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The implementation of flexible and conceptually simple,
as well as time- and cost-effective, synthetic methodologies
that bring about rapid access to diverse compound libraries
is one of the main goals in combinatorial chemistry.1 This
objective is critical in drug discovery because the availability
of large libraries of small organic molecules, covering as
much chemical space as possible, is seen as the only means
to guarantee potential modulation of the many biological
targets that are ultimately being unveiled by genomics.2 The
enormous variety of naturally occurring heterocycles and
their wide range of biological activities, as well as the results
of massive high-throughput screening campaigns, have
validated the tremendous importance of drug-like low
molecular weight heterocyclic libraries as highly versatile
templates in drug discovery.3 The search for novel potent
and selective ligands for the adenosine receptors (ARs)4

constitutes an excellent example to illustrate this situation,
with the availability of highly diverse heterocyclic screening
libraries being particularly important in the development of
adenosine receptor antagonists, an emerging class of thera-
peutics that promise conceptually new strategies to address
significant unmet medical needs.4 From a structural point
of view, the best known classes of adenosine receptor
antagonists encompass highly diverse families of bi-, tri-,
tetra-, and to a lesser extent, monocyclic nitrogen-containing
aromatic scaffolds (Figure 1).4 The structural manipulation
of these derivatives has permitted the identification of potent
and selective antagonists but the search for structurally
simpler ligands with improved pharmacokinetic profiles
remains a challenge. Several recent examples5 have addressed
the feasibility of the task for most of the adenosine receptor
subtypes, in particular a recent paper by Ijzerman6 concerned
a pharmacophore model that enabled the identification of
diphenylpyrimidines (Figure 2) as potent and selective A1

adenosine antagonists.

In the context of our ongoing efforts aimed at the
development of new adenosine antagonists,7 we hypothesized
that a thorough structural exploration of the pharmacophore
model that enabled the discovery of the LUF series (Figure
2), by the introduction of diverse aryl or heteroaryl groups
on the central pyrimidine template, should modify the
receptorial selectivity profile of these families to afford novel
derivatives eliciting affinity by the A3 receptor subtype.
Herein, we document the development of a short, divergent,
and practical solution-phase approach to access the target
structures based on a Suzuki cross-coupling reaction. The
proposed strategy (scheme 1), which exploits the potential
for diversity offered by the wide collection of commercially
available boronic acids, enabled the rapid synthesis of a large
library of compounds and also led to the identification of
highly potent and selective A3 receptor antagonists (Figure
3) with diverse potential therapeutic applications (e.g.,
treatment of stroke, glaucoma, allergies or anticancer
agents).8

The Suzuki-Miyaura reaction9 is currently considered as
the reference experimental protocol for introduction of aryl
or heteroaryl groups in organic synthesis. As far as other
palladium-catalyzed cross-coupling reactions (PCCCR) are
concerned,9 the viability of the transformation is highly
dependent on the starting organohalide (or triflate), with the
low reactivity of chloroarenes well documented in compari-
son to their iodo- and bromo-analogues. Such a reactivity
profile, which is a consequence of the low reactivity of
chloroarenes toward oxidative addition, usually requires
either the use of Pd(0)-complexes of superior nucleophilicity
or a decrease in the electron density of the π-system in the
starting arene.9 The unique characteristics stemming from
the inherently different structural and electronic properties
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Figure 1. Structures of representative adenosine antagonists.4

Figure 2. Structures and biological data of representative diphe-
nylpyrimidines as selective A1 adenosine antagonists.6
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of heterocycles support the generally superior reactivity
profile observed for chloro-substituents attached to het-
eroaromatic systems in PCCCR in comparison to the
corresponding carbocyclic aryl compounds. Although a
comparatively broad experimental scope has been docu-
mented for different heterocyclic systems10 the potential for
such systems in library synthesis remains relatively unex-
plored. Indeed there is a great deal of practical interest in
chloro-substituted heteroaryl systems, and this is due to
several factors. For example, heteroaryl chlorides are gener-
ally less costly, have greater commercial availability, and
are more easily prepared than the corresponding bromides
and iodides.

A representative example of this trend is the prominent
heterocycle pyrimidine, for which the Suzuki arylation of
iodo- and bromo-pyrimidines has been widely reported,11

but the use of chloro-,12 and especially dichloro-,13 pyrimi-
dine derivatives as reactive substrates in this transformation
remains scarcely studied. A recent report by Slee14 concerned
a lead optimization program that enabled the synthesis of
selective A2A adenosine antagonists and this supports the
strategy documented here.

The synthetic pathway developed to access the regioi-
someric target libraries is presented in Scheme 1. The
strategy was designed to fulfill our interest in preparing a
large and unexplored collection of pyrimidine derivatives
by simultaneous decoration of positions 2 and 4 or 4 and
6 of the central heterocyclic core (A) with a diverse range
aryl or heteroaryl groups (C), thus enabling an in-depth
examination of the structure-activity relationships in this
series. The feasibility of this strategy relied on the
appropriate selection of the 2- or 4-amino dichloropyri-
midines (A) as precursors (Scheme 1). A preliminary
derivatization of these scaffolds was performed by treat-
ment with different acid chlorides (B1-3, R ) Me, Et,
Pr),15 which, in addition to generating the amide group,
allowed the incorporation of diverse alkyl fragments. Both
of these factors are decisive for the interaction with the
receptor. A set of 8 reactive dichloropyrimidines (A1-2
or A1-2B1-3) that incorporate both skeletal and func-

tional diversity was prepared in this way (Scheme 1). The
next step involved structural elaboration of the heterocy-
clic scaffold (Scheme 1). For this purpose we made use
of the highly reliable and well-established Suzuki-Miyaura
cross-coupling reaction. A collection of 20 commercially
available boronic acids (C1-20), covering the aryl and
heteroaryl series (Scheme 1), was employed to introduce
structural diversity with the aim of preparing a large
library.

The palladium-catalyzed [Pd(PPh3)4] phenylations of a set
of representative precursors (A1,A2, A1B2, and A2B2) by
reaction with a slight excess (2.5 equivalents) of phenylbo-
ronic acid and sodium carbonate as base in either toluene/
ethanol (5:1) or DME/H2O (3:1) were selected as pilot
experiments. This preliminary research not only demonstrated
the superiority of DME/H2O as the solvent for the transfor-
mation but also served as a model system in the development
of a general optimized protocol to enable library production
(Scheme 1). All tested substrates showed a high reactivity
toward Suzuki arylation regardless of the highly diverse
nature of the selected collection of boronic acids. Complete
consumption of the starting materials usually required 4-8
h at 110 °C to afford the desired 2,4- or 4,6-diarylpyrimidines
in satisfactory yields (Table 1).16 The feasibility and broad
scope of the sequence is particularly noteworthy as this
approach shows significant advantages over more conven-
tional strategies.

The synthesis, isolation, and purification of compounds
were accomplished using equipment routinely available
in laboratories for parallel synthesis. A PLS (6 × 4)
Organic Synthesizer was used for compound preparation;
isolation of precipitated/triturated products was performed
in a 12-channel vacuum manifold from Aldrich, fitted with
Aldrich Bond Elut reservoirs. Solvent removal was
achieved using standard techniques or an evaporation
module from Advanced Chemtech. When necessary, the
excess of boronic acid remaining after Suzuki coupling
was scavenged by incubation with PS-DIEA at 35 °C
during 60 min. Compounds were purified by preparative
chromatography or recrystallization and then characterized
by spectroscopic and analytical data.16

Scheme 1. Synthesis of 2,4- or 4,6-Diarylpyrimidines

Figure 3. Structures and biological data for representative dia-
rylpyrimidines.
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A preliminary account of the biological data obtained
for representative compounds tested in radioligand binding
assays17 is outlined in Figure 3. These assays were aimed
at determining the affinities of the compounds at the
human adenosine receptor subtypes (namely A1, A2A, A2B,
and A3). As exemplified for the evaluated compounds
(Figure 3), modification of the aryl moieties in both series’
had a significant effect on the activity. The most note-
worthy result is the identification of new derivatives that
elicit a highly potent A3 antagonistic activity (e.g.,
A2B2C17, A2B2C6, and A2B3C4), which is comple-
mented by complete selectivity for the other subtypes
(figure 3). Further studies to complete the pharmacological
characterization of the library at the four adenosine
receptor subtypes and also an SAR study are currently in
progress in our laboratories and will be published elsewhere.

In summary, a simple, divergent and efficient procedure
that allows the rapid assembly of a large library of
diarylpyrimidines from simple starting materials has been
developed. These results contribute to the validation of
the potential of the Suzuki reaction in the elaboration of
privileged scaffolds, addressing the requirement of highly
diverse libraries in a cost- and time-effective manner.
Furthermore, these studies enabled the discovery of a
structurally simple, highly potent and selective series of
A3 adenosine receptor antagonists that constitutes powerful
pharmacological tools for the elucidation of pathophysi-
ological roles of adenosine A3 receptors.
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