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An Overview of
‘Organometallic Chemistry

Organometallic chemistry, the chemistry of compounds containing metal—
carbon bonds, is one of the most interesting and certainly most rapidly grow-
ing areas of chemical research. It encompasses a wide variety of chemical
compounds and their reactions: compounds containing both sigma (o) and pi
() bonds between metal atoms and carbon; many cluster compounds, contain-
ing two or more metal-metal bonds; molecules containing carbon fragments that
are unusual or unknown in organic chemistry; and reactions that in some cases
bear similarities to known organic reactions and in other cases are dramatically
different. Aside from their intrinsically interesting nature, many organometallic
compounds form useful catalysts and, consequently, are of significant industrial
interest. Over the past several years, organometallic reagents have played the role
of promoting key steps in the total synthesis of numerous molecules, many of
which are biologically active.

1-1 STRIKING DIFFERENCE

Several examples illustrate how organometallic molecules are strikingly different
from those encountered in classical inorganic and organic chemistry. Ligands
of cyclic delocalized n systems (e.g., benzene or cyclopentadienyl) can team
up with metal atoms to form “sandwich” compounds with a metal sandwiched
between them. Sometimes atoms of other elements, such as phosphorus or sulfur,
can be included as well. Examples of these double- and multiple-decker sand-
wich compounds are shown in Figure 1-1. The structure and bonding of sandwich
compounds will be discussed in Chapter 4.
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A characteristic of metal atoms bonded to organic ligands, especially CO (the
most common of all ligands in organometallic chemistry), is that they often exhibit
the capacity to form covalent bonds to other metal atoms to form dinuclear com-
plexes and polynuclear cluster compounds (some known cluster compounds contain
no organic ligands). These clusters may contain only three metal atoms or as many
as several dozen; there is no limit to their size or variety. Dinuclear complexes may
contain single, double, triple, or even quadruple bonds between the metal atoms and
may in some cases have ligands that bridge two or more of the metals. Examples of
metal cluster compounds containing organic ligands are shown as structures a, b,
and c in Figure 1-2; cluster complexes will be encountered again in Chapter 11.

Carbon itself may play quite a different role than commonly encountered in
organic chemistry. Certain metal clusters encapsulate carbon atoms; the resulting
molecules, called carbide clusters, in some cases contain carbon bonded to five,
six, or more surrounding metals. Figures 1-2d and e illustrate two examples of
carbide clusters.

Strictly speaking, the only compounds classified as organometallic are those
that contain metal-carbon bonds, but in practice complexes containing several
other ligands similar to CO in their bonding, such as NO and N,, are frequently
included. Other ligands, such as phosphines (PR,) and dihydrogen (H,), often
occur in organometallic complexes, and their chemistry is closely associated with
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Figure 1-2

Examples of Cluster
Compounds



