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Summary

BI-4737 is a Positive Allosteric Modulator (PAM) of the metabotropic glutamate receptor 2
(mGLuR2), a neuronal GPCR negatively coupled to adenylyl cyclase.
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Figure 1: 2D structure of BI-4737, a mGluR2 PAM

Figure 2: 3D conformation of BI-4737
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Highlights

mGlu2 receptors regulate synaptic glutamate release in the brain. Their activation can
normalize over-activated circuits in the cortico-limbic system. BI-4737 is a mGluR2 positive
allosteric modulator designed together with Evotec, that has shown to be potent in vitro and in
vivo. BI-4576 serves as a negative control.

Target information

mGlu2 receptors function in the brain as auto-receptors at the pre-synaptic terminals to
down-regulate synaptic glutamate release. mGluR2 PAMs will enhance this inhibitory
feedback mechanism at overexcited nerve terminals to normalize glutamatergic transmission
in over-activated circuits of the cortico-limbic system.

Due toits distribution and its functional role at the glutamatergic synapse, mGluR2 is ideally
placed to normalize highly activated synapses in affected brain regions!? Activation of
mGlLluR2, which is negatively coupled to the adenylate cyclase, reduces presynaptic cAMP
levels and thereby glutamate release. The amygdala appears to be particularly responsive to
mGluR2/3 activation®“. In vitro activation of mGluR2 at amygdala synapses has been shown to
induce a specific form of synaptic plasticity, so-called long-term depression, which maintains
after washout of the agonist®®.

Elevated limbic and in particular amygdala reactivity is found in patients with major depressive
disorder but is also crucial in threat response behavior such as fear and anxiety. Similar to
mGlu2/3 receptor agonists, mGluR2 PAMs have been shown to cause anxiolytic-like behavior
in rodents by using various test paradigms”®. As predicted from rodent behavior,a mGluR2/3
agonist has been shown to attenuate fear-potentiated startle in humans and to reduce
generalized anxiety disorder symptoms in human proof-of-principle trials'®*2 Thus, preclinical
and early clinical data may indicate efficacy in threat response behavior presumably by
reducing amygdala activity.

A previous Phase 2a clinical trial with a mGluR2 PAM for anxious depression failed its primary
outcome measure and has been discontinued. However, treatment with JNJ-40411813
showed efficacy signals on several anxiety measures and on all depression measures
(secondary outcome)?®3,

In summary, positive modulators of mGluR2 may limit excitatory neurotransmission at over-
activated circuits known to be important for emotional control and may contribute to the
potential therapeutic benefit in psychiatric indications associated with aberrant cortico-limbic
activity.
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Figure 3: Structure of mGluR2 bound to a negative allosteric modulator (NAM563; PDB
code: 7EPE?)

In vitro activity

BI-4737 shows the following in vitro potency across species: human GTPyS ECso = 11 nM; rat
GTPyS ECs0=3 nM.

Probe name / Nlegative control BI-4737 BI-4576
MW [Da]? 34347 318.38
human GTPyS ECso (nM)® 11 >10,000
rat GTPyS ECso (nM)® 3 -

? The molecule is supplied in salt form; for the molecular weight of the salt, please refer to the vial label.

® Molecular activity has been determined in vitro by measuring 3S-GTPyS binding to isolated membranes from CHO cell lines
expressing human or rat mGluR2. Compounds were tested in presence of glutamate at EC1o for positive modulation (ECso) of
mGIuR2 activity.

Membranes were suspended in 20 mM Hepes buffer (pH 7.4) containing 100 mM NaCl, 3 mM MgClz, 1 yM or 10 uM GDP, 10
ug/mlsaponin and probed at 10 pg protein per test. PAM activity was determined in presence of 1 uM glutamate. [**S]GTPyS was
added to final concentration of 0.1 nM and incubated for 60 min at room temperature. Reaction was terminated by rapid filtration
and filter-bound radioactivity was counted.
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In vitro DMIPK and CMIC parameters

BI-4737 shows medium predicted clearance and a high Caco-2 efflux ratio.

Probe name / negative Control BI-4737

logD @ pH 7.4 2.13 25
Solubility @ pH 6.8 [ug/ml] >71 188
MDCK permeability P.ppa-b/b-a @ 1uM [10€ cm/s] 53 n.a.
MDCK efflux ratio 1 n.a.
Caco-2 permeability AB@ pH 7.4 [*10€ cm/s] n.a. 11.8
Caco-2 efflux ratio n.a. 0.8
Microsomal stability (human/mouse/rat) [% Qx] <23 /<23/61 | 41/-/74
Hepatocyte stability (human/mouse/rat) [% Qx] 26 /46 /57 n.a.

Plasma protein binding (human/mouse/rat) [bound %] 59/63/54 n.a.

CYP 3A4 (ICso) [uM] 15 >50
CYP 2C8 (ICso) [uM] 23 n.a.
CYP 2C9 (ICso) [uM] 29 3.3
CYP 2C19 (ICso) [M] 50 n.a.
CYP 2D6 (ICso) [UM] 50 405
CYP 2B6 (ICso) [uM] 2.3 n.a.
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In vivo DMIPK parameters

BI-4737 shows good exposure upon 25mg/kg p.o. dosing as well as 50mg/kg i.p. dosing
(higher i.p. doses not tested). Oral dosing of 100mg/kg did not lead to significantly increased
exposure compared to 25mg/kg.

BI-4737 MOUSEA? RAT®
Clearance [% Qu] 51 125
Mean residence time after i.v. dose [h] 0.8 0.8
tmax [N] 0.80 0.5
Cormax [NM] 1,300 171
F[%] 79 24
Vss [L/kg] 21 21

2j.v. dose: 0.43 mg/kg (solution in 25% HP-b-CD, acidified with 0.1M HCl to pHB), p.o. dose: 4.3 mg/kg (suspension in Natrosol 0.5%)
bjv. dose: 0.43 mg/kg, p.o. dose: 3 mg/kg
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In vivo pharmacology

Receptor occupancy of BI-4737 has been investigated by ex vivo radioligand binding of a
proprietary selective radioligand [3H] BI-491 to rat brain (Fig.4). The compound has been
administered s.c. in the indicated dose range of 0 to 1mg/kg and brain tissue was prepared for
autoradiography at 1 hour post administration. Radioligand was added at a concentration of
60nM for an incubation period of 30 min at room temperature. The binding was determined
after extensive wash and receptor occupancy was calculated and plotted vs. the plasma
concentration (Cpusma) from individual animals. 50% receptor occupancy has been achieved at
a Cplasma Of 84 nM, reflecting an ICso of about 24 NM Cunbound, Which is in range of the ECso
determined on recombinant rat mGluR2.

Dose mg/kg >
0 ( . > = \ Ex-vivo RO inrat

BI-4737

.
0.03 i i 100

4

X

= 80
: = 5}
| g

0.1 [€ ] S 60
3 £} (&)
. s [$)

O 40
N
%
=

0.3 o 20
£

0

1 cplasma [lOg M]

Figure 4. Receptor occupancy of BI-4737 investigated by ex vivo radioligand binding of a
proprietary selective radioligand [3H] BI-491 to rat brain.

The in vivo activity of BI-4737 was determined with the rat hyper-locomotor test. BI-4737 or
the reference compound LY 354740° (mGluR2/3 agonist) were administered s.c. 30 min prior
to S-ketamine with indicated doses. Experiment was performed in light and the ambulatory
distance travelled was quantified for 30 min after S-ketamine administration (Fig.5).
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Locomotor activity
(AUC 0-30min after ketamine application)
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one-way-ANOVA: Dunnett's multiple comparisons test (vs. vehicle + Ketamine)

Figure 5. In vivo activity of BI-4737 monitored in the rat hyper-locomotor test. BI-4737 or the
reference compound LY 354740 were administered s.c. 30 min prior to S-ketamine (10 mg/kg
s.c.). Distance travelled was quantified for 30 min after ketamine administration. Statistical
analysis was performed by ANOVA Dunnett's multiple comparisons test (vs. vehicle +
ketamine); group size was 7-8 rats/group; ** p<0.01, *** p<0.001.

Negative control

BI-4576 is a closely related structural variant of BI-4737 with a different heteroaromatic
moiety that causes loss of activity. It is offered as a negative control.
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Figure 6: BI-4576 which serves as a negative control
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Selectivity

BI-4737 showed 1 hit in the SafetyScreen44™ panel with =50% inhibition @ 10uM (PDE4D2).
The negative control BI-4576 showed no hits in the SafetyScreen44™ panel with =50%
inhibition @ 10uM.

SafetyScreen44™ with kind support of %% €U rofins Yes Yes

Invitrogen® Yes No

DiscoverX® No No

Dundee No No
Supplementary data

Selectivity data can be downloaded free of charge from opnMe.
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