
(California Institute of Technology, Pasadena) 
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Preface To the memory 
q fmy  friend and colleague 

Lutz Richter 

In recent decades there has been an exponential increase in the use of transition 
metals in organic synthesis. Among the different types of transition-metal-based re- 
agent described, carbene complexes are among the most versatile. The applications 
of carbene complexes include both their use as catalysts for a number of important 
synthetic transformations and their utilization as stoichiometric reagents. The aim 
of this book is to give the reader a well-structured overview of the most important 
applications of carbene complexes in organic synthesis. Special emphasis has been 
given to recent innovations, in an attempt to pinpoint new and promising research 
areas. Hopefully this will give plenty of inspiration for the development of new 
research projects. 

As an organic chemist I consider reaction mechanisms of crucial importance, 
both for the classification of reactions and for synthesis-planning. For this reason 
mechanisms are proposed for almost all the reactions described herein. Most of 
these mechanisms have not yet been rigorously proven, however, and should be 
considered as preliminary. 

The subject of this book has been organized in three main sections: prepa- 
ration and applications of heteroatom-substituted carbene complexes (Fischer-type 
carbenes), non-heteroatom-substituted carbene complexes, and acceptor-substituted 
carbene complexes. In each section the different types of reaction have been ordered 
either according to the mechanism or according to the type of product. In addition 
to a selection of illustrative examples, several experimental procedures have been 
included. These were chosen taking into account safety, availability of starting 
materials, relevance of the products, and general interest. 

I would like to thank my colleagues and supervisors at Novo Nordisk A/S, in 
particular Jesper Lau and Behrend F. Lundt, for their support and encouragement. 
It is also a pleasure to acknowledge Kilian W. Conde-Friboes, Robert Madsen, and 
Thomas Redemann for proofreading various sections of the manuscript and for 
their helpful comments and suggestions. 
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The experimental procedures in this text are intended for use only by persons 
skilled in organic synthesis, and are conducted at ones own risk. WILEY-VCH 
and the author disclaim any liability for any injuries or damages claimed to 
have resulted from the experimental procedures described herein. In many of the 
reactions presented benzene is used as solvent. The replacement of benzene by a 
less toxic solvent, such as, e.g., toluene, might in many instances lead to comparable 
results, and is strongly recommended. 
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1 The Carbon-Metal Double Bond 

When the development of carbene-complex chemistry began in the mid seventies, 
two different patterns of reactivity emerged and led to a, maybe overemphasized, 
division of these compounds into (electrophilic) Fischer-type and (nucleophilic) 
Schrock-type carbene complexes (Figure 1.1). 

R Nu- 

LnM5? - LnM-eNU R 

Electrophilic carbene complex: 

R 
L"L+E 

E+ 
Nucleophilic carbene complex: - 

R R 

Fig. 1.1. Reactivity of carbene complexes towards electrophiles (E+) and nucleophiles (Nu-). 

Today, however, carbene complexes covering a broad range of different reactivi- 
ties have been prepared. Often it is no longer possible to predict whether a carbene 
complex will behave as an electrophile or as a nucleophile. Thus, a reactivity-based 
nomenclature would be difficult to apply consistently. For this reason in this book 
compounds with a carbon-metal double bond will be called 'carbene complexes' or 
'alkylidene complexes', terms not associated with any specific chemical behavior. 

1.1 Reactivity of Carbene Complexes 

Carbenes are electron-deficient intermediates, capable of reacting with organic 
compounds in several ways. Typical reactions of uncomplexed carbenes include 
cyclopropanation, C-H insertion, and reaction with lone pairs to yield ylides (Figure 
1.2). 



2 I The Carbon-Metul Double Bond 

1 R,C - H 

R,,$H 
Fig. 1.2. Typical 
reactions of free 
carbenes. 

The reactivity of carbenes is strongly influenced by the electronic properties 
of their substituents. If an atom with a lone pair (e.g. 0, N, or S) is directly 
bound to the carbene carbon atom, the electronic deficit at the carbene will be 
compensated to some extent by electron delocalization, resulting in stabilization 
of the reactive species. If both substituents are capable of donating electrons into 
the empty p orbital of the carbene, isolable carbenes, as e.g. diaminocarbenes 
(Section 2.1.6), can result. The second way in which carbenes can be stabilized 
consists in complexation. The shape of the molecular orbitals of carbenes enable 
them to act towards transition metals as o-donors and Tc-acceptors. The chemical 
properties of the resulting complexes will also depend on the electronic properties 
of the metallic fragment to which the carbene is bound. Particularly relevant for the 
reactivity of carbene complexes are the ability of the metal to accept o-electrons 
from the carbene, and its capacity for back-donation into the empty p orbital of the 
carbene. 

Four different types of metallic fragment can now be considered: 

(a) good o-acceptor, good x-back-donator; 
(b) poor o-acceptor, good Tc-back-donator; 
(c) good o-acceptor, poor Tc-back-donator; 
(d) poor o-acceptor, poor x-back-donator. 

In situation (a) a strong carbon-metal bond results. To this group belong the typical 
Schrock-type carbenes [e.g. Np3Ta=CH(tBu)], many of which are nucleophilic at 
carbon. Situation (b) should also lead to nucleophilic carbene complexes, albeit with 
a weaker carbon-metal bond. Typical reactions of nucleophilic carbene complexes 
include carbonyl olefination (Section 3.2.4) and olefin metathesis (Section 3.2.5). 

Metallic groups as in case (c) lead to electrophilic or even carbocation-like 
carbene complexes. Typical examples are Fischer-type carbene complexes [e.g. 
(CO)SCr=C(Ph)OMe] and the highly reactive carbene complexes resulting from 
the reaction of rhodium(I1) and palladium(I1) carboxylates with diazoalkanes. Also 
platinum ylides [ 1,2], resulting from the reaction of diazoalkanes with platinum(I1) 
complexes, have a strong Pt-C o bond but only a weak Pt-C ~c bond. In situation (d) 
the interaction between the metal and the carbene is very weak, and highly reactive 
complexes showing carbene-like behavior result. Similar to uncomplexed carbenes, 


