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This book is dedicated to my grandfathers, Harvey Turner and Ray Young.

Harvey Turner had the intelligence to work his way up from a draftsman to
Chief Engineer at Donaldsons. Then he had the wisdom to leave that high

pressure career behind and spend the next two decades teaching art.

Ray Young dropped out of high school to help make ends meet during the great
depression. He never returned to school, but was the most widely read and

knowledgeable person I have every met.
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PREFACE

A pharmaceutical company utilizing computational drug design is like an
organic chemist utilizing an NMR. It won’t solve all of your problems, but
you are much better off with it than without it.

The design of a new drug is an incredibly difficult and frustrating task. If it
weren’t for the potential to earn equally incredible profits, the massive costs
and aggravation over failed experiments would dissuade any reasonable
person from undertaking such a career. There is no one scientific technique
used to design a new pharmaceutical product. It is instead a collaborative
process in which every available technique, and a few more invented on the
spur of the moment, are utilized in order to achieve the desired results.

There are books that talk about drug design tools, algorithms, and math-
ematical functions, and books that give some results showing that one
compound worked better than another for inhibiting a particular enzyme.
However, these books spend surprisingly little time discussing the process
that the chemist goes through to actually design a new drug molecule. This
book is oriented around the way that computational techniques are utilized
in the drug design process.

Typical design processes for a number of drug development scenarios are
presented in the first part of the book. Multiple drug design processes are
presented, because the process itself changes depending upon whether the
drug target is a protein, DNA, a target within the central nervous system,
etc. The design processes presented in this text do not reflect the process at
any one specific pharmaceutical company, but are rather typical work flows
incorporating the elements that are used in one way or another at almost all

xv



pharmaceutical research campuses. The chapters on the drug design process
are intended to show how each of the computational techniques are typically
utilized. The comparison of different drug design processes illustrates where
specific computational tools would and would not be appropriate. The text
presents many rules of thumb for choosing which tools are best utilized
under certain situations.

The second part of the book has a series of chapters, each focusing on one
computational technique. The chapters on each of the computational tech-
niques are intended to give a solid understanding of the strengths and weak-
nesses of the method. The underlying theory is discussed in concept, but
with little if any mathematical derivation. The processes for using the software
and important issues that tend to arise are described. Where there are signi-
ficant differences between available software packages, those issues are dis-
cussed. However, the text is not specific to one manufacturer’s software.
The relative merits of various methods are discussed, and, where possible,
a table with quantitative comparisons is presented.

The third part of the book gives a few chapters discussing related topics.
These are topics that drug design chemists should have some familiarity
with, but are not usually engaged in on a daily basis. Fields of research so
new that they are still being defined at the time this book was written are
also introduced here. Since any detailed information on such subjects would
be obsolete before the ink on this book is dry, some of these introductions
are kept intentionally broad and conceptual.

In a book that covers a broad subject area, it is always difficult to choose
which references to include for each chapter. For this text, I have taken a two-
fold approach. Key references are listed at the end of each chapter in an anno-
tated bibliography. These references tend to be the next place that readers
should look for additional information on the topics discussed in the chapter.
This is supplemented by a longer reference list included on the accompanying
CD. Readers wishing to delve very deeply into a particular subject will find
this larger list of references valuable.

This book is very industry-centric. The discussions of when and how tools
are used is based on a typical pharmaceutical industry drug design process. As
such, I have intentionally avoided using cartoon-like illustrations of geometric
figures fitting together. The majority of the figures in this book are screen shots
of actual software packages that drug designers might use on a daily basis. This
is the environment that a drug designer in the pharmaceutical industry must
learn to work in.

For students interested in pursuing a career in the drug design field, this text
is intended to give an ideal starting point for their studies. The text assumes a
solid background in chemistry, a basic understanding of biochemistry, and
only minimal previous exposure to computational chemistry.
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Researchers already employed in the drug design field will be particularly
interested in the tables comparing accuracies of docking methods. There is
also a fairly large table of bioisosteric substitutions. Providing an overview
of the whole field may turn out to be this book’s greatest contribution.

I wish you the best of success in pursuing your drug design activities.

DAVID C. YOUNG
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Å ångström
ACD Advanced Chemistry Development
ACE angiotensin-converting enzyme
AcrB multidrug efflux pump protein
ADAM a docking method from the Institute of Medicinal Molecular

Design
ADME absorption, distribution, metabolization, excretion
ADMET absorption, distribution, metabolization, excretion, and

toxicity
AI artificial intelligence
AMBER Assisted Model Building and Energy Refinement
AMOEBA a force field for proteins
API applications programming interface
ASP atomic solvation parameter
AZT azidothymidine
BBB blood–brain barrier
BCI Barnard Chemical Information
Cþþ a computer programming language

xxiii



CAESA Computer Assisted Estimation of Synthetic Accessibility
CAMEO Computer Assisted Mechanistic Evaluation of Organic

Reactions
CAOS computer-aided organic synthesis
CASINO Computer-Aided Synthesis Inference for Organic

Compounds
CASP Critical Assessment of Techniques for Protein Structure

Prediction
CATH Class, Architecture, Topology, Homology
CC coupled cluster
CFD computational fluid dynamics
CFF Consistent Force Field
CFF93 Consistent Force Field 1993
CFR Code of Federal Regulations
CHARMM Chemistry at Harvard Macromolecular Mechanics
CHEAT Carbohydrate Hydroxyls represented by Extended

Atoms
CHIRON Chiral Synthon
CI configuration interaction
CLIX a docking method
ClogP method for predicting log P
CMC Comprehensive Medicinal Chemistry
CNS central nervous system
CoMFA Comparative Molecular Field Analysis
CoMSIA Comparative Molecular Shape Indices Analysis
CPE Chemical Potential Equalization
CPU central processing unit
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