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Preface 

More than forty years after its serendipitous discovery in 1951 [l], ferrocene still 
enjoys a great deal of interest from scientists in many areas of research. Due to its 
high stability and the well-established methods for its incorporation into more 
complex structures, ferrocene has become a versatile building block for the synthesis 
of compounds with tailor-made properties. 

The wealth of derivatives known is documented by an enormous number of 
publications. Despite progress in the use of electronic databases, systematic 
literature searches on ferrocenes still remain difficult. The most viable, useful, 
and comprehensive source of information about ferrocene is the ten volumes of 
Gmelin’s Handbook of Inorganic and Organometallic Chemistry [2] covering the 
literature up to 1986. The annual reviews on ferrocene, appearing in the Journal 
of Organometallic Chemistry also provide fairly systematic and up-to-date accounts 
[3]. However, there is no single-volume source available delineating ferrocene 
chemistry and its applications. 

This book is intended to provide an overview of the main areas of research where 
ferrocene plays a key role, because of both its chemical and physical properties. 
No attempt has been made to present a comprehensive work, but those areas of 
ferrocene research that have not been included (e.g., nonlinear-optical materials 
and flame retardants) either do not bear sufficient material to justify a review, or 
are no longer of general interest. The title of the book has been adapted from the 
title of a talk one of us (A. T.) gave in 1991 at an international conference and 
reflects the development of his own research interests. For this reason the 
arrangement of the chapters is somewhat arbitrary. However, the book is subdivided 
into three main sections : Homogeneous Catalysis, Organic Synthesis, and Materials 
Science, thus conveying its own logic. In order to provide, whenever possible, new 
perspectives in the different areas treated in the book, the majority of the authors 
have been recruited from the younger generation of internationally recognized 
authorities in their specific field. Chapter 1 (A. Hor and K. S. Gan) describes the 
coordination chemistry and catalytic applications of the unique ligand 1,l’- 
bis(dipheny1phosphino)ferrocene (dppf) and serves as a background for the impres- 
sive series of successful application of chiral, enantiomerically pure ferrocenyl- 
phosphines in asymmetric catalysis, reported in Chapter 2 (T. Hayashi). In Chap- 
ter 3, Y. Butsugan and coworkers demonstrate that chiral ferrocene derivatives can 
not only be incorporated into phosphine ligands for late transition metals, but 
also into aminoalcohols, which, coordinated to zinc, can be used in catalytic 
reactions. More about optically active ferrocenes is to be found in Chapter 4, where 
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R. Herrmann and G. Wagner describe general methods for the preparation of such 
compounds and their application as templates in synthesis. After these first four 
chapters, which should be of great interest, in particular to the synthesis-oriented 
reader, the next three chapters mainly address coordination and electrochemical 
aspects. Thus, in Chapter 5 ,  M. Herberhold reports on the synthesis and properties 
of ferrocenes containing heteroelements (mainly of group 16) directly attached to 
the metallocene core. Such compounds display interesting ligand properties. The 
incorporation of the redox-active ferrocene fragment into macrocyclic hosts is 
treated in Chapter 6 (C. D. Hall), whereas structural and electrochemical properties 
of ferrocene-containing ligands and their complexes are reviewed comprehensively 
by P. Zanello in Chapter 7. The last three chapters are more interdisciplinary in 
character, as they address the incorporation of ferrocenes in materials explicitly 
designed to possess specific physical properties. Thus, the combination of the 
well-known redox and structural properties of simple, for the most part highly 
symmetric, ferrocene derivatives allows the preparation of charge-transfer complexes 
having interesting magnetic behaviors (Chapter 8, A. Togni). A fairly new area of 
ferrocene research deals with liquid-crystalline materials, as presented in Chapter 9 
by R. Deschenaux and J. W. Goodby. Last but not least, a not so novel, but still 
active area of research is the synthesis of polymers containing ferrocene units. This 
is reviewed by K. E. Gonsalves and X. Chen in Chapter 10. 

We gratefully acknowledge the work done by all authors in presenting up-to-date 
and well-referenced contributions. Without their effort this volume would not have 
been possible. Furthermore, it was a pleasure to collaborate with the VCH “crew” 
in Weinheim. They not only did an excellent job in producing the book, but also 
helped us in a competent manner in all phases of its preparation. Finally, we are 
grateful to Dr. Peter Golitz of Angewandte Chemie who originally encouraged the 
idea of making a book about ferrocene. 

Zurich and Kyoto 
October 1994 

Antonio Togni 
Tamio Hayashi 
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1 

1.1 

1 , 1’-Bis (dipheny1phosphino)ferrocene - 
Coordination Chemistry, Organic Syntheses, 
and Catalysis 

Kim-Suan Gan and T. S.  Andy Hor 

Introduction 

The use of ferrocenyl phosphines as ligands in coordination chemistry is well known 
[l - 121. The ability of these ligands to convey the ferrocenyl qualities to the resultant 
complexes without disturbing the inherent characteristics of the latter has widened 
the scope of metal complexes in the design of catalysts, drugs and materials. As 
diphosphine complexes metamorphose from their monophosphine analogues and 
begin to develop their individual traits [ 13 - 161, it is inevitable that ferrocenyl 
diphosphines must play a special role in the development of applied organometallic 
chemistry. Although the metalloligand 1 ,l’-bis(dipheny1phosphino)ferrocene 
(dppf), which is probably the best developed ferrocenyl diphosphine, was first 
synthesized more than two decades ago, its chemical uniqueness and industrial 
importance were not fully appreciated until recently. In this chapter we attempt to 
trace its development as a coordination ligand and relate its chemistry to a variety 
of applications. The catalytic potential is emphasized in view of the ever growing 
influence of homogeneous catalysis in organic synthesis, manipulation of materials 
and production of fine chemicals. 
Derivatives of dppf are beyond the scope of the present discussion and will be 
excluded. Chiral syntheses using dppf derivatives are covered in Chapter 2 and 
hence are also omitted. The coordination mode of dppf is usually specified in the 
complex formulas in the descriptions on coordination chemistry but ignored 
elsewhere for reasons of clarity. When reference is made to the C, ring of dppf, it 
is often, for the sake of simplicity, referred to as a cyclopentadienyl (Cp) ring, 
although, strictly speaking, it refers to a phosphinated cyclopentadienyl ring 
(C,H,PPh,). Catalytic discussions are biased towards the complex PdC1, (dppf), as 
it is with this catalyst that most coupling reactions are reported. Catalysts based 
on other phosphines are generally overlooked unless a comparison with dppf 
analogues merits their inclusion. 

1.2 Preparation and Complexation 

The synthesis of dppf was first recorded in 1965 by the lithiation of ferrocene with 
n-butyllithium, followed by condensation with chlorodiphenylphosphine [ 171. 
A higher yield can be obtained in the presence of N ,  N ,  N’,  N’-tetramethylethylene- 
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