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The term “crystal engineering” was
coined as long ago as the 1950s, and
was defined by G. R. Desiraju in 1989 as
“the understanding of intermolecular
interactions in the context of crystal
packing and the utilization of such
understanding in the design of new
solids with desired physical and chem-
ical properties”.ll As it turns out, and as
one also finds on reading this book,
there are fundamentally different views
about what is meant by the “design” of
crystal structures or solid-state com-
pounds: whereas many of the authors
describe targeted synthesis and design
of crystal structures, others confirm that
the results are usually based on the
principles of “trial and error” or “mix
and hope” (p.268). Whether it is
actually possible to apply “design” in
chemical (solid-state) synthesis was
recently called into question in an
essay by M. Jansen and J. C. Schon.
The book Frontiers in Crystal Engi-
neering now tries to show where the
frontiers actually are, in other words, to
identify the limitations that govern the
extent to which one can rationally
design and control the packing in the
crystal, which certainly affects the prop-
erties of the material. In 12 articles, 24
authors—including the names of inter-
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nationally known scientists such as
Desiraju, Kitagawa, and Zaworotko,?!
to mention only a few—report research
on specific compounds in which the
crystal structures are determined not
only by covalent and coordinative bond-
ing but also by additional, often weak,
interactions.

The structures described include
such different types as zwitterionic
cobaltacene derivatives prepared under
mechanochemical synthetic conditions,
pharmaceutical ~ cocrystalline  com-
pounds (which often have better crys-
tallization properties than the corre-
sponding pure compounds), compounds
in which molecules of the starting mate-
rials are fixed by hydrogen bonds in
positions that facilitate photochemical
cycloadditions, networks with mutual
interpenetration, and chiral networks
with amino acid derivatives as bridging
ligands. Using these as examples, the
authors describe in detail how even
weak interactions can have a cumulative
effect in determining the crystal struc-
ture. As well as hydrogen bonding and
interactions between aromatic ring sys-
tems (“mstacking”), the effects of C-
H-m interactions and secondary inter-
actions between atoms of heavy Main
Group elements are analyzed. Bonding
interactions of halogen atoms in organic
molecules and of carbonyl groups with
aromatic s systems are treated only
briefly and without giving numerical
data (pp. 102, 309), even though it is
now accepted that significant attractive
forces also occur between atoms with
negative partial charge and the positive
region of an electron-deficient aromatic
7t system. Such noncovalent bonds are,
of course, weak; nevertheless, careful
analyses of the crystal structures con-
firm that the sum of their actions can
have a significant influence on the
structure, which was often not recog-
nized in the past, or at least not taken
into account. Even intermolecular
Br-Br or Br-N interactions (p.99),
which involve interatomic distances in
the van der Waals range (3.6-4.0 A and
3.6 A, respectively) are considered as
possibly influencing structure (while in
crystalline Br,, intermolecular Br-Br
distances as short as 3.31 A occur). In
such cases, there is clearly a difficulty in
unambiguously  identifying  effects
caused by very weak bonding interac-
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tions and distinguishing them from
random variations in arrangement.
However, one can have doubts about
the significance of metallophilic inter-
actions between d!° Cut ions with
Cu--Cu distances of 2.7-3.0 A (p. 248).

The last chapter discusses the prop-
osition that, in addition to supramolec-
ular interactions, Kinetic effects also
play a role in the formation of the
three-dimensional packing arrangement
in the crystal. Since there are chemical
equilibria in the solution, this often
leads to the formation of compounds
and structures that crystallize most
easily or rapidly under the existing
crystallization conditions.

The book deals with a highly topical
subject, as is shown by the current rapid
increase in the numbers of publications
and research projects in the area of
polymeric coordination compounds and
metalloorganic frameworks (MOFs). As
a consequence of their lattice structures,
which form according to the (more or
less controllable) principles described in
the book, these materials have interest-
ing present or potential applications in
the areas of adsorption, storage of gases,
sensors, and catalysis.

The articles contain a few small
errors and inaccuracies. The structures
that are discussed are illustrated by
many helpful figures that explain the
principles involved. Although these are
(unfortunately) only printed in black-
and-white, they mainly succeed in
clearly showing even complicated struc-
tures (such as S. R. Batten’s interprene-
tating networks) and making them
understandable. However, in some of
the chapters a few of the figures suffer
from poor resolution (pp.34, 40) or
fuzziness (p. 85), or show strange hatch-
ing patterns (p. 113). If authors’ names
had been included in the list of contents,
it would have made it easier to search
for particular topics and types of com-
pounds.

Where are the present frontiers of
crystal engineering ? In special cases it is
possible to plan additional noncovalent
interactions, for example, where dehy-
dration reactions can occur in the solid
state, or where the structure of ligands
can be adjusted precisely so that donor
and acceptor functions lead to hydrogen
bonding. On the other hand, in most
cases the existence of many different
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contributions to the total bonding
system in the crystal makes it still
impossible to predict the structure that
will result.

Frontiers in Crystal Engineering
offers an interesting collection of indi-
vidual reports about selected, mostly
highly specialized, topics in the field,
without claiming to cover all its aspects.
Up to now, and for the immediately
foreseeable future, it remains easier to
understand the principles of crystal
engineering for compounds that have
been structurally characterized than to
“design” crystal structures of complex
compounds. Therefore,
Crystal Engineering cannot provide a
patent recipe for the targeted synthesis
and crystallization of functional net-
works, but instead explains the many
different influences on the crystal struc-
tures that are formed, and shows the
importance of a thorough and sound
interpretation of structural data.
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Cyclodextrins and
Their Complexes

The field of cyclodextrins has made
tremendous advances in recent years.

www.angewandte.org

10625 articles on cyclodextrins were
published between 2001 and 2006 (data
from Cyclolab website, http://www.cy-
clolab.hu) in various areas ranging from
organic chemistry to pharmaceutical
and analytical applications. The field is
not only very large but also highly
diversified and is expanding rapidly.
Indeed, as claimed by the editor of this
book, since 2005 more than 5.6 articles
per day have been published on cyclo-
dextrins. Cyclodextrins and their Com-
plexes offers a fresh look, providing a
broad survey of the field with numerous
references. It can serve both as a text-
book for scientists newly interested in
the cyclodextrins field and as an
advanced monograph.

This work is organized in 16 chapters
with 36 contributing authors, and con-
tains 489 pages. It assumes a basic
knowledge of advances in cyclodextrins
research. Most chapters are highly ref-
erenced to original research papers and
review articles for further reading. How-
ever, the balance between different
aspects does not accurately reflect their
relative importance. The characteriza-
tion of cyclodextrins and their inclusion
complexes by different spectroscopic
and physical-chemical methods is very
well described and discussed. This part
represents almost half of the book. The
various applications of cyclodextrins
and their derivatives in industry are
also well covered. On the other hand,
the chemistry of modified cyclodextrins,
as well as separations by cyclodextrins,
would have benefited from a more in-
depth treatment. Various special aspects
of cyclodextrins, such as polymers, cat-
alysis, rotaxanes, and large-ring cyclo-
dextrins, are covered in other chapters.

The introduction to the subject of
cyclodextrins and modified cyclodex-
trins provides useful structural data to
enable the reader to understand the
properties and applications of these
molecules. It is complemented by Chap-
ter 13, which describes large-ring cyclo-
dextrins, and their synthesis, properties,
and applications.

The second chapter deals with the
organic chemistry of cyclodextrins and
modified cyclodextrins. The very useful
selective mono-modification of cyclo-
dextrins is well presented, followed by
per-modification. Examples of modifi-
cation at other positions are also descri-
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bed. The grafting of various moieties
onto cyclodextrins (charged junctions,
saccharides, peptides, metal ligands) is
discussed with examples. However,
amphiphilic derivatives are not dis-
cussed anywhere in this chapter, which
is regrettable since these derivatives
lead to many, often exciting, applica-
tions. Enzymatic modifications of cyclo-
dextrins, which have been studied very
thoroughly and are widely used, are
given only a brief paragraph. The
organic chemistry of cyclodextrins, a
very large topic, is summarized here in
a dense 30 pages, and is one of the less
well treated areas of this book.

Chapters 3 and 12 focus on supra-
molecular polymers and rotaxanes,
respectively. Chapter 3 explains, with
examples, how polymers are formed
when a hydrophobic moiety of a modi-
fied cyclodextrin becomes included in
the cavity of another cyclodextrin. Ana-
lytical data are added to provide proof
of their polymeric structures. In Chap-
ter 12, rotaxanes and pseudorotaxanes,
as well as catenanes, are described, but
only a few structures and applications
are presented. Nevertheless, these two
chapters provide a well-written over-
view of the field.

Reactions catalyzed by cyclodextrins
(covalent and noncovalent catalysis,
acid-base catalysis) are explained well
in Chapter 4, and examples are provided
to illustrate each case. This is a short but
useful section, clearly written.

One of the most important applica-
tions of cyclodextrins is their use in
chromatographic separation, and partic-
ularly that of enantiomers. Chapters 5
and 6 briefly summarize chiral recogni-
tion by cyclodextrins, and its applica-
tions to enantiomer separation. This
part starts by discussing characterization
of the complexes by GC and LC, and
leads into enantiomer separation by GC,
LC, supercritical fluid chromatography,
and capillary electrophoresis. The first
three of these are treated briefly,
whereas the latter one is well docu-
mented with the help of some examples.
The chiral selectivity of a-, -, and vy-
cyclodextrins towards a mixture of
enantiomers is explained as being due
to differences in complexation. Unfortu-
nately, the lack of a chapter devoted
specifically to relevant advances in the
chromatography of cyclodextrins and
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