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Structure–activity relationships of novel non-competitive mGluR1
antagonists: A potential treatment for chronic pain
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Abstract—A series of novel mGluR1 antagonists have been prepared. Incorporation of fragments derived from weak lead matter
into a library led to enhanced potency in a new chemical series. A chemistry driven second library iteration, covering a greatly
enhanced area of chemical space, maintained good potency and introduced metabolic stability.
� 2006 Elsevier Ltd. All rights reserved.
Glutamate acts at two distinct classes of receptor; fast
neurotransmission is mediated by ion channel coupled
‘ionotropic’ receptors that are widely distributed
throughout the central nervous system (CNS). Gluta-
mate can also activate G-protein coupled ‘metabotropic’
receptors (mGluRs). There are eight mGluR receptor
subtypes that have been divided into three groups by se-
quence homology and intracellular coupling. The
mGluRs demonstrate distinct patterns of distribution
raising the possibility that ligands acting at distinct sub-
types could have selective effects. The group I mGluRs
consisting of mGluR1 and mGluR5 are coupled to
phospholipase C, causing release of intracellular Ca2+

and activation of protein kinase C. Recent data have
implicated group I mGluR receptors in sensory process-
ing. In particular receptor antagonists of the mGluR1
subtype have been reported to be analgesic.1–3 Further
evidence suggests that activation of the mGluR1 recep-
tor mediates hyperalgesia seen in neuropathic and cap-
saicin-induced pain states.2–5 The mGluR1 receptor is
located post-synaptically on glutamatergic synapses
and functions to increase excitability under conditions
of high frequency stimulation and/or excessive gluta-
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mate thus making the neurone more sensitive to
NMDA-R mediated excitotoxicity. Therefore, antagon-
ising mGluR1 is also predicted to be neuroprotective.

The first class of mGluR1 antagonists identified were
amino acid based derivatives that displace glutamate
directly from the receptor.6 Given the expected require-
ment of having to achieve CNS penetration to attain
pain efficacy through this mechanism, this structural
class makes the challenge difficult, but not impossible.7

Many non-amino acid based mGluR1 antagonists have
also been identified over the last few years. These repre-
sent a better starting point for a CNS penetrant ap-
proach. An example of such a non-amino acid based
structure is CPCCOEt which was found to be a non-
competitive antagonist.8 This compound was found to
modulate mGluR1 activity through binding at an allo-
steric site. Further examples of non-amino acid based
mGluR1 active templates are shown in Figure 1 and in-
clude quinazoline derivatives,9 azepines,10 triazafluore-
nones,11 and quinoxalines.12

Directed screening of selected file compounds in our
mGluR113 assay led to the discovery of several weakly
active compounds (Table 1).

The amine-derived substituents (R, Table 1) of the weak,
amidic leads (A, Table 1) were chosen for further devel-
opment using library synthesis methods. The four amines
1–4 (Table 1) were combined with 125 heterocyclic
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carboxylic acid derivatives, each of molecular weight
<250, in a simple amide bond forming protocol. This
resulted in the identification of two key leads, 5 and 6,
of increased potency (Scheme 1).

The quinoxaline-2-carboxylic acid had previously been
identified as an active mGluR1 fragment by others in
compounds such as NPS-239012 (Fig. 1). The two ster-
eoisomers of our own racemic quinoxaline amide 5 were
found to be equipotent. The achiral, gem dimethyl ana-
logue 7 was significantly more potent, but was shown to
have poor human liver microsomal metabolic stability
(Clint ll/min/mg, Fig. 2).14 Given this lead, the key chal-
lenge for the programme was to retain potency, low
molecular weight and introduce metabolic stability. This
was to be achieved through a reduction in compound
lipophilicity.

Further analogues were produced via amide bond for-
mation looking at both the acid and amine portions.
Analogues of the dimethylphenethylamine showed that
the benzylic gem dimethyl group was optimal (8–10,
Table 2) and that introducing benzylic heteroatoms cost
potency (11), dramatically so in the case of amine 12.
Fluorination of the aromatic ring retained potency but
failed to positively impact on the rapid metabolism seen
in the series (9). A carbon to nitrogen switch in phenyl
group also caused a loss in potency (13).
Table 2.
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Within the acid portion, attempts to reduce lipophilicity
also failed. Removing a fused ring, in going from qui-
noxaline to pyrazine 14 (Table 3), cost greater than
1000-fold in potency. However, branching the aryl in
the 5- or 6-positions in pyrazines 15 and 16 did win some
activity back. Loss of activity on removal of the amide
carbonyl group ruled out another potential position
for a basic centre (17).

Having established that high lipophilicity in the amide
substituent was essential for good activity, increased
hydrophilicity had to be found elsewhere in the
compounds to make this a viable series. It was clear that
operating at a c logP > 4.0 was regularly fulfilling our
pharmacological requirements but was most unlikely
to give metabolic stability of any utility.

Despite the moderate potency of 15 and 16, they were
considered the most promising leads at the time. These
regioisomers were reminiscent of an array of compounds
previously synthesised using high-throughput chemistry
as part of the company’s file enrichment programme. It
was proposed that the the C-5/C-6 phenyl groups in the
pyrazine amides 15 and 16 could be replaced by an
amine-derived substituent of similar lipophilicity. This
changed the synthetic route to an amide coupling at
the 2-carboxyl followed by an amine displacement of
the 5- or 6-chloropyrazine. This had been the basis
of the previously synthesised file enrichment array
(Scheme 2).

Targeted screening of the 6000 compound array already
on file gave more moderate potency hits. Encouragingly,
on combining the phenethylamine amide substituent
identified in our earlier library work, the potency of
the singleton piperidine prototypes 19 and 20 both
proved to be below 20 nM. This represented a greater
than 10-fold improvement in potency from the biaryl
leads 15 and 16 without having increased molecular
weight at all (Table 4).

Using the established parallel synthesis protocol that
had produced the initial array (Scheme 2), two targeted
libraries, using the 5-chloro and 6-chloropyrazine cores,
were produced. These were designed to look at the sub-
stituents at the two points of diversity presented by the
simple pyrazine cores in a combinatorial fashion. The
acids of both pyrazine cores were first reacted with five
amines as in Scheme 2 to form amides. The regioisomer-
ic chloroheterocyclic positions were then displaced by a
large range of amines. The amine selection for the sec-
ond step was designed to keep product c logP <4.8
and molecular weight <450. Over 500 compounds were
synthesised in each library.

Both the C-5 and C-6 amino substituted pyrazine regioi-
somers gave potent compounds in their respective li-
braries. The dimethylphenethylamine from Figure 2
still proved to be the most reliable amide substituent
in both templates. Of the most active C-6 amino ana-
logues, all had poor metabolic stability (21–26, Table 5).
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The in vitro metabolic profile of the C-5 amino substitut-
ed pyrazines was far more encouraging with compound
29 proving to be the most stable (Table 6). Within this
sub-series there appeared to be a trend for the com-
pounds of lower logD having better in vitro metabolic
stability. There is a clear contrast in the metabolic pro-
files of the two regioisomeric C-5/C-6 amino sub-series
(Tables 5 and 6).

Compound 29 has an attractive all round in vitro profile
and showed good permeability as judged by the PAM-
PA assay (Passive transcellular diffusion rate:
25.5 · 10�6 cm/s). It is an attractive lead as it represents
a potent, metabolically stable mGluR1 antagonist of
low molecular weight.

In conclusion, fragments identified from in-house hits
were carried into a range of simpler pyrazine-based cores
through an amide library synthesis. Correlation of these
leads to a second, previously synthesised array protocol
allowed a designed library to identify versatile, syntheti-
cally simple, potent mGluR1 antagonists. Overall, highly
lipophilic lead matter has been optimised, maintaining
sub-10 nM potency while simultaneously reducing logD,
attaining CNS drug-compatible molecular weight15 and
introducing metabolic stability to the series. Compound
29 may represent a useful lead in the ongoing search for
mGluR1 antagonists for nociceptive pain.
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