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This Letter describes the synthesis and SAR of two mGluR4 positive allosteric modulator leads, 6 and 7.
VU001171 (6) represents the most potent (EC50 = 650 nM), efficacious (141% Glu Max) and largest fold
shift (36-fold) of any mGluR4 PAM reported to date. However, this work highlights the challenges in
hit-to-lead for mGluR4 PAMs, with multiple confirmed HTS hits displaying little or no tractable SAR.

� 2008 Elsevier Ltd. All rights reserved.
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The metabotropic glutamate receptors (mGluRs) are members
of the GPCR family C, characterized by a large extracellular ami-
no-terminal agonist binding domain. To date, eight mGluRs have
been cloned, sequenced and assigned to three groups (Group I:
mGluR1 and mGluR5; Group II: mGluR2 and mGluR3; Group III:
mGluRs 4,6,7,8) based on their sequence homology, pharmacology
and coupling to effector mechanisms.1 The Group III mGluRs are
the least explored and characterized of the mGluRs, but despite
this fact, mGluR4 has garnered a great deal of attention as a ther-
apeutic target for multiple indications.2

The reason for the slower pace of development within Group III
mGluRs concerns the availability of selective ligands.2,3 Most phar-
macological studies employ prototypical Group III agonists such as
L-(+)-2-amino-4-phosphonobutryic acid, L-AP4, 1 or functionalized
carboxyphenylglycines 2, which have limited CNS penetration
(Fig. 1).4 A major breakthrough in the field occurred when Maj
and co-workers reported on the discovery of N-phenyl-7-(hydrox-
yimino)cyclopropa(b)chromen-1a-carboxamide, ((�)-PHCCC) 3,
the first mGluR4 positive allosteric modulator (PAM), derived from
the mGluR1 negative allosteric modulator (NAM) 7-hydroxyimino-
cyclopropan[b]chromen-1a-carboxylic acid ethyl ester ((�)-CPC-
COEt).5 PHCCC possesses an EC50 of 4.1 lM, with a 5.5-fold
leftward shift of the glutamate response curve and selectivity ver-
All rights reserved.
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sus mGluRs 2, 3, 5, 6, 7, 8.5,6 However, PHCCC is a partial antagonist
(30%) of mGluR1. Despite this, PHCCC has been a very important
proof of concept (POC) compound demonstrating a therapeutic role
(-)-PHCCC, 3 VU0080241, 4 VU0155041, 5

Figure 1. Chemical structures of orthosteric mGluR4 agonists L-AP4 (1), function-
alized phenylglycines (2) and the mGluR4 PAMs (�)-PHCCC (3), VU0080241 (4) and
the mGluR4 ago-potentiator VU0155041 (5).

mailto:craig.lindsley@vanderbilt.edu
http://www.sciencedirect.com/science/journal/0960894X
http://www.elsevier.com/locate/bmcl


VU0001171, 6

N

N

NH
N

OH

N
H

N

O

VU0092145, 7

Figure 2. Chemical structures of new mGluR4 PAM series VU0001171 (6) and
VU0092145 (7) identified in HTS. -11 -10 -9 -8 -7 -6 -5 -4 -3 -2

0

50

100

150

200

250
DMSO

1 uM 6

10 uM 6

30 uM 6

Log glutamate, [M]

P
er

ce
nt

 m
ax

gl
ut

am
at

e 
re

sp
on

se

Figure 4. VU0001171 (6) shifts the glutamate agonist response curves to the left
36-fold at 30 lM with an elevation in % Glu Max. Data represents the average of at
least three independent determinations performed in triplicate.
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for selective mGluR4 activation in Parkinson’s disease,6,7 anxiety,8

depression,9 neuroprotection10 and oncology.11 We recently re-
ported on two new series of mGluR4 PAMs: 4, with improved fold
shift versus 3 (EC50 = 5 lM, 11.8-fold shift), and 5, a more potent
(EC50 = 750 nM, 6.4-fold shift) mGluR4 PAM than 3, which also dis-
played efficacy in preclinical Parkinson’s disease models.12,13 De-
spite these advances, SAR for 4 was shallow, and, akin to 3 was a
full antagonist of mGluR1 (IC50 = 2.6 lM).12 In contrast, 5 was
highly selective for mGluR4 versus mGluR1, 2, 5, 7 and 8 as well
as a full panel of GPCRs, ion channels and transporters. However,
5 possessed significant allosteric agonist activity, and is therefore
more accurately described as an ago-potentiator.13 In order to eval-
uate the in vivo efficacy of selective, pure potentiation of mGluR4,
versus agonist activation, new small molecule tools are required.

In this Letter, we describe the discovery and structure activity
relationship (SAR) of two novel mGluR4 PAMs, VU0001171 (6)
and VU0092145 (7), based on a functionalized benzylidene hydra-
zinyl-3-methylquinazoline scaffold or a bis-2,3-dihydroquinazo-
lin-4(1H)-one core, respectively (Fig. 2). While ‘flat’ SAR is a
staple of allosteric ligands,14–16 we have never encountered such
shallow SAR as in the hit-to-lead campaign from our mGluR4 high
throughput screen (HTS). This report will detail the challenges in
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Figure 3. Concentration-dependent potentiation of glutamate in mGluR4/Gqi5
CHO cells by 6, 8 and 9 identified via high throughput screening campaign (HTS). In
the absence of an EC20 of glutamate, 6, 8 and 9 do not elicit receptor activation. Data
represent mean ± SEM of four independent experiments performed in triplicate.

mGluR1 mGluR2 mGluR5 mGluR7 mGluR8
0

25

50

75

100

125

P
er

ce
nt

 E
C

 8
0 

ag
on

re
sp

on
se

Figure 5. Activation and inhibition responses of VU0001171 (6) in both EC20 and
EC80 assays to determine selectivity versus the other mGluRs. VU0001171 was not
an antagonist of any mGluR and afforded only moderate activation of mGluR1 and
mGluR8 at 30 lM.
the hit-to-lead process when multiple HTS hits confirm after re-
synthesis, but virtually any structural modification affords a com-
plete loss of mGluR4 PAM activity.

Our mGluR4 PAM HTS identified three 3-methylquinazolines
that afforded a concentration-dependent potentiation of an EC20

of glutamate in human mGluR4/Gqi5 CHO cells (Fig. 3).13 When
HTS stocks were evaluated with full concentration–response
curves, 6, (E)-4-((2-(3-methylquinoxalin-2-yl)hydrazono)methyl)
phenol, was a stand-out compound with an EC50 for potentiation
of 1.7 lM while having no effect on mGluR4 in this assay in the
absence of glutamate. While 6 was not a particularly attractive
chemical scaffold from a drug discovery perspective, it exhibited
a 36-fold shift of the glutamate response at 30 lM, the largest fold
shift reported to date for a Class C GPCR (Fig. 4). Additionally, when
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Scheme 1. Reagents and conditions: (a) NH2NH2, EtOH, MW, 135 �C, 35 min, 95–
98%; (b) ArCHO, EtOH, DIPEA, MW, 135 �C, 35 min, 40–86%.

Table 1
Potency values for VU0001171 analogs 12

12

N

N

N
H

N Ar

Compound Ar EC50
a (lM) % Glu Max

6, VU0001171

OH
1.7 144

0.65 141

12a
OH

2.4 136

12b

OH

4.1 57

12c

F
>5 87

12d 4.4 129

12e

O
Inactive —

a Potency values represent one experimental performed in triplicate.
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Figure 6. Alternative linkers to replace the hydrazinoimine moiety.
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screened across the mGluRs, 6 was observed to be highly selective
for mGluR4 in both activation (EC20 glutamate potentiation) and
inhibition (depression of EC80) assays (Fig. 5). This was a marked
improvement over both PHCCC (3) and our previous reported
mGluR4 PAM, 4 which had significant mGluR1 antagonist activ-
ity.5,16 It is possible that 6 binds at a second allosteric site, distinct
from the PHCCC (3 and 4) allosteric site, which appears to be con-
served with mGluR1.

With a bona fide novel mGluR4 PAM hit in hand, we employed
an iterative analog library synthesis approach to rapidly evaluate
SAR for 6. First, we altered the aromatic group at the hydrazino
imine terminus to determine what functional groups would be tol-
erated. From commercially available 10, a microwave-assisted
SNAr reaction was performed to displace chlorine with hydrazine
to afford 11 (Scheme 1). Imine formation by the addition of an
aldehyde to 11 in EtOH followed by microwave irradiation at
135 �C afforded analogs 12a–e (Table 1).17

Re-synthesis of the hit compound 6 afforded improved potency
with an EC50 of 650 nM as compared to the HTS deck sample with
an EC50 of 1.7 lM. Walking the hydroxyl group around the phenyl
ring to the meta position (12a) gave >3-fold loss in potency, and
the para analog, 12b, afforded a >6-fold loss in potency as well as a
diminished glutamate response. Of the 24-member library that
was synthesized and tested, only the 4-fluorophenyl (12c) and phe-
nyl (12d) analogs, outside of the phenolic congeners, afforded
mGluR4 PAM activity. Overall, a modest SAR was observed with no
improvement in potency. Attention turned to replacing the hydra-
zino imine moiety with a more stable linker. To retain the ‘‘diamino”
linker region, a series of pyrazoles were synthesized (Fig. 6). The
commercially available 3-phenylpyrazoles were deprotonated
using NaH in DMF and reacted with 10 to afford analogs 13; how-
ever, these analogs were devoid of mGluR4 PAM activity.

Replacing the hydrazine imine moiety with either an acetylene
(14) or an amide (15) linker was also unsuccessful (Fig. 6). As the
labile hydrazino imine linker could not be replaced with a more
stable linker, and coupled with the ‘flat’ SAR, this series was not ad-
vanced further. Still, 6 is an important tool compound, devoid of
mGluR1 antagonist activity. Moreover, 6 is the most potent
mGluR4 PAM reported to date (EC50 = 650 nM, 141% Glu Max)
and possesses the largest fold shift (36-fold shift of the glutamate
CRC) ever reported for a Class C GPCR.

From the HTS screen an attractive hit was identified, 7, which
has some structural features similar to that of PHCCC (Fig. 7). Com-
pound 7 (VU0092145) has a potency value (EC50 = 1.8 lM) that is
comparable to that of PHCCC (EC50 = 4.1 lM), however 7 repre-
sents another fundamentally novel mGluR4 chemotype. Unlike 6
with a massive 36-fold shift of the glutamate CRC, 7 possessed only
a 2.7-fold shift of the glutamate response curve.

The hit 7 was re-ordered from a commercial vendor and tested
side by side with in-house synthesized compound (VU0092145-2)
(Fig. 7) employing a novel, microwave-assisted three component
coupling reaction cascade (Scheme 2). With the re-synthesis,
roughly equivalent potency was observed (EC50 = 3.0 lM vs
EC50 = 1.8 lM); however glutamate response differed (129% Glu
Max for commercial vs 80% Glu Max for the re-synthesized
material).

The microwave-assisted organic synthesis chemistry was highly
amendable to rapid SAR analysis, and two 24-member libraries
were synthesized were either the 4-methylaniline or the 2-phenyl-
propanal were held constant.18 Of the 48 compounds that were
tested only three compounds, re-synthesized 7 and 17a–b,
(6.25%) exhibited any mGluR4 PAM activity (EC50s > 10 lM with
increases in % Glu Max), and all with lower potencies than the ori-
ginal hit 7 (Table 2). This was disappointing, but not at all that sur-
prising. There are some structural similarities to that of PHCCC,
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Figure 7. Concentration-dependent potentiation of glutamate in mGluR4/Gqi5
CHO cells by one commercial lot of 7 (VU0092415-1) and a re-synthesized lot
(VU0092415-2) along with fold shift of glutamate at 30 lM. Data represent
mean ± SEM of three independent experiments performed in triplicate.
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Scheme 2. Reagent and condition: 4-Methylaniline, 2-phenylpropanal, p-TSA, H2O,
MW, 150 �C, 35 min, 95–98%.

Table 2
Potency values for VU0092145 analogs 17

17

N
H

N
R

O

Compound R EC50
a (lM) % Glu Max

7, VU0092145 3.0 129

17a
F

>10 87

17b >10 69

a Represent the average of one experiment performed in triplicate.
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which has also reported to have a very flat SAR. One explanation
for the ‘flat’ SAR is that the allosteric binding sites which both 6
(VU0001171) and 7 (VU0092145) as well as PHCCC occupy are very
shallow, similar to the second, non-MPEP, allosteric binding site on
mGluR5 that N-{4-chloro-2-[(1,3-dioxo-1,3-dihydro-2H-isoindol-
2-yl)methyl]phenyl}-2-hydroxybenzamide (CPPHA) occupies.14,15

Whilst the SAR of both VU0001171 (6) and VU0092145 (7) are
flat, they represent the third and fourth literature disclosure of po-
sitive allosteric modulators of mGluR4. VU0001171 (6) represents
the most potent (EC50 = 650 nM), efficacious (141% of Glu Max) hu-
man mGluR4 PAM reported to date. Moreover, VU0001171 (6)
afforded a significant 36-fold shift of the glutamate response, the
largest reported to date, and the compound did not exhibit mGluR1
antagonist activity. Unfortunately, due to the ‘flat’ SAR and the
inability to replace labile, non drug-like moieties, both the
VU0001171 (6) and VU0092415 (7) scaffolds were discontinued.
However, both series highlight a major challenge in the develop-
ment of mGluR4 allosteric ligands—the common theme of HTS hits
confirming upon re-synthesis, but displaying little to no SAR (typ-
ically less than 7% actives) upon the slightest structural modifica-
tions. Clearly, ligands that potentiate mGluR4, and their allosteric
binding sites, represent significant challenges in the hit-to-lead
stage of drug discovery.
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