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Abstract

Adenosine receptor (AR) antagonists belong to two major groups of compounds: xanthines and non-xanthines. Recently several
annelated xanthine derivatives have been described as selective A;, Aya, Aop and A3z ARs antagonists. Contrary to dipropyl
derivatives, in the group of dimethyl (un)substituted arylalkyl pyrimido[2,1-f]Jpurindiones selective mainly adenosine A, receptor
antagonists were identified. Their activity depended on aryl substitution and its distance from pyrimido[2,1-f]purindione.
© 2003 Editions scientifiques et médicales Elsevier SAS. All rights reserved.
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Adenosine regulates many physiological functions via
specific cell membrane receptors. To date, four adeno-
sine receptor (AR) subtypes have been cloned, A, Asx,
Aop and Aj, each of which exhibits an unique tissue
distribution, ligand affinity and signal transduction
mechanism [1]. These G protein-coupled receptors are
important physiological regulators in many tissues,
coupled to different second messenger systems, such as
adenylate cyclase, calcium or potassium channels (A;)
or phosholipase C (A}, Ayg Aj) and D (A3). Moreover,
ARs are involved in interactions with receptors for other
neurotransmitters and/or neuromodulators, such as
receptors for neuropeptides (CGPR and VIP), ionotro-
pic (NMDA) and metabotropic (mGlu I and III)
glutamate receptors, GABA and nicotinic, muscarinic
and dopamine receptors [1—4].

Selective interaction with AR subtypes offers very
broad therapeutic potentials including CNS disorders,
regulation of the -electrophysiological properties of
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heart, immune system and inflammatory diseases, cell
growth, asthma, kidney failure and ischemic injuries [5—
9]. Since AR agonists may cause a wide spectrum of
effects, AR-selective antagonists are generally believed
to have more potential as drugs because fewer side-
effects would be expected [10]. Although several antago-
nists of ARs were developed [see reviews [11,12]], only
few are undergoing advanced clinical trials.

The main recent directions and problems of the AR
antagonist research concerns development of selective
AR subtype antagonists. It was shown that highly
effective ARs ligands of commonly used laboratory
animals have shown different affinity at human recep-
tors [13,14]. Many ligands that have been previously
characterised as highly selective for one subtype of AR
were not investigated on the recently discovered A,p and
A3 ARs [13-15] and should be re-evaluated. Frequently
bioavailability of the recognised potent antagonists is
low due to their hydrophobicity and low-water solubility
[11,16]. The problem of classification of receptor an-
tagonists as neutral antagonists or antagonists with
inverse agonist activity is recently discussed [17]. The
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existence of functional ‘atypical’ adenosine A,, AR has
been suggested [18]. The activity of allosteric enhancers
of A; AR is currently examined and developed [19,20].

AR antagonists belong to two major groups of
compounds: xanthines and non-xanthines. A large
number of AR antagonists have been developed in the
group of xanthine derivatives (Fig. 1). Structure—AR
activity examination allowed to formulate general
requirements necessary for the activity at each subtype
of receptors.

A AR antagonists are being developed as kidney
protective diuretics, for the prevention of renal failure
and as cognition enhancers. Important classes of A;-
selective antagonists comprise xanthine derivatives with
bulky 8-substituents (e.g. 1, 2), additional requirements
are connected with substituents in the 1,3 positions of
the xanthine core. Contrary to the 1-position where no
polar substituents are tolerated, hydrophilic substitution
with large substituents at the 3-position is allowed.
Unsubstituted position 7 is believed to be important for
the activity [21]. A,a selective AR antagonists are
promising new drugs for the treatment of Parkinson’s
disease. An 8-styryl substituent in (£) configuration was
recognised as crucial for A,5 AR antagonistic properties
(e.g. 3, 4). Introduction of substituents at the 7 position
was stated as possible for the active structures [22,23].
A,p AR antagonists may have potential in the treatment
of asthma, myocardial reperfusion injury, allergic reac-
tions and non-insulin dependent diabetes and retino-
pathy. The first potent antagonists at human A,g AR
were found in the group of 1,3-dialkylxanthines [24].
More selective and potent A,g AR antagonists (e.g. 5, 6)
have been reported nowadays among 8-phenyl xanthine
derivatives [25,26] and 3-unsubstituted xanthines bear-
ing polar substituents enhancing their water solubility
[27]. Recently xanthine ligands were found for the Aj
AR subtype (e.g. 7, 8), initially believed to be xanthine

insensitive [28,29]. A; AR antagonists are being devel-
oped as anti-inflammatory and anti-asthmatic drugs,
antidepressants, antiarrhythmics, immunomodulators,
renal protective diuretics, antiparkinson and cognition
enhancing drugs. Anticancer activity is also currently
examined.

In subsequent studies, an interesting approach was
pursued based on annelation of xanthine derivatives.
Compounds possessing fused rings (types A—E) of the
general structure presented in Fig. 2 were investigated
and have shown different affinity to AR subtypes.
Linear triazolopurinones (fused type A) were found
[30,31] to display A; antagonistic properties at human
A ARs selective over rat A,o ARs (Fig. 3, 9, 10). The
same group of compounds allowed development of 11,
12 with high affinities to A; ARs [30,31]. Angular
triazolopurinones (fused type B) exhibited high affinities
to human A; (13, 14) and/or A; ARs (15, 16) with high
selectivities versus rat A,, ARs [32,33]. Pyrimidopur-
inones 17, 18 are examples of 3,9-substituted xanthines.
Compounds possessing noradamantyl residues exhibited
selective rat A; activity over rat A,, and human A,p
ARs [34]. Imidazopurinones (fused type D) with in-
creased water solubility are potent A; (19) [35], A,a (20),
A3z (21) antagonists [36]. Compound 21 in a tritiated
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Fig. 2. General structures of annelated xanthines examined as AR
antagonists.
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Fig. 1. Xanthine adenosine A; (1, 2), Asa (3, 4), Ay (5, 6) and As (7, 8) receptor antagonists.
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Fig. 3. Structures of annelated xanthine AR antagonists.

form was developed as a novel antagonist radioligand
for the human A3 ARs [37]. Type E annelation is
represented by hetero/aryl pyrrolinopurinones with
general structure 22 [38]. Unfortunately such com-
pounds have shown negligible affinity for A;- and Asp
ARs and very low selectivity.

In our efforts to develop new ligands for A>5 AR the
structure of MSX-2 (4) and other 8-styryl xanthines
were used as a template (Fig. 4). An 8-styrylxanthines
are active in their (E)-configuration. Z-isomers show a
great decrease both in potency and selectivity to Asa
ARs. However they are highly flexible molecules and
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Fig. 4. Oxygen or nitrogen containing annelated theophylline analogs.

their structures observed in solution depend strongly on
the environment. Moreover dissolved in organic sol-
vents these compounds at low concentration (0.1 mM)
undergo rapid photoisomerisation from E-isomer to an
equilibrium mixture of E/Z-isomers when exposed to
visible light. In our research program new compounds
envisaged as constrained bioisosteric analogs of 8-
styrylxanthines were designed: the group of oxygen- or
nitrogen-containing annelated theophylline derivatives
23 and 24. Obtained were oxazolo-, oxazino- and
oxazepino-purindiones as oxygen containing fused deri-
vatives of theophylline as well as imidazo-, pyrimido-
and diazepino-purindiones as nitrogen containing tri-
cyclic compounds [39-41]. The aim of the present work
was to synthesise target compounds with an (un)sub-
stituted hetero/aryl group connected by different spacers
with the pyrimido[2,1-f]purindione system. The de-
signed distance from the tricyclic structure equalled 0—
6 carbon (or their isosteric) atoms. Additionally R' and
R? substituents were varied. Dimethyl substituted deri-
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Fig. 5. Pyrimido[2,]1-f]purindiones (25) investigated as AR antago-
nists.

vatives 25a—251 (Fig. 5) were obtained starting from
theophylline. For di-n-propyl derivatives 25m and 25n
of tricyclic purinones the appropriate xanthine had to be
constructed and subsequently converted to the tricyclic
structures. Some steps of the syntheses involved reac-
tions performed under microwave irradiation according
to Refs. [42,43].

Spatial properties of the obtained compounds were
examined by X-ray structure determination and by
molecular modeling. Physicochemical properties of the
obtained compounds were examined on the basis of
theoretical (pK,, log P, Log D) calculations and experi-
mental data (TLC, HPLC).

The synthesised compounds were evaluated in vitro
for their affinities to A; and A5 ARs in assays at rat
brain membrane preparations using [’HJCCPA for rA,;
and PH]MSX-2 for A, ARs (data for some compounds
are presented in Table 1).

Selected compounds (25h, 25§ and 25n) were addi-
tionally investigated in binding assays at human recom-
binant A,g and Az ARs (with [3H]ZM 241 385 used for
hA,p and [*H]PSB-11 for hA; ARs). Dipropyl derivative
25n exhibited a K; value of 0.59 uM at human A, and
of 3.66 UM at human A; ARs, while for dimethyl
derivatives 25h and 25j K; values were higher than 10
uM. The most potent ligands were characterised as
antagonists at A, AR in Na™ shift assays [44].
Generally, the investigated compounds from the di-
methyl series 25a—251 have mainly shown selective
adenosine A,4 receptors antagonistic properties depend-
ing on the distance of the aromatic ring from the
tricyclic structure and the substitution pattern of the
aromatic ring. Introduction of a heteroatom into the
spacer allowed to obtain the selective A; AR antagonist
25j. A larger spacer was advantageous for A, AR
affinity and phenethyl derivatives (25h and 25i) were the
most potent compounds in this series. However with a
further increase in chain length, the selectivity toward
adenosine A,, receptor dropped again. Similar effects
had the introduction of r-propyl substituents (25m,
25n). Compounds with higher activity were obtained but
the selectivity toward all investigated ARs was de-
creased. Non-apparent QSAR correlation was observed
between physicochemical properties descriptors and the
affinity values at A,5 ARs. It is supposed that mainly
spatial placement of the aromatic substituent toward the
tricyclic structure is responsible for the differences in the
activity. The investigated compounds were somewhat
less potent at human as compared to rat A,, ARs.

The compounds were tested in vivo according to the
National Institutes of Health’s Antiepileptic Drug
Development Program in Bethesda [45,46] Table 1
(activity expressed in Anticonvulsant Screening
Project—ASP classes 1-3). Activity as anticonvulsants,
mainly in chemically induced seizures, have been shown
by the compounds without or with a short spacer mainly
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Table 1

Pharmacological characterisation of compounds of general structure 25

0
R1\N N//>
A0
o) ril N z\aﬁx\R
2

R

No R! R? n X R In vitro In vivo*

K; [M] N -

ASP class Positive tests®

Ay Ao
a methyl methyl 0 —  phenyl >25 3.52 3
b methyl methyl 0 - 4-Cl phenyl >25 1.12 1 MES, ScMet
c methyl methyl 0 - 3-Cl phenyl >25 >25 3
d methyl methyl 0 - 2-Cl phenyl >25 2.35 3
e methyl methyl 1 -  phenyl 3.58 1.09 1 ScMet
f methyl methyl 1 - 4-Cl phenyl >25 4.28 1 ScMet
g methyl methyl 1 - 4-F phenyl >25 2.33 1 MES, ScMet
h methyl methyl 2 - phenyl >25 0.32 3
i methyl methyl 2 - 4-Cl phenyl 6.47 0.48 3
j methyl methyl 2 O 4-Cl phenyl 4.22 >25 3
k methyl methyl 2 O benzyl 3.16 3.69 -
1 methyl methyl 2 O 4-Clbenzyl >25 1.33 -
m n-propyl n-propyl 0 - 4-Cl phenyl 0.36 0.38 -
n n-propyl n-propyl 2 - phenyl 0.62 0.86 -

# Administered into the mice in doses of 30, 100 and 300 mg/kg as a suspension in 0.5% methylcellulose.
® Classification is as follows: 1 —anticonvulsant activity at 100 mg/kg or less; 2—anticonvulsant activity at doses greater than 100 mg/kg; 3—

compound inactive at 300 mg/kg.

¢ Used tests: electrically induced seizures—maximal electroshock (MES) and chemically induced seizures—subcutaneous pentylenetetrazole

(ScMet) tests.

in the group of benzyl derivatives (25e, 25f, 25g).
Compounds with longer spacer (25e, 25g, 25h, 25i and
25j) exhibited neurotoxic effects (rotorod test) according
to ASP criteria [45,46]. The most potent 4-fluorophenyl
derivative 25g was advanced for further investigations.
There was no apparent correlation between anticonvul-
sant activity and AR affinity.
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