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Abstract—Database searching led to the identification of potent A, antagonists which do not contain the privileged furan moiety
and which show selectivity over A; receptors. Simple substructure searching on a proprietary database identified compounds with
activities in the low nM range. A targeted approach to the identification of non-furan containing compounds resulted in the iden-
tification of two novel series, with potency, selectivity and directional SAR from screening 113 compounds.

© 2006 Elsevier Ltd. All rights reserved.

Adenosine receptors comprise a family of G-protein
coupled receptors consisting of four members: Aj,
Asa, Asp, and Aj receptors. This group of receptors be-
long to family one of the class A, rhodopsin-like sub-
group of GPCRs, as indicated through sequence
alignment.! A,, is involved, via influence on cyclic
AMP levels, in the regulation of the functional activity
of D, dopamine receptors,”> and antagonism of the
A receptor has been shown to be efficacious in reliev-
ing the symptoms in models of Parkinson’s disease (PD).
Several A, antagonists are now in clinical trials for the
treatment of PD, for example, V2006> and KW-6002
(1), the latter having a K; of 35nM against A5 and
2.8 uM against A; when assayed in-house.
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Whilst a number of chemical classes are known to
target the A, receptor, these can be broadly divid-
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ed into xanthine and non-xanthine series. Further
exploration of xanthine-related compounds is unat-
tractive because of their poor solubility, issues with
regard to drug-likeness and the wealth of prior art
which already exists in this area. With the exception
of the Roche series, for example, 2,°> and the recent-
ly reported 1,8-naphthyridines, for example, 3,° the
majority of non-xanthine A,, antagonists discovered
to date (e.g., triazolotriazine 47) bear a furan moiety
off the core aromatic scaffold. The prevalence of this
heterocycle suggested that it may be important in
achieving compounds with good potency, selectivity
and in vivo A,, antagonist efficacy. Early in-house
work also supported the notion that the furan moi-
ety comprised a privileged fragment. Although
Broughton et al.® noted that unsubstituted furans
are present in some molecules which progress
through clinical trials, it has been suggested that this
group may sometimes carry a potential safety liabil-
ity since, in some molecules, it is prone to oxidative
metabolism which can lead to the formation of reac-
tive species capable of forming covalent adducts.
Therefore, additional studies are needed in order to
progress a furan-containing compound to market.
Whilst one possible strategy is to block the 2-posi-
tion of the furan ring, with a view to reducing the
ring-opening potential, it is also of interest to iden-
tify new series of A,5 antagonists which do not con-
tain this moiety.
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This work focuses on two strategies used to identify
novel chemical series for investigation as potential
A, antagonists. The first study comprised a simple
substructure search which identified a series of highly
potent molecules. The second study, on a larger data-
base where simple substructure searching produced
too many hits, aimed to select a small number of
compounds for screening, using a targeted furan/
non-furan approach. In this work, furan-containing
molecules matching a substructure of interest were
selected and screened, and then closely related non-fu-
ran containing near neighbours of the hits were
assayed.

Analysis of public’ and proprietary data®'4 on A,p
antagonists showed that a number of chemical classes
were known where the core scaffold was bicyclic, but
contained a common pyrimidine or triazine substruc-
ture. In order to generalise from this, and to identify
new scaffolds, the query shown in Figure 1 was
developed and used to carry out a substructure search
on a proprietary compound database in ISIS/Base
format.!>-17

Compound sets matching these substructures were com-
bined and filtered according to drug-likeness criteria,'®
and 100 compounds were selected for screening against
Asa."” Nine compounds exhibited >50% inhibition at
1 uM and three, all of which were triazines, had K; val-
ues ranging from 5 to 31 nM against the human Aja
receptor, as well as showing a degree of selectivity over
A" (Table 1).
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Figure 1. ISIS queries used to search a proprietary compound
database.

Table 1. A5 and A, binding affinities and selectivity data for triazines
5-7 identified from substructure search
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Radioligand binding assay using recombinant receptors.19

Compound 5 also demonstrated over 200-fold selectivity
for A,p over A,p (unpublished results).

Subsequent IP searching identified a patent claiming tri-
azines as A, antagonists.”® Whilst this patent does cov-
er closely related compounds, detailed analysis showed
that compounds 5-7 lay outside of its scope.

Whilst it was of interest to apply a similar approach to
identify a wider range of compounds for purchase, a
search of rCat,?! a proprietary database of commercially
available screening samples, yielded too many hits for
this approach to be tractable. Therefore, a second strat-
egy was developed so as to strictly focus on the impor-
tance of the furan and the identification of tolerated
replacements. This method involved a number of steps,
outlined as follows.

1. Identification of compounds in the rCat ISIS data-
base!>?! matching the substructure queries (Fig. 2).
These were then filtered to remove those with
unwanted chemical functionality'® and poor physico-
chemical properties with regard to drug-like space.'”
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Figure 2. Substructure queries for identification of compounds in the
rCat ISIS database.
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2. Combination of hitsets and removal of the furan or
methylfuran moiety using custom R-group clipping
in SVL.??

3. Use of the resulting substructures to search a drug-
like subset of rCat in smiles format. This was
achieved using the Dayperl functionality,?® shell
scripts and smarts matching.??

4. Visual inspection of resulting compounds using the
ISIS interface,!® and manual filtering to remove any
further unwanted functionality.

This strategy allowed the identification of a subset of
compounds for which both furan and closely related
non-furan analogues were commercially available.
From this set, 34 furan-containing compounds were
purchased and assayed. Of these, 14 showed >50%
inhibition at 1 uM (a 41% hit rate) against the human
Asa receptor and five of these showed >70% inhibi-
tion. These structures broadly fell into three chemical
series of pyrano[3,4-c]pyridines, 2-aminopyrimidines
and pyridines, as illustrated by representative com-
pounds 8, 9, and 10.
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The non-furan analogues of these compounds were then
purchased and assayed. Of the 51 rCat-derived com-
pounds that were screened, 17 had >50% inhibition at
1 uM, and these hits fell into two chemical families. In
addition, screening 28 in-house analogues gave a further
three hits, giving a total hit rate for this step of 25%.
Fourteen of the 20 compounds had K; values of
<500 nM at the human A, receptor, as shown in
Tables 2 and 3.

Table 2. A,5 and A| binding affinities and selectivity data for cyanoaminopyrimidines 11-19

R NH,
\\N
Compound R! R? Asa Ki (nM) A, K; (nM) A1 KilAsa K;
F
1 © X/©/ 87 59 0.7
12 © \/Q 89 239 2.7
ci
F
13 /\ \/©/ 106 865 8.2
X Me
14 \ \/Ej 118 274 23
=
OH OH
15 \/Cf \/C[ 151 94 0.6
OMe
cl
16 © ﬁ 201 192 1
17 B \/Q\m 210 >10,000
N
cl
OH OH
18 \/©/ \/C[ 267 0 0.2
OEt
cl
19 Q 403 1744 43

Cl

Assayed using radioligand binding assay on recombinant receptors.'’
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Table 3. A, and A binding affinities for trifluoropyrimidines 21-24

CF,
B
R N/)\NH
L
Compound R Asa K; (nM) A, K; (nM)
21 © 287 >10,000
S
2 \ 287 >10,000
23 \/@ 290 >10,000
OMe
cl
24 Q 454 >10,000

Assayed using radioligand binding assay on recombinant receptors.'®

An additional member of this series is compound 20,
with a K; against A, of 232 nM, and against A; of
1283 nM, being 5.5-fold selective.
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Two compounds, both cyanopyridines (11 and 12), have
sub-100 nM potency, although little selectivity. Some
compounds, such as 15 and 18, have reverse selectivity,
whilst compounds such as 13 and 19 show moderate
selectivity over A;. Compound 17 is highly selective.
The cyanopyrimidine data show clear evidence of direc-
tional SAR, and the compounds are drug-like in nature.
The trifluoropyrimidine series (Table 3) are a little less
potent but are highly selective over Aj.

As an additional aid to hit identification, a literature
search was undertaken to identify compounds with good
potency against Ay, and selectivity over A;. Represen-
tative molecules (Fig. 3) were built in 3D and this data-
set, augmented with additional in-house data
(unpublished results), was then used to investigate
whether common pharmacophore features could be
identified.

After consideration of available SAR, it was decided to
exclude xanthines, as they appeared to have distinct
features and conformational preferences, which would
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Figure 3. Literature compounds 2,5 4,7 25,2426, 27%° and 28%” used in
the pharmacophore derivation.

suggest that they are likely to adopt a different binding
mode with regard to the A, receptor.

An iterative flexible fitting approach was employed on
the remaining compounds, using MOE.??

A consideration of the overlays (Fig. 4) showed that all
molecules comprise a planar, aromatic core, with an
exocyclic amine which may be monosubstituted. The ab-
sence of potent and selective compounds with a disubsti-
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Figure 4. Overlay and common features illustrated with respect to the
compounds shown in Figure 3. The conclusions drawn are general for
the entire dataset considered.
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tuted amine centre suggests that the polar hydrogen may
be important for activity. The need for a hydrogen bond
donor at this position was further supported by in-house
SAR (unpublished results). The majority of compounds
have a furan or other aromatic ring, which is able to sit
almost co-planar to the central aromatic group, and
around which little SAR is available. All molecules con-
sidered have at least two points of variation around the
aromatic-amine core and, for most, this comprises a fur-
an at the 3-position relative to the exocyclic amine, and
a bulky substituent on the opposite side of the aromatic
ring core from the furan. The latter, generally long and
fairly flexible, side chains are disparate in character and
occupy an area of space which can be best represented as
a diffuse hydrophobic feature, since possible side-chain
conformations sweep out a fairly large area of space
and there are no conserved polar interactions with
which to prioritise possible overlays in this region.

The new series identified from the rCat furan/non-furan
work do appear to be compatible with the generic phar-
macophore described above. The triazine series, in com-
mon with Roche compounds,* such as 2, does not
possess an obvious furan replacement, although given
the scope for elaboration of the aryl group, it seems likely
that the S-alkyl moiety is performing this function, whilst
the exocyclic amine acts as the hydrogen bond donor.

In summary, molecular similarity methods, used in con-
junction with databases of drug-like compounds, have
been successfully employed in order to identify several
novel series which bind to A, receptors, but do not
contain a furan moiety. Potent and selective compounds
were identified, which give rise to a variety of potential
starting points for further optimization. The coupled
furan/non-furan work provided a particularly effective
way to identify new areas of interesting chemical space.

References and notes

—_—

Flower, D. R. Biochim. Biophys. Acta 1999, 1422, 207.

2. Moreau, J.-L.; Huber, G. Brain Res. Rev. 1999, 31, 65.

3. http://www.vernalis.com/ver/nc/latestreleases/releases2004/
2004-06-24/.

4. Wu, S. S.; Frucht, S. J. CNS Drugs 2005, 19, 723.

5. Flohr, A.; Norcross, R. D. U.S. Pat. Appl. 2004204584,
2004.

6. Manera, C.; Betti, L.; Cavallini, T.; Giannaccini, G.;
Martinelli, A.; Ortore, G.; Saccomanni, G.; Trincavelli,
L.; Tuccinardi, T.; Ferrarini, P. L. Bioorg. Med. Chem.
Lett. 2005, 15, 4604.

7. Asano, O.; Harada, H.; Hoshino, Y.; Yoshikawa, S.;

Inoue, T.; Horizoe, T.; Yasuda, N.; Nagata, K.; Nagaoka,

J.; Murakami, M.; Kobayashi, S. PCT Int. Appl. WO

9935147, 1999.

8.

9.

13.

14.

15.

20.

21.

22.

23.

24.

25.

26.

27.

Broughton, H. B.; Watson, 1. A. J. Mol. Graphics Modell.
2004, 23, 51.

Weiss, S. M.; Benwell, K.; Cliffe, I. A.; Gillespie, R. J.;
Knight, A. R.; Lerpiniere, J.; Misra, A.; Pratt, R. M.;
Revell, D.; Upton, R.; Dourish, C. T. Neurology 2003, 61,
S101.

. Gillespie, R. J.; Lerpiniere, J; Dawson, C. E.; Gaur, S.;

Pratt R. M. PCT Int. Appl. WO 2002055524, 2002.

. Gillespie, R. J.; Lerpiniere, J. PCT Int. Appl. WO

2002055084, 2002.

Gillespie, R. J.; Lerpiniere, J.; Gaur, S.; Bamford, S. J.;
Stratton, G. C.; Leonardi, S.; Weiss, S. M. PCT Int. Appl.
WO 2002055083, 2002.

Gillespie, R. J.; Lerpiniere, J.; Gaur, S. PCT Int. Appl.
WO 2002055082, 2002.

Gillespie, R. J.; Giles, P. R.; Lerpiniere, J.; Dawson, C. E.;
Bebbington, D. PCT Int. Appl. WO 2001002409, 2001.
Available from Elsevier MDL, 14600 Catalina Street, San
Leandro, CA 94577, USA; http://www.mdl.com.

. Anderson, S. J. Mol. Graphics 1984, 2, 83.
. Hagadone, T. R. J. Chem. Inf. Comput. Sci. 1992, 32, 515.
. Lipinski, C. A.; Lombardo, F.; Dominy, B. W.; Feeny, P.

J. Adv. Drug Delivery Rev. 1997, 23, 3.

. Cell membranes expressing recombinant receptors were

suspended in 50 mM Tris—HCI buffer containing 10 mM
MgCl, (assay buffer). Assays were incubated in a total
volume of 250 ul, containing radioligand ([*H]-DPCPX
(3nM), [PHJ-CGS21680 (20nM) [*H]-ZM 241385
(20nM) or ['*IFAB-MECA (0.1 nM) for adenosine
A, Asa, A, and Ajz receptors, respectively), cell
membranes, and additional drugs. Non-specific binding
was determined in the presence of 100 nM DPCPX (A)),
10 uM CGS21680 (Asa), 1 uM ZM 241385 (A,g), and
1 uM IB-MECA (Aj3). Assays were terminated by rapid
filtration.

Kuefner-Muehl, U.; Scheuplein, S. W.; Pohl, G.; Gaida,
W.; Lehr, E.; Mierau, J.; Meade, C. J. M. Ger. Offen. DE
19735800, 1999.

Baurin, N.; Baker, R.; Richardson, C.; Chen, I.; Foloppe,
N.; Potter, A.; Jordan, A.; Roughley, S.; Parratt, M.;
Greaney, P.; Morley, D.; Hubbard, R. E. J. Chem. Inf.
Comput. Sci. 2004, 44, 643.

Available from CCG, Suite 910-1010 Sherbrooke St. W,
Montreal, Quebec, Canada H3A 2R7; http:/
www.chemcomp.com.

Available from Daylight Chemical Information Systems,
120 Vantis—Suite 550 Aliso Viejo, CA 92656, USA; http://
www.daylight.com.

Baraldi, P. G.; Cacciari, B.; Romagnoli, R.; Spalluto, G.;
Monopoli, A.; Ongini, E.; Varani, K.; Borea, P. A. J.
Med. Chem. 2002, 45, 115.

Vu, C. B.; Peng, B.; Kumaravel, G.; Smits, G.; Jin, X;
Phadke, D.; Engber, T.; Huang, C.; Reilly, J.; Tam, S.;
Grant, D.; Hetu, G.; Chen, L.; Zhang, J.; Petter, R. C. J.
Med. Chem. 2004, 47, 4291.

Colotta, V.; Catarzi, D.; Varano, F.; Cecchi, L.; Filacchi-
oni, G.; Martini, C.; Trincavelli, L.; Lucacchini, A. J.
Med. Chem. 2000, 43, 1158.

Zocchi, C.; Ongini, E.; Ferrara, S.; Baraldi, P. G
Dionisotti, S. Br. J. Pharmacol. 1996, 117, 1381.


http://www.vernalis.com/ver/nc/latestreleases/releases2004/2004-06-24/
http://www.vernalis.com/ver/nc/latestreleases/releases2004/2004-06-24/
http://www.mdl.com
http://www.chemcomp.com
http://www.chemcomp.com
http://www.daylight.com
http://www.daylight.com

	Identification of non-furan containing A2A antagonists using database mining and molecular similarity approaches
	References and notes


