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Preface

Contrary to the general image that chemistry has in public opinion, chemists
are great observers, admirers, and lovers of Nature. Chemists have a relationship
with Nature at a molecular level, learn from it, and attempt to copy its perfection
and harmony. In their activities, chemists work to find solutions for human
health; to widen the range of sustainable processes and materials; to prevent pol-
lution and maintain the quality of climate; to devise clean, renewable energy
sources; to preserve and restore the cultural heritage; and to develop new technolo-
gies for improving everyday life. Using synthetic processes and discovering and
manipulating molecules, chemists are increasingly establishing a primary role
within prominent interdisciplinary scientific and technological fields such as those
of nanoscience, nanotechnology, and biotechnology. Alluding to precisely this
great potential, “Long life to chemistry” said Jean Marie Lehn at the end of his
plenary during the 1% European Chemistry Congress held in Budapest on 27-31
August 2006. This sentiment has to be related also to the fact that young chemists
are producing new paradigms opening up excellent perspectives for future
research.

The plan for this book was originated during the preparation of the European
Young Chemists Award that I had the honor to chair and that was held during
the First European Chemistry Congress. At that congress a number of young
chemists showed the results of their research, presenting fascinating ideas and
original conclusions and proposing radically new materials, molecules, supramol-
ecules, and superstructures. About 120 chemists from all over the world, and all
less than 34 years old, participated in the Award. According to the supporting
letters, there were several excellent candidates. Just to give you an idea of the type
and level of assessments contained in those letters, let me cite few of them: “out-
standing scientist, who in spite of the young age has already accomplished a lot”;
“unusually talented chemist”; “this rapid rise through the academic ranks is almost
unprecedented and is testament to extraordinary talent”; “particularly bright and
full of original ideas and also hard working”; “totally reliable and highly profes-
sional, gives continuous input of original solutions”; “truly outstanding synthetic
organic chemist with a glittering future ahead”; “the mobility and international
cooperation experience of the candidate are great examples for the future genera-
tion of scientists not only in Europe but also outside”; “ambitious, successful
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young scientist who is goal oriented on challenging scientific topics.” About half
of the participants were judged top level by the Award jury.

Most of the candidates presented fundamental research issues, although possi-
ble applications were almost always also considered. They dealt with a variety of
problems in keeping with chemical tradition.

I 'was then encouraged to collect in a book what I felt to be the most interesting
topics by different candidates for the Award. Tomorrow’s Chemistry Today is there-
fore a book intended to showcase excellence in chemistry by inviting a selection
of young chemists each to write a chapter on their research field, their main
results, and the perspectives they envision for the future.

Many of the 18 contributions are interdisciplinary and involve interfaces
such as:

* organic-synthesis/polymer science/supramolecular science;

¢ supramolecular chemistry/material science and
nanotechnology/optoelectronics;

* bioorganic chemistry or inorganic chemistry/medicinal
chemistry;

* organic synthesis/analytical chemistry/protein biochemistry;

* Dbiology/nanoscience/physical chemistry;

* Dbiology/supramolecular chemistry.

Reading the book, one will find many new ideas and innovations. It is clear that
important steps forward, at the forefront of modern chemical science and technol-
ogy, are made in several area with the contributions of these talented authors.
These concern at least the following fields:

* New synthetic procedures, reaction routes, and schemes
intended to give supramolecular motifs.

* Development of real bottom-up molecular technology as
well as nanotechnology through supramolecular chemistry.

* New chemical products or materials with unusual properties
for potential applications in various devices.

* Hybrid nanomaterials involving organic, inorganic, as well
as biological systems or assemblies.

* Molecular systems having intense industrial interest in
medicine.

* Structure-property relationship and biomimetic chemistry.

* New “green” catalysts for environmentally friendly industrial
processes.

 Advanced characterization methods.

The book has been divided into three main parts:
1. Self-organization, Nanoscience, and Nanotechnology
2. Organic Synthesis, Catalysis, and Materials
3. Health, Food, and Environment
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In the first part, emphasis is given to the efforts made in the exploitation of
improved knowledge of noncovalent interactions to synthesize new molecules
having hierarchical structure, possibly to mimic Nature. Molecules are often
designed to utilize precisely these noncovalent interactions and molecular recogni-
tion processes, particularly those based upon hydrogen bonding, metal-ligand
coordination, T—m interactions, hydrophobic interaction, ion pairing, and van der
Waals interactions. This is in order to stabilize well-defined conformations and
therefore function.

Powerful methods for the synthesis of elaborate and intricate supramolecular
systems and the technique of subcomponent self-assembly for the creation of increas-
ingly complex structures are presented. Particular strategies of synthesis are
described such as “self assemble, then polymerize, and then fold into hierarchical
structures” or vice versa, as well as successful strategies involving the incorporation
of aromatic heterocycles into the backbone of m-conjugated systems for the design
and assembly of structures having desired properties. In some cases the parame-
ters controlling the exact nature of the observed hierarchical structures are dis-
cussed. Fascinating architectures, or molecular topologies if you like, are
demonstrated that have an almost unmatched range of physical properties involv-
ing different types of molecules such as polyoxometallates, co-oligomers alternat-
ing phosphole and thiophene and/or pyridine rings, catenanes, rotaxane,
naphthalenediimides, and so on. Their potentialities in everyday life as catalysts,
sensors, molecular machines, switches, photoactive or electroactive components
for optoelectronics as well as light-emitting diodes, thin-film transistors, photovol-
taic cells, nanodevices, and so on, are discussed. Reading these works it is easily
understood that, as one of the contributors says, “Chemists are in an ideal position
to develop such a molecular approach to functional nanostructures because they
are able to design, synthesize, investigate, and organize molecules— i.e., make
them react or bring them together into larger assemblies. And at the end a better
understanding of the rules and principles guiding a self-assembly process can
allow one to utilize these rules synthetically, creating new structures possessing
new functions for engineering at the molecular level.”

The book continues with other contributions in the area of materials and cataly-
sis. Important concepts are treated, like that of exploiting nonlinear optical behav-
ior of certain classes of materials which emit in the short wavelength region, such
as the visible region, when excited by another region such as the infrared. This
property leads to many advantages, especially in biological studies, telecommuni-
cations, and three-dimensional optical storage, and it is potentially important for
bioimaging. The bottom-up approach is again amply exploited to prepare nano-
structured materials with hierarchical organization, leading to properties which
can be tuned by judicious modification of their synthesis conditions. New syn-
thetic techniques based again on weak interactions are continually being devel-
oped to gain more precise control over the organization of solids. In particular,
template-assisted synthesis, self-assembly, and biomimetic methods are high-
lighted as likely to become widely used in the fabrication of materials with con-
trolled porosity. The important method of spatially constrained synthesis is
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described. The bottom-up nanoengineering approach is used in another contribu-
tion dealing with the preparation of light-emitting aggregates from functionalized
para-quaterphenylene. This work ends with the question: “which chemically func-
tionalized oligomers would still undergo a similar self-assembly process and allow
creation of quantitative amounts of crystalline nanofibers with tailored morpholo-
gies and optical, electrical, mechanical and even new properties?”

Moving to other contributions, one can readily appreciate that Nature still has
plenty of things to teach us for engineering at molecular level and preparing useful
materials. This motif is present, for example, in a contribution reporting the study
of bio-inspired models of copper proteins elucidating model compounds of the
copper-containing enzyme catechol oxidase and aiming to understand its mecha-
nism of action.

Nature has always been a source of inspiration for chemists and materials sci-
entists. In addition to the inspiration, Nature is also giving us “materials” useful
for nanotechnology. This concept is vividly and beautifully presented in a further
contribution in which plant viral particles are used as programmable nanobuilding
blocks. The focus of this chapter is in the area of nanobiotechnology and the
exploitation of biomolecules for technological applications. A new field is emerg-
ing, says the author: “a highly interdisciplinary area which involves collaborations
between virologists, chemists, physicists, and materials scientists. It is exciting at
the virus—chemistry interface.”

The book collects contributions in the field of characterization of materials also,
and these are reported in various chapters. In addition to this, a particular chapter
is dedicated to interesting new calorimetric approaches to the study of soft-matter
three-dimensional organization intended to demonstrate methods able to make a
contribution to our understanding of hierarchical porous structures in which
matter and void are organized in regular and controlled patterns.

Studies in the catalytic-organic chemistry area are enriched here by an elegant
contribution on selective hydrogen transfer reactions over supported copper cata-
lysts leading to simple, safe, and clean protocols for organic synthesis.

Contributions to organic synthesis, in some respects more traditional than
those previously mentioned and concerning different areas from those potentially
important for nanotechnology, materials, or catalysis, are also reported.

In one of these contributions, organic synthetic procedures regarding nucleo-
philic radical addition under mild conditions is described, underlining and con-
firming the idea that high reactivity is not necessarily associated with low
selectivity.

In the last part of the book some examples are reported on the importance of
the contribution of chemical studies to fields that are of increasing concern for
the public opinion such as health, food, and the environment. One of these
describes investigation of the protein—tannin interaction in order to better under-
stand organoleptic properties of foodstuffs, and in particular those of red wine.

Two other chapters give an overview of the analogues and derivatives of cisplatin
and the alternatives for it, the ruthenium-based drugs reported in the last 30 years
for tumor biology, and present both future perspectives of medicinal chemistry
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for speeding up discovery chemistry in the field and future strategies for drug
design. Last but not least, a chapter is devoted to the important photochemical
transformation processes of environmental significance and their possible influ-
ence on climate change.

The contributions reported in this book clearly show that chemistry is not a static
science and that this is because it is continuously developing its knowledge base,
techniques, and paradigms, adapting its potentialities to the demands of society,
implementing its own tradition and collaborating with other scientific areas to
open up entirely new fields at the interface with physics or life sciences to generate
hybrid systems. It is important to stress that the systems chemists can create may
have characteristics or properties that are not even present in Nature. Either
exploiting the synthetic arts such as those presented in many chapters of this book
or creating hybrid systems with living organisms, chemists are, as stated at the
beginning, in the ideal position to contribute to our civil and societal development.
The perspective for this science and for the products that it can give to society are
therefore excellent, considering especially that a number of talented young
researchers are very active in the area.

In conclusion, I hope that such a book, directed to a broad readership, will be
a source of new ideas and innovation for the research work of many scientists, the
contributions covering many of the frontier issues in chemistry. Our future is
undoubtedly on the shoulders of the new scientific generation, but I would like to
express the warning that in any case there will be no significant progress if—
together with the creativity of young scientists and their will to develop interdis-
ciplinary and collaborative projects —there is not established a constructive political
will that takes care of the growth of young scientists and their research.

I cannot finish this preface without acknowledging all the authors and the
persons who helped me in the book project. I am very grateful to Professor Natile
(President of the European Association for Chemical and Molecular Sciences) and
Professor De Angelis (President of the Italian Chemical Society) for their stimula-
tion and suggestions. And of course, I thank all the Societies (see the book cover)
that motivated and sponsored the book.

Palermo, August 2007
Bruno Pignataro
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