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Abstract

Pharmacophore queries from previously known potent selective A3 antagonists were generated by 

Chem-X. These queries were used to search a pharmacophore database of diverse compounds 

(CNS-Set™). In vitro assays of 186 ‘hits’ yielded over 30 active compounds, for four adenosine 

receptor subtypes. This search strategy may also be applicable to the discovery of new ligands via 

receptor homology data.

Previous work in the medicinal chemistry of adenosine receptors has resulted in the 

discovery of potent and selective antagonists for three of the four known receptor subtypes. 

Alkylxanthine derivatives have served as the basis for numerous, highly-selective ligands for 

adenosine Ai and A2A receptors,1 while the recent development of selective antagonists at 

the A3 receptor has relied on more chemically-diverse structural leads.2 Novel adenosine 

receptor ligands, including flavonoids, dihydropyridines, tetrahydrobenzo-thiophenones, 

isoquinolines, and a triazolonaphthyridine and thiazolo-pyrimidine have been identified 

through the screening of chemical libraries of natural products and various heterocyclic 

derivatives.3–5 A unified pharmacophore model based on steric and electrostatic fit of 

various A3 receptor antagonists has recently been reported by Moro et al. (1998).6 

Adenosine receptor antagonists having selectivity for A1 and A2A receptors have been under 

development as anti-arhythmic,7 renoprotective,8 anti-Parkinson’s,9 anti-depressant,10 and 

cognition enhancing11 drugs. Recently, chemical leads for A2B receptor-selective xanthines, 

which are predicted to have potential as anti-asthmatic agents,12,13 have been reported.14 A3 

receptor agonists and/or antagonists have potential as prophylactic cerebroprotective agents2 

and possibly in modulating immune function and in treating inflammation.

We set out to use information derived from these compounds to identify new leads for this 

medically relevant receptor family and to explore both the pharmacophore relationships 

within the receptor family and the utility of pharmacophore database queries for the 

discovery of new leads. One of our specific goals was the discovery of new selective 

structural leads for the A3 receptor that may also possess a better bioavailability profile than 
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the known antagonists. The ability to find new structural series from pharmacophore 

information for an existing bioactive structural series would often be advantageous in the 

development of new drug leads. An unexpected added benefit of our approach was the 

discovery of new selective leads for related adenosine receptor subtypes.

Reports of the use of pharmacophore searching in three-dimensional databases in order to 

discover new lead compounds have described several different types of query generation and 

search strategies.15 For example, the use of a training set approach,16 and receptor based 

approaches using either structural17 or pharmacophore databases18 have been reported. The 

general strategy that we chose differed in the query generation technique, since we used the 

structures of known potent antagonists to produce Chem-X generated pharmacophore 

queries, and then used these pharmacophores to search a Chem-X pharmacophore database. 

We then utilized in vitro receptor assays to determine potency and selectivity within the 

receptor family. Since our primary goals were the simultaneous discovery of both useful 

search methods and new active compounds (as opposed to search method assessment, based 

on post facto predictions), we required a diverse set of compounds that had not necessarily 

been previously evaluated for specific biological activity. A database of this type was 

available to us (ChemBridge Corporation’s CNS-Set™).20 CNS-Set™ is a collection of 

pharmacophore diverse compounds with defined properties (calculated logP 0–5, MW ≤500, 

etc.). The pharmacophores were generated from 18,904 structures in the initial selection for 

the CNS-Set™ collection, which resulted in the acquisition of ~9,600 compounds.

In order to generate an unbiased query that would contain the three-point A3 receptor 

antagonist pharmacophore, several structurally distinct, active compounds were evaluated. 

Figure 1 shows compounds 1 (MRS 1067),21 2 (MRS 1220),22 3 (L-249313),23 and 4 
(L-268605),23 which have all been reported to have selectivity for the A3 receptor (Ki 

values, as reported in the references shown above, are 560, 0.65, 13 and 18 nm, 

respectively).

The ideal query would be unbiased and have few (ideally only one) pharmacophore(s). 

Examination of the pharmacophores generated by Chem-X24 from various combinations of 

any of these diverse structural types did not lead to an obvious common pharmacophore. 

This result could be due to the possibility that multiple pharmacophores are involved for the 

interaction of these compounds with the A3 receptor, at least by Chem-X definitions. 

However, since some of the compounds are highly constrained, they exhibit relatively few 

pharmacophores. Indeed, compound 4 exhibits only nine pharmacophores (as calculated by 

Chem-X) as well as good potency for the human A3 receptor (18 nM).22 In order not to bias 

the results we chose to use all of the pharmacophores exhibited by 4 as a query, recognizing 

that some of the resulting answers would not contain the relevant pharmacophore. Since we 

had planned to use receptor assays to select the desirable compounds in any case, inactive 

compounds could also provide us with empirical evidence that would be useful in 

elucidation of the important pharmacophores derived from 4.

Since pharmacophore searches of this type are efficient, we were readily able to investigate 

several different tactics for application of this strategy. Chem-X has been described as non-

explicit in its calculation of conformational energy,19 so we expected to have some false 
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positives using this search strategy. It was clear that we required a robust initial 

computational hit rate and that the initial ‘computational hit list’ could then be refined. We 

found that the requirement that any computational hit must have at least four of its 

pharmacophores in common with the nine-pharmacophore query gave a hit rate of 12%. 

Thus, the use of this search technique on the CNS-Set™ pharmacophore database gave 2309 

computational hits. The number of compounds that were available from stock was 827. This 

latter set of compounds was then ranked according to the number of rotatable bonds (which 

is related to the number of possible conformations per compound, and, therefore, to the 

number of pharmacophore per compound). Thus, a set of 186 compounds containing the 

fewest rotatable bonds, which ranked the highest by these criteria, was selected for 

evaluation via in vitro screening. A summary of the results of the screening of these 186 

compounds in single concentration (10−5 M) radioligand binding assays is given.21 As can 

be seen by inspection of Figure 2; a total of 26 active compounds were observed (active 

compound was defined as having an IC50 of 10 micromolar or better), 17 hits were observed 

for human A3, 4 hits for rat A2A and 7 hits were observed for rat A1. Within the accuracy of 

the initial assay only one of the compounds was non-selective (ID-17), this compound 

interacted with all receptor subtypes. Figure 3 shows representative structures of some of the 

selective hits that were observed, along with Ki data for some of the more active A3 

antagonists. The active compounds were then compared to the query pharmacophores and 

no single common pharmacophore was found, however, we found that of the 9 

pharmacophores exhibited by compound 4, at least one of just two primary pharmacophores 

were present in 24 of the 25 selective hits. These two primary pharmacophores correspond to 

Chem-X ‘e’ pharmacophores (i.e. each pharmacophore contains an aryl group (R) with two 

hydrogen-bond acceptors (A)) and have the dimensions (in Angstroms) of R-A′ 2.75, A′-A

″ 7.75, A″-R 10.5 and R-A′ 7.75, A″-A″ 2.35, A″-R 6.25 (see Fig. 4).

In order to confirm that the compounds that bound to the A3 receptor were acting as 

antagonists, three of the A3 receptor-selective ligands were tested for their ability to inhibit 

binding of [35S]GTP-γ-S stimulated by NECA (5′-N-ethyluronamidoadenosine) in 

membranes of HEK-293 cells expressing the human A3 receptor.25 IC50 values were: ID-3, 

255±52 nM, and ID-4, 186±85 nM, both in the presence of 20 μM NECA; and ID-9, 407±77 

nM, in the presence of 5 μM NECA. Encouraged by these results, the same original set of 

186 compounds was screened in a radioligand-binding assay for the human adenosine A2B 

receptor.26 For this receptor we found six additional active compounds, one of which 

possessed a Ki of 100 nM.

In conclusion, we were able to discover over 30 new ligands for an entire receptor family, 

using structure activity data from a single member of the family and with a single search of a 

diverse database of 9600 available compounds. Additionally, we were able to elucidate the 

two predominant pharmacophores from the initial pharmacophore query of nine 

pharmacophores, in the process. The surprising result that an A3 selective pharmacophore 

query can be used to discover ligands for related receptors is intriguing. It should be noted 

that such an approach, even with some limited generality, could be very useful for the 

discovery of new ligands and antagonists where SAR data is available for a receptor that 

shows significant homology to a new receptor based on, for example, genomic data. We now 
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are in the process of employing the activity data from analogues of the most active A2B hits, 

in combination with the pharmacophore information we discovered, to prepare more active 

novel antagonists. Utilization of such structure pharmacophore-activity information (SPAR) 

to guide the preparation of selective active receptor antagonists will be discussed in future 

publications.
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Figure 1. 
Compounds evaluated for the selection of the pharmacophore query.
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Figure 2. 
A graphical summary of the active compounds (10 μM) found in the in vitro assays.
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Figure 3. 
Illustrative structures of the active compounds referred to in Figure 2 and values obtained in 

hA3 receptor binding assays. *Amount displaced (at 10−5 M) in radiologand binding assay.
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Figure 4. 
An overlay of the conformation of ID-4, which presents the pharmacophore that is present in 

20 of the 26 active hits.
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