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Introduction

Parallelization and automation techniques have significantly
altered the drug-discovery process over the past few years.
Highly sophisticated robotic systems allow screening, process-
ing, and analysis of the generated data sets of a million com-
pounds within several days. Automation in the medicinal
chemistry section allows the synthesis of large multipurpose
screening libraries or, in turn, may provide mid-sized libraries
suitable for elucidating preliminary SAR trends of hits, thus
speeding up the lead identification and optimization.

Nevertheless, the screening of compounds is a costly enter-
prise, and both the availability of sufficient protein quantities
and a robust assay amenable for high throughput are pre-
requisites in conducting the screening of large compound
numbers.

Should only a limited amount of protein be available or the
assay design allow only a medium throughput, a broad screen-
ing approach appears questionable, and the screening of se-
lected compound sets instead seems favorable. Additionally,
such compound arrays can be used for rapid chemical-target
validation or general drugability assessments.

The human kinome comprises a minimum of 518 different
kinases."” Undoubtedly, the kinase protein family comprises a
rich source of validated targets, such as bcr-abl, EGFR, or VEGF.
These enzymes play fundamental roles in many biochemical
pathways, such as cell differentiation, cell-cycle control, and
apoptosis. All such mechanisms are tightly regulated and
entail a well-functioning and balanced counterplay of all bio-
chemical switches involved. Up- or down-regulation of individ-
ual kinases due to malfunction may result in the onset of
cancer or other diseases, for example, diabetes or inflamma-
tion.

However, the presence of closely related but distinct targets
requires some alterations of common library-design ap-
proaches, especially in view of employing virtual descriptors
and generalizing target criteria. This effort implies more than
just collecting compounds derived from various structural
classes.

In the meantime, several companies have commercialized
their focused libraries of tentative kinase inhibitors. Whereas
several of these focus primarily on the established set of
kinase-related scaffolds, others claim to address this matter
through the design of novel scaffolds.
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This article will summarize conceptual approaches toward
the design and the synthesis of focused libraries specifically
generated to inhibit kinases, and will reflect some more recent
commercial activities in this field. In general, approaches for
library design are driven either by structural or by descriptor
properties. In the recent past, promising approaches to design-
ing target-family-oriented libraries have surfaced for both
areas.

Conceptual Design of Target-Oriented
Libraries

All kinases function through the binding of ATP, transferring a
phosphate group onto a hydroxyl group. In view of the fact
that the conserved ATP sites bear a high degree of similarity,
the identification and synthesis of a selective, potent, and safe
ATP-competitive small-molecule kinase inhibitors was regarded
a challenge and has been discussed controversially in the sci-
entific community over the past years.” Nevertheless, this area
has been pioneered by the success story of Gleevec.” Several
other small molecules are due to follow, for example, Iressa,”
Fasudile,™ CYC202,"® BAY 43-9006," and PTK787/ZK222584
(Scheme 1).®

By definition® focused (also directed or biased) libraries
comprise a limited number of building blocks, chosen on the
basis of pre-existing information, to validate any hypothesis or
to prove a particular activity.

Recent reviews"”" have analyzed the application of compu-
tational methods for the design of small-molecule kinase inhib-
itors. Whereas a lot of information is available on the design of
focused libraries for individual targets and structures, very little
is published™ about the more generic product-oriented
design of libraries for whole target families or subfamilies
thereof, for example, cdk’s.""™

Kimmich and Park™ have nicely summarized the most
recent efforts in the field of compound-library synthesis of ten-
tative kinase inhibitors. Besides peptide and natural-product li-
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Scheme 1. Chemical structures of some small-molecule kinase inhibitors that have been marketed or are undergoing

clinical trials.

braries, most of their referenced examples deal with
the generation of small libraries around individual
validated hits rather than the conceptual design of
addressing the entire target family.

Monoselectivity for ATP-competitive kinase inhibi-
tors'™ appears equivocal in view of the 518 distinct
kinases already identified."® Dual selectivity or multi-
plex specificity!"” in the kinase sector is more proba-
ble, and library design for whole target classes or
subfamilies becomes more noticeable. Such libraries
are deliberately tailored to address multiple targets
within a given subfamily and therefore may serve as
a precious source for rapid chemical-target validation,
to gain selectivity data for specific scaffolds or to pro-
vide valuable SAR directions on which other process-
es, for example, a hit-to-lead-process, may follow up.

In 1999, Bajorath et al. outlined a molecular scaffold-based
design concept for combinatorial libraries focused on inhibitor
binding at the ATP site of protein kinases."® Here for the very
first time, to the best of our knowledge, a detailed docking-
based approach was published that combined an initial dock-
ing experiment into the ATP pocket, which serves to identify
suitable molecular scaffolds, with the design of target-family-
oriented libraries around these scaffolds for the kinase super-
family.

A total of 75 scaffolds bearing tentative binding properties
toward the ATP-binding pocket in kinases were identified
either by docking calculation or by comparison of known in-
hibitors.

Subsequently, three different libraries were computed by ap-
plying different strategies, and the scaffold distribution within
these collections was analyzed. Here it turned out that very
few scaffolds form the basis of a lot of the compounds
(Scheme 2). Though the result varies from library to library, a
few scaffolds occur with high frequency. Furthermore, a small
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number of scaffolds dominate
F the majority of compounds in
each library.

Recently, Miller presented the
structure-driven  concept  of
target-family-directed master
H keys; this reflects another view
CyC202 of library design around matured

structural features."” The author
exemplified  this  pharmaco-
phore-based concept for the 2-
0 aryl-indole scaffold, which shows

o N~ N~ a preferred affinity for the GPCR
M /©/ N IN H family, and also mentioned the

H 5,5-trans-fused lactam moiety as
a serine protease-directed scaf-
fold. Furthermore, several struc-

BAY 43-9006

tural motifs, for example, 2-ami-
nothiazole, do not reveal any
correlation to a specific target
family, but show general phar-
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Scheme 2. Structures of the 10 most frequently occurring scaffolds. Scaffolds 1, 3, and 6
account for a total of 29% of all entities in all three computed libraries.

[18]

maceutical potential and may therefore also be regarded as
privileged structures.

Though no kinase specific master keys are explicitly men-
tioned in this account, the underlying idea of this concept can
also be transferred to the kinase family. The hinge region in
the ATP site of kinases allows the formation of at least three
hydrogen bonds. Nearly all inhibitors bind at the hinge region,
and the formation of at least one hydrogen bond appears to
be crucial. X-ray analyses reveal that the majority of inhibitors
form two or even all three hydrogen bonds. Scheme 3 shows
some prominent kinase-family-related core structures. The
arrows indicate attachment points for the formation of hydro-
gen bonds with the hinge region, as suggested by X-ray analy-
sis or modeling experiments for individual class representa-
tives. The available pdb codes are also listed.*”

In the past, only a few novel ATP-mimetic cores have
emerged in kinase-inhibitor programs in industry, and their use
is effectively and competitively shared by many companies. In
the kinase-inhibitor sector, among others, the aminopyrimidine
core has emerged as a privileged structure that many compa-
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that best cluster compounds with similar affinity
for the given target. The authors exemplified the
successful application of this method to the identi-
fication of ACE inhibitors in a very limited subset of
compounds from the Modern Drug Data Report
database,® which nicely clustered along a relevant
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Scheme 3. Potential kinase family-related core structures; the arrows indicate hydrogen bond

interactions with the protein’s hinge region.

nies have focused on for at least two reasons. First, this scaf-
fold is highly amenable to parallel synthesis, allowing facile
and broad decoration on various scaffold positions, and,
second, depending on the substitution pattern, the core struc-
ture allows the formation of several hydrogen bonds to the
protein hinge region.”? Consequently, this significant interest
is reflected in the dramatic increase in kinase-related pyrimi-
dine patent applications over the past few years tightening
the freedom to operate in this particular class.

Numerous other prominent scaffolds with tentative kinase-
inhibitory potential have been compiled in several recent
reviews.””!

Focusing on privileged structures also has potential short-
comings you could refer to as the Casablanca effect: going
every night into the same bar, meeting the same people, or in
other words: screening the same set of compounds over and
over again against related targets results in identifying the
same scaffold classes again and again without coming up with
something really new. Hence, the ratio of privileged structures
in the library must not be overweighed.

Currently, the Institute of Cancer Research, University of
London (UK) offers more practical insights for designing and
synthesizing focused libraries for kinases around specific leads
to their students.”

Target-Specific Aspects of Ligand and Protein
Space

Based on the Burden Chemical Abstract Service University of
Texas (BCUT) concept for the description of molecular struc-
tures, the identification of a so-called “receptor-relevant sub-
space”®" offers another opportunity to reduce the number of
compounds relevant for exploring inhibition within a target
family of interest.

This concept was described by Pearlman and Smith,®" who
reported a novel approach for an activity-seeded, structure-
based clustering of compounds, for which experimental 1Cs,
values against the target of interest are available, in a multidi-
mensional descriptor space, named “chemspace”. The position-
al relationship of structures, each encoded through their BCUT
values, is analyzed to identify a reduced set of BCUT metrics
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combined with a partial least-squares discrimina-
tion analysis. This procedure allowed the correct
classification of ligands with respect to their target.
Moreover, the applied method was compared with
the performance of other computational descriptors, for exam-
ple, Daylight 2D fingerprints or multipharmacophore models,
regarding their ability to distinguish between the various struc-
tural classes of ligands and ligand binding to different kinase
subfamilies. Though somewhat successful, their evaluation also
revealed certain shortcomings. In combination with a partial
least-squares discrimination analysis BCUTs provide the oppor-
tunity to distinguish between ligands of related proteins, but
interpretation of results has to be done carefully and strongly
depends on the chosen descriptor set. The authors consider
compound analysis by easily calculated BCUT parameter as a
valid alternative. However, the more computationally intense
three- to four-point pharmacophore-type descriptors have
shown better predictivity for the classification of unknown
compounds.

Nevertheless, BCUT analysis may also be regarded a versatile
tool to access the degree of redundancy and overlap between
libraries. Though, it should be remembered that neighboring
BCUT values in the chemspace do not necessarily indicate re-
dundant molecules but could also indicate compounds derived
from different scaffolds with diametrically opposed pharmaco-
dynamic properties.

Besides mapping the ligand space, analyzing the protein
space also provides valuable clues for the development of ten-
tative binders. Moreover, valuable trends for selectivity can be
extracted therefrom.

The utility of a structural classification of protein kinases by
so called “target-family landscapes”®¥ has been exemplified by
a study of Naumann and Matter.® They analyzed the ATP-
binding-site structure of 26 different kinases, describing their
protein-ligand interaction features by GRID®® molecular inter-
action fields. The interaction energies derived for different
probes were subjected to a chemometric analysis that yielded
the target-family landscapes as principal component analysis
(PCA) score plots as well as 3D contour plots for every probe
and every principal component. These contour plots were
shown to facilitate the design of selective ligands, since they
point to structural differences between kinase subfamilies sep-
arated by a given principal component.

Narrowing the library-design process to some “hot” spots
within the virtual descriptor space surely would speed up the
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selection and synthesis process, but diversity and novelty
issues have to be carefully considered. Whilst the inhibitor
search is focused onto such islands of interest, new potential
scaffold classes lying offside are liable to be overlooked.
Hence, the odds of identifying some inhibitor in a completely
new scaffold class will be decreased dramatically.

Nevertheless, the multitude of approaches and concepts has
been validated and will therefore yield valuable directions, if
proper data points are provided. However, information derived
from biological and chemistry space have to be matched pre-
cisely in order to maximize the desired outcome.

Targeted Libraries from Commercial Sources

The majority of screening-compound vendors currently offer
kinase-targeted libraries off the shelf. Several vendors display
structural features within their flyers and homepages. All com-
panies approached by us so far were readily open to discuss
structural details and design concepts under confidentiality
agreement in case of further interest. Many companies claim
their scaffolds to be novel, and compounds derived thereof
may be patentable. Nevertheless, this needs to be checked for
each case individually.

On the internet Bioscreening.com®' displays a table of such
companies offering compound collections for specific target
families referred to as: “that may have a higher probability of
interacting with potential drug targets”. Among libraries for
other target families, several vendors are also offering libraries
specifically made for kinase inhibition.

Besides this orienting overview, a detailed media-search
gave access to additional sources for commercial libraries of
this type. Detailed information about quality and content of
the offered libraries were gathered from vendor homepages,
flyers, and personal contacts.

Table 1 summarizes the current status of commercially avail-
able focused libraries of tentative kinase inhibitors. In many
cases, such libraries do not remain static but are being updat-
ed, expanded an/or refined constantly. Therefore, this overview
can only provide a snapshot of the current environment.

Looking at individual vendors of such inhibitor libraries in
greater detail reveals significant differences in rationale, design
approach, and library size. Moreover, several suppliers offer
special services to synthesize libraries tailored to the custom-
er's demands, lead follow-up services on initial hits from their
libraries, and say they are flexible with respect to compound
formatting and handling. Other companies, such as Synergix
Ltd.®¥ or Scynexis®” offer the exclusive synthesis of focused li-
braries on demand. Due to this exclusivity, their service and
quality of the approach will not be considered in this context.

The SoftFocus kinase-targeted library is marketed by Bio-
Focus.”” The company started offering target-specific libraries
in 1999. This library currently comprises some 14 sublibraries
(SFK01 to SFK33), some of which are claimed to be designed
against specific subfamilies, for example, p38 MAP kinases or
the cdk2/4 family, or target a broader range of kinases, for ex-
ample, SFK02, which was designed to inhibit predominantly
tyrosine kinases (ZAP, PGDF, EGF, Ick, abl). The entire collection
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Table 1. Current status and availability of commercial libraries with tenta-
tive kinase inhibitor properties.
Company Current approximate Structural Internet
library size information Link
available
AdvancedSynTech n.a. [e] [55]
Asinex 5000 (al, [d] [46]
BioFocus 16000 [f] [40]
ChemDiv 20000 [f] [42]
ChemOvation 1000 [b] [45]
Enamine 31000 [a] [48]
IF Lab 13000 [a] [53]
InterBioScreen flexible, on [c] [47]
customer’s demand
Pharmacopeia [fl [f] [54]
ChemBridge [fl [f] [51]
Specs flexible, on [e] [50]
customer’s demand
TimTec 4000 [c] [44]
[a] Download of full data set as .db file after internet log-in. [b] Full data
set provided upon request. [c] Partial data set provided upon request.
[d] Additional data (logP, docking scores, etc.) provided. [e] No informa-
tion available upon request. [f] Data available under the conditions of a
secrecy agreement.

encompasses 20 scaffolds with some 1000 to 1500 individual
entities, each. The cornerstones of their design concept are
protected through patents™" outlining some aspects of how to
generate focused libraries for entire target families. BioFocus
collaborate with Prof. Sir Philip Cohen from the University of
Dundee.

Initially, ChemDiv*? started their focused-library program for
kinases in 2001. The current library contains approximately
20000 entities split into about 600 sublibraries. The size is some-
what static but the content is said to be updated constantly.

Currently, some 1500 kinase ligands taken from publications
and drug indexes have been analyzed by Kohonen maps.*¥ In-
formation derived therefrom has been used to develop bioiso-
steric and pharmacophore clustering rules that, together with
2D and 3D similarity, have been applied to generating novel
scaffolds. While moving on in the design process, other as-
pects, for example, synthetic accessibility and estimated phar-
macokinetic properties, are also taken into consideration.

TimTec™ advertise their ActiMol compound collection,
which has been available since autumn 2002. It is claimed that
the entire set of ActiMol compound collections have under-
gone rigorous structural fragment filtration and diversity selec-
tion. The ActiTarg-K collection, in particular, comprises 960 pre-
plated compounds and represents a diverse selection from
some 4000 individual entities. The collection is based on estab-
lished scaffolds referenced in the scientific and patent litera-
ture for their kinase-inhibitory properties, modified, for exam-
ple, by embedding into polycyclic structures or annulated ring
systems. Prices and available compound amounts of this library
are mentioned on their internet page."*

More recently, in 2003, ChemOvation introduced their Kinase
Enterprise Library,*” which is available on a nonexclusive basis.
This collection is currently marketed in collaboration with
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LeadDiscovery. Library design includes analysis of ADME prop-
erties and Lipinski’s rules, as well as virtual docking studies and
diversity analysis by using Tanimoto fingerprints.

The physically available library has been built up from some
20 different scaffolds featuring selected key pharmacophores,
mainly pyridopyrimidines, quinazolines, and other heterocyclic
core structures. Each scaffold is represented by approximately
125-150 derivatives. The current size of some 800 derivatives
is expected to grow to a total of nearly 3000 chemical entities
shortly. A maximum of 15 mg per compound will be available.

The Asinex”® library comprises about 5000 compounds
thought to be active against 11 different kinase targets. These
entities were designed through the proprietary P3S technology
by applying rigorous in silico filtering criteria. This library-
design approach is outlined in greater detail on the Asinex
homepage™® and can be analyzed there. All compounds are
provided with additional docking scores as well as physico-
chemical parameters. A detailed pricing list is available upon
request, and up to 100 mg per individual compound may be
available.

InterBioscreen™” pursue a somewhat different approach.
They offer to screen their compound collection of approxi-
mately 350000 entities according to each individual customer
request. The computational methods applied are claimed to
have been validated against a reference data base of known
inhibitors; details of this concept are outlined on the inter-
net.®® Upon a customer’s request on library size and potential
target or subfamily of interest, InterBioscreen will propose a
collection of tentative inhibitors. Due to the dynamic nature of
every compound collection, it is likely that each request by
this approach will yield different results.

Enamine™® have entered the field of targeted libraries in col-
laboration with the ChemBio Center of the Kiev National Uni-
versity. Their kinase library currently addresses 15 different tar-
gets and comprises of about 31000 compounds. Enamine
apply various filters to the design of compounds, mainly on
the basis of 2D and 3D molecular information. Some aspects
of their approach are outlined on the internet.*”

The Specs®® approach for the generation of target-oriented
libraries is different again. Since late 1999 they have employed
a predictive algorithm for biological activity to “fish” promising
compounds from their stock collection of 230000 entities. This
algorithm calculates compound-specific descriptors, which are
then compared with descriptors computed for reference com-
pounds with proven activity against the given target. This in-
formation for a large and diverse training set was collected
from the literature. The threshold for the predicted activity will
be set by the customer. Currently, the Specs collection com-
prises approximately 400 entities with a high predicted activity
(>0.7) against a set of five different kinases.

In 2001 ChemBridge®" introduced a targeted library to be
screened against kinases. Prior to compound synthesis, the
interaction characteristics of some target-related proteins and
their referenced ligands were analyzed, and the computed
ligand descriptors were entered into a database. Different de-
scriptor combinations were then used to identify novel, target-
biased entities.

[47]
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At the beginning of 2004, IF Lab® launched their kinase-
inhibitor library, which comprises 13000 entities. These com-
pounds resulted from virtual screening against a set of kinases;
constraint filter criteria, for example, molecular weight below
500, less than seven rotatable bonds and less than five hydro-
gen donors or acceptors were applied thereafter. The top-scor-
ing entities were evaluated against the general kinase-inhibitor
pharmacophore model published by Novartis colleagues re-
cently." The content of this library can be downloaded®™ di-
rectly in a .db or .sdf file format, and the compounds are physi-
cally available in larger quantities upon request.

Pharmacopeia® are advertising a compound collection
biased against disease-related targets in the kinase family. Ad-
vanced SynTech®™ are also offering a protein-kinase-targeted
library; in both cases no additional information was available
upon request.

Evidently, the majority of vendors rely on the use of compu-
tational methods to identify tentative binders. Such tools are
employed to filter existing compound collections or to design
novel compounds, either by employing multidimensional phar-
macophore models or derived from privileged fragments. In
summary, the conceptual diversity of the different vendors
adequately mirrors the plethora of design concepts discussed
and established in the literature.

Current Practical Approaches and Examples

In 2002 Aventis disclosed some design aspects of their in-
house collection of tentative kinase inhibitors.*® The theoreti-
cal framework of their concept relies on capturing public and
proprietary information for both biological and chemical
space. Subsequently, computational tools are employed to cal-
culate the corresponding descriptors. Finally, information from
the biological targets and the chemical structures and their
properties are matched; this results in a knowledge-driven
biased library design.

By applying this model to cherry-pick compounds from their
in-house compound collection, Aventis reported an approxi-
mately tenfold increased hit rate in a particular kinase assay.

Conclusion

Nowadays numerous commercial vendors are offering collec-
tions of tentative small-molecule kinase inhibitors. Their
approaches to designing and synthesizing such libraries are
rather diverse.

Nevertheless, each subset selection claims the opportunity
to increase the initial hit rate in kinase assays.

The design and establishment of a focused library of tenta-
tive small-molecule kinase inhibitors, itself serving as a pre-
cious hit source, remains a moving target in modern library
design. Besides kinase-inhibitory activity, selectivity criteria
within and between subfamilies, as well as accurate physico-
chemical parameters and reduced toxicity, make this a multi-
disciplinary challenge.

The rationale of designing focused libraries for target fami-
lies has matured during the past few years. Despite individual
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strength, none of the described methods (BCUT, 2D and 3D
fingerprints, three-point pharmacophore models, etc.) will suc-
ceed solely in identifying promising compounds from large li-
braries. Thus, a reasonable combination of several methods to-
gether with solid medicinal-chemistry expertise will enhance
the probability of identifying relevant compounds.

Moreover, from an intellectual property perspective, the de
novo design of scaffolds and proprietary compounds derived
therefrom deserves more attention. Drug-design tools and
well-elaborated algorithms have matured in the past, providing
a valuable tool box for chemists supporting a design and se-
lection process fostered by medicinal chemist’s experience and
intuition.
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