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Synthesis and preliminary evaluation of [3H]PSB-0413,
a selective antagonist radioligand for platelet P2Y12 receptors

Ali El-Tayeb, Kerstin J. Griessmeier and Christa E. Müller*

Pharmaceutical Institute, Pharmaceutical Sciences Bonn (PSB), University of Bonn, Kreuzbergweg 26, D-53115 Bonn, Germany

Received 19 July 2005; revised 23 August 2005; accepted 30 August 2005

Available online 5 October 2005
Abstract—The selective antagonist radioligand [3H]2-propylthioadenosine-5 0-adenylic acid (1,1-dichloro-1-phosphonomethyl-1-
phosphonyl) anhydride ([3H]PSB-0413) was prepared by catalytic hydrogenation of its propargyl precursor with a high specific radio-
activity of 74 Ci/mmol. In preliminary saturation binding studies, [3H]PSB-0413 showed high affinity for platelet P2Y12 receptorswith a
KD value of 4.57 nM. Human platelets had a high density of P2Y12 receptors exhibiting a Bmax value of 7.66 pmol/mg of protein.
� 2005 Elsevier Ltd. All rights reserved.
The P2Y12 receptor belongs to the family of membrane
receptors that are activated by nucleotides.1 Two large
subfamilies of nucleotide receptors exist, the P2X family,
which are ligand-gated ion channels activated by ATP,2

and the P2Y family, which are G protein-coupled recep-
tors and may be activated by purine or pyrimidine nucle-
oside di- or triphosphates or even by dinucleotides or
nucleotide sugars, depending on the receptor subtype.3,4

The P2Y12 receptor is an ADP receptor expressed on
blood platelets (previous nomenclature: P2YT, T for
thrombocytes) and in a lower density in the brain.5 ATP
acts as an antagonist at the P2Y12 receptor.

In platelets, twomore P2 receptor subtypes are expressed,
the Gq-coupled P2Y1 receptor that is also activated by
ADP, and the ATP-activated P2X1 receptor subtype.

6

ADP is one of the major regulators of hemostasis and
thrombosis. P2Y12 receptors have been cloned and iden-
tified as the targets of antithrombotic thienopyridine
drugs, such as clopidogrel and ticlopidine.7

The platelet P2Y12 receptor has been extensively charac-
terized in functional assays. However, characterization
on the protein level has been hampered by the lacking of
a selective radioligand. The non-selective radioligands
[3H]2-methylthio-ADP,8 [b-32P]2-methylthio-ADP9, and
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[33P]2-methylthio-ADP10 have previously been used to la-
bel P2Y12 receptors, but they showed high affinity for
P2Y1 receptors as well, which are also expressed on plate-
lets.8–10 In addition, phosphoric acid esters, including
nucleotides, are metabolically unstable and may be
cleaved by a number of enzymes, such as alkaline phos-
phatase and ectonucleotidases.11

Our goal was to develop a stable, high-affinity, subtype-
selective antagonist radioligand for P2Y12 receptors.

Ingall et al. had synthesized a series of 2-substituted ATP
analogs stabilized by a PbPc-dichloromethylene bridge.12

One of the compounds, 2-propylthioadenosine-5 0-ade-
nylic acid (1,1-dichloro-1-phosphonomethyl-1-phospho-
nyl) anhydride (AR-C67085MX), was a potent and
selective P2Y12 antagonist exhibiting an IC50 value of
2.5 nM against ADP-induced aggregation of human
platelets.12 The compound was later shown to be an ago-
nist at P2Y11 receptors (EC50 = 1.5–8.9 lM),13 and an
antagonist at P2Y13 receptors (IC50 = 213–630 nM),14

but only at much higher concentrations than its affinity
for P2Y12 receptors.

Thus, we developed a strategy for the preparation of a
tritiated derivative of the potent and selective P2Y12

receptor antagonist AR-C67085MX. As a precursor
for tritiation we selected the corresponding 2-propargyl
derivative PSB-0412 (see Scheme 1).

The nucleosides 1a and 1b were synthesized according to
previously published procedures.15–17 Reaction of the
nucleosides 1 with phosphorus oxychloride in trimethyl
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Scheme 1. Synthesis of nucleotide analogs.
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Scheme 2. Preparation of [3H]PSB-0413 from the propargyl precursor PSB-0412 by catalytic hydrogenation.
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Figure 1. Representative saturation curve for [3H]PSB-0413 binding to

membranes of human platelets and corresponding Scatchard plot. The

following binding parameters were calculated: KD = 4.57 ± 0.51 nM,

Bmax = 7.66 pmol/mg protein.
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phosphate18 followed by reaction with dichloromethy-
lenediphosphonic acid in DMF afforded the correspond-
ing triphosphate analogs, the propargyl-substituted
radioligand precursor PSB-0412 (4b), and its propyl
analog 4a (AR-C67085MX), which was needed as a con-
trol (Scheme 1).

The synthesized nucleotides were purified by anion ex-
change chromatography using FPLC (ÄKTA FPLC,
from Amersham Biosciences with Sephadex DEAE A-
25 gel, XK 26 mm/20 cm length column) to remove
nucleotides obtained as side-products, such as the corre-
sponding AMP, ADP, and ATP derivatives.

In a second step, the products were further purified by
reversed-phase HPLC19 to remove inorganic impurities
such as inorganic phosphates and buffer components.

The structures of the synthesized nucleotides were con-
firmed by 1H, 13C, and 31P NMR data, in addition to
LC/ESI-MS in both positive and negative modes.20
The propargyl precursor PSB-0412 was subsequently
subjected to catalytic hydrogenation using tritium gas
(Scheme 2).21 After HPLC purification,22 [3H]PSB-
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0413 was obtained with a specific radioactivity of
2.74 TBq/mmol (74 Ci/mmol).

Saturation experiments23 at P2Y12 receptors natively ex-
pressed in human platelets using 12 different concentra-
tions of [3H]PSB-0413 ranging from 0.047 to 50 nM
showed that the radioligand bound to a single class of
binding sites with limited capacity exhibiting a KD value
of 4.57 ± 0.51 nM (Fig. 1). The membrane preparation
showed a high expression level of P2Y12 receptors
(Bmax = 7.66 ± 0.69 pmol/mg of protein). Non-specific
binding was low and amounted to only 20% of total
binding at a concentration of 5 nM (close to KD).

Preliminary competition assays showed an expected rank
order of potency typical for P2Y12 receptors (data not
shown): PSB-0412 > 2-methylthio-ADP � ADPbS >
ATP P ADP.

In conclusion, we have developed a selective, high-affin-
ity radioligand for the P2Y12 receptor expressed on
blood platelets which should be useful for the character-
ization of the P2Y12 receptors on the protein level in dif-
ferent cells and tissues. It will allow experiments to
directly study interactions between the receptor protein
and its ligands. The new radioligand will enable us to
set up a screening assay in order to search for novel
P2Y12 receptor agonists and competitive antagonists.
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