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targets with human diseases presents tremendous chal-
lenges for drug research. Nonetheless, advances in tech-
nology have enabled Pharma to explore multiple medici-
nal chemistry approaches in support of chemical biology
efforts and to identify leads and optimize to drug candi-
dates. These advances include improvements in struc-
ture-based design, integrating techniques of x-ray crys-
tallography, computational chemistry and nuclear
magnetic resonance spectroscopy, multivariate analysis,
parallel synthesis and early pharmaceutical profiling.
Additionally, application of these techniques, coupled with
the growing field of biosynthetic engineering, precise syn-
thetic methods and the use of high-resolution analytical
tools has spurred renewed interest in natural product-
based drug research.

The lecture will give a brief overview of the evolution
of drug discovery and the various medicinal chemistry
approaches from the past and present and with an out-
look to the future.
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The strategies of drug design changed significantly
over the past few decades. Whereas chemistry, biological
activity hypotheses, and animal experiments dominated
drug research, especially in its "golden age" from the
1960's to the 1980's of the last century, many new tech-
nologies developed over the past 20 years. A vast
amount of new drugs was expected to result from combi-
natorial chemistry and high-throughput screening; howev-
er, the yield of new drugs was relatively poor. Molecular
modelling, virtual screening and 3D structure-based
design support the selection and rational design of high-
affinity protein ligands. But high affinity to a disease-rele-
vant target is only one condition; others are oral bioavail-
ability, favourable pharmacokinetics, and a lack of
unacceptable side effects and major toxicity; all these
properties are most difficult to predict.

Despite the new technologies we observe a produc-
tivity gap in pharmaceutical industry: there is a sharp con-
trast between the increasing costs of drug research and
development and the steady decline in the number of new
chemical entities for human therapy. The presentation will
shortly discuss the following questions:

- what are the reasons for the productivity gap between
R&D costs and the number of new drugs (NCE's)?

- is there a "druggable genome"?

- is target focus always the best strategy?

- are we using the right virtual screening tools?

- is poor ADME the major hurdle in clinical development?

- what are the reasons for poor performance of ADME
and toxicity predictions?

- what are the main problems in clinical studies?

- offers pharmacogenomics a hope for the future?

References

H. Kubinyi, Drug Research: Myths, Hype and Reality, Nature
Rev. Drug Discov. 2, 665-668 (2003); www.kubinyi.de/nrdd-pub-
08-03.pdf.

H. Kubinyi, Changing Paradigms in Drug Discovery, in: The
Chemical Theatre of Biological Systems (Proceedings of the
International Beilstein Workshop, Bozen, Italy, May 24-28,
2004), M. Hicks and C. Kettner, Eds., Logos-Verlag, Berlin,
2005, pp. 51-72; www.kubinyi.de/kubinyi-paradigms-bozen-
2004.pdf.

H. Kubinyi, The Drug Discovery Process, in: Wiley Handbook of
Current and Emerging Drug Therapies, John Wiley & Sons,
Hoboken, NJ, 2006, pp. 3-23.

H. Kubinyi, The Changing Landscape in Drug Discovery, in:
Computational Approaches to Structure Based Drug Design, R.
M. Stroud, Ed., Royal Society of Chemistry, London, 2007, pp.
24-45; www.kubinyi.de/rsc.pdf.

H. Kubinyi, Ed., Drug Discovery Technologies, Volume 3 of
Comprehensive Medicinal Chemistry I, J. B. Taylor and D. J.
Triggle, Eds., Elsevier, Oxford, 2007.

AL02 - UCB-Ehrlich Award for Excellence in
Medicinal Chemistry

AUTOMATED OLIGOSACCHARIDE SYNTHESIS AS
PLATFORM FOR VACCINE DEVELOPMENT
Peter H. Seeberger

Laboratory for Organic Chemistry, Swiss Federal Institute of
Technology (ETH) Ziirich, Wolfgang-Pauli-Str. 10, 8049 Zurich,
Switzerland, Seeberger@org.chem.ethz.ch

Cell surface oligosaccharides and glycosamino-
glycans are important for signal transduction processes
but also are markers for infectious agents and disease.’
Described is the development of a fully integrated
platform? based on automated oligosacharide sythesis®
and carbohydrate arrays to address biological problems.
Particular emphasis in this lecture will be placed on the
new automated synthesis platform that will be made
available to laboratories around the world. Microreaction
systems constructed from etched silicon complement this
automated synthesis system and are used for rapid
reaction optimization as well as scale up for production.*

Based on the automated synthesis platform,
carbohydrate arrays an be accessed for use in screening
of proteins and blood sera.’ These diagnostic tools are
now beeing applied to correlate glycan expression and
disease.



A general approach to semi-synthetic carbohydrate
vaccines that are currently at different stages of develop-
ment will be discussed. vaccine candidates against
malaria,® Leishmaniasis,” and anthrax® as well as several
other bacteria are currently being developed. The malar-
ia vaccine candidate is now in preclinical development
and we are investigating the molecular mechanism of the
infection in detail. The process that enables merozoites to
enter red blood cells is not completely understood and the
search for a receptor on host cells continues. We show
that glycosyl phosphatidyl inositol (GPI) glycans, present
on the apical surface of merozoites, interact with a protein
on the surface of the host cell. The protein-GPI interaction
is essential for merozoite entry into erythrocytes and
mediates the inflammatory response via human
macrophages.
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Small molecule inhibitors of proteins are invaluable
tools in Chemical Biology. Their identification can be
tedious, because most screening methods have to be tai-
lored to the corresponding drug target. We have devel-
oped modular assays based on aptamer displacement or
protein-dependent reporter ribozymes for the screening
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of small-molecule inhibitors. As aptamers can be gener-
ated for virtually any protein, the assay potentially identi-
fies inhibitors for targets or individual protein domains for
which no functional screen is available. Thereby, chemi-
cal space is explored in a rapid, focused, and modular
manner, by indirectly taking advantage of the highest
molecular diversity currently amenable to screening,
namely that of 106 different nucleic acid sequences. | will
discuss the application of these approaches to find new
inhibitors for target proteins. Examples showing that
these modulators can be used as tools for gaining novel
biological insight are provided.
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The search for new ways to assemble molecules con-
tinues to be an important driver for organic synthesis. The
biological activity and exquisite structural diversity of
many natural products stimulates invention by challeng-
ing today’s synthetic methodology. However, preparing
such materials from small and commercially available
building blocks inevitably involves more than one syn-
thetic step. For most modern drugs and other complex
molecules, it is not uncommon for syntheses to require at
least 10 steps, and sometimes many more.

In order to make molecules more efficiently and eco-
nomically, our group has developed and used solid-sup-
ported reagents in a multi-step fashion without the use of
conventional work-up procedures. Now we have extend-
ed these concepts to make use of advanced scavenging
agents and catch-and-release techniques, and combined
these with the use of continuous flow processing to cre-
ate even greater opportunities for organic synthesis.

As important examples of these developments, we
have recently completed the syntheses of the natural
products grossamide and oxomaritidine entirely by using
these flow chemistry methods. The syntheses required
the construction of a fully automated continuous flow
reactor system (using a simple pumping arrangement)
with immobilized reagents packed in columns to effect the
synthesis steps efficiently. These examples illustrate the
rapid and flexible nature of the methods for preparing
compounds on demand and at various scales. The future
vision of this emerging field could well cause a paradigm
shift in the way chemical synthesis is conducted.
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Flow Technology: The Synthesis of Oxomaritidine
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Flow Technology: The Synthesis of Grossamide
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Schematic diagram of the synthesis and equipment used
for the preparation of Grossamide

Calumn

1 PS-HOBt

2 PS-HOBt

3 PSSOM

4 Si-Horseradish peroxidase

Container

Ferulic acid
PyBrOP, DIPEA
Aming solution
Washings

H, 0, urea complex
Buffer pH 4.5

th ot N o

Ligu hancier

The use of a Continuous Flow-Reactor Employing a Mixed
Hydrogen-Liquid Flow Stream for the Efficient Reduction of
Imines to Amines. S. Saaby, K.R. Knudsen, M. Ladlow and S.V.
Ley, J. Chem. Soc., Chem. Commun., 2005, 2909-2911.

Preparation of the Neolignan Natural Product Grossamide by a
Continuous Flow Process.

I.R. Baxendale, C.M. Griffiths-Jones, S.V. Ley and G.K.
Tranmer, Synlett, 2006, 427-430.

Microwave Assisted Suzuki Coupling Reactions with an
Encapsulated Palladium Catalyst for Batch and Continuous Flow
Transformations. |.R. Baxendale, C.M. Griffiths-Jones, S.V. Ley
and G. Tranmer, Chem. Eur. J., 2006, 12, 4407-4416.

A Flow Process for the Multi-Step Synthesis of the Alkaloid
Natural Product Oxomaritidine: A New Paradigm for Molecular
Assembly. |.R. Baxendale, J. Deeley, C.M. Griffiths-Jones, S.V.

Ley, S. Saaby and G. Tranmer, J. Chem. Soc., Chem. Commun.,
2006, 2566-2568.

A Fully Automated Continuous Flow Synthesis of 4,5-
Disbustituted Oxaxoles, M. Baumann, |.R. Baxendale, S.V. Ley,
C.D. Smith and G.K. Tranmer, Org. Lett., 2006, 8, 5231-5234.

A Flow Reactor Process for the Synthesis of Peptides Utilizing
Immobilised Reagents, Scavengers and Catch and Release
Protocols, |.R. Baxendale, S.V. Ley, C.D. Smith and G.K.
Tranmer, J. Chem. Soc., Chem. Commun., 2006, 4835-4837.

Polymer-Supported Reagents and Scavengers in Synthesis,
S.V. Ley, I.R. Baxendale and R.M. Myers, in “Comprehensive
Medicinal Chemistry I, Vol.3, Drug Discovery Technologies.
Eds. D.J. Triggle and J.B. Taylor, Elsevier, Oxford, 2006, 791-
836.

ISBN: 0080445136

Tagged Phosphine Reagents to Assist Reaction Work-up by
Phase-Switched Scavenging Using a Modular Flow Reactor
Process, C.D. Smith, |I.R. Baxendale, G.K. Tranmer, M.
Baumann, S.C. Smith, R.A. Lewthwaite and S.V. Ley, Org.
Biomol. Chem., 2007, 5, 1562-1568.

A Fully Automated Flow-Through Synthesis of Secondary
Sulfonamides in a Binary Reactor System, C.M. Giriffiths-Jones,
M.D. Hopkin, D. Joénssen, S.V. Ley, D.J. Tapolczay, E.
Vickerstaffe and M. Ladlow, J. Combinatorial Chem., 2007, 9,
422,

A Microcapillary Flow Disc (MFD) Reactor for Organic Synthesis,
C.H. Hornung, M.R. Mackley, |.R. Baxendale and S.V. Ley and,
Org. Proc. Res. Dev., 2007, 11, 399-405.

Continuous Flow Ligand-Free Heck Reactions Using Monolithic
Pd[0] Nanoclusters, N. Nikbin, M. Ladlow, S.V. Ley, Org. Proc.
Res. Dev., 2007, 11, 458-462.

Solid Supported Reagents in Multi-Step Flow Synthesis, |.R.
Baxendale and S.V. Ley, New Adventures to Efficient Chemical
Synthesis: Emerging Technologies, Symposium Proceeding
06.3, Ed: P.H. Seeberger and T. Blume. Springer, Berlin
Heidelburg, ISBN 978-3-540-70848-3, 2007, 3, 151-185.

LO1

INTEGRATION OF FRAGMENT DERIVED STRUC-
TURE-BASED DESIGN INTO THE DISCOVERY AND
DEVELOPMENT OF SELECTIVE KINASE INHIBITORS
FOR TREATMENT OF HUMAN CANCERS

Gavin Hirst

Senior Director of Medicinal Chemistry, SGX Pharmaceuticals,
Inc., 10505 Roselle Street, San Diego, CA 92121

Rapid discovery and development of potent and
selective targeted therapeutic agents depends critically
on identification of viable starting points for lead opti-
mization. There is a pressing need for more efficient
approaches that complement conventional HTS strate-
gies. The SGX platform utilizes high-throughput X-ray
crystallography to guide fragment-based lead identifica-
tion as a powerful drug discovery tool. This approach
uses X-ray crystallography and complementary biophysi-
cal techniques to identify low molecular weight fragments



