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Structure–activity relationship of thiopyrimidines as
mGluR5 antagonists
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Abstract—Structure–activity relationship investigations of the thiopyrimidine (1), an HTS hit with micromolar activity as a metab-
otropic glutamate receptor 5 (mGluR5) antagonist, led to compounds with sub-micromolar activity.
� 2006 Elsevier Ltd. All rights reserved.
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Figure 1. Thiopyrimidine (1), a weak mGluR5 antagonist HTS hit.
The metabotropic glutamate receptors (mGluRs) are
G-protein-coupled receptors which have important roles
in modulating neuronal signaling in the central nervous
system.1 The mGluRs belong to family C of G-protein-
coupled receptors, of which there are eight subtypes
identified, divided into three major groups: Group I
includes mGluR1 and mGluR5, Group II mGluR2
and mGluR3, and Group III mGluR4, as well as
mGluR6–8.2

There are preclinical data supporting the use of metab-
otropic glutamate receptor 5 (mGluR5) antagonists in
the treatment of several CNS diseases and disorders3

like inflammatory and neuropathic pain,4 anxiety and
depression5 or drug addiction and drug withdrawal.6

Recent evidence also indicates mGluR5 as a potential
target for the treatment of gastroesophageal reflux dis-
ease, showing that mGluR5 antagonists inhibit transient
lower esophageal sphincter relaxations, the main mech-
anism behind gastroesophageal reflux.7

Our interest in thiopyrimidines as mGluR5 antagonists
started with the discovery of 1 (Fig. 1) as a weak antag-
onist (IC50 1250 nM) in a high-throughput screening
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campaign targeting mGluR5, and a followup program
was initiated to investigate SAR around this novel
mGluR5 antagonist structure.

For this purpose, easy access to a variety of linker and
thioaryl groups was obtained by synthesizing scaffold 5
in two steps (Scheme 1) according to a literature
procedure.8

Elaboration of the thioaryl moiety (6–13) was achieved
by treating 5 with an array of commercially available
thiols in DMF, running the reaction overnight, followed
by removal of volatiles and chromatographic purifica-
tion. Amine as well as ether pyrimidine compounds
was obtained similarly to the thioethers by treatment
of 5 with the appropriate amine and alcohol,
respectively.

For synthesis of the bipyridyl core as illustrated by 23, a
regioselective Negishi cross-coupling, followed by reac-
tion with a thiol nucleophile, was employed (Scheme 2).
Compound 24 was synthesized in a similar fashion.9
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Scheme 3. Reagents and conditions: MeOH, cat. NaOEt, microwave

150 �C, 10 min; add NH4Cl to mixture, microwave 80 �C, 12 min, 78%.

Table 1. In vitro potencies of thiopyrimidine mGluR5 antagonists

varying Ar2

N

N X
Ar

2
N

Compound X Ar2 FLIPR IC50
a nM n SEM

6 S 4-Cl-Ph 320 3 53

7 S 3-Cl-Ph 620 1

8 S 3-Br-Ph 2860 3 145

9 S 3-CF3-Ph 550 3 66

10 S 3-Me-Ph 2300 3 706

11 S 4-CF3-Ph 210 3 8

12 S 3,4-Di-F-Ph 1520 3 742

13 S 3,4-Di-Cl-Ph 90 3 7

14 O 4-Cl-Ph >10,000 1

15 NH 4-Cl-Ph >10,000 1

16 NAc 4-Cl-Ph >10,000 1

17 CHOH 4-Cl-Ph >3000 3 0

18 CH2 4-Cl-Ph >10,000 1

MPEPb, for comparison 22 3 2

a Effect on glutamate-induced [Ca2+]i in a cell line expressing human

mGluR5d (splice variant of mGluR5 with a truncated C-terminal

domain) using a fluorescence imaging plate reader (FLIPR).
b 2-Methyl-6-(phenylethynyl)pyridine, see Ref. 12.
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Scheme 1. Versatile intermediate 5. Reagents and conditions: See Ref. 8c for compounds 2 and 3. (a) NaOEt, EtOH, reflux, 18 h; filter and wash:

54%. (b) POCl3, DCE, reflux; 93%. (c) Appropriate thiol, DMF, rt, o/n 2–90%. (d) Appropriate aniline, NEt3, THF, reflux, 8–48%. (e) Appropriate

phenol, t-BuOK, DME, 23–48%.
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Scheme 2. Synthesis of 23. Reagents: (a) 1—n-BuLi; 2—ZnCl2; 3—Pd(PPh3)4, 2,6-dibromopyridine, 34%. (b) NaH, DMF, 16%.
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Variation of the lefthand pyridyl could be achieved by
synthesis of appropriate amidine derivatives (Scheme 3),
followed by the sequences shown in Scheme 1. We found
it advantageous to conduct the amidine synthesis in a
microwave reactor, thus decreasing reaction times from
1 to 2 days to less than half an hour.

Removal of the methyl group from the hit 1 gave com-
pound 6 (Table 1), which was already fourfold more po-
tent (IC50 320 nM) compared to 1. On this basis, we
further investigated the SAR of the substitution pattern
on the phenyl group (Ar2), while keeping the remaining
parts of the molecule constant (Entries 7–13). Substitu-
ents in the meta position that gave compounds with a
potency better than 1 lM were chloro (7) (IC50

620 nM) and trifluoro methyl (9) (IC50 550 nM). Like-
wise, substituents in the para position such as trifluoro
methyl (11) (IC50 210 nM) lead to compounds in the same
potency range as 6. Disubstitution on the 3 and 4 posi-
tions gave compounds 12 (difluoro, IC50 1520 nM) and
1310 (dichloro, IC50 90 nM). Next, we turned our efforts
to replacement of the sulfur atom, since we anticipated
metabolic oxidation at this position. Unfortunately, oxy-
gen, nitrogen, N-acetyl, methylene, and hydroxymethyl-
ene analogues (14–18) were all inactive. Altering the
position of the nitrogen in the pyridine ring (19–20)
(Table 2) was not tolerated, whereas introduction of
small substituents on the pyridine gave 21 (6-methyl-2-



N
N S Cl

Cl

N

N

S Cl

Cl

N
N

N S Cl

Cl

N
N

N

Cl

Cl

25

23 24 

26

Figure 2. Variation of core and linker. Only 24 showed modest

mGluR5 antagonist activity (FLIPR IC50 2370 nM, n = 3, SEM 628).

Table 2. In vitro potencies of thiopyrimidine mGluR5 antagonists

varying Ar1 and linker, using preferred Ar2

N

N S
Ar

2Ar
1

Compound Ar1 Ar2 FLIPR

IC50
a nM

n SEM

19 3-Pyridyl 4-Cl-Ph >10,000 1

20 4-Pyridyl 4-Cl-Ph >10,000 1

21 6-Me-2-Pyridyl 3,4-Di-Cl-Ph 390 3 63

22 5-F-2-Pyridyl 3,4-Di-Cl-Ph 80 3 14

a Effect on glutamate-induced [Ca2+]i in a cell line expressing human

mGluR5d (splice variant of mGluR5 with a truncated C-terminal

domain) using a fluorescence imaging plate reader (FLIPR).
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pyridyl) (IC50 390 nM) and 2211 (5-fluoro-2-pyridyl)
(IC50 80 nM). Replacement of the central pyrimidine
moiety with the two isomers of pyridine (Fig. 2) gave
one inactive compound (23) and one with micromolar
activity (24, IC50 2370 nM), while the reversed pyrimi-
dine 25 was inactive. Absence of a linker atom gave an
inactive compound (26). In conclusion, all three nitrogen
atoms in the pyridine and pyrimidine rings and the sulfur
linker appear to be crucial for effecting potency, which
can be reinforced by introducing lipophilic substituents
on the 3 and 4 positions of the phenyl group.

Compounds 21 and 22 were tested for selectivity, both
as positive modulators and as antagonists, on the other
mGluRs (1–4 and 6–8) exhibiting complete selectivity in
all assays (>25 lM).

Compounds 13 and 22 both have rather high in vitro
clearance (13 90 and 120 lL/min/mg in human and
rat liver microsomes, respectively, and 22 140 and
90 lL/min/mg in human and rat liver microsomes,
respectively). Attempts to synthesize the presumed
metabolites, the corresponding sulfoxides and sulfones,
failed because of chemical instability of these species.

In summary, we have identified a novel structural
class of mGluR5 antagonists, the thiopyrimidines,
with mGluR5 potency better than 100 nM. We have
shown that a 4-thiopyrimidine as a core-linker system
is crucial for activity. Further optimisation is neces-
sary to increase potency, for example, by variation
of the substituents on the 2-pyridine ring (Ar1) and
replacement of the sulfur linker atom, since the latter
is most likely the main cause of low metabolic stabil-
ity. The SAR we have developed for thiopyrimidines
could be of interest for other projects concerning
mGluR5 antagonists and possibly applicable to other
lead series.
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