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Preface

As our knowledge of the structure and function of proteins has expanded, new
techniques employing this knowledge as the basis for drug design and discovery
have emerged and taken the lead. The impact of structure-based design strategies
has been dramatic and far-reaching, resulting in the discovery and development of
numerous FDA-approved drugs, many of which are first-in-class medicines. Major
advancements in molecular biology and technology have led to in-depth structural
knowledge of new disease-relevant target enzymes. Improvements in X-ray crystal-
lographic techniques have created an important database and enabled a better
understanding of the role of enzyme-ligand interactions. Progress in computer
analysis has also played a vital role in advancing structure-based design capabilities
since the 1980s. Today, structure-based design has become one of the most
innovative and dynamic areas of drug design and discovery.

Over the years, the Ghosh laboratories have gained extensive experience with
structure-based design. The development of conceptually novel inhibitors against
HIV-1 protease for the treatment of HIV/AIDS has been an important area of
research that led to the design and discovery of darunavir, the first FDA-approved
treatment for drug-resistant HIV/AIDS. Structure-based design of B-secretase 1
(BACE1) inhibitors for the treatment of Alzheimer’s disease also started in the
Ghosh laboratories with the design and synthesis of the first substrate-based
transition-state inhibitors, determination of the first X-ray crystal structure of
inhibitor-bound BACE1, followed by design and development of potent and selective
inhibitors with clinical potential. The Ghosh laboratories have also led the design of
coronavirus 3CLPro and PLpro inhibitors for possible treatment of SARS/Mers and
the design of methyltransferase inhibitors for possible treatment of dengue virus
infection. Our experience in structure-based design in these diverse areas is detailed
within this book.

A significant body of structure-based design work for many approved therapeutic
drugs and preclinical and clinical candidates has been reported by numerous
academic and pharmaceutical scientists. This work has led to the development
of tools, strategies, and concepts that aid the process of structure-based design. A
substantial part of this work has been an integral part of the lecture notes of one of
the authors for teaching fundamentals and concepts of drug discovery and design to
students at Purdue University. During these research and teaching endeavors, an
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important need for writing this book was recognized. Although there are many
elegant reports of the structure-based design of therapeutic drugs that span three
decades now, a systematic presentation of the evolution of the field, principles, and
applications had not yet been compiled. The materials of this treatise are organized
with these objectives in mind. This book covers a critical overview of the history of
structure-based drug design, an analysis of the underlying principles, and an up-to-
date description of the X-ray techniques and methods that led to the structure
determination of many important biomolecules. The book also highlights the
structure-based design and drug development process covering a broad array of
FDA-approved medications. The reader will gain a sense of how a drug interacts with
its biological target at the molecular level and how the drug—target interactions can
be optimized in order to increase affinity with desired physicochemical and drug-
like properties. Furthermore, the reader will gain knowledge of how other factors
such as in vivo efficacy and physicochemical and pharmacokinetic parameters need
to be optimized in order to convert a lead compound into a clinical drug structure.

Chapter 1 provides a historical perspective of drug discovery encompassing
discovery through serendipity and natural product screening to the evolution of
the field of structure-based design of today’s medicines. Chapters 2-7 outline
general principles for design of enzyme inhibitors covering aspartic acid proteases,
serine proteases, cysteine proteases, metalloproteases, threonine proteases, and
protein kinases. These chapters highlight the key protein-ligand interactions and
evolution of ligands, scaffolds, and templates to aid molecular design of lead
inhibitors and their optimization. These chapters also cover the synthesis of a
selection of ligands, templates, and isosteres generally utilized for structure-based
design. Chapter 8 reviews recent progress in gaining high-resolution structural
knowledge of biologically relevant proteins and G-protein-coupled receptors
(GPCRs), particularly the methods of X-ray crystallography and their application
in lead discovery. Chapter 9 covers recent developments in the structure-based
design of novel ligands for GPCRs, an exciting new dimension for GPCR research.

Chapters 10-20 cover an array of recently FDA-approved drugs developed by
utilizing structure-based design strategies. These chapters highlight the mechanism
of action associated with each drug class, in-depth structural analysis of protein—
ligand interactions, structural design, and optimization of ligand binding to protein
structures. Chapter 10 is devoted to the design of the first ACE inhibitor, captopril,
which marks the beginning of structure-based design. Chapters 11-19 cover the
design and development of HIV-1 protease inhibitors such as saquinavir, indinavir,
and darunavir (Chapter 11); kinase inhibitor drugs imatinib, nilotinib, and dasatinib
(Chapter 12); NS3/4A serine protease inhibitor drugs boceprevir and telaprevir for
the treatment of HCV (Chapter 13); proteasome inhibitor drugs bortezomib and
carfilzomib for the treatment of relapsed multiple myeloma (Chapter 14); develop-
ment of direct thrombin inhibitor dabigatran etexilate (Chapter 15); non-nucleoside
HIV reverse-transcriptase inhibitors etravirine and rilpivirine (Chapter 16); devel-
opment of renin inhibitor aliskiren (Chapter 17); neuraminidase inhibitors zana-
mivir and oseltamivir for the treatment of influenza (Chapter 18); and carbonic
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anhydrase inhibitor dorzolamide (Chapter 19) for the treatment of glaucoma. The
last chapter outlines the development of B-secretase inhibitors that are at various
stages of preclinical and clinical development for possible treatment of Alzheimer’s
disease.

Overall, this book will greatly enhance the readers’ understanding of structure-
based design and drug discovery, its potential, underlying principles, feasibility, and
limitations. We believe that the book will be an excellent resource for new and
practicing medicinal chemists, biologists, biochemists, and pharmacologists who
are interested in working in the field of molecular design for discovery and
development of human medicine. Structure-based design has a critical role in
today’s drug design and discovery, and it will continue to play a very prominent role
in drug design and medicinal chemistry endeavors throughout the twenty-first
century. We hope that the book will be helpful to researchers involved in drug
discovery and the pursuit of knowledge in structure-based design and related areas.

We gratefully acknowledge the National Institutes of Health for financial support
of our research work.

We very much enjoyed working with Drs. Frank Weinreich and Lesley Belfit and
the Wiley-VCH editorial team. We sincerely appreciate their help and support
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from Purdue University, Dr. Venkateswararao Kalapala, Dr. Navanth Gavande,
Ms. Heather Osswald, Mr. Anindya Sarkar, Ms. Kelsey Cantwell and Mr. Anthony
Tomaine for their invaluable help with proofreading and reviewing of this work. We
wish to convey special thanks and appreciation to Dr. Jody Ghosh for her help and
support and Mrs. JoAnna Hadley for her help with the manuscript preparation and
organization. Finally, we wish to thank our families for their love, support, and
inspiration.
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