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Discovery and preliminary evaluation of 5-(4-phenylbenzyl)oxazole-
4-carboxamides as prostacyclin receptor antagonists
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Abstract—The discovery and evaluation of 5-(4-phenylbenzyl)oxazole-4-carboxamides as prostacyclin (IP) receptor antagonists is
described. Analogs disclosed showed high affinity for the IP receptor in human platelet membranes with IC50 values of 0.05–
0.50 lM, demonstrated functional antagonism by inhibiting cAMP production in HEL cells with IC50 values of 0.016–0.070 lM,
and exhibited significant selectivity versus other prostanoid receptors.
� 2006 Elsevier Ltd. All rights reserved.
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Figure 1. IP receptor antagonists.
Prostacyclin (PGI2) is an eicosanoid produced from the
cyclooxygenase-mediated metabolism of arachidonic
acid.1 More specifically, it is generated from isomeriza-
tion of endoperoxide H2 (PGH2) via prostacyclin syn-
thase. PGI2 functions as an inhibitor of platelet
aggregation,2 is a potent vasodilator,3 and is a regulator
of blood flow in kidneys.4 PGI2 is also a physiological
antagonist of thromboxane A2 (TXA2).1a PGI2 mediates
its effects through binding and subsequent activation
of the prostacyclin (IP) receptor, a G-protein-coupled
receptor (GPCR) that signals through both Ca2+ and
cAMP.5 A number of studies have shown that PGI2

activity participates in the etiology of pain and inflam-
matory disease.6–11 For example, intraperitonial injec-
tion of PGI2 in mice induces a writhing response,6 and
IP receptor-deficient mice show a distinct reduced re-
sponse to inflammatory pain.11 Previously reported IP
antagonists (RO1138452 and RO3244794, Fig. 1) have
been shown to be orally efficacious in rat acetic-acid
writhing and carrageenan-induced paw hyperalgesia
models, with no effect on bleeding time in the mouse
or cardiovascular effects in the rat.12

We sought to identify a structurally distinct and novel
class of IP receptor antagonists by the high-throughput
screening of a diverse 2.1 million-member compound
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collection prepared using ECLiPSTM (Encoded Combi-
natorial Libraries on Polymeric Support) technology.13

These compounds were screened using a platelet

membrane binding assay with the radioligand, [3H]-Ilo-
prost.14,15 Of the active structures identified, the 5-(4-
phenylbenzyl)oxazole-4-carboxamide 6a proved to be
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the most interesting, possessing an IC50 value of
0.077 lM (Fig. 1). Interestingly, compound 6a contains
both the aromatic bridging methylene group contained
in RO1138452 and the biaryl motif of RO3244794.

Compound 6a was then supplemented with a series of
analogs designed to expand the SAR around the phen-
ethyl-based carboxamide. Compounds were synthesized
from 4-iodophenylacetic acid (1) in five steps (Scheme
1). Synthesis of acyl azide 2 was accomplished by treat-
ment of 1 with diphenylphosphoryl azide (DPPA),
which was then reacted with the anion of methyl iso-
cyanoacetate to afford oxazole 3. Ester hydrolysis of 3
using lithium hydroxide provided the versatile novel
core 4, which was used in two synthetic pathways to
generate IP receptor antagonists 6. Primarily, com-
pounds 6 were synthesized from 4 via a palladium-
catalyzed biaryl formation under standard Suzuki–
Miyaura16 coupling conditions, to afford biaryl 5,
followed by 1-ethyl-3-(3-dimethylaminopropyl)-carbo-
diimide hydrochloride (EDC)-mediated amide bond
formation. This synthesis provided an efficient way
to examine the SAR at the carboxamide position.
Alternatively, generation of 7 from 4 by performing
the EDC-mediated amide formation first, followed by
Suzuki–Miyaura biaryl formation, was also a viable
synthesis of 6. This latter synthesis also provides greater
flexibility for the future generation of IP receptor antag-
onists aimed at examining the SAR around the biaryl
motif.

IP receptor binding activity was quantified via a filter
binding assay measuring displacement of [3H]-Iloprost
binding to human platelet membranes15 prepared as de-
scribed.17 Functional antagonism was quantified by
measuring the inhibition of cAMP production induced
by Iloprost in human erythroleukemia (HEL) cells using
a Perkin-Elmer LANCETM cAMP detection kit.18 All
analogs were also examined in the cAMP assay in the
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Scheme 1. Reagents and conditions: (i) DPPA, Et3N, THF, 0–25 �C; (ii) NaH

(iv) Pd(PPh3)4, K2CO3, 3-acetamidophenylboronic acid, dioxane/H2O, 80 �C
absence of Iloprost and showed no agonist activity
affirming that these analogs are antagonists of the IP
receptor.

The binding and functional activities of the carboxamide
analogs versus the IP receptor are shown in Table 1. In
general, all compounds showed greater potency in the
functional assay compared to the binding assay. Previ-
ously reported IP receptor antagonists have also shown
this phenomenon with up to a sevenfold difference in the
functional assay versus the binding assay.12 The func-
tional assay was validated with RO1138452 which
showed a potency of 0.00083 lM, which is consistent
with the published value of 0.001 lM. The more potent
functional activity was used to define SAR trends.
Hydrophobic substituents led to potent analogs in this
series as seen in benzyl analog 6b and phenethyl analog
6c, which showed potencies in the cAMP assay of less
than 0.15 lM. a-Methyl substitution of the benzylic
methylene of 6b to provide 6d was tolerated, but no in-
crease in potency was observed. N-Methylation of 6c to
form tertiary amide 6e reduced the functional activity
20-fold, thus showing the preference for secondary
amides. Substitution of the phenethyl-based analogs
was also well-tolerated. For example, the incorporation
of a cyclopropyl group to produce 6f generated an IC50

value of 0.36 lM. An increase in potency was also real-
ized by incorporating a-or b-substitution on phenethyl
moieties. (R)-(+)-b-methylphenethyl 6g produced an
IC50 value of 0.051 lM in the functional assay. The R-
configuration at the b-position was preferred over its
enantiomer, as 6h was sixfold less active in the function-
al assay than 6g. Incorporation of a carboxylic acid moi-
ety at the a-position with S-configuration to give
compound 6j resulted in the most potent analog in the
functional assay with an IC50 value of 0.016 lM. The
corresponding R stereoisomer, 6i, was significantly less
potent with an IC50 value of 0.83 lM. It is interesting
to note that the S-configuration is more potent in this
3

(iii)
O

I

ON

Oi)

I

(iv)

(v)NH

O
O

ON

R1

NH

O
6 a-q

, methyl isocyanoacetate, DMF, 0–25 �C; (iii) LiOH, THF/H2O, 25 �C;
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Table 1. Biological activity of IP receptor antagonists
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Compound R1 IPR IC50
a (lM) HEL cAMP IC50

b (lM)

6ac

N
H

0.077 ± 0.012 ND

6b N
H

0.561 ± 0.006 0.066 ± 0.016

6c
N
H

0.721 ± 0.020 0.138 ± 0.000

6dc N
H

1.23 ± 0.08 0.278 ± 0.002

6e
N

7.16 ± 2.11 2.133 ± 0.435

6fd N
H

0.331 ± 0.073 0.358 ± 0.028

6g (R)
N
H

0.053 ± 0.003 0.051 ± 0.008

6h (S)
N
H

0.916 ± 0.148 0.296 ± 0.026

6i
(R) N

H

OHO

4.20 ± 0.56 0.831 ± 0.145

6j
(S) N

H

OHO

0.476 ± 0.193 0.016 ± 0.001

6k
N
H

N
7.60 ± 2.29 1.005 ± 0.157

6l
N
H

N 4.95 ± 2.01 0.741 ± 0.124

6m
N
H

N
4.71 ± 0.21 0.476 ± 0.173

6n
N
H

3.48 ± 0.29 0.828 ± 0.072

6o N
H

12.2 ± 0.4 3.306 ± 1.026

(continued on next page)
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Table 1 (continued)

Compound R1 IPR IC50
a (lM) HEL cAMP IC50

b (lM)

6p N
H

12.4 ± 4.6 3.584 ± 1.478

6q N
H

N 34.1 ± 6.3 3.306 ± 1.026

a Binding IC50 ± standard deviation.15

b Functional IC50 ± standard deviation.18

c Racemic.
d trans-Racemic.

1214 M.-R. Brescia et al. / Bioorg. Med. Chem. Lett. 17 (2007) 1211–1215
series while the R-stereochemistry is presented in
RO3244794. Pyridylethyl analogs, 6k–m, and the phenyl
analog 6n were all less potent, exhibiting potencies of
greater than 0.5 lM. Small alkyl-based analogs (6o–q)
were not tolerated (IC50 >3 lM), showing a significant
reduction in potency relative to the phenethyl-based
antagonists.

Of the initial analogs generated, 6b, 6g, and 6j were the
most potent in the cAMP functional assay and were fur-
ther investigated in in vitro ADMET assays to determine
suitability for in vivo evaluation. Metabolic stability was
assessed in both human liver microsomes (HLM) and rat
liver microsomes (RLM) assays.19 After a 30-min incu-
bation with 0.3 lM of liver microsomes, 6j showed sub-
stantial stability in both species (HLM 100% remaining
and RLM 91% remaining), while 6b (HLM 63% remain-
ing and RLM 33% remaining) and 6g (HLM 12%
remaining and RLM 11% remaining) were observed to
be less stable. Since 6j showed good stability in the
microsome assays, it was further examined against a pan-
el of five cytochrome P450 (CYP) enzymes and showed
no significant activity (IC50 >20 lM) against 3A4, 2D6,
1A2, and 2C19, and weak activity (IC50 = 5.1 lM) versus
CYP2C9. Compound 6j also exhibited reasonable per-
meability in a Caco-2 assay,19 with a Papp of 55 nm/s
and no efflux. No significant hERG activity was ob-
served for 6j which showed only 5% inhibition in a rubid-
ium efflux assay at 20 lM. Overall, the in vitro ADMET
properties of 6j are favorable and constitute a lead com-
pound for further optimization against the IP receptor.

Selectivity of 6j was examined against two other prosta-
noid receptors, EP2 and EP4, using the cloned recombi-
nant human receptors20 expressed in a derivative of
293EBNA cells.21 Significant selectivity over both EP2
and EP4 was observed, with IC50 values of 32 and
24 lM, respectively.

In summary, we have identified novel small-molecule
functional antagonists of the IP receptor. Specifically,
6j was shown to be a potent IP receptor antagonist
with favorable in vitro ADMET properties and is
selective against other prostanoid receptors. This
profile bodes well for further pharmaceutical develop-
ment of compounds in this chemical series. More
detailed selectivity studies, SAR expansion, and
in vivo pharmacokinetic profiling will be reported in
due course.
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