2706 J. Med. Chem. 1993, 36, 2706-2708

Synthesis and Metabotropic Receptor
Activity of the Novel Rigidified Glutamate
Analogues (+)- and
(-)-trans-Azetidine-2,4-dicarboxylic Acid
and Their N-Methyl Derivatives

A. P. Kozikowski,*t W. Tickmantel,’ Y. Liao,!
H. Manev,! S. Ikonomovic,! and J. T. Wroblewski$

Neurochemistry Research, Mayo Foundation,

4500 San Pablo Road, Jacksonville, Florida 32224, Fidia
Research Laboratories, Via Ponte della Fabbrica 3/A,
35031 Abano Terme (PD), Italy, and Fidia-Georgetown
Institute for the Neurosciences, Georgetown University,
Washington, D.C. 20007

Received June 7, 1993

The excitatory amino acid (EAA) receptor field con-
stitutes currently one of the most intensively investigated
areas of neuroscience. Much of the excitement in this
area relates to the importance of structural modifications
inglutamatergic synapses to processes underlying memory
and learning.!

Primary cultures of cerebellar granule cells express
several subtypes of ionotropic and metabotropicglutamate
receptors that have been extensively characterized in terms
of associated signal transduction mechanisms.? Activation
of the ionotropic N-methyl-D-aspartate (NMDA) receptors
in these neurons increases the influx of extracellular Ca?*.3
Glutamate and NMDA, applied to primary cultures of
cerebellar granule cells, cause a sustained increase of
intracellular Ca?* concentration followed by delayed cell
death.* This effect is mediated predominantly by the
activation of NMDA-sensitive glutamate receptors. Cer-
ebellar granule cells in culture also express metabotropic
glutamate receptors (mGluRs) coupled to the hydrolysis
of inositol phospholipids, which are activated by glutamate,
quisqualate, and ibotenate.? Thisresponse is alsoinduced
by the conformationally restricted analogue of glutamate,
1-aminocyclopentane-trans-1,3-dicarboxylic acid (¢-AC-
PD),¢ the active enantiomer being (18,3R)-ACPD.” The
relative efficacy of agonists, as well as their rank order of
potency, show a large variation depending on the brain
area and the age of animals, suggesting a heterogeneity of
phosphatidylinositol (PI)-coupled mGluRs.? While se-
lective and potent ligands for the NMDA and AMPA
receptors have been developed, ligands for the metabo-
tropic glutamate receptors are few. Thus, it is essential
to develop new agonists with greater selectivity for the
different subtypes of mGluRs. In this regard it is worth
noting that the 2-(carboxycyclopropyl)glycine (L-CCG-I)
acts as a potent and selective agonist at mGluR2, a
metabotropic receptor subtype linked to the inhibition of
adenylate cyclase.?

We have shown previously that the cis isomer of
azetidine-2,4-dicarboxylic acid (ADA) positively modulates
the NMDA receptor at low (<50 uM) concentrations and
exhibits glutamate-like agonist activity at higher concen-
trations, whereas the trans isomer is inactive.l® Upon
considering the structure of (18,3R)-ACPD and carrying
out overlay comparisons with the azetidines, we concluded
that the trans diacid, in contrast to its cis isomer, might
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Scheme 1. Synthesis of the Optically Pure
trans-Azetidine-2,4-dicarboxylic Acids®
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¢ Reagents and conditions: (a) 2 (6 equiv) + 2 equiv (relative to
1) CH;Li, THF, 0 °C, 25 min; add 1; 0 °C, 2 h; 72% (3/4a), 63%
(3/4¢); (b) silica gel chromatography, ethyl acetate/hexane (ratio 4:96,
HPLC for 3/4a, ratio 1/9 for 3/4¢); (c¢) 1 bar Hy, 20% Pd(OH)2/C,
ethyl acetate, room temp; 89% (3a), 98 % (4a); (d) 4 equiv5 M NaOH,
THF/MeOH (1:1), room temp, 6-12h, then add HCI (for 5,6b); Dowex
50W-X8 (acid form; used for 5,6¢); 60% (5b), 72% (6b), 60% (5¢),
55% (6¢).

alsoshow metabotropic receptor activity. For this reason,
we prepared the optically pure trans diacids together with
their N-methyl derivatives in order to test this hypothesis.

The synthesis of the racemic azetidine-2,4-dicarboxylic
acid dimethyl esters 1a and 1b was carried out as described
previously.® The N-methyl derivative 1¢ was obtained
from 1b by N-methylation (CH3l, K;COs;, CHiCN).
Racemate resolution (Scheme I) was achieved by trans-
esterification of the N-substituted dimethyl esters la,c
with the lithium alkoxide derived from (-)-8-phenyl-
menthol!! and chromatographicseparation of the resulting
diastereoisomers 3/4. No base-catalyzed trans-cis isomer-
ization was observed under the conditions employed.
Menthyl and 1-phenylethyl esters were similarly prepared
in the a series but exhibited poorer separation. To obtain
the amino acids unsubstituted at nitrogen, the N-benzyl
groups were removed by hydrogenolysis. Both pairs of
diastereoisomers 3/4b and 3/4¢ were then saponified with
NaOH and purified by use of an ion-exchange resin to
obtain the amino acids (5/6b were isolated as their
hydrochlorides).l? For the assignment of absolute con-
figuration, compound 4a was degraded by the Barton
decarboxylation method!® (Scheme II) to azetidine-2-
carboxylic acid which showed the opposite sign of optical
rotation from the commercially available!* S isomer.
Accordingly, the stereochemistry of the (+)-isomer 6b is
2R,4R. The absolute configurations of the N-methyl
diacids were established by the alternative synthesis of
the precursor 3¢ from 3b by N-methylation (CH;l, K-
CO3,CH;CN). Allofthe newly prepared compounds were
characterized by IR and 'H and 3C NMR together with
mass spectral and/or elemental analysis.
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Scheme II. Assignment of Absolute Configuration of the
trans-Azetidine-2,4-dicarboxylic Acids®
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2 Reagents and conditions: (a) 1 equiv 1 M NaOH, THF/MeOH
1:1, room temp.; 20 h; 36% + 50% of recovered 4a; (b) 1.15 equiv
1-hydroxypyridine-2-thione, 1.18 equiv DCC, CHCl;, room temp,
dark, 1.5 h; filtration; 11 equiv ¢-BuSH, hv (incandescent lamp, 250
W), 30 min; 78%; (c) 1 bar Hy, 20% Pd(OH)2/C, ethyl acetate, room
temp; 90%: (d) 2 equiv 1 M NaOH, THF/MeOH 2:1, room temp, 11
h; 2 equiv 1 M HCI; Dowex 50W-X8 (H* form), elution with aqueous
NHg; 79%.
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Figure 1. Effect of trans-ADA and analogues on PI hydrolysis
in primary cultures of cerebellar granule cells. Cells were
incubated for 20 min with the indicated concentrations of (+)-
t-ACPD (0), (£)-ADA (5/6b) (O), (-)-ADA (8b) (A), (+)-ADA
(6b) (W), (+)-N-methyl-ADA (5/6c) (@), and trans-2,5-PDA (a).
PI hydrolysis is expressed as the percent of radioactivity present
in the inositol phosphate fraction divided by the total incorpo-
rated radioactivity. Points are means from three to six exper-
iments. Error bars represent SEM.

The biological properties of these rigidified glutamate
analogues were evaluated through a variety of functional
experiments using primary cultures of cerebellar granule
cells prepared as described previously. Phosphoinositide
hydrolysis was measured using the procedure of Berridge
etal.’® Agisapparent from Figure 1, among the azetidines
tested, the (-)-trans diacid 5b is active, producing a dose-
dependent increase in PI hydrolysis, with the (+)-isomer
being virtually inactive. The N-methyl derivatives were
inactive. We further note that the newly identified
metabotropic receptor antagonist (R,S)-4-carboxy-3-hy-
droxyphenylglycine was found capable of blocking the PI
stimulatory effects of 5b (data not shown).!® For com-
parison purposes, we also tested racemic trans-pyrrolidine-
2,5-dicarboxylic acid (2,5-PDA) and found this five-
membered ring counterpart of the azetidine diacid to be
inactive. The azetidines were also tested for their ability
to antagonize ACPD-stimulated PI hydrolysis. None of
these compounds exhibited antagonist activity (data not
shown).

Perhaps most exciting is the finding that, in embryonic
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kidney 293 cells transfected with mGluR1 cDNA, ACPD
was found to stimulate phosphoinositide hydrolysis, while
8b was found to be inactive. In this experimental model,
the effects of these compounds were examined both in the
presence and in the absence of extracellular calcium, for
mGluR1 hasalso been shown tostimulate phosphoinositide
hydrolysis by allowing calcium influx. Since among the
six cloned mGluRs only mGluR1 and mGIluR5 are clearly
linked to phosphoinositide hydrolysis and ACPD functions
as an agonist or partial agonist at both,)? the present
findings would suggest that 5§b may act selectively on
mGIluR5 or some other mGluR subtype, and therefore
prove useful in differentiating the function of various
mGIluR subtypes.

In summary, the present work reveals the (-)-(S,S)-
isomer of the simple amino acid trans-azetidine-2,4-
dicarboxylic acid to be an activator of the metabotropic
receptor. This result is particularly intriguing in view of
the fact that its cis isomer possesses NMDA modulatory
activity. Since 5bis more rigid than (18,3R)-ACPD (which
possesses two envelope extremes!®) and embodies a
conformationally fixed amino group, it provides important
information as to the precise nature of the glutamate
conformation that is essential to recognition by the
metabotropic receptor. More importantly, this compound
and its analogues should prove useful in sorting out the
subtle structural differences inherent in the G-protein
linked metabotropic receptor subtypes.!’
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