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ABSTRACT: In the present study, screening of a library of
49,087 compounds at the excitatory amino acid transporter
subtype 3 (EAAT3) led to the identification of 2-(furan-2-yl)-
8-methyl-N-(o-tolyl)imidazo[1,2-a]pyridin-3-amine (3a)
which showed a >20-fold preference for inhibition of
EAAT3 (ICg, = 13 uM) over EAAT1,2,4 (EAATI: ICy, ~
250 uM; EAAT2,4: IC, > 250 uM). It was shown that a small

pIC50

B 5.0
45
40
35

Inactive
(<36 0r<4.0)

PP APa? SRR P DO D F PP PO S P

3a R= Me
3e R=Br

lipophilic substituent (methyl or bromine) at the 7- and/or 8-position was essential for activity. Furthermore, the substitution
pattern of the o-tolyl group (compound Sb) and the chemical nature of the substituent in the 2-position (compound 7b) were
shown to be essential for the selectivity toward EAAT3 over EAAT1,2. The most prominent analogues to come out of this study
are 3a and 3e that display ~35-fold selectivity for EAAT3 (ICy, = 7.2 uM) over EAAT1,2,4 (IC5, ~ 250 uM).
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B INTRODUCTION

(S)-Glutamate (Glu) is the major excitatory neurotransmitter in
the mammalian central nervous system (CNS), where it is
central for essentially all physiological and pathophysiological
processes. The synaptic reuptake of Glu is governed by a family
of excitatory amino acid transporters (EAATs), which thus
function as key regulators of glutamatergic transmission.'”’
Since dysfunction in the glutamatergic system is implicated in
numerous neurological and psychiatric disorders, and since
therapeutic intervention in several other disorders via
glutamatergic mechanisms also has been proposed, there is a
considerable therapeutic potential in ligands modulating Glu
transport.”’~°

The five EAAT subtypes (EAAT1-S) are differentially
expressed at the cellular level and throughout the CNS.
EAAT1,2 and EAAT3,4,5 are predominantly expressed in glia
cells and in neurons, respectively, and while EAAT1,2,3 are
abundantly expressed throughout the brain, EAAT4 and EAATS
are almost exclusively localized in the cerebellum and retina,
respectively."”” As the EAAT are responsible for the vast
majority of Glu uptake in the CNS," the EAAT2 subtype is the
main transporter of interest when it comes to the hyperactivity in
the glutamatergic system and the neurotoxic processes
associated with various neurological and neurodegenerative
disorders."»*”'" However, the minor EAAT subtypes also
mediate important physiological functions, and in light of the
more discrete expression and specialized functions of these
EAATSs compared to the key importance of EAAT?2 for overall
Glu uptake they could hold advantages in terms of being suitable
drug targets.”'> For example, the predominant neuronal
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EAAT subtype, EAATS3, contributes significantly to glutamater-
gic transmission as a synaptic buffer regulating the clearance of
Glu from active synapses,'”'* and EAAT3 internalization has
been found to be a key component of the augmented
glutamatergic signaling underlying the psychostimulant effects
of amphetamine.'>'>'° In addition to its role for synaptic Glu
clearance, EAAT3-mediated Glu and cysteine uptake has been
reported to be important for GABAergic neurotransmis-
sion'’™"” and for glutathione synthesis in neurons,”’”*’
respectively, and the transporter also seems to play a role in
chronic pain”* with its expression being dynamically regulated
by chronic opioid treatment.”>~>” EAAT3 has been also been
implicated in several pathological states, most compellingly
when it comes to amino aciduria where reduced cellular uptake
of Glu and aspartate results in increased renal excretion of the
amino acids,*® but increasing evidence is also indicative of a role
for EAAT?3 in psychiatric disorders such as obsessive compulsive
disorder'®**™** and schizophrenia.’>** However, the exact
contributions of EAAT3 to mechanisms underlying these
physiological functions and pathophysiological conditions are
still quite unclear, and conflicting observations have often been
reported in different studies of these functions. Thus, while the
literature certainly substantiates the therapeutic potential of
EAATS3, it also underlines the need for better pharmacological
tools to explore and exploit this potential further.'>'®
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Figure 1. Chemical structures: (A) Endogenous EAAT substrates (S)-Glu, (S)-Asp, and (R)-Asp. (B) Competitive EAAT inhibitors TBOA,"
DHK,'*"* 1a,'® 1b,"” and 1¢.*® (C) Noncompetitive EAAT1 inhibitors 1d*! and 1e.**

In contrast to decades of intensive research on therapeutics in
the fields of ionotropic and metabotropic Glu receptors,®*° the
EAATS have attracted considerably less attention as drug targets
over the years, which means that explorations into the
physiological roles of and the therapeutic potential in the
transporters still are hampered by the lack of pharmacological
tools.”* Most EAAT ligands reported to date are amino acids
developed using the endogenous EAAT substrates (S)-Glu, (S)-
aspartate, and (R)-aspartate as leads (Figure 1).* This approach
has resulted in the identification of EAAT2-selective inhibitors,
including the conformationally restricted Glu analogue dihy-
drokainic acid (DHK), the 4-substituted Glu analogue (25,4R)-
2-amino-4-(3-(2,2-diphenylethylamino)-3-oxopropyl)-
pentanedioic acid (la), and the functionalized asparagine
analogue N-[4-(2-bromo-4,5-difluorophenoxy)phenyl]-L-aspar-
agine (WAY-213613, 1b) (Figure 1).*”7* However, selective
ligands for other EAAT subtypes have not emerged from these
efforts, and thus, the most EAAT3-selective ligand reported to
date, L-threo-f-benzylaspartate (L-B-BA, 1c, Figure 1), only
exhibits 4—10-fold higher inhibitory potency at EAAT3 than at
other EAATs.*"* In our continued search for novel
pharmacological tools applicable for studies of the physiological
functions governed by EAATS, we have previously applied
screenings of small commercial compound libraries. This
approach has led to the development two structurally novel
series of highly EAAT1-selective inhibitors, represented by
UCPH-101 (1d) and compound le (Figure 1).%7% In the
present study, we report the discovery of the first class of
EAAT3-selective inhibitors based on a hit identified from
screening of an ~50,000 compound library at EAAT3 followed
by an elaborate structure—activity relationship (SAR) study.

B RESULTS AND DISCUSSION

Identification of a Novel EAAT3-Selective Inhibitor. In
search for novel lead structures which display EAAT activity and
in particular for EAAT3-selective modulators, screening of a

~50,000 compound library at EAAT3 was performed (see
further description of the compound library in Methods). The
screening was performed using a stable hEAAT3-HEK293 cell
line® in the FLIPR Membrane Potential Blue (FMP) assay,
where the membrane potential changes in the cells arising from
the electrogenic transport process of the EAAT are measured by
use of a fluorescent dye.*” The compounds were screened for
modulatory activity at the transporter at an assay concentration
of ~25 uM or S mg/mL using Glu at an ECgy (EC;,—ECy,)
concentration as EAAT substrate.

The screening identified compound 3a (2-(furan-2-yl)-8-
methyl-N-(o-tolyl)imadazo[ 1,2-a]pyridine-3-amine) to inhibit
the Glu-induced response in the hEAAT3-HEK293 cells
significantly (Figure 2A). After confirmation of its inhibitory
EAAT3 activity, 3a was found not to modulate GABA-evoked
signaling through a HEK293 cell line expressing the human hp1
GABA,R™ in the FMP assay, demonstrating that the effects of
3a on the Glu-induced response in the hEAAT3-HEK293 cells
was indeed mediated via the EAAT3 transporter (data not
shown).

The EAATS3 inhibitory activity of 3a was verified and its
selectivity profile across the EAAT family was determined in a
conventional [*H]-p-aspartate ([*H]-p-Asp) uptake assay using
stable hEAAT1-, hEAAT2-, and hEAAT3-HEK293 and
rEAAT4-tsA201 cell lines.>”*” In this assay, 3a displayed ICs,
values of ~250 yM, >250 yM, 13 uM, and >250 M in hEAAT,
hEAAT?2, hEAAT3, and rEAAT4, respectively, thus displaying
~20-, >20-, and >20-fold selectivity as an inhibitor of hEAAT3
over hEAAT1, hEAAT2, and rEAAT4, respectively (Figure 2B,
Tables 1-8).

Design and Synthesis of 3a Analogues. The fused
imidazole bridgehead nitrogen heterocyclic core found in
compound 3a is readily synthesized from the three-component
Groebke—Blackburn—Bienaymé (GBB) reaction (Scheme
1).**7°! Thus, by variation of the substituents on the amidine,
aldehyde, and isocyanide components, a large number of
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Figure 2. Functional properties of selected analogues from the series of EAAT3-selective inhibitors. (A) Heat map of data obtained for the plate
containing hit compound 3a (2-(furan-2-yl)-8-methyl-N-(o-tolyl)imidazo[ 1,2-a]pyridin-3-amine; well N04) in the compound library screening in the
hEAAT3-HEK293 cell line in the FMP assay. The wells in columns 23 and 24 contain positive controls (Pos ctr; buffer containing 0.025% DMSO) and
negative controls (Neg ctr; buffer containing 0.025% DMSO and 300 M L-Glu), respectively. The data is given as percentage of the span between the
values obtained for the positive and negative controls. (B) Representative concentration—inhibition curves for 3a, 3m, Sb, and 7b at the hREAAT1-
HEK293 (black), hREAAT2-HEK293 (red), hEAAT3-HEK293 (blue), and rEAAT4-tsA201 (green) cell lines in the [*H]-p-Asp uptake assay. Data are
from representative individual experiments and are given as mean + SD values in % of specific [*H]-p-Asp uptake. (C) Heat map of the selectivity
profiles displayed by selected (active) compounds at EAAT1—4. The coloring is given based on mean pICs, values exhibited by the compounds at the
four transporters in the [*H]-p-Asp uptake assay, with black indicating that the compound either were completely inactive at the specific transporter or
inhibited specific [*H]-p-Asp uptake through it significantly less than 50% at the highest concentration tested (>100 or >250 uM).

Scheme 1. Three-Component (Amidine 11, Aldehyde 12, and
Isocyanide 13) Groebke—Blackburn—Bienaymé Reaction for
the Synthesis of the Imidazo[1,2-a]pyridin-3-amine Core,
Series 3—10
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analogues of 3a can easily be accessed. A total of 89 analogues of
3a were obtained by in house synthesis or purchased from
commercial suppliers and included in the present SAR study
(Figure 3).

The effect on EAAT3 inhibition of varying the substituent(s)
on the pyridine ring was explored by employing different
amidines (series 3, Figure 3) (Table 1). Substitutions on or
replacement of the furan ring at the 2-position of the
imidazopyridine core was achieved by employing different
aromatic and aliphatic aldehydes (series 4, Figure 3) (Table 2),
and the 3-amine handle was formed by using corresponding
isocyanides (series S, Figure 3) (Table 3). Combinations of the
above variations gave access to analogues with simultaneous
variations at two points (Tables 4—6) or three points (Table 7).
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Figure 3. Overview of compounds series 3—10 included in the SAR study and the chemical modifications introduced into 3a in the different analogues.
The tables outlining the pharmacological data of the different compound series are indicated.

The bicyclic imidazo[1,2-a]pyridine scaffold core was replaced
by other aromatic bi- or tricyclic scaffolds (Table 8).

Synthesis of Series 3—10. The target compounds with a
bicyclic imidazo[1,2-a]pyridin-3-amine scaffold were synthe-
sized via GBB reaction, which was performed in a highly efficient
manner under solvent- and catalyst-free conditions (Scheme
2).** Readily available amidine, aldehyde, and isocyanide
substrates were subjected to this three-component trans-
formation at 160 °C for 1-3 h to afford target compounds
3a—g, 3i—m, 4b—g, 5d—f, 6¢c, 7b, 8a—8e, and 10a—10g) in
yields up to 98%, without further optimization. For the GBB
products 3e—g comprising a bromo substituent at the 6-, 7-, or
8-position of the imidazo[1,2-a]pyridin-3-amine scaffold, a
following Suzuki-coupling reaction was performed to give
compounds 3n—z in good to excellent yields up to 99% using
5 mol % XPhos-Pd-G3 catalyst under microwave irradiation at
100 °C for 45 min. For the GBB reaction product 4g with a Boc-
protected azetidine moiety at the 2-position of the imidazo[1,2-
a]pyridin-3-amine scaffold, a Boc-deprotection step in acidic
condition followed by an acetylation reaction using acetyl
chloride gave both azetidine-acetylated products 4h and side
product 4i, formed through ring-opening of the azetidine moiety
by chloride, in a combined yield of 71%. Replacement of the
acetyl chloride with 2-fluorobenzoyl chloride gave 4j and 4k in a
combined yield of 77%.

Structure—Activity Relationship of 3a Analogues as EAAT
Inhibitors. The functional properties of all 89 analogues of 3a
(series 3—10) were characterized at stable hREAAT1-, hEAAT2-,
and hEAAT3-HEK293 and rEAAT4-tsA201 cell lines in the
[*H]-p-Asp uptake assay. (S)-Glu and 3a were tested as controls
in all rounds of testing. The functional properties of the
analogues are given in Figure 3 and Tables 1—8.>

In compound series 3, we evaluated the impact of different
substituents on the pyridine moiety of the bicyclic scaffold core
on EAAT1—4 activity (Table 1). The analogues were obtained
by applying appropriately substituted 2-aminopyridines 11 in
the synthesis. First, with removal of the 8-methyl group,
compound 3b (R = H) resulted in a 10-fold loss of inhibitory
potency at EAAT3. Next, repositioning of the 8-methyl group of
3a to the 7-position (3c) and the 6-position (3d) reduced the
inhibitory potency of the lead at EAAT3 slightly and
significantly, respectively. The EAAT3 inhibitory potency was
slightly improved when the 8-methyl group was replaced with a
bromine, compound 3e (ICg, = 7.2 uM), conserved upon
substituting the 7-methyl group with a bromine, compound 3f,
whereas the 6-bromo analogue 3g was inactive. Finally, the 6-Cl
analogue 3h displayed only moderate effect at EAAT3 (Table
1). Introduction of other substituents at the 8-position, both
electron-donating and electron-withdrawing groups, led to
compounds without activity or with negligible activity at
EAAT3 (3i—k). While the 8-methyl-6-chloro analogue 31 was
inactive, the 8-bromo-7-methyl analogue 3m was equipotent to
3a, displaying ICs, values of 9.6 uM at EAAT3, ~100 uM at
EAATI1, and >250 M at EAAT2,4 (Figure 2B, Table 1).
Analogues 3n—z, in which (un)substituted phenyl rings were
incorporated in the 6-, 7-, or 8-positions, were all inactive (IC50 >
250 uM) at EAATS3.

All in all, these data showed that a small lipophilic substituent
in the 8- and/or 7-positions (compounds 3a,c,e,f) is of key
importance for the observed EAATS3 inhibitory potency of this
compound class. Finally, with the exception of the moderate
EAAT1 activity displayed by 3m (ICg, ~ 100 uM), all
compounds in this series (3a—z) either displayed negligible
activity or were completely inactive at EAATI1,2,4 at
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Scheme 2. Synthesis of Representative Compounds 3a, 3e, 3p, and 4g—k
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concentrations up to 250 yM. Most notably, 3e, the most potent
EAAT3-inhibitor in the series, exhibited an EAAT3-over-
EAAT1,2,4 selectivity ratio of ~35-fold, and 3a displayed
~20-, >20-, and >20-fold selectivity for EAAT3 over EAAT]1,
EAAT?2, and EAAT4, respectively.

In the next series, we probed the contribution of the 2-(furan-
2-yl) substituent on the imidazopyridine core of 3a for its
EAATS3 activity (Table 2). Interestingly, addition of a methyl
group at the §’-position in the furan-2-yl moiety yielded a
compound that exhibited equipotent, albeit moderate, inhib-
ition at EAAT1-3 (4a). Replacement of the furan-2-yl moiety
with a pyrrol-2-yl moiety reduced the inhibitory potency at
EAATS3 slightly (4b), while the corresponding phenyl (4c) and
1-phenylethyl (4d) analogues displaying negligible EAAT3
inhibition (Table 2). The introduction of the bulky lipopohlic
norbornenyl (4e) or cyclobutyl (4f) groups resulted in slightly
reduced EAAT3 inhibitory potency (3-fold), whereas a Boc-
azetidine group, compound 4g, led to an ICy, value at EAAT3
comparable to that of 3a. In contrast to series 3, analogues 4a,e,j
displayed roughly equipotent (weak) inhibition of EAAT1-3,
while still being inactive at EAAT4 (Table 2).

Series 5 was a small series of analogues in which aromatic and
aliphatic isocyanide substituents were introduced at the 3-
position of the imidazopyridine core of 3a (compounds Sa—f,
Table 3). The six analogues displayed slightly or substantially
reduced inhibitory potency at EAAT3 compared to 3a, with the
phenyl analogue Sa not surprisingly being the most active
analogue of the six. Interestingly, introduction of an iPr group in
the 4'-position, analogue Sb, led to loss of the EAAT?3 selectivity,

with this analogue displaying equipotent inhibition of EAAT1
and EAAT3 (Table 3, Figure 2B).

Series 6—8 all comprised analogues in which two moieties in
the 3a scaffold were varied at the same time: the 2-(furan-2-yl)
and 3-amino substituents (6a—6c), the 2-moiety and the fused
pyridine moiety (7a, 7b), and substituents at the 3-amine and
the fused pyridine group (8a—8f) (Tables 4—6). Analogue 6a
shared the S-methylfuran-2-yl moiety with 4a and displayed
roughly the same functional properties as that analogue across
EAAT1—4, whereas 6b,c all were inactive at the transporters.
Analogue 7b, which combined the 8-bromo-7-methyl sub-
stitution pattern at the imidazopyridine core of 3m and the Boc-
azetidine from compound 4g exhibited an interesting EAAT
activity profile, displaying comparable inhibitory potency at
EAAT1 and EAAT3 (ICq, values 16 and 8.8 M, respectively)
and somewhat weaker activity at EAAT2,4 (Table S, Figure 2B).
Finally, the inactivity of analogues 8a—e at EAAT1—4 was not
surprising considering the negligible activity displayed by
analogues Se,f that both also contains an aliphatic substituent
at the 3-amino position at the imidazopyridine core. Series 9
consisted of 29 analogues that comprised modifications at all
three positions (9a—9ac). Because of the substantial degree of
variation introduced in these analogues, they were exclusively
screened for activity at EAAT3, and not surprising the majority
of the analogues were completely inactive at the transporter
(Table 7).

Series 10 consisted of analogues wherein the imidazopyridine
core of 3a was modified or replaced (Table 8): Including an
additional ring nitrogen yielded bicyclic 6-5 scaffolds imidazo-
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Table 1. SAR Study of the Importance of Substituents on the Pyridine Moiety of the Core Imidazo[1,2-a]pyridin-3-amine

Scaffold of 3a for EAAT1—4 Activity”

5

8
7 A
R«Cr
NI
6

N, ©O

W

NH

-

ICsy (uM) [pICso = SEM]*

compd R hEAAT1
3a 8-Me ~250 [~3.6]
3b H >250 [<3.6]
3c 7-Me ~250 [~3.6]
3d 6-Me ~250 [~3.6]
3e 8-Br ~250 [~3.6]
3f 7-Br ~250 [~3.6]
3g 6-Br >250 [<3.6]
3h® 6-Cl >250 [<3.6]
3i 8-CF, >250 [<3.6]
3j 8-CN >250 [<3.6]
3k 8-NH, >250 [<3.6]
31 8-Me, 6-Cl >250 [<3.6]
3m 8-Br,7-Me ~100 [~4.0]
3n 8-Ph >250 [<3.6]
30 7-Ph >250 [<3.6]
3p 8-(4-MeOC¢H,) >250 [<3.6]
3q 7-(4-MeOC4H,) >250 [<3.6]
3r 6-(4-MeOCgH,) >250 [<3.6]
3s 8-(4-F-2-MeOC4H;) >250 [<3.6]
3t 7-(4-F-2-MeOC¢H;) >250 [<3.6]
3u 6-(4-F-2-MeOC¢H;) >250 [<3.6]
3v 7-(5-CN-2-MeOC¢H,) >250 [<3.6]
3w 6-(5-CN-2-MeOC¢H,) >250 [<3.6]
3x 7-(2-CH,0H-4-MeOCH,) >250 [<3.6]
3y 6-(2-CH,0H-4-MeOC¢Hs,) >250 [<3.6]
3z 6-(4-CH;CONHC¢H,) >250 [<3.6]

hEAAT2 hEAAT3 rEAAT4
>250 [<3.6] 13 [4.90 + 0.02] >250 [<3.6]
>250 [<3.6] ~100 [~4.0] >250 [<3.6]
>250 [<3.6] ~30 [~4.5] >250 [<3.6]
~250 [~3.6] ~100 [~4.0] ~250 [~3.6]
~250 [~3.6] 7.2 [5.14 = 0.06] ~250 [~3.6]
~250 [~3.6] 16 [4.80 = 0.09] ~250 [~3.6]
>250 [<3.6] >250 [<3.6] >250 [<3.6]
>250 [<3.6] ~50 [~4.3] >250 [<3.6]
>250 [<3.6] 250 [<3.6] >250 [<3.6]
>250 [<3.6] 5250 [<3.6] >250 [<3.6]
>250 [<3.6] ~100 [~4.0] >250 [<3.6]
>250 [<3.6] >250 [<3.6] >250 [<3.6]
~250 [~3.6] 9.6 [5.02 = 0.06] >250 [<3.6]
>250 [<3.6] >250 [<3.6] >250 [<3.6]
>250 [<3.6] 5250 [<3.6] >250 [<3.6]
>250 [<3.6] 250 [<3.6] >250 [<3.6]
>250 [<3.6] >250 [<3.6] >250 [<3.6]
>250 [<3.6] >250 [<3.6] >250 [<3.6]
>250 [<3.6] >250 [<3.6] >250 [<3.6]
>250 [<3.6] >250 [<3.6] >250 [<3.6]
>250 [<3.6] >250 [<3.6] >250 [<3.6]
>250 [<3.6] >250 [<3.6] >250 [<3.6]
250 [<3.6] 250 [<3.6] >250 [<3.6]
>250 [<3.6] 5250 [<3.6] 250 [<3.6]
>250 [<3.6] >250 [<3.6] >250 [<3.6]
>250 [<3.6] >250 [<3.6] >250 [<3.6]

“Data are based on 3—4 independent experiments (n = 3—4), except for the 3a data (n = 11). YObtained from commercial supplier. “The inhibitory
potencies displayed by the analogues in hEAAT1-HEK293, hEAAT2-HEK293, hEAAT3-HEK293, and rEAAT4-tsA201 cells in the [*H]-p-Asp

uptake assay are given.

[1,2-a]pyrimidines (10a,b), imidazo[1,2-a]pyrazine (10c), and
imidazo[ 1,2-c]pyrimidine (10d). Replacement of the bicyclic 6-
S scaffold with a size-reduced bicyclic S-S scaffold yielded
imidazo[2,1-b]oxazole (10e), and replacement of the bicyclic 6-
S scaffold with a more bulky tricyclic 6-5-S scaffold yielded
benzo[d]imidazo[2,1-b]thiazoles (10fg). All these scaffold
jumps led to complete loss of inhibitory activity at EAAT1—4
(Table 8).

In summary, the SAR study presented herein comprises 89
analogues of 3a and leads to the conclusion that the presence of a
small lipophilic substituent (Me, Br) in the 7- and/or 8-positions
of the imidazo[1,2-a]pyridine core is important for EAAT3
inhibitory activity. The most potent analogue in the series,
compound 3e, only displays a 2-fold higher inhibitory potency
compared to 3a but it is ~35 fold selective as an inhibitor of
EAATS3 over EAAT1,2,4. In comparison, 3a only displays ~20-
fold EAAT3-over-EAAT1 selectivity but since this analogue is
completely inactive at both EAAT2 and EAAT4 at the highest
concentration tested (due to solubility), it could potentially be
more EAAT3-selective against these two subtypes than 3e.
Interestingly, minor structural modifications to 3a occasionally
yielded compounds that displayed equipotent inhibition of

several EAAT subtypes, such 4a, Sb and 7b (Figure 2B). This
underlines that the EAAT3-selectivity displayed by 3a and a
couple other analogues in the series is rooted in the substitution
pattern on the imidazo[1,2-a]pyridine-3-amine core, and that
the scaffold thus potentially also could form the basis for the
development of inhibitors with other EAAT subtype-selectivity
profiles.

B CONCLUSION

In the present study we have identified a compound series of
imidazo[1,2-a]pyridin-3-amines as the first class of EAAT3-
selective inhibitors. The lead compound 3a was identified from a
high throughput screening of a library of 49,087 structurally
diverse compounds followed by an elaborate SAR study of a total
of 89 analogues, most of which were synthesized using the
efficient solvent-free GBB reaction. The SAR study disclose both
options and limitations on the introduction/exchange of
substituents as well as when altering the chemical nature of
core scaffold. Albeit significantly improved inhibitory potency
(~2-fold) was not achieved in this round of SAR investigations,
the most potent analogue, compound 3e, displays ~35-fold
higher inhibitory potency at EAAT3 compared to EAATI,2,4,
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Table 2. SAR Study of the Importance of Substituents on the Furan Moiety of 3a for EAAT1—4 Activityd

Za\
X N\/giR
"

ICs0 (uM) [pICso = S.E.M.]*

Cpd. R
hEAAT1 hEAAT?2 hEAAT3 rEAAT4
o}
4aP W ~50 [~4.3] ~50 [~4.3] ~30 [~4.5] >100 [<4.0]
N
>250 [<3. >250 [<3. ~25 [~4. >250 [<3.
4b m 50 [<3.6] 50 [<3.6] 5 [~4.6] 50 [<3.6]
4¢P @ n.t. n.t. >250 [<3.6] n.t.
Ph
4d ?i( ~100 [~4.0] ~100 [~4.0]  ~250 [~3.6] ~100 [~4.0]
.\‘H
4e @ ~100 [~4.0] ~50 [~4.3] ~30 [~4.5] >250 [<3.6]
H
4f % ~100 [~4.0] ~100 [~4.0]  ~30[~4.5] >250 [<3.6]
4g §\CN‘BOC ~50 [~4.3] ~100 [~4.0] 17 [4.78 £ 0.07] >250 [<3.6]
4h %Nj( >250 [<3.6] >250[<3.6] >250[<3.6] >250 [<3.6]
o]
Cl
4i 5\6 3\ >250 [<3.6] >250 [<3.6]  >250 [<3.6] >250 [<3.6]
N
4j %N\‘(Q ~50 [~4.3] ~100 [~3.6] ~50[~4.3] >250 [<3.6]
o F
cl
~30 [~4.5] ~50 [~4.3] ~100 [~4.0] >250 [<3.6]

4K 5{ 3\:@
N

“Data are based on 3—4 independent experiments (n = 3—4). Obtained from commercial supplier. “Not tested. “The inhibitory potencies
displayed by the analogues in hREAAT1-HEK293, hEAAT2-HEK293, hEAAT3-HEK293, and rEAAT4-tsA201 cells in the [*H]-p-Asp uptake assay

are given.

and compounds 3a and 3e, as well as other analogues in the
series, are considerably more EAAT3-selective than previously
reported EAAT3-preferring inhibitor r-f-BA*"** and thus
represent tool compounds for studying the physiological

function and therapeutic potential of EAAT3.

B METHODS

Chemistry. Unless otherwise noted, reactions were performed

under a nitrogen atmosphere in flame-dried glassware including
microwave vials. Reagents were purchased and used as received from

commercial sources or synthesized based on cited procedures.
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Table 3. SAR Study of the Importance of the 2-Methylphenyl Moiety of 3a for EAAT1—4 Activity”

Za\ o]
Ny U
HN-R
ICs0 (uM) [pICs0 = S.E.M.]*
Cpd. R
hEAATI1 hEAAT2 hEAAT3 rEAAT4
5ab R:H >100 [<4.0] >100 [<4.0] ~30 [~4.5] >100 [<4.0]
5h® R’: 4-iPr 15 [4.82 + 0.05] ~50 [~4.3] ~30 [~4.5] >100 [<4.0]
R E j)i

5¢b R’: 4-MeO >100 [<4.0] >100 [<4.0] >250 [<3.6] >100 [<4.0]
5d R>:2,6-(Me),  >250 [<3.6] >250 [<3.6] ~100 [~4.0] >250 [<3.6]
Se O)q ~100 [~4.0] ~100 [~4.0] ~100 [~4.0] >250 [<3.6]
5f X >250 [<3.6] >250 [<3.6] >250 [<3.6] >250 [<3.6]

“Data are based on 3—4 independent experiments (n = 3—4). "Obtained from commercial supplier. “The inhibitory potencies displayed by the
analogues in hEAAT1-HEK293, hEAAT2-HEK293, hEAAT3-HEK293, and rEAAT4-tsA201 cells in the [*H]-p-Asp uptake assay are given.

Table 4. SAR Study of the Impact of Chemical Modifications at Both the Furan and the 2-Methylphenyl Moieties of 3a on

EAAT1—4 Activity*

AN N\/giR1

HN\RZ

ICs0 (uM) [pICso = S.E.M.]*

=
Cpd. R! R?
hEAATI
0}
6a® W 7@ ~30 [~4.5]
6b® ?L)\ 7@ n.t.
.\‘H
6¢ 7@ 7@ 250 [<3.6]
H

hEAAT2 hEAATS3 rEAAT4
~30[~4.5]  ~50[~4.3] >100 [<4.0]
n.t. ~100 [~4.0] n.t.

~100 [~4.0]  >250 [<3.6] >250 [<3.6]

“Data are based on 3—4 independent experiments (n = 3—4). “Obtained from commercial supplier. n.t, not tested. “The inhibitory potencies
displayed by the analogues in hREAAT1-HEK293, hEAAT2-HEK293, hEAAT3-HEK293, and rEAAT4-tsA201 cells in the [*H]-p-Asp uptake assay

are given.

Reactions were monitored by thin-layer chromatography (TLC, using
Merck silica gel 60 F254 precoated plates, 0.25 mm), visualized by UV
light at 254 nm. Yields refer to isolated compounds obtained by flash
column chromatography (Merck 60 A mesh, 15—40 um) on a Buchi
Reveleris Flash system, unless otherwise noted. Nuclear magnetic
resonance (NMR) spectra were recorded on a Bruker 400 MHz

Spectrometer (‘H NMR, 400 MHz; "*C NMR, 100 MHz) or a Bruker
600 MHz Spectrometer ( 'H NMR, 600 MHz; *C NMR, 150 MHz).
NMR data were obtained in CDCly or DMSO-d, (purchased from
Cambridge Isotope Laboratories, Inc.). Chemical shifts are reported in
parts per million (ppm) relative to the NMR solvent as follows:
multiplicity (s = singlet, d = doublet, t = triplet, dd = double doublet,
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Table 5. SAR Study of the Impact of Chemical Modifications at Both the Furan Moiety and the Substituent on the Pyridine

1/ =N 2
R N\/ng
HN©

Moiety of 3a on EAAT1—4 Activity®

ICso (uM) [pICso = S.E.M.]*

Cpd. R! R?
hEAATI
0.
72> H W ~50 [~4.3]
7b  8-Br,7-Me 5\@ N 16 [4.79 + 0.06]
Boc

hEAAT2 hEAAT3 rEAAT4
~50 [~4.3] ~30 [~4.5] >100 [<4.0]
~30[~4.5] 8.8 [5.05 £ 0.05] ~100 [~4.0]

“Data are based on 3—4 independent experiments (n = 3—4). YObtained from commercial supplier. “The inhibitory potencies displayed by the
analogues in hEAAT1-HEK293, hEAAT2-HEK293, hEAAT3-HEK293, and rEAAT4-tsA201 cells in the [*H]-p-Asp uptake assay are given.

Table 6. SAR Study of the Impact of Chemical Modifications at Both the Substituent on the Pyridine Moiety and the 2-

Methylphenyl Moiety of 3a on EAAT1—4 Activity®

=N O
RNy U
HN~R2
ICso (M) [pICso = S.E.MLJ*
Cpd. R! R
hEAAT1 hEAAT2 hEAAT3 rEAAT4
8a 8-Me, 6-Cl ?AA\O >250 [<3.6] >250 [<3.6] >250 [<3.6] >250 [<3.6]
8  8-Me, 6-Cl ﬁ< 5250 [<3.6]  >250[<3.6]  >250 [<3.6] 250 [<3.6]
8¢  8-CN @ >250[<3.6]  >250[<3.6]  ~250[~3.6] >250 [<3.6]
8d  8-CN ﬁ< 5250 [<3.6]  >250[<3.6]  >250 [<3.6] 250 [<3.6]
8¢  8-CF; @ 2250 [<3.6]  >250[<3.6]  >250 [<3.6] 250 [<3.6]
(o)
8f°  6-Br ?L@O ~100 [~4.0]  >100[<4.0]  ~30 [-4.5] >100 [<4.0]

“Data are based on 3—4 independent experiments (n = 3—4). "Obtained from commercial supplier. “The inhibitory potencies displayed by the
analogues in hEAAT1-HEK293, hEAAT2-HEK293, hEAAT3-HEK293, and rEAAT4-tsA201 cells in the [*H]-p-Asp uptake assay are given.

and m = multiplet), integration value, and coupling constant value in
Hz. LC-MS spectra were recorded using a Waters Acquity UPLC-MS
instrument with dual wavelength detection with electrospray ionization.
Gradients of 5% aqueous MeCN + 0.1% HCO,H (solvent A) and 95%
aqueous MeCN + 0.05% HCO,H (solvent B) were employed. All
compounds tested showed a purity of >95% in HPLC.

General Procedure A, Three-Component GBB Reaction for the
Synthesis of 3a—g, 3i—m, 4b, 4dh, 5d—f, 6¢c, 7b, 8a—8e, and 10a—
10g. A 0.5—-2 mL Biotage microwave reaction vial was charged with
amidine (reactions were performed in scales of 0.3, 0.5, or 1.0 mmol),

aldehyde (1.0 equiv), isocyanide (1.0 equiv), and a magnetic stirring
bar, purged with nitrogen gas, and sealed with a rubber stopper. The
reaction mixture was heated at 160 °C for 1—3 h, monitored by TLC
judging by the consumption of the isocyanide substrate. The cooled
reaction mixture was dissolved in CH,Cl, or EtOAc and co-evaporated
with silica gel to give solid residues that were purified by flash column
chromatography eluting with heptane and ethyl acetate (or heptane and
isopropanol). 2-Methylphenylisocyanide was synthesized in-house
using reported procedure,” all other isocyanides used in this study
were purchased from commercial suppliers. The chemical structures of
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Table 7. SAR Study of the Impact of Chemical Modifications at Three Positions, the Substituent on the Pyridine Moiety, the
Furan Moiety, and the 2-Methylphenyl Moiety, of 3a on EAAT1—4 Activity”

NN
1 2
R X N\/giR

HN\Rs
R3 ICso (uM) [pICso £+ S.E.M.]?
Cpd. R R
hEAATI hEAAT2 hEAAT3  rEAAT4
H
N o.  ~100 ~100 ~30 >100
woow L) T
0" [~4.0] [~4.0] [~4.5] [<4.0]
9 H “Me @ nt. nt. 5250 [<3.6]  n.t.
o H e A e n.t. 5250 [<3.6]  nt
O
9d® H 7 ph ﬁ j nt. nt. 5250 [<3.6]  n.t.
Cl (o)
9¢®  8-BnO ;\O ﬁ< nt. nt. >250[<3.6] n.t
9> 8-BnO0 ¥~ 7@ n.t. n.t. >250 [<3.6] n.t.
9g®  7-Me 7 "Ph §L©\( n.t. n.t. >250[<3.6] n.t.
Cl
o 6Me o L 7@ nt. nit. ~50[~43]  nt
oj 6-Me ;((\Ph 7@ n.t. nt. >250[<3.6]  n.t.
9 6-Me Zph @Cl nt. nt. 2250 [<3.6]  n.t.
Cl
9kb 6-Me \?‘f(v74/ 7@ n.t. n.t. >250[<3.6] n.t.
9I° 6-Me @ 7@ n.t. n.t. >250[<3.6] n.t.
9m®  5-Me YPh 7@ n.t. n.t. ~250[~3.6] n.t.
Ph
9n® 5-Me ?e\( 7@ n.t. n.t. >250[<3.6] n.t.
90" 5-Me Fo~ 1@ n.t. n.t. >250[<3.6]  n.t.
9p®  5-Me Fan 7@ nt. nt. >250[<3.6]  nt.
J DOI: 10.1021/acschemneuro.9b00447
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Table 7. continued

ICso (uM) [pICso = S.E.M.J*

Cpd. R! R? R?
hEAAT] hEAAT2 hEAAT3 rEAAT4
(0]
9¢"  6-Br :ﬁ% @ n.t. n.t. >250[<3.6]  n.t.
O
9"  6-Br th v@ n.t. nt. >250 [<3.6]  n.t.
9  6-Br ?{(P“ 7@ n.t. nt. >250[<3.6]  n.t.
9t 6-Br RN 7@ n.t. n.t. >250[<3.6] nt
(0]
9w 6-Cl 0 )‘7@[ ) nt. 5250 [<3.6]  n.t.
L M, 0
90" 6-Cl @ ><© nt. nt. >250[<3.6]  n.t.
S/
owd  6Cl ?H/APh @Cl n.t. nt. >250[<3.6]  n.t.
9x"  6-Cl YPh 7@ n.t. nt. >250 [<3.6]  n.t.
9y® 6-Cl 7 "Ph @Cl n.t. nt. >250[<3.6] n.t.
Cl
(0]
9  6-Cl AP ﬁ j nt. nt. >250[<3.6]  n.t.
Cl 0
9aa®  6-Cl E N 7@ n.t. n.t. >250 [<3.6]  n.t.
5,7-
9ab® % n.t. nt. ~50[~43]  nt
(Me)2
9ac®  6,8-(Br), ¥~ n.t. n.t. >250 [<3.6] n.t.

“Data are based on 3—4 independent experiments (1 = 3—4). “Obtained from commercial supplier. n.t, not tested. “The inhibitory potencies
displayed by the analogues in hREAAT1-HEK293, hEAAT2-HEK293, hEAAT3-HEK293, and rEAAT4-tsA201 cells in the [*H]-p-Asp uptake assay

are given.

all final compounds synthesized were confirmed by 'H NMR and LC-
MS (see the Supporting Information). For compounds of key
importance to the SAR study, ">*C NMR was also obtained and is
reported below.

General Procedure B, Microwave-Assisted Suzuki Coupling
Reaction for the Synthesis of 3n—z. The Suzuki reactions were
performed in a Biotage single-mode microwave reactor with a power of
0 to 400 W. A 0.5—2 mL Biotage microwave reaction vial was charged
with the bromide substrates 3e—g (0.5 mmol), boronic acid (1.2
equiv), potassium carbonate (2.0 equiv), XPhos Palladium third
generation catalyst (5% mol), and a mixture solvent of THF-H,O (v/v,
2/1). The vial was sealed with a septum cap, degassed under vacuum,

and refilled with a nitrogen atmosphere. After repeating the degassing
step three times, the resulting reaction mixture was microwave
irradiated for 45 min at 100 °C. The reaction mixture was then cooled
to room temperature and filtered through a short pad of Celite. The
filtrate was evaporated under vacuum to give the crude substrate, which
was purified by flash column chromatography on silica gel eluting with
heptane and ethyl acetate.
2-(Furan-2-yl)-8-methyl-N-(o-tolyl)imidazo[1,2-alpyridin-3-
amine (3a). Prepared from commercially available 2-amino-3-
methylpyridine (11a, 30 L, 0.3 mmol), furfural (12a, 25 uL, 0.3
mmol), and freshly synthesized 2-methylphenyl isocyanide (13a, 37 uL,
0.3 mmol) according to General Procedure A. Purification by flash
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Table 8. SAR Study of the Impact of Replacement of the Imidazo[ 1,2-a]pyridine Core in 3a with Other Heterocyclic Scaffolds on

EAAT1—4 Activity”

Scaffold _N_ i O
core !\ A" NN
”””””” NH
ICso (M) [pICs0 = S.E.M.]*
Cpd. Scaffold core
hEAATI hEAAT2  hEAAT3 rEAAT4
/N\r/N
10a @N {% >250[<3.6]  >250[<3.6] >250[<3.6] >250 [<3.6]
/NYN
10b kN ﬁ—% 5250 [<3.6]  >250[<3.6]  >250 [<3.6] >250 [<3.6]
Br
NI
10¢ &N%—? 2250 [<3.6]  >250[<3.6]  ~250 [~3.6] >250 [<3.6]
(\FN
10d N\VN{% >250 [<3.6]  >250[<3.6] 250 [<3.6] >250 [<3.6]
O\r/N
10e §N£§ 5250 [<3.6]  >250[<3.6]  >250 [<3.6] >250 [<3.6]
S\FN
10f GN%% 2250 [<3.6] 3250 [<3.6]  >250 [<3.6] 250 [<3.6]
S\FN
10g FON%JF 5250 [<3.6]  >250[<3.6]  >250 [<3.6] >250 [<3.6]

“Data are based on 3—4 independent experiments (n = 3—4). The inhibitory potencies displayed by the analogues in hEAAT1-HEK293,
hEAAT2-HEK293, hEAAT3-HEK293, and rEAAT4-tsA201 cells in the [*H]-p-Asp uptake assay are given.

column chromatography eluting with heptane and ethyl acetate (v/v, S/
3) gave the target compound 3a as a yellow solid (41 mg, 45%). Ry=
0.26 (silica gel, heptane/ethyl acetate, 5/3); Ry = 022 (silica gel,
heptane/iPrOH, 93/7). '"H NMR (400 MHz, CDCl;) §7.67 (d, J = 6.8
Hz, 1H),7.47 (dd,]=1.8,0.8 Hz, 1H), 7.20 (d, ] = 7.3 Hz, 1H), 7.02 (d,
J = 6.8 Hz, 1H), 6.95 (td, ] = 7.7, 1.6 Hz, 1H), 6.80 (td, ] = 7.4, 1.2 Hz,
1H), 6.76—6.66 (m, 2H), 6.43 (dd, J = 3.4, 1.8 Hz, 1H), 6.09 (dd, ] =
8.0, 1.2 Hz, 1H), 5.59 (s, 1H), 2.70 (s, 3H), 2.45 (s, 3H). >*C NMR
(100 MHz, CDCL,): 5 148.7, 143.2, 142.5, 142.3, 130.9, 130.8, 127.7,
127.4,124.0,122.8,120.6,119.9, 118.8,112.5, 1122, 111.4, 107.6, 17.6,
16.8. MS (ESI+) m/z: 304.1 [M + H]*.
2-(Furan-2-yl)-7-methyl-N-(o-tolyl)imidazo[1,2-a]pyridin-3-
amine (3b). Prepared from commercially available 2-amino-4-
methylpyridine (35 uL, 0.35 mmol), furfural (12a, 29 uL, 0.3
mmol), and freshly synthesized 2-methylphenyl isocyanide (13a, 43 uL,
0.35 mmol) according to General Procedure A. Purification by flash
column chromatography eluting with heptane and ethyl acetate (v/v, 3/
2) gave the target compound 3b as a yellow solid (65 mg, 61%). Ry =
0.31 (silica gel, heptane/ethyl acetate, 1/1); R; = 0.26 (silica gel,

heptane/iPrOH, 9/1). '"H NMR (400 MHz, CDCl;) 6 7.64 (d, ] = 6.9
Hz, 1H), 7.43 (s, 1H), 7.36 (s, 1H), 7.19 (d,] = 7.4 Hz, 1H), 6.94 (t,] =
7.7 Hz, 1H), 6.79 (t, ] = 7.4 Hz, 1H), 6.67 (s, 1H), 6.58 (d, J = 7.0 Hz,
1H), 6.42 (s, 1H), 6.08 (d, ] = 8.1 Hz, 1H), 5.61 (s, 1H), 2.44 (s, 3H),
2.39 (s, 3H). 3C NMR (101 MHz, CDCl;) § 149.0, 143.3, 142.7,
142.1, 136.1, 130.8, 130.7, 127.4, 122.8, 122.0, 119.8, 118.1, 116.0,
114.9,112.2,111.4,107.3,21.4,17.6. MS (ESI+) m/z: 304.1 [M + H]".

8-Bromo-2-(furan-2-yl)-N-(o-tolyl)imidazo[1,2-a]pyridin-3-
amine (3e). Prepared from commercially available 2-amino-3-
bromopyridine (86 mg, 0.5 mmol), furfural (12a, 42 uL, 0.5 mmol),
and freshly synthesized 2-methylphenyl isocyanide (13a, 62 uL, 0.5
mmol) according to General Procedure A. Purification by flash column
chromatography eluting with heptane and ethyl acetate (v/v, /1) gave
the target compound 3e as a yellow solid (96 mg, 52%). Ry=0.36 (silica
gel, heptane/ethyl acetate, 3/1). '"H NMR (600 MHz, CDCl;) § 7.76
(dd, = 6.7,1.0 Hz, 1H), 7.48 (dd, ] = 7.2, 1.0 Hz, 1H), 7.46 (d, ] = 1.8
Hz, 1H),7.21 (d,] = 7.4 Hz, 1H), 6.96 (t, ] = 8.1 Hz, 1H), 6.82 (t, ] =
7.4 Hz, 1H), 6.79 (d, ] = 3.5 Hz, 1H), 6.66 (t, ] = 7.0 Hz, 1H), 6.44 (dd,
J=3.4,1.8 Hz, 1H), 6.06 (dd, ] = 8.0, 1.2 Hz, 1H), 5.69 (s, 1H), 2.46 (s,
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3H). 3C NMR (151 MHz, CDCl;) § 148.3, 142.6, 142.1, 140.5, 131.9,
1309, 127.43, 127.36, 123.2, 122.3, 120.3, 120.1, 112.36, 112.35, 111.7,
111.5,108.5, 17.7. MS (ESI+) m/z: 368.1 [M + H, "Br]*, 370.1 [M +
H, ¥Br]".
7-Bromo-2-(furan-2-yl)-N-(o-tolyl)imidazo[1,2-a]pyridin-3-
amine (3f). Prepared from commercially available 2-amino-4-
bromopyridine (86 mg, 0.5 mmol), furfural (12a, 42 uL, 0.5 mmol),
and freshly synthesized 2-methylphenyl isocyanide (13a, 62 uL, 0.5
mmol) according to General Procedure A. Purification by flash column
chromatography eluting with heptane and ethyl acetate (v/v, 4/1) gave
the target compound 3f as a yellow solid (102 mg, 56%). Ry = 0.33
(silica gel, heptane/ethyl acetate, 3/1). "H NMR (600 MHz, CDCl,) §
7.80 (dd, J = 1.8, 0.8 Hz, 1H), 7.63 (dd, = 7.2, 0.8 Hz, 1H), 7.45 (dd, ]
=1.8,0.8 Hz, 1H), 7.21 (d, ] = 7.4 Hz, 2H), 6.99—6.93 (m, 1H), 6.88
(dd,J=7.2,1.9Hz, 1H), 6.82 (td, ] = 7.4, 1.2 Hz, 1H), 6.73 (dd, ] = 3.4,
0.8 Hz, 1H), 6.45 (dd, ] = 3.4, 1.8 Hz, 1H), 6.0S (d, ] = 8.0 Hz, 1H), 5.66
(s, 1H), 2.45 (s, 3H). *C NMR (151 MHz, CDCl;) § 148.3, 142.7,
142.7, 142.1, 131.4, 131.0, 127.5, 123.2, 1232, 120.4, 119.7, 119.1,
119.0,116.4,112.3, 111.6, 108.2, 17.7. MS (ESI+) m/z: 368.1 [M + H,
7Br]*, 370.1 [M + H, *'Br]*.
8-Bromo-2-(furan-2-yl)-7-methyl-N-(o-tolyl)imidazo[1,2-a]-
pyridin-3-amine (3m). Prepared from commercially available 2-amino-
3-bromo-4-methylpyridine (94 mg, 0.5 mmol), furfural (12a, 42 L, 0.5
mmol), and freshly synthesized 2-methylphenyl isocyanide (13a, 62 uL,
0.5 mmol) according to General Procedure A. Purification by flash
column chromatography eluting with heptane and ethyl acetate (v/v, 3/
1) gave the target compound 3m as a yellow solid (102 mg, 56%). R, =
0.33 (silica gel, heptane/ethyl acetate, 3/1). '"H NMR (600 MHz,
CDCl;) 6 7.63 (d, ] = 6.8 Hz, 1H), 7.44 (dd, ] = 1.8, 0.8 Hz, 1H), 7.20
(d,J =7.5Hz, 1H), 6.97—-6.91 (m, 1H), 6.81 (td, ] = 7.4, 1.2 Hz, 1H),
6.74 (d, ] = 3.4 Hz, 1H), 6.63 (d, ] = 6.8 Hz, 1H), 6.42 (dd, ] = 3.4, 1.8
Hz, 1H), 6.07 (d, ] = 8.1 Hz, 1H), 5.64 (s, 1H), 2.50 (s, 3H), 2.45 (s,
3H). 3C NMR (151 MHz, CDCl,) § 148.5, 142.4, 142.4, 141.2, 135.2,
1317, 1309, 127.4, 123.0, 121.0, 120.1, 119.6, 115.0, 112.3, 112.2,
111.4,108.1,22.1, 17.6. MS (ESI+) m/z: 382.0 [M + H, ”Br]*, 384.1
[M + H, $!Br]*.
tert-Butyl 3-(8-methyl-3-(o-tolylamino)imidazo[1,2-a]pyridin-2-
yl)azetidine-1-carboxylate (4g). Prepared from commercially avail-
able 2-amino-3-methylpyridine (11a, S0 uL, 0.5 mmol), N-Boc-
azetidine-3-carbaldehyde (12b, 93 mg, 0.5 mmol) and freshly
synthesized 2-methylphenyl isocyanide (13a, 62 uL, 0.5 mmol)
according to General Procedure A. Purification by flash column
chromatography eluting with heptane and ethyl acetate (v/v, 1/2) gave
the target compound 4g as a light yellow solid (132 mg, 67%). R;= 0.27
(silica gel, heptane/ethyl acetate, 2/5). "H NMR (400 MHz, CDCl;) &
7.71 (d, J = 6.8 Hz, 1H), 7.22—-7.13 (m, 1H), 7.08—7.02 (m, 1H),
6.99—6.90 (m, 1H), 6.83—6.70 (m, 2H), 6.00 (dd, J = 8.1, 1.2 Hz, 1H),
530 (s, 1H), 4.23 (dd, J = 7.6, 1.9 Hz, 4H), 3.99 (s, 1H), 2.67 (s, 3H),
2.38 (s,3H), 1.41 (s,9H). >*C NMR (151 MHz, CDCl;) § 156.4, 142.5,
141.4, 1389, 131.1, 127.5, 126.8, 122.5, 120.7, 120.1, 119.6, 113.5,
111.5,79.6, 54.5, 28.4, 26.4, 17.6, 16.9. MS (ESI+) m/z: 293.0 [M + H,
-Boc]*.
1-(3-(8-Methyl-3-(o-tolylamino)imidazo[1,2-a]pyridin-2-yl)-
azetidin-1-yl)ethan-1-one (4h) and N-(3-Chloro-2-(8-methyl-3-(o-
tolylamino)imidazo[1,2-a]pyridin-2-yl)propyl)acetamide (4i). tert-
Butyl 3-(8-methyl-3-(o-tolylamino)imidazo[1,2-a]pyridin-2-yl)-
azetidine-1-carboxylate (4g, 24 mg, 0.06 mmol) was dissolved in HCI
solution (4.0 M in dioxane, 0.6 mL). After stirring the reaction mixture
at room temperature for 30 min, the solvent was evaporated under
vacuum to give a solid residue, which was suspended in CH,Cl, (0.6
mL), and Et;N (22 uL, 0.16 mmol) and acetyl chloride (4.3 uL, 0.06
mmol) were added. The resulting mixture was stirred at room
temperature for 1 h before evaporation under vacuum to give an oil
residue. Purification by flash column chromatography eluting with
heptane and iPrOH (v/v, 9/1) gave the target compound 4i as a white
solid (7 mg, 31%), and switching the eluting system to heptane and
iPrOH (v/v, 3/2) gave the target compound 4h as a white solid (8 mg,
40%). For 4h: "H NMR (600 MHz, CDCL,) §7.70 (d, ] = 6.7 Hz, 1H),
7.17 (d, ] = 7.8 Hz, 1H), 7.10 (d, ] = 6.9 Hz, 1H), 6.95 (t, ] = 7.6 Hz,
1H), 6.83—6.74 (m, 2H), 6.00 (d, ] = 8.1 Hz, 1H), 5.40 (s, 1H), 4.48

(dd, ] = 8.2, 6.2 Hz, 1H), 441 (t, ] = 8.6 Hz, 1H), 4.33—4.27 (m, 2H),
4.10—4.02 (m, 1H), 2.68 (s, 3H), 2.39 (s, 3H), 1.77 (s, 3H). *C NMR
(151 MHz, CDCL,) & 170.8, 142.8, 142.1, 139.5, 131.1, 127.4, 127.1,
125.2, 122.3, 120.6, 120.0, 119.4, 113.1, 111.4, 55.7, 53.4, 26.1, 18.7,
17.6, 16.8. MS (ESI+) m/z: 3352 [M + H]*.

For 4i: 'H NMR (400 MHz, CDCl;) § 7.67 (d, ] = 6.8 Hz, 1H),
7.23—7.04 (m, 3H), 6.94 (t, ] = 7.4 Hz, 1H), 6.87—6.70 (m, 2H), 6.13—
5.93 (m, 2H), 4.01 (ddd, ] = 14.6, 8.6, 7.3 Hz, 1H), 3.84 (qd, ] = 11.0,
6.9 Hz, 2H), 3.57 (dq, ] = 8.4, 4.4 Hz, 2H), 2.66 (s, 3H), 2.43 (s, 3H),
1.89 (s, 3H). '*C NMR (101 MHz, CDCl;) § 170.9, 142.7, 141.9,
137.3, 1311, 127.3, 126.7, 125.4, 122.7, 1212, 121.1, 119.8, 113.1,
111.4, 46.1, 41.1, 40.4, 23.3, 17.6, 16.7. MS (ESI+) m/z: 371.2 [M +
H]*
(2-Fluorophenyl)(3-(8-methyl-3-(o-tolylamino)imidazo[1,2-a]-
pyridin-2-yl)azetidin-1-yl)methanone (4j) and N-(3-Chloro-2-(8-
methyl-3-(o-tolylamino)imidazo[1,2-a]pyridin-2-yl)propyl)-2-fluo-
robenzamide (4k). Prepared from tert-butyl 3-(8-methyl-3-(o-
tolylamino)imidazo[1,2-a]pyridin-2-yl)azetidine-1-carboxylate (4g,
24 mg, 0.06 mmol) and 2-fluorobenzoyl chloride (7.2 uL, 0.06
mmol) according to the procedure described for the synthesis of
compounds 4h and 4i. Purification by flash column chromatography
eluting with heptane and ethyl acetate (v/v, 7/3) gave the target
compound 4k as a yellow solid (8 mg, 29%), and switching the eluting
system to heptane and ethyl acetate (v/v, 1/9) gave the target
compound 4j as a yellow solid (12 mg, 48%). For 4j: '"H NMR (600
MHz, CDCl,) §7.67 (d, ] = 6.8 Hz, 1H), 7.4 (td, ] = 7.3, 1.8 Hz, 1H),
7.41-7.34 (m, 1H), 7.19—7.12 (m, 2H), 7.10—7.02 (m, 2H), 6.93 (t, ]
=7.6Hz, 1H), 6.78 (t, ] = 7.4 Hz, 1H), 6.75 (s, 1H), 5.99 (d, J = 8.1 Hz,
1H), 5.32 (s, 1H), 4.51 (d, ] = 7.8 Hz, 2H), 4.49—4.44 (m, 1H), 4.38 (t,
J=8.8Hz, 1H), 4.15 (s, 1H), 2.67 (s, 3H), 2.39 (s, 3H). *C NMR (151
MHz, CDCL,) 6 166.5, 159.0 (d, \Jop = 250.3 Hz), 142.7, 142.0, 139.2,
132.1 (d, ¥Jep = 8.2 Hz), 131.1, 130.1 (d, Jcr = 3.4 Hz), 127.5, 127.3,
125.1,124.5 (d, 3 g = 3.4 Hz), 122.3,122.2 (d, *Jcg = 16.4 Hz), 120.6,
120.0, 119.3, 116.0 (d, Y = 22.1 Hz), 112.9, 111.4, 56.4, 53.8, 27.0,
17.5, 16.8. MS (ESI+) m/z: 4152 [M + H]*.

For 4k: "H NMR (400 MHz, CDCl,) §8.11 (s, 1H), 7.98 (td, ] = 7.8,
1.9 Hz, 1H), 7.67 (d, ] = 6.8 Hz, 1H), 7.49—7.37 (m, 1H), 7.21 (td, ] =
7.6, 1.1 Hz, 1H), 7.19—7.11 (m, 2H), 7.08 (ddd, J = 11.9, 8.3, 1.1 Hg,
1H), 6.91—6.72 (m, 3H), 6.00 (d, ] = 8.0 Hz, 1H), 5.89 (s, 1H), 4.35—
4.23 (m, 1H), 4.07—3.90 (m, 2H), 3.83 (dt, J = 13.4, 4.4 Hz, 1H), 3.77
(s, 1H), 2.71 (s, 3H), 2.42 (s, 3H). 3*C NMR (101 MHz, CDCl;) §
164.1, 160.6 (d, YJep = 249.1 Hz), 142.4, 141.7, 136.9, 133.2 (d, ¥Jcr =
9.2 Hz), 131.8 (d, ¥Jcr = 1.9 Hz), 131.0, 127.4, 126.9, 126.2, 124.6 (d,
ek = 3.4 Hz), 122.8, 121.5 (d, %] = 13.7 Hz), 121.4, 121.1, 120.0,
116.1 (d, Jop = 24.2 Hz), 113.5, 111.7, 46.0, 41.8, 39.7, 17.5, 16.7. MS
(ESI+) m/z: 451.2 [M + H]".

tert-Butyl 3-(8-bromo-7-methyl-3-(o-tolylamino)imidazo[1,2-a]-
pyridin-2-yl)azetidine-1-carboxylate (7b). Prepared from commer-
cially available 2-amino-3-bromo-4-methylpyridine (12m, 94 mg, 0.5
mmol), N-Boc-azetidine-3-carbaldehyde (12b, 93 mg, 0.5 mmol), and
freshly synthesized 2-methylphenyl isocyanide (13a, 62 uL, 0.5 mmol)
according to General Procedure A. Purification by flash column
chromatography eluting with heptane and ethyl acetate (v/v, 1/3) gave
the target compound 7b as an off-white solid (119 mg, 51%). R¢=0.31
(silica gel, heptane/ethyl acetate, 2/5). "H NMR (600 MHz, CDCl,) §
7.63 (d, ] = 6.8 Hz, 1H), 7.16 (d, ] = 7.4 Hz, 1H), 6.94 (t, ] = 8.0 Hz,
1H), 6.78 (t, ] = 7.4 Hz, 1H), 6.64 (d, ] = 6.8 Hz, 1H), 5.98 (d, ] = 8.0
Hz, 1H), 5.33 (s, 1H), 4.26—4.17 (m, 4H), 3.99—3.91 (m, 1H), 2.50 (s,
3H), 2.37 (s, 3H), 1.40 (s, 9H). *C NMR (151 MHz, CDCL,) 6 156.4,
142.8, 142.0, 140.8, 135.0, 131.0, 127.5, 1222, 120.7, 119.9, 114.9,
1122, 111.5, 79.3, 54.5, 28.4, 27.3, 22.0, 17.5. MS (ESI+) m/z: 471.2
[M + H, ”Br]*, 473.1 [M + H, *Br]*.

Pharmacology. Materials. Culture media, serum, antibiotics and
buffers for cell culture and assays were obtained from Invitrogen
(Paisley, UK). The FLIPR Membrane Potential Blue assay dye was
purchased from Molecular Devices (Crawley, UK), and [*H]-p-Asp
was obtained from PerkinElmer (Boston, MA). (S)-Glu was purchased
from Sigma (St. Louis, MO). If not otherwise stated, all chemicals for
the screening were purchased from Sigma (St. Louis, MO). The
compound libraries included in the screening (ChemDiv6, Biomol 4,
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Microsource 1, Prestwick2, LOPAC 1, Chembridge GPCR, Chem-
bridge Ion Channel, Chembridge Kinase Core, and eMolecules) were
obtained from ICCB-Longwood, Harvard Medical School (Boston,
MA). The stable hREAAT1-, hEAAT?2-, and hEAAT3-HEK293 cell lines
have been described previously,” and the stable rEAAT4-tsA201 cell
line was a generous gift from Drs. Peter Kovermann and Christoph
Fahlkgﬂand has been characterized pharmacologically in a previous
study.

Cell Culture. All cell lines were cultured at 37 °C in a humidified 5%
CO, atmosphere. The hEAAT1-, hEAAT2-, and hEAAT3-HEK293 cell
lines were maintained in Culture Medium I [Dulbecco’s modified
Eagle’s medium Glutamax-I (DMEM) supplemented with 5% dialyzed
fetal bovine serum, 100 U/mL penicillin, 100 4¢g/mL streptomycin ,and
1 mg/mL G-418], and the stable rEAAT4-tsA201 cell line was
maintained in Culture Medium II [DMEM supplemented with 5%
tetracycline-free fetal bovine serum, 100 U/mL penicillin, 100 yg/mL
streptomycin, 0.2 mg/mL hygromycin B, and 10 pg/mL blasticidin].

Compound Library Screening at hEAAT3. The compound library
screening was performed at ICCB-Longwood, Harvard Medical School
(Boston, MA). hEAAT3-HEK293 cells (10° cells/well) were seeded in
20 pL of Culture Medium I into Corning CellBIND 384 well plates
(Corning, New York, NY) using a WellMate Multidrop (Thermofisher
Scientific, Waltham, MA) and incubated in the cell incubator overnight.
The following day, cells were gently washed in 40 yL of KREBS buffer
(140 mM NaCl, 4.7 mM KCJ, 2.5 mM CaCl,, 1.2 mM MgCl, 11 mM
HEPES, 10 mM p-glucose, pH 7.4) using a WellMate Multidrop, then
30 pL of 0.5 g/mL FMP Blue in KREBS buffer was added using a
BRAVO apparatus (Agilent, Santa Clara, CA), and the plates were
incubated for 1 h in the cell culture incubator. Compounds were
prepared by adding 300 nL of the stock (10 mM or 2 g/L in DMSO,
depending on library) to 30 uL of KREBS buffer with 1.2 mM Glu in
384-well polypropylene plates (Greiner Bio-One, Kremsmiinster,
Austria) using a Seiko Compound Transfer Robot SGM 611 (Seiko,
Tokyo, Japan). KREBS buffer with either 0.1% DMSO or 1.2 mM Glu
and 0.1% DMSO was prepared for controls. Assay plates and
compound plates were transferred to a Hamamatsu FDSS7000EX
plate reader (Hamamatsu Photonics K.K., Shizuoka, Japan) equipped
with a Semrock FF02-531/22 excitation filter and FF01-593/46
emission filter (Semrock, Rochester, NY) and a Hamamatsu DM565
nm dichroic mirror. Exposure time was set to 200 ms, and sensitivity
was set manually on a “per plate” basis (typically set to 2). Cells were
measured for 134 s, and compounds were triturated thrice immediately
prior to addition. Then 10 yL of compounds was transferred at 10 uL/s
after 20 s of measurement. Sampling occurred every 1 s for 18 s, then
every 500 ms for 65 s, and every 1 s for the remaining time. Compounds
were screened twice at the transporter, in different plates on the same
day.

PHJ-0-Asp Uptake Assay. The pharmacological characterization of
various reference EAAT ligands and test compounds in the [*H]-p-Asp
uptake assay was performed essentially as described previously.”” The
day before the assay cells were split into poly-p-lysine-coated white 96-
well plates (PerkinElmer, Boston, MA) in Culture Medium I
(hEAAT1-, hEAAT?2-, and hEAAT3-HEK293) or in Culture Medium
11 supplemented with 1 pg/mL tetracycline (rEAAT4-tsA201). At 16—
24 h later, the culture medium was aspirated and cells were washed
twice with 100 uL of assay buffer (Hank’s buffered saline solution
supplemented with 20 mM HEPES, 1 mM CaCl, and 1 mM MgCl,, pH
7.4). Then SO uL of assay buffer supplemented with 100 nM [*H]-p-
Asp (PerkinElmer, Boston, MA) and various concentrations of test
compounds were added to the wells, and the plate was incubated at 37
°C for 4 min. Nonspecific [*H]-p-Asp uptake/binding in the cells was
determined in the presence of 3 mM Glu. The assay mixtures were
quickly removed from the wells, and the wells were washed with 2 X 100
uL ice-cold assay buffer, after which 150 L Microscint™® scintillation
fluid (PerkinElmer, Boston, MA) was added to each well. Then the
plate was shaken for at least 1h and counted in a TopCounter
(PerkinElmer, Boston, MA). The experiments were performed in
duplicate 3—4 times for each compound.

Data Analysis. Data from the screening in the FDSS was analyzed
using Screensaver (ICCB-Longwood, Boston, MA) and Vortex (CM

Laboratories Simulations) to yield end point changes in fluorescence
ratios. Subsequent analysis was done using MS Excels 2016 and
GraphPad Prism 7. Compounds that inhibited the Glu-induced change
in fluorescence by at least 50%, compared to buffer with vehicle, in both
duplicates, were considered hits.

The data obtained in the [*H]-p-Asp uptake assay were fitted to the
equation % uptake = 100% uptake/[1 + ([L]/ICs,)"™], and IC;, values
for the test compounds were derived from this equation. Concen-
tration—inhibition curves were generated by nonweighted least-squares
fits using GraphPad Prism 8.0.
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