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Preface to Volume 3

As the twenty first century approaches us, a new era appears
in the horizon--the era of the environmentalist-- or so it seems to
me.

In this dawning era, our need to survive in an esthetically
satisfying environment will place heavy demands on our future
treatment of our planet, and nowhere will that demand be greatest
than in our handling of our chemical industry. We can no longer live
without it-- the question is "can we learn to live, safely and well,
with it"?

There is a difference between an ordinary ballet performance
and watching Moira Shearer dancing in Tales of Hoffmann or The Red
Shoes-- it is elegance! The movements are the same, but the
outcome is not, and the difference is what provides such joy to
watch.

So it must be with our future chemistry-- it can no longer be
only effective, it must be elegant so as to safely and efficiently
provide for our most subtle needs.

The authors of the five chapters of this volume have reviewed
for us how to understand the making and breaking of bonds at the
dawn of what | perceive to be a more sophisticated era-- one in
which we efficiently make and break bonds, but do so in a
stereochemically correct manner, when such requirement is needed.
These authors have summarized for us how to better understand
bonds and the ways for making them and breaking more elegantly--
hopefully, some day, as elegantly and esthetically pleasing as Ms.
Shearer's terpsichorean art.

Chapter 4 summarizes the fundamentals of bonding in
organometallic clusters and provides the basis for the making and
breaking bonds which, efficiently, do your bidding; i.e, they have, or
do, the right chemistry and stereochemistry.

In Chapter 1, Braunstein and Rose show us how to create
clusters which are either chemically and stereochemically correct,
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or correctly catalyze the formation of new bonds. The rules for
understanding the making and breaking of such bonds, either for
syntheses or catalyses, are discussed by Osella and Raithby in
Chapter 4.

Some of the art of making and breaking bonds is discussed in
Chapters 2, 3 and 5. Blackburn, Davies and Whittaker discuss the
stereochemistry of a class of organometallics which the senior
author has made into an effective group of smooth and efficient,
stereospecific catalysts.

The use of solar energy is one of the imperatives of the new
era. Thus, an understanding of photochemical processes for making
and breaking bonds, in sophisticated new ways, is one of our
pressing needs. Stufkens, in Chapter 3, addresses the problem of
understanding the mechanism(s) of creating photoproducts which are
useful or can do useful chemistry and stereochemistry for us.

Finally, one of the active participants in documenting the
power and sophistication of the Sakurai Reaction kindly agreed to
review it for this volume. His contribution appears in Chapter 5.

| hope readers agree that the dawn of the era of elegance are
clear in these pages. Hopefully, subsequent volumes will measure to
the standards of this one and educate us in the existence of
sophistication in other areas of organometallic and inorganic
chemistry yet unexplored by this series.

Finally, | should mention that this volume should have appeared
in the Fall of 1988. This delay was caused by unexpected
responsibilities and  to the extent it caused anxiety to the authors,
and dated by a few months their reviews, | apologize and thank them
for their forbearance.

May 16th, 1989 The Editor.
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1. GENERAL INTRODUCTION

Metal cluster chemistry, which involves compounds displaying direct
metal-metal interactions, provides a shining example of the fruitful
interactions that can occur between various disciplines and of the
subsequent cross-fertilization in the frontier areas. Cluster compounds are
encountered in molecular and solid state chemistry; they belong to
organometallic and inorganic chemistry and their properties arouse the
interest of physicists (e.g., superconductivity), of biochemists (e.g.,
multimetallic redox centers), of academic and industrial researchers
studying new materials and catalysts, and of course, of the chemists
themselves. They encompass interests in main group elements or transition
metals, in synthetic organic or inorganic chemistry, in theoretical,
mechanistic or analytical chemistry. These areas of scientific activity do
not constitute a restricted list but they already explain the exponential
growth that cluster chemistry has enjoyed over the last 15 years [170].

In order for new materials to be evaluated and for new properties to
emerge, the synthetic chemist must have first created the new molecules or
materials of interest. Cluster chemists have displayed great skill and
imagination in the synthesis and structural characterization of novel and
complex molecules. Rational synthetic methods have emerged which allow,
in many instances, the designed synthesis of molecules containing, e.g., a
specific number of different metal atoms bonded to each other or to given
ligands in an unusual mode of attachment [249, 292, 303]. Beautiful
achievements include tetrahedral clusters with four different metal atoms
[247] (Fig. 1.1), and thus inherently chiral, and large bimetallic clusters, e.g.,

/Mo

N
N/

Co

MCzAS

Fle

Fig. 1.1. Metal core structure of FeCoMoW(u3-S)(u-AsMe,)(n-C5Hg)o(CO)5, the first cluster
with four different metal atoms [247].
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[AgqpAu;3Clg(PPhg)y,]™ [294] (Fig. 1.2), [AgygAu4gBry1{P(p-Tol)3};21%"
[295a] and [Ni38Pt6(CO)48H6_n]"'(n = 5,4) [72] (Fig.1.3), a molecular model of
"cherry" crystallites studied in heterogeneous catalysis.

Fig. 1.3. Metal core of [NiggPtg(CO)4gHg. 41" (n = 5,4) [72].

Obviously, the diversity and complexity of clusters containing more than one
metal type are considerable and largely justify the current efforts to better
understand their synthesis, structures and physical and chemical
(stoichiometric and catalytic) properties.
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The goal of this chapter is to evaluate the achievements and potential in
catalysis of heterometallic transition metal clusters (including
heterodinuclear complexes), i.e., of well-defined and characterized
molecular compounds containing at least two different transition metal
atoms in their core. Bimetallic catalysis has become an area of major
interest and applies to homogeneous, heterogenized or heterogeneous
processes [320], as shown in Scheme 1.1.

SCHEME 1.1.
Uses of Mixed-Metal Clusters in Catalysis.

Homogeneous Heterogenized Hfeteragighgpus

Molecular mixed-metal clusters on' MMeMmelfl cluster-

(functionalized) inorganic oxides ——ss=giggiyg@#Mmetal particles
on inorganic oxides

Molecular heterometallic Molecular mixed-metal clusters
clusters in (usually — anchored to functionalized polymers
organic) solution
\Molecular mixed-metal clusters Mixed-metal particles
entrapped in zeolites » entrapped in zeolites

The concept of synergism in homogeneous catalysis has been discussed
by Golodov [132]: "Synergism may be defined as a disproportionate increase
in reaction rate observed upon mixing two catalytic systems, both of which
will individually catalyze the reaction in question" [98]. However, caution
must be taken when interpreting the enhanced rate effects caused by added
metal complexes [291]. On the other hand, the increased diversity and
availability of mixed-metal clusters, for which many high-yield syntheses
have been reported and will continue to appear in series such as /norganic
Syntheses, have stimulated a considerable academic and industrial research
interest for their catalytic properties [126]. These efforts are encouraged by
the exact knowledge of the molecular structure and stereochemistry of an
increasing number of mixed-metal clusters. The importance of
heterometallic clusters for catalysis is based on the following reasons:
(i) the adjacent metal centers offer the possibility for cooperative
reactivity and the intrinsic polarity of heterometallic bonds [49] can direct
the selectivity of substrate-cluster interactions [264]. This may lead to
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new, more active, or more selective homogeneous or heterogenized (by
attachment of the clusters to solid supports) catalysts; (ii) the metal core
of these clusters constitutes a well defined unit, which may be viewed as a
molecular microalloy and which can be used as a precursor of novel
heterogeneous catalysts. Stripping off the ancillary ligands is expected to
provide catalytic materials with improved control of both particle size and
composition; (iii) the knowledge of the precise structural and spectroscopic
properties of atoms or ligands bound to the metal frameworks allows one to
establish and evaluate conceptual and comparative models for understanding
the coordination of these species, e.g., H, N, NH, O, §, C, CO, CH, CH,, CH5,
CoHg, to metal surfaces.

In this chapter, we shall restrict ourselves to studies in which well-
characterized mixed-metal cluster compounds of the transition metals
(including Cu, Ag and Au) have been used in catalysis. We will therefore not
discuss situations where a mixture of homonuclear complexes of different
metals has been used, except when comparisons have been made with the
corresponding heterometallic precursors. We recognize that this distinction
is somewhat arbitrary as mixed-metal complexes are often likely to
fragment into homonuclear species under the catalytic conditions while,
conversely, they may be produced in situ upon mixing of the individual metal
complexes. Similarly, alloy formation may occur during catalysis with
heterogeneous catalysts prepared from different homonuclear systems.
Furthermore, it has been shown that the presence of a mixture of
homonuclear, even mononuclear, complexes of different metals can be most
beneficial for a given catalytic process, consecutive elementary steps
occurring at each metal center. This is particularly notable, e.g., in the
formation of ethylene glycol from CO and H,, catalyzed by Ru/Rh systems
[97] and in the methanol homologation reaction, catalyzed by Ru/Co systems
[128]. Other approaches consisting of, e.g., using metal vapor chemistry for
preparing metal clusters and catalysts [181, 222] will not be considered
here.

The following Sections are organized according to the ways of utilizing
mixed-metal clusters in catalysis, as summarized in Scheme 1.1.



