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Expenmental Section

Melting points were deterrmned using an Electrothermal 8103 apparatus and are uncorrected. IR

spectra were taken with Perkin-Elmer 398 and FT 1600 spectrophotometers 1H-NMR spectra were
recorded on a Bruker 200 MHz spectrometer with TMS as internal standard the values of the chemical

-~ shifts (d)-are given in ppm: and coupling constants (/)in Hz. All reactions were carried out under argon
. atmosphere. Progress of the reaction was monitored by TLC on silica gel plates (Rledel-de-Haen, Art.
37341). Merck silica gel (Kleselgel 60) was used for chromatography (7 0-230 mesh) and flash
chromatography (230-400 mesh) columns. Extracts were dried over MgSO4, and solvents were
removed under 'rcduced pressure. " Elemental -analyses were performed on a Perkm—Elmer 240C
elemental analyzer, and the results are within+£0.4% of the theoretical values. Yields refer to purified

products and are not optimized.

Cbz-Glu(a—OMe)—Ser(OMe) (20a).

A solution of N—Cbz—L-GluMc acid-a-methylester 18a (2.5 g, 8.5 mmol) in CH2C12 (60 mi) was
cooled to 0°C , and dicyclohexylcarbodiimide .9 g, 9.3 mmol) and hydroxybenzotriaaole (125g,93
mmol) were added. The reaction mixture was ma.mtamed to 0 °C for 1h, and then it was allowed to
warm to room temperature. L-serine methylester hydroclonde 19a (2 g, 9.3 mmol) .and triethylamine
(1.5 ml, 10.2 mmol) were added to the reaction mixture that was stirred for 12 h.

The reaction mixture was filtered to remove DCU. The organrc layer was washed with 20 ml of

saturated NaHCO3 solution and 20 ml of 10% aqueous citric acid solution and then was washed with

brine, dried, and concentrated in vacuo. The resrdue was purified by flash chromatography (EtOAc) to

give 3 g (89 %) of 20a as white solid (mp 103- 105°C)
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[aJo=+ 43° (¢ = 1, CHCL;), 'H-NMR (CDCls) 8 731 (s, 5 H), 6.69 (br s, 1 H), 5.77 (m, 1 H), 5.06 (5,2
H), 4.64-4.60 (m, 1 H), 4.39-431 (m, 1 H), 3.89-3.87 (m, 2 H), 3.74 (s, 3 H), 3.71 (s, 3 H), 2.37-2.25

- (m, 2 H), 1.90-1.67 (m, 2 H). Anal Caled for C;gH;iN,05: C.HN.

(ZS,4’S)-Z-(Benzyloxycarbonylaihino)—4-(4’-methoxycarbonyloxazolin-z-yl)butyric Acid ‘Me'thyl
Ester 21a).

A solution of 20a (3‘ g, 7.5 mmol) in anhydrous THF ( 70 ml) was degassed and (2.16 g, 9.09 mmol)
of Burgess reagent was edded. The reaction hﬁxture was refluxed for 1h and then quenched with 20 ml
of water. The aqueous layer was. extracted with EtOAc (3 x 30 ml) and .the cembined orémic layers
were washed with -bﬁne, dried, and concentrated in yacue. The residue was purified by flash
chromatography (8:2, EtOAc and hexanes) to give 1.2 g (42%) of 21a as a colorless oii. [alp=+62.6° |
(c =3.91, CHCL); '"H-NMR (CDClg) $7.32 (s 5 H), 5.63 (NH), 5.08 (s 2H), 4.72-4.63 (m 1H), 4.46-

4.30 (m 2H), 3.72 (s 6H), 2.42-2.26 (m 2H), 2.22-1.99 (m 2H). Anal Calcd for C13H2oN,07: C.HN.

(2S)-2-Amiho—4-(4’-hydroxycarbonyloxazol—Z-yl)butyric Acid 2).

A solution of 21a (500 mg, 1.32 mmol) tn CH,Cl; (6 ml) was cooled to 0 °C , and BtCCl3 (136 ul,1.38
~mmol) and DBU (295 pl, 1.98 mmol) were edded. The reaction mlxture was meintained at 0°C
overnight and then quenched with 5 ml of water. The aqueous layer was extraeted with
'dlchloromethane (3 X 5 ml) and the combined orgamc layers were washed w1th brine, dried and
concentrated in vacuo. The residue was purified by flash chromatography @8 2 EtOAc and hexanes) to
give 213 mg (43%) of oxidized intermediate.

[alp=+15.3° (c = 4.26 CHCl;); 'H-NMR (CDCl;j d: 8.06\.‘(s, 1 H), 7.27 (s,-5 H), 5.63 (br s, 1 H), 5.03

(s,2 H), 4.464.36 (m, 1 H), 3.82 (s, 3 H), 3.86 (s, 3 H) , 2.88-2.80 (m, 2 H), 2.45-2.01 (m, 2 H).
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"To a solution of oxidized product (213 mg, 0.56 mmol) in THF-H,0 1:1 (10 ml), LiOH 40 (mg, 1.68
mmol) was added. The reaction mixture was stirred .at roomtemperature overnight. The THF was
evaporated ih.vacuo and the aquéous‘layer was washod with EtOAc (1 x' 10 ml) prior to the addiﬁon of
a IN HCI (pH=3). The aqueous 1ayer Wwas extracted with EtOAc (3 x 5 ml) and the combined organic
layers were washed with brine, dried and concentrated in vacuo.

The resulting product was dissolved in CH;0H (10 ml) and 10% Pd-C (20 mg) was added. The
suspension was stirred for lh under a hydrogen atmosphere (1 atm).Then the mixture was filtered
through a plug of Celite and the filtrate was washed with water 4 times. Water was removed by
lioohilization to -give 2 (110-mg, 90%)‘as-a ~white-solid. [a]p=18.3° (c= 0.72, H,0); "H—NMR' D,0) s
8.22 (s 1 H), 3.80-3.73 (m 1 H), 2.93-2.85 (m 2 H), 2.28-2.24"(m 2 H). Anal Caicd for CgH)oN,Os:

C.HN.

Cbz-Asp(a-OBn)-Ser(OBn) (20b).

A solution of N-Cbz-L-Aspartic acid-a-b‘enzylester 18b (1 g,2.8 inmol) in CH,Cl, (40 ml) was cooled
to 0 °C, and dicyclohexylcarbodiimide (0.64 g, 3.08 rhm_ol) and hydroxybenzotriazole (0.4 g, 3.08
mmol) were added. The reaction mixture was maintained to 0°C for 1h, and then it was allowed to
warm to room temperature. L-serine benzyl ester hydrochlonde 19b (O 7 g, 3.08 mmol) and
trlethylarmne (468 pl, 3.36 mmol) were added to the reaction mlxture that was stirred for 12 h at rt.

The reaction mixture was filtered to remove DCU. The organic layer was washed with 20 ml of
saturated NaHCO; solution and 20 ml of 10% aqueous cihj_c acid solution and then was washed with‘
brine, dried, and concentrated in vacuo, The residue was purified by ﬂash chromatography (2:1 EtOAc

and hexanes) to give 1.2 g (80 %) of 20b as Whlte sohd mp 118- 120°C [a]D—+24° (c = 0.63 CHCI,);

H-NMR (CDCly) 8: 7.31 (s, 15 H), 652ﬂ)rs 1 H); 6.04 (m, 1 H), 5.18 (s, 2 H), 5.17 (5,2 H), 5.09 (s,
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2H) 468-459(m2H),395-370(m,,2H) 3.01(dd, LH, )= 44,163 Hz), 277(dd 1H,J=48,

16.2 HZ) Anal Calcd for C29H30N203 C H N

(28,4’S)-2-(Benzyloxycarbonylamino)-3—(4’-benzyloxycarbonyloxazolin-nyl)propionic Acid Benzyl.
Ester (21b). . _ ‘ _ _
A solution of 20b (1.2 g, 2.25 mmol) in anhydroes THF (60-ml) was degaesed and (0.64 g, 2.7 mmol)

~ of Burgess reagent was added. The reaction mixtute was reﬂuXed for 1 h and then quenched with 30 ml
of water. The aqueous layer was extracted with EtOAc (3 x 30 ml) and the combmed orgamc layers
were -washed ‘with -brine, ‘dried and. concentrated ‘in . vacuo. The residue was purified by flash
cromatography (1:1, EtOAc-and hexanes) to give 465 mg (40%) of 21basa cdlorless oil.
[a]o=+ 33° (c = 1.13, CHCl,); 1H—NMR(CDClg) 8 7.31 V(s 15 H), 6.06(NH), 5.15(s 2 H), 5.11(s 2 H),
'5.10(s 2 H), 4.77-4.73 (m 1 H), 4.58-4.49 (m 1 H), 4.35-4.21 (tn 2 H),3.00,(dd 1 H J=4.4 J=16.2),
278 (dd 1 H J=4.5 J= 16.15); MS  (m/z): 65, 91(100), 319, 337, 381, Svl6v(M*). Anal Caled for -

C2oHsN,0,: CHN.

(2S,4’S)-2-Amin0-3-(4’-hydmxycarbonyloxazoﬁlt-2-yl)[tropionic Acid (1a).

A solution of 21b (0.4 g, 0.75 mmol) in CH;0H. (20 ml), 10% Pd-C (40 mg) was added. The
suspension was stirred for 3h under a hydrogen atmosphere (1 atm). Then the mixture was ﬁltered
through a plug of Celite and the solvent was concentrated In vacuo to give la in 93% yield as a white
solid. [a]p=+10. 9 (c = 1.1, H,0); 'H-NMR (D,0) &: 4. 45-4.36 (rn 1 H) 3.93-3.91 (m 2 H), 2.92-2. 89
(m 2H); 13C-NMR(_DZO) 8:175.670, 173.749, 173.635, 66.389,_56.319, 53.361,37.437;MS (FAB) m/z

203 (MH"). Anal Calcd for C7H,oN,Os: C,H,N.
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Cbz-Glu(a-OBn)-Ser(OBn) (20c¢).

A solution of N-Cbz-L'-Glutamic acid-a-benzyl ester (2.5 g, 6.73 mmol) in CH,Cl, (70 ml) was cooled

to 0°C , and diéyclohexylcarbodihnide (1.5 g, 7.4 mmol) and hydroxybenZotriazole (1-g, 7.4 mmol)

were added. The feaction mixture wa§ maintained to 0 °C for 1h, and then it was allowed to warm to

room témperature. L-serine benzyl ester hydrochloride 19b (1.6 g, 6.73 mmol) and triethylamine (l.i

ml , 8.0 mmol) were added to the reaction mixture that was stirred for 12 h.

The reaétion mixture was filtered tovremove DCU. The organic layer was washed with 35 ml of
' saturated NaHCO; solution and 35 ml of 10% aqueous citric acid solution and then dried and
- concentrated in vacuo. The residue was -puﬁﬁed by flash chromatography'(é 4 EtOAc and hexanes) to

give 3.5 g (95 %) of 20c¢ as white solid: mp 88-90 °C; [a]p=+22° (c = 0.68, CHCI;);’H—NMR (CDCly)

0731,15 H), 6.60 (bf s, 1 H),5.76 (m, 1 H), 5.17.(s, 2 H); 5.14 (s, 2 H), 5.04 (s, 2 H), 4.67-4.63

(m, 1 H), 4.44-4.40 (m, 1-H), 3.94:(br s, 2-H), 2.5-1.98 (m, 4 H):-Anal Calcd for C3oH3;N,0g: C,H,N.

(28,4°S)-2-(Benzyloxy carbonylamino)-4-(4’-benzyloxycarbonyloxazolin-2-yl)butyric Acid Benzyl
Ester 21¢). ‘
A solution of 20¢ (3.5 g, 6.3 mmol) in anhydrous THF( 80 ml) was degassed and 1.8 g (7.5 mmol) of

Burgess reagent was added. The reaction mixture was refluxed for 1h and then quenched with 30 ml of

water. The aqueous layer was extracted with EtOAc (3 x 40 ml) and the combined organic layers were
washéd witﬁ brine, dried and concentrated in vacuo. The residue was purified by flash chromatography -
(1:1 EtOAc and hexanes) to give 1.5 g (45%) of 21¢ as a colourless oil. |
[a]lo=* 40° (c = 1.14, CHCl); '"H-NMR(CDCl3) § 7.33 (s, 15 H), 5.70 (brs, 1 H), 5.22 (s, 4 H), 5.08 s,

2 H), 4.73-4.64 (m, 1 H), 4.48-4.31 (m, 3 H), 2.41-2.08 (m, 4 H). Anal Calcd for CsgHsqN,O5: C,H.N.
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(ZS,4’S)-2-Amino-4-(4 ’-hydroxycarbonyloxazolin—Z-yl)butyric Acid (1b). .

A solution of 21¢ (0.45 g, 0.84 mmol) in CH3QH (20 ml), 10% Pd-C (40 mg) was added. The
suspension was s tirred for 3 h under a hydro’gen' atmosphere (1 atm). Then the mixture was filtered
through a plug of Ceiite and the solvent was concentrated in vacuo to give 1b in 95% yield as a white
solid. [a]p=+ 7.95° (c =251, H,0); 'H-NMR (D,0) & 4.46-4.38 (in, 1 H), 4.20-4.17 (m, 1 H), 3.84-
3.82 (m, 2 H), 2.89-2.81 (m, 2 H), '2.5-2.38 (m, 2 H), _2.-14-2.01 (m, 2 H); “C-NMR (D;0) & 178.6,
174.§, 172.3,. 64.8, 63.9, 62.6, 32.8, 27.7; MS (FAB) m/z 217 (MH"). Anal Calcd for CsHi2N2Os:

C,HN.

(4S,58)—2-Phenyloxazoline-4,5-dicarboxylic Acid Dibenzyl Ester (23a).
To a stirred solution of (2S)—N-benzoyl-L—aspartic acid.dibenzyl ester 22.a (208 .mg, 0,5 mmol) in dry.
THF (20 ml) was added LHMDS (1 ml, 1 M solution in THF) in one.portion, under argon at —78 °C.
‘Aﬁer 2 h, at the same temperature, a solution of iodine (254 mg, 1 mmol)- in dry THF (10 ml) was

- added dropwise. The reaction \-vas quenched after 1 h with 10 ml of an aqueous saturated solution of
NH,CI and the solvent was removed under reduced pressure. The residue was dissolved in ethyl acetate
and washed with a solution of Na;$,0;. The organic layer was washed‘ with brine, dried and
concentrated. Flash cromatography on silica gel of fhe residue (hexane/ethyl acetate 9:1 as éluent) gave
oxazoline 23a (166 mg) in 70% yield. 'H NMR (CDCl;I) §5.02(d,1H,J=6.5Hz),524 (s,2H),527
(s,2H),541(d,1H,J =‘6>.5 Hz), 7.33 (s, 10 H), 7.44-7.52 (m, 3 H), 7.90 (m, 2 H); ’C NMR (CDCl)

8529,53.1,72.8,78.0,126.1, 128 4, 128.7, 131.9, 167.3, 170.0. Anal Calcd for C;sHyNOs: C,H,N.

(4S,5S)-2-Phenyloxazolihee4,5-dicarboxylic Acid (3). |
- The oxazoline 23a (166 mg, 0.4 mmol) was dissolved in CH;OH (10 ml) and 10% Pd-C (20 mg) was
é.dded. Then the suspension was stirred for 1h under a hydrogen atmoéph’ere (1 atm). Then the mixture

6
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y
was filtered through a plug of Celite and the filtrate was washed with methanol 5 times. The solvent
was removed under reduced pressure to give 3 (85 mg, 90%) as a white solid essentially pure. 'H NMR '
(DMSO-dé)S 4.78(d, 1 H,J=6.2Hz), 524 (d, 1 H, ] = 6.2’HzA), 7.45-7.52 (m, 3 H), 7.85 (m, 2 H); 13C
NMR (DMSO-dg) § 55.6, 70.0, 129'.3, 129.4,131.8, 133.9, 164.7, 167.7, 172.7; [oc]D =+6.8° (¢ 2.9,

DMSO). Anal Caled for C;;HsNOs: C,H,N.

(4S,5S)-2-Phenyloxazoline-4,5-dicarboxylic Acid Dimethyl Ester (23b).

Following a similar procedure as described .for 23a, starting from (2S)-N-benzoyl-L-aspartic acid
- dimethyl ester 22b (265 mg, 1 mmol), the product 23b was obtained. Flash chromatography (8:2

hexanes and EtOAc) gave the pure oxazoline 23b (210 mg) in 80% yield as a white solid. 'H NMR

(CDCL3) 6 3.83 (s, 3 H), 3.85 (s, 3 H), 5.03 (d, 1 H, J = 6.6 Hz), 5.45 (d, 1 H,J=6.6 Hz), 7.30-7.50 (m,

3 H)', 7.90 (m, 2 H); 13)C NMR (CDCly) & 52.9, 53.1, 72.8, 78.0; 126.1, 128.4, 128.7, 131.9, 167.3,

170.0; [a]p =+42.2° (¢ 1.2, CHCls). Anal Calcd for C;3H, 3NOs: C,HN.

2-Phenyloxazole-4,5-dicarboxy.lic Acid Dimethyl Ester @4).
The oxazoline 23b (300 mg, 1.14 mmol) was dissolved in benzene (20 ml); when the solution refluxed,

NiO, (154 mg, 1.7 mmol) was added and the suspension was stirred ovemrght at the same temperature

The reaction mrxture was then cooled, ethyl acetate (40 ml) was added, and this solution was washed
with water. The organic layer was washed W1th brine, dried and concentrated in vacuo. Flash
chromatography of the residue (8:2 hexanes and ethyl acetate) gave the product 24 (208 mg) in 70%
yield as colourless prisms. '"H NMR (CDCl3) 8 3.94 (s, 3 H),' 399G, 3 H)? 7.82-7.90 (m, 3 H), 8.13

(m, 2 H). Anal Calcd for Ci3H; NOs: C,H,N.
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2-Phenyl-oxazole-4,5-dicarboxylic Acid (4j.

To a solution of the oxazole 24 ( O.S6‘mtnol) in THF-H,0 1:1 tl.O ml), ‘Li(.)H- (40 mg, 1.68 mmol) was
added. The reaction mixture was stirred at room temperature overnight. The THF was evapofafed under
reduced pressure and the aqueous layer was washed with EtOAc (i x10. irﬂ) prior to the ad(iition ofa
1IN solution of HCI until pH=3. The aqueous layer was extracted with EtOAc (3 x 5 ml) and the
combined organic layers were washed with brine, driedand:concentr‘ated under reduced pressure to
give 4 (120 mg, 93%) as colourless prisms. 'H NMR (DMSO0-dg) & 7.50-7.62 (m, 3 H), 8.00 (m, 2 H).

Anal Caled for C;;H;NOs: C,H,N.

Coniputaﬁonal Chemistry.

All molecular modelling was rﬁnned on a Silicon ‘Graphics Indig62 workstatioﬁ. Systematic .
conformational searches were carried out ‘on the structures reported in Cl.lartlB,Cl as weli as on newly
desiged Glu/Asp derivatiyes (Chart 1A) using ;he SEARCH routine within Sybyl 6.6 (Tripos). All
torsional angles were scanned with 30° increments within a 0°-359° Range. In the case of torsional .
angles about amidic bohds, the incremenent was set to 180°. Whenever the torsional anglesv were
associated to the rotation of a phenyl ring, the absolute interval of variation was resﬁicted to 180°.
Starting conformations were considered with zeroed torsional anglés. A 0.750 Van der Waals Radii
Scaling Factors was used to soften steric contacts in the rigid rotamers. Torsional angles included in
rings were analysed using the Ring Search module, by increment of 10° using O°-3‘59° as interval of
variation. the permissible variance on th¢ distance between the ring closure atoms was set to 0.3 A,
while the permissible variance on the valence angles.about the ring closure atoms wés set to 10°. In the
case of known ligands distance fnaps were created, starting from the most rigid compounds of each set:
Cis—l-amminocyclobutane-ll,3-dicarboxy1ate (ciS-ACBD) (transportable substrates) and L-anti-endo-

3,4-methanopyrrolidine-3,4-dicarboxylate (Lv-anti-endo-3,4-MPDC) (non transportable inhibitors).
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Carboxylic carbons and the protonable nitrogen were considered as distance map points with a grid size
of 0.5 A. Pharmacophore-consistent conformations were searchéd using distance maps as constrain on
the basis of the Marshall's active é.nalog' approach%. All theorefically‘ possible conformations wére
generated without evaluating their conformational-energy.xResultir.lg'siructures files were transferred in
Insight98 (MSI) software to perform energetic calculations. f&l the. conformaﬁons were geometrically
optimized (Discover module) using the cvff force field®, considering .fhe aminoacidic functions
charged. Energy minimizations were performed in vacuo (g = 1¥r) with a distance dependerlt dielectric
constant using conjugate gradient as minimization algorithm .(Flétcher, R. Unconstfained Optimization
“In Pratical Methods of Optimization John Wiley.& Sons: New York 1980; ‘\}ol.l.) until the maximum
RMS derivative was' less than 0.001 keal/mol. Resulting output conformers were clustered into a
smaller number of families according tothe values of their torsional angles. Conformers, whose énergy
. differs more than 5 kcal/mol ﬁoﬁ the global minimum, were rejécted. Molecular superimpositions and
volume manipulations were performed respeéﬁvely with the FIT and MVOLUME commands w1thm

Sybyl 6.6.
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Table 1. Distances Between the two Carboxylic Carbons of Substrates and Non Transported EAAT
Inhibitors and RMSD Values for their Pharmacophoric Points Superimposition on ACBD and 2;3-

MPDC, Respectively.

Distance | RMSD | Non transported | Distance RMSDA!

- Substrates ‘

A @A) inhibitors (&) &)
2,4-PDC 75 o004 [23BDC |33 0.39
SAMPDC |49 [009  [23-MPDC |47 H
Tt3-0H-Asp |39 — o3 L3 Bn0Asp |37 —1033 |
CCGII 20 1034 [ t3BzAsp |39 |04
4-OH-Glu 43 0.18 Kainate - 137 069
12 |46 0.9 3 35 0.53
1b 6.1 13 R 34 0.59 |
h 6.4 09 —

10
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Binding Assay“.

Membrane Preparation
Male rats (CRL:CD(SD) BR—COBS Charles River) were killed by decapltatlon cortices were

rapidly dissected from other brain regions and used immediatly for membrane preparation.

[BH]AMPA, [BH]Kainic acid and [SH]CGP 39653 binding

The tissue was homogenized using an Ultra Turrax TP-1810 in the following ice cold buffers Tris HCI,
30 mM, pH 7.1 containing 2.5 mM CaCl, for [3H]AMPA binding;v Tris acetate, 50 mM, pH 7.1
containing 2.5 mM CaCly for [3H]Kﬁinic acid binding; Tris HCl 5 mM, pH 8 for [SHJCGP 39653
binding.

The homogenate was centrifuged af 48000xg for 10 min at 4°C (three times for [3H]AMPA and
[3H]Kainic binding, once for [SHJCGP 39653 binding). After centrifugations the pellet was
resuspencied in the same fresh lbuﬁ'er (with 10 mM EDTA for [3H]CGP 39653 binding) and incubated
at 37°C for 30 min (10 min for [PHJCGP 39653 binding). The suspension was theﬁ centrifuged at
48000xg for 10 min at 4°C, the supemnatant discarded and the pellet was homogenized in the same fresh
buffer (without EDTA for [3HJCGP 39653 binding), than frozen at -20°C. For [SHJCGP 39653

binding one additional centrifugation was done, and the remaing pellet was then frozen at -20°C.

[PH]MDL 105,519 binding |

Rat cerebral cortex was homogenized in a Potter-Elvejeim homogenizef with a teflon pestle in 10 vols .
of ice-cold 0.32 M sucrose,, pH 7.4 and centrifuged at lOOOxg for 10 min. The supernatant was
collected and centrifuged at 20000xg for 20 min and the resulting pellet was resuspended in 20 vols of
fresh water, kept 15 min in ice and then centrifuged at 8000xg for 20 min The supematant and the

“buffy-coat” were carefully collected and centrifuged at 48000xg for 20 min The pellet obtained was
stored at -20°C until the day of the binding assay. '

Binding Assay
[PH]AMPA binding. _

| On the day of assay, the frozen tissue suspension was thawed and centrifuged at 48000xg for 10 -
min at 4°C. The pellet was resuspended in fresh Tris HC], 30 mM, pH 7.1 containing 2.5 mM CaClp

11
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and centrifuged again, the pellet obtainéd was finally resuspended in 50 vols of Tris HCI, 30 mM, pH
7.1 containig 2.5 mM CaCl2 and 100 mM KSCN. | |

[3H]AMPA binding was done in a final incubation volume of 0.5 ml consisting of 0.25 ml of
membrane suspension (10 mg of tissue/sample), 0.25 ml [3H]AMPA (s.a. 40 Ci/mmol, NEN; final

concentration 5 nM) and 10 pl of displacing agents or solvent; non épeciﬁc binding was obtained in
presence of 10-uM AMPA. Incubation (30 min at 4°C) wés.st_opped by rapid filtration under vacuum
(Brandell MR 48R) through GF/C filters which were then washed -with 12 ml of. ice-cold buffer. The
filtlers were placed in vials containing 4 ml of liquid scintillation (Ultimé Gold MV, Packard) and
~counted in a LKB 1214 rackbeta scintillation counter. ' '-

[3H]Kamlc acid binding . _
On the day of assay, the frozen tlssue suspension was thawed and centnfuged at 48000xg for 10
min at 4°C. The pellet was resuspended in 6.5 vols of 5 mM EGTA, incubated for 10 min at 4°C and
~ centrifuged again as above; than the pellet obtained was resuspended in Tris .acétate, 50 mM, pH 7.1
and washed two times. The pellet obtained is finally resuspended in 120 vols of Tris acetate, 50 mM,
PH7.1. | : |
[3H]Kainic acid binding was done m a final incubation volume of 1ml consisting of 0.5 ml of
membrane susper_ision (8 mg of tissue/sample), 0.5 ml [3H]Kainic acid (s.a. 58 Ci/mmol, NEN; final
concentration 2 nM) and 20 pl of displacing agents or solvent; non specific binding was obtained in
presence of 1 M Kainic acid. Incubation (60 min at 4°C) was stopped by rapid filtration under
vacuum (Brandell MR 48R) through GF/C filters which were then washed with 12 ml of ice-cold

buffer and counted as above.

[3H] CGP 39653 binding to NMDA receptor

On the day of assay, the frozen pellet was thawed and washed two times by resuspension in Tris
HCI, 5 mM, pH 7.7 and centrifugation at 48000xg for 10 min at 4°C. The pellet obtained is ﬁnally
resuspended in 100 vols of the same fresh buffer. _
BHIJCGP 39653 binding was done in a final incubation volume of 1 ml consisting of 0.5 ml of
membrane suspension (10 mg of tissue/sample),,O.S ml [BH]CGP 39653 (s.a. 48.9 Ci/mmol, NEN; final

concentration 2 nM) and 20 pl of displacing agents or solvent; non specific binding was obtained in -
presence of 100 pM L-glutamic acid. Incubation (60 min at 4°C) was stopped by rapid filtration under
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vacuum (Brandell MR 48R) through GF/B filters which were then washed with 12 ml of ice-cold

buffer and counted as above.

PHJMDL 105,519 binding to Glycine site |

On the day ofassay, the frozen pellet was thawed and washed 4 times by resuspensmn in Tris
acetate, 50 mM, pH 7.4 and centrifugation at 48000xg for 10 min at 4°C. The pellet obtalned was
finally resuspended in 100 vols of the same fresh buffer.

[PHJMDL 105,519 binding was done in a final incubation volume of 0. 5 ml consisting of 0.25

ml of membrane suspension (5 mg of tissue/sample), 0.25 ml [3H]MDL 105,519 (s a. 69 Ci/mmol,
Amersham; final concentration 4 nM) and 10 pl of displacing agents or solvent; non specific binding
was obtained in presence of 1 mM glycine. Incubation (30 min at room temperature) was stopped by
_rapid filtration under vacuum (Brandell MR 48R) through GF/B filters which were then washed with

12 ml of ice-cold buffer and counted as above.

Dose-inhibition curves were analyzed by the “Allfit” program to obtain the:concentration of unlabeled

drug that caused 50% inhibition of ligand binding (ICs); the data were processed with-the Cheng and
* Prusoff equation to obtain the Ki values.

Cytotoxicity Assay Materials.

Mice (CD1 strain) were obtained from Charles River UK Ltd (Kent, UK) Cell culture
plasticware was obtained from Nunc A/S (Roskilde, Denmark) and Corning (Corning, NY). Foetal calf
serum was supplied by Sera-Lab Ltd (Sussex, UK). All other chemicals were of the purest grade
available from regular commerclal sources. [Merck Ltd. (Dorset, UK), Slgma Chemical Co. (St. Louis,
MO); Fluka Chemicals Ltd. (Dorset, UK)]. |

Cerebellar Granule Cell Cultures.

Primary cultures of cerebellar granule cells were brepared as described previously (Schousboe et al.,
1989). Using this method, it has been established that this culture comprises at least 95% granule cells.
Briefly, cerebella from 7-day-old CD1 mice were dissociated by mild trypsmlzatlon and subsequent
trituration in a solution containing soybean trypsin inhibitor and DNAse. Dissociated cells were

pelleted (5 min at 1000 rpm) and resuspended in Dulbecco's modified Eagle medium supplemented
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with 19.5 mM KCl, 24 mM glucose, 2 mM glutamine, 7 'u_M p-amino-benzoic acid, insulin (100
-mU/L), penicillin G (5 x 103 U/L).and foetal calf serum (10% ‘\}/V' heat inactivated). Cells were seeded
in 96-well plates (25 x 106 cells per platé). pre-coated with a 1% (w/v) solution of poly-L-lysine and
cultured at 37°C in a humldlﬁed atmosphere of 5% C02/95% air. ‘Experiments were performed on
cells after 7 days in culture (7-DIV). Cytosine arabinoside (20 uM final concentration) was‘added 48-hr

(for 7-DIV cultures) after plating to prevent glial proliferation.

Assessment of Cytotoxicity.

Cytotoxicity was assessed by a spectrophotometric method (Balazs et al., 1988) which measures the

viability of cells on the basis of their ability to bioreduce - 3-[4,5-dimethylthiazol-2-yl]-2,5-
- diphenyltetrazolium-bromide (MTT). Whether or not MTT reduction occurs within active mitochondria

or extramitochrondrially remains the subject of some debate.’¥*¢ MTT is yellowish in colour when

dissolved in a balanced salt solution without phenol red. In viable cells the tetrazolilim ring of MTT is

selectively cleaved yielding blue/purple crystals of fhe formazan derivative. The crystals are dissolved

in acidified isopropanol and the resulting colour read spectrophotometrically. A decrease in absorbance

when compared to control cells provides a qﬁantitaﬁve assessment of cell damage.

Cells were cultured as described aboye in 96-well plates (Nunc) for 7 days. The growth medium was

removed from the cells and they were immediately washed twice with 100 pul HBS-1 (125 mM NaCl; 5
mM KCl; 20 mM NaHCO3; 50 mM HEPES; 5 mM D-glucose; 0.9 mM CaCly, pH 7.4) per well at 37

°C prior to exposure with 100l aliquots of test solutions (made up in culture-conditioned medium;
final assay concentrations 0.1 - 1000 uM) unaer the same assay conditions. Following exposure for 24-
hr the cells were assayed for cytotoxicity. To éssay fof cell damage, the cells were washed with 125 ul
HBS-1 per well and then 50 pl of MTT solution (final concentration 0.2 mg/ml) was added to each
well. The cells were incubated in the dark at 37 °C for 10 min before addition of 125 ul of 10% (w/v)
Triton X-100 / 0.04M HCl in anhydrous isopropanol. Th¢ plates were then wrapped in aluminium foil

and left overnight at 4°C to ensure solubilization of the blue/purple formazan crystals. The absorbance

14
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was read at 570 nm in a Dynatech MR5000 plate reader. and .cell‘ viability expressed as a percent of

control (untreated, ‘'medium alone' cells).

- Functional-expression of EAjAClﬁ. Transient tfansfection of exponeﬁtially growing HEK?293
cells with the EAAC1 encbding construct pCMV-EAACl (40 ptg/_S-er6 cells) wa'ts. performed using the
calcium phosphate co-precipitation method one day after 'subcuimre. At one-to-two days post-
transfection, cell cultures were used for electrophysiology.

Whole-cell current recording and solution exchange.f' Glﬁtamate-induced currents were
measured in the whole-cell current-recordiné conﬁgura;[ion at room télﬁperamre. The typical resistance
of the recording electrodé was 2-3 MQ; the seriés resistance, 4-6 MQ. The intracellulaf solution
contained 130 mM KSCN, 1 mM MgCAli,AIOmMTEACl, 10 mM EGTA and 10 mM HEPES (pH 7.3),
the extracellular solution contaix;ed 140 mM NaCl, 2 mM'MgC12,2 mM CaCl, and 16 mM HEPES (pH
7.3). SCN: was introduced to the intracellular .solution'rb.ecause it enhances glutamate transporter-
induced currents. For the determination of the eléc.:trogenic’ transport- component of the currént
intracellular SCN' was replaced by CI'. Whole-cell cu;'rents were recorded 'with an Adams & List
EPC7 amplifier under voltage-clamp conditions. In general, cells were clamped to 0 mV
transmembrane potential.

Glutamate (1 mM) or the ﬁew compounds were applied to the cells using a rapid solution
exchange device. This device is based on a t-tube mixér design and al’lov.vs‘fas't switching between 8 |
different solutions. The velocity of the solution emerging from the ‘p‘orthole of the device (diameter_
350 um) was 5 cm/s and the time resol_ution was 20-30 ms (10-90 % rise time with whole célls). |

Data were low pass-filtered at 0.2 kHz, digitized \;dth a sampling rate Qf 2 kHz and recorded
using the pClamp6 software (Axbn Inétruments, Foster City, CA). The data were analyzed using the
Origin (MicroCal, Northampton, MA) éoﬁWare. Kinetic modeling was performed with the Scientist
program (Micromath, Salt Lake City, UT).

15




© 2001 American Chemical Society, J. Med. Chem., Campiani jm015509z Supporting Info Page 16

Data Evaluation. Fitting of dose-response curves for the evaluation of Kn-values wés performed
with the Hill-equation I = I@ ([S]/ (IS] + Ks))", where I represents the whole-cell current, [S] the
‘substrate concentration, K the ‘apparent substrate aﬂinit);', and n the Hill coefficient. A similar
equation was used for fitting the outward current dosé-response curves gehe;ated by the competitive
inlﬁbitbrs in the absence of glutamate. For inhibition of the inward culrént m the preéence of both,

- inhibitor and glutamate the folloWing ﬁtl eciuation was used:

I-1, __ K9
L-1, [1+K(S)

-

In this equation, represehts the current in the presence of oniy glutaméte, I is the current in the
presence of only the inhibitor of the conceﬁtraﬁon HR and 7 is the current in the f)msé_nce of inhibitor
and glutamate. K;(S) is the apparent inhibition constanf. o |

- Calculation of K,-walugs in the preséncé of -glutamaie, Ki(S), was.performed accordiﬁg to the
following equatioh: | | |

K(SYKi = 1+ [SVKs. | @
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Figure SA. Determination of Km-values for EAAC1 -siibstfates 1b: Whole-cell current recording
traces (pH 7.4, 22 °C,= mV transmembrane potential, transporter: EAACI).
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Flgure 5B. Determination of K, -values for EAACI1 substrates la,b, and 2 (pH 7 4 22°C,=mV
transmembrane potential, transporter EAACI).
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" Figure 6. Determination of Km-values for EAAC1 substrates 3; Whole-cell current recording traces
(pH 7.4, 22 °C,= mV transmembrane potential, transporter: EAACL).
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Table. Elemental Analyses for Compounds 1a,b, 2-4,20a-c, 21a-c, 23a,b, ahd 24.

caled - found

compd C 'H N C H N formula
1a 4159 499 1386 4175 482 13.72 .C7H10N205
1b 4445 559 1296 4427 56l 13.10 CgH12N205
2 4486 471 13.08  45.03 449 1319 CgH10N205
3 5617 386 596 5639 3.34 6.06 C11H9NO5
4 s666 303 601 5657 323 5386 C11H7NO5
20a 5454 610 707 5470 612 7.04 C18H24N208
20b 65.16 566 524 6496 - 5.68 525 C29H30N208
20c 6568 588 511 6587 586 5.12 C30H32N208
21a 5714 586 740 = 5731 584 741 C18H22N207
21b 6743 546 542 6756  5.63 5.43 C2oH28N207
21c 6791 570 528 6770 587 5.11 C30H30N207
23a 708 5090 337 7210 510 3.8 C25H21NO6
23b 59031 498  5.32 5947 491 5.16 C13H13NO5
24 5977  4.24 596 59.65 415 579 C13H11NOs
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