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Current Practices in Generation of Small Molecule
New Leads

Robert A. Goodnow, Jr.*
New Leads Chemistry Initiative, Roche Research Center, Nutley, New Jersey 07110-1199

Abstract The current drug discovery processes in many pharmaceutical companies require large and growing
collections of high quality lead structures for use in high throughput screening assays. Collections of small molecules
with diverse structures and ‘‘drug-like”” properties have, in the past, been acquired by several means: by archive of
previous internal lead optimization efforts, by purchase from compound vendors, and by union of separate collections
following company mergers. More recently, many drug discovery companies have established dedicated efforts to effect
synthesis by internal and/or outsourcing efforts of targeted compound libraries for new lead generation. Although high
throughput/combinatorial chemistry is an important component in the process of new lead generation, the selection of
library designs for synthesis and the subsequent design of library members has evolved to a new level of challenge and
importance. The potential benefits of screening multiple small molecule compound library designs against multiple
biological targets offers substantial opportunity to discover new lead structures. Subsequent optimization of such
compounds is often accelerated because of the structure-activity relationship (SAR) information encoded in these lead
generation libraries. Lead optimization is often facilitated due to the ready applicability of high-throughput chemistry
(HTC) methods for follow-up synthesis. Some of the strategies, trends, and critical issues central to the success of lead

generation processes are discussed below. J. Cell. Biochem. Suppl. 37: 13-21, 2001.  © 2002 Wiley-Liss, Inc.
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Although the value of a “good lead” in drug
discovery programs cannot be overstated, it is
a challenging undertaking to create a diverse
and sizable collection of quality molecules.
In meeting the challenge of synthesizing hun-
dreds of thousands of novel and high quality
molecules, the opportunities and challenges of
several strategic directions must be realistically
balanced.

MODERN DRUG DISCOVERY PROCESS
REQUIRES MORE HIGH QUALITY
COMPOUNDS ASSAYED AGAINST
MULTIPLE BIOLOGICAL TARGETS

One can break the traditional processes of
drug discovery into several distinct yet inter-
dependent steps. These steps include biological
target identification, target assay development,
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high throughput screening, and assay hit iden-
tification. Once hits have been identified, a pro-
cess known as “hit-to-lead” is put into place. This
progress refines hit structures before begin-
ning medicinal chemistry-driven optimization
for possible identification of a clinical candidate.
(Fig. 1). Thereafter, entry-into-human enabling
studies are required prior to clinical develop-
ment and finally market launch. Unfortunately,
the majority of molecules moving along this
pathway fail for a variety of reasons, including
lack of potency and/or efficacy, metabolic or
toxicity liability, or invalidation of the biological
target-disease indication. Partially due to this
failure rate, current estimates indicate that
bringing a drug to market often requires at least
10 years and greater than 350—500 million US
dollars. In part due to the difficulties of this
sequence of hurdles, the pharmaceutical indus-
try currently registers on average only 0.5 new
drugs per annum each [Arlington, 2000].
Despite these risks and hurdles, the pharma-
ceutical industry continues to be a competitive
field in which it is thought that only the most
innovative will survive to prosper. A recent



14 Goodnow

Target
Enhancing the o
Rate & Efﬂciency Target Validation
of Drug Discovery: v HIS
How Can we Do This? [ Hit o]
Hit to Lead
We can do this with better ) -
compound libraries! Time Lead o
Better quality & Optimization .
Better properties MONeY| [Cimiea condidete 5."
Better design -
Better IP EIH Enabling e
l Clinical S
1 Development
Drug .’
J {10 years and $US 10°%-10°%)
y

Fig. 1. Enhancing efficacy of the drug discovery process with better compounds.

study by Pricewaterhouse Coopers indicated
that the growth rate of the pharmaceutical
industry could not be maintained if the overall
average of 0.5 new drugs registered per annum
is not increased. The smooth function of this
process requires among other things, a good
compound collection to find high quality com-
pounds to move through the discovery pathway.
Conversely, a lack of a quality lead will often
result in the premature termination of a drug
discovery program.

While the challenges and competition in drug
discovery persist, as a result of the human ge-
nome sequencing, there is a growing number of
new targets of potential therapeutic value that
are emerging. For example, it is estimated that
in the human genome there are approximately
1,500 G-protein coupled receptors and approxi-
mately 860 kinases [Venter, 2001]. For each of
these targets, classes no more than approxima-
tely 10% have been characterized to any extent
useful for therapeutic targeting. Following the
identification of many new genes is the growing
field of proteomics. Proteomics is the study of
gene products given the fact that for a single
gene, there may be several protein products due
to post-protein synthesis temporal modification
processes [Fields, 2001]. With the current odds

of success, the prospect of repeating and scaling
the drug discovery process for such numbers of
new protein targets seems inefficient.

The traditional strategy for lead discovery
described above identifies drug leads based on
the assumption of validated targets. However,
target validation often requires a potent ligand,
either endogenous or exogenous. Much time can
pass during which efforts to validate a target
of therapeutic interest followed by finding a
potent molecule. Often, the efforts of target
validation have been restricted to the realm
of biology while lead generation remained
solely an interest of chemists. Recently, many
pharmaceutical organizations have begun to
join the efforts of target validation and lead
generation earlier in the discovery pathway. In
this concept, protein targets, both characterized
and orphan, are sorted into protein families; at
the same time, databases of small molecules that
are known to be active against the known targets
are created. These small molecule databases
form the basis for chemoinformatic attempts
to summarize and understand common molecu-
lar descriptors. Subsequently, small molecule
libraries which incorporate these chemoinfor-
matic features can then be selected and synthe-
sized. The basic assumption is that families of
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similar protein targets are likely to interact
with molecules that are similar to the families
of known, target-associated ligands. This ap-
proach termed “chemical genomics” [Jacoby,
2001], requires a good compound collection. A
lack of quality compounds will likely prevent the
process from moving beyond the target valida-
tion phase.

In both approaches to drug discovery, the
characteristics of molecules that populate the
screening collection are important. The biologi-
cal activity of a molecule must be complemented
by other properties that make the molecule, a
good drug substance. It is estimated that a large
proportion of molecules in late stages of drug
development fail due to reasons of drug—drug
interaction action or poor ADME (absorption,
distribution, metabolism, and excretion) pro-
perties. Not detecting these liabilities early in
the drug discovery pathway can be extremely
costly and time consuming. With the concept
of detecting a molecule’s liabilities early on,
many drug discovery organizations have been
experimenting with and implementing multiple
strategies to enhance rates of success. Compu-
tational methods to detect such liabilities early
are gaining acceptance particulary in the
earliest stages of lead optimization studies.
[Ekins and Wrighton, 2001]. Such strategies
include improved computational methods for
predictions of toxicity and physico-chemical
properties relevant to ADME. The rationale is
simple: with better compounds that are active
with targets which are amenable to interven-
tion with small molecules, the chances for
successful drug discovery are increased. Thus,
staring with a collection of good leads is likely to
enhance the overall success of any drug dis-
covery program.

VALUE OF A GOOD LEAD CANNOT
BE OVERSTATED

Physical and calculated properties for known
drugs have defined concepts for “drug-likeness”
[Lipinski et al., 1997; Lipinski, 2001]. There
are numerous calculated properties (so-called
“descriptors”) which are used to characterize
molecules. Multiple efforts exist to sort drug-
like from non-drug-like molecules by different
combinations of these descriptors. None of the
efforts has identified the critical descriptor or
set of descriptors that makes the prediction of
drug-likeness obvious. More recently, multiple

lead optimization efforts have highlighted the
value of creating small molecule libraries with
“lead-like” properties [Teague et al., 1999] (e.g.,
molecular weights < 350, clogP < 3, solubilities
> 10 pg/ml, etc.). Several studies have shown
that compounds with lead-like properties are
more easily elaborated during the lead optimi-
zation process of drug discovery. During lead
optimization, in an effort to increase a com-
pound’s activity and selectivity, molecular com-
plexities, molecular weights, and compound
lipophilicities often increase; excessive increase
in the latter two properties may result in less
attractive ADME properties. Compounds with
poor ADME properties are difficult to transform
into useful drug substances. It stands to reason,
therefore, that having more lead-like, less com-
plex compounds is likely to facilitate their opti-
mization.

As part of a general lead generation strategy,
many companies have set about to use conve-
nient, high throughput synthesis methods for
the creation of high-quality lead generation
libraries. Although the value of a “good lead”
cannot be overstated, it is extremely challen-
ging to create a diverse and sizable collection of
“quality” molecules. In meeting the challenge of
synthesizing hundreds of thousands of novel
and high quality molecules, the opportunities
and challenges of several strategic directions
must be realistically balanced.

BALANCED STRATEGY TO OBTAIN
COMPOUNDS BY DEDICATED HIGH
THROUGHPUT SYNTHESIS TO
COMPLEMENT OTHER SOURCES OF
LEAD GENERATION COMPOUNDS

As high-throughput synthesis (HTS) technol-
ogy has continued to evolve to the point where
the screening of hundreds of thousands of
compounds has become routine, greater and
greater numbers of compounds are required.
Simultaneous to the scale of screening, there
has been a decrease in the quantities necessary
for testing. These two changes have had an
effect on the way in which pharmaceutical
companies build their compound libraries.

Traditionally, the small molecule source for
large pharmaceutical companies is composed of
molecules primarily from internal lead optimi-
zation efforts. Although these molecules pro-
vide some of the best examples of drug-likeness
and are often available in tens of milligram
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quantities, their structures are usually focused
around a particular lead structure and thus
represent only limited advantages for discovery
of diverse and novel lead molecules. Chemistry
teams working with a lead molecule from a
previous target’s optimization program may
find significant bias to the previous target’s
structure-activity relationship (SAR) require-
ments. One measure of the bias of a molecule
is the calculated structural complexity score
[Hann et al., 2001]. Methods exist for analyz-
ing and quantifying an arbitrary measure of
a molecule’s complexity. The SAR for more
complex leads can be difficult to disentangle to
simpler structures.

During the past decade, many compound
vendor companies have come into existence to
meet the growing demand of the pharmaceu-
tical industry. It is possible to acquire hundreds
of thousands of non-exclusive compounds from
commercial sources. These molecules may be
obtained as purified solid samples. Such com-
pounds collectively offer ready access to a
diverse set of structures at relatively low cost.
However, a large fraction of these molecules
were synthesized before the concepts of good
drug-like properties were well understood. As a
result, many find that after filtration of these
molecules for properties appropriate to a lead,
many fewer molecules remain attractive for
purchase. Further, since these molecules are
often sold on a non-exclusive basis, an under-
standing of the likely limitations to intellectual
property rights must be considered when using
these molecules as new leads for optimization
efforts.

Access to large numbers of exclusive, novel,
and high-quality compounds designed accord-
ing to the themes of drug-likeness and lead-
likeness is a goal of many major pharmaceutical
and biotechnology companies. One solution has
been to establish dedicated groups of lead gene-
ration chemists. The need to dedicate these
groups to the distinct task of lead generation is
important as the tactical goals lead optimiza-
tion teams are quite distinct. Whereas lead
optimization chemists usually have quite spe-
cific biological and chemical targets, the lead
generation chemistry must bring a balance
of innovation, creativity, and risk to generate
novel and useful structures.

The limited internal resources available to
synthesize useful numbers of lead generation
libraries often makes outsourcing part or all of

the chemical synthesis for new lead generation
an attractive strategy alternative. The internal
versus external balance of efforts in this process
is largely a function of internal goals, infra-
structure, cost, research, and business goals.

DESIGN CONCEPTS FOR LEAD-GENERATION
LIBRARIES: LIBRARY TARGETING AND SIZE

Early efforts in combinatorial chemistry
promoted the concept that large numbers of
compounds obviated the need for compound-
by-compound design considerations. Although
serendipity is an important advantage in the
strategy of applying the high throughput chem-
istry method for lead generation, increasingly,
libraries are designed with a particular target-
ing focus. The targeting concept may be quite
focused around a specific pharmacophore hypo-
thesis (Fig. 2). Alternatively, libraries have
been targeted more generally around so-called
“privileged structures” [Patchett and Nargund,
2000] or motifs frequently associated with pro-
tein families such as G-protein coupled rece-
ptors, kinases, and proteases. Several nice
examples exist for such a targeted concept of
lead generation [Maloney et al., 2000].

The computational association of particular
library design core structures to targets can
take at least two directions. First, where thereis
bio-structural information, it is possible to test
library design ideas by in silico docking experi-
ments. The structures of a virtual library, com-
pounds yet to exist other than in a computer
database, can be docked automatically into a
particular target structure and evaluated for fit
with that target. It is assumed that a good fit
in a computational simulation will correlate
the good fit in reality. Second, where the
structure of the biological target is not known,
then one must rely more heavily on similarity of
ligands that are known to bind to the target in
question. In the same manner that some have
tried to sort drugs from non-drugs by specific
computational metrics, one can attempt to test
the fitness of a library design hypothesis to a set
of ligands known to be active.

While it is important to balance the efforts of
new lead generation with the potential advan-
tages of starting library designs biasing pri-
vileged structures, it is equally important to
consider the generation of de novo chemical
structures. The concept of de novo ligand design
is particularly important for “template hop-
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Fig. 2. Targeted library design process for the generation of new leads.

ping,” an attempt to design a different core
structure with similar chemical and biological
properties. Template hopping is particular ad-
vantageous when looking to improve on a cur-
rent chemical series with an entirely new
system. Several reports exist of which describe
the fragmentation of known drugs and incor-
poration of such fragments confer a greater
likelihood of drug action in new structures
[Bemis and Murcko, 1996]. Other efforts have
reported on the use of chemistry under extreme
conditions to generate structures from unusual
chemical pathways [Johnson et al., 1998]. Des-
pite their complexity, natural products have
been one of the best sources for diverse struc-
tures. Natural products are a proven source
of many active starting points for new lead
generation. However, the practical difficulties
concerning the available quantities, structu-
ral characterization, and resynthesis limit the
scaling of this source of new lead generation.
Perhaps ways to incorporate the diverse struc-
tures into synthetically convenient motifs will
enhance natural products as a source of de novo
ligand design.

Given limitations of time and expense for
generating new lead structures, coupling lib-
rary design with methods for virtual or in silico

HTSareincreasingly commonplace [Terstappen
and Reggiani, 2001]. While it seems rational to
design libraries around structural motifs pre-
viously shown to be active, it is important to
maintain a balance for development of new
chemistries and new motifs. A balance between
focused or protein-family targeted library de-
sign and new chemistry-driven design is likely
to assure the timely discovery of useful and
novel chemical entities for drug discovery
programs. As a result of these trends, many
commercial compound library providers are in-
creasing their efforts to design libraries around
protein-family targeted themes, in addition to
libraries often termed as diverse collections.
The necessary size of a compound collection
presents an interesting theoretical and scientific
problem. The size of a compound library is the
result of balancing several features such as
chemical tractability, diversity coverage, and
design density. Obviously for an active series,
design density will provide much SAR informa-
tion. There are reports that the presence or
absence of a single methyl group will make all
the difference between an active and inactive hit
structure. It is likely that a when balancing the
density of diversity coverage by a particular
library, one needs to focus on the correct fit of
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innovation, technology, and proper chemistry
meeting the practical reality of the challenges to
finding an exploiting new lead structures for
drug discovery. When searching for lead struc-
tures, however, it may be necessary to sacrifice
some design density in favor of enhancing the
diversity of a design to provide an initial hit
which might be later optimized. The balance of
this concern comes against the background of the
enormous numbers of compounds that are
theoretically possible to synthesize, numbers
which range higher than are possible to synthe-
size. It would seem that a greater potential for
providing coverage across the field of useful
diversity exists by creating multiple chemotype
library designs as opposed to a fewer number of
library designs composed of many more com-
pounds. Such a concept has been described as
the “Fewer of many” as opposed to the “Many of
fewer.”

There are several other practical issues which
come to bear on the question of appropriate
library size. The capacity and cost of an orga-
nization’s HTS technology will have some
influence on the number of compounds that
can be routinely screened. Although it may
seem appealing to screen as many compounds
as possible for every target, the cost-per-well
consideration becomes a significant factor. Com-
pound handling and tracking systems also
influence the way in which an organization
will determine the size of the libraries that it
wishes to acquire. The distribution, archiving,
and data management of screening compounds
present significant challenges to process devel-
opment and organization structures as the
numbers of those compounds increase with each
factor of ten. Many organizations see advan-
tages of focused screening to accelerate the
discovery of new lead structures at reduced
cost. In effect, there is an increasing interest
to shift from the brute force HTS approach to
more focused, targeted and iterative screening
practices.

It is in part for these reasons, that several
companies continue the use of mixture screen-
ing. Although the trend in HTS has been
towards the screening of high purity single
compounds, the use of mixtures of compounds
in conjunction with deconvolution routines con-
tinues as an integral part of the new lead gene-
ration in several companies.

We have observed a critical factor that deter-
mines any library’s size is actually the chem-

istry itself. A diversity of reagents results in a
diversity of reactivity. There are few reactions
in organic chemistry that provide products in
high yields for a wide diversity of chemical
functionality. Further, the commercial avail-
ability of many reagents is quite limited except
for a few key chemical classes. The response to
these limitations has been to focus on the
development of more robust library synthesis
chemistry methodologies and to incorporate an
increasing number of advanced building blocks.

LEVERAGING THE LIMITATIONS OF HIGH
THROUGHPUT CHEMISTRY FOR BUILDING
A LEAD GENERATION COLLECTION

The capabilities of high throughput chemis-
try are sometimes limiting with respect to
synthesizing large, structurally diverse collec-
tions of high substance quality small molecules
with drug-like and/or lead-like properties. Al-
though astounding progress in the sophisti-
cation and complexity of structures possible
by high throughput chemical methods is regu-
larly reported [Dolle, 2000], expediency often
requires shorter high throughput syntheses us-
ing advanced reagents and building blocks. The
availability of appropriate building blocks facil-
itates faster library chemistry development and
faster synthesis times of compounds in higher
quantity and purity. Advanced building blocks
also allow for flexibility in selection of the
appropriate high throughput synthesis meth-
ods, such as solution phase parallel synthesis,
solid phase combinatorial or a combination
of solution phase synthesis and solid phase
reagents. Frequently, building block acquisi-
tion has been determined by availability and
supposed diversity; great collections of these
building blocks have been stockpiled without
extensive consideration of library designs for
which they would be useful. More recently, the
strategy to synthesize protein-family targeted
libraries dictates the synthesis and acquisition
of building blocks, according to particular
design themes and motifs. In short, library
design strategies should determine which build-
ing blocks to make and/or acquire.

The outsourcing of building block prepara-
tion for internal assembly into lead genera-
tion libraries provides many advantages. With
appropriate planning, synthetically advanc-
ed building blocks may be readily diversified
using convenient high throughput chemistry
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methods. Advanced building blocks allow for
the chemical diversity that may be inconvenient
or inaccessible by a general high throughput
chemistry method. The external acquisition of
building blocks allows an internal lead gene-
ration group to focus on the core activity of
production of lead generation of high through-
put chemistry libraries. Outsourcing building
block preparation may also ease general con-
cerns with respect to retention of intellectual
property rights associated with externalizing
part of the lead generation process to library
synthesis providers.

HIGH THROUGHPUT CHEMISTRY AS A
MEANS TO BUILD A QUALITY LEAD
GENERATION COLLECTION

The principal appeal of high throughput
synthesis is the production of multiple, known
small molecule structures in a short period of
time. Compound characteristics for compound
synthesis are often stated as diverse, drug-like,
small molecule compound libraries. Strategies
differ as to the number of useful compounds per
library design from hundreds to tens of thou-
sands. Practical realities of compound handl-
ing capabilities and HTS costs as well as the
limitations of a particular chemistry scheme
often come to bear on the question of appro-
priate number of compounds per library design.
The necessary quantity of each small molecule
is also determined by the in-house drug dis-
covery processes; necessary minimum quanti-
ties vary from less than 1 mg/compound to more
than 20 mg/compound. Synthesizing greater
quantities of each compound allows for archiv-
ing of solid sample after distribution of the
compounds to the HTS format. Should a parti-
cular compound prove to be active, follow-up
activities are facilitated with the ready avail-
ability of that compound. The purity level of
each compound is very important to most orga-
nizations. In order to reduce the false positive
rate due to compound impurities (i.e., the rate
that screening samples appears active during
HTS, but later prove inactive in follow-up
assays), many organizations define minimum
purity criteria. Often purity levels are stated as
>85% pure. Unfortunately, many organiza-
tions do not specify explicitly the manner in
which purity is defined. It is better to remove
ambiguities resulting from different analytical
methods and interpretations in order to deter-

mine the compound purity specifications more
exactly (e.g., purity > 85% as measured accord-
ing to UV514 nm absorption in a validated LC/MS
analytical system). The overall value of the
library is increased if compounds which fail to
meet these criteria are removed or purified
before plating, distribution, and archiving of the
library. The value of a library is maintained
over time if the stability of the compounds
contained therein is verified periodically.

In summary, there are increasingly stringent
standards for lead generation libraries with
respect to high substance quality as well as
compound quantities and numbers. The explicit
determination of these numbers is different for
each lead generation operation. It is likely that
the days of one lead generation library to fit all
drug discovery operations is an aging concept.

DERIVING BENEFIT FROM LIBRARY
COMPOUNDS FOUND TO BE ACTIVE
DURING HTS

Once initial signs of activity have been detect-
ed for a particular design within a compound
library, a great deal more information is readi-
ly available for “mining.” Compound libraries
from which a few hits are active provide an early
glimpse of the SAR of that particular design.
There is a compelling nature of a preliminary
SAR based on a set of related hits as opposed
to the activities for the same number of di-
verse, single compounds. Follow-up activities
are particularly accelerated when working with
a compound library design, since similar chem-
istry used to make the initial compounds is often
readily amenable to synthesize related com-
pounds to test follow-up questions. Further, the
possibility to employ similar high throughput
chemistry in the optimization phase adds to
the appeal of finding and exploiting lead struc-
tures from high throughput chemistry derived
libraries.

The value of any library design is ultimately
defined by HTS and bioassay results. Results
from multiple HTS assays for a particular lib-
rary design may provide validation of a design
idea and/or privileged structural motifs. For
example, the design of a kinase inhibitor library
may be evaluated by assay against a portfolio
of kinase assays. If a significant number of the
compounds in a specificlibrary design are active
against one or more kinase targets, then indeed,
that design reflects chemical features sufficient
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to confer kinase inhibitor activity. The collective
information concerning relating sets of targets
with set of structurally similar molecules pro-
vides what is known as an affinity fingerprint
[Kauvar et al., 1995]. Such fingerprints, part of
the chemical genomics concept, allow for linking
information about biological targets to informa-
tion about small molecules. One goal of chemical
genomics is to increase the chances of finding
potent ligands rapidly because of such informa-
tion. Although there is little information in the
public domain concerning screening of multiple
library designs against multiple protein family
assays, it is reasonable to assume a validation of
protein family designs with privileged struc-
tures will provide numerous successes from the
efforts that are on-going in many drug discovery
organizations today. It is worth repeating that
in whatever assay a particular library design
(targeted or diverse) is active, the amenability
for further optimization of the individual struc-
tures is a common requirement. Thus, pre-
eminent among design considerations and
strategies is the design for the lead-like and/or
drug-like molecule.

BALANCE OF EFFORTS AND INTERESTS FOR
LONG TERM ADVANTAGE: LEAD GENERATION
AND LEAD OPTIMIZATION

The synthesis of many thousands of com-
pounds for lead generation is a detailed,
technology-driven effort requiring significant
commitment of resources to implement the
necessary processes that benefit from the high
throughput synthesis approach. Methods for
efficient HTC change rapidly, often requiring
the incorporation of the latest technologies and
their effective implementation. Particularly, it
is the commitment of large numbers of chemi-
stry personnel and expansive laboratory space
to lead generation efforts (as opposed to medi-
cinal chemistry efforts) which is perhaps the
greatest challenge to pharmaceutical research
organizations. Many pharmaceutical organiza-
tions may prefer to focus on their chemistry
resources such as medicinal chemistry and
lead optimization as opposed to extensive and
expensive commitments to lead generation
processes. Ultimately, the proper balancing of
lead discovery and lead optimization chemistry
efforts makes for a faster discovery process
overall which may be easily tuned to frequently
changing priorities. Significant effort and re-

sources should be anticipated in dedicated
lead generation efforts. Synthesis of compound
libraries should also include plans for large-
scale compound handling, compound identity
and purity validation, registration, plating,
and archiving. Proper planning and realistic
anticipation of this work will allow for the
appropriate time required to assimilate the
compound libraries into the corporate discov-
ery process and to benefit from the results of
this work.

FUTURE PROSPECTS FOR DEVELOPING
BETTER STRATEGIES OF LIBRARY
SYNTHESIS IN NEW LEAD GENERATION

Areas for increasing the impact of lead gene-
ration efforts include better library design pra-
ctices, in silico design methods, and methods
for defining chemical diversity useful in drug
discovery. Methods for design of new chemical
systems, so called de novo design methods, to
adapt pharmacophore information are parti-
cularly attractive to pharmaceutical organi-
zations. The opportunity for directing library
design according to virtual screening expe-
riments will continue as common strategies
[Langar and Hoffman, 2000]. Improved library
designs guided by better predictive tools to
direct synthesis according to ADME and solu-
bility characteristics are becoming increasingly
possible. Pharmaceutical organizations that are
able to excel at these and other enhancements to
the library design process will be in a position of
advantage. There is a continuing need for novel,
high throughput chemistries to provide lead-
like molecules. Having populated corporate
collections with molecules that are easily made,
organizations now search for compound lib-
raries that may be made only after non-trivial
chemistry development efforts. It is unlikely
that the demand for compound library fide-
lity and purity will decrease, and as a result,
chemistry and analytical technologies which
assure high quality compounds will continue to
be regarded as value-adding. There remain
large, developing possibilities for integrating
lead generation with down stream activities
such as hit-to-lead and lead optimization efforts
in the most rapid and efficient ways.

CONCLUSIONS

Continued growth in the pharmaceutical in-
dustry requires greater success in the genera-
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tion of high quality leads for many therapeutic
targets. The meaningful impact for small mole-
cule library synthesis for new lead generation
is possible by integration of multiple func-
tions such as library synthesis chemistry,
design innovation, and quality control efforts
that emphasize compound quality and produc-
tion volume. Several strategies for the design of
high quality lead generation libraries currently
guide the selection of molecules to make by
HTC methods. Subsequent screening of multi-
ple library designs against multiple targets
followed by data mining provides significant
potential to improve the rate of discovery of
quality lead structures. Emphasis on the synth-
esis of quality leads will likely facilitate a rapid
lead optimization process. Given the need to
accelerate the drug discovery process with new,
better compounds, it would seem that there
are few alternatives to engaging in the various
efforts necessory for chemical synthesis of lead
generation compound libraries.
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