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This textbook s dedicated to our students and to our academic colleagues who mentor
these students in the principles and applications of medicinal chemistry. The challenge for the student
is to master the chemical, pharmacological, pharmaceutical and therapeutic aspects of the drug and utilize
the knowledge of medicinal chemistry to effectively communicate with prescribing clinicians, nurses and other
members of the health care team, as well as in discussing drug therapy with patients.

Thomas L.. Lemke
David A. Williams
Victoria I Roche
S. William Zito






As defined by IUPAC, medicinal chemistry is a chemistry-based
discipline, involving aspects of the biological, medical and phar-
maceutical sciences. It is concerned with the invention, discov-
ery, design, identification and preparation of biologically active
compounds, the study of their metabolism, the interpretation of
their mode of action at the molecular level and the construction
of structure-activity relationships (SAR), which is the relation-
ship between chemical structure and pharmacological activity for
a series of compounds.

As we look back 38 years to the first edition of Foye's
Principles of Medicinal Chemistryand nearly 63 years to the first
edition of Wilson and Gisvold’s textbook, Organic Chemistry
in Pharmacy (later renamed Textbook of Organic Medicinal
and Pharmaceutical Chemistry), we can examine how the
teaching of medicinal chemistry has evolved over the last
half of the 20th century. Sixty years ago the approach to
teaching drug classification was based on chemical func-
tional groups; in the 1970s it was the relationship between
chemical structure and pharmacological activity for a series
of compounds, and today medicinal chemistry involves the
integration of these principles with pharmacology, phar-
maceutics, and therapeutics into a single multi-semester
course called pharmacodynamics, pharmacotherapeutics,
or another similar name. Drug discovery and development
will always maintain its role in traditional drug therapy, but
its application to pharmacogenomics may well become the
treatment modality of the future. In drug discovery, toxi-
cogenomics is used to improve the safety of drugs man-
dated by U.S. Food and Drug administration by studying
the adverse/toxic effects of drugs in order to draw conclu-
sions on the toxic and safety risk to patients. The scope of
knowledge in organic chemistry, biochemistry, pharmacol-
ogy, and therapeutics allows students to make generaliza-
tions connecting the physicochemical properties of small
organic molecules and peptides to the receptor and bio-
chemical properties of living systems.

Creating new drugs to combat disease is a complex
process. The shape of a drug must be right to allow it to
bind to a specific disease-related protein (i.e., receptor)
and to work effectively. This shape is determined by the
core framework of the molecule and the relative orien-
tation of functional groups in three dimensional space.
As a consequence, these generalizations, validated by
repetitive examples, emerge in time as principles of drug
discovery and drug mechanisms, principles that describe
the structural relationships between diverse organic mol-
ecules and the biomolecular functions that predict their
mechanisms toward controlling diseases.

Preface

Medicinal chemistry is central to modern drug discov-
ery and development. For most of the 20th century, the
majority of drugs were discovered either by identifying
the active ingredient in traditional natural remedies, by
rational drug design, or by serendipity. As we have moved
into the 21st century, drug discovery has focused on drug
targets and high-throughput screening of drug hits and
computer-assessed drug design to fill its drug pipeline.
Medicinal chemistry has advanced during the past sev-
eral decades from not only synthesizing new compounds
but to understanding the molecular basis of a disease and
its control, identifying biomolecular targets implicated as
disease-causing, and ultimately inventing specific com-
pounds (called “hits”) that block the biomolecules from
progressing to an illness or stop the disease in its tracks.
Medicinal chemists use structure-activity relationships to
improve the “hits” into “lead candidates™ by optimizing
their selectivity against the specific target, reducing drug
activity against non-targets, and ensuring appropriate
pharmacokinetic properties involving drug distribution
and clearance.

These are tough times for the drug industry, as com-
panies are looking at diminishing pipelines of polentlal
new drugs, growing competition from generic versions
of their drugs and increasing pressure from regula-
tory agencies to ensure that products are both safe and
more effective than existing drugs. With the comple-
tion of sequencing of the human genome there are now
greater challenges facing the drug industry for applica-
tions of new technologies in discovery and development.
The number of drug targets once considered to be less
than 500, has doubled and is expected to increase ten-
fold. Diseases that were once thought to be caused by
a single pathology are now known to have differing eti-
ologies requiring highly specific medications. In order
to maintain its pipeline of new drugs, the drug industry
is integrating biopharmaceuticals, such as therapeutic
antibodies (e.g., in the treatment of arthritis), along with
small-molecule drugs. As the drug industry undergoes
reform, drug companies are developing collaborations
with academia for new sources of drug molecules.

The editors of this textbook are all medicinal chem-
ists, and our approaches to editing this seventh edition
of Foye’s Principles of Medicinal Chemistry are influenced by
our respective academic backgrounds. We believe that
our collaboration on this textbook represents a meld-
ing of our perspectives that will provide new dimensions
of appreciation and understanding for all students. In
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addition we recognize the benefits of medicinal chemis-
try can only be valuable if the science can be translated
into improving the quality of life of our patients. As a
result it is essential that the student apply the chemistry
of the drugs to their patients and we have attempted to
bridge the gap between the science of drugs and the real
life situations through the use of scenarios and case stud-
ies. Finally in editing this multi-authored book we have
tried to promote a consistent style in the organization of
the respective chapters.

ORCGANIZATIONAL PHILOSOPHY

The organizational approach taken in this textbook builds
from the principles of drug discovery, physicochemical
properties of drug molecules, and ADMET (absorption-
distribution-metabolism-excretion-toxicity) to their inte-
gration into therapeutic substances with application to
patient care. Our challenge has been to provide a com-
prehensive description of drug discovery and pharmaco-
dynamic agents in an introductory textbook. To address
the increasing emphasis in U.S. pharmacy schools on
integrating medicinal chemistry with pharmacology
and clinical pharmacy and the creation of one-semester
principle courses, we organized the book into four parts:
Part I: Principles of Drug Discovery; Part II: Drug
Receptors Affecting Neurotransmission and Enzymes as
Catalytic Receptors; Part III: Pharmacodynamic Agents
(with further subdivision into drugs affecting differ-
ent physiologic systems); and Part IV: Disease State
Management. Parts I and II are designed for a course
focused on principles of drug discovery and Parts 11
through IV are relevant to integrated courses in medicinal
chemistry/pharmacodynamics/pharmacotherapeutics.

WHAT IS NEW IN THIS EDITION

The pharmacist sits at the interface between the health-
care system and the patient. The pharmacist has the
responsibility for improving the quality of life of the
patient by assuring the appropriate use of pharmaceuti-
cals. To do this appropriately, the pharmacist must bring
together the basic sciences of chemistry, biology, biophar-
maceutics and pharmacology with the clinical sciences.
In an attempt to relate the importance of medicinal
chemistry to the clinical sciences, each of the chapters
in Part II, Pharmacodynamic Agents, through Part IV,
Disease State Management, includes the following:

® A clinical significance section: At the beginning of
most chapters, a practicing clinician has provided a
statement of the clinical significance of medicinal
chemistry to the particular therapeutic class of drugs.
® A clinical scenario section: At the beginning of the
chapters in Part III and IV the clinician has pro-
vided a brief clinical scenario (mini-case) or real-
life therapeutic problem related to the disease state
under consideration. A solution to the case or prob-
lem appears at the end of the chapter along with
the medicinal chemist’s analysis of the solution.

The intent of this section is to pose a problem at the
beginning of the chapter to stimulate the student’s
thinking as he/she reads through the chapter and
then bring the learning “full circle” with the clini-
cian’s and chemist’s solution to the case/problem
revealed once the entire chapter has been read.

®m A case study: Each of the above chapters ends with
a case study (see the “Introduction to Medicinal
Chemistry Case Studies™ section of this preface).
As with previous editions of Foye’s Principles of
Medicinal Chemistry these cases are meant help
the student evaluate their comprehension of the
therapeutically relevant chemistry presented in the
chapter and apply their understanding in a stan-
dardized format to solving the posed problem. All
cases presented in this text underwent review by a
practicing pharmacist to ensure clinical accuracy
and relevance to contemporary practice.

In addition, the reader will find at the beginning of most
chapters a list of drugs (presented by generic or chemi-
cal names) discussed in that chapter. Additionally, at the
beginning of each chapter, one will find a list of the com-
monly used abbreviations in the chapter.

Several new chaptersappearin the seventh edition, includ-
ing Chapter 5, Membrane Drug Transporters; Chapter
16, Anesthetics: General and Local Anesthetics: Chapter
19, CNS Stimulants and Drugs of Abuse; and Chapter 42,
Obesity and Nutrition. Lastly, a second color has been added
to this edition to help emphasize particular points in the
chapters. In most figures where drug metabolism occurs the
point of metabolism is highlighted in red with coloration of
the functionality which has been changed.

STUDENT AND INSTRUCTOR RESOURCES

Student Resources

A Student Resource Center at http://thePoint.lww.com/
Lemke7e includes the following materials:

Full Text Online

Additional Case Studies

Answers to Additional Case Studies
Practice Quiz Questions

Drug Updates

U.S. Drug Regulation: An Overview

Instructor Resources

We understand the demand on an instructor’s time.
To facilitate and support your educational efforts, you
will have access to Instructor Resources upon adoption
of Foye's Principles of Medicinal Chemustry, 7th edition. An
Instructor’s Resource Center at http://thePoint.Iww.
com/Lemke7e includes the following:

Full Text Online

Image Bank

Answers to In-Text Case Studies
Angel/Blackboard /WebCT Course Cartridges
U.S. Drug Regulation: An Overview
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INTRODUCTION TO MEDICINAL CHEMISTRY
CASE STUDIES

We are pleased to share our newest medicinal chemis-
try case studies with student and faculty users of Foye’s
Principles of Medicinal Chemistry. One case study is pro-
vided at the end of most chapters. This preface is written
to explain their scope and purpose, and to help those
who are unfamiliar with our technique of illustrating the
therapeutic relevance of chemistry get the most out of
the exercise.

Like the more familiar therapeutic case studies,
medicinal chemistry case studies are clinical scenarios
that present a patient in need of a pharmacist’s expert
intervention. The learner, most commonly in the role of
the pharmacist, evaluates the patient’s clinical and per-
sonal situation and makes a drug product selection from
a limited number of therapeutic choices. However, in a
medicinal chemistry case study, only the structures of the
potential therapeutic candidates are given. To make their
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professional recommendation, students must conduct
a thorough analysis of key structure activity relationships
(SAR) in order to predict such things as relative potency,
receptor selectivity, duration of action and potential for
adverse reactions, and then apply the knowledge gained
to meet the patient’s therapeutic needs.

The therapeutic choices we offer in each case have
been purposefully selected to allow students to review the
therapeutically relevant chemistry of different classes of
drugs used to treat a particular disease. We recognize that
this approach might occasionally omit some compounds
viewed by practitioners as drugs of choice within a class
or the formulary entry at their practice sites. Faculty
employing the cases as in-class or take-home assignments
might alter the structural choices provided to meet their
teaching and learning goals, and this is certainly accept-
able. Regardless of how they are used, students working
thoughtfully and scientifically through the cases will not
only master chemical concepts and principles and rein-
force basic SAR, but also learn how to actively use their
unique knowledge of drug chemistry when thinking
critically about patient care. This skill will be invaluable
when, as practitioners, they are faced with a full gamut of
therapeutic options to analyze in order to ensure the best
therapeutic outcomes for their patients.

In short, here’s what we hope students will gain by
working our cases.

® Mastery of the important concepts needed to be
successful in the medicinal chemistry component
of the pharmacy curriculum;

m An ability to identify the relevance of drug chem-
istry to pharmacological action and therapeutic
utility, and to discriminate between therapeutic
options based on that understanding;

® An enhanced ability to think critically and scientifi-
cally about drug use;

® A commitment to caring about the impact of pro-
fessional decisions on patients’ quality of life;

m The ability to demonstrate the unique role of the
pharmacist as the chemist of the health care team.

We hope you find these case studies both challenging
and enjoyable, and we encourage you to use them as a
springboard to more in-depth discussions with your fac-
ulty and/or colleagues about the role of chemistry in
rational therapeutic decision-making.

Victoria F. Roche, PhD
S. William Zito, PhD
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