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Dipartimento di Scienze Farmaceutiche, Università degli Studi di Ferrara, Via Fossato di Mortara 17-19, I-44100 Ferrara,
Italy, Molecular Modeling Section, Dipartimento di Scienze Farmaceutiche, Università di Padova, via Marzolo 5,
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A new series of pyrazolo[4,3-e]-1,2,4-triazolo[1,5-c]pyrimidines bearing various substituents
at both the N5-pyrimidinyl and N8-pyrazolyl positions have been synthesized, and their binding
affinities at the four human adenosine receptor subtypes (hA1, hA2A, hA2B, and hA3) have been
evaluated. All the described compounds contain arylacetyl moieties at the N5 position and
arylalkyl substituents at the N8 position. Surprisingly, all the compounds present their most
potent affinities at the hA2B adenosine receptor with a range of selectivities against the other
subtypes. When bulky groups are present simultaneously at the N5 and N8 positions (e.g.,
compound 9), the best selectivity for the hA2B receptor was observed (Ki(hA1) ) 1100 nM;
Ki(hA2A) ) 800 nM; Ki(hA2B) ) 20 nM; Ki(hA3) ) 300 nM, Ki(hA1/A2B) ) 55, Ki(hA2A/A2B) ) 40,
Ki(hA3/hA2B) ) 15). To understand the molecular significance of these results, we compared
the putative TM (transmembrane) binding motif of compound 9 on both hA2B and hA3 receptors.
From our docking studies, compound 9 fits neatly inside the TM region of the hA2B receptor
but not in the corresponding hA3 region, illustrating significant differences between the two
subtypes. The study herein presented permits an understanding of why the bioisosteric
replacement of an -NH, present in previously reported hA3 receptor antagonists, with a -CH2
group at the N5 position induces such large differences in hA2B/hA3 affinity. In the molecular
structure of the hA3 receptor, two residues, Ser243 (TM6) and Ser271 (TM7), create a hydrophilic
region, which seems to permit a better accommodation of the phenylurea series into this putative
hA3 binding site than the phenylacetyl series.

Introduction

It is widely reported that adenosine is a ubiquitous
modulator that exerts its functions through interaction
with four G-coupled receptors classified as A1, A2A, A2B,
and A3.1 While A1 and A2A receptors are stimulated by
low doses of adenosine, A2B and A3 subtypes require
higher concentrations of the natural ligand.2,3 During
the years, intensive efforts by medicinal chemists al-
lowed the discovery of potent and selective ligands
(agonists and antagonists) for the adenosine A1, A2A, and
A3 receptor subtypes.4,5 For only the A2B subtypes,
scientists are aiming to obtain potent and selective
antagonists in order to better understand the patho-
physiological role of this receptor subtype.6-8

In the past few years, significant advancement has

been made in the understanding of the molecular
pharmacology and physiology of the A2B adenosine
receptors, but because of the lack of highly potent and
selective ligands for this receptor subtype, many ques-
tions have not yet been answered.5-7 A2B receptors
appear to be implicated in the regulation of mast cell
secretion,8,9 gene expression,10 cell growth,11 intestinal
functions,12 and vascular tone.13 They play also a role
in asthma, mediating mast cell degranulation from the
rat RBL mastlike cells and being present in high density
in the human blood eosinophils.5,6,14 For these reasons,
the use of A2B antagonists could be proposed as anti-
asthmatic agents.5,6,14

In this field of research, some structure-activity
relationship studies have been reported. However, at
present only few examples of quite potent and selective
hA2B adenosine antagonists are available. Only recently,
some xanthine congeners structurally related to XAC
(8[4-[[[(2-aminoethyl)amino]carbonyl]methyloxy]phenyl]-
1,3-dipropylxanthine) have been demonstrated to be
potent A2B antagonists by Jacobson and co-workers.15-17

An improvement of this work has been published by
Muller et al.,18,19 which described some interesting 1,8-
disubstituted xanthine derivatives with good affinity,
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selectivity, and moreover, water solubility. In the non-
xanthine family, some triazolotriazine20 or triazolo-
quinazoline21 derivatives have been reported as A2B
antagonists, but none of the synthesized compounds
showed significant potency and/or selectivity for this
receptor subtype.

Very recently, some promising quinazoline derivatives
have been investigated by Jacobson and co-workes as
A2B adenosine receptor antagonists. In particular, a
compound named CMB 6466 (4-methyl-7-methoxy-
quinazolyl-2-(2′-amino-4′-imidazolinone)) showed an in-
teresting affinity (Ki(hA2B) ) 112 nM) and proved to be
quite selective against rA1 and rA2A adenosine receptor
subtypes.22 In a rational screening program focused on
searching new non-xanthine A2B adenosine receptor
antagonists, we decided to investigate a new series of
pyrazolotriazolopyrimidine derivatives as A2B adenosine
receptor antagonists. This project was based on some
previous experimental observations on different substi-
tuted pyrazolotriazolopyrimidines. In particular, we
observed that the introduction at the N5 position of a
phenylacetyl moiety (2) produces a significant decrease
of affinity at the hA3 adenosine receptors with respect
to the aryl carbamoyl moiety typical of hA3 adenosine
receptor antagonists (1), with a simultaneous retention
or a slight increase of affinity at the hA2B adenosine
receptor subtype23 (Chart 1).

In a parallel study on N5-unsubstituted pyrazolo-
triazolopyrimidines, we observed that the presence of
an aryl or a branched chain at the N8 position (3) is
favorable for the interaction with the hA2B adenosine
receptors, even though no significant selectivity vs other
receptor subtypes was observed.24 For this reason, we
decided to synthesize some hybrid molecules bearing an
arylacetyl moiety at the N5 position and simultaneously

aryl or branched chain at the N8 position. This approach
has been utilized to obtain potential A2B adenosine
receptor antagonists and also to evaluate the effect of
the substitution at the N5 position on the hA3 and A2B
receptors recognition, by molecular modeling studies.

Results and Discussion

The desired compounds (4-12) were prepared by
acylation with the appropriate arylacetyl chloride (1.3
equiv) of the well-known and previously reported un-
substituted derivatives 13-1525-27 in dry THF at re-
flux (18 h) in the presence of trietylamine (1.3 equiv)
(Table 1).

In Table 1 the receptor binding affinities of the syn-
thesized compounds (4-12) are also reported. They were
determined at the human A1, A2A, A2B, and A3 receptors
expressed in CHO (A1, A2A, A3) and HEK-293 (A2B) cells.
[3H]-1,3-dipropyl-8-cyclopentylxanthine ([3H]DPCPX)28,29

(A1 and A2B), [3H]-4-[2-[[7-amino-2-(2-furyl)-1,2,4-tria-
zolo[2,3-a]-1,3,5triazin-5-yl]amino]ethyl]phenol ([3H]-
ZM241385) (A2A),30 and [3H]-5-(4-methoxyphenylcar-
bamoyl)amino-8-propyl-2-(2-furyl)pyrazolo[4,3-e]-1,2,4-
triazolo[1,5-c]pyrimidine ([3H]-MRE3008-F20) (A3)29 have
been used as radioligands in binding assays.

All the synthesized compounds showed affinity at the
A2B adenosine receptor subtype in the nanomolar range
(20-40 nM) with different degrees of selectivity versus
the other receptor subtypes (1- to 55-fold). Remarkably,
the affinity at the A2B adenosine receptors is almost
similar for all derivatives, independent of the nature of
the substitution at both the N5 and N8 positions. In
contrast, these substitutions seem to modulate signifi-
cantly the affinity against the other receptor subtypes,
with a consequent influence on the selectivity. In

Chart 1. Rational Design of Synthesized Compounds as hA2B Adenosine Receptor Antagonists (Binding Data Taken
from Refs 23 and 24)
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particular, the introduction of an arylacetyl moiety at
the N5 position with a concomitant substitution at the
N8 position with arylalkyl chains (5, 6) reduces the
affinity at the hA3 adenosine receptors but induces an
increase in affinity for the adenosine A2B subtype. It is
otherwise noted that when a bulky group such as an
R-naphthylacetyl moiety (4) was introduced at the N5
position, the selectivity increased in a significant man-
ner (compound 9: Ki(hA1) ) 1100 nM; Ki(hA2A) ) 800
nM; Ki(hA2B) ) 20 nM; Ki(hA3) ) 300 nM; Ki(hA1/A2B)
) 55; Ki(hA2A/A2B) ) 40; Ki(hA3/hA2B) ) 15). In particu-
lar, this compound represents an example of a slight,
potent, and selective non-xanthine A2B adenosine an-
tagonist. An accurate analysis of the data herein
presented strongly suggests that a combination of
branched (e.g., compounds 4, 7, 10) or arylalkyl (e.g.,
compounds 5, 6, 8, 9, 11, 12) chains at the N8 position
with arylacetyl moieties at the N5 position facilitates
the interaction with the A2B adenosine receptors.

The antagonistic properties of the synthesized com-
pounds have been further validated by functional assay,
measuring the capability of derivatives 5-12 to block
the effect of 100 nM NECA on cyclic AMP production
to the human A2B adenosine receptors. All the synthe-
sized compounds show IC50 values in the nanomolar
range (110-250 nM) with a trend similar to that
observed in the binding assay (Figure 1 and Table 2).

To elucidate our experimental results, we decided to
theoretically compare the putative transmembrane (TM)
binding motif of compound 9 on both the hA2B and hA3
receptors. Following our recently reported modeling
approach, we have built an improved model of the
transmembrane region of the human A2B receptor, using
the rhodopsin crystal structure as template, which can
be considered a further refinement in building the
hypothetical binding site of the A2B receptor antagonists
already proposed.22 Details of the building model are
given in the Experimental Section. Of course, the
topology of TM regions of both hA2B and hA3 is similar,

consisting of a typical 3-4 type helix-helix contact
associated with optimal interactions between nearly
parallel aligned helices. However, by comparison of the
TM sequences of both hA2B and hA3 receptors, several
amino acids mutations are detectable in the putative
ligand binding cavity. As we will describe later, some
of these mutations might play a role in the recognition
process of both agonists and antagonists. The first
interesting result obtained from our molecular docking
studies is that compound 9 can nicely fit inside the TM
region of hA2B receptor but not in the hA3. As already

Table 1. Structures, Synthesis, and Binding Affinities at hA1, hA2A, hA2B, and hA3 Adenosine Receptors of Synthesized Compounds

Ki (nM) ratio of Ki values

compd R R1 hA1
a hA2A

b hA2B
c hA3

d hA1/hA2B hA2A/hA2B hA3/hA2B

4 (CH3)2CHCH2CH2 Ph 200 ( 23 57 ( 4 31 ( 3 81 ( 6 6.4 1.8 2.6
5 PhCH2CH2 Ph 120 ( 14 60 ( 7 35 ( 5 45 ( 5 3.4 1.7 1.3
6 PhCH2CH2CH2 Ph 75 ( 3 60 ( 5 40 ( 3 121 ( 10 1.9 1.5 3
7 (CH3)2CHCH2CH2 R-naphthyl 142 ( 12 42 ( 3 28 ( 3 215 ( 22 5.07 1.5 7.7
8 PhCH2CH2 R-naphthyl 90 ( 11 55 ( 6 30 ( 4 120 ( 14 3 1.8 4
9 PhCH2CH2CH2 R-naphthyl 1100 ( 100 800 ( 104 20 ( 3 300 ( 28 55 40 15

10 (CH3)2CHCH2CH2 Ph-O 55 ( 5 38 ( 4 25 ( 2 50 ( 5 2.2 1.5 2
11 PhCH2CH2 Ph-O 20 ( 2 40 ( 3 22 ( 3 300 ( 28 0.9 1.8 13.6
12 PhCH2CH2CH2 Ph-O 50 ( 4 45 ( 5 25 ( 4 40 ( 4 2 1.8 1.6

a Displacement of specific [3H]-DPCPX binding at human A1 receptors expressed in CHO cells (n ) 3-6). Data are expressed as the
mean ( SEM. b Displacement of specific [3H]-ZM241385 binding at human A2A receptors expressed in HEK-293 cells. Data are expressed
as the mean ( SEM. c Displacement of specific [3H]-DPCPX binding at human A2B receptors expressed in HEK-293 cells (n ) 3-6). Data
are expressed as the mean ( SEM. d Displacement of specific [3H]-MRE3008-F20 binding at human A3 receptors expressed in HEK-293
cells. Data are expressed as the mean ( SEM.

Figure 1. Inhibition curves representing the capability of the
antagonists (5, 9-11) to block the effect of 100 nM NECA on
cyclic AMP production to human A2B adenosine receptors.

Table 2. Functional Assay: IC50 Values of Compounds 5-12
Examined on 100 nM NECA Stimulation cAMP Accumulation
in CHO Cells Expressing hA2B Adenosine Receptors

compd IC50 (nM)

4 190 ( 30
5 210 ( 32
6 250 ( 35
7 170 ( 24
8 180 ( 22
9 110 ( 15

10 150 ( 19
11 130 ( 18
12 140 ( 21
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indicated, compound 9 bears two bulky groups in both
N5 and N8 positions. By analysis of the TM cavity shape
of both receptors, it is unambiguous that a deep cleft is
present in the hA2B receptor close to TMs 3, 5, and 6,
as shown in Figure 2.

The deepness of this cleft is strongly reduced in the
hA3 receptor because of a mutation in TM5 in which
Phe187 replaces Leu192 present in the hA2B. The steric
hindrance of the phenylalanine side chain is increased
with respect to leucine and drastically limited the
accessibility to this TM cleft. Interestingly, leucine in
position 192 in hA2B is conserved in all adenosine
receptor subtypes, but it is mutated to a phenylalanine
in the human A3 receptor. However, in A1 and A2A
receptors, other TM mutations are responsible for the
topology modifications of this cleft (data not presented).
In the hA2B receptor, we identified the hypothetical
binding site of 9 close to TMs 3, 5, and 6, fitting perfectly
in this deep cleft, with the furan ring pointing to the
extracellular environment. The putative binding site of
9 is shown in Figure 3.

Both the N5 and the N8 side chains are located in
two hydrophobic regions. In particular, the 3-(phenyl)-
propyl group at the N8 position is surrounded by several
hydrophobic amino acids: Ile93 (TM3), Leu96 (TM3),
Val191 (TM5), Leu192 (TM5), Leu195 (TM5), Phe243
(TM6), Leu246 (TM6), and Trp247 (TM6). The (R-
naphthyl)acetyl group at the N5 position is positioned
in the middle of the TM3 and TM5, bordered by Ala82
(TM3), Val87 (TM3), Phe141 (TM4), and Thy184 (TM5).
Of course, this deep cleft can also nicely accommodate
derivatives in which both the N5 and N8 substituents
are smaller than those in compound 9. In fact, the

pyrazolotriazolopyrimidine moiety is located in the
middle of the TM cavity, close to TM3 and TM6, and it
is stabilized by a hydrogen-bonding interaction with
Asn254 (TM6). Also, this amino acid, conserved among
all adenosine receptor subtypes, was found to be im-
portant for ligand binding. Another hydrogen-bonding
interaction between the hydrogen atom of the carboxa-
mido group at the N5 position and the oxygen atom of
backbone carboxamido bond of Leu86 might stabilize
the position of 9 in its putative binding site.

As anticipated, derivative 9 does not dock in the same
way at the hA3 receptor. In particular, the steric
requirements cannot be met because of the restricted
topology of hA3 receptor cleft. The energetically more
stable docked configuration is shown in Figure 4.

We identified the hypothetical binding site of 9 close
to TMs 2, 3, 6, and 7 in the upper region of TM domain.
Considering its bulkiness, compound 9 cannot reach the
hydrophilic environment created by Ser 243 (TM6) and
Ser 271 (TM7), which are responsible, as we have
already published,23 for the stabilizing interactions with
the NH of the phenylcarbamoyl derivatives.

Moreover, both the N5 and N8 side chains are
oriented almost perpendicularly to the principal axis of
the TM bundle. The 3-(phenyl)propyl group at the N8
position is positioned in the middle of the TM2 and TM7
surrounded by two hydrophobic amino acids: Leu67
(TM2) and Ile270 (TM7). The (R-naphthyl)acetyl group
at the N5 position sits in a hydrophobic pocket (corre-
sponding in part to the deep cleft in the A2B receptor)
surrounded by Leu91 (TM3) and Leu246 (TM6). Con-
sistent with the experimental data, the theoretically
calculated interaction energy of hA3-9 complex forma-

Figure 2. (Left) View hA2B transmembrane helical bundle model along the helical axes from the extracellular end after the
docking procedure for the A2B-9 complex (see Experimental Section for details). The docked 9 molecule is shown. Side chains of
some amino acids important for ligand recognition are highlighted. (Right) Molecular surface of A2B-9 complex model, displayed
with MOE. The molecular surface is color-coded by hydrophobicity properties. Hydrophilic regions are red, and hydrophobic regions
are white. The ligand is shown in its putative binding site.
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tion is about 55 kcal mol-1 higher than that of hA2B-9
complex formation. (Figure 5).

By comparison of the binding affinity values reported
in Table 1, derivative 5 has almost the same potency in
both the hA2B and hA3 adenosine receptors. This com-
pound is characterized by a phenylacetyl at the N5

position and a 2-phenylethyl substitution at the N8
position, and it is less bulky than derivative 9. To
validate our hypothesis about the role of TM steric
control on the observed hA2B/hA3 selectivity, we decided
to dock derivative 5 in both receptors. According to our
assumption, compound 5 can easily sit in both hA2B and

Figure 3. (Left) View of hA3 transmembrane helical bundle model along the helical axes from the extracellular end after the
docking procedure for the A3-9 complex (see Experimental Section for details). The docked 9 molecule is shown. Side chains of
some amino acids important for ligand recognition are highlighted. (Right) Molecular surface of A3-9 complex model, displayed
with MOE. The molecular surface is color-coded by hydrophobicity properties. Hydrophilic regions are red, and hydrophobic regions
are white. The ligand is shown in its putative binding site.

Figure 4. Side view of the A2B-9 complex model. The side chains of the important residues in proximity (e4.5 Å) to the docked
ligand are highlighted and labeled.
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hA3 adenosine receptors. As shown in Figure 6, consid-
ering in particular the complex with the A3 adenosine
receptor, the derivative 5 arrangement is consistent
with the recently published model of the putative
binding motif of the pyrazolotriazolopyrimidines bearing
a urea moiety at the N5 position.23

On the basis of this information, we have already
suggested that the hydrophilic environment created by
Ser243 (TM6) and Ser271 (TM7) in the human A3

receptor might be responsible for the better accom-
modation of the phenylcarbamoyl NH into the hypoth-
esized binding site with respect to the CH2 of the
arylacetyl derivatives.

The well-known mutation21 of Ser243 (TM6) to a
hystidine in all other adenosine receptor subtypes might
be responsible for the peculiar selectivity observed for
the phenylcarbamoyl derivatives at the human A3
receptor.

Figure 5. Side view of the A3-9 complex model. The side chains of the important residues in proximity (e4.5 Å) to the docked
ligand are highlighted and labeled.

Figure 6. Side view of the A3-5 complex model. The side chains of the important residues in proximity (e4.5 Å) to the docked
ligand are highlighted and labeled.
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Considering the binding motif of compound 5, we
identified its hypothetical binding site close to TMs 3,
6, and 7 with the furan ring pointing to the extracellular
environment. The most stabilizing interactions are (a)
the hydrogen bonds between the NH in the N5 position
and the hydroxyl group of Ser243, (b) the hydrophobic
interactions of the phenylacetyl in the N5 position with
the hydrophobic side chains of Met86 (TM3), Leu90
(TM3), and Ile268 (TM7), and (c) the hydrophobic
interactions of the 2-phenylethyl substitution at the N8
position with Phe187 (TM5) and Trp239 (TM6).

Conclusions

The present study provides useful information con-
cerning the optimal structural requirements necessary
for antagonist recognition of the hA2B adenosine recep-
tor. It demonstrates that probably bulky groups at the
N5 and N8 positions on the pyrazolotriazolopyrimidine
core confer a slightly better affinity for the A2B adenos-
ine receptor subtype with respect to the other receptor
subtypes. By the use of molecular modeling, the differ-
ences in interaction between this class of compounds
and the hA2B and A3 receptors have been clarified: (a)
Considering the topological differences in the TM cavity
between hA2B and hA3 adenosine receptors, bulky sub-
stituents at both the N5 and N8 positions are well
tolerated at the hA2B adenosine receptor only if an acetyl
moiety is present at the N5 position. (b) Bulky substit-
uents at both the N5 and N8 positions are not well
tolerated at the hA3 adenosine receptor. (c) In the hA3
receptor, the hydrophilic environment created by Ser243
(TM6) and Ser271 (TM7) might be responsible for the
better accommodation of the NH of the phenylcarbamoyl
derivatives in the hypothetical binding site with respect
to the CH2 present in the phenylacetyl derivatives.

In conclusion, the data herein presented provide
helpful information for designing new, more potent and
selective hA2B adenosine receptor antagonists.

Experimental Section
1. Chemistry. General. Reactions were routinely moni-

tored by thin-layer chromatography (TLC) on silica gel (pre-
coated F254 Merck plates). Infrared spectra (IR) were measured
on a Jasco FT-IR instrument. 1H NMR were determined in
CDCl3 or DMSO-d6 solutions with a Varian Gemini 200
spectrometer. Peaks positions are given in parts per million
(δ) downfield from tetramethylsilane as the internal standard,
and J values are given in hertz. Light petroleum ether refers
to the fractions boiling at 40-60 °C. Melting points were
determined on a Buchi-Tottoli instrument and are uncorrected.
Flash chromatograpy was performed using Merck 60-200
mesh silica gel. Elemental analyses were performed by the
microanalytical laboratory of Dipartimento di Chimica, Uni-
versity of Trieste, and were within (0.4% of the theoretical
values for C, H, and N.

General Procedures for the Preparation of 5-[(Aryl)-
carbonyl]amino-8-(ar)alkyl-2-(2-furyl)pyrazolo[4,3-e]-1,2,4-
triazolo[1,5-c]pyrimidine (4-12). The compounds were
prepared as described in the literature.23

5-[(Benzyl)carbonyl]amino-8-isopentyl-2-(2-furyl)pyra-
zolo[4,3-e]-1,2,4-triazolo[1,5-c]pyrimidine (4). Yield 85%,
pale-yellow solid (EtOAc-light petroleum), mp 144-145 °C.
IR (KBr): 3255-2930, 1673, 1620, 1610, 1520 cm-1. 1H NMR
(CDCl3) δ: 0.98 (d, 6H, J ) 7.5 Hz), 1.60 (m, 1H), 1.91 (m,
2H), 4.40 (t, 2H, J ) 7 Hz), 4.53 (s, 2H), 6.60 (dd, 1H, J ) 2
Hz, J ) 4 Hz), 7.18 (d, 1H, J ) 4 Hz), 7.26-7.39 (m, 5H), 7.64
(d, 1H, J ) 2 Hz), 8.22 (s, 1H), 9.11 (bs, 1H). Anal. (C23H23N7O2)
C, H, N.

5-[(Benzyl)carbonyl]amino-8-(2-phenylethyl)-2-(2-furyl)-
pyrazolo[4,3-e]-1,2,4-triazolo[1,5-c]pyrimidine (5). Yield
80%, white solid (EtOAc-light petroleum), mp 147 °C. IR
(KBr): 3240-2920, 1673, 1614, 1600, 1505 cm-1. 1H NMR
(CDCl3) δ: 3.21 (t, 2H, J ) 7 Hz), 3.98 (s, 2H), 4.61 (t, 2H, J
) 7 Hz), 6.65 (dd, 1H, J ) 2 Hz, J ) 4 Hz), 7.05-7.45 (m,
11H), 7.98 (d, 1H, J ) 4 Hz), 8.67 (s, 1H), 11.12 (bs, 1H). Anal.
(C26H21N7O2) C, H, N.

5-[(Benzyl)carbonyl]amino-8-(3-phenylpropyl)-2-(2-fu-
ryl)pyrazolo[4,3-e]-1,2,4-triazolo[1,5-c]pyrimidine (6). Yield
85%, pale-yellow solid (EtOAc-light petroleum), mp 116-117
°C. IR (KBr): 3250-2900, 1675, 1625, 1600, 1500 cm-1. 1H
NMR (CDCl3) δ: 2.39 (m, 2H), 2.67 (t, 2H, J ) 7 Hz), 4.37 (t,
2H, J ) 7 Hz), 4.53 (s, 2H), 6.61 (dd, 1H, J ) 2 Hz, J ) 4 Hz),
7.16-7.43 (m, 11H), 7.65 (d, 1H, J ) 4 Hz), 7.64 (s, 1H), 8.19
(s, 1H), 9.12 (bs, 1H). Anal. (C27H23N7O2) C, H, N.

5-[(r-Naphthylmethyl)carbonyl]amino-8-isopentyl-2-
(2-furyl)pyrazolo[4,3-e]-1,2,4-triazolo[1,5-c]pyrimidine (7).
Yield 80%, pale-yellow solid (EtOAc-light petroleum), mp 95-
96 °C. IR (KBr): 3240-2950, 1680, 1625, 1595, 1510 cm-1. 1H
NMR (CDCl3) δ: 0.97 (d, 6H, J ) 7.5 Hz), 1.47-1.50 (m, 1H),
1.83-1.95 (m, 2H), 4.40 (t, 2H, J ) 7 Hz), 4.59 (s, 2H), 6.67
(dd, 1H, J ) 2 Hz, J ) 4 Hz), 7.19 (d, 1H, J ) 4 Hz), 7.21-
7.59 (m, 4H), 7.79-8.15 (m, 4H), 8.81 (s, 1H), 11.03 (bs, 1H).
Anal. (C27H25N7O2) C, H, N.

5-[(r-Naphthylmethyl)carbonyl]amino-8-(2-phenyleth-
yl)-2-(2-furyl)pyrazolo[4,3-e]-1,2,4-triazolo[1,5-c]pyrimi-
dine (8). Yield 74%, white solid (EtOAc-light petroleum), mp
107 °C. IR (KBr): 3250-2970, 1678, 1620, 1595, 1500 cm-1.
1H NMR (CDCl3) δ: 3.12 (t, 2H, J ) 7 Hz), 4.41 (s, 2H), 4.61
(t, 2H, J ) 7 Hz), 6.64 (dd, 1H, J ) 2 Hz, J ) 4 Hz), 7.03-7.15
(m, 5H), 7.25-7.39 (m, 4H), 7.81-8.00 (m, 4H), 8.03 (d, 1H,
J ) 4 Hz), 8.82 (s, 1H), 11.03 (bs, 1H). Anal. (C30H23N7O2) C,
H, N.

5-[(r-Naphthylmethyl)carbonyl]amino-8-(3-phenylpro-
pyl)-2-(2-furyl)pyrazolo[4,3-e]-1,2,4-triazolo[1,5-c]pyrimi-
dine (9). Yield 82%, pale-yellow solid (EtOAc-light petro-
leum), mp 109 °C. IR (KBr): 3240-2980, 1676, 1610, 1585,
1510 cm-1. 1H NMR (CDCl3) δ: 2.15 (t, 2H, J ) 7 Hz), 2.65-
2.78 (m, 2H), 4.38 (t, 2H, J ) 7 Hz), 4.44 (s, 2H), 4.61 (t, 2H,
J ) 7 Hz), 6.67 (dd, 1H, J ) 2 Hz, J ) 4 Hz), 7.03-7.18 (m,
5H), 7.32-7.59 (m, 4H), 7.65-8.11 (m, 5H), 8.92 (s, 1H), 11.10
(bs, 1H). Anal. (C31H25N7O2) C, H, N.

5-[(Phenoxymethyl)carbonyl]amino-8-isopentyl-2-(2-
furyl)pyrazolo[4,3-e]-1,2,4-triazolo[1,5-c]pyrimidine (10).
Yield 80%, white solid (EtOAc-light petroleum), mp 175 °C.
IR (KBr): 3235-2960, 1675, 1620, 1595, 1515 cm-1. 1H NMR
(CDCl3) δ: 0.98 (d, 6H, J ) 7.5 Hz), 1.39-1.45 (m, 1H), 1.88-
1.97 (m, 2H), 4.41 (t, 2H, J ) 7 Hz), 5.04 (s, 2H), 6.75 (dd, 1H,
J ) 2 Hz, J ) 4 Hz), 6.95-7.08 (m, 3H), 7.19-7.40 (m, 3H),
7.96 (d, 1H, J ) 2 Hz), 8.88 (s, 1H), 10.98 (bs, 1H). Anal.
(C23H25N7O3) C, H, N.

5-[(Phenoxymethyl)carbonyl]amino-8-(2-phenylethyl)-
2-(2-furyl)pyrazolo[4,3-e]-1,2,4-triazolo[1,5-c]pyrimi-
dine (11). Yield 68%, brown solid (EtOAc-light petroleum),
mp 107 °C. IR (KBr): 3245-2980, 1670, 1615, 1590, 1515 cm-1.
1H NMR (CDCl3) δ: 3.46 (t, 2H, J ) 7 Hz), 4.52 (t, 2H, J ) 7
Hz), 5.05 (s, 2H), 6.72 (dd, 1H, J ) 2 Hz, J ) 4 Hz), 6.81-7.47
(m, 11H), 7.95 (d, 1H, J ) 2 Hz), 8.88 (s, 1H), 10.96 (bs, 1H).
Anal. (C26H21N7O3) C, H, N.

5-[(Phenoxymethyl)carbonyl]amino-8-(3-phenylpropyl)-
2-(2-furyl)pyrazolo[4,3-e]-1,2,4-triazolo[1,5-c]pyrimi-
dine (12). Yield 72%, brown solid (EtOAc-light petroleum),
mp 85 °C. IR (KBr): 3230-2985, 1681, 1615, 1590, 1510 cm-1.
1H NMR (CDCl3) δ: 2.19 (t, 2H, J ) 7 Hz), 2.61-2.73 (m, 2H),
4.27 (t, 2H, J ) 7 Hz), 5.04 (s, 2H), 6.61 (dd, 1H, J ) 2 Hz, J
) 4 Hz), 6.81-7.43 (m, 11H), 7.65 (d, 1H, J ) 4 Hz), 8.23 (s,
1H), 10.02 (bs, 1H). Anal. (C27H25N7O3) C, H, N.

2. Biology. 2.1. CHO Membrane Preparation. The
expression of the human A1, A2A, and A3 receptors in CHO cells
has been previously described.31 The cells were grown adher-
ently and maintained in Dulbecco’s modified Eagle’s medium
with nutrient mixture F12 without nucleosides at 37 °C in 5%
CO2/95% air. Cells were split two or three times weekly, and
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then the culture medium was removed for membrane prepara-
tions. The cells were washed with phosphate-buffered saline
solution and were scraped from flasks in ice-cold hypotonic
buffer (5 mM Tris-HCl, 2 mM EDTA, pH 7.4). The cell
suspension was homogenized with Polytron, and the homoge-
nate was centrifuged for 30 min at 48000g. The membrane
pellet was resuspended in 50 mM Tris-HCl buffer at pH 7.4
for A1 adenosine receptors, in 50 mM Tris-HCl, 10 mM MgCl2

at pH 7.4 for A2A adenosine receptors, and in 50 mM Tris-
HCl, 10 mM MgCl2, 1 mM EDTA at pH 7.4 for A3 adenosine
receptors and were utilized for binding assay.

2.2. Human Cloned A1, A2A, A2B, and A3 Adenosine
Receptor Binding Assay. Binding of [3H]-DPCPX to CHO
cells transfected with the human recombinant A1 adenosine
receptor was performed as previously described.28 Displace-
ment experiments were performed for 120 min at 25 °C in 0.20
mL of buffer containing 1 nM [3H]-DPCPX, 20 µL of diluted
membranes (50 µg of protein/assay) and at least six to eight
different concentrations of examined compounds. Nonspecific
binding was determined in the presence of 10 µM of CHA, and
this is always e10% of the total binding. Binding of [3H]-
ZM241385 to CHO cells transfected with the human recom-
binant A2A adenosine receptors (50 µg of protein/assay) was
performed according to Ongini et al.30 In competition studies,
at least six to eight different concentrations of compounds were
used and nonspecific binding was determined in the presence
of 50 µM NECA for an incubation time of 60 min at 25 °C.

Binding of [3H]-DPCPX to HEK-293 cells (Receptor Biology
Inc., Beltsville, MD) transfected with the human recombinant
A2B adenosine receptors was performed as already described.29

In particular, assays were carried out for 60 min at 25 °C in
0.1 mL of 50 mM Tris-HCl buffer, 10 mM MgCl2, 1 mM EDTA,
0.1 mM benzamidine, pH 7.4, 2 IU/mL adenosine deaminase
containing 40 nM [3H]-DPCPX, diluted membranes (20 µg of
protein/assay), and at least six to eight different concentrations
of tested compounds. Nonspecific binding was determined in
the presence of 100 µM of NECA and was always e30% of the
total binding. Binding of [3H]-MRE3008-F20 to CHO cells
transfected with the human recombinant A3 adenosine recep-
tors was performed according to Varani et al.29 Competition
experiments were carried out in duplicate in a finale volume
of 250 µL in test tubes containing 1 nM [3H]-MRE3008-F20,
50 mM Tris-HCl buffer, 10 mM MgCl2, pH 7.4, 100 µL of
diluted membranes (50 µg of protein/assay), and at least six
to eight different concentrations of examined ligands. Incuba-
tion time was 120 min at 4 °C, according to the results of
previous time-course experiments.29 Nonspecific binding was
defined as binding in the presence of 1 µM MRE3008-F20 and
was about 25% of the total binding. Bound and free radioactiv-
ity was separated by filtering the assay mixture through
Whatman GF/B glass-fiber filters using a Micro-Mate 196-cell
harvester (Packard Instrument Company). The filter bound
radioactivity was counted on Top Count (efficiency of 57%) with
Micro-Scint 20. The protein concentration was determined
according to the Bio-Rad method32 with bovine albumin as a
reference standard.

2.3. Measurement of Cyclic AMP Levels in CHO Cells
Transfected with Human A2B Adenosine Receptors. CHO
cells transfected with human A2B adenosine receptors were
washed with phosphate-buffered saline and diluted tripsine
and centrifuged for 10 min at 200g. The pellet containing the
CHO cells (1 × 106 cells/assay) was suspended in 0.5 mL of
incubation mixture (mM): NaCl 15, KCl 0.27, NaH2PO4 0.037,
MgSO4 0.1, CaCl2 0.1, Hepes 0.01, MgCl2 1, glucose 0.5, pH
7.4 at 37 °C, 2 IU/mL adenosine deaminase, and 4-(3-butoxy-
4-methoxybenzyl)-2-imidazolidinone (Ro 20-1724) as phos-
phodiesterase inhibitor. The mixture was preincubated for 10
min in a shaking bath at 37 °C. The potency of antagonists
studied was determined by antagonism of NECA (100 nM)
induced stimulation of cyclic AMP levels. The reaction was
terminated by the addition of cold 6% trichloroacetic acid
(TCA). The TCA suspension was centrifuged at 2000g for 10
min at 4 °C, and the supernatant was extracted four times
with water-saturated diethyl ether. The final aqueous solution

was tested for cyclic AMP levels by a competition protein
binding assay. Samples of cyclic AMP standard (0-10 pmol)
were added to each test tube containing the incubation buffer
(trizma base 0.1 M, aminophylline 8.0 mM, 2 mercaptoethanol
6.0 mM, pH 7.4) and [3H]-cyclic-AMP in a total volume of 0.5
mL. The binding protein previously prepared from beef
adrenals was added to the samples previously incubated at 4
°C for 150 min, and after the addition of charcoal, the samples
were centrifuged at 2000g for 10 min. The clear supernatant
was counted in a Beckman scintillation counter.

3. Molecular Modeling. All calculations were performed
on a Silicon Graphics Octane R12000 workstation.

Human A2B and A3 receptor models were built and optimized
using the MOE (2002.03) modeling package33 based on the
approach described by Moro et al.34 Briefly, transmembrane
domains were identified with the aid of Kyte-Doolittle hy-
drophobicity and Emin surface probability parameters.35 Trans-
membrane helices were built from the sequences and mini-
mized individually. The minimized helices were then grouped
together to form a helical bundle matching the overall char-
acteristics of the recently published crystal structure of bovine
rhodopsin (PDB code: 1F88).36 The helical bundle was mini-
mized using the Amber94 force field37 until the root mean
square (rms) value of the conjugate gradient (CG) was <0.01
kcal mol-1 Å-1. A fixed dielectric constant of 4.0 was used
throughout these calculations. In the final step, the stereo-
chemical quality of the models were checked with the “Protein
Report”, “Ramachandran Plot”, and “Chi Plot” modules imple-
mented in MOE.

All docked derivatives were fully optimized without geom-
etry constraints using RHF/AM1 semiempirical calculations.
Vibrational frequency analyses were used to characterize the
minimal stationary points (zero imaginary frequencies). The
software package Spartan O2 was utilized for all quantum
mechanical calculations.38

The ligands were docked into the hypothetical TM binding
site by using the DOCK docking program, part of the MOE
suite. Searching is conducted within a user-specified 3D
docking box, using the Tabù Search protocol39 and MMFF94
force field.40-46 MOE-Dock performs a user-specified number
of independent docking runs (50 in our specific case) and writes
the resulting conformations and their energies to a molecular
database file. The resulting docked complexes were subjected
to MMFF94 energy minimization until the rms of the conju-
gate gradient was <0.1 kcal mol-1 Å-1. Charges for the ligands
were imported from the Spartan output files.

The interaction energy values were calculated as follows:
∆Ebinding ) Ecomplex - (Eligand + Ereceptor). These energies are not
rigorous thermodynamic quantities but can only be used to
compare the relative stabilities of the complexes. Consequent-
ly, these interaction energy values cannot be used to calculate
binding affinities because changes in entropy and solvation
effects are not taken into account.
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Appendix

Abbreviations. NECA, 5′-(N-ethylcarbamoyl)ade-
nosine; CHA, N6-cyclohexyladenosine; DPCPX, 8-cyclo-
pentyl-1,3-dipropylxanthine; DMSO, dimethyl sulfoxide;
THF, tetrahydrofuran; CHO cells, Chinese hamster
ovary cells; HEK cells, human embryonic kidney cells;
MRE3008-F20, 5-(((4-methoxyphenyl)amino)carbonyl)-
amino-8-propyl-2-(2-furyl)pyrazolo[4,3-e]-1,2,4-triazolo-
[1,5-c]pyrimidine; EtOAc, ethyl acetate; TLC, thin-layer
chromatography; ZM 241385, (4-[2-[[7-amino-2-(2-furyl)-
1,2,4-triazolo[2,3-a]-1,3,5-triazin-5-yl]amino]ethyl]phe-
nol); mp, melting point; NMR, nuclear magnetic reso-
nance; IR, infrared spectra; CHCl3, chloroform; EDTA,
ethylenediaminetetraacetic acid.
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