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Antagonism of the type 5 metabotropic glutamate receptor
(mGIuR5) has therapeutic potential in a wide range of disease
states,’? including, for example, pain, anxiety, and drug depen-
dency. Since the discovery of archetypal selective mGIuR5 antago-
nist MPEP, more correctly described as a Negative Allosteric
Modulator (NAM), there has been a huge effort industry wide to
identify and develop mGIuR5 antagonists suitable for clinical use
(Fig. 1).12 Much effort has focussed on acetylenic compounds related
to MPEP itself, for example, Addex report® a positive PoC in migraine
and gastroesophogeal reflux disease (GERD) for acetylenic/MPEP
analogue compound ADX10059, and also on compounds bearing
an acetylene equivalent or isostere, such as compound 1 exemplified
by workers at Merck.* The previously known anxiolytic Fenobam
has been demonstrated to be an mGIuR5 antagonist® and a number
of chemotypes containing its structural features have appeared in
the patent literature.!

Latterly further distinct chemotypes such as the orally active
piperidyl amides® (2) have been reported. However despite the
substantial activity in this area the identification of safe tolerated
and clinically efficacious mGIuR5 antagonists remains an unful-

* Corresponding author. Tel.: +44 1279 875004.
E-mail address: stwa@lundbeck.com (S. Watson).

0960-894X/$ - see front matter © 2010 Elsevier Ltd. All rights reserved.
doi:10.1016/j.bmcl.2010.09.120

F
Cl
=0 B0 @XQ
= N /
—N N)\\NJKN N=N o
| H =
MPEP Fenobam 1 Q

Cl %O
N—S_ O
o w0
N~ -

g
N
b Q
GSK2210875
2

mGIuRS5 pIC50 = 7.4
Figure 1. mGIuR5 antagonists.

filled challenge and the search for novel and potential superior
chemotypes continues. In this context, herein we report
GSK2210875, a novel orally active low molecular weight mGIuR5
antagonist.

The GSK2210875 chemotype was identified from a High
Throughput Screen (HTS) of the GlaxoSmithKline compound col-
lection, and represented an attractive starting point for iteration
based on its low molecular weight, relatively high polarity, ligand
efficiency’ (0.42), and selectivity over other mGluRs.
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Scheme 1. Reagents and conditions: (a) Ethanol, p{Wave, 130 °C, 1 h; (b) NaBH,, rt,

h; (c) RNCO, pWave, 80 °C, 20 min, or RNH,, CDI, pWave, 120 °C, 20 min, 20-75%.
nb product from (a) typically progressed directly to (b) without work-up or
purification steps: Where appropriate enantiomers were separated by chiral HPLC
as final compound or alcohol precursor.

Structure-activity relationships® (SAR) were established via
synthesis of analogues according to Scheme 1 or simple variants
thereof. 1,2,4-Triazole-thiones (3) were reacted with the appropri-
ate o-halo-diketone (4) to afford heteroarylmethylketones (5)
which were reduced to the corresponding alcohols and capped to
afford final compounds (6).

It was established that mGIluR5 potency (relative to racemic
parent compound (8)) could be readily modulated by substitution
of the triazolo ring (e.g., enhanced potency of thiophene (16) and
cyclopropane (15)), and that whilst potency was not readily en-
hanced via substitution of the carbamate aryl ring, this region of
the molecule was sensitive to structural changes (e.g., lower
potency of 4-Cl phenyl analogue (11) (see Table 1)

Intriguingly both methyl groups of the chemotype play a key
role in interactions with the mGIuR5 receptor. Removal of either
or both of the methyl groups essentially ablates activity (20-22),
such a profound role for a methyl group suggests more than a sim-
ple lipophilic binding interaction with the receptor, but also likely
a role in pre-organising the conformation of the ligand. N-Methyl-
ation of the carbamate likewise ablates activity (23). The single
enantiomers of structure 8, compounds 24 and GSK2210875, were
separated by chiral HPLC and activity shown to reside in exclu-
sively GSK2210875 (the R enantiomer as confirmed by VCD).°
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Modifications to the triazole region of compounds of type 6
afforded modest gains in potency in the case of the corresponding
imidazole (25), a modest decrease in potency in the case of the cor-
responding triazole isomer (26) and complete ablation of activity
in the corresponding oxygen analogue (27).
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Table 1
Potency of carbamate and triazole variants
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All racemates

7 H Cyclohexyl 5.5

8 H Phenyl 7.2

9 H 2-Cl-Phenyl 6.3
10 H 3-Cl-Phenyl 7.4
11 H 4-Cl-Phenyl 5.6
12 H 3,4-di-Cl 53

Phenyl

13 H 3-F-Phenyl 7.3
14 Cl Phenyl 8.0
15 Cyclopropyl Phenyl 79
16 Thiophen-2-yl Phenyl 8.1
17 4-F-phenyl Phenyl 8.0
18 Methyl Phenyl 7.4
19 Trifluoromethyl  Phenyl 7.4

Alternative triazole isomers of type 26 were prepared according
to the chemistry of Scheme 2, where the 2-hydrazido-thiazole (28)
was cyclised with formic acid to form the key bicycle. Reduction of
the ketone and capping of the alcohol to afford final compound
proceeds as described in Scheme 1. The corresponding oxygen ana-
logue (27) was prepared according novel chemistry developed in
these laboratories.'®

The mouse neophobia/marble burying anxiety mode was
chosen as the principal pharmacodynamic (PD) model to establish
oral activity. Experiments with MPEP and Fenobam had suggested
that a free brain concentration of antagonist corresponding to ca.
10 times its pICsq (i.e., ca. 90% theoretical receptor occupancy)
would be required to achieve a significant effect in this model.
We thus sought to identify compounds which could afford this pro-
file at doses of <10 mg/kg.

The key interplay between potency and brain free fraction in
achieving receptor occupancy has been elegantly demonstrated
by Watson et al.'?> in dopamine D2 antagonists. We sought to ob-
tain an optimal balance of these parameters by maximising a hy-
brid parameter plICspeff (Eq 1) which corrects the in vitro
potency of a compound for the fraction which will be free/unbound
in the brain'? (fub) to afford a more realistic measure of potency
in vivo.

pICspeff = pICs, + log,o[fub] (1)

111.12

The data of Table 2 demonstrate a clear positive correlation be-
tween mGIuR5 potency and lipophilicity, and a negative correla-
tion between potency and brain free fraction in compounds of
type 6 such that the more polar compounds 8 and 30 afford the
highest effective potency plCspeff, that is, the best balance between
potency and free fraction. In more potent compounds such as 16
the higher potency does not compensate for the reduction in brain
free fraction that the increased lipophilicity causes.
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Scheme 2. Reagents and conditions: (a) EtOH, pwave, 130 °C, 1 h; (b) HCO,H, PPA,
120 °C, 8 h, ~50%.
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Table 2
Relationship between potency, brain free fraction (fub) and pICspeff
Compound (all as racemates) mGIuR5®  log D fub'  pICseeff
pICso (pH 7.4)
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Based on their effective potency 8 and 30 were progressed for
further evaluation as their corresponding single enantiomers
GSK2210875 and 31.

In mouse astrocytes'® concentration response curves (CRC) of
L-quisqualate generated against increasing concentrations of com-
pound 8 were indicative of a non-competitive interaction with
the receptor as the dextral displacement of the agonist CRC oc-
curred with a concomitant decrease of the maximal response are
best described by an insurmountable profile!® (Fig. 2). The potency
of 7.3 £0.2 was determined using the operational model for non-
competitive antagonists (a<1). Indeed MPEP radioligand!” bind-
ing studies performed on the corresponding demonstrated that
compound 8 binds to the classical MPEP allosteric site.'®

Both GSK2210875 and 31 showed good solubility and selectiv-
ity over other metabotropic glutamate receptors (e.g., mGluRs1,2

120 ~ .

-o- L-Quisqualate
§ 100 —— + 0.1 uM cpd
S g4 —— + 0.3 uMcpd
3 —— +1 uMcpd
< 60
[

E 40

o

X 20
O T T T T T 1
10 9 8 7 6 -5 -4

log [M]

Figure 2. Concentration response curves of orthosteric mGluR5 agonist quisqualic
acid raised to increasing concentrations of compound 8.'°

Table 3
Profile of 31 and GSK2210875
Compound Human® Murine'® mGluR1  Solubility
mGIuR5 mGIuR5 pICso (ng/mL)
pICso pICso

o%
\g_/ 7.4 7.5 <43 31

- 04
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GSK2210875

and 4 in agonist and antagonist mode) and against another 40 tar-
gets in the GSK in-house selectivity panel (data not shown). In
addition, in anticipation of progression to the neophobia model,
both compounds demonstrated essentially indistinguishable po-
tency at mouse!* and human receptors.

Both GSK2210875 and 31 demonstrated excellent oral exposure
and bioavailability in the rat (Table 3). Dissappointingly 31 showed
poor brain penetration, despite no evidence for PGP efflux hence we
hypothesize some other efflux mechanism, however GSK2210875
demonstrated excellent brain exposure. Indeed the values in
Tables 3 and 4 would suggest a 1 mg/kg oral dose affords a brain
Cmax Of ca. 250 nM and a free brain Cya.x of 30 nM equivalent to
the compound’s pICsg, and hence that a 5-10 mg dose would afford
the 5-10x pICsq or 90% theoretical receptor occupancy appropriate
for activity in the neophobia model.

In the mouse neophobia model'"'? GSK2210875 did indeed
demonstrate oral activity (Fig. 3) with a minimum effective dose
of 5 mg/kg consistent with that predicted from potency/free frac-
tion/exposure calculations above.

In summary a novel, selective, orally active MPEP competitive
mGIluR5 negative allosteric modulator GSK2210875 has been iden-
tified. Functional studies clearly demonstrated the insurmountable
interaction with the native mGluR5 receptor and binding studies
with the [>H] MPEP radioligand evidenced the allosteric nature of
this interaction. However our initial molecular modeling could

Table 4
In vivo pharmacokinetic data in rat (1.0 mg/kg po 0.5 mg/kg iv)
Compound Clb Oral blood AUC F (%)
(mL/min/Kg) Cimax (ng/mL) brain:blood
GSK2210875 48 63 2.0 28
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Figure 3. Effect of GSK2210875 in mouse neophobia after oral administration
(statistical analysis: ANOVA F(3,43) = 21.07, p <0.001; Dunnett’s post hoc test, * = p
<0.05, ** = p <0.001).
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generate no plausible conformations which afforded a convincing
overlap with known ligands and we thus postulate GSK2210875
exhibits a novel pharmacophoric interaction with the receptor.
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