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ABSTRACT (max 150 words)

The metabotropic glutamate (Glu) receptors (mGlu receptors) play a key role in modulating
excitatory neurotransmission in the CNS. In this study, we report the structure-based design and
pharmacological evaluation of the densely functionalized, conformationally restricted glutamate
analog (15,28,35)-2-((S)-Amino(carboxy)methyl)-3-(carboxymethyl)cyclopropane-1-
carboxylic acid (LBG30300). LBG30300 was synthesized in a stereo-controlled fashion in nine
steps from a commercially available optically active epoxide. Functional characterization at all
eight mGlu receptor subtypes showed that LBG30300 is a picomolar agonist at mGlu, with
excellent selectivity over mGlus and the other six mGlu receptor subtypes. Bioavailability studies
in mice (IV administration) confirms CNS exposure and an in silico study predicts a binding
mode of LBG30300 which induces a flipping of Tyr144 to allow for a salt-bridge interaction of
the acetate group with Arg271. The Tyr144 residue now prevents Arg271 to interact with Asp146
which is a residue of differentiation between mGlu; and mGlus and thus could explain the

observed subtype selectivity.

INTRODUCTION

The metabotropic Glu receptors (mGlu receptors) are found in the central nervous system (CNS),
belong to the class C of G protein-coupled receptors (GPCRs) and are activated by the
endogenous agonist (S)-glutamate (Glu).!~® The eight subtypes, mGlu;.s, are divided into three
subgroups based on their sequence homology, cell signaling activation and agonist binding
pharmacology.* Group I (mGlu; 5) are foremost located post synaptically and excitatory in action
by coupling to Gq proteins leading to activation of the phospholipase C (PLC) pathway, whereas
group II (mGluz3) and group III (mGluse75) are foremost expressed presynaptically and are
inhibitory in action, by coupling to Gi/o proteins which leads to inhibition of adenylyl cyclase
(AC).** The group II subtypes, mGlu, and mGlus are differentially distributed in the CNS and

exert distinct functions.” While mGluy 3 are localized pre- and post-synaptically in neurons,



mGlus is also found in glial cells.>® Extensive pharmacological studies suggest that mGlu, and
mGluz are associated with several neurological and psychiatric disorders such as cognitive
impairment and drug addiction.”!!

In order to study and understand the detailed role and function of the mGlu, and mGlus subtypes
in CNS disorders, the discovery of pharmacological tools capable of differentiating them are of
particular interest. Owing to the high degree of protein sequence homology (70%) between the
mGluz and mGlu; receptors with a high residue identity amongst the two orthosteric binding
pockets,'? the discovery of subtype selective orthosteric agonists or antagonists have proved
challenging.!* However the non-conserved Aspl46 in mGlu> which is Ser152 in mGlus has
structural implications and affects the chloride sensitivity of these receptors.'* This situation
allowed the discovery of mGluy/s subtype selective ligands.!?

Taking point in Glu as lead,'>!% incorporation of a cyclopropane ring in the 3,4-position of the
Glu scaffold, has been explored to give the four diastereomers L-2-(carboxycyclopropyl)glycine
(L-CCG-I-1V)." Notably, analog (25,35,4S)-2-(2-carboxycyclopropyl)glycine (.-CCG-1, Figure
1) was found to be a selective agonist for mGlu receptors with a preference for group I1.1%% In
contrast, L-CCG-II is only a weak agonist at the mGlu receptors with ECso of 300 uM at mGlu,.?!
DCG-IV is also a fairly potent agonist at mGlu, with 4-fold higher potency at mGlus.??
Replacement of one of the distal carboxylate groups in DCG-IV with a methyl group, 2-CCG-I
analog (2§,35,45,4'R)-2-(2-carboxy-3'-methylcyclopropyl) glycine (1a), was obtained. This
change significantly enhances agonist potencies (~40 fold), but low discrepancy between mGlu:
over mGlus remained.?? A hydroxymethyl group in the very same position, compound 1b, did
not improve this.?

Recently we have shown that addition of a methyl group in the 4R-position of the weak mGlu
receptor agonist L-CCG-II (1¢, Figure 1), significantly enhances agonist potency (~3500 fold, to

ECso= 82 nM) and induce selectivity for mGlu, over mGlus (~15 fold).?



Early on, researchers at Eli Lilly and Company designed and synthesized a series of bicyclic
amino acid analogs, in which the Glu skeleton was incorporated into a fused
bicyclo[3.1.0]hexane frame and perfectly mimics the extended conformation of Glu also found
when crystallized with the mGlu-ligand binding domain (LBD). The constrained bicyclic amino
acid (1S5,25,5R,6S5)-2-aminobicyclo[3.1.0]hexane-2,6-dicarboxylate (2a, LY354740, Figure 1)
possessed high potency and selectivity for mGluy3.2® Further studies disclosed that a methyl
group in the C4a-position of 2a led to the highly potent mGlu, agonist (15,25,4R,5R,65)-2-
amino-4-methylbicyclo[3.1.0]hexane-2,6-dicarboxylic acid (2b, LY541850, Figure 1) with
partial agonist/antagonist activity at mGlus.?’?® The analog (1R,2S,4R,5R,6R)-2-Amino-4-(1H-
1,2,4-triazol-3-ylsulfanyl)bicyclo[3.1.0]hexane-2,6-dicarboxylic acid (2¢, LY2812223, Figure 1)
with a thiotriazole group at this same position was reported as a functionally selective mGluz
agonist,?82° Furthermore, (185,25,4S,5R,65)-2-amino-4-[(3-
methoxybenzoyl)amino]bicyclo[3.1.0]hexane-2,6-dicarboxylic acid (2d, LY2794193, Figure 1)
with (3-methoxybenzoyl)amino substitution at the C4B-position was recently demonstrated to be

a highly potent mGlus-selective agonist.>
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Figure 1. Chemical structures of endogenous agonist (S)-Glu, and synthetic analogs DCGIV, L-CCG-1, L-CCG-II,

L-CCG-I analogs 1a,b, L-CCG-II analog 1¢, fused bicycles 2a-e, and Glu analogs 3a,b. All data from functional

assays except for FRET.



RESULTS AND DISCUSSION

Design

It is well-known from crystal structures and modeling studies®!*? that Glu binds to mGlu
receptors in an extended conformation and that key interactions of the distal carboxylate group
with the receptor are salt-bridges to Arg6l and Lys377 (mGlu, numbering). Docking of
conformationally restricted Glu analog L-CCG-I (Figure 2A) follows this convention, and the
enhanced potency (UM to nM) is believed to be a result of reduced entropic loss on binding as
well as its slightly enhanced hydrophobic nature.

L-CCG-II is a very weak mGlu agonist, but most recently we have reported that the 4-methyl
analog, compound 1lc¢, is a nanomolar-potent and selective mGlu agonist.” Interestingly,
docking of 1¢ into mGlu, (Figure 2B) suggests an alternative binding mode to Glu, wherein the
distal carboxylate group forms a salt-bridge to both Arg6l and Arg57, but not Lys377.
Additionally, the methyl group of 1¢ allows a hydrophobic interaction with Tyr144.2% Since both
Arg57 and Tyr144 are signature residues for group II (Table S1), we believe this could explain
the group II selectivity of 1¢. However, the observed ~15-fold selectivity for mGluz over mGlus
cannot be explained herefrom.?

DCG-IV may also be categorized as an analog of L-CCG-I and docking into mGlu; (Figure 2C)
reveals a strong hydrogen bond to Ser272 and a salt-bridge to Arg57 from the added carboxylate
group.

We have previously reported that syn-2,4-substituted Glu analog 3a is a selective mGlu, agonist
and also its conformationally restricted analog 3b, however, both in micromolar potency.*
Docking of 3a into mGlu; (Figure 2D) shows that the distal carboxylate engages in a salt-bridge
with Arg61/Lys377, while the sidechain carboxylate group engages in a salt-bridge with Arg57
and a hydrogen bond with Ser272. Notably is that the Glu backbone in 3a adopts an extended
conformation which is not a low-energy conformation of this compound among the numerous

conformations it can adopt due to the high number of rotatable bonds (ligand flexibility ->



entropic loss on binding). Together we suspect this situation to be the reason for the low potency

of 3a.

With this analysis in mind, we set out to design a Glu analog which holds an additional
carboxylate group which can engage in strong salt-bridge interaction with Arg57 and a hydrogen
bond to Ser272. Also, hydrophobic interactions to Tyr144 would be desirable, as all of these
three residues are characteristic for group Il mGlu receptors (Table S1). The backbone Glu should
adapt an extended low-energy conformation and engage strongly with the receptor as what is

known for Glu itself.

After a number of iterative explorative rounds of design, wherein we explored different
functional groups and carbon chain lengths, we identified densely functionalized,
conformationally restrained L-CCG-I analog LBG30300 (Figure 3). From a retrosynthetic
perspective, LBG30300 also seemed to be a task that could be accomplished in a reasonable time
frame. LBG30300 holds a (55)-acetate group as the additionally interacting group and a quick
docking of LBG30300 into mGluz (Figure 4) shows that this acetate group readily engages in a
salt-bridge with Arg57 and a strong hydrogen bond to Ser272. Also, LBG30300 adopts a Glu-
like backbone conformation optimizing all Glu-like interactions with the receptor. Lastly,
LBG30300 is highly conformationally restricted compared to 3a, which would call for enhanced

potency, however, the mGluy; subtype selectivity of LBG30300 cannot be concluded here from.
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Figure 2. Induced-fit docking in MOE (standard setup). A) L-CCG-I (green) into mGlux-VFT (pdb code SCNI) (free
energy of binding, S=-7.5 kcal/mol). The distal carboxylate group forms dual salt-bridge interactions with conserved
Arg61/Lys377 but not group II characteristic Arg57/Ser272/Tyr144. B) 1¢ (green) into mGlu2-VFT (pdb code SCNI)
(free energy of binding, S= -7.2 kcal/mol). The distal carboxylate group forms dual salt-bridge interactions with
conserved Arg61 and group II characteristic Arg57 (but not conserved Lys377), while the methyl group engages in
a [T-alkyl contact with Tyr144. C) DCG-IV into mGlu-VFT (pdb code SCNI) (free energy of binding, S= -8.4
kcal/mol). The distal carboxylate group engages in dual salt bridge interactions with Arg61/Lys377 while the non-
Glu carboxylate group engages in a salt bridge with Arg57 and a hydrogen bond interaction with Ser272. This
binding mode is comparable to observed of DCG-IV when crystallized in mGlus-VFT (PDB ID 2E4V). D) 4-
Substituted Glu analog 3a (green) in mGluz-VFT (pdb code SCNI) (free energy of binding, S= -7.6 kcal/mol). The
distal carboxylate engages in salt bridge with Arg61/Lys377, while the sidechain carboxylate group engages in a

salt-bridge with Arg57 and a hydrogen bond with Ser272.
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Figure 3. Structural considerations and strategy behind design of densely functionalized L-CCG-I analog

LBG30300.

Figure 4. Induced-fit docking in MOE (standard setup) of LBG30300 into mGlu>-VFT (pdb code 5CNI) (free
energy of binding, S=-8.4 kcal/mol). The distal carboxylate group forms a salt-bridge interaction with Arg61/Lys377,
similarly to Glu. The 5S-acetate group engages in salt-bridge interaction with Arg57 and in hydrogen bond
interaction with the backbone NH of Ser272. Arg57 and Ser272 are both characteristic for group II receptors

(mGluzs).



Chemistry

Four chiral center, densely functionalized Glu analog LBG30300 presents a synthetic challenge
notably with the cis and dual trans relationships around the cyclopropane ring together with the
adjacent chirality at the alpha amino acid position. Thus, a retrosynthetic analysis suggested a
stereospecific synthesis starting from commercially available chiral epoxide (S)-glycidol benzyl
ether 5 with a key C-H activation step for the selective cis-introduction of the acetic acid
functionality on the cyclopropane ring. The synthesis (Scheme 1) began with a Wadsworth-
Emmons cyclopropanation reaction of 5 with triethyl phosphonoacetate and #»-BuLi in
dimethoxyethane at 130 °C, to give enantiomerically pure trans-cyclopropane carboxylic ester 6
in 79% yield.>* After, hydrolysis with LiOH gave acid 7 and following amide coupling with 8-
aminoquinoline in the presence of EDCI and HOBY, intermediate 8 was obtained in 68% yield.
The key C-H activation-alkylation on cyclopropane 8 was performed with ethyl iodoactetate,
Pd(OAc): as the Pd catalyst and AgOAc as base in toluene for refluxing over 3 days to give the
desired product 9 in 46% yield.*> Removal of the benzyl ether protecting group of 9 failed under
standard H> and Pd/C conditions presumably due to presence of the nitrogen containing bidentate
directing group. Alternatively, the benzyl ether was removed by applying the Lewis acid BCl3 at
—78 °C for 1.5 h to successfully give the free alcohol 10 in 75% yield. Oxidation by Dess-Martin
periodinane (DMP) afforded aldehyde 11 in 60% yield. For the installation of the amino acid
moiety, the asymmetric Strecker reaction was applied to aldehyde 11 with the chiral auxiliary
(R)-a-phenylglycinol to give the Schiff base, which was treated with TMSCN in situ to give the
expected diastereomeric a-aminonitrile derivative 12 in 62% yield.*®*” The a-aminonitrile 12
was then submitted to oxidative cleavage with lead tetraacetate, followed by refluxing in 6 M

HCI for overnight to hydrolyze the ester and nitrile, and cleavage of the directing group 8-
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aminoquinoline at the same time. The target compound LBG30300 was obtained as the HCI salt

by preparative HPLC in 20% yield.

Scheme 1. Stereoselective synthesis of densely functionalized L-CCG-I analog LBG30300°
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“Reagents and conditions: (a) Triethyl phosphonoacetate, n-BuLi, dimethoxyethane, 130 °C, overnight, 79%; (b)
NaOH(aq), THF, rt, overnight, quant.; (¢) 8-Aminoquinoline, EDCI, HOBt, DCM, rt, 4 d, 68%; (d) ICH2COOEt,
Pd(OAc)2, AgOAc, toluene, 110 °C, 3 d, 46%; (¢) BCl3, NaHCOs, DCM, -78 °C to 0 °C, 75%; (f) DMP, DCM, rt,
overnight, 60%; (g) (R)-a-phenylglycinol, MeOH, rt, 3 h; then TMSCN, rt, overnight, 62%; (h) i. Pb(OAc)s, DCM,

MeOH, 0 °C, 10 min; ii. 6 M HCI, 110 °C, overnight, 20% over two steps.

Pharmacological characterization

With densely functionalized cyclopropane LBG30300 in hand, it was characterized for both
agonist- and antagonist activity at rat mGlui-g in an IP-One functional assay (Table 1). For the
antagonist activity, the compounds were tested for their capacity to inhibit the responses
mediated by an EC80 agonist concentration (Quisqualate 0.3 and 0.1 puM for mGlu; and mGlus
receptors, LY379268 3 nM for mGlu, and mGlus receptors, and L-AP4 at 1, 10, 1000 and 1 uM
for mGluase,.7,8). Most satisfyingly, LBG30300 displays sub-nanomolar agonist potency at mGlu,
(ECso= 0.6 nM), with a >100-fold selectivity over mGlus (ECso= 0.373 uM). Also, more than
50.000-fold selectivity over group I subtypes mGlu; s and a ~160 to >50.000-fold selectivity over

11



group III subtypes mGluse78 was observed. No antagonist activity was observed for any of the
mGlu;.g subtypes.
In comparison with already reported selective mGluz agonists this is an impressive potency and

subtype selectivity ratio.

Table 1. Pharmacological characterization at rat mGlui-s by IP-One functional assay”

Group I Group II Group III
Compound
mGlu,; mGlus mGlu, mGlus mGluy mGlug mGlu; mGlug
ECs ECs ECs ECsp ECs ECs ECsg ECs
(PECso) (PECs0)  (PECs0)  (PECso) (PECs0) (PECs0)  (PECso) (PECs0)
0.079 0.027
Quisqualate (7.22+ (7.39+ -- -- -- -- - --
0.20) 0.17)
0.001 0.010
LY379268 - - (.02 (8.00=+ - - - -
+0.08)  0.19)
2.5
0.18 ~100%@ 0.29
LAP4 - - - - (6.76 + 0.09) (g'g‘é)i 3000 M (6.76 £ 0.18)
Le 5.50 12.0 0.082 1.88 2.50
; (5.29 (4.95 (709 (573 >>30 (5,67 >30 >30
LBG30120SRR ;) ) £0.10)  +0.04)  =0.06) +0.02)
LBG30300 >30 >30 0(8%(4)16 (()6315 0.11 (%26% ~30 0.097
: : (-7.45+0.27) : (7.45+0.27)

+0.07)  +0.10) +0.06)
2As group-II and group-III mGlu receptors are naturally coupled to Gi, they were co-expressed with the chimeric

Gqi9 protein to allow them to activate PLC and produce IP1. ECso values in pM, pECso+pSEM in parentheses, or in
percent activation at the indicated single-dose stimulation comparing to references (Quis for mGlui,s; LY379268 for
mGluz;3; LAP4 for mGluse.s). Mean values calculated from 2 to 5 experiments. --, not tested. All responses are full
agonist responses, and are presented in Supp Fig XXX. No antagonistic effect could be observed for any of the tested

compounds.

Table 2. Comparison of key mGlu agonists with LBG30300 across different functional assays

mGlu: mGlus mGlu; mGlu; mGlu; mGlus; mGluz;
cAMP Ca’?" FLIPR IPOne Ratio“
LY354740% 7.0 28 34 140 -- - 4/4/--
LY379268%-8 1.1 1.1 4.0 15 1 10 1/5/10
LY404039% 23 48 -- -- -- -- 2/-/-
LY2812223% 5.6 129 21 >25000 -- -- 23/1200/
(2730) (25200) --

12



LBG30300 -- -- -- -- 0.6 372 --/--/~620

All values are ECso in nM. --: data not available. Numbers in parentheses/italic are antagonist functional responses.
Agonist potencies in the Ca*" and IPOne assays were determined after co-expression of the indicated receptor with
the chimeric Gqi9 protein that allows these Gi-coupled receptors to activate phospholipase C. Values for the LY
compounds were taken from the indicated references.

?Ratios calculated from the three assays separated by “/’

FRET assay

For many reported mGluz-selective agonists, the selectivity is based on a functional response,
while when determining mGluz/mGlu; binding affinity, the selectivity ratio is significantly lower
(Table 2). In the absence of a radioligand, we decided to investigate further the mGluo/mGluz
selectivity of LBG30300 in a non-functional conformational FRET-based assay.**! The assay
relates on the reorientation of the VFTs that occurs upon agonist binding, and potencies measured
for agonists were closer to their binding affinity due to the absence of potentiating effect of the
G proteins for most receptors in living cells.*® It is well-established that Glu has a higher affinity
to mGlus, such that it was not possible to prevent any agonist action of ambient glutamate, leading
to most mGlus receptors already in active form. We therefore pre-incubated the cells with the
antagonist LY341495 (0.3 uM) to prevent basal action of ambient glutamate. Agonist dose-
response curves were then performed in cells expressing mGlu, or mGlus for comparison after
antagonist pre-incubation, and with mGlu cells without antagonist pre-incubation. Results are
presented in Table 3.

While the mGluys; ratio of LY354740 in binding affinity studies is around 1.5, we determine it
to be 21 in the FRET assay. For LBG30300, the FRET-based mGluys ratio is an impressive 513-
fold in favor of mGluz. On this basis, we conclude that LBG30300 binds to mGlu; with a ~40-
fold selectivity ratio over mGlus, and thus candidate for the development into an mGluz PET

tracer.
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Table 3. Comparison of binding affinities and FRET data

mGlu FRET mGlu: FRET mGlus
FRET . . . . mGluzs
mGluz  mGlus 2/3 pre-incubation pre-incubation .
. mGlu: . . . . ratio
ratio with antagonist  with antagonist
3 pPECso PECso PECso
[’H]LY341495 ECso +pSEM ECso +pSEM ECso +pSEM
-7.20 -6.64 -5.32
LY354740 0.072 0.107 1.5 0.063 +0.01 0.229 +0.08 4.800 +0.06 21
-5.55 -7.50
LY2794193 -- -- 2.818 +0.13 - - 0.032 +0.12
-7.90 -7.65 -4.94
LBG30300 -- -- 0.013 +0.07 0.022 40,09 11.500 +0.09 513
ECso values in uM
Bioavailability

With the pharmacological profile in hand, we determined the bioavailability profile of

LBG30300 in rodent, including plasma-brain distribution over time. LBG30300 was

administered IV in mice (10 mg/kg), and results summarized in Table 4. While LBG30300 shows

high bioavailability with a plasma Cmax 0f 5365 ng/mL, it has a rapid plasma half-life of ~30 min.

LBG30300 enters the brain with a max concentration of 86 ng/g and shows a longer half-life.

Plasma protein- and brain tissue binding for LBG30300 was determined at 53% +0.4 and 80%

+8.5, respectively and from these data. Kp,uu (AUC) was following calculated at 0.02.

Table 4. Bioavailability of LBG30300 in mice, compared with reference compounds LY354740 and LY544344

(prodrug of LY354740).4

Compound Dose Time Plasma Brain CSF t’: (h) Kp,uu
(route of (h) Cmax Cmax Cmax plasma/bra (AUC)
administration) [ng/mL] [ng/g] [ng/g] in

LY354740 100 mg/kg (PO) -- 2120 76 14 6.8/69

LY544344 10 mg/kg (PO) -- 3300 85 24 44/74

LBG30300 10 mg/kg (IV) 0.25 5365 +514 86 +14 -- ~0.5/ -- 0.02

LBG30300 10 mg/kg (IV) 1.0 583 £232 75 £12 --

LBG30300 10 mg/kg (IV) 4.0 50 +6.6 68 £11 --

--: data point not available

Molecular Modeling
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LBG30300 displays a remarkable pico-molar potency at mGlu; and selectivity over mGlus and
other mGlu receptor subtypes. This compound is a substituted derivative of L-CCG-I for which
the cyclopropyl ring increases the glutamate potency to the sub-uM range at group-II mGlu
receptor subtypes.!? Further potency and selectivity of LBG30300 are brought by the additional
acetate substituent. Indeed, dockings at the glutamate binding site of these subtypes provide an
interpretation of such properties (Figure 4). Yet the subtype selectivity between mGlu, and
mGlu; cannot be explained with the first basic docking experiments (Figure 4).

Since an mGlu, selective agonist L.Y2812223 has been described and a 3D-structure of this
compound bound to the glutamate binding domain named Venus Flytrap domain (VFT) made
available (PDB ID 5CNJ)?°, we chose this structure as template.

Docking of LBG30300 was performed using Gold*} as implemented in Discovery Studio. The
stability of the complex was assessed by molecular dynamics simulations. Besides the
interactions of the amino acid moiety of LBG30300 with the common signature motif** (Figure
S1), four basic and one hydrophilic residues make polar bindings with the two distal carboxylates
of LBG30300 (Arg57, Arg6l, Arg271, Ser272 and Lys377, Figure 5). Whereas Arg61 and
Lys377 are conserved residues across the eight mGlu receptors, Arg57, Arg271 and Ser272 are
group II (mGlu, and mGlus) selective (Table S1). In addition, Tyr144 is also group-II selective
(Table S1). Of notice, Tyr144 adopts a flipped conformation in the SCNIJ structure (chain A)
where LY281223 is bound to mGluz compared to its conformation in SCNI where glutamate is
bound to mGlu, as described by Monn et al.?° Indeed this flipped Tyr144 allows the docking of
compound LBG30300 in the SCNJ chain A template (Figure 5). Docking of LBG30300 in the
mGlu, 3D-model with non-flipped Tyr144 (SCNJ chain B) with flexible residues at the binding
site also results in flipping of Tyr144 and a binding mode of LBG30300 as obtained for docking

into chain A (Figure 5 and S1).
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Figure 5. Docking of LBG30300 at mGluz receptor binding site. Distal interactions are displayed as dashed lines
(green H-bonds, brown salt bridges, hydrogens omitted for clarity). The five distal polar binding residues are
displayed in sticks and labeled as well as Tyr144 and D146. These residues are boxed and colored as in Table S1
(blue, green and orange for conserved, group-II and subtype selective residues respectively). Proximal binding

residues are indicated in Figure S1. Atom colors: C green for ligand, gray for residue side chains, O red, N blue.

The docking of LBG30300 at mGlu, receptor binding site reveals that the flip of Tyr144 allows
a salt bridge and a hydrogen bond between the acidic function of the acetate group of LBG30300
and Arg271 and Ser272 (Figure 5 and 4). In this case, Arg271 has lost its salt bridge with Asp146,
which is a selective residue between mGlu, and mGlus (Ser152) but gained a hydrophobic contact
with Tyr144 (Figure 6). We have previously described this mGluz selective interaction between
Aspl46 and Arg271.'"* Aspl46 remains bound to the inferior lobe of the VFT through an ionic
interaction with Arg243. The consequences of the Tyr144 flip on the Arg271 interactions are

illustrated in Figure 7.
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Figure 6. Docking of LBG30300 at the mGluz receptor binding site showing the flipped Tyr144 and Arg271
interacting with LBG30300 and no longer with Asp146.!* D146, Y144 and R271 (sticks) are boxed and colored
according to selectivity as in Table S1. Interactions displayed as described in Figure 5 (hydrophobic contact in

mauve).

A)
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B)

C)

Figure 7. Tyrl44 in 5CNJ (mGluz bound to LY2812223). A) Superimposition of chain A (green-blue, flipped
Tyr144) and chain B (gray, non-flipped Tyr144) of SCNJ showing the change in spatial orientation of the Tyr144
side chain. B) Flipped Tyr144 in chain A preventing Arg271 to interact with Asp146. C) non flipped Tyr144 in
chain B, allowing Arg271-Asp146 interaction. Asp146, Tyr144 and Arg271 are displayed as thin sticks, their labels

colored as in Table S1 in panel B and C. The ligand LY2812223 is displayed in sticks in panel B and C.

We next proceeded to the docking of LBG30300 at mGlus binding site using the crystal structure

of mGlus VFT bound to LY354740 (PDB ID 4XAR, Figure 8).2® The highest docked pose
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showed that Tyr150 did not flip preventing Arg277 homologous to Arg271 in mGluy, to interact
with LBG30300. As seen for other mGlus agonists (glutamate and .LY354740, PDB ID 5SCNK
and 4XAR), Arg277 interacts with Ser152 through an intermediate halide.'* In this situation, the
acetate group of LBG30300 interacts with Arg64 and Ser278 but is not making any additional
stabilizing interactions with Arg277 and the compound displays a weaker activity compared to
that at mGlus in the uM range. Thus, the mGluys; selectivity of LBG30300 may be explained by
its selective interaction with Arg271 when Tyr144 is flipped in mGluz which is not possible with
homologous Arg277 in mGlus.'"* In mGlus the interaction between Ser152 (upper lobe of the
VFT) and Arg277 (lower lobe of the VFT) mediated by a halide ion cannot be offset as between
Aspl146 and Arg271 in mGlux where Asp146 can make new interactions with the lower lobe of

the VFT (Arg243 and Asp215 backbone) (Figures 4 and 6).

4

R68

R64

S278

AN

N

Figure 8. Docking of LBG30300 at the mGlus receptor binding site (PDB ID 4XAR). Proximal and distal

interactions are displayed as dashed lines (green H-bonds, brown salt bridges, hydrogens omitted for clarity). The
four distal polar residues are labeled as well as Arg277 and Tyr150. Residues involved in group-II and subtype
(mGluz versus mGlus) selectivity are boxed and colored as in Table S1. The halide (iodide) bridging Arg277 and

Ser152 is displayed as a purple sphere.
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LBG30300 is also quite potent at mGlua, ¢ and g receptors (Table 1). Indeed, the additional distal
acidic function of glutamate analogues (e.g. LAP4, ACPT-1, DCPQ) is the hallmark of group-
III mGlu receptors. This increased potency has been explained by the highly basic distal
environment due to four basic residues.'> LBG30300 is most potent at mGlusg, so we docked it
in the X-ray structure of the binding domain bound to glutamate (PDB ID 6BSZ, Figure 9). The
docking reveals that the two distal carboxylates of LBG30300 make salt bridges with the four
basic residues of the distal binding site (Lys71, Arg75, Lys314, Lys401). Although similar polar
interactions occur at mGluz and mGlug with four distal basic residues, the increased potency of
LBG30300 at mGlu, may be due to larger van der Waals (including hydrophobic) contacts at

mGlu (Figure S2 and S3).

Figure 9. Docking of LBG30300 at the mGlus receptor binding site (PDB ID 6BSZ). Proximal and distal

interactions are displayed as in Figure 5. Residues involved in selective binding (sticks) at mGluz or mGlus are

boxed and colored as in Table S1.

CONCLUSION
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In conclusion we applied structure-based design to propose a new densely functionalized analog
of L-CCG-I as a potential mGlu agonist. Its stereoselective synthesis was accomplished in nine
steps with a stereospecific CH-insertion of an acetate group, as the key step. Pharmacological
characterization of LBG30300 showed a staggering picomolar potency at mGlu; in an IPOne
functional assay, but also a >100 fold selectivity over mGlus. An in silico study was carried out
to address this impressive subtype selectivity in details, and a vital role of residues Tyr144, Arg57,
Aspl46 and Arg271 in stabilizing the closed conformation of mGluz orthosteric binding pocket,
is suggested to be the origin of the observed selectivity for mGluz over mGlus. A bioavailability
study in mice shows that LBG30300 crosses the BBB and in combination with data from a
FRET-based assay, leads us to conclude that LBG30300 is a promising candidate for

development of an orthosteric mGlu, PET tracer.
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EXPERIMENTAL SECTION

Chemistry

All reactions involving dry solvents or sensitive agents were performed under an argon
atmosphere and glassware was flame dried under vacuum prior to use. Commercially available
chemicals were used without further purification. DCM, THF and DMF were dried using a SG
WATER solvent purification system (commercialized by Pure Process Technology). MeOH was
dried by standing over 4 A molecular sieves for a minimum of 48h. Reactions were monitored
by analytical thin-layer chromatography (TLC, Merck silica gel 60 F2s4 aluminum sheets) or by
HPLC. Flash chromatography was carried out using Merck silica gel 60A (40-63 um). For dry
column vacuum chromatography (DCVC), Merck silica gel 60 (15-40 um) and a standard setup
was used. 'H NMR spectra were recorded at 400 or 600 MHz and '3C NMR spectra at 100 or
150 MHz on a Bruker Avance III or Bruker Avance III HD, respectively. Chemical shifts (J) are
reported in ppm relative to TMS. For 13C NMR in D,O was added 1% CD3;OD as internal
reference. HPLC was performed using a Dionex UltiMate 3000 pump and photodiode array
detector (210 and 254 nm, respectively) installed with an XTerra MS C 18 3.5 p m, 4.6 mm X
150 mm column, using a 5 — 95% MeCN gradient in H>O containing 0.1% TFA. For HPLC
control, data collection and data handling, Chromeleon software v. 6.80 was used. Preparative
HPLC was carried out on an Agilent Prep HPLC systems with Agilent 1100 series pump, Agilent
1200 series diode array, multiple wavelength detector (G1365B), and Agilent PrepHT High
Performance Preparative Cartridge Column (Zorbax 300 SB-C18 Prep HT, 21.2 x 250 mm, 7
um). LC-MS spectra were recorded using either an Agilent 1200 series solvent delivery system
equipped with an autoinjector coupled to an Agilent 6400 series triple quadrupole mass
spectrometer equipped with an electrospray ionization source or Waters Aquity UPLC-MS with
dual wavelength detection with electrospray ionization. Gradients of 5% aqueous MeCN + 0.1%
HCO:2H (solvent A), and 95% aqueous MeCN + 0.05% HCO-H (solvent B) were employed. IR

spectra were recorded on a Perkin-Elmer 801 spectrophotometer. Optical rotation was measured
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using a Perkin-Elmer 241 Spectrometer or an Anton Paar Modular Circular Polarimeter (MCP)
100/150 with Na lamp (D line, 589 nm). Compounds were dried under high vacuum or freeze-
dried using a Holm & Halby, Heto LyoPro 6000 freeze drier. The purity of compounds submitted

for pharmacological characterization was determined by HPLC to be >95%.

Ethyl (1S8,25)-2-((benzyloxy)methyl)cyclopropane-1-carboxylate (6). To a solution of
triethylphosphonoacetate (1.3 mL, 6.6 mmol) in dimethoxyethane (10 mL) was added n-BuLi
(3.1 mL, 2.15 M in toluene) dropwise over 15 min under ice bath and an argon atmosphere. After
stirring at rt for 15 min, S-benzylglycidyl ether (5, 0.5 mL, 3.3 mmol) was added dropwise,
followed by heating at 130 °C for 16 h. The solution was cooled to rt, diluted with EtOAc (500
mL), then washed with sat. NH4Cl solution (250 mL). After drying over MgSO4 and
concentration in vacuum, the crude product was purified by flash chromatography to give the
title compound 6, as a colorless oil (582 mg, 75%). '"H NMR (600 MHz, Chloroform-d) § 7.37 —
7.31 (m, 4H), 7.30 — 7.27 (m, 1H), 4.52 (s, 2H), 4.12 (qq, J = 3.72, 7.21 Hz, 2H), 3.45 (dd, J =
6.02, 10.36 Hz, 1H), 3.37 (dd, J = 6.53, 10.37 Hz, 1H), 1.74 (ddd, J = 4.06, 6.39, 8.93 Hz, 1H),
1.57 (ddd, J = 3.99, 4.80, 8.63 Hz, 1H), 1.26 (t, J = 7.14 Hz, 3H), 1.21 (dt, J = 4.48, 8.95 Hz,

1H), 0.86 (ddd, J=4.23, 6.25, 8.35 Hz, 1H).

(1S5,25)-2-((Benzyloxy)methyl)cyclopropane-1-carboxylic acid (7). To a solution of 6 (286 mg,
1.22 mmol) in THF (10 mL) was added aqueous NaOH (102 mg, 2.56 mmol) in water (6.3 mL)
over 5 min. The reaction mixture was then stirred at rt for overnight. The resulting mixture was
diluted with water (100 mL), acidified to pH= 4 with 1 M HCI, then extracted with EtOAc (3 X
50 mL). Organic extracts were combined, dried over MgSO4 and concentrated in vacuum to
afford the desired colorless oil 7 (252 mg, quant.); 'H NMR (400 MHz, Chloroform-d) & 7.38 —
7.27 (m, SH), 4.53 (s, 2H), 3.48 (dd, J = 5.85, 10.42 Hz, 1H), 3.37 (dd, J = 6.48, 10.43 Hz, 1H),

1.80 (ddd, J = 3.73, 6.27, 9.61 Hz, 1H), 1.58 (dt, J = 4.43, 8.57 Hz, 1H), 1.28 (dt, J = 4.53, 9.05
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Hz, 1H), 0.98 — 0.89 (m, 1H). *C NMR (101 MHz, CDCl3) 8 179.8, 138.0, 128.4, 127.7, 127.7,

72.7,71.2,22.5,18.3, 13.6.

(18,25)-2-((Benzyloxy)methyl)-N-(quinolin-8-yl)cyclopropane-1-carboxamide  (8). A
mixture of 7 (1.66 g, 8.04 mmol), EDCI (1.85 g, 9.65 mmol), and HOBt (1.30 g, 9.65 mmol), in
anhydrous DCM (20 mL) was stirred at rt. After 0.5 h, 8-aminoquinoline (1.39 g, 9.65 mmol)
was added, and the reaction mixture was stirred at rt for 2 d. The mixture was washed with 1 M
HCI, water and brine. The organic layer was dried over MgSO4 and concentrated in vacuum. The
residue was purified by flash chromatography to give the desired product 8 as a pale brown oil
(1.82 g, 68%). '"H NMR (400 MHz, Chloroform-d) & 10.02 (s, 1H), 8.81 (dd, J = 1.67, 4.28 Hz,
1H), 8.73 (dd, J=1.75, 7.23 Hz, 1H), 8.16 (dd, J=1.68, 8.29 Hz, 1H), 7.57 — 7.43 (m, 3H), 7.40
—7.26 (m, 5H), 4.57 (d, J=1.71 Hz, 2H), 3.59 (dd, J = 5.86, 10.43 Hz, 1H), 3.47 (dd, J = 6.51,
10.41 Hz, 1H), 1.91 (dqd, J=3.95, 6.19, 8.89 Hz, 1H), 1.78 (dt, J=4.39, 8.51 Hz, 1H), 1.39 (dt,
J=4.47,8.94 Hz, 1H), 0.95 (ddd, J =4.19, 6.23, 8.19 Hz, 1H). 3C NMR (101 MHz, CDCl3) 8
171.1, 148.0, 138.2, 136.4, 134.6, 128.4, 128.0, 127.7, 127.7, 127.5, 121.6, 121.3, 116.5, 72.6,

71.5,21.9,21.4,12.8.

Ethyl 2-((1S,28,35)-2-((benzyloxy)methyl)-3-(quinolin-8-ylcarbamoyl)cyclopropyl)acetate
(9). To a mixture of 8 (500 mg, 1.50 mmol), AgOAc (551 mg, 3.3 mmol), and Pd(OAc). (67 mg,
0.3 mmol) in anhydrous toluene (5.0 mL), ethyl iodoactetate (534 pL, 4.5 mmol) was added
under an argon atmosphere. The reaction mixture was allowed to stir at 110 °C for 3 d. The
reaction mixture was filtered through a pad of celite after cooled to rt and rinsed with EtOAc.
The filtrate was concentrated and the crude was purified by flash chromatography to give the
desired product 9 as a colorless oil (290 mg, 46%). 'H NMR (600 MHz, Chloroform-d) & 10.04
(s, 1H), 8.80 (dd, J = 1.68, 4.21 Hz, 1H), 8.72 (dd, J = 1.56, 7.42 Hz, 1H), 8.15 (dd, J = 1.66,
8.24 Hz, 1H), 7.53 — 7.47 (m, 2H), 7.45 (dd, J=4.21, 8.25 Hz, 1H), 7.36 — 7.33 (m, 4H), 7.30 —

7.26 (m, 1H), 4.56 (d, J=2.19 Hz, 2H), 4.03 (p, J = 7.10 Hz, 2H), 3.62 (dd, J = 5.63, 10.41 Hz,
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1H), 3.54 (dd, J = 6.05, 10.43 Hz, 1H), 2.84 (dd, J = 6.51, 17.01 Hz, 1H), 2.76 (dd, J = 7.90,
17.02 Hz, 1H), 1.99 (dd, J = 4.86, 8.78 Hz, 1H), 1.96 — 1.91 (m, 1H), 1.67 (ddd, J = 1.74, 5.16,

8.39 Hz, 1H), 1.10 (t, J = 7.13 Hz, 3H).

Ethyl 2-((15,28,35)-2-(hydroxymethyl)-3-(quinolin-8-ylcarbamoyl)cyclopropyl)acetate
(10). To a solution of 9 (500 mg, 1.50 mmol) in anhydrous DCM (5.0 mL) was added BCl; (8.46
mL, 8.46 mmol, 1.0 M in hexanes) dropwise at -78 °C under an argon atmosphere. The reaction
was kept stirring at the same temperature for 1.5 h. Then, the mixture was allowed to stir at 0 °C
for 15 min, NaHCO3 was added at -78 °C. The reaction mixture was warmed to rt and stirred for
4 h and quenched by water. The separated organic phase was washed with brine, dried over
MgSO4and concentrated in vacuum. The crude was purified by flash chromatography to give the
desired product 10 as a colorless oil (282 mg, 61%). 'H NMR (400 MHz, Chloroform-d) & 10.05
(s, 1H), 8.80 (dd, J = 1.69, 4.24 Hz, 1H), 8.71 (dd, J = 2.14, 6.85 Hz, 1H), 8.16 (dd, J = 1.67,
8.36 Hz, 1H), 7.56 — 7.42 (m, 3H), 4.11 (ddd, J = 1.60, 5.55, 7.13 Hz, 2H), 3.96 — 3.87 (m, 1H),
3.46 (ddd, J=2.61, 8.09, 11.04 Hz, 1H), 2.88 (dd, J = 8.82, 17.68 Hz, 1H), 2.73 (dd, J = 5.93,
17.67 Hz, 1H), 2.40 (dd, J=3.56, 7.33 Hz, 1H), 1.98 (dd, J=4.87, 8.74 Hz, 1H), 1.95 — 1.89 (m,
1H), 1.55 (tt, J = 6.16, 8.77 Hz, 1H), 1.19 (t, J= 7.13 Hz, 3H). *C NMR (101 MHz, CDCI;) §
173.7,168.8, 148.1,138.2, 136.4, 134.5, 127.9,127.4,121.6, 121.4,116.3, 64.7, 60.7, 30.9, 28 4,

26.0,22.1, 14.1.

Ethyl 2-((18,2S,35)-2-formyl-3-(quinolin-8-ylcarbamoyl)cyclopropyl)acetate (11). To an
ice-cooled stirred solution of 10 (180 mg, 0.548 mmol) in DCM (4.0 mL) was added Dess-Martin
periodinane (349 mg, 0.822 mmol). The resultant mixture was allowed to warm to rt for overnight.
The mixture was diluted with DCM, quenched with a 1: 1 solution of sat. NaHCO; and
sat.Na>S>03 (12.0 mL). After vigorous stirring for 0.5 h, the mixture was separated. The organic
phase was washed with brine, dried over MgSOs and concentrated in vacuum. The crude was

purified by flash chromatography to give the desired product 11 as a colorless oil (107 mg, 60%).
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'H NMR (600 MHz, Chloroform-d)  10.14 (s, 1H), 9.62 (d, J= 3.06 Hz, 1H), 8.79 (dd, J= 1.67,
4.23 Hz, 1H), 8.69 — 8.63 (m, 1H), 8.14 (dd, J = 1.68, 8.24 Hz, 1H), 7.54 — 7.47 (m, 2H), 7.44
(dd, J = 4.20, 8.24 Hz, 1H), 4.09 — 4.02 (m, 2H), 2.87 (qd, J = 7.27, 17.23 Hz, 2H), 2.76 — 2.68
(m, 2H), 2.24 (dtd, J = 5.92, 7.25, 9.16 Hz, 1H), 1.13 (t, J= 7.14 Hz, 3H). >*C NMR (151 MHz,
CDCl3) 8 198.4, 1717, 166.2, 148.3, 138.2, 136.3, 134.2, 127.9, 127.2, 121.9, 121.7, 116.5, 77.3,

77.1,76.9,60.7, 35.0, 30.9, 30.1, 25.4, 14.0.

Ethyl 2-((18,25,35)-2-(cyano(((R)-2-hydroxy-1-phenylethyl)amino)methyl)-3-(quinolin-8-
ylcarbamoyl)cyclopropyl)acetate (12). To a solution of 11 (277 mg, 0.85 mmol) in anhydrous
MeOH (4.0 mL) was added (R)-o-phenylglycinol (151 mg, 1.10 mmol) under an argon
atmosphere. The resultant solution was stirred at rt for 3 h and then trimethylsiyl cyanide (0.212
mL, 1.70 mmol) was added dropwise at 0 °C. The reaction mixture was stirred at rt for overnight.
The solvent was removed in vacuum to afford the crude, which was purified by flash
chromatography to give the desired product 12 as a colorless oil (250 mg, 62%). "H NMR (400
MHz, Chloroform-d) 6 10.08 (s, 1H), 8.82 (dd, J = 1.66, 4.26 Hz, 1H), 8.67 (dd, J = 3.69, 5.28
Hz, 1H), 8.16 (dd, J = 1.68, 8.30 Hz, 1H), 7.54 — 7.50 (m, 2H), 7.47 (dd, J=4.23, 8.27 Hz, 1H),
7.42 —7.28 (m, 5SH), 4.18 —4.10 (m, 3H), 3.82 (dd, J=4.14, 10.97 Hz, 1H), 3.76 — 3.65 (m, 2H),
2.86 (dd, J=8.82,17.61 Hz, 1H), 2.73 (dd, J=5.77, 17.62 Hz, 1H), 2.15 (dd, J = 5.00, 9.17 Hz,
1H), 2.10 — 2.04 (m, 1H), 1.82 (tt, J = 6.10, 8.92 Hz, 1H), 1.20 (t, J = 7.11 Hz, 3H). *C NMR
(101 MHz, CDCI3) 6 172.8, 167.5, 148.3, 138.1, 138.1, 136.4, 134.3, 128.9, 128.4, 127.9, 127.8,
127.3,121.7, 121.7, 117.5, 116.4, 77.3, 77.0, 76.7, 67.6, 63.0, 60.8, 49.9, 30.9, 26.6, 25.4, 20.7,

14.1.

(18,25,35)-2-((S)-Amino(carboxy)methyl)-3-(carboxymethyl)cyclopropane-1-carboxylic
acid (LBG30300). To a solution of 12 (150 mg, 0.34 mmol) in anhydrous DCM/MeOH (9.0 mL,
1:1) was added Pb(OAc)4 (317 mg, 0.714 mmol) at 0 °C. After stirring for 10 min, H>O (9.0 mL)

was added. The mixture was filtered through a pad of celite and the filtrate was concentrated to
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get the crude intermediate. To the resultant crude was added 6 M HCI (4.2 mL) and allowed to
heat to 110 °C for overnight. The crude product was purified by preparative HPLC and the
combined fractions were treated with 1 M HCl to give LBG30300 as the HCl salt (14 mg, 20%).
Purity: >95%, Rt: 2.82 min. 'H NMR (600 MHz, Deuterium Oxide) 6 3.66 (d, /= 10.02 Hz, 1H),
291(dd,J=6.22,17.26 Hz, 1H), 2.64 (dd, J=8.70, 17.27 Hz, 1H), 2.18 (dd, J=4.97,9.39 Hz,
1H), 2.03 (tt, J = 6.25, 9.02 Hz, 1H), 1.89 (ddd, J = 5.02, 6.27, 10.21 Hz, 1H). 3*C NMR (101
MHz, D,0) 6 176.3,174.3,170.7,55.3,31.2,26.3,23.6, 22.4. LC-MS (m/z) calcd. for CsH13NOg

[M+H]", 218.2; found, 218.1. [a]% +6.21 (c 0.102, H,0).

Pharmacology

Cell Culture and Transfection. HEK293 cells were transiently transfected with rat mGlu
receptors encoding plasmids by electroporation and cultured in Dulbecco’s modified Eagle’s
medium (Life Technologies,Cergy Pontoise, France) supplemented with 10% of fetal bovine
serum. Cells were seeded in polyornithine-coated 96-well plates at a density of 150 000
cells/well. In order to minimize extracellular Glu concentration, receptors were cotransfected
with the high-affinity Glu transporter EAAC1 and medium was replaced by Glutamax DMEM

(Life Technologies) without serum at least 2h before running the experiments.

IP-One Functional Assay. To monitor receptor signalling activity through inositol
monophosphate (IP1) production, group II and group III mGlu receptors were cotransfected with
the chimeric Gqi9 protein to allow coupling to the phospholipase C pathway. Twenty-four hours
after transfection, cells were washed with Krebs buffer, and stimulated for 30 min with the
indicated compounds in the presence of LiCl (50 mM). IP1 production was determined using the
IP-One HTRF kit (Cisbio Biossays, Codolet, France) according to the manufacturer’s
recommendations. For mGlus, cells were first incubated with 1 uM LY341495 for 10 min at 37

°C in Krebs buffer. Then, cells were washed two times with Krebs buffer and stimulated with the
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indicated concentrations of compounds. However, in order to circumvent the lowering of the
observed agonist EC50s by the remaining antagonist compounds, we determined a correction
factor. This factor was calculated as the ratio of the ECsos (9.54 &+ 1.95) of the compounds on
mGluz, determined in the same two conditions, with and without the preincubation with 1 uM of
the antagonist LY341495. The ECsos presented for mGluz in Table 1 are were determined by
applying this correction factor to the measured ECsos. Experiments were performed at least in

duplicates, and data were analysed using Prism software (GraphPad, La Jolla, CA, USA).

Fluorescence labeling and TR-FRET measurements. SNAP-tag labeling was performed as
described previously.*! Briefly, 24h after transfection, HEK293 cells were incubated at 37 C for
1h with a solution of 100 nM of SNAP-Lumi4-Tb, 60 nM of SNAP-Green. Cells were then
washed three times with Krebs buffer, and drugs were added. The TR-FRET measurements were
performed on a PHER Astar FS microplate reader (BMG Labtech, Ortenberg, Germany) equipped
with ‘TR-FRET’ optical modules and two photomultiplier tubes to detect two emission
wavelengths corresponding to the donor and acceptor emission, simultaneously.*! To monitor the
emissive decay curves, the Lumi4-Tb present in each well was excited using N2 laser emission
line at 337 nm (40 flashes per well for the 96-well plate format, 20 flashes per well for the 384-
well plate format). The emission decay was collected during 2500 or 5000 ms with 5 ms or 10
ms steps, respectively, at 620 nm for the donor (Lumi4-Tb) and at 520 nm for Green. The optimal
acceptor ratio was determined as previously reported,*! and calculated using the sensitized
acceptor signal integrated over the time window [50 ms- 100 ms], divided by the sensitized
acceptor signal integrated over the time window [800 ms-1200 ms]. As described above for the
IP-One assay, to circumvent the shift of the EC50s determined on mGlus after a pre-incubation
with the antagonist (1 uM), similar experiments were conducted on mGlu; in order to determine
the EC50s on mGlu; in identical conditions, meaning after preincubation of antagonist (1 pM)

and washing. This is presented in Table 3.
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Molecular Modelling
Docking (design)

Induced fit docking was carried out in MOE (2022.02) using standard setup with AMBER-10
EHT as the forcefield. The protein (mGluz, pdb code Scni) was prepared for docking by
applying the build-in function “Protonate-3D” under standard parameters. Binding modes

were returned with a scoring function S in kcal/mol. Best poses were selected here from.

Docking (subtype selectivity study)

In order to computationally investigate the selectivity of LBG30300 towards mGlu,, several
docking experiments were performed using Gold*® as implemented in Discovery Studio
(Dassault Systemes BIOVIA. Discovery Studio Modeling Environment, Release 2021
Dassault Systémes: San Diego, 2021). LBG30300 was sketched then prepared using the
prepare ligands protocol in Discovery Studio (Dassault Systemes BIOVIA, Discovery Studio,
2021, San Diego: Dassault Systémes) followed by ligand minimization using CHARMm
forcefield. For docking at mGluy, the crystallized structure (PDB ID: 5CNJ)* was selected
due to the presence of different conformations of Tyr144 at the orthosteric binding site as
revealed by the flip of Tyr144 in chain A which was not observed in chain B. Hence, a flexible
docking in mGlu; chain A was performed. Binding constraints were set to ensure that top
poses have the glutamate-like interactions.!? Thr168 and Ser145 were selected as hydrogen
bond donors whereas Arg6l was selected as a hydrogen bond acceptor. Additionally, five
residues in the vicinity of the ligand were selected for flexibility during docking: Lys43,
Arg57, Tyr144, Ser272, and Arg271. The maximum number of poses was set to 100, with an
early termination at three poses if the RMSD was less than 1.5 Angstrom successively. Then

a docking experiment in mGluz chain B was carried out. This docking had the same parameters
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as the one described above for chain A. Furthermore, two docking experiments were
performed, one in mGlug and the other in mGlus, using PDB IDs 6BSZ, and 4XAR as

templates respectively. Likewise, the same parameters were set with different residues.

Molecular Dynamics

Following the pose selection of the docking of LGB30300 in mGlu; chain A. The stability of
the complex was assessed by molecular dynamics simulations using Discovery Studio
(Dassault Systemes BIOVIA. Discovery Studio Modeling Environment, Release 2021
Dassault Systémes: San Diego, 2021) and NAMD® implemented in Discovery studio. First,
the complex was typed with charmm36+ force field then was placed in an orthorhombic box
at a minimum distance of 10 A from the boundary and solvated with TIP3 water model. Na*
and ClI" were added to maintain a salt concentration of 0.145 M. The system was then
minimized and equilibrated using the standard Dynamics Cascade protocol. Then three
production replicates were launched for 10 ns each in NPT ensemble at 300K using Langevin
thermostat for temperature control. Likewise, molecular dynamics of the chosen pose of the
docking of LGB30300 and mGlug complex were launched for 10 ns. For pose selection, same
system trajectories were concatenated then ttclust?” was used to clusterize the frames. The

frame representing the most abundant cluster was selected.
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