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The application of combinatorial chemistry and parallel
synthesis tools to drug discovery has significantly increased
the chemist’s ability to prepare large sets or libraries of
pharmacologically relevant compounds.l!l The design of small
molecule libraries has traditionally been directed at either
general lead generation® or more focused lead optimization
libraries.'! Recent empirical evidence suggests that certain
minimum pharmacophore patterns®! present within small-
molecule lead structures can result in recognition by more
than one member of a specified target family of interest (e.g.
G-protein-coupled receptors).[) Consequently a third class of
combinatorial library has emerged: the target family directed
library.”! A key element in the design of such libraries is the
inclusion of specific pharmacophore patterns or pharmaco-
phoric points (e.g. hydroxamic acids or thiols for metal-
loenzymes) considered to be “privileged” for recognition of a
target class of interest. Target family directed libraries offer
the possibility of rapidly furnishing new lead structures for
novel biomolecular targets as they arise within each family
from molecular biology and genome research.l’!

Ideally, a target family directed library should incorporate
the appropriate privileged pharmacophore pattern(s), and
should also introduce sufficient diversity to ensure a range of
pharmacological, pharmacokinetic, and physicochemical
properties for the library members. Screening of a target
family library may thereby not only provide lead structures
for biological targets within a specific family, but initial
structure —activity relationships (SAR) and selectivity data as
well. It is therefore important to identify combinatorial-based
synthetic approaches that allow rapid, efficient entry into such
compound libraries.

Here we report a specific embodiment of the combinatorial
chemistry paradigm that may have more general implications:
the generation of multiple libraries—from a single synthetic
sequence—that have been constructed to recognize members
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of two unrelated biological target families. Central to this
approach was our identification of a novel structural template
(IID) that, with only a small but important change in functional
decoration, could independently display the necessary phar-
macophore patterns for inhibition of members of either of two
different biomolecular target families (matrix metalloprotein-
ases (MMPs) or phosphodiesterases (PDEs)). This recogni-
tion has permitted the pursuit of a straightforward synthetic
route that efficiently generates a variety of combinatorially
diversified a,f-unsaturated ester intermediates (I,_,, see
Scheme 1). These intermediates can then be directed—
depending upon the choice of the pharmacophoric character-
istics chosen for the chemical input used in the divergent
step—toward two structurally related but functionally distinct
B-sulfonyl hydroxamic acid libraries.

Inhibition of the MMP collagenase-1 (MMP-1, EC3.4.24.7),
the 72-kDa gelatinase (MMP-2, EC3.4.24.24), and the en-
zyme stromelysin-1 (MMP-3, EC3.4.24.17), and inhibition of
the cAMP-specific phosphodiesterases (e.g. PDE4) has
formed the basis for considerable research into therapies for
oncology, asthma, and rtheumatoid arthritis.’”? Within both of
these target families, small-molecule inhibitors have been
identified and are presently in clinical development.l Al-
though there is little structural similarity between the natural
substrates of these two distinct enzyme families (a peptide
sequence for the MMPs and a cyclic nucleotide monophos-
phate for the PDEs), we have noted an apparent convergence
of pharmacophore patterns (IV) for two independent series of
hydroxamate-based MMP and PDE4 inhibitors (I®! and I
respectively). This convergence was consistent with the
readily accessible structural template III designed in our lab.
Contingent upon aryl substituent Z, structure type III can
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display key pharmacophoric elements for recognition of
either the MMP or the PDE target families, and therefore
was used as the basis for construction of our first multiple
target family directed libraries.

Synthetic routes were designed to allow the construction
and subsequent elaboration of the diversified intermediate
esters (I,_,) in both solution and the solid phase
(Scheme 1).' The solution-phase synthesis (method A)
served to explore the requisite chemical transformations, to
perform the reactions on millimole scale, and to incorporate
functional groups deemed incompatible with the solid-phase
route. The solid-phase methodology (method B) rapidly
provided micromole quantities of material for in vitro screen-
ing.[1]
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Scheme 1. Single synthetic route to multiple target family directed
libraries. Method A (solution-phase synthesis): a) NaH (1 equiv), THF,
—40°C—RT, then R>C(O)R® (1equiv); b)nBuLi (0.1 equiv), ArSH
(1.5 equiv), THF, 0°C—RT; c) TFA/CH,Cl,, 1:5 (v/v); d)(COCl),
(2 equiv), CH,Cl,, DMF, then TMS-ONH, (5 equiv), CH,Cl,; e) oxone
(1.5 equiv), MeOH/water, 1/1 (v/v), 0°C—-RT. Method B (solid-phase
synthesis): a) KHMDS or LIHMDS (4 equiv), THF, 0°C —RT, 0.5 h, filter,
then R>C(O)R® (5 equiv), THF/cyclohexane, 72 h; b) nBuLi (4 equiv),
ArSH (20 equiv), THF, 100 h; ¢) m-CPBA (13 equiv), 1,4-dioxane, 16 h;
d) TFA/CH,Cl, 1/1 (v/v), 2h; ¢) EDCI (4 equiv), hydroxylamine-based
Wang resin, 20 h, then TFA/CH,Cl,, 1/1 (v/v), 1.5 h. TFA =trifluoroacetic
acid; TMS = trimethylsilyl; HMDS = bis(trimethylsilyl)amide; X = OrBu,
Wang resin.

The five-step synthesis permits independent variation at
three regions of template III (R', R%R3, and SAr(OR)(Z)).
Diversification at R! and R*R? is achieved early in the
synthetic route by Wadsworth — Horner— Emmons olefination
of selected aldehydes and ketones. Selection of the substitu-
ents at these positions was based on several parameters
including size, shape, and hydrophobicity/hydrophilicity
(Scheme 2). The key chemical transformation that directs
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Scheme 2. Sampling of inputs used in the construction of diversified
intermediates L,_,,.

PO3Ety

the olefinic ester intermediates I,_, away from one target
family and toward another (i.e., the divergent step) is the
conjugate addition of aromatic thiols that are appropriately
functionalized to complete the desired pharmacophore pat-
terns.

As exemplified in Table 1, the choice of the appropriate
arylthiolate (C, or Cj) in the divergent step of Scheme 1
defines the final products as either metalloproteinase or
phosphodiesterase inhibitors. Use of p-alkoxythiophenols
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Table 1. Enzyme inhibitory activity for examples from multiple target
family directed libraries.

OMe
50K
HO. MS z

H AN
Rt 0 O
Compd K [pw]™ ICs, [pm]t
MMP-1 MMP-2 MMP-3 PDE4
1 0.2 0.01 0.05 >1
2 7 0.02 9 >1
3 >10 >10 >10 0.001

[a] K; and ICs, are mean values from two or more determinations of
purified compounds (see the supporting information). [b] Ref.[12].
[c] Ref. [13].  [d] Compound 1 (RPR121683): R!'=H; RYR’=
(~CH,CH,CH,CH,~); Z=H; 2: (RPR123303): R'=H; R*=4-phenyl-
benzyl; R®*=Z7=H; 3 (RPR123145): R'=H; R?=Ph(CH,),; R®*=H; Z=
OMe.

such as 4-methoxythiophenol afforded potent inhibitors of
MMP-1, MMP-2, and MMP-3.4 Selectivity among the
MMPs varied according to the substituents R!' and R*R3
incorporated during the initial diversification steps. In fact,
both broad-spectrum (1) and selective (2) MMP inhibitors
were revealed during the screening process, thus demonstrat-
ing the versatility of this combinatorial approach. Alterna-
tively, addition of discrete 3,4-dialkoxyphenyl thiolates to L,,_,
elicited a switch in target family, and provided inhibitors of
PDE4 effective at nanomolar concentrations while suppress-
ing activity against the MMPs (e.g. 3).[1%]

The application of combinatorial chemistry to drug discov-
ery can result in structurally similar inhibitors for multiple
targets (including members of multiple target families) as a
natural consequence of general library screening.[”] It is the
lure of adding front-end design elements to expedite such
events that holds particular appeal. The advantages of
combinatorial chemistry “directed” toward multiple target
classes by a single synthetic sequence are the potential for
higher hit rates during screening of the resulting libraries
against biochemical targets within the targeted families, and
the diminished need to develop two different routes (to two
different libraries) to accomplish the same end.

We speculate that such a method of focusing combinatorial
design could have applications beyond the example cited
here, and could represent a logical evolutionary step from
libraries directed at targets within a single target family.l
Computational analysis of empirical structure—activity data
has begun to permit the explicit identification of key
pharmacophore points and complete pharmacophore patterns
that are common (or similar yet distinct) to more than one
target family (for a simplified hypothetical example, see
Scheme 3). The identification of these privileged pharmaco-
phore patterns can be used to drive the design of structure
types and synthetic routes that are amenable to combinatorial
or parallel diversification. Optimally, the synthetic design
would incorporate a divergent step that can direct the library
members toward one pharmacophore pattern and away from
another. Such a divergent step can impart a high level of
selectivity for one target family over another despite the
partial pharmacophore pattern commonalities that they share
(as was observed in the MMP/PDE example presented here).
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Scheme 3. Similarities and differences for the hypothetical pharmaco-
phore pattern of three distinct target families, which have been superposed
to aid in the design of multiple target family libraries. Design of the
corresponding library structure types and synthetic route would optimally
include diversification of the conserved pharmacophore points A,, and B,
(various aromatic rings and H-bond acceptors separated by a distance of a
in this example) followed by divergence of the resulting combinations
(upon incorporation of the input bearing the distinguishing pharmacophore
points C, C;, or C) toward product libraries with different final
pharmacophore patterns, therein biased to recognize different biological
target families.

In summary, we have exemplified a method by which the
convergence of template design and combinatorial principles
can be exploited to maximize the impact of a single synthetic
route. The approach allowed for the efficient creation of two
functionally distinct target family directed small-molecule
libraries from this route. In applying this methodology, we
have rapidly discovered novel, potent, and selective inhibitors
within two therapeutically important biomolecular target
families: the matrix metalloproteinases and the phosphodies-
terases. We propose that the incorporation of multiple target
family directed front-end design elements into combinatorial
library design could ultimately expedite the pharmaceutical
lead discovery process.
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