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A selected series of chromone carboxamides synthesized in our laboratory were evaluated by radioligand
binding studies towards adenosine receptors. All the chromone-3-carboxamides (compounds 8e12)
exhibit A2B receptor displacement percentage superior to 50%. The best results were obtained with
phenolic substituents (compounds 9 and 12) in the position 3 of pyrone ring with a Ki value of 2890 and
1350 nM. In addition, the predicted ADME properties for the chromone carboxamides under study are in
accordance with the general requirements for the drug discovery and development process and in turn
they have potential to emerge as a drug candidate.

In summary, N-phenylchromone-3-carboxamide may be proposed as a promising scaffold that can
undergo optimization as a selective A2BAR antagonist given its lower affinity for A1AR and A2AAR.
Accordingly, one can propose this new chromone class as a promising scaffold for tackling adenosine
receptors, namely of A2B subtype.

� 2012 Elsevier Masson SAS. All rights reserved.
1. Introduction

Adenosine is an endogenous extracellular purine nucleoside
that modulates multiple vital physiological and pathophysiological
processes, mainly through the interaction with four subtypes of
cell-surface G-protein coupled adenosine receptors (ARs), named
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son SAS. All rights reserved.
A1, A2A, A2B and A3 receptors [1,2]. A variety of physiological actions
can be ascribed to adenosine including effects on heart rate and
atrial contractility, vascular smooth muscle tone, release of neuro-
transmitters, lipolysis, renal, platelet and white blood cell functions
[1,2]. Hence, selective ARmodulators may hold therapeutic value in
cardiovascular, neoplastic, chronic inflammatory and neurodegen-
erative disorders [1e4]. In fact, the importance of designing selec-
tive AR antagonists is boosted by recent findings of adenosine
involvement in cancer and various CNS dysfunctions [5,6]. The
medicinal chemistry, pharmacology and potential therapeutic
applications of each subtype selective AR ligands have been
extensively reviewed in recent years [7,8]. After more than three

mailto:fborges@fc.up.pt
www.sciencedirect.com/science/journal/02235234
http://www.elsevier.com/locate/ejmech
http://dx.doi.org/10.1016/j.ejmech.2012.05.033
http://dx.doi.org/10.1016/j.ejmech.2012.05.033
http://dx.doi.org/10.1016/j.ejmech.2012.05.033


A. Gaspar et al. / European Journal of Medicinal Chemistry 54 (2012) 914e918 915
decades of research, a considerable number of selective agonists
and antagonists of adenosine receptors have been discovered and
clinically evaluated, despite that only few (e.g. Regadenoson) has
been approved by FDA [7,9]. Main failure problems are related to
side effects due to the ubiquity of the receptors or to low absorp-
tion, short half-life of compounds and toxicity of the ligands [7].
Among AR antagonists, several different types of xanthine-derived
and nonxanthine-based heterocyclic structures have been identi-
fied although somephase I studies were stopped due to the high
lipophilicity and because of absorption, distribution, metabolism,
excretion limitations (ADME) [7].

Drug discovery process has changed dramatically over the past
decade as there is an increasing demand to obtain more drug
candidates and decrease attrition during drug development.
Traditionally, drug discovery programs were driven solely by
potency, regardless of the properties. As a result, the development
of non-drug-like molecules was costly, had high risk and low
success rate. Recent attention has focused on early detection of
ADME properties allowing medicinal chemists to consider these
properties at the same time as they are optimising potency [10e12].
Concurrently, despite the steady increase in R&D expenditures
within the pharmaceutical industry, the number of new chemical
entities (NCEs) reaching the market has actually decreased
dramatically [13,14]. Therefore, privileged structures, such as
indoles, arylpiperazines, biphenyls and benzopyranes (e.g. couma-
rins and chromones), are currently ascribed as supportive
approaches in drug discovery that have been used successfully in
medicinal chemistry programs to identify NCEs [15].

Benzopyrone has been recognized as a privileged structure and
a fruitful approach to the discovery of novel biologically active
molecules. Until now, numerous biological activities have been
ascribed to this scaffold, namely anti-inflammatory or antitumoral
and several CNS-targeted effects [16e20].

Therefore, a project focused on the discovery of NCEs that
incorporate a simple benzo-g-pyrone (chromen-4-one) substruc-
ture as AR ligands has been developed. Based on knowledge
acquired so far no information on the development of putative
adenosine receptor ligands based on this type of scaffold have been
reported, except for the flavonoid family [21,22]. However, it must
be pointed out that flavonoids are natural secondary metabolites
that possess mandatorily a C6-C3-C6 skeleton, which include in the
central part a chromone or chromane unit. The present chromone
series possess some structural similarities with flavones, according
to the biosynthetic classification, namely the presence of A and C
rings, but the B ring directly linked to C ring is absent (Fig. 1).
Fig. 1. Flavone and chromone
Therefore, the aim of the present study is to identify novel
adenosine receptor ligands based on chromone scaffold (Scheme
1). Drug efficacy and selectivity of the chromones towards A1,
A2A, A2B and A3ARs and assessment of their drug-like properties
were the guidelines in the present drug discovery process.

2. Results and discussion

2.1. Synthesis

Chromone carboxamides were obtained by functionalization of
the chromonenucleus atpositionsC2andC3of theg-pyrone ringand
are briefly depicted in Scheme 1. The synthetic strategy has been
patented [23,24]. Chromone carboxamide derivatives were synthe-
sized straightforward, in moderate/high yields, by a one-pot
condensation reaction, using BOP ((Benzotriazol-1-yloxy)tripyrroli-
dinophosphonium hexafluorophosphate) as a coupling reagent, that
occurs between the corresponding chromone carboxylic acid
(compounds 1 or 7) and aniline (phenylamine) or its ring-substituted
derivatives [25,26]. Dihydroxylated chromones 6 and 12 were
obtainedbyademethylation reactionwithboron tribromide (BBr3) of
the monomethoxylated chromones 4 and 10, respectively [27].

2.2. Binding assays and structureeaffinity relationships

All chromone derivatives were tested to evaluate their affinity at
hA1, hA2A, hA2B and hA3 adenosine receptors. The displacement
percentage values of the chromones derivatives at cloned adenosine
receptors expressed in CHO (hA1), HeLa cells (hA2A and hA3) and
HEK-293 cells (hA2B), are depicted in Fig. 2. The radioligands [3H]
DPCPX, [3H]ZM241385 and [3H]NECAwere used for A1 and A2B, A2A,
and A3 receptors, respectively [28]. Assays were carried out by co-
incubation of compounds, in at least six different concentrations,
with the appropriate radioactive ligand. The affinity values of the
compounds that didnot fullydisplace specific radioligandbinding at
10 mM are given only in terms of displacement percentage (Fig. 2).
For the compounds that exhibit displacement percentage values
greater than 50% the inhibition constants (Ki) were calculated (see
Table 1). The affinity of the reference ligands for each receptor was
also performed under the same experimental conditions.

Despite the low or moderate affinity of the majority of the
chromones under study to the adenosine receptors (Fig. 2) the SAR
results obtained on this type of benzopyran scaffold suggest
particular trends according to the type and position of the
substituents positioned in the pyran nucleus. Chromone derivatives
carboxamide scaffolds.



Scheme 1. Synthetic strategy used for the obtention of chromone carboxamides. Abbreviations: BOP: (Benzotriazol-1-yloxy)tripyrrolidinophosphonium hexafluorophosphate);
BBr3: Boron tribromide solution (1.0 M in dichloromethane); DCM: dichloromethane; DIPEA: N,N-Diisopropylethylamine; DMF:N,N-Dimethylformamide.
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with substituents in position 2 (compounds 1e6) present higher
affinity for A1 and A3 receptors, while derivatives with the same
type of substituents in position 3 of the chromone scaffold present
superior affinity to A2B receptors (Fig. 2). The presence of a phe-
nylcarboxamide substituent in the position 2 of the pyrone ring
(compounds 2e6), as a replacement for the carboxylic acid function
(compound 1), enhance the chromone affinity for all the receptors
subtypes (Fig. 2). The presence of a hydroxyl group inmeta position
of the aromatic ring of the carboxamide side chain (compound 4)
seems to be significant for the affinity for A1 and A3AR. The pres-
ence of two methoxyl (compound 5) or two hydroxyl groups
(compound 6) reduce the affinity for AR (Fig. 2). Compound 4 can
be anticipated as promising hit compound for A3AR. The activity of
chromone-3-carboxamides is noticeably influenced by the
aromatic pattern of the N-phenyl carboxamide substituent. All
chromone-3-carboxamides (compounds 8e12) display affinity, and
selectivity, for A2BAR, with a receptor displacement percentage
greater than 50%. Compound 8 is approximately two times less
Fig. 2. Affinities of chromones carboxamides at adenosine A1, A2A, A2B and A3 receptors expr
and A2BAR: [3H]DPCPX; A2AAR: [3H]ZM241385; A3AR: [3H]NECA).
effective on A3AR presenting about 3% affinity for A1 and A2AAR (see
Fig. 2). From the data obtained it can be also concluded that the
A2BAR affinity binding can be modulated by introduction of
substituents in the aromatic ring of the side chain (compounds
9e12). Chromones with a hydroxyl in para position of the aryl
exocyclic ring (compounds 9 and 12) present the best affinity for
A2BAR with Ki values of 2890 and 1350 nM, respectively (Table 1).

The overall results suggest that chromone isomerism and that
the type and position of the substituents in the phenyl side chain
can be the starting point in the development of new and more
selective adenosine ligands.

2.3. Theoretical evaluation of ADME properties

To better correlate the overall properties of the chromone
compounds the lipophilicity, expressed as the octanolewater
partition coefficient and herein called logP, was calculated using
the Molinspiration property calculation program (see Table 2) [29].
essed as percentage displacement of specific binding at a concentration of 10 mM (A1AR



Table 1
Affinity binding data for chromone-3-carboxamides and control compound at
hA2BAR.

O

O

CON R1

R2

H

Compound R1 R2 Ki (nM)

8 H H 8510 � 1420
9 OH H 2890 � 1210
10 OCH3 OH 5820 � 2220
11 OCH3 OCH3 6390 � 2160
12 OH OH 1350 � 320
MRS 1754 10.39

Table 2
Structural properties of the chromone derivativesa.

Chromone
compounds

logP Molecular
weight

TPSA n-OH
acceptors

n-OHNH
donors

Volume

2/8 2.95/2.64 265.27 59.31 4 1 231.38
3/9 2.47/2.16 281.27 79.54 5 2 239.39
4/10 2.29/1.98 311.29 88.77 6 2 264.94
5/11 2.59/2.28 325.32 77.78 6 1 282.47
6/12 1.98/1.67 297.27 99.76 6 3 247.42

a TPSA, topological polar surface area; n-OH, number of hydrogen acceptors; n-
OHNH, number of hydrogen bond donors. The data was determined with Molins-
piration calculation software.
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From the data obtained, one can notice that all the chromone
derivatives possess logP values compatible with those required to
cross membranes.

In addition the theoretical prediction of ADME properties of all
compounds was carried out (see Table 2). From the data obtained it
can be observed that no violations of Lipinski’s rule (molecular
weight, logP, number of hydrogen donors and acceptors) were
found making the chromone derivatives promising agents [30].
Topological polar surface area (TPSA), described to be a predictive
indicator of membrane penetration, is also found to be positive for
these potential drugs [31].
3. Conclusions

In summary, herein we report the discovery of a novel class of
adenosine receptor ligands structurally based on chromone scaf-
fold. On the basis of the obtained structureeaffinity relationships
chromone-3-carboxamides represent a novel class of AR ligands
endowed with likeable affinities toward the hA2BAR subtype. These
small molecules possess advantages against xanthine derivatives,
classic model for the development of A2B antagonists, since they do
not present the metabolic drawbacks of this type of heterocyclic
compounds. Till to date no A2B antagonist ligand approved drug
was discovered although the search for potent and selective ligands
for the A2BAR subtype is still a hot topic. It has been demonstrated
that this AR subtype regulates a number of biological functions (e.g.,
vascular tone, cytokine release, and angiogenesis).

Structureeaffinity and ADME relationships evidenced that N-
phenyl-4-oxo-4H-chromone-3-carboxamide as a promising lead
structure that can undergo optimization as a selective A2BAR
antagonist. In fact, the chromone carboxamides predicted ADME
properties are in accordance with the general requirements of the
drug discovery and development process. After lead optimization,
in accordancewith the drug discovery and development process on
the field of adenosine receptor ligands, the functional behavior of
the most promising ligand will be determined.
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