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R 7 F R A, m, Q, Rl, RZ, R3, R* and R are defined as in Formula (I); which are negative allosteric
N O @ modulators of the metabotropic glutamate receptor subtype 7 (mGlu7) and which are useful
Ny a B for the treatment or prevention of neurological, ear and psychiatric disorders associated with
R? R? glutamate dysfunction and diseases in which the mGlu7 subtype of metabotropic receptors

is involved. The invention is also directed to pharmaceutical compositions comprising such
compounds, to processes to prepare such compounds and such compositions, and to the use of
such compounds for the prevention or treatment of neurological, ear and psychiatric disorders
and diseases in which mGlu7 is involved.
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SUBSTITUTED HETEROBICYCLIC DERIVATIVES AS NEGATIVE
ALLOSTERIC MODULATORS OF MGLU7 RECEPTOR

SUMMARY OF THE INVENTION

)

The present invention relates to novel compounds of Formula (I), wherein A, m, Q, R},
R?, R} R* and R® are defined as in Formula (I); which are negative allosteric
modulators of the metabotropic glutamate receptor subtype 7 (mGlu7) and which are
useful for the treatment or prevention of neurological, ear and psychiatric disorders
associated with glutamate dysfunction and diseases in which the mGlu7 subtype of
metabotropic receptors is involved. The invention is also directed to pharmaceutical
compositions comprising such compounds, to processes of preparing such compounds
and such compositions, and to the use of such compounds for the prevention or
treatment of neurological, ear and psychiatric disorders and diseases in which mGlu7 is

involved.

BACKGROUND OF THE INVENTION

Glutamate is the primary amino-acid transmitter in the mammalian central nervous
system (CNS). Glutamate is associated with numerous physiological functions learning
and memory, sensory perception, development of synaptic plasticity, motor control,
respiration, and regulation of cardiovascular function. Furthermore, glutamate is at the
centre of several different neurological and psychiatric diseases, where there is an

imbalance in glutamatergic neurotransmission.
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Glutamate mediates synaptic neurotransmission through the activation of ionotropic
glutamate receptor channels (iGluRs), the NMDA, AMPA and kainate receptors which
are responsible for fast excitatory transmission (Nakanishi et al. (1998) Brain Res.

Rev., 26:230-235).

In addition, glutamate activates metabotropic glutamate receptors (mGluRs) which
have a modulatory role that contributes to the fine-tuning of synaptic efficacy
(Niswender & Conn (2010) Ann. Rev. Pharmacol. Toxicol. 50:295-322). As opposed to
1GluRs, mGIluRs do not mediate but rather “modulate” synaptic transmission acting at
different levels of the tripartite synapse formed by the junction of axon terminals,
dendritic spines, and astrocytes. The mGIluRs are seven-transmembrane domain-
containing G protein-coupled receptors (GPCRs) belonging to family 3 GPCRs along
with the calcium-sensing, GABAg, and pheromone receptors. Glutamate activates the
mGluRs through binding to a site on the large extracellular amino-terminal domain of
the receptor, herein called the orthosteric binding site. This activation induces a
conformational change of the rest of the receptor which results in the activation of the
G-protein and subsequently to a large variety of intracellular signalling pathways. The
mGluR family is composed of eight members. They are classified into three groups
(group I comprising mGlul and mGlu5; group II comprising mGlu2 and mGlu3; group
IIT comprising mGlu4, mGlu6, mGlu7, and mGlu8) according to sequence homology,
pharmacological profile, and nature of intracellular signalling cascades activated

(Schoepp ef al. (1999) Neuropharmacology, 38:1431-1476).

Among mGlu receptors, the mGlu7 subtype is the most widely distributed and is
present pre-synaptically at a broad range of synapses that are postulated to be critical
for both normal CNS functions and a range of psychiatric and neurological disorders
(Ohishi et al. (1995) J. Comp. Neurol. 360(4):555-570; Kinzie et al. (1995)
Neuroscience, 69(1):167-176; Corti ef al. (1998) Eur. J. Neurosci, 10(12):3629-3641).
mGlu7 is negatively coupled to adenylate cyclase via activation of Gai-protein, and its

activation as a pre-synaptic autoreceptor leads to inhibition of glutamate and GABA
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release in the synapse (Dalezios ef al. (2002) Cereb. Cortex, 12(9):961-974; Cartmell
and Schoepp (2000) J. Neurochem., 75:889-907; Somogyi ef al. (2003) Eur. J.
Neurosci. 17(12):2503-2520) therefore shaping the synaptic responses at glutamatergic
synapses as well as being a key regulator of inhibitory GABAergic transmission with

the final goal of fine tuning the overall excitability of the brain.

Previously, most available pharmacological tools targeting mGluRs were orthosteric
ligands which cross react with several members of the family as they are structural
analogs of glutamate (Schoepp ef al. (1999) Neuropharmacology, 38:1431-1476).
However, with new screening methods, it has become possible to identify molecules
selective to individual mGluRs that act through allosteric mechanisms, modulating the
receptor by binding to a site different from the highly conserved orthosteric binding
site. These types of molecules have been discovered for several mGluRs (reviewed in
Hellyer et al. (2017) Curr. Opin. Pharmacol. 32:49-55; Stansley & Conn (2019) Trends
Pharmacol. Sci. 40(4):240-52; Dogra & Conn, (2022) Mol. 101(5):275-285). Several
small molecules targeting mGlu7 receptors have been identified in recent years
(reviewed in Vasquez-Villa & Trabanco (2019) Med. Chem. Comm. 10:193-9).
AMNO82 was described as being a potent, selective and systemically active mGlu7
allosteric agonist (Mitsukawa ef al. (2005) Proc. Natl. Acad. Sci. USA, 102:18712-
18717). 7-Hydroxy-3-(4-iodophenoxy)-4H-chromen-4-one (XAPO044), an allosteric
antagonist of mGlu7 was also recently described (Gee ef al. (2014) J. Biol. Chem.
18;289(16):10975-10987), acting via a binding pocket localized in the receptor’s
extracellular Venus flytrap domain. Finally, several classes of compounds have been
described, such as isoxazolopyridinone derivatives, phenylbenzamide derivatives,
dihydrobenzoxazolone  derivatives, tetrahydrophthalazinone  derivatives and
pharmacologically characterized as selective mGlu7 negative allosteric modulators
(Suzuki ef al. (2007) J. Pharmacol. Exp. Ther., 323:147-156; Kalinichev ez al. (2013) J.
Pharmacol. Exp. Ther. 344(3):624-636; Reed ef al. (2017) ACS Med. Chem. Lett.
(12):1326-1330 and Duvey e al (2019) WO2019063569).

Specifically, modulators of the mGlu7, and preferably antagonists, inverse agonists,

and negative allosteric modulators (NAMs), are reported to hold potential for the
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treatment of neurological, psychiatric, mood disorders as well as pain and otic
disorders, based on experimental studies on laboratory animals, deemed relevant to

clinical syndromes.

Combined expression of mGlu7 in brain regions and pharmacological manipulations of
mGlu7 in genetically modified mice and wild-type animals reveal an important role for
mGlu7 in numerous CNS disorders, including depression, schizophrenia, anxiety,
obsessive compulsive disorders and associated symptoms (reviewed by Pallazo et al.
(2016) Curr. Neuropharmacol. 14(5): 504-513), and in particular in acute and chronic
stress-related disorders (reviewed by Peterlik er al. (2016) Curr Neuropharmacol.

14(5):514-539).

mGlu7 has been shown to be located on limbic system nuclei such as the amygdala,
hippocampus and the locus coerulus, regions that are known to be critical for the
manifestation of anxiolysis and antidepressant actions (Kinoshita ez al. (1998) J. Comp.
Neurol., 393(3):332-352; Makoft ef al. (1996) Brain Res. Mol. Brain Res., 40(1):165-
170; Kinzie et al. (1995) Neuroscience, 69(1):167-176). Moreover, studies in several
behavioral models (light-dark box test, elevated plus maze, staircase test, forced swim
test and tail suspension test) have shown that mGlu7 knockout animals exhibit an
anxiolytic and anti-depressant phenotype but also some deficits in amygdala-dependent
behaviors (fear response and conditioned taste aversion) (Cryan ef al. (2003) Eur. J.
Neuroscience, 17:2409-2417). Therefore, a pharmacological agent aiming at
modulating mGlu7 activity may represent a novel therapeutic approach for the

treatment of neurological and psychiatric disorders such as anxiety and depression.

Activation of mGlu7 using the allosteric agonist AMNOS2 increase plasma levels of the
stress hormones corticosterone and ACTH (Mitsukawa efr al (2005) PNAS,
102(51):18712-18717). This effect is totally absent in mGlu7 knock-out mice. Those
results are in accordance with previous genetic studies showing that mGlu7 is an
important regulator of stress response in vivo (Mitsukawa ef al. (2006)
Neuropsychopharm., 31(6):1112-1122). In this paper, Mitsukawa ef al. demonstrated
that mGlu7 ablation causes dysregulation of the HPA axis and increases hippocampal

BDNF protein levels, indicating that this receptor might be implicated in stress-related
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psychiatric disorders such as anxiety, depression, post-traumatic stress syndrome,
behaviours induced by innate fear such as acquisition and extinction of conditioned fear
or conditioned taste aversion. These data also confirmed previous observations where
mGlu7-deficient mice showed marked reduction in fear-mediated freezing responses
during electric foot-shocks and impairment in the ability to associate between a taste
stimulus and a malaise-evoking LiCl injection (conditioned taste aversion, CTA)
(Masugi et al. (1999) J. Neurosc., 19(3):955-963). These mice also demonstrated a
deficit in the acquisition and extinction learning of conditioned responses compared to

wild type animals (Goddyn et al. (2008) Neurobiol. Learn. Mem., 90(1):103-111).

Contradictory effects observed with the allosteric agonist AMNOS2 may be explained
by the rapid and long-lasting mGlu7 receptor internalization, coinciding with functional
antagonism, and its scarce selectivity in vivo suggests a potential off-target
involvement (Sukoff Rizzo ef al. (2011) J. Pharmacol. Exp. Ther., 338(1):345-352;
Pelkey et al. (2007) Neuropharmacology 52(1):108-117).

The recent discovery of several negative allosteric modulators has contributed to better
understanding of functional role of mGlu7 in neural functioning. 6-(4-Methoxyphenyl)-
5-methyl-3-pyridin-4-ylisoxazolo[4,5-c]pyridin-4(5H)-one (MMPIP) administered in
vivo has demonstrated anxiolytic, anti-depressant like properties, as well as improved
cognitive performance in rodent models (Palazzo et al. (2015) Pain, 156(6):1060-
1073). 7-Hydroxy-3-(4-iodophenoxy)-4H-chromen-4-one (XAP044) was shown to
produce anti-stress, anti-depressant and anxiolytic-like effects and to reduce freezing in
a fear-conditioning paradigm (Gee et al. (2014) J. Biol. Chem. 289(16):10975-10987).
Furthermore,  ($)-6-(2,4-dimethylphenyl)-2-ethyl-6,7-dihydrobenzo[d]oxazol-4(5H)-
one (ADX71743) demonstrated anxiolytic-like effects in the elevated plus maze and
marble burying tests, as well as reducing amphetamine-induced hyperactivity without
altering baseline locomotor activity (Kalinichev ef al. (2013) J. Pharmacol. Exp. Ther.
344(3):624-636). Taken together, these data indicate that inhibiting mGlu7 with a
modulator would be useful for the treatment of mood disorders related to anxiety,

depression and PTSD.

In addition, mGlu7 receptors have also been implicated in pathways affected during

pain. Given its high and wide expression both in the peripheral and central nervous
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systems, mGlu7 was found to play a role in regulating pain behaviour. The role of
mGlu7 in pain was also recently demonstrated using AMNO82 injection directly into
the central nucleus of the amygdala (CeA) or in the periaqueductal gray (PAG). Under
normal conditions, activation of amygdala mGlu7 facilitates pain responses, as shown
by a decrease in the spinal withdrawal reflex thresholds and increased audible and
ultrasonic vocalizations evoked by brief compression of the knee (Palazzo ef al. (2008)
Neuropharmacol., 55(4):537-545). In a similar manner, activation of PAG mGlu7
decreased thermoceptive thresholds measured using the tail flick latency in rats
(Marabese et al. (2007) J. Neurophysiol., 98:43-53). In rodent models of pain,
AMNO82 inhibited hyperalgesia (Dolan ef al. (2009) Behav. Pharmacol. 20(7):596-
604); Osikowicz et al. (2008) Pain 139(1):117-126). In addition, the mGlu7 negative
allosteric modulator ADX71743 was shown to reduce visceral pain in a stress-sensitive
model of visceral hypersensitivity (Moloney ef al. (2015) Neurobiol. Stress 2:28-33).
Altogether these data suggest that activation of mGlu7 receptors worsen pain
perception and mGlu7 inhibition reduces it, therefore suggesting negative allosteric
modulators of this receptor might be useful in the treatment of pain and pain-related

disorders.

Genome-wide studies have also shown an association of the mGlu7 receptor with age-
related hearing impairment (ARHI), also called presbycusis. This resulted in the
identification of a highly significant and replicated single nucleotide polymorphism
(SNP) located in GRM7, the gene coding for the mGlu7 receptor (Van Laer et al.
(2010) Eur. J. Hum. Genet., 18(6):685-693; Friedman ef al. (2009) Hum. Mol. Genet.,
18(4):785-796; Newman ef al. (2012) Hear Res. 294:125-132; Luo et al. (2013) PLoS
One, 8(10):€77153; Haider et al. (2017) Front. Aging Neurosci. 9:346; Matyas et al.
(2019) Pathol. Oncol. Res. 25(4):1645-52; Chang et al. (2018) J. Int. Adv. Otol.
14(2):170-175). GRM7 variants were also identified to be in association of noise-
induced hearing loss, as reported by Lu ef al. (BMC Med. Genet. (2018), 19(1):4) and
tinnitus, as reported by Haider ef al. (Front. Aging Neurosci. (2017), 9:346). Finally,
mGlu7 expression, studied by immunohistochemistry, is located in the neurons of the
spiral ganglion, in the inner and outer hair cells of the organ of Corti, and the hair cells
of the wvestibular apparatus formed by the sacculus, the utriculus and the crista

ampullaris (Friedman et al. (2008) W02008131439). These data suggest that mGlu7
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receptor modulators are of potential use in the experimental treatment of otic disorders
linked to the inner ear and auditory nervous system such as age-related hearing loss
(presbycusis), noise-induced hearing loss, acute and chronic hearing loss, tinnitus,

Meniere’s disease and vestibular disorders.

Finally, on top of its wide distribution throughout the CNS, mGlu7 shows the highest
degree of evolutionary conservation of all mGluRs (Flor et al (1997)
Neuropharmacol., 36:153-159), suggesting an important role for this receptor in CNS
functioning. Moreover, it has a relatively low affinity for glutamate (Okamato ef al.
(1994) J. Biol. Chem., 269:1231-1236), thus it may remain inactive during normal
transmission, only becoming active during times of excessive glutamate release
(Ferraguti F. and Shigemoto R. (2006) Cell Tissue Res., 326:483-504). Taken together
these data strongly highlight the potential of mGlu7 modulators in clinical indications
such as neuroprotection (to treat stroke and head injury, ischemic damage and

neurotoxicity).

Altogether, these pharmacological and genetic data strongly support the potential of
mGlu7 modulators for the treatment of a wide range of disease and associated
symptoms across psychiatric, neurological, neurodevelopmental, otic and pain

disorders.
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SUMMARY OF THE INVENTION

The invention relates to compounds having metabotropic glutamate receptor 7
modulator activity. In its most general compound aspect, the present invention provides

a compound according to Formula (1),

)

a pharmaceutically acceptable acid or base addition salt thereof, a stereochemically

isomeric form thereof or an N-oxide form thereof, wherein:

Q is an optionally substituted aryl or heteroaryl which may further be substituted
by 1 to 5 radicals (A)m;

m is an integer ranging from 1 to 5;

the or each (A)m is independently selected from the group of (for example the
group consisting of) hydrogen, halogen, -CN, -OH, -NO,, -CF3, -OCFj3, -SH, -NH; and
an optionally substituted radical selected from the group of (for example the group
consisting of) -(C1-Ce)alkyl, -(Ci-Cs)haloalkyl, -(C>-Cs)alkynyl, -(C,-Ce)alkenyl, -(Cs-
Cr)cycloalkyl,  -(Ci-Ce)alkylene-(Cs-C7)cycloalkyl,  -(Cs-Cg)cycloalkenyl,  -(Ci-
Cs)cyanoalkyl, -(Ci-Ces)alkylene-aryl, aryl, -(Ci-Cs)alkylene-heteroaryl, heteroaryl, -
(C1-Co)alkylene-heterocycle, heterocycle, -(Co-Ce)alkylene-OR®, -O-(Cz-Cs)alkylene-
OR® -NR®(C,-Cs)alkylene-OR’, -(C3-Cs)alkynylene-ORS, -(C3-Cs)alkynylene-NR°R”, -
(C3-Co)alkenylene-OR®, -(C3-Co)alkenylene-NRR’, -(Co-Co)alkylene-S-R®, -O-(Ca-
Co)alkylene-S-RS, -NR®-(C,-Ce)alkylene-S-R’, -(Co-Cs)alkylene-S(=0)-RS, -O-(C;-
Co)alkylene-S(=0)-R®, -NR®-(C;-Cs)alkylene-S(=0)-R’, -(Co-Cs)alkylene-S(=0),-R®, -
0-(C1-Co)alkylene-S(=0)-R®, -NR®-(C;-Ce)alkylene-S(=0)-R’,  -(Co-Cs)alkylene-
NRR’, -O-(Cz-Cs)alkylene-NRR’, -NRS-(C;-Cg)alkylene-NR'R®, -(Co-Cg)alkylene-
S(=0):NR°R’, -O-(C1-Cs)alkylene-S(=0)NR°R’, -NR®-(C;-C¢)alkylene-S(=0),NR'R?,
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-(Co-Co)alkylene-NR®-S(=0),R7,  -O-(C;-Ce)alkylene-NR®-S(=0),R’,  -NR®~(C>-
Co)alkylene-NR7-S(=0),R®,  -(Co-Co)alkylene-C(=0)-NR°R’,  -O-(C;-Cs)alkylene-
C(=0)-NR°R’, -NR®-(C;-C¢)alkylene-C(=0)-NR'R?, -(Cy-Cs)alkylene-NR®C(=0)-R’, -
0-(C>-Ce)alkylene-NR®C(=0)-R’, -NR®-(C,-Cs)alkylene-NR’C(=0)-R®, -NR°C(=0)-
(C1-Co)alkylene-OR’, -NRSC(=0)-(C;1-Cs)alkylene-NR'R8, -(Cy-Cs)alkylene-OC(=0)-
R®,  -O-(C:-Co)alkylene-OC(=0)-R®,  -NR®-(C;-Ce)alkylene-OC(=0)-R’,  -(Co-
Co)alkylene-C(=0)-ORS,  -O-(C;-Co)alkylene-C(=0)-OR®,  -NR®-(C;-Cs)alkylene-
C(=0)-OR’, -(Cp-Ce)alkylene-C(=0)-R®, -O-(C;-Ce)alkylene-C(=0)-R®, -NR®~(C;-
Ce)alkylene-C(=0)-R’, -C(=0)~(Ci-Ce)alkylene-OR®, -C(=0)-(C1-Cs)alkylene-NRR”,
L(Co-Co)alkylene-NRS-C(=0)-OR”, -C(=0)(Ci-Cs)alkylene-NR®-C(=0)-OR”,  (Co-
Co)alkylene-O-C(=0)-NR°R”,  (Co-Cs)alkylene-NRO-C(=0)-NR'R®,  -0~(C»-
Cs)alkylene-NR®-C(=0)-NR'R®, -NR®~(C,-Ce)alkylene-NR’-C(=0)-NR*R’ and -(Co-
Cs)alkylene-NR®-C(=NR")-NR®*R?;

R! is an optionally substituted -(C1-Cs)alkyl, -(C1-Cs)haloalkyl, -(C3-C7)cycloalkyl,
-(C1-Ce)alkylene-(Cs-Cr)cycloalkyl,  -(Ci-Cs)cyanoalkyl,  -(C,-Cs)alkylene-O-(Co-
Co)alkyl, aryl, -(C1)alkylene-aryl, heterocycle, -(C1-Cs)alkylene-heterocycle, heteroaryl
or -(Cp)alkylene-heteroaryl, wherein the aryl, heterocycle or heteroaryl ring can be

substituted by 1 to 5 independent (B), radicals;

n is an integer ranging from 1 to 5;

the or each (B)a is independently selected from the group of (for example the
group consisting of) hydrogen, halogen, -CN, -OH, -NO,, -CF3, -OCFj3, -SH, -NH; and
an optionally substituted radical selected from the group of (for example the group
consisting of) -(C1-Ce)alkyl, -(Ci-Cs)haloalkyl, -(C>-Cs)alkynyl, -(C,-Ce)alkenyl, -(Cs-
Cr)cycloalkyl,  -(Ci-Ce)alkylene-(Cs-C7)cycloalkyl,  -(Cs-Cg)cycloalkenyl,  -(Ci-
Cs)cyanoalkyl, -(Ci-Ces)alkylene-aryl, aryl, -(Ci-Cs)alkylene-heteroaryl, heteroaryl, -
(C1-Cs)alkylene-heterocycle, heterocycle, -(Co-Cs)alkylene-OR!?, -O-(C»-Cs)alkylene-
OR!’  _NR!%(C,-Ce)alkylene-OR!| -(C3-Ce)alkynylene-OR!, -(C3-Cs)alkynylene-
NR!I“R!, -(C3-Co)alkenylene-OR!?, -(C3-Cs)alkenylene-NR!'R!!, -(Cy-Cs)alkylene-S-
R!° -0-(C;-Ce)alkylene-S-R!®, -NR!-(C,-Cs)alkylene-S-R!!, -(Co-Cs)alkylene-S(=0)-
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R!°  -0-(Ci-Ce)alkylene-S(=0)-R!°,  -NR!°-(C;-C¢)alkylene-S(=0)-R!!,  ~(Co-
Co)alkylene-S(=0)-R!°,  -O-(C1-Co)alkylene-S(=0),-R'°,  -NR!°-(C;-Cs)alkylene-
S(=0)-R!!,  -S(=0)(=NH)-R', -(Co-Co)alkylene-NR'R!  -O-(C,-Ce)alkylene-
NRR!" _NR!-(C,-Cg)alkylene-NR!'R!'? -(Cy-Co)alkylene-S(=0),NR'°R!! -O-(C;-
Co)alkylene-S(=0),NR!'R!| -NR!°-(C;-C)alkylene-S(=0),NR!'R!?, -(Cy-Cs)alkylene-
NRY-§(=0),R!!, -O-(Cy-Co)alkylene-NR!’-S(=0),R!!, -NR!°-(C,-Cg)alkylene-NR!!-
S(=0):R"?, -(Cy-Ce)alkylene-C(=0)-NR!R!!| -O-(C;-Cs)alkylene-C(=0)-NR!R!! -
NR!'-(C;-Co)alkylene-C(=0)-NR!'R'2,  (Co-Co)alkylene-NR!°C(=0)-R!!,  -O~(C>-
Co)alkylene-NR'°C(=0)-R!!, -NR!°-(C,-Cs)alkylene-NR!''C(=0)-R"?, -NR'°C(=0)-(C;-
Co)alkylene-OR!, -NR!°C(=0)-(C;i-Ce)alkylene-NR!'R!2, -(Cy-Cs)alkylene-OC(=0)-
R -0-(Cy-Co)alkylene-OC(=0)-RY’, -NR!°-(C;-Cs)alkylene-OC(=0)-R!!,  -(Co-
Ce)alkylene-C(=0)-OR!?,  -O-(C;-Ce)alkylene-C(=0)-OR!?, -NR!°-(C;-Cs)alkylene-
C(=0)-OR!, ~(Co-Cs)alkylene-C(=0)R!*, -O-(Ci-Cs)alkylene-C(=0)-R!, -NR~(C;-
Cs)alkylene-C(=0)-R!,  -C(=0)-(C:-Cs)alkylene-OR'®,  -C(=0)-(C1-Cs)alkylene-
NRR!" -(Cy-Co)alkylene-NR'’-C(=0)-OR!, -C(=0)-(C;-Cs)alkylene-NR!'’-C(=0)-
OR!!, ((Co-Co)alkylene-O-C(=0)-NR "R -(Cy-Cs)alkylene-NR!°-C(=0)-NR!''R!?, -O-
(C2-Ce)alkylene-NR°-C(=0)-NR!'R!2,  -NR!°-(C,-Cs)alkylene-NR!!-C(=0)-NR!’R!3
and -(Co-Ce)alkylene-NR'°-C(=NR!'!)-NR!’R!3;

wherein optionally two radicals B are combined with the intervening atoms to form a 3
to 10 membered bicyclic heterocycle ring; wherein each ring is optionally further
substituted with 1 to 5 radicals independently selected from the group of (for example
the group consisting of) halogen, -CN, nitro, -(Ci-Cs)alkyl -(Co-Cs)alkylene-O-(Co-
Cs)alkyl and -(Co-Cs)alkylene-N-((Co-Cs)alkyl);

R? is selected from the group of (for example the group consisting of) hydrogen,
halogen, -CN, -NO,, -CF3 and an optionally substituted radical selected from the group
of (for example the group consisting of) -(Ci-Ce)alkyl, -(Ci-Ce)haloalkyl, -(Cs-
Cy)cycloalkyl,  -(Ci-Ce)alkylene-(C3-Cr)cycloalkyl,  -(Ci1-Cs)cyanoalkyl,  -(Ci-
Co)alkylene-aryl, aryl, -(Ci-Ce)alkylene-heteroaryl, heteroaryl, heterocycle, -(C-
Cs)alkylene-heterocycle, -(Ci-Ce)alkylene-OR!, -NR'4(C,-Co)alkylene-OR!'®, -(Co-
Co)alkylene-S-R', -(Cp-Ce)alkylene-S(=0)-R!, -(Co-Co)alkylene-S(=0),-R!*, ~(Co-
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Ce)alkylene-NR“R1°, -NR!*-(C,-C)alkylene-NR’R ¢, -(Co-Ce)alkylene-
S(=0),NRMR', -(Cy-Cs)alkylene-NR"-S(=0),R"*, -(Cy-Cs)alkylene-C(=0)-NR"“R!, -
(Co-Co)alkylene-NR'*C(=0)-R",  -(C1-Cs)alkylene-OC(=0)-R"*,  -(Co-Cs)alkylene-
C(=0)-OR™, ~(Co-Co)alkylene-C(=0)-R™, ~(Co-Cs)alkylene-NR'-C(=0)-OR'3, (Co-
Cs)alkylene-O-C(=0)-NR!R",  -(Co-Cs)alkylene-NR!'*-C(=0)-NRR'® and -(Co-
Cs)alkylene-NR'*-C(=NR'°)-NR!°R!";

R? and R* are each independently selected from the group of (for example the
group consisting of) hydrogen, halogen, -CN, -OH, -NO,, -CF3, -OCFj3, -SH, -NH; and
an optionally substituted radical selected from the group of (for example the group
consisting of) -(Ci-Cs)alkyl, -(Ci-Cs)haloalkyl, -(C3-C7)cycloalkyl, -(Ci-Ce)alkylene-
(Cs-Cy)eycloalkyl, -(Ci-Ces)cyanoalkyl, -(Ci-Ce)alkylene-aryl, -(Ci-Ce)alkylene-
heteroaryl, heteroaryl, heterocycle, -(Ci-Cs)alkylene-heterocycle, -(Co-Cs)alkylene-
OR!'® -O-(C,-Co)alkylene-OR!'® -NR'¥(C,-Cs)alkylene-OR', -(Cp-Ce)alkylene-S-R!8, -
(Co-Co)alkylene-S(=0)-R!8, -(Co-Co)alkylene-S(=0),-R!®, -(Co-Ce)alkylene-NR!* R, -
0-(C,-Co)alkylene-NR'®R"  -NR!3-(C,-Cs)alkylene-NR'?R?®,  (Cy-Cs)alkylene-
S(=0):NR®RY, -(Cy-Cs)alkylene-NR'®-S(=0),R"’, -(Co-Cs)alkylene-C(=0)-NR"¥R", -
(Co-Co)alkylene-NR'®C(=0)-R",  -(Co-Cs)alkylene-OC(=0)-R'®,  -(Co-Cs)alkylene-
C(=0)-OR"™, -(Cy-Cs)alkylene-C(=0)-R'®, -(Co-Cs)alkylene-NR'®-C(=0)-OR", -(Co-
Cs)alkylene-O-C(=0)-NR'®R",  -(Co-Cs)alkylene-NR'3-C(=0)-NR'"’R?*® and -(Co-
Cs)alkylene-NR'®-C(=NR'”)-NR?’R?!;

R’ is independently selected from the group of (for example the group consisting
of) hydrogen, halogen, -CN, -OH, -NO,, -CF;, -OCF;3 -SH and an optionally
substituted radical selected from the group of (for example the group consisting of) -
(Ci-Ce)alkyl, -(C1-Ce)haloalkyl, -(C3-C7)cycloalkyl, -(C1-Ce)alkylene-(Cs-
Cr)cycloalkyl, -(Ci-Cs)cyanoalkyl, -(Ci-Ce)alkylene-aryl, aryl, -(Ci-C¢)alkylene-
heteroaryl, heteroaryl, heterocycle, -(Ci-Cs)alkylene-heterocycle, -(Co-Cs)alkylene-
OR??, -O-(C,-C)alkylene-OR??, -NR?*(C,-Cs)alkylene-OR?, -(Cp-Ce)alkylene-S-R??, -
(Co-Co)alkylene-S(=0)-R??, -(Co-Cs)alkylene-S(=0),-R*2, -(Ci-Ce)alkylene-NR?*R*3, -
0-(C,-Co)alkylene-NR*?R?*,  -NR?*?-(C,-Co)alkylene-NR**R**  -(Cy-Cs)alkylene-
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S(=0):NR?’R*, -(Cy-Cs)alkylene-NR?*2-S§(=0),R?*, -(Co-Cs)alkylene-C(=0)-NR*’R?*}, -
(Co-Co)alkylene-NR*>C(=0)-R*,  -(Co-Cs)alkylene-OC(=0)-R*?>,  -(Co-Cs)alkylene-
C(=0)-OR*, -(Co-Cs)alkylene-C(=0)-R**, -(Co-Cs)alkylene-NR**-C(=0)-OR*, -(Co-
Cs)alkylene-O-C(=0)-NR*?R*,  -(Co-Cs)alkylene-NR**-C(=0)-NR*R?** and -(Co-
Co)alkylene-NR?2-C(=NR??)-NR?*R*’; and

R6, R7, RS, R9, RIO, RH, RIZ’ RIS’ RH, RIS, R16, RU, RIS, R19 RZO, RZI, R22’ R23’ R24 and
R?’ are each independently hydrogen or an optionally substituted radical selected from
the group of (for example the group consisting of) -(C1-Ce)haloalkyl, -(Ci-Ce)alkyl, -
(C1-Ces)cyanoalkyl, -(Cs-Cr)cycloalkyl, -(C1-Cs)alkylene-(Cs-Cr)cycloalkyl, heteroaryl,
-(C1-Ce)alkylene-heteroaryl, aryl, -(Ci-Cs)alkylene-aryl, -(Ci1-Co)alkylene-heterocycle,
heterocycle, -(Co-Cs)alkylene-O-(Co-Cs)alkyl and (Co-Cs)alkylene-N-((Co-Cs)alkyl)s.

The compound of formula (I), a pharmaceutically acceptable acid or base addition salt
thereof, a stereochemically isomeric form thereof or an N-oxide form thereof may be as

defined above provided that:
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, or

e~ B .
() T

isnot ~~ s

when 1§ is pyridyl, B is not a substituted pyrrolidinyl radical, for example a

Ri¥

pyridyl, the pyridyl may not be substituted by methyl and a substituted pyrrolidinyl

pyrrolidinyl substituted by a secondary or tertiary aminyl radical, and when is

radical, for example a pyrrolidinyl substituted by a secondary or tertiary aminyl radical.
\

—

. - . . %N Reg .
An example of a substituted pyrrolidinyl radical is % . For example, when 1 § is

Rg
N -Rf

pyridyl, B is not %N , and when 1 § is pyridyl, the pyridyl may not be substituted

Rg
N -Rf

by %N and methyl, wherein Ry and Ry are each independently selected from (Ci-
Ce)alkyl, (Ci1-Ce)alkyl-O—(C1-Ce)alkyl, (C1-Ce)alkyl-(C=0)- (Ci-Ce)alkyl, and
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hydrogen, or Rg and Ry, together with the nitrogen to which they are attached, form a
morpholinyl group or a pyrrolidinyl group;

H
N—N
)l\/g\Ri
HN

and provided that R isnot ™™  Rn  wherein Ry is hydrogen, (C1-Cs)alkyl, cyano or
halogen, and R; is hydrogen, (Ci-Cs)alkyl or (C3-C7)cycloalkyl; and

provided that R*is not HO

The compound of formula I, a pharmaceutically acceptable acid or base addition salt
thereof, a stereochemically isomeric form thereof or an N-oxide form thereof may be as

defined above provided that:

N

SONe@REN:,
A I A S J Rei

, or s , and when

=

Q is not is pyridyl, B is

Ri¢ .
not a substituted pyrrolidinyl radical, and when 1 § is pyridyl, the pyridyl may not be
substituted by methyl and a substituted pyrrolidinyl radical, for example a pyrrolidinyl

substituted by a secondary or tertiary aminyl radical. An example of a substituted

\ Rg
N~ N-Rf

) Ry¢ )
rrolidinyl radical is %N . For example, when 1§ is pyridyl, B is not %N
py y p py

Rg
N -Rf

R1'§'
wherein R and Ry are each independently selected from (C1-Ce)alkyl, (Ci-Cs)alkyl-O—
(Ci-Ce)alkyl, (C1-Ce)alkyl-(C=0)-(C1-Ce)alkyl, and hydrogen, or Rg and Ry, together

and when is pyridyl, the pyridyl may not be substituted by methyl and %N ,
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with the nitrogen to which they are attached, form a morpholinyl group or a

pyrrolidinyl group;

H
-N

N
HN

and provided that R? is not ™  Rn  wherein Ry is hydrogen, (C1-Cs)alkyl, cyano or
halogen, and R; is hydrogen, (Ci-Cs)alkyl or (Cs-C7)cycloalkyl, for example Ry is
hydrogen, (Ci-Cio)alkyl, cyano or halogen; and R; is hydrogen, (Ci-Cio)alkyl or
cycloalkyl;

kNﬁ

NH

and provided that R isnot HO

The compound of Formula (I), a pharmaceutically acceptable acid or base addition salt
thereof, a stereochemically isomeric form thereof or an N-oxide form thereof may be as

defined above provided that:

o}

z Ra
N
e A Rcfﬁ R,
®/ ) XN ) .
is not NHRd  wherein R, and Ry are each independently (Ci-

Co)alkyl, R¢ is hydrogen or halogen; Rq is hydrogen or fert-butyloxycarbonyl (BOC),

and Z is hydrogen or deuterium,;

Re
A
e~ A S
provided that: is not NHz  wherein A is CH or N, and R¢ is

Via,

Eg ® Ry is selected from the group of (for example the group consisting of) (Ci-
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Co)alkyl, (C2-Cs)alkenyl, (C2-Cs) alkynyl, (Cs-Cs)cycloalkyl, (Cs-Cs)heterocycloalkyl,
(Cs-Cro)aryl, and (Cs-C10) heteroaryl,

R
RgN

N~

provided that: ng- is not \@\;‘, wherein Re is hydrogen or (C1-Ce)alkyl, Rg
and R are each independently selected from the group of (for example the group
consisting of) hydrogen, (C1-Cs)alkyl, (Ci-Cs)alkyl-O—(C1-Ce)alkyl, and (Ci-Cs)alkyl—
(C=0)-(C1-Co)alkyl, or Ry and Ry, together with the nitrogen to which they are
attached, form a morpholinyl group or a pyrrolidinyl group, for example provided that
if R! is pyridyl, the pyridyl ring is bonded to the phthalazinone nitrogen at the 2
position with respect to the pyridyl nitrogen;

wnnns

kN

NH

provided that R?isnot HO ; and

H
-N

N
HN

provided that R? is not ™ Rn  wherein Ry is hydrogen, (C1-Cio)alkyl, cyano or
halogen; and R; is hydrogen, (C1-Cio)alkyl or cycloalkyl.

The compound of Formula (I), a pharmaceutically acceptable acid or base addition salt

thereof, a stereochemically isomeric form thereof or an N-oxide form thereof may be as

o~

defined above provided that R! is not ; Q 1is not naphthyl,

TQNJ
'~ |

benzothiophenyl or quinolinyl ; and Q is not o
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Ry

N/<
/N
7
(@]

consisting of Ci6 alkyl, Ci.6 haloalkyl and Cs. cycloakyl ; and Rk is Ci alkyl or Ci

For example, Q may not be wherein R; is selected from the group
alkyl substituted with a member selected from the group consisting of: OH, halo, CN,
OCis alkyl, OCi.6 haloalkyl and OCs. cycloalkyl.

It has surprisingly been found that the compounds of general Formula (I) show potent
activity and selectivity on mGlu7 receptor. The compounds of the invention
d