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Abstract: This report describes the discovery of the first
centrally active allosteric modulators of the metabotropic
glutamate receptor subtype 5 (mGluR5). Appropriately sub-
stituted N-(1,3-diphenyl-1H-pyrazol-5-yl)benzamides (e.g., 8)
have been identified as a novel class of potent positive
allosteric modulators of mGluR5 that potentiate the response
to glutamate. An iterative analogue library synthesis approach
provided potentiators with excellent potency and selectivity
for mGluR5 (vs mGluRs 1-4, 7, 8). Compound 8q demon-
strated in vivo proof of concept in an animal behavior model
where known antipsychotics are active, supporting the devel-
opment of new antipsychotics based on the NMDA hypofunc-
tion model for schizophrenia.

Glutamate is the major excitatory transmitter in the
mammalian central nervous system, exerting its effects
through either ionotropic or metabotropic glutamate
receptors.Themetabotropicglutamatereceptors(mGluRs)
are members of the GPCR family C, characterized by a
large extracellular amino-terminal agonist binding site.
To date, eight mGluRs have been cloned and sequenced
and have been assigned to three groups based on their
structure, coupling to effector mechanisms and phar-
macology.1 Group I receptors (mGluR1 and mGluR5) are
coupled to GRq and its associated effector mechanisms,
resulting in increases in intracellular calcium. Group I
mGluRs are predominantly located postsynaptically and
have a modulatory effect on postsynaptic signaling.
Group II (mGluR2 and mGluR3) and Group III (mGluR4,
mGluR6, mGluR7, and mGluR8) receptors are coupled
through GRi to decrease cAMP synthesis and are located
presynaptically.1,2,3

Dysfunction in glutaminergic systems has been im-
plicated in a number of CNS pathologies including pain,
anxiety, addiction, and schizophrenia.4 Recently, hypo-
function of the NMDA receptor has been suggested as

playing a major role in the positive, negative, and
cognitive symptoms of schizophrenia as an alternative
to the prevailing “Dopamine Hypothesis”.5 Unfortu-
nately, direct agonists of the NMDA receptor tend to
be neurotoxic; therefore, alternative strategies to in-
crease NMDA receptor function are needed. Mannaioni
et al. recently reported that activation of mGluR5
results in an increase in NMDA function in rat brain
slices, indicating a functional interaction between
mGluR5 and the NMDA receptor, suggesting that
activation of mGluR5 may ammeliorate the symptoms
of schizophrenia.6

A number of agonists and antagonists of the mGluRs,
typically analogues of glutamate, quisqualate, or phenyl
glycine, have been identified that interact with the
agonist (orthosteric) binding site.1,7 With this traditional
approach, Group selective agonists and antagonists have
been identified, but it has been historically difficult to
identify compounds selective for a single mGluR sub-
type. Only with the advent of high throughput func-
tional assays has it become possible to systematically
screen for compounds that affect the activity of a
receptor through novel, allosteric mechanisms.8 The first
small molecules that clearly interacted allosterically
with the mGluRs were CPCCOEt (mGluR1 selective)
and MPEP (mGluR5 selective), both negative allosteric
modulators.9 More recently, positive allosteric modula-
tors, compounds that increase the sensitivity of the
receptor to the native agonist, have been reported for
mGluR1 and mGluR2.10

Our laboratory initiated an effort to identify potent
and selective positive allosteric modulators for mGluR5
that potentiate NMDA receptor function. Our screening
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paradigm centered on investigating compounds that
displayed negative inhibition in an ongoing mGluR5
antagonist high-throughput screen as well as evaluation
of compounds from our sample collection. These com-
pounds were analyzed in a FLIPR assay measuring
their ability to increase the response of CHO cells
transfected with human mGluR5 to a low concentration
of glutamate (300 nM) without eliciting a response in
the absence of the native agonist. This screening
paradigm identified positive allosteric modulators for
mGluR5 from two different structural series, exempli-
fied by 1 and 2, that potentiated receptor function
(shifted the agonist concentration curve to the left) 3-
to 6-fold.11 Surprisingly, analogues of 1, with only slight
structural changes, exerted a spectrum of effects, rang-
ing from positive to negative allosteric modulation as
well as neutral cooperativity.11a Similarly, little trac-
table SAR resulted from an iterative analogue library
synthesis effort aimed at improving the potency and
physical properties of 2. Out of 1000 analogues pre-
pared, only 3 and 4 displayed improved potency and
comparable potentiation to 2.11b

Although 1-4 were specific for mGluR5 (selective vs
mGluRs 1-4, 7, 8), poor physical properties and modest
potencies of these analogues for rat mGluR5 (EC50>1
µM), prevented their evaluation in vivo, including in
animal behavioral models.11,12

With no other lead structures from the screening
effort and a lack of tractable SAR in our existing series,
we employed a fragment library approach in an effort
to discover a new lead structure. Because of potential
metabolic liabilities of the salicylic amide moiety in 4,
fragment libraries were designed wherein the picolinoyl
amide moiety, present in both 2 and 3, was conserved
in order to survey diverse aryl and heteroaryl templates
as potential lead structures. As shown in Scheme 1,
several libraries, employing aryl and heteroarylamines
from both commercial and proprietary sources were
acylated with picolinoyl chloride, 5. From this effort, a
new lead structure, an N-(1,3-diphenyl-1H-pyrazol-5-
yl)picolinoyl amide 6 was discovered that was equipo-
tent to the optimized leads in earlier series against
human mGluR5 (EC50 ) 290 nM, 2.8 to 3.6-fold poten-
tiation) and more potent against rat mGluR5 (EC50 )
585 nM, 8-fold potentiation).

Specifically, 6 caused a concentration-dependent po-
tentiation of the response of CHO cells overexpressing

human mGluR5 to 300 nM glutamate (Figure 1). The
maximal potentiation at this concentration of glutamate
ranged from 2.8 to 3.6-fold, with an EC50 for potentiation
of 290 nM. Importantly, 6 alone (up to 100 µM) caused
no response by either human or rat mGluR5 in this
assay. In addition, when mGluR5 CHO cells were
exposed to 6 (0.1 to 10 µM), the glutamate dose-
response curve experienced a parallel leftward shift,
providing a 7.1-fold decreased EC50 value (54 nM vs 384
nM, Figure 2) with no increase in maximal response.
Similar results were obtained with the other mGluR5
agonists quisqualate and 3,5-dihydroxyphenylglycine
(3,5-DHPG). As in the earlier series, 6 was specific for
mGluR5, failing to exhibit any positive modulatory
activity at any of the other six mGluRs examined.12

These data suggest that these modulators/potentiators
act at an allosteric site to increase the sensitivity of the
receptor to the orthosteric agonists. Only at concentra-
tions of above 10 µM was a slight agonist-like effect
observed.

Analogues of pyrazole amide 6 were synthesized in a
library format utilizing Bohdan Mini-Blocks, as shown
in Scheme 2. Commercially available 5-amino-1,3-
diphenylpyrazole 7 was coupled to a range of carboxylic
acids or acylated with acid chlorides, under standard
conditions employing polymer- supported reagents and
scavengers, to provide analogues 8. All analogues were
purified by mass-guided HPLC to analytical purity.13

Scheme 1

Figure 1. 6 potentiates mGluR5 activation by glutamate.

Figure 2. 6 potentitaion of response to glutamate is mani-
fested as increased mGluR5 sensitivity. The glutamate EC50

value is shifted from 384 nM to 54 nM with the addition of 6.

Scheme 2a

a Reagents: (a) PS-DCC, HOBt, DCM; MP-carbonate; (b) PS-
DIEA, DCM; PS-Trisamine.
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The initial exploration of the pyrazole amides was
provided by three 48-membered libraries focused on
providing diversity at the amide moiety of the lead 6,
as shown in Table 1. Surprisingly, when 7 was coupled
with salicylic acid, the resulting compound 8b, the
pyrazole analogue of 4, was inactive, suggesting this
series may have a different mode of allosteric binding.
A key discovery was the finding that a simple phenyl
amide congener, 8a, was significantly more potent than
6 on both human mGluR5 (EC50 ) 40 nM, 5.0-fold
potentiation) and rat mGluR5 (EC50 ) 300 nM, 5.0-fold
potentiation). The positioning of substituents on the
phenyl ring of the amide was found to be a highly
sensitive determinant of potency. For active congeners
with a single substituent on the aromatic ring, the
potency increased in the order 2 , 3 < 4. For example,
the 2-tolyl analogue 8f was inactive whereas the 3-tolyl
8g and 4-tolyl 8h congeners displayed potencies at
human mGluR5 of 90 nM and 30 nM, respectively.
Fluorine substitution proved to be an exception to this
trend, where 8i-k displayed roughly comparable poten-
cies. However, when two fluorine atoms were incorpo-
rated at the 3- and 4-positions of the phenyl ring to
provide 8o, the potency at both human and rat mGluR5
(EC50 ) 10 nM, 2.6-fold potentiation and EC50 ) 20 nM
and 6.4-fold potentiation, respectively) increased dra-
matically. Similarly, 8p, possessing a 4-CF3 moiety
demonstrated equivalent potency on human and rat
mGluR5 (EC50 ) 19 nM, 5.2-fold potentiation and EC50

) 20 nM, 6.8-fold potentiation, respectively) as did the
3-cyano analogue 8q, with potencies on human and rat

mGluR5 (EC50 ) 9 nM, 4.0-fold potentiation and
EC50 ) 20 nM, 4.3-fold potentiation, respectively).

Of these potent analogues, 8q was selected for further
evaluation. Similar to 6, increasing concentrations of
8q caused a parallel, leftward shift of mGluR5 CHO cell
glutamate response curves with no increase in maximal
reponse. As with 6, addition of 0.1 to 10 µM 8q shifted
glutamate EC50 values from 413 nM to 49 nM (8.4-fold
shift), and similar shifts in agonist concentration-
response curves were observed for quisqualate and 3,5-
DHPG in both human and rat mGluR5 cells with no
increase in maximal response.14

Prior to conducting in vivo experiments, the selectivity
of 8q was evaluated. All of the analogues in this series
bear a striking resemblance to known kinase inhibitors,
especially reported p38 kinase inhibitors.15 Importantly,
8q displayed no off-target activities against an in-house
kinase panel and a more thorough, broad spectrum
panel of receptors. In other functional assays, 8q was
also found to be specific for mGluR5 and did not
potentiate the activity of the other mGluRs (mGluRs
1-4, 7,8).12,16

Both in vitro and in vivo brain penetration experi-
ments were conducted to evaluate the viability of 8q as
a potential CNS agent for proof of concept.17 Clearly,
8q was not subject to P-gp efflux in vitro in either
human or mouse P-gp assays (B-A/A-B ratios of 0.6
and 0.8, respectively) and 8q exhibited excellent passive
permeability (24.7 × 10-6 cm/s). Additional in vivo
experiments in mdr1a mice demonstrated that 8q was
not subject to P-gp efflux in vivo (mdr1a brain/plasma
ratios (-/-)/(+/+) ) 1.69), supporting its use in the
animal behavioral models.

While a body of in vitro evidence indicates that
activation of mGluR5 causes activity-dependent in-
creases in NMDA receptor function, in vivo evidence has
only recently begun to accrue. In 2003, Kinney demon-
strated that intracerebroventrical administration of the
mGluR5 selective partial agonist, CHPG, enhances
prepulse inhibition (PPI) of the rodent acoustic startle
response following amphetamine administration.18 PPI
is a measure of sensorimotor gating known to be
deficient in schizophrenic patients and in laboratory
animals following administration of dopamine agonists
such as amphetamine. Thus, a reversal of amphetamine-
induced disruption of PPI is consistent with an anti-
psychotic pharmacological profile in this preclinical
model.19 Now, with 8q in hand, our laboratory was
poised to evaluate the effect of positive allosteric modu-
lators of mGluR5 in the PPI model in an effort to
validate the NMDA hypofunction theory for schizophre-
nia in vivo.8-20 Amphetamine was dosed at 2 mg/kg in
saline 30 min pretest, followed by 8q 10 min pretest at
doses of 3, 10, and 30 mg/kg sc.. At all three doses and
at different prepulse intensities (5, 10, 15, and 20 dB
above background), 8q clearly reversed amphetamine-
induced disruption of PPI in a dose-dependent manner,
as shown in Figure 3. Moreover, 8q had no effect on
basal activity (no stimulus condition) or startle ampli-
tude (pulse alone condition) at all three doses of 8q
relative to amphetamine/vehicle. Thus, selective poten-
tiation of mGluR5 has a significant, positive effect in a

Table 1. Functional Activity and Potentiation of Pyrazole
Amides

R

human
EC50
(nM)a

human
potentiation

rat
EC50
(nM)a

rat
potentiation

6 2-pyridyl 290 3.6 585 8.0
8a Ph 40 5.0 300 5.0
8b 2-OHPh >10000 0.9 >10000 0.9
8c 2-ClPh 2500 3.7 ND ND
8d 3-ClPh 40 5.4 200 3.3
8e 4-ClPh 20 5.0 100 4.9
8f 2-Tolyl >10000 0.9 ND ND
8g 3-Tolyl 90 9.0 100 9.4
8h 4-Tolyl 30 9.0 40 10.9
8i 2-FPh 75 6.4 100 6.3
8j 3-FPh 20 2.6 65 7.7
8k 4-FPh 30 2.9 50 8.0
8l 2-thienyl 200 2.9 400 5.3
8m 3-thienyl 1800 2.5 2900 3.7
8n 2-pyrazinyl 200 4.3 400 4.8
8o 3,4-diFPh 10 2.6 20 6.4
8p 4-CF3Ph 19 5.2 20 6.8
8q 3-CNPh 10 4.0 20 4.3

a EC50s and fold potentiation are the mean of three values.
Note: potencies and efficacies of allosteric modulators determined
at a fixed concentration of agonist depend on the response of the
cells to the agonist, which varies slightly from day to day. The
agonist curves in the mGluR5 FLIPR assay are steep (nH ∼ 2)
and the EC50s determined at a fix concentration may therefore
vary by a factor of 5. For 8o, 8p, and 8q, (SEM is (7 nM.
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behavioral model of sensorimotor gating in which well-
characterized antipsychotic drugs show similar positive
effects.

Screening efforts identified 1 and 2 as positive allo-
steric modulators of mGluR5. An iterative analogue
library synthesis approach for the optimization of 2
resulted in little tractable SAR, only slight increases in
potency and no improvement in physical properties.
Fragment libraries based on 2 generated a novel lead
structure 6 that was further optimized through library
synthesis to provide a series of potent and selective
mGluR5 positive allosteric modulators based on an
N-(1,3-diphenyl-1H-pyrazol-5-yl)benzamide scaffold.
These analogues represent the first pharmacological
tools to investigate the role of mGluR5 potentiation in
NMDA receptor function in vivo. Of these analogues,
3-cyano-N-(1,3-diphenyl-1H-pyrazol-5-yl)benzamide 8q,
by selective potentiation of mGluR5, displayed a sig-
nificant, positive effect in the amphetamine-induced
disruption of PPI model, a behavioral model of sen-
sorimotor gating, in which well-characterized antipsy-
chotic drugs show similar positive effects, providing
support for the NMDA hypofunction model for schizo-
phrenia.

Supporting Information Available: Experimental pro-
cedures and analytical data for compounds 6, 8o, 8p, and 8q
are provided, as well as details of the prepusle inhibition (PPI)
behavioral model. This material is available free of charge via
the Internet at http://pubs.acs.org.

References
(1) Schoepp, D. D.; Jane, D. E.; Monn, J. A. Pharmacological agents

acting at subtypes of metabotropic glutamate receptors. Neuro-
pharmacology 1999, 38, 1431-1476.

(2) Conn, P. J.; Pin, J.-P. Pharmacology and functions of metabo-
tropic glutamate receptors. Annu. Rev. Pharmacol. Toxicol. 1997,
37, 205-237.

(3) Alagarsamy, S.; Sorensen, S. D.; Conn, P. J. Coordinate regula-
tion of metabotropic glutamate receptors. Curr. Opin. Neurobiol.
2001, 3, 114-120.

(4) Chavez-Noriega, L. E.; Schaffhauser, H. J-L., Campbell, U. C.
Metabotropic glutamate receptors: potential drug targets for the
treatment of schizophrenia. Curr. Drug Targets CNS Neurol.
Disord. 2002, 1, 261-281.

(5) (a) Olney, J. W.; Farber, N. B. Glutamate receptor dysfunction
and schizophrenia. Arch. Gen. Psychiatry 1995, 52, 998-1007.
(b) Olney, J. W.; Newcomer, J. W.; Farber, N. B. NMDA receptor
hypofunction model of schizophrenia. J. Psychiatr. Res. 1999,
33, 523-533.

(6) Mannaioni, G.; Marino, M. J.; Valenti, O.; Traynelis, S. F.; Conn,
P. J. Metabotropic glutamate receptors 1 and 5 differentially
regulate CA1 pyrimidal cell function. J. Neurosci. 2001, 21,
5925-5934.

(7) Cartmell, J.; Schoepp, D. D. Regulation of neurotransmitter
release by metabotropic glutamate receptor. J. Neurochem. 2000,
75, 889-907.

(8) Gasparini, F.; Kuhn, R.; Pin, J.-P. Allosteric modulators of group
I metabotropic glutamate receptors: novelsubtype-selective
ligands and therapeutic perspectives. Curr. Opin. Pharmacol.
2002, 2, 43-49.

(9) (a) Lischig, S.; Gasparini, F.; Ruegg, D.; Stoehr, N.; Flor, P. J.;
Vranesic, I.; Prezeau, L.; Pin, J.-P.; Thomsen, C.; Kuhn, R.
CPCCOEt, a noncompetitive metabotropic glutamate receptor
1 antagonist, inhibits receptor signaling without affecting
glutamate binding. Mol. Pharmacol. 1999, 55, 453-461. (b)
Gasparini, F.; Lingenhohl, K.; Stoehr, N. Flor, P. J.; Heinrich,
M.; Vranesic, I., et al. 2-Methyl-6-(phenylethynyl)-pyridine
(MPEP), a potent, selective and systemically active mGluR5
receptor antagonist. Neuropharmacology 1999, 38, 1493-1503.

(10) (a) Knoflach, F.; Mutel, V.; Jolidon, S.; Kew, J. N. C.; Malherbe,
P.; Vieira, E.; Wichmann, J.; Kemp, J. A. Positive allosteric
modulators of metabotropic glutamate 1 receptor: characteriza-
tion, mechanism of action and binding site. Proc. Natl. Acad.
Sci. U.S.A. 2001, 98, 13402-13407. (b) Johnson, M. P.; Baez,
M.; Jagdmann, G. E.; Britton, T. C.; Large, T. H.; Callagaro, D.
O.; Tizzano, J. P.; Monn, J. A.; Schoepp, D. D. Discovery of
allosteric potentiators for the metabotropic glutamate 2 recep-
tor: synthesis and subtype selectivity of N-(4-(2-methoxyphen-
oxy)phenyl)-N-(2,2,2-trifluoroethylsulfonyl)pyrid-3-ylmethylamine.
J. Med. Chem. 2003, 46, 3189-3192.

(11) (a) O′Brien, J. A.; Lemaire, W.; Chen, T.-B.; Chang, R. S. L.;
Jacobson, M. A.; Ha, S. N.; Lindsley, C. W.; Sur, C.; Pettibone,
D. J.; Conn, J.; Wiliams, D. L. A family of highly selective
allosteric modulators of the metabotropic glutamate receptor
subtype 5 (mGluR5). Mol. Pharmacol. 2003, 64 (3), 731. (b)
O′Brien, J. A.; Lemaire, W.; Wittman, M.; Jacobson, M. A.; Ha,
S. N.; Wisnoski, D. D.; Lindsley, C. W.; Schaffhauser, H. J.; Sur,
C.; Duggan, M. E.; Pettibone, D. J.; Conn, P. J.; Wiliams, D. L.
‘A novel, selective allosteric modulator potentitaes the activity
of native metabotropic glutamate receptor subtype 5 (mGluR5)
in rat forebrain. J. Pharmacol. Exp. Ther. 2004, 309 (2), 568-
577.

(12) Unfortunately, we did not have access to an mGluR6 cell line,
so we could not evaluate selectivity vs mGluR5 in this instance.

(13) Leister, W.; Strauss, K.; Wisnoski, D..; Zhao, Z.; Lindsley, C.
Development of a custom high-throughput preparative liquid
chromatography/mass spectrometer platform for the preparative
purification and analytical analysis of compound libraries. J.
Comb. Chem. 2003, 5, 322.

(14) Kinney, G. G.; O′Brien, J. A.; Lemaire, W.; Burno, M.; Bickel,
D. J.; Clements, M. K.; Wisnoski, D. W.; Lindsley, C. W.; Tiller,
P. R.; Smith, S.; Jacobson, M. A.; Sur, S.; Duggan, M. E.;
Pettibone, D. J.; Williams, D. L., Jr. A novel selective allosteric
modulator of Metabotropic glutamate receptor subtype 5 (mGluR5)
has an antipsychotic profile in rats behavioral models. J.
Neurosci., submitted.

(15) Regan, J.; Breitfelder, S.; Cirillo, P.; Gilmore, T.; Graham, A.
G.; Hickey, E.; Klaus, B.; Madweed, J.; Moriak, M.; Moss, N.;
Pargellis, C.; Pav, S.; Proto, A.; Swinamer, A.; Tong, L.; Torcel-
lini, C. Pyrazole urea-based inhibitors of p38 MAP kinase: from
lead compound to clinical candidate. J. Med. Chem. 2002, 45,
2994-3008.

(16) 8q was determined to be an antagonist at mGluR8 with an IC50
of 9.7 µM.

(17) Hochman, J. H.; Yamazaki, M.; Ohe, T.; Lin, J. H. Evaluation
of drug interactions with P-glycoprotein: in vitro assessment of
the potential for drug-drug intreractions with P-glycoprotein.
Curr. Drug Methods 2002, 3, 257-273 and references therein.

(18) Kinney, G. G.; Burno, M.; Campbell, U. C.; Hernandez, L. M.;
Rodriguez, D.; Bristow, L. J.; Conn, J. P. Metabotropic glutamate
subtype 5 receptors modulate locomotor activity and sensorimo-
tor gating in rodents. J. Pharmacol. Exp. Ther. 2003, 306, 116-
123.

(19) Geyer, M. A.; Krebs-Thomoson, K.; Braff, D. L.; Swerdlow, N.
R. Pharmacological studies of prepulse inhibition models of
sensorimotor gating deficits in schizophrenia: a decade in
review. Psychopharmacology 2001, 156, 117-154.

(20) (a) Bristow, L. J.; Thorn, L.; Tricklebank, M. D.; Huston, P. H.
Competitive NMDA receptor antagonists attenuate the behav-
ioral and neurochemical effects of amphetamine in mice. Eur.
J. Pharmacol. 1994, 264, 353-359. (b) Kumari, V.; Sharma, T.
Effects of typical and atypical antipsychotics on prepulse inhibi-
tion in schizophrenia: a critical evaluation of current evidence
and directions for future research. Psychopharmacology 2002,
162, 97-101.

JM049400D

Figure 3. 8q reverses amphetamine-induced disruption of
PPI.
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