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The disclosed 3-phenyl-5-isothiazole carboxamides are potent allosteric antagonists of mGluR1 with
generally good selectivity relative to the related group 1 receptor mGluR5. Pharmacokinetic properties
of a member of this series (1R,2R)-N-(3-(4-methoxyphenyl)-4-methylisothiazol-5-yl)-2-methylcyclopro-
panecarboxamide (14) are good, showing acceptable plasma and brain exposure after oral dosing. Oral
administration of isothiazole 14 gave robust activity in the formalin model of persistent pain which cor-
related with CNS receptor occupancy.

� 2012 Elsevier Ltd. All rights reserved.
Glutamate is a nonessential amino acid that functions as an
excitatory neurotransmitter in the central nervous system (CNS).
Biological signaling via glutamate is accomplished by activation
of either ionotrophic GRIN (NMDA), GRIA (AMPA), GRIK (kainate)
or metabotropic (mGlu) receptors.1,2 The metabotropic glutamate
receptors comprise of a family of 8 Class-C G-protein coupled
receptors (GPCR) which are divided into three subfamilies based
on differences in molecular structure, pharmacology, and intracel-
lular signaling pathways. Group 1 mGlu receptors consist of
mGluR1 and mGluR5, which are predominantly expressed postsy-
napticaly and signal through Gaq G-proteins. Group 2 (mGluR2
and mGluR3) and Group 3 (mGluR4, 6, 7, 8) are expressed either
pre and/or post synaptically and inhibit adenylate cyclase through
coupling with Gai.3,4 Since the identification and characterization
of the mGlu receptors, significant effort has been expended to
understand the pharmacology and medicinal utility afforded by
this subclass of glutamate receptors.

Of the Group 1 mGlu receptors, considerable interest has fo-
cused on mGluR1 receptors because they are expressed in ascend-
ing nociceptive pathways, including peripheral nerves and sensory
regions of the spinal cord and brain. In addition, activation of
mGluR1 receptors has been shown to be critical for the induction
and maintenance of long-term increases in glutamatergic signaling
in nociceptive pathways which is postulated to contribute to the
reduction in pain threshold (i.e., allodynia), amplification of pain
responses (i.e., hyperalgesia) and a spread of pain sensitivity to
non-injured areas in clinical persistent pain states.5–7 Support for
All rights reserved.
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this hypothesis comes from early preclinical studies demonstrating
that intrathecal injection of antisense mGlu1 oligonucleotides or
neutralizing antibodies can attenuate nociceptive responding in
multiple animal models of pain.8–11 While these initial data dem-
onstrated that blockade of mGluR1 signaling may have utility for
the treatment of chronic pain conditions, practical exploration
and subsequent exploitation of this finding required the identifica-
tion and refinement of bioavailable small molecule antagonists.

Structurally, type 3 GPCR’s have a large extracellular domain
containing an orthosteric binding site and a familiar 7-transmem-
brane domain found across GPCR’s. Initial strategies for the gener-
ation of competitive antagonists targeted the extracellular binding
site and consequently yielded compounds structurally similar to
glutamate (see compounds 1–3).12 These analogs provided a
means for in vitro studies but lacked the properties required for
predictable CNS penetration. They typically possessed low micro-
molar potency and sub-optimal subtype selectivity for meaningful
in vivo work.
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In an effort to identify compounds structurally distinct from
amino acids, screening strategies employing functional readouts
were developed which afforded the opportunity to discover

http://dx.doi.org/10.1016/j.bmcl.2012.02.003
mailto:fisher_matthew_j@lilly.com
http://dx.doi.org/10.1016/j.bmcl.2012.02.003
http://www.sciencedirect.com/science/journal/0960894X
http://www.elsevier.com/locate/bmcl


M. J. Fisher et al. / Bioorg. Med. Chem. Lett. 22 (2012) 2514–2517 2515
antagonists which engage sites other than the glutamate binding
domain.13–16 Over the years, this approach has yielded a number
of potent structurally distinct allosteric mGluR1 antagonists with
drug-like properties (see compounds 4–6).17–21 These tool com-
pounds have helped to solidify the role of mGluR1 in pain as well
as other interesting pharmacologies.22

During the course of our investigations into bioactive amides of
3-phenylaminoisothiazoles, we found that compound 7 (a mixture
of trans-enantiomers) had an IC50 of 32 nM in an in vitro functional
assay designed to detect allosteric antagonists of human
mGluR1.23 Herein we would like to report our structure activity
relationship (SAR) findings regarding the aryl portion of this mole-
cule and disclose both the pharmacokinetic (PK) and in vivo prop-
erties of one of our most potent molecules.
Table 1
mGluR1 antagonist activity relative to cyclopropyl configuration
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a Represents the average (±SEM) of at least three separate determinations.
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Construction of the desired molecules begins as shown in
Scheme 1.24 Condensation of a variety of substituted phenyl ni-
triles 8 with propionitrile 9 afforded the b-amino acrylonitriles
10 in good yield. Reaction of nitriles 10 with thioacetamide yielded
the desired isothiazole precursors 11. Cyclization of these interme-
diates was accomplished by oxidation with hydrogen peroxide
which gave rise to aminoisothiazoles 12.25 These materials were
converted into the desired product amides 7 and 13–23 by either
CN
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Scheme 1. Reagents and conditions: (a) 1 N NaoBut in THF, rt, 4–18 h, 50–85%; (b)
thioacetamide, HCl dioxane, rt, 2–4 h; (c) MeOH, 30% H2O2, rt, 2–8 h (steps b and c
�30–60%); (d) Me3Al, toluene, RO2Et, 50 �C, 18 h,60–80% or pyridine, ROCl, DCM,
3 h, 60–92%.
allowing the free amine to react with the acid chloride of 2-methyl
cypropanecarboxylate or by condensation of the isothiazole with
and an ester of 2-methylcyclopropane carboxylate in the presence
of trimethyl aluminum.

From an activity perspective, our first concern was to under-
stand if compound 7 displayed an enantiopreference with respect
to mGluR1 antagonistic activity. Towards this end, we prepared
both antipodes starting from the enantiopure cyclopropyl carbox-
ylates and the data for each is collected in Table 1.26–28 Compound
13, with the S,S configuration displayed an IC50 of 110 nM while
the R,R enantiomer 14 was significantly more potent with an IC50

of 9 nM. This finding allowed us to focus on the R,R configuration
for subsequent analogs.

Additional SAR reflecting modifications of the phenyl group are
captured in Table 2. Using compound 14 as a reference, removal of
the ring substituent afforded compound 15 which gave roughly a
7-fold loss in activity. Extension of the methoxy group by one atom
provides the ethoxy analog 16, which was roughly 10-fold less po-
tent than 3. Addition of fluorine to the ring of compound 14 gives
rise to 17 which afforded similar mGluR1 activity. Exchange of the
methoxy with fluoro yielded compound 18 which displayed a 10-
fold erosion of activity relative to 14 while the chloro analog 19
and bromo analog 20 were essentially equipotent with regard to
mGluR1 potency. The one example of double substitution by halo-
gen caused a slight reduction in potency as exemplified by 21. The
Table 2
SAR findings for phenyl ring substitution

SN

R2
R1

N
H

O

Compound R1 R2 hmGlu1 (nM)a hmGlu5 (nM)a

14 OCH3 H 9 ± 2 158 ± 65
15 H H 65 ± 32 >12500
16 OCH2CH3 H 92 ± 9 19 ± 5
17 OCH3 F 7 ± 2 159 ± 43
18 F H 100 ± 69 >12500
19 Cl H 9 ± 2 1220 ± 182
20 Br H 7 ± 2 730 ± 157
21 Cl Cl 39 ± 15 6650 ± 1614
22 CF2CH3 H 67 ± 21 >12500
23 OH H 138 ± 36 >12500

a Represents the average (±SEM) of at least three separate determinations.
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Figure 1. Oral dose–response curve for 14 mGluR1 RO. For each group n = 4 except
for the 10 mg/kg dose, where n = 3. Error bars represent ±SEM.
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Figure 2. Effects of 14 on formalin-induced paw-licking behavior in fasted male
Sprague Dawley rats 1 h after oral administration of drug (1, 3, 10, 30, 60 mg/kg,
N = 8 per group). Early phase behavior is measured from 0–5 min and late phase
behavior is measured from 11–40 min after intraplantar injection of 50 ll of 5%
formalin into the right hindpaw. Data are expressed as paw-licking events
(mean ± SEM). ⁄p <0.05 significantly different from vehicle group.
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Figure 3. Effects of 14 on rotorod performance at 60 mg/kg in fasted male Sprague
Dawley rats at 1, 2, 3 and 4 h after oral administration of drug (N = 8 per group).
Baseline performance was 40 s. Data are expressed as time on rotorod in seconds
(mean ± SEM).
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difluoroethyl analog 22 was similar in potency to the ethoxy ana-
log 16 and the hydroxyl analog 23 was substantially less active
than its methoxy congener 14. Compounds generally showed mod-
erate to good selectivity for mGluR1 with the exception of com-
pound 16, which was slightly more potent as an mGluR5
antagonist.

In an effort to establish the utility of this series for understand-
ing in vivo mGluR1 pharmacology, we chose to evaluate the spe-
cies receptor selectivity and in vivo exposure characteristics of
compound 14. Results from an in vitro rat mGluR1 receptor assay,
analogous to the one described for determining human mGluR1
receptor activity,23 demonstrated compound 14 was a comparably
potent antagonist of the rat mGluR1 receptor having an IC50 of
0.9 nM. Compound 14 was also checked across a panel of mGlu
receptors (mGluR 3, 4, 7, and 8) as well as broadly through a panel
of 38 receptors and ion channels at CEREP™ and was found to have
no additional cross reactivities. The plasma pharmacokinetic pro-
files of 3 in Sprague Dawley rats was next determined by measur-
ing plasma levels resulting from both intravenous (IV) and oral
administration of 3 and 10 mg/kg, respectively. The oral doses
were delivered as a suspension consisting of methylcellulose
A400 1% plus antifoam 0.1% and the IV doses were delivered as a
solution in phosphate buffer 25 mmol/L (pH 3) plus 5% solutol
HS15 and 5% pharmasolve. The data indicate that compound 14
was rapidly absorbed, with maximum plasma concentrations
(tmax) attained at 1.0 h after oral dosing. The Cmax and AUC0–24 h

after oral dosing were 1050 ng/mL and 3240 ng h/mL, respectively.
The IV and oral elimination half-life was 0.41 and 1.24 h, respec-
tively. The observed clearance was 35.9 mL/min/kg and the volume
of distribution was 1.27 L/kg. The absolute oral bioavailability was
55.5%. In similar studies, we determined that brain concentration
profiles corresponded to those found for plasma, with a brain to
plasma ratio of 0.2.

Having demonstrated acceptable peripheral and brain exposure,
we next sought to determine if compound 14 would afford mea-
surable CNS receptor occupancy (RO) following oral administra-
tion.29,30 Accordingly, a cohort of fasted Sprague Dawley rats
were dosed orally with 14 and a similar cohort dosed with vehicle
(1% methyl cellulose). After one hour, both groups received a
30 lg/kg intravenous bolus of a competing mGluR1 antagonist,
compound 6, which was used as a tracer.31,32 Twenty minutes fol-
lowing administration of the tracer, animals were sacrificed and
the cerebellum (mGlu1 receptor-rich brain region) and frontal cor-
tex (little to no mGlu1 receptor) were dissected and weighed. Each
tissue sample was then evaluated for concentrations of compound
6 and 14 by mass spectrometry and the concentrations from each
group compared. The determined RO was calculated using the
well-established ratio method which employs a region of high
receptor density, representative of total binding (in this case the
cerebellum), normalized by an area without or with very low levels
of receptor (in this case the frontal cortex).33 A dose-occupancy
experiment with 14, with doses of 0.3, 1, 3, 10, 30, and 60 mg/kg,
demonstrated that compound 14 afforded good occupancy (ED50

value of 3.7 mg/kg) at the doses examined (see Fig. 1).
We next examined the activity of compound 14 in the formalin

model of persistent pain.34 In this assay, oral administration of 14,
1 h prior to treatment of male Harlan Sprague Dawley rats with an
intraplantar injection of formalin, caused dose dependent attenua-
tion of late phase formalin-induced paw-licking behavior (see
Fig. 2). Statistically significant effects were observed between the
dose range of 3–60 mg/kg po and the absolute ED50 for attenuation
of late phase formalin-induced paw-licking behavior was deter-
mined to be 7 mg/kg. Interestingly, the absolute ED50 for efficacy
in the formalin model was comparable to the ED50 afforded by
the RO assay suggesting positive correlation between central occu-
pancy of mGluR1 and efficacy in this model.35
Finally, as efficacy in the formalin model can be confounded by
impairment, we subjected compound 14 to a standard evaluation
in the rotorod test for motor function.36 At an oral dose of
60 mg/kg, a dose that is 8.5� the formalin absolute ED50, we found
that compound 14 did not induce any deficits in rotorod
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performance for up to 4 h (see Fig. 3). This data supports the notion
that the efficacy observed in the formalin model was due to the
specific compound related blockade of mGluR1 and not the result
of motor impairment.

In summary, we have disclosed a novel series of isothiazole
amides with potent mGluR1 antagonist activity. One representa-
tive compound (14) displayed good peripheral and central PK
properties. This compound showed dose responsive CNS receptor
occupancy that correlated with activity in the formalin model of
persistent pain. These data are consistent with other reports of
antagonists of mGluR1 demonstrating efficacy in various pain
states.37–40 Additional data regarding both preclinical and clinical
characterization of molecules within this series will be reported
in due course.
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