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Preface

The appearance of yet another series of review books would seem to
require some justification, for we are all uncomfortably aware
nowadays that we have far too much to read already. Nevertheless,
new reviews keep on coming out, and it can be assumed that at least
the authors and editors of these publications see some merit in them.
Most authors and editors are, after all, busy people with lots of other
things to do besides writing or editing review articles, which, as they
well know, are unlikely to bring them either fame or riches. They
must believe that such review articles will meet some need.

For some time we have felt there is room for a publication that
would provide regular reviews of the ever increasing torrent of papers
in the field of structural chemistry, structural chemistry being under-
stood as that branch dealing with the metrical aspects of molecular
structure. We were by no means sure, however, that this feeling
was shared by other scientists in the field, whose support and col-
laboration would be necessary if the new publication was to prosper.
Only after we had made an informal poll of a group of active struc-
tural chemists scattered throughout the world were we confident
enough to go ahead with plans for the projected publication, for our
poll revealed a high degree of support for the idea of a new review,
particularly for one in which the chemical implications of structural
studies, rather than the technical aspects, would be emphasized.

One of the most important tasks in structural chemistry today is,
we believe, that of making critical assessments of the mass of already
published material in the search for unifying ideas. To mention
only two examples: we know almost nothing about the weak inter-
actions that control preferred packing arrangements of molecules in
crystals, and we are only beginning to understand the conformational
complexities of organic molecules, although a vast amount of in-
formation on these and other untouched matters is stored away in
the literature. Much of this potentially valuable structural informa-
tion implicit in the results of diffraction analyses is often passed over
by the authors themselves (who are presumably happy enough to
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have completed the analysis successfully) and has to be actively
sought and recovered from the authors’ description of their results..

Our objective here is to create a forum for such constructive
reviews in which the attempt is made to weave the results of
individual structure determinations into some kind of cohesive
pattern. At present there is no really suitable journal for articles
of this kind, which would not necessarily contain any new facts
but rather re-interpretations of old ones. One difficulty in our
way will be to find a sufficient number of knowledgeable, suitably
qualified, and willing authors. We believe that a necessary con-
dition for an authoritative review article is that the reviewer be
intimately familiar both with the subject matter and with the tech-
niques employed to supply the relevant information. For this
reason we find many of the occasional review articles on given topics
in structural chemistry, dispersed as they are throughout the litera-
ture, to be unsatisfactory. Too often the reviewer has only a very
superficial acquaintance with the technical details of the methods
employed to obtain the results under discussion and can merely
report “the structure of compound A was determined by scientist B,
the accuracy claimed being C”. This is not to say that authori-
tative, critical reviews of the structural literature cannot be found;
an excellent source for such reviews is Structure Reports, published
by the International Union of Crystallography. Each volume covers
the structural literature of a single year in comprehensive fashion,
albeit some seven to ten years after the original material was pub-
lished. However, in these reviews, excellent as they are, little
attempt is made to relate the structural implications of the work to
other structural studies, and no attempt whatsoever is made to
relate them to chemistry in a wider sense.

We are aware that neither we nor our authors can know in advance
whether the attempt to survey a given region of structural chemistry
will actually lead to the recognition of cohesive patterns or unifying
ideas. It will often be the case that we do not even know the right
questions to ask. We have to expect that some of these attempts
may end up by merely establishing that the structural results are
various and that no coherent pattern can be distinguished; or that
they may even add to an already confusing picture, by bringing into
the open facets that have been ignored or forgotten. Sometimes, it
is to be anticipated, what is intended as a review of a supposedly
well-defined field may develop into a digression of an open-ended
character. Thus we see that our objective in these reviews is some-
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thing of an unattainable ideal, but we shall consider the venture to
be very worthwhile if this ideal is even approached.

To this end, we call on specialists in structural chemistry to pro-
vide constructive, critical, chemically oriented reviews of a given
area of their field. Since diffraction methods have supplied most of
the information relevant to structural chemistry, most of our re-
viewers will be expert in diffraction matters although we shall not
ignore the important contributions made by spectroscopic methods,
particularly in establishing the fine detail of the structures of small
molecules. But, although we take the technical expertise of our
reviewers for granted, we are not asking them to write exclusively
for the specialist reader. On the contrary, we encourage them to
concentrate on describing the structural inter-relations and their
chemical implications, avoiding, as far as possible, over-involvement
with methodology and technical detail. We feel that this approach
is especially valuable in these days when, primarily as a result of the
development of computers and improved apparatus, the volume and
influence of diffraction studies has reached levels of importance that
were almost completely unexpected twenty years ago. Thus we
hope that these reviews will prove useful to the non-specialist in dif-
fraction techniques, who is interested only in the results and their
implications. We hope that they may also provide the seeds of
understanding to the theoretical chemist, who, sooner or later, will
be able to make sense of it all and explain it for us.

We shall try to keep a reasonable balance among inorganic,
organic, physical, and biological chemistry, although this balance is
unlikely to be achieved in every volume—we cannot pretend that it
has been achieved in this first volume! We shall not attempt to
cover specialized topics in crystallography, topics in chemical bond-
ing theory, or introductory articles.

This series was born, at least conceptually, during a very pleasant
visit to Bratislava in September, 1964. We should like to express
our thanks to Dr. F. Hanic and to the Slovakian Academy of Science
for their hospitality on that occasion.

J. D. Duni1TzZ
November 1966 J. A. IBERS
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. SCOPE

This Review is concerned primarily with X-ray structural determi-
nations of m-complexes of transition metals, the aim being to discover

* Present address: Chemistry Department, University of Arizona, Tucson,

Arizona 85721, U.S.A.



2 m-Complexes of Transition Metals with Aromatic Systems

to what extent the molecular dimensions that have been obtained
can be used to throw light on the nature of the bonding in these
molecules. In order to keep within reasonable bounds, it has proved
necessary to be selective.

The transition elements are defined in the narrowest sense, and lie
in the series Sc—Ni, Y-Pd, and Lu—Pt inclusive, that is, the elements
with atomic numbers 21 through 28, 39 through 46, and 71 through
78. Not all of these elements are represented. w-Complexes of Be,!
Mg,!:2 Cu,3-8 Ag,5:9-11 In,12.18 T]18.14 gnd U'® are discussed only
insofar as the results are relevant to the main theme.

The aromatic systems are defined in the chemical sense to mean
molecules or molecular fragments that may be shown (or may
reasonably be believed) to undergo substitution reactions and that
do not, therefore, possess olefinic properties. This definition also
implies cyclic delocalization of 7-electrons and, in practice, largely
reduces to a consideration of four-, five-, six-, and seven-membered
homocyclic rings. There is one structural determination of a
m-complex containing a w-bonded heterocycle, and four further
examples in which the reaction of a metal carbonyl with an acetylene
or an olefin yields a polynuclear w-complex in which a ferracyclo-
pentadienyl or osmacyclopentadienyl ring is w-bonded to another
iron or osmium atom. These five molecules will be considered. On the
other hand, the large body of compounds that contain, for instance,
m-bonds to isolated double bonds, or to allyl or butadiene residues,
in which linear delocalization undoubtedly occurs, will not be
discussed in detail 1655

The literature has been searched up to the end of 1965.

II. NOMENCLATURE

Since no definite nomenclature rules appear to have become
established that cover the whole field of organometallic compounds,
a partly pragmatic approach has been adopted (cf. Coates®® and
Wilkinson and Cotton®7?). In formulae, the aromatic part of the
molecule is placed first, then the metal, and lastly the other groups.

When bond lengths are referred to, the following abbreviations
are used for substituted or unsubstituted m-bonded aromatic ring
systems:

Cb Cyclobutadiene

Cp Cyclopentadienyl

Ch Cycloheptatrienyl



P.J. Wheatley 3

In addition, the following abbreviations will be employed when no
confusion is likely:

M Transition metal

ED Results obtained from an electron-diffraction investi-
gation

Mw Results obtained from a study of the microwave
spectrum

M-C(Ring) Distance from the transition metal to a carbon atom
in an aromatic ring

M-Ring Perpendicular distance from the transition metal to
the least-squares plane through the atoms of the
aromatic ring

III. RESULTS

The available experimental results are presented in Tables 1-7.
It has occasionally been necessary to calculate molecular quantities
not listed in the original papers. In the course of these calculations,
which were carried out on an Elliott 803B computer with the pro-
gramming system of Daly, Stephens, and Wheatley,?® some quantities
that were listed have of necessity been recalculated. These values are
shown in heavy type in the Tables. They were obtained from the
original cell dimensions and coordinates (corrected, when necessary,
for obvious printing mistakes), the resulting coordinates in A being
carried to four decimal places, and from five-figure trigonometric
functions. In general, the agreement with the original results is good,
but differences of up to 0.1 A do occur.

Values in square brackets are considered to be unreliable for one
of a variety of reasons: they may be the results of limited two-
dimensional X-ray analyses; they may suffer from molecular disorder

Table 1. Distances (in A) in 7-complexes of four-membered homocyeclic rings.

Compound C(Cb)-C(Cb) Range
(7-Ph,C4)Fe(CO)3 1.459 1.444-1.469
(m-Me C,4)NiCl; - $3CgHg 1.431 1.399-1.455

Compound M-C(Cb) Range M-Cb  Refs.
(7-Ph,C4)Fe(CO)5 2.067 2.053-2.091 1.790 60, 61

(m-Me,C,)NiCl, - §CHy 2.022 1.997-2.047 1.749 62
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