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Preface to the First Edition

The role of chemistry in the manufacture of new drugs,
and also of cosmetics and agrochemicals, is essential. It is
doubtful, however, whether chemists have been properly
trained to design and synthesize new drugs or other bioac-
tive compounds. The majority of medicinal chemists work-
ing in the pharmaceutical industry are organic synthetic
chemists with little or no background in medicinal chem-
istry who have to acquire the specific aspects of medicinal
chemistry during their early years in the pharmaceutical
industry. This book is precisely aimed to be their ‘bedside
book’ at the beginning of their career.

After a concise introduction covering background sub-
ject matter, such as the definition and history of medicinal
chemistry, the measurement of biological activities and
the three main phases of drug activity, the second part
of the book discusses the most appropriate approach to
finding a new lead compound or an original working
hypothesis. This most uncertain stage in the development
of a new drug is nowadays characterized by high-through-
put screening methods, synthesis of combinatorial librar-
ies, data base mining and a return to natural product
screening. The core of the book (Parts III to V) considers
the optimization of the lead in terms of potency, selectivity,
and safety. In ‘Primary Exploration of Structure-Activity
Relationships’, the most common operational stratagems
are discussed, allowing identification of the portions of the
molecule that are important for potency. ‘Substituents and
functions’ deals with the rapid and systematic optimiza-
tion of the lead compound. ‘Spatial Organization, Receptor
Mapping and Molecular Modelling’ considers the three-
dimensional aspects of drug-receptor interactions, giving
particular emphasis to the design of peptidomimetic drugs
and to the control of the agonist- antagonist transition.
Parts VI and VII concentrate on the definition of satisfac-
tory drug-delivery conditions, i.e. means to ensure that the
molecule reaches its target organ. Pharmacokinetic proper-
ties are improved through adequate chemical modifications,
notably prodrug design, obtaining suitable water solubility
(of utmost importance in medical practice) and improving
organoleptic properties (and thus rendering the drug admin-
istration acceptable to the patient). Part VIII, ‘Development
of New Drugs: Legal and Economic Aspects’, constitutes
an important area in which chemists are almost wholly self
taught following their entry into industry.

This book fills a gap in the available bibliography
of medicinal chemistry texts. There is not, to the author-
editor’s knowledge, any other current work in print which

deals with the practical aspects of medicinal chemistry,
from conception of molecules to their marketing. In this
single volume, all the disparate bits of information which
medicinal chemists gather over a career, and generally
share by word-of-mouth with their colleagues, but which
have never been organized and presented in coherent form
in print, are brought together. Traditional approaches are
not neglected and are illustrated by modern examples and,
conversely, the most recent discovery and development
technologies are presented and discussed by specialists.
Therefore, The Practice of Medicinal Chemistry is exactly
the type of book to be recommended as a text or as first
reading to a synthetic chemist beginning a career in medic-
inal chemistry. And, even if primarily aimed at organic
chemists entering into pharmaceutical research, all medici-
nal chemists will derive a great deal from reading the book.

The involvement of a large number of authors presents
the risk of a certain lack of cohesiveness and of some over-
laps, especially as each chapter is written as an autonomic
piece of information. Such a situation was anticipated and
accepted, especially for a first edition. It can be defended
because each contributor is an expert in his/her field and
many of them are ‘heavyweights’ in medicinal chemistry.
In editing the book I have tried to ensure a balanced content
and a more-or-less consistent style. However, the tempta-
tion to influence the personal views of the authors has been
resisted. On the contrary, my objective was to combine
a plurality of opinions, and to present and discuss a given
topic from different angles. Such as it is, this first edition
can still be improved and I am grateful in advance to all col-
leagues for comments and suggestions for future editions.

Special care has been taken to give complete references
and, in general, each compound described has been identi-
fied by at least one reference. For compounds for which no
specific literature indication is given, the reader is referred
to the Merck Index.

The cover picture of the book is a reproduction of a
copperplate engraving designed for me by the late Charles
Gutknecht, who was my secondary school chemistry
teacher in Mulhouse. It represents an extract of Brueghel’s
engraving The alchemist ruining his family in pursuing his
chimera, surmounted by the aquarius symbol. Represented
on the left-hand side is my lucky charm caster oil plant
(Ricinus communis L., Euphorbiaceae), which was the
starting point of the pyridazine chemistry in my laboratory.
The historical cascade of events was as follows: crack-
ing of caster oil produces n-heptanal and aldolization of
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n-heptanal — and, more generally, of any enolisable alde-
hyde or ketone — with pyruvic acid leads to a-hydroxy-
~-ketonic acids. Finally, the condensation of these keto
acids with hydrazine yields pyrodazones. Thus, all our
present research on pyridazine derivatives originates from
my schoolboy chemistry, when I prepared in my home in
Mulhouse n-heptanal and undecylenic acid by cracking
caster oil!

Preparing this book was a collective adventure and I am
most grateful to all authors for their cooperation and for
the time and the effort they spent to write their respective
contributions. I appreciate also their patience, especially
as the editing process took much more time than initially
expected.

I am very grateful to Brad Anderson (University of
Utah, Salt Lake city), Jean-Jacques André (Marion Merrell

Preface to the First Edition

Dow, Strasbourg), Richard Baker (Eli Lilly, Erl Wood, UK),
Thomas C. Jones (Sandoz, Basle), Isabelle Morin (Servier,
Paris), Bryan Reuben (London South Bank University) and
John Topliss (University of Michigan, Ann Arbor) for their
invaluable assistance, comments and contributions.

My thanks go also to the editorial staff of Academic
Press in London, Particularly to Susan Lord, Nicola Linton
and Fran Kingston, to the two copy editors Len Cegielka
and Peter Cross, and finally, to the two secretaries of our
laboratory, Franqois Herth and Marylse Wernert.

Last but not least, I want to thank my wife Renée for all
her encouragement and for sacrificing evenings an Saturday
family life over the past year and a half, to allow me to sit
before my computer for about 2500 hours!

Camille G. Wermuth



Preface to the Second Edition

Like the first edition of The Practice of Medicinal Chemistry
(nicknamed ‘The Bible’ by medicinal chemists) the second
edition is intended primarily for organic chemists beginning
a career in drug research. Furthermore, it is a valuable ref-
erence source for academic, as well as industrial, medicinal
chemists. The general philosophy of the book is to complete
the biological progress — Intellectualization at the level of
function using the chemical progress Intellectualization at
the level of structure (Professor Samuel J. Danishevsky,
Studies in the chemistry and biology of the epothilones
and eleutherobins, Conference given at the XXXIVémes
Rencontres Internationales de Chimie Th6rapeutique,
Facult6 de Pharmacie, Nantes, 8—10 July, 1998).

The recent results from genomic research have allowed
for the identification of a great number of new targets, corre-
sponding to hitherto unknown receptors or to new subtypes
of already existing receptors. The massive use of combina-
torial chemistry, associated with high throughput screen-
ing technologies, has identified thousands of hits for these
targets. The present challenge is to develop these hits into
usable and useful drug candidates. This book is, therefore,
particularly timely as it covers abundantly the subject of
drug optimization.

The new edition of the book has been updated,
expanded and refocused to reflect developments over the
nine years since the first edition was published. Experts
in the field have provided personal accounts of both tradi-
tional methodologies, and the newest discovery and devel-
opment technologies, giving us an insight into diverse
aspects of medicinal chemistry, usually only gained from
years of practical experience.

Like the previous edition, this edition includes a con-
cise introduction covering the definition and history of

medicinal chemistry, the measurement of biological activi-
ties and the three main phases of drug activity. This is fol-
lowed by detailed discussions on the discovery of new lead
compounds including automated, high throughput screen-
ing techniques, combinatorial chemistry and the use of the
internet, all of which serve to reduce pre-clinical develop-
ment times and, thus, the cost of drugs. Further chapters
discuss the optimization of lead compounds in terms of
potency, selectivity, and safety; the contribution of genom-
ics; molecular biology and X-ray crystallization to drug
discovery and development, including the design of pep-
tidomimetic drugs; and the development of drug-delivery
systems, including organ targeting and the preparation of
pharmaceutically acceptable salts. The final section covers
legal and economic aspects of drug discovery and produc-
tion, including drug sources, good manufacturing practices,
drug nomenclature, patent protection, social-economic
implications and the future of the pharmaceutical industry.

I am deeply indebted to all co-authors for their coop-
eration, for the time they spent writing their respective con-
tributions and for their patience during the editing process.
I am very grateful to Didier Rognan, Paola Ciapetti, Bruno
Giethlen, Annie Marcincal, Marie-Louise Jung, Jean-Marie
Contreras and Patrick Bazzini for their helpful comments.

My thanks go also to the editorial staff of Academic
Press in London, particularly to Margaret Macdonald and
Jacqueline Read. Last but not least, I want to express my
gratitude to my wife Renée for all her encouragements and
for her comprehensiveness.

Camille G. Wermuth
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Preface to the Third Edition

Like the preceding editions of this book, this third edition
treats of the essential elements of medicinal chemistry in
a unique volume. It provides a practical overview of the
daily problems facing medicinal chemists, from the con-
ception of new molecules through to the production of new
drugs and their legal/economic implications. This edition
has been updated, expanded and refocused to reflect devel-
opments in the past 5 years, including 11 new chapters on
topics such as hit identification methodologies and chem-
informatics. More than 50 experts in the field from eight
different countries, who have benefited from years of prac-
tical experience, give personal accounts of both traditional
methodologies and the newest discovery and development
technologies, providing readers with an insight into medic-
inal chemistry.

A major change in comparison to the previous editions
was the decision to alleviate my editorial burden in shar-
ing it with seven section editors, each being responsible for
one of the eight sections of the book. I highly appreciated
their positive and efficacious collaboration and express
them my warmest thanks (in the alphabetical order) to
Michael Bowker, Hugo Kubinyi, John Proudfood, Bryan
Reuben, Richard Silverman, David Triggle and Han van de
Waterbeemd.

Another change was the decision taken by Elsevier/
Academic Press to publish the book in full colors thus ren-
dering it more pleasant and user-friendly. I take this occa-
sion to thank Keri Witman, Pat Gonzales, Kirsten Funk and
Renske van Dijk for having successively ensured the edito-
rial development of the book. Taking into account that we
had to work with a cohort of about 50 authors, each of them
having his personality, his original approach and his main
busy professional live, this was not an easy task. I am deeply
indebted to my assistant Odile Blin for the way she had
mastered, efficiently and with friendliness, all the secretarial
work and particularly the contacts with the different authors
and with the Elsevier development editors. As for the ear-
lier editions, I also want to express my gratitude to my wife
Renée and my daughters Delphine, Joélle and Séverine for
all their encouragements and for sacrificing many hours of
family life in order to leave me enough free time to edit this
new version of the “Medicinal Chemist’s Bible.”

My final thoughts go to the future readers of the book,
and especially to the newcomers in Medicinal Chemistry
having the curiosity to read the preface. I cannot resist giv-
ing them some advice for doing good science.

First of all, be open-minded and original. As
Schopenhauer noted, the task of the creative mind is “not
so much to see what no one has seen yet; but to think what
nobody has thought yet, about what everyone sees.” A won-
derful illustration is found in Peter Hesse’s cartoon below.

" T'S CALLED FIRE ... IT RECYCLES woobp. "

Second, always keep in mind that the object of
Medicinal Chemistry is to synthetize new drugs useful for
suffering patients. Like many scientists, medicinal chem-
ists, have to navigate between two tempting reefs. On one
side they should avoid doing “NAAR”: non-applicable
applied research, on the other side they may be attracted by
“NFBR”: non-fundamental basic search.”

Third, convinced as they may be that the neighbors
grass is always greener, they may be attracted to start their
research in using as a hit a recently published competitor’s
product. In fact, the published compound may exhibit only
a weak activity, therefore be very careful when starting a
new program and never forget that the worst thing a medic-
inal chemist can do is to prepare a me-too of an inactive
compound!

Camille G. Wermuth
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Chapter 1

A History of Drug Discovery

From first steps of chemistry to achievements in

molecular pharmacology

Frangois Chast

I. INTRODUCTION C. Fight against microbes and J. Drugs of the mind

A. The renewal of chemistry viruses III. CONSIDERATIONS ON

B. The dawn of the organic D. Drugs for immunosuppression RECENT TRENDS IN
chemistry crosses the birth of E. Contribution of chemists to the DRUG DISCOVERY
biology fight against cancer A. From genetics to DNA

II. TWO HUNDRED YEARS OF F. Drugs for endocrine disorders technology

DRUG DISCOVERIES G. Anti-acid drugs B. Hopes and limits for drug

A. Pain killers: best-sellers and H. Lipid lowering drugs hunting
controversies I. From neurotransmitters to REFERENCES

B. Giving back the heart its youth receptors

Le médicament place I’organisme dans des conditions particuliéres qui en modifient heureusement les procédés physiques et chimiques

lorsqu’ils ont été troublés.

During more than 2,000 years, Hippocratic medical tradi-
tion weighed on the development of a modern medicine
and a renewed approach of the treatment of diseases. The
basis for the use of drugs remained founded on empirical
theories linked to the equilibrium of body’s “humors” con-
sisting in sanguine, melancholic, phlegmatic and choleric.
Health and disease were seen as a question of balance or
imbalance with foods and herbs classified according to
their ability to affect natural homeostasis. Later, during the
Middle Ages, Muslim world made significant contributions
to medicine and a major medical advance was the founding
of many hospitals and university medical schools.

Before the 1800s, pharmacy remained an empiric sci-
ence, guided by traditional medicine, inherited from

Claude Bernard”

“Ancients.” Numerous drugs, most of them being prepared
with plant extracts, (Figure 1.1) sometimes efficacious, were
available. But none of them could respond to a chemical
definition of what we call today a drug, except drugs com-
ing from mineral reign.

The technology of making drugs was crude at best:
tinctures, poultices, soups, and infusions were made with
water- or alcohol-based extracts of freshly ground or
dried herbs or animal products such as bone, fat, or even
pearls, and sometimes from minerals best left in the
ground.!

The objective of this first chapter is to offer a presentation
of the fabulous history of drug discoveries, from traditional
pharmacy emerged from ethnopharmacy, till the recent

*Legons sur les Effets de Substances Médicamenteuses et Toxiques (1857) deuxiéme legon (5 mars 1856), p.38: “Drugs place the body in particular con-
ditions which modify fortunately the physical and chemical processes when they have been disturbed.”

Wermuth’s The Practice of Medicinal Chemistry

Copyright © 2008, Elsevier Ltd
All rights reserved.



FIGURE 1.1 Opium latex flowing out of poppy.

concepts of drug design, production and development, born
from molecular genetics and molecular pharmacology.

Of course, it is not possible to describe exhaustively, in
such a short chapter, such a complex and diversified his-
tory. We made the choice to describe the evolution of few
families of drugs as examples of mankind ingenuity and
intelligence to make pharmaceutical progress more and
more successful in treating or preventing diseases.

I. INTRODUCTION

A. The renewal of chemistry

The 18th century concluded its progress in chemistry with
an enthusiastic environment. Joseph Priestley in the United
Kingdom, Carl Wilhelm Scheele in Sweden, Antoine
Laurent de Lavoisier in France,? gave a precise signification
to the chemical reactivity and promoted a large number of
substances to the statute of chemical reagents. Scheele and
Priestley prepared and studied oxygen. Both of them dis-
covered nitrogen as a constituent of air, carbon monoxide,
ammonia, and several other gases ; manganese, barium and
chlorine; isolated glycerin and many acids, including tar-
taric, lactic, uric, prussic, citric, and gallic. Lavoisier is gen-
erally considered as the founder of modern chemistry as
creating the oxygen theory of combustion.> He should be
known as one of the most astonishing 18th century “men
of the Enlightenment,” the founder of modern scientific

A History of Drug Discovery

experimental methodology. By formulating the principle
of the conservation of mass, he gave a clear differentiation
between elements and compounds, something so impor-
tant for pharmaceutical chemistry. Few years later, Antoine
Francois de Fourcroy, Louis Nicolas Vauquelin, Joseph Louis
Proust, Jons Jakob Berzelius, Louis-Joseph Gay-Lussac,
and Humphrey Davy introduced new concepts in chemistry.
Those scientists integrated the practical advancements of a
new generation of experimenters. All these industrial innova-
tions would have their own impact on other developments in
industrial and then medicinal chemistry.* At the turn of the
19th century, as the result of a scientific approach, drugs are
becoming an industrial item. Claude Louis Berthollet began
the industrial exploitation of chlorine (1785). Nicolas Leblanc
prepared sodium hydroxide (1789) and then, bleach (1796).
Davy performed electrolysis and distinguished between acids
and anhydrides. Louis Jacques Thénard prepared hydrogen
peroxide and Antoine Jérome Balard discovered bromide
(1826). The growing of therapeutic resources was mainly
due to the mastery of chemical or physico-chemical princi-
ples proposed by Gay-Lussac and Justus Von Liebig.> This
chemists’ generation, by realizing all these discoveries, estab-
lished the compost of the therapeutic discoveries of the 19th
century. The constitution of chemistry as a scientific disci-
pline found a new turn few decades later by crossing the road
of biology which included revolutionary works of Claude
Bernard,® Rudolph Virchow,” and Louis Pasteur.® Besides
these fundamental sciences, physiology, biochemistry, or
microbiology were becoming natural tributaries of the out-
break of pharmacology. Thus, rational treatments were about
to be designed on the purpose of new knowledge in various
clinical or fundamental fields. After a period characterized
by extraction and purification from natural materials (mainly
plants), drugs would be synthesized in chemical factories or
prepared through biotechnology (fermentation or gene tech-
nology) after a rational research, design and development
in research laboratories. Whereas the purpose was to isolate
active molecules from plants during the first half of the 19th
century, the birth of organic chemistry following charcoal
and oil industries, progressively led chemists and pharma-
cists toward organic synthesis performed in what would be
called “laboratory” a new concept created by this generation
of scientists. Even when those laboratories hosted discover-
ies like active principles extracted from plants, progresses in
drug compounding and packaging made irreversible industri-
alization processes. At the same time, the economical dimen-
sion of growing pharmaceutical industry transformed drugs
as strategic items, mainly when it could interfere with mili-
tary processes, for instance during colonial expeditions.

The “modern” word “pharmacology” became more and
more often used by physicians after the works of Francois
Magendie (Figure 1.2) in France or Oscar Schmiedeberg
in Germany. Progressively a clear dichotomy took place
between those two entities. Materia Medica consid-
ered drugs with a static and conservative view as for their



