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Abstract: A functional cell-based screen identified 3-(4-chlo-
rophenyl)-3-(2-(dimethylamino)ethyl)isochroman-1-one hydro-
chloride (AC-7954, 1) as a nonpeptidic agonist of the urotensin-
II receptor. Racemic 1 had an EC50 of 300 nM at the human
UII receptor and was highly selective. Testing of the enan-
tiopure (+)- and (-)- 1 revealed that the UII receptor activity
of racemic 1 resides primarily in (+)-1. Being a selective
nonpeptidic druglike UII receptor agonist, (+)-1 will be useful
as a pharmacological research tool and a potential drug lead.

The GPR14 gene was originally cloned as an orphan
G-protein-coupled receptor (GPCR) based on its homol-
ogy with known genes for GPCRs.1 GPR14/urotensin-
II receptor (UII receptor) mRNA was detected in a
variety of tissues, including heart, vascular tissues,
kidney, skeletal muscle, pancreas, and CNS.2-4 Recently
the urotensin-II (UII) neuropeptide, which provokes
potent cardiovascular responses,3,5 was identified as an
agonist of the UII receptor.3-4,6-7 The absence of specif-
ically acting small-molecule UII agonists, however,
hampers attempts to fully explore the function of the
UII receptor.

To identify small-molecule UII receptor agonists, a
functional mammalian cell-based R-SAT assay8,9 was
developed for high-throughput screening (HTS). For UII
receptor HTS, NIH-3T3 cells were transiently trans-
fected with urotensin-II receptor expression vector and
reporter plasmid and frozen. Subsequently, cells were
thawed, plated, and exposed to drug. Human UII
produces a potent agonist response in this assay, with
an EC50 of 3 × 10-12 and a 6.9-fold increase in signal,
providing a sensitive assay for the identification of
small-molecule UII receptor agonists. To further in-

crease the throughput of uHTS, the UII receptor was
multiplexed with vectors for the expression of six
additional receptor targets: the muscarinic m3 receptor,
and five orphan GPCRs: RBS11, GPR1, GPR21, EB12,
and RE2. The inclusion of these additional receptor
targets in the assay did not significantly alter the
response characteristics of urotensin in this assay or the
sensitivity of the assay while increasing significantly
the number of drug-target interactions tested. We used
this multiplexed R-SAT assay to screen a library of
180 000 small diverse organic molecules. This compound
library had a significant overlap (67%) in chemical space
with the MDDR library of known drugs. The library was
heavily weighted to compounds within a molecular
weight range suggested by standard druglikeness rules,10

with an average molecular weight of 372 Da and an
average of eight rotatable bonds. This allows for the
rapid development of bioavailable drug leads from HTS
hits in the library while maintaining druglike proper-
ties. Compounds with reactive functional groups were
deselected for inclusion in retests.

In the high-throughput UII receptor assay, the maxi-
mal control response to human UII peptide on each test
plate averaged 5.1-fold relative to the solvent control.
Statistically, an assay with these response character-
istics should detect compounds with 50% efficacy or
higher with >99% confidence, providing a sensitive
high-throughput screen for the detection of UIIR agonist
compounds. Six hits were confirmed as UII receptor
agonists from this screen. Of the hits confirmed, AC-
7954, 3-(4-chlorophenyl)-3-(2-(dimethylamino)ethyl)iso-
chroman-1-one hydrochloride (1) was identified as a
novel nonpeptide agonist of the UII receptor with
potency in R-SAT of 300 nM (Figure 1).

Compound 1 did not activate the muscarinic m3
receptor or the other receptors in the multiplex screen-
ing assay. To determine the selectivity of 1, the com-
pound was tested for activation of additional GPCRs in
R-SAT assays: 1 produced no significant agonist re-
sponse when tested up to 15 µM on receptors tested
other than the UII receptor, including dopamine (D1,
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Figure 1. UII receptor activation by racemic 1. Racemic 1
and control ligands were tested for agonist activity on the UII
receptor in the functional cell-based R-SAT assay. UII receptor
activation is determined through amplification of cotransfected
â-galactosidase vector. Data were normalized as a percentage
of the maximal control response (100% UII) and the solvent
control response (0%). Data are the average of triplicate data
points at each dose and error bars are the standard deviation.
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D2, D5), muscarinic (m1, m3, m5), serotonin (5-HT1A,
5-HT1B, 5-HT1D, 5-HT1E, 5-HT2A, 5-HT2B, 5-HT2C),
histamine (H2), â-adrenergic (â-1, â-2) somatostatin
(sst-2, sst-3, sst-5), CRF-1, CRF-2a, CRF-2b, κ-opioid,
adrenomedullin, and CCK-a receptors. In addition, no
significant response was observed on five receptors
tested in inverse agonist mode (5-HT2A, 5-HT2B,
5-HT2C, 5-HT6a, and 5-HT7a). The receptor targets
tested include the somatostatin and opioid receptor
classes closest to the UII receptor in genetic sequence
and no significant activity was observed at these targets.
The UII peptide from human, rat, and mouse and 1
activated the human and rat UII receptors similarly
(Table 1). These results confirm that compound 1 is a
highly selective nonpeptidic agonist of the UII receptor.

Compound 1 was synthesized in 26% yield (Scheme
1) by addition of the dilithio salt of N-methyl-O-
toluamide11 (2) to 4-chloro-3-(N,N-dimethylamino)pro-
piophenone (3) followed by heating of the resulting
adduct to accomplish the desired intramolecular cy-
clization.

Resolution of racemic 1 into the enantiomers was
achieved with preparative liquid chromatography using
a Chiralpak AD column. This provided the (+)- and (-)-
enantiomers of 1 in 99.3% ee and 98.7% ee, respectively
(see Figure 2A). Testing of the resolved enantiomers in
R-SAT revealed that the UII receptor agonist activity
of 1 resided primarily in the (+)-1 enantiomer, indicat-
ing that this activity is highly stereoselective (Figure
2B): the difference in EC50 values is about 100-fold.

Compound 1 is a highly selective nonpeptide agonist
of the UII receptor. Nonpeptide small organic agonists
of the UII receptor have not been previously reported,
although nonpeptidic antagonists of the UII receptor
were recently reported.12 Compound 1 has a low mo-
lecular weight (MW ) 329), druglike10 lipophilicity (log
D ) 2.1), a basic amino function, pKa 8.7, and exhibits
limited conformation flexibility. The bicyclic scaffold of
1 is not present in other nonpeptide agonists of peptide

receptors and is amenable to parallel synthetic optimi-
zation. As such, (+)-1 provides a research tool for the
investigation of the role of the UII receptor in physiology
and disease.

Compound 1 may also allow dissection of potential
additional receptor subtypes that may transduce UII
peptide signals.

A druglike molecule has certain advantages over use
of the endogenous peptide ligand to elucidate UII
receptor function. Small-molecule agonists such as 1
that are receptor selective are likely to be valuable

Table 1. Comparison of the Potency of 1 and UII Peptide
Agonists on the Human and Rat UII Receptorsa

human UII receptor rat UII receptor

avg pEC50 std dev avg pEC50 std dev

rat UII 11.7 0.0 10.8 0.1
mouse UII 11.7 0.1 11.1 0.2
human UII 11.3 0.1 11.0 0.4
racemic 1 6.5 0.2 6.7 0.1
(+)-1 6.6 0.15 - -

a Results were determined in R-SAT assays and are expressed
as pEC50, the negative of the log EC50 in molarity. Results are
the average ( standard deviation of three determinations of the
EC50 where each compound was tested in eight doses in triplicate.
The EC50 of (-)-1 could not be accurately determined.

Scheme 1a

a Reagents and conditions: (a) THF/hexane, -60 °C, 1 h; (b)
1,2-dichlorobenzene, reflux; (d) HCl, dioxane.

Figure 2. Liquid chromatographic resolution and biological
activity of the enantiomers of 1. A. Liquid chromatographic
resolution. Baseline enantiomer resolution was achieved by
the use of a Chiralpak AD 4.6 × 250 mm column (Daicel
Chemical Co., Tokyo, Japan) and a mobile phase consisting of
hexane/2-propanol/triethylamine (TEA)/acetic acid (94.8/5.0/
0.1/0.1) at a flow rate of 2.0 mL/min. Detection was carried
out at 225 nm. A 20 µL volume of a 1 mg/mL solution of the
racemate in 2-propanol with a trace of triethylamine was
injected. This yielded k1′ ) 5.9 and R ) 1.24. Preparative scale.
The preparative runs were performed with a Shimadzu LC-
8A system, equipped with a Chiralpak AD 25 × 250 mm
column and an injector loop of a total volume of 1 mL. The
mobile phase composition and the solvent used for the race-
mate were the same as in the analytical scale separation. The
flow rate, 20 mL/min, permitted repeated injections every 35
min. The injection volume was 750 µL of a 14 mg/mL solution
of the racemate, that is 10.5 mg/run. Repeated manual fraction
collection with omission of the middle part of the chromato-
gram gave the first (E1) and second (E2) eluted enantiomers
with 98.7% ee and 99.3% ee, respectively, as determined by
analytical chiral LC. B. Biological activity of 1 enantiomers.
Resolved (+)- and (-)-1 were tested in an R-SAT urotensin-II
receptor assay for agonist activity. Data were normalized as
a percentage of the maximal control response (100% UII) and
the solvent control response (0%). Data are the average of
triplicate data points at each dose and error bars are the
standard deviation.
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research tools to pharmacologically elucidate receptor
function. Nonpeptide agonists of GPCRs with peptide
ligands remain relatively unusual outside of the opioid
receptors. Other peptide GPCRs for which nonpeptide
agonists have been reported include CCK-a,13 bradyki-
nin-2,14 angiotensin-1,15 and the somatostatin recep-
tors.16 Some of these nonpeptide agonists are not
peptides per se, but are peptidomimetics or peptoids
that clearly resemble peptides. The structure of 1 is
amenable to chemical modification and its predicted
physical properties are druglike. In fact, 1 contains a
molecular scaffold that has not previously been observed
in peptide-receptor agonists or antagonists.

The bicyclic isochromane-based ring system contains
a nonaromatic six-membered ring that adopts an enve-
lope conformation, the C-3 carbon being positioned
above or below the plane of the rest of the ring-system.
According to molecular mechanics (MacroModel) calcu-
lations, both 3-substituents in compound 1 can adopt
pseudoequatorial and pseudoaxial positions but confor-
mations with the p-chlorophenyl group adopting an
equatorial position are energetically favored by around
1 kcal/mol.

The mode of interaction of (+)-1 with the UII receptor
is not yet known and may involve interaction with the
UII receptor at the same site as the UII peptide.
Alternatively, (+)-1 may modulate the UII receptor
through a distinct ectopic binding site.17 Homology
modeling of the UII receptor indicates that the acidic
Asp 130 is located on TM3, about two helix turns from
the extracellular loop. Because of disulfide formation
between two cysteines, UII forms an 18-membered ring.
The cyclic part of UII is responsible for the biological
activity,18 and it contains a lysine which is essential for
efficient UII receptor activation.12 According to NMR
experiments,19 the lysine is not obscured by the other
residues in UII and should be able to interact with Asp
130. It is likely that the basic amino function of
compound (+)-1 also interacts with Asp 130 if this small
molecule modulates UII receptor activity at the same
site as the UII peptide.

The identification of (+)-1 as a nonpeptidic UII
receptor agonist suggests that functional assays such
as R-SAT may be valuable in the discovery of peptide
receptor agonists or other modulators. Further research
should explore the structural features of (+)-1 as a
unique type of peptidomimetic not previously encoun-
tered. The great degree of receptor selectivity and the
high stereoselectivity of (+)-1 as a UII receptor agonist
will make it useful as a pharmacological tool in future
studies to discern the function of the UII receptor in
physiology and disease.20
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