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Replacement of the methyl group of the AMPA receptor agonist 2-amino-3-[3-hydroxy-5-(2-methyl-2H-
5-tetrazolyl)-4-isoxazolyl]propionic acid (2-Me-Tet-AMPA) with a benzyl group provided the first AMPA
receptor agonist, compound7, capable of discriminating GluR2-4 from GluR1 by its more than 10-fold
preference for the former receptor subtypes. An X-ray crystallographic analysis of this new analogue in
complex with the GluR2-S1S2J construct shows that accommodation of the benzyl group creates a previously
unobserved pocket in the receptor, which may explain the remarkable pharmacological profile of compound
7.

Introduction

(S)-Glutamic acid (Glu) is the main excitatory neurotrans-
mitter in the mammalian central nervous system (CNS).1,2 Glu
exerts its effects through two types of receptors: ligand-gated
ionotropic receptors (iGluRs) and G-protein-coupled metabo-
tropic receptors (mGluRs). The iGluRs are central players in
rapid neural signaling and are important in many CNS functions,
including learning and memory.3 Thus, iGluRs are considered
potential therapeutic targets in a number of neurological and
psychiatric disorders.4 The iGluRs are classified based on their
selective recognition of the three agonistsN-methyl-D-aspartic
acid (NMDA), (S)-2-amino-3-(3-hydroxy-5-methyl-4-isoxazolyl)-
propionic acid [(S)-AMPA, 1] (Figure 1), and kainic acid (KA).
Functional iGluRs assemble as homo- or heteromeric tetramers
of iGluR subunits. Seven NMDA subunits (NR1, NR2A-D,
NR3A,B), four AMPA subunits (GluR1-4), and five KA
subunits (GluR5-7, KA1,2) have been cloned and characterized.
Structural insights to the activation of iGluRs have been obtained
from X-ray crystallographic analyses of various agonists and
antagonists bound to soluble constructs of the S1S2 ligand-
binding domain (LBD) from several of the iGluR subunits,
notably of GluR2.5 These structures show that the LBD is like
a clamshell that closes around agonists, presumably leading to
opening of the receptor ion-channel. Furthermore, a correlation
has been found between the agonist efficacy and the degree of
LBD closure induced by the agonists, whereas antagonists seem
to stabilize the unbound open LBD structure.

The development of subtype selective AMPA receptor ligands
is of high relevance to CNS diseases. As an example, variants
of the GRIA1 gene, which codes for the GluR1 AMPA receptor
subunit, have been reported to be associated with certain forms
of schizophrenia.6 In the search for such ligands for studies of
the physiological role and pharmacological characteristics of
the AMPA receptors, much research has been focused on the

development of potent and selective agonists. One of the most
potent AMPA agonists is (S)-2-amino-3-[3-hydroxy-5-(2-meth-
yl-2H-5-tetrazolyl)-4-isoxazolyl]propionic acid [(S)-2-Me-Tet-
AMPA, 2].7,8 However, compound2 shows little selectivity
among GluR1-4 based on receptor affinity studies using cloned
homomeric AMPA receptors expressed in Sf9 insect cells.9

Replacements of the methyl group of 2-Me-Tet-AMPA with
larger groups such as 2-ethyl (3), 2-propyl (4), and 2-isopropyl
(5) (Figure 1) do not result in any significant increase in
selectivity.9

Unlike the preceding results for AMPA analogues, high
selectivity in the functional activation of and affinity for GluR1/2
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Figure 1. Chemical structures of (S)-glutamic acid (Glu), (S)-AMPA
(1), the AMPA agonist (S)-2-Me-Tet-AMPA (2), 2-Et-Tet-AMPA (3),
2-Pr-Tet-AMPA (4), 2-Pri-Tet-AMPA (5), and the new 1-Bn-Tet-
AMPA (6) and 2-Bn-Tet-AMPA (7).
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GluR3/4 has previously been demonstrated for (RS)-2-amino-
3-(4-chloro-3-hydroxy-5-isoxazolyl)propionic acid (Cl-HIBO).10

It was suggested that tyrosine 702 in GluR2 (Y716 in GluR1)
is the most likely structural determinant explaining the observed
selectivity.10,11 GluR3 and -4 contain a phenylalanine residue
in equivalent positions. Apart from this sequence difference,
the ligand-binding pocket is highly conserved, and previous
X-ray crystallographic analyses have given little insight into
how nonconserved residues outside the binding pocket might
be reached by AMPA receptor agonists and exploited for
selectivity.

Here, we report the synthesis and pharmacological charac-
terization of a new selective AMPA receptor agonist (RS)-2-
amino-3-[3-hydroxy-5-(2-benzyl-2H-5-tetrazolyl)-4-isoxazolyl]-
propionic acid (2-Bn-Tet-AMPA,7) (Figure 1). Furthermore,
we report the X-ray structure of this analogue in complex with
the GluR2-S1S2J construct.

Results

Chemistry. Benzylation of the previously reported tetrazole9

8 with O-benzylS-propargyl xanthate12 gave a 1:2 mixture of
the N-benzylated 1- and 2-regioisomers (9 and 10) with
concomitant loss of one Boc protecting group (Scheme 1). The
same ratio of regioisomers (11 and 12) was observed when
benzylation was performed using Mitsunobu conditions with
benzyl alcohol, but under these reaction conditions at ambient
temperature, both of the thermolabile Boc protecting groups
persisted. Contrary to the previously reported series of 1- and
2-alkyltetrazolyl-AMPA analogues,9 the benzyl regioisomers9
and10or 11and12could not be separated at this stage. Initially,
we used previous deprotection conditions involving hydrogen
bromide on the mixture of regioisomers, which afforded a single
regioisomer, albeit in low yield. The X-ray crystallographic
analysis of the isolated regioisomer cocrystallized with the
soluble construct of the LBD of GluR2 enabled an unambiguous
regioisomeric structure determination of 2-Bn-Tet-AMPA (7).
The 1-regioisomer (1-Bn-Tet-AMPA,6) had undergone com-
plete debenzylation to give the free tetrazole. However, we found
that deprotection with boron tribromide rather than hydrogen
bromide enabled the selective removal of all protecting groups,

including theO-isopropyl group, while maintaining theN-benzyl
groups of both regioisomers, which were separated using HPLC.

In Vitro Pharmacology. Initially, the binding affinities of6
and7 for the three classes of native iGluRs were determined
using the radioligands [3H]AMPA,13 [3H]KA, 14 and [3H]CGP
3965315 (NMDA receptors) in binding assays using a rat brain
synaptosomal preparation16 (Table 1). Like the AMPA 5-(2-
alkyltetrazolyl) analogues,9 compound7 showed an affinity for
[3H]AMPA binding sites similar to that of4. Unlike members
of the alkyl series,7 showed weak affinity for NMDA receptor
sites. The 1-isomer, compound6, showed no measurable affinity
at native iGluRs (Table 1) in accordance with previous results
on 1-alkyltetrazolyl AMPA analogues.7-9 The binding affinity
profile of 7 for a range of AMPA and KA iGluR subtypes
(GluR1-GluR6) was investigated by homomeric expression of
these receptor subtypes inSf9 insect cells10 (Table 2). In this
series of experiments, compound7 showed more than 10-fold
selectivity toward GluR2-4 compared to GluR1.

A modified version17 of the previously described rat cortical
wedge preparation18 was used as an in vitro electrophysiological
model in which7 displayed agonist activity (Table 1). When
comparing with compounds2-5, the potency and affinity of7
and4 are of similar magnitude (Table 1).

These results, combined with the high degree of domain
closure in the X-ray crystal structure of7 in GluR2 described
below, prompted a further functional characterization to deter-
mine the agonist efficacy of7 at GluR2. This was done using
two electrode voltage clamp measurements onXenopus laeVis
oocytes expressing the non-desensitizing homomeric GluR2
(L483Y) mutant (Figure 2). In this assay, application of
saturating concentration of7 was able to induce a maximal
current of 84% relative to the maximal Glu-induced current and
exhibited an EC50 value of 95µM [87; 103].

X-ray Crystallographic Analysis. The GluR2 LBD (GluR2-
S1S2J) was crystallized as a dimer containing Glu in molA and
(S)-7 in molB. This heterodimeric structure was refined to 2.26
Å resolution (Figure 3). The size of the dimer interface is ca.
950 Å2 (molA 952 Å2 and molB 953 Å2) of buried solvent
accessible surface (see Supporting Information for further details
regarding the interface). Ligand-binding data showed that the
GluR2-S1S2J protein reproduced the binding characteristics of
7 at the membrane-bound receptors. TheR-carboxylate and the
R-ammonium group of (S)-7 in GluR2-S1S2J are positioned in
the same consistent manner as previously described for similar
amino acid ligands.11,19 Unlike the conserved binding pattern
for the amino acid moiety, variable orientations have been
reported for the isoxazole rings of the substituted AMPA
analogues.11,20 In the present structure, both heterocyclic rings
are situated in the same position as previously observed in a

Scheme 1a

a Reagents and conditions. (a)O-benzylS-propargyl xanthate,12 toluene,
reflux; (b) benzyl alcohol, triphenylphosphine, DIAD; (c) 48% aq HBr,
reflux (only compound7 isolated); (d) BBr3, -78 °C.

Table 1. Receptor Binding Affinities and Electrophysiological Data at
Native iGluRsa

receptor binding electrophysiology

compd
[3H]AMPA,
IC50 (µM)

[3H]KA,
IC50 (µM)

[3H]CGP 39653,
Ki (µM)

cortical wedge,
EC50 (µM)

(RS)-1 0.039b >100b >100 3.5b

2b 0.009 11 >100c 0.11
3d 0.13 > 100 >100 3.5
4d 2.5 > 100 >100 32
5d 6.2 > 100 >100 71
6 >100 > 100 >100 nd
7 2.7 [2.5; 2.9] >100 87 [79; 96] 32 [31; 33]

a Values are expressed as the antilog to the logarithmic mean of at least
three individual experiments. The numbers in brackets [min; max] indicate
( SEM according to a logarithmic distribution. nd, not determined.
b Reference 8.c The radioligand used was3[H]CPP. d Reference 9.
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structure of2 bound to the GluR2-S1S2J construct11 (Figure 4)
(see Supporting Information for details). The isoxazole ring of
2 interacts with the protein through water molecule W7.11

However, W7 is not present in the complex of (S)-7 since a
change in orientation of residue Thr686 eliminates the possibility
for hydrogen-bond formation (Figure 4, 5A). Consequently,
water molecule W2 in the present structure is observed relatively
closer to the position of the previously observed W7. Thus, W2
has gained favorable contacts to the isoxazole ring (Figure 5A).

The 2-substituted tetrazole ring of (S)-7 is not involved in
hydrogen bonding but rather locked between the residues
Glu402, Tyr405, Tyr450, Pro478, and Tyr732 of domain 1 (D1)
and Thr686, Leu704, Glu705, and Met708 of domain 2 (D2)
similar to what was observed in the case of2 in GluR2-S1S2J.11

The benzyl moiety of the ligand is partly located in the same
cavity, but also reaches into a new area of the LBD in which
substituents of agonists have not previously been observed
(Figure 4B). Here, the aromatic ring of the benzyl moiety has

Table 2. Receptor Binding Affinity at Cloned Subtypes Expressed inSf9Cellsa

receptor affinity (Ki in µM)

compd GluR1 GluR2 GluR3 GluR4 GluR5 GluR6

(RS)-1b 0.022( 0.004 0.017( 0.003 0.021( 0.003 0.040( 0.020 1.2( 0.1 >1000
2b 0.0052( 0.0004 0.0039( 0.0009 0.0022( 0.0001 0.0027( 0.0003 0.081( 0.003 19( 4
3b 0.15( 0.02 0.080( 0.006 0.045( 0.010 0.044( 0.003 2.9( 0.4 >100
4b 5.2( 1.0 1.6( 0.5 1.2( 0.2 0.73( 0.13 5.5( 0.7 >100
5b 10 ( 3 2.9( 1.0 3.7( 0.8 2.4( 0.2 31( 1 >100
7 7.7( 0.9 0.75( 0.10 0.39( 0.14 0.20( 0.09 58( 8 39( 12

a Mean( SD from at least three experiments conducted in triplicate.b Reference 9.

Figure 2. (A) Representative maximum currents evoked by7 and Glu obtained from a two-electrode voltage clamp recording on aXenopus laeVis
oocyte expressing GluR2o L483Y. (B) Concentration-response curves of7 at GluR2o L483Y. The curves are normalized to theImax of Glu.

Figure 3. Cartoon representation of the overall structure of the GluR2-
S1S2J dimer. Right protomer: molA containing Glu; left protomer:
molB containing the (S)-form of the partial agonist7. The structure
has been colored byB-values (blue are low and red are high values,
ranging from 5 to 54 Å2). The two ligands as well as three sulfate ions
are shown in ball-and-stick representation.

Figure 4. The LBD cavities of GluR2-S1S2J in complex with (A)2 and (B) (S)-7 as generated using CavBase.30 Protein donor sites are displayed
in blue, acceptor sites in red, donor-acceptor sites in magenta, and aliphatic/aromatic/π sites in white. The ligands are shown in stick representation
and colored according to atom-type.
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hydrophobic interactions with the residues Thr707 (D2), Tyr711
(D2) and Trp767 (D1) (Figure 5A). Compared with the structure
of GluR2-S1S2J in complex with2, the new cavity is formed
by the movement of Met708, which adopts a different confor-
mation to accommodate the benzyl moiety (Figure 5B).

The side chains of residues Glu402 and Thr686 forming the
so-called interdomain lock are also observed in different
orientations in the two structures (Figure 5B). Thus, the carbon
chain of Glu402 adopts a different conformation, whereas
Thr686 flips 60° in the present structure. In the previous
structure with2,11 the interdomain lock can be described with
one hydrogen bond between D1 and D2 from Glu402 OE2 to
Thr686 OH (2.8 Å) and additional hydrogen bonds from Thr686
OH through water molecule W7 (2.8 Å) to Tyr702 OH (2.7
Å). In the present structure with (S)-7, a bidentate hydrogen
bond is observed from Thr686 OH to the distal carboxylate of
Glu402 (both 2.7 Å) (Figure 5B).

The domains of the LBD close upon agonist binding,
sequestering the agonist in the cleft. Relative to the apo structure
of GluR2-S1S2J (pdb-code 1FTO, molA), Glu induces 20.9°
of domain closure in molA and (S)-7 induces a domain closure
of 21.5° in molB. When (S)-7 binds to GluR2-S1S2J, it
introduces some flexibility into the protomer (Figure 3); the
average B value is 21 Å2 compared with 16 Å2 for the Glu-
containing protomer. More flexibility is introduced in D2
(average B value of 25 Å2) than in D1 (17 Å2), primarily via
helices E and G, which display high mobility (Figure 3).

As (S)-7 crystallizes as a mixed dimer with Glu (even though
Glu was not added during refolding and purification of GluR2-
S1S2J and therefore must have been bound during protein
expression), it indicates that this dimer is energetically most
favorable at least under the present crystallization conditions.
An additional data set was collected at EMBL, DESY, Hamburg,
showing the same mixed dimer.

Molecular Modeling. A homology model of GluR1 in
complex with (S)-7 was built from molB by comparative
modeling and side chain refinement in Prime 1.5.21 Two
methods were used to analyze the binding affinities of (S)-7,
using default settings throughout. First, the ligand was redocked
to molB and the GluR1 homology model using the recently
described Glide 4.0 Extra Precision scoring function.22 The
RMSDs were within 0.25 Å of the experimental position in
GluR2. A difference in Glidescore of-1.5, corresponding to

12-fold selectivity for GluR2 over GluR1 was noted, in good
agreement with the experimental selectivity, and attributable
primarily to a special electrostatic reward term present for GluR2
but not GluR1. The strongly negative score of-13.2 for (S)-7
compared with the binding affinity at GluR2 is consistent with
an energy cost associated with protein conformational rear-
rangement being required to bind this ligand. Second, the
binding energies of the docked complexes with respect to the
separated solvated ligand and protein were calculated by the
Molecular Mechanics, Generalized Born/Solvent Accessibility
method (MM-GBSA)23 including the Surface Generalized Born
(SGB) formalism24 in Prime 1.5.21 Briefly, this method estimates
total binding free energy as the sum of the interaction energy
according to OPLS2005 and the changes in solvation free
energies and surface area contributions between the complex
and separated protein and ligand, neglecting entropic correc-
tions.25 A ∆∆G of -2.2 kcal/mol was found in favor of binding
to GluR2, primarily due to extra electrostatic stability of the
GluR2:(S)-7 complex vs the solvatedapoprotein compared with
GluR1. Taken together, these results are consistent with fairly
subtle electrostatic or solvent-driven effects contributing to
selectivity, such as partial exposure of the benzyl group to a
more strongly anionic environment in GluR1 (e.g., Asp399 and
Glu683) in a fashion not previously seen for AMPA agonist
complexes (Figure 6). Whereas previously observed selectivity
preferences among GluR1-5 have generally been attributed to
specific local polar26 or steric27 interactions, the influence of
cumulative medium- to long-range effects including electrostat-
ics is not without precedent in the glutamate field. For example,
Poisson-Boltzmann electrostatics have been successfully used
to describe the selectivities of a series of agonists at mGluR1,
-2, and -4.28

Discussion

We have recently reported the synthesis and characterization
of analogues of the potent AMPA receptor agonist2 in which
the methyl group at the tetrazole heterocycle was substituted
with larger alkyl groups.9 In this series of compounds the
binding affinity decreased with increasing steric bulk of the alkyl
group, but AMPA receptor agonism was observed for all
analogues (Table 1). On the basis of molecular docking studies,
we suspected that the volume of a benzyl substituent might
exceed the limit for retaining agonist activity in this series.

Figure 5. Binding mode of the (S)-form of the agonist7 to GluR2-S1S2J. (A) Close-up view of the ligand-binding site, including potential
hydrogen bonds within 3.5 Å (stippled lines). The ligand is shown in green and selected amino acid residues in cyan. Water molecules are displayed
as red spheres. (B) Superposition of the GluR2-S1S2J structures in complex with (S)-7 (cyan) and2 (green), respectively. Selected side chains in
vicinity of the ligands are shown. Water molecules are displayed as spheres and colored according to the structures. The hydrogen-bonding network
between residues Glu402, Tyr450, and Thr686 is also indicated. Glu402 and Thr686 form the so-called interdomain lock between D1 and D2.
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Instead, compound7 turned out to also be an agonist. Moreover,
compared with both the propyl- and isopropyl-substituted
tetrazolyl AMPA analogues,7 is more potent at GluR2-4, but
has a similar low binding affinity at GluR1. At GluR4,
compound7 is only 5-fold less potent than AMPA. Conse-
quently, compound7 is the first AMPA receptor agonist to show
the ability to significantly discriminate between GluR1 and
GluR2, with an order of magnitude difference in affinity. Also
with respect to GluR5, the selectivity for AMPA receptors is
improved compared with the previous series.

Prompted by this interesting pharmacological profile of7,
we obtained a crystal structure of the compound bound to GluR2
to explore the structural basis for the observed selectivity. We
have previously reported the structure of2 in GluR2-S1S2J,11

where high complementarity between the ligand and the ligand-
binding site of GluR2 is observed (Figure 4A). It is useful to
compare this structure with the new structure containing (S)-7.
The tetrazole rings of2 and (S)-7 are locked into the LBD in
nearly the same manner, but there are notable differences
between the two structures, imposed by the increased steric bulk
of the benzyl group. Glu402 and Thr686, which form the so-
called interdomain lock are observed in different orientations,
and water molecule W7 is absent in the new structure. However,
the most important difference is the movement of Met708, since
this reorientation creates the entrance to a new cavity in the
GluR2 binding domain that is unexplored by previous agonists.
Thus, the size of the entire binding cavity increases when the
ligand changes from2 to 7 from 399 Å3 to 492 Å3 as calculated
by the program Relibase+ with CavBase29,30 (Figure 4).

All of the amino acids in contact with the benzyl moiety are
conserved among the AMPA receptor subtypes including
Thr686, Glu402, and Met708, which display altered conforma-
tions in the present crystal structure, and therefore none of these
can account for the observed selectivity. However, in the present
complex with7, Met708 approaches Val690 and Ala691, both
of which are conserved in GluR2-4, but correspond to Met686
and Ile687, respectively, in GluR1 (Figure 6). In proximity to
the benzyl group and neighboring Glu402 and Thr686 are the
residues Ser403 and Ala687 that are also conserved in GluR2-
4, but in GluR1 correspond to Asp399 and Glu683, respectively
(Figure 6). The observed selectivity could therefore arise from
these residues, for example if the hydrophobic benzyl group of

7 is partially exposed to this more anionic region in GluR1 by
the analogous movement of Met686 (GluR1).

When the ligand binds to the LBD, domain closure presum-
ably leads to opening of the ion channel. Ile633 is adjacent to
the Gly-Thr (GT) linker and proximal to the transmembrane
region that constitutes the ion channel, and the separation
between these residues in the dimer depends on domain closure
and seems to be coupled to the degree of channel activation.31

Previously, linear relationships between agonist efficacy of the
ligand, domain closure, and linker separation have been
described.31,32The present dimer interface is as observed in other
structures of GluR2 LBD complexes,11,19 and the distance
between the CR atoms of Ile633 in each protomer is 35.6 Å
(between Pro632 38.4 Å). This distance is intermediate between
that observed in the Glu and2 bound GluR2-S1S1J dimer
structures, thus corresponding to a virtual heterodimer containing
these two compounds. It is therefore likely that a homodimer
containing only (S)-7 would have a GT distance corresponding
to that observed in the dimer containing2. Thus, both the
separation of the GT linkers and the domain closure would
predict a full agonist, but although7 is highly efficacious it
only induces 84% conductance relative to the conductance
induced by the full agonist Glu (Figure 2). Obviously, other
factors must account for the slightly reduced agonist efficacy
of compound7 compared to2. It is tempting to speculate that
the decreased efficacy can be correlated with the observed
increased mobility of helices E and G (Figure 3) close to the
GT linker representing the connection to the ion-channel or that
7, in addition to the closure revealed by the crystal structure,
also may stabilize less closed domain conformations.

In conclusion, we have reported the synthesis and pharma-
cological characterization of the first AMPA receptor agonist
that significantly differentiates between GluR1 and GluR2-4.
This is a novel pharmacological profile among selective AMPA
receptor agonists. The crystal structure of the GluR2-S1S2J
construct containing (S)-7 reveals that selectivity might be linked
to the movement of several residues exposing a new pocket in
the GluR2 LBD. Although the residues with altered conforma-
tions are conserved, adjacent residues are nonconserved in
GluR1 compared with GluR2-4. Thus, compound7 provides
a new pharmacological tool with which to investigate the role
of AMPA receptor subtypes and has induced a novel pocket in
the LBD where sequence differences between GluR1-4 may
be exploited further, with a view to designing ligands with
increased AMPA subtype selectivity.

Experimental Section

tert-Butyl (RS)-2-(N-tert-butoxycarbonylamino)-3-[3-isopro-
poxy-5-(1-benzyl-1H-5-tetrazolyl)-4-isoxazolyl]propionate (9)
and tert-Butyl (RS)-2-(N-tert-butoxycarbonylamino)-3-[3-iso-
propoxy-5-(2-benzyl-2H-5-tetrazolyl)-4-isoxazolyl]propionate (10).
tert-Butyl (RS)-2-(N,N-di-tert-butoxycarbonylamino)-3-[3-isopro-
poxy-5-(1H-5-tetrazolyl)-4-isoxazolyl]propionate9 (250 mg, 0.47
mmol) andO-benzylS-propargyl xanthate12 (207 mg, 0.93 mmol)
were dissolved in toluene (5 mL) and refluxed for 5 h. The solvent
was removedin Vacuo, and column chromatography (CC) (4:1
pentane/ EtOAc) afforded a 1:2 mixture (based on1H NMR) of
the 1-tetrazolyl (9) and 2-tetrazolyl (10) regioisomers, respectively
(227 mg, 0.43 mmol, 91%), as an oil.

tert-Butyl (RS)-2-(N,N-di-tert-butoxycarbonylamino)-3-[3-iso-
propoxy-5-(1-benzyl-1H-5-tetrazolyl)-4-isoxazolyl]propionate (11)
and tert-Butyl (RS)-2-(N,N-di-tert-butoxycarbonylamino)-3-
[3-isopropoxy-5-(2-benzyl-2H-5-tetrazolyl)-4-isoxazolyl]propi-
onate (12).tert-Butyl (RS)-2-(N,N-di-tert-butoxycarbonylamino)-
3-[3-isopropoxy-5-(1H-5-tetrazolyl)-4-isoxazolyl]propionate9 (400
mg, 0.74 mmol) was dissolved in dry THF (20 mL), and

Figure 6. (A) Homology model of GluR1 highlighting nonconserved
residues in the vicinity of bound (S)-7. (B) (S)-7 docked to the
experimental GluR2 structure. (C) Alignment of two regions of rat
AMPA receptors GluR1-GluR4. The four residues located near the
benzyl ring of (S)-7 are highlighted. They are conserved in GluR2-4
but not in GluR1.
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triphenylphosphine (298 mg, 1.12 mmol), diisopropyl azodicar-
boxylate (216µL, 1.12 mmol), and benzyl alcohol (115µL, 1.12
mmol) were added. The solution was stirred at room temperature,
under nitrogen for 30 min. The solvent was removedin Vacuo,
and CC (heptane to EtOAc) afforded a 1:2 mixture of11 and12
(420 mg, 88%) as an oil.

(RS)-2-Amino-3-[3-hydroxy-5-(1-benzyl-1H-5-tetrazolyl)-4-
isoxazolyl]propionic Acid (6) and (RS)-2-Amino-3-[3-hydroxy-
5-(2-benzyl-2H-5-tetrazolyl)-4-isoxazolyl]propionic Acid (7).
Method A: A solution of9 and10 (227 mg, 0.43 mmol) in aqueous
HBr (48 mL, 1 mL) was refluxed in a preheated 140°C oil bath
for 20 min. The solution was cooled, the solvent was removedin
Vacuo, and the residue was evaporated with water (3× 5 mL).
The residue was purified by reverse phase HPLC (see Supporting
Information) and recrystallized (water/2-propanol) to give7 (32
mg, 23%) as white crystals. The 1-regioisomer6 was not present
in detectable amounts.

Method B: A solution of precooled boron tribromide (1 M in
CH2Cl2, 2.9 mL, 2.9 mmol) was carefully added to a mixture of
11 and12 (366 mg, 0.58 mmol) in CH2Cl2 (1 mL) at-78 °C. The
solution was allowed to warm to room temperature over 5 h. The
reaction was quenched with saturated NH4Cl (1 mL), the aqueous
phase was washed with CH2Cl2, and the solvent removedin Vacuo
to give a crude mixture of6 and7. The two isomers were separated
and purified by reversed phase HPLC (see Supporting Information)
and recrystallized (water/2-propanol) to give6 (36 mg, 19%) and
7 (54 mg, 28%).
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