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The design of combinatorial libraries
using properties and 3D
pharmacophore fingerprints

Brett R. Beno and Jonathan S. Mason

Molecular diversity and similarity methods relevant to drug-receptor

interactions are key for the design of combinatorial libraries for lead

discovery and optimization. BCUT chemistry-space values for ligands have

been used for many diversity-related applications and incorporate

receptor-relevant properties such as hydrogen bonding and polarizability.

Three-dimensional (3D) multiple-point pharmacophore descriptors

(fingerprints) quantify diversity (or similarity) in terms of combinations

of three or four functional groups associated with non-covalent

ligand-receptor binding. BCUTs and pharmacophore fingerprints have

been effectively utilized to design diversity libraries, and also show

promise for focused library design.
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v Combinatorial chemistry allows rapid in-
creases in the size of compound collections to
support HTS programs, and rapid exploration
of the structure-activity relationships (SAR)
around chemotypes of interest in medicinal
chemistry programs. To ensure that the prod-
ucts of a combinatorial library possess the
desired characteristics, substantial effort is
required in the library design process. In view
of the large number of potential products
that can be synthesized from combinations of
available reagents, computational methods
able to rapidly evaluate molecular similarity
and diversity, calculate physicochemical prop-
erties, and select the most suitable reagents
based upon the structures of either combina-
torial reagents or their products are essential.
This review will focus on combinatorial
reagent selection methods that utilize
DiverseSolutions™ (DVS; Tripos, St Louis,
MO, USA) BCUT descriptorsi-3 and three-
dimensional (3D) multiple-point pharma-
cophore descriptors (fingerprints)45. These

descriptors incorporate information relevant
to ligand-receptor binding and are poten-
tially complementary. Following a brief dis-
cussion of some general concepts related to
combinatorial library design, an explanation
of each descriptor will be presented. Examples
of the application of BCUTs and 3D multiple-
point pharmacophore fingerprints in the
context of combinatorial library design will
then be provided. For information concern-
ing combinatorial library design using other
methods and descriptors, the reader is
referred to several recent reviews®-13,

Diversity and focused combinatorial
libraries

Combinatorial libraries can be divided into
two general classes: diversity libraries and
focused libraries®-13, Diversity libraries are
intended to yield products that cover an area
of some ‘diversity-space’ as uniformly as poss-
ible, and are generally produced for lead
discovery purposes. Focused libraries are in-
tended to yield products that interact with a
single biological receptor, or possibly a family
of related receptors. These libraries might be
designed based on information obtained from
the structures of known active ligands, X-ray
structures of target receptors, or both. Focused
libraries are useful for both lead optimization
and lead discovery purposes.

Combinatorial reagent selection based
on product or reagent structure
Combinatorial reagents can be selected based
on the structures and properties of the
reagents or the combinatorial products. For
example, reagents for a library of 100 amides
formed from carboxylic acids and amines can
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be selected by choosing ten diverse acids and ten diverse
amines from the available pools of each reagent type.
Alternatively, a large virtual library of amides can be con-
structed from the available acids and amines, and the most
diverse 100 products identified. The reagents required to
generate these products can then be determined based on
the product structures. This ‘cherry-picking’ procedure is
unlikely to provide a combinatorially efficient set of
reagents (e.g. ten amines and ten acids). However, the
approach can be modified to select a diverse set of amides
within the constraint of combinatorial efficiency4.

The reagent-based procedure has the advantage of speed
and simplicity, requiring far fewer expensive descriptor/
property calculations. However, the added complexity and
resource requirements of product-based reagent selection
are justified in the design of focused libraries because the
shape and electrostatic properties of whole molecules
dictate their interactions with biological receptors?s.
Application of product-based reagent-selection methods to
the design of diversity libraries is supported by studies sug-
gesting that they provide sets of combinatorial products
that are more diverse than those generated by reagent-based
methods in some instances!4.16,

Partition-based methodology

In partition-based diversity or similarity methods?17.18, a
‘chemistry space’ is initially defined. Each dimension of
the chemistry space represents a range of values for some
descriptor, and an individual compound is located within
the chemistry space on the basis of its value for each
descriptor. Once the dimensions are determined, each is
divided into bins. This binning further defines cells within
the chemistry space. For example, a 3D chemistry space in
which each dimension is divided into ten bins contains
1000 cells. Compounds that occupy the same cell are simi-
lar with respect to their values for the descriptors that de-
fine the chemistry space, whereas compounds that occupy
distant cells are different.

Partition-based methods are especially useful for com-
paring different compound populations and for identi-
fying diversity voidst17.18, Two sets of compounds can
be partitioned into the same chemistry space, and their
overlap determined by identifying cells that contain com-
pounds from each population. In a similar fashion, regions
of the chemistry space that are occupied by compounds
from one population, can be distinguished from those oc-
cupied by another population. Diversity voids are cells in a
chemistry space that contain less than a threshold number
of compounds. These can be targeted in the library
design process to provide a more complete coverage of the
chemistry space.
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Molecular descriptors incorporating ‘receptor-
relevant’ information

DiverseSolutions™ BCUT descriptors

BCUT descriptorsi-3, developed by Pearlman and incorpo-
rated into the DVS software package, combine physico-
chemical properties relevant to ligand-receptor binding
with topological or distance information, such as the num-
ber of bonds (or Euclidean distance) between atoms in a
molecule. In effect, each BCUT condenses a large amount
of molecular structure and property information into a
single number. The properties evaluated include tabulated
atomic polarizability, atomic charge, and atomic hydro-
gen-bond donor and acceptor ability. BCUT descriptors can
be calculated either from two-dimensional (2D) connec-
tion tables or 3D low-energy conformations generated with
CONCORDO software (Tripos). BCUTs are the highest and
lowest eigenvalues of square matrices, including property
information in the diagonal elements and distance-related
information in the off-diagonal elements. Various scaling
factors are also incorporated for both the diagonal and
off-diagonal components.

Generally, many BCUT descriptors are calculated for a
set of compounds (e.g. a virtual combinatorial library), and
the subset of BCUTs that provides the best separation
between the compounds is selected using a chi-squared
algorithm integral to DVS!2. This subset, usually 4-6 BCUT
descriptors, defines a low-dimensional BCUT chemistry
space for the compound population. The chemistry-space
is then divided into cells. This step determines the resolu-
tion at which the virtual library will be examined, and
binning, such that 12%-15% of the cells are occupied, has
been recommended?219.

The similarity or diversity of a population of compounds
is evaluated based on cell occupancy. Reagents for diversity
libraries can be selected so that their products occupy the
maximum number of different chemistry-space cells
(Fig. 1). Reagents for focused libraries can be selected to
yield products that occupy the same chemistry-space cells
as active compounds. Compounds that are active against
biological targets have been shown to cluster within 2-D
and 3D subsets of larger BCUT chemistry spaces3.20. The
existence of these ‘receptor-relevant subspaces’ suggests
that BCUT descriptors incorporate information related to
affinity at biological receptors.

The physical interpretation of individual BCUT descrip-
tors is not readily apparent0. However, BCUTs have been
used as descriptors in a quantitative SAR (QSAR) study of
dihydrofolate reductase inhibitors?!, and partial least
squares (PLS) discriminant models, utilizing BCUT descrip-
tors, were developed to classify kinase inhibitors based on
their targets22. Both studies found that BCUTs encode
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information related to molecular prop-
erties, and complement the information
encoded in other descriptors.

3D multiple-point pharmacophores

and pharmacophore fingerprints Enumerated

Multidimensional
chemistry space

©C o

A three-point pharmacophore is de- virtual library

fined by a set of three molecular ‘fea-
tures’ (selected from: acids, basic nitro-
gen atoms, hydrophobes, aromatic ring
centroids, hydrogen bond donors and
hydrogen bond acceptors) and the
three inter-feature distances* (Fig. 2).
Four features and six distances define a
four-point pharmacophore5. The set of
six different feature types was designed

_ . - ) respectively.
to include functionality that is expected

1 Calculate BCUT metrics Qo ool @0
2 Select optimal subset (3—-6) ~ [CO[g [ @
(chi-squared method) RS <)
O |e eole
3 Divide each dimension into ‘bins’ 8 ° |®
4 Evaluate cell occupancy of virtual library I
5 Select reagents which form products o F'
that occupy the largest number of cells
(e.g.R1_a) BCUT_1

Figure 1. The method of selection of reagents for diversity libraries in a BCUT chemistry-
space. Abbreviations: R1_a and R1_b, products that contain R1 reagent a and R1 reagent b,

® R1_a products
0 R1_b products
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to contribute to ligand-receptor non-
covalent binding.

Inter-feature distances are assigned to bins correspond-
ing to distance ranges, rather than stored as discrete
distances. Typically, seven or ten distance bins are used>.
With six feature types and seven distance ranges, there are
approximately 9000 geometrically possible three-point phar-
macophores and 2.3 million four-point pharmacophores.

Pharmacophores are calculated within the ChemDiversell
module of the Chem-XO software package (Oxford
Molecular, Oxford, UK). An extensive set of parameters is
used to identify pharmacophoric features in molecules, and
a rapid rule-based conformational searching routine that
performs either systematic or random searches is em-
ployed. Thus, all possible three- or four-point pharmaco-
phores in a large set of conformations for any given
molecule can be identified. This process generally requires
1-10 central processing unit (CPU) seconds per compound
on an R100000 processor (MIPS Technologies, Mountain
View, CA, USA).

Bit strings, or fingerprints, are used

BCUT and 3D multiple-point pharmacophore
fingerprints in combinatorial library design

BCUT descriptors

Several properties of BCUT descriptors make them well
suited for library design purposes. These include low com-
putational cost, their ability to encode 3D information to a
limited extent, and the ease with which they can be used
for partition-based selections.

BCUTs are rapidly calculated. This is especially impor-
tant when product-based reagent selection methods are
used because descriptors for all products in potentially
large virtual libraries must be computed. A set of 18 2D
BCUT descriptors for a virtual library containing four mil-
lion compounds can be calculated in a single day on a
multi-processor server. Although 2D BCUTs are probably
sufficient for most diversity-related tasks, for combinator-
ial library design problems, where the overall diversity of
the virtual library is limited, the use of 3D BCUTs could
provide improved discriminationZ.

to denote the presence or absence of @)

individual pharmacophores in a mol- H-Bond donor
ecule. Each bit in the fingerprint cor-

responds to a pharmacophore, and

the value of the bit is set to one, if the H-Bond
pharmacophore is present in a mol- acceptor

ecule, or zero if it is absent. Fingerprints
can be computed for individual mol-
ecules or sets of molecules, and the
similarity of two molecules can be eval-
uated using a Tanimoto score23 based
on the number of pharmacophores

H,N

Figure 2. Three-point (a) and four-point (b) pharmacophores.

(b) CHs
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they have in commons.
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The similarity or diversity of compounds within BCUT
chemistry spaces can be evaluated with cell-based parti-
tioning methods, which are especially powerful when used
in the context of combinatorial library design. One of their
strengths is the ease with which diversity voids can be
identified.17.18, Cells that are occupied at a level below
some chosen threshold in a reference population (e.g. HTS
deck) can be identified, and combinatorial libraries can be
designed to fill them.

Examples of BCUT descriptors in library design

The DVS software package contains an algorithm for select-
ing subsets of reagents that provide diverse sets of products
within a BCUT chemistry space, subject to plate layout
constraints (Pearlman, R.S. and Smith, K.M. Novel algo-
rithms for the design of diverse and focused combinatorial
libraries. 217th ACS National Meeting, 21-25 March 1999,
Anaheim, CA, USA, abstract COMP-197). Products of
reagents chosen with this method show excellent coverage
of the areas of BCUT chemistry spaces occupied by the
products of the virtual libraries from which they were
selected. The algorithm can also be used to select reagents
for focused libraries. In this case, reagents giving products
that are as similar as possible to active compounds in the
same BCUT chemistry space are selected.

Optimization of product diversity in BCUT chemistry
spaces concurrently with other properties has been
achieved with both genetic algorithms (GA)24 and simu-
lated annealing (SA)25.26 protocols. A reagent selection
program based on a GA that concurrently optimizes the
number of BCUT chemistry-space cells occupied by the
products of the selected set of reagents, and the drug-like
index scores for the reagents, has been developed (S.J. Cho,
unpublished). The drug-like index score (M.A. Hermsmeier,
unpublished) was developed to rank combinatorial reagents
based on how frequently their constituent fragments occur
in compounds present in the MDL Drug Data Report
(MDDR; MDL Information Systems, San Leandro, CA, USA)
and World Drug Index (WDI; Derwent Information,
http://www.derwent.com/worlddrugindex/index.html).

Mason and Beno reported an SA procedure for combina-
torial reagent selection that concurrently optimizes prod-
uct diversity in a BCUT chemistry space, as well as in terms
of four-point pharmacophores??. Examples of reagent se-
lection based on product diversity in a BCUT chemistry
space alone were also provided. From a virtual library of
86,140 amides formed from 292 carboxylic acids and 295
amines, they were able to choose subsets of 20 acids and
20 amines (400 products) that occupied 400 cells in the
five-dimensional (5D) BCUT chemistry space derived for
the entire virtual library. The products of the optimized
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reagents occupied approximately 23% more cells than
those of randomly selected reagents.

3D multiple-point pharmacophore fingerprints

Like BCUT descriptors, pharmacophore fingerprints allow
facile identification of diversity voids. Any zero bits in the
fingerprint calculated for a database of compounds (e.g.
HTS deck) signify pharmacophores that are not represented
in the database. Combinatorial libraries can be designed to
yield products enriched in the missing pharmacophores at
any desired level of coverage.

Reagents for diversity libraries can be selected to yield
products in which the total number of different pharma-
cophores represented is maximized. However, not all of the
9000 three-point pharmacophores or 2.3 million possible
four-point pharmacophores are likely to represent interac-
tions that actually contribute to binding of active com-
pounds to their receptors. Alternatively, coverage of ‘bio-
logically important’ pharmacophores can be maximized.
For example, the pharmacophores present in a large
database of drug-like molecules, such as the MDDR, can be
identified, and libraries could be designed to provide good
coverage of that set of pharmacophoresz2s.

Libraries can be designed to maximize the pharma-
cophoric similarity of the products with a single active
compound?®. Alternatively, a pharmacophore fingerprint
can be derived for a set of ligands that are active against a
particular receptor. Each of the pharmacophores present in
the fingerprint represents a binding hypothesis, and
focused libraries can be designed to produce compounds
that cover as many of these hypotheses as possible, at any
desired level of coverages.

This approach can be extended by including a frequency
count for each pharmacophore present in the set of
ligandss3031. A set of compounds active against a common
target might have many pharmacophores in common.
Those that occur frequently are more likely to correspond
to the actual pharmacophore(s) responsible for binding
(assuming a common binding mode). In this case, libraries
can be designed to cover pharmacophores at levels propor-
tional to their frequency of occurrence in the set of actives.

When a protein X-ray structure is available, and the
location of the binding site is known, pharmacophore fin-
gerprints can be calculated complementary to the binding
site [Design in Receptor (DiR) Chem-XO module; Oxford
Molecular]?7:32. This involves mapping the functional
groups present in the binding site, and placing comple-
mentary functional groups within the binding site in
chemically reasonable positions. A pharmacophore finger-
print can then be derived to include all of the pharma-
cophores formed from the complementary site points.
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Each pharmacophore thus identified represents a binding
hypothesis, and combinatorial libraries can be designed to
cover each of the hypotheses as many times as desired.

Diversity library design using 3D multiple-point
pharmacophore fingerprints

Several groups have utilized three- or four-point pharma-
cophores for library design purposes. Davies and Briant
proposed a procedure for selecting reagents, based on their
frequency in a set of combinatorial products chosen
to maximize the number of different three-point phar-
macophores covered (presentation by K. Davies, and
C. Briant, available online at http://www.netsci.org/
Science/Combichem/feature05.html).

The DIVSEL program was developed by Pickett and
coworkers for maximum dissimilarity selection, and has
been used for combinatorial reagent selection using three-
point pharmacophores to quantify diversity33. The algo-
rithm starts by selecting the compound most dissimilar to
the others in the set, and then iteratively selects compounds
most dissimilar to those already selected. DIVSEL was used
to select a set of carboxylic acids for an amide library, based
on the pharmacophoric diversity of the products. Initially, a
virtual library of 12,100 amides was constructed from 11
amines (selected for maximum pharmacophoric diversity)
and 1100 carboxylic acids. Pharmacophore fingerprints for
the 1100 products formed from the reaction of each amine
with all 1100 acids were calculated and used as input for the
DIVSEL program. The products of 100 acids selected with
DIVSEL, together with the 11 amines, covered 85% of the
three-point pharmacophores represented by the entire
12,100 compound virtual library.

Several groups have developed full-matrix optimization
approaches for combinatorial reagent selection, based on
the pharmacophoric diversity of the combinatorial products.
These methods couple various pharmacophore diversity-
based scoring functions with SA25.26 or GA24 optimization
routines. Lewis and coworkers developed SA and GA
versions of the program Rpick, to perform full-matrix opti-
mizations based on three-point pharmacophore diversity as
well as alternative descriptors34. A simple pharmacophore
diversity function, based on the ratio of the number of dif-
ferent pharmacophores found in the fingerprint for the
selected subset of products, to the total number of different
pharmacophores found in the fingerprint for the entire vir-
tual library, was used. Using the GA version of Rpick, they
were able to select a set of 4 x 4 x 3 x 2 reagents for a
4-dimensional (4D) benzodiazepine library (96 products)
from a virtual library of 1320 compounds, such that the
products of the selected reagents covered 83% of the phar-
macophores represented by the entire virtual library.

research focus | reviews

Good and Lewis developed the HARPick program that
uses SA to select reagents based on product pharma-
cophore diversity3°. The scoring function in HARPick is
highly flexible, allowing inclusion of several different
terms. The primary function used is the number of unique
three-point pharmacophores represented in the selected
subset of the virtual library. Also available are partition-
scoring function terms for the number of heavy atoms,
largest triangle perimeter and largest triangle area for all
pharmacophores. The scoring function forces an even dis-
tribution of these properties in the selected virtual library
subset, and ensures that reagents are selected that will yield
products that are diverse and representative of the entire
virtual library. An additional scoring function term con-
trols the flexibility of the selected products. Importantly,
the HARPick scoring function also allows optimization to
distributions of pharmacophores. This feature facilitates
pharmacophore void-filling.

Beno and Mason reported a procedure for reagent selec-
tion based on an SA algorithm that also incorporates mul-
tiple terms into the scoring function??. This was designed
to concurrently optimize four-point pharmacophore
and BCUT chemistry-space diversity. Unlike the HARPick
program, this procedure calculates four-point pharm-
cophores during the optimization procedure (‘on the fly’)
from pre-enumerated virtual libraries to allow exploration
of virtual libraries where precalculation of four-point phar-
macophores for all of the products would be impossible.
The program was used to select 20 carboxylic acids and 20
amines from a virtual library of 86,140 amides formed
from 292 acids and 295 amines. Selection was performed
on the basis of the diversity of the product subset within a
5D BCUT chemistry space derived for the entire virtual li-
brary, and in terms of four-point pharmacophore diversity.
In two optimization trials, the products of the optimized
reagents occupied 20%-23% more BCUT chemistry-space
cells than the products of the initial randomly selected
reagents. The number of unique four-point pharma-
cophores represented by the products of the selected
reagents increased by 1.8-2.6-fold during the optimization.
This program can select reagents that generate products
that are diverse in terms of four-point pharmacophores
and BCUT chemistry-space cell occupation, while enforcing
reasonable physical property distributions. With no added
constraints, pharmacophore-based reagent selection algo-
rithms, which attempt to maximize numbers of pharma-
cophores, tend to select highly functionalized, flexible,
high-molecular-weight reagents33, because these have the
potential to form products with large numbers of pharma-
cophores. The ‘on the fly’ pharmacophore calculation ap-
proach employed by Mason and Beno allows exploration
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of large virtual libraries. However, the authors noted that
the current implementation is too slow for the selection of
library subsets of more than a few hundred compounds.

The reagent selection methods described previously,
utilize three- or four-point pharmacophore descriptors
directly in procedures designed to optimize diversity.
McGregor and Muskal used a different approach with
Affymax (Santa Clara, CA, USA) PharmPrintd fingerprints3s,
which are similar to Chem-X/ChemDiverse three-point
pharmacophores. The authors applied principal compo-
nent analysis (PCA) to derive a low-dimensional space
from the PharmPrint fingerprints of 9104 compounds
representing 152 MDDR activity classes28. Combinatorial
reagent selection for libraries formed from eight scaffolds
and the set of amino acids was performed using a Monte
Carlo algorithm and a scoring function that maximized
overlap between the selected library subset, and the 9104
MDDR compounds within the first three components of
the MDDR/PCA space. An average overlap with the MDDR
compounds of 29.7% (ten simulations) was found for ran-
dom reagent selections, and the optimization procedure
increased this to 52.6%.

Focused library design using 3D multiple-point
pharmacophore fingerprints

Pharmacophore fingerprints can be used to design focused
libraries based on the structures of either single lead com-
pounds or sets of active compounds. Pickett and coworkers
reported a product-based reagent selection procedure that
optimizes the average similarity of a library subset with
lead compounds, based on the contribution of each library
product?e.

Another approach to focused library design using phar-
macophore descriptors is based on the distributions of
pharmacophores in sets of active compounds. Initially, a
pharmacophore fingerprint for a set of compounds active
against a particular target is calculated. The frequency with
which each pharmacophore in the fingerprint occurs is
also determined. The resultant histogram of pharmacophore
counts and identities can then be used with optimization
routines to select sets of combinatorial products that best
match the reference pharmacophore distribution. Reagents
are then chosen based on their frequency of occurrence in
the set of selected products.

A similar, although more sophisticated, approach was
developed by Bradley and coworkers, and was used to
design a library enriched in a,-adrenergic antagonists3t.
Each two-, three- and four-point pharmacophore found
in training sets of active and inactive compounds was
assigned an ‘information content’ score, based on how
often it occurred in the active and inactive compounds.
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Pharmacophores that occurred frequently in the active
compounds but infrequently in the inactive compounds
were given high ‘information-content’ scores, as were
pharmacophores that occurred frequently in the inactives
and infrequently in the actives. The set of pharmacophores
with the highest ‘information-content’ scores was then
used as a filter for differentiating actives from inactives.
From a virtual library of 4000 compounds, including three
active a,-adrenergic receptor antagonists, the authors were
able to select a set of 639 compounds that passed the filter.
A 160-compound library was designed to yield as many of
those compounds as possible. Two of the three active com-
pounds in the virtual library of 4000 compounds were also
present in this small library.

As a final example of 3D multiple-point pharmacophores
applied to focused library design, the previously mentioned
Design in Receptord (DiR Chem-XO module; Oxford
Molecular) method is discussed27:3236, DiR utilizes both
pharmacophore and shape information obtained from
X-ray structures of proteins. The method involves several
steps. First, locations for site points complementary to fea-
tures (e.g. hydrogen bond donors, acids, bases) within the
binding site are determined using the GRIDO (Molecular
Discovery Limited, Oxford, UK; Ref. 37) program, which
performs energetic surveys of the site using various probe
atoms. A pharmacophore fingerprint based on these com-
plementary features is then calculated. Each pharma-
cophore present in the fingerprint represents a binding
hypothesis. Compounds are docked into the binding site,
and the docked orientations are scored, based on the num-
ber of pharmacophore hypotheses they match. Docked ori-
entations that have unfavorable steric contacts with the
protein are rejected. Mason used DiR to rank combinator-
ial reagents for a library based on the Ugi condensation re-
action38 by their potential to yield products that match
pharmacophores complementary to the factor Xa binding
site27.39, The study showed that isocyanate reagents con-
taining meta-benzamidine moieties generated products
that matched more site pharmacophores than those con-
taining para-benzamidines. The study also demonstrated
the value of including methylene chains of increasing
length between the isocyanate and benzamidine moieties
in terms of the number of site-pharmacophore hypotheses
matched (Table 1).

Future directions

BCUTs have been utilized for a variety of diversity-related
purposes including reagent selection for diversity libraries
and diverse subset selection. Although DVS contains an
algorithm allowing BCUTs to be used for reagent selection
for focused libraries, examples of this have yet to appear in
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Table 1. Factor Xa binding-site four-point pharmacophore hypotheses matched by products of Ugi

condensation librarya

Ri” OH + RyNH, + Ry "H +

R4 R1
p-benzamidine Ph
p-benzamidine CH,Ph
m-benzamidine Ph
m-benzamidine CH,Ph
-(CH,)-m-benzamidine CH,Ph
-(CH,),-m-benzamidine CH,Ph
-(CH,);-m-benzamidine CH,Ph

Rz
Rie _N R
S
0O Ry M

R4NC MeOH

R2 R3 Hypotheses matched
H Et 4

H Et 4

H Et 20

H Et 17

H Et 35

H Et 44

H Et 64

aAdapted from Ref. 27.

the literature. Reports of the successful application of
BCUTSs as QSAR descriptors21.22, and especially the observa-
tion that compounds active against common targets can
cluster in low-dimensional BCUT chemistry spaces, suggest
the potential for focused library-design tasks3.20. Studies to
validate BCUT descriptors for this purpose are required.
Another area of interest is the objective comparison of 2D
and 3D BCUTs for library design purposes. Although 3D
BCUTs have the potential to provide increased discrimi-
nation of compounds in virtual libraries where diversity is
limited?, this has not yet been demonstrated.

Improvements in two areas of 3D multiple-point phar-
macophore technology will increase the utility of the de-
scriptors for combinatorial library design tasks. The first of
these is computational speed. Molecular conformer gener-
ation is the most time-consuming step in pharmacophore
fingerprint calculations, and virtual libraries of more than
~500,000 compounds are impractical. This is not a sub-
stantial limitation for focused library design, because there
is often enough information available to reduce the size of
the reagent pool based on other criteria. However, consid-
eration of large virtual libraries is important for diversity
library design. If the atom-typing methods currently used
for pharmacophore perception can be coupled with faster
conformational searching routines, 3D multiple-point
pharmacophore fingerprints will be even more effective for
combinatorial library design.

Additional work in the area of noise reduction is also
necessary. A ligand might have hundreds or thousands of
three- or four-point pharmacophores. However, only a few
of these are likely to be important for receptor binding.
Current methods including examination of pharmacophore
distributions®28.30.31 and trend vector analysis4041 can be
used when sets of ligands that bind to common targets are
available. However, a systematic study of the pharmacophores

represented in known drugs could provide additional
insights.

To ensure that hits identified from diversity or focused
libraries are of sufficient quality for development, several
additional parameters beyond diversity and similarity must
be controlled in the library design process#2. For example,
the distributions of ADME-related physicochemical prop-
erties in the products must be constrained to acceptable
ranges43-45, Extension of current library design tools that
utilize BCUTs and/or 3D multiple-point pharmacophore
fingerprints to allow concurrent optimization of these
properties will facilitate the design of libraries enriched in
‘drug-like’ compounds.

Summary

BCUT descriptors and 3D multiple-point pharmacophores
encode information relevant to ligand-receptor binding.
Both descriptors could be combined with partition-based
selection methods and used for product-based combina-
torial reagent selection. BCUTs are rapidly calculated,
allowing virtual libraries of millions of compounds to be ex-
amined. This makes them especially attractive for diversity
library design. However, physical interpretation of individ-
ual BCUTs is difficult0 because they essentially condense a
large amount of structural and property information into a
single number. Where compounds that bind to the same
receptor cluster in a BCUT chemistry space, focused library
design using BCUTs might prove effective.

Currently, the calculation of 3D multiple-point pharma-
cophore fingerprints requires a significant amount of CPU
time per molecule, and virtual libraries of approximately
500,000 compounds represent a practical limit. This limits
the utility of pharmacophores for diversity library design
purposes. However, they are effective for focused library
design based on structures of single active compounds and

257



reviews | research focus

sets of actives. In addition, the DiR method facilitates
focused design, based on multiple pharmacophore binding
hypotheses within the constraints of protein active sites.

Future developments will probably include studies of
the utility of BCUT descriptors for focused library design
and the development of more rapid methods for calculating
3D multiple-point pharmacophore fingerprints.
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