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Communications to the Editor

3-Phenyl-4-hydroxyquinolin-2(1 H)-ones: Potent
and Selective Antagonists at the
Strychnine-Insensitive Glycine Site on the
N-Methyl-D-aspartate Receptor Complex

The N-methyl-D-aspartic acid (NMDA) ion channel
complex has been implicated in a number of excitotoxic
events leading to neuronal degeneration.! The charac-
terization of a number of distinct sites’ by which the
complex may be regulated allows for a variety of mecha-
nistic approaches for intervention. Of particular interest
to us was the finding that glycine acts as a coagonist at this
receptor and is required for channel opening.? Conse-
quently, antagonists of the glycine site offer a promising
approach for the suppression of glutamate excitotoxicity
expressed through the NMDA receptor.

A number of partial agonists and antagonists of the
strychnine-insensitive glycine site on the NMDA receptor
complex have been reported. HA-966, 1, is a partial agonist
with limited efficacy and can block a number of NMDA-
induced responses by action at the glycine site.* Antag-
onists include a number of quinoxalinediones, 2a-¢,>¢
6,7-dichloroquinoxalic acid 3,° and 2-carboxyindoles 4a’
and 4b.2 We and others have reported that 5,7-di-
chlorokynurenic acid (5a) is a potent and selective glycine
antagonist.*!° Recent modifications include 4-substituted
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Table I. 3-Phenyl-4-hydroxyquinolin-2(1H)-ones Displacement
of [3H]Glycine Binding® and Inhibition of [*H]MK-801 Binding®

Ry

R, OH
R N0
H

[*H]glycine [*H]MK-801
noo. R; R, Rs K, (uM) 1Cs, (uM)
7a H H H 45+ 1.7 7.29 + 0.21
7 CI CI H 0.057 £ 0.015  0.22 £ 0.01
7¢ Cl Cl CH; 0.30 + 0.021 0.55 + 0.05
7d Cl Cl CH,0 0067 +0.013 1.23 + 0.23
7¢ Cl Cl NO, 0.86 + 0.14
7t Cl CI OH 0.013 % 0.001 0.11 £ 0.05
7¢ Cl Cl NH, 0.018 £ 0.004  0.21 £ 0.13
5a 5,7-Cli-kynurenic acid 0.04 + 0.04 0.86 £ 0.19
5b  kynurenic acid 5.4 £ 0.05 40.2 + 164

¢ [3H]Glycine binding was performed on rat cortical membranes
prepared by the freeze/thaw Triton extraction procedure devel-
oped for GABA-receptor binding with minor modifications.?
Samples were incubated in the presence of 10 mM [*H]glycine and
25 ug of membrane fragments on ice for 1 h and terminated by
rapid filtration through Whatman GF/B filters. Nonspecific
binding was determined in the presence of 100 uM D-serine.
b [SH]MK-801 binding was performed with well washed rat cortical
membranes!® with an added freeze/thaw procedure. The effect of
compounds on [*H]MK-801 binding (2.5 nM) was determined in
the presence of glutamate (1 uM) and glycine (0.2 uM). Samples
were incubated for 2 h at 27 °C and terminated by filtration.
Nonspecific [P H]MK-801 binding was determined in the presence
of 0.5 uM MK-801.

kynurenates!! and a series of 2-carboxytetrahydro-
quinolines typified by 6.)> We wish to report on a new
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Scheme I. Synthesis of 3-Phenyl-4-hydroxyquinolin-2(1H)-ones®
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series of 3-phenyl-4-hydroxyquinolin-2(1H)-ones 7a—g
which show excellent inhibition of binding to the glycine
site on the NMDA receptor complex.

Preparation of the 3-phenyl-4-hydroxyquinolin-2-
(1H)-ones 7a—g is illustrated in Scheme I. Condensation
of either aniline or 3,5-dichloroaniline with a variety of
phenyl malonates in diphenyl ether followed by thermal
cyclization afforded the desired quinolinones 7a-e.!2 We
found it convenient to isolate the product as a precipitate
from the cooled reaction mixture and purify it by recrys-
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Figure 1. Dose-response curves for the antagonism of the re-
sponse to 40 uM NMDA (open symbols) and to 40 uM AMPA
(closed symbols) by 7b, 7f, and 5,7-dichlorokynurenic acid (5a)
in neonatal rat spinal cord.l®

tallization from DMF/H,;0. In some cases, the formation
of diamide 8 made the purification of product difficuit.
The 4’-methoxy derivative 7d was converted to the 4’-
hydroxy compound 7f by treatment with hydrogen brom-
ide in acetic acid. The 4’-nitro derivative 7e was hydro-
genated over 5% platinum on sulfide carbon to afford the
corresponding 4’-amino compound 7g. All final products
exhibited NMR, mass spectral, and microanalytical data
consistent with the assigned structures.

Quinolinones 7a—g were evaluated for their ability to
displace strychnine-insensitive [*H]glycine binding to rat
cortical membranes (Table I). The unsubstituted analog
7a was found to possess a K; of 4.5 uM for the glycine site
which is very similar to that found for kynurenic acid, 5b
(K; = 5.4 uM). As one might expect on the basis of the
kynurenic acid SAR, the 5,7-dichloroquinolinone 7b was
significantly more potent (K; = 57 nM). Holding the
5,7-dichloro substitution pattern constant, we next exam-
ined the effect of para substitution in the 3-phenyl ring.
The 4’-hydroxy analog 7f was found to be the most potent
analog in this series with a K of 13 nM for the glycine site.
The order of potency was OH > NH, > H = OCH, >» CH,4
> NO,.

Functional antagonism of the NMDA receptor-ion
channel complex was demonstrated by the ability of the
3-phenyl-4-hydroxyquinolin-2(1H)-ones to inhibit the
binding of the channel blocking agent [PHIMK-801! in a
glycine-sensitive rat cortical membrane preparation!s
(Table I). As was observed previously in the [*H]glycine
displacement assay, the 4’-hydroxy analog 7f was the most
potent compound tested with an IC;, of 0.11 uM. By
comparison, 5,7-dichlorokynurenic acid (5a) exhibited an
ICs; of 0.86 uM for inhibition of [*H]MK-801 binding.

Selectivity of the series was examined using a neonatal
rat spinal cord preparation.>!® Quinolinones 7b and 7f had
IC;, values of 2.0 + 0.03 and 2.1 + 0.03 uM, respectively,
against the responses induced by 40 uM NMDA (Figure
1). In contrast, 7b and 7f had no effect on the response
induced by 40 uM AMPA. Antagonism of the NMDA
response by 7b and 7f was reversed by the addition of 100
uM D-serine, an agonist at the glycine site. 5,7-Dichloro-
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Scheme II. Keto—Enol Tautomers
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kynurenic acid (5a) has an ICy, of 4 = 0.4 uM versus
NMDA under identical conditions.

A quantitative structure activity relationship (QSAR)
analysis of the series 7b-g was conducted using regression
analysis!® between the individual 4’-substituent parame-
ters!” and the log of the reciprocal of the observed inhi-
bitory constant [log (1/K;)]. A meaningful relationship
(r = 0.84) between the electronic parameter ¢ and activity
was observed. The negative coefficient for the ¢ parameter
suggests a positive effect of electron-donating substituents
on binding affinity for the glycine site. In the QSAR
equation, the numbers in parentheses are the 95% con-
fidence intervals, n is the number of observations, r is the
correlation coefficient, and F is the Fisher test for sig-
nificance of the equation.

log (1/K;) = 0.95 (£0.18) — 1.26 (0.41)ep (1)
F=943 p=004

OH

14

14

n==6 r=0.84

The 3-phenyl-4-hydroxyquinolinones represent a novel
class of glycine antagonists which combine the 4-hydroxy
group of the enol tautomer of the kynurenic acid series
with the quinolin-2-one moiety of the quinoxalinediones.
It has been shown that the keto tautomer of the kynurenic
series predominates in solution,?!® although there is some
evidence that a small portion of the enol tautomer is
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present!® (Scheme II). This finding led to the proposal
that the keto tautomer is the active form in the kynurenic
acid series. In contrast, the 3-phenyl-4-hydroxy-
quinolinones exist as the enol form in solution as deter-
mined by 'H and *C NMR analysis.!? It should be noted
that the preferred tautomer of both series possesses the
1-NH form and a substituent on the 4-position which can
act as an H-bond acceptor!? in accordance with a recent
model of the glycine site on the NMDA receptor.

In conclusion, we have shown that 5,7-dichloro-3-
phenyl-4-hydroxyquinolinones are potent and selective
antagonists of the glycine site on the NMDA receptor ion
channel complex. The 4’-hydroxy analog 7f has greater
affinity for the glycine site than 5,7-dichlorokynurenic acid
and is a more potent antagonist of NMDA-induced de-
polarizations in the neonatal rat spinal cord. An expanded
SAR of this novel series will be the subject of future reports
from our laboratories.
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