Volume Editor T. Schrader

Creative Chemical
Sensor Systems

pringer



Creative Chemical Sensor Systems

Volume Editor: Thomas Schrader

With contributions by

E. V. Anslyn - L. Baltzer - A. W. Coleman - B. E. Collins

M. Dupin - Y. Guo - T. D. James - R. Jelinek - S. Kolusheva

S. Litvinchuk - S. Matile - A. Moussa - S. Otto - F. Perret

H. Perron - J. D. Revell - C. Schmuck - K. Severin - H. Tanaka
H. Wennemers - P. Wich - A. T. Wright

@ Springer



The series Topics in Current Chemistry presents critical reviews of the present and future trends in
modern chemical research. The scope of coverage includes all areas of chemical science including
the interfaces with related disciplines such as biology, medicine and materials science. The goal of
each thematic volume is to give the nonspecialist reader, whether at the university or in industry,
a comprehensive overview of an area where new insights are emerging that are of interest to a larger
scientific audience.

As a rule, contributions are specially commissioned. The editors and publishers will, however, always
be pleased to receive suggestions and supplementary information. Papers are accepted for Topics in
Current Chemistry in English.

In references Topics in Current Chemistry is abbreviated Top Curr Chem and is cited as a journal.
Visit the TCC content at springerlink.com

ISSN 0340-1022
ISBN 978-3-540-71546-7 Springer Berlin Heidelberg New York
DOI 10.1007/978-3-540-71547-4

This work is subject to copyright. All rights are reserved, whether the whole or part of the material
is concerned, specifically the rights of translation, reprinting, reuse of illustrations, recitation, broad-
casting, reproduction on microfilm or in any other way, and storage in data banks. Duplication of
this publication or parts thereof is permitted only under the provisions of the German Copyright Law
of September 9, 1965, in its current version, and permission for use must always be obtained from
Springer. Violations are liable for prosecution under the German Copyright Law.

Springer is a part of Springer Science+Business Media
springer.com
(© Springer-Verlag Berlin Heidelberg 2007

The use of registered names, trademarks, etc. in this publication does not imply, even in the absence
of a specific statement, that such names are exempt from the relevant protective laws and regulations
and therefore free for general use.

Cover design: WMXDesign GmbH, Heidelberg
Typesetting and Production: LE-TgX Jelonek, Schmidt & Véckler GbR, Leipzig

Printed on acid-free paper 02/3180YL-543210



277
Topics in Current Chemistry

Editorial Board:

V. Balzani - A. de Meijere - K. N. Houk - H. Kessler - J.-M. Lehn
S.V.Ley-S. L. Schreiber - J. Thiem - B. M. Trost - E. Vogtle
H. Yamamoto



Topics in Current Chemistry

Recently Published and Forthcoming Volumes

Creative Chemical Sensor Systems
Volume Editor: Schrader, T.
Vol. 277, 2007

In situ NMR Methods in Catalysis
Volume Editors: Bargon, J., Kuhn, L. T.
Vol. 276, 2007

Sulfur-Mediated Rearrangements II
Volume Editor: Schaumann, E.
Vol. 275, 2007

Sulfur-Mediated Rearrangements I
Volume Editor: Schaumann, E.
Vol. 274, 2007

Bioactive Conformation IT
Volume Editor: Peters, T.
Vol. 273, 2007

Bioactive Conformation I
Volume Editor: Peters, T.
Vol. 272, 2007

Biomineralization IT

Mineralization Using Synthetic Polymers and
Templates

Volume Editor: Naka, K

Vol. 271, 2007

Biomineralization I

Crystallization and Self- Organlzatlon ProceSs
Volume Editor: Naka, K

Vol. 270, 2007

Novel Optical Resolution Technologies 3
Volume Editors:

Sakai, K., Hirayama, N., Tamura, R.

Vol. 269, 2007

Atomistic Approaches in Modern Biology
From Quantum Chemistry

to Molecular Simulations

Volume Editor: Reiher, M

Vol. 268, 2006

Glycopeptides and Glycoproteins
Synthesis, Structure, and Application
Volume Editor: Wittmann, V.

Vol. 267, 2006

Microwave Methods in Organic Synthesis
Volume Editors: Larhed, M., Olofsson, K
Vol. 266, 2006

Supramolecular Chirality

Volume Editors: Crego-Calama, M.,
Reinhoudt, D. N.

Vol. 265, 2006

Radicals in Synthesis II
Complex Molecules

Volume Editor: Gansiuer, A.
Vol. 264, 2006

Radicals in Synthesis I
Methods and Mechanisms
Volume Editor: Gansiuer, A.
Vol. 263, 2006

Melecular Machines
V(ﬁﬂne"i,dltor Kelly, T.R.
N 25 ZQO6

Immob).l.lsaﬁon of DNA on Chips II
Volume Editor: Wittmann, C.
Vol. 261, 2005

Immoblhsatlon of DNA on Chips I
Volume Editor: Wittmann, C.
Vol. 260, 2005



Volume Editor

Prof. Dr. Thomas Schrader

Institute of Organic Chemistry
Department of Chemistry
University Duisburg-Essen
Universtitétsstrafle 5

45117 Essen

Germany
Thomas.Schrader@uni-due.de

Editorial Board

Prof. Vincenzo Balzani

Dipartimento di Chimica ,,G. Ciamician“

University of Bologna

via Selmi 2

40126 Bologna, Italy
vincenzo.balzani@unibo.it

Prof. Dr. Armin de Meijere

Institut fiir Organische Chemie
der Georg-August-Universitit
Tammanstr. 2

37077 Gottingen, Germany
ameijer1 @uni-goettingen.de

Prof. Dr. Kendall N. Houk

University of California
Department of Chemistry and
Biochemistry

405 Hilgard Avenue

Los Angeles, CA 90024-1589
USA

houk@chem.ucla.edu

Prof. Dr. Horst Kessler

Institut fiir Organische Chemie
TU Miinchen
Lichtenbergstrafie 4

86747 Garching, Germany
kessler@ch.tum.de

Prof. Jean-Marie Lehn

ISIS

8, allée Gaspard Monge

BP 70028

67083 Strasbourg Cedex, France
lehn@isis.u-strasbg.fr

Prof. Steven V. Ley

University Chemical Laboratory
Lensfield Road

Cambridge CB2 1IEW

Great Britain
Svl1000@cus.cam.ac.uk

Prof. Stuart L. Schreiber

Chemical Laboratories
Harvard University

12 Oxford Street
Cambridge, MA 02138-2902
USA

sls@slsiris.harvard.edu

Prof. Dr. Joachim Thiem

Institut fiir Organische Chemie
Universitit Hamburg
Martin-Luther-King-Platz 6
20146 Hamburg, Germany
thiem@chemie.uni-hamburg.de



VI

Editorial Board

Prof. Barry M. Trost

Department of Chemistry
Stanford University
Stanford, CA 94305-5080
USA
bmtrost@leland.stanford.edu

Prof. Dr. F. Vogtle

Kekulé-Institut fiir Organische Chemie
und Biochemie

der Universitdt Bonn
Gerhard-Domagk-Str. 1

53121 Bonn, Germany
voegtle@uni-bonn.de

Prof. Dr. Hisashi Yamamoto

Department of Chemistry
The University of Chicago
5735 South Ellis Avenue
Chicago, IL 60637

USA
yamamoto@uchicago.edu



Topics in Current Chemistry
Also Available Electronically

For all customers who have a standing order to Topics in Current Chemistry,
we offer the electronic version via SpringerLink free of charge. Please contact
your librarian who can receive a password or free access to the full articles by
registering at:

springerlink.com

If you do not have a subscription, you can still view the tables of contents of the
volumes and the abstract of each article by going to the SpringerLink Home-
page, clicking on “Browse by Online Libraries”, then “Chemical Sciences”, and
finally choose Topics in Current Chemistry.

You will find information about the

- Editorial Board

- Aims and Scope
Instructions for Authors
Sample Contribution

at springer.com using the search function.



Preface

Since several excellent books have appeared on the issue of chemical and
biochemical sensing, this compendium concentrates on recent creative new
approaches using chemical means for the detection and quantification of im-
portant analytes. These are presented either from a technical viewpoint or
from the perspective of selective molecular recognition with artificial receptor
molecules. Consequently, the entire book is subdivided into two categories,
i.e., natural targets and detection techniques.

In the first part, the challenging task of sensing peptides and proteins as
well as saccharides is addressed from several perspectives: Small libraries with
maximum diversity are efficiently used to reach high affinity and selectivity
of artificial hosts for short peptide sequences. Preorganized aromatic vessels
are tailored for certain protein epitopes and shown to selectively address the
prion protein, and a new conjugation technique operating at physiological
conditions on helix-loop-helix motifs, leads to protein binders of exquisite
affinity. Finally, elegant sensor systems for multifunctional carbohydrates in
their natural form, which use the principle of photo-induced electron transfer
for fluorescence detection, are presented.

The second part of this book is devoted to creative detection techniques
employing chemical processes: Liposomes with integral self-assembled di-
acetylene lipid areas show an intense blue color, which gradually changes to
red if biological analytes of various sizes specifically interact with embed-
ded hosts. Principal component analysis and artificial neuronal networks are
novel methods to quantitatively analyze complex mixtures. An alternative ap-
proach uses artificial peptidic pores, which are able to release self-quenched
fluorophores that are substituted by tighter binding analytes. The last two chap-
ters of this book highlight new promising areas of combinatorial chemistry:
A fluorescence signal indicates that among thousands of candidates a certain
organocatalyst has performed a successful asymmetric aldol reaction. Adding
equilibrating conditions to combinatorial screening paves the way to generat-
ing self-optimized receptors and sensors, with a minimum need for design.

All chapters are written by leading experts in their fields and demonstrate
that the fascinating topic of sensing, although often inspired by nature, goes
far beyond biological principles and even today opens new doors to interdisci-
plinary research. Some of these areas are so new that technical applications have



X Preface

not yet evolved. However, according to the editor, it can only be a question of
time before chemical noses and dynamic combinatorial libraries are integrated
into commercial sensor systems, to pick just two prominent examples.

I'am indebted to the authors of this timely compilation, who presented their
very latest research in an easy-to-read fashion. Their cutting edge contributions
are intended to stimulate further research in other groups and to provide the
advanced reader with latest sensing concepts and techniques originating from
therealm of chemistry. Many thanks are also due to Dr. Marion Hertel and Birgit
Kollmar-Thoni for their encouragement and professional support throughout
the entire process of putting the book together.

Essen, March 2007 Thomas Schrader
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Abstract In this article we describe some examples how combinatorial libraries are ap-
plied in supramolecular chemistry e.g. to identify artificial receptors for peptide binding
in aqueous solvent. Whereas in the classical combinatorial approach mainly large but
completely random libraries are used, nowadays also the use of small but focused libraries
is coming into focus. We discuss the pros and cons of these two different approaches,
using examples from literature work and our own studies in this field.

Keywords Combinatorial libraries - Peptides - Receptors - Supramolecular chemistry

Abbreviations
Ac Acetyl
Bn Benzyl

Boc tert-Butoxycarbonyl

CBS  Carboxylate binding site

dansyl (Dimethylamino)naphthalene-1-sulfonyl
Fmoc 9-Fluorenylmethoxycarbonyl

Ph Phenyl

Suc Succinic acid
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1
Introduction

1.1
Combinatorial Methods

The use of combinatorial chemistry has fundamentally changed the pace and
scope of scientific research in some areas. The introduction of synthetic pep-
tide libraries has proven that combinatorial chemistry is a powerful tool for
the generation of libraries with immense molecular diversity. But the hype
as a new tool mainly in the pharmaceutical industry at the beginning of the
1990s has slowed down in recent years. The original hope that the screen-
ing of large libraries that contain millions of compounds would produce
many new drug candidates has not been fulfilled with complete satisfaction.
Nevertheless, combinatorial chemistry has established itself as a powerful
tool—among others—in chemistry, even though it is not the magic bullet
initially anticipated by some. However, combinatorial chemistry is currently
changing once more and is coming again into the focus of scientists. Besides
the large but random libraries initially employed, small but focused libraries
are also increasingly used to address specific problems in various fields of re-
search. The progress in the development of dynamic combinatorial libraries
is also a promising development. This article will describe first some general
aspects of combinatorial chemistry and then give a summary of different ap-
proaches in artificial receptor finding for biologically relevant small peptides
over the years, with a focus on the advantages of small and focused libraries
as used in our own research.

1.2
Supramolecular Chemistry

Combinatorial chemistry was initially mainly considered as a versatile tool
for drug discovery, but has evolved in recent years into broad fields of ap-
plications as diverse as materials science [1-3], catalyst development [4-7],
and biochemistry to identify the substrates of novel enzymes [8-10]. It also
opens the way in the widespread area of supramolecular chemistry. We use
combinatorial methods in this context to find new receptors that are capa-
ble of binding to a given target peptide, even in aqueous solvents. This can
help us to increase our knowledge of molecular recognition in general and
to design biosensors for the targeting of cellular processes or for the dis-
covery of new therapeutics. But what should a peptide receptor look like?
In principle there are two distinct paths one can follow [11]. One can try
to rationally design a complete receptor de novo with the help of theoret-
ical calculations [12]. However, the larger the substrate, the more difficult
this gets as theoretical methods such as force field calculations are not yet



